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Abstract 

The goal of the current investigation was to use a computational technique to examine the 

DPP-4 inhibitory potential of phytoconstituents of E. littorale. The Lipinski rule of five, the 

Veber's rule, and the ADMET characteristics have all been used to filter all of the 

phytoconstituents. Only a few compounds were chosen from this first screening to conduct 

molecular docking experiments on the DPP-4 enzyme: Apigenin, Ferulic acid, Genkwanin, p-

coumaric acid, Protocatechuic acid, Syringic acid, and Vanillic acid. The native ligand had a 

binding free energy of -9.1 kcal/mol and a beneficial way of binding into the enzyme's 

allosteric site, while it also created four hydrogen bonds with Tyr662, Arg125, Arg358 and 

Phe357. In comparison to the native ligand, apigenin, ferulic acid, p-coumaric acid, 

protocatechuic acid, syringic acid, and vanillic acid formed more hydrogen bonds and had 

binding free energies that were, respectively, -8.7, -6.4, -6.1, -5.7, and -6.1 kcal/mol, 

indicating stronger DPP-4 inhibition. The formation of hydrogen bonds with allosteric amino 

acid residues by apigenin, ferulic acid, p-coumaric acid, protocatechuic acid, syringic acid, 

and vanillic acid with these phytoconstituents indicates their effective enzyme inhibition. E. 

littorale extract, which is previously recognised to have therapeutic benefits in diabetic 

patients, is a common ingredient in anti-diabetic Ayurvedic preparations. We discovered and 

described the primary phytochemical with the antidiabetic potential. 

Keywords: Enicostemma littorale; DPP-IV inhibitors, Apigenin; Swertiamarin; 

Verticilliside; Betulin 

Introduction 

Diabetic people with type 2 diabetes may benefit from contemporary therapies such 

dipeptidyl peptidase-4 (DPP-4) inhibitors, which have improved glucose control and long-

term efficacy. DPP-IV inhibitors, which have also been demonstrated to be well tolerated and 

to lessen hypoglycemia and unfavourable cardiovascular consequences, help in the 

regeneration and differentiation of pancreatic beta-cells1–3. DPP-4 may be found in the human 

body in a variety of locations, including the biliary system, kidney, gastrointestinal tract, 

uterine, and liver. This enzyme functions as a signalling protein for the incretin hormones 

glucose-dependent insulinotropic polypeptide (GIP) and glucagon-like peptide-1 (GLP-1) 

(GIP). The ability of these hormones to boost insulin production and lessen beta-cell 

degeneration is one of their most crucial functions. The half-life is just 1-2 minutes for GLP-1 
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and 7 minutes for GIP. This is because DPP-4 quickly degrades. Some of the structurally 

different DPP-IV inhibitors that are now available on the market are Sitagliptin, Alogliptin, 

Linagliptin, Anagliptin, and Teneligliptin4–7. 

There have been several phytoconstituents identified from the plant E. littorale. 

According to records, the plant's aerial parts produced 15.7 percent of the ash and 34% of the 

dry alcoholic extract8–10. It has been stated in the literature that this plant produces five 

alkaloids, two sterols, and volatile oils11,12. Another sapogenin, betulin, was also isolated 

from this plant13. For the first time in this species, the occurrence of catechins, saponins, 

steroids, sapogenin, triterpenoids, flavonoids, and xanthones and a new flavonous C-

glucoside called verticilliside was isolated14. The compound of swertiamarin was isolated 

from E. littoral by the alcoholic extract15–20. There have also been six phenolic acids 

identified: vanillic acid, syringic acid, p-hydroxybenzoic acid, protocatechuic acid, p-

coumaric acid and ferulic acid21–23. The methanol extract contained numerous amino acids 

such as L-glutamic acid, tryptophan, alanine, serine, aspartic acid, L-proline, L-tyrosine, 

threonine, phenylalanine, L-histidine mono-hydrochloride, methionine.24,25. Regular 2 grams 

intake of E. littorale fresh leaves is a widely recommended for diabetic patients (Upadhyay 

and Goyal 2004). E. littorale has therefore been chosen as the subject of the investigation into 

its antidiabetic potential. We made an effort to determine the probable natural lead 

compounds from E. littorale that inhibit DPP-4 by looking at how they bind to the enzyme's 

allosteric region.  

Material and Methods 

Calculation of Lipinski's Rule of Five 

All phytoconstituents were examined for violations of the Lipinski's rule of five, the Veber's 

rule, and the pharmacokinetic (ADMET) features in order to further optimise the molecules. 

SwissADME is an online application that was used to determine the characteristics of each 

phytoconstituent(http://www.swissadme.ch/index.php). 

Molecular Docking 

We conducted molecular docking on Lenovo ThinkPad T440p using PyRx-Virtual Screening 

Tool26. The structures of all the phytoconstituents and native ligand (.sdf File format) were 

downloaded from the National Center for Biotechnology Information PubChem 
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(https://pubchem.ncbi.nlm.nih.gov/). The energy minimization (optimization) was performed 

by Universal Force Field (UFF)27. A crystal structure of human DPP-4 enzyme was obtained 

as input 2P8S from the Protein Data Bank (PDB) of RCSB 

(https://www.rcsb.org/structure/1V4S). The native ligand was used as a reference molecule 

for molecular docking. In PyRx 0.8, Autodock vina 1.1.2 was used to conduct molecular 

docking analyses of both the phytoconstituents and native ligands against the crystal structure 

of  DPP-4 26. With the aid of Discovery Studio Visualizer 2019, the composition of the 

enzyme was refined, purified, and prepared for molecular docking 28. The molecular docking 

was executed by using Vina Wizard Tool in PyRx 0.8. Molecules (PDBQT Files), both 

ligands and target (DPP-4 enzyme), were selected for MD. For the purpose of MD 

simulation, the three-dimensional grid box (size_x = 43.35 A0; Size_y = 59.36 A0; Size_z = 

43.92 A0) was built using Autodock tool 1.5.6 with exhaustiveness value of 8 26. The active 

amino acids in the protein were analyzed and illuminated using Visualizer in BIOVIA 

Discovery Studio (version-19.1.0.18287) 28. The full MD process, the identification of cavity 

and active amino acid residues, were performed as defined by S. L. Khan et al. 29–34. The 

enzyme cavity is depicted in fig. 1 with the co-crystallized ligand molecule. 

 

Fig. 1. The cavity of the enzyme is depicted with the co-crystallize ligand molecule (PDB ID: 

2P8S) 
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Results 

Because they allow researchers to evaluate the biological features of drug candidates, 

pharmacokinetic characteristics are a crucial part of drug development. Lipinski's rule of five 

and Veber's criteria were used to determine if the compound was ideal for oral bioavailability 

(Table 1). To better understand the pharmacokinetic profiles and drug-like properties of all 

the phytoconstituents, their ADMET features were investigated (Table 2). The ligand 

energies (kcal/mol), binding free energy (kcal/mol), root mean square deviation/upper bound 

(rmsd/ub), and root mean square deviation/lower bound (rmsd/lb) of the conformers 

generated of all the docked phytoconstituents are tabulated in Table 3. The active amino 

residues, reactive atom of ligands, bond length (A0), and type of interactions of 

phytoconstituents with glucokinase enzyme are depicted in Table 3. The 2D- and 3D-docking 

poses of all the docked molecules are represented in Table 4. 

Table 1. The molecular formula, Lipinski rule of five and Vebers’s rule 

Molecule 

Name 
Molecular 

Formula 

Lipinski rule of 5 Veber’s rule 

Mol. 

Wt.* 
HBA* HBD* LogP 

Violati

on 

Total polar 

surface 
area (Å2) 

No. of 

rotatable 
bonds 

Native Ligand C14H12FN5OS2 3.29 419.37 10 01 00 59.97 03 

Apigenin C15H10O5 270.24 05 03 3.02 00 90.90 1 

Betulin C30H50O2 442.72 02 02 8.28 01 40.46 2 

Ferulic acid C10H10O4 194.18 04 02 1.51 00 66.76 3 

Genkwanin C16H12O5 284.26 05 02 3.35 00 79.90 2 

Isovitexin C21H20O10 432.38 10 07 0.21 01 181.05 3 

p-coumaric 

acid 
C9H8O3 164.16 03 02 1.46 00 57.53 2 

Protocatechuic 

acid 
C7H6O4 154.12 04 03 1.15 00 77.76 1 

Saponarin C27H30O15 594.52 15 10 -1.60 03 260.20 6 

Swertiamarin C16H22O10 374.34 10 05 -2.00 00 155.14 4 

Syringic acid C9H10O5 198.17 05 02 1.04 00 75.99 3 

Vanillic acid C8H8O4 168.15 04 02 1.43 00 66.76 2 

Verticilliside C23H24O13 508.43 13 08 0.00 00 219.74 5 

*Mol. Wt.=Molecular Weight; HBA=Hydrogen bond acceptor; HBD=Hydrogen bond donor. 
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Table 2 The pharmacokinetic and drug-likeness properties of selected phytoconstituents 

Parameters 

Compound names 

Native 

Ligand 

Apigeni

n 

Betuli

n 

Feruli

c acid 

Genkw

anin 

Isovitexi

n 

p-
coumaric 

acid 

Protocat
echuic 

acid 

Saponarin 
Swertia

marin 

Syringi

c acid 

Vanilli

c acid 

Verticil

liside 

P
h
ar

m
ac

o
k
in

et
ic

s 

GI absorption High High Low High High Low High High Low Low High High Low 

BBB 

permeation 
High No No Yes No No Yes No No No No No No 

P-gp substrate High No No No No No No No Yes No No No No 

CYP1A2 
inhibitor 

High Yes No No Yes No No No No No No No No 

CYP2C19 

inhibitor 
High No No No No No No No No No No No No 

CYP2C9 
inhibitor 

High No No No Yes No No No No No No No No 

CYP2D6 

inhibitor 
High Yes No No Yes No No No No No No No No 

CYP3A4 
inhibitor 

High Yes No No Yes No No Yes No No No No No 

Log Kp (skin 

permeation, 

cm/s) 

High -5.80 -3.12 -6.41 -5.66 -8.79 -6.26 -6.42 -11.06 -10.00 -6.77 -6.31 -9.40 

D
ru

g
-

li
k

en
es

s 

Ghose High Yes No Yes Yes Yes Yes No No No Yes Yes No 

Egan High Yes No Yes Yes No Yes Yes No No Yes Yes No 

Muegge High Yes No No Yes No No No No No No Yes No 

Bioavailability 
Score 

High 0.55 0.55 0.85 0.55 0.55 0.85 0.56 0.17 0.11 0.56 0.85 0.17 

Where: GI, gastrointestinal; BBB, blood brain barrier; P-gp, p-glycoprotein 
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Table 3. The ligand energies (kcal/mol), binding free energy (kcal/mol), rmsd/ub, and 

rmsd/lb of the conformers generated of all the docked phytoconstituents 

Active 

amino 

acids 
Bond length Bond Type Bond Category 

Docking 

Score 
Binding 

Energy 

Apigenin_5280443 

LYS512 2.28299 

Hydrogen 

Bond 
Conventional 

Hydrogen Bond 

189.84 -8.7 

GLN527 2.61104 

THR565 1.93326 

THR565 2.29423 

ILE529 3.96569 

Hydrophobic 

Pi-Sigma 
ILE529 3.23148 

PHE559 5.49623 
Pi-Pi T-shaped 

PHE559 5.1623 

PRO510 5.44892 

Pi-Alkyl 
LYS512 4.70281 

LYS512 4.86276 

ARG560 4.17593 

Ferulic acid_445858 

PRO475 2.32144 Hydrogen 

Bond 
Conventional 

Hydrogen Bond 

470.59 -6.4 

LYS512 2.47829 

ILE529 3.46661 

Hydrophobic 

Pi-Sigma 

LYS512 5.24245 

Alkyl ILE529 5.05345 

ARG560 3.70582 

PRO510 5.47846 

Pi-Alkyl LYS512 5.01682 

ARG560 5.43288 

Genkwanin 5281617 

ARG560 3.69997 
Hydrogen 

Bond 
Carbon Hydrogen 

Bond 

211.23 -8.3 

ILE529 3.3219 

Hydrophobic 

Pi-Sigma 
ARG560 3.66069 

PHE559 4.8671 
Pi-Pi T-shaped 

PHE559 5.10339 

PRO475 4.72341 Alkyl 

LYS512 4.76662 

Pi-Alkyl LYS512 5.04651 

LYS512 5.16934 

p-coumaric acid_637542 

LYS512 2.16734 
Hydrogen 

Bond 
Conventional 

Hydrogen Bond 86.34 -6.4 
GLN527 2.09956 

ARG560 1.8805 

PHE559 5.27592 Hydrophobic Pi-Pi T-shaped 

http://www.ijfans.org/


e-ISSN 2320 –7876 www.ijfans.org 
 Vol.11, S Iss.1, 2022 

Research Paper        © 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal 

 

321 

 

LYS512 3.99596 
Pi-Alkyl 

ILE529 5.42866 

Protocatechuic acid 72 

GLN153 2.66033 
Hydrogen 

Bond 
Conventional 

Hydrogen Bond 69.01 -6.1 
ASN170 1.99527 

TRP201 2.74729 

TYR195 4.94502 Hydrophobic Pi-Pi T-shaped 

Syringic acid_10742 

ASP588 2.8558 

Hydrogen 

Bond 
Conventional 

Hydrogen Bond 837.82 -5.7 

THR350 1.89087 

THR350 2.42989 

THR351 2.15137 

THR351 1.95459 

VAL354 3.93585 Hydrophobic Alkyl 

Vanillic acid_8468 

TYR211 2.30204 

Hydrogen 

Bond 

Conventional 
Hydrogen Bond 

89.94 -6.1 

GLN153 2.16023 

GLN153 2.70681 

ASN170 2.02857 

PRO255 3.66914 
Carbon Hydrogen 

Bond 

TYR195 4.96787 

Hydrophobic 

Pi-Pi T-shaped 

VAL254 3.68724 
Alkyl 

PRO255 5.16976 

TRP124 5.359 
Pi-Alkyl 

TRP124 5.18784 

 

Table 4. The binding poses and 2D interactions of native ligand, and most potent derivatives 

3D-docking poses 2D-docking poses 

  

Native ligand 
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Apigenin_5280443 

 
 

Ferulic acid_445858 

  

Genkwanin 5281617 

 
 

p-coumaric acid_637542 
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Protocatechuic acid 72 

 
 

Syringic acid_10742 

  

Vanillic acid_8468 

 

Discussion 

By looking at binding mode at the enzyme's allosteric site and binding free energies, we 

attempted to discover the possible natural lead compounds from E. littorale as DPP-4 

inhibitors. Numerous phytoconstituents breached both Lipinski's and Veber's standards 

(Table 1) by failing to exhibit the traits that make a compound similar to a medicine. 

Amongst all the molecules, betulin has a log P value of 8.28, which has violated the Lipinski 

rule of 5 and indicates poor lipophilicity. An essential aspect of the compound that influences 

its function in the human body is lipophilicity. The compound's Log P value shows the 
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permeability of the drugs in the body to enter the target tissue35,36. Isovitexin was found to 

have 7 hydrogen bond donors, which has violated the Lipinski rule of 5. Saponarin has a 

molecular weight of 594.52 Da, 15 hydrogen bond acceptors, and 10 hydrogen bond donors 

with 3 violations of the Lipinski rule of 5. It is preferable to look for substances that exceed 

the Lipinski limit of 500 Da, since this will only boost absorption. Still, there are several 

reports of relatively more significant compounds that are transported effectively through the 

cells. The remaining phytoconstituents, including native ligand, had fortunately not violated 

the Lipinski rule of 5, indicating better absorption and/or lipophilicity of the molecules. Many 

phytoconstituents violated the Veber's rule with total polar surface area (TPSA, should be 

less than 140) values and the number of rotatable bonds (which should be less than 10) which 

is not falling within the acceptable range for oral availability. Isovitexin, Saponarin, 

Swertiamarin, and Verticilliside violated the Veber’s rule. 

All compounds have been put through pharmacokinetics and drug-likeness 

calculations for further optimization. All of the compounds lacked BBB penetration potential, 

which is a bad quality for medications that are meant to target the central nervous system. 

Unfortunately, many molecules did exhibit optimum log Kp (skin permeation, cm/s) and 

bioavailability scores. Many molecules violated the Ghose, Egan, and Muegge filters (Table 

2). The molecules which displayed low GI absorption and violation of Lipinski and Veber’s 

rule have been eliminated from the further optimization. Also native ligand displayed low GI 

absorption. Therefore only Apigenin, Ferulic acid, Genkwanin, p-coumaric acid, 

Protocatechuic acid, Syringic acid, and Vanillic acid have been selected to perform molecular 

docking studies on GK enzyme. 

A total 9 conformers were generated through molecular docking for each molecule 

(Table 3). The conformer with zero rmsd/ub and rsmd/lb values has been treated as the best 

fit model for the DPP-4 enzyme activation. The binding free energy and binding mode of the 

native ligand in the allosteric site of the enzyme have been considered a reference for 

validating the other molecules. Native ligand only made one conventional hydrogen bond 

with TYR662 through the N-H of the amide group and had a binding free energy of -9.1 

kcal/mol. It has developed electrostatic interactions with ARG125, ARG358 and hydrophobic 

interactions with ARG358 and PHE357. 
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Apigenin (4′,5-trihydroxyflavone), a flavonoid, falls under the flavone class that is 

the aglycone of many naturally-occurring glycosides37–40. Apigenin exhibited -8.7 kcal/mol of 

binding energy and formed four conventional hydrogen bonds with Lys512, Gln527 and 

Thr565. It displayed Hydrophobic (Pi-sigma, Pi-pi T shaped, Pi-alkyl) Interactions with 

Ile29, Phe559, Pro510, Lys512 and Arg560. Ferulic acid is an organic compound; 

chemically, it is 3-methoxy-4-hydroxycinnamic acid. In plant cell walls a rich phenolic 

phytochemical is present covalently attached to arabinoxyls as side chains41,42. Ferulic acid 

displayed  docking score of -6.4 kcal/mol and formed two conventional hydrogen bonds with 

Pro475 and Lys512.It also formed hydrophobic (Pi-sigma, alkyl and Pi-alkyl) Interactions 

with Ile529, Lys512, Arg560 and Pro510. Genkwanin is a monomethoxyflavone, which is a 

derivative of apigenin. It has been biosynthesized by apigenin in plants by methylation of the 

hydroxyl group at 7th position 43,44. Genkwanin has shown -7.5 kcal/mol of binding free 

energy with glucokinase enzyme and possesses stable ligand energy of 206.69 kcal/mol.  

p-Coumaric acid is a hydroxyl derivative of cinnamic acid and widely distributed in 

many plant species45. p-coumaric acid exhibited three conventional hydrogen bonds with 

Lys512, Gln527 and Arg560 with the docking score of -6.4 kcal/mol. It also formed 

Hydophobic (Pi-Pi T-shaped and Pi-Alkyl) Interactions with Phe559, Lys512 and Ile529. 

Protocatechuic acid is a type of phenolic acid that is naturally present and over 500 plants 

have it or its derivatives (active constituents), and these substances have different therapeutic 

potential. It has structural similarities with gallic acid, caffeic acid, vanillic acid, and syringic 

acid, which are well-known antioxidants found in foods and other items 46. Protocatechuic 

acid exhibited three conventional hydrogen bonds with Gln153, Asn170 and Trp201 with the 

docking score of -6.1 kcal/mol. It also formed Hydophobic (Pi-Pi T-shaped) Interactions with 

Tyr195. Syringic acid is a phenolic substance that is mostly present in fruits and vegetables. 

This compound is made by the shikimic acid process and is found in plants. It shows a wide 

variety of clinical applications in preventing diabetes, coronary disorders, cancer, ischemic 

stroke, etc. It can shield brain tissue from free radical injury, delay the development of 

diabetes, and is hepatoprotective medicine 47. Syringic acid showed -5.7 kcal/mol docking 

score and formed five conventional hydrogen bonds with Asp588, Thr350 and Thr351. It also 

showed hydrophobic (alkyl) Interactions with Val354. Vanillic acid formed four 

conventional hydrogen bonds with Tyr211, Gln153, Asn170 and one carbon hydrogen bond 
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with Pro255. It also showed hydrophobic Interactions (Pi-Pi T-shaped, Alkyl and Pi-Alkyl) 

with Tyr195, Val254, Pro255 and Trp124. 

Conclusion 

The goal of the current investigation was to use a computational technique to examine the 

DPP-4 inhibitory potential of phytoconstituents of E. littorale. The Lipinski rule of five, the 

Veber's rule, and the ADMET characteristics have all been used to filter all of the 

phytoconstituents. Only a few compounds were chosen from this first screening to conduct 

molecular docking experiments on the DPP-4 enzyme: Apigenin, Ferulic acid, Genkwanin, p-

coumaric acid, Protocatechuic acid, Syringic acid, and Vanillic acid. The natural ligand had a 

binding free energy of -9.1 kcal/mol and a beneficial way of binding into the enzyme's 

allosteric site, while it also created four hydrogen bonds with Tyr662, Arg125, Arg358 and 

Phe357. These results provide support for the interactions of phytoconstituents. In 

comparison to the native ligand, apigenin, ferulic acid, p-coumaric acid, protocatechuic acid, 

syringic acid, and vanillic acid formed more hydrogen bonds and had binding free energies 

that were, respectively, -8.7, -6.4, -6.1, -5.7, and -6.1 kcal/mol, indicating stronger DPP-4 

inhibition. The formation of hydrogen bonds with allosteric amino acid residues by apigenin, 

ferulic acid, p-coumaric acid, protocatechuic acid, syringic acid, and vanillic acid with these 

phytoconstituents indicates their effective enzyme inhibition. E. littorale extract, which is 

previously recognised to have therapeutic benefits in diabetic patients, is a common 

ingredient in anti-diabetic Ayurvedic preparations. We discovered and described the primary 

phytochemical with the antidiabetic potential.  
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