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Abstract: Traditional medicines have to turn out to be the most desired approach to lessen the damaging 

effects of type-2 diabetes and its stern problems as a result of minor effects and reduced cost. Lately, 

the anti-diabetic activity of Puerarin has been documented, but the mechanism of actions has not been 

elucidated. This study designed to assess the molecular relations obtainable between Puerarin, a 

compound isolated from Pueraria lobata and targeted receptors linked to Type 2 diabetes mellitus. 

These processes include the molecular modeling of Puerarin to 5 receptors: peroxisome proliferator-

activated receptor - gamma (PPARγ), 11-β hydroxysteroid dehydrogenase type 1 (11-β HSD1), 

glutamine: fructose-6-phosphate amidotransferase (GFAT), protein-tyrosine phosphatase 1B (PTP1B) 

and mono-ADP-ribosyltransferase sirtuin-6 (SIRT6). Following the outcomes of docking of Puerarin 

with the five different receptor proteins, revealed that Puerarin is a potent inhibitor which binds well 

with the different receptors relevant to type-2 diabetes. The pharmacophore features also revealed 

hydrophobic interactions, hydrogen bond acceptors, and hydrogen bond donors. Hence, the results 

provided insights into the development of better Puerarin as a replacement to present diabetic 

management.  
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1. Introduction 

Diabetes mellitus (DM) is a metabolic condition designated by increase blood glucose 

concentrations occurring from a deficiency in the production of insulin, insulin action, or both 

[1]. Chronic damage in diabetes mellitus is related to increased oxidative or inflammatory 

activities of cytokines, coupled with continuous tissue assault resulting in austere 

complications [2].  

Numerous efforts to discover the efficient cure for type 2 diabetes mellitus (T2DM) 

have been on the rise. Over the years, experts have strived not to employ only an oral anti-

diabetic drug approach but also non-pharmacological methods. Although metformin and 

thiazolidinedione both have a good effect on insulin resistance, they cannot be extensively 

utilized as a result of their detrimental effects [3, 4]. 

Puerarin (PR), a bioactive component obtained from Pueraria lobata (Willd.), has been 

demonstrated to perform a harmonious healing effect in hepatocerebral and cardiovascular 

diseases [5]. Earlier findings specify that puerarin treatment adds to the diminishing of neuronal 
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degeneration in 6-OHDA-lesioned rats [6], the intervention of hepatoprotective effect against 

CCl4-induced hepatic fibrosis rats [7], and improvement of metabolic performance in chronic 

alcohol-induced liver damage rats [8], respectively. Puerarin has also been reported to many 

pharmacological activities like diabetic nephropathy [9], hypoglycemic effects [10], improve 

insulin resistance [11], anti-inflammatory [12], diabetic neuropathy [13]. The binding of 

Puerarin to human serum albumin was also reported by [14]. 

In light of these, there is no study signifying the affinity of Puerarin for T2DM. The 

receptor sites for T2DM documented by various experts till date are peroxisome proliferator-

activated receptor - gamma (PPARγ), 11-β hydroxysteroid dehydrogenase type 1 (11-β HSD1), 

glutamine: fructose-6-phosphate amidotransferase (GFAT), protein-tyrosine phosphatase 1B 

(PTP1B) and mono-ADP-ribosyltransferase sirtuin-6 (SIRT6) and so forth [15]. 

Peroxisome proliferator-activated receptor - gamma (PPARγ) functions in insulin 

sensitization procedure and is a major therapeutic site of type-2 diabetic Mellitus. A known 

oral anti-diabetic drug, thiazolidinediones act by binding to the site of PPARγ, thus triggering 

the activation of insulin via glucose transporter 4 receptor (GLUT4) and synthesis of glycogen 

which results in upsurge insulin sensitivity and signaling [16]. 11β-HSD1 (11β-hydroxysteroid 

dehydrogenase type I) is an NADPH dependent enzyme significantly shown in key tissues 

comprising liver, skeletal, and adipose tissue. HSD11B1 decreases cortisone to the active 

hormone cortisol that triggers glucocorticoid receptors. Inhibition is an alluring site for the 

management of glucocorticoid-related disorders, specifically diabetes mellitus [17, 18]. 

Glutamine-fructose-6-phosphate amidotransferase (GFAT) is the primary and rate-committing 

enzyme of the hexosamine pathway. It regulates the influx of glucose and catalyzes the 

production of glucosamine 6-phosphate. The majority of glucose will access the Embden-

Meyerhof pathway, with a little fraction moving into the hexosamine pathway. It controls the 

hexosamine pathway end products. Thus, GFAT is implicated as a healing target against T2DM 

[19]. Protein Tyrosine Phosphatase 1-Beta (PTP-1𝛽) is found in major tissues that control the 

metabolism of glucose, for example, skeletal, liver, and adipose tissues. It negatively regulates 

insulin receptor tyrosine kinase. In recent years, researchers have drawn attention to PTP1B 

simply because of the role it played in attenuating insulin signaling and as a possible therapeutic 

site of type-2 diabetes. Sirtuin-6 or Mono-ADP ribosyltransferase-sirtuin-6 (SIRT6) is a stress-

responsive protein deacetylase and mono-ADP ribosyltransferase enzyme programmed by the 

SIRT6 gene. SIRT6 roles in manifold pathways linked to aging, comprising DNA repair 

mechanism, telomere care, Embden-Meyerhof pathway, and inflammation. Favorably, the 

nonappearance of enzyme SIRT6 may result in markedly induction of blood sugar levels [20]. 

Hence, the objective of this study is to validate the anti-diabetic activity of Puerarin as a ligand 

for five targeted receptor proteins to measure its safety as a drug. 

2. Materials and Methods 

 2.1. Receptor proteins. 

The three-dimensional structures (3D) of PPARγ (PDB ID: 3VJI), 11-β hydroxysteroid 

dehydrogenase 1 (PDB ID: 3H6K), glutamine fructose 6-phosphate amidotransferase (PDB 

ID: 6SVO), protein-tyrosine phosphatase 1β (PDB ID: 1ECV) and SIRT6 (PDB ID: 6QCE) 

were gotten from protein data bank repository (www.rcsb.org). 
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2.2. Docking simulations. 

To simulate binding affinity between the receptor proteins and Puerarin, the docking 

tool, AutoDock Vina (version 1.1.2) was used [21]. Puerarin structure was drawn using the 

ChemAxon suite (https://www.chemaxon.com). The structure was optimized for docking using 

Open Babel (http://openbabel. org). The grid settings and coordinates are listed in the table 

below (Table 1). Puerarin was docked into the active sites of the target proteins using Autodock 

Vina. The procedure was carried out by considering the flexibility of the ligand such that all 

rotational bonds were set free, and the estimated binding energies for the best pose were 

recorded [22]. Pymol was used to analyze the ligand pose within the protein molecules, while 

Maestro was used to identifying the amino acid residues interacting with Puerarin. 

 

Table 1. Protein target grid coordinates. 

Protein target Grid box setting Coordinates 

3VJI 0.375 (60 x 60 x 60) X= -16.48, Y=21.01, Z= -11.88 

3H6K 0.375 (60 x 60 x 60) X=7.6, Y= -2.91, Z=19.15 

6SVO 0.375 (60 x 60 x 60) X= -3.21, Y=50.14, Z= -45.43 

1ECV 0.375 (60 x 60 x 60) X=9.82, Y=45.72, Z=19.65 

6QCE 0.375 (60 x 60 x 60) X= -24.87, Y=26.31, Z=18.01 

2.3. E-pharmacophore model generation. 

The ligand docked poses of all the fragments and their contributions in ligand binding 

were taken into account in this approach of model generation. The hypothesis was built by 

mapping energetic terms of Glide XP on pharmacophoric features. The structural and energy 

information present in between the protein and ligand molecule was used to compute these 

energetic terms. Consequently, a four featured model was generated, which consists of two 

hydrogen bond acceptors and two aromatic rings (AARRR). 

3. Results and Discussion 

3.1. 3D structure of the ligand and target proteins. 

The 3D structure of the Puerarin was modeled and used as a target for docking 

simulation against 5 target proteins (Figure 1).  

 
Figure 1. 3D structure of the investigated compound (Puerarin). 
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The target proteins (peroxisome proliferator-activated receptor - gamma (PPARγ), 11-

β hydroxysteroid dehydrogenase type 1 (11-β HSD1), glutamine: fructose-6-phosphate 

amidotransferase (GFAT), protein-tyrosine phosphatase 1B (PTP1B) and mono-ADP-

ribosyltransferase sirtuin-6 (SIRT6)) (Figure 2) were downloaded from PubMed Chen and 

prepared for the docking using Maestro Molecular Modeling platform. Peroxisome 

proliferator-activated receptor - gamma (PPARγ) functions in insulin sensitization procedure 

and is a major therapeutic site of type-2 diabetes mellitus. A known oral anti-diabetic drug, 

thiazolidinediones act by binding to the site of PPARγ, thus triggering the activation of insulin 

via glucose transporter 4 receptor (GLUT4) and synthesis of glycogen which results in upsurge 

insulin sensitivity and signaling [16]. The molecular interaction of Puerarin with receptor 

PPARγ reveals amino acid residues MET364, CYS285, ILE326, ALA292, LEU333, LEU330, 

and ILE341 that formed strong hydrophobic interactions and SER289 and SER342 forming 

polar contact with the compound. Similar amino acid interactions were seen in the potential 

(4Z, 12Z)-cyclopentadeca-4, 12-dienone from Grewia hirsute for treating type 2 diabetes [23]. 

Glucocorticoids are the powerful operating antagonist of action of insulin, thus, 

stimulate gluconeogenesis, possibly resulting in increased blood glucose levels. The entry of 

glucocorticoids to its receptors is controlled by 11β-HSD1 [24]. The molecular studies of 

Puerarin with 11β-HSD1 reveals the binding energy -9.0 kcal/mol with co-crystallized ligand 

(33T) to be -10.6 kcal/mol. These interactions obviously indicate that Puerarin fits very into 

the binding socket of 11β-HSD1. The amino acid residues involved in the interaction with 

Puerarin include ILE121, ILE46, LEU126, VAL180, TYR180, ALA223, LEU217, ALA226, 

and VAL227. This statement is backed by an earlier report of [24]. 

Glutamine: fructose-6-phosphate amidotransferase (GFAT) catalyzes the first and rate-

committing step in the generation of hexosamine end products. This enzyme is the main 

regulator in this pathway and thus performs a significant function in diabetic patients [25]. In 

this study, molecular docking of Puerarin with GFAT revealed binding interaction of Puerarin 

and formed hydrogen bonds with SER 337 and TYR32, while the interaction of the co-

crystalized ligand with GFAT formed hydrogen bonds with THR376, VAL472, GLU561, 

SER421, GLN422 and SER423 which are the key interaction with GFAT. Comparable 

interactions were witnessed in (4Z, 12Z)-cyclopentadeca-4, 12-dienone interaction with GFAT 

[23]. 

Protein Tyrosine Phosphatase 1-Beta (PTP-1𝛽) is found in major tissues that control 

the metabolism of glucose, for example, skeletal, liver, and adipose tissues. It negatively 

regulates insulin receptor tyrosine kinase. In recent years, researchers have drawn attention to 

PTP1B simply because of the role it played in attenuating insulin signaling and, as of recently, 

recognized as a possible therapeutic site of type-2 diabetes. Numerous studies have reported 

the implication of PTP1B in metabolism and negative regulation of the insulin signaling 

pathway [26]. The molecular docking studies revealed the interaction between Puerarin and 

PTP1B formed hydrogen bonds with SER216 and GLN262. 

Mono-ADP-ribosyltransferase sirtuin-6 (SIRT6) performs a significant role in the 

production of glucose and its metabolism. It controls pancreatic β-cell function, a vital organ 

for maintaining glucose concentration [27]. It also promotes glucose-activated insulin secretion 

and ATP production in pancreatic β-cells [28]. The molecular docking studies revealed the 

interaction between Puerarin and SIRT6 formed hydrogen bonds with SER206 and THR205, 

though, the side chains of LEU186, ARG65 and ASN114 formed a hydrogen bond with the 

OH group of the co-crystallized ligands. 
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Figure 2. The three dimensional (3D) structure of A) PPAR gamma; B) 11-β hydroxysteroid dehydrogenase 

type 1 (11-β HSD1); C) glutamine: fructose-6-phosphate amidotransferase; D) protein-tyrosine phosphatase 1B 

(PTP1B); E) mono-ADP-ribosyltransferase sirtuin-6. 

3.2. The binding energy of Puerarin to targeted receptors.  

The molecular docking scores and binding affinity of Puerarin and co-crystallized 

ligand to target proteins produced negative values for free energy ranging from -5.2 to -10.6 

Kcal/mol in the grid box, indicating high interaction with the binding pocket (Table 2).  

Table 2. Binding affinity of Puerarin with selected targets. 

S/N Target proteins Ligands Binding energy (Kcal/mol) 

1 PPAR gamma Puerarin -7.2 

  Co-crystalized ligand (J53) -10.0 

2 11-BHDH1 Puerarin -9.0 

  Co-crystalized ligand (33T) -10.6 

5 GFAT Puerarin -7.8 

  Co-crystalized ligand (HW2) -6.0 

3 PTP1B Puerarin -6.4 

  Co-crystalized ligand (878) -5.2 

4 SIRT6 Puerarin -8.6 

  Co-crystalized ligand (HW2) -8.3 

Furthermore, the high binding affinity of the ligand to the receptors was displayed 

clearly by interaction analysis (Figures 3 and 4). Puerarin docking studies revealed the 

interaction with PPARγ residues (SER289, SER342, and ILE341). The backbones of ILE341 

and side chains of SER289 and SER342 formed hydrogen bonds with the ligand hydroxyl 

groups (Figure 3). In addition, the interaction of the ligand with 11-β HSD1 residues shows 

(ASN119, THR220, THR124, and SER125). The side chain of ASN119 formed a hydrogen 

bond with the ligands OH groups (Figure 3). Also, the interaction of Puerarin with GFAT 

residues revealed (SER377, THR376, GLN422, SER423, SER474, TYR32).  
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Figure 3. Molecular interactions of Puerarin with the active site residues of four selected target receptor 

proteins. 

 

Figure 4. Molecular interaction of the co-crystalized ligand with amino acid residues within the binding pocket 

of four targeted receptor proteins. 
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The side chains of SER377 and TYR37 formed hydrogen bonds with the OH groups of 

the ligand, though, VAL472, THR376, GLU561, SER421, GLN422, and SER423 formed 

hydrogen bonds with the OH group of the co-crystallized ligand (Figure 4). Furthermore, the 

interaction of the ligand with PTP1B residues shows (SER216, GLN262, and TYR46). The 

side chains of SER216 and GLN262 formed hydrogen bonds with the OH groups of the ligand. 

And the interaction of the ligand with SIRT6 residues shows (SER206, THR205) (Figure 3). 

Although the side chains of LEU186, ARG65, and ASN114 formed a hydrogen bond with the 

OH group of the co-crystallized ligands (Figure 4). 

3.3. E-pharmacophore modeling. 

As revealed by the ligand-protein complex, an energy-optimized pharmacophore 

model, AARRR was obtained. The generated e-pharmacophore model comprises three 

aromatic rings (R) and two hydrogen bond acceptors (A) (Figure 5). Pharmacophore analysis 

is a description step for docking studies that is whether the low or high binding score of ligand 

to proteins. It can be described as a group of steric and computerized attributes essential for 

maximal supramolecular relation with a precise site to activate its response [29]. It has 

developed as the main device in computational drug due to its potential to visualize enormous 

archives for powerful hits in a short time. Energy optimized pharmacophore (e-

pharmacophore) simulations attempt to merge the stereo-electronic characteristics of the ligand 

with the dynamics of its interactions with the protein structure [30]. In the present study, an e-

pharmacophore hypothesis AARRR was obtained. The generated e-pharmacophore 

simulations contain three aromatic rings (R) and two hydrogen bond acceptors (A). Puerarin 

reveals a fitness score of 1.440. The hypothesis AARRR was used as a 3D search inquiry to 

identify drugs with comparable pharmacophore features. 

 
Figure 5. Screening hypothesis is generated by a structure-based e-pharmacophore model consisting of two 

hydrogen bond acceptor (A) and three aromatic rings (R). 

The compound puerarin possesses a fitness score of 1.440 (Table 3). Table 4 displays 

the feature score of the pharmacophore sites. 

Table 3. Fitness and alignment score of the investigated compound. 

 S/N Entry name Vector score Alignment score Fitness score 

1 Puerarin 0.727 0.816 1.440 
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Table 4.  Feature score of the pharmacophore sites. 

Protein target No. of possible site No. of accepted site Hypotheses Pharmacophore features with score 

6W63 6 5 AARRR A3: -0.48,  A4: -0.64, R9: -0.48 , R10: -

9.95, R11 -0.53: 

A, H-bond acceptor; R, aromatic ring 

4. Conclusions 

Puerarin docking studies with five targeted receptors revealed that it is a promising drug 

candidate that binds well with the receptors relevant to type-2 diabetes. Thus, if it can be 

examined for developing into an anti-diabetic drug. 
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