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A B S T R A C T  
Newbouldia laevis is widely utilized in traditional medicine for the 
management of metabolic and inflammatory disorders; however, 
its pharmacological properties require scientific validation. This 
study evaluated the phytochemical composition and in vitro 
antioxidant, anti-inflammatory, and antidiabetic activities of the 
crude aqueous leaf extract of Newbouldia laevis. Standard 
phytochemical screening methods and spectrophotometric 
assays, including DPPH, nitric oxide scavenging, ferric reducing 
antioxidant power (FRAP), protein denaturation, proteinase 
inhibition, α-amylase, and α-glucosidase inhibition assays, were 
employed, with IC₅₀ values determined. The extract contained 
alkaloids (12.52 mg/100 g) in moderate amounts and lower levels 
of flavonoids (8.62 mg/100 g), saponins (5.95 mg/100 g), tannins 
(3.42 mg/100 g), phenols, terpenoids, cardiac glycosides, and 
steroids. It exhibited notable antioxidant activity in DPPH (IC₅₀ = 
6.33 µg/ml) and FRAP (IC₅₀ = 7.73 µg/ml) assays, indicating high 
radical scavenging and reducing capacity comparable to ascorbic 
acid/BHT under similar conditions, alongside moderate nitric oxide 
scavenging (IC₅₀ = 28.45 µg/ml), and anti-inflammatory activities. 
The extract also demonstrated notable α-amylase (IC₅₀ = 9.29 
µg/ml) and α-glucosidase inhibition (IC₅₀ = 17.88 µg/ml); however, 
it exhibited lower potency than acarbose, with approximately 3-fold 
and 2.8-fold higher IC₅₀ values for α-amylase (9.29 vs. 3.17 µg/ml) 
and α-glucosidase (17.88 vs. 6.37 µg/ml), respectively. These 
findings suggest that the extract could possess multi-target 
bioactivity mediated by its phytochemical constituents. It may be 
concluded that Newbouldia laevis has significant therapeutic 
potential; therefore, further in vivo studies and isolation of active 
compounds are recommended, contributing novel evidence to its 
pharmacological validation. 
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INTRODUCTION 
Diabetes mellitus is a chronic metabolic disorder 
characterized by persistent hyperglycemia resulting from 
impaired insulin secretion, insulin resistance, or both 
(Antar et al., 2023). Its global prevalence continues to rise, 
particularly in low- and middle-income countries, where 
access to effective and affordable therapies remains 
limited (Hossain et al., 2024). Postprandial hyperglycemia, 
driven largely by the rapid digestion and absorption of 
dietary carbohydrates, is a key contributor to disease 
progression and complications (Maffettone et al., 2018). 
Enzymes such as α-amylase and α-glucosidase play 
central roles in carbohydrate hydrolysis; thus, their 
inhibition represents a validated therapeutic strategy for 
glycemic control (Alqahtani et al., 2019). Although 
synthetic inhibitors (e.g., acarbose) are clinically effective, 
their use is often associated with gastrointestinal side 
effects, necessitating the search for safer, plant-based 
alternatives (Du & Zhao, 2025). 
Newbouldia laevis is a widely used African medicinal plant 
for treating diabetes, infections, inflammation, pain, and 
reproductive disorders, with several traditional uses 
scientifically validated (Ogunlesi et al., 2009; Iwu, 2000).  
Its ethnomedicinal relevance suggests the presence of 
bioactive phytochemicals capable of modulating key 
biochemical pathways. Phytoconstituents such as 
flavonoids, alkaloids, tannins, and saponins have been 
reported to exhibit antioxidant properties and enzyme 
inhibitory activities, thereby contributing to glycemic 
regulation (Ansari et al., 2024). However, despite its 
widespread traditional use, there remains a paucity of 
systematic studies integrating phytochemical profiling 
with mechanistic evaluation of enzyme inhibition to 
substantiate its antidiabetic potential. 
The rationale for this study is grounded in the need to 
bridge this gap by providing a biochemical basis for the 
therapeutic claims associated with N. laevis. Specifically, 
elucidating the relationship between its phytochemical 
constituents and its effect on carbohydrate-metabolizing 
enzymes and oxidative stress will enhance its 
pharmacological relevance. This integrated approach 
reflects a growing emphasis on therapeutics that 
concurrently address multiple pathological processes 
involved in diabetes. 
This study is therefore justified by the limited mechanistic 
data linking the phytochemical composition of N. laevis to 
its antidiabetic effects. Previous investigations have 
largely focused on isolated biological activities without 
establishing a coherent relationship between 
phytoconstituents and enzyme inhibition. Consequently, 
the present study aims to evaluate the phytochemical 
composition of the crude aqueous leaf extract of N. laevis 
and investigate its inhibitory effects on α-amylase and α-
glucosidase, alongside its antioxidant potential. 

The specific objectives of this study are to qualitatively and 
quantitatively characterize the phytochemical 
constituents of the extract; assess its in vitro antioxidant 
capacity; evaluate its inhibitory activities against key 
carbohydrate-hydrolyzing enzymes; and establish 
mechanistic links between phytochemical composition 
and observed bioactivities. By addressing these 
objectives, this study contributes to closing the knowledge 
gap and provides scientific evidence supporting the 
development of N. laevis as a potential natural therapeutic 
agent for diabetes management. 
 
MATERIALS AND METHODS 
Chemicals and Reagents 
Porcine α-amylase, yeast α-glucosidase, 2, 2-diphenyl-1-
picrylhydrazyl (DPPH), p-Nitrophenyl-α-glucopyranoside 
(pNPG) and acarbose were procured from Sigma-Aldrich 
(St. Louis, MO, USA). All other chemicals and reagents 
used were of analytical grade. 
 
Collection of Plant Material 
Fresh leaves of Newbouldia laevis were collected in April 
2025 from a farm settlement located in Umuahia North, 
Abia State, Nigeria. The plant was identified and 
authenticated by Mr. Pipi of the Department of Plant 
Science and Biotechnology, Michael Okpara University of 
Agriculture, Umudike, Abia State, Nigeria. A voucher 
specimen (Ref. No. 20/395NL) was deposited in the 
department’s herbarium for future reference. 
 
Preparation of Extract 
The collected leaves were washed with distilled water and 
shade-dried for seven days. The dried material was 
pulverized into a coarse powder using a Waring blender 
and stored in a sterile, airtight container. A portion of the 
powdered sample (120 g) was soaked in 500 mL of distilled 
water in a glass container and stirred intermittently to 
facilitate extraction. The mixture was left at room 
temperature for 24 h, then filtered sequentially through 
clean muslin cloth and Whatman No. 1 filter paper. The 
resulting filtrate was concentrated using a hot air oven at 
40 °C. The dried extract was stored in a refrigerator at 4 °C 
in a sterile, airtight bottle until further use in biochemical 
assays. The percentage yield of the extract was 11.20% 
(w/w) relative to the initial dry plant material. 
 
Phytochemical Analysis of Aqueous Newbouldia laevis 
Leaf Extract 
The presence or absence of some specific phytochemicals 
(Alkaloids, tannins, flavonoids, phenol, terpenoids, 
saponins, cardiac glycosides, and steroids) were 
examined qualitatively and quantitatively on aqueous 
Newbouldia laevis leaf extract, using standard 
phytochemical screening procedures described by 
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(Harborne, 1973, 1984, 1998; Sofowora, 1993; Trease & 
Evans, 2002). 
 
Assessment of In Vitro Antioxidant Activity 
DPPH Radical Scavenging Assay 
The free radical scavenging ability of the crude aqueous 
Newbouldia laevis leaf extract, against DPPH (2, 2- 
diphenyl-1-picrylhydrazyl) free radical was evaluated 
according to the method of Gyamfi et al., (1999).  Two 
milliliters of the diluted extract (10, 20, 40, and 80 µg/mL) 
was mixed with 1 ml of 0.4 mM methanolic solution 
containing DPPH radicals. The mixture was left in the dark 
for 25 minutes and the absorbance was taken at 516 nm 
using methanol as the blank and reagent blank as the 
reference. The same procedure was adopted for the 
reference standard- ascorbic acid. 
 
Ferric Reducing Antioxidant Power (FRAP) 
The ferric reducing antioxidant power of the crude aqueous 
leaf extract of Newbouldia laevis, was evaluated according 
to the method of Benzie and Strain, (1996). It is based on 
the ability of the extract to reduce ferric tripyridyltriazine 
(Fe (III) TPTZ) complex to ferrous tripyridyltriazine (Fe (II) 
TPTZ) at low pH. (Fe (III) TPTZ) has an intensive blue colour 
which can be read at 593 nm. 1.5 ml of freshly prepared 
FRAP solution, containing 25 ml of 300 mM acetate buffer 
p H 3.6, 2.5 ml of 10 mM 2,4,6-tripyridylstriazine (TPTZ) in 
40 mM HCl and 2.5 ml of 20 mM ferric chloride (FeCl3. 
6H2O) solution was mixed with 1 ml of the extract (10, 20, 
40, and 80 µg/mL), and the absorbance was read at 593 
nm.  
The FRAP value of the extract was obtained by plotting a 
graph of standard curve of FeSO4. 7H20 at concentrations 
between 0 and 1000 µm. Results were expressed in µm Fe 
(II)/µg extract and compared with that of ascorbic acid.  
% 𝑅𝑎𝑑𝑖𝑐𝑎𝑙 𝑆𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (𝑅𝑆𝐴) =

(𝐴0−𝐴1)

(𝐴0)
 ×  100  

  
Nitric Oxide Radical Scavenging Assay 
The nitric oxide (NO.) radical scavenging activity of the 
crude aqueous leaf extract of Newbouldia laevis, was 
evaluated according to the method of Garrat, (1964). In this 
study, naphthyl ethylenediamine dihydrochloride (0.1% 
w/v) was used. The reaction mixture containing sodium 
nitroprusside (10 m M, 2ml), phosphate buffer saline (0.5 
ml), and extract solution (10, 20, 40, and 80 µg/mL) was 
incubated at 25 ºC for 150 minutes. After incubation, 0.5 
ml of the reaction mixture containing nitrite was pipetted 
into new sets of test tubes and mixed with 1 ml sulphanilic 
acid reagent (0.33% in 20% glacial acetic acid) and allowed 
to stand for 5 minutes for complete diazotization. The 1 ml 
naphthyl ethylenediamine dihydrochloride (0.1%) was 
added, mixed and allowed to stand for 30 minutes. A pink-
coloured chromophore was formed in diffused light. The 
absorbance of these solutions was measured at 540 nm 

against corresponding blank solutions. Vitamin C was 
used as positive standard. 
 Results were expressed as percentage radical scavenging 
activity (% RSA). 
% 𝑅𝑎𝑑𝑖𝑐𝑎𝑙 𝑆𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (𝑅𝑆𝐴) = 1 −

𝐴𝑏𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙

  
In Vitro Evaluation of Hypoglycemic Activities 
Alpha-amylase Inhibition Assay  
The alpha-amylase inhibitory activity of the crude aqueous 
leaf extract of Newbouldia laevis was performed according 
to the method described by Worthington, 1993. Briefly, 
varying concentrations of the extract as well as the 
standard drug; acarbose (5 μ g/mL – 100 μ g/mL) were 
incubated in enzyme porcine pancreatic solution at 37 ℃ 
for 10 min, the reaction was initiated by further incubation 
with adding starch solution for another 30 min at 37 ℃. The 
reaction was terminated with 10 μL of HCl (1 M), followed 
by colour development with an iodine reagent. Change in 
absorbances was measured at 580 nm and the per centage 
inhibitory activity was calculated by using the following 
equation: 

% 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =
(𝐴𝑏𝑠 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘)−(𝐴𝑏𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒)

(𝐴𝑏𝑠 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘)
× 100  

 
α-Glucosidase Inhibitory Activity Assay 
The α-glucosidase inhibitory activity of the crude aqueous 
leaf extract of Newbouldia laevis was determined following 
a standard in vitro protocol with minor modifications. α-
Glucosidase derived from Saccharomyces cerevisiae was 
dissolved in 100 mM phosphate buffer (0.1 M, pH 6.8) and 
was used as the enzyme extract. p-Nitrophenyl-α-D-
glucopyranoside was used as the substrate.  Different 
concentrations of plant extracts (10 μ g/mL – 30 μ g/mL) 
were mixed with 320 μl of 100 mM phosphate buffer pH 6.8 
at 30 °C for 5 minutes. 3 ml of 50 mM sodium hydroxide was 
added to the mixture and the absorbance was read at 410 
nm. The control samples were prepared without any plant 
extracts. The % inhibition was calculated according to the 
formula (Bray and Greenway, 1999) 

%𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =
𝐴𝑏𝑠410(𝑐𝑜𝑛𝑡𝑟𝑜𝑙)−𝐴𝑏𝑠410(𝑒𝑥𝑡𝑟𝑎𝑐𝑡)

𝐴𝑏𝑠410(𝑐𝑜𝑛𝑡𝑟𝑜𝑙)
× 100  

 
In vitro anti-inflammatory assays 
Protein Denaturation Inhibition Assay 
Inhibition of protein denaturation was determined 
according to the method of Mizushima and Kobayashi, 
1968. The reaction mixture contained different 
concentrations of the extract and 1% BSA (aqueous 
solution). Aspirin was used as the positive control. The 
samples were heated at 55 ◦ C for 30 min and allowed to 
cool. The turbidity of the samples was measured at 660 
nm. The percentage inhibition of protein denaturation was 
calculated as follows: 
% 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =

𝐴𝑏𝑠 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘−𝐴𝑏𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘
× 100  
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Proteinase Inhibition Assay 
The proteinase inhibitory assay was performed as 
described by Oyedepo and Femurewa, 1995. The reaction 
mixture (2 mL) contained 0.06 mg trypsin, 1 mL Tris-HCl 
buffer and 1 mL of the extract at different concentrations. 
Aspirin was used as the positive control. The reaction 
mixture was incubated at 37 ℃ for 5 mins followed by the 
addition of 0.8% (w/v) casein and incubated for 20 mins. 
Perchloric acid (2 mL of 70%) was added to stop the 
reaction. The cloudy suspension was centrifuged and the 

absorbance of the supernatant was measured at 210 nm 
against Tris-HCl buffer as blank.  
% 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =

𝐴𝑏𝑠 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘−𝐴𝑏𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘
× 100  

  
Statistical Analysis 
All analysis were conducted in triplicate and results 
expressed as Mean ± SEM (n = 3). Statistical analysis was 
performed using one-way ANOVA followed by Tukey post-
hoc test with significance set at p < 0.05. 

 
RESULTS AND DISCUSSION 
Table 1: Qualitative and Quantitative Phytochemical Composition of the Crude Aqueous Leaf Extract of Newbouldia  

Phytochemical parameter Qualitative Quantitative (mg/100g) 
Alkaloids ++ 12.52±0.015 
Tannins + 3.42±0.025 
Flavonoids + 8.62±0.020 
Phenols + 1.54±0.015 
Terpenoids + 0.93±0.017 
Saponins + 5.95±0.020 
Cardiac glycosides + 0.82±0.020 
Steroids + 0.21±0.017 

Key: ++ = moderate amount, + = low amount 
 
Phytochemical screening of the aqueous leaf extract of 
Newbouldia laevis (Table 1) revealed a diverse array of 
bioactive constituents. Alkaloids were present in 
moderate amounts (12.52 mg/100 g), whereas flavonoids 

(8.62 mg/100 g), saponins (5.95 mg/100 g), tannins (3.42 
mg/100 g), phenols (1.54 mg/100 g), terpenoids (0.93 
mg/100 g), cardiac glycosides (0.82 mg/100 g), and 
steroids (0.21 mg/100 g) were detected in low amounts. 

 
Table 2: Half-maximal inhibitory concentrations (IC₅₀) of the crude aqueous leaf extract of Newbouldia laevis in in 
vitro antioxidant and anti-inflammatory assays 

Assay Extract IC₅₀ 
(µg/ml) 

Standard Standard IC₅₀ 
(µg/ml) 

Activity Classification 

DPPH radical scavenging 6.33 BHT 6.05 Strong antioxidant 
Nitric oxide scavenging 28.45 Gallic acid 7.06 Moderate antioxidant 
FRAP (reducing power) * 7.73 Ascorbic acid 6.54 Strong reducing capacity 
Protein denaturation inhibition 89.63 Aspirin 81.69 Moderate anti-inflammatory 
Proteinase inhibitory assay 80.45 Aspirin 67.67 Moderate anti-inflammatory 
α-Amylase inhibition 9.29 Acarbose 3.17 Strong enzyme inhibition 
α-Glucosidase inhibition 17.88 Acarbose 6.37 Moderate enzyme inhibition 

DPPH; 1, 1-diphenyl-2-picrylhydrazyl, FRAP; ferric reducing antioxidant power 
 
The crude aqueous leaf extract of Newbouldia laevis 
demonstrated notable antioxidant and anti-inflammatory 
activities across multiple in vitro models (Table 2). The 
extract exhibited strong radical scavenging activity in the 
DPPH assay (IC₅₀ = 6.33 µg/ml), comparable to BHT (6.05 
µg/ml). In contrast, nitric oxide scavenging activity was 
moderate (IC₅₀ = 28.45 µg/ml) relative to gallic acid (7.06 
µg/ml). The FRAP assay indicated substantial reducing 
power (IC₅₀ = 7.73 µg/ml), closely approaching that of 
ascorbic acid (6.54 µg/ml). Anti-inflammatory potential 
assessed via protein denaturation and proteinase 
inhibition assays yielded IC₅₀ values of 89.63 µg/ml and 
80.45 µg/ml, respectively, which were higher than those of 

aspirin. Furthermore, the extract demonstrated 
appreciable antidiabetic potential via α-amylase (IC₅₀ = 
9.29 µg/ml) and α-glucosidase inhibition (IC₅₀ = 17.88 
µg/ml), although less potent than acarbose. 
 
Discussion 
The present study provides a systematic evaluation of the 
in vitro antioxidant, anti-inflammatory, and antidiabetic 
potentials of the crude aqueous leaf extract of Newbouldia 
laevis, supported by its phytochemical composition. 
Phytochemical analysis revealed that the extract contains 
a diverse array of bioactive constituents, including 
alkaloids, flavonoids, tannins, phenols, saponins, 
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terpenoids, cardiac glycosides, and steroids. This finding 
corroborates the report of Osigwe et al. (2017). Alkaloids 
were present in moderate amounts, while other bioactive 
compounds were detected in lower concentrations. These 
classes of secondary metabolites are well-documented 
for their pharmacological activities. For example, 
flavonoids and phenolic compounds are potent free 
radical scavengers and metal chelators (Tungmunnithum 
et al., 2018), contributing to the extract’s strong 
antioxidant activity observed in DPPH and FRAP assays. 
Saponins, terpenoids, and alkaloids can modulate 
enzymatic pathways and inflammatory cascades (Singh et 
al., 2022), providing a mechanistic basis for the moderate 
anti-inflammatory activity evidenced by protein 
denaturation and proteinase inhibition. 
The extract exhibited strong radical scavenging and 
reducing power, which are indicative of its ability to donate 
electrons or hydrogen atoms to neutralize reactive oxygen 
species (Chandimali et al., 2025). Reactive oxygen species 
(ROS) are implicated in oxidative stress-mediated tissue 
injury and the progression of chronic metabolic disorders 
(Lindsay and Rhodes, 2025). Moderate nitric oxide 
scavenging further suggests the extract can mitigate 
nitrosative stress, a key factor in inflammation and 
vascular dysfunction (Venkatesan et al., 2026). The 
antioxidant activity is consistent with the presence of 
flavonoids, phenols, and tannsins, which act 
synergistically to stabilize radicals and chelate transition 
metals (Tungmunnithum et al., 2018). The present results 
align with the findings documented by Lawal et al. (2022) 
and Alqahtani et al. (2019). 
Inflammation is a central component in the pathogenesis 
of metabolic syndrome, diabetes, and cardiovascular 
disorders (Sun et al., 2021). The extract’s inhibitory effects 
on protein denaturation and proteolytic activity suggest 
that its bioactive constituents could stabilize protein 
structures and inhibit inflammatory enzymes, such as 
proteases. Alkaloids, saponins, and terpenoids are known 
to suppress inflammatory mediators and modulate NF-κB 
signaling (Singh et al., 2022), providing a plausible 
mechanistic explanation for the observed anti-
inflammatory effects. Although the extract exhibited lower 
potency than aspirin, its moderate activity suggests a 
therapeutically relevant profile, particularly as a multi-
target natural agent with potentially fewer side effects. 
These findings are consistent with reports by Lawal et al. 
(2022) and Alqahtani et al. (2019). 
Carbohydrate-hydrolyzing enzyme inhibition is a validated 
approach for controlling postprandial hyperglycemia 
(Mohammed et al., 2025). The extract demonstrated α-
amylase and α-glucosidase inhibitory activity, although 
lower than acarbose. These results suggest that the 
extract could reduce starch and disaccharide hydrolysis, 
thereby attenuating glucose absorption. Flavonoids and 
saponins may have contributed to these effects by binding 

to the enzymes’ active sites or by modifying the substrate’s 
affinity. The extract’s dual antioxidant and enzyme-
inhibitory activities could indicate a synergistic 
mechanism, targeting both oxidative stress and 
carbohydrate metabolism, a strategy increasingly 
recognized in diabetes management. Similar results have 
been reported by Lawal et al. (2022) and Alqahtani et al. 
(2019). 
The above findings highlight the synergistic multi-target 
potential of the extract, driven by diverse phytochemicals 
acting on complementary pathways. These metabolites 
may have modulated oxidative stress, inflammatory 
signaling, and carbohydrate metabolism, producing 
enhanced therapeutic effects. Such synergy may improve 
efficacy at lower doses while reducing toxicity, supporting 
Newbouldia laevis as a promising holistic agent for 
managing diabetes and metabolic syndrome. 
Furthermore, the observed pharmacological activities 
provide scientific support for the traditional use of N. laevis 
leaves in managing diabetes, inflammation, and oxidative 
stress-related disorders. The combination of antioxidants, 
anti-inflammatory agents, and enzyme inhibitors makes 
the extract a promising candidate for multi-target 
interventions, consistent with the holistic approach of 
herbal medicine. 
 
CONCLUSION  
The crude aqueous leaf extract of Newbouldia laevis 
exhibits robust antioxidant, moderate anti-inflammatory, 
and notable antidiabetic activities, reinforced by its rich 
phytochemical composition. These findings validate its 
ethnomedicinal applications and highlight its potential as 
a natural multi-target therapeutic agent. Further in vivo and 
mechanistic studies are necessary to identify active 
constituents and optimize its pharmacological potential. 
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