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ABSTRACT: Sarcolobus globosus is a medicinal plant grown in the Sundarbans, exhibiting a spectrum of 
pharmacological properties. This study was devised to scrutinize the potential antidiabetic attributes intrinsic to S. 
globosus leaves. In the oral glucose tolerance test (OGTT), the extract displayed a dose-dependent reduction in blood 
glucose levels compared to the standard glibenclamide. The extract also demonstrated a notable suppression of the 
alpha-glucosidase enzyme (IC50 = 0.407 mg/ml), juxtaposed against the efficacy of the established standard voglibose 
(IC50 = 0.329 mg/ml). Cycloartane triterpene, identified as cycloeucalenol, was isolated, exhibiting an IC50 of 0.423 
mg/ml. Cycloeucalenol was subjected to MD analysis against the protein model (PDB ID: 3A4A), revealing a 
binding affinity of –9.4 kcal/mol, exceeding that of voglibose (–6.1 kcal/mol), and closely approximating the binding 
affinity of acarbose (–9.7 kcal/mol). Afterward, cycloeucalenol and acarbose were subjected to MDS studies to 
explore thermal stability. In addition, an ADMET analysis was performed, affirming the oral bioavailability and 
safety profile of cycloeucalenol.  
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INTRODUCTION 
 Diabetes mellitus constitutes a metabolic 
anomaly marked by elevated levels of blood glucose 
(hyperglycemia) due to aberrations in insulin 
secretion, insulin action or both.1 Projected figures 
suggest that the prevalence of diabetes could more 
than double by 2030.2 Individuals afflicted with 
diabetes experience a spectrum of complications, 
including renal failure, neurological disorders, multi-
organ dysfunction and ultimately, premature 
mortality.3 Encouragingly, effective management 
involving glycemic control and lifestyle adjustments  
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has the potential to mitigate these complications.4,5 
Despite the availability of preventive measures, the 
rapid increase in insulin resistance, coupled with 
significant adverse effects associated with current 
oral antidiabetic agents such as sulfonylureas and 
thiazolidinediones, necessitates fresh research into 
glycemic control strategies with diminished negative 
repercussions.6,7 Risk factors for managing type-2 
diabetes include postprandial hyperglycemia, where 
the alpha-glucosidase enzyme located at the small 
intestine's brush border plays a pivotal role by 
catalyzing carbohydrate hydrolysis into simple 
sugars.8,9 The alpha-glucosidase inhibitors reversibly 
act on that enzyme, consequently delaying the 
absorption of sugars from the gut and thus way 
controlling the blood glucose levels.10 This inhibition 
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can be beneficial for individuals with diabetes or 
those at risk of developing the condition. Alpha-
glucosidase inhibitors are commonly used as part of 
diabetes management and can help to control blood 
sugar levels after meals.11 Some examples of alpha-
glucosidase inhibitors include acarbose, voglibose, 
and miglitol, which are prescription medications, as 
well as natural compounds found in certain plants 
and foods.12 The growing popularity of alpha-
glucosidase inhibitors for glycemic control can be 
attributed to their distinctive properties of safety and 
tolerability.13 Accordingly, the focus has shifted 
towards exploring natural botanical sources to 
identify antidiabetic agents with minimal side effects, 
as evidenced by successes such as the discovery and 
synthesis of metformin, an alpha-glucosidase 
inhibitor originated from Galega officinalis.14 
 Many plant-derived compounds have been used 
traditionally in medicine for their potential 
therapeutic benefits. These compounds may interact 
with target proteins involved in diseases, offering a 
promising aspect for drug development.15 By 
precisely modulating the activity of a specific protein 
(either binding to the protein's active site or 
interfering with the protein's structure), drugs can 
exert a more focused therapeutic effect, potentially 
leading to better treatment outcomes. Selective 
compounds are less likely to interact with unintended 
proteins or systems in the body; therefore, this 
approach also allows targeted modulation of the 
biological pathway without affecting unrelated 
proteins as well as reducing the occurrence of 
adverse side effects that are commonly associated 
with less specific drugs.16 If a selective compound 
shows better efficacy against specific target 
protein(s), it can bolster the case for further drug 
development efforts. Therefore, due to its precision, 
efficacy, safety and a better understanding of disease 
biology, selective protein inhibition is crucial in drug 
discovery.17 
 The Sundarbans, situated in the southern part of 
Bangladesh, represent the world's largest mangrove 
forest, harboring a diversity of plant species 
renowned for their medicinal properties. While many 

novel compounds have been extracted, a multitude of 
plants within this forest remain unexplored from a 
scientific standpoint.18 In this context, a specimen 
from the Sundarbans, Sarcolobus globosus Wall., 
belonging to the Asclepiadaceae family, was selected 
for the assessment of its antidiabetic potential. S. 
globosus is a climber-type plant (5 m long, 5 mm 
diameter) whose aerial roots are observed at the base, 
the bark is smooth, leaves are simple, flowers are 
bisexual and fruits are 5-8 cm in diameter with a light 
brown color. Locally known as Baolilata, this plant is 
widely distributed in the Sundarbans, Cox’s Bazar, 
Khulna and Bagerhat districts in Bangladesh.19 
Traditional medicine has historically utilized this 
plant to treat conditions like rheumatism, dengue and 
fever.20 
 Significant therapeutic potentials of this plant 
have been documented, encompassing activities such 
as inhibition of the 15-lipoxygenase (15-LOX) 
enzyme.21 neuromuscular blocking effects.22 

inhibition of calcium-dependent contractions.23 
cytotoxic properties.24 membrane stabilization, 
thrombolytic actions.20 and antibacterial attributes25. 
While new compounds, sarcolobin, and sarcolobone, 
have been unveiled from the stems.21,26 the 
antidiabetic potentials of this plant remain 
unexplored. Intriguingly, diabetes is one of the 
disorders influenced by the 15-LOX enzyme.27 and 
given that the stem extract demonstrates inhibitory 
activity against this enzyme.21 it holds the potential to 
contribute to hyperglycemic management. Taking 
these factors into consideration, the primary objective 
of this study was to assess the antidiabetic potential 
of the plant extract and to isolate compound(s) that 
could serve as therapeutic alternatives for diabetes 
mellitus. 
 
MATERIALS AND METHODS. 
 General experimental procedures. 1H and 13C 
NMR spectra were taken in an ECZ-600 spectrometer 
(JEOL) at 600 and 150 MHz, respectively. High-
resolution mass spectrum was taken using an 
Exactive mass spectrometer (Thermo Fisher 
Scientific). Optical rotation was measured with a P-
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2200 polarimeter (JASCO). All these experiments 
were conducted in the laboratory of Natural Products 
Chemistry, Chiba University, Japan. 
 Materials. The alpha-glucosidase enzyme from 
Saccharomyces cerevisiae and p-nitrophenyl-α-D-
glucopyranoside substrate (pNPG) were obtained 
from Sigma-Aldrich, Singapore. Bionime (GM100) 
blood glucose monitor and Bionime (GM100) test 
strip were procured from Technokit Healthcare Ltd, 
Bangladesh. Glibenclamide (Square Pharmaceuticals 
Ltd, Bangladesh), voglibose (Beximco 
Pharmaceuticals Ltd, Bangladesh) and silica gel (60-
120 mesh) (Loba Chemie Pvt Ltd, India) were used. 
All chemicals and reagents used in this study were of 
analytical grade. Both analytical and preparative thin 
layer chromatography were performed on silica gel 
60 F254 (0.25 mm thickness) plates (Merck, 
Germany). 
 Plant material. Fresh S. globosus leaves were 
collected from the Karamjal area in the Sundarbans 
in July 2019. The plant was recognized by an expert 
at Bangladesh National Herbarium, Dhaka. For future 
reference, a voucher specimen has been deposited 
there (specimen no. 46493 DACB). 
 Extraction. Collected leaves were subjected to 
shade drying and pulverization. Dry powder (200 
gm) was soaked in 90% v/v ethanol in a sealed 
container, which was kept for 7 days with occasional 
shaking. After filtration, the residue was subjected to 
a second extraction for another 7 days. The filtrate 
from two times extraction was evaporated using a 
rotary evaporator to get the crude extract (16 gm) 
with an 8% w/w yield. 
 Experimental animals. Young Swiss albino 
mice aged 4-5 weeks with an appropriate average 
weight of 20-30 gm were used. The mice were 
obtained from Jahangirnagar University, Bangladesh, 
and housed under standard environmental conditions 
in the animal facility of the Pharmacy Discipline. The 
animals were provided with Icddr,b formulated 
rodent food and water ad libitum and acclimatized to 
laboratory conditions for one week before the 
experiment. Protocols followed for the animal 
experiment were approved by the animal ethics 

committee of Khulna University, Bangladesh (Ethical 
approval number: KUAEC-2020/02/03). 
 Acute toxicity study. The toxicity of S. globosus 
extract was evaluated using the method of Mahmud 
and co-workers with slight modifications.28 Fresh 
young Swiss albino mice were randomly selected and 
assigned to five groups. The extract was administered 
via feeding needle at doses of 500, 1000, 2000 and 
4000 mg/kg bw, except for the control group, which 
received 2% v/v tween-80 aqueous solution only. The 
animals were observed for the first 24 hours and up 
to 14 days for any signs of change in behavior, 
mortality, or change in body weight. After the 
experiment, the mice were euthanized by cervical 
dislocation and then buried in the soil.  
 Antihyperglycemic activity test. The 
antihyperglycemic activity of S. globosus leaf extract 
was evaluated by in vivo oral glucose tolerance test 
(OGTT) according to the method described by 
Golder and co-workers with slight modifications.29 
Experimental mice (n = 5 per group) were grouped 
into four groups: control group (distilled water 10 
ml/kg bw), standard group (glibenclamide 5 mg/kg 
bw), and two test groups (250 and 500 mg/kg bw). 
Blood glucose levels of mice in the fasting conditions 
(only water for at least 12 hours) were measured 
using a glucometer at 0, 30, 60, 90, 120 and 150 
minutes after glucose (2 gm/kg bw) administration.  
 Isolation of pure compound. The separation of 
S. globosus leaf extract was carried out based on the 
alpha-glucosidase enzyme inhibitory property. 10 gm 
of the crude extract was taken and partitioned 
successively with n-hexane (250 ml × 3), ethyl 
acetate (EtOAc) (250 ml × 3), and water. After 
evaporation, 2.1 gm n-hexane extract and 1.2 gm 
EtOAc extract were obtained, where the alpha-
glucosidase enzyme inhibitory activity was found to 
concentrate in the n-hexane extract. n-Hexane extract 
(1500 mg) was then applied to a silica gel column 
chromatography (CC) (column size (280×30) mm) 
with the graduated elutes of n-hexane:EtOAc 19:1 to 
7:1 through which two fractions, fr. 1A and fr. 1B 
were separated. After spraying 10% H2SO4 with heat, 
fraction 1B showed a major spot on the TLC plate, 
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and that’s why fraction 1B was subjected to a silica 
gel CC (column size (280×30) mm) from where four 
fractions, fr. 2A to fr. 2D were obtained with the 
gradient eluates of n-hexane:EtOAc 19:1 to 7:1. 
Following the major spot, fraction 2D was applied to 
another silica gel CC (column size (130×21) mm) 

with the gradient eluates of n-hexane:EtOAc 19:1 to 
7:1 and got four fractions, fr. 3A to fr. 3D. Among 
those, fr. 3C was purified by preparative TLC using 
n-hexane:EtOAc 7:1 solvent system to isolate the 
compound SG-1. The separation flowchart of SG-1 
from S. globosus leaf extract is shown in Figure 1. 

 
Sarcolobus globosus leaves (dried, grinded)

200 gm
Extracted with 90% Ethanol (2 times)
Concentrated

Crude extract 16 gm
10 gm
Suspended in water 100 ml
Partitioned with n-hexane (250 ml×3)

n-Hexane extract 2.1 gm Water layer

Partitioned with EtOAc (250 ml×3)

EtOAc extract 1.2 gm Water layer

1500 mg
Silica gel CC # 1 (280×30) mm 
n-Hexane:EtOAc

Fr 1A
60 mg

Fr 1B
900 mg

19:1 7:1

Silica gel CC # 2 (280×30) mm
n-Hexane:EtOAc

Fr 2A
9 mg

Fr 2B
459 mg

Fr 2C
35 mg

Fr 2D
80 mg

19:1 19:1 9:1 7:1

Silica gel CC # 3 (130×21) mm
n-Hexane:EtOAc

Fr 3A
2 mg

Fr 3B
8.5 mg

Fr 3C
10.5 mg

Fr 3D
6 mg

19:1 19:1 9:1 7:1

Preparative TLC
n-Hexane:EtOAc 7:1

SG-1
1 mg  

Figure 1. Separation flowchart of S. globosus leaf extract. 
 

 Alpha-glucosidase enzyme inhibitory activity 
test. In vitro alpha-glucosidase enzyme inhibitory 
activity of S. globosus extract was assessed using the 
method of Islam and coworkers with minor 
modifications.30 50 μl phosphate buffer (100 mM, 
pH: 6.8), 10 μl enzyme solution (1 unit/ml), and 20 μl 
of varying concentrations of extract (0.5, 0.4, 0.3, 
0.2, and 0.1 mg/ml, dissolved in methanol) were 

incubated in a 96-well plate at 37 °C for 15 min. 20 
μl of pNPG substrate was added to initiate the 
enzymatic reaction and the mixture was incubated at 
37 °C for 15 min. 50 μl of Na2CO3 solution was 
added to terminate the reaction. Enzyme inhibitory 
activity was observed by recording absorbance at 405 
nm and the result was expressed as an inhibitory 
percentage, estimated using the following formula: 
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Inhibitory activity (%) = (1 − As/Ac) ×100 
Where,  As = absorbance in the presence of test 
substance  
Ac = absorbance of control. 
The IC50 values were measured using standard 
calibration curves. 
 
In silico molecular docking (MD) study 
 Protein and ligand preparation for MD study. 
The protein model PDB ID: 3A4A was selected 
based on previously conducted studies and 
downloaded from the protein data bank 
(https://www.rcsb.org/).31-33 The model was then 
prepared by removing water molecules and other 
ligands, followed by the addition of polar hydrogen 
atoms.34,35 Finally, energy minimization was 
performed using a Swiss PDB viewer.36  3D 
structures of cycloeucalenol (PubChem ID: 101690), 
voglibose (PubChem ID: 444020) and acarbose 
(PubChem ID: 444252) were downloaded from 
PubChem (https://pubchem.ncbi.nlm.nih.gov/). 
Ligand’s energy was minimized using a universal 
force field (UFF) along with the optimization 
algorithm conjugate gradients and finally, it was 
converted into PDBQT format in PyRx.37,38 
 Docking and molecular visualization. Active 
site residues were selected during MD analysis in 
PyRx assembled with AutoDock4 and the results 
were analyzed in LigPlot version 2.2.4.37,39 The grid 
box values selected during the analysis were x = 
20.5376, y = −7.1810 and z = 18.6343. 
 Molecular dynamics simulations (MDS) 
study. The thermodynamic stability of the selected 
protein-ligand complexes was analyzed through MDS 
conducted over 250 ns. The simulations were 
performed using Schrödinger's Desmond program 
(v3.6, paid version) on a Linux platform. This study 
employed the TIP3P water model to simulate the 
aqueous environment. The system was enclosed in an 
orthorhombic periodic boundary box with a 10 Å 
buffer zone around the protein-ligand complex, 
ensuring an appropriate solvation environment for the 
simulations. To neutralize the system's electric 
charge, ions such as Na⁺ and Cl⁻ (from 0.15 M salt) 

were randomly distributed throughout the solvent 
environment. After constructing the solvated protein 
structures with agonist combinations, the framework 
was optimized using the OPLS3e force field from the 
Desmond package. The NPT ensemble was 
maintained at 300 K and 1 atm (1.01325 bar), 
followed by a 50 PS equilibration to collect data. The 
simulation employed the Nose-Hoover thermostat 
and isotropic pressure coupling. Simulation trajectory 
analysis was performed using Schrödinger's Maestro 
program (version 9.5). The proposed model's 
environment was analyzed using the simulated 
interaction diagram (SID) from the Desmond module 
in the Schrödinger suite to evaluate the accuracy of 
the MD simulation. Protein-ligand complex stability 
was assessed through parameters such as root-mean-
square deviation (RMSD), RMSF- root-mean-square 
fluctuation, radius of gyration (Rg), solvent-
accessible surface area (SASA), molecular surface 
area (MolSA), polar surface area (PSA), protein-
ligand (P-L) interactions and intramolecular 
bondings.40 
 RMSD analysis. When individual molecules are 
removed from a system for a defined period, the 
resulting mean positional deviations are compared to 
standard measurements using calculated RMSD. 
Binding RMSD for peptide atomic components, such 
as carbon atoms, backbone, side chains and heavier 
atoms was evaluated in this 250 ns MDS study. The 
binding RMSD reflects how peptides adjust relative 
to receptor molecules over time, synchronized and 
assessed for the standard interval. The RMSD for an 
MD simulation at a given interval, x, is calculated 
using the following equation (Equation i):  

 RMSDx = ටଵ
ே

 ∑ ே݅′ݎ)
௜ୀଵ  (tx)) - ri (tref))2      

………..                         (i) 
 Here, r' represents the position of the chosen 
molecule in frame x after aligning it to the reference 
configuration. N is the number of selected molecules, 
and tref is the reference time. 
 RMSF analysis. RMSF primarily monitors 
structural changes in the transcriptional framework 
relative to the initial polypeptide configuration. The 
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following equation is used to calculate RMSF for 
each amino acid residue (i) during an MD simulation 
(Equation ii): 

 RMSFi = ටଵ
்

 ∑ < ்݅′ݎ)
௧ୀଵ  (t)) - ri (tref))2 >      

………..                       (ii) 
 Here, T represents the duration of the simulation 
trajectories. r'i(t) is the position of residue i at time t 
after alignment with the reference structure, ri(tref) is 
its position at the reference time and the angle 
brackets denote the mean distances across all 
residues. 
 Post-simulation thermal molecular 
mechanics-generalized born surface area 
(MMGBSA) analysis. Thermal MMGBSA of the 
complexes during the 250 ns simulation was 
calculated using the thermal_mmgbsa.py tool. The 
Desmond MD trajectory was divided into 20 discrete 
frame snapshots and each frame underwent 
MMGBSA analysis. The ligand was then dissociated 
from the receptor for further evaluation. 
 Pharmacokinetic and toxicity (ADME/T) 
profiling. The pharmacokinetic properties of 
cycloeucalenol were investigated using SwissADME 
(http://www.swissadme.ch).41 Toxicological 
information on cycloeucalenol was obtained from 
PubChem (https://pubchem.ncbi.nlm.nih.gov/). 
 Statistical analysis. Statistical analysis was 
performed using Microsoft Excel and Student’s 
unpaired t-test using GraphPad Prism Version 5.0 

(GraphPad Software, San Diego, CA, USA). 
Experimental values were expressed as mean ± 
standard deviation (SD), and the mice number in each 
group was n = 5. P values <0.05 were considered 
statistically significant. 
 
RESULTS AND DISCUSSION 
 Acute toxicity test. Before the pharmacological 
test, an acute toxicity study was conducted and the S. 
globosus leaf extract was found to be non-toxic, as 
evidenced by the absence of mortality and behavioral 
changes in mice, even at the maximum dose of 4000 
mg/kg bw. This result not only demonstrated the 
safety of this plant but also helped in selecting the 
doses (250 and 500 mg/kg bw) for the OGTT. 
 Antihyperglycemic activity test. In the in vivo 
OGTT, S. globosus extract suppressed the blood 
glucose level based on the dose variation (Figure 2) 
at 60, 90, 120 and 150 minutes after glucose loading. 
At 60 minutes, the glucose levels decreased to 7.66 ± 
0.498 mMol/l (p = 0.0013) and 6.76 ± 0.586 mMol/l 
(p = 0.0001), respectively for 250 mg/kg and 500 
mg/kg, compared to 9.56 ± 0.723 mMol/l in the 
control group. Similar trends were observed at 
subsequent time points, with significant reductions 
observed at 90 and 150 minutes (p < 0.05). These 
findings indicate the antihyperglycemic potentials of 
the S. globosus extract.  

 

 
 

Figure 2. Comparison of blood glucose levels (mmol/l) of S. globosus leaf extract in mice over a period in OGTT 
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 Isolation and identification of SG-1. 
Compound SG-l (1 mg, purity 99%) was isolated 
from the n-hexane fraction of S. globosus leaf extract 
by activity-guided separation and characterized by 
detailed 1D and 2D NMR and mass spectroscopy. 
SG-1 is a colorless amorphous substance, [α]D

24 +42° 
(c 0.1, CHCl3); [α]D

 +45° (CHCl3) 
(https://foodb.ca/compounds/FDB014882) with Rf 
value 0.36 at n-hexane:EtOAc (5:1) on silica gel 
TLC. 
 13C NMR spectrum of SG-1 (Figure 3a) 
displayed thirty carbons, of which six were methyl 
carbons at δ 17.8 (C- 18), 18.3 (C-21), 21.9 (C-26), 

21.9 (C-27), 19.1 (C-29), 14.4 (C-30), twelve were 
methylene carbons at δ 30.8 (C-1), 34.8 (C-2), 24.7 
(C-6), 25.2 (C-7), 26.9 (C-11), 32.8 (C-12), 35.3 (C-
15), 28.1 (C-16), 27.3 (C-19), 34.9 (C-22), 31.3 (C-
23), 105.9 (C-28), seven were methine carbons at δ 
76.6 (C-3), 44.6 (C-4), 43.3 (C-5), 46.9 (C-8), 52.2 
(C-17), 36.1 (C-20), 33.8 (C-25) and five were 
quaternary carbons at δ 23.5 (C-9), 29.5 (C-10), 45.3 
(C-13), 48.9 (C-14), 156.9 (C-24). SG-1 has an 
olefinic bond attached to the 24th carbon which 
corresponds to peaks at δ 105.9 (C-28) and 156.9 (C-
24).  

 
 

 
(a) 

 
(b) 

 
(c) 

Figure 3. (a) 13C NMR, (b) 1H NMR, and (c) High-resolution atmospheric pressure chemical ionization mass spectrum (HRAPCIMS) of 
compound SG-1 
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 In the 1H NMR spectrum of SG-1 (Figure 3b), 
six methyl signals were observed at 0.90 (s, 29-H), 
0.90 (d, 5.4, 21-H), 0.96 (s, 18-H), 0.98 (d, 6.0, 30-
H), 1.01 (d, 6.0, 26-H), and 1.03 (d, 6.6, 27-H). It 
showed two olefinic proton signals at δ 4.66 (d, 1.8, 
28-H) and 4.70 (br s, 28-H) and a methine proton 
signal at δ 3.20 (m, 3-H) indicating its attachment to 
an -OH group. Two methylene proton signals were 
observed at a very high field at 0.14 (d, 4.2, 19-H) 

and 0.38 (d, 4.2, 19-H) suggesting a cyclopropane 
structure that was joined to cyclohexane at positions 
C-9 and C-10 (Table 1). HRAPCIMS of SG-1 
showed [M+H]+ ion peak at 427.3923 (calc. mass 
427.3934) and [M-H2O+H]+ ion peak at 409.3826 
(calc. mass 409.3829) (Figure 3c).42 COSY and major 
HMBC correlations of SG-1 are presented in Figure 
4a. 

 
Table 1. 1H and 13C NMR (δ ppm) assignments of compound SG-1 (Cycloeucalenol) in CDCl3 
 

Carbon number 13C (150 MHz) 1H (600 MHz) 
C-1 30.8 1.58 (1H, m) 

1.28 (1H, m) 
C-2 34.8 1.98 (1H, m) 

1.41 (1H, m) 
C-3 76.6 3.20 (1H, m) 
C-4 44.6 1.16 (1H, m) 
C-5 43.3 1.20 (1H, m) 
C-6 24.7 1.67 (1H, m) 

0.57 (1H, qd, 12.6, 3.0) 
C-7 25.2 1.06 (1H, qd, 11.4, 3.6) overlapped 

1.29 (1H, m) 
C-8 46.9 1.59 (1H, m) 
C-9 23.5  
C-10 29.5  
C-11 26.9 1.20 (1H, m) 

1.96 (1H, m) 
C-12 32.8 1.62 (2H, m) 
C-13 45.3  
C-14 48.9  
C-15 35.3 1.29 (2H, m) 
C-16 28.1 1.29 (1H, m) 

1.91 (1H, m) 
C-17 52.2 1.62 (1H, m) 
C-18 17.8 0.96 (3H, s) 
C-19 27.3 0.14 (1H, d, 4.2) 

0.38 (1H, d, 4.2) 
C-20 36.1 1.40 (1H, m) 
C-21 18.3 0.90 (3H, d, 5.4) 
C-22 34.9 1.15 (1H, m) 

1.58 (1H, m) 
C-23 31.3 1.89 (1H, m) 

2.12 (1H, ddd, 15.6, 12, 4.8) 
C-24 156.9  
C-25 33.8 2.23 (1H, septet, 6.6) 
C-26 21.9 1.01 (3H, d, 6.0) 
C-27 21.9 1.03 (3H, d, 6.6)  
C-28 105.9 4.66 (1H, d, 1.8) 

4.70 (1H, br s) 
C-29 19.1 0.90 (3H, s)  
C-30 14.4 0.98 (3H, d, 6.0) 
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 Comparing the above-mentioned data with 
published literature, compound SG-1 was identified 
as a cycloartane triterpene, cycloeucalenol (Figure 
4b).43 
 Alpha-glucosidase enzyme inhibitory activity 
test. S. globosus leaf extract inhibited the enzyme in 
a concentration-based fashion with an IC50 value of 
0.407 mg/ml in comparison with standard voglibose 
(IC50 = 0.329 mg/ml). After partitioning, both the n-
hexane and ethyl acetate fractions were tested, but the 
n-hexane fraction (IC50 = 0.479 mg/ml) was found to 
be more active (IC50 = 1.358 mg/ml for ethyl acetate 
fraction). Cycloeucalenol (SG-1) isolated from the n-

hexane fraction inhibited the alpha-glucosidase 
enzyme with an IC50 value of 0.423 mg/ml. 
 MD study. In the MD studies, binding affinities 
of cycloeucalenol, voglibose and acarbose were 
found as –9.4, –6.1, and –9.7 kcal/mol, respectively, 
with the protein model (PDB ID: 3A4A), and the 
ligand interactions and binding characteristics are 
presented in table 2 and figure 5. Two compounds 
previously isolated from this plant such as sarcolobin 
and sarcolobone were also docked and demonstrated 
lower binding affinities of –7.0 kcal/mol and –8.4 
kcal/mol, respectively (Table 2). 
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Figure 4. (a) COSY and major HMBC correlations of compound SG-1. (b) Chemical structure of compound SG-1 (Cycloeucalenol) 

 
MDS study. 
 RMSD analysis. For the 250 ns MDS study, the 
RMSD values for the two tested ligands acarbose and 
cycloeucalenol were within the acceptable range. The 
average RMSD value of acarbose was stable with 
some fluctuations compared to the value of apo-
receptor. Cycloeucalenol showed a considerable 
RMSD value, which is within the acceptable range 
compared to the value of the apo-receptor, suggesting 
the conformational stability of the protein-ligand 
complex structure presented in figure 6A. 
 RMSF analysis. Due to the existence of the N- 
and C-terminal domains, most of the fluctuations 
were found at the beginning, middle and end of the 
point protein residues. Consequently, any individual 

atom’s displacement had a low fluctuation 
probability for the two ligands, acarbose and 
cycloeucalenol, compared to the value of the apo-
receptor, as illustrated in figure 6B. 
 Rg analysis. Average Rg values for the ligands 
acarbose and cycloeucalenol were estimated to be 6.0 
and 5.0, respectively, suggesting that upon binding 
with the selected ligands, the binding sites of the 
protein do not substantially alter, as presented in 
figure 6C. 
 Analysis of SASA, MolSA and PSA. The 
SASA values for acarbose and cycloeucalenol were 
between 90 and 440 Å2, respectively, suggesting the 
higher level of interactions in the complex systems 
presented in figure 6D. In the case of MolSA, both 
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ligands acarbose and cycloeucalenol possessed the 
standard Van der Waals surface area (Figure 6E). The 
targeted protein also showed strong PSA values for 
both acarbose and cycloeucalenol (Figure 6F). 
 Analysis of intramolecular bonds. Several 
features (hydrogen bond, noncovalent bond, water 

bridge bond and ionic bond) were used to analyze the 
interactions between the protein and the selected 
ligands (acarbose and cycloeucalenol), and the 
findings demonstrated the stable binding of the 
ligands with the targeted protein, as depicted in figure 
7. 

 

 
Figure 5. (a) Binding of ligands with alpha-glucosidase enzyme (PDB ID: 3A4A); cycloeucalenol (silver), voglibose (blue), and acarbose 

(yellow). 2D predicted binding mode of (b) Cycloeucalenol, (c) Voglibose, and (d) Acarbose. 

 
 Post-simulation thermal MMGBSA analysis. 
The binding free energies of the receptor-ligand 
complexes during the 250 ns molecular dynamics 
simulation (MDS) were evaluated using the 
thermal_mmgbsa.py python package. The Desmond 
MD trajectory was divided into 20 discrete snapshots, 

each subjected to MMGBSA analysis. Afterward, the 
ligand was dissociated from the receptor. Stronger 
binding between the ligand and receptor resulted in 
more negative binding free energy values 
(MMGBSA_dG_Bind_vdW). Notably, 
cycloeucalenol showed a binding free energy of –
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53.32 kcal/mol, which was similar to the control drug 
acarbose (–62.20 kcal/mol) (Figure 8). 
 ADMET profiling analysis. ADMET analysis 
of the isolated compound cycloeucalenol revealed no 
mutagenic, carcinogenic or hepatotoxic properties. It 
is impermeable to the blood-brain barrier (BBB). 
With a TPSA of 20.23 Å and 5 rotatable bonds, the 
molecule has a strong support of being utilized orally. 

It has only one hydrogen bond donor and acceptor. It 
is highly lipophilic in nature and poorly soluble in 
water. Consistent with Lipinski’s rule of five, 
cycloeucalenol is druggable as well as having an 
excellent absorption pattern (bioavailability score = 
0.55). However, in the case of lead-likeness property, 
it violates two rules mentioned in table 3. 

 
Table 2. Ligand interactions on the active site of alpha-glucosidase enzyme from S. cerevisiae. 
 

Ligands Protein Binding affinity 
(kcal/mol) 

Interacting amino acids 

Acarbose PDB ID: 3A4A 
 

–9.7 Phe159, Phe178, Glu277, 
Asp352, Arg442 

Voglibose –6.1 Phe159 

SG-1 (Cycloeucalenol) –9.4 Phe178, Asp215, Val216, Glu277, Asp352, Arg442 

Sarcolobin –7.0 Asp352, Arg442 

Sarcolobone –8.4 Asp352, Arg442 
 

Active site residues of PDB ID: 3A4A are Asp69, Tyr72, His112, Phe159, Phe178, Arg213, Asp215, Val216, Glu277, His351, Asp352, and 
Arg442. 
 

 
 
Figure 6. A graphical depiction of the MDS findings over a time span of 250 ns. Here, A displayed the root mean square deviation (RMSD) 

result; B exhibited the result of root-mean-square fluctuation (RMSF), C denoted the values of the radius of gyration (Rg); D exhibited 
the result of solvent accessible surface area (SASA); E showed the result of molecular surface area (MolSA) and finally, F denoted the 
result of polar surface area (PSA). The selected ligands acarbose, cycloeucalenol, and apo-receptor in complex with the protein are 
represented by green, orange and ash, respectively 
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Figure 7. Graphical representation of the interaction between the protein (PDB ID: 3A4A) and the selected ligands [Acarbose (A), 

cycloeucalenol (B), and apo-receptor (C)] by 250 ns period of MDS. 
 
Table 3. Pharmacokinetic profiling (ADMET) of cycloeucalenol. 
 

Pharmacokinetic parameters Cycloeucalenol Remarks 
Molecular weight 426.7  
No. of rotatable bonds 5 For compound flexibility, not more than 9 rotatable bonds. 
H-bond acceptors 1  
H-bond donors 1  
TPSA 20.23 Å2 Should be between 20 to 130Å2 
Log Po/w 7.48 Highly lipophilic 
Water solubility Poorly soluble Log S scale: insoluble <−10 <poorly <−6 <moderately <−4 

<soluble <−2 <very <0 <highly 
BBB permeant No  
P-gp substrate No  
Lipinski’s violations 1 violation: MLOGP>4.15  
Bioavailability score 0.55 Excellent absorption 
Lead-likeness 2 violations:  

MW>350, XLOGP3>3.5 
 

AMES toxicity No Not mutagenic/ carcinogenic 
Hepatotoxicity No  

 
TPSA-Topological polar surface area; Log Po/w- Predicted octanol/water partition coefficient; BBB- blood–brain barrier; P-gp- P-
glycoprotein 
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 For millennia, plants have served as a 
comprehensive remedy for a diverse array of 
illnesses, with approximately two-thirds of the 
world's plant species harboring medicinal 
properties.44 The revolutionary potential of plants and 
their derivatives lies in their simplicity, safety, eco-
friendliness, cost-effectiveness, rapidity and reduced 
toxicity.45 Comprehensive ethnopharmacological 
surveys across numerous countries have yielded a 
striking repertoire of plants employed in the 
treatment of diabetes.46 Since diabetes mellitus is one 
of the major alarming issues worldwide, therefore, 

the identification of novel medicinal plants or 
specific compounds that can effectively address 
postprandial hyperglycemia without the side effects 
associated with conventional medications is of 
paramount importance. In the context of our 
investigation, we directed our focus to a plant 
indigenous to the Sundarbans, a member of the 
Asclepiadaceae family, namely S. globosus. The 15-
LOX enzyme inhibitory activity of this plant, which 
has been reported previously,27 reinforced the 
rationale for exploring its antihyperglycemic 
potential. 

 

 
Figure 8. Post-simulation trajectory MMGBSA analysis of cycloeucalenol (blue) and acarbose (green) with the S. cerevisiae alpha-

glucosidase protein complex (PDB ID: 3A4A) 

 
 Prior to delving into pharmacological 
evaluations, it was important to establish the safety 
profile of the plant extract. An initial acute toxicity 
test exhibited no behavioral changes or mortality in 
treated mice, attesting to the plant's safety. 
Subsequently, in vivo antihyperglycemic evaluations 
were conducted via OGTT, where the plant extract 
significantly reduced blood glucose levels. Based on 
the above finding, further investigation was 

necessitated to find out the probable mechanism(s) of 
lowering blood glucose levels. Therefore, attention 
was paid to investigating the alpha-glucosidase 
enzyme inhibitory activity of the leaf extract, where it 
was found to be active with an IC50 value of 0.407 
mg/ml compared with standard voglibose (IC50 = 
0.329 mg/ml). After partitioning of the crude extract, 
the n-hexane fraction showed better activity (IC50 = 
0.479 mg/ml). Subsequent steps involving column 
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chromatography and preparative TLC yielded a 
compound designated as SG-1. Compound SG-1 also 
exhibited alpha-glucosidase enzyme inhibition (IC50 = 
0.423 mg/ml) although the crude extract was more 
potent. This may be due to the synergistic effect of 
different types of phytochemicals present in the crude 
extract. Structure determination of SG-1 was carried 
out using both 1D and 2D NMR and mass 
spectroscopy and we found that it was a cycloartane 
triterpene, identified as cycloeucalenol. Additionally, 
cycloeucalenol was previously found to be a 
bioactive antidiabetic compound.47 However, the 
exact mechanism through which this compound 
exerts the antidiabetic action has not yet been 
identified. In this study, we attempted to explore the 
possible mechanism of cycloeucalenol's antidiabetic 
properties. Notably, several triterpene-like 
compounds such as ursolic acid, oleanolic acid, and 
betulinic acid have been reported to target the same 
binding site on the alpha-glucosidase enzyme as 
acarbose, exerting enzyme inhibitory effects.48 In 
the context of the above-mentioned findings, the 
triterpene skeleton of cycloeucalenol might manifest 
the alpha-glucosidase enzyme inhibitory action in a 
similar fashion.  
 In vitro analysis employed voglibose as a 
standard drug, while it is widely acknowledged that 
acarbose is the most potent and stable alpha-
glucosidase enzyme inhibitor. Hence, in silico 
analysis, acarbose was included as a ligand to assess 
the comparative efficacy of cycloeucalenol against S. 
cerevisiae alpha-glucosidase (PDB ID: 3A4A). 
Results indicated that all compounds (cycloeucalenol, 
voglibose and acarbose) docked within the same 
binding pocket, with cycloeucalenol exhibiting a 
binding affinity of –9.4 kcal/mol, surpassing 
voglibose (–6.1 kcal/mol) and closely approaching 
acarbose (–9.7 kcal/mol). Cycloeucalenol interacted 
with amino acid residues Phe178, Asp215, Val216, 
Glu277, Asp352, and Arg442, while voglibose 
engaged only with Phe159 at the active site (as 
illustrated in table 2 and figure 5). Acarbose, on the 
other hand, interacted with amino acid residues 
Phe159, Phe178, Glu277, Asp352, and Arg442 at the 
active site. The presence of common amino acid 

residues Phe178, Glu277, Asp352, and Arg442 in 
both cycloeucalenol and acarbose protein-ligand 
interactions is notable. Previous investigations have 
shown that a specific derivative of 3-amino-2,4-
diarylbenzo[4,5]imidazo[1,2-α]pyrimidines, 2,4-bis-
(4-chloro-phenyl)-benzo[4,5]imidazo[1,2-α]pyri-
midin-3-ylamine possesses alpha-glucosidase enzyme 
inhibitory activity significantly surpassing that of 
acarbose. MD analysis of that compound 
demonstrated interactions with amino acid residues 
Phe303, Tyr158, Asp352, Arg442, Arg315, Val216, 
Tyr72, His112 and Phe178 at the active site.32 Loss 
of Asp352 at the protein-ligand interaction site was 
shown to decrease enzyme inhibitory activity. 
Therefore, the interaction between Asp352 and 
cycloeucalenol is likely to assume a pivotal role in 
the inhibition of the enzyme.  Additionally, 
stabilizing interactions with specific residues like 
Arg315 and Val216 and hydrophobic interactions 
with Tyr72, His112, Phe178 and Arg315 
significantly contribute to the enzyme inhibitory 
potency.32 Notably, interactions between 
cycloeucalenol and Val216 and Phe178 appear to 
underscore the probable rationale for its superior 
performance relative to voglibose. Moreover, MD 
analysis revealed that cycloeucalenol showed a better 
binding affinity of – 9.4 kcal/mol in comparison to 
the previously isolated two compounds from this 
plant, sarcolobin (–7.0 kcal/mol) and sarcolobone (–
8.4 kcal/mol) (Table 2). 
 In the 250 ns MDS investigation, RMSD values 
were within the acceptable range, which typically 
signifies the average binding positions. The RMSD 
values for acarbose and cycloeucalenol demonstrated 
a favorable docking orientation, affirming the 
absence of disruption in the protein-ligand structure 
as illustrated in figure 6A. To confirm the 
dimensional changes of molecules throughout the 
simulation trajectory, we also computed the SASA of 
both the protein and ligands.49 The SASA outcomes 
extracted from the MDS trajectory revealed that 
cycloeucalenol exhibited elevated SASA values (440 
Å2) relative to acarbose (90 Å2), as depicted in figure 
6D. Furthermore, a higher Rg value suggests a more 
relaxed molecular packing, while a lower Rg value 
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signifies a more compact arrangement.50 Based on the 
Rg values, both cycloeucalenol and acarbose, in 
conjunction with the protein, exhibited standard 
compactness, as evidenced in figure 6C. Notably, 
stable bindings were observed between the targeted 
protein and the selected ligands (acarbose and 
cycloeucalenol), as shown in figure 7.  Both ligands 
also demonstrated promising values in the MolSA 
and PSA validation graphs, as portrayed in figures 6E 
and 6F. Moreover, in the post-simulation binding 
energy assessment, we found that cycloeucalenol 
possessed a binding free energy akin to that of the 
control drug acarbose (Figure 8). 
In addition to these considerations, the ADMET 
analysis of cycloeucalenol suggests its potential as a 
safe lead candidate for addressing diabetes mellitus, 
as detailed in table 3. Furthermore, the focal 
compound of our study, cycloeucalenol, boasts a 
TPSA of 20.23 Å along with a lower count of 
rotatable bonds, thereby indicating a strong chance 
for oral administration.51 Additionally, a previous 
study reported the noncytotoxic nature of 
cycloeucalenol.52 
 
CONCLUSION 
 The leaf extract of S. globosus, a medicinal plant 
from the Sundarbans, demonstrated dose-dependent 
hypoglycemic properties by lowering blood glucose 
levels in vivo. The extract also inhibited alpha-
glucosidase, an enzyme involved in the metabolism 
of dietary carbohydrates, in vitro. A cycloartane 
triterpene, cycloeucalenol, isolated from this plant, 
was found to be a potent inhibitor of the alpha-
glucosidase enzyme, with activity comparable to the 
standard voglibose. Molecular dynamics (MD) 
analysis supported this finding, showing a stronger 
binding affinity of cycloeucalenol compared to 
voglibose and acarbose. In the context of molecular 
dynamics simulations (MDS), cycloeucalenol 
exhibited greater structural stability with the alpha-
glucosidase enzyme compared to acarbose. Overall, 
this study suggests that cycloeucalenol could be a 
promising antidiabetic compound, acting through the 
alpha-glucosidase enzyme inhibitory pathway. 
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