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ABSTRACT 

The rising global prevalence of diabetes mellitus highlights the need for new plant-

based therapeutic agents with both antidiabetic and antioxidant properties. The ethyl 

acetate subfraction (SF5) of the methanolic leaf extract of Anacardium occidentale was 

evaluated for its ability to inhibit α-amylase and α-glucosidase. The study also 

assessed its antioxidant activity, phytochemical composition, and predicted molecular 

interactions. The fractions were evaluated using in vitro enzyme-inhibition and 

antioxidant assays. At the same time, the phytoconstituents of the most potent 

subfraction were characterized by LC-MS. The methanolic extract of Anacardium 

occidentale leaves (MEAOL) was fractionated by column chromatography to obtain 

pooled fractions (PF1 to PF8). PF5 exhibited the strongest enzyme-inhibitory activity 

and was further fractionated into six subfractions (SF1 to SF6). SF5 exhibited the 

strongest antidiabetic and antioxidant activities among the subfractions tested. The 

IC50 of SF5 for α-amylase inhibition is 23.84±2.42 µg/mL, for α-glucosidase inhibition 

is 19.54±1.05 µg/mL, for DPPH radical scavenging activity is 28.63±1.78 µg/mL, and 

for metal chelating activity is 21.87±1.92 µg/mL. The result of FTIR analysis indicates 

the presence of phenolic, hydroxyl, and carbonyl functionalities. These functional 

groups are commonly associated with antidiabetic and antioxidant bioactive 

compounds. The LC-MS analysis results revealed the presence of gallic acid, 

protocatechuic acid, methyl gallate, methyl ursolate, quercetin-3-O-arabinose, 

luteolin-7-O-glucoside, and amentoflavone. These compounds are composed of 

biologically active compounds such as phenolic acids, flavonoids, and triterpenoids. 

Molecular docking was used to assess the affinities and interactions between the 

compounds and the target proteins. Luteolin-7-O-glucoside (-6.91 kcal/mol), 

quercetin-3-O-arabinoside (-6.26 kcal/mol), and amentoflavone (-7.11 kcal/mol) 

showed favorable interactions with important residues of α-amylase and α-

glucosidase, compared with the reference inhibitor acarbose (-8.47 and -7.09 kcal/mol, 

respectively). Hydrogen bonds involving His299, Asp300, Glu233, and Asp443 were 

observed in the docked complexes, indicating possible contributions to enzyme 

inhibition. The compounds also showed binding affinities of −7.26 to −7.10 kcal/mol 

toward HO-1, which were consistent with the antioxidant activity observed in vitro. 
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Generally, the results indicate that the SF5 fraction of Anacardium occidentale leaves has antidiabetic and antioxidant activities. The 

activity may be associated, at least in part, with its polyphenolic and flavonoid constituents. The results provide evidence for the 

potential of Anacardium occidentale leaves as a source of compounds with enzyme-inhibitory and redox-related activities. Further work 

involving enzyme kinetics, mechanistic studies, and in vivo models would be useful for establishing the mechanisms underlying these 

activities and evaluating the prospects for phytotherapeutic formulation. 
 

Keywords: Anacardium occidentale, α-amylase, α-glucosidase, antioxidant, molecular docking, LC-MS, HO-1 

 

 

1. INTRODUCTION 

Diabetes mellitus (DM) is a long-term metabolic disease characterized by abnormally high blood glucose (blood sugar). It occurs when 

the body either does not produce enough insulin, does not respond properly to insulin (insulin resistance), or both (Dirir et al., 2022). 

There are three common types of DM. They are: type 1 diabetes mellitus (T1DM), type 2 diabetes mellitus (T2DM), and gestational 

diabetes (GD). The T1DM is caused by autoimmune destruction of pancreatic β-cells, which leads to little or no insulin production. The 

T2DM involves insulin resistance and a gradual decline in insulin secretion. The GD is developed during pregnancy (Dirir et a l., 2022). 

The T2DM has been significantly reported in morbidity and mortality worldwide.  The control of the rise in blood glucose after a 

carbohydrate meal (postprandial hyperglycemia) is an important aspect of diabetes management. Prolonged postprandial 

hyperglycemia has been linked to diabetes complications (Lawal et al., 2022). α-Amylase and α-glucosidase are hydrolytic enzymes that 

help to digest dietary carbohydrates. When these enzymes are inhibited, the carbohydrate digestion may be delayed, which may 

ultimately cause moderation in postprandial hyperglycemia (Pan et al., 2024). The common drug used to control postprandial 

hyperglycemia is acarbose. This drug is clinically designed as an α-glucosidase inhibitor. However, this drug worked with adverse 

gastrointestinal effects. Because of these adverse effects, there is a need to search for natural enzyme inhibitors that are safer (Kashtoh & 

Baek, 2022). 

Reports have shown that plant-derived metabolites such as polyphenols, flavonoids, phenolic acids, tannins, and terpenoids have 

α-amylase and α-glucosidase inhibiting activities (Assefa et al., 2020; Kashtoh & Baek, 2022). These compounds have been shown to 

have appreciable α-glucosidase inhibitory activity in vitro, which is comparable with those of standard or synthetic conventional 

antidiabetic agents (Dirir et al., 2022). These metabolites have also been shown to exhibit antioxidant activities against oxidative stress 

linked to diabetes and its complications (Etsassala et al., 2022). The prevalence of both enzyme inhibitory and antioxidant properties 

within the same plant-derived compound is of interest in the search for antidiabetic agents, such as compounds acts at different stages 

involved in postprandial glucose regulation and oxidative damage. This makes plant metabolites useful candidates for further 

investigation (Ali et al., 2023; Etsassala et al., 2022). 

Anacardium occidentale L., which is known as Cashew in English, has been used widely in traditional medication in the 

management of diabetes in Tropical regions. The parts of this plant commonly used include leaves, bark, etc which have been reported 

to contain phytochemicals such as anacardic acid tannins, gallic acid derivatives, and polyphenolic compounds (Encarnacao et al., 

2022). Anacardic acid and other phenolic compounds have been linked to α-amylase and α-glucosidase inhibitory activities (Silva et al., 

2024).  

The biological activity of plant extracts and fractions can be examined using in vitro enzyme assays and antioxidant tests. α -

Glucosidase and α-amylase inhibition assays, along with DPPH, ABTS, FRAP, and measurements of total phenolic and flavonoid 

contents, are commonly used for preliminary screening of such samples (Oyedemi et al., 2017). Molecular docking has been found to 

complement the laboratory testing by modelling how the detected phytochemicals may interact with the target enzymes. In this regard, 

the predicted binding modes and affinities can be interpreted together with the in vitro results to assess the contribution of each 

compound (Rangel-Galvan et al., 2024). Combinations of these methods are to offer an early-stage strategy for screening plant-based 

compounds with both antidiabetic and antioxidant potential activities. 

Leaf extracts of Anacardium occidentale have shown antidiabetic and antioxidant activities, but how each fraction and its 

constituents relate to enzyme inhibition remains unclear (Konare et al., 2024; Lawal et al., 2024). There is limited information on how 

compounds from specific fractions interact with relevant target enzymes. Further work to compare the enzyme inhibitory activity of 

different leaf fractions with the predicted binding of their detected compounds. Comparing these predictions with the established 

inhibitors (standard drugs) may help to interpret the experimental results 
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The present study evaluated the solvent fractions of methanolic leaf extract of Anacardium occidentale (MEAOL) for α-glucosidase 

and α-amylase inhibitory activities and antioxidant capacity using standard in vitro assays. Active fractions are subjected to 

phytochemical analysis to identify their principal constituents, followed by molecular docking of selected compounds with α-

glucosidase and α-amylase. The combined experimental and computational approaches are used to examine the potential of 

Anacardium occidentale leaf constituents as natural inhibitors relevant to the control of postprandial hyperglycemia. 

 

2. MATERIALS AND METHODS 

2.1. Sample Collection and Preparation  

Cashew leaves (Anacardium occidentale) were collected from the Botanical Garden of the Department of Biological Sciences, Bayero 

University Kano (BUK), Kano State. Dr. Yusuf Nuhu, a plant taxonomist in the department herbarium section, identified and 

authenticated the leaf and assigned it accession number BUKHAN0413. The leaves were washed with deionized water and shade-dried 

for two weeks until a constant weight was reached. The dried leaves were ground with a mortar and pestle. Then, 50 g of the powder 

was soaked in 500 mL of methanol for 72 hours, with intermittent shaking. The mixture was filtered through mesh cloth and Whatman 

Grade 1 filter paper. The filtrate was subsequently evaporated in a water bath at 40 °C until a solid crude extract was formed. The 

extract was then placed in a labeled plastic container marked “Methanol Extract of Anacardium occidentale Leaves (MEAOL)” and stored 

until further use. 

 

2.2. Fractionation 

(a) Column Chromatography 

Silica gel (120 G mesh) was used as the stationary phase, and different solvent combinations were used as eluents. The column was 

packed with 200 g of silica gel suspended in 500 mL of hexane. The tap was then opened to allow the solvent to drain into a beaker 

placed beneath the column. After packing, the tap was closed, and the apparatus was left undisturbed for 24 hours. The clear solvent 

above was drained to the level of the silica gel meniscus, and the column's flow rate was measured. Five grams (5 g) of the dried 

MEAOL were thoroughly mixed with 10 g of silica gel and then gently spread onto the top of the column. The column was eluted 

sequentially with solvent mixtures of increasing polarity. The column was eluted with hexane and ethyl acetate mixtures at the 

following ratios: 100:0, 90:10, 80:20, 70:30, 60:40, 50:50, 40:60, 30:70, 20:80, 10:90, and 0:100. Each solvent system was applied until the 

eluate became clear. The eluents were collected in 50 mL portions. 

 

(b) Thin Layer Chromatography, TLC (Analytical) 

The fractions obtained from column chromatography were merged using analytical thin-layer chromatography (TLC). Each fraction 

was applied onto a pre-coated aluminum silica gel plate (Macherey-Nagel, Germany, 2023) and developed in a glass chromatographic 

chamber with methanol as the solvent. A sample was spotted 1.0 cm above the bottom edge of the plate, which was then dried before 

placement in a solvent-saturated chamber. The solvent ascended the plate until it reached about three-quarters of the way up, then 

dried again. The TLC plate was sprayed with a reagent containing p-anisaldehyde, glacial acetic acid, and sulfuric acid and then heated 

at 105 °C for 10 seconds to develop the spots. The colors of the spots were recorded, and the corresponding retention factor (Rf) values 

were determined. Fractions showing similar spot patterns and Rf values were combined. Each pooled fraction was then tested for 

antioxidant activity and for inhibition of α-amylase and α-glucosidase. 

 

2.3. Assessment of Enzyme Inhibition Potentials 

(a) Screening for α-Glucosidase Inhibition 

The inhibitory effects of each fraction and sub-fraction on α-glucosidase activity were evaluated using the protocol described by Dej-

Adisai (2021), with slight modifications. Different concentrations of the fractions (10, 30, 60, and 80 µg/mL) were prepared in 20 mM 

sodium phosphate buffer (pH 6.9).  

For each fraction, 100 µL of the test solution was added to 100 µL of α-glucosidase solution (1.0 U) and incubated at 37 °C for 10 

minutes. Next, 100 µL of 10 mM p-NPG was added, and the mixture was incubated at 37 °C for 10 minutes further. The reaction was 

put to stop with addition of 5 mL of 20 mM Na2CO3. The absorbance of the mixture was then taken at 405 nm. The process was repeated 

without the fraction (using only the buffer as a negative control). A positive control was also performed, replacing the fraction with the 
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standard acarbose medication. The absorbance readings were converted to the amount of p-nitrophenol released using a standard 

curve for p-nitrophenol. Enzyme activity was calculated using the formula in Equation 1. 

 

   
A unit of α-glucosidase activity      ...  1

     

pNP

EzG

Mg DF
Equation

T Mg


=


 

Where MgpNP denotes the mg of p-nitrophenol released, DF refers to the factor by which the mixture is diluted, T signifies the time of 

the reaction, and MgEzG indicates the mg of the enzyme (α-glucosidase) in the reaction mixture. 

 

The percentage of α-glucosidase activity was calculated using Equation 2. 

( )α-glucosidase activity  %       1  00    ....  2A

A

n
Equ i

I

n
at

U
on=   

InA represents the inhibited enzyme activity, and UnA represents the activity of the uninhibited enzyme. 

 

To determine the concentration of each fraction required to inhibit enzyme activity by 50% (IC50), percentage enzyme activity was 

plotted against fraction concentration. The fraction with the lowest IC50 was analyzed using LC-MS techniques to identify its 

components. 

 

(b) Screening for α-Amylase inhibitor 

The slightly modified method of Lawal et al. (2024) was used for this assay. Sodium phosphate buffer (20 mM; pH 6.9) was used to 

dissolve fractions and subfractions.  Concentrations of 0.08, 0.16, 0.24, 0.32, and 0.40 mg/mL were then prepared. Exactly 100 µL of each 

concentration was added to 250 µL of α-amylase solution (0.5 mg/mL) and then incubated at 25 °C for 10 minutes. Into the mixture 250 

µL of 1% starch solution was added. The mixture was then incubated for another 10 minutes at 25 °C.  DNSA (500 µL) was added to 

stop the reaction. Thereafter, the mixture was heated in boiling water for 5 minutes, then cooled to room temperature. The mixture was 

diluted to 10 mL with distilled water. The absorbance of the mixture was measured at 540 nm. 

For the negative control, buffer was used to replace the test sample. Acarbose was used as positive control, and they were all tested 

at the same concentrations. For the reagent blank, buffer solution was used to replace the α-amylase solution to account for background 

absorbance. Maltose released during the reaction was determined using a maltose calibration curve. The α-amylase activity was 

subsequently determined using Equation 3. 

 

 
A unit of α-amylase activity    ...  3

 

m

EzA

Mg DF
Equation

T Mg


=


 

 

Where Mgm denotes the mg of maltose released, DF refers to the factor by which the mixture is diluted, T signifies the time period of 

the reaction, and MgEzA indicates mg of the enzyme (α-amylase) in the reaction mixture. 

 

The percentage of enzyme activity was calculated using Equation 4. 

 

( )α-amylase  activity  %     1  00    ....  4A

AU
Equ i

I

n
at

n
on=   

 

InA represents the inhibited enzyme activity, while UnA represents the activity of the uninhibited enzyme. 

 

A graph of percentage enzyme activity versus fraction concentration was plotted. This enabled determination of the concentration 

required to reduce enzyme activity by 50% (IC50). The fraction with the highest potency, indicated by the lowest IC50, underwent further 

analysis using LC-MS methods to identify its components. 
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2.4. Antioxidant Potential Assays 

(a) DPPH Radical Scavenging Assay 

The DPPH radical scavenging activity assay of the fraction was carried out according to the method of Baliyan et al. (2022), with minor 

modification. The fractions were dissolved in methanol at concentrations of 100 – 600 µg/mL. Into each 2 mL concentration of the 

fraction, 2 mL of freshly prepared 0.1 mM DPPH solution was added. The mixture was kept in a dark cupboard at room temperature 

for 30 minutes. The absorbance was then measured at 517 nm. 

DPPH solution without a fraction served as the negative control, and methanol served as the blank. Ascorbic acid in place of the 

fraction served as the positive control. The percentage reduction in absorbance relative to the negative control was used to determine 

the radical scavenging activity. DPPH radical scavenging activity (RSA) was expressed as percentage inhibition, using Equation 5.  

 

% RSA 100                   ...  5NC T

NC

A A
equation

A

−
=   

 

Where ANC refers to the absorbance of the negative control, whereas AT refers to the absorbance obtained for each test fraction or 

positive control.  

 

Percentage inhibition was plotted against fraction concentration to produce concentration-response curves. The IC50 was 

determined from each curve and represents the concentration required to reduce the DPPH radical by 50%. A lower IC 50 indicates 

greater scavenging activity. The fraction with the lowest IC50 was then selected for LC-MS analysis. 

 

(b) Metal Chelating Properties  

Fe2+-chelating activity of the fractions was determined according to Yadav et al. (2007) and Wong et al. (2014), with minor modifications. 

Briefly, 100 µL of each fraction concentration (100-600 µg/mL) was mixed with 50 µL of 2 mM ferrous chloride. The reaction was started 

by adding 200 µL of 5 mM ferrozine solution. The mixture was made up to a final volume of 0.8 mL with methanol and incubated for 10 

minutes. Absorbance was then measured at 562 nm. EDTA (100 µL, 10 mg/L) was used as the standard or positive control. Methanol 

was used in place of the fraction or standard control as the negative control. For the blank, methanol was used in place of ferrozine 

solution. Percentage metal-chelating activity was calculated using Equation 6. 

 

%  100   ...  6NC T

NC

A A
Metal Chelation equation

A

−
=   

 

ANC and AT stand for the absorbance of the negative control and test fractions, respectively. Percentage chelating activity was plotted 

against concentration, and IC50 was estimated from the curve. The fraction with the lowest IC50 indicates the greatest chelating activity. 

The fraction with the greatest potency was selected for further analysis. 

 

2.5. Preparative Thin Layer Chromatography (PTLC) 

PTLC was conducted following the method of Yadav et al. (2007). The most active pooled fraction against antidiabetic and antioxidants 

was subjected to PTLC. Glass plate (20 × 20 cm) was coated with silica gel slurry (1:2 w/v in water) to 0.25 mm thickness. The plate was 

then air-dried for 30 min and activated in an oven at 100 °C for 1 hour. Samples and standards were applied as streaks, leaving a 2.5 cm 

margin from one end of the plate. PTLC was carried out with chloroform and methanol in a 1:1 (v/v) ratio as the mobile phase.  The 

developing chamber was saturated with solvent vapor for 1 hour. The plates were developed vertically until the solvent front neared 

the top edge. They were then removed and dried, and the bands were examined under UV light. Blue, fluorescent bands were marked, 

scraped off the plates, and extracted with methanol. The extracts were collected, evaporated to dryness, and quantified before further 

analysis. 
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2.6. Fourier Transform Infrared Spectroscopy Analysis 

The Fourier Transform Infrared (FTIR) spectrum of SF5 was obtained using the KBr pellet technique with the aid of a spectrometer. The 

powdered sample (2 mg) was mixed with 200 mg of potassium bromide (KBr) and compressed into a transparent pellet. The 

instrument was checked with a polystyrene film, and a background spectrum was recorded to account for atmospheric contributions. 

The pellet was placed in the instrument, and its spectrum was recorded from 400 to 4500 cm⁻1. The interferogram was Fourier-

transformed to produce the absorbance spectrum. Absorption bands were assigned by their wavenumber regions to identify functional 

groups in SF5. 

 

2.7. LC-MS Analysis and Compound Identification 

The modified method of Piovesana et al. (2018) was used for LC-MS analysis. It was performed using a Waters e2695 separation module 

equipped with a PDA detector and an ACQ-QDA mass spectrometer.  The fraction was dissolved in LC-MS grade methanol and filtered 

through a 0.45 µm PTFE membrane. A 10 µL sample was injected onto a SunFire C18 column (5.0 µm, 4.6 × 150 mm), and maintained at 

25 °C with a flow rate of 1.0 mL/min. The mobile phase consisted of 0.1% formic acid in water (A) and acetonitrile (B). The mobile phase 

was maintained at 95:5 (A:B) for 13 minutes. It was later changed to 5:95 for 13 minutes and then returned to 95:5 for 20 minutes. The 

PDA detector scanned from 210 to 400 nm. Mass spectra were gotten in positive and negative electrospray ionization modes over an m/z 

range of 100–1250. The capillary voltage was 0.8 kV, and the probe temperature was 600 °C. The gas flow rate was 10 mL/min, and the 

nebulizer pressure was 45 psi. Data was processed using Empower 3 software. 

Compounds were identified by comparing their base-peak m/z values with MassBank entries. They were then docked against 

target proteins by using MOE software. 

 

2.8. Molecular Docking 

The modified method of Islam et al. (2023) was used for molecular docking. Ligand and protein structures were downloaded from  

PubChem and the Protein Data Bank (PDB), respectively. Ligands and proteins were prepared using the method of Pham et al. (2023), 

with modifications. Preparation of structures started by adding hydrogen atoms and assigning charges using the MMFF94x force field. 

Then the structure was energy-minimized to an RMS gradient of 0.1 kcal/mol/Å. 

MOE 2015 was used for docking.  Ligands were placed in the AMBER14 force field, the Triangle Matcher algorithm, scored with 

London dG, and refined using GBVI/WSA dG. Poses of 30 were produced for each ligand. The 10 top-ranked poses were chosen using 

RMSD values, docking scores, and ligand–protein interactions. Docked results with favorable scores (most negative values) were 

chosen for further analysis.  

 

3. RESULTS AND DISCUSSION 

3.1. Results 

Table 1 presents the results for the individual fractions (F1 to F30) obtained through column chromatography, along with the pooled 

fractions (PF1 to PF10) and the corresponding number of spots for each. Fractions with identical numbers of spots and Rf values, as 

determined by analytical TLC analysis, were pooled into single fractions (PF1 to PF7). The pooled fractions were evaluated for their 

ability to inhibit both α-amylase and α-glucosidase, and their antioxidant properties were also assessed. 

 

Table 1. Pooled Fractions Collected from Column Chromatography 

MEAOL Fraction Pooled Fraction 
Number of Spots with Similar 

Rf 

F1 – F2 PF1 0 

F3 – F6 PF2 4 

F7 – F11 PF3 5 

F12 – F13 PF4 4 

F14 – F17 PF5 5 
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F18 – F23 PF6 2 

F24 – F28 PF7 3 

F28 – F30 PF8 2 

 

Table 2 presents the results of the inhibitory effects of pooled fractions (in the form of IC50) on α-glucosidase and α-amylase.  PF5 

has the lowest IC50 values of 60.37 ± 3.24 for α-glucosidase and 32.24 ± 2.44 for α-amylase, making it the most potent fraction. PF5 was 

then subjected to preparative thin-layer chromatography (PTLC) analysis. 

 

Table 2. IC50 Values of Pooled Fractions 

Pooled Fractions IC50 (µg/mL) 

 α-Glucosidase α-Amylase 

PF1 - - 

PF2 212.22±5.07 290.11±03.50 

PF3 235.12±18.32 223.53±11.10 

PF4 136.35±2.87 354.82±10.33 

PF5 60.37±3.24 32.24±02.44 

PF6 152.23±2.44 184.70±03.17 

PF7 124.21±4.24 198.52±04.73 

PF8 192.24±02.24 199.09±07.88 

 

Table 3 shows the Sub-fractions (SF1 – SF6) obtained from PTLC analysis of PF5. The retardation factors (R f), along with the 

percentage yields of each Sub-fraction, are provided. Sub-fraction 3 (SF3), with an Rf value of 0.81, had the highest percentage yield 

(20.60%). All the sub-fractions were evaluated for their inhibitory effects on α-glucosidase and α-amylase. 

 

Table 3. Fractions Obtained From PTLC 

Sub-fractions of PF5 Retardation Factor (Rf) % Yield 

SF1 0.92 11.70 

SF2 0.88 14.90 

SF3 0.81 20.60 

SF4 0.76 18.70 

SF5 0.68 17.60 

SF6 0.63 16.50 

 

Table 4 presents the bioactivity assessment of the sub-fractions, showing different degrees of enzyme inhibition and antioxidant 

activity. SF5 had the lowest IC50 values across all four assays. It had 19.54 ± 1.05 µg/mL for α-glucosidase and 23.84 ± 2.42 µg/mL for α-

amylase. It also had 28.63 ± 1.78 µg/mL for DPPH radical scavenging and 21.87 ± 1.92 µg/mL for metal chelation. These results  are 

similar to the standard inhibitor, scavenger, and chelator: acarbose (α-glucosidase: 17.82 ± 1.01 µg/mL; α-amylase: 21.43 ± 1.05 µg/mL), 
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ascorbic acid (DPPH: 37.87 ± 1.01 µg/mL), and EDTA (metal chelation: 29.12 ± 2.31 µg/mL). SF4 and SF6 showed moderate activity, 

while SF1–SF3 exhibited weaker inhibitory and antioxidant effects with higher IC50 values. Overall, SF5 was the most active fraction, 

suggesting that it contains compounds with notable antidiabetic and antioxidant properties. It was subsequently analyzed using FTIR 

and LC-MS techniques. 

 

Table 4. IC50 values of sub-fractions and standards in enzyme inhibition and antioxidant assays. 

Sub-fractions IC50 (µg/mL) 

 α-Glucosidase α-Amylase DPPH scavenging Metal chelating 

SF1 102.80±04.10 117.10±11.21 152.67±17.03 250.23±11.18 

SF2 108.28±13.00 202.14±15.19 106.78±03.92 169.78±12.15 

SF3 99.78±17.25 137.55±19.61 163.31±11.08 197.17±10.50 

SF4 89.03±09.12 95.84±11.45 103.62±3.03 109.86±06.80 

SF5 19.54±01.05 23.84±02.42 28.63±01.78 21.87±01.92 

SF6 78.20±02.02 82.48±09.45 66.23±82.38 82.53±09.20 

Acarbose 17.82±01.01 21.43±01.05 - - 

Ascorbic Acid - - 37.87±01.01 - 

EDTA - - - 29.12±02.31 

 

The FTIR spectrum analysis of SF5 (Table 5) revealed distinct absorption bands corresponding to various functional groups, 

indicating a complex mixture of bioactive compounds. The FTIR spectrum showed a broad absorption around 3249 cm⁻1, which can be 

attributed to O–H stretching associated with alcohols and phenolic compounds. A further absorption in the region of 3100 cm⁻1 was 

consistent with the O–H stretching characteristics of carboxylic acids. The band observed at 2121 cm⁻¹ was assigned to C≡N stretching, 

indicating the possible occurrence of nitrile-containing constituents, including some alkaloidal compounds. 

Absorption bands were observed at 1694 and 1693 cm⁻1, consistent with C=O stretching. They may indicate carbonyl-containing 

compounds, such as esters, ketones, or lactones. Bands at 1618 and 1586 cm⁻¹ fall within the range associated with C=C stretching in 

aromatic structures. Bands appearing at 1469 and 1447 cm⁻1 were attributed mainly to the bending vibrations of –CH2 and –CH3 groups. 

In addition, the absorption at 1238 cm⁻1 was consistent with C–O–C stretching, indicating the presence of ether linkages within the 

constituents of the fraction. Overall, the FTIR profile confirms the presence of alcohols, acids, esters, ketones, aromatics, and ethers, 

supporting the existence of phenolic, flavonoid, and other phytochemical constituents responsible for the bioactivity of the sample. 

 

Table 5. FTIR absorption peaks, functional groups, and corresponding classes of compounds. 

Peak (cm-1) Functional Group Class of Compounds 

3249 –OH (stretching) Alcohol 

3100 –OH (stretching) Carboxylic acid 

2121 –C≡N (stretching) Nitrile 

1694 –C=O (stretching) Ester 

1693 –C=O (stretching) Ketone 

1618 –C=C (stretching) Alkene 
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1586 Aromatic C=C (stretching) Aromatic compounds 

1469 –CH2 (bending) Methylene 

1447 –CH3 (bending) Methyl 

1238 –C–O–C (stretching) Ether 

 

Figure 1 shows the LC-MS chromatogram of SF5. Multiple peaks appeared at different retention times, indicating several 

components in the fraction. Retention time is plotted on the horizontal axis and detector response on the vertical axis. Each  peak 

represents a component detected during the separation. 

 

 

 

Figure 1. Chromatogram of LC-MS analysis of SF5 

 

The LC-MS analysis of the Anacardium occidentale leaf fraction (SF5) identified several bioactive phytochemicals (Table 6), 

highlighting its rich polyphenolic and flavonoid composition. The LC-MS analysis of SF5 revealed several compounds belonging 

mainly to the phenolic acid, flavonoid and triterpenoid classes. Gallic acid (m/z 169.12) and protocatechuic acid (m/z 153.28) were 

detected among the phenolic constituents, while methyl gallate (m/z 182.90) was also identified. Other compounds detected included 

methyl ursolate (m/z 469.25), quercetin-3-O-arabinoside (m/z 433.30), luteolin-7-O-glucoside (m/z 447.13) and amentoflavone (m/z 

537.63). The LC-MS profile therefore indicates that SF5 contains a diverse mixture of phenolic acids, flavonoid glycosides and 

triterpenoid constituents, which may contribute to the biological activities observed for the fraction. The compounds identified from 

SF5 are presented in Table 6. 

 

Table 6. Compounds Identified by LC-MS Analysis of SF5 

Retention Time 

(min) 

Base Peak (m/z), negative 

mode (M-H) 

Exact compound 

Mass 

Identified Compound Through 

LC-MS 

5.584 169.12 170.12 Gallic acid 

6.811 153.28 154.30 Protocatechuic acid 

7.5711 182.90 183.90 Methyl gallate 

8.097 469.25 470.10 Methyl ursolate 

8.702 433.30 434.30 Quercetin-3-O-arabinoside 

8.847 447.13 448.50 Luteolin-7-O-glucoside 

9.706 537.63 538.60 Amentoflavone 
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A search of the MassBank database (https://massbank.eu/) identified the following compounds as matching the observed base 

peaks: gallic acid, protocatechuic acid, methyl gallate, ursolic acid methyl ester, quercetin-3-O-arabinoside, luteolin-7-O-glucoside, and 

amentoflavone (Table 6). Figure 2 shows the structures of these compounds. 
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Figure 2. Structures of the Identified Compounds  

 

The inhibitory potential of the compounds shown in Figure 2 was evaluated by molecular docking. As shown in Table 7, docking 

results revealed varying binding affinities (kcal/mol) of SF5 phytochemicals with α-amylase, α-glucosidase, and heme oxygenase-1 

(HO-1). Amentoflavone interacted with all three target proteins, giving binding energies of −7.11, −6.60 and −7.11 kcal/mol, respectively. 

Luteolin-7-O-glucoside and quercetin-3-O-arabinoside also produced relatively favorable docking scores, with values of −7.26 and −7.03 

kcal/mol, respectively, particularly in their interactions with HO-1. Methyl ursolate showed binding energies ranging from −6.99 to 

−6.24 kcal/mol across the evaluated targets. In contrast, the phenolic acids and methyl gallate produced less favourable scores, with 

gallic acid, protocatechuic acid and methyl gallate generally falling within the range of approximately −4.0 to −4.6 kcal/mol. 

For comparison, the reference compounds acarbose and zinc protoporphyrin produced binding energies of −8.48 and −7.09 

kcal/mol for the respective enzyme targets and −7.81 kcal/mol for HO-1. The docking scores obtained for amentoflavone and luteolin-7-

O-glucoside were within a similar range to those observed for the reference compounds. Overall, the docking results indicate that 

several constituents detected in SF5 were capable of interacting with the selected antidiabetic and antioxidant targets, with  

amentoflavone, luteolin-7-O-glucoside, and quercetin-3-O-arabinoside showing comparatively favorable binding profiles. 

 

Table 7. Docking Scores of Identified Compounds with α-Amylase, α-Glucosidase, and Heme Oxygenase-1 (HO-1) 

PubChem CID Tentative compound 
Docking Score (kcal/mol) 

α-Amylase α-Glucosidase HO-1 

370 Gallic acid -4.0892 -4.4528 -4.6655 

72 Protocatechuic acid -4.0261 -4.3463 -4.4373 
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7428 Methyl gallate -4.5286 -4.5775 -4.4708 

636516 Methyl ursolate -6.9872 -5.7129 -6.2402 

12309865 Quercetin-3-O-arabinoside -6.2652 -6.0197 -7.0287 

45933934 Luteolin-7-O-glucoside -6.9139 -6.1219 -7.2579 

5281600 Amentoflavone -7.1133 -6.6014 -7.1090 

9811704 Acarbose (Reference Ligand) -8.4760 -7.0948 -  

71312673 ZnPP (Reference Ligand) -  -  -7.8112 

 

Figures 3-8 illustrate the molecular docking interactions between the top-performing ligands and their target enzymes, showing 

how these compounds occupy the active sites and form stabilizing bonds. The docking poses for α-amylase are presented in Figures 3 

and 4. Acarbose established several hydrogen-bonding and hydrophobic contacts within the binding site, whereas amentoflavone 

adopted a comparable orientation and formed hydrogen-bond and π–π interactions with residues in the same region. 

Figures 5 and 6 show acarbose and amentoflavone docked in the catalytic region of α-glucosidase. Both compounds formed 

hydrogen bonds and aromatic interactions with the enzyme. Figures 7 and 8 show the docked compounds in HO-1. Zn protoporphyrin 

(ZnPP) formed π interactions and coordinated with the heme region, while luteolin-7-O-glucoside sat near the heme group and formed 

hydrogen bonds and π–π contacts.  

 

Pictorial Docking Results 

 

 

 

 

Figure 3. Illustration of the interaction between α-amylase side chains and Acarbose (Standard Reference) presented in (a) three-

dimensional and (b) two-dimensional formats. 

 

 

 

 

 

(a) 

(b) 

Docking Score: -8.4760 
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Figure 4. Illustration showing the interaction between α-amylase side chains and Amentoflavone in (a) 3D and (b) 2D formats. 

 

 

 

 

 

 

 

Figure 5. Illustration of the interaction between the side chains of alpha-glucosidase and acarbose (standard reference), shown in (a) 

three-dimensional and (b) two-dimensional representations. 

 

 

(a) (b) 

Docking Score: −7.1133 

(b) (a) 

Docking Score: -7.0948 
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Figure 6. Depiction of how the side chains of alpha-glucosidase interact with Amentoflavone, shown in both (a) three-dimensional and 

(b) two-dimensional representations. 

 

 

 

 

 

 

Figure 7. A depiction of how the side chains of Heme oxygenase-1 (HO-1) interact with Luteolin-7-O-glucoside, shown in both three-

dimensional and two-dimensional views. 

(b) 
(a) 

Docking Score: −6.6014 

Docking Score: -7.2579 

(b) 

(a) 



 

ARTICLE | OPEN ACCESS   

 

Drug Discovery 20, e19dd3107 (2026)                                                                                                                                                                14 of 21 

 

 

 

 

Figure 8. Depiction of the interactions between the side chains of Heme oxygenase-1 (HO-1) and Zinc Protoporphyrin (ZnPP) (the 

standard reference), shown in both three-dimensional and two-dimensional views. 

 

Table 8 presents the molecular interactions predicted for the principal SF5 constituents and the reference ligands at the α-amylase, 

α-glucosidase and haem oxygenase-1 (HO-1) binding sites. Within α-amylase, amentoflavone was associated with a hydrogen bond 

involving Tyr62, π–π stacking with His305, and π–alkyl contacts involving Leu162 and Leu165. Luteolin-7-O-glucoside was positioned 

in the same binding region and showed hydrogen-bond interactions with His299 and Asn298, together with a π–anion contact 

involving Glu233. The reference ligand, acarbose, established several hydrogen bonds, including contacts with His201, Glu233 and 

Asp300. 

The α-glucosidase complexes showed hydrogen-bond contacts between amentoflavone and Asp203, Arg202 and Thr205, 

accompanied by π–π stacking with Phe450. Luteolin-7-O-glucoside was associated with Asp443 through hydrogen-bond and π–anion 

interactions. Acarbose also occupied the catalytic region, with contacts involving Asp203, Asp443 and Asp542. 

In the HO-1 binding region, amentoflavone formed a hydrogen bond with Tyr134 and a π–π interaction with Phe207. Luteolin-7-O-

glucoside formed a hydrogen bond with Arg183 and a π–π interaction with His25.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Docking Score: −7.8112 

(b) (a) 
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Table 8. Comparative Molecular Interaction Patterns of SF5 Bioactive Compounds and Reference Ligands at the Active Sites of α-

Amylase, α-Glucosidase, and HO-1 

S/N 
Components of 

SF5 

Interactions and Types 

Alpha-Amylase Alpha-Glucosidase Heme Oxygenase-1 (HO-1) 

1. Amentoflavone 

H-Bond: Tyr62 

C-H/π-Donor-H 

Bond: His101, Thr163,  

π-π Stacked: His305 

π-Alkyl: Ile235, 

Leu162, Leu165 

π-Anion: Asp300 

H-Bond: Asp203, 

Arg202, Thr205, Asp474 

π-Cation/π-Anion: 

Asp542, Arg202 

π-π Stacked: Phe450 

π-Alkyl: Lys480 

H-Bond: Arg183, Tyr134, Gln38, 

Glu29 

van der Waals: Asp140, Gly143 

C-H: Gly139 

π-S: Met34 

π-π T-Shaped/ Amide-π Stacked/π-

Alkyl: Leu138, Ser142, Gly139, 

His25 

2. 
Luteolin-7-O-

glucoside 

H-Bond: His299, 

Asn298, His201 

C-H: Asp300 

π-Anion: Glu233 

π-Alkyl: Leu165 

H-Bond: Asp443 

C-H: Asp542 

π-Anion: Asp203 

H-Bond: Tyr134 

C-H: Lys18, Gly143 

π-Anion: Asp140, His25 

π-π Stacked: Phe207 

3. 

Acarbose 

(Standard 

Reference) 

H-Bond: His201, 

Glu233, Tyr151, 

Asp300, His299, 

Asp356  

C-H/π-donor-H 

Bond: Asp197, Trp59, 

Asp300 

H-Bond: Asp443, 

Thr205, Asp203, Asp542 

C-H: Asp327, Lys480 

π-Alkyl: Trp406 

-  

4. 

Zinc 

Protoporphyrin 

(ZnPP) (Standard 

Reference) 

-  -  

H-Bond: Tyr134, Lys179, Arg183, 

Lys18 

C-H: Thr135 

π-π T-Shaped: His25 

Alkyl/π-Alkyl: Phe207, Ala28, 

Met34, Leu147, Val146 

 

3.2. Discussion 

The present study evaluated the bioactivities of fractions and sub-fractions derived from the MEAOL, with particular emphasis on their 

inhibitory effects against α-amylase and α-glucosidase, as well as their antioxidant activities. These findings were further supported by 

structural characterization using FTIR and LC-MS analyses, together with in silico molecular docking of the identified compounds. 

 

Enzyme Inhibition Potential 

Among the pooled fractions, PF5 showed the strongest activity with the lowest IC50 values against α-glucosidase and α-amylase. 

Following PTLC separation, SF5 had the lowest IC50 values against the two enzymes. This increase in activity suggests that PTLC 

concentrated compounds that inhibit these enzymes in SF5. Acarbose was more active than SF5, which inhibited both enzymes 

involved in carbohydrate digestion. Similar activity has been reported for solvent fractions of Anacardium occidentale (Lawal et al., 2026). 

The constituents of SPF5 may be useful to curb the menace of diabetes mellitus (Konare et al., 2024). These findings warrant further 

study of compounds in Anacardium occidentale leaves that may inhibit these enzymes (Pham et al., 2023). 

 

Antioxidant Potential 

Among the subfractions, SF5 showed the most potent for DPPH radical-scavenging and metal-chelating activity by having the least IC50 

respectively. Their IC50 values are close to those of ascorbic acid and EDTA respectively. These suggest that SF5 act as both radical 

scavenging and metal chelation. These mechanisms are useful in oxidative processes linked to diabetes and its complications 
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(Elekofehinti et al., 2016). This is because excess reactive oxygen species and metal-mediated reactions can contribute to cellular damage 

(Lawal et al., 2026). 

Antioxidant activity has also been reported in polyphenol-rich Anacardium extracts (Sassi et al., 2019). Flavonoids, tannins, and 

other phenolic compounds in these fractions have been linked to radical scavenging and other antioxidant effects (Belgis, 2024). The 

activity of SF5 may therefore be associated with the phenolic and flavonoid constituents detected in the fraction (Pham et al., 2023). 

 

Structural Characterization 

The FTIR spectrum of SF5 contained bands associated with hydroxyl, carbonyl, ether, and aromatic groups (Mabasa et al., 2021). These 

groups are found in plant metabolites such as phenolic acids, flavonoids (Krysa et al., 2022), and terpenoids (Wongsa et al., 2022). LC-

MS analysis tentatively identified gallic acid, protocatechuic acid, methyl gallate, quercetin-3-O-arabinoside, luteolin-7-O-glucoside, 

amentoflavone, and methyl ursolate. Most of these compounds have been reported in contributing to oxidative stress amelioration and 

lowering postprandial hyperglycemia (Chen et al., 2022). Phenolic acids and flavonoids have been reported to have contributed to 

antioxidant effects (Corkovic et al., 2022) and inhibition of carbohydrate-digesting enzymes (Kim et al., 2000). Some of these 

compounds have also been linked to the Nrf2/HO-1 antioxidant pathway (Feng et al., 2018; Marino et al., 2014). Gallic acid, one of the 

phenolic acids detected in SF5, has previously been reported to inhibit both α-glucosidase and α-amylase. Studies have also indicated 

that gallic acid can act in combination with other inhibitors to enhance carbohydrate-digestive enzyme inhibition (Oboh et al., 2016). Its 

detection in SF5 may therefore contribute to the enzyme-inhibitory activity observed in the present study. In addition to its potential 

role in enzyme inhibition, gallic acid possesses antioxidant properties that have been linked to its ability to donate hydrogen atoms and 

interact with reactive species (Marino et al., 2014). Experimental evidence has further associated gallic acid with modulation of 

Nrf2/HO-1-related antioxidant responses (Feng et al., 2018), providing a possible explanation for some of the antioxidant effects 

associated with gallic acid-containing plant fractions. 

Protocatechuic acid, which was detected in SF5, has been reported to have antidiabetic and antioxidant effects. Ding et al. (2024) 

reported that it inhibits α-glucosidase and lowers postprandial blood glucose. Protocatechuic acid has also been identified alongside 

gallic acid in activity-guided studies of antidiabetic plant extracts (Alegbe et al., 2019). Report has also found that protocatechuic acid 

can scavenge radicals, chelate metals, and act as a reducing agent (Li et al., 2011). Presence of protocatechuic acid in SF5 may have 

contributed to the antidiabetic and antioxidant activities observed in SF5. Methyl gallate and other galloyl esters have been identified in 

plant extracts that inhibit α-glucosidase and α-amylase (Ahmed et al., 2024). Alkyl gallates have also been reported to scavenge reactive 

species (Domínguez-Perles et al., 2023). Presence of methyl gallate in SF5 may therefore contribute to the enzyme-inhibitory and 

antioxidant activity observed. Methyl ursolate, pentacyclic triterpenoid, is related to ursolic acid. Ursolic acid and other ursane-type 

triterpenoids have been associated with antidiabetic effects (Bakry et al., 2025). Presence of triterpenoids in SF5 may also affect 

oxidative processes and pathways involved in insulin responsiveness (Seo et al., 2018). 

It has been reported that Flavones and flavonols can inhibit α-glucosidase and α-amylase, but their activity varies with chemical 

structure (Lam et al., 2024). The positions of hydroxyl groups and the presence of sugar groups can affect enzyme inhibition. 

Glycosylated flavonoids may bind less strongly to these enzymes than their aglycones (Lam et al., 2024). Luteolin has shown inhibitory 

activity against both enzymes (Kim et al., 2000). Luteolin-7-O-glucoside and quercetin-3-O-arabinoside, which were detected in SF5, 

may also contribute to its activity, though their sugar groups could affect how they interact with the enzymes. Luteolin- and quercetin-

derived compounds may also influence cellular antioxidant responses (Luo et al., 2019), including pathways involving Nrf2 and HO-1 

(Sun et al., 2012). 

Amentoflavone, a biflavonoid detected in SF5, has been reported to inhibit α-amylase and α-glucosidase (Li et al., 2023). Its 

aromatic rings and oxygen-containing groups may interact with the enzymes’ binding sites (Jurcevic et al., 2023). Amentoflavone has 

also been associated with antioxidant and anti-inflammatory activities and has been investigated in relation to Nrf2/HO-1-mediated 

cellular responses (Rong et al., 2022). In the present study, its detection in SF5, together with its favorable docking profiles across the 

selected targets, suggests that amentoflavone may be one of the constituents contributing to the observed enzyme-inhibitory and 

antioxidant activities. Nevertheless, the activity of SF5 is likely to reflect the combined effects of several constituents rather than the 

action of a single compound. 
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Molecular Docking Analysis and Predicted Molecular Interactions 

Docking results help explain the biological activity of SF5 at the molecular level. The compounds differed in their docking scores and in 

the residues they contacted within the target proteins. Amentoflavone, luteolin-7-O-glucoside, and quercetin-3-O-arabinoside showed 

favorable interactions with the selected targets. The docking results therefore suggest that several constituents of SF5 may have the 

capacity to associate with regions of the proteins involved in their biological functions.  

Amentoflavone docking scores are consistent with the research of Li et al., (2023), and Lam et al., (2024) that biflavonoid 

compounds inhibit α-amylase and α-glucosidase.  Luteolin-7-O-glucoside and quercetin-3-O-arabinoside also had favorable docking 

scores against the target proteins. Luteolin-7-O-glucoside formed hydrogen bonds with His299 and Asn298 and a π–anion interaction 

with Glu233 in α-amylase. In α-glucosidase, it interacted with Asp443. The attached sugar groups affect the size of the flavonoids, 

polarity, solubility, and access to hydrophobic regions of the enzymes. Their effect on inhibitory activity depends on the parent 

flavonoid and the position of the sugar group (Lam et al., 2024). Sugar hydroxyl groups may also form hydrogen bonds with res idues 

in the binding pocket. 

Gallic acid, protocatechuic acid, and methyl gallate had less favorable docking scores than the larger flavonoids, possibly because 

their smaller structures form fewer hydrophobic and aromatic contacts in the binding sites (Oboh et al., 2016). However, it has been 

reported that docking scores alone do not establish whether a compound is biologically active. Phenolic compounds, especially in 

polyphenol-rich extracts, have been reported to inhibit α-amylase and α-glucosidase (Pan et al., 2025). Phenolic acids can also scavenge 

radicals, donate hydrogen, bind metal ions (Chen et al., 2022), and participate in reduction reactions (Li et al., 2011). The HO-1 docking 

results suggest a possible basis for SF5 antioxidant activity. Many of the identified compounds docked near the heme-associated region. 

Report has shown that flavonoids and other polyphenols also support cellular antioxidant defenses through the Nrf2/ARE pathway 

(Huang et al., 2023). This can increase HO-1 and other protective proteins (Suraweera et al., 2020). 

 

4. CONCLUSION 

In conclusion, the sterile dH20 Cold fresh Tiger nut extract, sterile dH20 Hot fresh Tiger nut extract and Sterile dH20 Hot dried Tiger nut 

extracts in this study exhibited a broad-spectrum antibacterial activity on Staphylococcus aureus, Escherichia coli and Morganella morganii 

with highest activity recorded for sterile dH20 Cold fresh Tiger nut extract. This may be attributed to its vast concentration of 

phytochemical compounds. More research should be carried out on tiger nuts for comprehensive structural elucidation of bioactive 

compounds in order to formulate a new drug to treat infections. 

While benefits of tiger nuts are countless it is also worth noting that there are some side effects, too, mainly skin allergies, 

respiratory reactions and gastrointestinal issues. Those suffering from any disorder need proper diagnosis. Use tiger nuts (a nd other 

natural remedies) wisely, only with prior consent of a physician. Medicines derived from plants have made potent and effective 

contribution towards the treatment and healing of humans and act as a source of research focus for novel drug compounds. 

Tiger nut is cheap, unexploited, and eaten without much knowledge of its benefits; hence we recommend an urgent need for 

awareness campaigns on its health and nutritional benefits. There is scanty information on tiger nut metabolites bioavailability, this 

area needs to be explored through various approaches including in vivo studies. Promoting tiger nut consumption will play a role in 

the health, nutrition and economy of some developing countries where this tuber is grown. 

 

LIST OF ABBREVIATIONS 

2D: Two-Dimensional 

3D: Three-Dimensional 

CID: Compound identification number 

DNSA: 3,5-Dinitrosalicylic acid 

HO-1: Heme Oxygenase-1 

SF5: Subfraction 5 

Rf: Retardation factor 

MEAOL: Methanol extract of Anacardium occidentale leaves 

IC50: Inhibitory concentration for 50% reduction in activity 

LC: Liquid Chromatography  

LC-MS: Liquid Chromatography Mass Spectrometry 
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MOE: Molecular Operating Environment 

MS: Mass Spectrometry 

PDB: Protein Data Bank 

pNPG: p-nitrophenyl-β-D-glucopyranoside 

DPPH: 2,2-Diphenyl-1-picrylhydrazyl  

FTIR: Fourier Transform Infrared Spectroscopy 

EDTA: Ethylenediaminetetraacetic Acid  

PTLC: Preparative Thin Layer Chromatography 

MDB: Molecular Database  

RMSD: Root Mean Square Deviation  

PTFE: Polytetrafluoroethylene  

ZnPP: Zinc Protoporphyrin IX 
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