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Introduction metabolic disorder is characterized by persistent

Diabetes mellitus (DM) is an increasingly hyperglycemia and is associated with numerous
prevalent global health challenge, with the debilitating complications, including neuropathy,
number of affected individuals projected to reach nephropathy, and cardiovascular disease (3, 4).

approximately 645 million by 2045 (1, 2). This Consequently, identifying effective therapeutic
strategies for DM has become a major research
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carbohydrate digesting enzymes a-glucosidase
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and a-amylase (5). a-glucosidase (EC 3.2.1.20),
which is located in the brush border membrane
of the small intestine, catalyzes the final stage
of carbohydrate digestion by hydrolyzing a-1,4
and a-1,6 glycosidic linkages, thereby releasing
glucose for subsequent absorption into the
bloodstream (6, 7). Because this enzymatic
process directly contributes to postprandial
elevations in blood glucose levels, inhibition
of a-glucosidase represents an effective
therapeutic strategy for controlling postprandial
hyperglycemia.
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a-glucosidase inhibitors play a pivotal role in
themanagementof DM by delaying carbohydrate
digestion and reducing postprandial glucose
excursions. Accordingly, the discovery and
development of novel a-glucosidase inhibitors
remain important objectives in antidiabetic
drug research (8, 9). Several a-glucosidase
inhibitors, including acarbose, voglibose,
miglitol, deoxynojirimycin, metformin, and
nateglinide (Figure 1), are currently used
in clinical practice to improve glycemic
control by inhibiting key digestive enzymes.
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Figure 1. The chemical structures of the known a-glucosidase inhibitors (22).
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However, their therapeutic use is often limited
by adverse effects, including flatulence,
hypoglycemia, abdominal discomfort,
hepatotoxicity, and urinary tract complications
(10-12). These limitations underscore the need
to identify alternative a-glucosidase inhibitors
with improved efficacy and safety profiles.

Natural products derived from fruits,
vegetables, medicinal plants, and other dietary
sources represent a rich reservoir of bioactive
compounds with potential a-glucosidase
inhibitory activity. Among these, alkaloids,
together with terpenoids, phenolic acids,
stilbenoids, and flavonoids, have attracted
considerable attention because of their broad
spectrum of biological and pharmacological
activities (13, 14). Increasing evidence has
highlighted the beneficial effects of alkaloids
on human health, including antidiabetic,
antioxidant, siderophore, attractant, and
antiaging  activities  (15).  Furthermore,
several alkaloids have demonstrated potent
o-glucosidase  inhibitory  activity.  For
example, berberine and jatrorrhizine have
been reported to exhibit greater inhibitory
potency than acarbose, a widely used reference
inhibitor (16, 17). Likewise, Stefanello et al.
(2014) demonstrated that caffeine effectively
reduced blood glucose levels in diabetic rats,
further supporting the therapeutic potential of
alkaloids in diabetes management (18). Despite
these encouraging findings, the molecular
mechanisms underlying the interaction
between alkaloids and  a-glucosidase
remain incompletely understood. Therefore,
comprehensive in silico investigations are
needed to characterize the binding modes and
interaction profiles of diverse alkaloids with
a-glucosidase.

Recent advances in computational drug
discovery have established in silico methods as
indispensable tools for identifying promising
therapeutic candidates. These approaches
facilitate high throughput virtual screening
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while reducing both the time and cost associated
with conventional drug discovery and providing
valuable computational data for rational drug
design (19). Among these methods, molecular
docking has emerged as a powerful technique
for elucidating receptor ligand interactions and
predicting binding affinities. When integrated
withexperimental investigations, computational
approaches provide a more comprehensive
understanding of the molecular mechanisms
governing receptor ligand interactions (20,
21). Building on these advances, the present
study aimed to systematically evaluate the
a-glucosidase inhibitory potential of selected
alkaloid compounds. Specifically, molecular
docking was employed to predict their binding
affinities, expressed as docking scores, and
to characterize their interactions with the
a-glucosidase active site.

Materials and Methods
Drug-Likeness Evaluation

The potential of the selected alkaloid
compounds (Figure 2) as viable a-glucosidase
inhibitors was systematically assessed by
evaluating their drug-likeness properties. This
analysis was designed to predict the compounds’
pharmacokinetic behavior and oral suitability
in accordance with established drug-likeness
criteria(23). Keymoleculardescriptors, including
molecular weight (MW), lipophilicity (logP),
hydrogen bond donors (HBD), hydrogen bond
acceptors (HBA), and molar refractivity (MR),
were calculated to determine compliance with
Lipinski’s Rule of Five and related guidelines.
Thesephysicochemical parameters were obtained
using the SwissADME web server (http:/www.
swissadme.ch/index.php) (24) and cross-checked
against the PubChem database (http:/pubchem.
ncbi.nlm.nih.gov). This preliminary screening
helped ensure that the compounds possessed
favorable pharmacokinetic characteristics and,
therefore, had potential as orally bioavailable
drug candidates.
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Figure 2. Chemical structure of alkaloids.

Toxicological Profile Prediction

In parallel, the toxicological properties of
the selected alkaloids were rigorously predicted
to identify potential safety concerns at an early
stage of drug discovery. Toxicity evaluation
is a critical step in determining a compound’s
suitability  for therapeutic  development.
Potential adverse effects, including
hepatotoxicity, mutagenicity, carcinogenicity,
cytotoxicity, and immunotoxicity, were
predicted computationally using the ProTox-II
server (https:/tox.charite.de/protox I1/) (25).
In addition, each compound was assigned an
overall toxicity class using Toxtree software,
version 2.5.4 (26). This integrated predictive
approach provided a comprehensive overview
of the safety profiles of the alkaloid candidates
and supported their prioritization for further

254

biological and pharmacological investigation.
Molecular docking

To elucidate compound enzyme interaction
modes, molecular docking was performed
using AutoDock Tools 4.2.6 (27). The crystal
structure of a-glucosidase (PDB ID: 3W38,
279 A resolution) was retrieved from the
RCSB Protein Data Bank (https:/www.
rcsb.org/structure/3W38).  The  compound
structures, alkaloid sources, and PubChem IDs
were obtained from the PubChem Compound
database (https:/pubchem.ncbi.nlm.nih.
gov/) (Table 1). Energy minimization of
a-glucosidase and all alkaloid compounds was
carried out in UCSF Chimera (28), which was
also used for charge assignment, water removal,
polar hydrogen addition, and the assignment
of Kollman and Gasteiger charges. A docking
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Table 1. Properties some of important alkaloids in natural sources.
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S.No PubChem ID
1 Berberine Stephania tetrandra 2353
2 Caffeine Camellia sinensis 2519
3 Theobromine Camellia sinensis 5429
4 Tetrandrine Cyclea barbata 73078
5 Cephaeline Alangium salviifolium 442195
6 Sanguinarine Glaucium squamigerum 5154
7 Hydrastine Berberis aquifolium 197835
8 Boldine Neolitsea konishii 10154
9 Galanthamine Crinum moorei 9651
10 Protopine Corydalis solida 4970
11 Scopolamine Duboisia leichhardtii 5184
12 Fangchinoline Stephania hernandifolia 73481
13 Cepharanthine Stephania cephalantha 10206
14 Stachydrine Achillea setacea 115244
15 Vincamine Vinca difformis 15376

grid box was defined around the active site,
encompassing the mapped a-glucosidase
residues, with dimensions of 78 x 78 x 78
A and centered at coordinates x = -14.33, y
= -45.21, and z = 0.337 A. The Lamarckian
genetic algorithm was used for docking with
the following parameters: 17,000 generations,
1,900,000 evaluations, 1,000 docking runs, and
simulated annealing parameters of 0.3 A/step
and 6%step. Post docking analysis of ligand
3W38 complex interactions was performed
using BIOVIA Discovery Studio (DS) software
(29, 30).
Evaluation of protein secondary structure
The 3D coordinate of 3W38 was retrieved
from the Protein Data Bank for structural
analysis. Initial preparation and local
optimization of the structure were performed
in UCSF Chimera v1.7. Energy minimization
was carried out using the conjugate gradient
algorithm together with the GROMOS 53A6
force field to relieve steric clashes and reduce
local strain before downstream analysis.
Secondary  structure = composition  and
architecture were assessed using the VADAR
vl.8 web server (http:/redpoll.pharmacy.
ualberta.ca/vadar) (31), which provides residue
level assignments of a helices, 3 sheets, 3 turns,

and coils, as well as summary statistics relevant
to secondary structure content. Structural
inspection and presentation quality molecular
graphics were generated with Discovery Studio
v1.9. Together, these procedures yielded a
refined model and a quantitative description of
the a-glucosidase secondary structure elements
for subsequent interpretation and discussion.

Results
In Silico Toxicity Assessment and Drug-
likeness Evaluation

The initial screening of potential
a-glucosidase inhibitors began with a rigorous
in silico evaluation of the selected ligands’
toxicological profiles and drug-likeness
properties. This multifaceted computational
strategy is essential in the early stages of drug
discovery because it enables the prioritization
of compounds with favorable safety and
pharmacological characteristics and reduces
the likelihood of failure in subsequent in vitro
and in vivo studies.
In Silico toxicity assessment and drug-likeness
evaluation of ligands

All 15 selected ligands underwent
comprehensive in silico toxicity prediction,
and the findings are summarized in Table 2.
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Table 2. Predicted Toxicological Profiles and Classification of Compounds; (A positive sign (+) denotes predicted
toxicity, while a negative sign (—) indicates predicted non-toxicity N.T; no toxic, T; toxic).

Hepatotoxicity | Mutagenicity | Immunotoxicity | Carcinogenicity | Toxicity Class
= = = = VI NT

Berberine
Caffeine = =
Theobromine = -
Tetrandrine = =
Cephaeline = =
Sanguinarine = =
Hydrastine = =
Boldine = =
Galanthamine = =
Protopine = =
Scopolamine = =
Fangchinoline = =
Cepharanthine = +
Stachydrine = =
Vincamine = =

Because the absence of significant toxicity is
a fundamental prerequisite for any prospective
drug candidate, comparative toxicological
profiling was performed to identify and
exclude compounds with unfavorable safety
attributes. The toxicity of the tested ligands
was categorized into six classes according to
established guidelines: Class I, highly toxic
substances; Classes II and III, compounds
exhibiting general toxicity; Class 1V, low
toxicity; and Classes V and VI, non-toxic or
safe compounds (32). Among the 15 compounds
assessed, Cepharanthine was predicted to have
mutagenic and immunotoxic properties. This
unfavorable toxicological profile led to its
exclusion from further analysis, underscoring
the value of early stage in silico screening
for eliminating problematic compounds. The
remaining 14 compounds were predicted to be
non-toxic and, therefore, were considered for
subsequent evaluation of drug-likeness criteria.

These 14 non-toxic compounds were then
evaluated according to drug-likeness criteria,
including Lipinski’s Rule of Five, as shown in
Table 3. The analysis indicated that Tetrandrine
and Fangchinoline failed to satisfy specific
parameters, such as molecular weight greater than
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500 Da and elevated logP values. Consequently,
these two compounds were excluded from
further analysis. In total, 12 ligands met both
the toxicological and drug-likeness criteria and
were therefore selected for further investigation
as potential a-glucosidase inhibitors.

Following the toxicity assessment, the
14 identified non-toxic compounds were
systematically evaluated for their adherence
to key drug-likeness criteria, as extensively
detailed in Table 3. These parameters,
predominantly derived from Lipinski’s “Rule
of Five” and other established guidelines, are
instrumental in predicting oral bioavailability
and membrane permeability, thereby enabling
the early exclusion of ligands unlikely to progress
as viable drug candidates. It is imperative to
acknowledge that while compliance with these
drug-likeness parameters is highly indicative
of favorable ADME (Absorption, Distribution,
Metabolism, and Excretion) properties, it does
not unequivocally guarantee a compound’s
ultimate suitability as a drug. Rather, these
criteria serve as powerful predictive tools for
enriching the compound pool with promising
candidates and efficiently  eliminating
suboptimal ligands at the preclinical evaluation
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Table 3. Comprehensive Drug-Likeness Evaluation of Ligands Utilizing Lipinski’s Rule of Five Criteria, Including
key Physicochemical Properties.

Hydrogen bond | Hydrogen bond | Molecular | Logp | Molar Refractivity
donors (<5) accetors (< 10) | mass (<500) | (<5) (35-150) Lipinski filter

Berberine 336.36 3.62 94.87 Yes; 0 violation
Caffeine 0 3 194.19 -0.07 52.04 Yes; 0 violation
Theobromine 1 3 180.16 -0.78 47.14 Yes; 0 violation
Tetrandrine 0 8 622.75 6.66 186.07 No; 2 violation
Cephaeline 2 6 466.61 441 142.58 Yes; 0 violation
Sanguinarine 0 4 332.33 4.45 94.68 Yes; 0 violation
Hydrastine 0 7 383.39 2.74 103.38 Yes; 0 violation
Boldine 2 5 327.37 2.72 96.00 Yes; 0 violation
Galanthamine 1 4 287.35 1.84 84.05 Yes; 0 violation
Protopine 0 6 353.37 2.79 97.49 Yes; 0 violation
Scopolamine 1 5 303.35 0.98 83.48 Yes; 0 violation
Fangchinoline 1 8 608.72 6.34 181.60 No; 2 violation
Stachydrine 0 2 143.18 0.40 41.35 Yes; 0 violation
Vincamine 1 4 354.44 2.86 103.74 Yes; 0 violation

[ Downloaded from jabs.fums.ac.ir on 2026-07-30 ]

[ DOI: 10.18502/jabs v16i3.21625 |

stage. The comprehensive evaluation indicated
that, with the notable exceptions of Tetrandrine
and Fangchinoline, all selected alkaloids
successfully met the defined drug-likeness
criteria. These two compounds were identified
as outliers due to non-compliance with specific
parameters (e.g., molecular weight exceeding
500 Da, or high logP wvalues), which are
critical for oral drug candidates. Consequently,
based on both favorable toxicological profiles
and satisfactory drug-likeness, a total of 12
ligands were identified as suitable candidates
for further in-depth investigation as potential
a-glucosidase inhibitors.
Molecular Docking

Molecular docking was performed on the
12 selected alkaloids targeting the active site
of a-glucosidase, which comprises residues
Arg676, Arg699, Asp666, 11e672, and Thr662.
Acarbose was used as the reference standard.
The docking results showed that scopolamine
exhibited the highest binding affinity among
the tested ligands, with a minimum docking
energy of -6.91 kcal/mol, which was slightly
lower and thus more favorable than that of
acarbose (-6.87 kcal/mol) (Table 4).

Molecular docking is a well-established

computational strategy in drug design that
enables the prediction of optimal binding
modes and binding affinities between a ligand
and its receptor (33, 34). Its primary objective
is to identify low energy conformations of
ligand receptor complexes and to determine the
specific amino acid residues of the enzyme that
interact with the ligand atoms. In this study,
a panel of 12 selected alkaloid compounds
was subjected to molecular docking analysis
targeting the active site of a-glucosidase. Based
on previous structural and mechanistic studies,
the active site of a-glucosidase is known to
include key residues such as Arg676, Arg699,
Asp666, 11e672, and Thr662. Docking energy
was used as the principal evaluation criterion,
with acarbose serving as the reference standard
because of its established inhibitory activity
against a-glucosidase. The docking analysis
revealed that scopolamine had a stronger
predicted binding affinity for o-glucosidase
than acarbose. Specifically, the scopolamine
a-glucosidase complex yielded a minimum
docking energy of -6.91 kcal/mol, which was
slightly more favorable than the -6.87 kcal/
mol observed for the acarbose a-glucosidase
complex (Table 4).
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Table 4. Docking score of alkaloids and reference drug (acarbose). Molecular docking scores for the selected alkaloids
were comparatively analyzed against those obtained for the acarbose, to assess their potential binding affinities and
efficacy.

Alkaloids Docking energy Van der waals Hydrogen-bond Electrostatics
(Kcal/mol)

Scopolamine -6.91
Acarbose (Ref) -6.87
Caffeine -6.11
Sanguinarine -5.91
Theobromine -5.88
Berberine -5.72
Hydrastine -5.52
Boldine -5.43
Cephaeline -5.34
Vincamine -5.25
Protopine -4.86
Galanthamine -4.71
Stachydrine -4.36
Detailed analysis of the scopolamine

a-glucosidase docked complex (Figure 3A and
C) revealed the key intermolecular interactions
responsible  for stabilizing the complex.
Conventional hydrogen bonds were formed
between scopolamine and residues Arg699 and
Arg676. In addition, Pi anion interactions were
identified with Glu301, Asp666, and Arg670.
The complex was further stabilized by seven
van der Waals interactions. By comparison, the
acarbose a-glucosidase docked complex (Figure
3B and D) exhibited a distinct interaction profile.
Pi alkyl interactions were observed with Hisl12,
Phel59, and Phel78, whereas conventional
hydrogen bonds were formed with GIn279,
Glu277, His280, Asp307, Glu4ll, Asp2l5, and
Asp315. In addition, the complex was stabilized
by seven van der Waals interactions. Overall,
the molecular interaction analysis demonstrated
that the scopolamine a-glucosidase complex
exhibited a highly favorable interaction pattern
characterized by multiple conventional hydrogen
bonds, Pi anion interactions, and extensive van
der Waals contacts (Figure 4). These findings,
together with its more favorable docking energy,
suggest that scopolamine has a stronger predicted
binding affinity for a-glucosidase than acarbose.
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-4.27
-4.91
-5.14
-4.18
-4.24
-3.91
-3.45
-4.26
-3.88
-3.59
-3.27
-3.31
-3.18

-1.73 -0.91
-1.43 -0.53
-0.82 -0.14
-1.15 -0.57
-1.26 -0.38
-1.79 -0.02
-1.41 -0.66
-1.14 -0.03
-1.79 -0.33
-1.26 -0.40
-1.17 -0.44
-1.11 -0.29
-1.12 -0.06

Analysis of secondary structure changes upon
ligand binding

The impact of Scopolamine binding on
the secondary structure of a-glucosidase was
analyzed using the VADAR server (Table 5).
Upon complexation, the a-helical content of the
enzyme increased from 10.27% (free state) to
18.91% (bound state). Conversely, the B-sheet
content decreased significantly from 39.83% in
the free enzyme to 20.46% in the Scopolamine-
bound complex.

The effect of scopolamine binding on the
secondary structure of a-glucosidase was
evaluatedusingthe VADAR webserver,avalidated
bioinformatics platform for comprehensive
protein secondary structure analysis (35). This
in silico analysis enabled a detailed comparison
of the structural composition of the free enzyme
with that of the scopolamine bound complex,
thereby providing insight into the conformational
changes induced by ligand binding.

As summarized in Table 5, scopolamine
binding produced substantial alterations in
the secondary structure of o-glucosidase.
Specifically, the a-helical content increased
from 10.27% in the unbound enzyme to 18.91%
following complex formation. In contrast,
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Figure 3. Molecular docking analysis of scopolamine and acarbose with a-glucosidase. (A) Overall docked
conformation of the scopolamine a-glucosidase complex, illustrating the predicted binding pose within the active
site. (B) Overall docked conformation of the acarbose a-glucosidase complex, illustrating the predicted binding pose
within the active site. (C) Two dimensional representation of the key interactions between scopolamine and residues
within the a-glucosidase active site. (D) Two dimensional representation of the key interactions between acarbose and
residues within the a-glucosidase active site.

the B-sheet content decreased markedly from
39.83% in the free enzyme to 20.46% in the
scopolamine bound complex.

These findings indicate that scopolamine
binding induces pronounced conformational
rearrangements within a-glucosidase, promoting
the formation of a-helical structures while
reducing [-sheet content. Ligand induced
conformational changes of this nature are
known to influence enzymatic function by
altering the spatial organization of catalytic
residues and modulating the overall structural
dynamics of the protein. The observed structural
reorganization is consistent with the strong
binding affinity predicted by the molecular

docking analysis, in which the scopolamine
a-glucosidase complex exhibited a binding
energy of -6.91 kcal/mol (Table 4), indicative of
a stable enzyme ligand complex.

The marked reduction in B-sheet content,
together with the concomitant increase in
a-helical structure, suggests that scopolamine
binding may shift a-glucosidase toward a less
catalytically favorable conformation. Such
conformational remodeling could impair
substrate recognition or catalytic efficiency by
modifying the architecture and dynamics of
the active site. Accordingly, these structural
changes provide a plausible molecular basis for
the predicted inhibitory activity of scopolamine.
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Figure 4. (A) 3D visualization of the scopolamine-a-glucosidase complex, highlighting spatial orientation and
proximity of interacting residues. (B) 3D visualization of the acarbose-a-glucosidase complex, highlighting spatial
orientation and proximity of interacting residues. (C) Detailed representation of hydrogen bond interactions within the
scopolamine-a-glucosidase complex. (D) Detailed representation of hydrogen bond interactions within the acarbose-
a-glucosidase complex.

Table 5. Changes in the secondary structure content of a-glucosidase upon scopolamine binding.

a-helix (%) B-sheet (%) B-turn (%) Random coil (%)

Free a-glucosidase 10.27
scopolamlne/a— 18.91
glucosidase complex

By stabilizing a conformation that is less
conducive to catalysis, scopolamine may
reduce the enzymatic hydrolysis of dietary
carbohydrates in the small intestine, thereby
slowing glucose release into the circulation
and contributing to the control of postprandial
hyperglycemia.

Discussion

The rigorous in silico evaluation of
toxicological profiles and drug-likeness
is essential for prioritizing compounds
with favorable safety and pharmacological
characteristics at an early stage of drug
discovery. The exclusion of cepharanthine
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19.11 30.79
20.14 40.49

on the basis of predicted mutagenic and
immunotoxic properties highlights the value
of this approach in eliminating problematic
compounds before proceeding to costly in
vitro and in vivo investigations. Likewise, the
application of Lipinski’s Rule of Five led to
the exclusion of tetrandrine and fangchinoline,
both of which showed limited potential for oral
bioavailability because of their high molecular
weight and logP values. As a result, the
compound pool was efficiently narrowed to 12
promising candidates.

The molecular docking results indicate
that scopolamine exhibits a stronger predicted
binding affinity for a-glucosidase than the
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reference drug acarbose, as reflected by
its more favorable docking energy of -6.91
kcal/mol compared with -6.87 kcal/mol for
acarbose. In addition, the scopolamine complex
displayed a greater overall number of favorable
interactions, including conventional hydrogen
bonds, Pi anion interactions, and van der Waals
forces, than the acarbose complex. Collectively,
these interactions suggest a more stable and
tighter binding mode for scopolamine within
the active site.

Although acarbose forms a greater number
of hydrogen bonds than scopolamine, its
comparatively lower binding affinity may be
explained by the entropic penalty associated
with its larger and more flexible structure,
which can hinder the adoption of an optimal
rigid conformation within the enzyme active
site. Moreover, the contribution of hydrophobic
interactions and Pi anion interactions, which
were more pronounced in scopolamine, may
outweigh the electrostatic contribution of the
multiple hydrogen bonds observed in acarbose.

The secondary structure analysis provides
additional mechanistic insight into the
inhibitory potential of scopolamine. The
substantial increase in o-helical content,
together with the marked reduction in B-sheet
content after ligand binding, indicates
pronounced conformational rearrangement
of the enzyme. These structural changes are
likely a consequence of scopolamine’s strong
binding affinity, which may alter the enzyme’s
conformational dynamics on a larger scale.
Such ligand induced conformational transitions
can modulate enzyme activity by changing the
spatial arrangement of amino acid residues in
the active site or by affecting overall protein
flexibility. In this context, the observed decline
in PB-sheet content and increase in a-helical
content suggest that scopolamine binding may
shift a-glucosidase toward a less catalytically
efficient conformation. Accordingly, this
structural explanation supports the proposed

Fasa University of
Medical Sciences

Identification of Alkaloid-Derived a-Glucosidase Inhibitors
mechanism by which scopolamine may impede
the catabolism of complex carbohydrates in
the small intestine, thereby reducing the rapid
release of glucose into the bloodstream. This
mechanism further supports the potential of
scopolamine as an effective agent for managing
postprandial hyperglycemia.

Limitations of the Study

Although this study provides important
insights into the potential inhibitory mechanism
of the identified alkaloids, several limitations
should be acknowledged. First, the analysis
relied primarily on static molecular docking and
predictive structural modeling using VADAR,
without assessing complex stability through
molecular dynamics simulations or verifying
conformational changes experimentally by
circular dichroism spectroscopy. Second, the
absence of secondary structure data for the
acarbose enzyme complex limits our ability
to determine the structural specificity of
the scopolamine induced changes in direct
comparison with acarbose. Finally, the lack
of in vitro enzymatic assays means that
the reported inhibitory activities remain
computational predictions. Therefore, future
studies should incorporate molecular dynamics
simulations and experimental validation to
confirm the efficacy and structural specificity
of the identified alkaloids.

Conclusion

This study systematically examined a panel
of alkaloid compounds by integrating rigorous
in silico analyses to identify and characterize
novel a-glucosidase inhibitors. The initial
toxicological and drug-likeness assessments
served as an effective filtering step, successfully
excluding compounds with unfavorable safety
profiles, such as cepharanthine, as well as
compounds with suboptimal pharmacokinetic
properties, such as tetrandrine and fangchinoline.
This process narrowed the candidate pool to 12
promising ligands. Molecular docking provided
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