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ABSTRACT 

Objective: Zingiber officinalis (ginger) rhizomes are widely recognised for their health benefits, but the leaves, primarily used as flavouring agents, 
have not been explored for therapeutic potential. This study investigates the antiphlogistic properties of Z. Officinalis leaf constituents through 
molecular docking and dynamic simulation of 24 bioactive molecules identified via Gas Chromatography-Mass Spectroscopy (GC-MS), with a focus 
on pro-inflammatory gene suppression and inflammatory cell apoptosis induction. 

Methods: Docking studies were conducted using Schrödinger software (version 2023-1) on secondary metabolites from aqueous and methanolic 
extracts of Z. officinalis leaves against Cyclooxygenase-2 (COX-2), Interleukin-1 receptor-associated kinase-4 (IRAK-4), Phospholipase A2 (PLA2), 
and NF-kB-inducing kinase (NF-kB) targets. Physicochemical and pharmacokinetic properties were assessed with the QikProp module. MMGBSA 
simulations evaluated protein-ligand interactions, and molecular dynamics assessed protein adaptation under physiological conditions. 

Results: Compound Pterin-6-carboxylic acid exhibited an excellent docking score with the target NF-kB compared to standard Diclofenac. 
Compounds such as Cyclopropane pentanoic acid 2-undecyl and 14-pentyl bicyclohexyl-4-carbonamide showed docking scores of-8.586 kcal/mol 
and-7.759 kcal/mol, respectively, against COX-2 and IRAK-4. Cyclopropane pentanoic acid 2-undecyl also demonstrated a score of-7.279 kcal/mol 
against IRAK-4. MMGBSA showed consistent binding free energies, and pharmacokinetic properties were within acceptable limits. The simulation 
study generated the stability of the protein-ligand complex and found that Pterin-6-carboxylic acid showed a stable complex with 4UY1. 

Conclusion: Pterin-6-carboxylic acid and Cyclopropane pentanoic acid 2-undecyl demonstrate significant anti-inflammatory potential. These 
findings suggest their promise for developing anti-inflammatory drugs, though further in vitro and in vivo studies are required to confirm their 
therapeutic viability. 
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INTRODUCTION 

Inflammation is an essential defence mechanism of the human body, 
but inflammation that invades the body, apart from defending that 
affects healthy body parts, can cause various chronic diseases [1]. 
Uncontrolled inflammation can lead to severe illnesses like 
cardiovascular diseases, diabetes mellitus, cancer, and autoimmune 
disorders [2]. Understanding the mechanisms and mediators of 
inflammation is crucial for developing effective therapeutic 
strategies. 

Conventional anti-inflammatory drugs, such as NSAIDs and 
corticosteroids, have proven effective but are often accompanied by 
significant side effects, including gastrointestinal irritation, 
cardiovascular risks, and renal complications [3]. These limitations 
underscore the need for safer and more effective therapeutic 
alternatives. Herbal medicines are gaining importance for many 
diseases due to their efficacy and low reports of side effects. Hence, 
commonly available herbs like Zingiber officinale or ginger, known 
for their medicinal properties, especially rhizome, are used for anti-
cancer, cardioprotective, antidiabetic, wound healing, and antifungal 
properties [4]. The versatility of Zingiber officinale in addressing 
various health issues and ease of availability make it a distinct and 
beneficial therapeutic agent in traditional and modern medicine. The 
bioactive molecules such as gingerols, volatile oils, and 
diarylheptanoids give the rhizome amazing properties in treating 
numerous medical ailments, including cholera, nausea, stomach 
aches, and bleeding, mainly with dried ginger. Ginger leaves are 
edible, rich in antioxidants, and have antibacterial, antimicrobial, 
anti-inflammatory, anti-ulcer, and anticancer properties [5, 6] but 
can be further explored as potential and promising natural 

compounds for developing target inhibitors of COX-2, IRAK-4, PLA2, 
and NF-kB. 

The inflammatory process is governed by a network of mediators, 
including arachidonic acid derivatives, phospholipid mediators, 
chemokines, and cytokines. Specific key mediators play a dual role in 
inflammation and healing. Phospholipases are mediators of intra and 
inter-cellular signaling. Phospholipase A2 (PLA2) part of membrane 
phospholipids and mediates inflammation [7]. Nuclear factor-κB 
inducing kinase (NF-kB/NIK) regulates pro-inflammatory genes in 
innate immune cells and is acentral mediator for various immune 
receptors. Chemokines, Interleukins, interferons, and tumor necrosis 
factor are types of cytokines that regulate inflammation. Interleukins 
(IL) have a pro-inflammatory and anti-inflammatory response [8, 9]. 
IL-4 and IL-10 are responsible for developing chronic inflammation, 
whereas IL-6 are pro-inflammatory cytokines [10-12]. The enzyme 
responsible for the pathological condition of inflammation, pain, and 
fever is the cyclooxygenase (COX) enzyme [13-15]. Anti-
inflammatory drugs act by blocking the COX-2 enzyme [16, 17]. 
Bioinformatic tools for drug discovery enable the identification and 
screening of novel biomolecular targets [18]. This approach 
minimizes experimental costs and accelerates the drug development 
process. Researchers can predict binding mechanisms through 
CADD, calculate binding affinities, and suggest molecular 
modifications to enhance efficacy [19]. Employing computational 
methods, researchers can expedite the identification and 
development of plant-derived chemicals for managing various 
ailments, hence promoting the long-term investigation of natural 
medicine sources [20, 21]. Molecular dynamics (MD) simulations 
further support drug exploration by providing awareness of aspects 
of proteins and ligands under physiological conditions [23, 24]. 
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MATERIALS AND METHODS 

Methodology in silico platform 

The in silico analysis was performed on Maestro version 13.5.128, 
MMshare Version 6.1.128, Release 2023-1, workstation machine runs 
with Linux –x86_64 as the operating system, of Intel core i7 (octa-core) 
processor, with 16 GB RAM, 1 TB Hard disk, and a 64-bit. The molecular 
dynamics were performed using DESMOND (Schrodinger Inc., USA) 
(https://www.schrodinger.com/products/desmond). 

Ligand preparation 

In a previous study conducted in our laboratory, the phytochemical 
constituents of Z. officinalis were identified using GC-MS analysis from 
both aqueous and methanolic extracts. These extracts demonstrated 
significant in vitro anti-inflammatory activity in comparison to the 
standard drug, diclofenac [6]. Based on this, 24 bioactive compounds 
were selected from both extracts for in silico studies to identify 
potential inhibitors of inflammation. Ligands were chosen based on 
GC-MS data, and their structures and SMILES codes were generated 
using ChemDraw software and the PubChem database. The 3D 
structures of these ligands were created and underwent energy 
minimization using the LigPrep module. Structural optimization was 
performed to achieve the global minimum configuration [25]. 

Predicted physiochemical and pharmacokinetic properties 

A drug must exhibit favorable physicochemical and pharmacokinetic 
(PK) properties to prevent early failure during drug discovery. These 
properties were evaluated using the QikProp module. This process 
aligns with five rules put forth by Lipinski (RO5) regarding the drug-
like compounds should follow specific criteria: a molecular weight less 
than 500 Da, not more than 5 H bond donors and not more than 10 H 
bond acceptors, and a partition coefficient (log P) not exceeding 5 [26]. 

Protein preparation 

To predict the presumed binding mode of the active 
phytoconstituents with the target protein Cyclooxygenase-2, 
Phospholipase A2, NF-kB-inducing kinase, and interleukin-1-
receptor-associated kinase-4, using the Schrodinger module and the 
docking scores, the docking investigation was conducted into the 
active site of the co-crystal structure PDB: 5IKT, 4UY1, 1A3Q, 5KX7. 
The proteins were prepared and pre-processed including optimizing 
bond orders, adding hydrogens, and forming disulfide bonds. Water 
molecules within a 5.0 Å radius of the active site were retained, 
while others were removed. At a pH of 7.0, the protonation states 

were adjusted through hydrogen bond network optimization. 
Protein-energy minimization was performed using the OPLS_2005 
force field [27, 28]. 

Receptor grid generation 

The Glide module created a receptor grid around the target protein's 
active site, as defined by a co-crystallized ligand. The grid, centred 
on the enzyme's active site, was used to dock ligands and assess 
their binding affinities and interactions [29]. 

Molecular docking 

Ligands were docked into the active sites of the targets using the 
Glide Dock XP module. The docking process, performed with extra 
precision using the OPLS-2005 force field, generated conformations 
for each molecule along with their binding affinities [30, 31]. 

Binding free energy calculations 

The MM-GBSA test helps to know the binding free energy of protein-
ligand complexes. The binding free energy, the sum of all 
intermolecular interactions between the ligand and the target, was 
evaluated using the Prime module [32-34]. 

Molecular dynamics (MD) simulations 

The Desmond module was used to run molecular dynamics (MD) 
simulations on the best-docked complex from each target. To evaluate 
complex stability, compatibility, and fluctuations, a 100 ns simulation 
was run [35]. The TIP3P water model and the OPLS_2005 force field 
were used. An orthorhombic box containing a 10 Å buffer neutralized 
with Na+/Cl-ions was used for the simulations. In the NPT ensemble, 
the system was kept at 300 K and 1 atm of pressure. During the 
simulation, MD trajectories were tracked and recorded [36, 37]. 

RESULTS AND DISCUSSION 

In silico predictions 

The prepared ligands were anchored into the active site of the 
receptors. The pharmacokinetic (PK) properties were used to analyse 
the oral effectiveness of the compound. Through examination of the 
drug-like characteristics, the best PK characteristics may be chosen, 
and compliance-based predictions were made using Lipinski's five 
rules. Parameters like molecular weight, number of hydrogen bond 
donors and acceptors, and partition coefficient (log P value) were 
considered for the rule of five, and Qikprop was used to predict the 
ADME properties of phytoconstituents. 

  

Table 1: Physicochemical properties of phytoconstituents of aqueous and methanolic extract of Z. Officinalis leaves 

Phytoconstituent Molecular weight Donor HB Acceptor HB QP logPo/w Rule of five Rule of three 
Acceptable range <500 <5 <10 -2 to 5.0 <4 <3 
Pterin-6-carboxylic acid* 207.148 4.000 8.000 -1.594 0 1 
14-pentyl bicyclohexyl-4carbonamide** 250.467 0.000 0.000 8.890 1 1 
Beta sitosterol** 414.713 1.000 1.700 7.453 1 1 
Cholesta-8,24-diene-3ol4-methyl-(3-beta,4-alpha)** 398.671 1.000 1.700 7.130 1 2 
Cyclopropane Pentanoicacid2-undecyl* 310.519 0.000 2.000 6.105 1 0 
1-hexyl-2-nitrocyclohexane 213.319 0.000 2.000 3.320 0 0 
15-methylhexadecanoicacid** 270.454 1.000 2.000 5.570 1 1 
Pentyn-3-ol,3-methylcarbamate  141.169 2.500 2.500 0.787 0 0 
2-undecanone6 10 dimethyl 198.348 0.000 2.000 3.843 0 0 
12-methyl e, e-2,13-octadecadi-1-ol** 280.493 1.000 1.700 6.172 1 1 
Carbamimidothioic acid,1methylethyl 118.196 3.000 1.500 0.479 0 0 
 Oxirane** 284.481 1.000 2.000 5.964 1 1 
Caryophyllene** 204.355 0.000 0.000 5.708 1 1 
Eicasanoicacid** 326.562 0.000 2.000 7.333 1 1 
Hexadecanoic acid 15-methyl methyl** 284.481 0.000 2.000 6.070 1 1 
Sarsasapogenin** 416.643 1.000 3.200 5.891 1 1 
13,16-octadecadicynoic** 290.445 0.000 2.000 6.239 1 1 
Z,z,z,1,4,6,9nonadecatetraene** 260.462 0.000 0.000 9.921 1 1 
17-octadecanoic acid, methyl ester** 294.476 0.500 2.000 6.268 1 1 
1-octadecyne** 250.467 0.500 0.000 9.292 1 1 
1-hexadecyne** 222.413 0.500 0.000 8.258 1 1 
Pentadecanoic methyl ester** 270.454 0.000 2.000 5.709 1 1 
Beta carotene** 536.882 0.000 0.000 17.053 2 2 
Heptacosanoicacidmethylester** 424.749 0.000 2.000 10.044 1 1 
Diclofenac 296.152 2.000 2.500 4.467 0 0 

*,**-indicates compounds which have violated one rule or two rules respectively. 

https://www.schrodinger.com/products/desmond
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The results from table 1 show metabolites 1-hexyl-2-
nitrocyclohexane, Pentyn-3-ol,3-methylcarbamate, 2-undergone 
6,10 dimethyl, and Carbamimidothioic acid,1methylethyl have 
obeyed the Lipinski RO5 and Jorgensen RO3 without any 

violation. Pterin-6-carboxylic acid and cyclopropane 
Pentanoicacid2-undecyl have violated one rule, and the 
remaining constituents have violated two rules within the 
permissible limits. 

  

Table 2: ADMET properties of phytoconstituents of aqueous and methanolic extract of Z. officinalis leaves 

Phytoconstituent % Human oral 
absorption 

CNS QP log 
BBB 

QPPCaco QPPMDCK QPlogkhsa #Metab QPlog 
HERG 

Acceptable Range >80%-excellent 
<25%-poor  

-2 to+2 
 

-3.10 
to 1.2 

>500-good 
<25-poor 

>500-good 
<25-poor 

-1.5 to 1.5 <8 Below 
-5 

Pterin-6-carboxylic acid 25.130 -2 -2.147 2.630 1.023 -0.948 1 -1.687 

14-pentyl bicyclohexyl-4carbonamide 100.000 2 1.379 9906.038 5899.293 1.467 7 -4.167 

Beta sitosterol 100.000 0 -0.339 3404.604 1859.735 2.002 3 -4.522 

Cholesta-8,24-diene-3ol4-methyl-(3-
beta,4-alpha) 

100.000 0 -0.145 3954.229 2186.267 1.933 7 -4.345 

Pentanoicacid2-undecyl 100.000 -1 -0.794 3412.381 1864.327 1.060 1 -4.009 

1-hexyl-2-nitrocyclohexane 100.000 0 -0.570 1582.610 812.549 0.311 0 -3.933 

15-methylhexadecanoicacid 90.004 -2 -1.406 266.166 150.468 0.657 1 -3.284 

Pentyn-3ol,3-methylcarbamate 83.659 -1 -0.556 815.248 396.702 -0.518 1 -3.328 

2-undecanone6,10 dimethyl 100.000 0 -0.366 3530.081 1933.928 0.346 1 -4.129 

12-methyl e, e-2,13-octadecadi-1-ol 100.000 -1 -0.924 3304.713 1800.827 1.098 4 -5.574 

Carbamimidothioic acid,1methylethyl 81.205 -1 -0.452 749.553 539.889 -0.721 1 -2.677 

Oxirane 92.485 -2 -1.484 272.033 154.057 0.784 1 -3.445 

Caryophyllene 100.000 2 1.114 9906.038 5899.293 1.054 5 -3.628 

Eicasanoic acid  100.000 -2 -1.276 2685.357 1438.966 1.513 1 -5.954 

Hexadecanoic acid 15-methyl methyl 100.000 -1 -0.982 2635.438 1410.075 1.123 1 -5.429 

Sarsasapogenin 100.000 1 -0.062 3414.013 1865.290 1.558 1 -3.827 

13,16-octadecadicynoic 100.000 -1 -0.974 2892.406 1559.253 1.154 4 -6.094 

Z,z,z,1,4,6,9nonadecatetraene 100.000 2 1.456 9906.038 5899.293 1.615 3 -6.024 
17-octadecynoicacid, methyl ester 100.000 -2 -1.065 2895.164 1560.861 1.100 2 -5.834 

1-octadecyne 100.000 2 1.471 9906.038 5899.293 1.290 1 -5.564 

1-hexadecyne 100.000 2 1.361 9906.038 5899.293 1.043 1 -5.255 

Pentadecanoic methyl ester 100.000 -1 -0.900 2673.647 1432.185 1.003 1 -5.310 

Diclofenac 100.000 -1 -0.284 296.036 518.295 -0.009 4 -2.812 

 

The ADMET Properties of the phytoconstituents are displayed in 
table 2 and are predicted using Qikprop. % Human oral absorption 
of Pterin-6-carboxylic acid is poor could be that the carboxyl group 
has got ionized in the acidic pH of the stomach, which would have 
reduced the solubility or it would have been a substrate for P-
glycoprotein that caused it to be transported into the lumen from 
intestinal cells, limiting its absorption into the bloodstream, whereas 
all the other compounds have good oral absorption. The human 
intestinal Caco–2 and MDCK cell permeability have been commonly 
used to estimate the drug permeability. Pterin-6-carboxylic acid 
confirmed poor oral absorption. All the selected compounds showed 
that the CNS permeability values were within the acceptable range 
and none displayed any violation. #Metab refers to several likely 
metabolic reactions; the recommended range is between 1 to 8. 
Pterin-6-carboxylic acid showed the least number of metabolic 

reactions, proving it to be a stable molecule. The human ether-a-go-
go related gene (HERG) is inhibited, which results in QT syndrome 
and deadly ventricular arrhythmia. Every single chosen chemical 
exhibited a mild suppression of HERG. As a result, it was thought 
that all the chemicals were relatively safe. QPlogHERG refers to the 
predicted IC50 value for blockage of HERG K+channels below the-5 
value. Compounds14-Pentyl bi-cyclohexyl-4 carbonamide and beta-
sitosterol showed violations. 

To predict the presumed binding mode of the active 
phytoconstituents with target proteins, the glide XP module was 
used, and the docking scores of the compounds with each target 
Cyclooxygenase-2 (PDB ID: 5IKT), phospholipase A2 (PDB ID: 4UY1), 
NF-κB-inducing kinase (PDB ID: 1A3Q) and interleukin-1-receptor-
associated kinase-4 (PDB ID: 5KX7) are depicted in table 3. 

 

Table 3: Docking scores of phytoconstituents with target proteins 

Name of the constituent Docking score 
5IKT 4UY1 1A3Q 5KX7 

Diclofenac  -10.176 -7.104 -3.057 -9.0544 
Pterin-6-carboxylic acid -5.604 -5.915 -4.127 -5.774 
14-pentyl bicyclohexyl-4-carbonamide -7.759 -5.771 -1.841 -4.289 
Cholesta-8,24-diene-3ol 4-methyl-(3-beta, 4-alpha) - -4.480 -2.984 - 
Cyclopropane Pentanoic acid 2-undecyl -8.586 -4.399 -1.080 -7.279 

 

The prepared phytoconstituents were docked into the active pocket of 
the receptors and the compounds with the best docking scores are 
shown in table 3. From the docking results, it is observed that the best-
docked score of ligands interacting with 5IKT was Cyclopropane 
Pentanoic acid 2-undecyl and 14-pentyl bi-cyclohexyl-4-carbonamide 
with a score of-8.586 and-7.759, respectively. Interaction with 
receptor 4UY1 was highest with Pterin-6-carboxylic acid and 14-
pentyl bicyclohexyl-4-carbonamide-5.915 and -5.771, respectively, 
compared with standard Diclofenac. Interaction with target 1A3Q, the 
chemical constituent Pterin-6-carboxylic acid (-4.127) showed a better 
dock score than the standard (-3.057). Cholesta-8,24-diene-3ol 4-

methyl-(3-beta, 4-alpha) also showed a good score of-2.984. 
Cyclopropane Pentanoic acid 2-undecyl and Pterin-6-carboxylic acid 
show scores of -7.279 and -5.774, respectively, possibly due to 
stronger interactions with a target of 5KX7. Most compounds showed 
a binding affinity with the four targets selected. The best was seen 
with Cyclopropane Pentanoic acid 2-undecyl and Pterin-6-carboxylic 
acid, and among the two, Pterin-6-carboxylic acid showed better with 
4UY1 and with 1A3Q showed a better score than the standard hence it 
was selected for molecular dynamic simulation. The interactions of the 
top four molecules are shown in table 4 below, and interactions are 
shown in fig. 1-4. 
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Pterin-6-carboxylic acid contains a pteridine core, a bicyclic 
structure consisting of fused pyrazine and pyrimidine rings. The 
carboxyl functional group in Pterin-6-carboxylic acid contributes to 
hydrogen bonding and potential enzyme interactions [38, 39]. 
Additionally, its electron-rich aromatic system may enhance binding 
affinity to biological targets. When comparing the top dock-scored 
compounds, Pterin-6-carboxylic acid exhibited multiple hydrogen 
bonds with all the targets, a characteristic that enhances binding 
specificity (table 4). 

The pteridine core is a well-established structural motif known for its 
anti-inflammatory and immunomodulatory properties [40-42]. Given 
its presence in Pterin-6-carboxylic acid, the compound may exhibit 
similar biological effects, warranting further investigation into its 
potential therapeutic applications. However, the pteridine core of 
Pterin-6-carboxylic acid is also responsible for its extensive hydrogen 
bonding, which often results in poor membrane permeability. This 
limitation can be addressed through various structural modification 
techniques, such as esterification or a prodrug approach. A study 
conducted by Zhejiang et al. reported that structural modification of 6-
hydroxykynurenic acid via esterification resulted in improved 
bioavailability and permeability [43]. Similarly, esterification of the 
terminal carboxyl (-COOH) group in Pterin-6-carboxylic acid to its 
methyl or ethyl esters may enhance membrane permeability. 
Additionally, NSAIDs have been modified through esterification with 

alkyl or aryl groups to generate prodrugs, a strategy that has been 
shown to effectively reduce gastrointestinal irritation. This was further 
supported by a study on oxaprozin, where the esterified prodrug of 
oxaprozin retained its therapeutic efficacy while demonstrating an 
improved pharmacokinetic profile and reduced gastrointestinal side 
effects [44]. 

Considering the structural features of Pterin-6-carboxylic acid, it 
contains a pteridine core consisting of fused pyrazine and 
pyrimidine rings, which form an electron-rich aromatic system that 
may engage in strong π-π interactions with aromatic residues in the 
binding site, thereby enhancing binding affinity [45]. In contrast, 
Cyclopropane Pentanoic acid 2-undecyl contains a long undecyl alkyl 
chain, which enhances hydrophobic interactions with the 
hydrophobic pockets of the target protein [46]. These interactions 
increase binding stability by allowing the compound to bind more 
tightly to the non-polar regions of the binding site. The interactions 
formed by the compounds are detailed in (table 2). 

Additionally, the carboxyl group (-COOH) present in both structures 
provides an additional hydrogen bonding site with the target, 
further stabilizing the interaction. It may also participate in 
electrostatic interactions with positively charged residues [47]. 
These factors contribute to the compound's ability to form superior 
interactions with the active site, thereby improving both specificity 
and affinity. 

 

 

Fig. 1: a) 2D and b) 3DInteraction of cyclopropane pentanoic acid 2-n decyl with 5IKT 
 

 

Fig. 2: a) 2D and b) 3D interaction of pterin-6-carboxylic acid with4UY1 
 

 

Fig. 3: a) 2D and b) 3D interaction of pterin-6-carboxylic acid with 1A3Q 
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Table 4: Interactions of top four phytoconstituents with 5IKT, 4UY1, 1A3Q and5KX7 

Compounds PDB ID Interactions  

Cyclopropane 
Pentanoic acid 
2-ndecyl 

5IKT Hydrogen Bonding: Tyr 385 
Polar Interaction: Ser 530, Ser 353 
Hydrophobic interaction: Trp 387, Tyr 385, Leu 384, Phe 381, Phe 205, Val 344, Leu 531, Leu 534, Ala 527, Val 523, Met 522, 
Tyr 348, Val 349, Phe 518, Leu 352, Tyr 355, Val 116, Val 89, Phe 157, Leu 150, Leu 91, Ile 112 

4UY1 Polar Interaction: Hie 46 
Hydrophobic interaction: Ile 2,Leu 5, Ala 6,Val 9,Pro 17,Ile 18,Tyr 20,Met 21,Phe 26,Cys 27,Leu 29,Cys 43, Tyr 50, Ile 94,Leu 98 

1A3Q Hydrogen Bonding: Arg 103 
Polar interaction: Gln 157, Ser 196, Ser 206 
Hydrophobic interaction: Leu 117,Ile 119,Ala 104, Phe 197 

5KX7 Hydrogen Bonding: Met265 
Polar Interaction: Ser 328, Asn 316, Ser 269 
Hydrophobic interaction: Met 192, Val 200, Ala 211, Val 246, Tyr 262, Val 263, Tyr 264, Met265, Leu 271, Leu 271, Ala 315, Leu 318 

14-pentyl 
bicyclohexyl-
4carbonamide 

5IKT Polar interaction: Ser 530, Ser 353 
Hydrophobic interaction: Phe 518, Trp 387, Tyr 385, Leu 384, Phe 381, Met 522, Val 523, Ala 527, Leu 531, Ile 345, Leu 359, 
Met 113, Val 116, Leu 117, Tyr 355, Leu 352, Val 349 

4UY1 Polar interaction: Hie 46 
Hydrophobic interaction: Ile 2, Leu 5,Ala 6, Val 9, Pro 17,Ile 18, Tyr 20,Met 21, Phe 26, Cys27, Cys 43, Tyr 50, Ile 94, Leu 98 

1A3Q Polar interaction: Gln 157, Ser 195 
Hydrophobic interaction: Leu 117, Ile 119, Ala 104,Phe 197, Pro 208, Pro 211 

5KX7 Polar interaction: Asn 316, Ser 328 
Hydrophobic interaction: Val 200, Ala 211,Tyr 262,Val 263, Tyr 264, Met 265, Val 246,Leu 318, Ala 315 

Pterin-6-
carboxylic acid 

5IKT Hydrogen Bonding: Ser 530,Tyr 385,Tyr 355 
Polar interaction: Ser 530, Ser 353 
Hydrophobic interaction: Ala 527, Leu 531, Leu 534, Tyr 385, Trp 387, Tyr 348, Val 349, Phe 518, Val 523, Leu 352, Tyr 355, Val 
116 

4UY1 Hydrogen Bonding: Pro 17, Gly 28, Asp 47, Cys 43 
Polar interaction: Hie 44,Hie 46 
Hydrophobic interaction: Leu 5, Val 9, Pro 17, Ile 18, Tyr 20,Met 21, Cys 27,Phe 26,Cys 43,Leu 98,Ile 94 
Pi-Pi-stacking: Hie 46 

1A3Q Hydrogen Bonding: Lys 153, Arg 103, Glu 92, Arg 60 
Polar interaction: Gln 157 
Hydrophobic interaction: Leu 154, Ala 104, Leu 117, Ile 119 

5KX7 Hydrogen Bonding: Met265, Asp272 
Polar interaction: Ser 269 
Hydrophobic interaction: Met 192, Val 200, Ala 211, Tyr 264, Met 265, Pro 266,Leu 271, Leu 318, Ala 315 

Cholesta-8,24-
diene-3ol4-
methyl-(3-
beta,4-alpha) 

5IKT - 

4UY1 Hydrogen Bonding: Met 21 
Polar interaction: Hie 46 
Hydrophobic interaction: Leu 98, Ile 94, Cys 43, Val 9, Ala 6,Leu 5,  
Ile 2,Tyr 50, Cys27, Leu 29, Met 21, Tyr 20, Phe 26 

1A3Q Hydrogen Bonding: Ser 161 
Polar interaction: Gln 157, Ser 161 
Hydrophobic interaction: Ile 119,Leu 117,Phe 197, Pro 208, Ala 104 

5KX7 - 
Diclofenac 5IKT Polar interaction: Ser 353, Ser 530 

Hydrophobic interaction: Val 116, Tyr 355, Leu 352, Val 349, Tyr 348, Leu 534, Leu 531, Ala 527, Val 523, Met 522, Phe 381, 
Leu 384, Tyr 385, Trp 387, Phe 518, Val 344, Phe 205 

4UY1 Hydrogen Bonding: Tyr 20, Asp 47 
Polar interaction: Hie 46 
Hydrophobic interaction: Leu 29, Cys 27, Cys 43, Leu 98, Ile 94, Val 9, Ala 6, Leu 5, Ile 2, Met 21, Tyr 20, Pro 17 

1A3Q Hydrogen Bonding: Glu 92 
Polar interaction: Gln 57 
Hydrophobic interaction: Ile 119, Leu 117, Ala 104 

5KX7 Hydrogen Bonding: Met 265 
Polar interaction: Ser 269, Ser 328, Asn 316 
Hydrophobic interaction:  
Ala 315, Leu 318, Val 246, Met 265, Tyr 264, Val 263, Tyr 262, Ala 211, Met 192, Val 200 

 

 

Fig. 4: a) 2D and b) 3D interaction of cyclopropane pentanoic acid 2-n decyl with 5KX7 
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Inflammation is a complex process driven by several mediators like 
cytokines, chemokines, and prostaglandins. It would be 
advantageous to be able to identify a single molecule with multi-
target activity, thereby producing synergistic action through multi-
targeting to effectively reduce inflammation rather than target a 
single mediator or one pathway. 

The MMGBSA method, which is molecular mechanics with 
generalized born and surface area solvation, is commonly used to 
determine the free energy associated with ligand binding to 
proteins. A lower free energy value indicates a stronger interaction 
and more excellent complex stability. The more negative the value, 
the more free energy is released during complex formation. 
MMGBSA is chosen for re-scoring due to its efficiency in calculating 
free energy binding compared to other computational methods [48]. 

MMGBSA analysis shows better binding energy calculation than 
molecular docking energies and depicts stronger binding of ligands 

to receptors. Including each energy component in the free energy 
calculation provides insight into the ligand binding mechanism. The 
electrostatic interaction, H bond, lipophilic, and van der Waal’s 
interaction are contributors to the overall binding free energy of the 
complex. 

Molecular dynamics (MD) is an efficient bioinformatics simulation 
method to understand the dynamic behavior of proteins, from fast 
internal movement to slow structural changes based on different 
times, representing each atom in different molecular and protein 
systems in femtoseconds. Reveals the dynamic behavior of water 
molecules and solvation required for protein functioning and 
ligand binding. It also gives an idea of the stability and 
thermodynamic parameters of the biomolecular system. It 
arranges molecular perturbations that can be studied and 
compared from the results obtained from the simulations 
performed under various conditions. 

 

Table 5: Binding free energy calculation of top four ligands with 5IKT, 4UY1, 1A3Q and5KX7 target proteins 

Ligands Targets  dG Bind dG Bind 
coulomb 

dG Bind 
covalent 

dG Bind H 
bond 

dG Bind 
lipo 

dG Bind solv 
GB 

dG Bind 
vdW 

Cyclopropane Pentanoic 
acid 2-ndecyl 

5IKT 
4UY1 
1A3Q 
5KX7 

-56.76 
-87.32 
-54.50 
-86.40 

-7.31 
-2.14 
-10.00 
-8.82 

27.32 
1.91 
2.82 
2.63 

-0.60 
-0.45 
-1.03 
-0.25 

-84.49 
-60.24 
-38.43 
-57.52 

9.19 
14.89 
24.44 
21.92 

1.13 
-32.29 
-32.29 
-44.37 

14-pentyl bicyclohexyl-
4carbonamide 

5IKT 
4UY1 
1A3Q 
5KX7 

-24.14 
-80.80 
-45.56 
-40.19 

-0.27 
0.55 
0.72 
0.46 

18.54 
8.08 
2.04 
10.61 

0.00 
0.00 
0.00 
0.00 

82.02 
-73.08 
-36.59 
-54.94 

14.58 
14.09 
17.26 
19.89 

25.03 
-30.44 
-28.06 
-16.20 

Pterin-6-carboxylic acid 5IKT 
4UY1 
1A3Q 
5KX7 

-38.97 
-43.12 
-28.95 
-39.79 

-9.75 
-31.53 
-39.71 
-25.84 

0.62 
3.46 
5.07 
2.69 

-0.67 
-3.87 
-6.24 
-1.44 

-8.51 
-7.44 
-4.51 
-8.40 

11.42 
26.29 
33.61 
20.52 

-31.86 
-29.77 
-17.16 
-27.32 

Cholesta-8,24-diene-3ol4-
methyl-(3-beta,4-alpha) 

5IKT 
4UY1 
1A3Q 
5KX7 

- 
-83.69 
-53.11 
- 

- 
-7.45 
-12.09 
- 

- 
11.39 
4.06 
- 

- 
-0.26 
-0.23 
- 

- 
-78.57 
-42.50 
- 

- 
20.95 
19.29 
- 

- 
20.54 
-21.64 
- 

Diclofenac 5IKT 
4UY1 
1A3Q 
5KX7 

-59.56 
-73.83 
-42.33 
-73.27 

-15.20 
-15.20 
-20.17 
-17.84 

7.69 
2.74 
5.14 
-0.00 

-0.50 
-1.23 
-1.01 
-0.50 

-40.86 
-38.86 
-25.86 
-41.20 

20.24 
17.41 
25.89 
20.59 

-30.76 
-38.69 
-25.54 
-34.14 

 

 

Fig. 5: RMSD analysis of a) Pterin 6 Carboxylic acid with 4UY1 b) Pterin 6 Carboxylic acid with 1A3Q 
 

 

Fig. 6: Active site amino acid residue contacts of pterin 6 carboxylic acid with 4UY1 a) Protein-ligand contact analysis of MD trajectory, (b) 
2D interaction diagram 
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The Pterin 6 Carboxylic acid exhibited excellent binding affinity with 
multiple targets (i. e, 4UY1 and 1A3Q). Hence for further validation, 
the complex was subjected to Desmond of Schrodinger for MD 
simulation. The complexes underwent 100 ns simulations to assess 
Root mean Square Deviation (RMSD), and Root mean Square 
Fluctuations (RMSF) were evaluated, thereby analysing the stability 
and flexibility of the ligands. Detailed discussions on the receptor-
ligand complexes of 4UY1/Pterin 6 Carboxylic acid. 

RMSD measures the structural deviations from its original form over 
time. Lower RMSD values imply the structure is more stable. The 
4UY1/Pterin 6 Carboxylic acid complex displays dynamic behavior, 
suggesting stable configuration, with an average RMSD fluctuating 
between 1.6 and 3.6 Å. The ligand underwent limited conformational 
change, and the overall RMSD values remained within an acceptable 
range, suggesting a conformationally stable protein-ligand complex (fig. 
5a). A detailed analysis determined the average interaction frequency of 
individual amino acids within the binding site for each simulated system 
and visualized it in histograms. In the 4UY1/Pterin 6 Carboxylic acid, 
Cys27 exhibited the highest occupancy, forming a hydrogen bond 
stabilized by water bridges (fig. 4a). Key hydrophobic interactions 
involved Ile2, Leu5, Thr16, Met 21, Lys22, Tyr 23, Gly24, Cys27 and Leu 
29. Post-MD simulations preserved interactions involving amino acids 
Cys27 consistent with post-docking predictions (fig. 6b). 

The 1A3Q/Pterin 6 Carboxylic acid complex exhibits notable 
fluctuations, indicating that the ligand actively explores different 
conformations within the binding site to reach a stable configuration 
(fig. 5b). The pronounced movement of the ligand suggests a 
potentially suboptimal binding mode or an unstable complex. 

CONCLUSION 

The docking studies revealed that Pterin 6-carboxylic acid exhibited 
potent binding affinity against various anti-inflammatory targets. 
Consequently, a molecular dynamics study was conducted to further 
validate the stability of this compound within a biological system. 
The findings demonstrated that the 4UY1/Pterin 6-carboxylic acid 
complex maintained stable binding interactions, whereas the 
1A3Q/Pterin 6-carboxylic acid complex showed instability. 

However, the compound's pharmacokinetic profile indicates poor 
oral absorption bioavailability, which may be due to low solubility, 
permeability, and instability in physiological conditions. This can be 
overcome by structural modifications such as esterifying the 
carboxyl group or by acylating the pterin molecule, by introducing a 
halogen like fluorine or electron withdrawing group (-NO2 or CF3), 
and also through suitable formulations such as encapsulating in lipid 
nanoparticles or converting into prodrugs probably could improve 
the lipophilicity of the molecule membrane permeability and 
metabolic stability. Thus, the structure of Pterin 6-carboxylic acid 
can be utilized as a lead, with modifications aimed at developing a 
promising plant-based scaffold for treating inflammation. 

The integration of herbal medicines with computational tools presents 
a promising avenue for addressing the challenges of inflammation 
management. By leveraging the medicinal properties of plants like Z. 
officinale and employing advanced computational methodologies, 
researchers can expedite the discovery of safe, effective, and 
innovative anti-inflammatory therapies. This synergistic approach 
promotes the exploration of natural medicine sources and holds the 
potential for developing innovative anti-inflammatory therapeutics. 

Though in silico simulations are helpful in hypothesis generation and 
provide valuable insights, experimental validation through in vitro 
and in vivo methods is essential for reliability and applicability in 
human systems. 
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