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ABSTRACT 
Breast and lung cancers remain leading causes of cancer mortality, compounded by late diagnosis and therapeutic 
resistance, driving interest in natural phytochemicals capable of multi-pathway modulation with favourable safety 
profiles. This study aimed to isolate and characterise caryophyllene oxide (CPO) from the volatile oil of Blumea malcolmii 
Hook.f. (Asteraceae) and evaluate its anticancer potential via integrated in silico analysis against ten validated cancer-
associated protein targets. Volatile oil was obtained by steam distillation and CPO isolated by silica gel column 
chromatography. GC-MS analysis (Agilent 7000; NIST20 library) identified 19 constituents (96.47% total area), 
confirming CPO as the dominant compound (15.92%; RT 19.82 min; RI 1576; 98% match), co-occurring with spathulenol 
(14.80%), carvotanacetone (8.99%), chrysanthenone (8.03%), and β-caryophyllene (7.61%). Biological activity was 
predicted using PASS (Pa = 0.950; Pi = 0.004); pharmacokinetics assessed via pkCSM and SwissADME; and molecular 
docking performed using AutoDock Vina (PyRx v0.8) with BIOVIA Discovery Studio Visualizer. CPO (C₁₅H₂₄O; MW 
220.35 g/mol) fully complied with Lipinski's Rule of Five, demonstrated high gastrointestinal absorption (95.42%), and 
showed no predicted mutagenicity or hepatotoxicity. Docking revealed strongest binding affinities for PPARγ (−6.6 
kcal/mol), FASN (−6.5 kcal/mol), EGFR (−6.4 kcal/mol), and ERα (−6.1 kcal/mol), with moderate interactions across 
HER2, COX-2, CB2, AR, PD-L1, and PD-1, collectively indicating a multitarget binding profile. These findings support 
CPO as a promising multitarget anticancer candidate warranting further validation through molecular dynamics 
simulations and SAR-based optimisation. 
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1. INTRODUCTION 
Cancer represents one of the most formidable global 
health burdens of the twenty-first century, characterized 
by uncontrolled cellular proliferation, invasive 

metastatic potential, and the capacity to evade both 
immune surveillance and conventional pharmacological 
intervention1. Among malignancies in terms of global 
incidence and mortality, breast cancer and lung cancer 
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collectively account for a disproportionate share of 
cancer-related deaths worldwide. Breast cancer is 
marked by significant molecular heterogeneity spanning 
luminal, human epidermal growth factor receptor 2 
(HER2)-enriched, and triple-negative subtypes, with 
frequent relapse and acquired therapeutic resistance 
posing persistent clinical challenges2. Non-small cell 
lung cancer (NSCLC), which constitutes approximately 
85% of lung malignancies, is commonly diagnosed at 
advanced or metastatic stages, substantially diminishing 
the effectiveness of standard-of-care therapies3. 
Although the last decade has witnessed significant 
strides in targeted therapy and immunotherapy, their 
translational impact remains constrained by drug 
resistance mechanisms, dose-limiting systemic toxicity, 
and prohibitive treatment costs that restrict accessibility 
in resource-limited settings4. These limitations 
collectively underscore an urgent unmet need for the 
discovery of novel, cost-effective, and 
pharmacologically safe anticancer agents capable of 
modulating multiple oncogenic signalling pathways 
simultaneously. 
The natural kingdom and the plant world in particular 
have historically been the most productive source of 
pharmacophoric scaffolds for anticancer drug 
development. Plant-derived phytochemicals offer 
structural diversity that is often unattainable by 
synthetic means, and many of these molecules regulate 
cancer-relevant mechanisms including apoptosis 
induction, anti-angiogenesis, cell cycle arrest, and 
immune modulation5,6. The strategic integration of in 
silico computational methodologies with conventional 
phytochemical profiling has emerged as a highly 
efficient drug-discovery paradigm, enabling the early 
triage of potent, selective, and pharmacokinetically 
viable candidates prior to resource-intensive 
experimental validation7. This synergistic approach 
drastically reduces attrition rates and accelerates the 
translation from phytochemical lead to pre-clinical 
candidate. 
Caryophyllene oxide (CPO; CAS 1139-30-6), a bicyclic 
sesquiterpene epoxide of molecular formula C₁₅H₂₄O 
(MW 220.35 g/mol), is a naturally occurring terpenoid 
constituent of the essential oils of Syzygium 
aromaticum, Ocimum basilicum, Cannabis sativa, and 
several other botanicals belonging to the family 
Asteraceae8. CPO has been documented to possess a 
broad spectrum of biological activities, including 
antimicrobial, anti-inflammatory, antifungal, and 
antiparasitic effects. Emerging pharmacological studies 
have furthermore suggested its potential anticancer 
properties; however, the precise molecular interactions 
of CPO with validated breast and lung cancer protein 
targets remain insufficiently characterised at the atomic 
resolution.  
The present investigation addresses the phytochemical 
isolation and spectroscopic characterisation of CPO 
directly from the endemic Indian plant species Blumea 
malcolmii Hook.f. (family Asteraceae). Blumea is a 
large pantropical genus comprising more than 100 
species, several of which are of considerable 
ethnobotanical importance in traditional South Asian 

medicine9. B. malcolmii is a poorly studied species 
endemic to the rice-field margins of peninsular India, 
with no prior reports documenting its essential oil 
composition or the isolation of CPO as a major 
constituent. Gas chromatography–mass spectrometry 
(GC-MS) constitutes the gold-standard analytical 
technique for the qualitative and quantitative profiling 
of complex volatile matrices, offering unparalleled 
compound separation and structural characterisation 
capability in combination with mass spectral library 
matching10. The present study, therefore, reports: (i) the 
steam-distillation extraction and silica-gel column 
chromatographic isolation of CPO from the volatile oil 
of B. malcolmii; (ii) the unambiguous GC-MS 
characterisation of CPO and the complete volatile oil 
composition; and (iii) a comprehensive in silico 
evaluation of CPO comprising PASS prediction, 
molecular docking, and ADMET profiling against ten 
validated protein targets implicated in breast and lung 
cancer pathogenesis, establishing CPO as a promising 
multitarget lead scaffold warranting further 
experimental investigation. 
 
2. COMPOUND SELECTION CRITERIA 

 
Figure 1: Chemical structure of Caryophyllene 

Oxide (C₁₅H₂₄O)11 
 
In the present study, CPO was directly isolated from the 
volatile oil of Blumea malcolmii Hook.f., a hitherto 
chemically uninvestigated species endemic to 
Maharashtra, India and confirmed as its dominant 
constituent by GC-MS analysis. Notably, β-
caryophyllene, the sesquiterpene hydrocarbon from 
which CPO is biosynthetically derived through 
enzymatic epoxidation, was also identified as a 
significant constituent of the same oil, confirming that 
the biosynthetic pathway leading to CPO is actively 
operative in this species. On the basis of its confirmed 
phytochemical origin, structural characteristics, broad 
pharmacological profile, and documented pro-apoptotic 
and antitumour activities reported in the literature, CPO 
was selected as the subject of the present integrated 
computational investigation aimed at elucidating its 
molecular interactions with validated breast and lung 
cancer-associated protein targets.  
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3. MATERIALS AND METHODS 
3.1. Plant Collection and Authentication 
The aerial parts of Blumea malcolmii Hook.f. 
(Asteraceae) were collected from a rice field in Panvel, 
District Raigad, Maharashtra, India (GPS coordinates: 
19°02′31.3″N, 73°11′03.9″E) during the peak flowering 
season (November–December). The taxonomic identity 
of the collected material was authenticated at the 
Department of Botany, St. Xavier's College, Mumbai, 
and the specimen was confirmed to match Blatter 
Herbarium Specimen No. 13902, originally collected by 
H. Santapau. A representative voucher specimen was 
deposited for future reference. Plant collection, 
handling, and processing were conducted in strict 
compliance with applicable institutional, national, and 
international guidelines. No threatened or protected 
species were utilised in the present study. 
 
3.2. Extraction and Isolation 
Fresh aerial parts of B. malcolmii (500 g) were subjected 
to steam distillation for 6 to 8 h. The resulting volatile 
oil was collected, dried over anhydrous sodium 
sulphate, and stored in amber-coloured sealed vials 
under refrigeration (4°C) until further use. 
Caryophyllene oxide was subsequently isolated from 
the total volatile oil by silica gel column 
chromatography (silica gel 60, 70–230 mesh) using a 
stepwise hexane:ethyl acetate gradient elution system, 
commencing with 100% hexane and increasing polarity 
in increments to 95:5, 90:10, and 85:15 (v/v) 
hexane:ethyl acetate. Fractions were collected at regular 
intervals (3 mL each), pooled based on thin-layer 
chromatographic (TLC) profiles visualised under UV 
light (254 and 365 nm) and sprayed with vanillin–
sulphuric acid reagent. Fractions with comparable 
retention factor (Rf) values and a single spot on TLC 
were combined and evaporated under reduced pressure 
using a rotary evaporator. The purity and identity of the 
isolated fraction were initially assessed by GC-MS prior 
to further spectroscopic confirmation. 
 
3.3. GC-MS Analysis 
GC-MS analysis was performed using an Agilent 7000 
Series GC-MS system operating with MassHunter 
GC/MS acquisition software (version B.07.06.2704). 
Chromatographic separation was achieved on an HP-
5MS capillary column (30 m × 0.25 mm internal 
diameter × 0.25 µm film thickness). The operating 
parameters were as follows: carrier gas, helium at a 
constant flow rate of 0.93 mL/min; injection mode, split 
(10:1); injector temperature, 266°C; oven temperature 
programme, initial hold at 50°C for 5 min, ramp at 
5°C/min to 220°C (held for 5 min), followed by a final 
ramp at 20°C/min to 260°C (held for 15 min). The 
ionisation mode was electron impact (EI+) at 70 eV. The 
ion source temperature was set to 230°C and the 
quadrupole temperature to 150°C. The mass scan range 
was 35–550 m/z. 
Compound identification was accomplished by 
comparison of the experimentally acquired mass spectra 
and Kovats retention indices (RI) with those of authentic 
reference compounds in the National Institute of 

Standards and Technology Mass Spectral Library 2020 
(NIST20). Retention indices were calculated relative to 
a series of n-alkane standards (C6–C32) on the HP-5MS 
column under identical analytical conditions. Only 
identifications with a NIST20 forward match score of 
≥88% were accepted. The relative percentage 
composition of each compound was determined by peak 
area normalisation, without the application of correction 
factors. To confirm the identity of CPO unambiguously, 
a co-injection (spiking) experiment was performed by 
adding a known amount of isolated CPO to the crude 
volatile oil; enhancement of the target peak at retention 
time (RT) 19.82 min without appearance of additional 
peaks confirmed the identity of the major constituent. 
 
3.4. PASS Prediction 
The biological activity spectrum of CPO was predicted 
using the Prediction of Activity Spectra for Substances 
(PASS) algorithm (http://way2drug.com/PASSOnline). 
PASS is a SAR-based tool that analyses the 2D 
molecular structure to estimate the compound's potential 
pharmacological activities. Particular attention was 
given to its antineoplastic, anti-inflammatory, 
immunomodulatory, and dermatological activities. The 
molecular structure and SMILES notations of CPO 
(C[C@@]12CC[C@@H]3[C@H](CC3(C)C)C(=C)C
C[C@H]1O2) were retrieved from PubChem and 
submitted to the PASS server for analysis. 
The PASS tool generates two key probability scores: Pa 
(probability of activity) and Pi (probability of 
inactivity), both ranging from 0.00 to 1.00. Predictions 
are considered meaningful when Pa > Pi, indicating the 
compound may exhibit given activity. As Pa and Pi are 
not complementary (i.e., Pa + Pi ≠ 1), multiple activities 
can be independently evaluated with a greater level of 
specificity.12 
 
3.5. ADMET Prediction 
The pharmacokinetic and toxicity profiles of CPO were 
assessed using the pkCSM web server 
(http://biosig.unimelb.edu.au/pkcsm/prediction), which 
employs graph-based algorithms to predict absorption, 
distribution, metabolism, excretion, and toxicity 
(ADMET) properties. The analysis included key 
parameters such as water solubility, gastrointestinal 
absorption, Caco-2 permeability, skin permeability, 
volume of distribution (VDss), blood–brain barrier 
(BBB) and central nervous system (CNS) penetration, 
and interactions with cytochrome P450 (CYP450) 
enzymes. 
Toxicity parameters like AMES mutagenicity, hERG 
inhibition, hepatotoxicity, skin sensitization, and both 
acute and chronic oral toxicity in rats, as well as aquatic 
toxicity were also assessed. To further evaluate drug-
likeness and oral bioavailability, SwissADME 
(http://www.swissadme.ch) was used, focusing on 
Lipinski’s Rule of Five, topological polar surface area 
(TPSA), molar refractivity, solubility, and 
bioavailability scores13. 
 
3.6. Protein Preparation and Molecular Docking 
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Molecular docking simulations were performed to 
explore the binding affinity and interaction profile of 
caryophyllene oxide with breast and lung cancer-related 
protein targets. Ten relevant proteins known to play key 
roles in cancer pathogenesis were selected: Estrogen 
Receptor alpha (ERα, PDB ID: 3ERT), Epidermal 
Growth Factor Receptor (EGFR, PDB ID: 1M17), 
Human Epidermal Growth Factor Receptor 2 (HER2, 
PDB ID: 3PP0), Cyclooxygenase-2 (COX-2, PDB ID: 
5F19), Fatty Acid Synthase (FASN, PDB ID: 3HHD), 
Peroxisome Proliferator-Activated Receptor Gamma 
(PPARγ, PDB ID: 3DZY), Programmed Cell Death 
Protein 1 (PD-1, PDB ID: 4ZQK), Programmed Death-
Ligand 1 (PD-L1, PDB ID: 5C3T), Androgen Receptor 
(AR, PDB ID: 2AM9), and Cannabinoid Receptor 2 
(CB2, PDB ID: 5ZTY). All structures were obtained 
from the Protein Data Bank. 
Protein preparation was carried out using PyMOL 
(v3.1.4.1), where water molecules, heteroatoms, and 
any bound ligands were removed. CPO was energy-
minimized prior to docking. Docking simulations were 
performed using PyRx (v0.8) with AutoDock Vina 
(v1.5.7), incorporating preparation steps such as adding 
polar hydrogens and Kollman charges. The docking 
grids were centered on the active sites of each protein14.  
Post-docking analyses were carried out using BIOVIA 
Discovery Studio Visualizer (v25.1.0.24284) to identify 

amino acid residues involved in ligand–protein 
interactions and to generate 2D and 3D interaction 
maps. These visualizations provided insights into 
hydrogen bonding, hydrophobic contacts, and van der 
Waals interactions stabilizing the complexes. 
Comparative docking data from established anticancer 
drugs targeting the same proteins were referenced to 
benchmark binding affinity. These reference 
compounds included: Raloxifene (ERα), Gefitinib 
(EGFR), Lapatinib (HER2), Celecoxib (COX-2), 
Cerulenin (FASN), Pioglitazone (PPARγ), BMS-1166 
(PD-1), BMS-936559 (PD-L1), Bicalutamide (AR), and 
JWH-015 (CB2). Docking simulations for these 
compounds were not repeated in this study. 
 
3.7. Data Analysis 
Docking results were analyzed to assess binding 
strength and interaction profiles of CPO with each 
protein target. Binding energies comparable to or 
stronger than reference drugs were considered 
biologically relevant. ADMET data was integrated to 
interpret pharmacokinetic feasibility, metabolic 
stability, and toxicity risk. The combined analysis 
enabled a rational evaluation of CPO’s therapeutic 
potential as an anticancer lead for breast and lung cancer 
guided recommendations for future molecular dynamics 
and in vitro validation studies. 

 
4.  Results and Discussion 
4.1 Yield and General Composition of Volatile Oil 

 
Figure 2: Composition of Volatile oil of B. malcolmii and observed six primary structural classes 

 

Steam distillation of the fresh aerial parts of B. 
malcolmii yielded a pale-yellow to colourless volatile 
oil with a characteristic camphoraceous woody odour. 
GC-MS analysis of the volatile oil (data file ASR-2025-
768.D) resulted in the identification of 19 discrete 
compounds, collectively accounting for 96.47% of the 
total oil (Table 1). The remaining 3.53% constituted 
minor unresolved peaks that could not be reliably 
assigned to known structures at the applied match score 
threshold. The phytochemical composition was diverse, 

spanning six primary structural classes as shown in the 
Figure 2. The predominance of oxygenated terpenoids, 
which accounted for over 70.12% of the total identified 
constituents, is consistent with reports from related 
Asteraceae species and is of relevance given the known 
biological activities associated with this chemical class. 
 
4.2 Identification of Major Constituents 
The most abundant compound identified in the volatile 
oil was caryophyllene oxide (CPO; Peak 12), detected 
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at a retention time of 19.82 min (Kovats RI 1576 on HP-
5MS), with a relative peak area of 15.92% and a NIST20 
forward match score of 98%, constituting the base peak 
(total peak area 54,955,224 counts). CPO was closely 
followed by spathulenol (Peak 13; RT 22.50 min; RI 
1581; 14.80%; match 95%) as the second most abundant 
compound. Together, CPO and spathulenol, both 
oxygenated sesquiterpenes, accounted for 
approximately 30.72% of the total oil. Among the 
oxygenated monoterpenes, carvotanacetone (Peak 9; RT 
15.51 min; RI 1244; 8.99%; 95%) and chrysanthenone 
(Peak 6; RT 11.96 min; RI 1186; 8.03%; 92%) were 
present in appreciable proportions, followed by borneol 
(Peak 5; 3.24%), p-mentha-1,8-dien-3-one (Peak 4; 
2.78%), pinocarvone (Peak 8; 2.52%), and berbenone 
(Peak 7; 2.48%). β-Caryophyllene (Peak 11; RT 19.19 
min; RI 1418; 7.61%; 97%), the biosynthetic precursor 
of CPO through enzymatic epoxidation, was also 
present in significant quantity. Additional sesquiterpene 
oxygenates included isoaromadendrene epoxide (Peak 
10; 4.11%), τ-cadinol (Peak 14; 5.04%), β-eudesmol 
(Peak 15; 3.92%), and neocurdione (Peak 16; 2.21%). 
Minor components included geranyl tiglate (Peak 17; 
2.41%), phytol (Peak 19; 4.65%), and palmitic acid 
(Peak 18; 4.03%). 
4.3 GC-MS Characterisation of Caryophyllene 
Oxide (CPO) 
The unambiguous identification of CPO as the principal 
volatile constituent of B. malcolmii was based on a 
convergent body of spectroscopic, chromatographic, 
and chemical evidence. The molecular ion [M]⁺ peak 
was observed at m/z 220, consistent with the molecular 
formula C₁₅H₂₄O (MW 220.35 g/mol) and a degree of 

unsaturation of 4. The base peak in the EI-MS spectrum 
appeared at m/z 79 (C₆H₇⁺, tropylium-related fragment, 
relative intensity 100%), a hallmark fragmentation ion 
for sesquiterpene epoxides. The complete fragmentation 
pattern observed i.e. m/z 220 (M⁺), 205 (M−15, loss of 
CH₃), 177 (M−43), 161 (M−59, loss of C₃H₇O), 149, 
135 (C₁₀H₁₅⁺), 121 (C₉H₁₃⁺), 109 (C₈H₁₃⁺), 95 (C₇H₁₁⁺), 
93 (C₇H₉⁺), 79 (base peak, C₆H₇⁺), 69 (C₅H₉⁺), 55 
(C₄H₇⁺), and 41 (C₃H₅⁺) was in excellent agreement with 
NIST20 reference entries for CPO (CAS 1139-30-6), 
yielding a forward match score of 98%. The 
experimentally determined Kovats RI (1576 on HP-
5MS) was in close agreement with the literature value 
of 1576 for CPO on a stationary phase of equivalent 
polarity, providing an orthogonal confirmation of 
identity. 
The identity of the isolated CPO fraction was further 
substantiated by a co-injection spiking experiment: 
addition of the chromatographically isolated compound 
to the total volatile oil produced a selective and 
proportional enhancement of the Peak 12 signal at RT 
19.82 min, with no emergence of additional 
chromatographic peaks, confirming that Peak 12 
corresponded exclusively to CPO. Collectively, the EI-
MS fragmentation pattern, Kovats RI value, NIST20 
library match, and spiking confirmation provide 
unambiguous evidence for the chemical identity of the 
major volatile constituent of B. malcolmii as 
caryophyllene oxide (molecular formula C₁₅H₂₄O; MW 
220.35 g/mol; bicyclic sesquiterpene oxide of the 
caryophyllane skeleton with a trisubstituted epoxide 
functionality). 

 
Table 1: Chemical composition of the volatile oil of Blumea malcolmii Hook.f. identified by GC-MS (NIST20, 

area normalisation method; n = 1 run, ASR-2025-768.D) 
No. Compound Formula MW RI Area % Match 

% 
Compound Class 

1 α-Pinene C₁₀H₁₆ 136 932 1.30 95 Monoterpene HC 
2 Sabinene C₁₀H₁₆ 136 969 1.10 93 Monoterpene HC 
3 β-Pinene C₁₀H₁₆ 136 974 1.33 96 Monoterpene HC 
4 p-Mentha-1,8-dien-3-

one 
C₁₀H₁₄O 150 1054 2.78 91 Oxygenated Monoterpene 

5 Borneol C₁₀H₁₈O 154 1165 3.24 94 Oxygenated Monoterpene 
6 Chrysanthenone C₁₀H₁₄O 150 1186 8.03 92 Oxygenated Monoterpene 
7 Berbenone C₁₀H₁₄O 150 1196 2.48 90 Oxygenated Monoterpene 
8 Pinocarvone (2-Pinen-

4-one) 
C₁₀H₁₄O 150 1208 2.52 91 Oxygenated Monoterpene 

9 Carvotanacetone C₁₀H₁₆O 152 1244 8.99 95 Oxygenated Monoterpene 
10 Isoaromadendrene 

epoxide 
C₁₅H₂₄O 220 1374 4.11 89 Oxygenated Sesquiterpene 

11 β-Caryophyllene C₁₅H₂₄ 204 1418 7.61 97 Sesquiterpene Hydrocarbon 
12 Caryophyllene Oxide 

(CPO)* 
C₁₅H₂₄O 220 1576  15.92 98 Oxygenated Sesquiterpene 

13 Spathulenol C₁₅H₂₄O 220 1581 14.80 95 Oxygenated Sesquiterpene 
14 τ-Cadinol C₁₅H₂₆O 222 1641 5.04 91 Oxygenated Sesquiterpene 
15 β-Eudesmol C₁₅H₂₆O 222 1651 3.92 92 Oxygenated Sesquiterpene 
16 Neocurdione C₁₅H₂₄O₂ 236 1682 2.21 88 Oxygenated Sesquiterpene 
17 Geranyl tiglate C₁₅H₂₄O₂ 236 1706 2.41 89 Monoterpene ester 
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18 n-Hexadecanoic acid 
(Palmitic acid) 

C₁₆H₃₂O₂ 256 1961 4.03 96 Fatty Acid 

19 Phytol C₂₀H₄₀O 296 2100 4.65 94 Diterpene Alcohol 
Total Identified: 19 compounds; total coverage 96.47% of volatile oil; remaining 3.53% unidentified minor 
peaks 
RI = Kovats retention index (HP-5MS column, n-alkane reference standards). Area % = peak area normalisation. 
Match % = NIST20 forward library match score. * = major compound, confirmed by GC-MS, Kovats RI, and co-
injection spiking. 

 

 
Figure 3: Total Ion Chromatogram (TIC) of the volatile oil of Blumea malcolmii aerial parts. 
 

 
Figure 4: EI mass spectrum of caryophyllene oxide 

 
4.4 PASS Prediction 

Table 2: PASS prediction results for CPO. Pa = probability of activity, Pi = probability of inactivity. 
Activity Pa Pi 
Antineoplastic 0.950 0.004 
Apoptosis agonist 0.836 0.006 
HIF1A expression inhibitor 0.810 0.011 
Anti eczematic 0.812 0.016 
Antineoplastic (lung cancer) 0.791 0.004 
Anti-inflammatory 0.759 0.009 
Immunosuppressant 0.758 0.010 
Phosphatase inhibitor 0.752 0.005 
Antimitotic 0.750 0.004 
Anti-psoriatic 0.747 0.004 
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The PASS algorithm15 established a strong 
computational foundation for the anticancer potential of 
Caryophyllene Oxide (CPO). The compound 
demonstrated a notably high probability of 
antineoplastic activity (Pa = 0.950, Pi = 0.004), 
accompanied by significant predictions for apoptosis 
agonism (Pa = 0.836) and HIF-1A expression inhibition 
(Pa = 0.810). These findings indicate that CPO is likely 
to modulate key oncogenic processes, including 
programmed cell death and hypoxia-driven tumor 
progression. The predicted anti-inflammatory activity 
(Pa = 0.759) further strengthens its therapeutic 
relevance, given the established role of chronic 
inflammation in tumor microenvironment remodeling 

and cancer progression. Importantly, all high-
confidence predictions exhibited consistently low 
probabilities of inactivity (Pi < 0.016), reinforcing the 
robustness of the PASS model outputs16. 
These results suggest a polypharmacological activity 
spectrum, where CPO simultaneously targets multiple 
cancer-relevant pathways. Such multi-mechanistic 
behavior is increasingly recognized as advantageous in 
oncology, as it may mitigate resistance mechanisms 
associated with single-target therapies. The PASS 
predictions therefore provide a biologically plausible 
framework that is subsequently supported by structural 
and pharmacokinetic analyses. 

 
4.5 Lipinski Rule, Pharmacokinetics, and Drug-Likeness 

Table 3: Summary of Caryophyllene Oxide calculated results for Lipinski rule, pharmacokinetics, and drug-
likeness activities. 

Property Observed Value Acceptable Value Range 
Molecular Weight (MW) 220.35 g/mol ≤ 500 g/mol 
No. of Rotatable Bonds  0 ≤ 10 
No. of H-Bond Acceptors  1 ≤ 10 
No. of H-Bond Donors  0 ≤ 5 
Topological Polar Surface Area (TPSA) 12.53 Å² ≤ 140 Å² 
Lipinski Rule Complies (0 violations) ≤ 1 violation acceptable 
LogP (Lipophilicity) 3.68 ≤ 5 
Bioavailability Score  0.55 ≥ 0.17 indicates favorable oral 

bioavailability 
GI Absorption  95.42%  High absorption is favorable for oral 

drugs 
 
Physicochemical evaluation of CPO, summarized in 
Table 3, confirmed full compliance with Lipinski’s Rule 
of Five17, with zero violations across all five criteria. 
The compound exhibited a molecular weight of 220.35 
g/mol, LogP of 3.68, and a topological polar surface area 
(TPSA) of 12.53 Å², indicating a favorable balance 
between lipophilicity and polarity. These parameters are 
well within the acceptable range for orally active drug 
candidates and suggest efficient passive membrane 
permeability. 
The predicted bioavailability score of 0.55 and 
gastrointestinal absorption of 95.42% exceed 
conventional thresholds for oral drugs, supporting the 
likelihood of effective systemic exposure following oral 
administration. The low TPSA further implies enhanced 
transcellular diffusion and reduced susceptibility to 
efflux transporters. 
From a mechanistic standpoint, these pharmacokinetic 
properties provide the necessary infrastructure for CPO 
to reach intracellular targets such as nuclear receptors 
(e.g., PPARγ, ERα) and cytosolic enzymes (e.g., FASN), 
as identified in docking studies. Compared to larger and 
more complex terpene derivatives, the relatively small 
molecular size and compact bicyclic structure of CPO 
may facilitate improved receptor accessibility and 
bioavailability, thereby enhancing its drug-likeness 
profile. 
 

4.6 ADMET Profile Investigation 
The ADMET profile of CPO, derived from pkCSM 
analysis, reveals a compound with robust oral 
pharmacokinetics and a broadly acceptable systemic 
safety margin. As highlighted in Table 4, the compound 
showed high intestinal absorption (95.42%) and strong 
Caco-2 permeability (1.509 log Papp), indicating 
efficient gastrointestinal uptake and epithelial transport. 
Although moderate aqueous solubility was observed 
(Log S: −4.433), this is consistent with lipophilic natural 
products and does not preclude adequate bioavailability. 
The predicted volume of distribution (VDss = 0.586 log 
L/kg) suggests moderate tissue penetration, while 
blood–brain barrier permeability indicates potential 
central nervous system (CNS) exposure. While this may 
broaden therapeutic applications, it also necessitates 
careful evaluation of CNS-related safety in future 
studies. 
Metabolic profiling revealed that CPO is not a substrate 
of CYP3A4, a major advantage given the central role of 
this enzyme in drug metabolism. However, predicted 
inhibition of CYP1A2 and CYP2C9 highlights the 
potential for drug–drug interactions, particularly in 
polypharmacy settings common in oncology. The total 
clearance value (0.905 mL/min/kg) indicates moderate 
elimination, consistent with sustained systemic 
exposure. 
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Table 4: ADMET profile of Caryophyllene Oxide (CPO) generated using the pkCSM online tool 
Parameter Observed Values 
Absorption 

 

Log S (Water Solubility, log mol/L) −4.433 
Caco-2 Permeability (log Papp) 1.509 
Distribution 

 

Volume of Distribution (VDss, human) 0.586 
BBB (Blood Brain Barrier) Permeability Yes 
Metabolism 

 

CYP450 1A2 Inhibitor Yes 
CYP450 2C9 Inhibitor Yes 
CYP3A4 Substrate No 
Excretion 

 

Total Clearance (mL·min⁻¹·kg⁻¹) 0.905 
R-OCT2 (Renal organic cation transporter 2 substrate) No 
Toxicity Parameter 

 

AMES Toxicity No 
Maximum Tolerated Dose (human) 0.12 mg/kg/day 
Oral Rat Acute Toxicity (LD₅₀) 1.532 mol/kg 
Oral Rat Chronic Toxicity (LOAEL) 1.193 mg/kg/day 
Hepatotoxicity No 
Skin Sensitization Yes 
Tetrahymena pyriformis Toxicity 1.072 log µg/L 
Minnow Toxicity 0.942 mM 

 
Toxicological predictions were largely favorable, with 
no indication of AMES mutagenicity or hepatotoxicity, 
two major causes of early drug attrition. The estimated 
maximum tolerated dose (0.12 mg/kg/day) and acute 
toxicity (LD₅₀ = 1.532 mol/kg) suggest an acceptable 
safety margin at therapeutic levels. However, the 
predicted skin sensitization potential represents a 
specific safety concern that should be addressed in 
formulation and preclinical studies. 
Environmental toxicity parameters, including 
Tetrahymena pyriformis (1.072 log µg/L) and minnow 
toxicity (0.942 mM), fall within acceptable ranges for 
bioactive terpenoids, indicating no immediate 
ecological hazard. Collectively, the ADMET profile 
confirms that CPO possesses the pharmacokinetic and 

safety attributes required to translate its predicted 
biological activity into in vivo efficacy18.  
 
4.7 Molecular Docking and Interaction Analysis  
Molecular docking analysis provided structural 
validation of CPO’s anticancer potential by 
demonstrating its ability to interact with ten key protein 
targets implicated in breast and lung cancer, with 
binding affinities ranging from −5.0 to −6.6 kcal/mol 
(Table 5). The variation in binding energies across this 
target panel reflects differences in active site 
architecture, polarity, and steric complementarity, and is 
consistent with the behavior of small, lipophilic 
terpenoids that rely primarily on hydrophobic contact 
rather than polar-directed recognition. 

 
Table 5: Binding Affinities of Caryophyllene Oxide with Breast and Lung Cancer Target Proteins Based on 

Molecular Docking Analysis 
Sr. 
No. 

Protein Name Cancer Type Binding 
Affinity of 
CPO 
(kcal/mol) 

Standard 
Anticancer 
Drug 

Standard Drug 
Binding 
Affinity 
(kcal/mol) with 
References 

1 Peroxisome Proliferator-Activated 
Receptor γ (PPARγ) 

Breast Cancer −6.6 Pioglitazone -6.7 [19] 

2 Fatty Acid Synthase (FASN) Breast Cancer −6.5 Cerulenin -6.6 [20] 

3 Epidermal Growth Factor Receptor 
(EGFR) 

Breast and Lung 
Cancer 

−6.4 Gefitinib -6.5 [21] 

4 Estrogen Receptor alpha (ERα) Breast Cancer −6.1 Raloxifene -6.4 [22] 
5 Cannabinoid Receptor 2 (CB2) Breast and Lung 

Cancer 
−5.9 JWH-015 -6.0 [23] 

6 Human Epidermal Growth Factor 
Receptor 2 (HER2) 

Breast Cancer −5.7 Lapatinib -5.8 [24] 
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7 Cyclooxygenase-2 (COX-2) Breast and Lung 
Cancer 

−5.7 Celecoxib -5.9 [25] 

8 Androgen Receptor (AR) Breast Cancer 
(TNBC) 

−5.5 Bicalutamide -5.6 [26] 

9 Programmed Death-Ligand 1 (PD-L1) Breast and Lung 
Cancer 

−5.4 BMS-936559 -5.6 [27] 

10 Programmed Cell Death Protein 1 (PD-
1) 

Breast and Lung 
Cancer 

−5.0 BMS-1166 -5.2 [28] 

 
Among all targets evaluated, PPARγ (−6.6 kcal/mol; 
Figure 13), FASN (−6.5 kcal/mol; Figure 12), and 
EGFR (−6.4 kcal/mol; Figure 6) exhibited the strongest 
binding affinities, followed closely by ERα (−6.1 
kcal/mol; Figure 5). The high affinity toward PPARγ 
and FASN is particularly significant, as these proteins 
play central roles in lipid metabolism and metabolic 
reprogramming in cancer cells29. Their simultaneous 
targeting by CPO suggests potential disruption of tumor 
bioenergetics and membrane biosynthesis pathways30. 
Similarly, strong binding to EGFR supports interference 
with receptor tyrosine kinase–mediated proliferation 
and survival signaling, while interaction with ERα 
indicates relevance in hormone-dependent breast cancer 
subtypes31. ERα binding further supports CPO’s 
relevance in hormone receptor-positive breast cancer 
contexts32. Moderate binding affinities (−5.0 to −5.9 
kcal/mol) were observed for HER2, COX-2, CB2, AR, 
PD-L1, and PD-1(Figures 7 to 11, 14), indicating 
additional interactions across diverse oncogenic 

pathways, including inflammation and immune 
checkpoint regulation. Notably, engagement with PD-1 
and PD-L1 suggests a possible immunomodulatory 
component, which is of considerable translational 
interest given the clinical success of immune checkpoint 
inhibitors. The corresponding 3D docked poses and 2D 
interaction maps (Figures 5–14) elucidate the amino 
acid residues contributing to complex stabilization 
across each receptor.  
At the molecular level, CPO–protein interactions were 
predominantly stabilized by hydrophobic contacts and 
van der Waals forces, consistent with the 
physicochemical nature of sesquiterpenes. The epoxide 
moiety of CPO contributed selectively to hydrogen 
bonding, enhancing binding specificity within certain 
active sites. This interaction pattern reflects a balance 
between structural complementarity and limited polar 
interactions, enabling CPO to adapt to diverse binding 
environments. 

 

 
Figure 5: Docked pose of CPO in ERα showing binding orientation and key interactions (−6.1 kcal/mol) 
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Figure 6: Docked pose of CPO in EGFR showing binding orientation and key interactions (−6.4 kcal/mol). 

 
Figure 7: Docked pose of CPO in HER2 showing binding orientation and key interactions (−5.7 kcal/mol) 

 
Figure 8: Docked pose of CPO in PD-1 showing binding orientation and key interactions (−5.0 kcal/mol) 

 
Figure 9: Docked pose of CPO in PD-L1 showing binding orientation and key interactions (−5.4 kcal/mol) 
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Figure 10: Docked pose of CPO in AR showing binding orientation and key interactions (−5.5 kcal/mol) 

 
Figure 11: Docked pose of CPO in COX-2 showing binding orientation and key interactions(−5.7 kcal/mol) 

 
Figure 12: Docked pose of CPO in FASN showing binding orientation and key interactions (−6.5 kcal/mol) 

 
Figure 13: Docked pose of CPO in PPARγ showing binding orientation and key interactions(−6.6 kcal/mol) 
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Figure 14: Docked pose of CPO in CB2 showing binding orientation and key interactions (−5.9 kcal/mol) 

 

Comparative benchmarking against standard drugs 
revealed that CPO exhibits docking scores closely 
aligned with reference compounds within the same 
computational framework (e.g., PPARγ vs. 
pioglitazone: −6.6 vs. −6.7 kcal/mol; EGFR vs. 
gefitinib: −6.4 vs. −6.5 kcal/mol). While these 
comparisons are limited to relative docking 
performance, they underscore the competitive binding 
potential of CPO despite its simpler natural structure. 
Importantly, the consistent interaction of CPO across 
multiple targets spanning hormone receptors, receptor 
tyrosine kinases, metabolic enzymes, inflammatory 
mediators, and immune checkpoints highlights its 
multitarget profile. This broad-spectrum engagement 
aligns with PASS predictions and is supported by 
favorable ADMET characteristics, collectively 
indicating that CPO may function as a 
polypharmacological agent capable of modulating 
interconnected oncogenic networks. Such a profile is 
particularly advantageous in addressing tumor 
heterogeneity and therapeutic resistance33. 
Nevertheless, these findings are derived from static 
docking simulations and should be interpreted with 
caution. Further validation through molecular dynamics 
simulations (e.g., RMSD, RMSF, MM-PBSA) and 
experimental assays is necessary to confirm binding 
stability and biological activity. Despite these 
limitations, the integrated results strongly position CPO 
as a promising lead candidate for further anticancer drug 
development. 
 
5. Conclusion 
The present study establishes a comprehensive 
phytochemical and computational framework 
supporting the anticancer potential of caryophyllene 
oxide (CPO) derived from Blumea malcolmii. GC–MS 
profiling of the volatile oil revealed a terpenoid-rich 
composition, with CPO identified as the chief 
constituent (15.92%) through rigorous spectral 
matching, retention index correlation, and co-injection 
validation. This finding not only expands the 
phytochemical knowledge of an underexplored member 
of the Asteraceae but also identifies B. malcolmii as a 

promising and potentially sustainable natural source of 
CPO for pharmacological applications. 
The integration of PASS prediction, molecular docking, 
and ADMET profiling provided a coherent and 
mechanistically aligned in silico validation of CPO’s 
anticancer potential. High-probability predictions for 
antineoplastic activity, apoptosis induction, and hypoxia 
modulation were substantiated at the structural level by 
favorable binding interactions with key oncogenic 
targets, particularly PPARγ, FASN, EGFR, and ERα. 
The observed binding affinities, comparable to standard 
therapeutic agents within the same computational 
framework, highlight CPO’s capacity to engage 
multiple cancer-relevant pathways. This multitarget 
interaction profile, driven primarily by hydrophobic and 
van der Waals interactions with selective hydrogen 
bonding, supports its classification as a 
polypharmacological candidate capable of addressing 
tumor heterogeneity and adaptive resistance. 
From a drug development perspective, CPO 
demonstrated excellent drug-likeness, with full 
compliance to Lipinski’s Rule of Five, high predicted 
oral absorption, and a favorable safety profile 
characterized by the absence of mutagenicity and 
hepatotoxicity. Its compact molecular architecture and 
physicochemical properties further enhance its 
suitability as a lead scaffold for rational drug design and 
optimization. Importantly, the identification of B. 
malcolmii as a CPO-rich source strengthens the 
translational feasibility of scaling up this compound for 
extended preclinical investigation. 
Despite these encouraging findings, the conclusions 
drawn from this study remain constrained by the 
inherent limitations of computational methodologies. 
Docking results represent static interaction models and 
do not account for dynamic protein behavior under 
physiological conditions. Therefore, further validation 
through molecular dynamics simulations, free energy 
calculations, and systematic in vitro and in vivo studies 
is essential. Additionally, structure–activity relationship 
(SAR)-guided modifications of the CPO scaffold may 
yield derivatives with enhanced potency and selectivity. 
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