


Antihyperglycemic and α-Glucosidase Inhibitory Effects of Detarium microcarpum Fruit Extract in Diabetic Rats: Phytochemical and Kinetic Insights

Abstract
Background: Diabetes mellitus (DM) is a global health challenge that is often managed with synthetic drugs that are associated with adverse effects and are less accessible in many low-resource settings. Detarium microcarpum is a medicinal plant traditionally used in African ethnomedicine to manage symptoms of DM.
[bookmark: _GoBack]Objective: This study investigated the phytochemical composition, safety profile, antihyperglycemic potential in normal and alloxan-induced diabetic rats, and α-glucosidase inhibitory mechanism of the whole fruit ethanol extract of D. microcarpum.
Methods: The fruit extract (70% ethanolic) was screened for phytochemicals. Acute toxicity was assessed in mice (500–1000 mg/kg). Oral glucose tolerance test (OGTT) was performed in normoglycemic rats, and antihyperglycemic activity was evaluated in alloxan-induced diabetic rats (50–800 mg/kg) for 28 days, with Glibenclamide as reference. In vitro α-glucosidase inhibition potential of the fruit extract and enzyme kinetics were analysed using Saccharomyces cerevisiae α-glucosidase and p-nitrophenyl-α-D-glucopyranoside substrate. 
Results: The extract exhibited dose-dependent glucose-lowering activity, with 800 mg/kg producing the highest reduction (67.5%) in diabetic rats, comparable to Glibenclamide. In the OGTT, higher doses improved glucose clearance with area under the curve values similar to Glibenclamide. The extract exhibited α-glucosidase inhibition (IC50 = 5.10 mg/mL) via mixed-type inhibition, altering both Km and Vmax. No mortality or behavioural changes were observed in toxicity testing.
Conclusion: D. microcarpum fruit extract is safe and shows promising antihyperglycemic activity, partly mediated by mixed-type α-glucosidase inhibition. These findings support further development of the fruit as a potential adjunct in diabetes management.

Keywords: Detarium microcarpum, Antihyperglycemic activity, α-Glucosidase inhibition, Alloxan-induced diabetes, Phytochemical composition

1. Introduction
Diabetes mellitus (DM) is a chronic metabolic disorder characterized by persistent hyperglycemia resulting from insulin deficiency, impaired insulin action, or both (American Diabetes Association, 2022). Globally, DM affects more than 537 million adults, and prevalence is projected to reach 783 million by 2045, with the largest proportional increases expected in low- and middle-income countries (International Diabetes Federation, 2021). Sub-Saharan Africa faces rising diabetes prevalence and this is driven by urbanization, lifestyle changes and dietary transitions (Onyango et al., 2019; Bosu et al., 2021).

Conventional pharmacotherapy for DM, which includes biguanides, sulfonylureas, and α-glucosidase inhibitors, have shown to be effective but often associated with adverse effects such as hypoglycemia, gastrointestinal discomfort, and weight gain (DeFronzo, 1999; Inzucchi, 2002). In rural African settings, access to these medications is further limited by high costs, inconsistent availability, and insufficient healthcare infrastructure (Atun et al., 2017). These limitations have sustained reliance on plant-based remedies that are locally available, culturally accepted, and historically used for glycemic control (Modak et al., 2007; Eddouks et al., 2014).

Detarium microcarpum (Figure 1 A-C) Guill. & Perr., known locally as “sweet detar,”,  “kpagla” in Dagbani, and “Kunkagri” in Gruni is a leguminous tree widely distributed in West and Central Africa (Kouyaté and Lamien, 2012). The fruits are traditionally consumed as food and used in ethnomedicine for managing febrile illnesses, infections, and metabolic disorders (Abdalbasit et al., 2009). In the northern parts of Ghana, the fruit extract is also used in managing symptoms of diabetes. Phytochemical analyses of various plant parts have revealed the presence of biologically active compounds such as tannins, flavonoids, phenolic compounds, glycosides, saponins, and terpenoids. These phytochemicals are associated with antioxidant, anti-inflammatory, and antidiabetic effects (Okolo et al., 2012; Habibou et al., 2022; Oseni & Azumah, 2024). 
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Figure 1: D. microcarpum leaf (A), fruit (B), plant (C)

Phytochemical profiles of medicinal plants may vary according to geographical location, seasonal factors, plant maturity, and extraction conditions including solvent type and method of preparation (Tawaha et al., 2007; Azwanida, 2015). Such variability can influence the bioactivity of plant-derived preparations, making regional-specific studies essential for pharmacological validation.

Although the leaf and stem bark of D. microcarpum have been studied for antidiabetic properties (David et al., 2017; Salawu et al., 2023), no comprehensive investigation has evaluated the fruit extract for its phytochemical composition, acute and chronic antihyperglycemic effects, and α-glucosidase inhibitory activity within the context of its local geographical origin. This study thus, aimed to determine the phytochemical composition, safety, antihyperglycemic activity, and α-glucosidase inhibitory mechanism of Ghanaian whole fruit ethanol extract of D. microcarpum using normoglycemic and alloxan-induced diabetic rat models.

2. Materials and Methods
2.1 Plant Material and Extraction
Ripe fruits of D. microcarpum Guill. & Perr. were collected in March 2016 from different locations within Bolgatanga Municipality, Upper East Region, Ghana (10.79538° N, 0.811911°W) Fig. 1 and identified by Dr. Wahab Imoro of the Department of Applied Biology, University for Development studies. 
[image: ]
Fig. 2: Sample collection area

The fruits were dried, deseeded, powdered, and extracted with 70% ethanol via Soxhlet apparatus over 72 hours. The filtrate was concentrated and freeze-dried. 

2.2 Phytochemical Screening
Standard protocols (Harborne, 1973; Sofowora, 1993) were used to detect secondary metabolites such as tannins, saponins, glycosides, phenolics, terpenoids and phytosterols.

2.3 Animal Models
Swiss albino mice (20–23 g) were used for acute toxicity testing, and Sprague Dawley rats (83–150 g) for OGTT and diabetes modeling. All animals were acclimatized and ethically handled.

2.4 Acute Toxicity Test
Following OECD guidelines (Lorke, 1983), mice were administered extract orally at 500 and 1000 mg/kg. Mortality and behavioral signs were monitored for 72 hours.

2.5 Oral Glucose Tolerance Test (OGTT)
The protocol was adapted from Etuk (2005). The OGTT was conducted using normoglycemic Sprague Dawley rats weighing between 83 and 130 g. Prior to the test, animals were fasted for 16 hours with free access to water. Subsequently, the rats were randomly allocated into six groups (n = 5 per group). Each animal received an oral glucose load of 4 g/kg body weight. Concurrently, test drugs and plant extracts were administered to the respective groups. Blood glucose levels were measured by tail-tip severance at baseline (−30 min), and at 30-minute intervals for a total duration of four hours post-glucose administration. 

Table 1. Experimental Grouping for Oral Glucose Tolerance Test (OGTT) in Normoglycemic Rats
	Group
	Treatment

	A
	Normal control (no glucose or extract)

	B
	Negative control (glucose only)

	C
	Positive control (Glibenclamide 5 mg/kg)

	D
	Extract 25 mg/kg

	E
	Extract 250 mg/kg

	F
	Extract 500 mg/kg


Rats (n = 5 per group) were fasted for 16 hours and administered 4 g/kg glucose orally. Blood glucose was measured at baseline and every 30 minutes for 240 minutes.
2.6 Induction of diabetes in rats 
Experimental diabetes was induced in overnight-fasted Sprague Dawley rats via intraperitoneal injection of alloxan monohydrate at a dose of 150 mg/kg body weight, freshly dissolved in distilled water. The dosage was adjusted according to individual body weights, following the protocol described by Lukacinova et al. (2008).

Six hours post-induction, animals were provided with 5% dextrose solution for 24 hours to mitigate the risk of fatal hypoglycemia resulting from transient hyperinsulinemia triggered by alloxan administration. Thereafter, rats were given unrestricted access to food and water and left undisturbed for diabetes to stabilize. Induction was considered successful in animals exhibiting fasting blood glucose levels exceeding 200 mg/dL (≥11 mmol/L).

2.7 Assessment of Antihyperglycemic Activity of Detarium microcarpum in Diabetic Rats
Following confirmation of diabetes induction, the animals were randomly assigned into six experimental groups, each comprising five rats (n = 5), to evaluate the hypoglycaemic potential of D. microcarpum fruit extract. The assessment period spanned 28 days, during which fasting blood glucose levels were monitored to assess treatment outcomes, in accordance with the method described by Matsuzawa & Sakazume (1994). Blood glucose was recorded on Days 0, 7, 14, 21 and 28.

Table 2: Experimental Grouping and Treatment Regimen for Subacute Antidiabetic Study
	Group
	Treatment

	A
	Normal control

	B
	Diabetic control

	C
	Glibenclamide 5 mg/kg

	D
	Extract 50 mg/kg

	E
	Extract 100 mg/kg

	F
	Extract 200 mg/kg

	G
	Extract 400 mg/kg

	H
	Extract 800 mg/kg



2.8 Animal Handling and Ethical Considerations
The experiment was conducted at the Centre for Plant Medicine Research, Akwapim-Mampong, Ghana using the institutional animal handling protocol. Although formal ethical clearance was not obtained from an institutional review committee, all procedures involving animals adhered to internationally accepted guidelines for laboratory animal care (OECD, 2001; Lorke, 1983). Humane endpoints were observed, and efforts were made to minimize animal distress.

2.9 Alpha-Glucosidase Inhibition Assay
The α-glucosidase inhibitory activity of D. microcarpum fruit extracts was evaluated using a modified chromogenic method originally described by Ranilla et al. (2010). The assay was performed in 96-well microplates under controlled conditions. Briefly, the reaction mixture consisted of 20 µL of α-glucosidase enzyme solution (0.5 U/mL; Saccharomyces cerevisiae), 125 µL of 0.1 M phosphate buffer (pH 6.9; PBS tablets, Solarbio, China), and 10 µL of plant extract at varying concentrations (0.5–8 mg/mL). The mixture was pre-incubated at 37 °C for 15 minutes to allow interaction between the enzyme and the extract.
Subsequently, the enzymatic reaction was initiated by adding 20 µL of 5 mM p-nitrophenyl-α-D-glucopyranoside (pNPG; Sigma-Aldrich, Germany) prepared in 0.1 M phosphate buffer (pH 6.9). The reaction mixture was incubated for an additional 15 minutes at 37 °C. To terminate the reaction, 50 µL of 0.2 M sodium carbonate solution was added to each well.

Absorbance of the released p-nitrophenol was measured at 405 nm using a Biobase BK-UV 1000 spectrophotometer (Biobase, China). A reaction mixture without plant extract served as the negative control (A₀), while a mixture without α-glucosidase was used as the blank to correct for background absorbance. Acarbose (Glucobay; Bayer Turk Kimya Sanayi Ltd., Turkey) was used as the positive control. The percentage inhibition of α-glucosidase activity by the plant extract was calculated using the following equation:
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A0 = Absorbance of control (without extract)
Aextract = Absorbance in the presence of plant extract or drug

2.10 Enzyme Inhibition Kinetics Assay
The kinetic analysis of α-glucosidase inhibition was conducted following the procedure described by Bhatia et al. (2019), with minor modifications. Briefly, varying concentrations (2.0 mM, 1.0 mM, 0.5 mM, 0.25 mM, and 0.125 mM) of the substrate p-nitrophenyl-α-D-glucopyranoside (pNPG) were made to react against a fixed enzyme concentration (1 U/mL). The reactions were initiated by adding the enzyme to the substrate solution in the absence or presence of D. microcarpum fruit extract at 10.0 mg/mL and 5.0 mg/mL (Extract IC50). The absorbance of the liberated p-nitrophenol was measured at 405 nm at defined time intervals (0–2 min). Reaction velocities (V) expressed in mM/min were calculated from the rate of p-nitrophenol formation and plotted against substrate concentrations to generate Michaelis–Menten curves.
The Michaelis–Menten constant, Km and maximum reaction velocity, Vmax were derived from nonlinear regression of the Michaelis–Menten plots. Lineweaver–Burk plots (double reciprocal plots of 1/V vs 1/[S]) were constructed to visualize the mode of inhibition and assess changes in kinetic parameters in the presence of the extract.

2.11 Statistical Analysis
Data were expressed as mean ± SEM. One-way ANOVA with Newman–Keuls post hoc test determined significance (p < 0.05) using GraphPad Prism v8.0 for Mac OS. Enzyme kinetics parameters as well as IC50 values were obtained using GraphPad Prism v8.0 for Mac OS.

3. Results and Discussion

3.1 Phytochemical Composition of Detarium microcarpum Fruit Extract
Phytochemical screening of the whole fruit extract of D. microcarpum revealed the presence of tannins, saponins, glycosides, phenolic compounds, phytosterols, flavonoids, and terpenoids (Table 3). These bioactive constituents have been reported to exert antidiabetic activity through complementary mechanisms including enzyme inhibition, insulin sensitization, antioxidant defense, and modulation of glucose metabolism (Al-Ishaq et al., 2019; Vinayagam & Xu, 2015).

Table 3: Phytochemical Profile of Whole Fruit Extract of D. microcarpum
	Phytochemical
	Result

	Tannins
	(+)

	Saponins
	(+)

	Glycosides
	(+)

	Phenolic Compounds
	(+)

	Phytosterols
	(+)

	Alkaloids
	(–)

	Flavonoids
	(+)

	Terpenes
	(+)


(+): Phytochemical detected	(-): Phytochemical not detected

Flavonoids are reported to demonstrate potent antidiabetic effects by enhancing insulin secretion, improving glucose uptake, and inhibiting carbohydrate-digesting enzymes such as α-amylase and α-glucosidase (Al-Ishaq et al., 2019; Vinayagam & Xu, 2015). Compounds such as quercetin and catechin derivatives which have previously been isolated from D. microcarpum have shown significant glucose-lowering activity in animal models (Salawu et al., 2023).

Recent studies have implicated terpenoids as agents that contribute to glycemic control by reducing oxidative stress, enhancing insulin sensitivity, and protecting pancreatic β-cells (Panigrahy et al., 2021; Shelar & Paradhi, 2022). Diterpenes and triterpenes from D. microcarpum root and leaf extracts have also shown notable antidiabetic and antioxidant properties (Okolo et al., 2012; Habibou et al., 2022). Amegah et al. (2024) demonstrated that extracts of D. microcarpum significantly reduced fasting blood glucose in alloxan-induced diabetic rats, with efficacy comparable to standard drugs. The combined presence of flavonoids, terpenoids, and other polyphenolic compounds in the fruit extract may be responsible for the antidiabetic activities as observed in its ethnomedicinal application in diabetes management. 

3.2 Acute Toxicity
The extract was tolerated up to 1000 mg/kg in mice without observable behavioural changes or mortality. While this suggests a high margin of safety, the narrow dose range tested limits conclusions regarding LD50. A broader dose-response study would be valuable for establishing long-term safety.

3.3 Oral Glucose Tolerance Test (OGTT) in Normal Rats
The OGTT was conducted to evaluate the hypoglycemic potential of D. microcarpum fruit extract in normoglycemic rats. Blood glucose levels were monitored over a 240-minute period (Fig. 3) following oral administration of glucose (4 g/kg) and concurrent treatment with the extract at graded doses (50-800 mg/kg), alongside standard controls.
[image: ]
All groups exhibited a peak in blood glucose concentration at 30 minutes post-glucose administration followed by improved glucose clearance in a dose-dependent manner. The positive control and higher extract doses significantly improved glucose clearance compared to normal controls (Figure 2). The Area Under Curve (AUC) values (Table 4), representing cumulative glycemic exposure, further confirmed the dose-dependent efficacy of the extract.

Table 4: Area Under the Curve (AUC) for Blood Glucose Levels in OGTT
	Treatment Group
	AUC (mg·min/dL)

	Normal Control
	2557±12.00

	Gilbenclamide (5 mg/kg)
	1983±8.40*

	Extract (50 mg/kg)
	2574±8.00

	Extract (100 mg/kg)
	2285±13.00*

	Extract (200 mg/kg)
	2131±11.00*

	Extract (400 mg/kg)
	2105±13.00*

	Extract (800 mg/kg)
	1952±10.00*


Values are expressed as mean ± SEM (n = 5). AUC calculated over 240 minutes. Statistical analysis performed using one-way ANOVA followed by Newman–Keuls post hoc test. p < 0.05 considered significant. *Significantly different from negative control (glucose only), p < 0.05.

The extract at 800 mg/kg was the most active as shown by the AUC values. This activity was comparable to that of Glibenclamide which indicates an enhanced glucose tolerance. These findings are consistent with previous reports by Amegah et al. (2024) and Salawu et al. (2023), which demonstrated significant postprandial glucose suppression by D. microcarpum extracts in diabetic models.
The observed hypoglycemic effect may be attributed to the synergistic action of flavonoids, saponins, glycosides, and phenolic compounds which are known to improve insulin sensitivity (Al-Ishaq et al., 2019; Panigrahy et al., 2021).

3.4 Subacute Antihyperglycemic Activity of Detarium microcarpum Fruit Extract in Rats
The 28-day evaluation of Detarium microcarpum fruit extract in alloxan-induced diabetic rats revealed a significant, dose-dependent reduction in blood glucose levels (Table 5). The dose-dependent nature of the response supports a graded therapeutic effect, likely mediated by the concentration and bioavailability of active phytochemicals.
At baseline, diabetic control rats (Group B) exhibited markedly elevated glucose levels (16.70 ± 1.03 mmol/L) compared to the normal control group (Group A: 5.58 ± 0.13 mmol/L). This hyperglycaemic state persisted throughout the study in untreated diabetic rats, with Day 28 values reaching 18.12 ± 0.56 mmol/L and this confirms the stability of the diabetic model and the absence of spontaneous remission.

Table 5: Fasting Blood Glucose Levels (mmol/L) in Alloxan-Induced Diabetic Rats Treated with D. microcarpum Fruit Extract Over 28 Days
	
	
	Glucose levels (mmol/L)
	

	Group
	Treatment
	Day 0
	Day 7
	Day 14
	Day 21
	Day 28
	% Reduction

	A
	Normal Control
	5.58 ± 0.13
	5.73 ± 0.15
	6.33 ± 0.22
	6.00 ± 0.27
	6.35 ± 0.11
	13.80a

	B
	Negative Control
	16.70 ± 1.03
	19.35 ± 1.55
	19.80 ± 1.46
	18.78 ± 1.04
	18.26±0.98
	9.30d

	C
	Glibenclamide (5 mg/kg)
	18.98 ± 1.02
	19.88 ± 0.92
	14.90 ± 0.63
	11.63 ± 0.79
	7.67 ± 0.23
	59.60a

	D
	Extract (50 mg/kg)
	22.85 ± 5.13
	18.70 ± 1.13
	17.25 ± 0.16
	15.65 ± 0.96
	14.25±1.00
	37.60c

	E
	Extract (100 mg/kg)
	16.13 ± 2.39
	14.75 ± 0.66
	13.65 ± 0.28
	11.13 ± 0.52
	9.86±0.88
	38.90b

	F
	Extract (200 mg/kg)
	20.85 ± 4.68
	17.28 ± 1.23
	14.10 ± 0.31
	9.68 ± 1.51
	8.22±0.18
	60.60a,b

	G
	Extract (400 mg/kg)
	19.35 ± 1.23
	16.56±1.00
	12.48±0.24
	8.89±0.34
	8.12±0.82
	58.00a,b

	H
	Extract (800 mg/kg)
	22.56±0.78
	19.36±0.82
	14.63±0.33
	10.33±1.01
	7.34±0.13
	67.50a


Legend: Values are expressed as mean ± SEM (n = 5). Statistical analysis was performed using one-way ANOVA followed by Newman–Keuls post hoc test. p < 0.05 indicates significant difference compared to diabetic control. Groups sharing the same letter are not significantly different from each other. Groups with different letters (a,b,c and d) are significantly different at p < 0.05. Extract doses ≥ 200 mg/kg (Groups F–H) show statistically similar efficacy to Glibenclamide (Group C). Lower doses (Groups D and E) are less effective, with Group D (50 mg/kg) significantly different from all others except the diabetic control.

In contrast, Glibenclamide-treated rats (Group C) showed a progressive and significant decline in blood glucose from 18.98 ± 1.02 mmol/L at Day 0 to 7.67 ± 0.23 mmol/L by Day 28. This validates the responsiveness of the assay to standard pharmacological intervention. Notably, rats treated with D. microcarpum extract at 800 mg/kg (Group H) exhibited the most pronounced glucose-lowering effect among the experimental groups, with levels decreasing from 22.56 ± 0.78 to 7.34 ± 0.13 mmol/L representing a 67.50% reduction. The activity of the Glibenclamide group is comparable to that of the extract treated Group F with a 60.60% reduction.

The antihyperglycemic activity observed is consistent with the phytochemical profile of D. microcarpum fruit extract. 
The sustained reduction in glucose levels over the 28-day period suggests that the activity of the extract may not be limited to acute enzymatic inhibition but may also involve long-term modulation of glucose metabolism, possibly through pancreatic β-cell protection and enhanced insulin sensitivity. These effects corroborate previous reports by Dogara (2022) and Habibou et al. (2022), which highlighted the pharmacological versatility of D. microcarpum in managing hyperglycaemia and oxidative stress.

3.5 Alpha-glucosidase inhibition activity of fruit extract of D. microcarpum
The fruit extract of Detarium microcarpum exhibited concentration-dependent inhibition of α-glucosidase, reaching 49.50% at 8 mg/mL, with an IC50 of 5.10 mg/mL. In comparison, Acarbose achieved 75.90% inhibition at the same concentration with IC50 = 1.80 mg/mL. The result confirms the pharmacologically relevant potency of the extract (Figure 3).
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Figure 3a : Alpha-glucosidase inhibition activity of fruit extracts of D.microcarpum

The inhibitory activity displayed by the extract is consistent with its phytochemical profile. Flavonoids, terpenoids, glycosides, and phenolic compounds are classes of phytochemicals that are widely implicated for their α-glucosidase inhibitory effects (Kashtoh & Baek, 2022; Dirir et al., 2022). Methyl gallate and catechin gallate isolated from D. microcarpum stem bark have demonstrated superior inhibition (IC50 = 83.43 μM and 106.27 μM, respectively) compared to Acarbose (IC50 = 377.75 μM) and this suggests that the fruit extract may contain structurally related compounds with similar bioactivity (Salawu et al., 2023).
Several species within the Fabaceae family have also shown comparable α-glucosidase inhibition.  Ethanolic leaf extracts of Caesalpinia pulcherrima and Bauhinia malabarica were reported to exhibit significant α-glucosidase inhibition activities with respective IC50 values of 436.97 μg/mL and 745.08 μg/mL (Dej-adisai & Pitakbut, 2015). These values, while lower in potency than those of D. microcarpum, support the therapeutic relevance of Fabaceae phytochemicals in managing postprandial hyperglyceamia.

Lupeol, specioside, and β-sitosterol which are reported to be present in D. microcarpum have demonstrated strong binding affinities to the active sites of α-glucosidase comparable to Acarbose (Okugbo & Omoregie, 2025). Similar inhibitory profiles have been reported for leaf extracts of D. microcarpum, supported by high phenolic and flavonoid content (David et al., 2017).

3.6 Enzyme Kinetics of α-Glucosidase Inhibition by Detarium microcarpum Fruit Extract
Enzyme kinetics were evaluated using both Michaelis–Menten and Lineweaver–Burk models. The kinetics study employed p-nitrophenyl-α-D-glucopyranoside as substrate (0.125–2.0 mM), with extract concentrations of 0 mg/mL (control), 5 mg/mL, and 10 mg/mL. Figure 4a presents the Michaelis–Menten plots showing initial reaction velocity (V0) as a function of substrate concentration. The control condition exhibited the highest V0 across all substrate concentrations, indicating maximal enzymatic activity. In contrast, the presence of the extract resulted in a concentration-dependent reduction in V0.
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The curve showed marked decreases in Vmax and moderate increases in Km at 5 mg/mL, suggesting impaired catalytic turnover and reduced substrate affinity (Table 6). However, at 10 mg/mL, Vmax was partially restored, but Km increased further, indicating altered enzyme–substrate interaction dynamics. This dual interaction alters both Vmax and Km consistent with the activities of diverse phytochemicals as previously reported by Okugbo & Omoregie, 2025 and Salawu et al., 2023.

Table 6: Enzyme Kinetic Parameters of α-Glucosidase Inhibition by D. microcarpum Fruit Extract
	Extract Concentration (mg/mL)
	Vmax (mM/min)
	Km (mM)
	Inhibition Type

	0 
	9.544 ± 0.112
	0.340 ± 0.022
	—

	5 mg/mL
	8.981 ± 0.190
	0.521 ± 0.053
	Mixed-type

	10 mg/mL
	9.338 ± 0.253
	0.766 ± 0.089
	Mixed-type



Figure 4b presents the double reciprocal Lineweaver–Burk plots (1/V0 vs. 1/[S]). The control line intersected the y-axis at the lowest point, consistent with high catalytic efficiency. In the presence of the extract, the plots displayed are characteristic of mixed-type inhibition. This pattern suggests that the extract may interfere with both substrate binding and catalytic activity, likely through interaction with multiple sites on the enzyme. Flavonoids such as quercetin, catechin, and kaempferol have been reported to inhibit α-glucosidase by interacting with its active site and altering substrate binding affinity (Guerrero-Becerra et al., 2025). The compounds present in the extract may also exert allosteric modulation, contributing to the mixed-type inhibition observed in kinetic assays.

The inhibitory profile of the extract reflects a synergistic interplay of multiple phytochemicals acting at distinct enzymatic sites. This supports the potential of D. microcarpum ethanol fruit extract as a functional antidiabetic agent and presents the plant as a valuable resource for the discovery of novel α-glucosidase inhibitors.

4. Conclusion and Recommendations
Detarium microcarpum fruit extract has demonstrated dose-dependent antihyperglycemic effects in both normoglycemic and alloxan-induced diabetic rats, with 800 mg/kg achieving glucose reduction comparable to Glibenclamide. The extract improved glucose tolerance and significantly inhibited α-glucosidase activity (IC50 = 5.10 mg/mL) via mixed-type inhibition. Phytochemicals such as flavonoids, terpenoids, and phenolics likely contribute to these effects. Acute toxicity testing confirmed safety at doses up to 1000 mg/kg. These findings support the therapeutic potential of D. microcarpum fruit extract in diabetes management.
The demonstrated efficacy and safety of D. microcarpum fruit extract supports its development as therapeutic candidate. Future investigations should prioritize bioassay-guided fractionation to isolate and structurally characterize the principal bioactive constituents responsible for α-glucosidase inhibition and systemic glycaemic modulation. Pharmacokinetic profiling and long-term toxicity studies are needed to define safe and effective dosing.
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