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Steroids are one of the secondary metabolite groups that are abundant in many 
organisms. In plants, this type of compound is called phytosterols. Phytosterols 
have been widely known to show many potential bioactivities such as anti-
inflammatory, induced apoptosis, cytotoxic, anti-diabetic, angiogenic, and 
antioxidant. One of the sources of phytosterol compounds is the genus Aglaia. As 
the largest genus in the Meliaceae family, the genus Aglaia contains many 
bioactive compounds, including steroids. This research reported the isolation, 
structural determination, and cytotoxic activity of steroid compounds from the 
stem bark of Aglaia cucullata, one of the members of the Aglaia genus. Pure 
isolated steroid was obtained after maceration of dried stem bark with ethanol 
and partitioned based on difference polarity, continued by column 
chromatography. Spectroscopic methods, including HRMS, FTIR, 1D and 2D NMR, 
were used for structural determination. The compound structure identified as 
stigmast-5-en-3β-ol-3β-oleate was first isolated from this species. MCF-7 
breast cancer cell, B16-F10 melanoma cell, and CV-1 normal fibroblast kidney cell 
were used to evaluate its cytotoxicity. Stigmast-5-en-3β-ol-3β-oleate displayed 
low cytotoxicity against those two cancer cells and a normal cell. 

 

1. Introduction 

Steroids are derived from modified triterpenoids 
containing a tetracyclic ring system, with the loss of three 
methyl groups at C-4 and C-14 [1]. Its main skeleton 
consists of four rings: one five-membered cyclic and 
three six-membered cyclic [2]. Steroids are widely found 
in many organisms, such as fungi, plants, and animals, 
and show structural features similar to cholesterol [3]. 
Steroid compounds, especially those usually found in 
plants, sitosterol, showed remarkably diverse biological 
activity, such as inducing apoptosis [4], angiogenic [5], 
anti-inflammation [6], anti-diabetic [7], anti-oxidant 
[8], and hypocholesterolemic [9]. 

Aglaia is a genus in the Meliaceae family, which is 
also the largest genus in this family, widely distributed in 
the tropical rain forests of Southeast Asia, including 
Indonesia and Malaysia [10]. Aglaia plants are known to 
contain various secondary metabolites with interesting 

biological activities like anticancer, anti-inflammatory, 
antioxidant, antimicrobial, and antidiabetic [11]. 
Phytochemical studies in the genus Aglaia indicated the 
content of various secondary metabolites such as 
rocaglamide, triterpenoids, diterpenoids, 
sesquiterpenoids, limonoids, steroids, lignans, and 
alkaloids [11]. Traditionally, this plant has been used to 
treat various ailments such as cancer, heart problems, 
fever, inflammation, and coughs [12]. 

Aglaia cucullata is a unique species of Aglaia that 
grows only in mangrove ecosystems [13]. Traditionally, 
this plant is utilized for house structure [14]. This plant 
extract was used in the medicinal field to treat dysentery, 
skin infection, diarrhea, and heart problems [15]. 
Previous chemical component investigations of these 
plants revealed the presence of cytotoxic compounds 
against human cancer cell lines [16]. 
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This research aims to isolate steroid compound from 
the stem bark of A. cucullata using extractions, 
separations, and purification methods such as 
maceration, partitioned, and column chromatography, 
followed by identification of its chemical structure using 
various spectroscopic methods to give a known 
stigmastane steroid (1). The previous study from this 
species revealed no reported isolation of steroid 
compounds. Thus, this study presented for the first time 
the isolation and structure determination of steroid 
compounds together with cytotoxic activity tested 
against MCF-7 breast cancer, B16-F10 melanoma, and 
CV-1 normal kidney fibroblast cell lines. The cytotoxicity 
of compound 1 against those cancer cells was also 
reported for the first time. 

2. Experimental 

This research started with the sampling of stem bark 
of A. cucullata. After drying and grinding, the crushed 
stem bark of A. cucullata was macerated with ethanol 
(EtOH), filtered, and evaporated under reduced pressure. 
EtOH extract was then partitioned with n-hexane, ethyl 
acetate (EtOAc), and n-butanol (n-BuOH). Separation and 
purification of n-hexane extract using chromatographic 
methods were then performed to produce pure 
compound 1. Spectroscopic methods were utilized to 
determine its chemical structure. After the chemical 
structure was confirmed, a bioassay was carried out 
against MCF-7 breast cancer, B16-F10 melanoma, and 
CV-1 normal kidney fibroblast cell lines. The resulting 
cytotoxicity tested was in IC50 and then compared with 
positive control (cisplatin). 

2.1. General Experimental Procedures 

The high-resolution mass spectra (HRESI-TOFMS) 
were obtained on a Waters Xevo Q-TOF direct probe/MS 
system using ESI+ mode and microchannel plates MCPs 
detector (Milford, MA, USA). The IR spectra were 
measured on a One Perkin Elmer infrared-100 (Shelton, 
Connecticut, USA). The measurement of HRMS and FTIR 
were conducted in Laboratorium Sentral (Central 
Laboratory), Universitas Padjadjaran, Sumedang, 
Indonesia. The NMR data were recorded on a JEOL ECZ-
500 spectrometer (Tokyo, Japan) at 500 MHz for 1H and 
125 MHz for 13C using TMS as an internal standard and 
CDCl3 as a solvent. The NMR measurement was carried out 
at Badan Riset dan Inovasi Nasional (BRIN), Serpong, 
South Tangerang, Indonesia. Chromatographic 
separations were conducted on a silica gel G60 (Merck, 
Darmstadt, Germany, 70-230 and 230–400 mesh). The 
TLC plates were precoated with GF254 (Merck, 0.25 mm), 
after which detection was performed by spraying with 
10% H2SO4 in ethanol before heating. 

The equipment used in this study included glassware 
commonly used in organic chemistry laboratories. 
Concentration of macerate and fractions was carried out 
using a rotary evaporator type R-215 Buchi equipped with 
a V-700 vacuum pump, B-491 water bath, and F-100 cold 
circulator. Compounds were separated using different 
sizes of open column chromatography (diameters: 1, 1.5, 
2, and 2.5 cm with 50 cm in height). 

2.2. Plant Material 

The stem bark of A. cucullata was obtained from the 
Manggar River in Balikpapan, East Kalimantan, Indonesia 
(1°11′25″ S, 116°57′29″ E). This sample was classified by 
the staff of the Herbarium Wanariset, Balikpapan, in 
December 2020, and the specimen was deposited at the 
herbarium (collection No. FF7.20). 

2.3. Extraction and Isolation 

The crushed dried stem bark of A. cucullata (3.5 kg) 
was extracted with ethanol (5 x 3 L) at room temperature 
for five days. After solvent evaporation, 523 g extract was 
obtained and partitioned based on different polarity to 
give 64 g, 35 g, and 13 g of the n-hexane, ethyl acetate, 
and 1-butanol extract, respectively. 

A total of 64 g of the n-hexane extract was 
fractionated by vacuum liquid chromatography (r: 5 cm; 
h: 12 cm) on silica gel (300 g of G60 silica gel) using a 
gradient elution of n-hexane-ethyl acetate (10:0–0:10, 
stepwise 10%; v: 500 mL) continued by ethyl acetate-
methanol (10:0–0:10, stepwise 10%; v: 500 mL) to give 
eight fractions (A–H). Subsequently, 21 g of B was 
separated by vacuum liquid chromatography (r: 5 cm; h: 
12 cm) on silica gel (200 g of G60 silica gel) using a 
gradient elution of n-hexane-ethyl acetate (10:0–0:10, 
stepwise 5%; v: 300 mL) to give six fractions (B1-B6). A 
total of 2.7 g B1 was separated with silica gel column 
chromatography (70-230 mesh, 80 g) using a gradient 
elution of n-hexane-methylene chloride (10:0–1:1 
stepwise 2.5%; r: 2 cm; h: 17 cm; v: 250 mL) to produce 
nine fractions (B1a-B1i). A total of 793 mg of fraction B1a 
was separated with silica gel column chromatography 
(230-400 mesh, 55 g) using a gradient elution of n-
hexane-methylene chloride (10:0–9:1 stepwise 1%; r: 1 
cm; h: 20 cm; v: 80 mL) to produce 74.3 mg of 
compound 1. 

2.4. Determination of Cytotoxic Activity 

The cytotoxic bioassay was conducted using the 
PrestoBlue assay. Cell viability was assessed with Presto 
Blue reagent (Thermo Fisher Scientific, Uppsala, Sweden) 
to evaluate various resazurin-based cell types viability 
rapidly and quantitatively proliferation using live-cell 
reduction capabilities. When cells are alive and healthy, 
they maintain a reduced environment in their cytosol. 
Reducing resazurin (blue) is a cell viability indicator using 
absorbance or fluorescent outputs to reduce resorufin 
(purple). The conversion is proportional to the number of 
metabolically active cells. Briefly, MCF-7 cell lines, B16-
F10, and CV-1 cell lines were grown in 70% confluent 
harvested and counted, then diluted with complete 
culture RPMI medium. The cells were then transferred 
into 96-well plates with 170,000 cells/well. After 
overnight growth, the cells were treated with increasing 
concentrations of compound 1 (3.91, 7.81, 15.63, 31.25, 
62.50, 125, 250, 5,000 μg/mL) with co-solvent 2% (v/v) 
DMSO in PBS. Cisplatin was used as the positive control. 
All samples were incubated at 37°C in a 5% CO2 incubator 
for 24 h. After incubation, the medium was immediately 
replaced by 10 μL PrestoBlue reagent in a 90 μL RPMI 
medium. The plates were incubated for 1 to 2 h until 
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resorufin was formed (color changes from blue to purple). 
The absorbance was measured at 570 nm using a 
microplate reader. The IC50 value is the concentration for 
50% growth inhibition. The percentage of cytotoxicity 
compared to untreated cells was determined. A plot of % 
cytotoxicity versus sample concentrations was used to 
calculate the concentration, which showed 50% 
cytotoxicity (IC50). All assays and analyses were run in 
duplicate, and all were averaged. 

3. Results and Discussion 

About 3.5 kg of dried, crushed stem bark of 
A. cucullata was macerated using EtOH. Ethanol was 
considered a safe solvent in terms of health for extracting 
compounds from nature [17]. This stem bark of 
A. cucullata was obtained from the Manggar River in East 
Kalimantan because this is the native habitat of this plant. 
After evaporating at reduced pressure, 525 g of brown 
thick ethanol extract was obtained (15% of the initial 

weight of the sample). This extract was very complex, 
with many compounds observed in a thin-layer 
chromatography plate. Therefore, the partition based on 
different polarity was carried out, namely with n-hexane 
(64 g), ethyl acetate (35 g), and 1-butanol (13 g). 

Phytochemical tests in thin-layer chromatography 
plates showed that n-hexane extract contained purple to 
red color spots after sprayed with 10% H2SO4 in ethanol, 
indicating the presence of steroid compounds. The other 
extract (ethyl acetate and 1-butanol) did not show any 
positive result of the steroid compound, so the separation 
and purification were focused on n-hexane extract. Since 
n-hexane extract was in large quantities (more than 
20 g), vacuum liquid chromatography was used for the 
first separation methods, followed by several steps of 
column chromatography guided by thin-layer 
chromatography. Compound 1 was obtained in a pure 
form. 

Table 1. NMR data of compound 1 (500 MHz for 1H and 125 MHz for 13C in CDCl3) [18] 

Position 

13
C-NMR 

δ
C
 (mult.) 

1
H-NMR 

δ
H

 (Integral, mult., J=Hz) 
Position 

13
C-NMR 

δ
C
 (mult.) 

1
H-NMR 

δ
H

 (Integral, mult., J=Hz) 

1 37.1 (t) 1.86 (2H, m) 1′ 173.4 (s) - 

2 32.0 (t) 1.96 (2H, m) 2′ 34.8 (t) 2.25 (2H, t, 7.8) 

3 73.7 (d) 4.58 (1H, m) 3′ 25.5 (t) 1.59 (2H, m) 

4 39.8 (t) 1.98 (2H, m) 4′ 29.2 (t) 1.29 (2H, m) 

5 139.8 (s) - 5′ 29.6 (t) 1.24 (2H, m) 

6 122.7 (d) 5.34 (1H, s) 6′ 29.4 (t) 1.24 (2H, m) 

7 32.1 (t) 1.92 (2H, m) 7′ 29.8 (t) 1.24 (2H, m) 

8 31.8 (d) 1.48 (1H, m) 8′ 27.2 (t) 1.98 (2H, m) 

9 50.1 (d) 0.92 (1H, m) 9′ 129.9 (d) 5.33 (1H, dd, 3.1, 9.6) 

10 36.6 (s) - 10′ 130.1 (d) 5.33 (1H, dd, 3.1, 9.6) 

11 21.0 (t) 1.46 (2H, m) 11′ 27.3 (t) 1.98 (2H, m) 

12 38.2 (t) 2.28 (2H, m) 12′ 29.9 (t) 1.24 (2H, m) 

13 42.4 (s) - 13′ 29.5 (t) 1.24 (2H, m) 

14 56.7 (d) 0.99 (1H, m) 14′ 29.7 (t) 1.24 (2H, m) 

15 24.4 (t) 0.97 (2H, m) 15′ 29.3 (t) 1.29 (2H, m) 

16 28.2 (t) 1.82 (2H, m) 16′ 27.9 (t) 1.85 (2H, m) 

17 56.1 (d) 1.06 (1H, m) 17′ 22.8 (t) 1.27 (2H, m) 

18 11.8 (q) 0.64 (3H, s) 18′ 14.2 (q) 0.86 (3H, t, 6.6) 

19 19.3 (q) 1.00 (3H, s) 
   

20 36.2 (d) 1.30 (1H, m) 
   

21 18.9 (q) 0.91 (3H, d, 3.5) 
   

22 33.9 (t) 1.22 (2H, m) 
   

23 26.0 (t) 1.14 (2H, m) 
   

24 45.9 (d) 0.92 (1H, m) 
   

25 29.1 (d) 1.28 (2H, m) 
   

26 19.9 (q) 0.84 (3H, d, 6.5) 
   

27 19.0 (q) 0.82 (3H, d, 6.5) 
   

28 23.1 (t) 1.24 (2H, m) 
   

29 12.2 (q) 0.83 (3H, t, 1.7) 
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Figure 1. HRMS spectrum of compound 1 [18] 

Compound 1 was in a white amorphous powder form. 
The chemical formula of compound 1, determined as 
C47H82O2 based on HRMS data, showed an [M+H]+ ion peak 
at m/z 679.6390 (calcd. 679.6393 for C47H83O2) (Figure 1) 
together with 1H NMR and 13C NMR spectra data (Table 1). 
The FTIR measurement (Figure 2) resulted that in 
compound 1 existed stretching of C-H sp3 (2982 cm-1), 
stretching of C=O (1737 cm-1), stretching of C=C 
(1606 cm- 1), bending of C-H gem-dimethyl (1460 and 
1352 cm-1), and stretching of C-O (1054 cm-1) [18]. 

 

Figure 2. FTIR spectrum of compound 1 [18] 

The 1H NMR spectrum of compound 1 (Figure 3) 
showed the presence of seven methyls, including two 
tertiary methyls at δH 0.64(3H, s) and 1.00 (3H, s), three 
secondary methyls at δH 0.82 (3H, d, J=6.5 Hz), 0.84 (3H, 
d, J=6.5 Hz), and 0.91 (3H, d, J=3.5 Hz), and two primary 
methyls at δH 0.83 (3H, t, J=1.7 Hz) and 0.86 (3H, t, J=6.6 
Hz). The signal characteristic for oxygenated methine 
was also observed at δH 4.58 (1H, m) and the olefinic group 
at δH 5.33 (2H, dd, J=3.1, and 9.6 Hz), which is suitable for 
cis-conformation [18] and δH 5.34 (1H, s). The specific 
signal for the substituent of fatty acid was also clearly 
seen at 1H 1.24 with high integrity, indicating the 
presence of an overlapping signal [19, 20]. Other 1H NMR 
peaks were overlapping and could be assigned perfectly 
using two-dimensional NMR, especially HMQC 
experiments with 13C NMR. 

The 13C NMR spectrum detailed by DEPT 135° 
(Figure 3) proved the presence of 47 carbon signals, 
including seven methyls, 25 methylenes, eleven methines 
(including one oxymethine at δH 73.7 and three sp2 

methine at δH 122.7, 129.9, and 130.1), and four quaternary 
carbons (including one quaternary olefinic at δH 139.8 and 
one carbonyl ester at δH 173.4). Based on 1H NMR, 13C NMR, 
and DEPT 135° spectra, it can be concluded that the 
structure of compound 1 consists of one ester group, two 
double bonds, a fatty acid substituent, and a stigmastane-
type steroid. However, to determine the exact position of 
each functional group, a two-dimensional NMR 
experiment (HMQC, HMBC, and 1H-1H COSY) was 
necessary. 

 

Figure 3. 1H NMR spectrum of compound 1 (500 MHz in 
CDCl3) [18] 

 

Figure 4. 13C NMR spectrum of compound 1 (125 MHz in 
CDCl3) [18] 

HMQC (Heteronuclear Multiple Quantum Coherence) 
experiments were used to determine the correlation of 
proton (hydrogen) with carbon in one bond. On the other 
hand, with this correlation, the pairing of each hydrogen 
and carbon can be determined [21]. The NMR table 
(Table 1) at each position is determined by the HMQC 
experiments. However, HMBC (Heteronuclear Multiple 
Bond Correlation) was utilized to determine the exact 
position of each functional group because this type of 
spectrum will correlate proton (hydrogen) and carbon in 
two or three-bond distances. 
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Figure 5. HMBC spectrum of compound 1: a) The attachment of each methyl group in compound 1, b) The position of 
double bond and fatty acid ester substituent attachment, c) The position of the double bond in the fatty acid ester chain 

[18] 

HMBC of compound 1 is shown in Figure 5. Figure 5a 
shows the attachment of each methyl group in 
compound 1. Correlation arising from H-19 to C-1, C-10, 
C-5, and C-9, and correlations of H-18 to C-12, C-13, 
C- 14, C-17 determined the tetracyclic core of this 
compound. Correlations observed at H-21 to C-17 and 
C- 20 and correlations of H-29 to C-28 and C-24, and 
correlation observed at H-26 and H-27 to C-25 and C-24, 
used for the determination of the side chain of 
compound 1. Thus, those correlations determined the 
main skeleton of compound 1 as a stigmastane-type 
steroid. The position of double bond at C-5/C-6 was 
determined by the HMBC correlations of H-4 to C-5 and 
C-6. The oxymethine that appears at C-3 resulted from 

the correlations of H-2 and H-4 to C-3, together with the 
attachment of the ester group at C-3 by the correlations 
of H-3 to C-1’ and H-2’ to C-1’ (Figure 5b). Another 
double bond at C-9’/C-10’ was confirmed based on 
correlations of H-9’ to C-8’ and C-7’ (Figure 5c). 

1H-1H COSY (Correlated Spectroscopy) is based on the 
cross-peak of protons (hydrogens) in three distances, so 
this type of correlation will confirm the position of 
neighboring hydrogens. Crosspeak observed at H-2/H-
3/H-4 confirmed that oxymethine attached at the C-3 
position. A double bond at C-5/C-6 was observed based 
on the cross-peak of H-6/H-7. Other cross-peak 
correlations are also detailed in Figure 6. 

 

Figure 6. 1H-1H COSY spectrum of compound 1: a. COSY spectrum of ring A and B, b. COSY spectrum of ring C, D, side 
chain, and fatty acid ester substituent [18] 
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The results of 1H, 13C, HMQC, HMBC, and 1H-1H COSY 
NMR analysis unambiguously determined the planar 
structure of compound 1 (Figure 7). However, the 
stereochemistry of compound 1 has not been identified. 
The best way to determine the stereochemistry of 
compound 1 is with the comparison of its NMR data, 
including its coupling constant (J) in 1H NMR and the 
biogenetic approach of stigmastane-type steroids, 
especially with previous compounds found in the Aglaia 
genus. Thus, based on a comparison with previous 
literature [18], compound 1 was identified as a 
stigmastane-type steroid, namely, 3β -sitosteryl-oleate 
(Figure 8), which was isolated for the first time in this 
species. This compound can be classified as a nonpolar 
compound since this compound contains many 
hydrocarbon chains, for example, the fatty acid ester 
substituent and side chain in the main skeleton. This 
result is consistent with the appearance of this compound 
in n-hexane extract, which is the most nonpolar extract 
among all extracts. 

 

Figure 7. Total HMBC and 1H-1H COSY correlations of 
compound 1 

 

Figure 8. Chemical structure of compound 1 

Compound 1 was tested against two cancer cells 
(MCF-7 breast cancer cell lines and B16-F10 melanoma 
cell lines) and a normal cell (CV-1 kidney fibroblast cell). 
The results of the Prestoblue cell anti-proliferation assay 
showed that IC50 value with cisplatin acts as a positive 
control (IC50 = 53.00, 43.00, and 43.00 μM, respectively, 
for MCF-7, B16-F10, and CV-1). Unfortunately, 
compound 1 performed very weak cytotoxic activity with 
IC50 > 300 μM for all tested cells (MCF-7, B16-F10, and 
CV-1). This result might be influenced by the presence of 
a fatty acid side chain, dramatically decreasing cytotoxic 
activity. In a previous study [12], it is clear that the 
appearance of fatty acid ester substituent in dammarane-
type triterpenoid decreases cytotoxic activity against 
MCF-7, B16-F10. This fact may correlate with how weak 
compound 1 is against those cancer cell lines since the 
triterpenoids and steroids share similar chemical 
structures. The previous research [18] also revealed that 
3β-sitosteryl-oleate performed weak cytotoxic activity 
against P-388 murine leukemia cells. 

4. Conclusion 

One stigmastane-type steroid compound has been 
successfully isolated from the stembark of A. cucullata 
using various chromatography methods. The chemical 
structure of compound 1 has been determined utilizing 
spectroscopy data (1H, 13C, HMQC, HMBC, and 1H-1H COSY 
NMR) and identified as 3β-sitosteryl-oleate. The 
cytotoxic assay against MCF-7 breast cancer cell lines, 
B16-F10 melanoma cell lines, and CV-1 normal kidney 
fibroblast cells were also performed. Compound 1 showed 
weak cytotoxic activity against all tested cells with IC50 > 
300 μM. 
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