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 Abstract: The Aglaia species, which contains triterpenoids, is the most numerous in the 
Meliaceae family. The A. cucullata species, of which there are only a few known examples, 
has received scant research attention. This investigation aims to identify triterpenoids in 
an n-hexane preparation of A. cucullata stem bark and evaluate their effects against the 
A549 lung cancer cell line. Five dammarane-type triterpenoids were isolated from the A. 
cucullata trunk bark, which is (1) (20S)-20-hydroxydammar-24-en-3-one, (2) 
cabraleone, (3) cabralealactone, (4) eichlerianic acid, and (5) (+)-fouquierol. Their 
chemical structures were determined using infrared, high-resolution mass spectrometry, 
and nuclear magnetic resonance, as well as through data comparison of the reported 
compounds. Compound 1 was priorly separated from the Aglaia genus, compounds 2–4 
were first isolated from the A. cucullata species, and compound 5 has been reportedly 
isolated from the Meliaceae family and the Aglaia genus. All substances were tested for 
their lethal potential against the A549 lung cancer cell type. A seco structure in the A ring 
of dammarane-type triterpenoid might play an important part in the lethal activity of 
component 4, which showed the greatest activity with an IC50 value of 32.17 μM against 
the A549 lung cancer cell line. 

Keywords: Aglaia cucullate; cytotoxic activity; lung cancer cell (A549); Meliaceae 
triterpenoids 

 
■ INTRODUCTION 

Terpenoids, including the crucial triterpenoids, are 
produced via the acetate/mevalonate route in the 
cytoplasm and endoplasmic membrane [1-2]. Their 
carbon structure is made of six isoprene units. Eukaryotic 
species have been found to contain more than 20,000 
triterpenoids [1] and around 200 distinct structures. 
Higher plants typically contain triterpenoids, which serve 

as a first line of defense against microbes, parasites, and 
predators [3-4]. Based on their molecular structure, 
triterpenoids are categorized as either acyclic [5-6], 
monocyclic [6-7], bicyclic [8-9], tetracyclic [10-11], 
pentacyclic [12], or hexacylic [5-6]. There are many 
potential health benefits associated with triterpenoids, 
including anti-inflammatory [13-14], antioxidant [15], 
antibacterial [16-17], antiviral [18-19], antifungal [20-
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21], hepatoprotective [20-21], anti-disease Alzheimer's 
[21], immunomodulatory [22-23], cytotoxic [24], and 
anticancer [25-26]. Cedrela [25], Turraea [26], 
Entandrophragma [27], Azadirachta [28], Guarea [29], 
Lansium [30], Chisocheton [31], Melia [32], Dysoxylum 
[33], Toona [34], and Aglaia [35] are all examples of taxa 
in the Meliaceae family that contain triterpenoids. 

A. cucullata (Roxb.) Pellegr, also called Pacific 
maple, is a mangrove plant that belongs to the Aglaia 
genus [36-37]. A. cucullata is a tall tree that grows in 
coastal forests in tropical regions such as India, 
Bangladesh, Myanmar, Thailand, Malaysia, and 
Indonesia [38-39]. This species is widely spread in several 
regions in Indonesia, including in northern Sumatra and 
Kalimantan, southern Sulawesi coast, Halmahera, 
Ambon, Aru, and Irian Jaya [37]. Moreover, the plant’s 
timber is utilized for boat construction, house supports, 
and fuel wood [38], while the leaves and fruits are for 
treating diarrhea, dysentery, skin infections, and cardiac 
diseases by Thai people [40], and as anti-inflammation 
and rheumatism by Burma people [41]. Flavaglines with 
cytotoxic activity towards oral human KB, breast cancer 
cells in human BC, and small cell lung NCI-H187 [40], 
bisamides [42], kaurane and labdane diterpenoids, and 
cycloartane triterpenoid with TRAIL resistance-
overcoming activity [38] have been isolated through 
chemical analysis of this species. In our ongoing efforts to 
search for triterpenoids from the Indonesian Aglaia 
plants, we have further investigated the stem bark of A. 
cucullata. As a result, five triterpenoids (1–5) were 
successfully isolated and elucidated. Compound 1 was 
reported first time in the Aglaia genus, compounds 2–4 
were found in A. cucullata for the first time, while 
compound 5 was discovered for the first time in Meliaceae 
family and Aglaia genus. All isolated compounds were 
assayed against A549 lung cancer cell lines. The detail of 
isolation, structure elucidation, and cytotoxic activity are 
described in this article. 

■ EXPERIMENTAL SECTION 

Materials 

The stem bark of A. cucullata was obtained from the 
Manggar River, Balikpapan, East Kalimantan, in December 

2020. The plant was examined at the Herbarium 
Wanariset, Balikpapan (collection No. FF7.20), and stored 
at the Faculty of Forestry, Universitas Mulawarman. 

For extraction, fractionation, isolation, and 
purification, the following pro analyst and technical 
grade solvents are utilized: chloroform p.a. (Merck), 
acetone, methanol (MeOH), ethanol, ethyl acetate 
(EtOAc), n-butanol, n-hexane (Sigma-Aldrich), A549 
cells were obtained from American Type Culture 
Collection (ATCC® CCL-185TM, Virginia, USA). 
Roswell Memorial Park Medium (RPMI) 1640 (Cat. 
No.11530586, Gibco, USA), 10% Fetal Bovine Serum 
(FBS, Cat. No.10082147, Gibco), and 1% Penicillin-
Streptomycin were used to cultivate the cells (Cat. No. 
15140112, Gibco). The cells were incubated at 37 °C in 
an incubator containing 5% CO2 (Cat. No. 8000DH, 
Thermo Fisher Scientific, USA). 

Instrumentation 

A PerkinElmer Spectrum 100 FTIR spectrometer 
(PerkinElmer, USA) was utilized to characterize the KBr 
plate's IR spectrum. Using a Waters Xevo QTOF mass 
spectrometer (Waters, USA), mass spectra were 
acquired. Tetramethyl silane (TMS) was used as an 
internal standard, and NMR spectra were obtained using 
a Bruker Av-500 spectrometer (Bruker, Germany) at 
500 MHz for 1H-NMR and 125 MHz for 13C-NMR. The 
column chromatography on ODS RF-18 and silica G60 
was conducted using thin layer chromatography (TLC) 
on a silica G60 GF254 (Merck, 0.25 mm) column and a 
variety of solvent systems (Merck, 70–230 and 230–
400 mesh). Spots were discovered using 10% H2SO4 in 
ethanol, which was heated and then examined under UV 
light at 254 and 365 nm. 

Procedure 

Extraction and isolation 
The pulverized stem bark of A. cucullata was 

macerated in ethanol for 7 d (40 L). Using a rotary 
vacuum evaporator at 40 °C, the ethanol solvent was 
evaporated to produce a concentrated ethanol extract 
residue (523 g). The crude ethanol extract was 
suspended in a 4:1 ethanol:water mixture and 
partitioned with each substance to obtain the crude 



Indones. J. Chem., 2023, 23 (4), 961 - 973    

 

Desi Harneti et al. 
 

963 

extracts of n-hexane (128 g), EtOAc (35.7 g), and n-
butanol (13.1 g). The n-hexane crude extract was 
separated by vacuum-liquid chromatography (VLC) on 
silica G60 eluting with n-hexane:EtOAc:MeOH (100:0–
0:100, 10% v/v) to produce seven fractions (A-G). 
Fraction C (16.2 g) was further separated by VLC on silica 
G60 and eluted with n-hexane:EtOAc (100:0–50:50, 10% 
v/v) to yield four subfractions (C1-C4). Subfraction C2 
(1.28 g) was subjected to column chromatography (CC) 
on silica gel (230–400 mesh) eluted with n-hexane:EtOAc 
(100:0–80:20, 1% v/v) to produce four subfractions (C2A-
C2D). Subfraction C2B (160.8 mg) was further purified 
with CC over silica gel (230–400 mesh) eluted with n-
hexane:EtOAc (8:2) to give compound 1 (13.2 mg). 
Subfraction C2C (562.8 mg) was further separated with 
CC over silica gel (230–400 mesh) eluted with n-
hexane:EtOAc (90:10, v/v) to yield five subfractions 
(C2C1-C2C5). Subfraction C2C2 (243.8 mg) was purified 
by CC over silica gel (230–400 mesh) eluted with n-
hexane: EtOAc (85:15, v/v) to yield compound 2 
(113.3 mg). In addition, subfraction C4 (12.7 g) was 

separated using CC on silica gel (70–230 mesh) and 
eluted with n-hexane: EtOAc (100:0–30:70, 2% v/v) to 
generate ten subfractions (C4A-C4J). Subfraction C4E 
(2.4 g), which was separated by CC over silica gel (230–
400 mesh) and eluted with n-hexane: EtOAc (80:20, v/v) 
to give four subfractions (C4E1-C4E4). Subfraction 
C4E2 (276.3 mg) was separated using CC silica gel (230–
400 mesh) and an isocratic mixture of n-hexane, 
chloroform, and EtOAc (50:40:10, v/v) to give 
compound 3 (15.5 mg). Subfraction C4E2D (83 mg) was 
purified by reverse-phase CC on ODS eluted with 
MeOH: water (80:20, v/v) to give compound 4 (5.3 mg). 
Subfraction C4E2E (26.7 mg) was purified by CC over 
silica gel (230–400 mesh) via an isocratic mixture of n-
hexane:chloroform:EtOAc to yield 5 (10.2 mg). 
(20S)-20-hydroxydammar-24-en-3-one (1). White 
crystal, m.p. 166–168 °C, IR νmax (cm−1): 3448, 2955, 
1704, 1378, 1018. 1H-NMR (CDCl3, 500 MHz) and 13C-
NMR spectral data (CDCl3, 125 MHz) are shown in 
Table 1. HR-TOFMS m/z found at 443.3817 [M+H]+ 
(calculated for C30H51O2, m/z = 443.3811). 

Table 1. The summary result of NMR signal of (20S)-20-hydroxydammar-24-en-3-one (1) in CDCl3 (δ in ppm, 
500 MHz for 1H and 125 MHz 13C-NMR) 

Position 13C-NMR 1H-NMR (ΣH, mult., J) COSY HMQC HMBC 
1 39.90 1.86 (2H, m) H2 C1 - 
2 34.10 2.37-2.42 (2H, m) H1 C2 - 
3 218.00 - - - - 
4 47.40 - - - - 
5 55.40 1.32 (1H, m) H6 C5 - 
6 19.70 1.49 (1H, dd, 6.5, 2.4), 1.40 (1H, d, 6.5) H5/H7 C6 - 
7 34.60 1.50 (1H, dd, 7.0, 2.5), 1.26 (1H, d, 7.0) H6 C7 - 
8 40.30 - - - - 
9 50.00 1.36 (1H, dd, 9.2, 2.7) - C9 - 

10 36.80 - - - - 
11 22.00 1.45 (1H, dd, 8.5, 2.5), 1.25 (1H, d, 8.5) H12 C11 - 
12 27.50 1.79 (1H, d, 7.9), 1.23 (1H, dd, 7.9, 1.4) H11/H13 C12 - 
13 42.40 1.60 (1H, m) H12 C13 - 
14 50.30 - - - - 
15 31.20 1.40 (1H, ddd, 8.2, 6.6, 2.0), 1.03 (1H, dd, 6.6, 2.0) H16 C15 - 
16 24.80 1.69 (1H, dd, 7.0, 4.2), 1.44 (1H, d, 7.0) H15/H17 C16 - 
17 49.80 1.68 (1H, ddd, 9.1, 5.6, 2.1) H16 C17 - 
18 15.20 0.93 (3H, s) - C18 C7, C8, C9 
19 16.00 0.88 (3H, s) - C19 C1, C5, C9, C10 
20 75.40 - - - - 
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Position 13C-NMR 1H-NMR (ΣH, mult., J) COSY HMQC HMBC 
21 25.50 1.08 (3H, s) - C21 C17, C20, C22 
22 40.50 1.42 (2H, m) H23 C22 C24 
23 22.60 1.99 (2H, m) H22/H24 C23 - 
24 124.70 5.05 (1H, t, 6.1) H23 C24 - 
25 131.60 - - - - 
26 25.70 1.62 (3H, s) - C26 C24, C25 
27 17.70 1.56 (3H, s) - C27 C24, C25 
28 26.70 1.01 (3H, s - C28 C3, C4, C5 
29 21.00 0.97 (3H, s) - C29 C3, C4, C5 
30 16.40 0.82 (3H, s) - C30 C8, C13, C14, C15 

Table 2. The summary result of the NMR signal of cabraleone (2) in CDCl3 (δ in ppm, 500 MHz for 1H and 125 MHz 
13C-NMR) 

Position 13C-NMR 1H-NMR (ΣH, mult., J) COSY HMQC HMBC 
1 39.90 1.88 (1H, dd, 7.8, 2.4), 1.41 (1H, d, 7.8) H2 C1 - 
2 34.10 2.41 (2H, ddd, 6.5, 3.2, 1.6) H1 C2 - 
3 218.00 - - - - 
4 47.40 - - - - 
5 55.30 1.33 (1H, m) H6 C5 - 
6 19.70 1.50 (1H, dd, 8.2, 4.2), 1.41 (1H, d, 8.2) H5/H7 C6 - 
7 34.60 1.52 (1H, d, 6.5), 1.26 (1H, dd, 6.5, 2.1) H6 C7 - 
8 40.30 - - - - 
9 50.20 1.38 (1H, m) - C9 - 

10 36.90 - - - - 
11 22.30 1.47 (1H, m), 1.21 (1H, m) H12 C11 - 
12 27.00 0.99 (2H, m) H11/H13 C12 - 
13 43.00 1.63 (1H, m) H12 C13 - 
14 50.00 - - - - 
15 31.40 1.43 (1H, m), 1.04 (1H, m) H16 C15 - 
16 25.80 1.74 (2H, m) H15/H17 C16 - 
17 49.80 1.82 (1H, m) H16 C17 - 
18 15.20 0.94 (3H, s) - C18 C7, C8, C9 
19 16.10 0.88 (3H, s) - C19 C1, C5, C9, C10 
20 86.50 - - - - 
21 27.10 1.09 (3H, s) - C21 C17, C20, C22 
22 34.80 1.83 (1H, m), 1.62 (1H, m) H23 C22 - 
23 26.40 1.81 (2H, m) H22/H24 C23 - 
24 86.40 3.57 (1H, dd, 4.6, 9.4) H23 C24 - 
25 70.30 - - - - 
26 27.80 1.13 (3H, s) - C26 C24, C25 
27 24.10 1.05 (3H, s) - C27 C24, C25 
28 26.80 1.02 (3H, s) - C28 C3, C4, C5 
29 21.00 0.97 (3H, s) - C29 C3, C4, C5 
30 16.30 0.82 (3H, s) - C30 C8, C13, C14, C15 
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Cabraleone (2). Colorless needle crystal, m.p. 160–
161 °C, IR νmax (cm−1): 3584, 2964, 1708, 1386, 1369, 1058; 
1H-NMR (CDCl3, 500 MHz) and 13C-NMR spectral data 
(CDCl3, 125 MHz) are shown in Table 2. HR-TOFMS m/z 
found at 459.3838 [M+H]+ (calculated for C30H51O3, m/z 
= 459.3838). 
Cabralealactone (3). Colorless crystal, m.p. 157–159 °C, 
IR νmax (cm−1): 2972, 1755, 1704, 1386, 1376, 1084. 1H-
NMR, δH (ppm): 1.78 (1H, dd, J = 7.8, 2.5 Hz, H-1a), 1.42 
(1H, d, J = 7.8 Hz, H-1b), 2.57 (1H, dd, J = 8.5, 3.0 Hz, H-
2a), 2.44 (1H, dd, J = 8.5, 4.2 Hz, H-2b), 1.32 (1H, t, J = 6.3 
Hz, H-5), 1.57 (1H, ddd, J = 7.5, 6.3, 2.8 Hz, H-6a), 1.51 
(1H, dd, J = 6.3, 2.8 Hz, H-6b), 1.52 (1H, dd, J = 9.0, 2.8 
Hz, H-7a), 1.31 (1H, d, J = 9.0 Hz, H-7b), 1.46 (1H, d, J = 
5.6 Hz, H-9), 1.42 (1H, dd, J = 8.5, 2.7 Hz, H-11a), 1.13 
(1H, ddd, J = 8.5, 4.5, 2.7 Hz, H-11b), 1.96 (1H, dd, J = 4.5, 
2.7 Hz, H-12a), 1.27 (1H, ddd, J = 7.8, 4.5, 2.7 Hz, H-12b), 
1.57 (1H, dd, J = 4.5, 2.0 Hz, H-13), 1.51 (1H, ddd, J = 6.0, 
4.5, 2.4 Hz, H-15a), 1.15 (1H, dd, J = 4.5, 2.4 Hz, H-15b), 
1.86 (1H, dd, J = 7.0, 2.6 Hz, H-16a), 1.25 (1H, d, J = 7.0 
Hz, H-16b), 1.17 (1H, dd, J = 5.6, 2.4 Hz, H-17), 0.94 (3H, 
s, Me-18), 1.00 (3H, s, Me-19), 1.37 (3H, s, Me-21), 2.14 
(1H, m, H-22a), 1.90 (1H, m, H-22b), 2.65 (1H, m, H-
23a), 2.51 (1H, m, H-23b), 1.08 (3H, s, Me-28), 1.04 (3H, 
s, Me-29), 0.90 (3H, s, Me-30); 13C-NMR spectral data 
(CDCl3, 125 MHz) are shown in Table 3. HR-TOFMS m/z 
found at 415.3229 [M+H]+, (calculated for C27H43O3, m/z 
= 415.3212). 
Eichlerianic acid (4). White crystal, m.p. 165–167 °C, IR 
νmax (cm−1): 3421, 2968, 1704, 1376, 1260. 1H-NMR: δH 
(ppm): 1.97 (1H, ddd, J = 8.5, 6.0, 3.5 Hz, H-1a), 1.53 (1H, 
dd, J = 6.0, 3.5 Hz, H-1b), 2.39 (1H, dd, J = 7.8, 3.5 Hz, H-
2a), 2.18 (1H, ddd, J = 7.8, 6.2, 3.5 Hz, H-2b), 1.96 (1H, dd, 
J = 8.1, 5.6 Hz, H-5), 1.87 (2H, d, J = 5.6 Hz, H-6), 1.35 (2H, 
dd, J = 6.8, 5.6 Hz, H-7), 1.45 (1H, dd, J = 6.4, 3.2 Hz, H-
9), 1.41 (2H, d, J = 6.4 Hz, H-11), 1.62 (1H, dd, J = 7.3, 4.0 
Hz, H-13), 1.43 (2H, dd, J = 8.2, 3.5 Hz, H-15), 1.78 (2H, 
dd, J = 7.8, 3.5 Hz, H-16), 1.81 (1H, ddd, J = 7.8, 3.5, 2.1 
Hz, H-17), 0.89 (3H, s, Me-18), 0.86 (3H, s, Me-19), 1.15 
(3H, s, Me-21), 1.54 (2H, d, J = 6.4 Hz, H-22), 1.86 (2H, d, 
J = 6.4 Hz, H-23), 3.64 (1H, d, J = 5.5 Hz, H-24), 1.20 (3H, 
s, Me-26), 1.12 (3H, s, Me-27), 4.85 (1H, s, H-28a), 4.66 
(1H, s, H-28b), 1.73  (3H, s, Me-29),  1.02  (3H, s, Me-30);  

Table 3. NMR data of compounds 3–5* in CDCl3 (δ in 
ppm, 125 MHz 13C-NMR) 

Position 
of Carbon 

3 
δC 

4 
δC 

5 
δC 

1 39.90  34.30 39.00 
2 34.10 28.20 27.50 
3 218.00 179.30 78.90 
4 47.40 147.50 38.90 
5 55.30 50.80 55.80 
6 19.60 24.60 18.30 
7 34.60 33.90 35.20 
8 40.30 40.00 40.40 
9 50.20 41.20 50.60 

10 36.90 39.10 37.10 
11 21.90 22.30 21.50 
12 31.00 26.90 24.90 
13 43.30 42.90 42.40 
14 50.10 50.40 50.30 
15 31.20 31.50 31.20 
16 26.80 25.80 27.50 
17 49.20 49.70 50.10 
18 16.10 16.30 15.50 
19 15.20 20.20 16.20 
20 90.00 86.60 75.10 
21 25.50 27.20 25.40 
22 25.00 34.70 36.60 
23 29.20 26.40 29.20 
24 176.70 86.40 76.50 
25 - 70.30 147.70 
26 - 27.90 110.90 
27 - 23.20 17.80 
28 26.80 113.50 28.00 
29 21.00 24.00 15.40 
30 16.00 15.30 16.50 

13C-NMR spectral data are shown in Table 3. HR-
TOFMS m/z found at 475.3793 [M+H]+, (calculated for 
C30H50O4, m/z = 475.3787). 
(+)-Fouquierol (5). White colorless crystals, m.p. 147–
149 °C, IR νmax (cm−1): 3422, 2945, 1708, 1635, 1376, 
1084. 1H-NMR, δH (ppm): 1.68 (1H, ddd, J = 6.0, 4.5, 2.8 
Hz, H-1a), 1.03 (1H, dd, J = 4.5, 2.8 Hz, H-1b), 1.65 (1H, 
ddd, J = 7.8, 4.5, 3.4 Hz, H-2a), 1.57 (1H, dd, J = 4.5, 3.4 
Hz, H-2b), 3.20 (1H, dd, J = 6.4, 4.5 Hz, H-3), 0.74 (1H, 
ddd, J = 7.8, 6.4, 2.6 Hz, H-5), 1.54 (1H, ddd, J = 7.8, 5.8, 
2.5 Hz, H-6a), 1.45 (1H, dd, J = 5.8, 2.5 Hz, H-6b), 1.52 
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(1H, dd, J = 6.8, 2.5 Hz, H-7a), 1.29 (1H, d, J = 6.8 Hz, H-
7b), 1.33 (1H, dd, J = 8.5, 4.8 Hz, H-9), 1.49 (1H, ddd, J = 
9.2, 4.8, 3.4 Hz, H-11a), 1.26 (1H, dd, J = 4.8, 3.4 Hz, H-
11b), 1.68 (1H, ddd, J = 7.9, 4.8, 3.4 Hz, H-12a), 1.46 (1H, 
dd, J = 4.8, 3.4 Hz, H-12b), 1.68 (1H, dd, J = 4.8, 1.8 Hz, 
H-13), 1.46 (1H, ddd, J = 8.0, 5.6, 3.2 Hz, H-15a), 1.08 (1H, 
dd, J = 5.6, 3.2 Hz, H-15b), 1.65 (1H, dd, J = 6.7, 3.2 Hz, 
H-16a), 1.57 (1H, ddd, J = 7.8, 6.7, 3.2 Hz, H-16b), 1.66 
(1H, dd, J = 6.7, 3.2 Hz, H-17), 0.96 (3H, s, Me-18), 0.84 
(3H, s, Me-19), 1.15 (3H, s, Me-21), 1.47 (1H, d, J = 8.9 
Hz, H-22a), 1.29 (1H, dd, J = 8.9, 4.1 Hz, H-22b), 1.29 (2H, 
d, J = 8.9 Hz, H-23), 4.04 (1H, t, J = 6.1 Hz, H-24), 4.96 
(1H, s, H-26a), 4.84 (1H, s, H-26b), 1.74 (3H, s, Me-27), 
0.97 (3H, s, Me-28), 0.77 (3H, s, Me-29), 0.88 (3H, s, Me-
30); 13C-NMR spectral data are shown in Table 3. HR-
TOFMS m/z found at 483.3823 [M+Na]+ (calculated for 
C30H52O3Na, m/z = 483.3814). 

Cytotoxic activity test by Presto Blue assay 
Using the Presto Blue cell viability assay, the 

cytotoxic effect of compounds against A549 lung cancer 
cells was evaluated. This technique was formerly 
described by Hutagaol et al. [35]. Cells were cultivated in 
96-well microliter plates at a density of 1.7 × 104 cells per 

well for 24 h in RPMI 1640 media supplemented with 
10% (v/v) FBS and 1 L/mL antibiotics. The compounds 
were introduced to the wells after 24 h. Viability was 
determined after 96 h by observing the metabolic 
conversion reduction of resazurin substrate into the 
pink fluorescent resorufin product produced by viable 
cells. Using a multimode reader, the Presto Blue assay 
results were read at 570 nm and the reference at 600 nm. 
The following concentrations of each compound were 
tested in DMSO: 3.91, 7.81, 15.63, 31.25, 62.50, 125.00, 
250.00, and 500.00 g/mL, with a final concentration of 
2% in each well: 3.91, 7.81, 15.63, 31.25, 62.50, 125.00, 
250.00, and 500.00 g/mL. Using the linear regression 
method in Microsoft Excel, IC50 values were calculated 
following two parallel experiments of each compound 
concentration. Doxorubicin served as the positive 
experimental control in this study. 

■ RESULTS AND DISCUSSION 

Five triterpenoid compounds (Fig. 1) were 
obtained by separating and purifying the n-hexane 
extract from the stem bark of A. cucullata using the 
column chromatography technique. 

 
Fig 1. Structures of triterpenoids 1–5 
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Compound 1 was isolated as a colorless white 
crystal. The molecular formula of 1 was determined on 
HR-TOF-ESI-MS, giving a molecular formula of C30H50O2 
(Fig. S1) with m/z = 443.3817 as [M+H]+ (calculated m/z 
for C30H51O2 443.3811), corresponding to six degrees of 
unsaturation. The IR spectrum (Fig. S2) displayed the 
existence of hydroxyl (3448 cm−1), aliphatic C–H sp3 
(2955 cm−1), carbonyl (1704 cm−1), ether (1018 cm−1), and 
gem-dimethyl (1378 cm−1) functionalities. The 1H-NMR 
spectrum (Fig. S3) showed the presence of eight methyls 
singlet at δH/ppm 0.82 (CH3-30), 0.87 (CH3-19), 0.93 
(CH3-18), 0.97 (CH3-29), 1.01 (CH3-28), 1.08 (CH3-21), 
1.56 (CH3-27), and 1.62 (CH3-26), and an olefinic methine 
at δH/ppm 5.05 (1H, t, J = 5.0 Hz, H-24). Thirty carbons 
were revealed through 13C-NMR (Fig. S4) and DEPT (Fig. 
S5) experiments, which were classified as eight methyls at 
δC/ppm 15.2 (C-18), 16.0 (C-19), 16.4 (C-30), 17.7 (C-27), 
21.0 (C-29), 25.5 (C-21), 25.7 (C-26), and 26.7 (C-28), ten 
methylenes at δC/ppm 19.7 (C-6), 22.0 (C-11), 22.6 (C-
23), 24.8 (C-16), 27.5 (C-12), 31.2 (C-15), 34.1 (C-2), 34.6 
(C-7), 39.9 (C-1), and 40.5 (C-22), four methines 
(including one sp2) at δC/ppm 124.7 (C-24), 42.4 (C-13), 
49.8 (C-17), 50.0 (C-9), and 55.4 (C-5), six quaternary 
carbons (with two of them are one sp2 and one oxygenated 
sp3 carbons) at δC/ppm 131.6 (C-25), 75.4 (C-20), 36.8 (C-
10), 40.3 (C-8), 47.4 (C-4), and 50.3 (C-14), and one 
carbonyl carbon at δC/ppm 218.0 (C-3). In the HSQC 
spectrum data (Fig. S6) presented in Table 1, the proton 
signals were connected directly to their carbon atoms. The 
existence of two unsaturated degrees in the primary data 
indicated that compound 1 was a triterpenoid with a 
tetracyclic structure. This hypothesis was strengthened by 
the presence of four aliphatic quaternary carbons devoid 
of oxygen. The planar structure of 1 was analyzed through 
the 2D NMR spectra. The 1H-1H COSY spectrum of 1 
(Fig. S7) revealed key coupling relationships of H1/H2, 
H5/H6/H7, H9/H11/H12/H13/H17, H15/H16/H17, H22/H23/H24, 
together with the HMBC correlations (Fig. S8a and S8b) 
from CH3-18 to C-7, C-8, C-9; CH3-19 to C-1, C-5, C-9, 
C-10; CH3-30 to C-8, C-13, C-14, C-15; CH3-28/CH3-29 
to C-3, C-4, C-5, showing that 1 possessed a tetracyclic of 
the dammarane-type skeleton with the presence of 
carbonyl at C-3. Furthermore, the hydroxyl attachment at 

C-20 and olefinic group at C-24/25 in the side chain of 1 
was deduced by correlations of CH3-21 to C-17, C-20, 
H-22 to C-20, CH3-26/CH3-27 to C-24, C-25, and H-22 
to C-24. Compound 1 showed δC/ppm 75.4 (C-20), 25.5 
(C-21), and 40.5 (C-22), which is identical to the 20S 
[43]. Additional analysis and a review of the literature 
confirmed that compound 1 was (20S)-20-
hydroxydammar-24-en-3-one compared to those 
previously reported [44], which was at first isolated from 
the genus of Aglaia. 

Compound 2 was acquired as a colorless needle 
crystal. The molecular formula of 2 was determined as 
C30H50O3 with six degrees of unsaturation by the analysis 
of its positive HR-TOF-ESI-MS (Fig. S9) m/z = 459.3838 
as [M+H]+, calculated for C30H51O3 m/z = 459.3838. The 
IR spectrum (Fig. S10) presented the existence of 
hydroxyl (3584 cm−1), aliphatic C-H sp3 (2964 cm−1), 
carbonyl (1708 cm−1), ether (1058 cm−1), and gem-
dimethyl (1386 and 1369 cm−1) groups. The 1H-NMR 
spectrum (Fig. S11) showed the existence of eight 
methyls singlet at δH/ppm 0.82 (CH3-30), 0.88 (CH3-19), 
0.94 (CH3-18), 1.01 (CH3-28), 1.05 (CH3-27), 1.08 (CH3-
21), and 1.12 (CH3-26), and one oxygenated methine at 
δH/ppm 3.57 (1H, dd, J = 5.0, 10.0 Hz, H-24). The 13C-
NMR (Fig. S12) and DEPT 135° (Fig. S13) spectra of 2 
exhibited 30 carbon resonances, including eight methyls 
at δC/ppm 15.2 (C-18), 16.1 (C-19), 16.3 (C-20), 21.0 (C-
29), 24.1 (C-27), 26.8 (C-28), 27.1 (C-21), and 27.8 (C-
26), ten methylenes at δC/ppm 19.7 (C-6), 22.3 (C-11), 
25.8 (C-16), 26.4 (C-23), 27.0 (C-12), 31.4 (C-15), 34.1 
(C-2), 34.6 (C-7), 34.8 (C-22), and 39.9 (C-1), five 
methines sp3 (involving one oxygenated) at δC/ppm 86.4 
(C-24), 43.0 (C-13), 49.8 (C-17), 50.2 (C-9), and 55.3 (C-
5), six quaternary carbons sp3 (with two of them are 
oxygenated carbons) at δC/ppm 70.3 (C-25), 86.5 (C-20), 
36.9 (C-10), 40.3 (C-8), 47.4 (C-4), and one carbonyl 
carbon at δC/ppm 218.0 (C-3). The above data possessed 
two degrees of unsaturation (one ketone carbonyl and 
one cyclic by a tetrahydrofuran moiety [45]), indicating 
four tetracyclic of a triterpenoid framework. The 1H-1H 
COSY (Fig. S15) correlations of H1/H2, H5/H6/H7, 
H9/H11/H12/H13/H17, H15/H16/H17 allowed the structural 
skeleton that is dammarane typed. The HMBC spectrum  
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Fig 2. Selected HMBC and 1H-1H COSY correlations of compounds 1 and 2 

 
(Fig. S16), shows strong correlations (Fig. 2) from CH3-18 
to C-7, C-8, C-9; CH3-19 to C-1, C-5, C-9, C-10; CH3-30 
to C-8, C-13, C-14, C-15; and CH3-28/ CH3-29 to C-3, C-
4, C-5 proved the presence of a tetracyclic dammarane-
type, as well as the ketonic group positioned at C-3 in 2. 
Furthermore, the tetrahydrofuran form in the side chain 
of 2 was determined through the correlations of CH3-21 
to C-17, C-20, C-22, and CH3-26/CH3-27 to C-24, C-25, 
together with 1H-1H COSY correlations of H22/H23/H24 as 
demonstrated in Fig. 2. Compound 2 provided the 
chemical shifts of [δC/ppm 86.4 (C-24), δH/ppm 3.57 (1H, 
dd, J = 5.0, 10.0, H-24)] and [δC/ppm 86.5 (C-20)], 
referencing to the 20S and 24S orientations [45-46]. The 
NMR data comparison of compound 2 with the literature 
[47] revealed that 2 was cabraleone or 20S,24S-epoxy-25-
hydroxydammar-3-one, which was isolated from A. 
cucullata for the first time. 

Compound 3 was obtained as a colorless crystal. The 
molecular formula of 3 was verified as C27H42O3 based on 
HR-TOF-ESI-MS (Fig. S17) m/z = 415.3229 as [M+H]+, 
calculated for C27H43O3 m/z = 415.3212, which described 
seven degrees of unsaturation. The IR spectrum (Fig. S18) 
displayed the existence of aliphatic C-H sp3 (2972 cm−1), 
carbonyl ester (1755 cm−1), carbonyl ketone (1704 cm−1), 
gem-dimethyl (1386 and 1376 cm−1), and ether group 
(1084 cm−1). The 1H-NMR spectrum (Fig. S19) showed 
the presence of six methyls singlet at δH/ppm 0.90 (CH3-
30), 0.94 (CH3-18), 1.00 (CH3-19), 1.04 (CH3-29), 1.08 
(CH3-28), and 1.37 (CH3-21). These data implied that the 
oxidative degradation of two side chain methyl groups led 

to the γ-lactone moiety, resulting in the formation of tris 
nor-triterpenoid compound [48]. The 13C-NMR 
(Fig. S20) and DEPT 135° (Fig. S21) of 3 exhibited of 27 
carbons, assignable to six methyls at δC/ppm 15.2 (C-19), 
16.0 (C-30), 16.2 (C-18), 21.0 (C-29), 25.5 (C-21), and 
26.7 (C-28), 10 methylenes at δC/ppm 19.6 (C-6), 21.9 
(C-11), 25.0 (C-22), 26.8 (C-16), 29.2 (C-23), 31.0 (C-
12), 31.2 (C-15), 34.1 (C-2), 34.5 (C-7), and 39.9 (C-1), 
four methines sp3 at δC/ppm 43.3 (C-13), 49.3 (C-17), 
49.9 (C-9), and 55.3 (C-5), five quaternary carbons sp3 
(including one oxygenated carbon) at δC/ppm 90.1 (C-
20), 36.8 (C-10), 40.3 (C-8), 47.4 (C-12), and 50.1 (C-14), 
one carbonyl ester carbon at δC/ppm 176.8 (C-24), and 
one carbonyl ketone carbon at δC/ppm 218.0 (C-3). 
Based on the ¹H-NMR, 13C-NMR, DEPT 135° spectra, 
corresponding to the literature [49], compound 3 was 
established as the known compound cabralealactone, 
which was isolated for the first time in the A. cucullata. 

Compound 4 was isolated as a white crystal. The 
molecular formula of 4 was determined on HR-TOF-
ESI-MS, giving a molecular formula of C30H50O4 
(Fig. S22) with m/z 475.3793 [M+H]+ (calculated m/z of 
C30H51O4 = 475.3787), which revealed six degrees of 
unsaturation. The IR spectrum (Fig. S23) displayed the 
existence of hydroxyl (3421 cm−1), aliphatic C-H sp3 
(2968 cm−1), carbonyl ketone (1704 cm−1), gem-dimethyl 
(1376 cm−1), and ether group (1260 cm−1). The 1H-NMR 
spectrum (Fig. S24) showed the presence of seven 
methyls singlet at δH/ppm 0.86 (CH3-19), 0.89 (CH3-18), 
1.02 (CH3-30), 1.12 (CH3-27), 1.15 (CH3-21), 1.20 (CH3-
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26), and 1.73 (CH3-19). The presence of one oxygenated 
methine in the tetrahydrofuran ring at δH/ppm 3.64 (1H, 
dd, J = 5.5, 9.5 Hz, H-24), and one methylene sp2 at 
[δH/ppm 4.85 (1H, s, H-28a), 4.66 (1H, s, H-28b)], which 
are characteristic for a seco-dammarane triterpenoid [50]. 
Compound 4 possessed 30 carbons (Fig. S25 and S26), 
corresponding to seven methyls at δC/ppm 15.3 (C-30), 
16.3 (C-18), 20.2 (C-19), 23.2 (C-27), 24.0 (C-29), 27.2 (C-
21), and 27.9 (C-26), 11 methylenes (including one sp2) at 
δC/ppm 113.5 (C-28), 22.3 (C-11), 24.6 (C-6), 25.8 (C-16), 
26.4 (C-23), 26.9 (C-12), 28.2 (C-2), 31.5 (C-15), 33.9 (C-
7), 34.3 (C-1), and 34.7 (C-22), five methines sp3 
(involving one oxygenated) at δC/ppm 86.4 (C-24), 41.2 
(C-9), 42.9 (C-13), 49.7 (C-17), and 50.8 (C-5), six 
quaternary carbons (including one olefinic and two 
oxygenated) at δC/ppm 147.5 (C-4), 70.3 (C-25), 86.6 (C-
20), 39.1 (C-10), 40.0 (C-8), and 50.4 (C-14), and one 
carbonyl of carboxylic acid at δC/ppm 179.8 (C-3). Based 
on the ¹H-NMR, 13C-NMR, DEPT 135° spectra, which 
well-matched with the literature [50], compound 4 was 
confirmed as the known compound eichlerianic acid, 
which was isolated for the first time in the A. cucullata. 

Compound 5 was isolated as a colorless white 
crystal. Its molecular formula was determined as C30H52O3 
with six degrees of unsaturation by the analysis of its 
positive HR-TOF-ESI-MS (Fig. S27) m/z = 483.3823 as 
[M+Na]+, calculated for C30H52O3Na m/z = 483.3814. The 
IR spectrum (Fig. S28) displayed the existence of hydroxyl 
(3422 cm−1), aliphatic C-H sp3 (2945 cm−1), carbonyl 
ketone (1708 cm−1), olefinic (1635 cm−1), gem-dimethyl 
(1376 cm−1), and ether group (1084 cm−1). The 1H-NMR 
spectrum (Fig. S29) showed the presence of seven methyls 
singlet at δH/ppm 0.77 (CH3-29), 0.84 (CH3-19), 0.88 
(CH3-30), 0.96 (CH3-18), 0.97 (CH3-28), 1.15 (CH3-21), 
and 1.73 (CH3-27), two oxygenated methines at δH/ppm 
3.20 (1H, m, H-3), and 4.04 (1H, t, J = 6.1 Hz, H-24), and 
one methylene sp2 at [δH/ppm 4.96 (1H, s, H-27a), 4.84 
(1H, s, H-27b)]. The 13C-NMR (Fig. S30) and DEPT 135° 
(Fig. S31) spectra of 5 revealed 30 carbon resonances, 
including seven methyls at δC/ppm 15.4 (C-29), 15.5 (C-
18), 16.2 (C-19), 16.5 (C-30), 17.8 (C-27), 25.4 (C-21), and 
28.0 (C-28), 11 methylenes (involving one olefinic sp2) at 
δC/ppm 110.9 (C-26), 18.3 (C-6), 21.5 (C-11), 24.9 (C-12), 

27.4 (C-2), 27.5 (C-16), 29.2 (C-23), 31.2 (C-15), 35.2 (C-
7), 36.6 (C-22), and 39.0 (C-1), six methines sp3 
(including two oxygenated) at δC/ppm 76.5 (C-24), 78.9 
(C-3), 42.4 (C-13), 50.1 (C-17), 50.6 (C-9), and 55.8 (C-
5), six quaternary carbons (including one olefinic sp2 and 
one oxygenated sp3) at δC/ppm 147.7 (C-25), 75.1 (C-20), 
37.1 (C-10), 38.9 (C-4), 40.4 (C-8), and 50.3 (C-14). 
Based on the ¹H-NMR, 13C-NMR, and DEPT 135° 
spectra of compound 5 revealed a good fit to the 
literature [51], compound 5 was confirmed as the known 
compound (+)-fouquierol, which was isolated for the 
first time in the Meliaceae family and Aglaia genus. 

All isolated compounds 1–5 were classified as 
dammarane-type triterpenoids. In Aglaia genus, 
dammarane-type triterpenoids were commonly found. 
The modification of dammarane-type triterpenoids, 
including the A ring opening (such as in compound 4) 
and formation of epoxide ring at C-20/C-24 (such as in 
compounds 2 and 4), also followed by degradation of 
three carbon atoms in the side chain to give lactone ring 
(such as in compound 3), usually can be found in other 
species of Aglaia genus [45,48]. The cytotoxic activity of 
the triterpenoids 1–5 was assayed against the A549 lung 
cancer cell (Table 4) using a method previously reported 
[52-53]. Doxorubicin (1.08 μg/mL) was used as the 
positive experimental control in this study. Among all 
triterpenoid compounds, eichlerianic acid (4) had the 
highest cytotoxic activity, whereas (+)-fouquierol (5) 
showed the lowest cytotoxic activity. Compounds 1 (IC50 
142.30 μM) and 4 (IC50 32.17 μM) displayed moderate 
cytotoxic activity, compounds 2 (IC50 316.40 μM) and 3 
(IC50 415.43 μM) showed weak cytotoxic activity, and 
compound 5 (IC50 1747.63 μM) showed no cytotoxic 
activity [54]. The IC50 value implicated that the existence 

Table 4. Cytotoxic activity of compounds 1–5 
Compounds IC50 (μM) 
(20S)-20-hydroxydammar-24-en-3-one (1) 142.30 
Cabraleone (2) 316.40 
Cabralealactone (3) 415.43 
Eichlerianic acid (4) 32.17 
(+)-fouquierol (5) 1747.63 
Doxorubicin (+) 1.08 
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of a seco ring in compound 4 greatly enhanced its 
cytotoxic activity compared to compound 2. 
Furthermore, compound 1 had stronger cytotoxic activity 
than compound 5, demonstrating that the presence of an 
olefinic terminal with hydroxyl at C-24 in compound 5 
reduced its cytotoxic activity. These findings suggest that 
the seco moiety in the A ring and gem-dimethyl attached 
to quaternary carbon sp2 at the aliphatic side chain 
structure play several critical structural features in the 
cytotoxic activity of dammarane-type triterpenoids. 

■ CONCLUSION 

The n-hexane preparation of A. cucullata stems bark 
produced five dammarane-type triterpenoids, which were 
identified as (20S)-20-hydroxydammar-24-en-3-one (1), 
cabraleone (2), cabralealactone (3), eichlerianic acid (4), 
and (+)-fouquierol (5). Both compounds 1 and 5 were 
isolated for the first time from the Meliaceae family and 
the Aglaia genus, respectively. Compound 1 was the first 
compound to be isolated from the Aglaia genus. The 
cytotoxic potential of substances 1 through 5 was 
investigated using the A549 lung cancer cell type as a test 
subject. Among the triterpenoids of the dammarane class, 
Compound 4 exhibited the highest level of activity, 
whereas Compound 5 exhibited the lowest level. 
Increased cytotoxicity in the triterpenoid dammarane 
type can be attributed to the presence of a seco component 
in the A ring as well as gem-dimethyl connected to 
quaternary carbon sp2 in the aliphatic side chain. Because 
of this, the identification of these compounds lays the 
groundwork for the use of triterpenoid dammarane-type 
compounds as a therapeutic possibility for the treatment 
of lung cancer. These compounds have the potential to be 
developed into lead compounds for the treatment of lung 
cancer. 
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Fig S1. HR-TOFMS spectrum of (1) 
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Fig S2. FTIR spectrum of (1) 

 
Fig S3. 1H-NMR spectra of (1) (500 MHz in CDCl3) 
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Fig S4. 13C-NMR spectrum of (1) (125 MHz in CDCl3) 

 
Fig S5. DEPT 135° spectrum of (1) (125 MHz in CDCl3) 
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Fig S6. HSQC spectrum of (1) 

 
Fig S7. 1H-1H-COSY spectrum of (1) 

 
Fig S8. HMBC spectrum of (1) 
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Fig S9. HR-TOFMS spectrum of (2) 
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Fig S10. IR spectrum of (2) 
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Fig S11. 1H-NMR spectrum of (2) (500 MHz in CDCl3) 

 
Fig S12. 13C-NMR spectrum of (2) (125 MHz in CDCl3) 
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Fig S13. DEPT 135° spectrum of (2) (125 MHz in CDCl3) 

 
Fig S14. HSQC spectrum of (2) 

 
Fig S15. 1H-1H-COSY spectrum of (2) 
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Fig S16. HMBC spectrum of (2) 

 
Fig S17. HR-TOFMS spectrum of (3) 
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Fig S18. IR spectrum of (3) 

 
Fig S19. 1H-NMR spectrum of (3) (500 MHz in CDCl3) 

 
Fig S20. 13C-NMR spectrum of (3) (125 MHz in CDCl3 
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Fig S21. DEPT 135° spectrum of (3) (125 MHz in CDCl3) 

 
Fig S22. HR-TOFMS spectrum of (4) 
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Fig S23. IR spectrum of (4) 

 
Fig S24. 1H-NMR spectrum of (4) (500 MHz in CDCl3) 
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Fig S25. 13C-NMR spectrum of (4) (125 MHz in CDCl3) 

 
Fig S26. DEPT 135° spectrum of (4) (125 MHz in CDCl3) 
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Fig S27. HR-TOFMS spectrum of (5) 

40080012001600200024002800320036004000
0

10

20

30

40

50

60

70

80

90

100

T
ra

n
sm

it
ta

n
ce

 (
%

)

Wavenumber (cm-1)  
Fig S28. IR spectrum of (5) 
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Fig S29. 1H-NMR spectrum of (5) (500 MHz in CDCl3) 

 
Fig S30. 13C-NMR spectrum of (5) (125 MHz in CDCl3) 

 
Fig S31. DEPT 135° spectrum of (5) (125 MHz in CDCl3) 
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