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Abstract

Chasmanthera dependens is traditionally used for managing various ailments, including type-2
diabetes mellitus. However, scientific validation of its anti-diabetic mechanisms remains limited. This
study evaluated the alpha-amylase and alpha-glucosidase inhibitory activities of C. dependens root
extracts and fractions, and investigated the binding mechanisms of its phytoconstituents through
molecular docking. Crude methanol extract and three fractions (dichloromethane, ethyl acetate, and
butanol) of C. dependens root were assessed for in vitro inhibitory effects against alpha-glucosidase and
alpha-amylase using spectrophotometric methods. Molecular docking simulations were performed
using AutoDock Vina to predict binding affinities and interaction modes of identified compounds with
both enzyme active sites. All fractions demonstrated significant enzyme inhibitory activities. The ethyl
acetate fraction exhibited superior inhibition against both alpha-amylase and alpha-glucosidase
compared to acarbose (p < 0.0001). Molecular docking revealed that rutin, epicatechin, and sapogenin
showed strong binding affinities (=7.6 to —10.0 Kcal/mol) with favorable interactions at catalytic
residues of both enzymes. Rutin demonstrated the highest binding affinity (—10.0 Kcal/mol) for alpha-
glucosidase, while epicatechin showed preferential binding to alpha-amylase (—8.5 Kcal/mol). This
study provides scientific evidence supporting the traditional use of C. dependens for managing
hyperglycemia.

Keywords: Chasmanthera dependens, alpha-glucosidase, alpha-amylase, molecular docking,
diabetes, enzyme inhibition

INTRODUCTION

The global burden of diabetes mellitus continues to escalate, with type-2 diabetes (T2DM)
accounting for approximately 90% of cases worldwide (Sun et al., 2022). This metabolic
disorder, characterized by chronic hyperglycemia resulting from insulin resistance and
progressive beta-cell dysfunction, represents a significant public health challenge (American
Diabetes Association, 2023). Postprandial hyperglycemia, a key feature of T2DM, contributes
substantially to the development of microvascular and macrovascular complications (Ceriello
et al., 2022).
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Carbohydrate digestion and absorption play pivotal roles in postprandial glucose excursions.
Alpha-amylase, secreted by the salivary glands and pancreas, initiates starch hydrolysis by
cleaving internal alpha-1,4-glycosidic bonds to produce oligosaccharides and maltose.
Subsequently, alpha-glucosidase, located in the brush border of the small intestine, catalyzes
the final step of carbohydrate digestion by hydrolyzing disaccharides and oligosaccharides
into absorbable monosaccharides, particularly glucose (Nichols et al., 2003). The combined
action of these enzymes determines the rate and extent of glucose absorption following meal
consumption.

Pharmacological inhibition of these carbohydrate-hydrolyzing enzymes represents an
established therapeutic strategy for managing postprandial hyperglycemia in T2DM patients
(Van de Laar et al., 2005). Currently available alpha-glucosidase inhibitors, including acarbose,
miglitol, and voglibose, effectively reduce postprandial glucose peaks and improve glycemic
control (Derosa and Maffioli, 2012). However, their clinical utility is frequently limited by
gastrointestinal adverse effects such as flatulence, abdominal distension, and diarrhea, which
result from the fermentation of undigested carbohydrates in the colon (Balfour and McTavish,
1993). These limitations underscore the need for alternative inhibitors with improved
tolerability profiles.

Medicinal plants have historically served as valuable sources of bioactive compounds for
diabetes management (Newman and Cragg, 2020). Chasmanthera dependens (Hochst.),
belonging to the Menispermaceae family, is a climbing shrub widely distributed across
tropical Africa. In traditional medicine systems, various parts of this plant have been
employed for treating fever, malaria, gastrointestinal disorders, and metabolic conditions
(Rahman et al., 2019).

Previous phytochemical investigations of C. dependens have revealed the presence of diverse
secondary metabolites, including alkaloids, flavonoids, tannins, saponins, and glycosides
(Edeoga et al, 2005). Specifically, compounds such as rutin, epicatechin, chlorogenic acid, and
sapogenin have been isolated from this species (Ogunleye and Ibitoye, 2018). These
phytoconstituents have demonstrated various biological activities, including antioxidant,
anti-inflammatory, and hypoglycemic properties in preclinical studies (Karau et al., 2021).

This study sought to evaluate the alpha-amylase and alpha-glucosidase inhibitory activities
of Chasmanthera dependens. Furthermore, molecular docking studies were employed to
investigate the binding interactions of key bioactive compounds with the target enzymes,
providing insights into their mechanisms of action at the molecular level.

MATERIALS AND METHODS

Plant Material Collection and Authentication

Fresh roots of Chasmanthera dependens were collected from Edo State, Nigeria, during the rainy
season (June-August 2022). Taxonomic identification and authentication were performed by
a botanist at the Department of Plant Biology and Biotechnology, University of Benin, Nigeria.
A voucher specimen (UBHC387) was deposited.

Preparation of Crude Extract

The collected roots were thoroughly washed, cut into small pieces, and air-dried at room
temperature (25 £ 2°C) for 14 days. The dried material was pulverized into fine powder using
an electric grinder. Powdered root material (2.5 kg) was macerated in 7.5 L of absolute
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methanol for 72 h at room temperature with intermittent agitation (Harborne, 1998). The
mixture was filtered through Whatman No. 1 filter paper, and the residue was re-extracted
twice with fresh methanol to ensure exhaustive extraction. Combined filtrates were
concentrated under reduced pressure at 40°C using a rotary evaporator (Buchi R-300,
Switzerland). The resulting crude methanol extract (CME) was weighed, transferred to
airtight containers, and stored at 4°C until further analysis.

Fractionation by Vacuum Liquid Chromatography

The crude methanol extract (320 g) was subjected to vacuum liquid chromatography (VLC)
for fractionation (Zhou et al., 2024). A glass column (10 cm x 30 cm) was packed with Merck
grade silica gel (70-230 mesh) under vacuum to create a uniform stationary phase. The extract
was adsorbed onto a small quantity of silica gel, dried, and carefully layered on top of the
column. Stepwise gradient elution was performed using solvents of increasing polarity: 100%
dichloromethane, 100% ethyl acetate, and 100% butanol. Each fraction was collected
separately, and the process was monitored by thin-layer chromatography (TLC) using
appropriate solvent systems. Fractions showing similar TLC profiles were pooled. The
collected fractions dichloromethane fraction (DCM-F), ethyl acetate fraction (EA-F), and
butanol fraction (BUT-F) were evaporated to dryness under reduced pressure.

Chemicals and Reagents

Porcine pancreatic alpha-amylase and intestinal alpha-glucosidase were purchased from
sigma aldriech, Germany through a registered chemical vendor in Nigeria. All chemicals
and solvents used in this study were of analytical grade

Alpha-Amylase Inhibition Assay
The a-amylase inhibitory activity of the plant extract and fractions. was evaluated using a
modified colorimetric method. Briefly, 200 pL of 0.02 M sodium phosphate buffer was mixed
with 20 pL of the enzyme solution and varying concentrations of the plant extracts (20-100
pg/mL). The reaction mixture was pre-incubated at room temperature for 10 min. Thereafter,
200 pL of starch solution was added to initiate the reaction. The enzymatic reaction was
stopped by adding 400 pL of 3,5-dinitrosalicylic acid (DNS) reagent, followed by heating in a
boiling water bath for 5 minutes. After cooling, the mixture was diluted with 15 mL of distilled
water, and absorbance was measured at 540 nm using a spectrophotometer. Control samples
were prepared under the same conditions without the plant extracts.
Percentage inhibition of a-amylase activity was calculated according to Jung et al. (2018) using
the formula: Inhibition (%) =_Abs 540 (control) - Abs 540 (extract) * 100

Abs 540(control)

Acarbose was used as the reference alpha amylase inhibitor. All tests were performed in
triplicate.

Determination of alpha glucosidase inhibition

The inhibitory effect of the plant extract and fractions on a-glucosidase activity was
determined spectrophotometrically. The enzyme solution was prepared in 100 mM phosphate
buffer (pH 6.8). P-nitrophenyl-a-D-glucopyranoside was used as the substrate. Extract
concentrations ranging from 20-100 pg/mL were tested.

Each concentration of the extract was incubated with 320 pL of 100 mM phosphate buffer (pH
6.8) at 30 °C for 5 minutes. Following incubation, the reaction was terminated by adding 3 mL
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of 50 mM sodium hydroxide. The absorbance of the resulting solution was measured at 410
nm. Control experiments were carried out without plant extracts.
The percentage inhibition of a-glucosidase activity was calculated using the equation
described by Jung et al. (2018):
= Abs 410 (control) - Abs 410 (extract) * 100

Abs 410 (control)
Acarbose was used as the reference alpha glucosidase inhibitor. All tests were performed in
triplicate.

Molecular Docking Studies

Ligand Preparation

Three-dimensional structures of five bioactive compounds were identified in C. dependens
which are chlorogenic acid, epicatechin, rutin, sapogenin, and resveratrol, retrieved from the

PubChem database (https:/ / pubchem.ncbinlm.nih.cov/|). Acarbose, the standard drug, was
included for comparison. Ligand structures were energy-minimized using the Merck
Molecular Force Field (MMFF94) and converted to PDBQT format using Open Babel (O'Boyle
et al., 2011).

Protein Preparation

The crystal structures of alpha-amylase (PDB ID: 1B2Y) and alpha-glucosidase (PDB ID:
3A4A) were obtained from the RCSB Protein Data Bank (fhttps://www.rcsb.org/|). Protein
preparation involved removal of water molecules, addition of polar hydrogens, and
assignment of Kollman charges using AutoDock Tools (version 1.5.6) (Morris et al., 2009). The
prepared proteins were saved in PDBQT format.

Docking Simulation

Molecular docking was performed using AutoDock Vina (Trott and Olson, 2010). The grid
boxes for docking were centered on the active sites of each enzyme with dimensions sufficient
to cover the entire binding pocket. For alpha-amylase, grid coordinates were set at x =28.5, y
= 48.2, z = 36.8 with dimensions 30 x 30 x 30 A. For alpha-glucosidase, grid coordinates were
x =21.6, y = —8.3, z = 18.9 with dimensions 30 x 30 x 30 A.

Docking calculations were performed using the Lamarckian Genetic Algorithm with default
parameters. The exhaustiveness was set to 8 for each docking run. For each ligand, nine
conformations were generated and ranked based on binding energy. The conformation with
the lowest binding energy (most negative) was selected for further analysis.

Visualization and Analysis

Docking results were visualized and analyzed using Discovery Studio Visualizer (BIOVIA,
San Diego, CA, USA). Two-dimensional ligand interaction diagrams were generated to
identify specific amino acid residues involved in hydrogen bonding, hydrophobic
interactions, and other non-covalent contacts. Three-dimensional representations were
captured to illustrate ligand positioning within the enzyme active sites.

Statistical Analysis

All experimental data were expressed as mean * standard error of the mean (SEM) of three
independent replicates. Statistical analyses were performed using GraphPad Prism version
8.0.2 (GraphPad Software, San Diego, CA, USA). Comparisons among multiple groups were
conducted using one-way analysis of variance (ANOVA) followed by Tukey's post hoc test
for multiple comparisons. Differences were considered statistically significant at p < 0.05.
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RESULTS

Extraction Yield

Vacuum liquid chromatography of the crude methanol extract yielded three fractions with
varying percentages: dichloromethane fraction (DCM-F, 18.4%), ethyl acetate fraction (EA-F,
24.7%), and butanol fraction (BUT-F, 31.2%). The remaining material (25.7%) consisted of
highly polar compounds that were not eluted under the conditions employed.

Alpha-Amylase Inhibitory Activity

The alpha-amylase inhibitory activities of C. dependens crude extract and fractions at four
concentrations are presented in Figure 1. All tested samples demonstrated concentration-
dependent inhibition of alpha-amylase activity. As revealed by the ICs table in figure 1, the
highest concentration tested, the ethyl acetate fraction exhibited the greatest inhibition (ICso =
0.019 mg/mL), followed by the butanol fraction (ICsp = 0.021 mg/mL), dichloromethane
fraction (ICs = 0.025 mg/mL), and crude methanol extract (ICso = 0.050 mg/mL). Acarbose,
the standard inhibitor, showed (ICso = 0.030 mg/mL) inhibition at the same concentration.
Statistical analysis revealed that the ethyl acetate, butanol, and dichloromethane fractions
exhibited significantly higher alpha-amylase inhibitory activity compared to acarbose (p <
0.01, p <0.05, and p <0.05, respectively). Conversely, the crude methanol extract demonstrated
significantly lower inhibition than acarbose (p < 0.0001). Among the fractions, the ethyl acetate
fraction showed the highest activity, significantly exceeding both the dichloromethane (p <
0.001) and methanol extract (p < 0.0001) values.
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Figure 1: Alpha-Amylase Inhibition by Chasmanthera dependens Fractions
Bars represent mean + SEM (n=3). Values are statistically different at ****p < 0.0001, **p < 0.01 Vs Control, ####p <
0.0001, Vs Methanol Extract, @aap < 0.001 Vs Ethylacetate extract.
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Alpha-Glucosidase Inhibitory Activity

The alpha-glucosidase inhibitory effects of C. dependens fractions are illustrated in Figure 2.
All fractions exhibited concentration-dependent inhibition of alpha-glucosidase activity. As
revealed by the ICs, the ethyl acetate fraction demonstrated the highest inhibition (ICso = 0.021
mg/mL), substantially exceeding that of acarbose (ICso = 0.023 mg/mL). The dichloromethane
fraction (ICso = 0.024 mg/mL), butanol fraction (ICsp = 0.031 mg/mL), and crude methanol
extract (ICs) = 0.034 mg/mL) showed activities comparable to acarbose. The ethyl acetate
fraction exhibited significantly higher alpha-glucosidase inhibition compared to acarbose (p <
0.0001), methanol extract (p < 0.0001), dichloromethane fraction (p < 0.001), and butanol
fraction (p < 0.001). No significant differences were observed among the methanol extract,
dichloromethane fraction, butanol fraction, and acarbose (p > 0.05).
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Figure 2: Alpha-Glucosidase Inhibition by Chasmanthera dependens Fractions
Bars represent mean + SEM (n=3). Values are statistically different at ****p < 0.0001, Vs Control, ####p < 0.0001, Vs
Methanol extract, ***p < 0.001, *p < 0.05 Vs DCM extract, aaaap < 0.000, VS Ethylacetate extract.

Table 1: ICso of Chasmanthera dependens (Hochst.) fractions against Alpha-amylase and
Alpha-glucosidase Activities (mg/mL).

Alpha-amylase Alpha-glucosidase
Acarbose 0.030 = 0.0022 0.023 +£0.001a
CD (Methaonl) 0.050 = 0.004® 0.034 £ 0.001®
CD (DCM) 0.025 +0.001< 0.024 +0.0022
CD (Ethylacetate) 0.019 £0.0014 0.021 £ 0.0022
CD (Butanol) 0.021 £ 0.001e 0.023 £ 0.0022

Values represent means *+SD of triplicate determinations. Values with the same alphabet along the same column
are not significantly different (p< 0.05).

0. Ikponmwosa-Eweka, P. O. Ayeni, DUJOPAS 12 (1e): 103-115, 2026 108



Evaluation of Alpha-Amylase and Alpha-Glucosidase Inhibitory Potentials of Various Fractions of Chasmanthera
dependens (Hochst.): An Integrated in vitro and Molecular Docking Study

Molecular Docking Results

Binding Affinities

Molecular docking simulations were performed to predict the binding affinities of five
phytocompounds from C. dependens against alpha-amylase and alpha-glucosidase. Acarbose
was included as reference. The calculated binding energies (Kcal/mol) are presented in Table
1.

Table 2: Binding Energies of Bioactive Compounds from C. dependens against Alpha-
Amylase and Alpha-Glucosidase

Compounds Alpha-Amylase (Kcal/mol) Alpha-Glucosidase (Kcal/mol)
Chlorogenic Acid -8.2 -8.1

Epicatechin -8.5 -7.9

Rutin -84 -10.0

Sapogenin -8.1 -8.9

Resveratrol -7.6 -74

Acarbose(Standard Drug) -7.9 -8.1

All tested compounds demonstrated favorable binding energies (more negative than —7.0
Kcal/mol) with both enzymes, indicating spontaneous binding. For alpha-amylase,
epicatechin exhibited the highest binding affinity (-8.5 Kcal/mol), followed by rutin (-8.4
Kcal/mol) and chlorogenic acid (—8.2 Kcal/mol). All compounds except resveratrol showed
stronger binding than acarbose (7.9 Kcal/mol) to alpha-amylase.

For alpha-glucosidase, rutin demonstrated the strongest binding affinity (-10.0 Kcal/mol),
substantially exceeding that of acarbose (—8.1 Kcal/mol). Sapogenin also showed high affinity
(-8.9 Kcal/mol), followed by chlorogenic acid (—-8.1 Kcal/mol) and epicatechin (-7.9
Kcal/mol). Notably, rutin's binding energy for alpha-glucosidase was 1.9 Kcal/mol lower
(more favorable) than that of acarbose.

Ligand-Protein Interaction Analysis

Detailed analysis of ligand-enzyme interactions revealed the molecular basis for the
observed binding affinities. Figure 3 presents the 2D and 3D interaction diagrams for
selected compounds with alpha-amylase.
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Figure 3: 2D and 3D ligand interaction of (A) Epicatechin, (B) rutin and (C) acarbose with amino acid
residues within the binding pocket of alpha-amylase

Epicatechin formed hydrogen bonds with key catalytic residues including Asp197, Glu233,
and Asp300, in addition to hydrophobic interactions with Trp59, Tyr62, and His305. Rutin

established multiple hydrogen bonds with Asp197, Lys200, His201, and Glu233,
complemented by hydrophobic contacts with Trp58, Trp59, and Tyr151.
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Figure 4: 2D and 3D ligand interaction of (A) rutin (B) sapogenin and (C) acarbose with amino acid
residues within the binding pocket of alpha-glucosidase

Rutin formed an extensive hydrogen bond network with active site residues including
Asp214, Glu276, Asp349, and Arg439, along with hydrophobic interactions with Phel57,
Phel77, and Tyr313. Sapogenin established hydrogen bonds with Asp214, His279, and
Asp349, while engaging in hydrophobic contacts with Trp136, Trp391, and Phe475.

DISCUSSION

This study investigated the alpha-amylase and alpha-glucosidase inhibitory activities of
Chasmanthera dependens root extract and fractions using integrated in vitro and in silico
approaches. The findings demonstrate that the plant contains bioactive constituents capable
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of inhibiting key carbohydrate-hydrolyzing enzymes, thereby supporting its traditional use
in diabetes management.

All fractions exhibited concentration-dependent inhibition of both enzymes, suggesting the
presence of multiple active compounds. The ethyl acetate fraction showed the strongest
inhibitory activity against alpha-amylase and alpha-glucosidase, surpassing the standard
drug acarbose. This observation aligns with reports that ethyl acetate effectively extracts
phenolic compounds with enzyme inhibitory properties due to its intermediate polarity (Dai
and Mumper, 2010). Flavonoids and phenolic acids, commonly extracted in this fraction, are
well recognized for their enzyme inhibitory potential (Xiao et al., 2013a).

The higher alpha-amylase inhibition observed with the ethyl acetate, butanol, and
dichloromethane fractions compared to acarbose is noteworthy. Although acarbose is
clinically effective, excessive alpha-amylase inhibition may lead to gastrointestinal side effects
due to colonic fermentation of undigested carbohydrates (Davis et al., 2022). The differential
inhibition profiles of C. dependens fractions suggest the possibility of developing alternative
agents with improved tolerability and optimized selectivity. The relatively lower activity of
the crude methanol extract compared to its fractions indicates that active constituents may be
diluted or masked within the complex mixture. This highlights the importance of bioassay-
guided fractionation in concentrating active principles and enhancing biological efficacy
(Weller, 2012). The superior activity of the ethyl acetate fraction correlates with the known
phytochemical composition of C. dependens, which includes flavonoids (rutin and
epicatechin), phenolic acids (chlorogenic acid), and terpenoids (sapogenin) (Ogunleye and
Ibitoye, 2018). Flavonoids inhibit enzymes through hydrogen bonding with catalytic residues,
hydrophobic interactions, and n-m stacking with aromatic amino acids (Tadera et al., 2006).
Their hydroxyl groups enhance binding stability within enzyme active sites.

Molecular docking provided mechanistic insights that complement the in vitro findings. All
tested compounds exhibited favorable binding energies ranging from —7.4 to —10.0 Kcal/mol,
indicating spontaneous and stable interactions. These values are comparable to those reported
for known enzyme inhibitors (Sarian et al., 2017). Epicatechin demonstrated the strongest
binding affinity for alpha-amylase (—8.5 Kcal/mol), forming hydrogen bonds with catalytic
residues (Asp197, Glu233, Asp300), which are essential for enzymatic catalysis (Saeedi et al.,
2021). Such interactions likely underpin its inhibitory mechanism. Rutin showed comparable
affinity (—8.4 Kcal/mol) and similar interactions with key catalytic residues, consistent with
previous reports of its alpha-amylase inhibition (Li et al., 2009).

Notably, rutin displayed exceptional binding affinity toward alpha-glucosidase (—10.0
Kcal/mol), exceeding that of acarbose (—8.1 Kcal/mol). It formed extensive hydrogen-
bonding interactions with catalytic residues (Asp214 and Glu276), along with additional
stabilizing contacts. The greater number of hydrogen bonds likely explains its superior
binding energy, as hydrogen bonding significantly contributes to complex stability (Fersht,
1987). Hydrophobic interactions with conserved aromatic residues further enhanced binding.
Sapogenin also demonstrated strong binding to alpha-glucosidase (8.9 Kcal/mol),
suggesting that its triterpenoid structure effectively occupies the hydrophobic aglycone-
binding region. This finding aligns with previous reports of saponins and sapogenins as
alpha-glucosidase inhibitors (Yin et al., 2014).

Structural comparisons reveal important determinants of activity. Rutin, a flavonol glycoside,
contains both a flavonoid core and a disaccharide moiety, enabling simultaneous interaction
with multiple subsites within the alpha-glucosidase active pocket. This structural feature
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likely accounts for its superior inhibitory effect. In contrast, epicatechin lacks the sugar moiety
and exhibited preferential alpha-amylase binding, suggesting structural selectivity influenced
by enzyme architecture. Such selectivity may be therapeutically advantageous, as preferential
alpha-glucosidase inhibition can reduce gastrointestinal side effects (Mohan et al., 2021).

Chlorogenic acid showed intermediate binding affinities consistent with its simpler phenolic
acid structure, yet its activity comparable to acarbose supports its reported anti-diabetic
properties (Meng et al., 2013). Resveratrol demonstrated relatively lower binding affinities,
possibly due to its smaller molecular size, although its antioxidant properties may contribute
indirectly to glycemic regulation.

Overall, dual inhibition of alpha-amylase and alpha-glucosidase provides complementary
mechanisms for reducing postprandial hyperglycemia. The comparable or superior activity
of C. dependens fractions relative to acarbose suggests potential for developing plant-derived
agents with improved efficacy and tolerability. The identification of rutin, epicatechin, and
sapogenin as promising inhibitors provides a foundation for future structure-based
optimization and development of novel anti-diabetic therapeutics.

CONCLUSION

In conclusion, the present study demonstrated that fractions of Chasmanthera dependens
exhibited inhibitory activity against a-amylase and a-glucosidase in vitro, supported by
molecular docking interactions of selected previously reported phytoconstituents with key
enzymatic targets. These findings suggest that the plant may contain bioactive constituents
with potential relevance in the modulation of carbohydrate-digesting enzymes implicated in
type 2 diabetes mellitus. However, the results are preliminary and based on in vitro assays
and computational predictions. Further studies are required to validate these observations
and establish therapeutic relevance.
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