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Abstract  

Purpose: Diabetes mellitus remains a global health challenge, prompting the search for safer, more effective 

therapies. Piliostigma thonningii, a medicinal plant used in traditional medicine, is known for its antidiabetic and 

anti-inflammatory properties. This study evaluates the ethanol leaf extract of P. thonningii for these activities 

Methods: Ethanol leaf extract was analyzed via GC-MS and subjected to in vitro assays. Identified phytochemicals 

were further assessed using molecular docking.  

Results: The extract demonstrated a dose-dependent inhibition of α-amylase and α-glucosidase activities, with IC₅₀ 

values of 68.50 ± 1.84 and 483.70 ± 2.69 µg/ml, respectively, suggesting its potential to regulate postprandial 

hyperglycemia. Additionally, the extract enhanced glucose uptake and adsorption, reinforcing its hypoglycemic 

activity. The anti-inflammatory assays revealed significant inhibition of protein denaturation (IC₅₀ = 61.50 ± 1.79 

µg/ml), proteinase activity (IC₅₀ = 63.30 ± 1.80 µg/ml), membrane stabilization (IC₅₀ = 58.37 ± 1.77 µg/ml), and 

heat-induced hemolysis (IC₅₀ = 83.97 ± 1.92 µg/ml), indicating its potential as an anti-inflammatory agent. 

Molecular docking analyses further validated the pharmacological potential of P. thonningii, revealing strong 

binding affinities of its phytochemicals to peroxisome proliferator-activated receptor gamma (PPAR-γ) and 

cyclooxygenase-2 (COX-2). Notably, anthracene, 1,2,3,4-tetrahydro-9,10-dimethyl- exhibited the highest binding 

affinity for PPAR-γ (-7.24 kcal/mol), surpassing pioglitazone (-5.64 kcal/mol), while tetratriacontyl trifluoroacetate 

showed a strong interaction with COX-2 (-6.40 kcal/mol), comparable to celecoxib (-7.13 kcal/mol).  

Conclusion: P. thonningii exhibits dual antidiabetic and anti-inflammatory potential, supporting its traditional use. 

Further in vivo and clinical studies are warranted to confirm its therapeutic value. 
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INTRODUCTION  
  

Diabetes mellitus (DM) remains a significant 

global health burden, affecting over 537 million 

people worldwide, with projections indicating a 

rise to 783 million by 2045.1-2 This metabolic 

disorder is characterized by chronic 

hyperglycemia, resulting from insulin resistance, 

impaired insulin secretion, or both, leading to 

severe complications such as neuropathy, 

nephropathy, and cardiovascular diseases.3-4 

Conventional antidiabetic therapies, including 

insulin and oral hypoglycemic agents, often 

present limitations such as adverse side effects, 

high costs, and reduced patient compliance.5-6 

Consequently, there is an urgent need to explore 

bioactive compounds from medicinal plants as 

alternative or complementary therapeutic options 

with enhanced efficacy and fewer side effects. 

Piliostigma thonningii (Schumach.), a member of 

the Fabaceae family, is a widely distributed 

tropical plant renowned for its diverse 

ethnomedicinal applications, including the 

treatment of diabetes, inflammation, wounds, and 

microbial infections.7-8 Several studies have 

identified secondary metabolites such as 

flavonoids, alkaloids, tannins, and saponins in P. 

thonningii, which contribute to its 

pharmacological properties.9-10 However, despite 

its extensive traditional use, there is limited 

scientific validation of its antidiabetic and anti-

inflammatory potential, particularly at the 

molecular level. 

Chronic inflammation plays a pivotal role in the 

pathogenesis of diabetes and its complications, 

with pro-inflammatory cytokines such as 

interleukin-6 (IL-6) and tumor necrosis factor-

alpha (TNF-α) exacerbating insulin resistance and 

pancreatic β-cell dysfunction.11-12 Thus, the dual 

modulation of hyperglycemia and inflammation 

represents a promising therapeutic strategy for 

diabetes management. In vitro studies provide a 

reliable platform for evaluating the inhibitory 

effects of plant extracts on key enzymes involved 

in glucose metabolism, such as α-amylase and α-

glucosidase, while molecular docking techniques 

enable the identification of specific bioactive 

compounds with strong binding affinities for 

diabetes-related protein targets.13-14 

This study investigates the antidiabetic and anti-

inflammatory potential of the ethanol extract of 

Piliostigma thonningii leaf through in vitro 

enzymatic assays and molecular docking analyses. 

By integrating experimental and computational 

approaches, this research aims to elucidate the 

underlying mechanisms of action, providing a 

scientific basis for the traditional use of P. 

thonningii in diabetes management and fostering 

the development of novel plant-based therapeutic 

agents. 

 

MATERIALS AND METHODS 
 

Chemical and Reagents 

The following high-grade reagents were used in 

this study: 1,1-diphenyl-2-picrylhydrazyl (DPPH) 

alcoholic solution (≥ 98 % purity), butylated 

hydroxytoluene (BHT), a synthetic antioxidant 

(≥99%, Sigma-Aldrich, USA), ferrous sulfate 

heptahydrate (FeSO₄·7H₂O) (≥ 98 %, Merck, 

Germany), hydrogen peroxide (H₂O₂) (30 % w/v, 

analytical grade, BDH Chemicals, UK), salicylic 

acid (≥ 99 %, Sigma-Aldrich, USA), sodium 

nitroprusside (≥ 98 %, Sigma-Aldrich, USA), 

Griess reagent (1 % sulfanilamide, 0.1 % naphthyl 

ethylenediamine dichloride in 2.5 % phosphoric 

acid, prepared fresh, Sigma-Aldrich, USA), glacial 

acetic acid (≥ 99.7 %, Fischer Scientific, UK), 

naphthyl ethylenediamine dichloride (≥ 98 %, 

Merck, Germany), phosphate buffer (0.1 M, pH 

7.4, prepared using KH₂PO₄ and Na₂HPO₄, Sigma-

Aldrich, USA), ascorbic acid, a synthetic 

antioxidant (≥ 99 %, L-ascorbic acid, Sigma-

Aldrich, USA), acetate buffer (0.1 M, pH 4.5, 

prepared using acetic acid and sodium acetate, 

Sigma-Aldrich, USA), sodium acetate trihydrate (≥ 

99 %, BDH Chemicals, UK), TPTZ (2,4,6-

tripyridyl-s-triazine) (≥98%, Sigma-Aldrich, 

USA), ferric chloride hexahydrate (FeCl₃·6H₂O) 

(≥ 97 %, Merck, Germany), potassium persulfate 

(K₂S₂O₈) (≥ 98 %, Sigma-Aldrich, USA), soluble 

starch (AR grade, Himedia, India), p-nitrophenyl-

α-D-glucopyranoside (pNPG) (≥ 98 %, Sigma-

Aldrich, USA), sodium carbonate (Na₂CO₃) (≥ 99 

%, Fischer Scientific, UK), diclofenac sodium 

(analytical grade, ≥ 98 %, Sigma-Aldrich, USA), 

hypo saline (0.9 % NaCl, sterile, Thermo Fisher 

Scientific, USA), dimethyl sulfoxide (DMSO) (≥ 

99.5 %, molecular biology grade, Sigma-Aldrich, 

USA), and glucose solution (5 % w/v, sterile, 

prepared fresh from D-glucose, Sigma-Aldrich, 

USA). All reagents were of analytical or molecular 

biology grade and used without further 

purification. 

 

Collection and Identification of Piliostigma 

thonningii Leaf 

The Piliostigma thonningii leaves was collected 

from Wara-Egbejila Area, Ilorin, Kwara State, 

Nigeria on November 29th, 2024, washed to 

remove dirt, and authenticated at the Department 

of Plant Biology, University of Ilorin, Kwara State, 

and a voucher number (UILH/001/926/2025) was 

obtained.  The leaves were dried in the shade at a 
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low temperature to prevent degradation of 

bioactive compounds.  The dried leaves were 

ground in a blender into a powder before 

extraction.  After grinding, the powder was 

macerated in ethanol at room temperature for 24-

48 h with constant shaking.  The filtrate was 

concentrated on a rotatory evaporator at 40-50 °C. 

The resultant extract was obtained and stored in a 

refrigerator at 4 °C for further analysis. 

 

In Vitro Studies Antidiabetics Assay 

α-Amylase inhibitory activity: α-Amylase 

inhibitory activity of extract and fractions was 

carried out according to the standard method with 

minor modification.15 In a 96-well plate, reaction 

mixture containing 50 μl phosphate buffer (100 

mM, pH = 6.8), 10 μl α–amylase (2 U/ml), and 20 

μl of varying concentrations of extract and 

fractions (0.1, 0.2, 0.3, 0.4, and 0.5 mg/ml) was 

preincubated at 37 °C for 20 min. Then, the 20 μl 

of 1 % soluble starch (100 mM phosphate buffer 

pH 6.8) was added as a substrate and incubated 

further at 37 °C for 30 min; 100 μl of the DNS color 

reagent was then added and boiled for 10 min. The 

absorbance of the resulting mixture was measured 

at 540 nm using Microplate Spectrophotometer 

(SpectraMax 190, Molecular Devices, Sunnyvale, 

CA, USA). Acarbose at various concentrations 

(0.1–0.5 mg/ml) was used as a standard. Without 

test (extract and fractions) substance was set up in 

parallel as control and each experiment was 

performed in triplicates. The results were 

expressed as percentage inhibition, which was 

calculated using Equation 1. 

 

Inhibitory activity (%) =
1 − As

Ac
×

100 … … … 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 1  

 

where As is the absorbance in the presence of test 

substance and Ac is the absorbance of control. 

α-Glucosidase inhibitory activity: α-glucosidase 

inhibitory activity of extract and fractions was 

carried out according to the standard method with 

minor modification.15 In a 96-well plate, reaction 

mixture containing 50 μl phosphate buffer (100 

mM, pH = 6. 8), 10 μl α–glucosidase (1 U/ml), and 

20 μl of varying concentrations of extract and 

fractions (0.1, 0.2, 0.3, 0.4, and 0.5 mg/ml) was 

preincubated at 37 °C for 15 min. Then, 20 μl P-

NPG (5 mM) was added as a substrate and 

incubated further at 37°C for 20 min. The reaction 

was stopped by adding 50 μl Na2CO3 (0.1 M). The 

absorbance of the released p-nitrophenol was 

measured at 405 nm using Multiskan GO 

Microplate Reader (Thermo Fisher Scientific, 

Waltham, MA, USA). Acarbose at various 

concentrations (0.1–0.5 mg/ml) was included as a 

standard. Without test substance was set up in 

parallel as a control and each experiment was 

performed in triplicates. The results were 

expressed as percentage inhibition, which was 

calculated using equation 1. 

Glucose uptake capacity: This assay was 

performed according to the well-defined method.16 

A 1% suspension of commercial baker’s yeast was 

prepared and allowed to rest overnight at room 

temperature (25 °C). The suspension was washed 

repeatedly and diluted to 10% (v/v). Extracts 

(7.125–1000 μg/mL) were dissolved in dimethyl 

sulfoxide, then mixed with glucose solutions of 

varying concentrations (5, 10, and 25 mM). After 

incubation at 37 °C for 10 minutes, 100 μL of yeast 

suspension was added, vortexed, and further 

incubated for 60 minutes. Absorbance was 

measured at 520 nm using a UV-1800 

Spectrophotometer (Shimadzu, Kyoto, Japan). 

Metformin was used as the standard. Absorbance 

for the respective control was also recorded on the 

same wavelength. The percent increase in uptake 

was calculated by equation 2. 

 

Inhibitory activity (%) =
𝐴𝐶−𝐴𝑆

𝐴𝐶
×

100 … … . . 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 2where Ac is the absorbance 

of the control and As is the absorbance of the 

sample. Control is the solution having all reagents 

except the test sample. Metformin was used as a 

standard drug. 

Glucose adsorption assay: The glucose adsorption 

capacity of the extract was determined by the 

method.17 One gram of the extract was added to 

100 mL of glucose solutions at different 

concentrations (5–30 mM) and incubated at 37 °C 

for 6 hours in a shaker water bath. Post-incubation, 

samples were centrifuged at 4800 rpm for 20 

minutes. Glucose content in the supernatant was 

quantified using a glucose oxidase-peroxidase 

diagnostic kit (Randox Laboratories Ltd., UK). 

The amount of bound glucose was determined by 

the given equation 3). Here, 1 represents the 

glucose concentration of the original solution, 

while 6 represents the glucose concentration after 

6 h. 

 

𝐺𝑙𝑢𝑐𝑜𝑠𝑒 𝐵𝑜𝑢𝑛𝑑

=  
𝐺1 − 𝐺6

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
× 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑆𝑎𝑚𝑝𝑙𝑒 … … … 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 3 

 

Here, G1 represents the glucose concentration of 

the original solution, while G6 represents the 

glucose concentration after 6 h. 
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In vitro Anti-inflammatory Assay  

Protein Denaturation Assay: The inhibition of 

protein denaturation can be assessed using a 

previously modified methods.18-19 A 1% bovine 

serum albumin (BSA) solution in phosphate-

buffered saline (PBS, pH 6.4) was mixed with 

various concentrations of the extract. After 

incubation at 37 °C for 20 minutes, the solution 

was heated to 57 °C for 30 minutes. Absorbance 

was measured at 660 nm using the SpectraMax 190 

Microplate Spectrophotometer (Molecular 

Devices, USA). The percentage inhibition of 

protein denaturation is calculated using equation 4. 

 

Percentage inhibition

=
(Absorbance of control − Absorbance of sample)

Absorbance of control
× 100 … 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 4 

 

Membrane Stabilization Assay: The membrane 

stabilization assay is based on the prevention of 

hypotonicity-induced hemolysis of red blood cells 

(RBCs) as previously described.20-21 Blood was 

collected from a healthy volunteer and washed 

three times with isotonic PBS. The RBC 

suspension is then mixed with various 

concentrations of the ethanol extract of Vernonia 

amygdalina and hypotonic saline. The mixture is 

incubated at room temperature for 10 min, 

followed by centrifugation at 3000 rpm for 10 min. 

The absorbance of the supernatant is measured at 

560 nm. The percentage inhibition of hemolysis is 

calculated using equation 4. 

Heat-Induced Hemolysis Assay: The heat-induced 

hemolysis assay involves incubating the RBC 

suspension with different concentrations of the 

ethanol extract of Vernonia amygdalina and PBS 

as previously described.22 The mixtures were 

incubated at 54 °C for 30 min. After incubation, the 

samples are cooled under running tap water, 

centrifuged at 2500 rpm for 5 min, and the 

absorbance of the supernatant is measured at 560 

nm. The percentage inhibition of hemolysis is 

calculated using equation 4. 

Proteinase Inhibition Assay: The proteinase 

inhibition assay is performed according to the 

method previously described.21 A reaction mixture 

of trypsin (0.06 mg), Tris-HCl buffer (20 mM, pH 

7.4), and various extract concentrations was 

incubated at 37 °C for 5 minutes, followed by 

addition of 0.8% casein. After 20 minutes, the 

reaction was stopped using 70% trichloroacetic 

acid. Absorbance was measured at 210 nm using 

the UV-1800 Spectrophotometer (Shimadzu, 

Japan). The percentage inhibition of proteinase 

activity is calculated using equation 4. 

 

GC-MS Analysis  

GC-MS analysis of the ethanol extract was 

performed using an Agilent 7890A Gas 

Chromatograph coupled with an Agilent 7000 

Triple Quadrupole Mass Spectrometer (Agilent 

Technologies, USA). Compounds were separated 

using an HP-5MS capillary column (30 m × 0.25 

mm, 0.25 µm film thickness). The carrier gas was 

helium at a flow rate of 1 mL/min. The temperature 

program ramped from 100 °C to 260 °C at 

4 °C/min. Injector and detector temperatures were 

set to 250 °C and 230 °C, respectively. Compounds 

were identified by comparing mass spectra with the 

NIST 2017 mass spectral library.23 

 

In Silico Molecular Docking 

In silico analysis was performed using Schrödinger 

Maestro v12.8 (Schrödinger, LLC, New York, NY, 

USA; released 2020).24-25 Ligands were prepared 

using the LigPrep module with OPLS4 force field. 

Protein targets—PPAR-γ (PDB ID: 6ENQ) and 

COX-2 (PDB ID: 5F1A)—were prepared using the 

Protein Preparation Wizard, with protonation 

states optimized at pH 7.0 ± 0.2 using Epik. 26-29 

Receptor grids were generated at the active site 

using the Receptor Grid Generation module. High-

Throughput Virtual Screening (HTVS) and 

Standard Precision (SP) docking were performed 

using Glide, and top ligands were refined with 

Extra Precision (XP) docking. Binding free 

energies (ΔG_bind) were estimated using Prime 

MM-GBSA.30-34 

Visualization of binding pockets and 2D 

interactions was performed using BIOVIA 

Discovery Studio Visualizer v21.1.0.20298 

(Dassault Systèmes, USA; released 2020). 

 

Ethical Clearance 

This study was conducted in accordance with the 

ethical principles outlined in the Declaration of 

Helsinki. Ethical approval for the research was 

obtained from the Centre for Research and 

Development of Kwara State University, Malete, 

under approval number 

KWASU/CR&D/REA/2024/0094, dated 6th 

February 2025. No human or animal subjects were 

harmed during this research. All procedures 

involving plant materials complied with 

institutional, national, and international guidelines. 

 

Statistical Analysis 

Statistical analysis was conducted using SPSS 

software (version 25.0). Data were expressed as 

mean ± standard deviation and analyzed using one-

way analysis of variance (ANOVA) followed by 

Duncan's post-hoc test for multiple comparisons. A 

p-value < 0.05 was considered statistically 
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significant. IC50 values were calculated using 

GraphPad Prism 8 version 10.0.2 (Graph pad 

software, Inc., La Jolla, CA, USA.) statistical 

software. 

 
 

RESULT AND DISCUSSION  
 

In vitro Antidiabetics and Anti-inflammatory 

Study 

The study evaluates the antidiabetic and anti-

inflammatory properties of the ethanol extract of 

Piliostigma thonningii leaf through in vitro assays. 

The antidiabetic potential was assessed by 

measuring the inhibition of α-amylase and α-

glucosidase activities, glucose uptake, and glucose 

adsorption. The anti-inflammatory properties were 

determined by analyzing the inhibition of protein 

denaturation, proteinase activity, membrane 

stabilization, and heat-induced hemolysis. 

For the antidiabetic assays, the extract exhibited a 

dose-dependent inhibition of α-amylase and α-

glucosidase activities, with IC₅₀ values of 

68.50±1.84 µg/ml and 483.70±2.69 µg/ml, 

respectively (Figure 1). The extract showed a 

lower inhibitory effect on α-amylase compared to 

acarbose (IC₅₀ = 16.63±1.22 µg/ml) but was more 

effective against α-glucosidase than acarbose (IC₅₀ 

= 512.30±2.71 µg/ml). Additionally, the extract 

enhanced glucose uptake (IC₅₀ = 78.78±1.89 

µg/ml) and glucose adsorption (IC₅₀ = 43.83±1.89 

µg/ml), though less effective than metronidazole 

(IC₅₀ = 20.96±1.32 µg/ml). 

Regarding anti-inflammatory activities, the extract 

demonstrated notable inhibition of protein 

denaturation (IC₅₀ = 61.50±1.79 µg/ml), proteinase 

activity (IC₅₀ = 63.30±1.80 µg/ml), membrane 

stabilization (IC₅₀ = 58.37±1.77 µg/ml), and heat-

induced hemolysis (IC₅₀ = 83.97±1.92 µg/ml) 

(Figure 2). These effects were less potent than 

diclofenac, which had lower IC₅₀ values across all 

parameters. However, the results suggest that the 

extract still possesses significant anti-

inflammatory potential. 

The results aligned with earlier reports linking 

polyphenol-rich medicinal plants to glycemic 

regulation.35-36 While the extract exhibited weaker 

α-amylase inhibition than the standard drug 

acarbose, it showed greater potency against α-

glucosidase. This selectivity is beneficial, as strong 

α-amylase inhibition is associated with 

gastrointestinal side effects. These findings 

suggest that P. thonningii may offer a safer, more 

targeted approach to postprandial glucose 

control.37-39 These findings suggest that P. 

thonningii may offer a safer, more targeted 

approach to postprandial glucose control. 

 

GC-MS Result of Ethanol Extract of Piliostigma 

thonningii Leaf 

The GC-MS chromatogram of P. thonningii leaf 

extract, revealing a complex profile of 79 

phytochemicals. Notably, compounds such as 

anthracene, 1,2,3,4-tetrahydro-9,10-dimethyl, 

butylated hydroxytoluene, phthalic acid 

derivatives, and long-chain alkanes and esters were 

identified, many of which possess documented 

antidiabetic and anti-inflammatory properties 

(Figure 3, Table 1).  

Key compounds of interest include alkanes (e.g., 

Heptacosane, C₂₇H₅₆), esters (e.g., Dibutyl 

phthalate, C₁₆H₂₂O₄), fatty acid derivatives (e.g., 

Oleic Acid, C₁₈H₃₄O₂), and fluorinated organics 

(e.g., Dotriacontyl heptafluorobutyrate, 

C₃₆H₅₉F₇O₂). Notably, antioxidants such as 

Butylated Hydroxytoluene (C₁₅H₂₄O) and 

pharmaceutically relevant phthalates (e.g., Bis(2-

ethylhexyl) phthalate, C₂₄H₃₈O₄) were identified, 

highlighting the plant’s potential bioactive 

properties. Structural diversity is evident across 

aliphatic hydrocarbons, branched alkanes, and 

complex esters, reflecting the phytochemical 

richness of P. thonningii. 

The molecular weights range from 130.23 g/mol 

(2-ethyl-1-hexanol) to 942.30 g/mol (1-

chlorohexatriacontyl pentafluoropropionate), 

demonstrating significant variability in compound 

sizes and functional groups. For precise validation, 

researchers are advised to consult PubChem 

entries using the provided CID numbers. This 

dataset serves as a critical reference for 

phytochemical, pharmacological, and 

environmental studies focused on P. thonningii  or 

related species. 

 

Molecular Docking Study 

The molecular docking study of the ethanol extract 

of Piliostigma thonningii leaf was conducted to 

assess its antidiabetic and anti-inflammatory 

potential through interactions with peroxisome 

proliferator-activated receptor gamma (PPAR-γ) 

and human cyclooxygenase-2 (COX-2). PPAR-γ 

plays a critical role in glucose and lipid 

metabolism, making it a target for antidiabetic 

therapies, while COX-2 is an enzyme responsible 

for prostaglandin synthesis and is a key target in 

anti-inflammatory drug development. The High-

Throughput Virtual Screening (HTVS) results, 

summarized in Table 2 and Table 3, demonstrate 

that several phytochemicals from P. thonningii 

exhibit strong binding affinities with these targets, 

with comparable or superior Glide GScores to 

standard reference drugs such as pioglitazone 

(antidiabetic) and celecoxib (anti-inflammatory). 
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Notably, anthracene, 1,2,3,4-tetrahydro-9,10-

dimethyl- exhibited the best interaction with 

PPAR-γ (-7.24 kcal/mol), while tetratriacontyl 

trifluoroacetate displayed a significant binding 

affinity with COX-2 (-6.40 kcal/mol), supporting 

the pharmacological potential of these compounds.  
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Figure 1: Percentage inhibition of (a) α-amylase and (b) α-glucosidase and (c) percentage glucose uptake  and 

(d) percentage  glucose adsorption of the extract. 

IC50 α-Amylase: Extract – 68.50±1.84 µg/ml, Acarbose – 16.63±1.22 µg/ml, α-Glucosidase: Extract – 

483.70±2.69 µg/ml,  Acarbose – 512.30±2.71 µg/ml, G. uptake: Extract – 78.78±1.89 µg/ml, Metronidazole – 

20.96±1.32 µg/ml, G. adsorption: Extract – 43.83±1.89 µg/ml, Metronidazole – 20.96±1.32 µg/ml 
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Figure 2: Percentage inhibition of (a) protein denaturation (b) proteinase (c) membrane stabilization and (d) 

heat-induced hemolysis by the extract. IC50 PD: Extract – 61.50±1.79 µg/ml, Diclofenac – 29.45±1.47 

µg/ml, PI: Extract – 63.30±1.80 µg/ml, Diclofenac – 30.33±1.48 µg/ml, MS: Extract – 58.37±1.77 µg/ml, 

Diclofenac – 24.37±1.39 µg/ml, HIH: Extract – 83.97±1.92 µg/ml, Diclofenac – 36.26±1.51 µg/ml 
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Figure 3: GC-MS Chromatogram of Piliostigma thonningii  leaf 

 

Table 1: GC-MS Analysis Results of Piliostigma thonningii  leaf 

Peak 

No 

S 

No 

Ligand Retention 

time 

Area Quality 
Molecular 

Formula 

Molecular 

Weight 

(g/mol) 

CID 

1 1 1-Hexanol, 2-ethyl- 3.951 0.96 35 C₈H₁₈O 130.23 7720 

1 2 2-Dodecanol 3.951 0.96 32 C₁₂H₂₆O 186.34 25045 

2 3 Benzoic acid, methyl ester 4.810 4.95 49 C₈H₈O₂ 136.15 7150 

3 4 Heptadecane, 2,6,10,15-

tetramethyl 

9.067 1.05 89 C₂₁H₄₄ 296.58 41209 

3 5 Decane, 2-methyl- 9.067 1.05 58 C₁₁H₂₄ 156.31 23415 

4 6 Octadecane, 3-ethyl-5-(2-

ethylbutyl) 

9.353 1.07 86 C₂₆H₅₄ 362.72 292285 

4 7 Heptacosane 9.353 1.07 72 C₂₇H₅₆ 380.74 11636 

4 8 Hexacosane 9.353 1.07 72 C₂₆H₅₄ 366.72 12407 

5 9 10-Methylnonadecane 9.490 0.96 86 C₂₀H₄₂ 282.50 530070 

5 10 Hexadecane 9.490 0.96 80 C₁₆H₃₄ 226.44 11006 

5 11 Tetradecane 9.490 0.96 72 C₁₄H₃₀ 198.39 12389 

6 12 Butylated Hydroxytoluene 9.565 1.10 97 C₁₅H₂₄O 220.35 31404 

7 13 Dodecanoic acid, methyl ester 9.748 2.04 94 C₁₃H₂₆O₂ 214.34 8139 

8 14 9-Eicosene, (E)- 10.434 5.58 94 C₂₀H₃₈ 278.52 5365037 

8 15 3-Eicosene, (E)-  10.434 5.58 91 C₂₀H₃₈ 278.52 5365051 

8 16 7-Heptadecene, 1-chloro- 10.434 5.58 91 C₁₇H₃₁Cl 274.89 5364485 

9 17 2-(2-Bromoethyl)-3-methyl-

oxirane 

11.321 1.28 30 C₆H₁₁BrO 165.03 558912 

9 18 6-Tetradecanesulfonic acid, butyl 

ester 

11.321 1.28 30 C₁₈H₃₈O₃S 334.56 551402 

9 19 (4-Acetylphenyl) phenylmethane 11.321 1.28 25 C₁₅H₁₄O 210.27 258457 

10 20 10-Methylnonadecane 11.453 4.05 90 C₂₀H₄₂ 282.50 530070 

10 21 Octacosane 11.453 4.05 90 C₂₈H₅₈ 394.80 12408 
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10 22 2-methyloctacosane 11.453 4.05 90 C₂₉H₆₀ 408.80 519147 

11 23 Oxalic acid, allyl octadecyl ester 11.727 1.84 38 C₂₃H₄₂O₄ 382.60 6420237 

11 24 Benzene, (1-pentylheptyl)- 11.727 1.84 38 C₁₈H₃₀ 246.40 17629 

11 25 Dodecane 11.727 1.84 22 C₁₂H₂₆ 170.33 8182 

12 26 6-Tetradecanesulfonic acid,butyl 

ester 

11.865 1.12 87 C₁₈H₃₈O₃S 334.60 551402 

12 27 2-Methyltetracosane 11.865 1.12 87 C₂₅H₅₂ 352.70 527459 

12 28 Tetratetracontane 11.865 1.12 83 C₄₄H₉₀ 619.20 23494 

13 29 1,1'-Biphenyl, 2,2',5,5'-

tetramethyl- 

12.019 7.56 90 C₁₆H₁₈ 210.31 137818 

13 30 Anthracene, 1,2,3,4-tetrahydro-

9,10-dimethyl- 

12.019 7.56 78 C₁6H18 210.31 610936 

14 31 1,1'-Biphenyl, 3,3',4,4'-

tetramethyl- 

12.105 3.46 70 C₁₆H₁₈ 210.31 21029 

14 32 1,1'-Biphenyl, 3,4-diethyl- 12.105 3.46 60 C₁₆H₁₈ 210.31 43551 

15 33 1-Nonadecene 12.323 6.50 94 C₁₉H₃₈ 266.50 29075 

15 34 E-14-Hexadecenal 12.323 6.50 91 C₁₆H₃₀O 238.41 5363106 

16 35 Carbonic acid, octadecyl vinyl ester 12.689 1.66 62 C₂₀H₃₈O₃ 338.53 91693138 

16 36 Carbonic acid, octadecyl prop-1-

en-2-yl ester 

12.689 1.66 58 C₂₂H₄₂O₃ 354.60 91692938 

16 37 Carbonic acid, hexadecyl prop-1-

en-2-yl ester 

12.689 1.66 53 C₂₀H₃₈O₃ 326.50 91692933 

17 38 Phthalic acid, hexadecyl propyl 

ester 

12.946 4.43 80 C₂₇H₄₄O₄ 432.60 6423375 

17 39 Phthalic acid, propyl nonyl ester 12.946 4.43 80 C₂₀H₃₀O₄ 334.40 525243 

17 40 Phthalic acid, ethyl octadecyl ester 12.946 4.43 82 C₂₈H₄₆O₄ 446.70 6423932 

18 41 Heneicosane 13.330 3.58 80 C₂₁H₄₄ 296.60 12403 

18 42 5-Ethyl-5-methylnonadecane 13.330 3.58 80 C₂₂H₄₆ 310.60 53839399 

18 43 Heptadecane 13.330 3.58 72 C₁₇H₃₆ 240.50 12398 

19 44 Hexadecanoic acid, methyl ester 13.473 1.48 95 C₁₇H₃₄O₂ 270.45 8181 

19 45 Pentadecanoic acid, 14-methyl-, 

methyl ester 

13.473 1.48 94 C₁₇H₃₄O₂ 270.50 21205 

20 46 Dibutyl phthalate 13.753 6.94 90 C₁₆H₂₂O₄ 278.34 3026 

20 47 Di-sec-butyl phthalate 13.753 6.94 86 C₁₆H₂₂O₄ 278.34 249496 

20 48 Phthalic acid, butyl hexyl ester 13.753 6.94 78 C₁₈H₂₆O₄ 306.40 526381 

21 49 2- Chloropropionic acid, octadecyl 

ester 

14.039 3.42 91 C₂₁H₄₁ClO₂ 361.00 522892 

21 50 1-Nonadecene 14.039 3.42 91 C₁₉H₃₈ 266.50 29075 

21 51 Heptadecyl heptafluorobutyrate 14.039 3.42 90 C₂₁H35F₇O₂ 452.50 545577 

22 52 Dotriacontyl heptafluorobutyrate 14.714 1.77 46 C₃₆H65F₇O₂ 662.90 91692956 

22 53 Tetratriacontyl 

pentafluoropropionate 

14.714 1.77 46 C₃₇H69F₅O₂ 640.90 91693161 

23 54 1,19-Eicosadiene 14.886 2.20 86 C₂₀H38 278.51 519006 

23 55 Oleic Acid  14.886 2.20 86 C₁₈H₃₄O₂ 282.50 445639 

23 56 1-Dodecanol, 2-hexyl- 14.886 2.20 76 C₁₈H₃₈O 270.50 86112 

24 57 Carbonic acid, eicosyl vinyl ester 15.029 3.76 90 C₂₃H₄₂O₃ 366.60 91693137 

24 58 Eicosyl isobutyl ether 15.029 3.76 87 C₂₄H₅₀O 354.70 91693109 

24 59 Nonahexacontanoic acid 15.029 3.76 86 C₆₉H₁₃₈O₂ 999.80 38626 

25 60 Octadecane, 1-chloro- 15.458 4.75 86 C₁₈H₃₇Cl 288.95 18815 

25 61 Hexatriacontyl 

pentafluoropropionate 

15.458 4.75 76 C₃₉H73F₅O₂ 686.91 91693081 

26 62 1-Heptacosanol 15.613 3.74 87 C₂₇H₅₆O 396.70 74822 

26 63 1-Hexacosanol 15.613 3.74 83 C₂₆H₅₄O 382.70 68171 

26 64 Nonacos-1-ene 15.613 3.74 81 C₂₉H₅₈ 406.70 156989 

27 65 Octadecane, 1-chloro- 15.968 1.36 92 C₁₈H₃₇Cl 288.90 18815 

27 66 Tetratriacontyl trifluoroacetate 15.968 1.36 78 C₃₆H69F₃O₂ 604.87 91692947 



Alabi  et al  

Trop J Drug May 2025; 2(5): 138  

  

28 67 Tetratriacontyl heptafluorobutyrate 16.849 1.83 83 C₃₈H69F₇O₂ 690.90 91692919 

28 68 Tetratriacontyl 

pentafluoropropionate 

16.849 1.83 83 C₃₇H₆₃F₅O₂ 640.90 91693161 

29 69 Octatriacontyl 

pentafluoropropionate 

17.272 1.29 83 C₄₁H77F₅O₂ 697.00 91693082 

30 70 1,3-Dioxolane, 4-ethyl-5-octyl-2,2-

bis(trifluoromethyl)-, cis- 

18.542 1.12 46 C₁₅H24F₆O₂ 350.34 91694991 

30 71 Cyclopentane, 1,1'-[3-(2-

cyclopentylethyl)-1,5-

pentanediyl]bis- 

18.542 1.12 46 C₂₅H40 304.60 281840 

30 72 2-Propanone, 1,1,1,3,3,3-

hexafluoro- 

18.542 1.12 43 C₃F₆O 166.02 12695 

31 73 Hexatriacontyl 

pentafluoropropionate 

19.063 3.31 55 C₃₉H73F₅O₂ 669.00 91693081 

32 74 Diisooctyl phthalate 19.584 5.53 83 C₂₄H₃₈O₄ 390.60 33934 

32 75 Bis(2-ethylhexyl) phthalate 19.584 5.53 80 C₂₄H₃₈O₄ 390.60 8343 

32 76 Phthalic acid, 2-ethylhexyl 

isohexyl ester 

19.584 5.53 72 C22H34O₄ 362.50 8343 

33 77 Octatriacontyl trifluoroacetate 19.990 2.10 62 C₄₀H77F₃O₂ 647.00 91693163 

33 78 Triacontyl trifluoroacetate 19.990 2.10 35 C₃₂H61F₃O₂ 534.80 91693300 

33 79 Triacontyl pentafluoropropionate 19.990 2.10 35 C₃₃H61F₅O₂ 584.80 91692951 

 

 

Further computational analysis was conducted 

using Standard Precision (SP) and Extra Precision 

(XP) molecular docking simulations, as shown in 

Table 4 and Table 5. These results provide a deeper 

understanding of the ligand-receptor interactions 

by integrating MM-GBSA (Molecular 

Mechanics/Generalized Born Surface Area) 

energy calculations. Among the compounds tested 

against PPAR-γ, phthalic acid, propyl nonyl ester, 

and cyclopentane, 1,1'-[3-(2-cyclopentylethyl)-

1,5-pentanediyl]bis- demonstrated the highest 

binding affinities, with MM-GBSA values of -

62.00 and -47.65 kcal/mol, respectively. 

Interestingly, the reference drug pioglitazone had a 

slightly weaker MM-GBSA score (-59.53 

kcal/mol), indicating that P. thonningii 

phytochemicals might serve as promising 

alternatives in diabetes management. Similarly, for 

COX-2 inhibition, octatriacontyl trifluoroacetate 

and hexatriacontyl pentafluoropropionate 

exhibited strong affinities (-48.79 and -57.83 

kcal/mol, respectively), reinforcing their potential 

as anti-inflammatory agents. 

Figure 4 provides 2D interaction diagrams 

showing the molecular docking between PPAR-γ 

and lead phytochemicals from P. thonningii. Sub-

figure 4a shows phthalic acid, propyl nonyl ester 

forming stable hydrogen bonds and hydrophobic 

interactions within the PPAR-γ binding pocket, 

with favorable XP docking and MM-GBSA scores. 

Figure 4b illustrates cyclopentane, 1,1'-[3-(2-

cyclopentylethyl)-1,5-pentanediyl]bis-, which 

exhibited strong binding energy (XP GScore: –

6.95 kcal/mol), suggesting its structural 

compatibility with the receptor. Figure 4c shows 

dibutyl phthalate, a known anti-inflammatory 

agent, interacting with polar residues, while Figure 

4d (reference drug pioglitazone) helps validate 

these interactions by comparison. 

Figure 5 visualizes the binding interactions 

between COX-2 and selected P. thonningii 

compounds. Sub-figure 5a depicts octatriacontyl 

trifluoroacetate, which displayed strong XP 

binding affinity (–1.43 kcal/mol) and favorable 

MM-GBSA energy, interacting predominantly via 

van der Waals forces. Figure 5b shows 

hexatriacontyl pentafluoropropionate, another 

potent candidate with XP GScore of –

2.81 kcal/mol and notable interaction with the 

COX-2 active site. Figure 5c reveals 2-

methyloctacosane’s modest interaction profile,  

while Figure 5d (celecoxib reference) provides a 

benchmark for validating docking behavior. 

Molecular docking results further support the 

antidiabetic activity of the extract. Several 

bioactive compounds exhibited strong binding 

affinities to peroxisome proliferator-activated 

receptor gamma (PPAR-γ), a critical target in 

glucose and lipid metabolism. Among them, 

anthracene, 1,2,3,4-tetrahydro-9,10-dimethyl- 

showed the highest docking score of –7.24 

kcal/mol, outperforming the reference drug 

pioglitazone (–5.64 kcal/mol).  
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Figure 4: Binding pocket and two-dimensional interactions between PPAR-γ and P. thonningii compounds. 

This figure presents a detailed view of the binding pocket and two-dimensional interactions between PPAR-γ 

and three P. thonningii lead compounds: (a) Phthalic acid, propyl nonyl ester; (b) Cyclopentane, 1,1'-[3-(2-

cyclopentylethyl)-1,5-pentanediyl]bis-; and (c) Dibutyl phthalate plus reference drug: (d) Pioglitazone. These 

interactions are elucidated following glide quantum polarized ligand docking, offering insights into the 

molecular dialogue between these phytochemicals and the active site amino acids of PPAR-γ. 
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Figure 5: Binding pocket and two-dimensional interactions between COX-2 and P. thonningii compounds. This 

figure presents a detailed view of the binding pocket and two-dimensional interactions between COX-2 and 

three P. thonningii lead compounds: (a) Octatriacontyl trifluoroacetate; (b) Hexatriacontyl 

pentafluoropropionate; and (c) 2-methyloctacosane plus reference drug: (d) Celecoxib. These interactions are 

elucidated following glide quantum polarized ligand docking, offering insights into the molecular dialogue 

between these phytochemicals and the active site amino acids of COX-2. 
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The compound formed stable hydrogen bonds and 

hydrophobic interactions within the PPAR-γ 

binding site, comparable to known natural PPAR-

γ agonists.40-41 This highlights the potential of P. 

thonningii as a promising source of novel PPAR-γ 

modulators that may offer safer alternatives to 

synthetic thiazolidinediones, which are often 

associated with cardiovascular risks.42-43 

In addition to its antidiabetic effects, P. thonningii 

demonstrated notable anti-inflammatory activity. 

The extract effectively inhibited protein 

denaturation (IC₅₀ = 61.50 ± 1.79 µg/mL) and 

proteinase activity (IC₅₀ = 63.30 ± 1.80 µg/mL), 

reflecting its ability to suppress inflammatory 

protein responses. These outcomes are consistent 

with other studies involving medicinal plants 

known for their anti-inflammatory properties.44-45  

Molecular docking analysis supported these in 

vitro findings, revealing strong interactions 

between bioactive compounds and 

cyclooxygenase-2 (COX-2), a key enzyme 

involved in the inflammatory cascade. 

Specifically, tetratriacontyl trifluoroacetate (–6.40 

kcal/mol) and hexatriacontyl 

pentafluoropropionate (–5.43 kcal/mol) 

demonstrated binding affinities approaching that 

of the reference drug celecoxib (–7.13 kcal/mol). 

These compounds displayed stable binding within 

the COX-2 active site, suggesting their potential as 

natural COX-2 inhibitors with reduced 

gastrointestinal side effects.46-47 

Collectively, these findings indicate that P. 

thonningii operates via a dual mechanism—

modulating both glucose metabolism and 

inflammatory responses. This supports its 

traditional use in managing diabetes and related 

inflammatory conditions.48-49 Given the well-

established link between chronic inflammation and 

insulin resistance,50 the dual pharmacological 

profile of P. thonningii enhances its appeal as a 

candidate for multifunctional phytotherapeutic 

development. 

Furthermore, GC-MS analysis identified several 

bioactive constituents—including flavonoids, 

phenolic acids, and phthalates—known for their 

antidiabetic and anti-inflammatory properties.51-52 

These compounds likely contribute to the extract’s 

observed biological activities and provide a basis 

for future drug discovery and development. 

 

CONCLUSION  
 

In conclusion, the combined in vitro and molecular 

docking analyses provide robust evidence for the 

antidiabetic and anti-inflammatory potential of 

Piliostigma thonningii. Its selective inhibition of α-

glucosidase, strong binding affinities to PPAR-γ 

and COX-2, and a favorable bioactive compound 

profile highlight its therapeutic relevance and 

potential as a natural treatment candidate. While 

these findings are encouraging, further 

investigations—particularly comprehensive in 

vivo studies and well-structured clinical trials—are 

essential to establish its pharmacological efficacy 

and safety in human models. Looking ahead, 

Structure-Activity Relationship (SAR) studies 

could be employed to optimize the lead compounds 

for enhanced potency, selectivity, and 

bioavailability. Moreover, future research may 

explore advanced drug formulation strategies, such 

as nanoencapsulation, to improve the delivery and 

stability of these phytochemicals. Genomic and 

metabolomic approaches may also uncover 

underlying biosynthetic pathways, enabling 

biotechnological production of key bioactives. 

Ultimately, this study lays a foundation for the 

development of novel plant-derived therapeutics 

and exemplifies the value of integrating 

computational and experimental methodologies in 

natural product drug discovery. 
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