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INTRODUCTION
Cancer is a major vital societal, public health, and 

economic issue over the last decade, affecting individuals, 

families, healthcare systems, and economies [1,2]. The ongoing 

rise in cancer incidence in the population is due to a complex 

interplay of hereditary, environmental, and lifestyle variables. 

Nowadays, natural compounds derived from plants, marine 

creatures, fungus, and other sources played anti-cancer effects 

and some of them show promising therapeutic agents. As of 

2022, chemicals derived from the Garcinia genus are gaining 

popularity as natural sources of cancer treatment [3]. For 

example, alpha-mangostin is a xanthone found in the pericarp 

of the mangosteen fruit (Garcinia mangostana). It has been 

shown to trigger apoptosis in many cancer cells, which is an 

important mechanism for inhibiting excessive cell proliferation 

[4]. Gambogic acid, found in the resin of the Garcinia hanburyi 

tree, has been shown to decrease the activity of nuclear factor-

kappa B (NF-κB), a protein linked to inflammation and cell 

survival [5].

Garcinia schomburgkiana Pierre, also known as 

Ma-dan in Thailand, is a sour-flavored fruit tree from the 

Clusiaceae family. It is dominant in Thailand, Cambodia, and 

Vietnam. This plant has long been used in Thailand to cure 

coughs, as an expectorant, diabetes, menstrual irregularities, 

and as a laxative [6]. Various chemicals, such as xanthones [7], 

anthraquinones [8], flavonoids [9], benzophenones [10], and 

depsidones [11], have been found in different parts of the plant, 

and they demonstrate a wide spectrum of biological activity. 
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ABSTRACT
The present study aimed to assess the anti-cancer and brine shrimp lethality activities of the various extracts and 

the isolated compounds from Garcinia schomburgkiana Pierre. Guided by bioassay fractionation, the bioactive 

fruit extract was chromatographed leading to the isolation of three xanthones, norathyriol (1), macluraxanthone 

(2), and 10-O-methylmacluraxanthone (3). The isolated compounds were characterized and confirmed the 

chemical structure using spectroscopic information. Among these, 10-O-methylmacluraxanthone was discovered 

for the first time in this plant and its complete spectroscopic data was given. Compounds, macluraxanthone, and 

10-O-methylmacluraxanthone, demonstrated potent cytotoxicity against all cancerous cell lines (THP-1, A549, and 

HepG2) and Vero cell line with ED
50

 ranging from 2.25 ± 0.14 to 5.26 ± 0.13 μM. Norathyriol exhibited moderate 

toxicity in brine shrimp lethality assay with LC
50

 153.39 μM.
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To investigate other bioactive components from this plant, the 

methanolic extract of G. schomburgkiana leaves, fruits, and 

twigs were examined and three known xanthones: norathyriol, 

macluraxanthone, and 10-O-methylmacluraxanthone were 

found. In particular, 10-O-methylmacluraxanthone has not been 

previously reported from this plant and its spectroscopic data 

was also provided. The biological activity including cytotoxicity 

and brine shrimp lethality assay (BSLA) were explored and also 

discussed herein.

MATERIALS AND METHODS

Chemicals and instruments
Solvents for extraction, chromatography, and 

crystallization were purchased from Tyoto Chemical 

Component (Thailand) Ltd. and were distilled at their boiling 

point ranges prior to use. Analytical grade solvents, dimethyl 

sulfoxide, and methanol as well as potassium dichromate were 

obtained from Fisher Scientific Korea Ltd. 
1
H, 

13
C, and 2D 

NMR spectra were recorded on a Bruker Ascend™ 400 and Jeol 

NMR 400 MHz spectrometers. Deuterated chloroform (CDCl
3
, 

Merck, Germany), deuterated dimethyl sulfoxide (CD
3
SOCD

3
, 

Merck, Germany), and deuterated acetone (CD
3
COCD

3
, 

Merck, Germany) solvents were used and tetramethylsilane or 

residual nondeuterated solvent peak was as an internal standard 

for calibration. High-resolution electrospray ionization mass 

spectrometry (HR-ESI-MS) was recorded on a Bruker micro 

TOF spectrometer. The chemical compositions were visualized 

either by ultraviolet light or spraying with 12% H
2
SO

4
 in 

ethanol or anisaldehyde reagents. Column chromatography 

was performed using silica gel 60 (60–200 µm or 70–230 mesh 

ASTM, Merck, Germany).

Plant materials
Leaves, fruits, and twigs of Garcinia schomburgkiana 

Pierre were collected from Bang-Khla, Chachoengsao 

province, Thailand, in May 2021 (lat. 13°47’26.5”N, long. 

101°14’15.3”E). The plant was identified by Asst. Prof. 

Naowarat Kongkum. A voucher specimen (RRU-SH-0005) was 

deposited at the Faculty of Science and Technology, Rajabhat 

Rajanagarindra University, Chachoengsao, Thailand.

Extraction and isolation
The leaves, fruits, and twigs of Garcinia 

schomburgkiana Pierre were dried in a hot air oven at 45
o
C 

for 2 days. The samples were ground using a grinder machine. 

Then, 1 kg of each dried plant was extracted using maceration 

in methanol (2 l × 5 times). The extracts were concentrated 

using rotary evaporation under reduced pressure. All extracts 

were employed for cytotoxicity screening against various 

cancer cell lines and BSLA assays. Guided by the preliminary 

screening (see Supplementary data; Table S1), the active 

methanol extract of fruits was selected for further investigation. 

A portion of the methanol extract (50 g) was separated by quick 

column chromatography technique. Elution was conducted 

initially with hexane (2 l), followed by the various proportions 

of acetone in hexane (20, 40, 60, 80, and 100%, 2 l each), and 

methanol in acetone (10%, 20%, 50%, and 100%, respectively, 

1 l each), respectively. After the removal of solvents by rotary 

evaporation under reduced pressure, fractions were collected 

and combined based on their TLC characteristics to yield 6 

subfractions (A1−A6). Subfractions A1−A2 which comprised 

mainly fats were not investigated. Due to the similarity of 

their TLC and 
1
H NMR characteristics, subfractions A3 and 

A4 were combined (11.56 g). Upon the crystallization from 

acetone−CH
2
Cl

2
 followed by filtration and drying, the dark 

brown amorphous solid (6.47 g) was obtained. The solid was 

further purified by silica gel column chromatography eluting 

with MeOH−CH
2
Cl

2
 (0%−100%, 1 l each). The fractions were 

collected (500 ml each) and combined on the basis of their TLC 

characteristics to give 5 subfractions (C1−C5). Compounds 2 

(537.8 mg) and 3 (20.0 mg) were obtained after recrystallization 

using MeOH−CH
2
Cl

2
 from subfraction C3 and subfraction C2, 

respectively. Subfraction A5 (6.22 g) was further separated 

by column chromatography, eluting with various proportions 

of CH
2
Cl

2
:MeOH:H

2
O (100:3:1) to (10:3:1). Fractions were 

collected and combined, monitored by TLC. The solvent was 

removed and dried to give 5 subfractions (B1-B5). Subfraction 

B2 (2.85 g) was crystalized by the proportion of MeOH−CH
2
Cl

2
 

giving a yellow solid 1 (1.32 g).

Cytotoxicity assays
Cell lines were cultured in different mediums; human 

monocytic leukemia cell (THP-1) was cultured in Iscove’s 

Modified Dulbecco’s Medium, human lung carcinoma cell 

(A549) cultured in Dulbecco’s Modified Eagle Medium, 

human hepatocellular carcinoma cell (HepG2), and normal 

African green monkey kidney cell (Vero) cultured in Minimum 

Essential Medium (MEM). All cell lines were cultured in a 

75 cm
2
 tissue culture flask. The complete medium contains 

1% (v/v) penicillin-streptomycin and 10% (v/v) fetal bovine 

serum (FBS). Cells were maintained in a 5% CO
2
 humidity 

incubator at 37
o
C. Cells were subcultured when they reached 

80% confluence by trypsinization. Cells were seeded at a 

density of 3 × 10
4
 cells/well for THP-1 while 5 × 10

4
 cells/

well for A549, HepG2, and Vero in 100 μl culture medium 

into 96 well microplates flat bottom. After incubating cell 

cultures at 37°C and 5 % CO
2
 for 16 hours, cells were added 

to the serial dilution of extract and compound with a final 

concentration of 3.125–200 μM and incubated for 24 hours in 

CO
2
 incubator. Then, each sample was added 50 μl of the XTT 

(sodium 3’-[1-(phenylaminocarbonyl)-3,4-tetrazolium]-bis(4-

methoxy6-nitro)benzene sulfonic acid hydrate) and incubate 

for 2 hours at 37°C and 5 % CO
2
. The samples were measured 

the absorbance using a microplate reader at a wavelength of 450 

nm. The cytotoxicity assay was expressed as ED
50

 value [12].

Brine shrimp lethality assay
Brine shrimp (Artemia salina) larvae were used for 

preliminary cytotoxicity tests [13]. Artificial sea water was 

prepared by dissolving 33.33 g of sea salt in 1 l of distilled 

water. The shrimp eggs were spread in a salt solution and 

cultivated under light exposure and aeration for 48 hours to 

obtain Artemia nauplii at the instar Stage II. The stock solutions 

of the extract were prepared by dissolving in artificial sea water 

and 1% DMSO at different concentrations (1,000, 500, 100, 10, 
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and 5 μg/mL). K
2
Cr

2
O

7
 and artificial sea water with 1% DMSO 

were used as a positive and negative control, respectively. 10 

Brine shrimps larvae were tested in 10 ml of sample solutions in 

a test tube at room temperature for 24 hours. Each sample and 

level of concentration was tested in triplicate. The percentage 

mortality was determined by comparing the mean surviving 

larvae of the tests and the control as the following equation:

Mortality (%) = [1 - (A1 - A2) / A1] × 100

where A1 is the number of alive brine shrimp in 

control without the test substance, and A2 is the number of dead 

brine shrimp with the test substance. The LC
50

 (Median Lethal 

Concentration) value is the concentration of sample required 

to kill 50% of the brine shrimp and was determined by Probit 

analysis.

RESULTS AND DISCUSSION
After extraction of air-dried leaves, fruits, and twigs 

of Garcinia schomburgkiana, along with the filtration, solvent 

evaporation, and vacuum drying, the crude methanol extract 

of leaves (175.8 g), fruits (120.2 g), and twigs (77.1 g) were 

obtained. All extracts were submitted to test cytotoxicity 

screening against various cancer cell lines and BSLA assay. 

The preliminary screening guided that the bioactive fruit extract 

was selected to purify using silica gel column chromatography 

resulting in three known compounds. The chemicals were 

identified as norathyriol (1) [14], macluraxanthone (2) [15], and 

10-O-methylmacluraxanthone (3) [16] (Fig. 1). Their chemical 

structures were characterized by means of the spectroscopic 

data (1D and 2D-NMR, and HR-ESI-MS) and comparison 

with the literature. Meanwhile, Gunasekera SP and co-workers 

reported the isolation of 10-O-methylmacluraxanthone from 

Kayea stylosa Thw. (Guttiferae) in 1975 [16], although the 

incomplete spectroscopic data were inconclusive. Many 

researchers employed this data for chemical characterization 

and identification which proved ineffective. Thus, the 
1
H and 

13
C NMR (in both CD

3
COCD

3
 and CDCl

3
 solvents) (Table 1) 

along with the key heteronuclear multiple bond correlations 

(HMBCs), homonuclear correlation spectroscopy (
1
H-

1
H 

COSY), and nuclear overhauser effect spectroscopy (NOESY) 

correlations (Fig. 2) of this compound are presented.

Compound 3 was found as a yellow solid. Its 

molecular formula, C
24

H
24

O
6
, was established by HR-ESI-MS 

which showed a [M–H]
–
 ion peak at m/z 407.1482 (calcd. for 

C
24

H
23

O
6
, 407.1489). The EI mass spectrum of this compound 

showed a base peak at m/z 69 (100% relative intensity), 

assigned to m/z after the loss of C
5
H

9
. This result supported the 

presence of 1,1-dimethylallyl side chain. The IR spectrum of 

compound 3 showed absorption at ν
max

 3447 (chelated O−H 

stretching), 1651 (chelated C=O stretching), 1290 and 1264 

(C−O stretching). The UV spectrum of 3 showed λ
max

 nm (log ε) 

at 241 (4.23), 283 (4.90), 310 (4.54), and 337 (4.53), supporting 

the presence of a xanthone chromophore [16]. The 100 MHz
 

13
C-NMR spectrum of compound 3 in CDCl

3 
showed twenty-

two signals for 24 carbons. The combination of 
13

C-NMR data 

with DEPT-135 and DEPT-90 spectrum guided the presence 

of five methine carbons (δ 155.0, 127.1, 116.8, 116.0, and 

108.4), one methylene carbon (δ 104.6), two methyl signals for 

four carbons [δ 28.4 (2 × CH
3
) and 27.8 (2 × CH

3
)], thirteen 

quaternary carbons (δ 180.9, 159.1, 156.7, 154.4, 151.4, 144.3, 

133.5, 114.3, 113.3, 105.4, 103.1, 78.2, and 41.3), and one 

methoxy carbon (δ 56.6) (Table 1). The 
1
H NMR data of 3 in 

CDCl
3
 (Table 1) displayed a low field signal at δ 13.35 (1H, s) 

which was assigned to be a chelated-phenolic protons (OH-5) as 

deduced from HMBC correlation of OH-5/C-5 (Fig. 2A). A pair 

of doublets at δ 7.74 (1H) and 6.97 (1H) with coupling constant 

(J ) of 8.9 Hz were assigned to the ortho-aromatic protons at 

positions C-7 and C-8, respectively. Based on heteronuclear 

single quantum coherence (HSQC) correlations, the protons 

H-7 (δ 7.74) and H-8 (δ 6.97) connected to C-7 (δ 116.8) and 

C-8 (δ 108.4), respectively. The COSY correlation of H-7 and 

H-8 supported that they were adjacent. In HMBC correlations, 

proton H-7 showed the cross-peaks with C-6 (δ 180.9), C-7a (δ 

114.3), C-8 (δ 108.4), C-9 (δ 133.5), and C-10a (δ 144.3). In 

addition, proton H-8 gave the HMBC correlations with C-7a 

(δ 114.3), C-7 (δ 116.8), C-9 (δ 133.5), and C-10 (δ 151.4). 

The presence of 2,2-dimethylchromene ring displayed a shape 

single signal at δ 1.50 (6H, 2x(-CH
3
)), a pair of doublets at δ 

5.61 (1H, J = 9.9 Hz, H-3) and 6.76 (1H, J = 9.9 Hz, H-4). The 

HSQC correlations showed the cross-peaks of H-18 (δ 1.50)/C-

18 (δ 27.8), H-19 (δ 1.50)/C-19 (δ 27.8), H-3 (δ 5.61)/ C-3 (δ 

127.1), and H-4 (δ 6.76)/ C-4 (δ 116.0). This group was plated 

at C-1a and C-4a of xanthone ring elucidated from HMBC data 

of H-3/C-4a, H-4/C-1a, H-4/C-5, H-4/12, H-4/C-4a, H-17/C-1a 

(Fig. 2A) along with the NOESY correlation of OH-5/H-4 (Fig. 

2B). In addition, 1,1-dimethylallyl group gave a shape signals 

at δ 1.65 (6H, 2x(-CH
3
)), an AMX proton system at δ 6.65 (1H, 

dd, J = 17.7, 10.7 Hz, H-14), 5.18 (1H, dd, J = 17.7, 0.8 Hz, 

Ha-15), and 5.04 (1H, dd, J = 10.7, 0.8 Hz, Hb-15). The HSQC 

data displayed the correlation H-16 (δ 1.65)/C-16 (δ 28.4), 

Figure 1. Structures of isolated compounds 1−3.
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H-17 (δ 1.65)/C-17 (δ 28.4), H-14 (δ 6.65)/C-14 (δ 155.0), Ha-

15 (δ 5.18)/C-15 (δ 104.6), Hb-15 (δ 5.04)/C-15 (δ 104.6). The 

present group located at C-12 based on HMBC correlations of 

17-CH
3
/C-1a, 17-CH

3
/C-12, 17-CH

3
/C-12a, and H-14/C-12. A 

sharp singlet signal at δ 4.02 (1H) showed HSQC correlation 

with δ 56.6 (-OCH
3
) assignable to be a methoxy group. This 

group was placed at C-10, confirming HMBC correlation of 

10-OCH
3
/C-10. In addition, a singlet signal at δ 6.23 (OH) 

was assumed as a hydroxy proton. This group orientated at C-9 

due to the HMBC correlations of those signals with δ 133.5 

(C-9). Moreover, the complete assignment of each carbon was 

performed by HMBC correlations as shown in Figure 2.

To determine their biological activity, all isolated 

compounds were evaluated for cytotoxicity and BSLA assays, 

and the findings are shown in Table 2. The criteria used to 

classify the active compound with cytotoxicity on various 

cancer cell lines with EC
50

 cutoff at ≤10 μM – good activity; 10 

μM < EC
50

 ≤30 μM – moderate activity, 30 μM < EC
50

 ≤100 μM 

– weak activity, EC
50 

> 100 μM – inactive [17]. In this study, 

the BSLA activity is interpreted based on the range of LC
50 

as 

follows: LC
50

 < 100 µM –toxic; 100 μM < LC
50

 <500 μM – 

moderate toxic; 500 μM < LC
50

 < 1000 μM – weakly toxic; 

LC
50

 > 1,000 μM – nontoxic according to the literatures [18,19].

For the cytotoxicity study, compound 1 (norathyriol) 

exhibited moderate cytotoxicity against all tested cell lines with 

ranging from 16.68 ± 0.52 to 28.52 ± 0.32 μM. Its cytotoxicity 

(high ED
50

 value) was lower compared to compounds 2 and 

3, which had low ED
50

 value. Based on our comprehensive 

search for biological activities, including cytotoxicity similar 

to a previous study, our results are consistent with the findings 

reported in the literature. For example, norathyriol isolated from 

Garcinia mckeaniana leaves showed cytotoxicity ED
50

 ranging 

from 15.36 ± 1.5 to 29.23 ± 2.0 μM on KB, HepG2, Lu-1, and 

MCF-7 cell lines [20]. In the anti-cancer mechanistic study, 

norathyriol (1), an active metabolite derived from mangiferin, 

induces apoptosis by inhibiting the nuclear translocation of 

NF-κB through the suppression of NF-κB-inducing kinase 

Table 2. Cytotoxicity and BSLA of isolated compounds 1−3.

Compounds Cytotoxic (Cell lines; ED50 (μM))a BSLA (LC50 
(μM))THP-1b A549b HepG2b Verob

1 16.68 ± 

0.52

26.48 ± 

0.49

28.52 ± 

0.32

17.41 ± 

0.07

153.39

2 2.25 ± 

0.14

4.30 ± 

1.22

5.26 ± 

0.13

3.58 ± 

0.74

>1,000

3 2.88 ± 

0.99

4.37 ± 

0.09

3.14 ± 

0.59

2.80 ± 

0.27

851.14

Ellipticine
c

1.84 ± 

0.01

2.10 ± 

0.02

2.01 ± 

0.02

1.96 ± 

0.01

K
2
Cr

2
O

7

c
21.01

a
Each ED

50
 value presented in μM was obtained from three independent 

experiments.

b
THP-1, human monocytic leukemia; A549, human lung carcinoma; HepG2, 

human hepatocellular carcinoma; Vero, normal African green monkey kidney.

c
Ellipticine and K

2
Cr

2
O

7 
were used as a positive control for cytotoxicity and 

BSLA, respectively.

Figure 2. HMBC (A, single-headed line) and 
1
H-

1
H COSY (B, bolded line) and 

NOESY (B, double-headed line) correlations.

Table 1. The 
1
H (400 HMz) and 

13
C NMR (100 HMz) data of 3.

Position δc (ppm) δH (ppm) (no. of proton, 
mult., J (HZ))

CDCl3 CD3COCD3 CDCl3 CD3COCD3

1a 156.7 155.4

2 78.2 78.2

3 127.1 127.6 5.61 (1H, d, 

9.9)

5.61 (1H, d, 

8.5)

4 116.0 115.5 6.76 (1H, d, 

9.9)

6.67 (1H, d, 

8.5)

4a 105.4 104.8

5 159.1 158.9

5a 103.1 102.9

6 180.9 180.1

7 116.8 115.8 7.74 (1H, d, 

8.9)

7.67 (1H, d, 

8.0)

7a 114.3 114.5

8 108.4 108.8 6.97 (1H, d, 

8.9)

7.15 (1H, d, 

8.0)

9 133.5 134.4

10 151.4 151.1

10a 144.3 144.8

12 154.4 152.4

12a 113.3 113.6

13 41.3 41.0

14 155.0 151.2 6.65 (1H, 

dd, 17.7, 

10.7)

6.65 (1H, dd, 

18.0, 12.1)

15 104.6 107.1 5.18 (1H, 

dd, 17.7, 

0.8)

5.18 (1H, dd, 

18.0, 3.0)

5.04 (1H, 

dd, 10.7, 

0.8)

5.04 (1H, dd, 

12.1, 3.0)

16-CH
3
 28.4 31.8 1.65 (3H, s) 1.72 (3H, s)

17-CH
3

28.4 31.8 1.65 (3H, s) 1.72 (3H, s)

18-CH
3

27.8 28.4 1.50 (3H, s) 1.46 (3H, s)

19-CH
3

27.8 28.4 1.50 (3H, s) 1.46 (3H, s)

5-OH 13.35 (1H, 

s)

–

9-OH 6.23 (1H, s) –

10-OCH
3

56.6 56.2 4.02 (3H, s) 4.00 (3H, s)
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activation in multiple myeloma cell lines [21]. This compound 

also inhibited cell proliferation by inducing G2–M arrest and 

attenuating AP-1 activity in SKH-1 hairless mice exposed to 

solar UV [22].

Compound 2 exhibited good cytotoxicity against 

THP-1, A549, HepG2, and Vero cells with ED
50

 values of 2.25 ±  
0.14, 4.30 ± 1.22, 5.26 ± 0.13, and 3.58 ± 0.74 μM, respectively. 

In addition, compound 3 also showed good cytotoxicity against 

all tested cell lines with ED
50

 2.88 ± 0.99, 4.37 ± 0.09, 3.14 ± 
0.59, and 2.80 ± 0.27 μM, respectively.

Compound 2, macluraxanthone, isolated from Mesua 

beccariana, Mesua ferrea and Mesua congestiflora displayed 
high cytotoxicity against several cancer cell lines, with ED

50 

ranging from 1.40 to 5.28 μM [23]. In addition, the cytotoxicity 

study of macluraxanthone derived from the bark of Garcinia 

schomburgkiana showed IC
50

 values ranging from 1.45 to 

1.93 μM on KB, HeLa S-3, HT-29, MCF-7, and HepG2 [8]. 

Moreover, macluraxanthone demonstrated antileukemic therapy 

in a xenograft murine model showing the induction of apoptotic 

mitochondrial pathway in chronic lymphocytic leukemia cells 

[24].

The structure of compound 3 or 

10-O-methylmacluraxanthone was closely related to 

macluraxanthone (2). The main difference is that the hydroxy 

group at C-10 in 2 was placed by methoxy group found in 3. The 

present finding suggests that the cyctoxicity of both compounds 

is comparable. However, macluraxanthone isolated from roots 

of Cratoxylum cochinchinense showed good cytotoxicity, 

with IC
50

 value ranging from 1.18 ± 0.04 to 9.57 ± 0.74 μM 

on KB, Hela S-3, HT-29, MCF-7, and HepG2 cell lines while 

10-O-methylmacluraxanthone showed moderate cyctotoxicty 

with IC
50

 value of 53.01 ± 4.88 and 35.12 ± 2.63 μM against 

only KB and Hela S-3 cancerous cells, respectively [17]. 

From our search in literature [17], the complete chemical 

identification was unsatisfatory. Thus, it might be duduced that 

the 10-O-methylmacluraxanthone found in that research was 

related compounds.

For BSLA data, compound 1 exhibited moderate 

toxicity with brine shrimps’ larvae at LC
50

 153.39 μM. 

Compounds 2 and 3 were nontoxic and low toxic with 

LC
50

 >1,000 and 851.14 μM, respectively. By comparison 

the biological investigation, many studies have found a 

correlation between cytotoxicity evaluation on cancer cells 

and the BSLA. Some studies have shown that compounds 

with high cytotoxicity against cancer cells may also exhibit 

high lethality in the BSLA, suggesting a degree of positive 

correlation. However, this correlation is not consistent across 

all compounds due to the differences in biological targets and 

mechanisms of action. For example, phrymarolin II and ursolic 

acid isolated from Phryma leptostachya L. revealed the BSLA 

with LD
50

 value as 0.0013 ± 0.0001 µg/ml and 27 ± 3.9 µg/ml, 

respectively. These compounds were evaluated the cyctotoxicty 

against cancer cell lines; murine leukemia (L1210), lung 

adenocarcinoma (A549), ovarian (SK-OV-3), skin melanoma 

(SK-MEL-2), CNS (XF498), and colon (HCT15). The results 

showed that the cytotoxicity of phrymarolin II were IC
50

 value 

> 20 µg/ml (considered as inactive) while ursolic acid were IC
50

 

value ranging from 3.70 ± 0.20 to 11.12 ± 3.11 µg/ml [25]. In 

addition, Luo and co-workers exhibited biological activities 

including brine shrimp assay and in vitro antiproliferative assay 

against mammary cancer (F10) and lung cancer (HvEvc) cell 

lines of natural compounds isolated from the stem bark of 

Micromelum falcatum. The results showed that 7-methoxy-8-

(2-hydroxmethyl-1-O-isovaleryl-4-butenyl)-coumarin gave 

the toxicity against brine shrimp larvae at LD
50

 at 6.8 µg/ml 

and the cytotoxicity against lung cancer HvEvc cell line at IC
50

 

35.7 µg/ml while no cytotoxicity against mammary cancer 

(F10) was found. Arscotin, 6-hydroxy-7,8-dimethoxycoumarin, 

showed toxicity against brine shrimp assay with LD
50

 118.5 

µg/ml whereas it was inactive with two cancerous cell lines 

tested [26]. The study of Solis and co-workers revealed that 

the correlation of brine shrimp toxicity and KB cell-based 

assays may be unpredictable for tested compounds. Emetine 

was more toxic to KB cells than villastonine but the converse 

was found to be against brine shrimp. Similarly, although 

podophyllotoxin and actinomycin D were equitoxic to KB 

cells, the brine shrimp toxicity of podophyllotoxin was >50,000 

times more sensitive than actinomycin D [19]. Hence, the 

correlation between cytotoxic evaluation on cancer cells and 

brine shrimp is not always straightforward. Occasional cross-

monitoring in the more specific assay systems would be 

necessary to ensure that the activities continue to correlate. An 

in-depth mechanistic investigation of macluraxanthone and 

its derivative, 10-O-methylmacluraxanthone, is required for 

further exploration.

Xanthones belong to an important class and are 

mainly isolated from many plant species, such as Garcinia 

[27], Cratoxylum [28], Mesua [29]. Traditionally plants 

containing xanthones have long been used as folk medicine in 

Southeast Asia, especially, in Thailand [30]. Among xanthone 

derivatives, linear pyranoxanthone with 1,1-dimethylchromen 

system fused at C-1a and C-4a (numbering outline in Fig. 2) 

possesses various important biological activities including 

anticancer against a broad array of mammalian cancerous cell 

lines [31]. This skeleton was crucial for synthesis to study the 

structure-activity relationship (SAR) [32−34]. Interestingly, 

this finding agreed well with the literature to support the 

cytotoxicity of 2,2-dimethylchromene linear pyranoxanthone 

structure, macluraxanthone and 10-O-methylmacluraxanthone 

[8,17,23,35,36]. In particular, 10-O-methylmacluraxanthone 

is more attention for further chemical synthetic derivatizations 

and SAR investigations.

CONCLUSION
The anti-cancer and brine shrimp lethality 

activities of extracts and isolated components from Garcinia 

schomburgkiana Pierre were investigated. Using bioassay-

guided fractionation, the bioactive fruit extract was purified 

by various chromatographic techniques yielding three 

distinct xanthones: norathyriol (1), macluraxanthone (2), and 

10-O-methylmacluraxanthone (3). Chemical characterization 

of the isolated compounds was carried out using spectroscopic 

methods. In particular, 10-O-methylmacluraxanthone (3) was 

identified for the first time in this plant. Furthermore, thorough 

spectroscopic data for 3 were presented. Macluraxanthone (2) 

and 10-O-methylmacluraxanthone (3) demonstrated notable 
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