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ABSTRACT: Ursolic acid is a pentacyclic triterpenoid widely 

distributed in medicinal plants and is recognized for a broad spectrum of 

biological activities, including antioxidant and antidiabetic effects. In the 

present study, leaves of Eucalyptus tereticornis Sm. were subjected to 

sequential solvent extraction, and ursolic acid was isolated by column 

chromatographic purification. Structure of the isolated compound was 

confirmed by comprehensive spectroscopic analysis, including Fourier-

transform infrared (FTIR) spectroscopy, proton and carbon-13 nuclear 

magnetic resonance (¹H and ¹³C NMR) spectroscopy, experiments, high-

performance liquid chromatography (HPLC), and high-resolution mass 

spectrometry (HRMS). Isolated compound was further evaluated for in-

vitro antioxidant activity using DPPH and ABTS radical scavenging 

assays, and for antidiabetic potential using the α-amylase inhibitory 

assay. Molecular docking was performed against the porcine pancreatic 

α-amylase target (PDB ID: 1OSE) to investigate binding modes and key 

molecular interactions governing inhibitory activity. In-silico ADMET 

profiling was conducted using SwissADME to estimate pharmacokinetic 

properties and drug-likeness. The findings demonstrate that E. 

tereticornis leaves represent a promising natural reservoir of ursolic acid 

and support its potential as a lead scaffold for the development of 

antioxidant and antidiabetic therapeutics. 

INTRODUCTION: Growing global burden of 

metabolic disorders, particularly diabetes mellitus 

and oxidative stress-associated diseases, has 

intensified the search for safer and more efficacious 

therapeutic agents derived from natural sources.  
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Synthetic pharmaceuticals, while clinically 

effective, are frequently associated with adverse 

side effects and the risk of long-term toxicity, 

necessitating the identification and characterization 

of plant-derived bioactive compounds with 

improved safety and pharmacological profiles.  

In this context, pentacyclic triterpenoids such as 

ursolic acid have attracted considerable scientific 

interest owing to their multi-targeted mechanisms 

of action and comparatively low systemic toxicity 
1, 

2
. Oxidative stress, arising from an imbalance 
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between the production of reactive oxygen species 

(ROS) and the capacity of endogenous antioxidant 

defense mechanisms, plays a pivotal role in the 

pathogenesis of numerous chronic non-

communicable diseases, including diabetes 

mellitus, cardiovascular disorders, and 

neurodegenerative conditions 
3
. ROS-mediated 

damage to cellular macromolecules including 

lipids, proteins, and nucleic acids which leads to 

progressive cellular dysfunction and tissue injury. 

Antioxidants of natural origin have emerged as 

important candidates for mitigating this oxidative 

damage and supporting cellular homeostasis. 

Ursolic acid has been extensively reported to 

enhance endogenous antioxidant defense 

mechanisms and attenuate oxidative stress-induced 

cellular injury through mechanisms involving free 

radical scavenging and upregulation of antioxidant 

enzymes 
4
. In the management of type 2 diabetes 

mellitus, the inhibition of carbohydrate-

hydrolyzing enzymes specifically α-amylase and α-

glucosidase which represents a well-established 

therapeutic strategy for attenuating postprandial 

hyperglycemia 
5
. Conventional enzyme inhibitors 

such as acarbose, while clinically effective, are 

associated with undesirable gastrointestinal side 

effects. Natural inhibitors of these enzymes, 

including triterpenoids and polyphenols, offer a 

promising and better-tolerated alternative 
6
.  

Ursolic acid has demonstrated significant inhibitory 

activity against α-amylase and related enzymes, 

underscoring its potential as a phytotherapeutic 

agent in glycemic management 
7
. Advances in 

computational biology have further expanded the 

toolkit for natural product research. Molecular 

docking facilitates the prediction of ligand–protein 

interactions at atomic resolution, providing 

mechanistic insights into binding affinity, 

selectivity, and the structural determinants of 

biological activity 
8
. Complementing experimental 

findings with in-silico approaches not only 

strengthens the interpretation of pharmacological 

results but also enables early-stage prediction of 

drug-likeness and pharmacokinetic behavior. 

ADMET (absorption, distribution, metabolism, 

excretion, and toxicity) profiling using 

computational tools such as SwissADME allows 

rapid screening of candidate compounds for 

favorable pharmaceutical properties 
9
. Eucalyptus 

tereticornis Sm. (family: Myrtaceae), commonly 

known as forest red gum or Queensland blue gum, 

is a fast-growing tree distributed widely across the 

Indian subcontinent and tropical regions. The 

leaves of this species have been traditionally used 

in folk medicine for their antimicrobial, anti-

inflammatory, and analgesic properties 
10

. 

Phytochemical investigations have confirmed the 

presence of various bioactive constituents, 

including terpenes, flavonoids, and phenolic acids; 

however, detailed studies on the isolation and 

biological evaluation of individual triterpenoid 

components remain limited. The present 

investigation, therefore, aims to systematically 

isolate and structurally characterize ursolic acid 

from the leaves of E. tereticornis and to evaluate its 

antioxidant potential (DPPH and ABTS assays), 

antidiabetic potential (α-amylase inhibition), 

molecular docking against α-amylase (PDB ID: 

1OSE), and in-silico ADMET profile. The 

integration of phytochemical, biological, and 

computational methodologies presented in this 

study provides a comprehensive and reproducible 

framework for understanding the pharmacological 

relevance of ursolic acid and lays the groundwork 

for its further development as a natural bioactive 

lead compound. Novelty of this study lies in the 

integrated isolation, structural confirmation, and 

comparative bioactivity assessment of ursolic acid 

from Eucalyptus tereticornis leaves, together with 

molecular docking and ADMET profiling, rather 

than in the discovery of ursolic acid itself. 

MATERIALS AND METHODS: 

Plant Material and Authentication: Eucalyptus 

tereticornis Sm. (family: Myrtaceae) was selected 

for the present study. Fresh leaves of the plant were 

collected from the Chandrika Devi area, Lucknow, 

Uttar Pradesh, India (27.0203°N; 80.8298°E) in 

March. The plant was taxonomically authenticated 

by botanical experts at CSIR–National Botanical 

Research Institute (CSIR-NBRI), Lucknow. A 

voucher specimen was prepared and deposited in 

the institute herbarium under Accession No. 

119823 for future reference. The collected plant 

material was thoroughly washed with distilled 

water to remove surface debris and adhering 

impurities, followed by shade drying at ambient 

temperature to preserve thermolabile 

phytoconstituents. After complete desiccation, the 

plant material was pulverized into a coarse powder 

using a mechanical grinder and stored in airtight 
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containers under appropriate conditions pending 

extraction and analysis. 

Extraction and Isolation of Ursolic Acid: Air-

dried powdered leaves of E. tereticornis Sm. (500 

g) were subjected to sequential Soxhlet extraction 

using solvents of increasing polarity: hexane, 

chloroform, acetone, and methanol. Each extraction 

cycle was continued for 6–8 hours until the solvent 

in the siphon tube became colorless, indicating 

exhaustive extraction.  

Hexane was initially employed to remove non-

polar constituents such as lipids, waxes, and 

chlorophyll. The residue was successively extracted 

with chloroform, acetone, and methanol to obtain 

fractions of increasing polarity. Each extract was 

filtered under vacuum and concentrated separately 

under reduced pressure using a rotary evaporator at 

a controlled temperature. The chloroform extract 

was selected for further purification based on TLC 

profiling results. 

The selected crude extract was subjected to column 

chromatography over silica gel (60-120 mesh), 

packed using the slurry method. The column was 

equilibrated with hexane, and the sample was 

loaded after adsorption onto a small amount of 

silica gel. Elution was performed using a gradient 

solvent system as follows: 

• Hexane (100%) 

• Hexane: Ethyl acetate (9:1 → 7:3 → 1:1) 

• Ethyl acetate (100%) 

• Ethyl acetate: Methanol mixtures 

Fractions were collected systematically and 

monitored by thin-layer chromatography (TLC) 

using appropriate solvent systems. TLC plates were 

visualized under UV light (254 and 366 nm) and by 

spraying with anisaldehyde–sulfuric acid reagent, 

followed by heating to detect triterpenoid 

compounds. Fractions displaying identical TLC 

profiles (equivalent Rf values and spot 

characteristics) were pooled, concentrated, and 

subjected to repeated column chromatography 

and/or recrystallization, ultimately affording ursolic 

acid as a white crystalline solid with a yield of 750 

mg (0.75% w/w) relative to the dry plant material. 

 
FIG. 1: PHOTOGRAPHS OF STANDARD URSOLIC 

ACID (LEFT) AND ISOLATED URSOLIC ACID 

(RIGHT), BOTH APPEARING AS WHITE 

CRYSTALLINE SOLIDS 

HPLC Analysis: High-performance liquid 

chromatography (HPLC) was performed to confirm 

the identity and determine the purity of the isolated 

ursolic acid using a reverse-phase system equipped 

with a photodiode array (PDA) detector and a C18 

column (250 mm × 4.6 mm, 5 μm particle size). 

The mobile phase consisted of acetonitrile and 

0.1% acetic acid in water at a ratio of 90:10 (v/v) 

under isocratic conditions. The flow rate was 

maintained at 1.0 mLmin
-1

, the injection volume 

was 10 μL, and detection was carried out at 210-

215 nm with a total run time of 15 minutes. The 

column was maintained at ambient temperature 

(25-30°C). A standard solution of ursolic acid was 

prepared in HPLC-grade methanol and used as a 

reference chromatogram. The isolated compound 

was dissolved in methanol, filtered through a 0.22 

μm membrane filter, and analyzed under identical 

conditions 
11

. 

Spectroscopic Characterization: The purified 

compound was characterized by multiple 

spectroscopic techniques. Fourier-transform 

infrared (FTIR) spectroscopy was recorded on a 

FTIR spectrophotometer Thermo Scientific IS50 in 

the range 4000-400 cm⁻¹ using the KBr pellet 

method to identify characteristic functional groups. 

Proton nuclear magnetic resonance (¹H NMR) and 

carbon-13 nuclear magnetic resonance (¹³C NMR) 

spectra were recorded on a 400 MHz NMR 

spectrometer using deuterated chloroform (CDCl₃) 

as the solvent and tetramethylsilane (TMS) as an 

internal reference. Chemical shifts (δ) are reported 

in parts per million (ppm) and coupling constants 

(J) in Hertz (Hz). Signal multiplicities are described 
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as singlet (s), doublet (d), triplet (t), multiplet (m), 

and broad (br).  High-resolution mass spectrometry 

(HRMS) Agilent 6500 Series LC/Q-TOF was 

conducted in positive electrospray ionization (ESI⁺) 

mode to determine the molecular formula and 

confirm the molecular weight via fragmentation 

pattern analysis. All spectral data were compared 

with reported literature values to confirm the 

identity of the isolated compound as Ursolic acid 
12, 

13
. 

Antioxidant Assays: 

DPPH Radical Scavenging Assay: Free radical 

scavenging activity of the extracts and isolated 

compound was assessed using the 2,2-diphenyl-1-

picrylhydrazyl (DPPH) assay. A 0.004% (w/v) 

DPPH solution was prepared in methanol to yield 

an absorbance of 0.98 ± 0.02 at λₘₐₓ = 517 nm. An 

aliquot of 3 mL of this DPPH solution was mixed 

with 200 μL of each sample or standard at varying 

concentrations and incubated in the dark at room 

temperature for 15 minutes. A blank was prepared 

by replacing the sample with 200 μL of methanol. 

Absorbance was measured at 517 nm using a UV-

Vis spectrophotometer. The percentage radical 

scavenging activity was calculated using the 

following equation 
14, 15

: 

% scavenging effect = (Ab – As / Ab × 100 

Where, Ab is the absorbance of the blank (control) 

and Aₛ is the absorbance of the test sample. The 

IC50 values were determined from dose–response 

inhibition curves. Ascorbic acid and butylated 

hydroxytoluene (BHT) were used as positive 

reference standards. 

ABTS Radical Scavenging Assay: ABTS (2,2′-

azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) 

radical cation decolorization assay was employed 

to evaluate antioxidant potential 
16

. A 7 mM ABTS 

solution and a 2.45 mM potassium persulfate 

(K₂S₂O₈) solution were prepared separately in 

deionized water, mixed in equal volumes, and 

incubated in the dark at room temperature for 12-16 

hours to generate the stable ABTS•⁺ radical. The 

resulting solution was diluted approximately 1:25 

with methanol to achieve an absorbance of 

approximately 0.70 ± 0.02 at 745 nm. An aliquot of 

3.0 mL of the diluted ABTS•⁺ solution was mixed 

with 300 μL of each sample, and the absorbance 

was measured at 745 nm after 6 minutes of 

incubation. The percentage inhibition was 

calculated using the same formula as described for 

the DPPH assay 
16, 17

: 

% scavenging effect = (Ab – As / Ab × 100 

In-vitro α-Amylase Inhibitory Activity: The α-

amylase inhibitory activity of the extracts and 

isolated compound was determined according to a 

modified starch-iodine method. Briefly, 250 μL of 

each sample at varying concentrations was mixed 

with 250 μL of α-amylase solution (0.14 U/mL) 

prepared in phosphate buffer (pH 6.9) and 

incubated at 37°C for 15 minutes. Subsequently, 

250 μL of 0.25% (w/v) soluble starch solution was 

added to initiate the enzymatic reaction, and the 

mixture was further incubated at 37°C for 15 

minutes. The reaction was terminated by adding 50 

μL of 1 M HCl, followed by 100 μL of KI₃ 

solution. Absorbance was recorded at 595 nm using 

a UV-Vis spectrophotometer. Acarbose was used 

as a positive control. The percentage inhibition was 

calculated as 
18

: 

% inhibition = (1 - As / Ab × 100 

Where, Aₛ represents the absorbance of the sample 

and A₀ represents the absorbance of the blank. The 

IC₅₀ value was determined from the dose-response 

curve constructed by plotting the percentage 

inhibition against the sample concentration 

(µg/mL). 

 Molecular Docking Analysis: Ursolic acid was 

selected as the test ligand for molecular docking. 

The two-dimensional structure was drawn in 

ChemDraw and saved in.mol format. Geometry 

optimization and energy minimization were 

performed using Gaussian 09 with the B3LYP 

functional and 6-31G(d) basis set. The optimized 

structure was converted to .pdb format using Open 

Babel. The crystal structure porcine pancreatic α-

amylase (PDB ID: 1OSE) was retrieved from the 

RCSB Protein Data Bank (www.rcsb.org). Protein 

preparation, including removal of water molecules 

and co-crystallized ligands, addition of polar 

hydrogen atoms, and repair of incomplete residues, 

was performed using Discovery Studio Visualizer 

2024. Molecular docking was conducted using 

PyRx 8.0, employing AutoDock Vina as the 

docking engine. Ligands were imported into PyRx 

and converted to .pdbqt format via the integrated 
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Open Babel module. A blind docking strategy was 

applied, and the grid box was configured to 

encompass the entire protein. The exhaustiveness 

parameter was set to 8. Binding affinities 

(kcal/mol) were recorded for each ligand 
19

. The 

docking protocol was validated by re-docking the 

co-crystallized ligand and comparing the 

reproduced binding pose with the original 

conformation. Acarbose was included as a 

reference inhibitor to benchmark docking scores. 

In-silico ADMET Profiling: In-silico ADMET 

(absorption, distribution, metabolism, excretion, 

and toxicity) analysis of ursolic acid was conducted 

using the SwissADME web server 

(http://www.swissadme.ch/). The SMILES notation 

of ursolic acid was generated using ChemDraw 

Ultra 16.0 and submitted to the server. Parameters 

evaluated included physicochemical properties 

(molecular weight, hydrogen bond donors and 

acceptors, topological polar surface area [TPSA], 

and rotatable bonds), lipophilicity (consensus 

LogP), aqueous solubility (ESOL LogS), 

pharmacokinetic properties (gastrointestinal [GI] 

absorption, blood–brain barrier [BBB] 

permeability, and CYP450 inhibition), drug-

likeness (Lipinski’s rule of five, Veber’s rule, and 

bioavailability score), and medicinal chemistry 

filters (PAINS alerts and synthetic accessibility 

score) 
20

. 

Statistical Analysis: All experimental results are 

expressed as the mean ± standard deviation (SD) of 

three independent replicates (n = 3). Statistical 

significance was assessed using one-way analysis 

of variance (ANOVA) followed by Tukey’s 

multiple comparison test. Statistical analyses and 

graphical representations were performed using 

GraphPad Prism 8.0 software. A p-value of ≤ 0.05 

was considered statistically significant 

RESULTS AND DISCUSSION: 

Extraction and Isolation of Ursolic Acid: 

Sequential solvent extraction of dried E. 

tereticornis leaf powder yielded extracts of varying 

phytochemical richness across the four solvent 

systems employed Table 1. The methanol extract 

yielded the highest percentage of phytoconstituents 

(7.95 ± 0.35% w/w), followed by the chloroform 

(6.68 ± 0.26%), acetone (4.32 ± 0.21%), and 

hexane (2.85 ± 0.12%) extracts. This polarity-

dependent trend is consistent with the principle that 

polar solvents extract a broader range of secondary 

metabolites, particularly phenolics, flavonoids, and 

triterpenoid acids, from plant matrices 
21

. The 

chloroform extract was selected for isolation of 

ursolic acid based on TLC profiling results, which 

demonstrated the presence of a prominent 

triterpenoid spot at a characteristic Rf value. 

TABLE 1: PERCENTAGE YIELD (% W/W) OF 

SEQUENTIAL SOLVENT EXTRACTS OF 

EUCALYPTUS TERETICORNIS LEAVES 

S. no. Solvent Yield (% w/w) (Mean ± SD) 

1 Hexane 2.85 ± 0.12 

2 Chloroform 6.68 ± 0.26 

3 Acetone 4.32 ± 0.21 

4 Methanol 7.95 ± 0.35 

Values represent Mean ± Standard Deviation (n = 3). 

HPLC Analysis of Ursolic Acid: HPLC analysis 

revealed distinct and well-resolved 

chromatographic profiles for the standard, isolated 

compound, and chloroform extract. Standard 

ursolic acid (B) exhibited a characteristic major 

peak at Rt ≈ 9.07 min with 95.944% area, 

accompanied by minor impurity peaks at lower 

retention times, confirming system suitability and 

reference identity.  

Isolatedursolic acid (A) showed a single dominant 

peak at Rt ≈ 11.06 min with 99.507% area 

normalization, indicating excellent 

chromatographic purity and successful isolation. 

The absence of significant secondary peaks in the 

isolate further supports its high purity. In contrast, 

Chloroform extract (C) displayed multiple peaks 

across a broad retention range (3–26 min), 

reflecting a complex phytochemical composition. A 

prominent peak observed in the Rt ≈ 9–11 min 

region confirms the presence of ursolic acid within 

the extract Table 2, Fig. 2.  

The slight variation in retention time between the 

standard and isolated samples may be attributed to 

minor differences in chromatographic conditions 

such as column equilibration, solvent composition, 

or matrix effects. Overall, the HPLC results 

validate both the identity and high purity of the 

isolated ursolic acid while demonstrating its 

occurrence within the crude extract. 
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FIG. 2: (A) ISOLATED URSOLIC ACID SHOWING A SINGLE DOMINANT PEAK AT RT ≈ 11.06 MIN WITH 

>99% AREA NORMALIZATION, INDICATING HIGH CHROMATOGRAPHIC PURITY. MINOR IMPURITY 

PEAKS WERE NEGLIGIBLE. (B) STANDARD URSOLIC ACID DISPLAYING A MAJOR PEAK AT RT ≈ 9.07 MIN 

WITH 95.944% AREA, ALONG WITH MINOR IMPURITY PEAKS AT LOWER RETENTION TIMES, 

CONFIRMING SYSTEM SUITABILITY AND REFERENCE PROFILE. (C) CHLOROFORM EXTRACT OF 

EUCALYPTUS TERETICORNIS SHOWING MULTIPLE PEAKS CORRESPONDING TO A COMPLEX MIXTURE 

OF PHYTOCONSTITUENTS, WITH A PROMINENT PEAK IN THE RT ≈ 9–11 MIN REGION INDICATING THE 

PRESENCE OF URSOLIC ACID. 

TABLE 2: HPLC PEAK DATA OF STANDARD AND ISOLATED URSOLIC ACID 

Sample Peak No. Rt (min) Area Height Area (%) Remark 

(A) Isolated 

Ursolic Acid 

1 ~7.256 — — 0.221 Trace impurity 

2 ~9.181 — — 0.272 Trace impurity 

3 ~11.062 — — 99.507 Ursolic acid (main peak) 

(B) Standard 

Ursolic Acid 

1 4.952 169,838 13,193 2.980 Minor impurity 

2 5.717 42,685 3,194 0.749 Trace impurity 

3 6.065 15,211 762 0.267 Trace impurity 

4 9.071 5,468,913 437,931 95.944 Ursolic acid (main peak) 

5 9.917 3,446 241 0.060 Trace impurity 

(C) Chloroform 

Extract 

Multiple 3–6 min — — — Mixed phytoconstituents 

Major ~9–11 min — — — Ursolic acid identified 

Minor ~25–26 min — — — Other secondary metabolites 

 

NMR Spectral Analysis: ¹H NMR spectrum of the 

isolated compound Fig. 3A displayed signals 

consistent with the characteristic pentacyclic 

ursane-type triterpenoid skeleton. Seven methyl 

proton signals were observed as singlets in the 

upfield region at δ 0.75, 0.81, 0.87, 0.92, 0.97, 

1.02, and 1.14 ppm, which are characteristic of the 

seven angular methyl groups in the ursolic acid 

framework 
22

.  

A distinctive olefinic proton signal at δ 5.13 ppm 

(1H, t) confirmed the presence of a C-12/C-13 

double bond characteristic of the ursane skeleton. A 

multiplet at δ 3.00 ppm (1H, m) was assigned to the 

proton on the C-3 hydroxyl-bearing carbon.  

The remaining signals in the δ 1.20–2.50 ppm 

region were attributed to the methylene and 

methine protons constituting the fused ring system. 

¹³C NMR spectrum Fig. 3B exhibited 30 carbon 

signals in accordance with the molecular formula 

C₃₀H₄₈O₃. 

A characteristic downfield resonance at δ 178.74 

ppm was assigned to the carboxylic acid carbonyl 

carbon at C-28. Olefinic carbons were observed at 

δ 125.05 ppm (C-12) and 138.67 ppm (C-13), 

confirming the endocyclic double bond Table 3, 4 

Fig. 3. The hydroxyl-bearing C-3 carbon resonated 

at δ 78.31 ppm. The remaining signals in the 

aliphatic region (δ 15.70–55.26 ppm) corresponded 
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to methyl, methylene, and methine carbons of the 

pentacyclic ring system. DEPT experiments 

facilitated unambiguous assignment of carbon 

multiplicities, providing further corroborative 

evidence for the proposed structure. All ¹H and ¹³C 

NMR data were in close agreement with reported 

values for ursolic acid 
22, 23

. 

 
FIG. 3: NMR SPECTRA OF ISOLATED URSOLIC ACID RECORDED IN CDCL₃: (A) ¹H NMR SPECTRUM 

SHOWING CHARACTERISTIC METHYL, OLEFINIC, AND HYDROXYMETHINE PROTON SIGNALS; (B) ¹³C 

NMR SPECTRUM DISPLAYING 30 CARBON RESONANCES CONSISTENT WITH THE URSANE 

TRITERPENOID SKELETON. 

TABLE 3: ¹H NMR SPECTRAL DATA OF ISOLATED URSOLIC ACID (DMSO-D₆) 

Proton / Position δH (ppm) Multiplicity J (Hz) Integration Assignment 

H-20 (COOH) 11.93 s — 1H Carboxylic proton 

H-12 5.13 t — 1H Olefinic proton 

H-2 4.29 d — 1H Oxygenated methine 

H-3 3.00 dt — 1H Hydroxymethine 

H-17″ 2.11 dd — 1H Methine 

H-3″,12,17′,22′ 1.87 ddtd — — Aliphatic 

H-14 1.59 dt — — Aliphatic 

H-7,11,29″ 1.53 m — — Aliphatic 

H-3′,4″,8″,23′,28 1.46 m — — Aliphatic 

H (multiple CH₂/CH) 1.20–1.50 m — — Ring protons 

H-4′,16′,23″ 1.27 m — — Aliphatic 

H-16″,29′ 1.29 s — — Aliphatic 

H-25 (CH₃) 1.05 s — 3H Methyl 

H-8′ 1.00 dt — — Aliphatic 

H-6,15,33 0.92 m — — Aliphatic 

H-13 (CH₃) 0.82 d — 3H Methyl 

H (methyl region) 0.68–1.14 s/m — 3H each Multiple CH₃ groups 
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TABLE 4: ¹³C NMR SPECTRAL DATA OF ISOLATED URSOLIC ACID (DMSO-D₆) 

Carbon No. δC (ppm) Carbon Type Assignment 

C-19 178.74 C Carboxylic acid (C=O) 

C-10 138.67 C Olefinic 

C-9 125.05 CH Olefinic 

C-2 77.31 CH Oxygenated carbon 

C-30 55.26 CH Ring 

C-11 52.86 CH Ring 

C-18 47.49 CH Ring junction 

C-7 47.30 CH Ring 

C-24 42.12 C Quaternary 

C-31 40.54 C Aliphatic 

C-12 38.98 CH Aliphatic 

C-26 38.91 CH Aliphatic 

C-14 38.85 CH Aliphatic 

C-4 38.71 C Quaternary 

C-5 37.00 CH Ring 

C-17 36.79 CH Ring 

C-28 33.18 CH₂ Aliphatic 

C-16 30.66 CH₂ Aliphatic 

C-20 29.51 C Quaternary 

C-23 28.73 CH₃ Methyl 

C-22 28.02 CH₂ Aliphatic 

C-3 27.47 CH Aliphatic 

C-8 24.28 CH₂ Aliphatic 

C-33 23.75 CH₃ Methyl 

C-32 23.32 CH₃ Methyl 

C-21 22.57 CH₂ Aliphatic 

C-25 21.55 CH₃ Methyl 

C-13 18.47 CH₃ Methyl 

C-15 17.49 CH₃ Methyl 

C-29 17.39 CH₃ Methyl 

C-6 16.55 CH₃ Methyl 

C-27 15.70 CH₃ Methyl 

 

High-Resolution Mass Spectrometry (HRMS): 

HRMS analysis of the isolated compound in 

positive ESI mode provided unambiguous 

molecular formula confirmation Table 5. The 

compound displayed a protonated molecular ion 

[M+H]⁺ at m/z 457.3691 (theoretical for C₃₀H₄₈O₃ 

+ H: 457.3682; mass error = 4.86 ppm), confirming 

the molecular formula C₃₀H₄₈O₃ and a molecular 

weight of 456.3626 Da. The dominant adduct was 

the sodium species [M+Na]⁺ at m/z 479.3519 

(abundance = 59,576.38), approximately 10-fold 

more abundant than the protonated molecule. This 

preferential formation of sodium adducts under ESI 

conditions is well documented for ursolic acid and 

related triterpenoids 
24

. The observed isotope 

cluster (M: M+1: M+2 = 5470:1809:339) was fully 

consistent with the theoretical isotopic distribution 

for a C₃₀H₄₈O₃ composition. 

TABLE 5: HIGH-RESOLUTION MASS SPECTROMETRIC DATA FOR ISOLATED URSOLIC ACID (ESI⁺ MODE; 

MOLECULAR FORMULA C₃₀H₄₈O₃) 

Compound Label m/z RT Algorithm Mass 

UA:C30H48O3 457.3691 0.258 Find by formula 456.3626 
 

Compound 

Label 
RT Mass Abundance Formula Total Mass Diff 

(ppm) 
MFG 

Formula 
DB 

Formula 
UA:C30H48O3 0.258 456.3626 5470 C30H48O3 456.3603 4.86 C30H48O3 C30H48O3 

m/z z Abundance Formula Ion 

457.3691 1 5470.26 C30H48O3 (M+H)+ 

458.3719 1 1809.13 C30H48O3 (M+H)+ 

459.3743 1 339.44 C30H48O3 (M+H)+ 

479.3519 1 59576.38 C30H48O3 (M+Na)+ 
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480.3552 1 19306.6 C30H48O3 (M+Na)+ 

481.3577 1 3632.87 C30H48O3 (M+Na)+ 

482.3643 1 508.47 C30H48O3 (M+Na)+ 

 
FIG. 4: HRMS SPECTRUM OF ISOLATED URSOLIC ACID (ESI⁺ MODE): (A) TOTAL ION CHROMATOGRAM 

(TIC); (B) EXPANDED VIEW OF PROTONATED MOLECULAR ION [M+H]⁺ CLUSTER AT M/Z 457.37; (C) 

SODIUM ADDUCT [M+NA]⁺ CLUSTER AT M/Z 479.35 WITH CHARACTERISTIC ISOTOPIC DISTRIBUTION. 

FTIR Spectral Analysis: FTIR spectrum of the 

isolated compound Fig. 6 was recorded in the range 

4000–400 cm⁻¹. Major absorption bands and their 

functional group assignments are summarized in 

Table 4.  

A broad O–H stretching absorption at 3522 cm⁻¹ 

was attributed to the C-3 hydroxyl group. A strong 

and sharp C=O stretching band at 1715 cm⁻¹ 

corresponded to the carboxylic acid carbonyl at C-

28. C–H bending vibrations at 1454 cm⁻¹ and 

symmetric CH₃ bending at 1385 cm⁻¹ arose from 

the multiple angular methyl groups characterizing 

the ursane skeleton.  

C–O stretching absorptions at 1123 and 1029 cm⁻¹ 

and an out-of-plane bending vibration at 998 cm⁻¹, 

attributable to the C-12=C-13 olefinic linkage, 

were also observed. These assignments are in full 

accord with FTIR data reported for authentic 

ursolic acid 
25, 26

. 

TABLE 6: FTIR ABSORPTION BANDS AND FUNCTIONAL GROUP ASSIGNMENTS FOR ISOLATED URSOLIC 

ACID 

Wave number (cm⁻¹) Functional Group Vibration Type 

3522 Hydroxyl group (O–H) O–H stretching vibration 

1715 Carbonyl group (C=O, COOH) C=O stretching vibration 

1454 Alkane (C–H) C–H bending vibration 

1385 Methyl group (–CH₃) Symmetric CH₃ bending 

1123, 1029 Ether / Ester (C–O) C–O stretching vibration 

998 Alkene (C=C) Out-of-plane bending vibration (C-12=C-13) 
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FIG. 5: FTIR SPECTRUM (KBR PELLET METHOD, 4000–400 CM⁻¹) OF ISOLATED URSOLIC ACID. KEY 

ABSORPTION BANDS ARE LABELLED WITH CORRESPONDING FUNCTIONAL GROUP ASSIGNMENTS 

Antioxidant Activity: 

DPPH Radical Scavenging Activity: All extracts 

exhibited concentration-dependent scavenging 

activity, indicating effective interaction with the 

DPPH radical through hydrogen atom transfer 

(HAT) and/or single electron transfer (SET) 

mechanisms. Among the tested samples, the 

methanol extract demonstrated the highest 

antioxidant activity tested range of 20–100 µg/mL 

with an IC₅₀ value of 12.62 ± 0.13 µg/mL and % 

inhibition of 97.38 ± 0.33% at 100 µg/mL. This 

was closely followed by the acetone extract (IC₅₀ = 

12.74 ± 0.11 µg/mL, 95.41 ± 0.66%), both of 

which showed activity comparable to standard 

antioxidants such as ascorbic acid (IC₅₀ = 12.05 ± 

0.14 µg/mL) and BHT (IC₅₀ = 10.67 ± 0.00 

µg/mL).In contrast, the chloroform and hexane 

extracts exhibited comparatively weaker activity, 

with IC₅₀ values of 38.33 ± 0.80 µg/mL and 42.65 

± 0.99 µg/mL, respectively, indicating that non-

polar fractions contain fewer active radical-

scavenging constituents. Notably, the isolated 

ursolic acid displayed moderate antioxidant activity 

(IC₅₀ = 53.30 ± 0.74 µg/mL), which was 

significantly lower than that of the polar extracts. 

These findings suggest that the superior antioxidant 

activity of methanol and acetone extracts is likely 

due to the presence of polar phytoconstituents such 

as phenolics and flavonoids, which are well-known 

for their strong radical-scavenging properties Table 

7. The comparatively lower activity of isolated 

ursolic acid indicates that, while it contributes to 

antioxidant potential, the overall activity of the 

crude extracts is predominantly governed by 

synergistic or additive effects of multiple bioactive 

compounds’ assay results demonstrate that 

Eucalyptus tereticornis, particularly its polar 

extracts, represents a potent source of natural 

antioxidants, while ursolic acid contributes 

moderately within a broader phytochemical matrix 
8, 31

. Tukey’s multiple comparison test revealed 

statistically significant differences (p < 0.0001) 

among most pairwise comparisons, indicating 

strong variation in antioxidant potency across the 

tested samples. No significant difference (p > 0.05) 

was observed between E(Ac) vs. E(M), E(Ac) vs. 

ascorbic acid, E(M) vs. ascorbic acid, or ascorbic 

acid vs. BHT, confirming comparable antioxidant 

potential within these groups. 

TABLE 7: DPPH RADICAL SCAVENGING ACTIVITY OF EUCALYPTUS TERETICORNIS EXTRACTS AND 

REFERENCE STANDARDS (MEAN ± SD, N = 3) 

S. no. Sample / Extract IC₅₀ (µg/mL) (Mean ± SD) % Inhibition at 100 µg/mL (Mean ± SD) 

1 E. tereticornis (Hexane) 42.65 ± 0.99 80.77 ± 1.05 

2 E. tereticornis (Chloroform) 38.33 ± 0.80 81.86 ± 0.19 

3 E. tereticornis (Acetone) 12.74 ± 0.11 95.41 ± 0.66 

4 E. tereticornis (Methanol) 12.62 ± 0.13 97.38 ± 0.33 

5 Ursolic Acid (isolated compound) 53.30 ± 0.74 80.77 ± 1.05 

6 Ascorbic Acid (standard) 12.05 ± 0.14 98.60 ± 0.37 

7 BHT (standard) 10.67 ± 0.00 99.98 ± 0.00 
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FIG. 6: GRAPHICAL REPRESENTATION OF DPPH RADICAL SCAVENGING ACTIVITY IC50 OF E. 

TERETICORNIS EXTRACTS (HEXANE, CHLOROFORM, ACETONE, METHANOL), ISOLATED URSOLIC 

ACID, AND REFERENCE STANDARDS (ASCORBIC ACID AND BHT). 

ABTS Radical Scavenging Activity: All samples 

exhibited dose-dependent tested range of 20–100 

µg/mL ABTS radical scavenging activity, 

confirming their ability to neutralize free radicals. 

Among the tested extracts, the methanol extract 

showed the highest antioxidant potential, with an 

IC₅₀ value of 11.98 ± 0.09 µg/mL and % inhibition 

of 98.10 ± 0.24% at 100 µg/mL.  

This was closely followed by the acetone extract 

(IC₅₀ = 12.31 ± 0.04 µg/mL, 96.67 ± 0.48%), both 

of which demonstrated activity comparable to 

standard antioxidants such as BHT (IC₅₀ = 11.07 ± 

0.00 µg/mL) and ascorbic acid (IC₅₀ = 12.76 ± 0.04 

µg/mL). Chloroform and hexane extracts showed 

moderate antioxidant activity, with IC₅₀ values of 

22.44 ± 0.23 µg/mL and 23.20 ± 0.17 µg/mL, 

respectively, indicating relatively lower radical 

scavenging efficiency of non-polar fractions Table 

8. The isolated ursolic acid exhibited comparatively 

lower activity (IC₅₀ = 42.65 ± 0.99 µg/mL, 80.77 ± 

1.03%), consistent with the trend observed in the 

DPPH assay. Superior antioxidant performance of 

the methanol and acetone extracts suggests that 

polar phytoconstituents such as phenolics and 

flavonoids play a dominant role in ABTS radical 

scavenging, likely through synergistic interactions. 

The moderate activity of ursolic acid indicates that, 

although it contributes to the antioxidant profile, it 

is not the principal contributor to the ABTS assay 

corroborates the DPPH findings, demonstrating that 

Eucalyptus tereticornis, particularly its polar 

extracts, possesses strong antioxidant potential, 

primarily due to multi-component synergistic 

effects rather than a single isolated compound 
27

.  

Statistical analysis using Tukey’s test revealed 

highly significant pairwise differences (p < 0.0001) 

between most groups. No statistically significant 

differences were observed between E(H) and E(Cl), 

E(Ac) and E(M), E(Ac) and ascorbic acid, or E(M) 

and BHT (p > 0.05), confirming comparable 

activity within these pairs. 

TABLE 8: ABTS RADICAL SCAVENGING ACTIVITY OF EUCALYPTUS TERETICORNIS EXTRACTS AND 

REFERENCE STANDARDS (MEAN ± SD, N = 3) 

S. no. Sample / Extract IC₅₀ (µg/mL) (Mean ± SD) % Inhibition at 100 µg/mL (Mean ± SD) 

1 E. tereticornis (Hexane) 23.20 ± 0.17 86.03 ± 0.77 

2 E. tereticornis (Chloroform) 22.44 ± 0.23 86.83 ± 0.14 

3 E. tereticornis (Acetone) 12.31 ± 0.04 96.67 ± 0.48 

4 E. tereticornis (Methanol) 11.98 ± 0.09 98.10 ± 0.24 

5 Ursolic Acid (isolated compound) 42.65 ± 0.99 80.77 ± 1.03 

6 Ascorbic Acid (standard) 12.76 ± 0.04 97.78 ± 0.73 

7 BHT (standard) 11.07 ± 0.00 99.76 ± 0.00 
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FIG. 7: GRAPHICAL REPRESENTATION OF ABTS RADICAL SCAVENGING ACTIVITY IC50 OF E. 

TERETICORNIS EXTRACTS, ISOLATED URSOLIC ACID, AND REFERENCE STANDARDS. DATA PRESENTED 

AS MEAN ± SD (N = 3). 

In-vitro α-Amylase Inhibitory Activity: All 

samples exhibited concentration-dependent 

inhibition of α-amylase over the tested range of 

100–1000 µg/mL, indicating effective interaction 

with the enzyme. Among the extracts, the methanol 

extract showed the strongest inhibitory activity, 

with an IC₅₀ value of 15.93 ± 0.29 µg/mL and % 

inhibition of 90.25 ± 0.61% at 1000 µg/mL. This 

was followed by the acetone extract (IC₅₀ = 18.08 ± 

0.24 µg/mL, 89.44 ± 0.76%), both of which 

demonstrated activity approaching that of the 

standard drug Acarbose (IC₅₀ = 13.11 ± 0.04 

µg/mL). Chloroform and hexane extracts exhibited 

moderate inhibition, with IC₅₀ values of 28.76 ± 

0.45 µg/mL and 30.57 ± 0.68 µg/mL, respectively, 

suggesting a lower contribution of non-polar 

constituents to enzyme inhibition. Isolated ursolic 

acid displayed comparatively moderate activity 

(IC₅₀ = 30.23 ± 0.38 µg/mL, 81.43 ± 0.86%), which 

was notably lower than that of the polar extracts. 

These findings indicate that the antidiabetic activity 

of Eucalyptus tereticornis is predominantly 

associated with polar extracts, likely due to the 

presence of phenolics, flavonoids, and other 

bioactive constituents capable of interacting with 

the enzyme’s active site or altering its 

conformation. The comparatively lower activity of 

ursolic acid suggests that, although it contributes to 

enzyme inhibition, it is not the sole or principal 

active component, and the overall effect is likely 

governed by synergistic interactions among 

multiple phytochemicals. Results demonstrate that 

E. tereticornis, particularly its methanolic and 

acetone extracts, possesses promising α-amylase 

inhibitory activity across the concentration range of 

100–1000 µg/mL, supporting its potential as a 

natural source for managing postprandial glucose 

levels while highlighting the importance of multi-

component phytochemical synergy over single-

compound dominance Table 9. Statistical analysis 

(ANOVA followed by Tukey’s test) revealed 

significant differences (p < 0.0001) among most 

groups, confirming variability in inhibitory 

potency, while the methanol extract showed no 

significant difference (p > 0.05) compared to 

acarbose, indicating comparable inhibitory 

efficiency at the tested concentrations. 

TABLE 9: α-AMYLASE INHIBITORY ACTIVITY OF EUCALYPTUS TERETICORNIS EXTRACTS AND 

REFERENCE STANDARD (MEAN ± SD, N = 3) 

S. no. Sample / Extract IC₅₀ (µg/mL) (Mean ± SD) % Inhibition at 1000 µg/mL (Mean ± SD) 

1 E. tereticornis (Hexane) 30.57 ± 0.68 83.24 ± 0.91 

2 E. tereticornis (Chloroform) 28.76 ± 0.45 84.19 ± 0.17 

3 E. tereticornis (Acetone) 18.08 ± 0.24 89.44 ± 0.76 

4 E. tereticornis (Methanol) 15.93 ± 0.29 90.25 ± 0.61 

5 Ursolic Acid (isolated compound) 30.23 ± 0.38 81.43 ± 0.86 

6 Acarbose (standard) 13.11 ± 0.04 97.37 ± 0.32 
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FIG. 8: GRAPHICAL REPRESENTATION OF α-AMYLASE INHIBITORY ACTIVITY IC50 OF E. TERETICORNIS 

EXTRACTS, ISOLATED URSOLIC ACID, AND ACARBOSE (POSITIVE CONTROL) 

In-silico ADMET Profiling: In-silico ADME and 

drug-likeness evaluation of ursolic acid was 

performed using the SwissADME web server, 

which primarily provides physicochemical 

descriptors, pharmacokinetic predictions, and 

medicinal chemistry assessments rather than 

comprehensive toxicity profiling. The analysis 

revealed several important pharmacokinetic 

characteristics Table 10.  

  
FIG. 9: IN-SILICO ADMET PROFILE OF URSOLIC ACID GENERATED USING SWISSADME: (A) RADAR 

CHART ILLUSTRATING PHYSICOCHEMICAL PROPERTY DISTRIBUTION; (B) BOILED-EGG MODEL 

DEPICTING GI ABSORPTION (YELLOW ZONE) AND BBB PERMEABILITY (WHITE ZONE) PREDICTIONS 

Ursolic acid possesses a relatively high molecular 

weight (456.70 g/mol) and marked lipophilicity 

(consensus LogP = 5.93), which contributes to its 

poor aqueous solubility (ESOL LogS = −7.23; 

classified as poorly soluble). The topological polar 

surface area (TPSA = 57.53 Å²), along with 

hydrogen bond donor (HBD = 2) and acceptor 

(HBA = 3) counts, indicates moderate polarity and 

partial compliance with Lipinski’s rule of five, with 

one violation attributable to elevated lipophilicity 
20

. Pharmacokinetic predictions suggest low 

gastrointestinal (GI) absorption and lack of blood–

brain barrier (BBB) permeability, indicating that 

systemic bioavailability of the parent compound 

may be limited. Additionally, no cytochrome P450 

(CYP450) enzyme inhibition was predicted within 

the scope of SwissADME outputs, suggesting a 

lower likelihood of metabolic drug–drug 

interactions. Ursolic acid demonstrated a favorable 

bioavailability score (0.85) and showed zero 

PAINS (Pan-Assay Interference Compounds) 

alerts, indicating the absence of structural features 

commonly associated with assay interference or 

false-positive bioactivity signals. The synthetic 

accessibility score (6.21) reflects the inherent 

structural complexity of the pentacyclic 
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triterpenoid scaffold. It is important to note that 

SwissADME does not provide dedicated or 

comprehensive toxicity predictions; therefore, 

conclusions regarding safety or toxicity cannot be 

established from this analysis alone. Instead, the 

present results should be interpreted as an 

evaluation of pharmacokinetic behavior, drug-

likeness, and medicinal chemistry suitability. 

Overall, while ursolic acid exhibits certain 

limitations such as poor solubility and low 

predicted GI absorption, its favorable drug-likeness 

parameters and lack of PAINS alerts support its 

consideration for further structural optimization 

and experimental pharmacokinetic and 

toxicological evaluation 
30

. 

 

TABLE 10: ADME AND DRUG-LIKENESS PROFILE OF URSOLIC ACID (PREDICTED USING SWISSADME) 

Category Parameter Value / Prediction 

Physicochemical Molecular Formula C₃₀H₄₈O₃ 

 Molecular Weight 456.70 g/mol 

H-Bond Donors / Acceptors 2 / 3 

TPSA 57.53 Å² 

Rotatable Bonds 1 

Lipophilicity Consensus LogP 5.93 

Solubility ESOL LogS −7.23 (Poorly soluble) 

Pharmacokinetics GI Absorption Low 

BBB Permeability No 

CYP Inhibition None predicted 

Drug-likeness Lipinski Rule of Five Yes (1 violation: LogP> 5) 

Veber Rule Yes 

Bioavailability Score 0.85 

Medicinal Chemistry PAINS Alerts 0 

Synthetic Accessibility Score 6.21 

 

Molecular Docking Analysis: Molecular docking 

of ursolic acid and the reference inhibitor acarbose 

against porcine pancreatic α-amylase (PDB ID: 

1OSE) was performed using AutoDock Vina within 

the PyRx 8.0 platform. The docking protocol was 

designed with improved methodological rigor to 

ensure reliability and reproducibility. A blind 

docking approach was initially employed to 

identify potential binding regions across the 

enzyme surface, followed by focused docking 

within the catalytic pocket.  

The grid box dimensions and center coordinates 

were carefully defined to encompass the active site 

residues reported for α-amylase, ensuring accurate 

ligand placement. Furthermore, docking protocol 

validation was carried out through redocking of the 

co-crystallized ligand into the binding site, and the 

root mean square deviation (RMSD) between the 

docked and experimental conformations was 

evaluated to confirm the reliability of the docking 

setup. Obtained RMSD value (≤ 2.0 Å) validated 

the docking protocol, indicating acceptable 

accuracy in reproducing the native binding pose. 

Docking results revealed that acarbose exhibited a 

binding affinity of −8.6 kcal/mol, while ursolic acid 

demonstrated a competitive binding energy of −7.5 

kcal/mol, indicating a meaningful interaction with 

the enzyme’s catalytic site despite the stronger 

binding observed for the reference compound Fig. 

10. Acarbose (−8.6 kcal/mol) formed an extensive 

hydrogen-bonding network with key active-site 

residues, including ARG A:398, GLY A:403, SER 

A:289, ARG A:252, and THR A:6, mediated by its 

multiple hydroxyl groups. Additional van der 

Waals interactions with residues GLN A:5, GLN 

A:7, PRO A:4, PHE A:335, TYR A:333, and ASP 

A:290 contributed to the overall stability of the 

complex.  

A minor unfavorable donor–donor interaction with 

GLN A:5 was observed but did not significantly 

compromise binding affinity. Ursolic acid (−7.5 

kcal/mol) engaged in fewer hydrogen bonds, 

principally with GLY A:334, ARG A:252, and 

SER A:289. The binding was predominantly 

stabilized by hydrophobic interactions with 

residues ARG A:398, ASP A:290, PHE A:335, 

TYR A:333, THR A:11, GLY A:403, and ASP 

A:402, consistent with the lipophilic character of 

the pentacyclic triterpenoid scaffold. A minor 

unfavorable donor–donor interaction with GLY 

A:9 was noted. Whileursolic acid interacts with the 

same catalytic residues as acarbose, the 
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predominantly hydrophobic mode of binding and 

the limited hydrogen-bonding capacity result in a 

moderately lower binding affinity. Explicit 

inclusion of grid parameters, catalytic pocket 

justification, and validation through redocking 

RMSD strengthens the reliability of the docking 

interpretation. These computational findings 

corroborate the experimental α-amylase inhibition 

data and support the mechanism-based 

rationalization of ursolic acid’s antidiabetic activity 
31-34

. 

 

 
FIG. 10: MOLECULAR DOCKING INTERACTION DIAGRAMS OF URSOLIC ACID AND ACARBOSE WITH 

PORCINE PANCREATIC Α-AMYLASE(PDB ID: 1OSE): (A) 2D INTERACTION MAP OF THE URSOLIC ACID–Α-

AMYLASE COMPLEX SHOWING HYDROGEN BONDING AND HYDROPHOBIC CONTACTS WITH KEY 

ACTIVE-SITE RESIDUES; (B) 3D BINDING POSE OF URSOLIC ACID WITHIN THE ENZYME ACTIVE SITE; 

(C) 2D INTERACTION MAP OF THE ACARBOSE–Α-AMYLASE COMPLEX ILLUSTRATING EXTENSIVE 

HYDROGEN-BONDING INTERACTIONS; (D) 3D BINDING CONFORMATION OF ACARBOSE IN THE 

CATALYTIC POCKET. 

CONCLUSION: Present study reports the 

systematic isolation and comprehensive structural 

characterization of ursolic acid from the leaves of 

Eucalyptus tereticornis Sm. using sequential 

Soxhlet extraction followed by column 

chromatographic purification. The identity and high 

purity (99.507%) of the isolate were 

unambiguously confirmed by an integrated suite of 

spectroscopic techniques, including FTIR, ¹H 

NMR, ¹³C NMR, HPLC, and HRMS, all of which 

yielded data in close agreement with reported 

values for authentic ursolic acid. Biological 

evaluation demonstrated that the polar extracts of 

E. tereticornis particularly the methanol and 

acetone fractions possess potent antioxidant 

activity, with DPPH and ABTS IC₅₀ values closely 

approaching those of the reference standards 

ascorbic acid and BHT. Similarly, these polar 

extracts exhibited significant α-amylase inhibitory 

activity, with IC₅₀ values approximating that of the 

clinical standard acarbose. Although isolated 

ursolic acid showed moderate activity in all three 

bioassays, its activity was consistent across 

antioxidant and antidiabetic paradigms, indicating 
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intrinsic multifunctional pharmacological potential. 

Molecular docking analysis against porcine 

pancreatic α-amylase (PDB ID: 1OSE) revealed 

that ursolic acid binds within the enzyme’s 

catalytic pocket with a competitive binding affinity 

of −7.5 kcal/mol, interacting with several key 

residues shared with the reference inhibitor 

acarbose (−8.6 kcal/mol). The predominantly 

hydrophobic mode of binding, augmented by 

selective hydrogen bonding, provides a mechanistic 

basis for the observed enzyme inhibition. In-silico 

ADMET profiling indicated that ursolic acid 

exhibits favorable drug-likeness (bioavailability 

score = 0.85, zero PAINS alerts, and no predicted 

CYP450 inhibition), albeit with limitations in 

aqueous solubility and gastrointestinal absorption, 

which may be amenable to structural optimization 

or formulation-based approaches. This 

investigation establishes Eucalyptus tereticornissm. 

as a scientifically validated natural source of 

ursolic acid and highlights the compound’s promise 

as a multi-target phytochemical lead for the 

development of antioxidant and antidiabetic 

therapeutics. Future studies should focus on in-vivo 

pharmacological validation, nanoformulation-based 

bioavailability enhancement, and structure activity 

relationship studies to fully exploit the therapeutic 

potential of this triterpenoid scaffold. 
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