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Abstract

Melia azedarach L. (neem fruit) is a traditional plant with diverse bioactive constituents,
yet its phytochemical profile and pharmacological potential remain underexplored. This
study aimed to screen bioactive compounds and evaluate the antioxidant activity of
methanol extract from M. azedarach fruit, while further performing computational
exploration on its antidiabetic potential. M. azedarach fruits were macerated in methanol
and analyzed through phytochemical screening, total phenolic content (TPC), total
flavonoid content (TFC), and antioxidant activity (DPPH assay). GC-MS was used to
identify chemical constituents. Molecular docking was performed using a blind docking
approach in CBDock2 against five protein targets, which included DPP-4, PTPN1, a-
amylase, NrfA, and AKR1B1. Protocol validation was ensured by successful re-docking of
co-crystallized ligands (RMSD <2.0 A). The extract was observed to contain terpenoids,
steroids, flavonoids, and phenolics, with high TPC (479.8 mg GAE/g) and TFC (52.7 mg
QE/g). Antioxidant activity was moderate (IC50=102.27 pug/mL). GC-MS identified 14
compounds, including cucurbitacins, ursolic acid derivatives, a-amyrin, taraxasterol, and
ergostane-type sterols. Docking revealed moderate affinities (—5.0 to —6.5 kcal-mol™) for
most compounds. The cucurbitacin bound a-amylase (—13.6 kcal-mol?) and NrfA (-8.5
keal-mol™), and taraxasterol exhibited broad-spectrum activity across all targets (—7.1 to
—9.2 kcal-mol?). M. azedarach fruit demonstrates moderate antioxidant activity and
contains diverse phytochemicals with multitarget interactions relevant to glucose
regulation. Strong binding to DPP-4, PTPN1, a-amylase, and AKR1B1 suggests potential
antidiabetic properties through inhibition of carbohydrate digestion, enhancement of
insulin signaling, and prevention of diabetic complications.
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Introduction

I ndonesia is a megadiverse country with abundant medicinal plants that have long been used in

traditional health practices [1]. In Aceh, Melia azedarach L. (family Meliaceae), locally known as
boh putek uteun, is one of the plants widely applied in community medicine [2,3]. The fruit is
traditionally used to treat various ailments, including cancer, cardiovascular disorders, high
cholesterol, and, notably, diabetes mellitus [4-6]. This long-standing ethnomedicinal use suggests
the presence of bioactive compounds that may target pathways relevant to metabolic diseases.
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Diabetes mellitus is a chronic metabolic disorder characterized by hyperglycemia resulting
from impaired insulin secretion, insulin resistance, or both. In 2021, an estimated 529 million
people were living with diabetes worldwide, with prevalence projected to rise to more than 1.3
billion by 2050 [7]. This situation underscores the urgent need for affordable natural products
with multitarget actions to support diabetes management. To address that, previous studies on
M. azedarach leaves and twigs have identified diverse phytochemicals, including flavonoids,
terpenoids, steroids, phenols, and saponins, with documented antibacterial, antioxidant, and
antidiabetic properties [6,8,9]. In Ethiopian traditional medicine, M. azedarach extracts are used
to manage diabetes, and experimental studies confirmed that leaf extracts reduced plasma
glucose and insulin levels while improving glucose tolerance [10]. These effects were attributed
to a multitarget mechanism, including enhanced insulin sensitivity and delayed gastric emptying
[10]. Similarly, in an acute diabetic rat model, a study reported that ethanol extracts of M.
azedarach reduced blood glucose by 14.8%, supporting its in vivo antidiabetic efficacy [11].

To further explore possible mechanisms underlying the antidiabetic potential of M.
azedarach, molecular docking was conducted against key protein targets involved in glucose
regulation and diabetic complications. Dipeptidyl Peptidase-4 (DPP-4) plays a central role in
glucose homeostasis by degrading incretin hormones, and its inhibition is a well-established
strategy to prolong insulin secretion and lower blood glucose [12]. Protein Tyrosine Phosphatase
1B (PTPN1) acts as a negative regulator of insulin receptor signaling; therefore, its inhibition
enhances insulin sensitivity and glucose uptake in peripheral tissues [13,14]. In addition, a-
amylase is a major digestive enzyme responsible for breaking down dietary starch into glucose,
and blocking this enzyme can slow carbohydrate absorption and reduce postprandial
hyperglycemia [15,16]. Beyond glucose metabolism, oxidative stress contributes significantly to
diabetes pathophysiology. For this reason, NADH-quinone oxidoreductase (NrfA), a redox-
related enzyme, was included as a target to evaluate potential antioxidant-mediated protective
effects [17]. Finally, Aldose Reductase (AKR1B1) is a key enzyme in the polyol pathway whose
hyperactivity under hyperglycemic conditions contributes to complications such as neuropathy,
retinopathy, and nephropathy [18,19]; its inhibition is therefore considered protective against
long-term diabetic damage.

Despite existing evidence, the fruit of M. azedarach remains underexplored, particularly in
relation to its phytochemical profile and potential antidiabetic activity. Given its traditional use
in Aceh for diabetes treatment, systematic evaluation of the fruit is warranted. Hence, this study
was designed to conduct phytochemical screening, quantify total phenolic and flavonoid contents,
and evaluate antioxidant activity of methanol fruit extracts. In addition, Gas Chromatography—
Mass Spectrometry (GC-MS) was employed to characterize the chemical constituents, and
molecular docking was performed against DPP-4, PTPN1, a-amylase, NrfA, and AKR1B1 to
explore the antidiabetic potential of the identified compounds.

Methods

Sample collection, preparation, and extraction

Melia azedarach L. fruits were collected from the Gampong Teu Dayah area, Kuta Malaka
District, Aceh Besar Regency. Plant identification and classification were confirmed at the Biology
Laboratory, Faculty of Mathematics and Natural Sciences, Universitas Syiah Kuala. The
extraction was then performed per the suggestion of a previous literature [20]. Approximately 3
kg of fresh fruit was cleaned under running water to remove adhering dirt, then air-dried at
ambient temperature without direct sunlight exposure. The dried samples were ground using a
blender to obtain coarse fruit powder, which was subsequently weighed. The powdered material
was macerated in methanol for 72 hours at room temperature (25 °C). The macerates were
filtered, and the resulting filtrate was concentrated under reduced pressure using a rotary
evaporator to obtain the methanol extract of M. azedarach fruit.

Qualitative phytochemical analysis
The methanol extract of M. azedarach L. fruit was subjected to phytochemical analysis to identify
secondary metabolite components, following the recommendation of previous literature [20,21].
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Phenolic compounds were tested by dissolving 20 mg of extract in methanol and adding five drops
of 5% FeCls. A blackish-blue color indicated the presence of phenolic compounds (tannins).
Flavonoids were detected using the Shinoda test, where 50 mg of extract dissolved in methanol
was mixed with 0.5 g of Mg powder and 0.5 mL of concentrated HCI. A red or purplish color
confirmed the presence of flavonoids. Saponins were detected by dissolving 50 mg of extract in
methanol, adding 5 mL of distilled water, and shaking vigorously. The formation of stable foam
lasting for 30 minutes indicated a positive result. Steroids and terpenoids were detected by
dissolving the extract in methanol, followed by the addition of Liebermann—Burchard (LB)
reagent; a green or blue color indicated steroids, while red or purple indicated terpenoids.
Alkaloids were detected by dissolving 100 mg of extract in 3 mL of methanol, followed by the
addition of 2 mL NHs and 5 mL chloroform. The filtrate was collected and treated with 5% HCI
(5 mL) to form two layers. The upper layer was separated and divided into three tubes, to which
Mayer, Wagner, and Dragendorff reagents were added. The appearance of white, yellow, and
reddish-brown precipitates indicated a positive alkaloid test.

Quantification of total phenolic content

Total phenolic content (TPC) in the extract was measured using the Folin—Ciocalteu method,
following the recommendation of a previous study [22]. A 5 mg extract sample was dissolved in
distilled water to a final volume of 5 mL. From this, 0.2 mL was mixed with 15.8 mL distilled
water and 1 mL Folin—Ciocalteu reagent. After 5 minutes, 3 mL of 10% Na2COs solution was
added, and the mixture was incubated for 120 minutes at room temperature (25 °C). Absorbance
was measured at 765 nm using a UV-Vis spectrophotometer (Shimadzu UVmini-1240, Kyoto,
Japan). A standard calibration curve was prepared using gallic acid. A stock solution of 5 mg gallic
acid was dissolved in 10 mL distilled water, and aliquots of 1.0, 1.25, 1.5, 1.75, and 2.0 mL were
diluted to 5 mL to obtain concentrations of 100, 125, 150, 175, and 200 pg/mL. Each standard
was processed in the same way as the samples, and absorbance was measured at 765 nm. TPC
was expressed as milligrams of gallic acid equivalents per gram of extract (mg GAE/g).

Quantification of total flavonoid content

Total flavonoid content (TFC) of the M. azedarach extract was determined using the aluminum
chloride colorimetric method, following the protocol previously described with minor
modifications [23]. Briefly, 5 mg of dry extract was dissolved in 5 mL of methanol. From this, 1
mL was mixed with 0.2 mL of 10% AlCl; solution, 0.2 mL of 1 M potassium acetate, 3 mL
methanol, and 5.6 mL distilled water. The mixture was incubated for 10 minutes at room
temperature (25 °C). For standard preparation, 5 mg of quercetin was dissolved in 10 mL of
methanol to obtain the stock solution. Aliquots of 200, 400, 600, 800, and 1000 uL were diluted
to 5 mL with methanol to yield concentrations of 20, 40, 60, 80, and 100 pug/mL, respectively.
Each standard solution (1 mL) was treated with the same reagents as the samples and incubated
for 30 minutes at room temperature (25 °C). Absorbance was measured at 440 nm using a UV-
Vis spectrophotometer (Shimadzu UVmini-1240, Kyoto, Japan). TFC was expressed as
milligrams of quercetin equivalent per gram of extract (mg QE/g).

DPPH antioxidant activity test

The antioxidant activity of the methanol extract of Melia azedarach fruit was evaluated using the
DPPH free radical scavenging method, following the procedure described previously with slight
modifications [24]. Briefly, 2.5 mg of extract was dissolved in methanol and diluted to 5 mL, then
serially prepared to concentrations of 6.25, 12.5, 25, 50, and 100 ug/mL. For each concentration,
4 mL of the extract solution was mixed with 1 mL of DPPH solution (7.9 mg DPPH dissolved in
methanol up to 50 mL; molecular weight 394.32 g/mol; absorbance 0.75-0.98). The mixtures
were homogenized and incubated in the dark at 37 °C for 30 minutes. Absorbance was measured
at 517 nm using a UV-Vis spectrophotometer, with methanol as the blank. Ascorbic acid was used
as a positive control at concentrations of 3, 6, 9, 12, and 15 pug/mL, prepared and analyzed using
the same procedure. The percentage inhibition of DPPH radicals was calculated, and ICso0 values
(concentration required to inhibit 50% of DPPH radicals) were determined for both the extract
and the standard.
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Gas chromatography-mass spectrometry (GC-MS) analysis

GC-MS analysis was carried out using an AS 2000 autosampler coupled to a mass spectrometer,
adjusted according to the manufacturer’s recommendations. A 1 uL sample was injected using the
hot-needle technique with a split ratio of 25:1. Separation was performed on a 30 m SPB-50
column (0.25 mm i.d., 0.25 um film thickness; Supelco, Bellefonte, PA, USA). The injector
temperature was maintained at 230 °C, the interface at 250 °C, and the ion source at 200 °C.
Helium was used as the carrier gas at a constant flow rate of 1 mL/min.

The oven temperature program began with an initial isothermal step at 70 °C for 5 minutes,
followed by a ramp of 5 °C/min to 310 °C, where it was held for 1 minute. The system was then
equilibrated at 70 °C for 6 minutes before the next injection. Mass spectra were acquired at two
scans per second over a mass range of m/z 50—600. Chromatograms and mass spectra were
processed using MASSLAB software (Thermo Quest, Manchester, UK). Retention times and
spectral data were compared against the MASSLAB database, and compound identification was
performed using the PubChem database.

ADMET Profiling

Compounds identified from the M. azedarach extract based on the GC-MS analysis were retrieved
from PubChem in SDF format. Absorption, Distribution, Metabolism, Excretion, and Toxicity
(ADMET) parameters were predicted using the DeepPK platform (Biosig Lab). The evaluated
parameters included Caco-2 permeability, human intestinal absorption (HIA), bioavailability
probability (F20), plasma protein binding (PPB), volume of distribution (Vd/VDss), CYP2C9q
inhibition, CYP3A4 substrate prediction, clearance, and half-life. Toxicological parameters
included Ames test (mutagenicity), carcinogenicity, and maximum tolerated concentration
(MTC). All results presented in the ADMET table were generated directly from the DeepPK output
without manual modification.

Molecular Docking

Molecular docking was performed using a blind docking approach with CBDock2. The crystal
structures of the selected target proteins were retrieved from the RCSB Protein Data Bank
(accessed July 15, 2025): 2P8S (DPP-4), 2QBP (PTPN1), 2QV4 (a-amylase), 3TOR (NrfA), and
4JIR (AKR1B1). All chains in each PDB file were retained to allow unbiased cavity detection, and
the protein structures were used in their original form without chain deletion or additional
refinement. Ligand structures corresponding to the identified compounds were retrieved from
PubChem as canonical SMILES and converted into 3D SDF files prior to docking.

Validation of the docking protocol was conducted by re-docking the co-crystallized ligands
into their respective protein binding sites using the same parameters applied to the GC-MS-
identified ligands. The protocol was considered valid when the root-mean-square deviation
(RMSD) between the re-docked and crystallographic ligand poses was <2.0 A, calculated in
PyMOL by fitting the heavy atoms of the ligands (Table 1).

Table 1. Redocking validation and grid box parameters for the protein-ligand docking simulations

PDB ID RMSD (&) Grid size Grid position ()

X Y Z X Y Z
2P8S 1.5807 16 10 10 41.367 51.401 36.442
2QBP 1.0652 16 20 10 48.323 9.607 3.650
2QV4 1.8430 16 20 10 12.942 47.169 50,704
3TOP 1.9417 8 14 14 —-31.425 35.7 26.2
4JIR 0.5581 6 8 6 —-5.773 8.521 17.888

RMSD: root-mean-square deviation

Blind docking was performed on the CBDock2 server using default cavity detection and
search parameters. Side-chain flexibility was enabled for residues within the predicted binding
pockets to improve accommodation of ligand interactions. For each protein-ligand pair, poses
were ranked by predicted binding energy (kcal/mol), and the top-scoring pose (lowest binding
energy) was selected for further analysis. Docking simulations were executed on September 10,
2025. The selected protein—ligand complexes were imported into BIOVIA Discovery Studio
Visualizer (v24.1.0) for interaction analysis. Two-dimensional diagrams highlighting hydrogen

Page 4 of 12



)
o
=
<
S
§=
)
=
@)

Aini et al. Narra X 2025; 3 (2): e229 - http://doi.org/10.52225/narrax.v3i2.229

bonds and hydrophobic contacts were generated. Binding energies (kcal/mol) and key interacting
residues for each complex were recorded and reported.

Results

Phytochemical groups

Results from the qualitative phytochemical screening of the methanol extract of M. azedarach
fruit are presented in Table 2. Flavonoids were confirmed by the formation of an orange color in
the Shinoda test, while phenolic compounds gave a dark black coloration with ferric chloride,
indicating a positive reaction. The Liebermann—Burchard test produced a moss-green color,
confirming the presence of steroids, whereas a pink color change indicated terpenoids. In
contrast, saponins were not detected, as no persistent foam was observed during the frothing test.
Similarly, alkaloid screening was negative for all three reagents: Mayer’s reagent did not yield
white precipitates, Wagner’s reagent showed no brown sediment, and Dragendorff’s reagent did
not produce brick-red deposits. These results suggest that the methanol extract of M. azedarach
fruit is rich in phenolics, flavonoids, terpenoids, and steroids, but lacks detectable levels of
saponins and alkaloids.

In the quantitative analysis, we found that the TP of the extract was 479.8 mg GAE/g, while
the TFC was 52.7 mg QE/g. The phenolic concentration was markedly higher than that of
flavonoids, indicating that phenolics represent the dominant secondary metabolites in the
extract.

Table 2. Phytochemical test results of methanol extractfruit M. Azedarach L.

Compound groups Results Information

Flavonoids Positive Orange color formed

Phenolics Positive Dark black color formed

Saponins Negative Does not produce foam

Terpenoids Positive Pink color formed

Steroids Positive Moss green color is formed

Alkaloids
Mayer’s reagent Negative Does not produce white deposits
Wagner’s reagent Negative Does not produce brown sediment
Dragendorff’s reagent Negative Does not produce brick red precipitate

DPPH antioxidant activity

The antioxidant activity of the methanol extract of M. azedarach fruit was determined using the
DPPH free radical scavenging assay. Figure 1 presents the inhibition curves, with the linear
regression used for IC;, calculation. The extract demonstrated a clear concentration-dependent
effect, where increasing concentrations of the extract resulted in higher percentages of DPPH
radical inhibition. From the regression analysis, the ICs, value of the methanol extract was
determined to be 102.27 ug/mL.
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Figure 1. M. azedarach L. concentration-dependent inhibition of DPPH
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Based on the classification proposed by Molyneux (2004), antioxidant capacity is
categorized as strong (<50 pg/mL), moderate (100-150 pg/mL), or weak (>150 ug/mL).
Accordingly, the methanol extract of M. azedarach fruit exhibited moderate antioxidant activity.

GC-MS-based identified phytoconstituents

The phytoconstituent profile of the methanol extract of M. azedarach fruit was analyzed using
GC-MS. The chromatogram is presented in Figure 2, and the identified compounds are
summarized in Table 3. The major constituents were fatty acids and their derivatives, along with
several terpenoid and steroidal compounds. The most abundant compound was trans-13-
octadecenoic acid (C6), which accounted for 55.35% of the total area, followed by linoleic acid
(Cs5) at 19.11% and n-hexadecanoic acid (C2) at 8.71%. Other fatty acid derivatives such as
octadecanoic acid (Cy, 4.61%) and 6-octadecenoic acid (Cio, 1.26%) were also detected,
suggesting that long-chain fatty acids represent the predominant chemical class in the extract. In
addition to fatty acids, the chromatogram revealed the presence of secondary metabolites with
potential pharmacological importance. Notably, Himachal (C11, 4.72%), Cucurbitacin b, 25-
desacetoxy- (C12, 0.53%), Taraxasterol (C13, 0.69%), and Stigmasta-3,5-diene (C14, 0.54%) were
detected, which are classified as terpenoid and steroid compounds. Several minor components,
including 3,5-octadien-2-ol (C1, 0.76%), 11,14-eicosadienoic acid methyl ester (C3, 0.47%), and
12-methyl-E,E-2,13-octadecadien-1-0l (C8, 0.49%), were also identified.

GC chromatogram "
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T T :

k3

Relative intensity (normalized)
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#1 # T #8 #3 #10 Tmﬂﬁa
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Figure 2. GC-MS chromatogram results of the methanol extract of Melia azedarach L. fruit
showing 14 resolved peaks. Peak numbering corresponds to retention times and relative peak
areas (normalized to the largest peak, Peak #6 at 39.14 min, 55.35%).

ADMET profile

The ADMET profiling of compounds C1—C14 indicated favorable absorption and distribution
characteristics across most candidates, as presented in Table 4. All compounds were predicted
to be absorbed in the intestine, with high Human Intestinal Absorption (HIA) and Caco-2
permeability values ranging between —4.21 and —4.99. Probability of oral bioavailability (F20)
varied widely, from low values such as C7 (0.149) to higher probabilities observed in C1 (0.819),
C11 (0.838), and C14 (0.847). Plasma protein binding (PPB) was generally moderate, with the
highest values found in C12 (96.78%) and Ci14 (78.94%), suggesting strong plasma retention.
Volume of distribution (Vd) values ranged from 0.62 to 3.59 L/kg, with C3, C8, and C9 showing
relatively higher tissue distribution.
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< Table 3. GC-MS-identified phytoconstituents of the methanol extract
= Peak Time (min) Compound Area (%) SMILES Label
8D #1 15.38 3,5-Octadien-2-ol 0.76 CC/C=C/C=C/C(C)O C1
5 #2 35.75 n-Hexadecanoic acid 8.71 CCCCceceececcececceceec(=0)o Cz2
#3 38.22 11,14-Eicosadienoic acid, = 0.47 CCCCC/Cc=C/C/c=C/cceeececcec(=0)oc C3
methyl ester
#4 38.31 6-Octadecenoic acid, 1.44 CCCCCCeeeee/c=c\ceece(=0)oc C4q
methyl ester, (Z)-
#5 39.03 Linoleic acid 19.11 CCCCC/C=C\C/C=C\CCCCCCCC(=0)0 Cs
#6 39.14 trans-13-Octadecenoic 55.35 CCCC/C=C/CCcceeeccecceec(=0)o Cé6
acid
#7 39.46 Octadecanoic acid 4.61 CCCCCcceeececeececeecececec(=0)o C7
#8 40.91 12-Methyl-E,E-2,13- 0.49 CCCC/C=C/c(c)ceecececcee/c=c/co C8
octadecadien-1-ol
#9 43.82 9,17-Octadecadienal, (Z) 1.33 C=CCCCCCc/c=Cc\cceeeeeee=0 Co
#10 47.45 6-Octadecenoic acid 1.26 CCCCCCcceececee=ccecececece(=0)o C10
#11 52.50 Himachal 4.72 CC1CCCC(C2=CC(C[C@H]([C@@H]12)0)C)(C)C C11
#12 52.80 Cucurbitacin b, 25- 0.53 CC(C)/C=C/C(=0)C(C)(C1C(CC2(C1(CC(=0)C3(C2CC=C4C3CC(C(=0)C4(C)C)O)C)C)C)O)O Ci2
desacetoxy-
#13 53.46 Taraxasterol 0.69 ClC@HN[Ce@H]2[C@H]3CC[C@@H]4[C@]5(CC[C@@H](C([C@@H]5CC[C@]4([C@ @]3(CC[C@]2(C  C13
CC1=C)C)C)C)(C)C)O)C
#14 53.65 Stigmasta-3,5-diene 0.54 CC[C@H](CC[C@@H](C)[C@H]1CC[C@@H]2[C@@]1(CC[C@H]3[C@H]2CC=C4[C@@]3(CCC=C4)C)C) Ci4

Cc(o)¢C

Table 4. ADMET screening results for the secondary metabolites of Melia azedarach

Compound  Caco2 F20 HIA PPB vd CYP2Cg Inhibitor  CYP3A4 Clearance  Half-life (h)  Ames Toxicity  Carcinogenicity MTC
C1 -4.21 0.819  Absorbed 49.16 1.36  Non-Inhibitor Non-Substrate  7.07 >3 Safe Toxic 1.19
C2 -4.83 0.206 Absorbed 42.74 0.62  Non-Inhibitor Non-Substrate  -0.07 >3 Safe Safe 2.21
Cs -4.91 0.246  Absorbed 40.2 3.59  Non-Inhibitor Non-Substrate 2.8 >3 Safe Safe 2.03
C4 -4.93 0.239 Absorbed 33.34 2.6 Non-Inhibitor Non-Substrate  4.44 >3 Safe Safe 2.2
Cs -4.73 0.38 Absorbed  54.17 1.25  Non-Inhibitor Non-Substrate  -1.13 >3 Toxic Safe 1.43
Co -4.8 0.249 Absorbed 45.65 0.89  Non-Inhibitor Non-Substrate  -0.75 >3 Safe Safe 1.88
Cy -4.86 0.149  Absorbed 43.58 0.68  Non-Inhibitor Non-Substrate  0.03 >3 Safe Safe 2.22
C8 -4.79 0.416  Absorbed 56.2 3.56  Non-Inhibitor Non-Substrate  4.86 >3 Safe Safe 1.57
Co -4.71 0.351  Absorbed 29.24 2.48 Non-Inhibitor Non-Substrate  4.37 >3 Safe Safe 1.7
Ci1o -4.81 0.258 Absorbed 46.14 0.89  Non-Inhibitor Non-Substrate  -0.77 >3 Safe Safe 1.85
C11 -4.66 0.838 Absorbed 49.53 1.29  Non-Inhibitor Non-Substrate  15.05 >3 Safe Toxic 0.17
Ci12 -4.73 0.828 Absorbed 96.78 1.76  Non-Inhibitor Substrate 7.38 >3 Safe Toxic 0.96
C13 -4.8 0.835 Absorbed Absorbed 1.55 Non-Inhibitor Substrate 11.62 >3 Safe Safe 1.86
Ci4 -4.99 0.847 Absorbed 78.94 2.05 Non-Inhibitor Substrate 8.75 >3 Safe Safe 1.08

Caco-2: colon carcinoma cell line permeability; CYP2C9: cytochrome P450 2C9; CYP3A4: cytochrome P450 3A4; F20: probability of oral bioavailability >20%; HIA: human intestinal
absorption; MTC: maximum tolerated concentration; PPB: plasma protein binding; Vd: volume of distribution
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All compounds were predicted to be non-inhibitors of CYP2Cg; however, C12, C13, and C14
were identified as CYP3A4 substrates, which may indicate potential metabolic liabilities.
Predicted clearance values were highly variable, from negative values in C5 and C10 to high
clearance in C11 (15.05 mL/min/kg) and C13 (11.62 mL/min/kg). Despite these differences, all
compounds demonstrated half-lives >3 h, suggesting sufficient systemic exposure. In terms of
toxicity, most compounds were predicted to be non-mutagenic (Ames test: safe) and non-
carcinogenic, although exceptions included carcinogenicity alerts in Ci, C5, C11, and Ci2.
Maximum tolerated concentration (MTC) values ranged from 0.17 (C11) to 2.22 (Cy), with C11
and C12 showing lower thresholds, indicating higher toxicity risk.

Docking with diabetes-associated proteins

The docking study demonstrated that most compounds (C1—C14) exhibited moderate affinities
across the five protein targets, generally ranging from —5.0 to —6.5 kcal-mol~1. Stronger binding
was observed for several compounds, including C6 (—7.9 kcal-mol™! against PTPN1) and C11 (-
6.9 kcal-mol ™1 against AKR1B1). C12 and C13 were particularly notable, showing consistently high
affinities; C12 displayed the strongest binding with a-amylase (—13.6 kcal-mol™1) and NrfA (-8.5
kcal-mol~1), while C13 interacted robustly across all proteins, with binding energies of —9.0
kcal-mol™! (DPP-4), —7.1 kcal-mol™! (PTPN1), —8.1 kcal-mol ! (a-amylase), —9.2 kcal-mol™1!
(NrfA), and —7.1 keal-mol™! (AKR1B1). C14 also showed favorable binding, ranging from —6.3 to
—8.4 kcal-mol ! (Table 5).

Table 5. Docking results for the secondary metabolites of Melia azedarach against several
diabetes-associated proteins

Compound Binding affinity (kcal-mol-1)

2P8S 2QBP 2QV4 3TOP 4JIR
C1 -5 -5.3 -4.9 -5.2 -5.1
C2 -5.2 -5.6 -5.7 -5.9 -5.2
C3 -5.2 -5.7 -6.1 -6.6 -4.5
Cq —5.4 -5.5 -5.3 -6.3 -5.7
Cs -5.4 -5.8 -5.7 -6.6 -5.2
(60) -5.6 -7.9 -5.7 -6.1 -5.4
Cy -5 -5.8 -5.5 -6.2 -5.1
C8 -5 -5.5 -5.7 -6.5 -4.7
Co -5.2 -5.2 -5.2 -5.9 -4.6
C10 -4.2 -5.9 -6.2 -6.9 -5.5
Cu1 -5.5 -5.4 -6.4 -6.5 -6.9
Ci2 -6.9 -6.5 -13.6 -8.5 -7
Ci3 -9 -7.1 -8.1 -9.2 -7.1
Ci4 -8.4 —7.4 -7.1 -7.9 -6.3

Interaction analysis of the best-performing compound, C13, where the visualizations for
its interaction with the protein targets are presented in Figure 3 and Figure 4. In DPP-4 (PDB:
2P8S), C13 engaged hydrophobic and hydrogen bond interactions with Phe240, Val252, and
Trpi24. In PTPN1 (2QBP), important contacts included Lys116 and Phe182. For a-amylase
(2QV4), interactions with Pro4 and Asp402 were evident, whereas in NrfA (3TOR), C13 formed
stabilizing contacts with Pro1329, Tyr1328, and GIln1406. In AKR1B1 (4JIR), interactions were
observed with Lys307, Asp308, and nearby hydrophobic residues such as Leu138 and Ile137.
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C13 -PTPN1 C13 — a-amylase

C13 —NrfA C13 -AKR1B1

Figure 3. Two-dimensional interaction visualizations of compound C13 docked into the binding
pockets of the target proteins.
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Figure 4. Two-dimensional interaction diagrams of compound Ci13 docked into the binding
pockets of the target proteins

Discussion

Melia azedarach L. has long been recognized in traditional medicine, with its fruits commonly
used to manage conditions such as diabetes mellitus, hypercholesterolemia, cancer, and
cardiovascular disorders [4,6]. Phytochemical screening of the methanol fruit extract confirmed
the presence of terpenoids, flavonoids, and phenolics, consistent with previous reports [25,26].
These bioactive constituents provide a strong rationale for exploring M. azedarach fruit as a
source of pharmacologically active compounds. Herein, the antioxidant potential of the methanol
extract, determined by the DPPH assay, demonstrated a strong free radical scavenging effect (IC5o
= 102.27 pug/mL). This finding aligns with earlier studies reporting high antioxidant potential in
fruit and leaf extracts of M. azedarach [27,28]. High total phenolic content (479.8 mg GAE/g)
and moderate flavonoid content (52.7 mg QE/g) obtained in the present study further support
the role of polar metabolites in driving antioxidant capacity. Terpenoids such as taraxasterol were
identified in the extract and are known for their anti-inflammatory, antioxidative, and anticancer
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activities [29,30]. Additionally, sesquiterpenes such as himachalene, previously reported to
exhibit radical scavenging activity [31], were also detected, broadening the extract’s
pharmacological relevance.

Following the phytochemical and antioxidant characterization, the present study
incorporated in silico ADMET and molecular docking to evaluate drug-likeness and mechanistic
potential of selected compounds (C1—C14). The ADMET analysis revealed favorable intestinal
absorption and permeability across all compounds. Several compounds demonstrated high
plasma protein binding, particularly C12 (96.78%) and C14 (78.94%), suggesting strong systemic
retention. Notably, Ci2, Ci13, and Ci4 were predicted as CYP3A4 substrates, raising
considerations for metabolic stability, while carcinogenicity alerts were identified for C1, C5, C11,
and C12. Clearance predictions varied, with C13 and C11 showing relatively high elimination rates,
though all compounds maintained half-lives > 3 h.

Herein, the docking results further highlighted C12, C13, and C14 as lead candidates due to
their consistently stronger binding affinities compared with other analogs. Ci2 exhibited
remarkable binding to a-amylase (-13.6 kcal-mol), suggesting a potential role in modulating
carbohydrate metabolism. This is consistent with reports that cucurbitacins act as a-amylase and
a-glucosidase inhibitors and improve glucose metabolism in diabetic models [16,32]. In the
present study, C13 displayed broad-spectrum activity, with strong binding across all targets,
including DPP-4 (—9.0 kcal-mol?), PTPN1 (—7.1 kcal-mol?), and NrfA (—9.2 kcal-mol?).
Interaction mapping confirmed that C13 stabilized within active sites via hydrogen bonding and
hydrophobic contacts with residues critical for catalytic function (e.g., Phe240, Val252, Lys116,
Asp402, and Lys307). This observation aligns with previous work showing taraxasterol as a dual
inhibitor of DPP-4 and PTP1B, capable of improving insulin sensitivity and reducing oxidative
stress [33,34]. C14 in the present study also showed favorable docking energies (—6.3 to —8.4
kcal-mol-), reinforcing its potential as a secondary lead. Stigmastane derivatives, including
stigmasta-3,5-diene, have been reported to inhibit a-amylase, a-glucosidase, and PTP1B, as well
as exert insulin-sensitizing and glucose-lowering effects in diabetic models [35,36].

This study used only the DPPH assay to assess antioxidant activity, which, while useful
for initial screening, does not fully represent the multiple mechanisms of antioxidant defense
such as metal chelation, lipid peroxidation inhibition, or cellular ROS scavenging. The ADMET
profiling and docking evaluations were entirely in silico, providing predictive insights but lacking
experimental pharmacokinetic and toxicological validation. In addition, only a subset of
compounds identified from the extract were computationally analyzed, leaving other potentially
active metabolites untested. These limitations highlight the need for complementary antioxidant
assays, in vivo pharmacological studies, molecular dynamics simulations, and comprehensive
toxicity testing to confirm the therapeutic promise of M. azedarach compounds.

Conclusion

Our study revealed that M. azedarach fruit extract is a promising source of antioxidant and
bioactive compounds with potential applications in metabolic disorders, particularly diabetes
mellitus. The integration of antioxidant profiling, ADMET predictions, and docking analysis
highlights the cucurbitacin compound and taraxasterol as strong candidates, although safety
concerns (e.g., CYP3A4 metabolism and carcinogenicity alerts) require further toxicological
validation. These results not only support the ethnomedicinal use of M. azedarach but also
provide a scientific basis for its development into novel therapeutic agents.
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