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Abstract

Meliaceae family consists of various plants that have been used as a source of medicinal plants and limonoid
compounds. Limonoid is a compound group of terpenoid which has many bioactivities. One of the species from Meliaceae
which produced limonoids is Chisocheton macrophyllus. The n-hexane fraction of the C. macrophyllus seed afforded 3
limonoids, namely 7-deacetylepoxyazadiradione (1), 6a-acetoxydeoxygedunin (2) and 6a-acetoxygedunin (3). Data from
a variety of spectroscopic techniques, including as mass spectroscopy, FTIR, 1- and 2-dimensional NMR, were used to
identify the secondary metabolite structures, and the PrestoBlue™, method was used for the cytotoxic assay. Compound
(2), known as 6a-acetoxydeoxygedunin, was first reported in this genus. MCF-7 breast cancer cell lines have also been
used to assess limonoids compounds (1 - 3). The 2 and 3 were categorized as weak with an ICsy value of 231.26 and
475.87 ng/mL, while compound 1 showed inactive with ICso values of > 500 ng/mL. These findings encourage further
exploration of Meliaceae plants for new bioactive compounds and advance the development of novel cancer treatments.

Keywords: Cytotoxic activity, Chisocheton macrophyllus, MCF-7 cell lines, Limonoids

Introduction

The Meliaceae family has been thoroughly
investigated for drug discovery, and it is an established
source of potentially therapeutic chemicals [1].
Terpenoid compounds from this family are generated by
several genera, such as Dysoxylum, Aglaia, Chisocheton
and Lansium. From among the numerous structures,
these terpenoids exhibit bioactivities such as anti-
inflammatory, anti-cancer and anti-malarial properties
[2-5]. One of the secondary metabolites included in the
terpenoid group is limonoid. This compound loses
terminal carbons as much as 4 to form a tetracyclic

structure with A, B, C and D rings in its apotirucallane

skeleton, and is the source of the 26 carbon (C26)
skeleton seen in limonoids. The D ring often undergoes
oxygenation to form either furan or lactone rings [6-8].
Owing to significant oxidation and rearrangement
activities, limonoids isolated from Meliaceae species
exhibit various structures [9]. This structural diversity
contributes to several kinds of biological functions,
including antifeedant, antifungal, antibacterial,
antimalarial, antiviral and cytotoxic effects [10-12]. One
of the Meliaceae genera which is famous for its
medicinal properties and is widespread in Asia,
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especially in Indonesia and Malaysia is Chisocheton
[13].

Several researchers have reported that many
limonoid compounds have been isolated from
Chisocheton species and show significant effect against
breast cancer cells, such as pentandricines A - D from
Chisocheton pentandrus [14,15], ceramicin A - D from
C. ceramicus and disobinin, azadiradione, mahonin,
epoxyazadiradione and 6a-acetoxiepoxyazadiradione
from C. siamensis [16-18]. Furthermore, the potential of
this genus in producing limonoid compounds was
demonstrated by chisonimbolinin A - G from C.
paniculatus and 14-deoxyxyloccensin K from C.
ceramicus [19,20]. Nurlelasari et al. [20] succeeded in
isolating a new havanensin class limonoid from C.
macrophyllus seeds [21]. Based on previous research,
several limonoids have been isolated from n-hexane and
have diverse activities. So, we wanted to know more
about the limonoid content of n-hexane extract from C.
macrophyllus seed. This provides a great opportunity to
identify new limonoid structures and assess their activity
through various compound isolation methods and
activity assays. Limonoid chemicals can impede the
formation of cancer cells, which cause cell death
[22,23]. Cancer continues to be a major health issue
globally and in Indonesia, particularly breast cancer.
The 11.6 % of new cases of cancer globally in 2022 were
breast cancer cases, with a high death rate [24]. This
underscores the urgent need for effective anticancer
agents. Natural compounds, such as limonoids,
represent a promising avenue for drug discovery due to
their  structural diversity and pharmacological
versatility. Given the promising pharmacological profile
of limonoids, C. macrophyllus seeds were selected for
further investigation. The present study focused on the
cytotoxic effects of 2 forms of the limonoid gedunin and
havanensin isolated from C. macrophyllus seeds. These
compounds were evaluated for their cytotoxic activity
against MCF-7 cells, a widely used human breast cancer
cell line. MCF-7 cells were selected for testing because
they represent estrogen receptor-positive (ER+) breast
cancer, which is one of the most common subtypes of
breast cancer. This cell line is a well-established model
for screening potential anticancer agents due to its
relevance in clinical research and the availability of

comparative data.

Experimental section

General experimental procedures

A Perkin Elmer Spectrum 100 FT-IR spectrometer
(Shelton, Connecticut, USA) equipped with a NaCl plate
was used to interpret the infrared spectra. The spectra of
mass fragmentation were ascertained with a Waters
Quadrupole Time-of-flight Mass Spectrometer (Waters,
Milford, Massachusetts, USA). Every compound’s
NMR spectra were recorded using a JEOL JNM-
ECXS500R/S1 spectrometer (Tokyo, Japan) operating at
500 MHz for 'H and 125 MHz for '*C, using TMS as the
internal standard. Compound separation was performed
using vacuum liquid chromatography with silica gel Geo,
and column chromatography with silica gel (70 - 230
and 230 - 400 mesh, Merck, Darmstadt, Germany)
guided by thin-layer chromatography (TLC) with silica
GF2s4 plates (Merck, 0.25 mm), ODS plates and
detection reagents such as 10 % sulfuric acid (v/) in
ethanol and  Ehrlich’s reagent (1 g p-
dimethylaminobenzaldehyde (DMAB) and 10% sulfuric
acid in ethanol). For cytotoxic activity testing,
PrestoBlue™ reagent, Breast cancer cells MCF-7,
cultured in RPMI 1640, fetal bovine serum (FBS) as
much as 10%, trypsin-EDTA, dimethyl sulfoxide
(DMSO), and cisplatin as a positive control were used

Plant material

The sample was C. macrophyllus seeds which
were gained from Botanical Garden, Bogor, West Java
Province, Indonesia. The sample was determined with
number of specimen (No. Bo-1295453) at Biology
Research  Laboratory,  Universitas  Padjadjaran,

Jatinangor, Indonesia.

Isolation of compounds from the seeds of
Chisocheton macrophyllus

Methanol was used to extract dried C.
macrophyllus seed powder (4.5 kg). The extract
methanol had been evaporated to gain 560 g yield. After
that, the fractionation with the following solvents, n-
hexane, ethyl acetate and n-butanol were done at room
temperature. The result of fractionation was
concentrated and collected to get 346.64 g of n-hexane
fraction, 60.8 g of ethyl acetate fraction and 14.6 g of n-
butanol fraction. The preliminary testing to check the
presence of limonoids was done using thin-layer
chromatography (TLC) with Ehrlich’s reagent as the
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detection agent. The appearance of a red color on the
TLC plate after spraying with Ehrlich’s reagent
indicated the presence of limonoids in the n-hexane
fraction.

The concentrated fraction of n-hexane was divided
using VLC (silica gel G60) as the fixed stage and the
combination of n-hexane (nonpolar), ethyl acetate (semi
polar) and methanol (polar) was used as much as 10%
gradient as the mobile phase, resulting in 13 fractions (A
- M). Fraction F (in the range of to 4.4 g) was divided
using  gradient solvent (5%) with column
chromatography, yielding 12 parts (F1 - F12). Using
column chromatography with n-hexane, methylene
chloride and ethyl acetate (2:7.5:0.5 isocratic), as much
as 1.2 g of F5 was further dissociated to afford 4 subparts
(FSA - F5D). Subpart F5D as much as 308.3 mg had
been parted with isocratic solvent, (1) n-hexane: (8.5)
methylene chloride: (0.5) ethyl acetate, resulting in
compound 1 (12.8 mg). Column chromatography was
used to segregate fraction I (4.5 g) with a gradient of n-
hexane and ethyl acetate (5%), yielding 5 subfractions
(I1 - I5). The n-hexane, chloroform and ethyl acetate
(4:5.5:0.5 isocratic) were used for separating the
subfraction I3 (1.3 g) with column chromatography,
resulting in compound 2 (3.0 mg). The 5% gradient of
n-hexane: ethyl acetate solvents was used in dividing
fraction J (1.5 g), yielding J1 - J19. Compound 3 was
found from subpart J9 (50.3 mg) using column
chromatography with n-hexane, methylene chloride and
ethyl acetate (4:5.5:0.5) isocratic.

Spectroscopic data

Compound 1: White powder; [o]*’p +28.2° (c 0.2,
methanol); UV (Methanol) Amax 220 nm; Infrared (KBr)
Vmax 3,517, 2,928, 1,741, 1,669, 1,500, 1,367, 1,385 and
1,253 cm’!; HR-TOFMS, m/z 4252321 [M + HJ,
(calculated for CpeH330s, m/z 425.2328); 'H-NMR
(CDCl3, 500 MHz); 7.16 (1H, d, 10.5), 5.84 (1H, d,
10.5), 2.40 (1H, dd, 2.5, 13.0), 1.63 (2H, m), 3.63 (1H,
d, 2.6),2.63 (1H, dd, 4.0, 12.5), 1.96 (2H, m), 1.80 (1H,
m), 2.13 (1H, m), 3.53 (1H, s), 3.88 (1H, s), 1.03 (3H,
s), 1.17 (3H, s), 7.51 (1H, s), 6.21 (1H, d, 1.45), 7.38
(1H, d,1.5), 1.10 (3H, s), 1.07 (3H, s), 1.12 (3H, s) and
BC-NMR (CDCl;, 125 MHz); 158.3 (C-1), 125.7 (C-2),
204.9 (C-3),44.4 (C-4),45.3 (C-5),27.9 (C-6), 71.3 (C-
7),44.5 (C-8), 38.3 (C-9),39.9 (C-10), 16.2 (C-11),29.7
(C-12),42.6 (C-13), 73.3 (C-14), 57.6 (C-15), 209.5 (C-

16),51.3 (C-17),25.2 (C-18),20.1 (C-19), 116.9 (C-20),
141.6 (C-21), 111.1 (C-22), 142.4 (C-23). 19.7 (C-24),
21.3 (C-25) and 27.2 (C-26).

Compound 2: White powder; UV (methanol) Amax
215 nm; Infrared (KBr) vimax 2,922, 1,741, 1,668, 1,503,
1,365 and 1,244 cm™!'; HR-TOFMS m/z 525.2484 [M +
H]", (calculated for C30H370s, m/z 525.2488); 'H-NMR
(CDCl;, 500 MHz); 7.08 (1H, d, 10.5), 5.85 (1H, d,
10.5), 2.70 (1H, d, 14.0), 5.30 (1H, dd, 12.0, 3.5), 4.54
(1H, d, 4.0),2.47 (1H, dd, 19.0, 13.0), 1.61 (2H, m), 1.98
(2H, m), 5.70 (1H, s), 5.60 (1H, s), 1.21 (3H, s), 0.86
(3H, s), 7.40 (1H, s), 6.32 (1H, d, 1.45), 7.39 (1H, d,
1.5), 1.05 (3H, s), 1.14 (3H, s), 1.15 (3H, s), 2.33 (3H,
s), 2.09 (3H, s) and *C-NMR (CDCl;, 125 MHz); 157.0
(C-1), 126.0 (C-2), 204.1 (C-3), 44.1 (C-4),46.1 (C-5),
69.8 (C-6), 73.3 (C-7), 42.6 (C-8), 40.1 (C-9), 39.5 (C-
10), 18.4 (C-11),26.0 (C-12),38.8 (C-13), 158.2 (C-14),
111.0 (C-15), 167.5 (C-16), 78.3 (C-17), 24.7 (C-18),
18.4 (C-19), 120.4 (C-20), 141.2 (C-21), 109.9 (C-22),
143.1 (C-23), 27.2 (C-24), 19.8 (C-25), 22.7 (C-26),
21.2 (C-27), 177.7 (C-28), 21.1 (C-29) and 170.0 (C-
30).

Compound 3: White powder; UV (Methanol) Amax
215 nm; Infrared (KBr) vmax 2,919, 1,740, 1,667, 1,502,
1,382 and 1,234 cm™!'; HR-TOFMS m/z 541.2440 [M +
H]*, (calculated for C30H3709, m/z 541.2438); 'H-NMR
(CDClI3,500 MHz); 7.06 (1H, d, 10.5), 5.95 (1H, d,
10.5),2.52 (1H, d,13.0),5.27 (1H, dd, 13, 2.5),4.89 (1H,
d, 2.5), 2.55(1H, d, 12.5), 2.34 2H, t, 7.5), 2.54 (1H,
d,5.5),2.51(1H, d,5.5), 3.61 (1H,s), 5.61 (1H, s), 1.27
(3H,s),1.20 (3H, s), 7.41 (1H,s), 6.32 (1H,d, 1.5),7.43
(1H,d, 1.5), 1.25 (3H, s), 1.15 (3H, s), 1.32 (3H, ), 2.02
(3H, s), 2.14 (3H, s) and *C-NMR (CDCl;,125 MHz);
156.2 (C-1), 126.7 (C-2),204.7 (C-3),44.9 (C-4),47.8
(C-5), 69.6 (C-6), 72.6 (C-7),43.0 (C-8),38.4 (C-9),
40.6 (C-10), 15.0 (C-11), 259 (C-12), 38.7 (C-13),
69.5 (C-14), 56.3 (C-15), 167.2 (C-16), 51.2 (C-17),
28.7 (C-18),31.6 (C-19),120.3 (C-20), 141.3 (C-21),
109.9 (C-22),143.2 (C-23),31.7 (C-24),20.2 (C-25),
22.0 (C-26),21.2 (C-27), 170.1 (C-28),21.4 (C-29)
and 170.3 (C-30).

Determination of cytotoxicity

The bioactivity evaluation was done following the
method stated by Sinaga ef al. [24]. The cytotoxic
activity was determined using the PrestoBlue™ assay.
MCEF-7 cells were seeded into a microplate at a density
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of 3x10* cells/cm®. Afterward, 1 mL of trypsin-EDTA
solution was added, and the cells were incubated for 5
min. The incubated cells were transferred into a tube
containing media and centrifuged at 3,000 rpm for 5
min, separating the supernatant and pellet. The
supernatant was discarded, and the pellet was
resuspended in media. The viability and number of cells
were then assessed. The cells were cultured in a 96-well
plate and incubated at 37 °C with 5% CO, for 24 h. After
incubation, 100 pL of samples and cisplatin (positive
control) were transferred from microtubes into each
well. The plate was incubated again for another 24 h,
and the media was removed from each well. A mixture
of PrestoBlue™ reagent and media (10 pL reagent in 90
pL media) was added to each well and incubated for 1 -
2 h until a color change occurred. Absorbance was
measured at 570 nm (reference: 600 nm) using a
multimode reader. The ICso values were calculated to
evaluate the cytotoxic activity of the isolated limonoid

compounds.

0.5

Results and discussion

The results of compound isolation

Limonoids 1 - 3 were found on n-hexane fraction
of C. macrophyllus seeds with purification process with
several column chromatography methods, repeatedly.
Compound 1 found in white powder form, soluble in
acetone and chloroform. Thin-layer chromatography
analysis produced a red color after spraying with
Ehrlich’s  reagent. Additionally, this compound
fluoresced under UV light at 254 nm but did not
fluoresce under UV light at 365 nm. Based on UV
spectrum analysis (Figure 1), Compound 1 showed
absorption at a wavelength within 220 nm. The presence
of a w — #* electronic transition originating from an a, -
unsaturated ketone chromophore was proven by the
absorption at 220 nm [26]. Therefore, Compound 1 was
inferred to have an qof-unsaturated ketone

chromophore.

0.45
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Figure 1 The UV spectrum of compound 1.

This inference was further supported by infrared
spectrophotometer data (Figure 2), which displayed
absorption at 1,669 c¢cm™!, characteristic of carbonyl

stretching vibrations in unsaturated compounds. Other

200 250 300 350

A/nm

data were appeared on 3,517 em™' (hydroxyl group),
2,928 em™! (carbon-hydrogen sp?), 1,741 cm™! (carbonyl
group), 1,500cm™! (carbon double bond), 1,367, 1,385
cm™!' (gem-dimethyl) and 1,253 ¢m™ (carbon-oxygen
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stretching). This compound was confirmed by HRTOF-
MS mass spectrum (Figure 3), showing a molecular ion

signal with m/z 425.2321 [M + H]". The calculation of

molecular mass for CycH3305 is m/z 425.2328 with the
unsaturation degree is 11.
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Figure 2 FT-IR spectrum of (1).
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Figure 3 HRTOF-MS spectrum of (1).

The divination was asserted by NMR spectra. The
proton NMR spectrum (Figure 4) denoted the existence
of 5 singlet signals for tertiary-methyl protons at 8y 1.03,
1.07, 1.10, 1.12 and 1.17 ppm (3H). Signals for sp’
protons appeared at hydrogen chemical shift 1.63, 1.80,
1.96, 2.13, 2.40, 2.63 and 3.88. Two oxygenated-proton
sp® resonated at Sy 3.53 and 3.63 ppm. Furan

150 200 250 300 350 4D0 450 500 S50

miz

C26 H33 O©O5

characteristic signals appeared at oy 7.51, 6.21 and 7.38
ppm, along with 2 olefinic-protons at du 5.84 and 7.16.
The 3CNMR and DEPT-135 spectra of compound 1
(Figure 5) exhibited 26 carbon signals. These included
5 methyl groups, 3 methylene, 3 methine sp?, 3 methine
groups sp?, 2 sp’ oxygenated methine groups and 2
oxygenated sp?> methine groups. Furthermore, there
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were 4 sp> quaternary, 1 sp’ oxygenated quaternary
carbon, 1 sp? quaternary carbon and 2 C=0.

Posit the interpretation of the !'H-NMR
spectroscopy, compound 1 was suspected to have a
limonoid skeleton, evidenced by the characteristic
chemical shifts for a furan ring, which was believed to
be a side chain of the limonoid structure. Compound 1
was predicted and consisted of 26 carbons, 32 protons

and 5 oxygens. This was encouraged by the

0.6

716 (1H: d; 10.5)
|

5.84 (1H; d: 10,5}

interpretation of the carbon and 'H-NMR data, which
included 1 furan ring, 2 carbonyl groups, 1 oxygen likely
from an epoxide group and another oxygen possibly
from a hydroxyl group as a substituent on the structure
of compound 1. This was approved by the infrared
spectrum data, with an absorption at 1,253cm ™! showed
the present of carbon-oxygen ether stretching and an

absorption at 3,517 cm™' for OH-stretching.

5 j;H3
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Figure 5 *C-NMR (A) and DEPT 135 (B) spectra of (1) (125 MHz in CDCl5).
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The proton, carbon and DEPT spectra were
corroborated with HMQC-spectral data (Figure 6). The
HMQC spectra indicated correlations between H-18/C-
18, H-29/C-29, H-28/C-28, H-30/C-30 and H-19/C-19,
confirming the apparency of 5 tertiary CH3 groups in the
structure of compound 1 (8¢ 25.2, 21.3, 19.7, 27.2 and
20.1 ppm). Additionally, correlations between H-6/C-6,
H-11/C-11 and H-12/ C-12 (¢ 27.9, 16.2 and 29.7 ppm)
verified the presence of 3 methylene groups in the
structure of compound 1. There were correlations

wfip

between H-15/C-15 and H-7/C-7, confirming the
presence of 2 oxygenated sp> methines in the structure
of compound 1. This suggested OH to C-7 and an
epoxide C-14/C-15. Correlations between H-2/C-2 and
between H-1/C-1 indicated the presence of an olefinic
bond between C-1/C-2. Additionally, correlations
between H-22/C-22, H-21/C-21 and H-23/C-23
confirmed the presence of a furan ring substituent in the
structure of compound 1.

TR ]

G2

Figure 6 Spectrum HMQC of (1).

The information of 'H-'H COSY spectrum
(Figure 7) presented correlations between protons
attached to neighboring carbons. There were
correlations between H-1 and H-2 (6u 7.16 with 5.84
ppm) and H-22 and H-23 (dy 6.21 with 7.38 ppm). Apart
from that, there was a correlation between H6, H5 and
H7 (6u 1.63 with 2.40 and 3.63 ppm), as well as a
correlation between H9 and H11 (du 2.63 and 1.96
ppm). The HMBC spectrum (Figure 8) revealed that H-
1 correlate to C-3/C-9/C-5, confirming the presence of

an olefinic bonded to C-1 and C-2 and a carbonyl group
at C-3. The presence of a hydroxyl group was supported
by HMBC correlations between H-30 and C-7/H-7 and
C-9, indicating Carbon 7 has an attached hydroxyl
group. The positions of the carbonyl and epoxide groups
were identified through correlations between H17 and
C-12,13, and correlations between H-17 and H-15 with
C-16 (3¢ 209.5 ppm). Further correlations between H-
17/C-20, C-21 and C-22. At carbon 17, a furan ring was
detected.
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Figure 8 HMBC spectrum of (1).

The relative configuration of the epoxide among
C-14/C-15 and the OH bounded to C-7 was set using the
NOESY spectrum (Figure 9). There were correlations
between the sp*-oxygenated methine H-7 and CH3-30
and CH3-19, which are biosynthetically oriented beta,

indicating that H-7 was b-oriented and the hydroxyl
group attached to C-7 was presumed to be a-oriented.
Additionally, there was a correlation between the
oxygenated-methine proton sp® H-15/CH;-18 (8y 1.03),
which are biosynthetically a-oriented, suggesting that
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H-15 was a-oriented and the epoxide between C-14/C-
15 was b-oriented. The spectral correlations for

compound 1 were illustrated in Figure 10. Compound 1

E H-15

was elucidated as the known compound 7-
deacetylepoxyazadlnfraredadione (1) [25].

‘.
H-1‘9 i

H-30"

38 37 36 35 34 M)
X : parts por Millon : Proten.

Figure 9 NOESY spectrum of (1).
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Figure 10 The HMBC, 'H-'H-COSY and NOESY correlations of compound 1.

A white powder of compound 2 was gained and
soluble in acetone and chloroform. Thin-layer
chromatography analysis showed a red color after being
sprayed with Ehrlich’s reagent. Compound 2 fluoresced
at 1 254 nm but did not appear at 1,365 nm. Based on UV
spectrum analysis, 2 showed absorption at a wavelength
of 215 nm (Figure 11). The UV analysis was
strengthened with the FTIR spectrum (Figure 12),

which evidenced absorption at 1,668 cm ™' characteristic
of unsaturated carbonyl stretching, followed by
absorption at 2,922 cm! (carbon-hydrogen sp?), 1,741
cm ! (carbonyl group), 1,503 cm™! (carbon-carbon
double bonds), 1,365 cm™! (gem-dimethyl) and 1,244
cm! (carbon-oxygen stretching). Compound 2 differed
from compound 1 in that it did not have a hydroxyl

group.
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Figure 12 FT-IR spectrum of (2).

The appearance of ion molecular peak of m/z
525.2484 [M + H]" using HRTOFMS (Figure 13) was
used to determine the structural formula The calculation
for C30H3¢0s was m/z 525.2488. Therefore, compound 2
had a molecular formula of C3yH3sOs with a relative
molecular mass of 524.2484 and 13 ° of unsaturation
were validated by NMR data. The existence of 5 singlet
peaks for tertiary methyl protons and the occurrence of
acetyl as a substituent in compound 2 were indicated of
proton NMR spectrum (Figure 14). with methyl signals
(each 3H, singlet) at du 2.09 and 2.33 ppm. Three

am-1

oxygenated protons (sp®) were observed at 8y 4.54, 5.30
and 5.60. The characteristic signals of furan was also
appeared along with 3 olefinic protons at oy [5.85 (1H,
d, J=10.5 Hz), 5.70 (1H, s) and 7.08 (1H, d, J = 10.5
Hz)]. Two characteristic sp® proton signals at 6y 5.85
and 7.08 ppm had the same J value of 10.5 Hz,
indicating that these protons were coupled and likely
adjacent to a carbonyl group, confirming the attendance
of an o,B-unsaturated ketone system in the structure of
compound 2.
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Figure 14 'H-NMR spectra of (2) (500 MHz in CDCl5).

The spectrum of *C-NMR (Figure 15) showed 30
carbon signals, comprising 5 methyl groups at d¢ 18.4,
19.8,22.7, 24.7 and 27.2 ppm. Additionally, there were
2 substituents of acetyl at C-1’/C-1"/C-2" and C-2”. Two
methylene groups appeared at ¢ 14.2 and 26.0 ppm and
2 sp’ methine groups at ¢ 40.1 and 46.1 ppm. Four sp?
methine groups were observed at 6¢c 109.9, 111.0, 126.0
and 157.0 ppm, while 3 oxygenated sp* methine groups
appeared at oc 69.8, 73.3, and 78.3 ppm. Two
oxygenated sp?> methine groups were found at §c 141.2
and 143.1 ppm. Four sp* quaternary carbons were at 8¢
38.8,39.5, 42.6 and 44.1 ppm, and 2 Cqgs (sp?) were at

Oc 120.4 and 158.2 ppm. Finally, 2 carbonyl groups
were present at Oc 167.5 and 204.1 ppm. This
elucidation was confirmed by HMQC spectrum (Figure
16) which unveiled correlations H-19/ C-19, H-30/C-30,
H-28/ C-28, H-29/C-29 and H-18/C-18, proving the
presence of 5 tertiary methyl groups (6¢ 18.4,22.7,27.2,
19.8 and 24.7 ppm). The correlations of H-1"/C-1” and
H-1"/C-1" (8¢ 21.1 and 21.2 ppm) confirmed 2 acetyl
groups on compound 2. Correlations of H-7/C-7, H-6/C-
6 and H-17/C-17 indicated 3 oxygenated sp® methine
groups, suggesting 2 acetyl and 1 additional ester group.
Correlations of H-1/C-1, H-2/C-2, H-15/C-15 and H-
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22/C-22 confirmed 4 sp? methine groups, and the signal
showed H-21/C-21 and H-23/C-23 (6¢ 143.1 ppm)
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reinforcing the existence of a furan ring.
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Figure 15 *C-NMR (A) and DEPT 135 (B) spectra of (2) (125 MHz in CDCl5).
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Figure 16 Spectrum HMQC of (2).

The 'H-'"H COSY spectrum (Figure 17) displayed
correlations between H-1/H-2 (3i 7.08/5.85 ppm), H-22
and H-23 (6y 6.32 and 7.39 ppm), H-6-H-5/H-7 (6 5.30

with 2.70 and 4.54 ppm) and H-11-H-9/H-12 (6u 1.61
with 2.47 and 1.98 ppm).
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Figure 17 '"H-'H COSY spectrum of (2).

The HMBC spectrum (Figure 18) revealed
correlations between H-1/C-3/C-5 and H-2/C-10,
confirming the presence of an olefinic bond between C-
1 and C-2 and a C=0 at C-3. Two acetyl groups on
compound 2 were confirmed by HMBC correlations
between H-6/C-8 and H-7/C-9. Further correlations of
H-6/C-2’, H-7/C-2”, H-1"/C-2" and H-1” (81 2.09 ppm)
with C-2” (8¢ 170.0 ppm) indicated that the groups
composed of acetyl were added to C-6 and C-7. The
ester carbonyl group, previously identified by its

abundance

chemical shift at 6c 167.5 ppm, was positioned through
HMBC connections among H-17/C-16 (du 5.60/167.5
ppm) and C-13 (8¢ 38.8 ppm) and between H-15 (du
5.70 ppm) with C-16 (8¢ 167.5 ppm) and C-14 (8¢ 158.2
ppm), confirming the ester carbonyl at C-16 and a
double bond between C-14 and C-15 (8¢ 158.2 and
111.0 ppm). Additionally, correlations between H-17
(61 5.60 ppm) with C-20 (8¢ 120.4 ppm), C-21 (6¢ 141.2
ppm) and C-22 (8¢ 109.9 ppm) confirmed that the furan
ring was attached at C-17.

2 pet e i P

[ ) y b f T TR
M P =

Figure 18 HMBC spectrum of (2).




Trends Sci. 2025; 22(3): 9173 14 of 20

Based on analysis of all data spectra, the structural

in this genus. 'H-"H COSY and HMBC correlations for
type of compound 2 was different with 1 but similar to

compound 2 were illustrated in Figure 19.
compound 3. Compound 2 was reported for the first time

Figure 19 The HMBC and 'H-'H-COSY correlations of compound 2.

Compound 2 exhibited a different cyclic structure
compared to compound 1. A thorough review of the
NMR spectrum information and

a molecular ion signal in the HRTOFMS spectrum with
m/z 541.2440 [M + H]" (Figure 24). The chemical shift
in compound 3 supported this proposal. The primary
difference lay in the chemical shifts at C-14-C-15. In
compound 3, these shifts corresponded to sp*-oxidized
carbons, while in compound 2, the shifts indicated sp>
carbons with C-14 and C-15. Thus, compound 3 has
been recognized as 6a-acetoxygedunin.

contrast with
previously published findings confirmed compound 2 as

6a-acetoxydeoxygedunin, similar to compound 3 [27].
This suggestion was based on the analysis of UV, IR and
NMR spectra (Figures 20 - 23) of compound 3, and was
supported by the addition of 1 oxygen atom, resulting in

0800 |

0 800

Figure 20 UV spectrum of (3).
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Figure 24 HRTOF-MS spectrum of (3).

The comparison of compounds 1, 2 and 3 is shown
in Figure 25. Compound 1 had a havanensin-type
limonoid skeleton, while compounds 2 and 3 had a
gedunin-type limonoid skeleton with a lactone on the D
ring. Based on previous structural elucidation, the
differences among compounds 1, 2 and 3 lay only in the
substituents attached to the limonoid skeletons. For
example, the substituents attached to carbon numbers 6

and 7 of the limonoid skeleton. In compounds 2 and 3,

there were acetyl groups attached to carbons 6 and 7,
indicated by 2 proton shifts around 2 ppm for the acetyl
methyl protons and 2 carbon shifts around 170 ppm for
the acetyl carbonyl. In contrast, compound 1 did not
have acetyl substituents on carbons 6 and 7, instead, it
had a hydroxyl group attached to carbon 7. This was
marked by a carbon shift for the sp3-oxidized methine
and a characteristic OH stretch absorption in the infrared

spectrum.
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Figure 25 Chemical structures of limonoids 1 - 3.

The cytotoxicity of compounds (1 - 3)

The cytotoxic properties of limonoids 1 - 3 have
been studied on the MCF-7 cancer cells. Cisplatin with
ICso of 38.06 pg/mL, acted as the positive control. The
findings were provided in Table 1 and Figure 26.
Among all limonoids, 6a-acetoxydeoxygedunin (2)
exhibited the greatest cytotoxic activity, whereas 7-
deacetylepoxyazadlnfraredadione (1) demonstrated the
weakest activity. Based on data from the Widiyastuti et
al. [28], cytotoxic compounds are categorized into 4
categories: Highly harmful (ICso < 20 pg/mL), fairly
cytotoxic (ICsp 21 - 200 pg/mL), mildly cytotoxic (ICso
201 - 500 pg/mL) and non-toxic (ICso > 500 pg/mL).
Based on these benchmarks, compound 1 was classified
as non-cytotoxic, with an ICso value exceeding 500
pg/mL. In contrast, compounds 2 and 3 were
categorized as weakly cytotoxic, with ICso values of
231.26 and 475.87 pg/mL, respectively. Although their
activity was weaker than that of cisplatin, these findings
remain therapeutically relevant, as weak cytotoxicity

does not rule out the potential for further optimization or

synergistic effects when combined with other agents.
The difference in activity between compounds 2 and 3
likely results from variations in their molecular
structures. Specifically, 6a-acetoxydeoxygedunin (2)
contains a double bond between C-14 and C-15, while
6a-acetoxygedunin (3) has an epoxide group at the same
position. The higher cytotoxicity of compound 2
suggested that the presence of an epoxide at C-14/C-15
in compound 3 may reduce cytotoxic activity.
Moreover, the ongoing demand for new anticancer
agents encourages the investigation of compounds with
diverse activities beyond immediate potency. Even
compounds that do not exhibit high cytotoxicity could
be optimized for specific cancer cell lines or other
therapeutic targets, including anti-inflammatory or
chemo preventive properties [29]. These insights
highlight the importance of continuing research into
limonoids despite their initially weak cytotoxicity, as
they hold potential for future drug development through

targeted improvements and combination strategies.

Table 1 Cytotoxicity activity of compounds 1 - 3 against MCF-7 cancer lines.

Limonoid compounds ICso (ng/mL)
7-deacetylepoxyazadInfraredadione (1) > 500
6a-acetoxydeoxygedunin (2) 231.26
6a-acetoxygedunin (3) 475.87
Cisplatin (+) 38.06
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Figure 26 The statistical analysis of cytotoxicity results; compound 1 (A), compound 2 (B) and compound 3 (C).
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Conclusions

The 7-deacetylepoxyazadInfraredadione (1), 60-
acetoxydeoxygedunin (2) and 60-acetoxygedunin (3)
were 3 limonoid compounds, which were successfully
isolated and identified from Chisocheton macrophyllus
seeds. The bioactivity of these 3 compounds has been
tested to cancer cells (MCF-7 cells). Among them, 6a-
acetoxydeoxygedunin (2) denoted the greatest cytotoxic
activity, while 7-deacetylepoxyazadlnfraredadione (1)
showed the least activity. This difference in cytotoxicity
can be seen based on SAR, where the C14 and C15
positions of compound 2 have a conjugated double
bond, which has the effect of increasing the activity of 2
compared to compound 3, which has an epoxide at this
position. These findings underline the potential of
limonoid compounds, especially compound 2, as
promising candidates for further development as
anticancer agents, highlighting their structural features
that are important for bioactivity in cancer treatment
research and can be developed as target molecules
through study able mechanisms for the discovery of new
drugs.
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