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ABSTRACT

Article history: The chemical constituents and biological activities of the young fruits of Naringi crenulata
Received (Roxb.) Nicolson (Rutaceae) remain poorly investigated. This study aimed to isolate secondary
Revised metabolites from the young fruits and evaluate the in vitro cytotoxicity and relative selectivity of
Accepted the extracts and the isolated compounds. The plant material was sequentially extracted with

hexane, CH2Cl,, acetone, and MeOH, and cytotoxicity was evaluated against KB, MCF-7, and
Vero cells using the MTT assay. Of these extracts, CH2Cl2 was the most active against KB and
MCF-7 cells, with ICso values of 15.08 and 27.92 ng/mL, respectively, and showed lower
cytotoxicity toward Vero cells (ICso = 169.65 pg/mL), corresponding to selectivity indices (SI) of
11.25 and 6.07. Three known prenylated benzoyltyramine alkaloids, acidissimin (1), acidissiminin
epoxide (2), and acidissiminol (3), were isolated. Their structures were assigned from
spectroscopic data acquired in this study and compared with published values. Compound 3 was
the most active against KB and MCF-7 cells (ICso = 0.79 and 0.87 pg/mL; SI=6.10 and 5.54) but
also showed appreciable cytotoxicity toward Vero cells (ICso = 4.82 pg/mL). Compound 2 was
selectively cytotoxic toward KB cells (ICso = 6.11 ug/mL; SI >16.37), whereas compound 1 was
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less active. This is the first report of compounds 1-3 from N. crenulata and their preliminary
evaluation in these cell models.
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Introduction

Phytochemical investigations of N. crenulata have identified diverse
classes of secondary metabolites, including alkaloids, coumarins,
flavonoids, lignans, quinones, steroids, and terpenoids, particularly
from the stems, stem bark, and leaves.'>!7 Although N-benzoyltyramine
methyl ether has previously been identified from this species,'?
prenylated benzoyltyramine alkaloids have not, to the best of our
knowledge, been reported from N. crenulata. These alkaloids are
characterized by a benzoyltyramine scaffold bearing an O-linked
modified prenyl side chain. Structurally related prenylated
benzoyltyramine alkaloids isolated from the peels of Atalantia

Naringi crenulata (Roxb.) Nicolson (syn. Hesperethusa crenulata
(Roxb.) M. Roem, Limonia crenulata Roxb.), a medicinal tree
belonging to the family Rutaceae, is widely distributed across South and
Southeast Asia, including Sri Lanka, India, Pakistan, Malaysia,
Myanmar, Laos, and Thailand." The plant is known locally as Krakae
in Thailand, Thanaka in Myanmar, and Narinarakam in India.>* Various
parts of N. crenulata have long been used in traditional medicine. The
roots are used to treat vomiting, colic, body pain, and dysentery,*?
whereas the powdered stem is traditionally applied as a facial cosmetic

and is reported to possess anti-acne and anti-aging properties.® The
bark juice is used as a traditional remedy for puerperal fever and
sprains,>® while the leaves are used to manage dysentery and
epilepsy.”!® In addition, a decoction prepared from the fruits is
traditionally used as an insect repellent.'!
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monophylla have exhibited cytotoxicity against cholangiocarcinoma,
HeLa, HCT116, and MCF-7 cell lines.'®! More recently, severine
palmitate and acidissiminol epoxide from A. monophylla were reported
to inhibit several human cancer cell lines, with acidissiminol epoxide
inducing apoptosis and GO/G1 cell-cycle arrest in MCF-7 cells.?
Nevertheless, prenylated benzoyltyramine alkaloids from N. crenulata
and their cytotoxic selectivity have not been previously investigated.
Accordingly, the novelty of the present study lies in the first reported
occurrence of the known compounds 1-3 in N. crenulata, together with
the evaluation of their cytotoxicity and relative selectivity in the tested
cell models.

Cancer remains a major global health concern,”’ and the clinical
effectiveness of many chemotherapeutic agents is often limited by
systemic toxicity, damage to healthy tissues, and the development of
drug resistance.”>? Consequently, identifying cytotoxic agents that
preferentially affect cancer cells while exhibiting lower toxicity toward
non-cancerous cells remains an important objective in anticancer drug
discovery. Natural products and their structurally diverse secondary
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metabolites have long served as valuable sources of lead compounds for
the development of anticancer therapeutics.?#?* Medicinal plants may
therefore provide structurally distinctive metabolites with potentially
useful cytotoxic and selective properties.

Based on these considerations, the present study investigated the
chemical constituents of the young fruits of N. crenulata and evaluated
the cytotoxicity of the plant extracts and isolated prenylated
benzoyltyramine alkaloids against KB and MCF-7 cancer cells. Their
effects on non-cancerous Vero cells were also determined to assess
selectivity toward the tested cancer cells.

Materials and Methods

General experimental procedures

'H and '*C NMR spectra were recorded on a Bruker AVANCE 300 FT-
NMR spectrometer (Bruker, Germany) at 300 and 75 MHz,
respectively, using CDCl; as the solvent. The chemical shifts (d) are
reported in ppm with reference to the residual solvent signal of CDCl3
(0n 7.26 and 6c 77.16), and coupling constants (J) are given in Hz.
DEPT, 'H-'H COSY, HSQC, and HMBC experiments were performed
as appropriate to support the structural assignments.

The purity of compounds 1-3 was assessed qualitatively from their 'H
and '*C NMR spectra, which showed no prominent signals attributable
to major impurities. High-resolution electrospray ionization mass
spectra (HR-ESIMS) were acquired on a compact quadrupole time-of-
flight mass spectrometer (Bruker Daltonics, Bremen, Germany)
operating in the positive mode. IR spectra were recorded on a Bruker
INVENIO-S FT-IR spectrometer (Bruker, Switzerland). Melting points
were determined using a Griffin melting point apparatus (Fisher
Scientific, UK) and are uncorrected. Column chromatography was
performed using Merck silica gel 60 (<0.063 mm). Analytical TLC was
carried out on precoated silica gel 60 Fzsa plates (Merck, Germany).
Compounds were visualized under UV light or by spraying with
anisaldehyde—H2.SO4 reagent, followed by heating. Solvents used for
extraction and preparative chromatography were of commercial grade
and distilled before use.

Plant material

Young fruits of Naringi crenulata (Roxb.) Nicolson were collected in
June 2025, approximately one month after fruit set, from the Faculty of
Agricultural ~ Technology, Phetchaburi Rajabhat  University,
Phetchaburi, Thailand (13.0746° N, 99.9786° E). The plant material
was morphologically identified and authenticated by Bancha
Yingngam, PhD, Subdepartment of Pharmaceutical Botany and
Pharmacognosy, Faculty of Pharmaceutical Sciences, Ubon
Ratchathani University, Thailand, based on morphological and
taxonomic characteristics and comparison with an authenticated
herbarium specimen of N. crenulata (PHUBUO00466) deposited at the
Faculty of Pharmaceutical Sciences, Ubon Ratchathani University. A
representative voucher specimen of the plant material used in this study
was deposited in the Herbarium, Faculty of Pharmaceutical Sciences,
Ubon Ratchathani University, Thailand, under voucher number
PHUBU-NC-2025-001. A duplicate voucher specimen was also
deposited in the institutional botanical collection of the Division of
Chemistry, Faculty of Science and Technology, Phetchaburi Rajabhat
University, Thailand, under voucher number PBRU-005.

Extraction and isolation

The dried and ground young fruits (1.2 kg) of N. crenulata were
successively extracted by maceration in hexane (4 x 7 L), CH2Clz (5 %
7 L), acetone (5 x 7 L), and MeOH (4 x 7 L), each for 4 days. After the
removal of the solvent using a rotary evaporator under reduced pressure,
hexane (green sticky solid, 36.76 g), CH2Cl (pale green sticky solid,
9.52 g), acetone (dark brown sticky solid, 7.09 g), and MeOH (dark
brown sticky solid, 68.34 g) extracts were obtained. The CH2Cl: extract,
which exhibited strong cytotoxic activity against KB (ICso = 15.08 +
0.51 pg/mL) and MCF-7 (ICso = 27.92 + 6.19 pg/mL) cell lines, was
selected for further investigation. The CH2Clz crude extract (5.00 g) was
fractionated by CC (Silica gel, eluting with a gradient system of hexane,
hexane: CH2Clz (100:0 to 0:100, v/v), and CH2Cl2: acetone (100:0 to
0:100, v/v)) to give five fractions, F1-F5. Fraction F2 (920.6 mg) was
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selected for further purification because it contained a relatively large
amount of material and showed a distinct major spot on TLC. Fraction
F2 was purified by silica gel column chromatography eluting with a
gradient system of hexane, hexane: CH2Cl2 (100:0 to 0:100, v/v), and
CH2Clz: acetone (100:0 to 0:100, v/v) to obtain four subfractions, F2.1-
F2.4. Subfraction F2.1 was purified by flash column chromatography
using 5% CH:Clz in hexane (v/v) to afford three subfractions, F2.1.1-
F2.1.3. Subfraction F2.1.1 (184.1 mg) was reprecipitated from 30%
CH2Cl: in hexane (v/v) to afford acidissimin (1, 159.7 mg). Subfraction
F2.1.2 (127.8 mg) was fractionated by silica gel column
chromatography using a gradient system of hexane, hexane: CH2Clz
(100:0 to 0:100, v/v), and CH2Cla: acetone (100:0 to 0:100, v/v) to give
acidissiminin epoxide (2, 52.7 mg). Subfraction F2.1.3 (80.7 mg) was
further purified by silica gel column chromatography using a gradient
system of hexane, hexane: CH2Clz, and CH2Cla: acetone to obtain
acidissiminol (3, 36.3 mg).

Characteristics of the isolated compounds

Acidissimin (1). White solid; mp 6466 °C (lit. 65 °C)?; IR (neat) Vmax
3348, 2916, 2848, 1731, 1639, 1530, 1237, 1171, 945, 717 cm™!; 'H
NMR (300 MHz, CDCls) &: 0.87 (3H, t,J=5.9 Hz, H-18"), 1.25 (28H,
m, H-4-H-17"), 1.60 (3H, s, H-8), 1.63 (2H, m, H-3'), 1.66 (3H, s, H-
9), 1.72 (3H, s, H-10), 2.28 (2H, t, J = 7.3 Hz, H-2'), 2.35 (2H, m, H-5),
2.86 (2H,t,J=6.8 Hz, H-7"),3.67 (2H, q, J = 6.8 Hz, H-8"), 4.55 (2H,
d, J =6.0 Hz, H-1), 5.00 (1H, t, J = 5.8 Hz, H-6), 5.15 (1H, t, ] = 6.7
Hz, H-4), 5.71 (1H, t, J = 6.0 Hz, H-2), 6.18 (1H, br s, N-H), 6.84 (2H,
d, J=8.6 Hz, H-2" and H-6"), 7.13 (2H, d, ] = 8.6 Hz, H-3"" and H-5"),
7.39 (2H, dd, J=1.4 and 6.8 Hz, H-3"" and H-5"), 7.47 (1H, dd, J=1.4
and 6.8 Hz, H-4'"), 7.69 (2H, dd, J = 1.4 and 6.8 Hz, H-2"" and H-6"");
13C NMR (75 MHz, CDCl3) &: 13.1 (C-10), 14.1 (C-18"), 17.9 (C-8),
22.6 (C-17"),25.0 (C-3"),25.7 (C-9), 29.1-29.7 (C-4' - C-15"), 31.6 (C-
16'), 34.6 (C-5), 34.8 (C-2' and C-7"), 41.3 (C-8"), 64.5 (C-1), 77.5 (C-
4), 115.0 (C-2" and C-6"), 118.9 (C-6), 122.7 (C-2), 126.8 (C-2"" and
C-6""), 128.5 (C-3"" and C-5""), 129.7 (C-3" and C-5"), 131.0 (C-4"),
131.3 (C-4""), 134.7 (C-7 and C-1""), 137.7 (C-3), 157.4 (C-1"), 167.4
(C-9), 173.0 (C-1"); HR-ESIMS m/z 682.4782 [M + Na]" (calcd for
C13HesNNaOs, 682.4805).

Acidissiminin epoxide (2). White solid; mp 105-107 °C (lit. 105-106
°C)¥ ; IR (neat) vmax 3345, 2918, 2849, 1729, 1639, 1530, 1348, 1235,
1106, 1026, 977, 719 cm™'; "TH NMR (300 MHz, CDClz) &: 0.87 (3H, t,
J=6.3 Hz, H-18'), 1.25 (28H, m, H-4'- H-17’), 1.27 (6H, s, H-8 and H-
9), 1.63 (2H, m, H-3"), 1.75 (3H, s, H-10), 1.91 (2H, m, H-5), 2.32 (2H,
t,J =7.3 Hz, H-2"), 2.70 (1H, t, J = 5.9 Hz, H-6), 2.87 (2H, t, ] = 6.7
Hz, H-7"), 3.51 (2H, q, J = 6.7 Hz, H-8"), 4.56 (2H, d, J = 6.0 Hz, H-
1),5.36 (1H,t,J=6.4 Hz, H-4), 5.78 (1H, t, ] = 6.0 Hz, H-2), 6.16 (1H,
brs, N-H), 6.84 (2H, d, J =8.5 Hz, H-2" and H-6"), 7.13 (2H, d, J =8.5
Hz, H-3" and H-5"), 7.45 (2H, dd, J = 1.4 and 6.9 Hz, H-3"" and H-5""),
7.49 (1H, dd, J = 1.4 and 6.9 Hz, H-4""), 7.69 (2H, dd, J = 1.4 and 6.9
Hz, H-2"" and H-6""); *C NMR (75 MHz, CDCl3) &: 13.1 (C-10), 14.1
(C-18), 18.8 (C-8), 22.7 (C-17"), 24.6 (C-9), 24.9 (C-3"), 29.1-29.7 (C-
4’ - C-15"), 31.9 (C-16"), 32.6 (C-5), 34.5 (C-2'), 34.8 (C-7"), 41.3 (C-
8"), 57.8 (C-7), 60.7 (C-6), 64.3 (C-1), 75.4 (C-4), 114.9 (C-2" and C-
6"),122.8 (C-2), 126.8 (C-2"" and C-6""), 128.5 (C-3""and C-5""), 129.7
(C-3"and C-5"), 131.3 (C-4"), 131.3 (C-4""), 134.7 (C-1"""), 137.3 (C-
3), 157.3 (C-1"), 167.4 (C-9"), 172.8 (C-1"); HR-ESIMS m/z 698.4733
[M + Na]" (calcd for C43HesNNaOs, 698.4754).

Acidissiminol (3). White solid; mp 86-88 °C (lit. 85-87 °C)?’; IR (neat)
vmax 3330 (broad), 2966, 2862, 1635, 1577, 1542, 1304, 1242, 1055,
695, 671 cm’'; 'TH NMR (300 MHz, CDCl3) &: 1.64 (3H, s, H-8), 1.67
(3H, s, H-9), 1.72 (3H, s, H-10), 2.28 (2H, t, ] = 6.9 Hz, H-5), 2.87 (2H,
t,J =6.8 Hz, H-7"), 3.68 (2H, q, J = 6.8 Hz, H-8"),4.06 (1H, t,J=6.9
Hz, H-4), 4.58 (2H, d, ] = 6.2 Hz, H-1), 5.10 (1H, t, ] = 6.9 Hz, H-6),
5.57 (1H, t, J = 6.2 Hz, H-2), 6.15 (1H, br s, N-H), 6.87 (2H, d, ] = 8.6
Hz, H-2" and H-6"), 7.15 (2H, d, J = 8.6 Hz, H-3" and H-5"), 7.40 (2H,
dd, J=1.6 and 6.5 Hz, H-3"" and H-5""), 7.46 (1H, dd, J = 1.6 and 6.5
Hz, H-4""), 7.69 (2H, dd, J = 1.6 and 6.5 Hz, H-2"" and H-6""); *C
NMR (75 MHz, CDCl3) 8: 12.5 (C-10), 18.0 (C-8), 25.9 (C-9), 34.1
(C-5),34.8 (C-7"),41.2 (C-8"), 64.2 (C-1), 76.2 (C-4), 114.9 (C-2" and
C-6"), 119.6 (C-6), 120.9 (C-2), 126.8 (C-2"" and C-6""), 128.5 (C-3""
and C-5""), 129.7 (C-3" and C-5"), 130.9 (C-4"), 131.3 (C-4""), 134.7
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(C-7), 1353 (C-1"), 141.7 (C-3), 157.5 (C-1"), 167.4 (C-9"); HR-
ESIMS m/z 416.2197 [M + Na]" (calcd for C2sH31NNaOs, 416.2196).

Cytotoxic activity assay

The cytotoxic effects of the extracts and isolated compounds were
evaluated using the MTT assay. Human epithelial KB cells (ATCC
CRL-3596), human breast adenocarcinoma MCF-7 cells (ATCC HTB-
22), and African green monkey kidney Vero cells (ATCC CCL-81)
were obtained from the American Type Culture Collection (ATCC,
USA). The cells were cultured in Minimum Essential Medium (MEM)
supplemented with 10% fetal bovine serum (FBS) and 1% antibiotic—
antimycotic solution. The cultures were maintained at 37 °C in a
humidified atmosphere containing 5% CO.. Cells were seeded into 96-
well plates at a density of 3 x 103 cells/well and allowed to attach for 24
h. The cells were subsequently exposed to the extracts (1-1000 pg/mL)
or isolated compounds (0.1-100 pg/mL) for 72 h. Doxorubicin (0.01-
10 pg/mL) was included as the positive control, while medium
containing 0.1% DMSO served as the vehicle control. After the
treatment period, 20 pL of MTT solution (5 mg/mL in PBS) was added
to each well, followed by incubation for an additional 3 h at 37 °C under
5% COz. The medium was then carefully aspirated, and the resulting
formazan crystals were dissolved in 100 pL of DMSO. Absorbance was
measured at 550 nm using a microplate reader (Benchmark 550, Bio-
Rad, USA). Each concentration was tested in six replicate wells, and
three independent experiments were conducted. Cell viability was
expressed as a percentage relative to the vehicle-treated control. The
ICso value was estimated by interpolation from the dose—response curve
of percentage cell viability versus logarithmic concentration using
SigmaPlot version 15.0. The ICso values are presented as the mean +
SD of three independent experiments. The selectivity index (SI) was
calculated as the ratio of the ICso value against Vero cells to that against
each cancer cell line. An SI value greater than 3 was considered
indicative of selective cytotoxicity toward cancer cells.?%?

Statistical analysis

Data are presented as the mean + standard deviation (SD) of three
independent experiments, with each concentration tested in six replicate
wells. ICso values were derived from the corresponding concentration—
response curves.

Results and Discussion

Structural characterization of the isolated compounds

The CH:Cla extract of the young fruits of N. crenulata exhibited
selective cytotoxicity toward KB and MCF-7 cells, with SI values of
11.25 and 6.07, respectively. Purification of this extract yielded three
known prenylated benzoyltyramine alkaloids: acidissimin (1),
acidissiminin epoxide (2), and acidissiminol (3) (Figure 1). Their
structures were assigned from IR, NMR, and mass spectrometric data
acquired in the present study; previously published values were used
only for comparison and identification of the known compounds.
Although compounds 1-3 have been reported from the fruits of the
wood apple, Limonia acidissima (Rutaceae),?®? this is, to the best of
our knowledge, their first reported occurrence in N. crenulata.

s

Acidissimin (1) R=“'a)1‘k(CHz)1<,CH3 Acidissiminin epoxide (2) R = h)pk(cm)mcm

Acidissiminol (3) R= H

Figure 1: Structures of known prenylated benzoyltyramine
alkaloids 1-3

Compound 1 was isolated as a white solid, mp 64—66 °C. Its molecular
formula was established as C43H¢sNO4 from the HR-ESIMS ion at m/z
682.4782 [M + Na] (calcd for C43HssNNaOs, 682.4805), corresponding
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to 12 degrees of unsaturation. The IR absorptions at 3348, 1731, and
1639 cm™ indicated the presence of an NH group, an ester carbonyl,
and an amide carbonyl, respectively. The '3C NMR, DEPT, and HSQC
spectra accounted for all 43 carbon atoms, comprising four methyl, 20
methylene, 12 methine, and seven nonprotonated carbons. Two
carbonyl resonances at dc 173.0 and 167.4 were assigned to an ester
carbonyl (C-1') and an amide carbonyl (C-9"), respectively. The 'H
NMR spectrum exhibited a five-proton aromatic pattern at du 7.69 (2H),
7.47 (1H), and 7.39 (2H), together with the corresponding carbon
signals at oc 126.8, 128.5, 131.3, and 134.7, characteristic of a
monosubstituted benzoyl group. In addition, two pairs of aromatic
doublets at 6u 6.84 and 7.13 (each 2H, J = 8.6 Hz) indicated a para-
disubstituted phenyl ring. The methylene resonances at du/dc 2.86/34.8
(H-7"/C-7") and 3.67/41.3 (H-8"/C-8"), together with an NH signal at
du 6.18, supported an N-benzoyltyramine framework. This assignment
was further substantiated by the H-7"/H-8"” COSY correlation and
HMBC correlations connecting the ethylene unit to the para-
disubstituted aromatic ring and the amide carbonyl. Long-range
correlations from H-2""/H-6"" to C-9" established attachment of the
benzoyl ring to the amide carbonyl. The remaining resonances defined
an oxygenated geranyl-derived unit. The oxymethylene H-1 at ou 4.55
correlated in the HSQC spectrum with C-1 at ¢ 64.5, while the olefinic
methines H-2 and H-6 appeared at du/dc 5.71/122.7 and 5.00/118.9,
respectively. An additional oxygenated methine was observed at 6u/dc
5.15/77.5 (H-4/C-4). The COSY correlations of H-1/H-2 and H-4/H-
5/H-6 defined the two proton sequences within this unit. The quaternary
olefinic carbons at dc 137.7 (C-3) and 134.7 (C-7), together with the
methyl resonances for H-8, H-9, and H-10, completed the 3,7-
dimethylocta-2,6-dienyl framework. Its connection to the tyramine
aromatic ring through an ether linkage was established by the HMBC
correlation from H-1 to the oxygenated aromatic carbon C-1" (3¢
157.4). The E geometry of the C-2/C-3 double bond was supported by
the relatively shielded resonance of the olefinic methyl carbon C-10 at
dc 13.1, consistent with the reported data for related acidissiminol
derivatives.?¢%

The ester substituent was identified as a stearoyloxy group from the
signals of an ester carbonyl at 6c 173.0, an a-methylene at Sn/dc
2.28/34.8 (H-2'/C-2'), a B-methylene at du/dc 1.63/25.0 (H-3'/C-3'), an
extended methylene envelope at du 1.25, and a terminal methyl group
at du/dc 0.87/14.1 (H-18'/C-18"). The HMBC correlation from H-4 to
C-1" located the stearoyloxy moiety at C-4. Accordingly, the
spectroscopic evidence established compound 1 as a C-4-stearoylated
benzoyltyramine bearing an oxygenated geranyl unit. Comparison of its
physicochemical and NMR data with those reported in the literature
confirmed the identity of compound 1 as acidissimin.?®

Compound 2 was isolated as a white solid, mp 105-107 °C. Its
molecular formula, C43HssNOs, was established from the HR-ESIMS
ion at m/z 698.4733 [M + Na] (caled for C43HesNNaOs, 698.4754),
indicating the incorporation of one additional oxygen atom relative to
1. The IR absorptions at 3345, 1729, and 1639 cm™ supported the
presence of NH, ester carbonyl, and amide carbonyl groups,
respectively. The NMR data retained the benzoyltyramine, stearoyl
ester, and C-2/C-3 olefinic features of 1, but lacked the C-6/C-7 alkene
signals at on/dc 5.00/118.9 and Sc 134.7. These resonances were
replaced by an oxirane methine at du/dc 2.70/60.7 (H-6/C-6) and a
nonprotonated oxirane carbon at dc 57.8 (C-7). The H-5/H-6 COSY
correlation and HMBC cross-peaks from H-8/H-9 to C-6 and C-7
located the epoxide at C-6/C-7. The HMBC correlation from H-4 (&u
5.36) to the ester carbonyl C-1’ (8c 172.8) confirmed retention of the C-
4 stearoyloxy group. Accordingly, 2 was identified as acidissiminin
epoxide by comparison with the reported spectroscopic data.?’
Compound 3 was obtained as a white solid, mp 86-88 °C. The
molecular formula C2sH31NOs was deduced from its HR-ESIMS ion at
m/z 4162197 [M + Na] (caled for CasH31NNaOs, 416.2196),
accounting for 11 degrees of unsaturation. Its NMR profile retained the
benzoyltyramine and geranyl-derived features of acidissimin (1), but
showed no resonances attributable to the stearoyl chain or its ester
carbonyl. Consistent with deacylation at C-4, H-4 shifted upfield from
6u 5.151n1to 61 4.06 in 3 and correlated by HSQC with the oxygenated
methine C-4 at 8¢ 76.2. The H-4/H-5/H-6 COSY sequence confirmed
that this hydroxy-bearing methine remained embedded within the
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monoterpenoid chain, whereas the remaining HSQC and HMBC
correlations preserved the same aryl ether and benzoyltyramine
connectivity established for 1. The broad IR absorption at 3330 cm™
and the absence of an ester-carbonyl band further supported the
presence of a free hydroxy group. Accordingly, compound 3 was
assigned as the C-4 deacylated analogue of 1 and identified as
acidissiminol by comparison with the reported spectroscopic data.?’

Cytotoxic activity evaluation of the extracts and isolated compounds
The cytotoxic activities of the extracts and compounds 1-3 were
evaluated against KB and MCF-7 cancer cells, while Vero cells were
included to assess selectivity toward non-cancerous cells (Table 1).
Among the four extracts, the CH2Cl> extract showed the strongest
cytotoxicity against both KB and MCF-7 cells, with ICso values of 15.08
+ 0.51 and 27.92 + 6.19 pg/mL, respectively. It also exhibited
considerable selectivity, with corresponding SI values of 11.25 and
6.07. The hexane extract was less active, with ICso values of 30.54 +
3.00 pg/mL against KB cells and 67.51 £+ 5.78 pg/mL against MCF-7
cells, but remained selective toward both cell lines.

Table 1: Cytotoxic activities of young-fruit extracts of Naringi
crenulata (Roxb.) Nicolson and the isolated compounds 1-3.

Extract KB MCF-7 Vero

or

compound 1Cso SI ICso SI ICso
(ng/mL) (ng/mL) (ng/mL)

Hexane 30.54 = 10.89 6751 £ 492 332,67+

extract 3.00 5.78 16.99

CH:Cl 15.08 + 11.25 2792 £ 6.07 169.65 £

extract 0.51 6.19 26.62

Acetone 85.07 + 9.54 24583 + 330 811.85=+

extract 4.30 18.10 1.65

MeOH 858.04 + >1.17 >1000 ND  >1000

extract 9.14

Compound1 69.11 £ >145 >100 ND  >100
1.41

Compound2 6.11 =+ >16.37 >100 ND >100
0.82

Compound3 0.79 =+ 6.10 087 =+ 554 482 =+
0.06 0.07 0.66

Doxorubicin ~ 0.078 += 11.79 0.19 =+ 484 092 =+
0.003 0.01 0.12

Note: Values are expressed as the mean £ SD of three independent
experiments. Extracts and isolated compounds were tested at
concentrations of up to 1,000 and 100 pg/mL, respectively. ICso,
concentration required to reduce cell viability by 50%; SI, selectivity
index, calculated as ICso (Vero)/ICso (cancer cell); KB, human oral
epidermoid carcinoma cells; MCF-7, human breast adenocarcinoma
cells; Vero, African green monkey kidney cells; SD, standard deviation;
ND, not determined. ICso values preceded by “>” indicate that 50%
inhibition was not achieved at the highest concentration tested. SI
values preceded by “>” represent lower-bound estimates derived from
the corresponding ICso limit for Vero cells. Doxorubicin was used as
the positive control.

Although the acetone extract displayed weaker cytotoxicity, it showed
SI values of 9.54 and 3.30 against KB and MCF-7 cells, respectively.
In contrast, the MeOH extract exhibited only weak cytotoxicity against
KB cells, while its ICso values against MCF-7 and Vero cells could not
be determined within the concentration range tested.

The present findings add to previous evidence of the cytotoxic potential
of structurally related prenylated benzoyltyramine alkaloids.
Atalantums A-G from A. monophylla showed cytotoxicity against
cholangiocarcinoma cell lines,'® while atalantums H-K and related
benzoyltyramines were evaluated against HeLa, HCT116, and MCF-7
cells, with Vero cells included for selectivity assessment.'”
Acidissiminol epoxide from A. monophylla was also reported to induce
apoptosis and GO/G1 cell-cycle arrest in MCF-7 cells.”* Direct
comparisons of potency should nevertheless be made cautiously
because the compounds, cell lines, exposure periods, and assay
conditions differed among studies.

ISSN 2616-0684 (Print)
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In the present study, compound 3 was the most potent isolated
compound, with ICso values of 0.79 + 0.06 and 0.87 = 0.07 pg/mL
against KB and MCF-7 cells, respectively. Its corresponding SI values
of 6.10 and 5.54 indicated relative selectivity toward both cancer cell
lines under the conditions of this in vitro assay, although its ICso value
against Vero cells (4.82 + 0.66 pg/mL) also demonstrated appreciable
cytotoxicity toward non-cancerous cells. Compound 2 showed lower
potency but greater selectivity toward KB cells (ICso = 6.11 + 0.82
pg/mL; SI > 16.37), whereas its ICso values against MCF-7 and Vero
cells were greater than 100 pg/mL. Compound 1 was less active against
KB cells (ICso =69.11 + 1.41 pg/mL; SI > 1.45) and likewise exhibited
ICso values greater than 100 pg/mL against MCF-7 and Vero cells. The
markedly greater activity of acidissiminol (3) than that of its C-4-
stearoylated analogue acidissimin (1) provides a preliminary indication
that the free C-4 hydroxy group and/or the absence of the long-chain
acyl substituent may contribute to cytotoxic activity; however,
additional analogues and mechanistic studies are required to establish
this preliminary structure—activity relationship. Thus, the present
findings extend the known cytotoxic profile of benzoyltyramine
alkaloids and provide the first evidence for the cytotoxicity and
selectivity of compounds 1-3 isolated from N. crenulata against KB
and MCF-7 cells. Vero cells are derived from African green monkey
kidney and are not human non-malignant counterparts of the tissues
represented by KB or MCF-7 cells. Accordingly, the SI values indicate
relative selectivity only within the tested cell models and should not be
interpreted as evidence of therapeutic safety.

Conclusion

Phytochemical investigation of the young fruits of N. crenulata led to
the isolation of three known prenylated benzoyltyramine alkaloids:
acidissimin (1), acidissiminin epoxide (2), and acidissiminol (3).
Although previously reported from L. acidissima, these compounds are
reported here for the first time from N. crenulata. Among the extracts,
the CH2Cl2 extract showed the strongest and most selective cytotoxicity
toward KB and MCF-7 cells. Of the isolated compounds, acidissiminol
(3) was the most potent against both cell lines, with ICso values of 0.79
+ 0.06 and 0.87 £ 0.07 pg/mL and SI values of 6.10 and 5.54,
respectively. Acidissiminin epoxide (2) was less potent than 3 but
showed greater selectivity toward KB cells (ICso = 6.11 £+ 0.82 pg/mL;
SI >16.37). This study expands the known distribution of prenylated
benzoyltyramine alkaloids within the Rutaceae and provides the first
evaluation of the cytotoxicity and selectivity of compounds 1-3 against
KB, MCF-7, and Vero cells. These findings represent preliminary in
vitro cytotoxicity data. Because compound 3 also showed appreciable
cytotoxicity toward Vero cells, further evaluation using appropriate
human non-malignant cell models and mechanistic studies is required
before its anticancer potential or safety can be assessed.
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