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Abstract

Context: Oral mucositis is a common inflammatory complication of cancer therapy that causes pain, impaired oral function, and reduced quality of life. The
mechanistic target of rapamycin complex 1 (mTORC1) regulates inflammatory responses associated with oral mucositis and represents a potential therapeutic
target. Cinnamomum burmanni contains bioactive compounds with reported anti-inflammatory properties, although their interactions with mTORC1 remain
unclear.

Aims: To predict the molecular interactions of active compounds from C. burmanni with mTORC1 using an in silico molecular docking approach.

Methods: Drug-likeness and ADMET properties were predicted using SwissADME and pkCSM based on PubChem SMILES structures. The mTORC1 structure (PDB
ID: 8ERA) was obtained from the Protein Data Bank. Protein and ligand preparation were performed using AutoDock Tools, Open Babel, and PyRx. Docking
validation was conducted by redocking the native ligand, and ligand-protein interactions were analyzed using BIOVIA Discovery Studio.

Results: Not all compounds were predicted to fall within the optimal Bioavailability Radar range. Rapamycin showed the strongest binding affinity (-8.2
kcal/mol), followed by medioresinol (-7.2 kcal/mol) and RMC-5552 (-7.0 kcal/mol). Among the C. burmanni compounds, medioresinol demonstrated the most
favorable docking score, followed by (+)-lirioresinol B (-6.3 kcal/mol). Medioresinol formed hydrogen-bond and hydrophobic interactions within the selected
binding pocket.

Conclusions: Medioresinol was the highest-ranked C. burmanni compound in the docking analysis. However, docking alone does not demonstrate mTORC1
inhibition or therapeutic efficacy. Experimental validation is required to confirm its anti-inflammatory potential.

Keywords: anti-inflammatory agents; Cinnamomum burmanni; molecular docking simulation; mTORC1; oral mucositis.

Resumen

Contexto: La mucositis oral es una complicacién inflamatoria frecuente de la terapia contra el cancer que causa dolor intenso y deteriora la funcién oral. El
complejo 1 de la diana mecanistica de la rapamicina (mTORC1) es una posible diana terapéutica, aunque las interacciones de los compuestos bioactivos de
Cinnamomum burmanni con esta proteina ain no se han investigado completamente.

Objetivos: Predecir las interacciones moleculares de los compuestos activos de C. burmanni con mTORC1 mediante un enfoque de acoplamiento molecular in
silico.

Métodos: Las propiedades de similitud con farmacos y ADMET fueron predichas utilizando SwissADME y pkCSM basandose en las estructuras SMILES obtenidas
de PubChem. La estructura de mTORCL1 (ID de PDB: 8ERA) fue obtenida del Protein Data Bank. La preparacion de proteinas y ligandos se realizé utilizando
AutoDock Tools, Open Babel y PyRx. La validacién del acoplamiento molecular se llevé a cabo mediante el redocking del ligando nativo, y las interacciones
ligando-proteina fueron analizadas utilizando BIOVIA Discovery Studio.

Resultados: No todos los compuestos se ubicaron dentro del rango éptimo del Bioavailability Radar. La rapamicina presenté la mayor afinidad de unién
predicha (-8.2 kcal/mol), seguida de medioresinol (~7.2 kcal/mol) y RMC-5552 (-7.0 kcal/mol). Entre los compuestos de C. burmanni, medioresinol obtuvo la
puntuacién mas favorable.

Conclusiones: Medioresinol fue el compuesto de C. burmanni mejor clasificado. Sin embargo, el acoplamiento molecular no demuestra inhibicién de mTORC1
ni eficacia terapéutica. Se requiere validacidn experimental.

Palabras Clave: agentes antiinflamatorios; Cinnamomum burmanni; simulacion de acoplamiento molecular; mnTORC1; mucositis oral.
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Abbreviations: ADMET: Absorption, distribution, metabolism, excretion, and toxicity; IL-1p: Interleukin-1f3; IL-6: Inter-
leukin-6; mTOR: Mechanistic target of rapamycin; mTORCI: Mechanistic target of rapamycin complex 1, mTORC2:
Mechanistic target of rapamycin complex 2; OM: Oral mucositis; PDB: Protein Data Bank; RMSD: Root mean square
deviation; ROS: Reactive oxygen species; TNF-a: Tumor necrosis factor-a; TPSA: Topological polar surface area.

INTRODUCTION

Oral mucositis (OM) is a frequent and severe com-
plication associated with chemotherapy, radiotherapy,
and hematopoietic stem cell transplantation. The con-
dition affects approximately 40-80% of cancer patients
undergoing intensive treatment and is characterized
by erythema, ulceration, severe pain, dysphagia, and
an increased risk of systemic infection, resulting in
compromised quality of life and interruption of cancer
therapy (Lalla et al., 2014; Peterson et al., 2011). Despite
the availability of supportive care measures, the man-
agement of oral mucositis remains challenging, neces-
sitating the development of novel therapeutic ap-
proaches (Elad et al., 2020).

The pathogenesis of oral mucositis is complex and
involves a sequence of biological events including oxi-
dative stress, DNA damage, activation of pro-inflam-
matory cytokines, ulceration, and tissue healing (Sonis
et al., 2010). Excessive production of reactive oxygen
species (ROS) and inflammatory mediators such as tu-
mor necrosis factor-a (TNF-a), interleukin-1p (IL-1p),
and interleukin-6 (IL-6) contributes significantly to
mucosal injury and delayed tissue repair (Chaveli-
Lépez & Bagan-Sebastian, 2016). Consequently, thera-
peutic agents capable of modulating inflammation and
promoting epithelial regeneration have gained consid-
erable attention in oral mucositis research.

Among the intracellular signaling pathways in-
volved in inflammation and tissue repair, the mTOR
pathway plays a central role in regulating cell growth,
proliferation, metabolism, autophagy, and immune re-
sponses (Liu & Sabatini, 2020). mTOR signaling has
been implicated in various inflammatory and patho-
logical conditions, and dysregulation of this pathway
may contribute to persistent inflammation and im-
paired healing of oral mucosal tissues (Jiang et al.,
2022; Querfurth & Lee, 2021). Therefore, targeting the
mTOR pathway represents a promising therapeutic
strategy for controlling inflammation and enhancing
mucosal regeneration in patients with oral mucositis.

mTOR functions through two structurally and
functionally distinct multiprotein complexes, mTOR
complex 1 (mTORC1) and mTOR complex 2
(mTORC?2), which regulate diverse cellular processes
involved in growth, metabolism, survival, and im-
mune responses. MTORC1, characterized by the regu-
latory-associated protein of mTOR (Raptor), is acti-
vated by nutrients, growth factors, and cellular energy
status, and promotes protein synthesis, cell prolifera-
tion, and inhibition of autophagy through downstream
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effectors such as ribosomal protein S6 kinase (S6K1)
and eukaryotic translation initiation factor 4E-binding
protein 1 (4E-BP1). Although mTORCI is acutely sen-
sitive to rapamycin and has been extensively impli-
cated in inflammatory signaling and tissue repair,
mTORC?2 is generally less sensitive to short-term ra-
pamycin exposure and contributes predominantly to
cell survival and cytoskeletal remodeling. Dysregula-
tion of either complex has been associated with chronic
inflammation, impaired wound healing, metabolic dis-
orders, and cancer, making the mTOR signaling path-
way an attractive therapeutic target for inflammatory
diseases, including oral mucositis (Liu & Sabatini,
2020; Saxton & Sabatini, 2017).

Natural products have historically served as valua-
ble sources of therapeutic compounds for inflamma-
tory diseases. Among these, C. burmanni has attracted
considerable interest due to its diverse pharmacologi-
cal properties. Previous phytochemical studies have
demonstrated that C. burmanni contains numerous bi-
oactive constituents, including cinnamaldehyde, euge-
nol, coumarin, catechin, quercetin, and cinnamic acid,
which possess potent antioxidant, anti-inflammatory,
antimicrobial, and wound-healing activities (Al-
Dhubiab, 2012). These biological properties suggest
that C. burmanni may provide therapeutic benefits in
inflammatory oral diseases.

Several studies have highlighted the potential role
of cinnamon-derived compounds in reducing inflam-
matory responses and oxidative stress. The antioxidant
activity of these phytochemicals may attenuate ROS-
mediated tissue damage, while their anti-inflamma-
tory effects may suppress cytokine production and in-
flammatory signaling pathways involved in oral mu-
cositis progression (Bakar et al., 2020). Similar findings
have been reported for other plant-derived bioactive
compounds, such as curcumin, which demonstrated
promising effects in alleviating oral mucositis through
modulation of inflammatory pathways and enhance-
ment of tissue healing (Normando et al., 2019). These
observations support the exploration of C. burmanni
phytochemicals as potential therapeutic agents for oral
mucositis management.

In recent years, computational approaches have be-
come increasingly important in the early stages of drug
discovery. Molecular docking analysis enables the pre-
diction of ligand-protein interactions, binding affinity,
and molecular recognition mechanisms, thereby facili-
tating the identification of promising therapeutic can-
didates prior to experimental validation. AutoDock

J Pharm Pharmacogn Res (2026) 14(4): 2


https://jppres.com/

Bakar et al.

Vina has emerged as one of the most widely used mo-
lecular docking platforms because of its accuracy and
computational efficiency in predicting protein-ligand
interactions (Trott & Olson, 2010).

Therefore, this study aimed to investigate the bind-
ing interactions between selected bioactive com-
pounds of C. burmanni and mTORC1 protein targets
using an in silico molecular docking approach. By iden-
tifying compounds with strong binding affinities to-
ward mTORC], this study seeks to provide a scientific
basis for the development of novel natural-product-
based therapeutics for oral mucositis and contribute to
the growing body of evidence supporting the pharma-
cological potential of C. burmanni.

MATERIAL AND METHODS

Active compound identification

The active compounds of C. burmanni were re-
trieved from the KNApSAcK database, which was ac-
cessed on April 15, 2026. The database was searched
using the query terms "Cinnamomum burmanni" and its
synonym "Cinnamomum burmannii" to ensure compre-
hensive compound retrieval. Only compounds re-
ported for C. burmanni were included in this study. The
canonical SMILES of each selected compound were
subsequently obtained from the PubChem database,
accessed on April 17, 2026, and used for docking and
ADMET prediction (Table 1).

Drug-likeness, pharmacokinetic, and toxicity
screening of the compounds

The SMILES structures of the seven selected com-
pounds—medioresinol, (+)-lirioresinol B, coumarin,
cinnamic acid, cinnamy]l acetate, cinnamyl alcohol, and
syringaldehyde were retrieved from the PubChem da-
tabase. The drug-likeness profiles of these compounds
were subsequently evaluated using the SwissADME

Table 1. Active compounds identified in C. burmanni.

Molecular docking of Cinnamomum burmanni against mTORC1

web server (Daina et al., 2017). Drug-likeness was as-
sessed through the Bioavailability Radar, which maps
six key physicochemical parameters, namely lipo-
philicity (LIPO), molecular size (SIZE), polarity
(POLAR), solubility (INSOLU), saturation (INSATU),
and molecular flexibility (FLEX). A compound was
considered to possess an optimal pharmacokinetic pro-
file when all six parameters fell within the optimal pink
region of the radar plot. The predicted bioavailability
profiles were visualized as Bioavailability Radar plots
(Table 2).

Protein and ligand preparation

The three-dimensional electron microscopy struc-
ture of the human mTORC1 complex was retrieved
from the Protein Data Bank (PDB ID: 8ERA) (Burnett
et al., 2023), which contains RMC-5552/XYU in com-
plex with mTORC1 and FKBP12. Chain A (mTOR) was
selected as the receptor for molecular docking because
it contains the native ligand-binding pocket. The other
components of the complex, including FKBP12, Rap-
tor, and mLST8, were excluded from the docking cal-
culations because the analysis was specifically focused
on the ligand-binding pocket within the mTORC1 ki-
nase domain. These components were not expected to
directly contribute to the defined docking site or sig-
nificantly influence ligand interactions within the se-
lected binding pocket under the applied docking pro-
tocol. Water molecules were deleted, polar hydrogen
atoms were added, and Kollman charges were as-
signed using AutoDock Tools v1.5.7. The prepared re-
ceptor was saved in PDBQT format.

The three-dimensional structures of the phyto-
chemicals and the reference compounds RMC-5552
and rapamycin were obtained from PubChem, energy-
minimized using Open Babel v2.4.1 implemented in
PyRx v0.8, and converted to PDBQT format. RMC-5552
and rapamycin were used as reference (control) com-
pounds for comparative docking analysis.

KNApSACKC_ID  PubChemCID  CASID Metabolite ::,or::f,:';ar xz:;;:'l(agr/mol) Source species
C00042390 637758 104-54-1 Cinnamyl alcohol CoH,00 134.17 C. burmanni
C00035072 261 103-54-8 Cinnamyl acetate C,,H4,0, 176.21 C. burmanni
C00029961 444539 621-82-9 Cinnamic acid CyHgO, 148.16 C. burmanni
C00007558 8655 134-96-3 Syringaldehyde CoH;00,4 182.17 C. burmanni
C00002631 3084406 21453-69-0 (+)-Lirioresinol B C,,H4604 418.44 C. burmanni
C00002460 323 91-64-5 Coumarin CyH60, 146.14 C. burmanni
C00000659 73337 40957-99-1 Medioresinol C,qH,,0, 388.41 C. burmanni
https://jppres.com J Pharm Pharmacogn Res (2026) 14(4): 3
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Table 2. Compound information of the selected bioactive compounds from C. burmanni.

Compound SMILES Bioavailability Radar (yes/no)
Medioresinol COC1=CC(=CC(=C10)0C)[C@@H]2[C@H]3CO[C@ Heo Yes
@H]([C@H]3C02)C4=CC(=C(C=C4)0)0C
FLEX SIZE
o~
INSOLU
(+)-Lirioresinol B COC1=CC(=CC(=C10)0C)[C@@H]2[C@H]3CO[C@ Yes
@H]([C@H]3C02)C4=CC(=C(C(=C4)0C)0)0C
FLEX SIZE
r
|
L“*-\ —
INSOLU
Coumarin C1=CC=C2C(=C1)C=CC(=0)02 Hro No
FLEX SIZE
N
A
INSOLU
Cinnamic acid C1=CC=C(C=C1)/C=C/C(=0)0 Leo No
FLEX SIZE
Cinnamylacetate ~ CC(=0)0OC/C=C/C1=CC=CC=C1 uPo No
FLEX SIZE
/,/ I
Cinnamyl alcohol ~ C1=CC=C(C=C1)/C=C/CO No
INSATU B POLAR
Syringaldehyde COC1=CC(=CC(=C10)0C)C=0 No

FLEX

INSATU

INSOLU

SIZE

POLAR
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Table 3. Validation results of native ligand re-docking.

Molecular docking of Cinnamomum burmanni against mTORC1

Protein RMSD (A) Interpretation

Visualization

mTORC1 0.919 Good

Table 4. Grid box parameters and exhaustiveness in docking simulation.

Center Size

Protein PDBID Exhaustiveness
X y z X y z

mTORC1 8ERA 193.306 208.752 222.245 25.0 25.0 25.0 8

Docking validation and simulation

The docking protocol was validated by redocking
the native ligand into the native ligand-binding site of
mTORC1. The RMSD between the redocked and native
poses was calculated using PyMOL v2.5.3, and a value
below 2.0 A was considered acceptable. Molecular
docking was then performed using AutoDock Vina
v1.1.2 integrated into PyRx v0.8. The grid box was cen-
tered on the native ligand-binding pocket at x =
193.306, y = 208.752, and z = 222.245, with dimensions
of 25.0 x 25.0 x 25.0 A and exhaustiveness set to 8. For
each ligand, nine poses were generated, and the pose
with the most favorable docking score was selected for
interaction analysis

Docking calculations were performed using Auto-
Dock Vina v1.1.2 integrated into PyRx v0.8. For each
docking run, nine binding poses (modes 0-8) were
generated. Each ligand was subjected to a single dock-
ing run. AutoDock Vina generated nine binding poses
for each ligand, and the pose with the most favorable
docking score was selected for analysis. During dock-
ing validation, the redocked pose corresponding to
mode 0 yielded an RMSD of 0.919 A (RMSD lower
bound = 0 A; RMSD upper bound =0 A), confirming
successful reproduction of the native binding mode

Validation of the docking method was performed
through the process of re-docking the native ligand to
the active site of the same protein. The re-docking
results were then analyzed by calculating the Root
Mean Square Deviation (RMSD) value using PyMOL
v2.5.3, presented in Table 3. The docking method was
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considered valid if the RMSD value was less than 2 A,
indicating that the position of the docked ligand was
close to the position of the ligand in the experimental
structure.

Molecular docking simulation

Molecular docking simulations were performed
using AutoDock Vina integrated into PyRx. At this
stage, the target protein was defined as a
macromolecule, while all test ligands and the reference
ligands RMC-5552 and rapamycin were included. Grid
box parameters were determined based on the native
ligand's position in the protein's active site to ensure
the docking area was in the relevant binding pocket
(Table 4). The exhaustiveness parameter was set to 8,
which is the default value in AutoDock Vina. This set-
ting provides a balance between search thoroughness
and computational efficiency and has been widely
used in molecular docking studies for reliable binding
pose prediction.

Interaction visualization

The visualization of the interaction results between
the ligand and the protein was performed using
BIOVIA Discovery Studio Visualizer 2025 to generate
2D and 3D interaction profiles. This analysis was used
to identify the types of interactions formed, such as
hydrogen bonds, pi-pi interactions, pi-alkyl
interactions, and hydrophobic interactions, as well as
the amino acid residues involved in the ligand binding
process at the active site of the protein.

J Pharm Pharmacogn Res (2026) 14(4): 5
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Table 5. Predicted drug-likeness properties of the selected bioactive compounds from C. burmanni using pkCSM.

Compound ::::)':: H-bond acceptors LogP Il::slnski's Rule of Veber's Rule
Medioresinol 2 7 2.55 Yes (0 violations) Yes
(+)-Lirioresinol B 2 8 2.56 Yes (0 violations) Yes
Coumarin 0 2 1.79 Yes (0 violations) Yes
Cinnamic acid 1 2 1.68 Yes (0 violations) Yes
Cinnamyl acetate 0 2 2.15 Yes (0 violations) Yes
Cinnamyl alcohol 1 1 1.58 Yes (0 violations) Yes
Syringaldehyde 1 4 1.22 Yes (0 violations) Yes

Lipinski's Rule of Five predicts oral drug-likeness based on molecular weight (<500 g/mol), LogP (<5), hydrogen bond donors (<5), and hydrogen bond
acceptors (<10). Veber's Rule predicts favorable oral bioavailability based on rotatable bonds (<10) and topological polar surface area (TPSA <140 A2).
"Yes" indicates compliance with the corresponding rule. H-bond: hydrogen bond; LogP: octanol/water partition coefficient.

Drug-likeness Parameter

Compound

Yes

No

Figure 1. Heatmap of drug-likeness of C. burmanni compounds using Lipinski and Veber parameters.

RESULTS

Preventive effects

The drug-likeness of the seven compounds was fur-
ther evaluated according to Lipinski's Rule of Five and
Veber's criteria, as presented in Fig. 1 and Table 5. Fol-
lowing the drug-likeness screening, the selected com-
pounds were subjected to pharmacokinetic profiling
based on the Absorption, Distribution, Metabolism,
and Excretion (ADME) parameters using the pkCSM
platform accessed on June 14, 2026 (Pires et al., 2015).
The PubChem Compound Identifiers (CIDs), molecu-
lar formulae, molecular weights, and botanical sources
of the selected ligands are presented in Table 1. All
seven compounds were assessed for their toxicity pro-
files using the ProTox v3.0 platform (Banerjee et al.,
2024), and pharmacokinetic analyses were performed
on gastrointestinal absorption, distribution, metabo-
lism and excretion parameters (Tables 6-9). Toxicity
evaluation included six safety-related endpoints: hepa-
totoxicity, carcinogenicity, mutagenicity, median le-
thal dose (LDsy), lowest observed adverse effect level
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(LOAEL), and skin sensitization. The predicted toxicity
profiles were visualized as heatmaps using RStudio
v4.5.1 (Table 10; Figs. 2-3).

The drug-likeness prediction based on the Lipinski
and Veber criteria indicated that all compounds satis-
fied the drug-likeness requirements as potential drug
candidates, with no rule violations. In contrast, the
ADMET analysis revealed variations in the pharmaco-
kinetic and toxicity profiles among the compounds,
with medioresinol exhibiting the highest number of
unfavorable parameter violations, followed by (+)-liri-
oresinol B, cinnamic acid, cinnamyl acetate, coumarin,
and syringaldehyde.

The molecular docking analysis was conducted to
evaluate the binding affinity of selected bioactive com-
pounds from C. burmanni toward mTORC1 (PDB ID:
8ERA), a protein complex involved in the inflamma-
tory signaling pathways associated with oral mucosi-
tis. Binding affinity values obtained from molecular
docking are expressed in kcal/mol, where more nega-
tive values indicate stronger binding interactions and
greater thermodynamic stability between the ligand
and target protein.

J Pharm Pharmacogn Res (2026) 14(4): 6
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Table 6. ADMET absorption and P-glycoprotein predictions for the selected bioactive compounds from C. burmanni using pkCSM.

Caco-2
Water ermeabilit Human P- P-gpl P-gpll
Compound solubility p y_s intestinal Ep . g? . . g.p .
(log Papp, 10 . substrate inhibitor inhibitor
(Logs) absorption (%)
cm/s)
Medioresinol -3.453 1.241 91.403 Yes Yes Yes
(+)-Lirioresinol B -3.92 0.307 78.823 Yes Yes Yes
Coumarin -1.517 1.649 97.344 No No No
Cinnamic acid -2.608 1.717 94.833 No No No
Cinnamyl acetate -2.219 1.678 96.711 No No No
Cinnamyl alcohol -1.846 1.612 92.669 No No No
Syringaldehyde -1.481 1.213 90.106 No No No

LogS, predicted aqueous solubility (pkCSM); Caco-2 permeability is expressed as log Papp (107 cm/s), where values >0.90 indicate high permeability; human
intestinal absorption values >30% are generally considered indicative of good absorption. P-glycoprotein (P-gp) substrate and inhibitor predictions are
reported as binary classifications (Yes/No).

Table 7. Predicted distribution pharmacokinetic properties of the selected bioactive compounds from C. burmanni using pkCSM.

Distribution parameters

Compound VDss (log L/kg) Fraction unbound (Fu) (BlggBBp;BrTeability ﬁl:::se)rmeability
Medioresinol 0.21 0.021 -0.554 -3.037
(+)-Lirioresinol B -0.039 0 -0.771 -3.146

Coumarin -0.143 0.367 -0.007 -1.926

Cinnamic acid -1.051 0.38 0.446 -1.834

Cinnamyl acetate 0.138 0.264 0.27 -1.893

Cinnamyl alcohol 0.295 0.343 0.478 -1.755
Syringaldehyde -0.042 0.489 -0.281 -2.56

VDss: steady-state volume of distribution (log L/kg); Fu: fraction unbound in plasma; BBB permeability is expressed as logBB, where values >0.3
indicate high brain penetration, values between -1.0 and 0.3 indicate moderate permeability, and values <-1.0 indicate poor brain distribution. CNS
permeability is expressed as logPS, where values >-2 suggest CNS permeability and values <-3 indicate poor CNS penetration.

Table 8. Predicted cytochrome P450 (CYP) metabolism profiles of the selected bioactive compounds from C. burmanni using pkCSM.

Metabolism parameters

Compound CYP substrate CYP inhibitor
CYP2D6 CYP3A4 CYP1A2 CYP2C19 CYP2C9 CYP2D6 CYP3A4

Medioresinol No Yes No Yes Yes No Yes
(+)-Lirioresinol B No Yes No No Yes No Yes
Coumarin No No Yes No No No No
Cinnamic acid No No No No No No No
Cinnamyl acetate No No Yes No No No No
Cinnamyl alcohol No No Yes No No No No
Syringaldehyde No No No No No No No

CYP: cytochrome P450. The table shows predicted substrate and inhibitor profiles for major CYP isoenzymes based on pkCSM. "Yes" indicates that the
compound is predicted to be a substrate or inhibitor of the corresponding CYP enzyme, whereas "No" indicates no predicted interaction.

https://jppres.com J Pharm Pharmacogn Res (2026) 14(4): 7
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Table 9. Predicted excretion pharmacokinetic properties of the selected bioactive compounds from C. burmanni using pkCSM.

Excretion parameters

Compound
Total clearance (log mL/min/kg) Renal OCT2 substrate

Medioresinol 0.05 No
(+)-Lirioresinol B 0.255 No
Coumarin 0.97 No
Cinnamic acid 0.781 No
Cinnamyl acetate 0.377 No
Cinnamyl alcohol 0.253 No
Syringaldehyde 0.621 No

OCT2: organic cation transporter 2. Total clearance is expressed as log mL/min/kg and represents the predicted rate of compound elimination from the body.
Renal OCT2 substrate predictions indicate the likelihood of transport by the renal organic cation transporter 2, where "Yes" denotes a predicted substrate and
"No" denotes no predicted interaction.

Table 10. Predicted organ toxicity profiles of the selected bioactive compounds from C. burmanni using ProTox-3.0 and pkCSM.

ProTox-3.0 pkCSM
Compound Hepatotoxicity Mutagenicity Carcinogenicity I(-rz::l /) g-(g)/ll\(EgI:)b(\:ngday) ::;:I tisation
Medioresinol Inactive Inactive Inactive 2.149 2.097 No
(+)-Lirioresinol B Inactive Inactive Inactive 2.019 1.51 No
Coumarin Inactive Active Inactive 2.112 1.903 No
Cinnamic acid Active Inactive Inactive 2.094 2.651 No
Cinnamyl acetate Inactive Active Inactive 1.915 2.045 Yes
Cinnamyl alcohol Inactive Inactive Inactive 1.92 1.835 Yes
Syringaldehyde Inactive Inactive Inactive 2.038 1.933 No

LDso: median lethal dose (predicted oral rat acute toxicity); LOAEL: lowest observed adverse effect level (predicted oral rat chronic toxicity). LDs, values are reported in
mol/kg and LOAEL values are reported as log mg/kg_bw/day, according to pkCSM output. "Active" indicates a predicted toxicological endpoint, whereas "Inactive"
indicates no predicted toxicity. For skin sensitization, "Yes" denotes predicted sensitization and "No" denotes no predicted sensitization.

Hepatotoxicity -

E} Mutagenicity -
g I High Toxic
g
© Carcinogenicity -
o
®
=
=] LD50 -
o
=] .
] - Low Toxic
x
LOAEL -
e

Skin Sensitisation -

Compound

Figure 2. Heatmap of toxicity using toxicological parameters.

https://jppres.com J Pharm Pharmacogn Res (2026) 14(4): 8


https://jppres.com/

Bakar et al.

Molecular docking of Cinnamomum burmanni against mTORC1

Water solubility (log mol/L) -

Caco2 permeability (log Papp in 10 cm/s) -

Intestinal absorption (human) (% Absorbed) -
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Figure 3. ADME prediction heatmap for C. burmanni compounds using ADME parameters.

Table 11. Docking results of C. burmanni bioactive compounds and mTORC1.

Ligand category Ligand Binding affinity (kcal/mol)
Native/reference ligand RMC-5552 -7.0

Inhibitor reference Rapamycin -8.2

Phytochemical Medioresinol -7.2*

Phytochemical (+)-Lirioresinol B -6.3

Phytochemical Coumarin -5.9

Phytochemical Cinnamic acid -5.6

Phytochemical Cinnamyl acetate -5.6

Phytochemical Cinnamyl alcohol -5.4

Phytochemical Syringaldehyde -4.7

*The C. burmanni compound’s strongest binding affinity.

As shown in Table 11, all tested ligands showed
negative docking scores against mTORC1. The refer-
ence ligand rapamycin exhibited the strongest binding
affinity toward mTORC1 with a docking score of —8.2
kcal/mol, followed by RMC-5552 with a binding

https://jppres.com

affinity of 7.0 kcal/mol. Medioresinol exhibited the
most favorable docking score among the tested C. bur-
manni compounds, with a binding affinity of -7.2
kcal/mol. This value was more favorable than that of
(+)-lirioresinol B, which showed a docking score of
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—6.3 kcal/mol and should therefore be interpreted as a
secondary computational hit. Coumarin, cinnamic
acid, cinnamyl acetate, cinnamyl alcohol, and syringal-
dehyde showed weaker docking scores, ranging from
—=5.9 to —4.7 kcal /mol.

Interaction visualization

Ligand-protein interactions were visualized using
BIOVIA Discovery Studio 2025 to obtain both 2D and
3D interaction profiles (Table 12). This analysis was
used to identify the types of interactions formed, such
as hydrogen bonds, pi-pi interactions, pi-alkyl inter-
actions, and hydrophobic interactions, as well as the
amino acid residues involved in ligand binding at the
active site of the protein (Table 13).

Molecular docking of Cinnamomum burmanni against mTORC1

DISCUSSION

The drug-likeness assessment based on Lipinski's
Rule of Five and Veber's criteria demonstrated that all
investigated compounds satisfied the established
physicochemical requirements for orally active drug
candidates without any rule violations. These findings
indicate that the molecular weight, lipophilicity, hy-
drogen-bonding capacity, number of rotatable bonds,
and topological polar surface area of the selected phy-
tochemicals fall within the ranges generally associated
with favorable oral bioavailability (Lipinski et al., 2001;
Veber et al., 2002). Consequently, all compounds pos-
sess physicochemical characteristics that support their
further evaluation as orally available candidates.

Table 12. Two-dimensional (2D) and three-dimensional (3D) visualization of the docking results between the mTORC1 protein and the tested

ligands.

Visualization

Tested ligand
2D

3D

RMC-5552 (control)

g A B

Rapamycin

oho
158

(Control) e

&
225 . P | -
T N

arg
A2351

vaL
A2240 ARG
42348
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Table 12. Two-dimensional (2D) and three-dimensional (3D) visualization of the docking results between the mTORC1 protein and the tested
ligands (continued...)

Visualization

Tested ligand
2D 3D
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Table 12. Two-dimensional (2D) and three-dimensional (3D) visualization of the docking results between the mTORC1 protein and the tested

ligands (continued...)

Visualization
Tested ligand

2D 3D
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Table 12. Two-dimensional (2D) and three-dimensional (3D) visualization of the docking results between the mTORC1 protein and the tested
ligands (continued...)

Visualization
Tested ligand
2D 3D
Syringaldehyde
yring Yy VAL
A:2240
LEU
ILE
A:2354
TYR A:2356
A2225
ASP
. /
A:2357 &
ILE
A:2237
Exct.::;hmwdmgen Bond [ Ak
I:I Pi-Pi T-shaped l:l Pi-Alkyl

Table 13. Binding type of docking results between mTORC1 and tested ligands.

Tested ligand Range (A) Interaction type Amino acid residues

RMC-5552 3.36 Carbon hydrogen bond ASP2360
2.79 Conventional hydrogen bond GLY2544
2.85 Conventional hydrogen bond GLY2544
3.48 Carbon hydrogen bond SER2165
3.14 Carbon hydrogen bond GLU2190
3.44 Carbon hydrogen bond GLU2190

Rapamycin 2.20 Conventional hydrogen bond ASP2252
2.80 Conventional hydrogen bond ARG2348
3.00 Conventional hydrogen bond ARG2251
3.37 Carbon hydrogen bond VAL2240
5.48 Alkyl PRO2169
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Table 13. Binding type of docking results between mTORC1 and tested ligands (continued...)

Tested ligand Range (A) Interaction type Amino acid residues
Medioresinol 2.34 Conventional hydrogen bond TYR2225
2.43 Conventional hydrogen bond LYS2187
2.64 Conventional hydrogen bond VAL2240
2.64 Conventional hydrogen bond ASP2195
2.93 Carbon hydrogen bond GLY2238
3.70 Carbon hydrogen bond CYS2243
3.78 Carbon hydrogen bond TRP2239
3.79 Pi-sigma TYR2225
4.18 Pi-alkyl ILE2356
4.35 Pi-cation LYS2187
4.78 Pi-Pi stacked TRP2239
4.80 Pi-alkyl TRP2239
5.31 Pi-alkyl ILE2237
5.45 Pi-alkyl LEU2185
Lirioresinol 2.39 Conventional hydrogen bond ASP2195
2.96 Conventional hydrogen bond SER2342
3.76 Carbon hydrogen bond ASP2195
3.87 Pi-sigma TYR2225
4.37 Alkyl ILE2356
4.43 Pi-cation LYS2187
4.64 Pi-alkyl ILE2356
4.66 Alkyl ILE2237
5.30 Pi-alkyl ILE2237
Coumarin 2.01 Conventional hydrogen bond ASP2357
2.74 Conventional hydrogen bond TYR2225
3.49 Pi-sigma ILE2237
4.37 Pi-alkyl ILE2237
4.39 Pi-Alkyl ILE2356
4.79 Pi-Pi T-shaped TYR2225
5.28 Pi-Alkyl ILE2356
Cinnamic acid 1.94 Conventional hydrogen bond ASP2357
3.50 Pi-sigma ILE2237
4.87 Pi-Pi T-shaped TYR2225
5.48 Pi-alkyl ILE2356
Cinnamyl acetate 1.96 Conventional hydrogen bond VAL2240
4.33 Pi-alkyl ILE2356
4.72 Pi-cation LYS2187
5.06 Pi-alkyl ILE2237

https://jppres.com
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Table 13. Binding type of docking results between mTORC1 and tested ligands (continued...)

Tested ligand Range (A) Interaction type Amino acid residues

Cinnamyl alcohol 2.01 Conventional hydrogen bond ASP2357
3.54 Pi-sigma ILE2237
4.82 Pi-Pi T-shaped TYR2225
5.40 Pi-alkyl ILE2356

Syringaldehyde 1.90 Conventional hydrogen bond ASP2357
2.48 Conventional hydrogen bond TYR2225
4.04 Pi-alkyl TYR2225
4.29 Pi-alkyl ILE2237
4.62 Alkyl VAL2240
4.70 Pi-alkyl ILE2356
5.00 Alkyl ILE2356
531 Alkyl LEU2354
5.40 Pi-Pi T-shaped TYR2225

Despite the favorable drug-likeness profiles, the
ADMET predictions revealed marked differences in
the pharmacokinetic and toxicity characteristics
among the investigated compounds. Medioresinol ex-
hibited the greatest number of unfavorable ADMET
parameters, followed by (+)-lirioresinol B, whereas
cinnamic acid, cinnamyl acetate, coumarin, and syrin-
galdehyde demonstrated comparatively fewer pre-
dicted liabilities. These findings suggest that, although
the compounds satisfy conventional drug-likeness cri-
teria, their biological disposition and safety profiles
may differ substantially. Such variability is expected
because drug-likeness rules evaluate only physico-
chemical properties and do not account for the com-
plex biological processes governing absorption, distri-
bution, metabolism, excretion, and toxicity (Pires et al.,
2015).

The distinction between drug-likeness and ADMET
performance is well recognized in contemporary drug
discovery. While Lipinski's and Veber's rules are valu-
able for identifying compounds with suitable oral
availability, many drug candidates fail during preclin-
ical or clinical development because of inadequate
pharmacokinetic behavior or unacceptable toxicity ra-
ther than poor physicochemical properties (Lipinski et
al., 2001). Therefore, integrating in silico ADMET pre-
diction into the early stages of compound screening
helps prioritize molecules with improved developabil-
ity while reducing the time and cost associated with
experimental evaluation (Pires et al., 2015).

In the present study, the relatively favorable
ADMET profiles predicted for cinnamic acid, cinnamyl
acetate, coumarin, and syringaldehyde suggest that
these compounds may possess greater potential for
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further pharmacological development than medi-
oresinol and (+)-lirioresinol B. Nevertheless, these pre-
dictions should be interpreted cautiously because com-
putational ADMET models provide probabilistic esti-
mates based on existing datasets and cannot fully rep-
licate the complexity of in vivo pharmacokinetics. Ac-
cordingly, the predicted profiles require confirmation
through experimental pharmacokinetic and toxicolog-
ical studies before definitive conclusions regarding
their therapeutic suitability can be drawn.

Molecular docking analysis was performed to eval-
uate the interaction between bioactive compounds
from C. burmanni and mTORC1, a key regulator in-
volved in cellular growth, proliferation, autophagy,
and inflammatory responses. The mTOR signaling
pathway has been recognized as an important media-
tor in the pathogenesis of oral mucositis because its ac-
tivation contributes to inflammatory cytokine produc-
tion, epithelial damage, oxidative stress, and delayed
tissue healing during chemotherapy and radiotherapy
(Chen et al., 2020; Ji et al., 2022; Pulito et al., 2020).
Therefore, modulation of mTOR-related signaling may
represent a mechanistically relevant area for further in-
vestigation in oral mucositis. However, whether the
compounds evaluated here inhibit, activate, or other-
wise modulate mTOR signaling cannot be determined
from docking data alone

The docking results revealed that medioresinol ex-
hibited the strongest binding affinity toward mTORC1,
with a docking score of —7.2 kcal/mol. Medioresinol
showed the most favorable docking score among the
tested C. burmanni compounds (—7.2 kcal/mol). Its pre-
dicted affinity was less favorable than that of rapamy-
cin but more favorable than that of RMC-5552 under
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the applied docking protocol. This ranking supports
the prioritization of medioresinol for further experi-
mental evaluation (Ferreira et al., 2015). However, ra-
pamycin showed the most favorable score overall. The
high affinity of medioresinol may be associated with
its lignan structure, which contains multiple hydroxyl
groups capable of forming hydrogen bonds and hydro-
phobic interactions with amino acid residues in the
mTORC1 binding pocket. Such interactions are essen-
tial for stabilizing ligand-protein complexes and po-
tentially supporting ligand-protein complex stability.

Recent studies have highlighted the pharmacologi-
cal significance of lignans as natural compounds with
anti-inflammatory, antioxidant, and anticancer prop-
erties. Medioresinol belongs to a class of plant-derived
lignans that can modulate multiple inflammatory sig-
naling pathways, including PI3K/ Akt/ mTOR, NF-«B,
and MAPK pathways (Jang et al., 2022). The anti-in-
flammatory activity of lignans has been linked to the
suppression of pro-inflammatory cytokines such as
TNF-a, IL-1B, IL-6, and COX-2, which are critically in-
volved in oral mucositis progression (Jang et al., 2022).
Consequently, the predicted interaction between me-
dioresinol and the selected mTORC1 binding pocket
supports its prioritization for experimental testing.

(+)-Lirioresinol B showed a predicted binding af-
finity of —6.3 kcal/mol, which was less favorable than
those of rapamycin, RMC-5552, and medioresinol.
Therefore, this compound should be interpreted as a
secondary computational hit rather than as a stronger
mTORC1-binding candidate. Similar to medioresinol,
(+)-lirioresinol B is a lighan compound containing phe-
nolic hydroxyl groups that facilitate favorable hydro-
gen-bond interactions with the receptor. Structural dif-
ferences between these lignans, including stereochem-
ical orientation and conformational flexibility, may ex-
plain the slight variation in docking scores because lig-
and geometry strongly influences binding orientation
and interaction energy within the active site (Ferreira
et al., 2015).

The other compounds evaluated in this study, in-
cluding coumarin, cinnamic acid, cinnamyl acetate,
cinnamy]l alcohol, and syringaldehyde, showed lower
binding affinities ranging from -5.9 to —4.7 kcal/mol.
Although their interactions with mTORC1 were
weaker than those of the lignan compounds, these me-
tabolites may still contribute to the overall pharmaco-
logical activity of C. burmanni. Coumarin derivatives
have been reported to exert anti-inflammatory effects
by suppressing inflammatory mediators and reducing
oxidative stress (Emami & Dadashpour, 2015). Simi-
larly, cinnamic acid derivatives possess antioxidant
and anti-inflammatory properties through the inhibi-
tion of reactive oxygen species (ROS) generation and
modulation of inflammatory signaling pathways (Lv et
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al.,, 2021; Sova, 2012). Since oxidative stress is a major
factor in oral mucositis development, compounds ca-
pable of reducing ROS production may help protect
oral epithelial tissues from treatment-induced damage
(Nguyen et al., 2022).

Oral mucositis is characterized by a complex net-
work of biological events involving oxidative stress, in-
flammatory cytokine release, epithelial apoptosis, and
microbial dysbiosis (Al-Qadami et al., 2022; Pulito et
al., 2020). The activation of inflammatory pathways
such as NF-xB, Toll-like receptor signaling, and mTOR
contributes significantly to tissue injury and ulcer for-
mation (Chen et al., 2020; Ji et al., 2022). Natural prod-
ucts have recently gained considerable attention as al-
ternative therapeutic agents because of their ability to
target multiple molecular pathways simultaneously
while exhibiting lower toxicity than conventional
drugs (Ferreira et al.,, 2022). Therefore, the observed
docking interactions support further investigation of
cinnamon-derived phytochemicals as candidate mod-
ulators of inflammation-related pathways

Overall, medioresinol was the highest-ranked C.
burmanni phytochemical in this computational screen-
ing because it showed the most favorable docking
score among the tested plant derived compounds. The
findings suggest that medioresinol should be priori-
tized for further experimental evaluation as a com-
pound predicted to interact with the selected mTORC1
binding pocket. A limitation of this study is that dock-
ing was performed as a single run without independ-
ent replicate simulations or predefined random seeds.
Further studies involving molecular dynamics simula-
tions, MM-GBSA /MM-PBSA binding free-energy cal-
culations, ligand efficiency metrics, docking replica-
tion and sensitivity analysis, in vitro enzyme inhibition
assays, cell-based experiments, and in vivo investiga-
tions are required to evaluate the stability, biological
activity, and safety of medioresinol before any thera-
peutic relevance can be inferred.

CONCLUSION

The docking analysis suggested that medioresinol
formed favorable predicted interactions with the se-
lected mTORC1 binding pocket and ranked highest
among the evaluated C. burmanni phytochemicals.
However, the result does not confirm mTORC1 inhibi-
tion, anti-inflammatory activity, or therapeutic efficacy
in oral mucositis. Because medioresinol also showed
unfavorable predicted ADMET parameters, further
molecular dynamics simulations, binding free-energy
analysis, cell-based assays, and in vivo validation are
required before its pharmacological relevance can be
established.
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