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Abstract

Diterpenoids belonging to the abietane class, including compounds like 7a-acetoxy-63-
hydroxyroyleanone (Roy) from Plectranthus grandidentatus, show strong anticancer poten-
tial. Semi-synthetic Roy derivatives were evaluated in silico for pharmacokinetics (AD-
MET), drug-likeness, and toxicity. PASS predicted high anticancer activity (scores 0.819—
0.879), while DFT analysis revealed favorable electronic properties and reactivity. Molec-
ular docking showed strong binding to oncogenic targets (CDKs, BCL-2, caspases, RTKs,
p53), supported by stable interactions in MD simulations. Overall, the derivatives demon-
strated promising pharmacological profiles and molecular stability, supporting their po-
tential as anticancer agents and warranting further experimental validation.

Keywords: plectranthus; diterpenoids; anticancer activity; ADMET; DFT; molecular
dynamics

1. Introduction

Cancer remains a major global health concern, with mortality rates projected to rise
significantly. Conventional treatments like surgery and chemotherapy often fall short due
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to resistance and side effects, highlighting the need for new therapeutic approaches, espe-
cially those derived from natural sources [1,2].

Medicinal plants offer a rich resource of bioactive compounds with diverse pharma-
cological effects [3]. Plectranthus genus, part of the Lamiaceae family, includes hundreds
of species used in traditional medicine for conditions ranging from infections to inflam-
mation [4]. These plants are known for their phenolics and terpenoids, particularly abi-
etane diterpenoids [5]. Studies have shown that Plectranthus extracts and isolated com-
pounds possess antioxidant, antimicrobial, and anticancer properties [6]. Notably, acetone
and methanolic extracts from P. madagascariensis and P. neochilus have demonstrated
strong antibacterial and radical scavenging activity, as well as cytotoxic effects on breast
cancer cells [7,8]. One such molecule, 7a-acetoxy-6(3-hydroxyroyleanone (Roy, 1, Figure
1), has shown promising activity and inspired the synthesis of related analogs for further
evaluation [9,10].

Computational methods now play a key role in assessing these derivatives. Tech-
niques like molecular docking, dynamics simulations, and network pharmacology help
predict drug-likeness, toxicity, and protein interactions [11,12]. These in silico tools
streamline the discovery of effective anticancer agents and guide future lab testing.

2. Results and Discussion

This study focused on evaluating the lead molecule Roy (compound 1) along with
ten newly synthesized derivatives, assessing their chemical properties through computa-
tional methods. The aim was to identify compounds with enhanced biological potential.
By integrating experimental findings with in silico analysis, the work supports the devel-
opment of promising candidates for therapeutic applications.

2.1. Compounds

Ten ester derivatives (2-11) of compound 1 were previously synthesized from Roy 1
and characterized through Fourier-transform infrared spectroscopy (FTIR), Nuclear Mag-
netic Resonance (NMR), and High-resolution mass spectrometry (HRMS) analysis [11,12].

Chemical structures of Roy (1) and new derivatives 2-11 are shown in Table 1.

2.2. ADMET and Drug-Likeness Analysis Results

To better understand the behavior and potential applications of the compounds, their
physicochemical properties were evaluated using the SwissADME server. The selected
compounds exhibited molecular weights between 348.43 and 634.66 g/mol, with com-
pounds 2, 3, 6,7, 8, and 11 exceeding 500 g/mol.

Their lipophilicity values ranged from 2.31 to 6.40, and compounds 3, 6, and 11
showed values above 5, suggesting potential for oral bioavailability. Lipophilicity plays a
crucial role in pharmacokinetic behavior and is a key parameter in the drug discovery
process.

The screened compounds display a range of water solubility, ranging from moderate
to poor solublility. Given their solubility profiles the screened compounds may require
formulation strategies aimed at improving solubility.

Key pharmacokinetic predictions such as GI absorption, BBB permeability, Pgp sub-
strate classification, and CYP inhibition profiles were assessed to evaluate the compounds’
drug-likeness and safety. High gastrointestinal absorption was observed for most com-
pounds except 6 and 12. The blood-brain barrier (BBB) permeability potential, a key pa-
rameter for evaluating the ability of compounds to reach the central nervous system, was
also assessed. All tested compounds were predicted to be potential substrates of P-glyco-
protein (P-gp). Regarding cytochrome P450 (CYP) enzyme inhibition, compounds 2, 5, 7,
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8 and 11 were predicted to inhibit two CYP isoforms, while compounds 1, 3, 4, 6, 9, and
10 showed inhibition of a single isoform.

Drug-likeness and lead-likeness profiles parameters were obtained by using the
SwissADME server. Most of the compounds did not fully comply with at least one of the
five commonly used filters (Lipinski, Ghose, Veber, Egan, and Muegge), with only Roy 1
meeting all criteria. he predicted bioavailability score for all compounds corresponded to
a 56% probability class. Additionally, each compound triggered at least one PAINS or
BRENK alert and showed a lead-likeness violation. More details on the physicochemical
properties of the screened compounds can be consulted in Isca et al. [11] and Merecz-
Sadowska et al. [12].

2.3. Antineoplastic and Anticarcinogenic Activity Results

Table 2 presents the predicted antineoplastic and anticarcinogenic activities of the
tested compounds, as assessed using the PASS server. All compounds demonstrated a
high probability of antineoplastic activity (Pa > 0.5). Comparative analysis of Pa and Pi
values for anticarcinogenic potential indicated that compounds 1, 2, and 4 exceeded the
0.3 Pa threshold. Based on established criteria, compounds with Pa values above 0.3 are
considered potentially bioactive [13]. More detail on the antineoplastic and anticarcino-
genic activities of the screened compounds can be consulted in Isca et al. [11] and Merecz-
Sadowska et al. [12].

2.4. Density Functional Theory Calculation Results

Frontier molecular orbitals, specifically the highest occupied molecular orbitals
(HOMO) and lowest unoccupied molecular orbitals (LUMO), offer important insights into
the reactivity and stability of the compounds. The conformations of compounds 1-11, op-
timized using density functional theory (DFT), are presented in Table 3.

The energy of the LUMO reflects a molecule’s capacity to accept electrons, whereas
the HOMO energy indicates its potential to donate electrons [14]. A smaller HOMO-
LUMO gap suggests greater susceptibility to polarization and typically more reactivity.
Conversely, a wider HOMO-LUMO energy gap suggests that the molecule is less prone
to polarization, as it requires more energy for electronic excitation [15]. For compounds
1-11, HOMO-LUMO gaps ranged from 2.63 to 3.79 eV. Compound 3 showed the lowest
gap, indicating the highest reactivity, as less energy is needed to excite the molecule from
its ground state. Compound 11 had the widest gap, suggesting the lowest chemical reac-
tivity among the series. Further information on molecular orbitals and related descriptors
is available in the studies by Isca et al. [11] and Merecz-Sadowska et al. [12].

2.5. Molecular Docking Results

Molecular docking was performed to assess the interactions between all compounds
(1-11) and ten cancer-related proteins including caspases 3 and 9, p53, BCL-2, BCL-XL,
CDKs 2 and 6, PARP-1, EGFR, and VEGFR. These targets are key regulators of cell prolif-
eration, survival, angiogenesis, and genomic stability in cancer pathways. This structure-
based approach supports the identification of selective small-molecule candidates with
potential anticancer activity. Structural evaluation using CAST-p confirmed the presence
of well-defined active sites suitable for ligand interaction. The docking results revealed
strong predicted affinities, with several compounds, particularly compounds 1, 3, 6, 7, 9,
10, and 11, exhibiting highly favorable binding energies with one or more of the target
proteins under investigation. Benchmarking against known inhibitors validated the dock-
ing protocol and highlighted the potential of the screened compounds to match or exceed
the binding performance of established drugs. Detailed discussions of molecular docking
can be found in Isca et al. [11] and Merecz-Sadowska et al. [12].
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As illustrative examples, the binding poses and interactions of compounds 1, 5, and
10 are visually represented in Figure 2, highlighting typical ligand—protein docking be-
havior observed across the dataset. Overall, the favorable docking outcomes for com-
pounds 1 (caspase 9, (A) in Figure 2), 5 (BCL-2 (B), CDK2 (C), EGFR (D) and VEGER (E)),
3 (caspase 3, PARP-1and CDK®6), 6 (BCL-XL, p53 and caspase 9), 7 (BCL-2), 9 (EGEFR (F),
BCL-XL (G), caspase 3 (H), CDK2 (I), VEGER (J), and p53 (K) in Figure 2) suggest that
these molecules may serve as potent inhibitors of the therapeutically relevant protein tar-
gets.

2.6. Molecular Dynamics Simulation Results

To assess the dynamic behavior of the docking complexes, molecular dynamics (MD)
simulations were performed over a 100 ns timescale. These simulations aimed to evaluate
the stability of protein-ligand interactions by analyzing the root-mean-square deviation
(RMSD) values. The RMSD profiles for the protein backbones stabilized within a range of
2.4 A t03.4 A, indicating that the systems reached equilibrium without significant confor-
mational drift. Ligand RMSD values remained consistently low, mostly below 0.3 nm, af-
ter the initial 60 ns, suggesting that the ligands remained securely bound within the active
site. Further information is available in the studies by Isca et al. [11] and Merecz-Sadowska
et al. [12]. These results confirm the robustness of the docking poses and the dynamic
stability of the interactions, supporting the potential of the screened compounds for fur-
ther development.

3. Materials and Methods
3.1. Plant Material

Plant material from Plectranthus grandidentatus Glirke, previously studied and
sourced from the Parque Botanico da Tapada da Ajuda (ISA, Lisbon), originated from
cuttings obtained at Kirstenbosch National Botanical Garden (Cape Town, South Africa).
A voucher specimen (841/2007) is deposited at the Jodo de Carvalho e Vasconcellos Her-
barium. The material, collected between 2007 and 2008, was dried and stored under con-
trolled conditions. Taxonomic identity was confirmed via the World Flora Online data-
base (accessed 31 May 2023). (http://www.worldfloraonline.org/, accessed on 31 May 31
2023).

3.2. Extraction and Isolation

Dried aerial parts of P. grandidentatus were extracted with acetone using an ultra-
sound-assisted method, as described in a previous study [10]. The process involved three
30-minute sonication cycles, followed by filtration and vacuum evaporation at 40 °C,
yielding 2.3% (w/w). The crude extract was then fractionated chromatographically. Com-
pound 1 (7a-acetoxy-63-hydroxyroyleanone, Roy) was isolated as yellow crystals by re-
crystallization from n-hexane, and its structure matched previously reported data.[16].

3.3. Semi-Synthesis of Derivatives of Compound 1

Esterification was performed according to the optimized procedure described by Isca
et al. method [10]. These compounds were originally synthesized in studies by Isca et al.
[11], Merecz-Sadowska et al. [12], Bessa et al. [17] and Garcia et al. [18].

3.4. ADMET and Drug-Likeness Analysis

The ADMET profiles and drug-likeness of the compounds were previously described
by Isca et al. [11] and Merecz-Sadowska et al. [12]
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3.5. Anticarcinogenic Activity

The anticancer potential of the compounds was predicted using the PASS server
(http://www.pharmaexpert.ru/passonline/, accessed on 25 October 2023). Activity was ex-
pressed as probable activity (Pa) and probable inactivity (Pi), with Pa > Pi indicating
promising candidates for biological validation. [19].

3.6. DFT Calculations

Ligand 3D structures were built in Avogadro v1.95 and converted to XYZ format.
DFT calculations were performed in ORCA v5.03 using B3LYP functional and Def2-
TZVPP basis set under gas-phase conditions [20]. Results were analyzed in Avogadro [21].

3.7. Molecular Docking and Molecular dynamics

Molecular docking and MD simulations of selected ligand-protein complexes were
conducted following approaches previously described by Isca et al. [11] and Merecz-Sa-
dowska et al. [12].

3.8. Figures, Tables and Schemes

Figure 1. 7a-acetoxy-6p-hydroxyroyleanone (Roy) 1.

Table 1. 7a-acetoxy-63-hydroxyroyleanone (Roy) 1 and its semi-synthetic derivatives (2-11).

Derivative Rz Derivative R2

2 H 7

10

ST

Table 2. Predicted antineoplastic and anticarcinogenic activity of the examined compounds ob-

tained by using the PASS server.

Antineoplastic Activity Anticarcinogenic Activity
Pa Value Pi Value Pa Value Pi Value
1 0.879 0.005 0.419 0.028

Compounds
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2 0.810 0.010 0.315 0.053
3 0.822 0.009 0.279 0.067
4 0.882 0.0005 0.312 0.054
5 0.770 0.016 0.255 0.080
6 0.811 0.010 0.289 0.063
7 0.810 0.010 0.315 0.053
8 0.822 0.009 0.279 0.067
9 0.882 0.0005 0.312 0.054
10 0.770 0.016 0.255 0.080
11 0.811 0.010 0.289 0.063

Table 3. HOMO-LUMO diagram of compounds 1-11.
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Figure 2. Interaction between compounds (1, 5 and 9) and the active sites of target proteins impli-
cated in cancer-related pathways. 3D interactions and binding energy of compound 1 against
caspase 9 (A); compound 5 against BCL-2 (B), CDK2 (C), EGFR (D) and VEGER (E); and compound
10 against EGFR (F), BCL-XL (G), caspase 3 (H), CDK2 (I), VEGER (J), and p53 (K).
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5. Conclusions

The integrated approach used in the study, combining physicochemical profiling,
quantum chemical calculations, and molecular modeling enabled the efficient screening
of a focused library of Roy derivatives. The compounds display promising pharmacolog-
ical profiles and are predicted to interact with key pathways involved in cancer cell pro-
liferation, survival, and genomic stability. Structural modifications appear to enhance
these properties relative to the parent compound. Collectively, computational findings
offer a strong rationale for further experimental validation through in vitro studies, sup-
porting their continued development as potential anticancer agents.
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