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ABSTRACT

Objective: The objective of this study is to discover cyclooxygenase (COX-2) inhibitors from Polygonum sagittatum (Polygonaceae), by screening the 
pharmacophores based on the interaction of mefenamic acid with COX-2, followed by molecular docking with COX-2.

Methods: The protein crystal structure of human COX-2 in complex with mefenamic acid (PDB code: 5IKR) was selected, its ligand-protein interaction 
was studied by employing LigandScout to obtain the pharmacophore features. The features were validated against PGH2 database provided at 
http://dude.docking.org/targets/pgh2, and the result was used to screen the pharmacophores of the phytoconstituents isolated from P. sagittatum. 
Furthermore, a molecular docking of the phytoconstituents into COX-2 binding pocket was performed. The compounds were generated using 
MarvinSketch, and the energy was optimized by employing LigandScout MMFF94. Celecoxib and mefenamic acid, selective COX-2 inhibitors, were 
used as the standard drugs.

Results: The pharmacophore features obtained were aromatic ring (hydrophobicity) and two hydrogen bond acceptors, which are proved valid 
against PGH2 training set (GH score = 0.78; AUC100% receiver operating characteristic curve = 0.97). There are four phytoconstituents (quercetin, 
protocatechuic acid, vanicoside A, and vanicoside B) that fit the features, and therefore, are predicted to be active in inhibiting COX-2. The docking 
reveals that three phytoconstituents (methyl-4-hydroxycinnamate, quercetin, and methyl gallate) interact with Tyr385, an important amino acid 
residue in COX-2 binding pocket. Quercetin is the best in inhibiting the enzyme (docking score −8.60 kcal/mol; inhibition constant 0.5 µM), compared 
to mefenamic acid (docking score −8.90 kcal/mol; inhibition constant 0.3 µM) and celecoxib (docking score −10.00 kcal/mol; inhibition constant 
0.05 µM).

Conclusions: Phytoconstituents in P. sagittatum fit the pharmacophore features generated from mefenamic acid and COX-2 complex; therefore, they 
might be potential in inhibiting COX-2 enzyme. Their binding modes are more similar to that of mefenamic acid than of celecoxib. Of those, quercetin 
is the best in inhibiting the enzyme. Its inhibitory activity is equal to mefenamic acid but is weaker than celecoxib.
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INTRODUCTION

Polygonum (Polygonaceae) that encompasses approximately 300 
species are widely distributed, particularly in Asia. Information on 
the pharmacological effects of the genus Polygonum as well as its 
chemical constituents had been reviewed [1]. The previous studies 
indicated antinociceptive, anti-inflammatory, and diuretic properties of 
Polygonum barbatum [2], anticancer and radical scavenging activities 
of Polygonum pulchrum, Polygonum cuspidatum, and Polygonum 
equisetiforme [3-6], anti-HIV1 of Polygonum tinctorium and Polygonum 
viscosum [7,8], and inhibition of tyrosinase enzyme by anthraquinones 
from P. cuspidatum [9].

The anti-inflammatory activity of P. barbatum had been evaluated in 
mice/rat models at the dose of 400 mg/kg body weight and resulted 
that the highest level of anti-inflammatory activity after 2 h was 39.3% 
inhibition on the animal’s paw edema [2]. In most cases, the cause of 
pain is inflammatory. Nonsteroidal anti-inflammatory drugs (NSAIDs) 
have evolved from blocking both cyclooxygenase (COX) enzymes to 
selectively only inhibit COX-2 to reduce the production of inflammatory 
prostaglandins and thromboxanes [10]. However, due to the significant 
side effect of NSAIDs, recently in Indonesia, there is a greater interest 
in herbal medicines, which have been used empirically to reduce pain 
and inflammation. Many of these natural compounds also work by 
inhibiting COX enzymes as NSAIDs.

Resveratrol, a plant-based polyphenol molecule that is found in 
various concentrations of Polygonum plant, shows anti-inflammatory 
activity as it suppresses COX-2 by blocking NF-kB activation [11]. 
Many phytoconstituents had been reported in inhibiting COX-2 by 
interacting with Arg120 and/or Tyr355, amino acid residues located 
at the opening of the enzyme’s catalytic site, as showed by shellegueain 
A (Polypodium feei) [12] and 6-gingerol (Zingiber officinale) [13]. 
Chalcone- and dihydrochalcone-related compounds interact with 
Argl20 (and/or Tyr355) and Ser530, while 4’, 6, 7-trihydroxyisoflavone, 
quercetin, quercetin-3- methyl ether, kaempferol, and luteolin form 
hydrogen bond (HB) only with Ser 530. Other flavonoids that include 
eridicytol and myricetin form HB with Arg120. These interactions 
probably interfere with the formation of PGH2 in the active site of 
COX-1 [14,15]. Crystal structures of flufenamic acid, meclofenamic 
acid, mefenamic acid, and tolfenamic acid in complex with human 
COX-2 revealed that these drugs bind within the COX channel in an 
inverted orientation, whereas the carboxylate group interacts with 
Tyr-385 and Ser-530 at the top of the channel [16]. Our previous 
work has successfully isolated 10 phytoconstituents from Polygonum 
sagittatum [17]. These compounds have not been explored their 
pharmacological activities. This work presents the pharmacophore 
screening of phytoconstituents of P. sagittatum based on the 
interaction of mefenamic acid with COX-2, followed by molecular 
docking of the phytoconstituents with COX-2.
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METHODS

Hardware used was MacBook Pro (13-inch, Mid 2012) embedded 
with macOS Sierra, 2.5 GHz Intel Core i5 processor, memory of 16 GB 
1600 MHz DDR3, and Intel HD Graphics 4000 1536 MB.

Softwares used were MarvinSketch 17.11.0 (Academic License), 
LigandScout 4.1.4 (Universitas Padjadjaran License), AutoDock 
Vina 1.1, MacPyMOL: PyMOL 1.7.4.5 Edu.

Protein preparation and validation of the pharmacophore features
Protein target was the crystal structure of human COX-2 in 
complex with mefenamic acid (PDB code: 5IKR; resolution 
2.34 Å; R-value free 0.211), downloaded from http://www.rcsb.
org/pdb/home/home.do. This protein was deposited by Orlando 
and Malkowski [16]. Ligandscout was employed to automatically 
activate the PDB interpretation algorithm and showed the complex 
in the Macromolecule view. Its ligand-protein interaction was studied 
(Fig. 1) to obtain the pharmacophore features (Fig. 2). These features 
were validated against PGH2 training set provided at http://dude.
docking.org/targets/pgh2 by employing decoy set method. This 
method could be used to evaluate the discriminative ability of the best 
pharmacophore model and to distinguish the active compounds from 
the inactive compounds. A database screening was performed, and a 
set of statistical parameters was calculated that include the total hits 
(Ht), % yield of actives, % ratio of actives, enrichment factor (EF), false 
negatives, false positives, and goodness of hit score (GH), and the area 
under receiver operating characteristic (ROC) curve was calculated. 
The GH score ranges from 0 (indicates the null model) to 1 (indicates 
the ideal model). When the GH score exceeds 0.7, the model is very 
good to identify the active compounds [18,19]. The result was used 
to screen the pharmacophores of the phytoconstituents isolated from 
P. sagittatum (Fig. 3).

Validation of the docking program
To validate the docking program, the co-crystallized ligand (mefenamic 
acid) was separated from the protein and was re-docked into its origin 
position. The re-docked pose of mefenamic acid was superimposed with the 
origin, and the root mean square deviation (RMSD) was calculated (Fig. 4).

Molecular docking
Furthermore, a molecular docking of the phytoconstituents into COX-2 
binding pocket was performed. The compounds were generated 
using MarvinSketch, and the energy was optimized by employing 

Fig. 3: Decoy set method to validate the pharmacophore features

Fig. 1: (a and b) Interaction between mefenamic acid with Ser530 and Tyr385 in COX-2 catalytic site

ba

Fig. 2: (a and b) Pharmacophore features in the interaction 
between mefenamic acid and COX-2 created by ligand scout

ba

Fig. 4: Re-docking of mefenamic acid to its origin position in the 
catalytic site of COX-2

ba
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Fig. 5: Phytoconstituents isolated from Polygonum sagittatum

ligandscout MMFF94. Parameters observed were (1) the protein-
ligand interaction; (2) the docking score in kcal/mol; and (3) inhibition 
constant (Ki). Celecoxib and mefenamic acid, both selective COX-2 
inhibitors, were used as the standard drugs.

RESULTS AND DISCUSSION

The crystal structure of human COX-2 in complex with mefenamic 
acid (PDB code: 5IKR; resolution 2.34 Å; R-value free 0.211) was 

selected as our protein target. The interaction between mefenamic 
acid and the enzyme was studied by employing JSmol and ligand 
scout (Fig. 1).

Fig. 1 indicated that mefenamic acid binds to Ser530 and Tyr385 in 
COX-2 catalytic site. Both oxygens of the acid’s carboxylic group act as 
HB acceptors (HBAs) as shown in Fig. 1. This drug is a selective COX-
2 inhibitor [16,18]. Mefenamic acid and ibuprofen could inhibit COX-2 
oxygenation of arachidonic acid [20,21].
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Based on the interaction between mefenamic acid and COX-2, 
pharmacophore features were created using ligandscout and comprised 
3 features: One aromatic ring (hydrophobicity) and two HBAs. These 
pharmacophore features are located in the important active site of COX-
2 (Fig. 2).

An internal database was developed using 23936 compounds 
containing 531 active structures collected from DUD-E (http://dude.
docking.org/targets/pgh2). The validation of pharmacophore features 
retrieved 834 compounds, of which 522 were active against COX-2. The 

calculated EF = 28.21 which indicated that these features generated 
from mefenamic acid is highly efficient for database screening. The 
GH score ranges from 0 (indicates the null model) to 1 (indicates the 
ideal model). Our GH score = 0.71 and AUC100% of ROC curve = 0.87 
revealed that this model could identify the active compounds and was 
categorized as valid (Table 1 and Fig. 3).

Ten phytoconstituents (Fig. 5) isolated from P. sagittatum [17] were 
generated by MarvinSketch, and their energy was minimized using 
LigandScout MMFF94.

Validation was performed by re-docking the co-crystallyzed mefenamic 
acid into its origin position in the catalytic site of COX-2 (Fig. 4). The 
result indicated a similar binding mode with that of the origin complex 

Fig. 6: Superimposition of the origin (white) and re-docked (blue) 
mefenamic acid molecules

Fig. 7: Docking score and inhibition constant of the phytoconstituents of Polygonum sagittatum

Table 1: Statistical parameters of GH score validation

Parameter Result
Total compounds in PGH2 database (D) 23936
Total actives in database (A) 531
Total hits (Ht) 834
Active hits (Ha) 522
% yield of actives ([Ha/Ht]×100) 62.59
% Ratio of actives ([Ha/A]×100) 98.31
EF ([Ha×D]/[Ht×A]) 28.21
False negatives [A-Ha] 9
False positives [Ht-Ha] 312
Goodness of hit score  
(GH) ([Ha/4HtA] [3A+Ht]×[1–[Ht-Ha]/[D–A]])

0.71

EF: Enrichment factor

Fig. 8: Interaction of (a) methyl-4-hydroxycinnamate, (b) quercetin, and (c) methyl gallate, with Tyr385

cba
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(Fig. 1). Both mefenamic acid molecules interacted with Tyr385 and 
Ser530.

The re-docking score was −8.90 kcal/mol. The validity of the docking 
program was further confirmed by superimposing the re-docked pose 
of mefenamic acid (blue) with the origin (white), which resulted in 
RMSD value of 0.925. This value is defined as valid (Fig. 6).

Pharmacophore screening of the phytoconstituents of P. sagittatum 
revealed four hits (quercetin, protocatechuic acid, vanicoside A, and 
vanicoside B) that fitted the features, and therefore, these compounds 
were predicted to be active in inhibiting COX-2 (Table 2). 

The phytoconstituents were docked into COX-2 binding pocket, and the 
docking score and Ki were compared to those of mefenamic acid and 
celecoxib (Fig. 7).

The docking revealed that three phytoconstituents (methyl-4-
hydroxycinnamate, quercetin, methyl gallate) interacted with Tyr385, 
an important amino acid residue that plays important role in producing 
PGH2 in COX-2 binding pocket (Fig. 8a-c).

Quercetin is the best in inhibiting the enzyme (docking score 
−8.60 kcal/mol; inhibition constant 0.5 µM) although its inhibitory 
activity is weaker compared to mefenamic acid (docking score 
−8.90 kcal/mol; inhibition constant 0.3 µM) and celecoxib (docking 
score -10.00 kcal/mol; inhibition constant 0.05 µM). Quercetin could 
be potential as a COX-2 inhibitor and competes with arachidonic acid in 
interacting with Tyr385. The binding mode of this compound (Fig. 8b) 

Table 2: Pharmacophore screening

Compounds Pharmacophore-fit score Binding mode

Hit status Score
Arborinone No -
25-hydroxycholest-5-en-3-yl acetate No -
Stigmast-5-en-3β-ol No -
Methyl-4-hydroxycinnamate No -
Quercetin Hit 36.77

Protocatechuic acid Hit 38.03 

Vanicoside A Hit 36.08

Vanicoside B Hit 36.16

Methyl gallate No -
Gallic acid No -

is similar to that of mefenamic acid (Fig. 1) in interacting with Tyr-385 
and Ser-530 at the top of the channel. This result confirmed with the 
work of Kartasasmita et al. [22], which revealed that 5-OH and 7-OH 
moieties at the cinnamoyl ring of quercetin interacted with Gly192, 
Phe518, His90, and Arg513, whereas 3’-OH and 4’-OH of the benzoyl 
interacted with Tyr385 and Ser530.

HB formation between celecoxib, indomethacin, and diclofenac 
(selective inhibitors of COX-2) and Arg120 and/or Tyr355 in COX-2 are 
associated with the stability of the ligand-COX complex in the COX-2 
pockets [23]. Moreover, recent in silico study on xanthone derivatives 
resulted in the HB formation of the compounds with amino acid 
residues Arg120, Tyr355, Tyr385, and Ser353 [24].

CONCLUSIONS

Phytoconstituents in P. sagittatum fit the pharmacophore features 
generated from mefenamic acid and COX-2 complex. Therefore, they 
might be potential in inhibiting COX-2 enzyme. Their binding modes 
are more similar to that of mefenamic acid than of celecoxib. Of those, 
quercetin is the best in inhibiting the enzyme. Its inhibitory activity is 
equal to mefenamic acid but is weaker than celecoxib.
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