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A B S T R A C T   

Tapinanthus cordifolius an African mistletoe is an important medicinal plant that has been shown to lower 
postprandial hyperglycemia. It has been proposed that mistletoe’s hypoglycemic effects are related to its ability 
to lower blood glucose levels and that the anti-diabetic activity of some of these parasitic plants might be due to 
their ability to block the action of alpha-amylase. To identify prospective alpha-amylase inhibitors for anti- 
diabetic drug discovery, the current study used in vitro experiments and computational methods such as mo
lecular docking, pharmacophore modelling, and ADMET profiling to evaluate the alpha-amylase inhibitory 
ability of Tapinanthus cordifolius leaf extracts and its bioactive components. The crude extract of the plant showed 
the highest inhibiting activity with an IC50 value of 26.88 μg/ml. Gas chromatography-mass spectroscopic 
analysis of the extract gave 43 phytochemicals, including sesquiterpenes, diterpenes, triterpenes and their de
rivatives, phytosterols, and tocopherols. The molecular docking analysis of these compounds with alpha-amylase 
identified benzaldehyde, 4-(Ethylthio)-2,5-dimethoxy, alpha-Tocopherol-Beta-D-Mannoside, 5-ergosterol, 3,4,5- 
trimethoxybenzoic acid, and acetosyringone as the five top-scoring compounds. Their binding energies which 
ranged from − 4.944 to − 4.365 kcal/mol, were close to that of the reference compound, which was − 5.67 kcal/ 
mol. Like the reference ligand, these compounds interacted with crucial active site amino acid residues of alpha- 
amylase. They also possess favorable drug-like properties as well as a low-risk profile. Hence, these compounds 
could be subjected to lead optimization and experimental studies for further development into novel drugs for 
managing type 2 diabetes mellitus.   

1. Introduction 

Diabetes mellitus is a collection of metabolic diseases characterized 
by hyperglycemia caused by insufficient insulin secretion, insulin 
function, or both. It is distinguished by hyperglycemia and persistent 
vascular dysfunction [1]. Damage to the cardiovascular system, blood 
vessels, eyes, kidneys, and nervous system can develop slowly over time 
[2]. Sustained hyperglycaemia can lead to stupor, coma and perhaps 
death, often due to ketoacidosis or in rare cases, nonketotic hyper
osmolar syndrome [3]. Diabetes is one of the leading causes of mortality 
across the world [4], and ranked ninth on the list [5]. Type 2 diabetes is 
the most prevalent form, and it is caused by either insulin resistance or 
an insufficient insulin supply. Type 2 diabetes has shown a dramatic 
increase in frequency over the past three decades in countries of all 

income levels. Formerly known as juvenile diabetes or 
insulin-dependent diabetes, type 1 diabetes is a chronic illness in which 
the pancreas generates little or no insulin on its own. In order to survive, 
persons with diabetes need ready access to affordable treatment options 
and there is a global agreement to prevent the increase of diabetes and 
obesity by 2025 [2]. Diabetes affects about 422 million people world
wide, mostly in low- and middle-income countries, and is directly 
responsible for 1.5 million deaths annually. The incidence and preva
lence of diabetes have both skyrocketed in recent decades [2]. 

Diabetes is currently treated with insulin and other oral antidiabetic 
medications such as sulfonylureas, biguanides, and glinides. Many 
existing antidiabetic medicines however have a wide range of serious 
adverse effects, making the quest for alternatives a crucial area of study 
[6,7]. Reducing postprandial hyperglycemia is one of the most 
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important treatment techniques for managing diabetes. By inhibiting 
carbohydrate-hydrolyzing enzymes, such as alpha-amylase, glucose 
absorption can be restricted. The α-amylase, which may be found in 
microbes, plants, and higher animals, is one of the principal secretions of 
the salivary glands and pancreas and aids in the digestion of starch and 
glycogen. This enzyme catalyzes the first stage in starch hydrolysis, 
resulting in a combination of oligosaccharides that includes maltose, 
malt triose and oligosaccharides with branched glucose units at both the 
1,4 and 1,6 levels [1]. Therefore, the amylase enzyme breaks down the 
huge, complicated starch molecule into simpler sugar molecules. When 
starch begins to break down into simpler sugar units after a carbohy
drate meal, blood glucose levels rise. The α-amylase activity therefore 
contributes to an increase in glucose levels after meals [8]. The inhibi
tion of α-amylase can considerably minimize the post-prandial rise in 
blood glucose and is therefore an effective strategy for controlling blood 
glucose levels in type 2 diabetic and borderline individuals [8,9]. 

Many drugs for managing type 2 diabetes work by blocking the ac
tion of alpha-amylase. Such medications include acarbose and miglitol. 
However, they may be accompanied with adverse effects such as flatu
lence, diarrhea, bloating, and abdominal discomfort [10]. As a result, 
the search for a therapeutic intervention against type 2 diabetes has 
persisted, with a particular emphasis on plant-based remedies due to 
their comparative affordability. There is a resurgence of interest in 
plant-based medications and functional foods that modulate physio
logical effects for the treatment and prevention of diabetes and obesity. 
Various researches have shown the anti-hyperglycaemic abilities of 
medicinal plants, making them a rich source of anti-diabetic agents [11]. 
One of such plant is Tapinanthus cordifolius. 

Tapinanthus cordifolius is a plant belonging to the family lor
anthaceae, which have been shown to have activity against various 
ailments, including diabetes [12]. Tapinanthus cordifolius is a species of 
African mistletoe of the genus Tapinanthus [13,14]. Mistletoes are 
parasitic, evergreen tropical plants characterized by their woody shoots 
[15,16]. They grow on a range of native trees in West Africa, as well as 
economically significant tree crops such as shea butter, neem, cocoa, 
and rubber. Mistletoe is common in the south-western region of Nigeria, 
especially on tree crops including orange, guava, cocoa, kola, coffee, 
bush mango, and others. This medicinal plant is used to cure a wide 
range of illnesses, including stomach aches, diarrhea, dysentery, 
wounds, and cancer (6, 7). It has been established that mistletoe has 
hypoglycemic effects due to its capacity to reduce blood glucose levels 
and regulate weight loss in diabetics [12,17]. Oboh et al. (2018) 
investigated the mechanism of anti-diabetic activity of extracts of 
mistletoe (Loranthus begwensis L.) and discovered an in vitro inhibiting 
effect of the plant on some carbohydrate-metabolizing enzymes, 
including alpha amylase. They suggested that the plants’ antidiabetic 
action is due to their suppression of these enzymes [18]. The inhibitory 
effects of antidiabetic plants on alpha amylase and other therapeutic 
targets is said to be due to the presence of some bioactive compounds, 
which could be employed as potential agents towards the development 
of effective drugs for the treatment of type II diabetes mellites [19]. In 
order to explore the hypoglycemic potential of this plant in the devel
opment to drugs for the treatment of diabetes mellitus, it is necessary to 
identify possible inhibitors of alpha amylase in the mistletoes. This study 
was initiated to assess the inhibitory potency of Tapinanthus cordifolius 
leaf extracts and its bioactive compounds against alpha amylase through 
in vitro and in silico studies towards the identification of therapeutic 
agents for the management of type 2 diabetes mellitus. 

2. Materials and methods 

2.1. Plant collection and preparation of crude extract 

Tapinanthus cordifolius plants were gathered from a citrus sinensis 
(Orange) tree in Nibo, Awka South, Anambra State, Nigeria. After being 
thoroughly cleaned and air-dried at room temperature (25 ◦C) for four 

weeks, they were pulverized using a mortar and pestle. Subsequently, 
2.8 kg of Tapinanthus cordifolius powder was macerated in 22 L of 
ethanol (85%) for 72 h. The extract was filtered using mucilin cloth and 
concentrated at 78 ◦C with a rotary evaporator. The extracts were stored 
in an airtight glass jar at a temperature of 4 ◦C in the refrigerator [20]. 

2.2. Differential solvent fractionation process 

The ethanolic crude extract of TC (275.3 g) was suspended in I L of 
distilled water and partitioned in sequence with n-hexane, ethyl acetate 
and n-butanol using a separating funnel. A rotary evaporator was used to 
concentrate the different portions to obtain the fractions. 

2.3. In vitro determination of alpha-amylase inhibition activity 

In 100 mM phosphate buffer (pH 6.8), 250 L of each fraction or 
acarbose at varied doses (0.2–1.0 mg/ml) were incubated with 500 L of 
porcine pancreatic amylase (2 U/mL) for 20 min at 37 ◦C. The reaction 
mixture was supplemented with 250 L of a 1% starch solution (dissolved 
in 100 mM phosphate buffer (pH 6.8)) and then incubated at 37 ◦C for 1 
h. The mixture was brought to a boil for 10 min after 1 mL of DNS color 
reagent was added. The resultant solution’s inhibitory activity was 
quantified as a percentage of the control without inhibitors, and its 
absorbance was measured at 540 nm. 

2.4. Gas chromatography-mass spectroscopic (GC-MS) analysis 

The chemical components of TC were analyzed by GCMS utilizing a 
Shimadzu QP-2010 GC equipped with a QP-2010 Mass Selective De
tector [MSD, operating in the EI mode (electron energy = 70 eV), a scan 
range of 45–700 amu, and a scan rate of 3.99 scans/sec]. The GC column 
was an Optima-5 ms fused silica capillary, 30 m in length, 0.25 mm in 
internal diameter, and 0.01 μm in film thickness, and it included a 5% 
phenyl-methyl polysiloxane stationary phase. Helium was used as the 
carrier gas, and the rate of flow was 1.61 ml/min. The gas chromatog
raphy oven was set to 60◦ Celsius and maintained there for 1 min. The 
temperature was then raised from 60◦ to 260◦ Celsius at a rate of 14◦

Celsius per minute. Detector temperatures were 290◦ Celsius, whereas 
the injection port temperature was 250◦ Celsius. The sample was pre
pared by dissolving 1 g (g) in 100 mL (mL) of ethanol; then, 1.0 L of this 
solution was injected into an auto sampler operating in splitless mode. 
The mass spectra of the individual components were compared to those 
of recognized chemicals in the NIST Mass Spectral Library, allowing for 
their identification (NIST 11). Without standardization, the percentages 
of each component were presented as raw percentages depending on the 
total ion current [21]. 

2.5. In silico analysis of Alpha-amylase inhibition potential 

2.5.1. Molecular docking 
As previously described by Johnson et al. [22], the molecular 

docking analysis was carried out on Schrodinger Maestro 12.8. The x-ray 
diffraction crystal structure of pancreatic alpha-amylase with PDB ID: 
2QV4 (Resolution: 1.97 Å, R-Value Free: 0.224 and R-Value Work: 
0.176) was retrieved from the repository of Protein Data Bank (PDB). 
The protein preparation wizard panel of Glide was used to prepare the 
protein for docking. The co-crystallized ligand (QV4) was used in 
defining the receptor grid. The 43 bioactive compounds obtained from 
TC during the GCMS analysis and the co-crystallized ligand were further 
prepared for docking using the ligprep module. The Glide tool was used 
in carrying out the docking study. 

2.5.2. Receptor-ligand complex pharmacophore modelling 
PHASE was utilized in the generation of a pharmacophore model of 

the receptor-ligand complex [22]. Pharmacophore models were gener
ated for the protein in complex with the top five compounds chosen by 
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the criteria of their binding affinity to the protein. The auto (E-phar
macophore) tool was employed, leaving the maximum number of fea
tures capable of forming set at 7. Also, 2 and 4 were set for the minimum 
distance between features and the minimum distance between features 
of the same kind respectively. In this process donors were employed as 
vectors. 

2.5.3. Induced fit docking (IFD) 
Following the Schrödinger methodology as previously described 

[22], the molecular interaction between the α-amylase and the 
top-scoring compound was explored using Maestro 12.5’s induced fit 
docking panel. By assuming the receptor would change significantly in 
response to the ligand’s presence, the Induced Fit Docking approach 
seeks to optimize ligand docking. First, the receptor is minimized under 
constraints, and then the softening potential is used to dock the ligands 
with a glide. The docked poses were divided into 20 groups and sent on 
to Prime for further refining. After prime side-chain prediction and 
minimization, the optimal receptor structures for each ligand were sent 
back to Glide for redocking. Using information on solvent-accessible 
surface areas, salt bridges, B-factors, and rotamer searches, the 
extended sampling method automatically constructs receptors by 
choosing which residues to trim and determining van der Waals scaling 
factors for individual atoms. The first docking stage provides a massive 
number of poses, which are subsequently collected and filtered to yield 
up to 80 postures per ligand, which are then sent on to the prime step. 
Scores for the last docked poses were computed using the Glide SP. 

2.5.4. Pharmacology parameters 
Integrated model predictions at the Swiss ADME and PROTOX-II 

servers were used to analyze the ADMET characteristics of the test 
compounds. ADMET is an acronym that stands for absorption, distri
bution, metabolism, and toxicity [23,24]. 

3. Results 

3.1. Alpha-amylase inhibiting activity 

The percentage α-amylase inhibiting activity and IC50 values of the 
extract and standard drug are displayed in Figs. 1 and 2 respectively. 
Acarbose exhibited inhibitory effects ranging from 80.55 to 80.73% at 
0.2 mg/ml to 1.0 mg/ml respectively, with an IC50 value of 15.38 μg/ml. 
Among the test samples, the crude extract showed the highest inhibiting 
activity which was between 39.26% and 47.63% (IC50: 26.88 μg/ml), 
that of the butanol fraction was between 24.50% and 48.76% (IC50: 
31.72 μg/ml), that of ethyl acetate was between 23.62% and 29.50% 
(IC50: 50.75 μg/ml), that of n-hexane between 33.42% and 34.85% 
(IC50: 46.95 μg/ml), and that of the aqueous extract between 29.68% 
and 43.04% (IC50: 43.35 μg/ml). 

3.2. Gas chromatography-mass spectroscopic (GC-MS) analysis 

The GC-MS chromatogram of T. cordifolius compounds is shown in 
Fig. 3. 48 peaks corresponding to 43 different chemicals were detected 
during the analysis. The chemical profile of the bioactive compounds is 
shown in Table 1. The phytochemicals include aromatic and aliphatic 
carboxylic acids, carboxylic acid esters, fatty acids, fatty acid esters, 
sesquiterpenes, diterpenes, triterpenes and their derivatives, phytos
terols, tocopherols, and so on. 

3.3. In silico analysis 

3.3.1. Molecular docking 
The docking scores of selected hit compounds are shown in Table 2 

with Benzaldehyde, 4-(Ethylthio)-2,5-Dimethoxy (− 4.944 kcal/mol) 
having the highest score. The 2D and 3D analysis of interactions be
tween the compounds with alpha amylase showed that the five top 
scoring compounds interacted with the active site amino acid residues of 
the protein (Figs. 4–9). Among other important molecular contacts, 
benzaldehyde, 4-(Ethylthio)-2,5-Dimethoxy interacted by forming a 
hydrogen bond with ILE 235 and hydrophobic interactions with LEU 
162, ALA 198, TYR 62, VAL 234, ILE 235 and TYR 151 as well as a Pi-Pi 
stacking interaction with HIS 201. α-tocopherol-β-D-mannoside inter
acted by forming hydrogen bonds with ASP 300, ASP 197, GLU 233, HIS 
201 and hydrophobic interactions with LEU 165, LEU 162, ALA 198, 
TYR 62, ILE 235, TYR 151, TRP 58 and TRP 59. 5-Ergosterol also 
interacted similarly with α-tocopherol-β-D-mannoside but has only one 
hydrogen bond with THR 163 and an additional hydrophobic interac
tion with VAL 107.3,4,5-trimethoxybenzoic acid interacted by forming 
hydrogen bonds with LYS 200, ILE 235 and hydrophobic interactions 

Fig. 1. Percentage inhibition of alpha-amylase activity by the extract and 
fractions of Tapinanthus cordifolius. 

Fig. 2. IC50 values of extract and fractions of Tapinanthus cordifolius in the 
inhibition of alpha-amylase activity. 

Fig. 3. Gas chromatography-mass spectrometry (GC-MS) chromatogram of 
ethanol extract of T. cordifolius. 
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with LEU 162, ALA 198, ILE 235, TYR 151 and VAL 234 as well as a pi-pi 
stacking interaction with HIS 201 while Acetosyringone interacted by 
forming a hydrogen bond with HIE 305 and hydrophobic interactions 
with LEU 165, LEU 162, ALA 198, TYR 62, TRP 58 and TRP 59. Refer
ence compound (QV4) formed hydrogen bonds with HIE 305, ASP 300, 
THR 163, GLN 63, and HIS 201, and made hydrophobic contacts with 
ILE 51, TRP 58, TYP 59, TYR 62, VAL 107, TYR 151, LEU 162, LEU 165, 
ILE 235 and ALA 307. 

QV4 (Standard inhibitor): 4,6-dideoxy-4-{[(1S,4R,5R,6S)-4-{[alpha- 
D-glucopyranosyl-(1->4)-alpha-D-glucopyranosyl-(1->4)-alpha-D-glu
copyranosyl]oxy}-5,6-dihydroxy-3-(hydroxymethyl)cyclohex-2-en-1- 
yl]amino}-alpha-D-glucopyranose. 

Table 1 
Chemical profile of ethanol extract of T. cordifolius.  

Peak IUPAC Name Retention Time 
(minute) 

Peak Area 
(%) 

Peak Height 
(%) 

Molecular 
formula 

Chemical Classification 

1. Benzoic acid, 3,4,5-trimethoxy-, methyl ester 12.243 1.76 2.74 C11H14O5 Aromatic carboxylic acid 
methyl ester 

2. 3,4,5-Trimethoxyphenylacetic acid 12.620 1.31 1.68 C11H14O5 Methoxybenzene 
3. 3-(3,4,5-Trimethoxyphenyl)propionic acid 12.805 17.95 13.70 C12H16O5 Monocarboxylic acid 
4. Undecanoic acid, 11-bromo-ethylester 13.000 0.57 0.50 C13H25BrO2 Fatty acid, methyl ester 
5. Ethanone, 1-(4-hydroxy-3,5-dimethoxyphenyl)- 13.133 3.60 5.75 C10H12O4 Acetophenone 
6. 2-Pentadecanone, 6,10,14-trimethyl- 13.411 0.69 0.87 C18H36O Sesquiterpene 
7. Benzoic acid, 3,4,5-trimethoxy- 13.453 1.22 2.16 C10H12O5 Aromatic carboxylic acid 
8. Campesterol 13.622 0.67 0.46 C28H48O Phytosterol 
9. Ergost-5-en-3-ol, (3.beta.)- 13.750 0.55 0.33 C28H48O Phytosterol 
10. Benzoic acid, 3,4,5-trimethoxy- 13.843 1.68 3.19 C10H12O5 Aromatic carboxylic acid 
11. Dibutyl phthalate 14.092 0.72 1.53 C16H22O4 Phthalate ester 
12. n-Hexadecanoic acid 14.297 3.64 3.57 C16H32O2 Fatty acid 
13. Ethyl 9-hexadecenoate 14.383 0.39 0.49 C18H34O2 Fatty acid ethyl ester 
14. Hexadecanoic acid, ethyl ester 14.456 1.99 4.68 C18H36O2 Fatty acid ethyl ester 
15. Benzoic acid, 3,4,5-trimethoxy- 14.610 0.71 1.25 C10H12O5 Aromatic carboxylic acid 
16. n-Propyl 14-methyl-hexadecanoate 15.108 0.28 0.34 C20H40O2 Fatty acid methyl ester 
17. 11,14,17-Eicosatrienoic acid, methyl ester 15.149 0.44 0.46 C21H36O2 Fatty acid methyl ester 
18. Phytol 15.363 17.54 14.60 C20H40O Diterpenoid 
19. 9,12,15-Octadecatrienoic acid, (Z,Z,Z)- 15.476 4.96 4.00 C18H30O2 Fatty acid 
20. 9,12,15-Octadecatrienoic acid, ethyl ester, (Z, 15.612 5.09 4.76 C27H52O4Si2 Fatty acid ethyl ester 
21. Octadecanoic acid, 17-methyl-, methyl ester 15.808 0.87 0.99 C20H40O2 Fatty acid methyl ester 
22. Phytol, acetate 15.984 0.72 0.43 C22H42O2 Diterpenoid 
23. bis[(3E)-Hex-3-en-1-yloxy](dimethyl)silane 16.060 0.57 0.39 C14H28O2Si Silane 
24. 7-Hexadecenal, (Z)- 16.273 0.86 0.72 C16H30O Fatty aldehyde 
25. Butyl 9,12,15-octadecatrienoate 16.712 0.23 0.36 C22H38O2 Fatty acid butyl ester 
26. 4,8,12,16-Tetramethylheptadecan-4-olide 16.958 0.19 0.29 C21H40O2 Diterpene lactones 
27. Methyl 19-methyl-eicosanoate 17.330 0.14 0.25 C22H44O2 Fatty acid methyl ester 
28. beta.-Sitosterol 17.725 1.38 0.92 C31H52O2 Phytosterol 
29. beta.-Sitosterol 17.816 2.88 1.62 C31H52O2 Phytosterol 
30. Cycloheptadecanol 18.003 0.32 0.29 C17H34O Cyclic fatty alcohol 
31. Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl) ethyl ester 18.164 4.95 5.05 C19H38O4 Fatty acid methyl ester 
32. Bis(2-ethylhexyl) phthalate 18.442 0.32 0.49 C24H38O4 Phthalate ester 
33. 9,12,15-Octadecatrienoic acid, 2,3-dihydroxypropyl ester, (Z,Z,Z)- 19.541 5.24 4.19 C21H36O4 1-monoglyceride 
34. Octadecanoic acid, 2,3-dihydroxypropyl ester 19.723 1.09 0.68 C21H42O4 1-monoglyceride 
35. Ethyl tetracosanoate 20.489 0.23 0.35 C26H52O2 Ethyl Ester 
36. Squalene 20.815 6.19 7.90 C30H50 Triterpene 
37. tert-butyl 1-[4-(2,6-ditert-butyl-4-methoxyphenoxy)-3-nitro-4- 

oxobutyl]pyrrolidine-2-carboxylate 
21.011 0.36 0.36 C28H44N2O7 Alpha amino acid ester 

38. tert-butyl 1-[4-(2,6-ditert-butyl-4-methoxyphenoxy)-3-nitro-4- 
oxobutyl]pyrrolidine-2-carboxylate 

21.213 0.51 0.43 C28H44N2O7 Alpha amino acid ester 

39. 1-Heptacosanol 21.392 0.28 0.37 C27H56O Fatty alcohol 
40. Tetracontane 21.546 0.34 0.49 C40H82 Alkane 
41. 6,10,14,18,22-Tetracosapentaen-2-ol, 3-bromo-2,6,10,15,19,23- 

hexamethyl-, (all-E)- 
21.673 0.66 0.88 C30H51BrO Triterpene 

42. 2H-1-Benzopyran-6-ol, 3,4-dihydro-2,8-dimethyl-2-(4,8,12-trime
thyltridecyl)-, [2R-[2R*(4R*,8R*)]]- 

21.792 0.45 0.30 C27H46O2 Tocopherol 

43. Urs-12-ene 21.892 0.26 0.19 C30H50 Triterpene 
44. trans-Geranylgeraniol 22.329 0.50 0.34 C20H34O Diterpenoid 
45. 2,2,4-Trimethyl-3-(3,8,12,16-tetramethyl-heptadeca-3,7,11,15- 

tetraenyl)-cyclohexanol 
22.513 0.32 0.32 C30H52O Triterpenoid 

46. .beta.-Tocopherol 22.748 1.06 1.22 C28H48O2 Tocopherol 
47. Tetratetracontane 23.745 0.40 0.42 C44H90 Alkane 
48. Vitamin E 23.903 2.95 2.74 C29H50O2 Tocopherol 

IUPAC: International union of pure and applied chemistry. 

Table 2 
The binding affinity (kcal/mol) of the top ten ranked bioactive compounds of 
Tapinanthus cordifolius against alpha amylase.  

Compounds name PubChem CID Docking score 

QV4 (Standard inhibitor) 24755467 − 5.67 
Benzaldehyde, 4-(Ethylthio)-2,5-Dimethoxy 12006734 − 4.944 
Alpha. -Tocopherol-. Beta. -D-Mannoside 597057 − 4.854 
5-Ergosterol 68924503 − 4.785 
3,4,5-trimethoxybenzoic acid 8357 − 4.688 
Acetosyringone 17198 − 4.365 
Clionasterol 457801 − 4.26 
Beta-tocopherol 6857447 − 3.968 
Methyl 3,4,5-Trimethoxybenzoate 15956 − 3.803 
3-(3,4,5-Trimethoxyphenyl) Propionic Acid 64860 − 3.794 
Campesterol 173183 − 3.785  
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3.3.2. Pharmacophore modelling 
The pharmacophore models are shown in Figs. 10–12. The models 

show interactions such as A: hydrogen bond acceptor, D: hydrogen bond 
donor, H: hydrophobic interaction, N: negative ionic and R: aromatic 
ring. Benzaldehyde, 4-(Ethylthio)-2,5-Dimethoxy shows one aromatic 
ring and two hydrogen bond acceptors while α-tocopherol-β-D-manno
side shows one aromatic ring and one hydrogen bond donor. The 
properties involved in that of 5-Ergostenol are two hydrophobic in
teractions and one hydrogen bond donor while that of 3,4,5-trimethox
ybenzoic acid are one aromatic ring and one negative ionic bond. 
Acetosyringone shows one aromatic ring responsible for its interaction 

with the target. 

3.3.3. Induced fit docking 
The molecular interactions of the best three poses of Benzaldehyde, 

4-(Ethylthio)-2, 5-Dimethoxy (the most promising TC compound) in the 
flexible binding site of α-amylase are depicted in Fig. 13. Among other 
key interactions, it was found that this molecule formed a pi-pi stacking 
interaction with HIS 201 and a hydrogen bond with ILE 235. Fig. 14 is a 
fingerprint depiction of the 20 best poses of Benzaldehyde, 4-(Ethyl
thio)-2,5-Dimethoxy interacting with α-amylase amino acid residues 
during the IFD. Some protein amino acid residues, most notably HIS 201 

Fig. 4. 2D and 3D representations of the molecular interactions of Benzaldehyde, 4-(Ethylthio)-2,5-Dimethoxy with alpha-amylase.  

Fig. 5. 2D and 3D representations of the molecular interactions of Alpha-Tocopherol-Beta-D-Mannoside with alpha-amylase.  

Fig. 6. 2D and 3D representations of the molecular interactions of 5-Ergostenol with alpha-amylase.  
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and ILE 235, were in constant interaction with the ligand as shown by 
the almost continuous coloured lines in the figure. 

3.3.4. ADMET predictions 
Tables 3–7 shows the ADMET properties of five selected hit com

pounds, demonstrating their lipophilicity, water solubility, drug likeness 
bioavailability, toxicity as well as other parameters. The consensus Log P 
values of the compounds range from 1.21 (Acetosyringone) to 6.97 (5- 
ergosterol). Acetosyringone, 3,4,5-trimethoxybenzioc acid and Benzal
dehyde, 4-(Ethylthio)-2,5-Dimethoxy have their consensus log P values 
less than five while the rest do not, however, all the compounds obey 
Lipinski’s rule. Acetosyringone, 3,4,5-trimethoxybenzoic acid and 

Benzaldehyde, 4-(Ethylthio)-2,5-Dimethoxy are soluble, BBB permeant 
and have high GI absorption however none of the compounds are pgp 
substrates. Benzaldehyde, 4-(Ethylthio)-2,5-Dimethoxy is an inhibitor of 
CYP1A2 and CYP2C19 while α-tocopherol-β-D-mannoside is an inhibitor 
of CYP3A4. Alpha-Tocopherol-Beta-D-Mannoside and 5-ergosterol are 
immunotoxic while 3,4,5-trimethoxybenzioc acid is hepatotoxic, how
ever, the rest are inactive for the other toxicity parameters as shown on 
Table 6. 

4. Discussion 

One therapeutic approach for treating type 2 diabetes in its first stage 

Fig. 7. 2D and 3D representations of the molecular interactions of 3,4,5-trimethoxybenzioc acid with alpha-amylase.  

Fig. 8. 2D and 3D representations of the molecular interactions of Acetosyringone with alpha-amylase.  

Fig. 9. 2D and 3D representations of the molecular interactions of QV4 (Standard inhibitor) with alpha-amylase.  
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is lowering postprandial hyperglycemia. This is achieved by decreasing 
the rate at which glucose is absorbed, through the inhibition of the 
digestive enzymes responsible for breaking down carbohydrates, 
α-amylase and α-glucosidase. Inhibitors of these enzymes, thus, result in 
a reduced glucose absorption, thereby attenuating the post-prandial rise 
in plasma glucose [19,25]. Some of the unwanted side effects of current 
medications, which include hypoglycemia at higher doses, liver prob
lems, lactic acidosis, and diarrhea, has however necessitated the need 
for increased research into new therapeutic options for the treatment 
and management of type 2 Diabetes. In addition to currently existing 
therapies, numerous medicinal plants have been proposed for the 
treatment of diabetes. Traditional medicines are commonly given in 
many parts of the world due to their efficacy, lower risk of side effects, 
and lower cost [26]. Therefore, it is very crucial to study the bioactive 
compounds of medicinal plants as possible therapeutic agents for 
anti-diabetic drug development. Tapinanthus cordifolius, an African 
mistletoe, is an important medicinal plant with reported ability to 
reduce postprandial hyperglycemia. It has been suggested that the hy
poglycemic effects of mistletoe is due to its capacity to reduce blood 
glucose levels [12,17] and the anti-diabetic activity of some African 
mistletoes have been linked to its ability to inhibit the activity of 

α-amylase [18]. However, there appear to be little or no information on 
the bioactive compounds of Tapinanthus cordifolius with alpha amylase 
inhibiting activity. The current study employed in vitro study and 
computational techniques such as molecular docking, pharmacophore 
modelling and ADMET profiling to assess the alpha amylase inhibiting 
activity of Tapinanthus cordifolius leaf extracts and its bioactive com
pounds in order to identify potential α-amylase inhibitors for 
anti-diabetic drug discovery. 

The α-amylase inhibitory studies performed demonstrated that the 
extracts and fractions of Tapinanthus cordifolius has some inhibitory 
potentials. The crude extract demonstrated the highest inhibiting po
tential among the test samples as revealed by the IC50 value (26.88 μg/ 
ml). This was followed by the aqueous extract, butanol, n-hexane and 
ethyl-acetate fractions. The higher activity demonstrated by the crude 
extract could be connected with the components of the extract as shown 
by the GCMS analysis. The extract was found to contain important 
phytochemicals like aromatic and aliphatic carboxylic acids, carboxylic 
acid esters, fatty acids, fatty acid esters, sesquiterpenes, diterpenes, 
triterpenes, and their derivatives, phytosterols, tocopherols, etc. Many 
of these compounds have been linked to the therapeutic activity of 
medicinal plants. For example, terpenes have been shown to play 

Fig. 10. The receptor-ligand complex pharmacophore models of A = Benzaldehyde, 4-(Ethylthio)-2,5-Dimethoxy and B = α-tocopherol-β-D-mannoside on 
alpha-amylase. 

Fig. 11. The receptor-ligand complex pharmacophore models of C = 5-Ergostenol and D = 3,4,5-trimethoxybenzioc acid on alpha-amylase.  

Fig. 12. The receptor-ligand complex pharmacophore models of E = Acetosyringone, F = QV4 (Standard inhibitor) on alpha-amylase.  
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significant roles among the natural products that offer therapeutic ad
vantages to an organism. The in vitro inhibiting activity of some terpenes 
against alpha-amylase were demonstrated by Jelenković et al. [27]. 
Phytosterols are a type of plant-derived molecule that is structurally 
similar to cholesterol. They are useful to human health because of their 
blood sugar and cholesterol-lowering, anti-inflammatory, and anti
cancer activities [28,29]. Some phytosterols were shown by Sheng et al. 
to inhibit the activities of α-amylase and α-glucosidase [30]. Also of 

interest is the presence of tocopherols, which are phenolic antioxidants 
that can prevent lipid peroxidation by scavenging free radicals and 
interacting with singlet oxygen. The most essential of them is 
alpha-tocopherol (vitamin E), a powerful, lipid-soluble, and 
chain-breaking antioxidant [31]. This compound is known to be defi
cient in diabetic patients. The antioxidant effects of α-tocopherol on 
lipid oxidation, protein glycation, and insulin sensitivity have led to the 
proposition that it improves metabolic control in diabetes [32]. The 

Fig. 13. Best three poses of Benzaldehyde, 4-(Ethylthio)-2,5-Dimethoxy in the binding site of alpha-amylase following induced fit docking.  

Fig. 14. A fingerprint representation of the interactions of the best 20 poses of Benzaldehyde, 4-(Ethylthio)-2,5-Dimethoxy with amino acid residuesin the binding 
site of alpha-amylase following induced fit docking. 

Table 3 
The lipophilicity profile of the five top-ranking phytochemical constituents of Tapinanthus cordifolius.  

Molecule MW iLOGP XLOGP3 WLOGP MLOGP Silicos-IT Log P Consensus Log P 

Benzaldehyde, 4-(Ethylthio)-2,5-Dimethoxy-; 226.29 2.53 2.2 2.63 1.69 2.96 2.4 
Alpha.-Tocopherol-.Beta.-D-Mannoside 592.85 6.14 8.89 6.31 3.49 8.12 6.59 
5-Ergosterol 400.68 4.68 9.1 7.64 6.54 6.92 6.97 
3,4,5-Trimethoxybenzoic acid 212.2 1.85 1.45 1.41 0.8 1.28 1.36 
Acetosyringone 196.2 1.98 0.21 1.61 0.55 1.72 1.21  
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presence of these compounds might be contributing to the anti-diabetic 
property of African mistletoes. Yet, the molecular docking results further 
revealed the α-amylase inhibiting potentials of Tapinanthus cordifolius. 

According to the results of the molecular docking analysis, Tapi
nanthus cordifolius compounds displayed varying levels of binding af
finities for alpha-amylase, with Benzaldehyde, 4-(Ethylthio)-2,5- 
Dimethoxy (− 4.944 kcal/mol) having the highest docking score, fol
lowed by Alpha.-Tocopherol-.Beta.-D-Mannoside (− 4.854 kcal/mol), 
and 5-Ergostenol (− 4.785 kcal/mol). The binding affinity of these 
Tapinanthus cordifolius bioactive compounds can be linked to their in
teractions with alpha-amylase amino acid residues. The amino acid 
residues to which the compounds and standard ligand interacted with 
are known be crucial for the catalytic activity of the alpha amylase. 
Three distinct regions (domains) make up the structure of α-amylases, 
with the catalytically active residues located in domain A comprising of 
residues 1–99 and 169–404. Active site residues ASP 197, GLU 233, and 
ASP 300 are clustered at one end of a central eight-stranded parallel 
beta-barrel that comprises the catalytic area. Also present in this region 
is a chloride ion that interacts with ARG 195, ASN 298 and ARG 337. 
The smallest domain, B (residues 100–168), forms a calcium binding site 
against the beta-barrel wall in Domain A. Residues ASN 100, ARG 158, 
ASP 167, and HIS 201 all interact with this calcium [33]. When the 
glycosidic bonds of carbohydrates are broken by α-amylases, the ste
reochemistry of the resulting molecule is preserved. Specifically, ASP 
197 and GLU 233 facilitate an acid hydrolysis pathway that breaks down 
the glycosidic link [34]. X-ray crystallography of a complex generated 

by a similar glucosyltransferase revealed that the aspartate residue 
created a covalent link with the C1 site of the substrate while the 
glutamate residue functions as an acidic catalyst [35]. Molecular in
teractions with these crucial amino acid residues, which prevent sub
strates from reaching the active site, are reported to be the target of some 
alpha amylase inhibitors [36,37] and the overall interactions are 
consistent with those observed in this study. 

Using in-silico pharmacophore modelling, the structural features of 
the test molecules responsible for their affinity for the target protein 
were identified. This was done to further confirm the molecules’ alpha- 
amylase inhibitory activity. Hydrogen bond acceptors and donors, hy
drophobic contacts, negative ionic, and aromatic rings are some of the 
interactions depicted in the models. Benzaldehyde, 4-(Ethylthio)-2,5- 
Dimethoxy has one aromatic ring and two hydrogen bond acceptors in 
its interaction with the target, whereas Alpha-Tocopherol-Beta-D- 
Mannoside has one aromatic ring and one hydrogen bond donor. Hy
drophobic amino acids with one hydrogen bond donor are engaged by 5- 
Ergostenol, whereas one aromatic ring and one negative ionic bond are 
involved in 3,4,5-trimethoxybenzoic acid binding. Acetosyringone has 
one aromatic ring that is responsible for the target’s interaction. The 
capacity of the chemicals to block alpha amylase is evident from the fact 
that they are able to form hydrogen bonds and hydrophobic interactions 
in addition to other types of bonds, which are crucial molecular in
teractions. Enhancement of ligand-protein binding is known to occur in 
the presence of hydrogen bond donors and acceptors [38,39]. Aromatic 
rings are key residues in many molecular interactions, including pro
tein–ligand and protein–protein interactions. Due to their natural 
occurrence in amino acid residues such as histidine, tryptophan, 
phenylalanine, and tyrosine, they are thought to be particularly 
important for protein stability and molecular recognition processes. In 
addition, aromatic rings are commonly employed in drug design due to 
their ability to increase the binding affinity and specificity of drug-like 
compounds [40]. The result of the IFD further shows the involvement 
of an aromatic interaction (pi-pi stacking) in the binding of Benzalde
hyde, 4-(Ethylthio)-2,5-Dimethoxy to α-amylase. 

IFD is a technique for simulating the conformational changes caused 
by ligand interaction. Many proteins undergo modifications on ligand 
binding, which are not accounted for in standard docking analyses due 
to the receptor being maintained rigid and the ligand being allowed to 
move freely. IFD provides the protein side chains with flexibility, which 
makes it possible for the ligand to adjust and improve the binding 

Table 4 
The water solubility profile of the five top-ranking phytochemical constituents of 
Tapinanthus cordifolius.  

Molecule ESOL 
Log S 

ESOL 
Solubility 
(mg/ml) 

ESOL 
Solubility 
(mol/l) 

ESOL 
Class 

Benzaldehyde, 4- 
(Ethylthio)-2,5- 
Dimethoxy 

− 2.6 5.75E-01 2.54E-03 Soluble 

Alpha.-Tocopherol-. 
Beta.-D-Mannoside 

− 8.17 4.04E-06 6.82E-09 Poorly 
soluble 

5-Ergostenol − 7.66 8.74E-06 2.18E-08 Poorly 
soluble 

3,4,5-trimethoxybenzoic 
acid 

− 2.1 1.68E+00 7.92E-03 Soluble 

Acetosyringone − 1.31 9.66E+00 4.92E-02 Very 
soluble  

Table 5 
The drug-likeness properties of the five top-ranking phytochemical constituents 
of Tapinanthus cordifolius  

Molecule Bioavailability 
Score 

Lipinski 
violations 

Benzaldehyde, 4-(Ethylthio)-2,5- 
Dimethoxy-; 

0.55 0 

Alpha.-Tocopherol-.Beta.-D-Mannoside 0.55 1 
5-Ergosterol 0.55 1 
3,4,5-trimethoxybenzoic acid 0.85 0 
Acetosyringone 0.55 0  

Table 6 
The pharmacokinetic profile of the five top-ranking phytochemical constituents of Tapinanthus cordifolius.  

Molecule GI absorption BBB permeant Pgp substrate CYP1A2 inhibitor CYP2C19 inhibitor CYP2C9 inhibitor CYP2D6 inhibitor CYP3A4 inhibitor 

A High Yes No Yes Yes No No No 
B Low No No No No No No Yes 
C Low No No No No No No No 
D High Yes No No No No No No 
E High Yes No No No No No No 

A = Benzaldehyde, 4-(Ethylthio)-2,5-Dimethoxy; B = α-tocopherol-β-D-mannoside; C = 5-Ergostenol; D = 3,4,5-trimethoxybenzoic acid; E = Acetosyringone. 

Table 7 
The toxicity profile of the five top-ranking phytochemical constituents of Tapi
nanthus cordifolius against alpha amylase.  

Target A B C D E 

Hepatotoxicity – – – + – 
Carcinogenicity – – – – – 
Immunotoxicity – + + – – 
Mutagenicity – – – – – 
Cytotoxicity – – – – – 
Predicted LD50 

mg/kg 
1410 
mg/kg 

3000 
mg/kg 

667 
mg/kg 

2000 
mg/kg 

10000 
mg/kg 

Predicted Toxicity 
Class 

4 5 4 4 6  
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interactions that occur within the active site. It also gives an indication 
of the best poses and stable interactions of the ligand in the flexible 
binding site of the protein [22]. The IFD docking of Benzaldehyde, 
4-(Ethylthio)-2,5-Dimethoxy against α-amylase showed that this mole
cule formed a consistent hydrogen bond with ILE 235 and a pi-pi 
stacking interaction with HIS 201 in the binding pocket of the 
enzyme. The 20 most active poses of Benzaldehyde, 4-(Ethylthio)-2, 
5-Dimethoxy in its interaction with α-amylase amino acid residues 
maintained a constant interaction with certain amino acid residues in 
the protein, notably HIS 201 and ILE 235. This supports the molecular 
docking result and provides some evidence for the stability of the 
complex, which is an indication of the alpha-amylase inhibitory poten
tial of the Tapinanthus cordifolius compound. 

Despite the alpha-amylase inhibitory capabilities of the Tapinanthus 
cordifolius compounds, their ADMET characteristics are a critical factor 
in determining their pharmacological efficacy against the target. In sil
ico ADMET prediction is a low-cost and quick technique to assess if a 
molecule is swiftly absorbable, well-dispersed to its target site of action, 
well metabolized, and quickly eliminated from the body without 
generating harmful side effects [41]. New drug candidates can be 
quickly screened for oral drug-likeness using the Lipinski filter, which 
takes into account the candidates’ lipophilicity, hydrogen bond donors 
and acceptors, and molecular weights [42]. To be considered orally 
active, a medicine must adhere to the criteria laid out by Lipinski Rule, 
which include having a molecular weight of less than 500 g/mol, a log P 
less than or equal to 5, having no more than 5 hydrogen bond donors, 
and no more than 10 hydrogen bond acceptors. If a molecule breaks two 
or more of these guidelines, it cannot be taken orally. As a result, 
compounds with zero or one Lipinski violations, such as Benzaldehyde, 
4-(Ethylthio)-2,5-Dimethoxy, Alpha.-Tocopherol-.Beta.-D-Mannoside, 
5-Ergosterol, 3,4,5-trimethoxybenzoic acid, acetosyringone have the 
tendency to be orally active, as seen by their oral bioavailability scores. 
In rat or human colon cancer absorptivity [41], the 0.55% bioavail
ability score indicates that these drugs have a 55% chance of a minimum 
of 10% oral absorption. 

Furthermore, the inhibitory potentials of Benzaldehyde, 4-(Ethyl
thio)-2,5-Dimethoxy and Alpha.-Tocopherol-.Beta.-D-Mannoside, on 
cytochrome P450 gives an indication of their possible interaction with 
other drugs. This is because certain CYP isoforms metabolize more than 
half of all drugs, and their blockage, which could prevent these phar
maceuticals from being digested, is a major source of pharmacokinetics- 
related drug-drug interactions [23]. It’s worth mentioning that the 
toxicity predictions for the compounds appear to be moderate (Table 7). 
The compounds have LD50 values ranging from 667 mg/kg to 10000 
mg/kg, indicating that when taken within these dose levels, they might 
be safe. Furthermore, none of the compounds are likely to be cytotoxic, 
hepatotoxic, mutagenic or carcinogenic. However, these compounds 
could be subjected to further optimization and experimental studies for 
further development into novel drugs for the management of type 2 
diabetes mellitus. 

5. Conclusion 

The current work employed in vitro study and computational tech
niques such as molecular docking, pharmacophore modelling and 
ADMET profiling to assess the alpha amylase inhibiting activity of 
Tapinanthus cordifolius leaf extracts and its bioactive compounds in order 
to identify potential α-amylase inhibitors for anti-diabetic drug discov
ery. The plant showed some in vitro inhibiting activity for α-amylase 
with the crude extract demonstrating the highest activity. Of the forty- 
three bioactive compounds from the Tapinanthus cordifolius leaf extract 
subjected to molecular docking analysis against alpha-amylase, Benz
aldehyde, 4-(Ethylthio)-2,5-Dimethoxy exhibited the highest binding 
affinity, followed by α-tocopherol-β-D-mannoside and 5-Ergosterol. The 
compounds occupied alpha-amylase’s binding site, where they inter
acted with critical amino acid residues as the reference ligand. The 

molecular interactions of the three test compounds with the enzyme are 
mediated by aromatic rings and hydrogen bond donors. No indication of 
cytotoxicity, hepatotoxicity, mutagenicity, or carcinogenicity exists in 
any of the substances, according to the toxicity prediction. As a result, 
these Tapinanthus cordifolius compounds could be examined for further 
research and development as diabetic medications. 
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