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Abstract: Diabetes mellitus (DM), a non-communicable disease, describes a metabolic condition with 

multiple etiology, including oxidative stress. Methanol extract of Triclisia subcordata leaf was 

subjected to in vitro antioxidant assays and antidiabetic assays. The phytoconstituents revealed through 

GC-MS analysis were docked against the target proteins α-amylase and α-glucosidase. The FRAP and 

OH radical scavenging activity results confirmed the antioxidant property of this plant, as shown by the 

DPPH inhibitory assay, which shows that the extract has a ferric-reducing antioxidant property. The 

methanol extract of Triclisia subcordata had a similar nitric oxide inhibitory activity with the standard 

ascorbic acid. The plant extract had high α-amylase inhibitory ability with low α-glucosidase inhibitory 

ability compared to the standard Acarbose. GC-MS analysis revealed 1,19-Eicosadiene,1,9-

Tetradecadiene,3-Octyne,6-methyl, tetratetracontane, carbonic acid, and prop-1-en-2-yl tetradecyl ester 

in T. subcordata extract. In both the phytochemical bound complexes, the residues involved in the 

interaction with aspidospermidin-17-ol, 1-acetyl-19,21-epoxy-15,16-dimethoxy- has shown no major 

fluctuations, thus indicating that the phytochemical binding is stable during the simulation. The results 

of the study demonstrated that the enzymes α-amylase and α-glucosidase could be inhibited by 1 

aspidospermidin-17-ol, 1-acetyl-19,21-epoxy-15,16-dimethoxy-, discovered by GC-MS analysis. It is 

advised that more research be done to determine T. subcordata's harmful effects on nonhuman subjects. 
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1. Introduction 

Diabetes mellitus (DM), a non-communicable disease, describes a metabolic condition 

with multiple etiology categorized by prolonged increase in the blood sugar level with 

disturbances of carbohydrate, fat, and protein metabolism. Diabetes could be a result of defects 
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in insulin secretion (non-availability of insulin in the body system), insulin action (inability of 

the available insulin to locate and bind to the insulin receptors), or both [1]. According to Greco 

and Hall [2], it is estimated that by 2045, approximately 700 million people worldwide will 

have type two diabetes mellitus. Also, half of diabetes deaths occur in people under the age of 

70 years, and almost 80% of diabetes deaths occur in low and middle-income countries [3,4]. 

Nigeria has been reported with the highest burden of diabetes in Africa, with almost 4.2 million 

cases, followed by South Africa with about 2.6 million cases, Ethiopia with 1.9 million, and 

Tanzania with 1.7 million. About two million of the cases of diabetes are undiagnosed in 

Nigeria, and deaths associated with diabetes in Nigeria in 2013 were estimated to be 105,091 

cases [5-8]. Oputa and Chineye [6] also reported that up to 73% of diabetes patients in Nigeria 

do not practice self-monitoring of blood glucose. Hence, this lack of sensitization and 

awareness increases the chance of high mortality caused by diabetes mellitus in the country. 

Type 1 diabetes is a temporary rise in the body’s blood sugar as a result of the non-

availability of insulin hormone, while Type 2 is more severe. Type 2 Diabetes mellitus is a 

health condition where the insulin hormone is available but is not able to bind to the active site 

of the glucose because of the conformational reorganization that has taken place on the active 

site of the glucose; hence, there is a prolonged rise in the blood glucose level [7, 9]. At the 

same time, gestational diabetes describes a health disorder where there is a short-term upward 

shoot in the blood glucose level in pregnant women. To date, scientists are searching for 

reproducible ways of managing this disease, which poses a greater threat to the survival of 

humans. 

Oxidative stress has been associated with the pathology of many diseases, which 

comprise atherosclerosis, neurodegenerative diseases such as Alzheimer’s disease, cancer, 

diabetes mellitus, and inflammatory diseases, including psychiatric disorders or the aging 

process [9]. Free radicals are small transportable molecules that are highly reactive because of 

their unpaired electron. Free radicals were initially thought to be radicals with oxygen nuclei 

called reactive oxygen species (ROS); however, they also include a subgroup of reactive 

nitrogen species (RNS) and are all a product of normal cellular metabolism [10]. In order to 

regulate the excessive production of these free radicals and to create a balance, organisms have 

built protective systems and mechanisms against their toxic effects [11]. An antioxidant is a 

molecule stable enough to donate an electron to a rampaging free radical and neutralize its 

capacity to damage [12]. These antioxidants mainly delay or inhibit cellular damage through 

their free radical scavenging property [13]. Cells produce defense against excessive free 

radicals through their preventative mechanisms, repair mechanisms, physical defenses, and 

antioxidant defenses [14]. Antioxidants exist both in enzymatic and non-enzymatic forms in 

the intracellular and extracellular environment [15]. Antioxidants can be grouped into two 

classes: synthetic and natural antioxidants [16]. The difference between the two categories is 

that most synthetic antioxidants generate substances that develop cancer or other diseases [17]. 

The body produces different antioxidants (endogenous) to neutralize free radicals and protect 

the body from different diseases caused by tissue injury. Exogenous antioxidants, which are 

externally supplied to the body through food, also play an important role in protecting the body 

[14, 18]. 

Triclisia subcordata Oliv. is a climbing shrub in the family Menispermaceae. It is a 

flowering plant of about 1.6 m long. It is locally known as Kanranjongbon and Alugboran 

among Yorubas in Southwestern Nigeria [19]. Abo et al. [20] and Odukoya et al. [21] reported 
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the pharmacological usage of this plant as an anti-inflammation herb. It is also used in the 

treatment of gout and internal wound [22,23]. In silico pharmacology and bioavailability study 

on Triclisia subcordata constituents proposed its antidiabetic property [24]. Therefore, this 

study investigated the antioxidant and antidiabetic potentials of Triclisia subcordata leaf. 

2. Materials and Methods 

2.1. Plant collection and extraction. 

In June 2017, dirt-free leaves of T. subcordata were collected from the wild forest at 

Amina Way, University of Ibadan, Ibadan, Nigeria. The plant was identified and authenticated 

at the Forest Herbarium Ibadan (FHI), where it was given the voucher number FHI 110974. 

With random stirring, methanol was used to extract dried and pulverized T. subcordata leaves 

at room temperature for 72 hours. The extract was filtered, and the filtrate was concentrated in 

a rotary evaporator in vacuo at 37 ℃ (Buchi Rotavapour R-210, Switzerland). The extracted 

material was stored in the refrigerator for later use. 

2.2. In vitro antioxidant assay. 

2.2.1. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) scavenging ability. 

The free radical scavenging ability of the phenolics against DPPH free radicals was 

evaluated as described by Ogunlakin et al. [25]. An appropriate dilution of the phenolics (1 

mL) was briefly mixed with 1 mL of 0.4 mM DPPH radicals in a methanolic solution. The 

mixture was left in the dark for 30 min, and the absorbance was taken at 516 nm. The control 

was carried out using 2 mL DPPH solution without the test samples. The DPPH free radical 

scavenging ability was subsequently as a percentage of the control. 

2.2.2. Ferric reducing antioxidant power (FRAP) potential. 

The reducing properties of the phenolics were determined by assessing the ability of 

the phenolics to reduce FeCl3 solution, as described by Ogunlakin et al. [25]. A 2.5 mL aliquot 

was mixed with 2.5 mL of 200 mM sodium phosphate buffer (pH 6.6) and 2.5 mL of 1% 

potassium ferricyanide. The mixture was incubated at 50℃ for 20 min, and then 2.5 mL of 

10% trichloroacetic acid was added. This mixture was centrifuged at 801 × g for 10 min. 5 mL 

of the supernatant was mixed with an equal volume of water and 1 mL of 0.1% ferric chloride. 

The absorbance was measured at 700 nm, and ferric reducing power was subsequently 

calculated using ascorbic acid equivalent. 

2.2.3. Fenton’s reaction (OH Radical scavenging activity). 

The ability of the phenolics to prevent Fe2+/H2O2-induced decomposition of 

deoxyribose was carried out using the method of Ogunlakin et al. [25]. Briefly, appropriate 

dilution of the phenolics was added to a reaction mixture containing 120 μL 20 mM 

deoxyribose, 400 μL 0.1M phosphate buffer, 40 μL 20 mM hydrogen peroxide, and 40 μL 500 

μM FeSO4, and the volume was made up to 800 μL with distilled water. The reaction mixture 

was incubated at 37℃ for 30 min, and the reaction was then stopped by the addition of 0.5 mL 

of 2.8% trichloroacetic acid (TCA); this was followed by the addition of 0.4 mL of 0.6% 

thiobarbituric acid (TBA) solution. The tubes were subsequently incubated in boiling water for 
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20 min. The absorbance was measured at 532 nm in a spectrophotometer. The percentage 

(%)˙OH radical scavenging ability was subsequently calculated. 

2.2.4. Determination of Fe2+ chelating ability. 

The Fe2+ chelating ability of both phenolics was determined using a modified method 

of Minotti and Aust [26], with a slight modification by Güven et al. [27]. Freshly prepared 500 

μM FeSO4 (150 μL) was added to a reaction mixture containing 168 μL of 0.1 M Tris-HCl (pH 

7.4), 218 μL saline and the extracts (0 – 25 μL). The reaction mixture was incubated for 5 min 

before the addition of 13 μL of 0.25% 1,10-phenanthroline (w/v). The absorbance was 

subsequently measured at 510 nm in a spectrophotometer. The Fe2+ chelating ability was 

subsequently calculated. 

2.2.5. Nitric oxide scavenging activity. 

Nitric oxide scavenging assay was performed using the Griess reagent method, as 

reported by Lee et al. [28]. Briefly, 0.3 mL of sodium nitroprusside (5 mM) was added to 1 mL 

of each of the various concentrations of the extract. The test tubes were then incubated at 25℃ 

for 150 min. After 150 min, 0.5 mL of Griess reagent (equal volume of 1% sulphanilamide on 

5% ortho-phosphoric acid and 0.01% naphthyl ethylenediamine in distilled water, used after 

12hrs of preparation) was added. The absorbance was measured at 546 nm. 

2.3. In vitro antidiabetic assays. 

2.3.1. α-amylase inhibition assay. 

This was measured using the dinitrosalicylic acid method described by Zulfiqar et al. 

[29]. Appropriate dilution of the flavonoid compounds (500 μL) and 500 μL of 0.02 M sodium 

phosphate buffer (pH 6.9 with 0.006 M NaCl) containing pancreatic α-amylase (EC 3.2.1.1) 

(0.5 mg/mL) were incubated at 25℃ for 10 min. Then, 500 μL of 1 % starch solution in 0.02 

M sodium phosphate buffer (pH 6.9 with 0.006 M NaCl) was added to each tube. The reaction 

mixture was incubated at 25 ℃ for 10 min and stopped with 1.0 mL of dinitrosalicylic acid 

color reagent. Thereafter, the mixture was incubated in a boiling water bath for 5 min and 

cooled to room temperature. The reaction mixture was then diluted by adding 10 mL of distilled 

water, and absorbance was measured at 540 nm. The compounds' IC50 (the flavonoid compound 

concentration inhibiting 50% of the α-amylase activity) was calculated. 

2.3.2. α-glucosidase inhibition assay. 

Appropriate dilution of the flavonoid compounds (50 μL) and 100 μL of α-glucosidase 

solution (1.0 U/mL) in 0.1 M phosphate buffer (pH 6.9) were incubated at 25℃ for 10 min. 

Then, 50 μL of 5 mM p-nitrophenyl-α-D-glucopyranoside solution was added in 0.1 M 

phosphate buffer (pH 6.9). The mixtures were incubated at 25℃ for 5 min before reading the 

absorbance at 405 nm in the spectrophotometer [30]. The α-glucosidase inhibitory activity was 

expressed as percentage inhibition. The compounds' IC50 (the flavonoid compound 

concentration inhibiting 50 % of the α-glucosidase activity) was calculated. 
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2.4. Gas chromatography-mass spectrometry analysis. 

The methanol extract was analyzed using an Agilent Technologies 7890 gas 

chromatography apparatus and an Agilent Technologies 5975 mass spectrometer. The HP5MS 

column is 30 meters long, 0.320 millimeters in diameter internally, and 0.25 milliliters thick. 

The temperature inside the oven increases to 240℃ after 6 minutes, from 80 ℃, which is 

maintained for 2 minutes at a rate of 12 ℃ each minute. The temperature of the sample was 

250℃ when it was introduced into the GC/MS interface. The scan spans from 50 to 500 and 

uses splitless analysis [9]. 

2.5. Molecular docking. 

2.5.1. Preparation of receptor and ligand molecules for molecular docking. 

The three-dimensional structure of the target proteins α-amylase and α-glucosidase 

were retrieved from the macromolecule structure repository – RCSB Protein DataBank using 

the PDB ID: 4W93 and 5NN8, respectively. Schrodinger Protein Preparation Wizard was used 

to prepare the three-dimensional structures of the target proteins by altering the bond orders, 

adding hydrogen atoms, forming zero-order bonds to metal atoms, establishing disulfide bonds, 

and generating het states (PPW). The phytochemicals identified from the MS analysis were 

used as the ligands, and the structures of the ligands were retrieved from the PubChem database 

(Pubchem). All the 14 molecules collection were prepared using the LigPrep module of 

Schrodinger, where phytochemical structural variations were developed by assigning proper 

charges and bond orders. Further, the phytochemicals were optimized using OPLS3e force field 

(Ligprep). EPIK minimizations generated the phytochemicals' protonation states, and the 

phytochemicals' chirality combinations were retained during the tautomer generated. A 

maximum of 32 possible conformations were developed for the phytochemicals in the ligand 

preparation process.  

2.5.2. Molecular docking of phytochemicals. 

The protein structures were initially optimized with minimized hydrogen atoms, and 

further, the structure was minimized using the OPLS3e force field. The co-crystalized inhibitor 

molecules were retained during the protein preparation process to facilitate the receptor grid 

generation. Using the default parameters, the grid around the substrate molecule binding site 

was created using Schrodinger's "receptor grid generation" tool using the OPLS3e force field 

(Grid). The prepared phytochemicals were docked using the Schrodinger Glide XP module, 

which precisely docks the molecules into the defined binding site of the α-amylase and α-

glucosidase proteins. Glide XP computes the binding energy and affinity of the phytochemicals 

with the highest precision and accuracy. The docking program utilizes glide scoring functions 

to rank the phytochemicals based on the XP score (Glide). 

2.5.3. Molecular dynamics simulation studies (MDS) of protein-ligand complexes. 

The ligand-bound α-amylase and α-glucosidase complexes were solvated in the 

orthorhombic-shaped boxes with single-point charge water molecules using the System Builder 

tool in Desmond v7.2. The counter ions and 0.15 M NaCl salt concentration were maintained 

to neutralize the systems during the α-amylase and α-glucosidase complexes simulations. Both 

https://doi.org/10.33263/LIANBS141.006
https://nanobioletters.com/


https://doi.org/10.33263/LIANBS141.006  

 https://nanobioletters.com/ 6 of 17 

 

the ligand-bound complexes were individually simulated for 200ns using an OPLS forcefield 

in Desmond v7.2. Desmond’s eight-stage default relaxation protocol and steepest descent 

minimization were applied prior to the production of MD simulations. During the simulations, 

1 atm pressure and 300 K temperature were maintained using the isotropic Martyna–Tobias–

Klein barostat and the Nose–Hoover thermostat, respectively. The smooth particle mesh Ewald 

method was used to analyze long-range coulombic interactions, and 9.0 was set as the short-

range cutoff. Using an r-RESPA integrator, nonbonded forces were calculated, and every step 

was for short-range forces, and every three steps were periodically used for the long-range 

forces. The Simulation Interaction Diagram tool included in the Desmond MD package was 

used to analyze the behavior and interactions between the ligand and protein.  

2.6. Statistical analysis. 

The data was analyzed using software called GraphPad Prism version 9.0.1. We 

reported descriptive statistics as mean ± SD. GraphPad was used to analyze the results, which 

are presented as graphs. To compare the means, a statistical method known as one-way 

ANOVA was followed by Tukey’s post hoc test with a significance level of p < 0.05. 

3. Results and Discussion 

3.1. In vitro antioxidant activity. 

Reactive oxygen species (ROS) and free radicals are involved in the etiology of various 

health disorders such as cardiovascular and metabolic diseases, diabetes, and cancer due to the 

inability of antioxidants to manage the excess ROS [31,32]. An imbalance between free 

radicals production and the activities of antioxidants results in oxidative stress, which can cause 

damaged cellular proteins, DNA, membrane lipids, and eventually cell death [32]. Reducing 

oxidative stress could effectively manage many diseases, including diabetes and metabolic 

disorders [33]. Phytochemicals like phenolic compounds and flavonoids derived from plants 

have antioxidant potential and effectively manage and treat several diseases [34,35]. The 

quality and concentration of these phytochemicals are directly proportional to the antioxidant 

activities of plants [36]. DPPH, ABTS, FRAP, and metal chelating assays are used to identify 

the presence of antioxidants [37,38]. DPPH, a stable free radical, analyses antioxidants' free 

radical scavenging potentials by accepting hydrogen radicals and electrons from antioxidant 

molecules [31, 38]. The % DPPH scavenging ability of the methanol extract of Triclisia 

subcordata was highest at 0.04 mg/mL, showing that the antioxidant ability is dose-dependent 

(Figure 1). This is in comparison with the standard Ascorbic acid. In the FRAP assay, the 

antioxidants and ferric tripyridyltriazine complex react, resulting in blue-colored ferrous 

tripyridyltriazine [36]. Increased FRAP value indicates a higher antioxidant potential [38].  

The FRAP and OH radical scavenging activity results confirmed the antioxidant 

property of this plant, as shown by DPPH (Figures 2 and 3), and this shows that the extract has 

a ferric-reducing antioxidant property. Flavonoids and phenolics decrease the formation of free 

radicals and also scavenge free radicals [34]. Iron, a metal ion, promotes lipid peroxidation via 

the Fenton reaction, and its chelating ability lowers the concentration of the transition metal 

involved in catalyzing lipid peroxidation [39]. The ion-chelating ability of the methanol extract 

of Triclisia subcordata increased as the concentration increased, suggesting that the Fe2+ 

chelation of the extract is dose-dependent (Figure 4). The extract's radical scavenging and ion-
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chelating properties can be attributed to the presence of alkaloids, terpenoids, and 

polysaccharides [40, 41]. Thus, the plant extract can be considered an effective free radical 

scavenger, which is supported by the study by Akinwunmi et al. [42].  

0.00 0.01 0.02 0.03 0.04 0.05

0

50

100

150

Concentration  (mg/ml)

%
 D

P
P

H
* 

S
c
a
v
e
n

g
in

g
 A

b
il
it

y

Control

Triclisia subcordata

 
Figure 1. DPPH radical scavenging ability of T. subcordata leaves. 

Data are represented as mean ± SD (n = 3). Control = ascorbic acid. 
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Figure 2. Ferric reducing antioxidant power of T. subcordata leaves. 
Data are represented as mean ± SD (n = 3). Control = ascorbic acid. 
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Figure 3. OH radical scavenging ability of T. subcordata leaves.  

Data are represented as mean ± SD (n = 3). Control = ascorbic acid. 
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Methanol extract has been discovered to possess better antioxidant properties than other 

non-polar solvents. This could be attributed to the presence of flavonoids and the polarity of 

the active components [43, 44]. Nitric oxide is implicated in diabetes, inflammation, and 

cancer. The in vitro NO assay measures the breakdown of nitrate and nitrite. The methanol 

extract of Triclisia subcordata had a similar nitric oxide inhibitory activity with the standard 

ascorbic acid (Figure 5), suggesting that the extract is an excellent nitric oxide scavenger. 
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Figure 4. Fe2+ chelating ability of T. subcordata leaves. 

Data are represented as mean ± SD (n = 3). Control = ascorbic acid. 
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Figure 5. NO* Scavenging ability of T. subcordata leaves. 

Data are represented as mean ± SD (n = 3). Control = ascorbic acid. 

3.2. In vitro antidiabetic activity. 

The antidiabetic potential of plants is evaluated by testing their ability to inhibit α-

glucosidase and α-amylase, which are carbohydrate-hydrolyzing enzymes. α-amylase lowers 

the rate of starch conversion to glucose, thereby preventing increased blood glucose after food 

consumption [45]. In vitro inhibition of α-glucosidase and α-amylase by methanol extract of 

Triclisia subcordata was investigated. In this study, the plant extract had high α-amylase 

inhibitory ability with low α-glucosidase inhibitory ability compared to the standard (Figures 

6 and 7). A dose-dependent α-amylase inhibition was observed in the methanol extract, with 

0.03 and 0.04 mg/mL exhibiting the maximum inhibition. Low α-amylase and α-glucosidase 

inhibitory potential was also reported in both methanol and dichloromethane extracts of 

Triclisia subcordata by Akinwunmi et al. [42]. 
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Figure 6. α-amylase inhibitory effect of T. subcordata leaves. 

Data are represented as mean ± SD (n = 3). Control = Acarbose. 
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Figure 7. α-glucosidase inhibitory effect of T. subcordata leaves. 

Data are represented as mean ± SD (n = 3). Control = Acarbose. 

3.3. GC-MS analysis. 

The GC-MS has been proven to be the most effective method of identifying various 

components present in plants [46].  

 
Figure 8. GC-MS chromatogram of T. subcordata leaves methanol extract. 
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The phytochemical compounds were identified by retention time and peak area. A total 

of 14 compounds were identified by GC-MS analysis in the Triclisia subcordata extract, these 

active components, the peak area and retention time are presented in Table 1. 1,19-

Eicosadiene,1,9-Tetradecadiene,3-Octyne,6-methyl had the least retention time of 13.734 mins 

while Tetratetracontane, Carbonic acid, prop-1-en-2-yl tetradecyl ester had the highest 

retention time 20.863 mins (Table 1, Figure 8). 

Table 1. Phyto-constituents of T. subcordata leaves detected via GCMS analysis. 

Compounds Name Area (%) RT 

1,19-Eicosadiene, 1,9-Tetradecadiene, 3-Octyne, 6-methyl- 1.10 13.734 

13-Methyltetradecanal, 7-Oxabicyclo[4.1.0]heptane, 3-methyl-1-
Hexadecanol, 2-methyl-,1-Hexadecanol, 2-methyl- 

0.75 13.801 

Pentadecanoic acid, 14-methyl-, methyl ester, Hexadecanoic acid, 
methyl ester, 

4.35 14.616 

2-Methyl-Z,Z-3,13-octadecadienol, 1,9-Tetradecadiene, 2(1H)-
Benzocyclooctenone, decahydro-4a-methyl-, trans-(-) 

0.77 14.782 

9-Oxabicyclo[6.1.0]nonane, cis-, 9-Oxabicyclo[6.1.0]nonane, 
Tridecanedial 

1.70 14.969 

2(1H)-Naphthalenone, octahydro-, trans-, 12-Methyl-E,E-2,13-
octadecadien-1-ol, 8-Dodecenol 

0.97 16.292 

1,2-Epoxyundecane, Phytol, Carbonic acid, 2-ethylhexyl heptadecyl 
ester 

5.01 16.406 

Methyl 8,10-dimethyl-hexadecanoate or 8,10-dimethyl-16:0, Methyl 
11-oxo-9-undecenoate, 13,16-Octadecadiynoic acid, methyl ester 

1.36 16.526 

Cyclohexene, 4-(4-ethylcyclohexyl) -1-pentyl-, Undec-10-ynoic acid, 
undecyl ester, 3-Octyne, 6-methyl- 

3.44 16.676 

13-Tetradece-11-yn-1-ol, 1,6-Cyclodecadiene, Ethyl 9.cis.,11.trans.-
octadecadienoate 

0.55 16.847 

Octadecane, 1-(ethenyloxy)-, Oxalic acid, isobutyl pentadecyl ester, 
Aspidospermidin-17-ol, 1-acetyl-19,21-epoxy-15,16-dimethoxy- 

4.03 17.568 

4-Pentenal, 2-methylene-, 3,8-Dioxatricyclo[5.1.0.0(2,4)]octane, 4-
ethenyl-, 2-Pentyn-1-ol 

4.67 18.129 

Farnesol formate, trans-Sesquisabinene hydrate, trans-Farnesol 11.59 18.368 

Tetratetracontane, Carbonic acid, prop-1-en-2-yl tetradecyl ester 59.70 20.863 

3.4. In silico antidiabetic effect. 

3.4.1. Molecular docking of phytochemicals with α-amylase and α-glucosidase. 

The molecular docking results of 17 phytochemicals into the binding cavity of α-

amylase and α-glucosidase are shown in Table 1. Among the 17 phytochemicals, 

Aspidospermidin-17-ol, 1-acetyl-19,21-epoxy-15,16-dimethoxy- has produced higher glide 

XP score of -6.285 kcal/mol and -4.958 kcal/mol with the Glide energy of -35.428 kcal/mol 

and -35.195 kcal/mol for α-amylase and α-glucosidase, respectively. The Aspidospermidin-17-

ol, 1-acetyl-19,21-epoxy-15,16-dimethoxy- binding within the cavity of the α-amylase is 

stabilized by three hydrogen bonds (Figure 9a). The amino acid Asp197 has formed a hydrogen 

bond (CO---HO) at a distance of 2.31Å with the phytochemical. Where the uncharged polar 

amino acid Gln233 has formed a hydrogen bond (OH---OH) with the phytochemical at a 

distance of 1.94 Å. The positively charged His299 has established an NH---OC hydrogen bond 

at a distance of 2.11 Å with the phytochemical. All three hydrogen bonds mediated between 

the phytochemical and receptor protein α-amylase are less than 2.5Å. In general, the hydrogen 

bonds formed within 2.5Å are referred to as strong hydrogen bonds and, in turn, depict the 

strong binding of the phytochemical within the cavity of the α-amylase. While under the semi-

flexible docking conditions, Aspidospermidin-17-ol, 1-acetyl-19,21-epoxy-15,16-dimethoxy- 

binding into the cavity of α-glucosidase was stabilized by a salt bridge (CO—NH) at the 
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distance of 4.08Å (Figure 9b). In order to understand the stability of the bound phytochemical 

under a real-time biological environment, the docked complexes were further taken to perform 

molecular dynamics simulations. 

 
(a) 

 
(b) 

Figure 9. The 2D and 3D interaction profile of phytochemical with (a) α-amylase; (b) α-

glucosidase. 

3.4.2. Molecular dynamics simulation of phytochemical bound with α-amylase and α-

glucosidase complexes. 

The 200 ns molecular dynamics simulation trajectories were analyzed to evaluate the 

binding stability of the Aspidospermidin-17-ol, 1-acetyl-19,21-epoxy-15,16-dimethoxy- 

within the binding site of the receptor proteins. The average variation in the displacement of a 

particular set of atoms for a particular frame relative to a reference frame is calculated using 

the root mean square deviation (RMSD). All protein frames are first aligned based on the 

reference backbone structure prior to computing the atom-wise RMSD. The conformation 

changes in the protein structure during the simulation were monitored using the RMSD graphs. 

The RMSD graph of the phytochemical bound α-amylase complex depicted that the system 

attained equilibrium quickly, and the RMSD of the complex stabilized around 1.8Å (Figure 

10a). 

Similarly, the RMSD graph of the phytochemical bound α-glucosidase complex 

indicates that the average RMSD is 1.95Å, and the system has attained equilibrium within 25 

ns of the timeframe (Figure 10b). However, at the depth of the simulation timeframe, the system 

has started adjusting the conformations, which leads to an increase in the RMSD. The RMSD 

deviations up to 3Å are acceptable for the small and globular proteins, while the deviation 

higher than 3Å depicts the protein undergoing significant structural and conformational 

changes during the simulation. The average RMSD of the phytochemical bound α-amylase and 
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α-glucosidase complexes were lesser than 2Å; the binding of the phytochemical is observed to 

be stable during the simulation timeframe.  

The individual amino acid level fluctuations along the protein during the simulations 

were characterized using the Root Mean Square Fluctuation (RMSF). The RMSF graphs depict 

the individual amino acid fluctuations, in which the peak corresponds to the higher fluctuation 

of the corresponding amino acids in the simulated timeframe. The average C-alpha RMS 

fluctuation of the phytochemical bound α-amylase and α-glucosidase complexes were 0.95Å 

and 0.91Å, respectively (Figures 11a and 11b). Among the residues of α-amylase, non-polar 

side chain amino acids Gly351 and uncharged polar amino acid Asn350 have shown higher 

fluctuation more than 4Å (4.91Å and 4.75Å, respectively. Moreover, four nonpolar amino acids 

Gly365, Gly460, Gly306, and Gly144 have fluctuated more than 3Å, such as 3.51Å, 3.51Å, 

3.47Å, and 3.04Å. Meanwhile, the uncharged polar residues Asn364, Asn459, and Asn352 

indicated residual fluctuations up to 3.86Å, 3.74Å, and 3.59Å. In addition, the amino acids 

Gln349 and Phe348 registered fluctuations to the scale of 3.28Å and 3.43Å. Though few amino 

acids have shown RMS fluctuations between 3.0Å and 4.91Å, predominant residues have 

shown RMS fluctuations less than 1Å. Similarly, the case of α-glucosidase has depicted that 

12 amino acids fluctuated between the scale of 5.90Å and 3.01Å. The α-glucosidase, a large 

protein complex compared to α-amylase, has indicated 5.90Å and 5.32Å fluctuations for 

Gln115 and Ala204. Only one uncharged polar amino acid, Gln81, the N-terminal residues 

registered fluctuations up to 4.16Å. Whereas, other nine amino acids such Glu795, Pro205, 

Ser679, Glu453, Ala452, Pro681, Lys114, Leu678 and Glu145 has indicated the fluctuations 

between 3.98Å and 3.01Å.  

 
(a) 

 
(b) 

Figure 10. Root mean square deviations of the receptor protein C-alpha and ligand RMSD. (a) α-

amylase; (b) α-glucosidase. 

 

In both the phytochemical bound complexes, the residues involved in the interaction 

with Aspidospermidin-17-ol, 1-acetyl-19,21-epoxy-15,16-dimethoxy- has shown no major 
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fluctuations, thus indicating that the phytochemical binding is stable during the simulation. In 

general, the RMS fluctuations less than 3Å are considered stable movement, and thus, the 

bound phytochemical has influenced the integral binding within the enzyme. The N-and-C-

terminal tail residues are more loosely bound than other integral core structures of the protein 

and tend to fluctuate more during the simulations. Also, the rigid secondary structural parts 

such as helices and sheets have less tendency to move or fluctuate during the simulation, while 

the unstructured portions or free loops often fluctuate in higher order during the simulation and 

in the real-time environment. 

 
(a) 

 
(b) 

Figure 11. Root mean square fluctuations of the receptor protein C-alpha (a) α-amylase; (b) 

α-glucosidase. 

3.4.3. Receptor–phytochemical interaction analysis. 

The trajectories analysis of Aspidospermidin-17-ol, 1-acetyl-19,21-epoxy-15,16-

dimethoxy- bound α-amylase and α-glucosidase simulations revealed four types of interactions, 

which stabilize the binding of the phytochemical molecule within the receptor active site 

cavities. The Aspidospermidin-17-ol, 1-acetyl-19,21-epoxy-15,16-dimethoxy- has established 

22 interactions with α-amylase (Figure 12a), which comprises three hydrogen bonds (Gln63, 

His101, Asp197), seven hydrophobic interactions (Trp58, Trp59, Tyr62, Leu162, Leu165, 

Ala198, and His305), one ionic contact (His305), and 11water bridges (Tyr62, His101, Tyr151, 

Thr163, Asp197, Lys200, His299, Asp300, His305, and Asp356). An interaction fraction value 

of 0.7 or higher indicates that the particular contact is maintained for around 70% of the 

simulation duration. As some protein residues may make several interactions of the same 

subtype with the ligand, values higher than 1.0 are feasible. Among these 22 interactions, only 

three residues, namely, Gln63 (hydrogen bond: 0.98), Trp59 (hydrophobic: 1), and Asp197 

(water bridge: 0.98), have been predominantly involved in the prime stabilization of the 
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Aspidospermidin-17-ol, 1-acetyl-19,21-epoxy-15,16-dimethoxy- within the cavity of α-

amylase. Similarly, the phytochemical has formed 28 interactions with α-glucosidase (Figure 

12b), in which two hydrogen bonds (Asp404, and Trp481), nine hydrophobic contacts (Trp376, 

Leu405, Arg411, Ile441, Trp481, Trp516, Phe649, Leu677, and Leu678), six ionic interactions 

(Asp282, Tyr292, Asp404, Trp481, Asp518, and Asp616), and 11 water bridges (Asp282, 

Trp376, Arg411, Trp481, Arg600, Asp616, Trp618, His674, Ser676, Leu677 and Leu678). 

Among these 28 interactions, only the Trp376 (hydrophobic interaction fraction value: 0.75) 

and hydrogen bond mediated by Asp404 (fraction value: 0.83) have an interaction fraction 

value higher than 0.7. This interaction analysis depicts that the aspidospermidin-17-ol, 1-

acetyl-19,21-epoxy-15,16-dimethoxy- has been stably bound within the cavity during 

simulations, which in turn may have the potential inhibitory properties. 

 
(a) 

 
(b) 

Figure 12. Protein-ligand interaction analysis. The histogram chart shows the various types of interactions 

mediated between the ligand and receptor protein (a) α-amylase; (b) α-glucosidase. Blue: Water bridges, 

Green: Hydrogen bonds, Pink: Ionic interactions, and Purple: Hydrophobic. 

4. Conclusions 

The results of this investigation showed that T. subcordata leaf contains a sizable 

amount of secondary metabolites, which are probably in charge of the plant's antioxidant and 

antidiabetic properties. This study's findings were further corroborated by the discovery that 

the bioactive compounds discovered by GC-MS have antioxidant and diabetic properties. The 

results of the study demonstrated that the enzymes α-amylase and α-glucosidase can be 
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inhibited by Aspidospermidin-17-ol, 1-acetyl-19,21-epoxy-15,16-dimethoxy-. It is advised 

that more research be done to determine T. subcordata's harmful effects on nonhuman subjects. 
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