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The genus Cinnamomum (Lauraceae) is a rich source of bioactive metabolites, yet
the Vietnamese species Cinnamomum bejolghota remains incompletely characterised. This
study aimed to characterise the constituents of the stem bark and leaves of C. bejolghota,
evaluate their cytotoxicity, and explore their molecular targets by docking. Compounds were
isolated by chromatographic methods and identified by spectroscopic analysis. Cytotoxicity
was assessed against KB, HepG2, MCF-7 and SK-LU-1 cell lines using the MTT assay. Molecular
docking against five protein targets and in silico ADME profiling were performed. Sixteen
compounds were obtained, including the steroid ergosta-4,6,8(14),22-tetraen-3-one and the
flavonol glycoside afzelin, both reported for the first time in this species. Of the 16 compounds,
14 had been reported by our group in two preliminary communications; only the steroid and
the flavonol glycoside are newly described from this species. The bis(dimethoxyphenyl)pyridine
alkaloid showed moderate cytotoxicity (IC,, 31.1 to 45.9 uM), whereas the steroid was weakly
active. Docking indicated that the active alkaloid bound topoisomerase Ilo. and tubulin more
strongly than its inactive analogue, and the B-carboline alkaloid bound monoamine oxidase
A as strongly as harmine. C. bejolghota produces a structurally diverse set of metabolites; the
integrated cytotoxicity, docking and ADME data provide a rationale for the observed bioactivities
and candidates for further study.

Keywords: Alkaloids; Cinnamomum bejolghota; Cytotoxicity; Molecular docking;
Phytochemistry.

Natural products remain a cornerstone
of drug discovery, accounting for a large share
of approved small-molecule drugs.'? The genus
Cinnamomum (Lauraceae), comprising over 250
species across South and Southeast Asia, is a
prolific source of terpenoids, phenylpropanoids,
lignans and flavonoids, whereas alkaloids remain
comparatively rare.>*

Beyond their taxonomic rarity, the
pyridine, isoquinoline and B-carboline scaffolds
encountered in this genus correspond to privileged
structures in medicinal chemistry,>® several of
which interact with topoisomerases, tubulin
and monoamine oxidases.””® Establishing which
scaffolds occur in a given species, and pairing
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that knowledge with bioactivity and target-level
reasoning, is a useful step toward prioritising leads.

Several Cinnamomum metabolites display
notable bioactivity. Cinnamaldehyde induces G1
arrest in HepG2 cells;* spirodienone neolignans
and subamolides from C. subavenium show
anti-inflammatory and cytotoxic effects;'® and C.
cassia extracts suppress non-small-cell lung cancer
proliferation.

More than 300 compounds have been
described from the genus, but fewer than 15
alkaloids were known before the recent reports
on this species, making the alkaloid chemistry of
Cinnamomum of particular interest.**

The pharmacological breadth of the
genus is well documented: cinnamaldehyde and
related phenylpropanoids exhibit antimicrobial,
anti-inflammatory and anticancer effects, several
lignans display cytotoxicity against solid-tumour
cell lines, and essential-oil constituents show
larvicidal and antifungal activity.'>"* Despite
this, comprehensive single-collection studies that
combine isolation, bioassay and computational
target prediction remain scarce for individual
species, particularly those native to Vietnam.

Cinnamomum bejolghota (Buch.-Ham.
ex Nees) Sweet is a large evergreen tree reaching
20 to 30 m in height, distributed across Vietnam,
Nepal, India, Myanmar and southern China. Its
aromatic bark is used locally as a substitute for
true cinnamon and in traditional preparations for
digestive and respiratory complaints, and earlier
work showed that its ethyl acetate extract inhibited
KB cells, providing the rationale for a detailed
phytochemical investigation.'*'s

As part of a programme on cytotoxic
metabolites from Vietnamese plants, the
present authors previously reported, in two
short communications, three new pyridine and
isoquinoline alkaloids from the stem bark'¢ and one
new P-carboline alkaloid together with one new
aromadendrane sesquiterpenoid from the leaves of
this collection.'” In total, 14 of the 16 compounds
described here were characterised in those
preliminary reports; the present study does not
claim their re-isolation as new. Rather, its purpose
is to provide the first unified and comprehensive
metabolite profile of both the bark and the leaves of
asingle C. bejolghota collection, bringing together
data that were previously dispersed across two
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short papers. To this profile it adds two constituents
not previously recorded in the species (CBT10 and
CBT11), a complete cytotoxicity screen across four
human cancer cell lines, and molecular docking
with in silico ADME prediction — analyses that
were not performed in the earlier communications.
By linking chemistry to bioactivity and to plausible
molecular targets, the study offers a more complete
account than the preliminary reports and a basis for
prioritising future pharmacological work.

MATERIALS AND METHODS

General and plant material

NMR spectra were recorded on Bruker
500 and 600 MHz instruments and HR-ESI-MS
on an Agilent 6530 Q-TOF. The stem bark (950 g)
and leaves (1 kg) of C. bejolghota were collected
in Dakrong District, Quang Tri Province, Vietnam,
in June 2019 and authenticated at the Institute of
Ecology and Biological Resources (voucher VN-
1450).

Optical rotations were measured
on a polarimeter and infrared spectra were
recorded as potassium bromide pellets. Column
chromatography used silica gel and Sephadex LH-
20, and medium-pressure liquid chromatography
was performed on pre-packed silica columns;
thin-layer chromatography on pre-coated silica
plates was used to monitor fractions, with alkaloids
detected by Dragendorff’s reagent. All solvents
were of analytical or chromatographic grade.
Extraction and isolation

Dried material was extracted with MeOH/
NH, (99:1). An acid-base protocol partitioned the
extract into alkaloid-enriched and non-alkaloid
fractions, which were separated by Sephadex LH-
20, silica gel column chromatography, MPLC and
preparative TLC to afford 11 compounds from the
bark (CBT1 to CBT11) and 5 from the leaves (CBL1
to CBL5). Full isolation details and spectroscopic
data are provided in the Supplementary Material.

Briefly, the air-dried, powdered stem bark
and leaves were each macerated with ammoniacal
methanol (MeOH containing 1% aqueous NH,, v/v)
at room temperature, and the combined filtrates
were concentrated under reduced pressure. Each
crude extract was suspended in water, acidified,
and washed to remove neutral material; the
aqueous layer was then basified and extracted to
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furnish the alkaloid-enriched fraction. Repeated
chromatography of these fractions, monitored
by thin-layer chromatography and staining with
Dragendorff’s reagent for alkaloids, afforded the
individual compounds, whose purity was confirmed
by NMR before bioassay.

It should be noted that the acid—base
protocol enriches basic (alkaloidal) constituents;
neutral or acidic compounds partitioned into the
non-alkaloid fractions were also chromatographed,
but the design does not assume that all cytotoxic
principles are basic, and any neutral cytotoxic
constituents present at low abundance may not
have been recovered.

Percentage yields relative to dry plant
material are provided in the Supplementary
Material (for example, CBT11 23 mg, 0.0024%;
CBT102.5mg, 0.00026%; CBL2 13 mg, 0.0013%).
Cytotoxicity assay

Cytotoxicity against KB, HepG2, MCF-7
and SK-LU-1 cells (ATCC) was determined by the
MTT assay'®!? at five concentrations spanning 0.5 to
128 pg/mL, with ellipticine as the positive control.
Vehicle controls containing the same dimethyl
sulfoxide concentration as the test wells were run
in parallel, and absorbance was read after 72 h of
exposure. IC values were obtained by nonlinear
regression and expressed as the mean + SD of three
independent experiments; for comparison across
compounds, they were converted from pg/mL to
uM using each compound’s molecular weight.
Following widely used screening criteria for pure
compounds, a compound was regarded as active
when its IC, was at or below 4 ug/mL.*

Of the 16 isolated compounds, 11 were
selected for testing on the basis of available
quantity, since a full five-point, triplicate assay
required at least 2 mg of pure material; the
remaining five were obtained in insufficient
amounts and were not assayed. No other inclusion
or exclusion criterion was applied.

Molecular docking and in silico ADME

Docking used the CB-Dock?2 server, which
integrates AutoDock Vina with automated cavity
detection.”’** Ligand structures were generated
from SMILES with Open Babel and minimised
(MMFF94). Targets retrieved from the Protein Data
Bank were topoisomerase Ilo. (1ZXM), tubulin
(1SAO0), monoamine oxidase A (2Z5X), DYRKIA
(3ANR) and aromatase (3EQM). For each run, the
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cavity matching the known active site (verified by
its catalytic residues) was selected. The protocol
was validated using ellipticine and harmine as
reference binders.” Drug-likeness and ADME
properties were predicted from the optimised
structures.?

For each ligand—target pair the five top-
ranked cavities were inspected, and the one whose
contacting residues coincided with the documented
catalytic or substrate-binding residues was retained
for interpretation; the most negative Vina score
within that cavity was taken as the representative
binding affinity. Hydrophobicity, hydrogen-bond
donor and acceptor counts, topological polar
surface area, the number of Lipinski violations,”
and qualitative gastrointestinal absorption and
blood-brain-barrier permeability were derived for
the same set of optimised structures.

The software versions used were CB-
Dock2 (2022 release, accessed June 2024), Open
Babel 3.1.1, AutoDock Vina 1.2.5 (integrated
within CB-Dock?2), and SwissADME (web version,
accessed June 2024). The canonical SMILES
strings of all docked ligands, the protein PDB
identifiers, and the docking input parameters are
provided in the Supplementary Material to permit
exact reproduction; no custom code was used.

RESULTS

Identification of constituents

Chromatographic separation of the bark
and leaf fractions afforded 16 compounds (Table
1), brought together here as a single profile for the
first time. Fourteen of these were characterised in
the authors’ two earlier communications'®'” — nine
from the bark (including the new alkaloids CBT1—
CBT3) and five from the leaves (including the new
alkaloid CBL1 and the new sesquiterpenoid CBL2)
— and their full spectroscopic data are reproduced
in the Supplementary Material rather than re-
described here. The two remaining compounds,
the steroid ergosta-4,6,8(14),22-tetraen-3-one
(CBT10) and the flavonol glycoside afzelin
(CBT11), are reported for the first time from C.
bejolghota. CBT10 (C,,H, O) showed a conjugated
tetraene and a 3-ketone consistent with literature
data,”® whereas CBT11 displayed kaempferol and
o-rthamnose signals characteristic of afzelin.?’

CBT10 was obtained as a yellow
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amorphous powder; its molecular formula
C,H,,0 was established by HR-ESI-MS, and
the '"H-NMR spectrum displayed three olefinic
resonances of a conjugated ring-B triene together
with a trans-disubstituted side-chain double
bond and six methyl signals, while the *C NMR
spectrum revealed a ring-A ketone near 202 ppm.
These features matched reported data for ergosta-
4,6,8(14),22-tetraen-3-one.*

CBT11 was likewise a yellow amorphous
powder and the most abundant bark constituent.
Its "TH-NMR spectrum showed a para-substituted
B-ring, two meta-coupled A-ring protons and an
anomeric proton with a small coupling constant
indicative of an o-linked rhamnose, together
with the rhamnose methyl doublet; the *C-NMR
spectrum contained a flavonol carbonyl near
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179 ppm and an anomeric carbon near 103 ppm,
consistent with afzelin.”’

The planar structures of the new
compounds were established by COSY and HMBC
correlations, and their relative configurations by
NOESY correlations. For the new sesquiterpenoid
CBL2, the 40,100 relative configuration was
deduced from key NOESY correlations, and the
absolute configuration was inferred by comparison
of the specific optical rotation ([or] ; +97.7) with
those of related aromadendrane sesquiterpenoids;
no ECD or X-ray analysis was performed.

The other previously reported constituents
comprised phenylpropanoids (CBT6, CBT7),
a flavan-3-ol (CBTY), simple aromatic acids
and aldehydes (CBT8, CBT9), a sesquiterpene
alcohol (CBT4) and the leaf aromadendrane

Table 1. Compounds isolated from Cinnamomum bejolghota

Code Compound Class Source  Status
CBT1  3,4-Bis(3,4-dimethoxyphenyl)pyridine Alkaloid Bark Ref. 16
CBT2  1-(4-Hydroxybenzyl)-6-hydroxyisoquinoline Alkaloid Bark Ref. 16
CBT3  4-(3,4-Dimethoxyphenyl)-2-methylpyridine Alkaloid Bark Ref. 16
CBT4  Spathulenol Sesquiterpene Bark Ref. 16
CBT5  5,7-Di-O-methyl-3'4'-methylenedioxyflavan-3-ol Flavonoid Bark Ref. 16
CBT6  3,4-Dimethoxycinnamyl alcohol Phenylpropanoid Bark Ref. 16
CBT7  3,4-Dimethoxycinnamaldehyde Phenylpropanoid Bark Ref. 16
CBT8  Veratric acid Phenolic acid Bark Ref. 16
CBT9  Veratraldehyde Aldehyde Bark Ref. 16
CBT10 Ergosta-4,6,8(14),22-tetraen-3-one Steroid Bark This study
CBTI11 Afzelin Flavonol glycoside = Bark This study
CBL1  3,6-Dimethoxy-9H-pyrido[3,4-b]indole Alkaloid Leaves  Ref. 17
CBL2  40,100-Dihydroxyaromadendrane-13-oic acid Sesquiterpene Leaves  Ref. 17
CBL3  4B,100-Dihydroxyaromadendrane Sesquiterpene Leaves  Ref. 17
CBL4  Litseachromolaevane A Sesquiterpene Leaves  Ref. 17
CBL5  Curcumin Polyphenol Leaves  Ref. 17

Table 2. Cytotoxicity (IC

50°

uM) of compounds from Cinnamomum bejolghota. Values are IC, (UM,

mean + SD; n = 3), converted from pg/mL using each compound’s molecular weight. NA: not active
at the highest tested concentration (128 pg/mL, = 296-560 uM depending on molecular weight).
Ellipticine was the positive control

Compound KB MCF-7 HepG2 SK-LU-1
CBT1 459+2.7 42.0+2.1 370+ 1.9 31.1+£2.1
CBT5 118.3+8.0 110.7+ 104 90.2+3.8 95.8+7.8
CBT10 117.3+3.3 107.8+3.0 72.3+0.1 NA
CBT2, CBT3, CBT4, NA NA NA NA
CBTI11, CBL1-CBL4

Ellipticine 1.66 +£0.20 1.33+0.16 1.50+0.16 1.54+0.16
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sesquiterpenoids and curcumin (CBL3—-CBLY),
all identified by comparison of their spectroscopic
data with published values.'!'” Their assignments
are listed in the Supplementary Material.
Cytotoxicity

Eleven compounds were screened (Table
2). The bis(dimethoxyphenyl)pyridine alkaloid
CBTI1 was moderately active (IC,, 31.1 to 45.9
uM), being most potent against SK-LU-1. The
flavan-3-ol CBTS and the steroid CBT10 were
weakly active (IC,, 72 to 118 pM), and the
remaining compounds were inactive.

The growth-inhibition curves of CBT1
were concentration-dependent across all four
cell lines, with negligible inhibition at the lowest
concentration and near-complete inhibition at the
highest. Among the four cell lines, SK-LU-1 lung
adenocarcinoma was the most sensitive to CBT1
and KB epidermoid carcinoma the least, although
the differences were modest and within roughly a
two-fold window. The weakly active flavan-3-ol
CBTS5 produced shallow concentration—response
curves.

The new steroid CBT 10 was active against
three of the four cell lines, being most potent
toward HepG2 and inactive toward SK-LU-1.
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Overall, only three of the eleven tested compounds
showed measurable activity.
Molecular docking and ADME

Docking affinities at each active site
are summarised in Table 3, and predicted ADME
properties in Table 4. The protocol was validated
by strong binding of the controls: ellipticine to
topoisomerase Ilo (—9.0 kcal/mol) and harmine to
MAO-A (—8.7) and DYRKI1A (-9.5).

In every case the selected cavity
contained the characteristic active-site residues,
including Asn91, Lys123, Lys168 and Thr215 for
topoisomerase Ilo, the aromatic-cage residues
Tyr407 and Tyr444 for MAO-A, and the heme-
coordinating Cys437 for aromatase, confirming
that binding occurred at the biologically relevant
site rather than at an arbitrary surface pocket. The
predicted binding modes of the principal complexes
are illustrated in Figures 1-3.

CBT1 bound topoisomerase Ilo (-8.3
kcal/mol) and tubulin (-8.2) (Figure 1) more
strongly than its analogue CBT3, which lacks
one aryl group (-7.5 and -7.0). The isoquinoline
alkaloid CBT2 also bound both targets strongly
(-9.0 and -8.3) despite being inactive in cells.

Table 3. Molecular docking binding affinities (kcal/mol) at the biological active site

Compound Topo o Tubulin MAO-A DYRKIA  Aromatase

CBTI1 -8.3 -8.2 — — —

CBT2 -9.0 -8.3 — — —

CBT3 -1.5 -7.0 — —

CBLI1 — — -8.7 -7.8 —

CBT10 — — — — -9.9

Ellipticine -9.0 — — — —

Harmine — — -8.7 -9.5 —

Table 4. Predicted physicochemical and drug-likeness properties

Compound MW cLogP HBD HBA TPSA Lipinski viol. GI abs
CBTI 3514 4.45 0 5 49.8 0 High
CBT2 251.3 3.24 2 3 53.4 0 High
CBT3 229.3 3.07 0 3 314 0 High
CBLI 228.2 2.73 1 4 47.1 0 High
CBT10 392.6 7.46 0 1 17.1 1 Low
Ellipticine 246.3 4.49 1 2 28.7 0 High
Harmine 212.2 3.03 1 3 37.9 0 High
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The B-carboline CBL1 bound MAO-A
(-8.7 kcal/mol) as strongly as harmine, engaging
the aromatic-cage residues Tyr407 and Tyr444
(Figure 2). At DYRK1A, CBL1 bound more
weakly (-7.8) than harmine (-9.5).

The steroid CBT10 showed the strongest
affinity in the study toward aromatase (-9.9 kcal/
mol), contacting the heme-coordinating Cys437
(Figure 3). All compounds except CBT10 satisfied
Lipinski’s rule, and CBT1 was predicted to have
high gastrointestinal absorption.

Organ distribution of the isolated metabolites

The pyridine and isoquinoline alkaloids
were confined to the bark, whereas the B-carboline
occurred only in the leaves. The bark furnished
three alkaloid types alongside phenylpropanoids,
a flavan-3-ol, simple aromatic acids and
aldehydes, a sesquiterpene alcohol, a steroid and
a flavonol glycoside, whereas the leaves yielded a
[-carboline alkaloid together with aromadendrane
sesquiterpenoids and curcumin.?

PHUONG et al., Biomed. & Pharmacol. J, Vol. 19(3), 2610-2621 (2026)

DISCUSSION

Structural diversity of the isolated set

The structural diversity of the isolated set
is noteworthy. Such breadth within one species is
uncommon in the genus and indicates a versatile
secondary-metabolite network, the organ-specific
features of which are considered further below.
Cytotoxicity

For CBT10, a substantially more potent
activity (IC,, = 25-40 pM) has been reported
in the same HepG2 line,”® and the difference
likely reflects differences in assay conditions and
exposure time. Relative to cinnamaldehyde, the
most studied cytotoxic constituent of the genus, the
potency of CBT1 is lower by roughly an order of
magnitude, indicating that structural optimisation
would be required to reach drug-like potency.*

The shallow concentration-response
curves of the weakly active flavan-3-ol CBTS5 are
in keeping with the generally reduced cytotoxicity

CBT1 — Topeoisomerase lla (ATP site, 1ZXM)
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Fig. 1. Binding-pocket interaction map of CBT1 within the ATP-binding site of human topoisomerase Ilo
(PDB 1ZXM, binding affinity -8.3 kcal/mol). Active-site residues identified by docking are coloured by
physicochemical class: hydrophobic (green), aromatic (orange), polar (blue), positively charged (purple) and
negatively charged (red).
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of O-methylated flavanols and with its previously
reported antioxidant activity.?? The cell-line-
selective pattern of CBT10 — most potent toward
HepG2 and inactive toward SK-LU-1—may reflect
differential expression of its molecular target. The
substantially greater potency reported for this
steroid elsewhere underscores the difficulty of
comparing cytotoxicity values across laboratories
that use different cell panels, exposure times and
readouts.?2

A tentative structural comparison between
the active CBT1 and the inactive CBT3 suggested
that the number of electron-rich aryl substituents
on the pyridine nucleus influences cytotoxic
potential.**** Because this comparison involves
only two analogues, it was treated as a hypothesis
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to be examined by docking rather than as an
established structure—activity relationship.

As this comparison rests on a single pair
of analogues differing in one structural feature,
alternative explanations for the activity difference
such as differing aqueous solubility or non-specific
colloidal aggregation of CBT1 cannot be excluded
without further analogues and counter-screens.

Placed inthe wider context of Cinnamomum
cytotoxic chemistry, the moderate potency of
CBT]1 is intermediate: it is markedly less potent
than cinnamaldehyde and the subamolide lignans
reported from related species, yet it is comparable
to common Lauraceae alkaloids and represents, to
the best of current knowledge, the first cytotoxicity
data for a bis(3,4-dimethoxyphenyl)pyridine of this

CBL1 — MAD-A (substrate cavity, 2Z5X)

0 Hydrophobée [0 Aromatic

1 e |
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\
v
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Fig. 2. Binding-pocket interaction map of CBL1 within the substrate cavity of monoamine oxidase A (PDB
275X, binding affinity -8.7 kcal/mol), engaging the aromatic-cage residues Tyr407 and Tyr444. Residue
colouring as in Figure 1
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type. The inactivity of the kaempferol glycoside
CBT11 is consistent with the general observation
that glycosylation attenuates the cytotoxicity
of flavonol aglycones, and the inactivity of the
remaining sesquiterpenoids and simple phenolics
accords with their typical biological profiles.**?*

Cytotoxic potency in the moderate
micromolar range is rarely sufficient on its own
to warrant development. The value of these data
therefore lies not in the absolute IC, values but in
the structure—activity trend they reveal, which is
examined computationally below.
Molecular docking and ADME

That CBT1 bound topoisomerase Ilo
and tubulin more strongly than its analogue CBT3
parallels their cytotoxicity and indicates that the
second 3,4-dimethoxyphenyl group of CBT1
confers additional contacts, including with the
dimerisation-critical Lys168.

The isoquinoline alkaloid CBT2 bound
both targets strongly despite being inactive in cells.

PHUONG et al., Biomed. & Pharmacol. J, Vol. 19(3), 2610-2621 (2026)

Its physicochemistry accounts for this (Table 4):
two hydrogen-bond donors and a lower cLogP
(3.24) than CBT1 (4.45) likely limit membrane
permeability, so the lack of cellular activity reflects
a pharmacokinetic constraint rather than absent
target affinity, a distinction docking alone cannot
resolve.

This permeability explanation derives
entirely from in silico descriptors (cLogP and
hydrogen-bond donor count) and is unverified;
a parallel artificial membrane permeability assay
(PAMPA) or a Caco-2 monolayer study would be
required to confirm that reduced cellular uptake
underlies the inactivity of CBT2.

That the B-carboline CBL1 bound MAO-A
as strongly as harmine, engaging the aromatic-cage
residues Tyr407 and Tyr444, suggests its target
may be a CNS rather than an oncological protein
and explains the absence of cytotoxicity despite
the reported anticancer mechanisms of some
B-carbolines.* Its weaker binding at DYRKI1A

CBT10 — Aromatase CYP19Al (active site, 3EQM)

= Hydrophobic

3 Aromatic [ Polar

=2 Positive 0 Megative

Fig. 3. Binding-pocket interaction map of CBT10 within the active site of aromatase CYP19A1 (PDB 3EQM,
binding affinity -9.9 kcal/mol), in contact with the heme-coordinating Cys437. Residue colouring as in Figure 1.
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relative to harmine is consistent with the absence of
the 1-methyl and 7-methoxy groups that optimise
harmine binding.*

The strong affinity of the steroid
CBT10 toward aromatase, contacting the heme-
coordinating Cys437, is reminiscent of other
steroidal natural products that modulate enzyme
activity.’” This score should be interpreted with
caution: given the high lipophilicity of CBT10
(cLogP 7.46), part of the predicted affinity may
reflect non-specific hydrophobic contacts with
the large, lipophilic aromatase active site rather
than a specific interaction, and an experimental
aromatase-inhibition assay would be needed to
distinguish these possibilities.

Re-docking of the co-crystallised reference
ligands and the strong, active-site-localised binding
of ellipticine and harmine indicate that the docking
set-up reproduced biologically meaningful poses;
native-ligand re-docking was not, however,
performed for tubulin (1SA0), DYRK1A (3ANR)
or aromatase (3EQM), so the accuracy for these
targets is assumed rather than independently
validated. The scoring function provides only an
approximate estimate of binding free energy and
neglects receptor flexibility, explicit water and
entropic effects; the docking results are therefore
best interpreted qualitatively and as a guide for
experimental validation rather than as quantitative
affinity predictions.

The cell-based potency, the docking
affinities at validated active sites, and the predicted
absorption properties point in the same direction:
the most cytotoxic compound binds its proposed
targets and is predicted to enter cells readily, the
strongly binding but inactive analogue is predicted
to be poorly absorbed, and the leaf alkaloid appears
directed toward a central-nervous-system target.
Linking these three types of data is the main
interpretive aim of the study.

Chemotaxonomic implications of the bark and
leaf metabolite profiles

The restriction of the pyridine and
isoquinoline alkaloids to the bark and of the
B-carboline to the leaves suggests organ-specific
alkaloid biosynthesis.*® The co-occurrence of three
distinct alkaloid classes within one Cinnamomum
species is unusual, as previously reported alkaloids
of the genus were chiefly aporphines.*

From a chemotaxonomic standpoint,
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the phenylpropanoids and spathulenol identified
here are typical of the Lauraceae, whereas the
simultaneous presence of pyridine, isoquinoline
and B-carboline alkaloids points to more than one
alkaloid biosynthetic route operating within a single
species. The tissue-specific distribution suggests
differential expression of the relevant pathways,
although the selective acid—base extraction and the
single collection site mean that these observations
should be regarded as preliminary and worthy of
confirmation across seasons and provenances.

If substantiated, such compartmentalisation
would be of biosynthetic interest, because the
pyridine, isoquinoline and B-carboline skeletons
derive from different precursors and would
imply that distinct enzymatic machineries are
differentially active in the bark and the leaves.
Comparative transcriptomic or metabolomic
profiling of the two tissues would be a natural next
step to test this proposition.*

This caveat deserves emphasis: the
inferences about organ-specific alkaloid distribution
rest on a single collection from one location at one
time-point, whereas metabolite production in
Cinnamomum varies with environmental, seasonal
and geographic factors. The chemotaxonomic
interpretation is therefore strictly preliminary and
must not be generalised without multi-site, multi-
season sampling.

Limitations

No non-cancerous cell line was tested,
precluding selectivity assessment, and the MTT
assay cannot distinguish cytostatic from cytotoxic
effects.***2 Docking scores are approximate and do
not account for protein flexibility or solvation*’; the
binding of inactive CBT2 illustrates that affinity
alone does not predict cellular efficacy. Enzyme-
inhibition assays are required to confirm these
predictions.

In addition, the cytotoxicity screen relied
on a single viability endpoint and did not include
mechanistic readouts such as cell-cycle analysis
or markers of apoptosis, and the limited quantities
of some constituents precluded their testing. The
docking study addressed a focused set of targets
chosen on mechanistic grounds rather than an
unbiased proteome-wide search, so the possibility
of additional or alternative targets cannot be
excluded. Compound purity was assessed by thin-
layer chromatography and by full 1D/2D NMR
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assignment rather than by quantitative HPLC, and
HPLC purity profiling remains to be performed.
These constraints temper the conclusions but also
delineate clear directions for confirmatory work.

CONCLUSION

Sixteen compounds were characterised
from C. bejolghota, including the first reports of
a steroid and a flavonol glycoside in the species.
CBT1 was moderately cytotoxic, and docking with
ADME profiling provided a coherent rationale for
the observed structure—activity trend and identified
candidate targets for the active alkaloid and the
B-carboline. These findings warrant mechanistic
and enzyme-based follow-up studies.

Specifically, topoisomerase Ilo and
tubulin-polymerisation inhibition assays for
CBT1, monoamine oxidase A and DYRKIA
inhibition assays for CBL1, and an aromatase
inhibition assay for CBT10 would test the
computational predictions, while evaluation against
non-cancerous cells would establish selectivity.
The differential organ distribution of the alkaloid
classes also invites biosynthetic investigation of
this underexplored Vietnamese species.
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