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Abstract 

Context: Diabetes is a metabolic and chronic inflammatory disease that affects over 537 million people worldwide, with a projected rise to 783 million 
cases by 2045 if not put in check. Plant-derived compounds have continued to show strong anti-hyperglycemic activities with minimal adverse effects, 

with many more to be explored. 

Aims: To estimate the potential therapeutic tendencies of the phytochemicals isolated from the leaf extracts of Cyperus sexangularis against α-amylase 

and α-glucosidase proteins implicated in hyperglycemia. 

Methods: In silico molecular docking, drug-likeness profiling, and molecular dynamics (MD) studies. 

Results: The isolated compounds were characterized by spectroscopic means to be dodecanoic acid, ethyl nonadecanoate, ethyl stearate, β-sitosterol, 

and stigmasterol. The interaction of stigmasterol with the α-amylase and α-glucosidase protein displayed the binding energy score of -10.0 kcal/mol and   

-7.6 kcal/mol, respectively. However, the standard antidiabetic drug (acarbose) exhibited a binding energy score of -8.6 and -4.6 kcal/mol. The 

physicochemical characteristics of the compounds by Lipinski's rule of five and Veber's rule suggested stigmasterol and β-sitosterol as promising 

compounds that can further be explored against diabetes. Furthermore, at 120 ns MD simulations, the RMSD and RMSF analysis of stigmasterol-α-amylase 
(1), β-sitosterol-α-amylase (2), stigmasterol-α-glucosidase (3) and β-sitosterol-α-glucosidase (4) complexes showed the fewest fluctuations, indicating the 

conformational stability of the respective complexes.  

Conclusions: Identified bioactive compounds in C. sexangularis leaf extracts, notably stigmasterol and β-sitosterol, are the best-scoring lead compounds 

with remarkable inhibitory properties against α-amylase and α-glucosidase digestive enzymes implicated in diabetes.  

Keywords: Cyperus sexangularis; diabetes; in silico molecular docking; molecular dynamics; stigmasterol; α-amylase and α-glucosidase enzymes. 

 

Resumen 

Contexto: La diabetes es una enfermedad inflamatoria crónica y metabólica que afecta a más de 537 millones de personas en todo el mundo, con un 

aumento proyectado a 783 millones de casos para 2045 si no se controla. Los compuestos derivados de plantas han seguido mostrando fuertes 

actividades antihiperglucémicas con efectos adversos mínimos, y hay muchos más por explorar.  

Objetivos: Estimar las posibles tendencias terapéuticas de los fitoquímicos aislados de los extractos de hojas de Cyperus sexangularis contra las proteínas 

α-amilasa y α-glucosidasa implicadas en la hiperglucemia. 

Métodos: Estudios in silico de acoplamiento molecular, perfil de similitud con fármacos y dinámica molecular (MD). 

Resultados: Los compuestos aislados se caracterizaron por medios espectroscópicos como ácido dodecanoico, nonadecanoato de etilo, estearato de 

etilo,   β-sitosterol y estigmasterol. La interacción del estigmasterol con las proteínas α-amilasa y α-glucosidasa mostró una energía de enlace de -10,0 
kcal/mol y -7,6 kcal/mol, respectivamente. Sin embargo, el fármaco antidiabético estándar (acarbosa) mostró una energía de enlace de -8,6 y -4,6 

kcal/mol. Las características fisicoquímicas de los compuestos según la regla de cinco de Lipinski y la regla de Veber sugirieron que el estigmasterol y el  

β-sitosterol son compuestos prometedores que pueden explorarse más a fondo contra la diabetes. Además, en simulaciones de MD de 120 ns, el análisis 

RMSD y RMSF de los complejos estigmasterol-α-amilasa (1), β-sitosterol-α-amilasa (2), estigmasterol-α-glucosidasa (3) y β-sitosterol-α-glucosidasa (4) 

mostraron las menores fluctuaciones, lo que indica la estabilidad conformacional de los respectivos complejos. 

Conclusiones: Los compuestos bioactivos previamente identificados en los extractos de hojas de C. sexangularis, en particular el estigmasterol y el              

β-sitosterol, son los compuestos principales con mejor puntuación y con notables propiedades inhibidoras contra las enzimas digestivas α-amilasa y         

α-glucosidasa implicadas en la diabetes. 

Palabras Clave: acoplamiento molecular in silico; Cyperus sexangularis; diabetes; dinámica molecular; estigmasterol; enzimas α-amilasa y α-glucosidasa. 
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INTRODUCTION 

Diabetes mellitus, often known as diabetes or DM, 
is a collection of metabolic diseases that exacerbate 
the onset of persistent hyperglycemia and are closely 
linked to the degeneration of the pancreatic β cells 
that produce insulin (Todd, 2010). In the previous few 
decades, type 1 diabetes has been viewed as a disor-
der in children and adolescents, but this has changed. 
These days, this condition has no age restrictions and 
is regarded as the most important disorder globally. 
An autoimmune condition linked to a compromised 
adaptive immune system is type 1 diabetes. There is a 
direct correlation between having type 1 diabetes and 
the eventual likelihood of developing type 2 diabetes 
(Blind et al., 2018). A little over 537 million persons 
had diabetes in 2021, and 6.7 million deaths were 
reported in this time frame. Up to 783 million people 
worldwide are predicted to have diabetes by the end 
of 2045, and an additional 481 million will have im-
paired glucose tolerance (IDF, 2016). Ninety percent 
of all cases of DM are categorized as type 2. The ge-
netic background of patients and medical history 
might influence a variety of pathophysiological and 
clinical circumstances that complicate the diagnosis 
and treatment of type 2 diabetes. There have been a 
number of negative consequences reported, such as 
weight gain and hypoglycemia, but one characteristic 
that has not been addressed is the inability to enhance 
long-term beta cell activity. It is, therefore, critically 
necessary to lift the burden of diabetes and its excite-
ment components. Plants have been reported to have 
secondary metabolites with strong anti-
hyperglycemic actions and minimal adverse effects 
(Gothai et al., 2016).  

The plant Cyperus sexangularis Nees (family Cyper-
aceae) is a tufted, long-lasting (perennial) sedge and is 
mostly native to the wetland environment (Raimondo 
et al., 2009). It has been reported that the other species 
of Cyperus, i.e., Cyperus rotundus, have anti-diabetic 
properties (Raut and Gaikwad, 2006; Singh et al., 
2015). To the best of our knowledge, the hypoglyce-
mic properties of the phytocompounds in C. sexangu-
laris leaf extracts are yet to be determined. Our previ-
ous study reported the antioxidant, anti-
inflammatory, and anti-elastase compounds from C. 
sexangularis (Miya et al., 2023). Therefore, in this 
study, we used the molecular docking approach to 
determine the specific binding modes of action of the 
reported compounds against α-amylase and α-
glucosidase proteins, drug-likeness profiling, and 
molecular dynamics-based approaches to investigate 
the antidiabetic properties of the isolated phytocom-
pounds, namely β-sitosterol, stigmasterol (steroids), 
dodecanoic acid (fatty acid), ethyl nonadecanoate, 

and ethyl stearate (fatty acid esters) from C. sexangu-
laris leaf for the first time.  

MATERIAL AND METHODS 

Chemicals and general experimental procedure 

Reagents and solvents were of analytical grade, 
purchased from Sigma-Aldrich (Pty) Ltd., Johannes-
burg, South Africa. Silica gel for TLC and column 
chromatography was procured from Merck (Pty) Ltd., 
Johannesburg, South Africa. Silica gel 60 F254 (Merck 
KGaA, Darmstadt, Germany) for thin-layer chroma-
tography (TLC), and Silica gel 60, 0.060-0.2 mm (70-
230 mesh) (Merck Millipore, Burlington, MA, United 
States) for column chromatography (CC) were used. 
Absorbance was read on the 680-Bio-Rad microplate 
reader with serial number 14966 (Bio-Rad Laborato-
ries, Inc., Hercules, CA, USA). Spectroscopic analysis 
of the isolated compounds was performed on a 400 
MHz Varian NMR spectrometer (Varian, Inc., Palo 
Alto, CA, USA) and 600 MHz Bruker Biospin GmbH 
spectrometer (Bruker BioSpin GmbH & Co. KG, Et-
tlingen, Germany), with tetramethyl silane (TMS) as 
the NMR internal standard. Chemical shift (δ) was 
recorded in parts per million (ppm), with isolated 
compounds run in deuterated benzene (Sigma-
Aldrich, St Louis, MO, USA). The molecular mass of 
each compound was determined by the electron-
spray-ionization method (HRESI-MS) on a Quadru-
pole Time-of-Flight (QToF) Synapt G2 mass spec-
trometer (Waters Corporation, Milford, MA, USA). 
The mass-to-charge ratio of each fragment was rec-
orded in m/z at a scan range of m/z 100-1000. 

Plant material and extraction method 

The leaf sheaths of C. sexangularis were collected 
from the Botanical Garden in the Limpopo Province 
(latitude: 22.6823° S, longitude: 29.1012° E). An her-
barium specimen was deposited in the Department of 
Botany Herbarium at the University of Pretoria, South 
Africa, with a voucher number MGM 008. The leaf 
sheaths were air-dried at room temperature (≈25°C) 
and ground into powder. An amount of 0.7 kg of the 
leaf powder was extracted thrice in 7500 mL each of 
n-hexane (Hex), dichloromethane (DCM), ethyl ace-
tate (EtOAc), and ethanol (EtOH) to afford Hex (83 g), 
DCM (19 g), EtOAc (8 g) and EtOH (68 g) extracts.  

Chromatographic isolation and spectroscopic 
characterization of compounds 

Based on the chromatographic separation method 
described by Miya et al. (2023), three and two com-
pounds were isolated from C. sexangularis DCM and 
n-hexane extracts, respectively. Here, the DCM ex-
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tract was adsorbed to 60 g of silica gel. The adsorbed 
extract was dry packed on a 200 g silica gel glass col-
umn of 600 × 50 mm (length × internal diameter) di-
mension. Thereafter, the column was eluted with 
solvent systems of increasing level of polarity as thus: 
Hex (100%), Hex-DCM (90:10, 80:20, 70:30, 60:40, 
50:50, 40:60, 30:70, 20:80 and, 10:90%), DCM (100%), 
DCM-EtOAc (90:10, 80:20, 70:30, 60:40,50:50, 40:60, 
30:70, 20:80 and, 10:90%), EtOAc (100%), EtOAc-
MeOH (95:5, 90:10, 80:20, and 50:50%) and MeOH 
(100%). The elution process afforded three com-
pounds. The procedure was repeated for the n-hexane 
extract to afford two compounds. The purity and class 
of isolated compounds were ascertained using the 
TLC phytochemical screening method (Harborne, 
1998), while the structures of the isolated compounds 
were elucidated by spectroscopic means. The LC-
MS/MS chromatograms of the extracts and the isolat-
ed compounds are indicated as supplementary data 
(Figs. S1–S7). 

In silico molecular docking 

Preparation and refinement of the protein and ligand 
structures 

The phytocompounds were docked against pro-
teins known to play important roles in diabetes. The 
protein of choice in this case is called α-amylase and 
α-glucosidase, and it is a crucial therapeutic target for 
diabetics. From the Protein Data Bank 
(http://www.rcsb.org), the PDB structure of α-
amylase (PDB ID 5E0F; 1.40 Å resolution) (Caner and 
Brayer, 2016) and α-glucosidase (PDB ID 5NN6; 2.00 
Å resolution) (Roig-Zamboni et al., 2017) was ob-
tained. Before analysis, the corresponding protein 
structures of the related inhibitor (native ligand) and 
water molecules were cleared. Polar hydrogen atoms 
and Kollman charges were added to the protein struc-
tures to prepare them for docking in AutoDockTools.  

The concerned phytocompounds were download-
ed from the NCBI PubChem 
(https://pubchem.ncbi.nlm.nih.gov/). The Open 
Babel Server was then used to transform the down-
loaded sdf structures into pdb structures (O'Boyle et 
al., 2011). The ligand structures underwent energy 
minimization using the Gromos 96 force field after the 
PRODRG server (Schüttelkopf and Van Aalten, 2004) 
was used to optimize their energy.  

Determination of the active site and molecular docking 

The literature (Caner and Brayer, 2016; Roig-
Zamboni et al., 2017) was used to predict the active 
site of the proteins (α-amylase and α-glucosidase). 

The CASTp 3.0 (Computed Atlas of Surface Topogra-
phy of Proteins) online server (Binkowski et al., 2003) 
was used to validate the predictions. The top result 
from the top three possible ligand-binding sites was 
selected for docking after the processed protein with-
out a native inhibitor was submitted to the CASTp 3.0 
server. Then, the amino acids at the active sites of the 
native inhibitor-α-amylase co-crystallized complex 
and native inhibitor-α-glucosidase co-crystallized 
complex were compared with the amino acid residues 
predicted by CASTp 3.0. In order to confirm the active 
site, this was accomplished by manually opening the 
co-crystallized complex in the Discovery studio visu-
alization tool (Kar et al., 2022a; 2022b). As a result, the 
interacting residues could be identified and were 
discovered to be fairly close to those that the CASTp 
3.0 server had predicted. For each atom of the native 
inhibitor ligand, grid maps (X, Y, and Z confirma-
tions; Box center and Box dimension) were created 
using the Autodock and Autogrid tools connected 
with Autodock4. Molecular docking was performed 
using the Autodock4 to obtain the X, Y, and Z confir-
mations (Box center and Box dimension) as a possible 
target location. A stiff protein receptor and a flexible 
ligand docking methodology were used to molecular-
ly dock the ligands of interest at the active binding 
sites of the relevant proteins using a grid-based mo-
lecular docking technology (Kar et al., 2021; 2022a; 
2022b). A grid box involving the active site residues of 
the α-amylase protein was created, with center_x =     
-7.2, center_y = 5.7, center_z = -23.1, size_x = 22.6, 
size_y = 21.1, and size_z = 22.7. Similarly, a grid box 
covering the active binding pocket of α-glucosidase 
was employed, with center_x = -14.3, center_y = -32.0, 
center_z = 95.8, size_x = 16.9, size_y = 15.3, and size_z 
= 14.7. After Autodock Vina finished the molecular 
docking procedure, the docked complexes were visu-
alized using the Discovery Studio visualization tool 
(Kar et al., 2022a; 2022b). Protein-Ligand Interaction 
Profiler (PLIP) web server (Salentin et al., 2015) and 
PyMol (version 1.7.4) software were used to perform 
interaction profiling and analysis on ligand-receptor 
complexes with the lowest binding scores and RMSD 
< 2.0 A (Naidoo et al., 2020).  

Validation of docking protocol by redocking 

The conformation of the native ligand, which was 
bound to the active site of the protein, was identified. 
In addition, the conformation of the new ligand 
(stigmasterol and β-sitosterol) bound at the active site 
of the protein was also identified. The conformation 
of the native and new ligands was matched through 
superimposition (Joshi et al., 2014; Saleh-E-In et al., 
2019). 
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Assessment of physicochemical features and potential 
toxicity of the phytocompounds 

For additional physicochemical properties and 
drug-like feature evaluation, the phytocompounds 
with the corresponding proteins in AutoDock Vina 
were selected (Naidoo et al., 2020). The SwissADME 
server was utilized to estimate the physicochemical 
parameters, and the pkCSM server was used for vali-
dation (Daina et al., 2017; Pires et al., 2015). The com-
pounds' pharmacokinetic features (human intestinal 
absorption and oral bioavailability) and potential 
toxicity (cytotoxicity, carcinogenicity, hepatotoxicity, 
mutagenicity (AMES mutagenesis), and P-glyco-
protein inhibitor) were evaluated using the ProTox-II 
and vNN-ADMET online servers (Banerjee et al., 
2018; Schyman et al., 2017). 

Molecular dynamics simulations 

Molecular dynamics simulation (MDS) helps to 
precisely evaluate the possible stability of protein-
ligand complexes and is a crucial step in confirming 
molecular docking results (Kar et al., 2021). The com-
pounds were subjected to MDS for 120 ns using the 
GROMACS (version 2019) force field parameters 
(GROMOS96 43a1) (Abraham et al., 2015; Kar et al., 
2021; 2022a; 2022b). Constant pressure and tempera-
ture (NPT) ensemble was used to set the equilibration 
stages (Elfiky and Azzam 2020; Enayatkhani et al., 
2020; Umesh et al., 2020). According to Umesh et al. 
(2020), the MD simulations were run at a standard 
temperature of 300 K and pressure of 1.013 bar. An 
estimate of the conformational and structural stability 
of complexes was obtained through the analysis of 
root-mean-square-deviation/fluctuation (RMSD/F). 

RESULTS AND DISCUSSION  

Structure elucidation of the phytocompounds 

The elucidation of compounds was based on spec-
troscopic evidence, as previously discussed by Miya 
et al. (2023). Thus, the compounds were identified as 
dodecanoic acid, ethyl nonadecanoate, and ethyl stea-
rate from the DCM extract, while β-sitosterol and 
stigmasterol were isolated from the n-hexane extract 
of the plant. 

Dodecanoic acid (C12H24O2) 

1H NMR (400 MHz in C6D6), δ ppm: 0.86 (3H, t, J = 
8.0, 8.0 Hz, H-12), 1.23–1.28 (2H, m, H-3 to H-10), 1.58 
(2H, t, J = 9.6, 7.6 Hz, H-2); 13C NMR (150 MHz in 
C6D6), δ ppm: 179.8 (C-1), 31.9 (C-2), 29.4 (C-3), 29.9 
(C-4/C-5/C-6/C-7/C-8, C-9), 29.9 (C-10), 22.9 (C-11), 
14.1 (C-12).  

Ethyl nonadecanoate (C21H42O2) 

1H NMR (600 MHz in C6D6), δ ppm: 0.91 (3H, t, J = 
6.9 Hz, H-19), 1.26 (3H, t, J = 16.4 Hz, H-20), 2.21 (2H, 
t, J = 7.4 Hz, H-2), 4.07 (2H, t, J = 6.7 Hz, H-10 ); 13C 
NMR (150 MHz in C6D6), δ ppm: 173.0 (C-1), 34.6    
(C-2), 25.5 (C-3), 26.4 (C-4), 29.3 (C-5), 29.6 (C-6), 29.7 
(C-7), 29.7 (C-8), 29.9 (C-9), 29.8 (C-10), 30.1 (C-11), 
30.0 (C-12), 30.1 (C-13), 30.1 (C-14), 30.2 (C-15), 30.2 
(C-16), 32.4 (C-17), 23.1 (C-18), 14.0 (C-19), 64.3 (C-10), 
14.3 (C-20). 

Ethyl stearate (C20H40O2) 

1H NMR (600 MHz in C6D6), δ ppm: 0.91 (3H, t, J = 
6.8 Hz, H-18), 1.26 (3H, t, J = 21.6 Hz, H-20), 2.21 (2H, 
t, J = 7.4 Hz, H-2), 4.08 (2H, dd, J = 6.7, 6.7 Hz, H-10); 
13C NMR (150 MHz in C6D6), δ ppm: 173.0 (C-1), 34.6 
(C-2), 25.5 (C-3), 26.4 (C-4), 29.3 (C-5), 29.6 (C-6), 29.7 
(C-7), 29.7 (C-8), 29.9 (C-9), 29.8 (C-10), 30.1 (C-11), 
30.0 (C-12), 30.1 (C-13), 30.1 (C-14), 30.2 (C-15), 32.4 
(C-16), 23.1 (C-17), 14.3 (C-18), 64.3 (C-10), 14.3 (C-20). 

β-sitosterol (C29H50O) 

1H NMR (400 MHz in C6D6), δ ppm: 0.66 (3H, s,  
H-19), 0.78 (3H, d, J = 4.0 Hz, H-29), 0.80 (3H, d, J = 4.0 
Hz, H-28), 0.82 (3H, t, J = 4.5, H-26), 0.91 (3H, d, J = 6.4 
Hz, H-21), 0.99 (3H, s, H-18), 2.25 (2H, d, J = 6.8 Hz,  
H-4), 3.52 (1H, tdd, J = 9.6, 6.4, 6.0 Hz, H-3), 5.32 (1H, 
bd, J = 5.2 Hz, H-6); 13C NMR (100 MHz in CDCl3), δ 
ppm: 37.5 (C-1), 31.9 (C-2), 71.8 (C-3), 42.3 (C-4), 140.7 
(C-5), 121.4 (C-6), 30.4 (C-7), 29.7 (C-8), 50.0 (C-9), 36.9 
(C-10), 22.9 (C-11), 39.5 (C-12), 42.3 (C-13), 56.6 (C-14), 
28.1 (C-15), 29.7 (C-16), 55.8 (C-17), 11.8 (C-18), 17.9 
(C-19), 36.2 (C-20), 19.2 (C-21), 35.6 (C-22), 25.7 (C-23), 
45.7 (C-24), 24.3 (C-25), 11.9 (C-26), 29.7 (C-27), 20.9 
(C-28), 19.3 (C-29). 

Stigmasterol (C29H48O) 

1H NMR (600 MHz in CDCl3), δ ppm: 0.68 (3H, s, 
H-19), 0.80 (3H, d, J = 6.9 Hz, H-29), 0.82 (3H, d, J = 6.9 
Hz, H-28), 0.84 (3H, t, J = 8.1 Hz, H-26), 0.92 (3H, d, J = 
6.7 Hz, H-21), 1.00 (3H, s, H-18), 3.53 (1H, dt, J = 6.0 
Hz, H-3), 5.35 (1H, bd, J = 6.0 Hz, H-6); 13C NMR (150 
MHz in CDCl3), δ ppm: 37.4 (C-1), 34.1 (C-2), 71.9    
(C-3), 42.42 (C-4), 140.9 (C-5), 121.9 (C-6), 31.8 (C-7), 
32.0 (C-8), 50.3 (C-9), 36.3 (C-10), 21.2 (C-11), 39.9     
(C-12), 42.5 (C-13), 56.9 (C-14), 24.5 (C-15), 29.3 (C-16), 
56.2 (C-17), 12.1 (C-18), 18.9 (C-19), 40.6 (C-20), 19.9 
(C-21), 138.5 (C-22), 129.4 (C-23), 45.9 (C-24), 26.2     
(C-25), 12.0 (C-26), 29.9 (C-27), 19.5 (C-28), 19.2 (C-29). 

The LC-MS/MS chromatograms of isolated com-
pounds are presented as supplementary data (Figs. 
S1–S7).  
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Table 1. Binding energy scores and interaction profile of the phytocompounds with α-amylase. 

Phytocompounds 
Binding energy scores (kcal/mol) 

Interacting residues 
α-amylase protein (5E0F) 

Dodecanoic acid -5.8 ± 0.02 Trp58, Trp59, Tyr62, Leu165, His 101# 

Ethyl nonadecanoate -6.1 ± 0.04 Trp58, Trp59, Tyr62 

Ethyl stearate -6.3 ± 0.03 Trp58, Trp59, Tyr62, Gln63, Leu162, Leu165, Ala198, His 201# 

β-Sitosterol -10.0 ± 0.01 Trp59, Tyr62, Gln63, Leu162, Thr163, Leu165, Ala198 

Stigmasterol -10.0 ± 0.02 Trp58, Trp59, Tyr62, Gln63, Leu165 

5,7-dihydroxy-4-oxo-2-(3,4,5-

trihydroxyphenyl)-4H-chromen-3-yl 6-

deoxy-2-O-{6-O-[(2E)-3-(3,4-

dihydroxyphenyl)prop-2-enoyl]-beta-D-
glucopyranosyl}-alpha-L-

mannopyranoside (native ligand) 

-11.5 ± 0.01 
Leu162, Leu165, Trp59, Gln63, Lys200, His201*, Glu233, 

His305*, Asp356 

Acarbose -8.6 ± 0.01 Trp58, Ile235, Gln63, Ala198, His201, Glu233, His305 

Hydrophobic interactions are marked in italics, hydrogen bonds are highlighted in bold, π-stakings are displayed with *, and salt bridges are displayed with #. 

 

Table 2. Binding energy scores and interaction profile of the phytocompounds with α-glucosidase. 

Phytocompounds 
Binding energy scores (kcal/mol) 

Interacting residues 
α-glucosidase protein (5NN6) 

Dodecanoic acid -6.1 ± 0.02 Trp376, Leu405, Trp481, Trp516, Trp613, Phe649 

Ethyl nonadecanoate -5.8 ± 0.04 Trp376, Trp481, Trp516, Phe525, Trp613, Phe649, Leu650, Leu677, Leu678 

Ethyl stearate -5.5 ± 0.03 Trp376, Trp481, Trp516, Phe525, Trp613, Phe649, Leu650, Leu677, Leu678 

β-Sitosterol -6.6 ± 0.01 Trp376, Trp481, Phe525, Phe649, His674 

Stigmasterol -7.6 ± 0.02 Trp376, Trp481, Phe525, Phe649, Asp518 

(2R,3R,4R,5S)-1-(2-
hydroxyethyl)-2-

(hydroxymethyl)piperidine-

3,4,5-triol (native ligand) 

-4.4 ± 0.02 Trp481, Asp616#, His674, Asp404#, Asp518# 

Acarbose -4.6 ± 0.02 Trp481, Phe525, Arg600, Trp613, Asp616 

Hydrophobic interactions are marked in italics, hydrogen bonds are highlighted in bold, π-stakings are displayed with *, and salt bridges are displayed with #. 

 
In silico molecular docking 

Phytochemicals extracted from the leaf extract of 
C. sexangularis were subjected to molecular docking 
against the diabetes-associated proteins α-amylase 
and α-glucosidase. The digestive enzyme α-amylase 
raises blood and postprandial glucose levels by dis-
solving polysaccharide molecules into glucose and 
maltose (Kaur et al., 2021). On the other hand, the 
small intestine's α-glucosidase breaks down carbohy-
drates into glucose in the digestive tract. They are 
essential for chemical synthesis, alcohol fermentation, 
and the body's metabolism (Assefa et al., 2019). Con-
versely, in diabetic patients, there is a discernible 
correlation between α-amylase and α-glucosidase and 
the adsorption of glucose. Thus, limiting the action of 
the enzymes that break down carbohydrates, namely 
α-amylase and α-glucosidase, is a new approach to 

reduce the absorption of carbohydrates from food, 
reduce postprandial hyperglycemia, and postpone the 
onset of diabetes. Two phytosterols that are frequent-
ly present in plant cell membranes are stigmasterol 
and β-sitosterol. A wide class of organic substances 
known as "plant steroids" is necessary for the devel-
opment, reproduction, and adaptation of plants to 
different kinds of stress (Yerlikaya et al., 2023). Nu-
merous phytosterols have demonstrated intriguing 
pharmacological properties as strong inhibitors of 
enzymes. According to Poulose et al. (2021), the sea-
weed Gelidium spinosum contains stigmasterol, which 
may have the ability to suppress the activity of          
α-amylase. On the other hand, Manigandan and 
Subramaniyan (2021) reported that the phytosterol   
β-sitosterol that was isolated from Andrographis echi-
oides inhibited the enzymes α-amylase and                  
α-glucosidase. Tables 1 and 2 provide comprehensive 
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details about the binding energy scores of the com-
pounds with the α-amylase and α-glucosidase pro-
teins. The interaction of steroid phytocompound 
stigmasterol with the hydrophobic interactions 
(Trp58, Trp59, Tyr62, Gln63, Leu165) of the α-amylase 
protein displayed the binding energy score of -10.0 
kcal/mol. It was evident that hydrophobic interac-
tions (Trp59, Tyr62, Gln63, Leu162, Thr163, Leu165, 
Ala198) of the protein α-amylase with another steroid 
compound β-sitosterol returned a binding energy 
score of -10.0 kcal/mol (Fig. 1A-B). The standard 
acarbose showed a binding energy score of -8.6 
kcal/mol with hydrogen bond interactions (Gln63, 
Ala198, His201, Glu233, His305) and hydrophobic 
interactions (Trp58, Ile235). In this investigation, we 
examined how the suggested inhibitor (native ligand) 
5,7-dihydroxy-4-oxo-2-(3,4,5-trihydroxyphenyl)-4H-

chromen-3-yl 6-deoxy-2-O-{6-O-[(2E)-3-(3,4-dihydro-
xyphenyl)prop-2-enoyl]-beta-D-glucopyranosyl}-
alpha-L-mannopyranoside (Caner and Brayer, 2016) 
bound to the α-amylase protein and contrasted it with 
the phytochemicals' binding patterns that were of 
interest. With a binding energy value of -11.5 
kcal/mol, the inhibitor (native ligand) demonstrated a 
substantial binding potential and implicated the resi-
dues Leu162, Leu165 (hydrophobic interactions), 
Trp59, Gln63, Lys200, His201, Glu233, His305, and 
Asp356 (hydrogen bonds) at the α-amylase's active 
binding pocket (Table 1). It is interesting to note that 
these active site residues are implicated in the sub-
stances stigmasterol, β-sitosterol and acarbose (Table 
1 and Fig. 1A-C), which have been proposed to be 
important in the interaction between α-amylase and 
small molecule inhibitors (Caner and Brayer, 2016). 

 

 

Figure 1. The mode of interaction of (A) stigmasterol, (B) β-sitosterol, and (C) acarbose with α-amylase 

protein.  

The blue ribbon represents the α-amylase protein. Stigmasterol, β-sitosterol, and acarbose have been illustrated as red, 

green, and pink sticks. Gray dashed lines represent hydrophobic interactions, respectively. 
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Figure 2. The mode of interaction of (A) stigmasterol, (B) β-sitosterol, and (C) acarbose with α-glucosidase 

protein.  

The green ribbon represents the α-glucosidase protein. Stigmasterol, β-sitosterol, and acarbose have been illustrated as a red, 

blue, and pink stick. Gray dashed and blue solid lines represent hydrophobic and hydrogen bonds, respectively.  

 
The compound stigmasterol interacts with the hy-

drophobic interaction (Trp376, Trp481, Phe525, 
Phe649) and hydrogen bond interactions (Asp518) of 
the protein α-glucosidase returning a binding energy 
score of -7.6 kcal/mol. On the other hand, β-sitosterol 
interaction with α-glucosidase (hydrophobic interac-
tion: Trp376, Trp481, Phe525, Phe649 and hydrogen 
bonds: His674) displayed an energy score of -6.6 
kcal/mol (Table 2 and Fig. 2A-B). Hydrophobic and 
hydrogen bond interactions resulted in a binding 

energy score of -4.6 kcal/mol for the standard acar-
bose (Fig. 2C). Interestingly, the binding potential of 
stigmasterol and β-sitosterol was significantly higher 
than that of the suggested inhibitor (2R,3R,4R,5S)-1-
(2-hydroxyethyl)-2-(hydroxymethyl) piperidine-3,4,5-
triol (Table 2) (Roig-Zamboni et al., 2017). The active 
site residues Trp481, His674, and Asp518 of                
α-glucosidase were clearly involved in the interac-
tions between stigmasterol and β-sitosterol and the 
enzyme, which is essential for binding the putative 
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inhibitor. Therefore, it stands to reason that stigmas-
terol and β-sitosterol may have a considerable capaci-
ty to bind and inhibit α-glucosidase (Roig-Zamboni et 
al., 2017). 

Redocking and superimposition 

Redocking was performed to validate the docking 
protocol. It was interesting to note that the α-amylase 
protein’s native conformation and the re-docked con-
formation of 5,7-dihydroxy-4-oxo-2- (3,4,5-trihydroxy-
phenyl)-4H-chromen-3-yl6-deoxy-2-O-{6-O-[(2E)-3-(3, 
4-dihydroxyphenyl) prop-2-enoyl]-beta-D-glucopy-
ranosyl}-alpha-L-mannopyranoside (native ligand) 

with α-amylase protein produced the same hydrogen 
bonds (Glu233), hydrophobic interactions (Ala198, 
Thr163, Trp58, Lys200), and Pi-Pi stacked (Leu162, 
Leu165, Ile235) (Fig. 3A-B). On the other hand,           
α-glucosidase native conformation and the native 
ligand re-docked with α-glucosidase protein pro-
duced the same hydrogen bonds (Trp481, His674, 
Asp616), and hydrophobic interactions (Phe525, 
Met519, Leu405, Trp613, Trp516, Phe649, Trp376) (Fig. 
4A-B). The docking program could be employed be-
cause of the reproducibility of significant interactions. 
This demonstrated the docking protocol's effective-
ness and legitimacy (Joshi et al., 2014). 

 

 

Figure 3. Validation of docking protocol (A) α-amylase protein’s co-crystal structure native conformation, and (B) re-

docked with co-crystal structure’s native inhibitor ligand with α-amylase protein.  

 

 

Figure 4. Validation of docking protocol (A) α-glucosidase protein’s co-crystal structure native conformation, and (B) re-

docked with co-crystal structure’s native inhibitor ligand with α-glucosidase protein.  

 

https://jppres.com/


Miya et al. In silico molecular docking from Cyperus sexangularis compounds 

 

https://jppres.com  J Pharm Pharmacogn Res (2025) 13(2): 655 

 

 

Figure 5. (A) Redocked ligand stigmasterol (red) superimpose to native ligand (blue) of α-amylase, and 

(B) re-docked ligand β-sitosterol (green) superimpose to native ligand (blue) of α-amylase. 

 

 

Figure 6. (A) Redocked ligand stigmasterol (red) superimpose to native ligand (pink) of α-glucosidase, 

and (B) re-docked ligand β-sitosterol (blue) superimpose to native ligand (pink) of α-glucosidase. 

 
It was found that the docked complex (stigmaster-

ol-α-amylase, β-sitosterol-α-amylase, and stigmaster-
ol-α-glucosidase, β-sitosterol-α-glucosidase) was su-
perimposed completely onto the native co-
crystallized α-amylase and α-glucosidase protein 
complex without any adjustments. The atoms of ami-
no acids of both the complexes (stigmasterol-α-
amylase, β-sitosterol-α-amylase) were superimposed 
with the native co-crystallized α-amylase protein 
without any constraints. Conversely, the amino acid 
atoms of both the complexes (stigmasterol-α-
glucosidase, β-sitosterol-α-glucosidase) were likewise 
overlaid with the native co-crystallized α-glucosidase 
protein. Figs. 5A-B and 6A-B display the superim-
posed images of the co-crystal structure’s native lig-
and and the re-docked ligands (stigmasterol,              
β-sitosterol) (Gentile et al., 2020; Yanuar et al., 2018). 
The findings suggest that the phytocompounds stig-
masterol and β-sitosterol, also precisely bind to the 
amino acids found in the active site cleft of the α-
amylase and α-glucosidase proteins. 

Physicochemical properties of the phytochemicals and 
accordance with the rules of drug-likeness 

A possible treatment candidate's physicochemical 
characteristics are thought to be closely related to its 
therapeutic efficacy, safety, and efficient metabolism 
(Doak et al., 2014; Gleeson et al., 2011). For the phyto-
chemicals extracted from the n-hexane and DCM leaf 
extracts of C. sexangularis, several characteristics such 
as molecular weight (MW [Dalton]), number of hy-
drogen bond acceptors (HBA), and donors (HBD), 
number of rotable bonds, topological polar surface 
area (TPSA), and logarithm of partial coefficient (log 
P) were meticulously estimated. The physical-
chemical characteristics were assessed using the 
standard drug-likeness guidelines used in the early 
phases of drug discovery, specifically Lipinski's rule 
of five (RO5) and Veber’s rule. Lipinski’s rule of five 
proposes that a drug candidate with a logarithm of 
partial coefficient (log P) ≤ 5, molecular weight ≤ 500 
Dalton, number of hydrogen bond acceptors ≤ 10, and 
number of hydrogen bond donors ≤ 5 exhibits decent 
gastrointestinal absorption and enhanced membrane 
permeability (Lipinski et al., 2001). According to 
Veber et al. (2002), a medicinal molecule should have 
good oral bioavailability if its TPSA is less than 140 Å 
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and its number of rotatable bonds is less than 10. The 
physicochemical features of the compounds were 
compared with the relevant standard drug acarbose 
with a motive to infer the potential druggability of the 
compounds in relevance to the drugs. Physicochemi-
cal properties of the concerned phytochemicals like 
dodecanoic acid, β-sitosterol, and stigmasterol were 
found to be in perfect accordance with Lipinski’s rule 
of Five (RO5) and Veber’s rule, signifying their con-
siderable drug-like potential (Table 3). 

Analysis of pharmacokinetic features and potential toxicity 

The term "drug absorption" describes how a medi-
cation gets from its extravascular delivery site to the 
bloodstream, where it can travel to its intended site of 
action (Lagorce et al., 2017). According to an in silico 
evaluation of intestinal absorption, the human gastro-
intestinal tract can absorb all of the phytochemicals to 
a high degree (Table 4). According to earlier research 
(Petit et al., 2016; Wang et al., 2017), our findings of 
significant intestine absorption for stigmasterol and  
β-sitosterol appeared to be justified. Based on the 
prediction techniques developed by Egan et al. (2000) 
and Veber et al. (2002), decent oral bioavailability was 
clearly demonstrated for all compounds (Table 4). 

One of the most important things in the field of 
drug development is having the right knowledge and 
doing studies about the clinical safety of a novel ther-
apeutic candidate (Blomme and Will, 2016). At a later 
stage of drug development, attrition related to drug 
toxicity is a significant barrier that results in the rejec-
tion of many therapeutic components (Waring et al., 
2015). Major adverse consequences such as carcino-
genicity, mutagenicity, hepatotoxicity, and tumor-
igenicity have been topics of great concern following 

the effective delivery of pharmaceuticals in the hu-
man system (Benigni and Bossa, 2011). Consequently, 
it has been proposed that in the early stages of drug 
development, in silico toxicity prediction and assess-
ment of novel therapeutic candidates may be signifi-
cant (Wang et al., 2017). According to Kroes et al. 
(2004), carcinogens are chemicals or mixtures that 
promote the development, expansion, and growth of 
tumors. Based on a thorough in silico toxicity assess-
ment, dodecanoic acid, and stigmasterol were found 
to have the potential to be non-carcinogenic (Table 5).  

One essential screening phase in the medication 
development process is the identification of com-
pounds with structural alarms. The term "toxico-
phores" refers to PAINS compounds (panassay inter-
ference compounds), which are known to interfere 
with biological assays, interact and damage 
DNA/proteins, and ultimately cause hepatotoxicity, 
carcinogenicity, and CYP inhibition, among other 
potentially dangerous outcomes (Baell, 2010; Pouliot 
and Jeanmart, 2016). The concerned phytochemicals 
passed the PAINS-related toxicity screening stage 
because it was discovered that they lacked any PAINS 
structural alerts (Table 5).  

The term "mutagenicity" describes the risks of ge-
netic mutation resulting from exposure to substances 
that cause these kinds of mutative effects (Ames et al., 
1973). Using the ProTox-II web server, an in silico 
mutagenicity assessment was accomplished in associ-
ation with the Ames mutagenicity dataset. The out-
comes were subsequently verified by the use of ad-
metSAR 2.0 (Yang et al., 2019). Remarkably, Table 5 
indicates that every molecule was anticipated to be 
free of mutagenicity, cytotoxicity, and hepatotoxicity. 

 

Table 3. Physicochemical properties of the phytochemicals isolated from C. sexangularis leaf extracts and their accordance with the rules of drug-

likeness. 

Physicochemical properties 

Compounds 

Dodecanoic 

acid 

Ethyl 

nonadecanoate 
Ethyl stearate β-Sitosterol Stigmasterol 

Acarbose 

(standard) 

Molecular weight (Dalton) 200.32 326.56 312.53 414.71 412.69 645.60 

Number of hydrogen bond 

acceptor (HBA) 
2 2 2 1 1 19 

Number of hydrogen bond donor 

(HBD) 

1 0 0 1 1 14 

No. of rotatable bonds 10 18 17 6 5 9 

TPSA (Å²) 37.30 26.30 26.30 20.23 20.23 321.17 

log P 3.99 7.20 6.8 8.02 7.80 -8.56 

In accordance with Lipinski’s rule 

of Five (RO5) 

Yes Yes; 1 violation Yes; 1 violation Yes Yes No; 3 violations 

In accordance with Veber’s rule Yes No; 1 violation No; 1 violation Yes Yes No; 1 violation 

Mol. Wt: Molecular weight; TPSA: Topological Polar Surface Area; log P: Logarithm of partial coefficient.  
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Table 4. Pharmacokinetic properties of the concerned phytochemicals isolated from C. sexangularis leaf extracts. 

Pharmacokinetic properties 

Compounds 

Dodecanoic 

acid 

Ethyl 

nonadecanoate 
Ethyl stearate β-Sitosterol Stigmasterol 

Acarbose 

(standard) 

HIA High 

(93.379%) 

High  

(90.885%) 

High 

(91.228%) 

High 

(94.464%) 

High 

(94.970%) 

Poor 

(4.172%) 

Oral bioavailability (Veber) Good Moderate Moderate Good Good Good 

Oral bioavailability (Egan) Good Moderate Moderate Moderate Moderate Moderate 

HIA: Human intestinal absorption. HIA values (%) have been mentioned in parentheses. HIA > 80%: high absorption, and HIA < 25%: poor absorption. 

 

Table 5. In silico toxicity assessment of the concerned phytochemicals isolated from C. sexangularis leaf extracts. 

Toxicity assessment 

Compounds 

Dodecanoic 

acid 

Ethyl 

nonadecanoate 
Ethyl stearate β-Sitosterol Stigmasterol 

Acarbose 

(standard) 

Mutagenicity (AMES 

mutagenesis) 

No No No No No No 

Cytotoxicity No No No No No No 

Carcinogenicity No Yes Yes Yes No No 

Hepatotoxicity No No No No No Yes 

Medicinal Chemistry (PAINS) 0 alert 0 alert 0 alert 0 alert 0 alert 0 alert 

P-glycoprotein inhibitor No No No Yes Yes No 

PAINS: Pan-assay interference compounds.  

 
P-glycoprotein (P-gp) is a transmembrane protein 

that is a member of the ABC-transporters family of 
transporters, which is responsible for the active 
transport of a large number of chemically varied 
chemicals out of cells. It has a strong correlation with 
the ADMET (absorption, distribution, metabolism, 
excretion, and toxicity) characteristics of pharmaceu-
ticals and therapeutic candidates. It also helps to re-
duce toxicity by removing substances from cells and 
preventing intracellular buildup. P-gp inhibitors are 
compounds that obstruct or bypass the P-gp drug 
efflux pump, also known as P-gp efflux. P-gp inhibi-
tors have the ability to change a drug's pharmacoki-
netics, which can improve metabolism, absorption, 
and distribution (Le et al., 2022). β-sitosterol and 
stigmasterol were the two appropriate P-gp inhibitors 
among the five compounds in this investigation, as 
determined by in silico screening (Table 5). Thus, the 
relevant phytocompounds, stigmasterol, and              
β-sitosterol showed promising drug-like properties 
and offered more opportunities for in vitro and in vivo 
validation toward the development of potent diabetic 
treatments. 

Molecular dynamics simulations 

Based on binding energy ratings, the substances 
stigmasterol and β-sitosterol interacted with the        

α-amylase and α-glucosidase proteins (Tables 1 and 
2). This led to the execution of 120 ns molecular dy-
namics (MD) simulations of the corresponding pro-
tein-ligand complexes. The complexes, including 
stigmasterol-α-amylase protein complexes (complex 
1), β-sitosterol-α-amylase protein (complex 2), stig-
masterol-α-glucosidase protein (complex 3), and       
β-sitosterol-α-glucosidase (complex 4) had mean 
RMSD values of 0.85, 0.65, 0.77 and 0.9 Ǻ respectively. 
In complexes 1, 2, 3, and 4, the RMSD values of the C 
atoms fluctuated initially, but after 101, 98, 92, and 
105 ns, they stabilized and stayed in equilibrium (Fig. 
7A, C, E, G). Our findings demonstrated that the 
complexes were stable in their shape and suggested 
that stigmasterol and β-sitosterol had a respectable 
capacity for binding when they interacted with the   
α-amylase and α-glucosidase proteins (Khan et al., 
2020). To address local alterations along a protein 
chain and interpret the conformational stability of the 
complex, it is useful to analyze the root mean square 
fluctuation (RMSF) of the residues of a protein-ligand 
complex (Muralidharan et al., 2020). After a thorough 
examination of the RMSF values associated with the 
complexes, it was determined that the average values 
for the complexes stigmasterol-α-amylase protein 
complexes (complex 1), β-sitosterol-α-amylase protein 
(complex 2), stigmasterol-α-glucosidase protein 

https://jppres.com/


Miya et al. In silico molecular docking from Cyperus sexangularis compounds 

 

https://jppres.com  J Pharm Pharmacogn Res (2025) 13(2): 658 

 

 

 

Figure 7. (A) RMSD analysis of the complex stigmasterol - α-amylase protein. (B) RMSF analysis of the complex stigmasterol - α-amylase 

protein. (C) RMSD analysis of the complex β-sitosterol - α-amylase protein. (D) RMSF analysis of the complex β-sitosterol - α-amylase protein. 

(E) RMSD analysis of the complex stigmasterol - α- glucosidase protein. (F) RMSF analysis of the complex stigmasterol - α- glucosidase 
protein. (G) RMSD analysis of the complex β-sitosterol - α- glucosidase protein. (F) RMSF analysis of the complex β-sitosterol - α- glucosidase 

protein. 

 
(complex 3), and β-sitosterol-α-glucosidase (complex 
4) were 2.1, 1.4, 1.1, and 0.88 Ǻ, respectively. Murali-
dharan et al. (2020) have observed that the residues 
that undergo significant variations during MD simu-
lations are represented by peaks in the RMSF plot. It 
was evident that complexes 1, 2, 3, and 4's RMSF 
analysis displayed the fewest changes and remained 
largely constant during the 120 ns MD simulations, 
demonstrating the complexes' conformation stability 
(Fig. 7B, D, F, and H). If a complex's interaction pat-
terns do not significantly change between the pre- 
and post-MD simulations, then the protein-ligand 
complex is thought to be stable in its conformation 
(Khan et al., 2020). After running MD simulations for 

120 ns, a thorough examination of the complexes' 
interaction profiles showed that their binding patterns 
remained unchanged. Thus, it was clear that the com-
plexes backed up the earlier findings of the molecular 
docking experiments and were conformationally sta-
ble. 

CONCLUSION 

Based on extensive molecular docking, drug-
likeness features, and MD simulations studies, the 
current research suggests that previously identified 
bioactive compounds in Cyperus sexangularis leaf ex-
tract, including stigmasterol and β-sitosterol were the 
best-scoring lead compounds with remarkable inhibi-
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tory properties against the digestive enzymes,           
α-amylase and α-glucosidase, in silico. However, suf-
ficient in vivo and mechanistic studies are required to 
fully establish the anti-hyperglycemic effects of C. 
sexangularis extracts and their putative compounds, 
particularly stigmasterol and β-sitosterol. 
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