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Abstract 

Cancer is the second leading cause of death globally and around 1 in 6 patients die with an estimated case of 

about 28.4 million in 2040. The lower survival rate in many of the cancer cases is due to the overexpression 

of COX-2 and mPGES-1 through COX/mPGES-1/PGE2 pathway. The use of COX inhibitors in clinical 

practice today has severe side effects in the gastrointestinal, cardiovascular systems and generally decreases 

the formation of prostanoids like PGE2, which are necessary for fundamental cellular processes. Hence, 

mPGES-1 would be a more effective and safer target. In this work, a virtual screening strategy involving ligand 

as well as structure-based design were employed to screen a wide array of diversified chemical compounds as 

a basic point to identify a potential molecule as inhibitor of mPGES-1 from the readily available commercial 

chemical database. LY3023703 an amino imidazole derivative a selective potent inhibitor of mPGES1 was 

used as a query molecule. The structurally similar compounds to this inhibitor were identified through virtual 

screening followed by molecular docking. The top 20 molecules showed a docking score range from -7.097 to 

-1.776. These molecules inhibited the same binding site as Indole 2-carboxylic acid and formed key amino 

acid interactions, in particular, most of the ligands showed interaction with Thr131 and His53. Following this 

two of the potent molecules were subjected to molecular dynamics studies for 100ns and their derivatives were 

chosen based on synthetic feasibility and characterized. The selective screening of mPGES-1 inhibitors for 

inflammation and various tumor types, would open new doors and might become a novel therapeutic strategy 

against cancer. 
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INTRODUCTION 

Cancer is an abnormal uncontrolled proliferation 

of cells leading to a life-threatening disease, which 

can invade/spread throughout the body by different 

mechanisms and pathways in either sex for all age 

group. According to WHO, cancer is the second 

leading cause of death globally and around 1 in 6 

patients die due to cancer with estimated cases to 

be 28.4 million in 2040 [1]. According to Globocan 

report and pharmacoepidemiological statistics, 

India alone reports breast cancer (14%), lip, oral 

cavity cancer (10.4%), cervix cancer (8.4%), lung 

cancer (5.9%), stomach cancer (5%) and other 

cancers (56.4%) [2]. the most common treatment  

procedure for cancer includes surgery, 

radiotherapy, and chemotherapy, whereas 

targeted therapies and immunotherapies 

are nowadays receiving more attention. 

In most of the cancer forms, Inflammation is well 

correlated at all phases of cancer growth and 

malignant development [3–5]. Chronic 

inflammation leads to immunosuppression which 

further creates a microenvironment perfect for 

tumorigenesis followed by metastasis [6]. 

Prostaglandins (PGs) are lipid mediators derived 

from 20-carbon chain fatty acid arachidonic acid 

(AA) which are metabolized through the 

cyclooxygenase pathway. AA is released from 

fatty acid by phospholipase A2 (PLA2) in the cell 

membrane and then transformed to PGH2 in the 

presence of COX-1/COX-2 leading to the 

formation of bioactive lipids such as PGD2, PGI2, 

PGE2, PGF2 and TxA2 (thromboxane) with the help 

of specific terminal enzymes (Figure 1). These 
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generated lipids have the key 

responsibility for the maintenance of local 

homeostasis of the body, act as a potent 

vasodilator and inhibit platelet 

aggregation [7]. Among all the 

prostaglandins PGE2 is abundant and 

regulates physiological functions as well as 

pathological pathways like inflammation, fever, 

pain and even cancer [8]. The PGE2 biosynthesis 

involves three enzymes namely microsomal PGE 

synthase (mPGES)-1 and -2, and cytosolic PGE 

synthase (cPGES) metabolizing PGH2 [9, 10]. 

 

 
Fig.1: Overview of prostaglandin biosynthetic pathway starting from arachidonic acid 

 

mPGES-1 is glutathione-dependent existing in 

microsomal membrane with a molecular weight of 

about 16 KDa, possessing 152 amino acids, 

responsible for the formation of PGE2 during the 

process of inflammation. Several studies revealed 

that mPGES-1 is over-expressed in colon, lung, 

head, neck, breast, and stomach cancers [11]. 

mPGES-1 is a potent target regulator of PGE2 

which is over produced when mPGES-1 is coupled 

with COX-2 during inflammation [12,13]. 

Furthermore, it is identified that the mPGES-2 is 

essentially expressed in various cell types, 

including human embryonic kidney cells 

(HEK293), human colon adenocarcinoma cells 

(HCA-7) and human lung epithelial cells (BEAS- 

2B) etc [14,15]. There are four diverse EP 

receptors 1-4 that are triggered by PGE2 which are 

involved in intracellular signaling pathways [16- 

21]. Stimulation of tumor growth is produced by 

growth factors and angiogenic factors, due to the 
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pro-inflammatory activity of PGE2 [22 -24]. 

Recent studies have reported that few types of 

cancer such as neuroblastoma possess an 

immunosuppressive microenvironment with pro- 

inflammatory features. The tumor-derived PGE2 

secretion influences the production of cytokines 

and chemokines such as IL-6, CXCL1, G-CSF, 

which are known cancer-sustaining factors. These 

factors are produced through myeloid cells, which 

polarize macrophages to an M2 activation state 

leading to the promotion of immune evasion [25- 

28]. 

 

Literature reports that [8,16] [23] one of the 

efficient ways to reduce PGE2 production is 

selectively inhibiting downstream mPGES-1, 

which is considered to be the most effective, safer 

and valid target to counter various types of cancers 

[29-35]. Kurtova et al. reported that the cytotoxic 

treatment-induced apoptosis in which the PGE2 

release promotes cancer stem cell repopulation and 

chemoresistance. Studies showed that the 

inhibition of PGE2 with celecoxib at 5 mg/kg/day 

dose for two days before the combination of 

gemcitabine/cisplatin in treatment reduced 

chemotherapy resistance when the same 

combination was given alone without PGE2 

inhibition in bladder cancer xenograft model [26]. 

Scientific reports also point to PGE2 suppression as 

a potential therapeutic approach to improve the 

effectiveness of immune-based therapies [35-38]. 

Without altering other PGs and thromboxane, 

mPGES-1 can reduce PGE2 production with fewer 

side effects. Targeting mPGES-1 enzyme 

responsible for the PGE2 synthesis will be the 

selective choice and will indicate newer and safe 

therapeutic strategies. Figure 2 represents the list 

of mPGES-1 inhibitors from diverse scaffold. 

LY3023703 is an amino imidazole derivative 

discovered by Eli Lilly as a selective potent 

inhibitor of mPGES1. In contrast to celecoxib, 

which decreased inducible PGE2 production by 

only 44%, were as LY3023703 showed a peak 

increase in prostacyclin synthesis by 115% dose- 

dependently. The query molecule's salt form 

demonstrated quicker absorption than the free base 

and led to greater plasma concentrations. This 

initial success led the molecule to enter clinical 

trials for a single ascending dose study and 

multiple ascending dose studies in 48 healthy 

subjects for 28 days. 
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Fig.2: List of chemically diversified mPGES-1 inhibitors with IC50 values 

 

However, on day 28
th
 study, one of the trial 

participants experienced a considerable increase in 

serum aminotransferase levels, which was found to 

be a serious adverse event indicative of liver 

toxicity which led to the discontinuation of 

lumiracoxib. This increase in alanine amino- 

transferase in the phase 1 study resulted in the 

termination of LY3023703 for further clinical 

development. It was later proposed by Norman et 

al that LY3023703 (Figure 3) undergoes a key 

metabolic route i.e., imidazole ring epoxidation 

resulting in drug-induced liver damage (DILI). 

However, this query molecule is as a good lead due 

to its potent activity. Similarity search is one of the 

key successful strategies used in the virtual 

screening methodology. It is a screening technique 

that works by comparing the features of the potent 

compound with the features of each compound in 

the large array of the structurally diverse 

compound database. Hence the objective of our 

study was to identify a structurally similar 

molecule related to LY3023703 as it had the 

potency to be developed into a drug molecule. The 

query molecule amino imidazole derivative was 

taken as a basic scaffold and looked for similarity 

search in the enamine database through various 

filters. The scaffold similar to the query molecule 

will be identified as HITs which will be followed 

by molecular docking, molecular simulation 

studies and wet lab work. 
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Fig.3: LY3023703 - amino imidazole derivatives metabolite shows drug induced liver injury 

 

EXPERIMENTAL 

Enamine Database 
Readily Available (REAL) database is a collection 

 
𝑇𝐶(𝐴, 𝐵) = 

c 
 

 

a + b − c 

of 8.5 million compounds from Enamine one of the 

largest commercial suppliers of chemicals. The 

compounds are complying with the Lipinski “rule 

of 5” and Veber criteria with molecular weight < 

500, SlogP < 5, hydrogen bond acceptor (HBA) < 

10, hydrogen bond donor (HBD) < 5, rotatable 

bonds < 10 and total polar surface area (TPSA) < 

140. Additionally, the molecules were in a Diverse 

REAL drug-like dataset to avoid compounds that 

are toxic and PAINS. Compounds that lack analogs 

with Tanimoto similarity greater than 0.6 (Morgan 

2 fingerprint, 512 bit) are found in the diverse 

REAL drug-like dataset as well as in the Enamine 

stock screening chemical collection. 

 

Similarity Search using MOE 

Similarity search implemented in MOE is based on 

generating a precise fingerprint for the molecules 

and calculating the similarity according to a 

specific threshold using a specific measuring 

metric. This metric can be measured and, in this 

study, we have applied the Tanimoto coefficient. 

Tanimoto coefficient is a type of symmetric 

similarity metric that is calculated using 

fingerprints in a bit form and is defined as: 

where A and B are the two molecules to measure 

their similarity regarding each other, 'a' and 'b' is 

the fingerprint features, represented in bits, in 

molecule A and molecule B respectively while c is 

the common features fingerprints bits between 

molecule A and molecule B. The result of Tanimoto 

coefficient ranges between 0 and 1, where 0 means 

that the molecules are not similar since there are no 

common fingerprints shared between them while 

by increasing the value, the similarity increases and 

the value of 1 means that the molecules are similar 

and that the two molecules have identical 

fingerprints. Basically, the concept of using a 

specific fingerprint and calculating the Tanimoto 

coefficient is the quite often used method applied 

in this study. The steps involved in the similarity 

search using MOE is depicted in Figure 4. BIT 

MACCS fingerprints were generated for all the 

ligands then the similarity search process is done. 

Following this, the similarity is calculated using 

the Tanimoto coefficient for both processes 

independently, with setting the overlap similarity 

threshold to 75%. 

 
 

 

Fig.4: Mechanism for identification of Hit molecule and workflow of similarity search process from enamine 

database in search of mPGES-1 inhibitor 
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Molecular docking 

The hit compounds from the similarity search were 

molecular docked using Schrodinger Inc.'s Glide 

docking software. Ligand structure and protein 

preparation were done as per our reported methods. 

The molecules were docked using the Glide 

docking module implemented in the Schrodinger 

package and the crystal structure with PDB Id: 

4YL1 was selected. The 306 molecules were 

prepared using the ligprep module. The structure 

obtained from Protein Data Bank is a single 

monomer, however, the mPGES-1 is a homomeric 

trimer. The enzyme was prepared using a protein 

preparation wizard where the amino acid residues 

were optimized. After the protein preparation 

wizard application, the prepared enzyme is then 

used in Grid generation. The co-crystallized ligand 

Indole 2-carboxylic acid is considered the binding 

site and a grid is generated around the binding site 

for docking the ligands. Then the prepared trimer 

is subjected to molecular docking studies using the 

Glide docking tool from Schrodinger. 

 

 Ligand preparation: In order to prepare high- 

quality, all-atom 3D structures for large numbers 

of drug-like molecules, starting with the 3D 

structures in SD Maestro format, LigPrep was 

used. LigPrep produced single, low-energy, 3D 

structures with corrected chiralities for each 

successfully processed input structure. 

 Preparation of protein: The structure file from 

the PDB is not suitable for immediate use in 

molecular modelling calculations. A typical PDB 

structure file consists only of heavy atoms and 

may include a co-crystallized ligand, water 

molecules, metal ions, cofactors. PDB structures 

may be missing information on connectivity, 

which must be assigned, along with bond orders 

and formal charges. This was done using the 

Protein Preparation Wizard. 

 Receptor Grid Generation: Receptor grid 

generation requires a “prepared” structure: an all- 

atom structure with appropriate bond orders and 

formal charges. Glide searches for favorable 

interactions between one or more ligand 

molecules and a receptor molecule, usually a 

protein. The shape and properties of the receptor 

are represented on a grid by several different sets 

of fields that provide progressively more accurate 

scoring of the ligand poses. The options in each 

tab of the Receptor Grid Generation panel allow 

defining the receptor structure by excluding any 

co-crystallized ligand that may be present, 

determine the position and size of the active site 

as it will be represented by receptor grids, and set 

up Glide constraints. 

 Ligand Docking: The docking studies were 

performed using Glide Dock from Schrodinger. 

Glide searches for favorable interactions between 

one or more ligand molecules and a receptor 

molecule, usually a protein. Each ligand acts as 

single molecule, while the receptor may include 

more than one molecule, e.g., a protein and a 

cofactor. Glide was run in rigid or flexible 

docking modes; the latter automatically 

generated conformations for each input ligand. 

The combination of position and orientation of a 

ligand relative to the receptor, along with its 

conformation in flexible docking, is referred to as 

a ligand pose. The ligand poses that Glide 

generates pass through a series of hierarchical 

filters that evaluate the ligand’s interaction with 

the receptor. The initial filters test the spatial fit 

of the ligand to the defined active site and 

examine the complementarity of ligand-receptor 

interactions using a grid-based method patterned 

after the empirical ChemScore function. Poses 

that passed these initial screens entered the final 

stage of the algorithm, which involves evaluation 

and minimization of a grid approximation to the 

OPLS-AA non bonded ligand-receptor 

interaction energy. Final scoring is then carried 

out on the energy minimized poses. 

 

Glide Extra-Precision Mode (XP): The extra- 

precision (XP) mode of Glide combines a powerful 

sampling protocol with the use of a custom scoring 

function designed to identify ligand poses that 

would be expected to have unfavorable energies, 

based on well-known principles of physical 

chemistry. The presumption is that only active 

compounds will have available poses that avoid 

these penalties and also receive favorable scores 

for appropriate hydrophobic contact between the 

protein and the ligand, hydrogen binding 

interactions, and so on. The important purpose of 

the XP method are to eliminate false positives and 

to provide a better correlation between good poses 

and good scores. Extra-precision mod is a 

refinement tool designed for use only on good 

ligand poses. Finally, the minimized poses are re- 

scored using Schrodinger’s proprietary Glide 

Score scoring function. Glide Score is based on 

ChemScore, but includes a steric-clash term and 

adds buried polar terms devised by Schrodinger to 

penalize electrostatic mismatches. 

 

Molecular dynamics 

The apo protein and selected protein-ligand 

complexes were prepared using the Solution 

Builder module implemented in CHARMM-GUI 

[39,40]. The complexes were prepared and the 
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simulations were performed as described before in 

[41-44]. The complexes were embedded in a 2- 

oleoyl-1-palmitoyl-sn-glycero-3-phosphocholine 

(POPC) lipid bilayer according to the suggested 

orientation reported in the Orientations of Proteins 

in Membranes (OPM) database for the template 

structure (PDB 4YL3) [45]. The complexes were 

solvated with a rectangular box of transferable 

intermolecular potential with 3 points (TIP3) water 

molecules. In the next step, the complexes were 

neutralized by adding Na
+
/Cl

-
 ions to a final 

concentration of 0.15M using the monte-carlo ion 

placing method. The ligand molecules were 

parameterized using the ParamChem service 

implemented in CHARMM-GUI. The simulation 

of the  complexes wascarried out using 

CHARMM36/CGenFF (3.0.1) force fields [46] for 

protein and ligand atoms and performed under 

periodic boundary conditions using the Particle- 

Mesh  Ewald method [47] for  long-range 

electrostatic interactions whose grid parameters for 

fast  Fourier transforms were determined 

automatically. The mPGES consists of three chains 

and the ligand bind to each of the chains along with 

the cofactor GSH. For our analysis in the study, we 

considered one ligand binding in the pocket. The 

prepared complexes from CHARMM-GUI were 

equilibrated over 5 ns and subjected to 100 ns of 

unrestrained MD simulations runs for each protein- 

ligand complex using NAMD. The stability of MD 

trajectories was analyzed by RMSD and RMSF for 

the protein-ligand complexes by using the RMSD 

trajectory tool implemented in VMD (Version 

1.9.3)[48]. 

 
RESULTS AND DISCUSSION 

Query Molecule 

LY3023703 an amino imidazole derivative 

discovered by Eli Lilly as a selective potent 

inhibitor of mPGES1 and found to be 17-fold more 

potent than celecoxib. However, the compounds 

had low solubility and hence their phosphate salt 

was studied with a PO dose of 60 mg/kg for in vivo 

to know the Pharmacokinetics in the beagle dog. 

This initial success led the molecule to enter 

clinical trials for single incremental dose study 

[49,51] and multiple incremental dose studies in 48 

healthy subjects for 28 days. The molecule had a 

maximum tolerated dose (MTD) as 15 mg per day 

or less. In comparison to celecoxib's impact (82% 

inhibition), LY3023703 decreased ex vivo LPS- 

stimulated PGE2 production by 91% and 97% on 

days 1 and 28, respectively. In contrast to 

celecoxib, which decreased inducible PGE2 

production by 44%, LY3023703 showed a peak 

increase in prostacyclin synthesis of 115%. 

Further, the study suggests that mPGES1 is a 

potential target for inflammatory pain since it 

suppresses inducible PGE production without 

reducing prostacyclin formation and did not 

increase TXB2 formation in serum.Hence this 

molecule was identified as a potential lead and 

explored for similar structures in the available 

database. 

 

Similarity search 

The term "similarity search" refers to find a 

structure that is closely related to a query molecule 

and that is closest in a multidimensional space. The 

goal of this study is to perform a similarity search 

by screening the Enamine database of 8.5 million 

compounds using the query molecule to get 

structurally similar compounds with an aim to have 

an equipotent activity that can inhibit mPGES. 

Millions of compounds, originating from different 

sources in medicinal chemistry, were present in the 

screening database. The creation of a screening 

database was driven by the fact that compounds 

with varying bioactivities and structurally diverse 

scaffolds are often more challenging to separate 

from one another in search calculations from a 

random selection of bioactive heterocycles. 

According to the "Similar Property Principle," 

compounds that are structurally related to active 

molecules are more likely to be active themselves. 

Thus, finding molecules that are structurally 

similar to a known active molecule is one of the 

key methods for successful drug discovery. 

 

First, similarity searching was applied in which 2D 

fingerprint ‘MACCS’ was calculated for our 

selected query molecule shown in Figure 3 and 

systematically compared to compounds from 

Enamine Database via MOE software [52]. Each 

query-target pair had a specific similarity threshold 

at which the agonist showed number of hits. 

Fingerprint overlap is quantified as a measure of 

molecular similarity using similarity coefficient 

‘Tanimoto coefficient’ which is the most popular 

way to measure the similarity of molecular 

fingerprints. For our similarity search we selected 

the threshold value of 75 % similarity overlap. The 

search against the Enamine Database has resulted 

306 molecules as hits. When the threshold value 

was increased to 80% the number of hit molecules 

is reduced from 306 to 20. This showed that high 

number of molecules was identified as hits within 

the range from 75 to 80% similarity overlap. The 

highly similar 20 molecules were shown in Table 

1. However, for our docking calculation we 

considered all the 306 molecules [53, 54]. 
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Table 1. Hit Molecules Identified Using Similarity Search With The Threshold Of 80% Similarity Overlap 
Along With Its Dock Score. 

1. PV-001857177657 
 

N N 
 

HN NH 

HN  O O    F 

N 

 

-7.0968 

2. PV-002331049037 
NH 

O 

 
       NH   

   
O 

N 

F F N 
F 

-7.0118 

3. PV-002362919606 
     N O 

H 
   N 

N 
N 

H H 

F F O 
N

 

F 

-6.8185 

4. PV-002562830538 

H O 

N N 
N

 

N O 
H

 
F 

-6.7406 

5. PV-001869139330 
N 

H    
N N 

HN O 
O N NH 

 
F 

-6.7180 

6. PV-002147811234 
H 
N O 

H H 
N N N 

N 
O 

 
 

F 

F F 

-6.6782 

7. PV-002681752702 
H 
N 

 
     N 
                  N 

NH   HN 

O            N 
O 

F 

-6.5635 

8. PV-001825146795 

H 
O O 

N 
N N 

F 
N 

H H 

F 

F 

-6.4811 

9. PV-002214872868 
 

HN 

O 

 
NH N 

NH 
   O N 

F F N 
F 

-6.4245 

10. PV-001823779730 
O 

F
 

O N 
F

 

H F 
N 
H 

N N 
H 

-6.3861 

11. PV-001805218556 
O 

 

H N 

N N 
H

 

N O 

-6.2944 

12. Z1452910845 
O 

NH N 
   HN   

    N N 
O H 

F F 
F 

-6.2727 

13. PV-002679826848 

H 
N HN 

N 
NH 

F   O N 

F 
F 

N 

-6.2474 

14. PV-001947172169 

O   N NH 

 
N   N 

O   NH 
H  H 

F 

F  F 

-6.2301 

15. PV-000647640496 
N O F 

N N 
H H H 

N 
 

N N 

-6.2048 

16. Z3608938544 
O N 

H H 
N N 

F 
O 

-6.1614 
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17. PV-002475660589 
 

HN 
O 

 

NH 
NH 

          O NF 
F 

F O 

-6.1189 

18. PV-001144654165 

NH N 

N     HN 

HN  O F 
O   F 

F 

-6.1052 

19. Z3291026606 
       NH   

          O 
          NH             F 

NH        F 

N O F 

N 

-6.0908 

20. Z768814574 
O H F 

F
 

N 

N N F 

N 
H 

O 

-6.0283 

 

Molecular Docking 

There are three distinct subtypes of PGES, and 

mPGES-1 is one of the potential targets for pain. 

At present 18 crystal structures for mPGES-1 are 

accessible in the protein data library (Table 2) and 

the structures are complexed with different 

potential molecule with high resolution. One of the 

structure belonging to phenanthrene imidazoles, 

MF63 that carries a 2,6-dicyano-substituted phenyl 

ring in 2-position of the imidazole was also a 

promising candidate (Figure 5) [50]. The 2,6- 

dicyanophenyl group points inward and clamped 

between the two protein chains. One of the nitrile 

group on the backside forms van der Waals contact 

with the Cβ of Ala123 (monomer 1) at a distance 

of 3.6 Å and with the side chain hydroxyl of Ser127 

(monomer 1) located at a distance of 3.2 Å. The 

another nitrile function group fits across L39 side 

chain (monomer 2) and attracting water molecules 

in front of the binding site. However, among the 

crystal structures for the docking study the 

mPGES-1 in complex with one of the potent 

inhibitors Indole 2-carboxylic acid was considered 

and proceed for molecular docking studies. 

 

 
Figure 5. Crystal structure of mPGES in complex with MF63 (Luz J.G, 2015). A. Phenanthrene imidazole 

MF63 with the 2,6-dicyano-phenyl is buried within the binding 605 pocket B. Surface representation of 

Phenanthrene imidazole MF6. 
 

Table 2: List Of Crystal Structure Available For Mpges-1 

PDB 

ID 
Protein Species Structure Title 

Release 

Year 

Resolution 

(Å) 
Scaffold Name 

 
2PBJ 

 
mPGES 

 
monkey 

GSH-heme bound 

microsomal 

prostaglandin E 

synthase 

 
2008 

 

2.80 
 

- 

 

4YL3 
 

mPGES-1 
 

human 
Crystal Structures of 
mPGES-1 Inhibitor 

Complexes 

 

2015 
 

1.41 
 

Imidazopyridine 

 

4YL1 

 

mPGES-1 

 

human 

Crystal Structures of 
mPGES-1 Inhibitor 

Complexes 

 

2015 

 

1.41 
Indole 2- 

carboxylic acid 

 

4YL0 
 

mPGES-1 
 

human 
Crystal Structures of 
mPGES-1 Inhibitor 

Complexes 

 

2015 
 

1.52 
Phenanthrene 

imidazole 
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4YK5 
 

mPGES-1 
 

human 
Crystal Structures of 
mPGES-1 Inhibitor 

Complexes 

 

2015 
 

1.42 
Indole 

propionic acid 

 

1Z9H 
 

mPGES-2 
 

monkey 
Microsomal 

prostaglandin E 
synthase type-2 

 

2005 
 

2.60 

 

- 

6VL4 mPGES-1 human 
 

2020 
 Phenylacetic 

acid 

 
5BQI 

 
mPGES-1 

 
human 

Discovery of a Potent 

and Selective mPGES- 

1 Inhibitor for the 
Treatment of Pain 

 
2016 

 
 

1.88 

 

Pyridine 3- 

carboxmide 

 
5BQH 

 
mPGES-1 

 
human 

Discovery of a Potent 

and Selective mPGES- 
1 Inhibitor for the 
Treatment of Pain 

 
2016 

 

1.60 
 

Benzamide 

 

5BQG 
 

mPGES-1 
 

human 
Crystal Structure of 

mPGES-1 Bound to an 
Inhibitor 

 

2016 
 

1.44 
 

Benzamide 

 

4AL1 
 

mPGES-1 
 

human 
Crystal structure of 
Human PS-1 GSH- 

analog complex 

 

2013 
 

1.95 
 

- 

4AL0 mPGES-1 human 
Crystal structure of 

Human PS-1 
2013 1.16 - 

 

5T37 

 

mPGES-1 

 

human 
crystal structure of 
mPGES-1 bound to 

inhibitor 

 

2017 

 

1.76 

 

Benzamide 

 

5T36 

 

mPGES-1 

 

human 

Crystal structure of 
mPGES-1 bound to 

inhibitor 

 

2017 
 

1.40 

2-Amino 

benzoic acid 

5K0I mPGES-1 human 
mpges1 bound to an 

inhibitor 
2016 

 

1.30 
Quinoline 

 

5TL9 
 

mPGES-1 
 

human 
crystal structure of 

mPGES-1 bound to 
inhibitor 

 

2017 
 

1.20 
 

Benzoic acid 

 
4WAB 

Fused 

mPGES-1 

with 

LTC4S 

 
human 

Crystal structure of 

mPGES1 solved by 

native-SAD phasing 

 
2014 

 
2.70 

 
Benzimidazole 

 
4BPM 

Fused 
mPGES-1 

with 
  LTC4S  

 
human 

Crystal structure of a 

human integral 

membrane enzyme 

 
2014 

 
2.08 

 
Benzimidazole 

 

The 306 molecules identified as hit molecules from 

similarity search using MOE were subjected to 

molecular docking. The docking studies were 

carried out with crystal structure PDB Id: 4YL1 

and the docking score was obtained in the range 

from -7.097 to -1.776. The top 20 molecules 

obtained from docking studies with their docking 

score greater than -6.0 kcal/mol are shown in 

Table 1. However only 2 molecules had binding 

score of about -7 such as in compound PV- 

001857177657 and PV-002331049037. Remai- 

ning 18 molecules had dock score between -6.0 to 
-6.8. These twenty molecules includes mono 

atomic as well as diatomic nitrogen containing 

structures     such     as     pyrazole,     pyrimidine, 

pyrimidines, imidazole, pyrazine as well as fused 

pyrrolo[2,3-b]pyridine and imidazo[4,5-b]pyridine 

substitution. Almost all the molecules had amide 

substitution and many of the compounds had mono 

and trifluoro substitution except compound PV- 

001805218556. The top two molecules were 

selected based upon their similar binding site of 

Indole 2-carboxylic acid and showed similar 

interactions with the amino acid residues. The 

amino acid interactions confirms that the identified 

molecules are similar to the query molecule 

(Figure 6). In particular, most of the ligands form 

interaction with Thr131 and His53. The binding 

poses and the 2D interaction of the top 5 molecules 

in shown in figure 6 [51 – 57]. 
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D) 

 

 

E) 

 
 

Fig.6: The binding poses of the top five molecules (A) PV-001857177657 (B) PV-002331049037 (C) PV- 

002362919606 (D) PV-002562830538 (E) PV-001869139330 are shown with their amino acid residues in 

the binding pocket and their 2D interaction diagrams. 

 

ADMET Studies 

Drug-likeness properties of these 20 compounds 

were studied by employing in silico studies 

‘Adsorption, distribution, metabolism, elimination 

and toxicity’ analysis. In silico ADMET prediction 

for the target compounds were carried out in early 

stage to reduce the risk. The pharmacokinetic 

profiles of the molecules were predicted using 

Osiris property explorer. Off all the verified 

molecules only PV-001869139330 showed 

toxicity characteristics properties (Table 3). 
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Table 3: Predictive Properties Calculated Using Osiris Property Explorer 
 

S.no 
 

Hit molecules 

 
Dock 

score 

 
log P 

 
log S 

 

TPSA 

Å 

 

Drug 

likeness 

 
HBA 

 
HBD 

Number 

of Stereo- 

centers 

Number 

of 

rotatable 
bonds 

 

Drug- 

Score 

 

Mutagenic 

 

Tumorigenic 

 

Irritant 
 
Reproductive 

Effective 

1 PV-001857177657 -7.0968 1.57 -3.29 112.66 3.46 8 3 0 6 0.88 In-Act In-Act In-Act In-Act 

2 PV-002331049037 -7.0118 3.12 -5.99 76.02 -1.35 6 2 1 8 0.46 In-Act In-Act In-Act In-Act 

3 PV-002362919606 -6.8185 3.77 -5.79 99.77 -4.19 7 3 0 7 0.35 In-Act In-Act In-Act In-Act 

4 PV-002562830538 -6.7406 3.92 -5.41 83.98 3.38 6 2 1 6 0.75 In-Act In-Act In-Act In-Act 

5 PV-001869139330 -6.7180 2.90 -5.14 112.66 2.31 8 3 0 6 0.47 Act Act In-Act In-Act 

6 PV-002147811234 -6.6782 2.69 -3.83 88.05 -0.52 7 3 1 8 0.56 In-Act In-Act In-Act In-Act 

7 PV-002681752702 -6.5635 1.80 -3.91 104.82 1.51 8 3 0 8 0.79 In-Act In-Act In-Act In-Act 

8 PV-001825146795 -6.4811 4.28 -6.03 86.88 -3.34 6 3 1 8 0.35 In-Act In-Act In-Act In-Act 

9 PV-002214872868 -6.4245 3.84 -3.54 100.94 -0.60 8 3 1 8 0.47 In-Act In-Act In-Act In-Act 

10 PV-001823779730 -6.3861 2.64 -4.75 86.88 -4.76 6 6 0 5 0.45 In-Act In-Act In-Act In-Act 

11 PV-001805218556 -6.2944 4.91 -6.19 83.98 -3.29 6 2 0 6 0.33 In-Act In-Act In-Act In-Act 

12 Z1452910845 -6.2727 2.61 -4.78 99.77 -14.75 7 3 0 4 0.44 In-Act In-Act In-Act In-Act 

13 PV-002679826848 -6.2474 2.25 -3.04 95.59 -3.27 7 3 1 8 0.45 In-Act In-Act In-Act In-Act 

14 PV-001947172169 -6.2301 3.38 -6.11 98.91 -25.92 7 4 0 6 0.39 In-Act In-Act In-Act In-Act 

15 PV-000647640496 -6.2048 1.90 -4.60 106.49 -2.84 7 3 0 7 0.46 In-Act In-Act In-Act In-Act 

16 Z3608938544 -6.1614 2.79 -4.46 71.09 -0.09 5 2 0 5 0.66 In-Act In-Act In-Act In-Act 

17 PV-002475660589 -6.1189 4.15 -6.58 96.26 -7.50 7 3 1 8 0.34 In-Act In-Act In-Act In-Act 

18 PV-001144654165 -6.1052 2.09 -3.03 99.77 -9.13 7 3 1 7 0.26 In-Act In-Act In-Act In-Act 

19 Z3291026606 -6.0908 3.30 -5.14 88.05 -0.30 7 3 1 8 0.52 In-Act In-Act In-Act In-Act 

20 Z768814574 -6.0283 3.46 -6.77 76.02 -3.27 6 2 0 6 0.40 In-Act In-Act In-Act In-Act 

HBA and HBD - number of hydrogen bond acceptors and donors; ‘Log P - lipophilicity Log S - Solubility; 

TPSA - topological polar surface area (Å)’; In-Act indicates Inactive and Act indicate Active. 
 

Molecular dynamics 

To understand the stability of the ligands identified 

from docking studies, the top-ranked molecules 

PV-001857177657 and PV-002331049037 were 

subjected to MD simulations. In addition to the apo 

protein, the two protein-ligand complexes were 

prepared using CHARMM-GUI and MD 

simulation was performed for a period of 100 ns. 

From analyzing the generated trajectories of the 

complexes, the root mean square deviation 

(RMSD) values of the Cα atoms of the mPGES 

protein reached the steady state approximately 

within 2.0 - 3.0 Å deviations from its initial 

structure (Figure 7a). This specifies that the 

mPGES protein maintains the interaction profile 

and does not undergo larger conformational 

changes upon binding of the two ligands PV- 

001857177657 and PV-002331049037. The visual 

interpretation of the trajectories showed that both 

ligands were anchored inside the binding pocket 

identified from the docking studies. The 

extracellular region connecting the two 

transmembrane regions of the protein largely 

controls the ligands inside the binding pocket 

(Supplementary figure S1 and S2). This can also 

be visualized with root mean square fluctuation 

profile for the complexes with the ligands PV- 

001857177657     and     PV-002331049037     in 

comparison to the apo structure of mPGES protein 

(Figure 7b). In reference to the apo structure, the 

regions where the two ligands bind found structural 

changes and the remaining region of the protein are 

very similar. In comparison with ligand PV- 

001857177657, PV-002331049037 induces large 

conformation in this region. This is possibly due to 

the Trifluoro methyl (CF3) functional group present 

in ligand PV-002331049037 compared to mono 

fluorine (F) of the phenyl group. The hydrogen 

bond interaction analysis show that the two ligands 

interact with Thr131 majorly in comparison to the 

other amino acid residues and largely bounded by 

hydrophobic interaction in comparison to 

electrostatic interactions (Supplementary table 

S1). Additionally, to confirm the presence of 

ligands within the binding pocket of mPGES, the 

distance between the center of ligands and the 

cofactor GSH was analyzed across the trajectory of 

100 ns (Supplementary Figure S3). The distance 

is mostly around 6-8 Å which is comparable to the 

distance measured (11.2 Å) in the reference crystal 

structure (PDB Id: 4YL1) for the ligand, Indole 2- 

carboxylic acid selected in the docking study and 

molecular dynamics. This is further supported by 

the initial results from the docking studies, where 

major interaction are from hydrophobic residues. 

The molecular dynamic studies provide an 

understanding of the two ligands identified from 

molecular docking, their stability, and interactions 

with the residues in the binding pocket [58-61]. 
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Fig.7: Molecular dynamic simulation studies of the protein-ligand complexes. A) Root mean square 

deviation (RMSD) values and B) Root mean square fluctuation (RMSF) obtained from the Cα atoms relative 

to the initial frame of the production run of 100 ns simulations for the protein-ligand complex for the 

selected ligands, PV-001857177657(Green), PV-002331049037(Blue) in comparison with apo protein 

structure (red) 
 

Chemistry 

From the theoretical studies two molecules among 

the top five belonging to same scaffold were 

subjected to laboratory synthesis (Figure 8). 5- 

cyclopropyl-4-methyl-1H-imidazol-2-amine, was 

prepared by cyclization of 1-cyclopropylpropane- 

1,2-dione (1mmol) with formamide (1mmol) in 

presence glacial acetic acid and ammonium 

acetate. Glyoxal and ortho-phenylenediamine were 

reacted in water followed by reaction with sodium 

carbonate yielded compound (2). Compound 2 was 

hydrolyzed by oxidizing with hot aqueous 

potassium permanganate solution and the mixture 

was cooled at room temperature to give potassium 

pyrazine-2,3-dicarboxylate (3). Compound (3) was 

acidified with 36% hydrochloric acid, filtered and 

recrystallized with acetone to give pyrazine-2,3- 

dicarboxylic acid (4). Furo[3,4-b]pyrazine-5,7- 

dione (anhydride) (5) was obtained by reacting 

pyrazine-2,3-dicarboxylic acid (4) with acetic 

anhydride at 125° C. Compound (6), 3-((5- 

cyclopropyl-4-methyl-1H-imidazol-2-yl) carba- 

moyl)pyrazine-2-carboxylic acid, was prepared 

from anhydride compound (5) in presence of 

Sodium dodecyl sulfate. Compound (6) was treated 

with ammonia to give  N
2
-(5-cyclopropyl-4- 

methyl-1H-imidazol-2-yl) pyrazine-2,3-dicarbo- 

xamide (7). Compound (7) reacted with benzyl 

chloride to yield N
2
-(5-cyclopropyl-4-methyl-1H- 

imidazol-2-yl)-N3-substitutedphenyl)-2,3dihydro 

pyrazine -2,3-dicarboxamide (8). However a total 

of sixteen molecules from series 8 with a wide 

range of substitution such as hydrogen, methyl, 

methoxy, nitro, amino and dimethyl amino at 2,3,4 

position and one compound from series 9 were 

synthesized. 

 

The purity of the synthesized compounds was 

monitored by TLC and elemental analyses. All the 

fifteen synthesized compounds were characterized 
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by spectral analysis (IR, 
1
H-NMR, 

13
C-NMR and 

MS). The percentage yield of synthesized 

compounds in all the stages were found to be in the 

range of 65 and 73%. IR spectra of compounds 

confirmed the presence of –NH, and –N=C in the 

imidazole ring by stretching bands at 3332, 1551 

cm
-1

 respectively. Presence of amide (-NHCO) 

confirmed by stretching band at 1660 cm
-1

. Proton 

assignments in 
1
H-NMR spectra for the 

compounds showed signal at δ 11.5-11.7 (s, NH 

imidazole), δ 9.2-9.3 (bs, 2NH- amide), δ 7.4-7.6 

(m, Ar-H imidazole & pyrazine), δ 6.9-7.3 (m, Ar- 

H), 3.2-3.3 (s, -CH3), δ 3.0 (d, 2CH2 pyrazine), δ 
2.7-2.8 (d, 2CH2 cyclopropane), and δ 1.9 (s, CH 

cyclopropane),. The compounds showed a 

characteristic peak in the range δ 6.5-6.6 for 

primary amine and at δ 8.9-9.0 for phenolic OH. 

The spectra also confirmed the presence of the 

characteristic peaks corresponding to the protons 

attached. 
13

C-NMR of the compounds shows 

characteristic peaks at δ 174.1-174.4 (CONH), 

142.4-142.6 (carbonyl carbon in pyrazine ring), 

07.9-8.6 (cyclopropane -CH-H2C-CH2). Additio- 

nally, mass spectra (m/z values) and elemental 

analyses (C, H, and N) both confirmed the named 

compounds and found them to be within 0.4% of 

theoretical values. 

 

 

 

 

 

 

 
 

 

 

 
 

 

 

  
Fig.8: Synthetic Scheme for a series of derivatives from the top ligand PV-001857177657 

 

CONCLUSION 

The goal of the similarity study is to use a 

computational approach and identify potential 

molecules from a library of chemical compounds 

in order to find new bioactive heterocycle as potent 

mPGES-1 inhibitors. From the screening library of 

enamine database, 306 compounds were identified 

and subjected to molecualr docking studies with 

help of Glide docking tool followed by molecualr 

dynaics. The top poses of compounds having good 

protein binding affinity were selected. Hit 

molecules obtained using similarity approach 

showed a docking score range from -7.097 to - 

1.776 kcal/mol. All the top 20 molecules inhibited 

the same binding site similar to Indole 2-carboxylic 

acid and formed the required interactions with the 

amino acid residues in the binding site, in 

particular most of the ligands formed interaction 

with Thr131 and His53. The molecular docking 

studies showed the insights at the atomic level 

interaction to understand the mechanism and 

binding. These molecules were chosen for 

synthesis, characterized and further investigation is 

on their biological activity. These scaffolds 

demonstrate that a combined ligand and structure- 

based virtual screening technique could potentially 
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discover viable candidates as potential molecules 

for mPGES-1 against cancer. It can be concluded 

that the amide linker (-CONH-) attached to the 

pyrazole as well as imidazole plays a key 

interaction with the protein, is responsible for the 

biological activity with more selective and have 

tight binding affinity than the other molecules. The 

MD simulation and analysis of the trajectories 

showed that the mPGES protein maintains its 

interaction profile upon binding to PV- 

001857177657 and PV-002331049037 with stable 

RMSD values. Furthermore, analysis with RMSF, 

PV-001857177657 is more stable with 

hydrophobic interaction with the amino acids in the 

binding pocket and the extracellular loop 

connecting the transmembrane regions. The study 

identified a potential molecules targeting cancer 

will lead and contribute for the development of 

new leads to over the drawback of existing 

molecules. Furthermore, more experiments on the 

biological part are under progress to identify the 

structural requirement for inhibition activity. 
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Supplementary  
 

 
 
 

Fig.S1: Ligand PV-001857177657 inside the 

binding pocket of PDB Id: 4YL1 identified from 

the docking study 

 

 
Fig.S2: Ligand PV-002331049037 inside the 

binding pocket of PDB Id: 4YL1 identified from 

the docking study 
 

 
Fig.S3: PV-001857177657(red), PV-002331 04 
9037(blue) and the cofactor GSH is calculated 

from the trajectories for a period of 100 ns 

molecular dynamics simulations. 

 

Table S1: The Hydrogen Bond Occupancy Of 

Each Interacting Residue In Their Respective 

Ligand In The Complexes With Mpges Over 100 

Ns Trajectory 

 

 

Donor Acceptor Occupancy 

Lig01-Side THR131-Side 9.78% 

Lig01-Side GLY35-Main 0.80% 

Lig01-Side GLN36-Side 0.40% 

Lig01-Side HSD53-Side 0.80% 

Lig01-Side ILE32-Side 0.20% 

GLN36-Side Lig01-Side 1.40% 

PHE44-Side Lig01-Side 0.20% 

Donor Acceptor Occupancy 

PHE44-Side Lig02-Side 0.20% 

THR131-Side Lig02-Side 3.59% 

GLN36-Side Lig02-Side 0.20% 

GLN134-Side Lig02-Side 2.79% 

SER127-Side Lig02-Side 5.79% 

Lig02-Side THR131-Side 2.20% 

ASP49-Main Lig02-Side 2.20% 

ALA123-Side Lig02-Side 0.60% 

ARG52-Side Lig02-Side 0.60% 

Lig02-Side HSD53-Side 0.20% 

Lig02-Side SER127-Side 0.20% 
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