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ABSTRACT  

Diabetes affects the routine of life, due to its potential complications such as nephropathy, neuropathy, retinopathy 

and stroke etc. Scientists increasingly use molecular docking for drug discovery because it provides more accurate 

data, helping to understand target sites, understanding and action of various enzymes, protein interactions, and 

selecting the best molecule from an array etc. it is a computational method for analyzing large collections of 

biological data which involves the interlinkage of two or more molecules to give the stable adduct. Depending upon 

binding properties of molecules and target site. The entire process takes place in a three-dimensional way. 
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INTRODUCTION:  

Diabetes is a disease in which metabolism of carbohydrates affected due to less/no synthesis of insulin in beta-cell 

which results in excess glucose level within the circulatory system. According to a project report of The World 

Health Organization approximately more than 700 million people will be suffering from diabetes by 2030. Diabetes 

patients spreading around the world, but is more common in developed countries (Shaw et al. 2010). Diabetes is a 

major cause of blindness, renal failure, cardiopulmonary arrest, stroke and amputation of the lower limbs. In modern 

drug discovery, molecular docking is an interesting scaffold to better-known drug size, shape, charge distribution, 

polarity, hydrogen bonding, and biomolecular interactions for the rational  drug design and discovery, as well as in 

the mechanistic study by placing a molecule into the preferred binding site of the target-specific region of the 

receptor (DNA/protein) mainly in a non-covalent fashion to form a stable complex of potential efficacy and more 

specificity via hydrophobic and or hydrogen bonding interactions (Shaw et al. 2010, Rohs et al. 2005). The data 

obtained from the docking technique can be used to suggest the binding energy, free energy and stability of drug-
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receptor complexes. Now, the docking technique is utilized to predict the tentative drug molecule and receptor 

complex binding parameters beforehand. Over the last 20 years, more than 65 docking tools and programs have 

been invented for both academic and commercial use with improved, yielding accurate results on pose prediction 

such as FlexX (Rarey et al. 1996), GOLD (Jones et al. 1997),  Auto-Dock (Osterberg et al. 2002), Surflex 

(Jain 2003), ICM (Schapira et al. 2003), Ligand-Fit (Venkatachalam et al. 2003), MC-Dock, FRED (McGann et 

al. 2003), Glide (Friesner et al. 2004), Auto-Dock Vina (Trott and Olson 2010), MOE-Dock (Corbeil et al. 2012), 

LeDock (Zhao and Caflisch 2013), rDock (Ruiz-Carmona et al. 2014), UCSF Dock (Allen et al. 2015), and many 

more. These software and tools greatly help in the investigation of molecules derived from synthetic as well as 

natural sources. 

Yalamanchili et al., 2020  investigated more than twenty reported compounds from Goji were docked into both 

partial- and full-agonist binding sites of Peroxisome proliferator-activated receptor gamma. 24 tyramine-derivatives 

and three naturally occurring amides (Dihydro-N-caffeoyltyramine, trans-N-caffeoyltyramine, trans-N-

feruloyloctopamine) were synthesized and screened for Peroxisome proliferator-activated receptor gamma gene 

induction with the cell-based assay. Three compounds showed similar or higher fold induction than the positive 

control, rosiglitazone. Animal studies were also performed on trans-N-feruloyloctopamine and Lycium chinense 

(21%) tyramine derivatives-enriched root bark extract. But both did not show significant antidiabetic properties in 

animals, due to(Lycium species) tyramine derivatives alone. The docking studies of compounds, phenylethylamide-

based phytochemicals (Lyciumamide A, Dihydro-N-caffeoyltyramine, cis-N-caffeoyltyramine, trans-N-

caffeoyltyramine, trans-N-feruloyloctopamine) (tyramine-derivatives) showed good docking scores and binding 

affinity with good interactions(Fig. 1).  
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Fig. 1 

Srivastava et al., 2019 synthesized a series of thirteen novel 2,4-thiazolidinedione derivatives viz. three step 

reaction procedure. Characterization   of the synthesized novel compounds were done through IR, 1H NMR, 13C 

NMR, Mass, & elemental analysis. All the compounds were evaluated for in vivo anti diabetic, in vivo anti-
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inflammatory and in vitro antioxidant activities. For the investigation of some possible structural insights into the 

potential binding patterns molecular docking was performed with most potent anti-diabetic molecules i.e. 

NB7,NB12 and NB13 against target PPARγ active sites using Molecular Operating Environment  software. 

Compound NB-7  (Fig. 2) has shown great potential (0.0001 kcal/mol) in the present study.  The novel derivative 

(NB-7) has grater antidiabetic activity with excellent anti-inflammatory and antioxidant activity. 
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Ye et al., 2019 designed and synthesized a series of novel xanthone-triazole derivatives and investigated for their α 

-glucosidase inhibitory activities and glucose uptake in HepG2 cells. Most of the compounds showed good ic50 

values than the parental compound towards α -glucosidase. These compounds bind to allosteric sites away from the 

active site according to molecular docking i.e. Asp214, Glu276 and Asp349. The glucose uptake assays reveal that 

Compound 5e (Fig. 3) was the most potent inhibitor (2.06 mM. IC50) 6a, 6c and 7g also have potential to promoting 

the glucose uptake.  
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Rammohan et al., 2019 in their current study, amino chalcones were synthesized and hydroxy chalcones were 

isolated from the natural source such as Sophora interrupta, Clerodendrum phlomidis and Andrographis 

macrobotrys. Structural elucidation was carried through 1H, 13C-NMR and Mass Spectroscopy. Animal studies 

reveals that compounds 3c, 3a and 3h (Fig. 5) have good  antidiabetic efficacy compared with control animals. 

Aldose reductase, dipeptidyl peptidase, Peroxisome proliferator-activated receptor, and glucosidase were monitored 

during docking studies, which accomplishes that the compounds 3c, 3i, 3a and 3e (Fig. 4) have an strong binding 

affinity with aldose-reductase. Bioavailability of these compound was determined with the Lipinski rule of five and 

the design pharmacokinetic as well as pharmacodynamic properties are reliable. Therefore, chalcones were implied 

as antidiabetic leads for further studies and could be worthwhile for the development of new classes of effective 

antidiabetic agents.  
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Naim et al., 2018 designed and synthesized a series of novel 2,4-thiazolidinedione derivatives containing benzene 

sulphonyl moiety and were docked against the PPARγ target. Compounds 7b, 7d, & 7p shows significant 

antidiabetic potency but compound 7p exhibited most potent antidiabetic activity with 1.9 folds and increased in 

PPARγ gene expression due to naphthalene moiety compared with standard pioglitazone and rosiglitazone. 

molecular docking studies also reveled that 7p (Fig. 5) showed excellent interactions with amino acids TYR 473, 

SER 289, HIE 449, TYR 327, ARG 288, MET 329 and LEU 228 and  did not cause hepatic injury.      
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Tharmatt et al., 2018 reviewed, important phytoconstituents reported for antidiabetic activities. Among them, 

some of the phytoconstituents were selected for prediction of activity through (PASS) online software. Pa and Pi 

value was predicted for these phytoconstituents on different antidiabetic target sites.  On the bases of PASS 

prediction, 5 phytoconstituents were selected for molecular docking study using AutoDock Vina 4.0. The three 

target sites i.e. glucagon-like peptide-1, α glucosidase, and dipeptidyl peptidase-4 were selected for prediction of 

probable affinities of selected phytoconstituents. In all selected phytoconstituents, diosmin showed best binding 

affinity with dipeptidyl peptidase-4, glucagon-like peptide-1, and α glucosidase that was −10.2 kcal/mol, −8.3 

kcal/mol, and −9.7kcal/mol, followed by kaempferol (Fig. 6). The present study can be utilized for designing 

advanced antidiabetic studies for these phytoconstituents. 
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Salimullah et al., 2016 in their present study 10 bioactive small compounds derived from Gymnema sylvestre were 

chosen to determine their IR binding affinity and ADMET properties using a combined approach of molecular 

docking study and computational pharmacokinetic elucidation. Designing structural analogues were also performed 

for the compounds associated with toxicity and less IR affinity. Among the ten parent compounds, Conduritol E 

tetranitro, GS4, Gymnemic acid I, Gymnemic acid II, Gymnemoside A, and Gymnemoside B (Fig. 7) were found to 

have significant pharmacokinetic properties with a considerable binding affinity towards IR while four compounds 

were associated with toxicity and less IR affinity. Among the forty structural analogues, four compounds 

demonstrated considerably increased binding affinity towards IR and less toxicity compared with parent 

compounds. Finally, molecular interaction analysis revealed that six parent compounds and four analogues interact 

with the active site amino acids of IR. So the present study would be a way to identify new therapeutics and 

substituents to insulin for diabetic patients. 
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Fig. 7 

Sugumar et al., 2015 in their molecular docking study of ligand (4Z,12Z)-cyclopentadeca-4, 12-dienone (Fig. 8) 

extracted from the leaves of G.Hirsuta on Glycogen Synthase Kinase 3β  which revealed that the oxygen atom of 

the compound forms hydrogen bonding with LYS-85. Strong hydrophobic interaction was observed around the 

Cyclopentanone ring near the ALA-83, CYS-199, PHE-67, LEU-132, LEU-188, VAL-110, and VAL-135. Polar 

interactions also occur with amino acids such as Asn 186 and Thr 138. It had binding energy of −6.01 and Gliding 

energy to be −28.72 respectively. 
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Antony et al., 2015 in their research investigated the inhibitory effects of phytochemicals present in dietary spices 

such as Zingiber Officinale, Curcuma longa,  Allium sativum,  and Trigonella foenum-graecum on aldose reductase. 

Molecular docking was performed on phytochemicals Gingerenones A, B and C, lariciresinol, quercetin, and 

calebin-A in order to determine protein-ligand interactions. All selected phytochemicals from these spices exhibited 

high docking scores, binding affinity and sustained protein-ligand interactions. Molecular docking revealed that 

natural compounds such as gingerenone-A, gingerenone-B, gingerenone-C, quercetin, lariciresinol and calebin-A 

(Fig. 9) from spices exhibited much better binding score and binding energy than commercially available drugs. 
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Fig. 9 

Dhananjayan et al., 2014 studied molecular docking on anthraquinone derivatives for inhibition of Glycogen 

synthase kinase-3β. The ligands that were used for docking such as Aesculin, Aesculetin, Anthragallol, 

Damnacanthal, Lucidin, Morindone, Nordamnacanthal and Rubiadin(Fig.10). Among the ligands, Damnacanthal 

was found to possess the lowest binding energy -7.23kcal/mol, with an estimated inhibition constant of 4.98uM and 

Nordamnacanthal, showed lowest binding energy of -6.94 kcal/mol with double the value of estimated inhibition 

constant (8.25 µM). Anthragallol and Morindone have similar binding energy values (-6.68kcal/mol) and estimated 

inhibition constant (12.7 µM) but their conformations at the active site was found to be different. Rubiadin and 

Lucidin have a slight deviation in binding energy at the active site but similar inhibition constant. Aesculetin and 

Aesculin has binding energy and inhibition constant to be -5.42,-5.99 kcal/mol and 105.78, 40.57 µM respectively. 

The amino acids involved in binding with the ligands were Asn64, Ser66, Lys85, Val135, Thr138, Lys183, Asp200, 

and Phe201. The results revealed that the selective anthraquinone derivatives docks well and thus inhibits the 

activity of Glycogen synthase kinase-3β. 

http://www.ijcrt.org/


www.ijcrt.org                                                                        © 2020 IJCRT | Volume 8, Issue 4 April 2020 | ISSN: 2320-2882 

IJCRT2004558 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 3900 
 

OOH

OH

O

OH

OH

OHO

O

Anthragallol

Aesculetin

OH

OHO

OOH

Morindone

OHO

O

OH

Rubiadin

OO

O

OH

O

Damnacanthal

OHO

O

OH

OH

Lucidin

OHO

O

OH

O

H

Nordamnacanthal

OOH O

O

O

OH

HO

HO

HO

Aesculin  

Fig.10 

 

Rashid et al., 2013 Molecular docking of antidiabetic compounds were studied with human proteins (pdb id: 3Q6E) 

to evaluate the most active antidiabetic drug for high inhibitory activity. More than 50 selected compounds were 

screened with the active site of protein 3Q6E and the most active lead compound S21 (Fig. 11)was identified on the 

basis of strong binding interaction with the target protein and IC50 value from the selected compounds. The 3 types 

of interactions i.e. Hydrogen bonding, hydrophobic and ionic interactions were calculated with the help of Visual 

molecular dynamics. For the enhancement of activity 4 analogues of the lead compound(Fig. 8) were also designed 

and docked with protein 3Q6E by using Auto Dock Vina and all interactions showed that they could be used as 

antidiabetic agents and therefore could be recommended for further studies. 
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Shen et al., 2013 studied hindering the activity of Citrus flavonoids phytochemicals such as hesperidin, naringin, 

neohesperidin, nobiletin. with the molecular target Glycogen synthase kinase-3β.  More OH functional groups in 

Hesperidin,   neohesperidin structures promote the formation of H-bonds between ligands and protein residues. The 

docking studies of the four ligands with the target showed that citrus flavonoids are potent inhibitors that dock well 

with the protein targets related to diabetes mellitus and thus impedes its activity. Citrus flavonoids thus play a key 

role in blood glucose regulation, by triggering Peroxisome proliferator-activated receptor-γ, and impeding Glycogen 

synthase kinase-3β. The more negative binding energy revealed that Hesperidin(Fig. 12) has good hindering activity 

towards Glycogen synthase kinase-3β. 
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Akila et al., 2012 in their Present study screening of phytoconstituents present in Peperomiapellucida was done by 

using in silico approach, in order to determine the powerful phytoconstituent having antidiabetic potential. Docking 

analysis results clearly indicated that Yohimbine (Fig. 13) has a binding energy of -10.08cal/mol possessing 

excellent anti-diabetic activity compared to the standard Quercetin binding energy -9.62Kcal/mol. 

 

 

 

Fig. 13 

 

Akhtar et al., 2012 three-dimensional inhibition studies of Glycogen synthase kinase-3β was performed by 

involving a novel class of 3-anilino-4-arylmaleimide derivatives. It was achieved by three mechanisms such as 

Adenosine triphosphate non-competitive, Adenosine triphosphate competitive and metal ion competitive. In order to 

develop models that understand the biological activity of derivatives. They recognized the quantitative structure-

activity relationship, comparative molecular similarity index analysis and comparative molecular field 
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analysis models for GSK-3 inhibitors. The studies revealed the strong H-bonding interactions of the ligand with 

amino acid residues Val 135, Asp 133, Arg 141, and Gln185 of GSK-3. Modification in structure 49 with carboxylic 

moiety dd1-dd7 (Fig. 14) showed the specific interlinkage with Arg-141 which would favor greater inhibition of 

Glycogen synthase kinase-3β.  
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Umamaheswari et al; 2012 studied the inhibitory effect of flavonoids such as Farobin-A, Glaziovianin-A, 

GericudraninB, Rutin, and Xanthotoxin through molecular docking. The docking results of the standard drug 

(Eparestat) showed binding energy -5.59 kcal/mol and all selected flavonoids showed binding energy in the range 

between -7.91 to 5.08 kcal/mol. The active binding sites of the Xanthotoxin were found to be TRP 20, TYR 48, 

LYS 77, HIS 110, SER 159, ASN 160, GLN 183, GLU 185, TYR 209, SER 210, PRO 211, SER 214, ILE 260 and 

CYS 298. The binding sites of the standard was found to have amino acid residues such as GLY 18, THR 19, TRP 

20, LYS 21, SER 210, PRO 211, LEU 212, SER 214, ILE 260, PRO 261, LYS 262 and SER 263 as active sites. 

The Ki value, binding energy and intermolecular potential energy of Xanthotoxin and Eparestat were found to be -

7.25kcal/mol and -5.59 kcal/mol, 1.58 µM and 80.08 µM, -7.55 kcal/mol and -5.59 kcal/mol respectively. Finally, it 

was concluded that only Xanthotoxin (Fig. 15) has effective binding sites and better efficacy in the selected 

flavonoids as compared with the standard Eparestat. 
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Madeswaran et al., 2012  studied the inhibitory effect of commercially available flavonoids such as biochanin, 

butein, esculatin, fisetin and herbacetin on aldose reductase. The docking prediction revealed that all the selected 

flavonoids showed binding energy ranging between -9.33 kcal/mol to -7.23 kcal/mol as compared to standard 

(Eparestat) (-8.73 kcal/mol). Inhibition constant (144.13 µM to 4.98 µM) and intermolecular energy (-11.42 

kcal/mol to -7.83 kcal/mol) of the flavonoids also coincides with the binding energy. Butein, biochanin and 

herbacetin (Fig. 16) showed excellent binding interactions with aldose reductase enzyme due to the difference in the 

position of the functional groups in the tested compounds. 
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Bustanji et al., 2009  investigated Curcumin as an inhibitor of glycogen synthase kinase-3β and to justify some of 

its interesting multiple pharmacological properties, such as anti-diabetic, anti-inflammatory, anti-cancer, anti-

malarial, and anti-alzheimer's, etc. molecular docking was performed to fit curcumin within the binding pocket of 

GSK-3β followed by its in vitro and in vivo validations. Curcumin was found to ideally fit within the binding pocket 

of GSK-3β via several attractive interactions with key amino acids. Experimentally, curcumin (Fig. 17) was found 

to be a strong inhibitor of GSK-3β with IC50 = 66.3 nM. Furthermore, their animal study illustrated that curcumin 

significantly increases hepatic glycogen in fasting animals. Their overall investigation strongly reviled that the 

pharmacological activities of curcumin are at least partially mediated by inhibition of GSK-3β. 
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CONCLUSION:  

With the ever-increasing stock of bio-molecular structures, nonstop up-gradation of computational potential, and 

improved accuracies in modeling the molecular interlinkage at the nano level, it is predicted that computation will 

play an even more important role in the drug discovery process in the near future. For more Better understandings of 

the etiology of disorder with the help of systems biology and systems pharmacology also lead to the identification of 

novel drug target sites and creative combinations of drug target for designing novel drugs more successfully. 
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