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	 Type 2 Diabetes Mellitus is significantly affected by gluconeogenesis mediated glucose 
production. Various enzymatic targets and receptors are responsible in pathogenesis of diabetes 
and obesity. Despite many drugs are available to treat this condition but there is need to 
explore various natural bioactive molecules with appropriate potency and safety. The present 
investigation focuses on the multi-targeted activity of bioactive phytoconstituents of Glycine 
max (soybean) using computational approach. All the phytoconstituents were screened for 
drug-likeness and ADMET properties, among which 26 were considered for further studies. The 
binding affinity and interaction patterns within the active site of the enzymes was assessed with 
molecular docking study. Four key hydrogen bonds were identified between phytochemicals and 
allosteric amino acid residues through docking analysis. The hydrogen bonds included LYSB542 
at 2.08 Å, ARG527 at 2.43 Å, GLU551 at 2.54 Å, and LYSD542 at 3.28 Å. Besides, the interactions 
were found hydrophobic in nature. This may inhibit the enzymes and stabilize it at the active 
binding pocket. The superior binding affinity of Genistein, Taraxerol, and â-Amyrin against 
the reference compounds make it very promising. Therefore, this indicates that it is a useful 
drug for T2DM and obesity management. Genistein was tested for in-vitro enzyme assay and 
exhibited comparable enzyme inhibition with standard acarbose. Computational studies shows 
that phytochemicals like Genistein derived from Glycine max are useful in the management of 
T2DM and found to be safe through in-silico studies. However, further experimental validation 
is needed to determine the safety and efficacy. Glycine max may provide potential therapeutic 
compounds for treatment of obesity and diabetes.

Keywords: Diabetes, Glycine max (G. Max), In-silico, In-vitro, Obesity, Phytochemicals.

	 Obesity, a metabolic disorder involving 
excessive accumulation of fat in adipose tissue 
poses significant risk of health issues such 
as diabetes and cardiovascular diseases. This 
condition arises from a complex interplay of 

genetic, behavioural and environmental factors. 
According to World Health Organization (WHO) 
report 2022, around 2.5 billion people were obese 
globally.1 Obesity is one of the most reported and 
significant risk factors for many metabolic and 
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chronic diseases.2 It’s pathophysiology is linked 
to a spectrum of disorders3 like cancer,4 diabetes 
mellitus,5 osteoarthritis,6 and coronary heart 
disease.6,7

	 Obesity leads to hormonal, inflammatory, 
and metabolic alterations that act on numerous 
organs and increase disease risk.9 Obesity is 
strongly associated with type 2 diabetes (T2DM), 
cancer, and cardiovascular disease, which usually 
result from unhealthful lifestyles such as lack of 
exercise and excessive calorie consumption.10 
Approximately 60%–90% of individuals with 
T2DM have obesity.  Obesity not only increases 
the risk but may directly cause T2DM by disrupting 
metabolic balance. T2DM is caused by insulin 
resistance when â-cells do not effectively respond to 
the signals of insulin.11 Type 1 diabetes, on the other 
hand, results from the lack of function in â-cells in 
the pancreas to release insulin.12 Both types lead to 
high blood sugar and long-term damage to the eyes, 
kidneys, liver, and nerves. Understanding how 
obesity causes T2DM is important for improving 
treatment and prevention.13–15

	 T2DM results due to peripheral insulin 
resistance and insulin insufficiency.16,17 This 
disease results from the failure of pancreatic 
â-cells to produce adequate amount of insulin. 18 
Most allopathic drugs employed for the treatment 
of T2DM possess some side effects particularly in 
pregnancy and polypharmacy.19

	 Consequent ly,  natural  agents  or 
phytochemicals could serve as a promising 
alternative to treat such conditions with minimal 
side effects and multi-targeted or synergistic 
effects. 20,21 Numerous research work has 
demonstrated the potential of Glycine max or 
soybean, in traditional medicine for management 
of diabetes.22–26 Since long, this plant serves as a 
significant source of protein, and regular use of this 
grain is thought to lower the incidence of T2DM 
globally. Phytochemicals of this plant primarily 
contains isoflavones, protein, carbohydrates, 
and lipid fractions.27 Despite the nutritional and 
pharmacological values, mechanistic study and role 
in pathogenesis and obesity is not yet explored.
	 Hence the current study is focused to 
predict the mechanism and binding interactions 
of various phytochemicals from Glycine max with 
multiple proteins associated with diabetes and 
obesity treatment. 

Aim
	 This research work is carried out to predict 
the mechanism of action and binding interactions 
of various phytochemicals from Glycine max 
with multiple targets associated with the treatment 
of diabetes and obesity to facilitate future drug 
development. 
Objectives
	 During this study, in-silicoADME,28 
drug-likeness and toxicity profile of secondary 
metabolites of Glycine max were tested. 29,30 Further 
the enzyme inhibition assay was also performed for 
better understanding of the biological effect.

MATERIALS AND METHODS

	 Phytochemical structures were obtained 
from the IMPPAT (Indian Medicinal Plants, 
Phytochemistry, and Therapeutics) database that 
contains information regarding Indian medicinal 
plants.22 The structure of ligands was downloaded 
as SDF and processed with Biovia Discovery 
Studio. They were optimized with MMFF94 
force field to ensure that they were in stable 
conformation.31 They were then stored as PDB 
files. Later, they were converted to the PDBQT 
format for compatibility with AutoDock. This 
setup supports docking simulations by allowing 
flexibility of the ligand and correct assignment 
of charges. Polar hydrogens were appended, and 
Gasteiger charges were used. AutoDock utilized 
grid-based estimations of binding energies. 
Docking was conducted to examine ligand-protein 
target interactions.32 All the steps were performed 
under standard procedures to minimize deviation 
and ensure reproducibility. Information concerning 
active site and phytochemical structures is provided 
in the supplementary file.
ADMET and drug likeness study
	 The development and identification of new 
pharmaceuticals heavily depend on the evaluation of 
ADMET parameters. These parameters are critical 
in assessing the pharmacokinetic properties and 
overall safety profile of potential drug candidates. 
Efficacy and safety assessments, combined with 
knowledge of chemical interactions between 
phytochemicals and the active site of proteins are 
of great importance in determining their therapeutic 
potential. However, most of the phytochemicals fail 
at the clinical trial stage, mainly due to suboptimal 
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drug-likeness scores, which are often because of 
poor pharmacokinetic properties. Therefore, in-
depth knowledge of pharmacokinetics is crucial 
in the drug development process, helping to 
choose a suitable candidate for further clinical 
evaluation and ultimately therapeutic application. 
Hence, ADMET properties were studied using 
webtools28,33 such as ADMETlab 2.0 and Swiss 
ADME. Several ADMET characteristics had been 
predicted for each ligand including lead likeness, 
drug likeness, NHBD, MolLogP, MolLogS 
and Lead likeness, synthetic accessibility, GI 
absorption, BBB permeability, Coco2 permeability, 
HERG 1 inhibitors and pkCSM. In addition, 
toxicity parameters considered during screening 
of the phytochemicals involve T. Pyriformis 
toxicity, AMES toxicity, oral rat acute toxicity, 
hepatotoxicity, minnow toxicity, carcinogenicity 
and maximum tolerated dose.
Evaluation of in-vitro enzyme assay
	 The in-vitro enzyme inhibition was 
determined using á-amylase assay. To constitute 
the á-amylase stock solution (1000 µg/mL), 2.5 mg 
of á-amylase was dissolved in 100 mL of 20mM 
Na3PO4 buffer with 6 mM NaCl. Further, 0.035 g 
of NaCl, 0.283 g Na2HPO4, and 0.239 g of sodium 
dihydrogen phosphate (NaH2PO4) were dissolved 
in distilled water (100 mL) and the pH was adjusted 
to 7.0. The 100 ml iodine solution (1%) was made 
by dissolving 1 g of iodine & 2 g of potassium 
iodide in distilled water, while a starch solution 
was made by dissolving 1 g powdered starch in 
100 mL distilled water.
	 A 100 µg/mL concentration was prepared 
by dissolving a concentration of 0.001 g of the 
sample extract in dimethyl sulfoxide and making it 
up to a volume of 10 mL with the help of dimethyl 
sulfoxide. Acarbose at the same concentration used 
as the reference standard. To carry out the enzyme 
assay, 1 mL of test solution (100 µg/mL) was 
added to 1 mL of á-amylase stock solution. The 
mixture was incubated at 37°C for 10 minutes to 
allow initial interaction between the enzyme and 
the sample. After the initial incubation, 1 mL of 1% 
starch solution was added to the solution, which 
was then further incubated at 37°C for 1 hour. 
Subsequently, 1 mL of 1% iodine solution and 5 
mL of distilled water were added to the reaction 
mixture, followed by absorbance measurement at 
565 nm using a UV-Visible spectrophotometer.

	 Similar process was used to prepare the 
control samples, with the exception that distilled 
water was used in place of the starch solution. The 
following formula was then used to calculate the 
percentage inhibition of á-amylase activity.
	 Inhibition (%) = {(A - C)/C} × 100, 
where A is the sample’s absorbance and C is the 
control’s absorbance (starch-free). As part of its 
evaluation as an antidiabetic activity, this assay 
provided information on the test sample’s capacity 
to suppress á-amylase activity.

RESULTS

	 This research work involves understanding 
various interactions of phytochemicals from 
Glycine max with biological targets associated 
with metabolic disorders. Tested phytochemicals 
primarily includes Genistein, Taraxerol, â-Amyrin, 
Dammaradienol, Cycloartanol, Calendol, 
Simiarenol, 24-Methylenecycloartanol, Lanosterol, 
Eburicol, Euphol, Tirucallol and Cyclobranol. 
The interactions were analysed using molecular 
docking approach. Toxicity predictions and drug-
likeness evaluations were carried out to determine 
their safety and therapeutic potential. Results of the 
study has given insights into the binding affinities 
and possible mechanisms of action. Total 26 
phytochemicals from Glycine Max were studied 
by molecular docking approach against 9 different 
therapeutic target proteins of T2DM and obesity. 
The binding energy and significant interactions 
were represented in Table 1. Among all the 
phytochemicals Genistein, Taraxerol and â-Amyrin 
have shown better binding interactions with all the 
target proteins resulting in good binding energies. 
This suggest that these three phytochemicals are 
able to exert antidiabetic and anti-obesity effects 
via multiple mechanistic pathways.
	 A detailed comparison of drug-likeness 
properties for each phytochemical, including 
parameters such as molecular weight, the number 
of hydrogen bond donors and acceptors, MolLogP 
(a measure of lipophilicity), and MolLogS (a 
measure of solubility), is presented in Table 2, 
providing insights into their relative suitability 
as drug candidates. Of three phytochemicals 
with good binding affinity, only Genistein has 
shown less violations for drug likeness properties. 
Genistein has not shown any BRENK or PAINS 
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Fig. 1. Interactions of few representative bioactives with an active site of various targets of Diabetes and Obesity
(Figure 1: SOCS3-Suppressor of Cytokine Signaling 3 (PDB:2BBU); CETP: Cholesteryl Ester Transfer Protein (PDB:2OBD); 
C-JNK: C-Jun N-terminal Kinase 1 (PDB:3ELJ))

Fig. 2. Result of Enzyme Inhibition Study of Genistein
(Figure 2: Represents the result of % Enzyme inhibition by Genistein (Prioritized compound) against á-amylase activity) 

alerts and hence it can be considered as potential 
compound for further drug development.
	 For the pharmacokinetic properties various 
parameters were studied including human intestinal 
absorptivity, caco2 permeability, blood brain 

barrier, Ames’s toxicity, maximum tolerated dose, 
hERG1 toxicity, oral rat toxicity, hepatotoxicity, 
T. Pyriformis toxicity, minnow toxicity explained 
in Table 3. These results indicates that Genistein 
is not associated with AMES toxicity, hERG-1 
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inhibition or hepatotoxicity. Overall toxicity results 
indicate the safety of this phytochemical among 
others. 
	 The enzyme inhibition studies for 
á-amylase shows that Genistein is almost equally 
potent inhibitor compared with standard drug 
acarbose. 

DISCUSSION

	 Suppressor of cytokine signalling 3 
(SOCS3) is a member of the SOCS protein family 
and functions as a negative regulator of insulin 
signalling in insulin-sensitive tissues such as 
adipocytes and hepatocytes.34 Of all the screened 
phytoconstituents, only â-amyrin presented 
significant alkyl interactions with PRO (A: 105), 
with score – 9.0 kcal/mol as depicted in Figure 1. 
The docking scores of simiarenol and á-amyrin 
with SOCS3 were found to have the highest binding 
affinities, with both achieving -9.2 kcal/mol. In 
addition, simiarenol also showed alkyl interactions 
with TRP (A:1369).35

	 Cholesteryl Ester Transfer Protein (CETP) 
has significant physiological roles to protect against 
diet-induced insulin resistance.36 Genistein gives 
substantial interactions with SER (A:191), MET 
(A:194) and SER (A:230) of CETP; while binding 
energy was found to be -9.2 Kcal/mol as depicted 
in Figure 1. Taraxerol and â-amyrin also exhibited 
good binding energies of -11.7 kcal/mol each with 
Cholesteryl Ester Transfer Protein however, these 
are not stabilized through conventional hydrogen 
bonding interactions.37,38

	 C-Jun N-terminal Kinase 1 (JNK-1)39 
drives obesity by various mechanistic pathways 
which includes: direct phosphorylation of IRS 1 
and 2;  improving the inflammation, metabolism 
and adiposity via inhibition of TSH; and controlled 
regulation of the PPAR-á-FGF21 axis. Calendol, 
Dammaradienol, Eburicol and Taraxerol shows 
conventional hydrogen bonding interactions with 
target protein C-Jun N-terminal Kinase 1 via key 
amino acid residues like ARG (A:127) in addition 
to hydrophobic interactions with CYS (A:163), 
TYR (A:130) and TRP (A: 324) in Figure 1. 
Genistein showed the highest binding affinity with 
this protein.  
	 Good binding affinity was observed by 
cycloartanol at a docking score of -11.0 kcal/mol; 

it formed two hydrogen bonds with Lamin A/C 
through SER (A:302), as shown in Figure 1. It was 
found that (-)-butyrospermol and tirucallol possess 
highest binding energies of all the phytochemicals 
tested against all the targeted proteins through 
molecular docking studies.40 Lamin A/C has a 
hydrophobic pocket at an active site.41 Calendol, 
Cyloartanol, Cyclobranol, Dammaradienol, 
Eburicol, Genistein, Lanosterol and Tirucallolare 
found to be stable at an active site pocket due to 
strong hydrophobic network.  
	 Hydrogen bonding interactions were 
observed between cycloartenol and cyclobranol 
with the SER(A:302) of the human aldose 
reductase. Moreover, cycloartenol and cyclobranol 
showed the highest binding energy of -11.0 kcal/mol 
and -11.5 kcal/mol with this target. Cycloartenol, 
cyclobranol, and taraxerol had notable ð-ð stacking 
with the human aldose reductase enzyme’s 
active site. These include CYS (A:298), TYR 
(A:209), TYR (A:48) and PHE (A:122). Besides 
the ð-ð stacking, the compounds showed C-H 
bonding interactions with TRP (A:111) and SER 
(A:302). The other phytochemicals did not show 
any remarkable interactions with human aldose 
reductase. This shows that the glucose-lowering 
mechanism does not apply for these.42

	 Noteworthy interactions were not 
observed for phytochemicals of Glycine max 
with an active site of á-glucosidase enzyme. Only 
amino acids involved in this association are TRP 
(A:1369) and SER (A:1292) as shown in Figure 1 
for cycloartenol and Simiarenol whereas binding 
energy score lies in the range of -8.1 Kcal/mol. 
This is suggestive that the antidiabetic effect of 
these phytochemicals may not be exerted by this 
mechanism.43

	 Among the compounds tested, the highest 
interactions at multiple targets were recorded for 
Genistein, Taraxerol, and â-Amyrin. Genistein have 
shown binding interactions with á-Amylase (-9.4 
kcal/mol), Cholesteryl Ester Transfer Protein (-9.9 
kcal/mol) and Peroxisome Proliferator-Activated 
Receptor-ã (-10.6 kcal/mol) suggesting its use in 
carbohydrate metabolism and lipid regulation. It is 
involved in the formation of network with multiple 
hydrogen bonds that stabilized its structure in the 
binding pocket. In addition, Genistein was found 
to have a good safety profile with No AMES 
toxicity and moderate Caco-2 permeability. At the 
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same time, Taraxerol and â-Amyrin demonstrated 
strong binding affinities. They possess strong 
interactions with C-Jun N-terminal Kinase, 
Lamin A/C and Human Aldose Reductase. These 
interactions indicate their function to reduce 
inflammation and treat complications of diabetes. 
Both compounds had good pharmacokinetic 
properties, demonstrated by scores of synthetic 
accessibilities of 6.04 for â-Amyrin and 6.17 for 
Taraxerol. This makes them feasible candidates to 
begin developing them as drugs.44

	 Dammaradienol, Cycloartanol, and 
Calendol possess low binding affinities with various 
target proteins. The compound Dammaradienol 
had high affinity for Adiponectin (-10.9 kcal/mol) 
and á-Glucosidase (-10.2 kcal/mol), indicating 
the potential to act as an antidiabetic agent. 
Cycloartanol showed good interaction with Lamin 
A/C (-11.0 kcal/mol) and Human Aldose Reductase 
(-7.5 kcal/mol), suggesting the involvement in 
metabolic regulation. However, these compounds 
had low bioavailability and permeability. Calendol 
demonstrated mild inhibition against á-Amylase 
(-9.8 kcal/mol) and PPAR-ã (-11.5 kcal/mol). High 
LogP value at 4.93 limits the availability of this 
compound in humans. Genistein exhibited strong 
network of conventional hydrogen bonds with 
adiponectin via ARG (A:413), PRO (A:411), THR 
(A:415) and GLU (A:402). Also, it is stabilized at 
an active site with various hydrophobic interactions 
with ILE (A:407) and MET (A:410) as depicted in 
Figure 1.
	 Simiarenol, 24-Methylenecycloartanol, 
and Lanosterol showed weaker binding affinities 
and less favourable drug-like properties. Simiarenol 
was shown to interact with Lamin A/C (-12.1 kcal/
mol) and á-Glucosidase (-10.1 kcal/mol), but it 
has poor solubility and low permeability (Caco-
2: 1.268). 24-Methylenecycloartanol exhibited 
moderate binding to several targets but lack the 
strong hydrogen bonding. Lanosterol showed 
weak interaction across most of the targets. The 
highest was -11.7 kcal/mol against Peroxisome 
Proliferator-Activated Receptor-ã. Due to low 
drug-likeness score, weak blood-brain barrier 
permeability, and lower affinity for other targets, 
the drug-likeness value is reduced.
	 The least promising results were from 
Eburicol, Euphol, Tirucallol, and Cyclobranol. 
Their binding energies varied from -9.0 to -10.6 

kcal/mol. The compounds had weak hydrogen 
bond network compared to the top-scoring 
phytochemicals. Pharmacokinetic properties were 
suboptimal and included decreased permeability 
and risk of hepatotoxicity.45

	 Genistein, Taraxerol, and â-Amyrin are 
the top hit compounds from this study. Genistein 
is top ranking phytochemical based on binding 
affinity, drug likeness and in-silico ADMET 
studies.  It has a strong binding affinity with key 
metabolic targets, including á-Amylase (PDB ID: 
1B2Y, -9.4 kcal/mol), CETP (PDB ID: 2OBD, 
-9.9 kcal/mol), and PPAR-ã (PDB ID: 4CI5, -10.6 
kcal/mol). It also forms multiple hydrogen bonds, 
making it a stable drug candidate. Genistein’s drug-
likeness is excellent, as it follows Lipinski, Ghose, 
Veber, Egan, and Muegge rules. It’s LogP (-1.61) 
and LogS (-3.18 mg/L) indicate good solubility and 
absorption. Toxicity studies confirm that Genistein 
is safe, with no AMES toxicity, good Caco-2 
permeability (0.464), and no hepatotoxicity or 
carcinogenicity risks. Taraxerol and â-Amyrin also 
showed strong binding interactions with multiple 
targets, especially JNK-1, Lamin A/C, and Human 
Aldose Reductase. They have high binding scores 
(-11.7 kcal/mol for â-Amyrin with CETP, -10.3 
kcal/mol for Taraxerol with Adiponectin) and good 
drug-likeness parameters. However, Genistein 
ranks the highest due to its superior safety, drug-
likeness, and metabolic target binding.46

Drug likeness properties of selected ligands
	 Among the screened phytochemicals, 
Genistein is found to fulfil most of the drug-
likeness rules such as Lipinski’s rule of five, 
Veber’s rule, and Muegge’s criteria. Calendol 
has good physicochemical properties, such as an 
optimal molecular weight, two hydrogen bond 
acceptors, and one hydrogen bond donor. These 
properties suggest a good pharmacokinetic and 
pharmacodynamics profile, thus making it a 
promising compound for further development. 
Toxicity studies indicate that Genistein does not 
exhibited any Brenk or PAINS alerts and was 
found to be comparatively safe among all other 
phytochemicals.  AMES toxicity and blood brain 
barrier permeation was also found satisfactory for 
Genistein.
Enzyme Inhibition Study
	 Genistein (100 ìg/mL) from G. max have 
inhibited 75.3% of á-amylase activity with an IC50 
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values 32.08 ± 3.50 ìg/mL. Whereas, at the same 
concentration Acarbose, the reference standard has 
shown 79.6% inhibitory effect and IC50 value was 
found to be 28.79 ± 4.01 ìg/mL. However, these 
results suggest that Genistein is almost equipotent 
with the standard drug. (Figure 2)

CONCLUSION 

	 The current investigation demonstrates 
that certain natural molecules from Glycine 
max (soybean) can be used to treat metabolic 
disorders. The promising results were exhibited 
by three molecules Genistein, Taraxerol, and 
â-Amyrin. Genistein had strong binding affinity 
with á-Amylase (PDB ID: 3RX2, -9.4 kcal/
mol), Cholesteryl Ester Transfer Protein (CETP, 
PDB ID: 2OBD, -9.9 kcal/mol), and Peroxisome 
Proliferator-Activated Receptor-ã (PPAR-ã, PDB 
ID: 3DZY, -10.6 kcal/mol). Taraxerol was strongly 
interacting with C-Jun N-terminal Kinase 1 
(JNK-1, PDB ID: 4IZY, -8.3 kcal/mol) and Lamin 
A/C (PDB ID: 1IFR, -9.7 kcal/mol). â-Amyrin 
interacted very well with Human Aldose Reductase 
(PDB ID: 1US0, -10.5 kcal/mol). This implies that 
it can possibly aid in regulating diabetic issues, 
obesity and reduce inflammation. These molecules 
are safe, well absorbed, possess good drug-like 
character and are natural. Hence, further studies on 
Genistein shall provide novel treatment regimens 
for obesity and type 2 diabetes with multi-targeted 
approach.
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