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Article History: Abstract: Globally, 2.8% of people suffer with diabetes mellitus 

(DM), a dangerous metabolic condition that is expected to increase to 

4.4% by 2030. Biguanides, thiazolidinediones, α-glucosidase 

inhibitors, sulfonylureas, and non-sulfonylureas secretagogues are 

among the medications available that enhance insulin sensitivity, 

secretion, supplementing insulin, and increasing glucose absorption. 

Numerous adverse effects, including as hypothyroidism, weight gain, 

tachycardia, and hepatic failure, have been linked to the medications 

now in use. Diabetes mellitus is one of the many conditions that 

medicinal plants have been tried to cure. Herbal remedies are less 

harmful, more accessible, less expensive, and safer than synthetic 

ones. One important dicotyledon medicinal plant is Euphorbia. 

Numerous ailments, such as skin problems, asthma, rhinitis, viral 

infections, and spasms, are treated using its phytoconstituents, which 

include flavanoids, terpenoids, and tannins. Even though this plant 

has been demonstrated to have hypoglycemic effects in vivo, more 

research is necessary to determine the precise mechanism of action of 

its phytoconstituents. The 3D structures of two proteins involved in 

type-2 diabetes namely protein-tyrosine phosphatase 1B and α- 

Glucosidase were docked using 25 known phytoconstituents of this 

plant.The research's conclusion is based on docking energies and the 

presence of important amino acid interactions that provide 

information about possible phytoconstituent processes. 
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INTRODUCTION 

Tissue resistance to insulin and inappropriate insulin 

secretion are the main causes of type 2 diabetes 

mellitus (T2DM), a common metabolic illness. 

Diabetes is currently acknowledged as the eighth 

most common cause of death and disability, making 

it a major worldwide health concern. In 2022, 830 

million individuals had diabetes, a significant rise 

from the 200 million cases reported in 1990. In 2021, 

the global prevalence of diabetes was 6.1%, up 90.5% 

from 3.2% in 1990. By 2050, it is expected to 

increase to 9.8%, impacting 13.1 billion people [4-6]. 

The incidence of diabetes was higher in males than 

in women globally in 2021, with a male-to-female 

ratio of 1.14, however regional variation was noted. 

[7] Although both pharmaceutical and non-

pharmacological approaches to treating diabetes 

have been investigated, no medication has been 

shown to be completely safe.[8–10] Regular exercise 

is frequently advised as a non-pharmacological 

strategy to increase insulin sensitivity.[11–12] 

Sulfonylureas, which increase the release of insulin 

from pancreatic islets, biguanides, which slow the 

production of glucose in the liver, peroxisome 

proliferator-activated receptor-γ (PPARγ) agonists, 

which enhance the action of insulin, and α-

glucosidase inhibitors, which delay intestinal 

absorption of glucose, are the main classes of 

medications used in pharmacological approaches to 

treat diabetes. [13–15] Weight gain, severe 

hypoglycemia, metabolic side effects, and other 

issues with target selectivity, permeability, and 

solubility are among the issues associated with these 

drug categories.[16–17] They can, however, be taken 

either by themselves or in conjunction with other 

hypoglycemic drugs. Conventional treatments may 

cause dependence, side effects, and long-term harm. 

[18–20] Examining alternate treatments, such natural 

medicines, could help reduce these risks. 

Antioxidants are crucial for scavenging harmful free 

radicals and reducing oxidative stress. [21] Many 

research have connected oxidative stress to diabetes-

related issues. [22–23] Elevated blood sugar levels 

increase the production of reactive oxygen and 
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nitrogen species while decreasing the activity of 

antioxidant enzymes. This imbalance damages vital 

biomolecules such as proteins, lipids, and DNA, 

disrupting cellular homeostasis and ultimately 

generating toxic byproducts that hasten the 

progression of illness. [24, 25] When the body's 

antioxidant system is unable to counteract this, stress 

pathways are set off, leading to cellular damage and 

the progression of diabetes. Research shows that 

antioxidant therapy protects β cells, keeps them 

functioning, and reduces issues. Natural antioxidants 

are being used increasingly often due to their 

therapeutic benefits, safety, affordability, and 

accessibility. [26] Natural antioxidants can help 

prevent or lessen type 2 diabetes by reducing 

oxidative stress, stopping lipid peroxidation, and 

increasing the activity of antioxidant enzymes. When 

assessing natural antioxidant products, it is 

important to take into account the intricate 

physiological processes that control Type 2 diabetes 

oxidative stress, such as glycemic control, 

postprandial oxidative stress [27], the polyol 

pathway, high-calorie, high-fat meals, exercise, and 

sleep. Increasing the use of natural antioxidant 

products and reducing the processes that lead to 

long-term detrimental oxidative stress may help 

prevent or slow the onset of Type 2 diabetes. [28, 29] 

Euphorbia prostrata, also known as "Hazar dani" 

[30–31], is a tiny annual herb that grows across 

India, particularly in the foothills of the Himalayas. 

It belongs to the Euphorbiaceae family. The plant 

has been widely used to treat a variety of conditions, 

including asthma [32], hemorrhoids [33], diabetes 

mellitus [34], dysentery [32], hyperlipidemia [35], 

wound healing [36], anti-inflammatory [37], 

analgesic [38], anthelmintic [39], and diabetic 

nephropathy [40].It has also long been used to cure a 

variety of skin conditions and snake bites. [41] 

Euphorbia prostrata is crucial for research on 

diabetes in particular since its phytoconstituents have 

shown both antioxidant and antidiabetic properties. 

[42–43] Based on these results, this work employs 

docking methods to assess the antioxidant 

compounds' anti-hyperglycemic potential in the 

hydroalcoholic extracts of Euphorbia prostrata by 

measuring how well they bind to three specific 

proteins (α-glucosidase, and PTP-1B). Co-crystals of 

approved antidiabetic medications have been 

confirmed to be among these targets. Phytochemical 

screening of Euphorbia prostrata has revealed the 

presence of glycosides, phytosterols, flavonoids, 

polyphenols, tannins, alkaloids, terpenoids, 

saponins, anthraquinones, and other chemicals. [44] 

Through physicochemical and spectroscopic 

analysis, ten primary chemicals have been identified: 

gallic acid, corilagin, 1,2,3-Tri-O-Galloyl-D-Glucose, 

geraniin, tellimagrandin I and II, and rugosin A, D, 

E, and G. [45, 46] The dried leaf extracts of 

Euphorbia prostrata contain prostratins A, B, and C, 

euphorbin G and H, and additional hydrolyzable 

ellagitannins. oxidative stress associated with Type 2 

diabetes. [48] Diets high in phytosterols have been 

shown in numerous trials to improve insulin 

sensitivity and increase fat and carbohydrate 

metabolism. [49] 

 

The two targeted proteins in this work, α-

Glucosidase (6C9X) [50] and PTP1B (4I8N) [51], 

were previously investigated as possible therapeutic 

targets for Type 2 diabetes mellitus. 

By momentarily inhibiting the several alpha-

glucosidase enzymes, including maltase, alpha-

glucosidase inhibitors (AGIs) decrease the intestinal 

absorption of carbohydrates. AGIs may be a suitable 

first-line treatment for Type 2 diabetes since they 

directly addressed postprandial hyperglycemia, 

which is thought to be a potential independent risk 

factor for cardiovascular problems. Alpha-

glucosidase inhibitors (AGIs) are regarded as safe 

because they do not result in hypoglycemia, weight 

gain, or other serious side effects. [52]. Leukocyte 

antigen-related tyrosine phosphatase and protein 

tyrosine phosphatase 1B (PTP1B) both play 

important roles in controlling the transmission of 

insulin signals.  

 

Tyrosine phosphorylation is necessary for insulin 

signaling in the insulin receptor activation loop,  and 

PTP1B inhibits this process by dephosphorylating 

phosphotyrosine residues, which causes  insulin 

signaling to be negatively regulated. [53–56]. PTP1B 

has also been linked in recent research to obesity, 

insulin sensitivity, and Type 2 diabetes mellitus 

(T2DM) [57–69]. Furthermore, PTP1B functions as 

a negative regulator of leptin signaling, which is 

crucial for maintaining metabolic homeostasis. 

Despite having plenty of energy reserves, obesity 

causes decreased leptin sensitivity, which impairs 

satiety. There is evidence that PTP1B affects the 

proliferation of pancreatic β-cells, as seen by the 

increased development of β-cells and higher glucose-

induced insulin production in PTP1B knockout 

animals. These findings demonstrate how crucial 

PTP1B is to diabetes, which has sparked interest in 

PTP1B inhibitor research. The literature contains 

comprehensive reviews of reported PTP1B inhibitors 

[60,61]. 

 

In the realm of drug development, computer-aided 

drug design, or CADD, is a useful tool. One method 

that aids in identifying interactions crucial for ligand 

binding with amino acid residues is structure-based 

drug design (SBDD) [62–66].  These interactions 

could be useful in figuring out the underlying 

molecular processes that cause binding. SBDD 

mostly uses docking experiments in which the ligand 

and protein structures are known. Docking scores, 

the positions of the ligands in the binding pocket, 

and some of the new approaches that take into 

account the quantity of interactions between the 
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ligands and amino acids in the binding pocket are 

used to evaluate the docking data [67,68]. The 

objective of this study was to investigate a wide 

variety of bioactive substances (phytoconstituents) 

from all four families of Euphorbia prostrata, 

including flavonoids, tannins, phenolic acids, and 

sterols, and to examine how these substances 

interacted with target proteins in order to potentially 

clarify the underlying molecular mechanisms 

necessary for enzyme inhibition. 

 

Materials and methods  

2.1 Dataset 

For the docking investigations, 25 bioactive 

phytoconstituents were selected from the literature 

(Table 1). Flavonoids (Apigenin, Apigenin 7-

Glucoside, Kaempferol, Luteolin, 6-Methoxy 

Quercetin Glycoside, Quercetin, Quercetin 3-

Rhamnoside, Rhamnetin 3-Galactoside), phenolic 

acids (Ellagic Acid, Gallic Acid), tannins (Corilagin, 

Euphorbin G, Euphorbin H, Rugosin A, Rugosin D, 

Rugosin E, Tellimagradin I, Tellimagradin II), and 

terpene alcohols (1,2,3-Tri-O-Glucose). 

 

2.2 Preparation of ligands 

ChemDraw was used to draw the ligands or 

compounds from the dataset. The identical two-

dimensional structures were imported into Chem3D, 

which transforms them into three dimensions. The 

structures were minimized using the default 

parameters as part of additional preparation. After 

being stored in the mol format, the structures were 

imported into the Autodock 4.2 program to identify 

torsions. Finally, the structures were saved in the 

pdbqt format for more docking research. 

 

2.3 Preparation of protein 

Two target proteins with pdb ids of 6C9X and 4I8N 

were obtained from the protein data bank for the 

docking investigations. With a resolution of 1.46 Å, 

the 6C9X protein, a member of the hydrolase class, 

represents the crystal structure of alpha-glucosidase 

in contact with voglibose. The crystal structure of 

Protein Tyrosine Phosphatase 1B in association with 

an inhibitor [4-{(2S)] is the 4I8N protein, which is a 

member of the hydrolase class.-2-(1,3-Benzoxazol-2-

yl)-2-[(4-

fluorophenyl)sulfamoyl]ethyl}phenyl)amino](oxo)ac

etic acid with a 2.50 Å resolution. 

 

The downloaded target proteins were put into 

Autodock 4.2 for minimization. The polar hydrogens 

were provided after the unnecessary water molecules 

were removed, as seen by the co-crystallized ligands 

in each protein. The missing residues were 

introduced at the same time as the Kollmann 

charges. The generated proteins were saved in the 

pdbqt format for further docking studies. 

 

2.4 Preparation of the grid box 

The precise region of the protein structure where the 

ligands bind is known as the docking grid box. The 

co-crystallized ligand is mostly responsible for 

identifying this. The grid box was defined using the 

XYZ coordinates of the co-crystallized ligands of the 

downloaded targets. The proteins 6C9X and 4I8N 

had coordinates of (8.190, -6.470, -10.450) and (-

11.539, 39.85, 35.54), respectively.

 
2.4 Docking studies 

Autodock Vina was used to dock the ligands. With the help of this software, configuration files are created that mainly 

contain the protein and ligands in pdbqt formats as well as the XYZ coordinates of the grid box. 

Table-1: Structure of phytoconstituents of Euphorbia prostrata 

S.NO

. 

COMPONDS STRUCTURE REFERENCE 

1.  Apigenin 

 

[69,70] 

2.  Apigenin 7-Glucoside 

 

[47] 

3.  Kaempferol 

 

[47] 
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4.  Luteolin 

 

[69,70] 

5. , 6-Methoxy Quercetin 

Glycoside 

 

 

[47] 

6.  Quercetin 

 

[69,70] 

7.  Quercetin 3-Rhamnoside 

 

[47] 

8.  Rhamnetin 3-Galactoside 

 

[47] 

9.  Beta-AmyrinAcetate 

 

[47] 

10.  Campesterol 

 

[69] 

11.  Stigmasterol 

 

[69] 
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12.  Beta-Sitosterol 

 

[69] 

13.  Ellagic Acid 

 

[69] 

14.  Gallic Acid 

 

[69-71] 

15.  Corilagin 

 

[69] 

16.  Euphorbin G 

 

 

[47] 

17.  Euphorbin H 

 

 

[47] 

18.  Geraniin 

 

[69] 

19.  Rugosin A 

 

 

[69] 
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20.  Rugosin D 

 

 

[69] 

21.  Rugosin E 

 

 

[69] 

22.  Tellimagradin I 

 

 

[69] 

23.  Tellimagradin II 

 

 

[69] 

24.  1,2,3-Tri-O-Galloyl--D-

Glucose 

 

[69] 

25.  Βeta -Terpineol 

 

[47] 

 

RESULT AND DISCUSSION 

Table 2 provides a description of each of the 25 phytoconstituents' docking scores. The binding energies for the pdb 

id 6C9X (α-Glucosidase) and 4I8N (PTP1B) vary from -4.3 to -9.5 and -4.8 to -9.9 kcal/mol, respectively, 

according to the docking score analysis of the phytoconstituents for each target protein. It's interesting to note that 

the beta-terpineol binding energies for each of the target proteins under study were the lowest of all the 

phytoconstituents: -4.3 for α-glucosidase and -4.8 for PTP1B. This finding suggests that Ψeta-terpineol plays a very 

small part in inhibiting any of the two targets. Quercetin had the highest binding energy (-9.5 kcal/mol) for α-

glucosidase among the phytoconstituents, while gallic acid had the highest binding energy (-9.9 kcal/mol) for 

PTP1B. It was noteworthy that every phytoconstituent with the highest binding energies belonged to the family of 

flavanoids and tannins. 
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Table 2: Binding energy (kcal/mol) of bio-molecules in Euphorbia prostrata to 6C9X, and 4I8N. 

Category Phytoconstituents Binding Energy (kcal/mol) 

Alpha 

Glucosidase 

Inhibitors 

(6C9X) 

Protein Tyrosine Phosphatase 

(4I8N) 

Flavanoids Apigenin -7.8 -8.0 

Apigenin 7-Glucoside -9.3 -8.5 

Kaempferol -7.2 -7.7 

Luteolin -8.1 -8.0 

6-Methoxy Quercetin 

Glycoside 

 

-7.8 -7.8 

Quercetin -9.5 -9.8 

Quercetin 3-

Rhamnoside 

-6.9 -7.7 

Rhamnetin 3-

Galactoside 

-7.3 -6.6 

Sterols Beta-Amyrin Acetate -8.7 -7.6 

Campesterol -7.8 -6.3 

Stigmasterol -7.7 -8.6 

Beta-Sitosterol -8.7 -6.3 

Tannins Ellagic Acid -7.0 -7.2 

Gallic Acid -9.4 -9.9 

Corilagin -9.4 -8.6 

Euphorbin G 

 

-6.9 -7.8 

Euphorbin H 

 

-9.0 -9.8 

Geraniin -8.3 -8.2 

Rugosin A 

 

-8.4 -8.2 

Rugosin D 

 

-7.7 -7.5 

Rugosin E 

 

-8.1 -8.2 

Tellimagradin I 

 

-8.8 -9.4 

Tellimagradin II 

 

-9.5 -8.3 

Terpene 

Alcohol 

Βeta -Terpineol -4.3 -4.8 

1,2,3-Tri-O-Galloyl--

D-Glucose 

-8.5 -8.1 

The docking studies include interactions between the ligands (phytoconstituents in this case) and the target protein 

in addition to the docking energy or binding energy. Important amino acid residues that are necessary for 

interacting with the various ligand atoms are revealed by these interactions. Furthermore, it discloses the kinds of 

interactions necessary for the target and ligand to bind. 

 

3.1 The binding interactions of each protein target 

has been classified in two categories. 

3.1.1 Interaction analysis of α-glucosidase 

In addition to some water molecules, the co-

crystallized ligand of the α-glucosidase protein 6C9X 

exhibits binding with ASP420, ARG404, ASP73, 

TRP169, ASP197, HIS78, and TYR62 residues. 

Apigenin, Luteolin, Quercetin 3-Rhamnoside, 

Ellagic Acid, Corilagin, Geraniin, Gallic acid, and 

Rugosin A were among the significant residues that 

included ASP420. Apigenin 7-Glucoside, Quercetin 

3-Rhamnoside, Beta-Sitosterol, Gallic Acid, 

Geraniin, Rugosin A, and Tellimagradin II were all 

confirmed to have TRP169. Corilagin, Euphorbin H, 

Euphorbin G, Rugosin D, Rugosin E, Quercetin, and 

Gallic Acid were shown to contain ARG404. Along 
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with these crucial amino acid residues, According to 

our research, LYS422, PRO75, and VAL351 were 

present in 10, 9, and 9 phytoconstituents, 

respectively, and were likewise crucial for 

demonstrating binding affinity. The two 

phytoconstituents with all three residues—LYS422, 

PRO75, and VAL351—were beta-amrin acetate and 

campesterol. Common Beta-Amyrin Acetate, 

Campesterol, Ellagic Acid, and Beta-Terpineol were 

the residues LYS422 and PRO75. Rhamnetin3-

Galctoside, beta-amyrin acetate, and beta-sitosterol 

were frequently reported to include the residues 

PRO75 and VAL351. Similarly, LYS422 and 

VAL351 were detected in Rugosin E, Kaempferol, 

Beta-Amyrin Acetate, and Campesterol. 

Furthermore, HIS478, TRP271, ALA480, and 

ASP307, which are present in 6, 7, 8, and 8 

phytoconstituents, respectively, were the other 

notable interacting residues discovered in docking 

experiments. 

 

3.1.2 Interaction analysis of PTP-1B 

Protein Tyrosine Phosphatase (PTP-1B) and 

pdbid:4I8N co-crystalsshown contact with several 

significant water molecules as well as ARG221, 

SER216, ALA217, PHE182, TYR46, GLY220, 

MET258, and GLN262. Luteolin, Quercetin 3-

Rhamnoside, Quercetin, Stigmasterol, Beta-

Sitosterol, Tellimagradin I, Gallic acid, and Beta-

Terpineol all frequently contained the residues 

ALA217 and TYR46. Interestingly, ALA217 and 

TYR46 amino acid interactions were detected in 19 

and 12 phytoconstituents, respectively. Furthermore, 

our docking studies revealed that the amino acids 

found in the co-crystallized ligand, such as SER216 

and PHE182, were also present in the 

phytoconstituents. Specifically, 6-Methoxy Quercetin 

Glycoside, Campesterol, Stigmasterol, Beta-

Sitosterol, Ellagic Acid, and Euphorbin G interacted 

with PHE182, while Apigenin, Apigenin 7-

Glucoside, 1,2,3-Tri—O-Galloyl-D-Glucose, and 

Beta-Amyrin Acetate interacted with SER216 

residue. Furthermore, our docking investigations 

revealed 11 interactions for ASP181 and 8 

interactions for ASP48.The phytoconstituents from 

the tannin and flavonoid families demonstrated the 

highest binding energies, according to a summary of 

the docking results in both protein targets. For every 

protein target, a thorough examination of the 

interactions present in the phytoconstituents has 

already been covered. Good binding energies ranging 

from -8.7 to -10.3 were also displayed by the 

phytoconstituents of the flavonoid family. Similar 

interactions were seen between the phytoconstituents 

of the tannins family and significant residues such 

ARG404 (Corilagin, Euphorbin G, Euphorbin H, 

Rugosin D, Rugosin E), TRP169 (Gernaiin, Rugosin 

E, and Tellimagradin II), and ASP420 (Corilagin, 

Gernaiin, and Rugosin A). There was no discernible 

interaction between the phytoconstituents of the 

flavonoid family and significant amino acid residues. 

All of the phytoconstituents of the tannin family had 

the interaction residue ALA217, according to 

docking experiments on PTP1B. All of the 

phytoconstituents in the flavonoid family, with the 

exception of rhamnetin 3-galactoside, included the 

same residue. According to the aforementioned 

research, the most significant bonding interactions 

were hydrogen and hydrophobic bonds, and the most 

significant phytoconstituents were found to be 

Apigenin 7-glucoside, Luteolin, and Quercetin 

among the flavonoids, and Rugosin E, Tellimagradin 

I, and Gallic acid among the tannins. 

 

CONCLUSION 
Diabetes mellitus is a serious condition brought on 

by insufficient insulin synthesis, inefficient insulin 

utilization by the body, and insulin resistance due to 

lifestyle choices. Although the medications on the 

market operate in various ways, they are known to 

have detrimental side effects. Moving toward safer 

substitutes like herbal medications is crucial in light 

of this. Although Euphorbia prostrata has 

demonstrated effectiveness against hyperglycemia, its 

precise mode of action is still unknown. In order to 

clarify the molecular mechanisms behind its activity, 

we conducted docking investigations in this 

investigation. Two significant protein targets, 6C9X 

and 4I8N, were docked against the structure of the 

plant's phytoconstituents. According to the research, 

some of the highest binding energies were found in 

phytoconstituents from the families of flavonoids (-

6.6 to -9.8 kcal/mol) and tannins (-6.9 to -9.8 

kcal/mol). The phytoconstituents of these two 

families exhibited the greatest number of interactions 

with significant amino acid residues of each protein 

target, namely ARG404 for 6C9X and ALA217 for 

4I8N, according to the docking interaction studies. 

According to these findings, tannins and flavonoids 

may have the strongest antidiabetic efficacy, as 

shown by their binding energies and modalities of 

interaction with ARG404 and ALA217. The most 

significant bond type for binding, according to the 

study, was hydrogen bonding, which was followed 

by hydrophobic bonding. The most significant 

phytoconstituents were determined to be quercetin, 

apigenin 7-glucoside, and luteolin among the 

flavonoids, and gallic acid, rugosin E, and 

tellimagradin I among the tannins, based on the 

quantity of interactions, interactions with significant 

amino acid residues, and binding energies. These 

investigations have aided in the identification of the 

molecular mechanisms underlying the action of the 

phytoconstituents of the plant Euphorbia Prostrata, 

listing significant amino acids, interactions, and 

particular families of the chemical constituents that 

may be further tested using in-vitro and in-vivo 

techniques to create novel antidiabetic agents with 

the fewest possible side effects. 
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