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Abstract: 
This study aimed to isolate compounds from Polyalthia lateriflora (Bl.) King stem bark, and to test the crude extracts and the isolated 
compounds for their  antioxidant and cytotoxic activities. Three different solvents were used to prepare the crude extracts; hexane, 
dichloromethane (DCM) and methanol. Phytochemical investigation of the crude extracts has led to the isolation of four oxoaporphine 
alkaloids (O-methylmoschatoline, atherospermidine, lysicamine, and liriodenine) and two steroids (stigmasterol and lupeol). The chemical 
structure of the compounds was elucidated using 1H-NMR, 13C-NMR, 2D-NMR, and mass spectral analysis. All the crude extracts and isolated 
compounds were tested for their in vitro DPPH radicals scavenging activity and cytotoxicity against MCF-7 breast cancer cells. Methanol 
extract showed the strongest antioxidant activity with percentage inhibition at 500µg/mL of 89.52±1.81 (IC50, 128.22± 6.73 µg/ml) in 
comparison with DCM (32.45±8.56), atherospermidine (20.17±9.74) and liriodenine (10.73±0.45), while other extracts were inactive. All the 
isolated compounds showed cytotoxic against MCF-7 cells, at IC50 values in the range of 42-89 µg/ml. Based on thorough literature review, all 
compounds identified in this study were isolated for the first time from this plant. In particular, lupeol is reported for the first time in the genus 
Polyalthia and possessed the most potent cytotoxic effect compared to other isolated compounds. 

Key word: Polyalthia lateriflora (Bl.) King, antioxidant, DPPH scavenger, cytotoxicity,  MCF-7 cells 

1. INTRODUCTION
Polyalthia lateriflora (Bl.) King (KL 5255) is a flowering plant 
belongs to the genus Polyalthia, of the big family Annonaceae 
(consists of 130 genus and 2300-2500 species) [1,2,3]. According 
to the phytochemical survey of ‘Malaysian Herbarium on Flora of 
Malaysia’ this plant is dominant locally at the area of Hutan 
Simpan Bukit Kinta, Chemor, Perak. It can grow to reach 12 m 
tall and 20 cm diameter. Several species of the genus Polyalthia 
have been reported to have various medicinal properties, 
including antioxidant [4], anticancer [5,6,7], antibacterial [8,9], 
antifungal [10], antiulcer [11], lipid lowering agent [12], 
protective effect against oxidative DNA damage [13] and 
antiplasmodial [14]. Phytochemical studies on Polyalthia species 
indicated the presence of various types of chemical compounds, 
such as alkaloids (e.g cerasoidine and bidebiline E) [15], terpenes 
(e.g 16(R&S)-methoxycleroda-4 (18), 13-dien-15,16-olide) [16], 
flavones (e.g 3,7-dimethoxy-5-hydroxyflavone, and 5,8-
dihydroxy-6,7-dimethoxy flavone) [17], chalcone (e.g 2’,4’-
dihydroxy-3’-methoxy chalcone, and 2’,4’-dihydroxy chalcone) 
[18] and steroids (e.g. stigmasterol) [19]. To the best of our
knowledge, this present study is the first work carried out on P.
lateriflora stem bark.

2. MATERIALS AND METHODS
2.1. Instruments and Reagents 
The 1H, 13C, and 2D (COSY, HMBC, HMQC) NMR studies were 
carried out using JEOL ECX system at 500 MHz. Aluminum 
supported silica gel 60 F254 plates were used for thin-layer 
chromatography (TLC), visualized under ultraviolet light (254 and 
365 nm), and sprayed using Dragendorff’s reagent for alkaloid 
test and p-anisaldehyde reagent for steroid test. Silica gel 60 
(200–400 mesh) was used for column chromatography. Materials 
for antioxidant assay include DPPH and ascorbic acid (Sigma-
Aldrich Chemical Co., USA), methanol and DMSO (Merck, 
Germany). MCF-7 breast cancer cells (ATCC® HTB-22TM) were 

used in cytotoxicity assay. 
2.2. Plant materials 
P. lateriflora (Bl) king stem bark were collected from Hutan
Simpan, Bukit Kinta, Chemor, Perak. The species was
taxonomically identified by the phytochemical group of
Chemistry Department, University of Malaya, Kuala Lumpur,
where the voucher specimen was deposited.
2.3. Extraction and isolation
The dried stem bark of P. lateriflora (2.0 kg) were crushed in an
electric grinder, pulverized into coarse powder and divided into
three parts. Each part was transferred into a thimble and inserted
into a Soxhlet assembly fitted with a 5L flask. Amount of 4L of
hexane, dichloromethane, and methanol were added to each flask
respectively, and kept at suitable temperature for 20h. After
filtration and drying under low pressure and low temperature of
rotary evaporator fitted with a vacuum pump, amount of 50g, 22g
and 40g of hexane, DCM and methanol crude extracts were
produced respectively.
DCM crude extract (20g) was subjected to silica gel column
chromatography, eluted with DCM /MeOH (100:1 to 1:100 v/v)
and yielding 52 fractions (Fr.1–Fr.52).
The fractions Fr.1-Fr.18 were subjected to CC on silica gel using
DCM/MeOH (100:0 to 95:5 v/v) and afforded 14 fractions. The
sub-fractions sFr.10 to sFr.12 were further subjected to CC on
silica gel using EA/DCM (15:85 to 40:60 v/v) and produced 14
fractions.
The fractions Fr.5–Fr.9 were subjected to CC on silica gel using
DCM/EA (75:25 v/v) and afford three fractions; the third fraction
was O-methylmoschatoline (1.7mg).
The fractions Fr.21–Fr.26 were subjected to CC on silica gel using
DCM/MeOH (100:1 to 86:14 v/v) to afford 45 sub-fractions;
sFr.12 and sFr.13 were further subjected to CC on silica gel using
DCM/EA (3:1 v/v) and produced 16 fractions; fractions 1 to 8
were atherospermidine (3.1mg), and fraction 16 was lysicamine
(2.1mg).
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The fractions Fr.27–Fr.38 were subjected to CC on silica gel using 
DCM/MeOH (100:0 to 95:5 v/v) and afforded 11 sub-fractions; 
the sFr.7–sFr.10 were subjected to CC on silica gel using 
EA/hexane (4:1 v/v) and afforded 10 fractions 8 to 10, which were 
liriodenine (5mg).  
The hexane crude extract (25g) was introduced to first column 
chromatography over silica gel with hexane/EA (100:0 to 50:50 
v/v) and DCM/MeOH (75:25 v:v) as eluting solvents. Eluents 
were collected and yielded 33 fractions.  
The fractions Fr.2–Fr.5 were subjected to CC on silica gel using 
hexane/DCM (100:0 to 50:50 v/v) and afforded 14 sub-fractions. 
The sub-fraction number 5 (sFr.5) was further subjected to CC on 
silica gel using hexane/DCM (70:30 v/v) and produced 4 
fractions; fraction number 2 and 3 were stigmasterol (7mg). 
The fractions Fr.8–Fr.10 were subjected to CC on silica gel using 
hexane/EA (95:5 to 75:25 v/v) and afforded 9 fractions. The sub-
fractions 4 and 5 sFr.4-sFr.5 were further subjected to CC on silica 
gel using hexane/DCM (75:25 v/v) and produced 4 fractions; 
fraction number 2 was lupeol (5.3mg). 
2.4. DPPH radical scavenging activity 
The DPPH assay was based on the 96-well plate assay. A total of 
20 μL of the two-fold serially diluted sample was added to 180 μL 
of DPPH solution (150 μmol L-1) in methanol:water (80:20 v/v). 
All samples were tested at the concentration range 3.9–500 
μg/mL. The microplate was shaken for 60 seconds and left in the 
dark for 40 minutes at room temperature. Absorbance was 
measured at 515nm using the microplate reader. Ascorbic acid 
was used as a standard at 0.39–50 μg/mL. [20] 
2.5. Cytotoxic Assay 
The MCF-7 breast cancer cells were cultured in-vitro. Once the 
cells reached their active stage, they were transferred into 96-well 
tissue culture plate, at a concentration of 1x104 cells/well with 
100µl of cell suspension into each well. The cells were incubated 
in humidified carbon dioxide (CO2) incubator for 24 h prior to 
adding samples and negative control (10µl respectively). The cells 
were incubated for another 48 h. After that, 10µl of Cell Count 

Reagent was added to each well. The cells were incubated for 
another 2 h, followed by absorbance measurement at 450nm using 
microplate reader. IC50 value (concentration of compound that 
yields 50% less cells compared to the control) was derived from 
curve-fitting methods [21, 22]. 
 

3. RESULTS AND DISCUSSION 
Six compounds were isolated and identified in this current study 
(Figure 1). The structure of each isolated compound was 
elucidated using 1H-NMR, 13C-NMR, 2D-NMR, mass spectral 
analysis, and by compared with the reported data. 
O-methylmoschatoline (1): Orange amorphous; Positive LC-MS: 
m/z 321.1 [M]+, chemical formula: C19H15NO4, molecular weight: 
321.3; 1H-NMR (CDCl3 with 1% v/v TMS, 500 MHz) δ (ppm): 
9.08 (1H, d, J = 7.45 Hz, H-11), 8.94 (1H, d, J = 5.15 Hz, H-5), 
8.54 (1H, d, J = 8  Hz, H-8), 8.19 (1H, d, J = 5.75 Hz, H-4), 7.73 
(1H, t, H-10), 7.52 (1H, t, H-9), 4.17 (3H, s, OCH3-3), 4.08 (3H, 
s, OCH3-2), 4.06 (3H, s, OCH3-1); 13C-NMR (CDCl3 with 1% v/v 
TMS, 125 MHz) δ (ppm): 182.73 (C-7), 156.55 (C-1), 148.53 (C-
3), 147.39 (C-2), 145.55 (C-6a), 144.63 (C-5), 134.60 (C-11a), 
134.46 (C-10), 131.49 (C-7a), 131.15 (C-3a), 128.98 (C-8), 
128.22 (C-9), 127.73 (C-11), 122.89 (C-3b), 119.23 (C-4), 115.70 
(C-1a), 61.90 (OCH3-3), 61.57 (OCH3-2), 61.09 (OCH3-1). 
Atherospermidine (2): Orange amorphous powder, LC-MS: m/z 
306.1 [M]+, chemical formula: C18H11NO4 , molecular weight: 
305.284; 1H-NMR (CDCl3, 500 MHz) δ (ppm): 4.27 (3H, s, 
OCH3-3), 6.32 (2H, s, 1-OCH2O-2), 8.11 (1H, d, J = 5.7, H-4) 
8.87 (1H, d, J = 5.75, H-5), 8.45 (1H, d, J = 8, H-8), 8.49 (1H, d, J 
= 6.85, H-11), 7.48 (1H, t, H-9), 7.66 (1H, t, H-10). 13C-NMR 
(CDC13 with 1% v/v TMS, 125 MHz) δ (ppm): 182.58 (C-7), 
149.71 (C-l), 144.97 (C-6a), 144.31 (C-5), 136.53 (C-3), 136.26 
(C-2), 133.96 (C-10), 133.23 (C-11a), 130.74 (C-3a), 130.61 (C-
7a), 128.71 (C-8), 127.65 (C-9), 126.66 (C-11), 122.88 (C-3b), 
119.37 (C-4), 102.62 (C-la), 102.36 (1-OCH2O-2) and 60.22 
(OCH3-3). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: Structures of compounds 1- 6 
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Lysicamine (3): Yellow amorphous powder, positive LC-MS: m/z 
291.1 [M]+, chemical formula: C18H13NO3, molecular weight: 
291.3; 1H-NMR (CDC13 with 1% v/v TMS, 500 MHz) δ (ppm): 
9.15 (1H, d, J = 7.5 Hz, H-11), 8.87 (1H, d, J = 5.5 Hz, H-5) 8.56 
(1H, d, J = 7.5 Hz, H-8), 7.78 (1H, d, J = 5.0Hz, H-4), 7.76 (1H, t, 
H-10), 7.56 (1H, t, H-9), 7.20 (1H, s, H-3), 4.10 (3H, s, OCH3-l) 
and 4.02 (3H, s, OCH3-2). 13C-NMR (CDC13 with 1% v/v TMS, 
125 MHz) δ (ppm): 156.92 (C-l), 119.91 (C-la), 152.15 (C-2), 
106.55 (C-3), 135.60 (C-3a), 122.27 (C-3b), 123.71 (C-4), 145.13 
(C-5), 145.44 (C-6a), 182.82 (C-7), 132.16 (C-7a), 128.98 (C-8), 
128.90 (C-9), 134.41 (C-10), 128.53 (C-11), 134.46 (C-11a), 
56.32 (OCH3-l) and 60.76 (OCH3-2). 
Liriodenine (4): Yellow amorphous, positive LC-MS: m/z 276.1 
[M]+, Chemical Formula: C17H11NO3, molecular weight: 277.28; 
1H-NMR (CDCl3, 500 MHz) δ (ppm): 6.39 (2H, s, O-CH2-O), 
7.24 (1H, s, H-3), 7.77 (1H, d, J= 5.15, H-4), 8.90 (1H, d, J = 5.2, 
H-5), 8.57 (1H, d, J = 8, H-8), 7.76 (1H, t, H10), 8.66 (1H, d, J = 
8, H-11), 7.58 (1H, t, H-9). 13C-NMR (CDC13 with 1% v/v TMS, 
125 MHz) δ (ppm): 148.10 (C-l), 135.88 (C-la), 151.90 (C-2), 
103.33 (C-3), 123.29 (C-3a), 108.12 (C-3b), 124.40 (C-4), 144.83 
(C-5), 145.24 (C-6a), 182.48 (C-7), 131.27 (C-7a), 128.68 (C-8), 
128.87 (C-9), 134.07 (C-10), 127.44 (C-11), 132.92 (C-11a) and 
102.62 (1-O-CH2O-2). 
Stigmasterol (5): White steroid, Positive LC-MS: m/z 412.4 [M]+, 
chemical formula: C29H48O, molecular weight: 412.691; 1H-NMR 
(CDCl3, 500 MHz) δ (ppm): 0.64-0.90 (m, 15H), 0.91-0.98 (m, 
2H), 0.99-1.02 (m, 6H), 1.04-1.11 (m, 1H), 1.13-1.19 (m, 2H), 
1.25-1.29 (m, 2H), 1.49-1.56 (m, 8H), 1.81-1.88 (m, 3H), 1.94-
2.06 (m, 3H), 2.21-2.32 (m, 2H), 3.49-3.55 (m, 1H), 4.98-5.03 (m, 
1H), 5.12-5.17 (m, 1H), 5.34-5.35 (m, 1H). 13C-NMR (CDCl3 with 
1% v/v TMS, 125 MHz) δ (ppm): 37.32 (C-1), 31.72 (C-2), 71.90 
(C-3), 42.29 (C-4), 140.82 (C-5), 121.82 (C-6), 31.97 (C-7), 31.97 
(C-8),50.19 (C-9), 36.58 (C-10), 21.20 (C-11), 39.74 (C-12), 
42.36 (C-13), 56.83 (C-14), 24.38 (C-15), 29.03 (C-16), 56.00 (C-
17), 12.13 (C-18), 19.49 (C-19), 40.62 (C-20), 21.15 (C-21), 
138.42 (C-22), 129.33 (C-23), 51.32 (C-24), 32.50 (C-25), 21.30 
(C-26), 19.06 (C-27), 25.51 (C-28), 12.36 (C-29). 
Lupeol (6): White steroid, Chemical Formula: C30H50O, 
Molecular Weight: 426; 1H-NMR (CDCI3 with 1% v/v TMS, 500 
MHz) δ (ppm): 0.88, 1.61 (1H each, m, H-1), 1.50, 1.57 (1H each, 
m, H-2), 3.18 (1H, m, H-3), 0.65 (1H, d, J = 9.7 Hz, H-5), 1.34, 
1.52 (1H each, m, H-6), 1.44 (1H, m, H- 7), 1.27 (1H, d, J = 3.4 
Hz, H-9), 1.21, 1.40 (1H each, m, H-11), 1.06, 1.69 (1H each, m, 
H-12), 1.61 (1H, m, H-13), 1.03, 1.71 (1H each, m, H-15), 1.38, 
1.45 (1H each, m, H-16), 1.31 (1H, t, H-18), 2.39 (1H, m, H-19), 
1.28, 1.90 (1H each, m, H-21), 1.16, 1.40 (1H each, m, H-22), 
0.95 (3H, s, H-23), 0.74 (1H, m, H-24), 0.81 (1H, m, H-25), 1.01 
(3H, m, H-26), 0.92 (3H, m, H-27), 0.77 (3H, m, H-28), 4.55 (1H, 
s, H-29), 4.66 (1H, s, H-29) and 1.66 (3H, s, H-30). 13CNMR 
(CDCl3 with 1% v/v TMS, 125 MHz) δ (ppm): 38.77 (C-1), 27.51 
(C-2),78.09 (C-3), 38.94 (C-4), 55.35 (C-5), 18.39 (C-6), 34.33 
(C-7), 40.89 (C-8), 50.48 (C-9), 37.23 (C-10), 20.99 (C-11), 25.18 
(C-12), 38.10 (C-13), 42.90 (C-14), 27.47 (C-15), 35.65 (C-16), 
43.08 (C-17), 48.35 (C-18), 48.07 (C-19), 151.08 (C-20), 29.91 
(C-21), 40.08 (C-22), 28.08 (C-23), 15.48 (C-24), 16.21 (C-25), 
16.05 (C-26), 14.63 (C-27), 18.09 (C-28), 109.43(C-29), 19.39 
(C-30). 
 
Several studies have been conducted on species belonging to the 
same family (Annonaceae) where bioactive compounds have been 
identified. For instance O-methylmoschatoline and lysicamine 
(isolated from Alphonsea cylindrica barks) [23], atherospermidine 
(isolated from Jatropha curcas stem bark) [24], liriodenine 
(isolated from Cananga odorata Hook) [25], stigmasterol 
(isolated from Polyalthia cauliflora var. cauliflora) [19], and 
lupeol (isolated from white oak leaves) [26]. However, no studies 

were reported for P. lateriflora. As such, the present results can 
serve as a first reference for the identification and evaluation of 
the effectiveness of the phytochemicals from this species. The 
current study also reported for the first time the presence of the 
lupeol, which has never been reported in any other plant 
belonging to the genus Polyalthia. 
As for the antioxidant activity (Table 1), methanol extract showed 
strongest activity with IC50 value of 128.22± 6.73 µg/ml 
compared to DCM and hexane extracts, and all pure compounds 
as revealed by their DPPH radicals scavenging activity at 500 
µg/ml. Both atherospermidine and liriodenine showed weak 
antioxidant activity, whereas, stigmasterol was inactive. All the 
isolated compounds were active against MCF-7 cells with IC50 
values of 42-89 µg/ml. O-methylmoschatoline possessed the 
highest cytotoxic effect among the alkaloids with IC50 value of 56 
µg/ml. As for the steroid compounds, lupeol is more potent 
compared to stigmasterol with IC50 value of 73 µg/ml.  
 

Table 1: Antioxidative and cytotoxic activities of P. lateriflora (Bl.) 
King stem bark 

Extract/Compound Antioxidant activity 
(% I at 500 µg/mL) 

Anticancer activity 
(IC50)µg/mL 

O-
methylmoschatoline ND 56 

Atherospermidine 20.17±9.74; IC50>500 89 
Lysicamine ND 74 
Liriodenine 10.73±0.45; IC50>500 86 
Stigmasterol NA 73 

Lupeol ND 42 

Methanol extract 89.52±1.81; 
IC50=128.22±6.73 NA 

DCM extract 32.45±8.56; IC50>500 NA 
Hexane extract NA NA 

NA: no activity (at the tested concentration range 3.9 – 500 µg/mL for 
antioxidant; 0-100 µg/ml for cytotoxicity); ND: not determined.  
 

4. CONCLUSION 
This study reported for the first time the compounds and 
bioactivities of P. lateriflora (Bl.) King stem bark. Six compounds 
(O-methylmoschatoline, atherospermidine, lysicamine, 
liriodenine, stigmasterol and lupeol) were identified. These 
findings showed that Polyalthia plant is very rich with an 
oxoaporphine type of alkaloid as well as steroid. Lupeol is 
reported for the first time in the genus Polyalthia and possessed 
the most potent cytotoxic effect compared to other isolated 
compounds. 
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