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ABSTRACT: 

In the pursuit of effective therapeutic strategies for diabetes mellitus (DM), peroxisome 

proliferator-activated receptor- PPARγ agonists have emerged as promising oral antidiabetic 

medications. However, the prevalence of adverse effects associated with many existing 

medications underscores the need for novel and safer alternatives. PPARγ, a key regulator 

of glucose and lipid homeostasis, is the target receptor for thiazolidinediones, a synthetic 

class of anti-diabetic medications. Given its pivotal role in the pathogenesis of Type II 

diabetes mellitus, drug discovery efforts have intensified to identify new compounds 

targeting PPARγ. This study employs a multi-faceted approach, integrating pharmacophore 

analysis, pharmacokinetic/toxicity evaluation, and in-silico molecular docking, to investigate 

the antidiabetic potential of phytoconstituents derived from Indigofera tinctoria (I. tinctoria) 

as potential PPARγ agonists. Molecular docking analysis of 21 selected phytoconstituents 

from I. tinctoria reveals that 18 exhibit superior binding affinity (ΔG ≥ -6.9 K cal/mol) and 

remarkably low inhibition constants (Ki ≤ 0.35 µM) compared to established 

thiazolidinediones—Pioglitazone and Rosiglitazone (ΔG ≤ 6.9 K cal/mol, Ki ≥ 8.74 

µM).Among the top-performing compounds, namely Pseudosemiglabrin, Dehydrodeguelin, 

Apigenin, Tephrosin, Indirubin, and Indigo, further analysis through 

pharmacophore/ADMET profiling confirms their drug-likeness properties. These 

compounds adhere to Lipinski's Rule of 5, demonstrating favorable drug-like characteristics 

and exhibiting good oral bioavailability, as illustrated in the bioavailability radar. The 

findings suggest that naturally derived phytochemicals from I. tinctoria, particularly the 

identified compounds, hold promise as potential PPARγ agonists. These compounds, 

exhibiting robust in-silico characteristics, merit further experimental validation and may 

represent safer and more effective candidates for the development of novel antidiabetic 

agents. 

 

 

1.0 Introduction: 

Diabetes melitus (DM) is a chronic metabolic disease 

characterized by hyperglycemia, insulin resistance, and 

glucose tolerance. The  distinctive features of DM 

encompass elevated blood glucose levels during fasting 

and postprandial periods, arising from compromised 

insulin secretion, action or both [1]. Presently, a 

staggering 463 million adults worldwide grapple with 

diabetes and projections for 2030 and 2045 anticipate a 

rise to 578 million and 700 million individuals [2], [3]. 

Notably, diabetes ranks among the top ten global causes 

of death [4]. The disease manifests in three forms: Type 

I diabetes (insulin-dependent), Type II diabetes (non-

insulin-dependent) and gestational diabetes. Type II 

diabetes (T2DM) accounts for 90–95% of cases, 

representing the most prevalent form of the disease [5]. 

Characterized by insulin resistance, T2DM leads to 

hyperglycemia, subsequently causing glucotoxicity and 

long-term complications including both non-vascular 

(such as infections, gastroparesis, skin changes) and 

vascular issues (peripheral and coronary arterydiseases, 

cerebrovascular, and retinopathy) [1]. Current 

management strategies involve insulin injections and 

oral hypoglycemic medications such as insulin 

secretagogues, incretin agonists, insulin sensitizers, 

dipeptidyl peptidase-4 inhibitors, and α-glucosidase 

inhibitors. These approaches aim to achieve controlled 

blood glucose level: however, challenges arise from the 

accessibility, affordability and documented side effects 

of these treatments, including lactic acidosis, 

gastrointestinal distress, and hypoglycemia [6]–[8]. As 

the diabetic population continues to grow, the need for 
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safer and more effective therapeutic alternatives become 

increasingly imperative.  

 The exploration of antiviral effects against SARS-Cov-

2 from phytochemicals found in various medicinal 

plants has been a subject of extensive research during 

the COVID-19 period [9]–[16]. Additionally, the 

investigation of medicinal activities, including 

hypercholesterolemia Inhibitory activity of  Withania 

coagulans and the antitumor constituents, sidrin and 

sidroside, from Zizyphus spina-christi compounds, has 

further diversified the potential applications of these 

plants [17], [18].  This growing body of knowledge has 

spurred increased interest in utilizing medicinal plants, 

renowned for their diverse pharmacological and 

biological activities for the management and treatment 

of  diabetes [19]–[25]. One such highly sought- after 

antidiabetic plant is Indigofera tinctoria (I. tinctoria), a 

shrub belonging to the Fabaceae family. I. tinctoria has 

a long history of use in Chinese and Indian medicines 

addressing various conditions such as liver disorders, 

heart palpitations, and constipation [26]. Notably, its  

flavanoidal fraction demonstrates antiproliferative 

activity and its aqueous extract exhibits antioxidant 

activities, neuroprotective effects, and 

immunoprotevtive role [27]–[30]. One of the active 

compound apigenin from this plant has been recently 

studied for its  synergistic effects of COVID-19 to HIV 

patients through an integrated Pharmaco-

BioInformatics approaches [31].   

Given the broad spectrum of medicinal properties 

associated with I. tictoria, this study endeavors to 

explore its potential antidiabetic property through 

molecular docking studies, pharmacophore modelling 

and ADMET profiling. The swift and cost-effectiveness 

determination of the antidiabetic mechanism of 

compounds isolated from medicinal plants is facilitated 

by in-silico virtual screening techniques. Various 

diabetes targets, including α-amylase, α-glucosidase, 

dipeptidyl peptidase-4 (DPP-4), glycogen synthase 

kinase-3β (GSK-3β), protein tyrosine phosphatase 1B 

(PTP1B), glucokinase, and peroxisome proliferator-

activated receptors (PPARs) can be efficiently assessed 

through these methods [32]–[35]. 

Three subtypes namely α, δ, and γ, are recognized for 

peroxisome proliferator-activated receptors (PPARs). 

Among them, peroxisome proliferator-activated 

receptor- gamma (PPARγ) exists in two forms: PPARγ-

1 and PPARγ-2. PPARγ-1 is predominantly 

expressed in the gut, whereas PPARγ-2 exhibits 

widespread expression in adipose tissue, playing a 

pivotal role in adipocyte differentiation and 

proliferation. The activation of the  PPARγ receptor and 

the enhancement of insulin sensitivity are achieved by 

PPARγ agonists such as thiazolidinediones (TZD), 

function by stabilizing the ligand-binding domain 

(LBD)'s AF2 (activation function 2) in its active 

conformation [34], [36], [37].  

This study aims to uncover the potential of 

phytochemicals found in I. tinctoria as PPARγ agonists, 

with the overarching goal of advancing the development 

of novel and enhanced antidiabetic agents. In this study, 

a computational approach was utilized to screen and 

asses phytoconstituents derived from I. tinctoria, 

evaluating their potential as PPARγ agonists for the 

treatment of diabetes mellitus. 

 

2.0 Materials and methods:  

2.1 Protein preparation: 

The crystal structure of peroxisome proliferator-

activated receptor gamma (PPARγ) (PDB ID: 3DZY) 

was retrieved from Protein Data Bank (PDB) repository 

[38] in pdb format. Protein was prepared with Autodock 

Tools- 1.5.7.[39]. Previously docked ligands with 

protein and water molecules were removed. Polar 

Hydrogens and Kollman charges were added to the 

protein and finally saved in PDBQT format.  

 

2.2 Ligand preparation: 

Twenty-one compounds from I. tinctoria, obtained by 

the IMPPAT website (Indian Medicinal Plants, 

Phytochemistry And Therapeutics) [40] were retrieved 

from PubChem Data Bank [41] in 3D .sdf format. The 

ligands and drug molecules Thiazolidinediones 

[Rosiglitazone (Avandia) and Pioglitazone (Actos)] 

were converted into pdb format using BIOVIA 

Discovery Studio Visualizer software[42]. The pdb 

format of ligand and drug molecules was converted into 

PDBQT format with Autodock Tools- 1.5.7. 

 

2.3 Protein-ligand docking: 

The docking calculations were performed using the 

AutoDock Vina version 1.1.2  software suite [43]. 

Flexible Blind docking was performed by applying a 

gridbox (center_x= 3.528, center_y= 29.000, center_z= 

21.151 and size_x= 86, size_y=98, size_z=92) prepared 

to cover the whole protein with an exhaustiveness value 

of Ten. The contributions of intramolecular hydrogen 

bonds, hydrophobic, ionic, and Van der Waals 

interactions between docked protein and ligand 

complexes were used to determine the free energy (ΔG) 

specifying affinity scoring of the binding. After docking 

best pose (with zero lower and upper rmsd value) was 

chosen for further analysis.  The docked protein-ligand 

complexes were created and the binding sites were 

analyzed to construct a 2D and 3D representation of the 

ligand interaction for each complex using BIOVIA 

Discovery Studio Visualizer software.  

 

2.4 Computation of Inhibition Constant: 

The molecular docking analysis predicts the inhibition 

constant (Ki value), which is used to evaluate the 
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effectiveness of the interaction. It also considers 

changes in hydrogen bonds formed with the protein's 

active site residues and predicted binding energies. The 

inhibition constant, or Ki value of the docked enzyme-

inhibitor complex' is the Dissociation constant (Kd). 

Lower dissociation probability and hence higher 

inhibition are associated with smaller Ki values. The 

formula Ki =exp(ΔG/(RT) is used to calculate it, where 

T is the temperature (298.15 K), R is the gas constant 

(1.987 Kcal/K/mol), and ΔG is the free energy of 

binding[44]. 
 

2.5 Validation of molecular docking results:  

Prior to molecular docking, we used the Castp online 

server to perform binding pocket analysis and predict 

the active site of protein 3DZY. CASTp 

(Computed Atlas of Protein Surface Topography) is a 

web-based tool for recognizing, characterizing, and 

measuring specific geometric and topological 

characteristics of protein structures [45]. Intact PPAR 

gamma - RXR alpha Nuclear Receptor Complex on 

DNA bound with Rosiglitazone in pocket Id 1 (Fig. 1) 

shows binding with residues of chain A ARG202, 

GLU203, VAL205 and GLN206 and with chain D 

ASN335, LYS336 and ASN 375 which matched with 

our redocking result with Rosiglitazone (Table 1).  

 
Fig. 1 Intact PPARϒ - RXR alpha Nuclear Receptor 

Complex on DNA bound with Rosiglitazone, 9-cis 

Retinoic Acid and NCOA2 Peptide (PDB Id: 3DZY) 

 

2.6 Screening of Ligands for Pharmacodynamics 

Properties: 

The ligand molecules and drug molecules 

Thiazolidinediones [Rosiglitazone (Avandia) and 

Pioglitazone (Actos) Standard drugs for T2DM) were 

analyzed by Molinspiration [46] an online screening 

server. SMILES (Simplified Molecular Input Line Entry 

System) of these two molecules were used to generate a 

3D structure and .mol file was used for the calculation 

of molecular properties and bioavailability scores.  The 

larger the value of the bioactivity score is, the higher the 

probability that the particular molecule will be active. 

 

2.7 Screening of Ligands for Pharmacokinetics and 

Drug-Likeness 

Pharmacokinetics and Toxicity of candidate molecules 

decide them to be a drug molecule. In the early stages of 

Computer Added Drug Design (CADD), Absorption, 

Distribution, Metabolism, Excretion, and Toxicity 

(ADMET) of chemicals have been recognized as 

important considerations. The SwissADME [47], 

pkCSM [48] and ADMETLAB2.0 [49] web tools were 

used to evaluate the Pharmacokinetics, drug-likeness, 

and medicinal chemistry of these molecules. The 

SMILES format of the molecules were entered, and 2D 

structure files were generated in these tools. Several 

parameters were analyzed to check the ADMET 

properties of these molecules Important parameters for 

a drug molecule include pharmacokinetics parameters 

like P-glycoprotein, HIA (human intestinal absorption), 

drug-likeness prediction Lipinski, Ghose, and Veber 

criteria, and the BBB (Blood-Brain Barrier penetration). 

In order to evaluate drug-likeness and ascertain whether 

a compound is likely to be bioactive, a number of 

additional crucial parameters were employed, including 

molecular weight, LogP, number of HBA and HBD, as 

well as the Lipinski, Ghose, and Veber guidelines. Most 

"drug-like" compounds have logP ≤ 5, molecular weight 

(MW) ≤ 500, number of hydrogen bond acceptors 

(nHA) ≤ 10, and number of hydrogen bond donors 

(nHD) ≤ 5, according to Lipinski's "Rule of 5" [50].  If a 

molecule violates multiple principles, it might face 

issues with its bioavailability. The human intestinal 

absorption, bioavailability, Caco-2 (human epithelial 

colorectal adenocarcinoma cell line), monolayer 

permeability, and blood-brain barrier penetration can all 

be described by the ideal descriptor, LogP 

(octanol/water partition coefficient), Topological Polar 

Surface Area (TPSA). These factors play a significant 

role in predicting the qualities of drug. 

 

3.0 Results and Discussion: 

3.1 Molecular docking and Molecular interactions 

(2D and 3D) analysis 

Molecular docking and virtual screening, rational drug 

design (RDD) or computer-aided drug design (CADD), 

offering a swift cost-effective and dependable approach 

to discovering novel drugs (lead molecules) and 

potential druggable protein targets. In this study, we 

employed molecular docking-based virtual screening to 

pinpoint a promising target for Type 2 diabetes Millitus 

(T2DM). Following a comprehensive literature review 

and considering available crystal structures of proteins 

pivotal in T2DM’s biosynthetic pathways [51], [52], we 

have selected peroxisome proliferator-activated receptor 

gamma (PPARγ) (PDB ID: 3DZY). This in-silico 
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investigation delved into the likely molecular docking 

interactions between the selected 21 phytochemicals and 

the PPARγ. The findings were juxtaposed with 

established T2DM drugs  Rosiglitazone (Avandia) and 

Pioglitazone (Actos). Out of the 21 compounds, 18  

exhibited superior binding energies of -9.4 kcal/mol, -

9.1 Kcal/mol, -9.0 Kcal/mol, -8.9 Kcal/mol, -8.8  

Kcal/mol, -8.7 Kcal/mol, -8.6 Kcal/mol, -8.4 Kcal/mol, 

-8.3 Kcal/mol, -8.2 Kcal/mol, -8.0 Kcal/mol, -7.9 

Kcal/mol, -7.4 Kcal/mol and -6.9 Kcal/mol compared to 

the binding energies of two drug molecules 

Rosiglitazone (-6.5 Kcal/mol ) and  Pioglitazone (-6.9 

Kcal/mol ) (Table 1). The binding affinity (Kcal/mol) of 

the ligand or inhibitor serves as a metric to correlate and 

scrutinize with the corresponding protein target. 

Generally, a lower binding energy indicates a higher 

affinity (more negative) of the ligand for the receptor 

protein. Consequently, the ligand demonstrating the 

utmost affinity emerges as a promising candidate 

warranting further research. 

 

Table 1. Auto Dock Vina docking results showing binding affinities and inhibition constant of Ligands and Drug 

Molecules  with PPARϒ protein (PDB Id: 3DZY) related to diabetes mellitus. 

 

 

 

S. 

No. 

Ligand name PubChe

m CID 

Binding 

Affinity 

(ΔG) 

(kcal/m

ol) 

Inhibition 

Const. Ki 

(µM) 

No. of 

H-

Bonds 

H-Bond 

Forming 

Residues 

H-

Bond 

length 

(A0) 

*Other Types 

 of  bonds within  

 Ligand-Protein Complex 

(No. of Other bonds) 

1 Pseudosemiglabri

n 

156341 -9.4 0.13 2 D:THR3

49 

A:ASP17

6 

2.1962

3 

3.5031

4 

 Pi-Sulfur, Pi-Alkyl (3) 

2 Dehydrodeguelin 308380

3 

-9.1 0.21 1 A:CYS1

90 

3.2796

4 

Pi-Cation, Pi-Pi T –

shaped,  

Alkyl, Pi-Alkyl (5) 

3 Apigenin 528044

3 

-9.0 0.25 2 A:ALA3

27 

A:ASN3

06 

1.9410

2 

2.3265 

Pi-Alkyl (5) 

4 Tephrosin 114909 -8.9 0.30 2 D:SER35

5 

D:SER35

5 

 

2.0259

6 

2.1774

4 

Alkyl  

Pi-Alkyl (3) 

5 Indirubin 10177 -8.9 0.30 2 A:GLN1

93 

A:LYS1

75 

2.6883

8 

2.4832

8 

Pi-Alkyl 

Unfav. Donor-Donor (4) 

6 Indigo 10215 -8.8 0.35 1 A:LYS1

75 

1.8568

5 

Pi-Pi T –shaped, Pi-Alkyl 

(4) 

7 Comp. 7* 182678 -8.7 0.42 --- --- --- Pi-Sulfur, Pi-Alkyl (2) 

8 Luteolin 528044

5 

-8.6 0.49 3 D:SER35

5 

A:CYS1

90 

D:TYR2

50 

2.0896

9 

2.2608

7 

2.6526

3 

Pi-Alkyl (2) 

9 Deguelin 107935 -8.6 0.49 1 D:SER35

5 

2.1612

2 

Alkyl, Pi-Alkyl (3) 

10 Quercetin 528034

3 

-8.6 0.49 3 A:ASP17

6 

A:CYS1

77 

2.1716

5 

2.1454

4 

Pi-Alkyl (2) 
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D:SER35

5 

2.3156

9 

11 Rotenone 6758 -8.4 0.69 2 D:TYR2

50 

A:ASP17

6 

1.9615

6 

3.4131

9 

Pi-Anion, 

Alkyl (2) 

12 Sumatrol 442824 -8.3 0.82 1 D:SER35

5 

1.8995

5 

Alkyl, Pi-Alkyl (4) 

13 Rotenol 442574

20 

-8.2 0.97 2 D:SER35

5 

A:GLN1

93 

2.3025

5 

3.3196

6 

Pi-Pi- Stacked, Alkyl, Pi-

Alkyl (5) 

14 Kaempferol 528086

3 

-8.0 1.36 --- --- --- Pi-Alkyl (2) 

15 Galactomannan 439336 -7.9 1.61 5 A:CYS1

77 

A:CYS1

90 

D:TYR2

50 

A:ASP17

6 

A:GLN1

93 

 

2.5569

4 

2.7315 

2.9774

5 

3.0180

4 

3.2002

4 

--- 

16 Indican 441564 -7.4 3.76 5 A:CYS1

90 

D:TYR2

50 

A:LYS1

75 

D:TYR2

50 

A:GLN1

93 

2.3248

9 

2.1104

9 

2.5309

2 

3.3898

6 

3.3726

6 

Pi-Alkyl (3) 

17 Coumarin 323 -6.9 8.74 --- --- --- Pi-Sig., Pi-Pi- Stacked, 

Amide Pi- Stacked, Pi-

Alkyl (11) 

18 Indicine 73614 -6.9 8.74 2 A:LEU3

09 

A:ILE26

8 

2.7823

1 

3.5063

6 

--- 

19 1H-Indol-3-ol 50591 -5.9 47.29 2 D:THR3

49 

A:TYR1

89 

2.1171

8 

2.5393

8 

Pi-Alkyl (1) 

20 D-Galactose 6036 -5.6 78.48 4 A:TYR1

69 

A:GLN1

93 

A:TYR1

69 

D:ASO3

37 

2.0196

4 

2.4522

2 

2.3902

9 

2.1929

2 

--- 

21 D-Mannose 18950 -5.6 78.48 2 A:TYR1

69 

2.2019

1 

--- 
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A:LEU1

67 

2.6991

9 

22 Pioglitazone 4829 -6.9 8.74 2 A:ILE17

9 

D:TYR2

50 

2.4922

1 

2.5047

4 

--- 

23 Rosiglitazone 77999 -6.5 17.18 5 D:LYS3

36 

D:ASN3

75 

A:VAN2

05 

D:ASN3

35 

A:GLN2

06 

2.5214 

1.9959

5 

2.0084

2 

3.4032

1 

3.5205

6 

Pi-Anion 

Pi-Alkyl (2) 

*[(12S,15R,16R)-14,14-dimethyl-6-oxo-4-phenyl-3,11,13-trioxatetracyclo[8.6.0.02,7.012,16]hexadeca-1(10),2(7),4,8-

tetraen-15-yl] acetate 

 

About Twenty one compounds derived from I. tinctoria 

(Table 1), screened against 3DZY, in which six (6) top 

posed compounds exhibited the highest binding 

affinities against the protein target and were selected for 

post docking analysis. From the multiple screening 

analysis, the following compounds Pseudosemiglabrin 

(PubChem CID: 156341), Dehydrodeguelin (PubChem 

CID: 3083803), Apigenin (PubChem CID: 5280443), 

Tephrosin (PubChem CID: 114909), Indirubin 

(PubChem CID:10177) Indigo (PubChem CID: 10215) 

showed the lowest docking scores (highest binding 

affinity scores) against PDB 3DZY. This virtual 

screening based on binding energy gave us a vivid idea 

of the best ligands having the highest affinity for the 

receptor protein. Human adipogenesis, insulin 

sensitivity, and glucose homeostasis are all regulated by 

PPARγ, a significant transcriptional factor [53], [54], for 

which the drug rosiglitazone, is an excellent sensitizer 

to insulin and enhances glucose absorption and reduces 

hyperglycemia and hyperinsulinemia [55]–[57]. The 

ineffectiveness of PPAR-gamma receptors to stimulate 

transcription was demonstrated by their reduced 

capacity to bind DNA in response to rosiglitazone and 

also potential therapeutic targets to treat inflammation, 

atherosclerosis, and hypertension.  A comprehensive 

literature survey showed that in the crystal structures of 

PPAR-gamma and rosiglitazone complex, binding 

pockets of the intact PPAR-gamma receptor interact 

with the rosiglitazone, especially with The GLN193, 

TYR189, LEU196, ALA197, TYR192, GLU203, 

LYS201, ARG202, LYS336, ASN335, ASP337, 

LEU237, PHE347, VAL248, GLU351, and TYR250 

residues [57]. In our investigation rosiglitazone binds 

with PDB 3DZY with three conventional hydrogen 

bonds with residues D:LYS336, D:ASN375, 

A:VAN205, having bond lengths 2.5214 A0, 1.99595 A0 

and 2.00842 A0 and two Carbon Hydrogen bonds  with 

residues D:ASN335 and A:GLN206 having bond 

lengths 3.40321 A0 and 3.52056 A0 . Two more bonds 

with A:GLU203 (Pi – Anion of bond length 4.25844 A0) 

and with A:ARG202 ( Pi – Alkyl of bond length 5.33718 

A0) are also found which validates molecular docking 

protocol.  

Compound Pseudosemiglabrin (PubChem CID: 

156341), having highest binding affinity (-9.4 

kcal/mol), forms two Hydrogen bonds with residues 

D:THR349 (2.19623 A0) and A:ASP176 (3.50314 A0). 

Besides these it also showed 3 more bonds (one Pi-

Sulfur with A:CYS190 of bond length 5.9546 A0 and 

two Pi- Alkyl bonds with A:LYS175 and A:LYS194 of 

bond lengths 4.75983 A0 and 4.85541 A0), which 

stabilizes the complex and provides highest binding 

affinity to the complex (Table 1, Fig 1a and 1b).  

Dehydrodeguelin (PubChem CID: 3083803) having 

binding affinity (-9.1 K cal/mol) formed one Hydrogen 

bond (3.27964 A0) with residue A:CYS190 and five 

other (one Pi-Cation with A:LYS194, one Pi-Pi T –

shaped with D:TYR250, two Alkyl bond with 

A:LEU178 and one Pi-Alkyl bond with A:LYS194 ) of 

bond lengths respectively 4.57386 A0, 5.34733 A0, 

5.41055 A0, 5.2767 A0and 5.32275 A0. Apigenin 

(PubChem CID: 5280443), having bindin affinity (-9.0 

K cal/mol), also binds efficiently with two hydrogen 

bonds with A:ALA327 (1.94102 A0) and A:ASN306 

(2.3265 A0) and Five Alkyl bonds with residues ILE310, 

CYS432, LEU436, ALA271 and LEU309 of chain A 

(bond lengths around 4-5 A0 ) 

Compounds Tephrosin (PubChem CID: 114909), 

Indirubin (PubChem CID:10177) and  Indigo (PubChem 

CID: 10215) showed binding affinity of -8.9 Kcal/mol 

to  -8.8  Kcal/mol. Tephrosin having two Hydrogen 

bonds with D:SER355 (2.02596 A0 and 2.17744 A0) 

including three other types of bonds (Alkyl and Pi-

Alkyl) with A:LYS175 of bond length around 4.77 A0. 

http://www.jchr.org/
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Indirubin also exhibits two hydrogen bonds with 

A:GLN193 and A:LYS175 (2.68838 A0  and 2.48328 

A0) and four other types of bonds with residues 

A:LYS175, A:CYS190, A:LYS194 and one 

unfavourable dodor-donor bond. Indigo also showed 

one strong Hydrogen bond with A:LYS175 (of shortest 

bond length 1.85685 A0) and four other types of bonds 

with A: TYR189, A:LYS194, A:LYS175 (bond lengths 

between 5.2346 A0 to 5.98541 A0). Other 

compounds[(12S,15R,16R)-14,14-dimethyl-6-oxo-4-

phenyl-3,11,13-

trioxatetracyclo[8.6.0.02,7.012,16]hexadeca-

1(10),2(7),4,8-tetraen-15-yl] acetate, Luteolin, 

Deguelin, Quercetin, Rotenone, Sumatrol, Rotenol,  

Kaempferol, Galactomannan, Indican and Coumarin 

also showed better biding affinities to 3DZY in 

comparison to well known drugs Pioglitazone and 

Rosiglitazone (-6.9 Kcal/mol and -6.5 k cal/mol) for 

T2DM mellitus. These whole findings are summarized 

in Table 1. Fig. 2a- 24b depicts the 3D and 2D diagrams 

of different phytochemicals showing H –bond donor and 

receptor regions with bindings of residues in active sites 

of the protein 3DZY. 

 

 

 
               Fig. 2a   Fig. 2b   Fig. 3a  Fig. 3b 

 
               Fig. 4a  Fig. 4b   Fig. 5a   Fig. 5b 

 
               Fig. 6a  Fig. 6b   Fig. 7a   Fig. 7b 

 
               Fig. 8a   Fig. 8b   Fig. 9a   Fig. 9b 

http://www.jchr.org/
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY010936
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY010936
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY010936
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY010936
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               Fig. 10a  Fig. 10b  Fig. 11a   Fig. 11b 

 

 
            Fig. 12a             Fig. 12b           Fig. 13a   Fig. 13b 

 
              Fig. 14a  Fig. 14b  Fig. 15a        Fig. 15b 

 
              Fig. 16a  Fig. 16b            Fig. 17a   Fig. 17b 

 
              Fig. 18a  Fig. 18b         Fig. 19a   Fig. 19b 
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           Fig. 20a      Fig. 20b   Fig. 21a           Fig. 21b 

 
              Fig. 22a           Fig. 22b           Fig. 23a         Fig. 23b 

 

 
                        Fig. 24a       Fig. 24b 

Fig 2-24. All twenty one phytochemicals and two drug molecules (in Table1, S. No. 1-23) docked with human peroxisome 

proliferator-activated receptor-gamma [PPAR-gamma (PDB ID: 3DZY)]. (a) The 3D image shows significant 

interactions with donor and accepter H –bonds regions (b) The molecular level interactions of binding-pocket residues 

with the molecules are depicted in the 2D plot. 

 

3.2 Pharmacodynamics of Ligands and Drug 

Molecules: 

The molinspiration bioactivity score (v22.08 beta) and 

Molecular properties have been calculated for ligands 

and drug molecules are presented (in Table 2) for active 

drug-likeness towards parameters like ion channel 

modulators, kinase inhibitors, GPCR ligands, nuclear 

receptor ligands, protease inhibitors, and other enzyme 

inhibitors. On comparison it is seen that bioactivity 

score for each parameter of top posed six compounds 

Indirubin and Indigo showed much better kinase 

inhibition (0.93, 0.76) in comparison to both drug 

molecules (-0.71, -0.61), nuclear receptor score is 

average. But enzyme inhibition score for all compounds 

(except dehydrodeguelin) is much higher than the drug 

molecules. 

 

 

Table 2. Predicted Bioactivity score of ligands and drug molecules: 

S.N

o 

Paramete

r 

Pseudosemigla

brin 

Dehydrodegu

elin 

Apigeni

n 

Tephrosi

n 

Indirubin Indig

o 

Pioglitazo

ne 

Rosiglitazo

ne 

1 GPCR 

ligand 

0.10 -0.19 -0.07 0.08 0.11 0.28 0.25 0.15 

2 Ion 

channel 

modulato

r 

-0.19 -0.58 -0.09 -0.22 0.10 -0.01 -0.51 -0.65 

http://www.jchr.org/
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3 Kinase 

inhibitor 

0.00 -0.20 0.18 -0.22 0.93 0.76 -0.71 -0.61 

4 Nuclear 

receptor 

0.23 0.34 0.34 0.28 0.19 0.24 0.64 0.35 

5 Protease 

inhibitor 

-0.04 -0.39 -0.25 -0.05 -0.20 0.02 -0.09 -0.21 

6 Enzyme 

inhibitor 

0.46 0.01 0.26 0.37 0.21 0.35 0.05 -0.07 

 

3.3 Pharmacokinetics and ADMET Evaluation of 

ligands and drug molecules: 

The pharmacokinetic and drug-likeness data are 

presented in Table 3 and Table 4. According to the 

pharmacokinetic/ADMET properties, ligands and drug 

molecules both showed high human intestinal 

absorption (HIA). Compound 1-3 showed lower (0.0-

0.1), compound 4 (0.1-0.3), compound 5 and compound 

6 (0.3-0.5) slightly higher BBB permeability. Fig. 2a 

depicts their HIA and BBB permeability (white and 

boiled egg portion). The human colon epithelial cancer 

cell line, Caco-2, is used as a model of human intestinal 

absorption of drugs. Caco-2 Permeability of all 

molecules was found to be nearly same as both the drug 

molecules. Drug-likeness prediction was also performed 

for Lipinski Rule, Pfizer Rule, GSK Rule and Golden 

Triangle rule.  All compounds were found to accept 

Lipinski rule of 5 and Golden Triangle rule, but Pfizer 

rule and GSK rules were rejected by some compounds 

(these rules are not of more concerns). Compound 

Apigenin, which accepted all rules as drug molecule 

Pioglitazone. Meanwhile, all compounds have 

physicochemical, molecular, and ADMET properties 

between the upper and lower predicted values (Table 2, 

3, 4 and Fig. 25a, 25b).  QED value (a measure of drug 

likeness based on the concept of desirability) for 

Tephrosin (0.814) was found to be much higher than 

both the drug molecules, while for other molecules is 

greater than 0.5, indicating favorable drug likeness for 

these molecules. AMES toxicity finding (Table 4) 

indicate that compound 1 has slightly toxic (>0.5), 

whereas compound 2-6 are less toxic.  Thus on the basis 

of the above findings it may be concluded that most of 

the bioactive compounds (especially top six posed) from 

I. tinctoria may act as more active inhibitors for PPARϒ 

insulin receptor protein as Pioglitazone and 

Rosiglitazone drug molecules.  

 

Table 3. Predicted Physico-chemical, Druglikeness and Molecular properties of ligands and drug molecules: 

S/N Parameter Comp. 1 Comp. 2 Comp. 3 Comp. 4 Comp. 5 Comp. 6 Drug. 1 Drug. 2 

1 miLogP 4.22 4.42 2.26 3.01 3.11 2.86 3.07 2.35 

2 TPSA 74.98 67.15 90.89 83.47 65.98 65.98 68.30 71.53 

3 natoms 29 29 20 30 20 20 25 25 

4 MW 392.41 392.41 270.24 410.42 262.27 262.27 356.45 357.44 

5 nON (HBA*) 6 6 5 7 4 4 5 6 

6 nOHNH 

(HBD**) 

0 0 3 1 2 2 1 1 

7 Lipinski Ro5 

Pfizer 

GSK  

Golden 

Triangle 

 

Accepted 

Rejected 

Rejected 

Accepted 

Accepted 

Rejected 

Accepted 

Accepted 

 

Accepted 

Accepted 

Accepted 

Accepted  

Accepted 

Accepted 

Rejected 

Accepted 

Accepted 

Rejected 

Accepted 

Accepted 

Accepted 

Rejected 

Accepted 

Accepted 

Accepted 

Rejected 

Accepted 

Accepted 

Accepted 

Accepted 

Accepted 

Accepted 

8 nrotb 3 2 1 2 1 1 7 7 

9 volume   340.92 341.42 224.05 2355.15 223.85 223.85 318.53 314.51 

Note: *HBA: Hydrogen Bond Acceptors (as total number of nitrogen and oxygen atoms),  

**HBD: Hydrogen Bond Donors (as total number of oxygen−hydrogen and nitrogen−hydrogen bonds) 

 

Table 4. In silico Pharmacokinetics, ADMET properties and Drug-likeness of studied Molecules: 

 Absorption Distribution Metabolism Excretion and Toxicity 

S/

N 

Parameter Predicted 

value 

(Comp. 

1-6) 

Parameter 

 

Predicted 

value 

(Comp. 

1-6) 

Param

eter 

Predicted 

value 

(Comp. 

1-6) 

Parameter Predicted 

value 

(Comp. 1-

6) 

http://www.jchr.org/
https://www.molinspiration.com/services/logp.html
https://www.molinspiration.com/services/psa.html
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1 Water Solubility 

(Log S) 

-4.504 

-5.227 

-3.606 

-4.623 

-4.653 

-4.271 

Volume 

distribution 

(VD) 

of a drug in 

blood 

plasmas 

1.580 

0.629 

0.510 

0.945 

0.367 

0.384 

 

CYP2

D6 

inhibit

or 

- 

--- 

++ 

-- 

- 

- 

 

Total drug 

clearance 

log 

(CLtot) 

1.647 

2.561 

7.022(high

) 

3.703 

0.795 

0.625 

2 Lipid Solubility 

(Log P) 

4.185 

3.966 

3.307 

3.939 

3.030 

3.091 

 

CYP3

A4 

inhibit

or 

-- 

+ 

++ 

++ 

+ 

- 

AMES 

toxicity, 

hERG I & 

II 

inhibitor 

+ 

- 

-- 

- 

- 

+ 

3 Caco-2 

Permeability 

-4.725 

-4.869 

-4.847 

-4.819 

-4.947 

-5.093 

Plasma 

protein 

binding 

(PPB) 

89.034% 

89.694% 

97.255% 

93.534% 

98.738% 

99.499% 

CYP1

A2 

inhibit

or 

-- 

- 

+++ 

-- 

+ 

+++ 

  

4 Log Kp skin 

permeability 

-6.32 

cm/s 

-6.14  

-5.80 

-6.69 

-5.96 

-5.96 

BBB 

permeabilit

y 

--- 

--- 

--- 

-- 

- 

- 

CYP2

C19 

inhibit

or 

++ 

+ 

++ 

- 

- 

+ 

  

5 Human intestinal 

absorption (HIA) 

 

High 

High 

High 

High 

High 

High 

The 

fraction 

unbound in 

blood 

plasmas 

(Fu) 

8.085% 

8.183% 

3.668% 

8.257% 

1.161% 

1.161% 

 

CYP2

C9 

inhibit

or 

--- 

+ 

+ 

+ 

+ 

+ 

  

6 QED value (a 

measure of drug 

likeness)  

Attractive>0.67 

0.614 

0.637 

0.632 

0.814 

0.707 

0.707 

      

Note: For the classification endpoints, the prediction probability values are transformed into six symbols: 

 0-0.1(---), 0.1-0.3(--), 0.3-0.5(-), 0.5-0.7(+), 0.7-0.9(++), and 0.9-1.0(+++). 

 

 
 

Fig.25a 
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Fig. 25b 

Fig. 25(a). BOILED-Egg plot of top six posed phytochemical compounds showing blood-brain barrier (BBB) penetration 

and human intestinal absorption (HIA) of ligands and drug molecules. Here PGP- shows the P-glycoprotein substrate 

negative nature while PGP+ shows the P-glycoprotein substrate positive nature. 

25(b) Bioavailability radar of top six posed phytochemical compounds from I. tinctoria, based on physicochemical indices 

ideal for oral bioavailability. The pink zone in the bioavailability radar is the ideal physicochemical space for oral 

bioavailability. LIPO (lipophilicity: −0.7 < XLOGP3 < p 5); SIZE (molecular weight: 150 g/mol < mol wt < 500 g/mol); 

POLAR (polarity: 20 Å2 < TPSA < 140 Å2); INSOLU [insolubility: 0 < Log S (ESOL) < 6]; INSATU (insaturation: 0.25 

< fraction C sp3 < 1); and FLEX (flexibility: 0 < number of rotatable bonds < 9). 

 

Conclusions: 

 The global threat posed by diabetes mellitus and the 

adverse effects associated with current diabetes 

medications, the exploration of phytoconstituents with 

low toxicity emerges as a promising avenue. This study 

delved into the screening of 21 phytochemicals derived 

from the I.tinctoria plant, specifically targeting 

peroxisome proliferator-activated receptors (PPARs), 

notably PPARϒ. These receptors play a pivotal role in 

regulating adipogenesis, insulin sensitization, and 

glucose homeostasis in humans. Molecular docking 

analyses uncovered six phytochemicals—

Pseudosemiglabrin, Dehydrodeguelin, Apigenin, 

Tephrosin, Indirubin, and Indigo—that exhibited 

superior binding affinity with the target protein (PDB Id: 

3DZY) compared to conventional PPARϒ agonists, such 

as Rosiglitazone and Pioglitazone. Notably, 

pharmacophore and ADMET studies provided evidence 

of their drug-like behavior without inducing acute 

toxicity. Additionally, other phytochemicals like 

Quercetin, Kaempferol, and Coumarin, previously 

studied for various medicinal properties, also 

demonstrated significant binding affinities for the 

PPARϒ receptor. In light of these findings, it is plausible 

http://www.jchr.org/
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to anticipate that phytochemicals derived from I. 

tinctoria could emerge as promising candidates for 

developing a more effective and safer antidiabetic drug. 

The next crucial step involves subjecting these 

phytoconstituents to rigorous clinical trials to validate 

their potential therapeutic benefits and pave the way for 

their integration into mainstream diabetes treatment 

protocols. The future holds promise for harnessing the 

potency of these natural compounds in addressing the 

global health challenge posed by diabetes mellitus. 
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