
https://dx.doi.org/10.4314/dujopas.v12i2e.32 
ISSN (Print): 2476-8316  

ISSN (Online): 2635-3490  
Dutse Journal of Pure and Applied Sciences (DUJOPAS), Vol.12 No. 2e June 2026 

 

*Author for Correspondence    
Ojerinde O. S.  et al, DUJOPAS 12 (2e): 390-412, 2026                                                                                 390 

 

Alpha-Glucosidase Inhibitory Prenylated Flavonoids 
from The Root Bark of Adenodolichos Paniculatus Hua 

& Hutch (Fabaceae): Isolation and Enzyme Kinetics 
 

Ojerinde Olalekan Stephen*1, Adewale, Daniel Oluwadamilare1.,  
Inikpi, Emmanuel Veronica1, Balogun Opeyemi4, Alakija Adetunji1, Jurbe Gofwan Gotep5,  

Poyi Catherine.Olanike1, Oyebade Kehinde Funmi1,2, Daspan Abarafas Jacob1,3,  
Agwom Francis Maji1, Odumosu Patricia O. and Alemika Taiwo Emmanuel1 

 
1Department of Pharmaceutical and Medicinal Chemistry, 

 University of Jos,  
Jos,  

Nigeria.   
 

2Department of Biochemistry and Drug Development Unit, 
 National Veterinary Research Institute,  

NVRI,  
Vom,  

Plateau State, 
 Nigeria. 

 
3Federal College of Forestry, 

 Plateau State, 
 Nigeria. 

 
4Department of Pharmaceutical and Medicinal Chemistry,  

Afe Babalola University (ABUAD),  
Ado-Ekiti, 

 Ekiti State, 
 Nigeria. 

 
5Drug Development Division, 

 National Veterinary Research Institute, 
 NVRI, Vom,  

Plateau State, 
 Nigeria; 

 
Email: ojerindeo@unijos.edu.ng 

 

Abstract 
Adenodolichos paniculatus Hua & Hutch (Fabaceae) is a plant whose root bark was claimed to be used 
against diabetes mellitus and cancer in traditional medicine. The aim of the study was to evaluate the 
safety profile, investigate the alpha-glucosidase inhibitory actions and enzyme kinetics of the root bark 
extracts of A. paniculatus, and isolate its bioactive principles. The powdered root bark of Adenodolichos 
paniculatus was extracted with dichloromethane via maceration for 72 hours followed by 70 % 
methanol for 7 days with continuous shaking intermittently to obtain dichloromethane extract (DCM) 
and hydromethanolic extract (HME) after drying in vacuo respectively. Another fresh portion of the 
powdered root bark was extracted with distilled water via decoction by boiling in distilled water for 20 
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minutes and left for 24 hours, lyophilized to obtain lyophilized aqueous extract (AQE). Thereafter, 
toxicological profile and α-glucosidase inhibitory activity of the extracts were investigated. α-
glucosidase inhibitors were isolated from the most active extract via bioassay – guided fractionation 
using various chromatographic techniques. The spectroscopic analysis of the isolated compounds was 
determined by using 1D (1H & 13C NMR) and HRESIMS. The bioassay-guided isolation reveals that 
the α-glucosidase inhibitors reside majorly in the hydromethanolic extract and after several 
chromatographic techniques, four (4) prenylated flavonoids were isolated from polar fraction that was 
chromatographically tracked with the target activity. They were identified as leachinone G (1), 
kurarinone (2), kushenol I (3), kushenol K (4). Oral LD50 in rat was found to be more than 2000 mg/kg 
and there was no significant difference in haematological parameters between the control and the treated 
animals. This study justifies the ethnomedical use of A.paniculatus root bark in the management of 
diabetes mellitus. 
 
Keywords: Adenodolichos paniculatus, α-glucosidase, Diabetes mellitus, Fabaceae,       
Kurarinone 
 
INTRODUCTION 
Diabetes mellitus (DM) is a chronic metabolic disorder with threatening implications, 
affecting the citizens of both developed and developing countries. It remains one of the 
prevalent non-communicable diseases worldwide, affecting the life of 589 million people 
worldwide in 2024 (Genitsaridi et al., 2026), characterized by an elevation in blood glucose 
level (hyperglycaemia) (Andi et al., 2025).  DM is projected to affect 853 million people by 2050 
(Genitsaridi et al., 2026). It is caused by a deficiency in insulin secretion (type 1 diabetes) or 
insulin resistance (type 2 diabetes) which increases blood glucose levels (chronic 
hyperglyaemia) (Atanu et al., 2022). This results in serious damage to the vital organs of the 
body including the eyes, heart, kidney, blood vessels, and nerves (Nanda et al., 2023; Jugran 
et al., 2021) and accompanied by various chronic vascular complications such as retinopathy, 
nephropathy, neuropathy, coronary heart disease, stroke, and peripheral arteriopathy (Nanda 
et al., 2023). DM is a global burden, a public emergency that requires urgent attention (Atanu 
et al., 2022) and type 2 diabetes mellitus accounts for 96% individuals with diabetes (Atanu et 
al., 2022; Liu et al., 2026). Currently, there is no specific and effective cure for DM in the 
conventional pharmacological strategy for the treatment of DM (Ramadan et al., 2021). 
However, the current management approaches for DM include regular exercise, good diet, 
oral hypoglycemic drugs, insulin therapy and use of herbal products (Atanu et al., 2022). Even 
though, pharmacological strategies have been successful in the management of DM, 
undesirable side effects such as hyperglycaemia, drug resistance, weight gain, insulin 
resistance and gastrointestinal disturbances are the major drawbacks of this approach (Khan 
et al., 2024). These drawbacks cause non-adherence of diabetic patients to their drug leading 
to poor glycemic control. Furthermore, appropriate management of DM demands total 
control of both pre-prandial and post-prandial hyperglycaemia, which serves as the utmost 
in the early treatment of DM and prevention of its complications (Liu et al., 2026). A well-
established strategy for controlling postprandial hyperglycaemia in diabetic patients is the 
inhibition of enzymes involved in the hydrolysis of carbohydrates (Nguyen et al., 2026). The 
inhibition of α-glucosidase enzyme, one of the enzymes that digests carbohydrates, reduces 
the rates of glucose absorption, especially after meals thereby providing significant 
prevention of postprandial hyperglycaemia (Mohamed et al., 2026; Nguyen et al., 2026).  
 
Despite the therapeutic advantages these agents (α-glucosidase inhibitors – acarbose, miglitol 
and voglibose) possess, their continuous use causes undesirable side effects such as pain, liver 
toxicity, abdominal discomfort, bloating, flatulence and diarrhea (Dirir et al., 2022; Khan et al., 
2024; Atanu et al., 2026; Li et al., 2026). However, the discovery and development of natural α-
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glucosidase inhibitors from medicinal plants holds significant capacity for the development 
of safer, antidiabetic agents with fewer side effects than conventional pharmacological 
strategy of managements (Shafi et al., 2026). Several medicinal plants and their constituents 
have been investigated in search of safer natural α-glucosidase inhibitors with significant 
pharmacological responses (Dirir et al., 2022). One of the most investigated plant families is 
Fabaceae due to the presence of prenylated flavonoids (Dirir et al., 2022; Lv et al., 2023). 
Prenylated flavonoids demonstrated great potential in antitumour, anti-inflammatory, 
neuroprotective, cardioprotective, antiobesity, antidiabetic and antiosteoclastogenic activities 
due to the presence of prenyl groups (Lv et al., 2023). The prenylation improves and increases 
the bioactivities of isolated α-glucosidase inhibitors from medicinal plants because of their 
high lipid solubility, high affinity for the cell membrane, and high gastrointestinal absorption 
capacity (Jakimiuk et al., 2021). Fabaceae family possesses a great number of prenylated 
flavonoids which has contributed greatly to their various demonstrated pharmacological 
responses (Lv et al., 2023) and one of such Fabaceae family members is Adenodolichos 
paniculatus Adenodolichos paniculatus (Hua) Hutch belongs to the Fabaceae/Leguminosae 
family and it is widely distributed in West African Countries. The leaves of Adenodolichos 
paniculatus is used in ethnomedicine for the treatment of wounds, toothache, and heartburn 
while the roots are used for treating dysentery and liver problems and the stems are employed 
for treating diarrhea and blennorrhoea. (Isyaku et al., 2020). The methanolic extract of the leaf 
showed significant analgesic and anti-inflammatory activities (Sani et al., 2010). The leaves, 
stem and root extracts of Adenodolichos paniculatus demonstrated antibacterial and 
antimicrobial activities against typed organisms (Njinga et al., 2022; Ngaitad et al., 2026). 
Antioxidant activities of the various parts of Adenodolichos paniculatus have been reported 
(Njinga et al., 2022; Ojerinde et al., 2022; Ngaitad et al., 2026). Furthermore, Ojerinde et al., 
(2022) reported cytotoxic, antiproliferative and antiplasmodial activities of the root extracts of 
Adenodolichos paniculatus. Stigmasterol, β-sitosterol, and nonanoic acid were isolated from the 
leaf (Ibrahim et al., 2018; Isyaku et al., 2020) while triterpenoid saponin, 3,22-dihydroxy-3-O-
β-D glucosyloleanane was isolated from the root extract with antiproliferative activity 
(Ojerinde et al., 2024) and some fatty acids were identified from the root with antibacterial 
activity (Kyahar et al., 2020). 
 
Inspite of the interest to develop natural α-glucosidase inhibitors, no study to the best of our 
knowledge has reported the alpha-glucosidase inhibitory effects, kinetics studies, and 
isolation of α-glucosidase inhibitors from the root bark of Adenodolichos paniculatus. Therefore, 
the objective of this study was to evaluate the safety profile, investigate the alpha-glucosidase 
inhibitory actions and enzyme kinetics of the root bark extracts of A. paniculatus, and isolate 
its bioactive principles. 
 
MATERIAL AND METHODS    
Plant identification and collection 
The roots of Adenodolichos paniculatus were collected from mature shrubs in bushes around 
Binchi village, Bassa Local Government, Jos, Plateau, Nigeria between September and 
November 2017. Its identification and authentication were done by Mallam Umar S. Gallah of 
the Herbarium Unit, Department of Biological Sciences, Ahmadu Bello University, Zaria with 
a voucher specimen number (ABU 3107). The root bark was washed, air-dried to a constant 
weight, and ground to course powder; this was stored in cool and dry conditions. 
 
 
 
Extraction. 
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Extraction was carried out according to the procedures described in our previous articles 
(Ojerinde et al., 2022; Ojerinde et al., 2024) to obtain dichloromethane (DCM), hydromethanolic 
(HME), and aqueous (AQE) extracts. 
 
Experimental Animals 
Male and female Wistar rats weighing 140-360 g were purchased from the National Veterinary 
Research Institute (NVRI), Vom, Plateau State, Nigeria. All animals were kept in a room 
maintained with a temperature of 24 ± 1oC and were kept under natural day and night lighting 
conditions. The animals had free access to water and a standard diet. They were deprived of 
food but not water for 16-18 hours before administration of the test extracts. All experimental 
protocols complied with the Pharmacology and Toxicology Department, University of Jos 
Ethical Committee, Animal Experimental Unit (F19-00379). Guidelines as well as 
internationally accepted principles as found in US guidelines (NIH publication #85-23, 
revised in 1985). 
 
Acute Toxicity Studies of the Extracts 
The procedure described by the Organization of Economic Cooperation and Development 
(OECD) in the guideline for testing of chemicals (2001) was used for the acute toxicity study. 
Five groups of 6 Wistar rats (3 males and 3 females) were orally given single doses of 5, 50, 
300, and 2000 mg/kg body weight of the extracts of Adenodolichos paniculatus root barks. The 
control group received distilled water of the same volume. After the treatment, animals were 
observed systematically for 1, 2, and 4 h, then for 24 h, thereafter daily for 14 days for any sign 
of toxicity. The visual observations made included: changes in the skin and fur, eyes and 
mucous membrane, respiration, urination, drowsiness, sedation, tremor, diarrhea, change in 
body weights, food intake, water intake, behavioral changes and mortality for a period of 14 
days post-treatment (Ahmed et al., 2022).  The number of survivors was noted after 24 hours 
and these were observed for another 14 days with a once-daily observation. Blood samples 
were collected with anticoagulant (EDTA) by retro-orbital puncture using capillary tubes for 
hematological studies. After blood collection, rats were sacrificed and some internal organs 
(hearts, lungs, livers, kidneys, and spleen) were separated for histopathological assessment. 
Body weights of the rats in all the groups were determined before administration of test 
extracts, on days 1, 7, and 14. Thereafter, rats were sacrificed on day 14 for sample collection. 
 
Histopathological examination 
The organs (hearts, lungs, livers, kidneys, and spleen) were fixed in NaCl buffer containing 
10% formaldehyde for the histopathological examination. The processed tissues were 
embedded in paraffin wax and sections (5μm thickness) were cut out on a rotary microtome 
(Baird and Tatlock Limited, England), stained with hematoxylin and eosin dyes then assessed 
on Olympus XS2 – 107 BW microscope at X40 magnifications with Scope Photo camera (Model 
DCM35) attached to a computer. Alterations of tissue architecture relative to the normal 
structure were noted and recorded.  
 
Haematological analysis 
The blood samples collected in EDTA tubes were used for the haematological analysis. The 
hematological analysis of the blood was performed using an automated hematological 
analyzer (Sysmex KX – 21 hematology autoanalyzer, Sysmex Corporation, Japan) to measure 
the following haematological parameters: red blood cell (RBC) count, leukocyte (WBC) count, 
hemoglobin (Hb), hematocrit (HCt), mean corpuscular volume (MCV), mean corpuscular 
hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), platelet count, 
lymphocyte, and monocyte (Ahmed et al., 2022). 
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α-Glucosidase inhibitory assay 
Alpha-Glucosidase inhibitory activity was determined according to a previous method 
(Djeujo et al., 2022). Briefly, 125μL of the extract (7.5 – 4000 µg/mL) was mixed with α-
glucosidase (0.1 U/mL, 250 μL) in 1 mM phosphate buffer (pH 6.9) and incubated at 37 oC for 
10 min. Then 250 μL of 0.1 mM p-nitrophenyl-α-D-glucopyranoside (PNPG) was added and 
the mixture was then incubated for 30 min before being quenched with the addition of 2.5 mL 
of 0.1 M Na2CO3. The absorbance values were detected at 415 nm on a UV-Vis 
spectrophotometer (Shimadzu, UV-1620PC, Japan). The percentage inhibition was calculated 
afterwards using the equation below: 

 % inhibition = 
𝐴𝑏𝑠𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐴𝑏𝑠𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 × 100 

in which Abssample and Abscontrol are the absorbances of the solution containing PNPG and α-
glucosidase with and without sample, respectively. The half-maximal inhibitory 
concentration (IC50) was estimated by plot of relative enzymatic activity against inhibitor 
concentration. 
 
Thereafter, the type of enzyme inhibition exhibited by the most active fraction was determined 
from kinetic studies using different substrate concentrations (0.15– 5 µM pNPG) and the 
concentration of the most fraction varied from 0, 30, and 60 µg/mL. The reaction started by 
the addition of enzyme, 0.1 U/mL of α-glucosidase, and the reaction was monitored at 415 
nm, at 30-second intervals for 5 min. The results were used to construct Lineweaver – Burk 
plots to determine the type of inhibition, Michaelis-Menten constant (Km), and maximum 
velocity (Vmax) values. 
 
Fractionation and Isolation of α-glucosidase inhibitors 
One hundred and fifty (150) gram of hydromethanolic (HME) (IC50 = 59.60 µg/mL, α-
glucosidase inhibitory activity) of Adenodolichos paniculatus was dissolved in aqueous 
methanol (MeOH: H2O, 1:1) and extracted with ethyl acetate to generate ethyl acetate soluble 
fraction (IC50 = 100.00 µg/mL) and aqueous MeOH fraction (IC50 = 199.75 µg/mL). Both 
fractions were concentrated in vacuo, and aqueous MeOH fraction possessed some activity 
(IC50 = 199.75 µg/mL) while the EtOAc fraction (112.8 g) was found to demonstrate significant 
activity (IC50 = 100.00 µg/mL). The ethyl acetate (EtOAc) fraction was subjected to an open 
C18 column (130 X 22 mm) and eluted with water, 60% methanol and 85% methanol 
respectively. This generated sugar (discarded), 60% MeOH fraction (IC50 = 79.80 µg/mL) and 
85 % MeOH fraction (IC50 = 59.60 µg/mL) respectively. The 85 % MeOH fraction was found 
to be active (IC50 = 59.60 µg/mL) and was separated further into four sub-fractions A – D by 
size exclusion chromatography on Sephadex LH-20 (MeOH:H2O, 4:1). Subfraction B (762 mg 
) was further separated into nine sub-fractions (B1 – B9) by C18 Column Chromatography 
(MeOH: H2O, 68:32 – 100:0: 0.05% TFA). B8 subfraction (89 mg) was further separated into six 
(6) sub-fractions via a Hypersep C18 solid phase extraction (SPE) with different concentrations 
of aqueous methanol (50 – 100% MeOH). Subfraction B8-1 (18.4 mg) was further separated by 
preparartive RP-HPLC on a Luna C18 column (10 x 250 mm, phenomenex) using 
methanol:H2O (65:35) for 45 min at a flow rate of 2 mL/min to yield two compounds 1 (1.3mg, 
tR = 36.94 min), and 2 (1.0 mg, tR = 39.097 min). Subfraction C (600 mg) was further separated 
into six (6) sub-fractions (C1 – C6) via a Hypersep C18 solid phase extraction (SPE) with 
aqueous methanol 50 – 100% MeOH. Subfraction C1 (111mg) was subjected to preparative 
RP-HPLC using MeOH:H2O (75:25) for 40 min at a flow rate of 2.0 mL/min to afford 
compounds, 3 (0.4 mg, tR = 26.83 min), and 4 (0.6 mg, tR = 29.56 min) 
Statistical analysis 
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The results were expressed as Mean ± Standard Error of Mean (SEM) and evaluated by one-
way analysis of variance (ANOVA) using GraphPad Prism 7 followed by Tukey’s test and p 
< 0.05 was regarded as statistically significant. 
 
RESULTS 
Acute Toxicity Study 
The results of the acute toxicity test indicated that a single dose oral administration of root 
bark extracts of Adenodolichos paniculatus (5, 50, 300, and 2000 mg/kg) did not show any toxic 
effects on the rats. No deaths or unwanted side effects or toxicity (changes in behavior or 
posture, changes in skin hair and eye colour, convulsions, tremors, occurrence of secretions, 
gastrointestinal symptoms such as diarrhea, and presence of blood in feces) were observed at 
any of the doses tested. The animals did not lose weight (Figure 1), both the macroscopical 
and microscopical examinations of the selected organs (heart, kidney, liver, spleen, and lungs) 
also showed that there was no evidence of toxicity at any dose level even at 2000 mg/kg. There 
was no mortality recorded throughout the observation period for the acute toxicity study. 
Since there was no clinical sign of toxicity in the tested doses, the oral LD50 values of the root 
bark extracts of Adenodolichos paniculatus were estimated to be greater than 2000 mg/kg. Thus, 
the root bark extracts fall into Category 5 of the GHS hazard chemical substances 
classification, which is defined as 2000 mg/kg < LD50 < 5000 mg/kg (Category 5 in the GHS) 
(OECD, 2008).  
 
Haematological Analysis 
The effects of root bark extracts on haematological parameters in the treated and control rats 
as shown on Table 1 - 3. The results indicated that all haematological parameters measured 
(Red blood cells, hemoglobin, hematocrit, white blood cells, and white blood cell differential 
counts) remained within physiological ranges without significant differences from the control 
group except for the lymphocyte values and platelets for all the extracts that were slightly 
higher than that of the control, especially at the administration of lyophilized aqueous extract 
AQE in all the doses. 
 
Histopathological Study 
Macroscopical examination of the selected organs (heart, kidney, liver, spleen, and lungs) of 
the treated animals did not reveal any significant changes compared to the control animals 
during the observation period. In addition, the microscopical examination of the selected 
organs did not show any histological alterations in the architecture of the organs that are 
traceable to treatment with the extracts (Plates 1 – 5). 
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Figure 1 Effect of the Extracts of Adenodolichos paniculatus Root Bark on weight in wistar Rats (A. DCM extract; B. 
HME extract; C. Lyophilized AQE extract). Each point   represents mean where n = 6. 

 

 
Plate 1  Photomicrographs of the sections of the heart tissues of rats (x 40). P1: Control  

rats P2: the heart of rats treated orally with 2000mg/kg of Aqueous extract (AQE)     
P3: the heart of rats treated orally with 2000mg/kg of Dichloromethane extract   
(DCM) P4: the heart of rats treated orally with 2000mg/kg of hydromethanolic  
extract (HME) P5: the heart of rats treated orally with 2000mg/kg of Tween 80  

 

 
Plate 2  Photomicrographs of the sections of the lung tissues of rats (x 40). P1: Control rats 
             P2: the lung of rats treated orally with 2000mg/kg of Aqueous extract (AQE) P3: the    
             lung of rats treated orally with 2000mg/kg of Dichloromethane extract (DCM) P4:  
             the lung of rats treated orally with 2000mg/kg of hydromethanolic extract (HME)  
             P5: the lung of rats treated orally with 2000mg/kg of Tween 80  
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Plate 3   Photomicrographs of the sections of the kidney tissues of rats (x 40). P1: Control  

  rats P2: the kidney of rats treated orally with 2000mg/kg of Aqueous extract  
  (AQE) P3: the kidney of rats treated orally with 2000mg/kg of Dichloromethane  
  extract (DCM) P4: the kidney of rats treated orally with 2000mg/kg of  
  hydromethanolic extract (HME) P5: the kidney of rats treated orally with  
  2000mg/kg of Tween 80  

 

 
Plate 4  Photomicrographs of the sections of the liver tissues of rats (x 40). P1: Control rats 
             P2: the liver of rats treated orally with 2000mg/kg of Aqueous extract (AQE) P3: the    
             liver of rats treated orally with 2000mg/kg of Dichloromethane extract (DCM) P4:    
             the liver of rats treated orally with 2000mg/kg of hydromethanolic extract (HME)     
             P5: the liver of rats treated orally with 2000mg/kg of Tween 80  

 

 
Plate 5   Photomicrographs of the sections of the spleen tissues of rats (x 40). P1: Control   

  rats P2: the spleen of rats treated orally with 2000mg/kg of Aqueous extract  
  (AQE) P3: the spleen of rats treated orally with 2000mg/kg of Dichloromethane  
  extract (DCM) P4: the spleen of rats treated orally with 2000mg/kg of  
  hydromethanolic extract (HME) P5: the spleen of rats treated orally with  
  2000mg/kg of Tween 80  
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Table 1 
Effect of Acute (14days) Administration of DCM Extract of Adenodolichos paniculatus 
on Haematological Parameters in Wistar rats  

 
Values are expressed as Mean ± SEM; n = 6, *significantly different from control at P < 0.05. RBC = Red Blood 
Cell; HCT = Haematocrit;  
HGB = Haemoglobin; MCV = Mean Corpuscular; MCH = Mean Corpuscular Haemoglobin & MCHC = 
Mean Corpuscular Haemoglobin Concentration 

 
Table 2 
Effect of Acute (14days) Administration of HME Extract of Adenodolichos paniculatus 
on Haematological Parameters  
in Wistar rats  

 
Values are Mean ± SEM; n = 6, *significantly different from control at P < 0.05. RBC = Red Blood Cell; HCT 
= Haematocrit;  
HGB = Haemoglobin; MCV = Mean Corpuscular; MCH = Mean Corpuscular Haemoglobin & MCHC = 
Mean Corpuscular Haemoglobin Concentration 
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Table 3 
Effect of Acute (14days) Administration of Lyophilized AQE Extract of Adenodolichos 
paniculatus on Haematological 
Parameters in Wistar rats  

 
 

Values are Mean ± SEM; n = 6, *significantly different from control at P < 0.05. RBC = Red Blood Cell; HCT 
= Haematocrit;  
HGB = Haemoglobin; MCV = Mean Corpuscular; MCH = Mean Corpuscular Haemoglobin & MCHC = 
Mean Corpuscular Haemoglobin Concentration

 
α-Glucosidase Inhibitory Activity of the Extracts and Fractions 
The extracts and fractions from Adenodolichos paniculatus were investigated for their α-
glucosidase inhibitory activity using α-glucosidase from Saccharomyces cerevisiae. Table 4 
shows the different inhibitory activity of the extracts and fractions. 85% MeOH fraction (IC50 
= 59.50 ± 0.72 µg/mL) and HME (IC50 = 59.66 ± 1.66 µg/mL) showed strong inhibition, 
whereas EAF, 60% MeOH fraction and AQF exhibited moderate inhibition with IC50 values 
ranging from 79.80 – 199.75 µg/mL, AQE showed low inhibitory activity compared to 
acarbose (IC50 = 86.60 ± 0.75 µg/mL). However, DCM showed no activity even at the 
maximum tested concentration (2000 µg/mL).  
 
Kinetics of α-Glucosidase Activity 
An enzyme kinetic study of the most active fraction against α-glucosidase was carried out to 
determine the type of inhibition. Figure 2 shows a Lineweaver – Burk plot of α-glucosidase 
inhibitory activity of the 85% MeOH fraction at 0, 30, and 60 μg/mL, with different substrate 
concentrations of pNPG (0.15 - 5.0 mM). Data analysis revealed that the Vmax values are 0.846, 
0.612 & 0.18-mM min-1 for 0, 30 & 60 μg/mL of 85% MeOH fraction respectively. The 
Lineweaver-Burk plot shows that the saponin fraction inhibits the α-glucosidase via a non-
competitive inhibition.  
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Table 4 
Alpha-glucosidase Inhibitory Activity of the Extracts and Fractions of Adenodolichos 
paniculatus Root Bark 
 

Extract/Fraction   IC50 (µg/mL) 

DCM     > 1000* 
HME     59.66 ± 1.66 
AQE     288.65 ± 19.42* 
EAF     100.00 ± 0.55* 
AQF     199.75 ± 6.64* 
85% MeOH fraction   59.50 ± 0.72 
60% MeOH fraction   79.80 ± 5.30 
Acarbose    86.60 ± 0.75 

 
Values are Mean ± SEM; n = 3, *significantly different from the reference drug 
at P < 0.05. DCM – Dichloromethane extract; HME – Hydromethanolic extract;  
AQE – Aqueous extract; EAF – Ethyl acetate fraction; AQF – Aqueous MeOH fraction 
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 Figure 2 Lineweaver – Burk Plot of α-glucosidase in the presence and absence of  

  85% MeOH fraction 

 
Leachinone G (1) 
Pale yellow powder: 1H NMR (500 MHz, Chloroform-d) δ 9.65 (s, 1H), 9.38 (s, 1H), 8.41 (s, 2H), 
7.32 – 7.05 (m, 1H), 6.53 – 6.29 (m, 3H), 6.10 (s, 1H), 5.80 – 5.59 (m, 1H), 5.18 (dddt, J = 7.1, 6.1, 
2.0, 0.9 Hz, 1H), 3.33 – 3.12 (m, 3H), 3.05 – 2.83 (m, 3H), 1.67 (ddt, J = 7.8, 2.3, 1.1 Hz, 8H). 13C 
NMR (125 MHz, Chloroform-d) δ 196.98, 163.64, 163.22, 160.43, 159.37, 155.98, 132.32, 128.62, 
122.45, 118.99, 107.87, 107.59, 103.50, 103.45, 102.94, 96.67, 75.22, 42.81, 24.71, 21.91, 19.03. 
HRESIMS m/z 357.1355 [M + H]- 
(calcd 357.1338 for C20H20O6 [M + H]-) 
 
Kurarinone (2) 
Pale yellow powder: 1H NMR (500 MHz, Chloroform-d) δ 9.74 (d, J = 20.7 Hz, 1H), 8.55 (s, 1H), 
7.37 – 7.07 (m, 1H), 6.46 – 6.31 (m, 1H), 6.24 (s, 1H), 5.76 – 5.54 (m, 1H), 5.16 (dddt, J = 7.1, 5.0, 
1.9, 0.9 Hz, 1H), 4.86 (qq, J = 1.9, 0.9 Hz, 1H), 3.88 (s, 1H), 3.02 – 2.83 (m, 2H), 2.83 – 2.65 (m, 
1H), 2.32 – 2.17 (m, 1H), 2.32 – 1.99 (m, 1H), 1.77 (t, J = 1.0 Hz, 2H), 1.68 – 1.49 (m, J = 0.8 Hz, 
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4H). 13C NMR (125 MHz, Chloroform-d) δ 192.45, 163.08, 161.79, 160.88, 158.91, 155.90, 148.73, 
131.93, 128.56, 111.22, 108.14, 107.73, 106.87, 103.54, 93.60, 75.73, 56.20, 46.15, 42.78, 31.95, 28.59, 
25.08, 19.86, 18.79. HRESIMS m/z 439.1750 [M + H]- (Calcd. 439.2121 for C26H30O6 [M + H]-). 
 
kushenol I (3) 

Pale yellow powder: 1H NMR (500 MHz, Chloroform-d) δ 9.74 (d, J = 20.7 Hz, 1H), 8.55 (s, 1H), 
7.25 – 7.18 (m, 1H), 6.45 – 6.31 (m, 1H), 6.24 (s, 1H), 5.72 – 5.58 (m, 1H), 5.16 (dddt, J = 7.1, 5.0, 
1.9, 0.9 Hz, 1H), 4.86 (qq, J = 1.9, 0.9 Hz, 1H), 3.88 (s, 1H), 3.00 – 2.86 (m, 2H), 2.81 – 2.67 (m, 
1H), 2.34 – 2.06 (m, 1H), 1.77 (t, J = 1.0 Hz, 2H), 1.64 – 1.50 (m, J = 0.8 Hz, 4H). 13C NMR (125 
MHz, Chloroform-d) δ 196.21, 163.14, 160.56, 160.18, 158.96, 157.52, 148.76, 132.07, 130.20, 
123.79, 116.26, 111.23, 108.58, 108.01, 106.23, 102.80, 92.89, 79.36, 72.25, 56.22, 46.15, 31.96, 28.59, 
25.02, 19.73, 18.91. HRESIMS m/z 455.2062 [M + H]- (Calcd. 455.2070 for C26H30O7 [M + H]-). 
 
kushenol K (4) 
Pale yellow powder: 1H NMR (500 MHz, Chloroform-d) δ 9.66 (d, J = 20.0 Hz, 1H), 8.72 (s, 0H), 
7.35 – 7.23 (m, 1H), 6.53 – 6.36 (m, 1H), 6.20 (s, 0H), 5.49 (dd, J = 6.8, 0.6 Hz, 1H), 5.02 – 4.76 
(m, 3H), 4.39 (s, 0H), 3.88 (s, 1H), 2.88 – 2.60 (m, 2H), 1.76 (t, J = 1.0 Hz, 2H), 1.58 – 1.33 (m, 
3H), 1.10 (d, J = 24.9 Hz, 3H). 13C NMR (125 MHz, Chloroform-d) δ 196.21, 163.19, 160.57, 
160.18, 158.93, 157.49, 148.41, 130.18, 116.14, 110.87, 108.84, 107.99, 105.91, 102.80, 92.89, 79.36, 
72.25, 70.64, 56.22, 47.19, 42.04, 29.51, 28.34, 27.28, 19.41. HRESIMS m/z 473.2392 [M + H]- 
(Calcd. 473.2401 for C26H32O8 [M + H]-). 
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Figure 3 1H and 13C NMR Spectrum for compound 1 
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Figure 4 1H and 13C NMR Spectrum for compound 2 
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Figure 5 1H and 13C NMR Spectrum for compound 3 
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Figure 6 1H and 13C NMR Spectrum for compound 4 
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 Leachinone G (compound 1)        Kurarinone (Compound 2) 

 

 
 
 

              
Kushenol I (Compound 3)           Kushenol K (Compound 4) 

Figure 7 Mass spectra for the isolated compounds 

 
DISCUSSION 
The current study was carried out to investigate the safety of the extracts of Adenodolichos 
paniculatus root bark, determine their α-glucosidase inhibitory activity and isolate the active 
compounds responsible via bioassay – guided fractionation approach. α-glucosidase – guided 
isolation of the folk medicinal plants has been identified as one of the systematic approaches 
for discovering active compounds that may contribute to the evidence-based medicines (Ooi 
et al., 2011). Adenodolichos paniculatus is one of the underutilized legumes that has been 
traditionally used for the treatment of various ailments, however, it’s α-glucosidase inhibitory 
properties have remained uninvestigated. In this study, the α-glucosidase inhibitory 
properties of Adenodolichos paniculatus were investigated using α-glucosidase from 
Saccharomyces cerevisiae and p-nitrophenyl-α-D-glucopyranoside (pNPG) as substrate. 
Furthermore, the study also investigated the acute toxicity of the root bark extracts of 
Adenodolichos paniculatus using OECD guidelines. Thereafter, four (4) α-glucosidase inhibitors 
were isolated from the 85% MeOH fractions of the aqueous methanolic extract of Adenodolichos 
paniculatus. These compounds are prenylated flavonoids previously isolated from several 
plants in the Fabaceae family and were found to demonstrate anti-inflammatory, anticancer, 
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antioxidant, anti-microbial activities, neuroprotective, anti-arthritic and α-glucosidase 
inhibitory properties (Tang et al., 2021; Zhao et al., 2021; Kumar et al., 2021). To the best of 
knowledge, this is the first reported in vitro α-glucosidase inhibitory activity evaluation of the 
root bark extracts of Adenodolichos paniculatus and isolation of the α-glucosidase inhibitors 
from the extracts.  
 
Several medicinal plants with good therapeutic applications have remained underutilized due 
to several reasons. One reason is the lack of toxicological profile on the medicinal plants which 
has placed limitations on their therapeutic applications in traditional medicine. Thus, 
toxicological studies on medicinal plants are very imperative in the development of safe and 
efficacious drugs (Amenya et al., 2014). In the current acute toxicity study, a single oral 
administration of the extracts at the doses of 5, 50, 300, and 2000 mg/kg caused neither 
treatment-related behaviour changes nor mortality of rats during 14 days of study. This 
indicates that the LD50 is greater than 2000 mg/kg according to the OECD guidelines, thus the 
extracts belong to category 5 of the Global Harmonization System of Chemical Substances 
considered fairly toxic substance (Awounfack et al., 2016). Our findings agree with those of 
Kyahar et al., (2020) who discovered that extract of Adenodolichos paniculatus with an LD50 of 
2000 mg/kg or higher was safe for development of botanicals in acute toxicity studies (Kyahar 
et al., 2020). 
 
Several studies have identified and recommended changes in body weight in laboratory 
animals as one of the factors determining the overall health of such animals and as well as 
sensitive markers in toxicological evaluation to identify changes in organs that have been 
chemically exposed to toxicants (Ahmed et al., 2022). In the present study, no significant 
increases in body weight were observed across the various extract-treated rats after the 14-
day extract administration when compared with the control. There was a significant increase 
in RBC count, hematocrit (HCT), MCH, and haemoglobin observed across the doses. This 
result could be responsible for the traditional uses of the plant for the treatment of anemia. 
Also, a significant increase was observed in WBC count in the animals that received HME and 
AQE, especially at 2000 mg/kg even though the values were still within the normal range. 
This increase in white blood cells indicates the strengthening power of the animal’s defense 
which suggests that Adenodolichos paniculatus extracts possess biologically active principles 
that can boost the immune system (Aremu et al., 2026). Furthermore, histopathological 
analysis of the extracts showed that there were no morphological alterations identified in the 
vital organs of extract-treated rats when compared with the control group, the architecture of 
the organs was preserved. 
 
Management of postprandial hyperglycemia has attracted several interests from various 
researchers, nevertheless, only three α-glucosidase inhibitors (acarbose, Vogilibose and 
Miglitol) are currently utilized in clinical practice with several side effects (Dirir et al., 2022). 
Recently, researchers have focused on the search for alternative α-glucosidase inhibitors from 
natural products due to the side effects of the available α-glucosidase inhibitors. Among 
several studies conducted, α-glucosidase inhibitory potentials of the Fabaceae family 
surpassed all due to the presence of flavonoids, alkaloids, and saponins which could either be 
triterpenoids or steroidal with the highest percentage of α-glucosidase inhibitors isolated from 
the Fabaceae family (Dirir et al., 2022). 
 
All the extracts of Adenodolichos paniculatus demonstrated a dose dependent increase in 
percentage inhibitory potential against α-glucosidase except dichloromethane (DCM). The 
aqueous methanolic extract demonstrated significant inhibitory activity, thereby fractionation 
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via bioassay guided approach led to the isolation of four prenylated flavonoids from the 85% 
MeOH fraction of the aqueous methanolic extract and previous studies had reported various 
biological activities of these prenylated flavonoids (Kumar et al., 2021).  To unveil the 
mechanism responsible for the inhibitory effect of 85% MeOH fraction, a kinetic study was 
conducted against α-glucosidase using the Lineweaver-Burk plot. The Lineweaver-Burk plot 
showed a linear relationship at each concentration of 85% MeOH fraction. The analysis 
showed that Vmax decreased from 0.846 mM min- to 0.18 mM min-1 with increasing 
concentration of 85% MeOH fraction from 0 to 60 µg/mL with Km remaining unchanged at 
1.38 mM. This shows that 85% MeOH fraction inhibits α-glucosidase with a non-competitive 
inhibition. Our findings agree with those of Kim et al., (2006) who demonstrated that both 
methanol extract of Sophora flavescens and isolated kurarinone from the extract possessed 
significant α-glucosidase inhibitory activity and their enzyme kinetic study showed a pattern 
of a non-competitive inhibition.  These results show that the active compounds in the 85% 
MeOH fraction do not compete with the substrate for binding to the active site, rather the 
inhibitors from the 85% MeOH fraction bind to a separate site on the enzyme. Non-
competitive inhibitors have the major advantage of not being affected by higher substrate 
concentrations compared to competitive inhibitors such as acarbose, which may require large 
amounts of inhibitors to compete with the substrate. 
 
Compound 1 was isolated from the root bark extract of Adenodolichos paniculatus as a pale-
yellow powder. The 1H NMR displayed an ABX-type spin system at δ 5.66, 2.97 and 2.89 and 
another ABX-type aromatic spin system at δ 6.37, 6.39 and 7.21. The 13C NMR showed an 
oxygenated carbon resonance at δ 75.21 (C-2), a methylene resonance at δ 42.81 (C-3) and a 
carbonyl resonance at δ 196.96 (C-4). All these observations were indicative of a flavanone 
skeleton for compound 1 (Cui et al., 2007). The 1H NMR further showed the presence of a 
prenyl unit comprised of protons at δ 3.23, 5.18 and 1.67 assignable to H1’, H-2’, H-4’ and H-
5’respectively. The 1H NMR spectrum further showed hydroxyl signal at δ 9.65 (1H, s, Ar-
OH) and δ 8.41 (1H, s, Ar-OH) assignable to C-6” (128.64) and C-4” (159.31) respectively of 
the B-ring. Moreso, another singlet at δH 9.38 also suggested the presence of hydroxyl group 
at C-7. All these suggested the presence of the hydroxyl group at C-6”, C-4” and C-7. From 
these data, the structure of compound 1 was established as leachinone G. Leachinone G was 
previously isolated from the roots of Sophora leachiana (Inuwa et al., 1993) and root bark of 
Morus alba (Du et al., 2003) which showed antiviral activity against herpes simplex type 1 virus 
(Du et al., 2003). 
 
Compound 2 was isolated as a pale-yellow powder, and 1H NMR and 13C NMR data of 2 
resembled those of a flavanone. The 1H NMR displayed an ABX-type spin system at δ 5.66, 
2.92 and 2.89 and another ABX-type aromatic spin system at δ 6.37, 6.39 and 7.22. The 13C 
NMR showed an oxygenated carbon resonance at δ 75.72 (C-2), a methylene resonance at δ 
42.78 (C-3) and a carbonyl resonance at δ 192.43 (C-4), there is an upfield of 4.53 ppm due to 
the presence of methoxy group at C-5. All these observations were indicative of a flavanone 
skeleton for compound 2 (Cui et al., 2007). The 1H NMR further showed the presence of a 
prenyl unit comprised of protons at δ 2.88, 2.75, 2.28, 5.16, 1.61, 4.86 and 1.71 assignable to 
H1’, H-2’, H-3’, H-4’, H-5’, H-7, 8’, H-9’ and H-10’respectively. The 1H NMR spectrum further 
showed hydroxyl signal at δ 9.72 (1H, s, Ar-OH) and δ 8.55 (1H, s, Ar-OH) assignable to C-4” 
(158.91) and C-4” (128.54) respectively of the B-ring. Moreso, another singlet at δH 9.76 also 
suggested the presence of hydroxyl group at C-7. All these suggested the presence of the 
hydroxyl group at C-6”, C-4” and C-7. Furthermore, the 1H NMR spectrum showed methoxy 
signal at δ 3.88 at C-5 (161.76) while the 13C NMR showed methoxy signal at δ 56.20 -OMe. 
From these data, the structure of compound 2 was established as Kurarinone (2). Kurarinone 
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(2) has been previously isolated from the roots of Sophora flavescens (Kim et al., 2006; Quang et 
al., 2012). It has demonstrated various biological activities such as cytotoxic, antimicrobial, 
anti-inflammatory and anti-diabetic activities due to the presence of the lavandulyl group at 
C-8 (Quang et al., 2012, Nishikawa et al., 2019; Kang et al., 2000). 
 
Compound 3 was isolated as a pale-yellow powder. The 1H and 13C NMR showed similar 
signals as compound 2 but with some downfield values in C-2 (δc 79.35), C-3 (δc 72.24) due 
to the presence of hydroxy group. These observations showed that compound 3 is lavandulyl 
flavanonol.  From these data, the structure of compound 3 was identified and elucidated as 
Kushenol I. Kushenol I (3) has been previously isolated from the roots of Sophora flavescens (Li 
et al., 2020) with significant antibacterial activity. 
 
Compound 4 was also isolated as a pale-yellow powder. Its 1H and 13C NMR showed similar 
signals as compound 3 except the lavandulyl unit at C-8 lacks olefinic carbon at C-4’ and also 
possesses a hydroxy group at C-5’. From these data, compound 4 is identified as Kushenol K. 
Kushenol K has been previously isolated from the roots of Sophora flavescens and demonstrated 
significant biological activities which include antiviral activity against HSV-2 (Woo et al., 
1998), anticancer activity (Ahmed et al., 2014), inhibitory effect on SGLT-1 and SGLT-2 (Sato 
et al., 2007). 
 
CONCLUSION 
In the current study, acute toxicity of the extracts of Adenodolichos paniculatus root bark was 
investigated in rats, their antidiabetic activity was determined by evaluating their inhibitory 
activities on α-glucosidase from Saccharomyces cerevisiae and four known prenylated 
flavonoids namely leachinone G (1), kurarione (2), kushenol (3) and kushenol (4) were isolated 
from the (polar fraction) 85% MeOH fraction of the aqueous methanolic extract via bioassay-
guided fractionation. The findings show that Adenodolichos paniculatus extracts are non-toxic, 
safe on acute administration, and the histopathological analysis displayed no significant 
histological changes in the architecture of the organs. Moreover, the extracts did not 
significantly affect all the haemotological parameters (WBCs, RBCs and platelets) measured 
showing that the extracts have no adverse effect on immunity, erythropoiesis and clotting of 
blood. α-glucosidase inhibitory of the 85% MeOH fraction and aqueous methanolic extract 
give credence to the ethnomedicinal application of the root bark of Adenodolichos paniculatus 
in the management of diabetes mellitus by the traditional medical practitioners. Therefore, it 
is concluded that extracts from Adenodolichos paniculatus root bark and its active constituents 
could be developed as botanicals for the treatment of type 2 diabetes mellitus to mitigate the 
postprandial hyperglycemia in humans. Further studies such as sub-chronic & chronic 
toxicities, in vivo antidiabetic activity and isolation of more active α-glucosidase inhibitors are 
required for better understanding of their mechanism of action as α-glucosidase inhibitors.  
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