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Phytochemical investigation of the CH,Cl, extract from the roots of Garcinia
schomburgkiana led to the isolation of two new depsidones, schomburgdepsidones A
and B (GS1 and GS2), and one new xanthone, schomburgxanthone A (GS3), along with
eight known compounds; oliveridepsidone A (GS4), oliveridepsidone D (GS5), 1,5-
dihydroxyxanthone (GS6), nigrolineaxanthone E (GS7), 6-desoxyjacareubin (GS8),
aucuparin (GS9), 3-hydroxy-5-methoxybiphenyl (GS10) and methyl-2,6-dihydroxy-4-
methoxy-3(3-methyl-2-butenyl)-benzoate (GS11). The structures of the three new
isolated compounds (GS1-GS3) were elucidated by using 1D- and 2D-NMR
spectroscopy. The structures of the known compounds (GS4-GS11) were determined
and confirmed by comparison of their 'H and C NMR spectroscopic data with
previously published data. Al 11 compounds were evaluated on the in vitro
cytotoxicity against the KB, Hela S-3, HT-29, MCF-7 and Hep G2 human cancer cell
lines, and pancreatic lipase inhibitory activity. The tested compounds mostly showed
moderate activities to inactive against the five human cancer cell lines, except for
compound GS7 exhibited a good cytotoxicity against the KB, Hela S-3 and MCF-7 cell
lines with ICsy values in the range of 3.17-6.07 UM. Compound GS3 showed a good
cytotoxic activity against the KB cell line only, with an ICsq value of 8.14 UM. The result
of the pancreatic lipase inhibitory activity of 11 compounds possessed
moderately active of compounds GS1-GS3, GS7, GS8 and GS11 with ICs, values in the
range of 23.71-80.78 UM, while the other tested compounds showed a weak activity
(ICs0 values >100 UM).
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CHAPTER |
INTRODUCTION

Herbal medicines have long been used for centuries to prevent and treat
several serious diseases, including cancer, metabolic disorders such as diabetes
mellitus and obesity, and infectious diseases from bacteria and parasites [1]. The raw
materials were particularly obtained from medicinal plants and consumed traditionally
as a decoction or a powdered herb for topical use. The formulation of herbal products
have also been developed into many form of standardized herbal extracts such as a
capsule, a liquid formation and an ointment for external use [2]. Their remarkable
medical action have been a great attention to be further investigated. The presence
of secondary metabolite constituents which have been successfully isolated might

contribute for their pharmacological properties [3].

artemisinin paclitaxel prostratin

Figure 1.1 Natural products derived from plants

Secondary plant metabolites are natural products generated biosynthetically
through several metabolic pathways. Plants produce these compounds with limited
abundance in nature to adapt in an environment and protect themselves from
predators. These substances are also used to attract insects for plant pollinating [4].

Interestingly, the plant-derived natural products also give a benefit for human as health



therapies. More than a thousand natural products have been hitherto designed as
potential drug candidates, and some of those even have been distributed as new drugs
(Figure 1.1). For example, artemisinin as an antimalarial drug was isolated from a
Chinese herbal plant Artemisia annua. From the bark of Taxus brevifolia, paclitaxel
(Taxol®), a breast cancer drug, was firstly isolated. In addition, prostratin obtained from
a plant extract Homalanthus nutans was carried out in phase | human clinical trial for

AIDS treatment [5].

Genus Garcinia belonging to the family Clusiaceae (Guttiferae) is distributed
widely in the lowland tropical rain forest, especially in the Southeast Asia, West Africa
and South America. Genus Garcinia, well known as a mangosteen family, is a tropical
plant, evergreen, shrub, mostly edible, and comprise more than 300 species. Twenty
nine species of this genus have been identified in Thailand and mostly used for herbal
medication [6, 7]. Garcinia plants are rich in secondary metabolites, including
xanthones as a chemotaxonomic marker of this genus, flavonoids, benzophenones,
depsidones and triterpenoids [7, 8]. These type of compounds also performed a broad
spectrum of pharmacological properties, including an anticancer, antidibetes,
antiobesity and antioxidant [9-15]. As part of phytochemical investigation for bioactive
compounds, this research performed the isolation and structure elucidation of
chemical constituents from the roots of G. schomburegkiana, one of Garcinia species

collected from Thailand, and biological activities study of isolated compounds.

1.1 Botanical aspect and distribution of Garcinia schomburgkiana Pierre

Garcinia schomburgkiana Pierre is a small evergreen tree which can grow about
3-7 meter high. This species, locally named “Ma Dan” in Thai can be found in Thailand,
Laos and Vietnam as an indigenous plant (Figure 1.2). Ma Dan plant commonly grows
along rivers, streams, swamps, or cultivated in the garden [16, 17]. Its leaves
morphologies are simple, opposite, elliptic-lanceolate or elliptic-ovate, apex subacute,
base cuneate, margin entire, glossy dark green, 2-3 cm wide and 5-9 cm long. The

flowers of this plant are unisexual and monoecious borne in 3-6-flowered axillary



clusters, and consist of four pinkish petals, which are 3 mm wide and 6.5 mm long
with stamens in four fascicles. Ma Dan fruits are obliquely ellipsoid to ellipsoid-oblong,

5-7 cm long, 2-3 cm wide, glossy green and ripening yellow [16].

Whole plant Stem

Flower Fruit

Figure 1.2 The whole plant, stem, flower and fruit of Garcinia schomburgkiana

Family : Clusiaceae
Genus : Garcinia

Species : Garcinia schomburgkiana Pierre



Common name : Ma Dan
Local name : Ma Dan (Thai)
Tro-Meng, Tro-Moung (Khmer)

Bua Dong, Cay Bua Dong, Cay Thudc (Vietnamese)

Ma Dan fruits are edible with sour taste and may be consumed directly or
processed first. Thai people mix these fruits into a shrimp paste with chili and can be
served together with fish and vegetables. The fruits also can be salted and dried being
preserved fruits, and treated with salty crab being a Thai salad. The young leaves of

Ma Dan are often used as a vegetable accompaniment to many Thai dishes [16].

1.2 Chemical constituents from Garcinia schomburgkiana and their biological

activities

Garcinia schomburgkiana has been long used by Thai people in folk medicine
as an expectorant, laxative, menstrual treatment and diabetes prevention [16, 18].
Previous phytochemical studies on G. schomburgkiana have revealed the presence of
xanthones, biflavonoids, biphenyl derivatives, benzophenones phenolic aldehyde,
quinones and steroids, and some of these exhibited an antimalarial activity or

cytotoxicity against cancer cell lines [17-22].

In 2006, Fun et al. [21] reported the remakable antimalaria activity of the
hexane extract of G. schomburgkiana stems with ECg, value of 2.2 Ug/mL. A further
investigation of this extract led to the isolation of two benzophenones, clusicitrans A
and B (1 and 2). Ito et al. [20] in 2013 worked in the same part of this plant and
achieved two new biphenyls, schomburgbiphenyls A and B (3 and 4), and five known
compounds (5-9). On the other hand, a phytochemical study from the acetone extract
of G. schomburgkiana led to the isolation of three biflavonoids, named as

volkensiflavone (10), morelloflavone (11) and fukugeside (12) (Figure 1.3) [19].
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morelloflavone (11) : R1:OH ; R2:H
fukugeside (12) : R1:OH ; R2 = B-D-gluc
Figure 1.3 Chemical constituents (1-12) from the stems and heartwoods of G.

schomburgkiana

Moreover, isolation of the CH,Cl, extract from the woods of G. schomburgkiana
yielded three xanthones (13-15) and three biphenyls (5, 7, 16). Of isolated

compounds, isojacareubin (13) revealed highly cytotoxic activity against five human



cancer cell lines, especially SW620 cell lines with ICsy value of <0.001 dg/mL [18]. In
continuing phytochemical investigation from the woods of this plant, Mungmee et al.
[17] in 2013 succeeded in isolating a new biphenyl, schomburgbiphenyl (17), together
with three known biphenyls (5, 7 and 16), three xanthones (13-15), three biflavonoids
(10-12), two benzophenones (9 and 18) and three triterpenoids (19-21) (Figure 1.4).
Oblongifolin C (9) and suttiferone K (18) showed a potent cytotoxicity against SW620
cell line with ICs, values of <0.0015 and 0.0017 UM. Guttiferone K (18) also had lower

ICs, (strongly active) compared with doxorubicin as the positive control towards KATO-

ll, Hep G2 and CHAGO cell lines.

O OH O OH OCH3
O (S WaWas
HO O O HO O R
OH X R, 2 OCH,
isojacaerubin (13) buchanaxanthone (14) : Rl:OCH3 ; RZ:H aucuparin (16)

1,3,5,6-tetrahydroxyxanthone (15) : R1=R2:OH

HO

schomburgbiphenyl (17) guttiferone K (18) B -sitosterol (19) : Rle ; RZ:Al
stigmasterol (20) : R1:H ; R2:A2
stigmasterol-3-O- B -D-gluc (21) : R1: B -D-gluc ; RZ:AZ

Figure 1.4 Chemical constituents (13-21) from the woods of G. schomburgkiana

From the bark of G. schomburgkiana, Vo et al. [22] in 2012 successfully isolated
two new xanthones; 6-O-demethyloliverixanthone (22) and schomburgxanthone (23),

together with six known xanthones (24-29). A remarkable cytotoxic activity against the



Hela cell line of fuscaxanthone B (27) and cowanin (28) was observed with ICs, values

of 2.4 and 2.7 Ug/mL (Figure 1.5).

OH
O OH OH O OH
H3CO = HO
HO D o) D OH ‘[oj‘
6-O-demethyloliverixanthone (22) schomburgxanthone (23) 1,7-dihydroxyxanthone (24)

3-isomangostin hydrate (25) BN cowanin (28) : R=CH
fuscaxanthone A (26) : 3
0 cowanol (29) : R:CHZOH

OH
fuscaxanthone B (27) : I\/P
O

Figure 1.5 Chemical constituents (22-29) from the bark of G. schomburgkiana

1.3 Cytotoxic activity against human cancer cell lines

Cancer is one of dangerous diseases caused by uncontrolled growth of the
cells. The proliferation of cancer cells may invade the other tissues and organs, and
disrupt the metabolic pathways of normal cells. The discovery of an anticancer agent
from natural products has been developed initially through a preliminary screening of
drug candidates. The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) assay is one of initial methods to screen the cytotoxicity of a substance

indicated by viability of the cells. The number of viable cells are determined through



the reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide reagent
by mitochondrial dehydrogenase enzyme inside living cells forming a formazan dye
(Figure 1.6) which is measured then using colorimetric method. The result of cytotoxic
activity can be used for further investigation through in vivo test using an animal model

to assess the metabolism properties of a drug candidate in a living organism [23].

=z

z
4%\[\1 mitochondrial \%/
I S
SJ\N/N reductase HN—N
Ay T )
N=N N=N

3-(4,5-dimethylthiazol-2-yl)- (2E,47)(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide 3,5-diphenylformazan
(MTT) (formazan)
yellow color purple color

Figure 1.6 MTT reduction in live cells by mitochondrial reductase resulting a formation

of insoluble formazan

1.4 pancreatic lipase inhibitory activity

Pancreatic lipase plays the key role in digestion of dietary fat by hydrolizing the
triglicerides to monoglicerides and free fatty acids (FFA). The excessive accumulation
of fat in adipose tissue from FFA absoption may cause an obesity problem. Orlistat, a
lipase inhibitory drug, is used widely for treating the obese people to lose their weight.
However, orlistat may cause several side effects, including flatulence, steatorrhea,
abdominal cramping and fat-soluble vitamin deficiencies. Natural products have been
alternatively used as an atiobesity treatment by their abilities to inhibit the enzyme
work [24]. The pancreatic lipase inhibitory assay is one of the biological testing to

screen potential lipase inhibitor agents. In this method, the lipase enzyme hydrolyze



the substrate 4-methylumbelliferyl oleate to form a fluorescent substance 4-
methylumbelliferone (Figure 1.7), which can be measured quantitatively by a

fluorescence machine [25].

o)
m OH
l'pase CH (CH ) CH,

CH (CH ) CH
4-methylumbelliferyl oleate 4-methylumbelliferone oleic acid
(4-MU oleate) fluorescent

Figure 1.7 Hydrolysis reaction on which the fluorescent lipase assay is based.

The literature review above showed the use of G. schomburgkiana as herbal
treatments and the biologically active components which have been isolated.
However, there has been no report on chemical constituents from the roots of this
plant. Therefore, those provide an insight to further investicate the bioactive
compounds from the roots of G. schomburgkiana with the main objectives of the

research as follows:

1. To isolate and purify the chemical constituents from the roots of Garcinia

schomburgkiana.

2. To elucidate structurally the isolated compounds by means of spectroscopy

analysis, including UV-vis, IR, 1D and 2D NMR, and HRMS.

3. To evaluate the cyototoxic activity of the isolated compounds against human

cancer cell lines.

4. To evaluate the pancreatic lipase inhibitory activity of isolated compounds.



CHAPTER Il
EXPERIMENTAL

2.1 Plant Material

The roots of G. schomburgkiana were collected from a riparian zone along the
Chi River, Mahasarakham Province, Thailand. The plant was identified and deposited
with a voucher specimen (Khumkratok no. 92-08) by Dr. Suttira Khumkratok, a botanist

at the Walai Rukhavej Botanical Research Institute, Mahasarakham University, Thailand.

2.2 General Experiment Procedures

The UV spectra were analyzed using a UV-2550 UV-vis spectrometer (Shimadzu,
Kyoto, Japan), while IR data were obtained on Nicolet 6700 FT-IR spectrometer using
the KBr disc method. The 1D- and 2D-NMR spectra were measured on a Bruker 400
AVANCE spectrometer in CDCls. The HR-ESI-MS were analyzed using a Bruker MICROTOF
model mass spectrometer. Column chromatography (CC) was performed using silica
gel 60 (Merck) and Sephadex LH-20. For TLC analysis, precoated silica gel plates (Merck
silica gel 60 GFys4, 0.25 mm) were used. Spots were visualized under UV light and

sprayed with anisaldehyde solution followed by heating.

2.3 Extraction and Isolation

The air-dried roots of G. schomburgkiana (13.0 kg) were ground into powder
and extracted twice with 30 L each time of dichloromethane (CH,Cl,) at room
temperature for six days. The solvent was removed from the extract in vacuo to yield
104.0 g of crude extract. The crude CH,Cl, extract was then fractionated by CC on silica
gel (1.5 kg) with a step gradient elution of hexane:CH,Cl, (80:20, 60:40, 40:60, 20:80 and
0:100, v/v, each 2.0 L), CH,Cl,:EtOAc (80:20, 60:40, 40:60, 20:80 and 0:100, v/v, each 2.0
L) and MeOH, respectively, to obtain 13 fractions (A-M). Fraction F (10.1 g) was further
subjected to Sephadex LH-20 CC (300.0 g) eluted with CH,Cly:MeOH (1:1, v/V) to yield
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three subfractions (F1-F3). Subfraction F3 (5.3 ¢) was separated by using silica gel CC
(200.0 g) with a gradient of hexane:EtOAc (10:1, 8:1, 6:1, 4:1 and 2:1, v/v, each 300.0
mL) to give ten subfractions (F3.1-F.3.10).

Subfraction F3.1 (40.2 mg) was subjected to Sephadex LH-20 CC (30.0 ¢) eluted
by CH,Cl,:MeOH (1:1, v/V) to afford GS11 (4.1 mg). Compound GS2 (10.4 mg) was
obtained by separation of subfraction F3.2 (150.0 mg) on Sephadex LH-20 CC (50.0 ¢)
with CH,Cl:MeOH (1:1, v/v). Subfraction F3.7 (1.0 g) was applied to CC over silica gel
(50.0 ¢) with a hexane:CH,Cl, gradient solvent system (50:50, 40:60 and 30:70, v/V, each
200.0 mL) to obtain GS1 (11.1 mg), GS3 (5.9 mg) and GS4 (5.8 mg). Compound GS6 (4.3
mg) was afforded by purification of subfraction F3.10 (67.0 mg) on Sephadex LH-20 CC
(30.0 ¢) eluted with CH,Cl:MeOH (1:1, w/v). Subfraction F3.9 (1.4 ¢) was
chromatographed into Sephadex LH-20 CC (100.0 g) with CH,Cl,:MeOH (1:1, v/V) to give
three subfractions (F3.9.1-F3.9.3). Compound GS8 (1.6 mg) and GS10 (1.8 mg) were
achieved from subfraction F3.9.2 (106.8 mg) by repeated Sephadex LH-20 CC (50.0 ¢)
with a CH,Cl,:MeOH (1:1, v/V) solvent system. Subfraction F3.9.3 (570.0 mg) was treated
by silica gel CC (50.0 @) eluted with a step gradient of hexane:CH,Cl, (50:50, 40:60 and
30:70, v/v, each 100.0 mL) to yield GS5 (7.1 mg), GS7 (4.2 mg) and GS9 (14.5 mg).
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2.4 Cytotoxic activity against human cancer cell lines procedure

All isolated compounds (GS1-GS11) were evaluated for their in vitro cytotoxic
activities against the KB (epidermoid carcinoma), Hela S-3 (servix adenocarcinoma), HT-
29 (colon adenocarcinoma), MCF-7 (breast adenocarcinoma) and Hep G2
(hepatocellular carcinoma) human cancer cell lines using the MTT colorimetric method

[26]. Doxorubicin was used as the reference substance.

The  3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium  bromide (Sigma
Chemical Co., USA) was dissolved in saline to make a 5 mg/mL stock solution. Cancer
cells (3 x 103 cells) suspended in 100 Ug/wells of MEM medium containing 10% fetal
calf serum (FCS, Gibco BRL, Life Technologies, NY, USA) were seeded onto a 96-well
culture plate (Costar, Corning Incorporated, NY 14831, USA). After 24 h of pre-
incubation at 37 °C in a humidified atmosphere of 5% CO,/95% air to allow cellular
attachment, various concentrations of test solution (10 UL/well) were added and these
were then incubated for 48 h under the above conditions. At the end of the incubation,
10 UL of tetrazolium reagent was added into each well followed by further incubation
at 37 °C for 4 h. The supernatant was decanted, and DMSO (100 UL/well) was added
to allow formosan solubilization. The optical density (OD) of each well was detected
using a Microplate reader at 550 nm and for correction at 595 nm. Each determination
represented the average mean of six replicates. The 50% inhibition concentration (ICs

value) was determined by curve fitting.

2.5 Pancreatic lipase inhibitory activity procedure

The pancreatic lipase activity was performed using 4-MU oleate as a substrate
by the method of Duangjai et al. [27] with a slight modification. A reaction mixture
containing 25 UL of sample (in DMSO) in various contentrations; 40 UL phosphate
buffer (pH 8.0) consisting of 13 mmol Tris-HCl, 150 mmol NaCl and 1.3 mmol CaCl;
and 25 UL pancreatic lipase (50 U/mL) was pre-incubated for 10 min at 37°C. The 10

UL substrate (1 mmol 4-MU oleate) was then added to the mixture and further
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incubated at 37°C for 30 min. The product was measured with a fluorometrical
microplate reader at an excitation wavelength of 535 nm and an emission wavelength
of 595 nm. Orlistat was used as a positive control. The percentage of enzyme inhibition
by the sample was calculated by:

Ay - A
% inhibition = ——— x 100%

Ao

where A, is the absorbance of the control and A; is the absorbance of the
tested sample. The ICsq value was determined from a plot of percentage inhibition

versus sample concentration.



CHAPTER IlI
RESULTS AND DISCUSSION

3.1 Properties and structural elucidation of isolated compounds

The roots of G. schomburgkiana were grounded and extracted with CH,Cl, at
room temperature for six days. The crude CH,Cl, extract was further subjected by
various chromatographic techniques using silica gel and Sephadex LH-20 as stationary
phases to afford two new depsidones, schomburgdepsidones A and B (GS1 and GS2)
[28], and one new xanthone, schomburgxanthone A (GS3) [28], along with two known
depsidones; oliveridepsidone A (GS4) [29] and oliveridepsidone D (GS5) [29], three
known xanthones; 1,5-dihydroxyxanthone (GS6) [30], nigrolineaxanthone E (GS7) [31]
and 6-desoxyjacareubin (GS8) [32], two biphenyl derivatives; aucuparin (GS9) [33] and
3-hydroxy-5-methoxybiphenyl (GS10) [34], and a known prenylated benzoic acid
derivative; methyl-2,6-dihydroxy-4-methoxy-3(3'-methyl-2'-butenyl)-benzoate (GS11)
[35]. The structures of the three new isolated compounds (GS1-GS3) were elucidated
by using 1D- and 2D-NMR spectroscopy. The structures of the known compounds (GS4-
GS11) were determined and confirmed by comparison of their 'H and C NMR

spectroscopic data with previously literature data.

3.1.1 Schomburgdepsidone A (GS1)

Figure 3.1 The chemical structure of compound GS1
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Schomburgdepsidone A (GS1) was obtained as a brownish gum. Its molecular
formula was determined as CygH3,0; by HR-ESI-MS measurement through the sodium
adduct ion at m/z 503.2051 [M + Na]® (calcd. for CygHs,0;Na, 503.2046). The UV
spectrum displayed absorption bands at A, 320, 272 and 217 nm. The IR spectrum
showed characteristic absorption bands for hydroxy and lactone carbonyl stretching
bonds at 3415 and 1656 cm™ !, indicating the presence of a depsidone chromophore
[29]. The 'H NMR spectrum (Table 3.1) consisted of signals for a hydrogen-bonded
hydroxy proton at 5H 10.99 (1H, s, 1-OH); an aromatic proton at 5H 6.28 (1H, s, H-2);
three hydroxy protons at 5H 6.28 (1H, brs, 3-OH), 5.83 (1H, brs, 6-OH) and 5.42 (1H, brs,
7-OH); and three 3-methylbut-2-enyl units, as deduced from the resonances of the
three olefinic protons at 8,,5.24 (1H, t, J = 6.0 Hz, H-13), 5.08 (1H, t, J = 6.4 Hz, H-18)
and 5.01 (1H, t, J = 6.4 Hz, H-23); three sets of methylene protons at 5H 3.64 (2H, d, J
= 6.0 Hz, H-12), 3.35 (2H, d, J = 6.4 Hz, H-17) and 3.44 (2H, d, J = 6.4 Hz, H-22), and six
methyl protons at &, 1.79 (3H, s, H-15), 1.86 (3H, s, H-16), 1.71 (3H, s, H-20), 1.79 (3H,
s, H-21), 1.67 (3H, s, H-25) and 1.79 (3H, s, H-26).

Figure 3.2 The key of HMBC and COSY of compound GS1

Based on the HMBC spectrum (Table 3.1), a hydrogen-bonded hydroxy proton
at &y 10.99 (1-OH) correlated to C-1 (O¢ 163.9) and C-2 (O¢ 100.8), showing that the
hydroxy group was attached to C-1. An aromatic proton was placed at C-2 by the

observed crosspeaks of H-2 to the oxygenated quaternary aromatic carbons C-1 and
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C-3 (O 162.1), and substituted aromatic carbons C-4 (O¢ 111.2) and C-11a (O¢ 99.5).
Furthermore, one isoprenyl moiety was attached to C-4 from the correlations of its
methylene protons at H-12 to C-3, C-4 and C-da (Oc 158.9), supporting the assignment
of the A-ring. The 'H and >C NMR spectroscopic data of GS1 (Table 3.1) were similar
to those of oliveridepsidone A (GS4) [29]. The major difference was the position of the
remaining two prenyl units and two hydroxy groups in the B-ring. The HMBC spectrum
of GS1 (Figure 3.2) assigned the correlations of methylene protons at H-17 to C-7 (O
141.0) and C-8 (O 123.7), and H-22 to C-8, C-9 (O 123.6) and C-9a (O 136.8), suggesting
that the two isoprenyl units were connected to C-8 and C-9 in the B-ring. Consequently,

the two remaining hydroxy groups were placed at C-6 (O¢ 133.6) and C-7 (Oc 141.0).

Table 3.1 'H (400 MHz) and "°C (100 MHz) NMR spectroscopic data of compound GS1

in CDCls
GS1
Position
6, U in Hz) Oc HMBC
1 163.9
2 6.28 (1H, s) 100.8 1,34, 11a
3 162.1
q 111.2
da 158.9
5a 136.5
6 133.6
7 141.0
8 123.7
9 123.6
9a 136.8
11 168.6
11a 99.5

12 3.64 (2H, d, 6.0) 22.5 3,4,4a, 13, 14
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14
15
16
17
18
19
20
21
22
23
24
25
26
1-OH
3-OH
6-OH
7-OH

5.24 (1H, t, 6.0)

1.79 (3H, s)
1.86 (3H, s)
3.35(2H, d, 6.4)
5.08 (1H, t, 6.4)

1.71 (3H, s)
1.79 (3H, s)
3.44 (2H, d, 6.4)
5.01 (1H, t, 6.4)

1.67 (3H, s)
1.79 (3H, s)
10.99 (1H, s)
6.28 (1H, brs)
5.83 (1H, brs)
5.42 (1H, brs)

122.2
137.1
259
18.2
25.8
121.9
134.3
259
18.1
25.6
1224
1324
25.9
18.2

21

15, 16

14, 16

13, 14, 15
7, 8,18, 19
20, 21

18, 19, 21
19, 20
8,9, 9a, 24
25, 26

23, 24, 26
24, 25

1,2

53, 6, 7

The linkage between two phenyl moieties (the A- and B-ring) was determined

by the following spectroscopic data. The carbon signal at Oc 168.6 (C-11) in the **C

NMR spectrum and the observed strong absorption at V., 1656 cm™ ! in the IR

spectrum indicated a characteristic of lactone carbonyl from a depsidone [29, 36]. The

3C NMR spectrum also assigned the signals of oxygenated quaternary aromatic carbons

C-4a, C-5a (5C 136.5) and C-9a, and substituted aromatic carbon C-11a bonded to the

carbonyl carbon of depsidone. Based on the HMBC experiment (Figure 3.2), the

correlations of H-2 to C-11a and H-12 to C-4a suggested that the A-ring was connected

to the C-ring. Furthermore, the correlations of 6-OH (5H 5.83) to C-5a and H-22 to C-9a

suggested that the B-ring was also connected to the C-ring. Therefore, both phenyl

moieties were linked by a seven-membered ring (the C-ring) containing an ester linkage
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and an ether bridge. From the above evidences and by comparison with the literature

[29], compound GS1 (Figure 3.1) was determined as 1,3,6,7-tetrahydroxy-4,8,9-tris(3-
methylbut-2-enyl)-11H-dibenzo[b,e][1,4]-dioxepin-11-one.

3.1.2 Schomburgdepsidone B (GS2)

Figure 3.3 The chemical structure of compound GS2

Schomburgdepsidone B (GS2) was isolated as a brownish gum. Its HR-ESI-MS
exhibited a molecular ion peak at m/z 495.2390 [M + H]" (calcd. for CyoH3507, 495.2383),
which corresponded to the molecular formula of CyH340;. The UV spectrum revealed
maximum absorption bands at A.ax 316, 279 and 212 nm. The IR spectrum showed
hydroxy and lactone carbonyl stretching bands at 3408 and 1660 cm™, suggesting the
presence of a depsidone derivative [29]. The 'H and “C NMR spectroscopic data of
GS2 (Table 3.2) were comparable to an analogue, oliveridepsidone A (GS4) [29]. The
difference was the replacement of the "H NMR signal for the hydroxy group at C-3 of
GS4 with a methoxy group at OH 3.85 (3H, s, 3-OCH,) in GS2. This structural assigenment
was further confirmed by the HMBC correlation of the methoxy signal (OH 3.85) to C-
3 (OC 165.0) (Figure 3.4). From these data, the structure of GS2 (Figure 3.3) was
established as 1,7,8-trihydroxy-3-methoxy-4,6,9-tris(3-methylbut-2-enyl)-11H-dibenzo
[b,e][1,4]dioxepin-11-one.
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0\
( KQH
Figure 3.4 The key HMBC and COSY of compound GS2

Table 3.2 'H (400 MHz) and "°C (100 MHz) NMR spectroscopic data of compound GS2

in CDCls
GS2

Position

6, U in Hz) O HMBC
1 164.9
2 6.32 (1H, s) 96.2 1,4, 11a
3 165.0
a 113.7
da 158.6
5a 141.9
6 1174
7 140.2
8 140.1
9 118.1
9a 136.5
11 169.4
11a 98.7
12 3.49 (2H, d, 6.0) 22.6 3,4,43, 13, 14
13 5.14 (1H, t, 6.0) 122.8 15, 16

14 1323



15 1.67 (3H, s) 25.8
16 1.73 (3H, s) 18.0
17 3.57 (2H, d, 6.4) 23.9
18 5.20 (1H, t, 6.4) 121.6
19 1355
20 1.74 (3H, s) 25.9
21 1.81 (3H, s) 18.1
22 3.55(2H, d, 7.2) 23.8
23 527 (1H, t, 7.2) 121.2
24 135.0
25 1.73 (3H, s) 25.9
26 1.84 (3H, s) 18.1

1-OH 11.30 (1H, s)

3-OH

6-OH

7-OH 5.54 (1H, s)

3-OCH;  3.85(3H, s) 56.2

13, 14, 16
13, 14, 15
53, 6, 18, 19
20, 21

19

18, 19, 20
8,9, 9a, 23, 24
25, 26

26
24
1,2, 11a

24

3.1.3 Schomburgxanthone A (GS3)

Figure 3.5 The chemical structure of compound GS3
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Schomburgxanthone A (GS3) was obtained as a yellow powder. The molecular
formula was measured by HR-ESI-MS as CyqHpsOg (Mm/z 411.1818 [M + H], calcd. for
CoqH2706 411.1808). The UV spectrum displayed absorption bands at 7\max 325, 281 and
224 nm, which were typical of a xanthone chromophore [37]. The IR spectrum showed
absorption bands at 3337 and 1636 cm™ ! due to hydroxy and carbonyl stretching
bonds, respectively. The 'H NMR spectrum (Table 3.3) displayed a hydrogen-bonded
hydroxy proton at 5H 13.44 (1H, s, 1-OH); two hydroxy protons at 5H 5.47 (1H, brs, 5-
OH) and 5.90 (1H, brs, 6-OH); two singlet aromatic protons at 5H 6.35 (1H, s, H-2) and
5H 6.78 (1H, s, H-7); a methoxy signal at 5H 3.90 (3H, s, 3-OCHs); and two 3-methylbut-
2-enyl units, as determined by the resonances of the two olefinic protons at 6, 5.22
(1H, t, J = 6.8 Hz, H-12) and 5.35 (1H, t, J = 7.2 Hz, H-17); two sets of methylene protons
at 8, 3.48 (2H, d, J = 6.8 Hz, H-11) and 3.97 (2H, d, J = 7.2 Hz, H-16); and four methyl
protons at Oy, 1.73 (3H, s, H-14), 1.85 (3H, s, H-15), 1.75 (3H, s, H-19), and 1.73 (3H, s, H-
20).

In the HMBC spectrum of GS3 (Figure 3.6), the two isoprenyl groups were
located at C-4 and C-8 by the crosspeaks of H-11 (6, 3.48) to C-3 (O 163.9), C-4 (O
106.6) and C-4a (O¢ 153.2), and H-16 (O 3.97) to C-7 (O¢ 113.4) and C-8 (O 137.8). In
addition, the crosspeak of the methoxy signal (&, 3.90) to C-3 indicated that the
methoxy group was attributed at C-3 in the A-ring. The 'H and °C NMR data of GS3
(Table 3.3) were similar to those of dulxanthone C [36], except for the absence of the
'H NMR signal of the methoxy group at C-6 in GS3. Furthermore, the substituent at C-
6 was assigned as a hydroxy group according to its °C NMR chemical shift (Oc 148.2).
Thus, the structure of GS3 (Figure 3.5) was identified as 1,5,6-trihydroxy-3-methoxy-4,8-
bis(3-methylbut-2-enyl)-9H-xanthen-9-one.
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Figure 3.6 The key HMBC and COSY of compound GS3

Table 3.3 'H (400 MHz) and "*C (100 MHz) NMR spectroscopic data of compound GS3

in CDCl,
GS3
Position
6, U in Hz) O HMBC
1 162.6
2 6.35 (1H, s) 94.6 1, 4, 9a
3 163.4
a 106.6
4a 153.2
5 128.9
6 148.2
7 6.78 (1H, s) 1134 5, 6, 83, 16
8 137.8
8a 111.9
9 182.8
9a 103.7
10a 146.4
11 3.48 (2H, d, 6.8) 21.9 3,4,4a, 12, 13

12 5.22 (1H, t, 6.8) 1235



13
14

15

16

17

18

19

20
1-OH
5-OH
6-OH
3-OCH,

1.73 (3H, s)
1.85(3H, s)
3.97 (2H, d, 7.2)
535(1H, t, 7.2)

1.73 (3H, s)
1.75 (3H, s)
13.44 (1H, s)
5.47 (1H, brs)
5.90 (1H, brs)
3.90 (3H, s)

131.7
257
18.0
33.1
122.7
133.3
18.1
26.0

27

12, 13, 15
12,13, 14
7,8,17,18

20
17, 18, 19
1,2, 9a

3.1.4. The known isolated compounds (GS4-GS11)

Figure 3.7 The chemical structure of compound GS4

Oliveridepsidone A (GS4) (Figure 3.7): a pale yellow gum, 'H NMR (400 MHz,

CDCly); O, 11.09 (1H, s, 1-OH), 6.29 (1H, s, H-2), 5.57 (1H, brs, 7-OH), 5.52 (1H, brs, 8-
OH), 5.26 (1H, t, J = 7.2 Hz, H-18), 5.22 (1H, t, J = 6.8 Hz, H-23), 5.18 (1H, t, J = 6.4 Hz,
H-13), 3.61 (2H, d, J = 6.4 Hz, H-12), 3.55 (2H, d, J = 7.2 Hz, H-17), 3.53 (2H, d, J = 6.8

Hz, H-22), 1.84 (3H, s, H-15), 1.82 (3H, s, H-20), 1.79 (3H, s, H-25), 1.77 (3H, s, H-26), 1.74
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(3H, s, H-16), 1.74 (3H, s, H-21); *C NMR (100 MHz, CDCL,); &¢ 169.2 (C-11), 164.4 (C-1),
162.9 (C-3), 159.3 (C-4a), 142.1 (C-5a), 140.2 (C-7), 140.1 (C-8), 136.7 (C-9a), 136.4 (C-24),
135.5 (C-14), 135.4 (C-19), 121.5 (C-18), 121.4 (C-13), 121.0 (C-23), 118.1 (C-9), 117.4 (C-
6), 110.5 (C-4), 100.9 (C-2), 99.3 (C-11a), 25.9 (C-16), 25.9 (C-21), 25.9 (C-26), 23.8 (C-17),
23.8 (C-22), 22.9 (C-12), 18.1 (C-15), 18.1 (C-20), 18.1 (C-25). The structure of compound
GS4 was determined and confirmed by comparison of the physical and spectroscopic

data with a previous report [29].

Figure 3.8 The chemical structure of compound GS5

Oliveridepsidone D (GS5) (Figure 3.8): a pale yellow solid, 'H NMR (400 MHz,
CDCly); 5H 11.09 (1H, s, 1-OH), 6.76 (1H, d, J = 10.0 Hz, H-22), 6.37 (1H, brs, 3-OH), 6.29
(1H, s, H-2), 5.69 (1H, d, J = 10.0 Hz, H-23), 5.47 (1H, brs, 7-OH), 5.25 (1H, t, J = 6.8 Hz,
H-18), 5.15 (1H, t, J = 6.4 Hz, H-13), 3.62 (2H, d, J = 6.4 Hz, H-12), 3.48 (2H, d, J = 6.8
Hz, H-17), 1.82 (3H, s, H-15), 1.78 (3H, s, H-20), 1.76 (3H, s, H-21), 1.70 (3H, s, H-16), 1.45
(3H, s, H-25), 1.45 (3H, s, H-26); *C NMR (100 MHz, CDCly); &¢ 169.1 (C-11), 164.5 (C-1),
163.2 (C-3), 159.2 (C-4a), 142.3 (C-5a), 140.3 (C-7), 136.8 (C-9a), 136.5 (C-8), 136.5 (C-14),
133.3 (C-19), 131.3 (C-23), 121.9 (C-18), 121.5 (C-13), 120.1 (C-6), 116.4 (C-22), 111.6 (C-
9), 110.7 (C-4), 100.9 (C-2), 99.2 (C-11a), 77.8 (C-24), 28.0 (C-25), 28.0 (C-26), 26.0 (C-21),
25.8 (C-16), 23.5 (C-12), 22.9 (C-17), 18.1 (C-15), 18.1 (C-20). The structure of compound
GS5 was determined and confirmed by comparison of the physical and spectroscopic

data with a previous report [29].
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Figure 3.9 The chemical structure of compound GSé6

1,5-dihydroxyxanthone (GS6) (Figure 3.9): a yellow solid, 'H NMR (400 MHz,
DMSO-dy); Oy 12.61 (1H, s, 1-OH), 10.56 (1H, s, 5-OH), 7.73 (1H, t, J = 8.4 Hz, H-3), 7.59
(1H, dd, J = 7.6, 1.2 Hz, H-8), 7.36 (1H, dd, J = 7.6, 1.2 Hz, H-6), 7.29 (1H, t, J = 7.6 Hz,
H-7), 7.09 (1H, d, J = 8.4 Hz, H-4), 6.81 (1H, d, J = 8.4 Hz, H-2); °C NMR (100 MHz, DMSO-
de); Oc 182.1 (C-9), 161.0 (C-1), 155.6 (C-4a), 146.4 (C-5), 145.2 (C-1a), 137.4 (C-3), 124.3
(C-7), 121.1 (C-6), 120.9 (C-8a), 114.6 (C-8), 110.0 (C-2), 108.2 (C-9a), 107.3 (C-4). The
structure of compound GS6 was determined and confirmed by comparison of the

physical and spectroscopic data with a previous report [30].

Figure 3.10 The chemical structure of compound GS7

Nigrolineaxanthone E (GS7) (Figure 3.10): a pale yellow solid, 'H NMR (400 MHz,
CDCly); Oy, 13.34 (1H, s, 1-OH), 7.73 (1H, d, J = 8.8 Hz, H-8), 6.96 (1H, d, J = 8.8 Hz, H-7),
6.63 (1H, dd, J = 17.6, 10.4 Hz, H-19), 6.15 (1H, s, 6-OH), 5.99 (1H, s, 5-OH), 5.30 (1H, t,
J = 6.4 Hz, H-12), 5.25 (1H, dd, J = 17.6, 0.8 Hz, H-20), 5.05 (1H, dd, J = 17.6, 0.8 Hz, H-
20), 3.78 (3H, s, 3-OCHs), 3.42 (2H, d, J = 6.4 Hz, H-11), 1.80 (3H, s, H-15), 1.72 (3H, s, H-
14), 1.68 (3H, s, H-17), 1.68 (3H, s, H-18); **C NMR (100 MHz, CDCL,); & 181.4 (C-9), 164.6
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(C-3),160.2 (C-1), 156.9 (C-19), 152.9 (C-da), 149.4 (C-6), 144.9 (C-10a), 132.3 (C-13), 131.0
(C-5), 122.7 (C-12), 118.8 (C-4), 118.5 (C-2), 118.0 (C-8), 114.0 (C-8a), 113.0 (C-7), 105.8
(C-9a), 104.5 (C-20), 62.8 (3-OCH3), 42.1 (C-16), 28.9 (C-17), 28.9 (C-18), 25.9 (C-14), 23.1
(C-11), 18.2 (C-15). The structure of compound GS7 was determined and confirmed by

comparison of the physical and spectroscopic data with a previous report [31].

Figure 3.11 The chemical structure of compound GS8

6-desoxyjacareubin (GS8) (Figure 3.11): a pale yellow solid, 'H NMR (400 MHz,
CDCLy); Oy 13.16 (1H, s, 1-OH), 7.76 (1H, dd, J = 8.0, 1.2 Hz, H-8), 7.30 (1H, t, J = 8.0 Hz,
H-7), 7.27 (1H, dd, J = 8.0, 1.2 Hz, H-6), 6.73 (1H, d, J = 10.4 Hz, H-11), 6.38 (1H, s, H-4),
6.38 (1H, s, 5-OH), 5.62 (1H, d, J = 10.4 Hz, H-12), 1.49 (3H, s, H-14), 1.49 (3H, s, H-15);
C NMR (100 MHz, CDCLs); O 180.7 (C-9), 161.1 (C-1), 157.9 (C-3), 156.7 (C-4a), 145.3
(C-10a), 144.7 (C-5), 127.9 (C-12), 124.3 (C-7), 121.5 (C-8a), 120.3 (C-6), 117.1 (C-8), 115.5
(C-11), 105.2 (C-2), 103.7 (C-9a), 95.1 (C-4), 78.7 (C-13), 28.6 (C-14), 28.6 (C-15). The
structure of compound GS8 was determined and confirmed by comparison of the

physical and spectroscopic data with a previous report [32].

Figure 3.12 The chemical structure of compound GS9



31

Aucuparin (GS9) (Figure 3.12): a brown solid, 'H NMR (400 MHz, CDCL,); 5H 7.55
(1H, d, J = 7.6, 0.8 Hz, H-2), 7.55 (1H, d, J = 7.6, 0.8 Hz, H-6"), 7.42 (1H, t, J = 7.6 Hz, H-
3), 7.42 (1H, t, J = 7.6 Hz, H-5), 7.32 (1H, t, J = 7.6 Hz, H-4'), 6.81 (1H, s, H-2), 6.81 (1H,
s, H-6), 3.96 (3H, s, 3-OCH,), 3.96 (3H, s, 5-OCHs); *C NMR (100 MHz, CDCL,); &¢ 147.5
(C-3), 147.5 (C-5), 141.6 (C-1'), 134.7 (C-4), 133.1 (C-1), 128.9 (C-3"), 128.9 (C-5), 127.1 (C-
2, 127.1 (C-4), 127.1 (C-6), 104.4 (C-2), 104.4 (C-6), 56.6 (3-OCH,), 56.6 (5-OCHs). The
structure of compound GS9 was determined and confirmed by comparison of the

physical and spectroscopic data with a previous report [33].

Figure 3.13 The chemical structure of compound GS10

3-hydroxy-5-methoxybiphenyl (GS10) (Figure 3.13): a pale yellow solid, 'H NMR
(400 MHz, CDCLy); &y, 7.55 (1H, d, J = 7.6 Hz, H-2"), 7.55 (1H, d, J = 7.6 Hz, H-6), 7.42 (1H,
t,J =7.6 Hz, H-3), 7.42 (1H, t, J = 7.6 Hz, H-5), 7.35 (1H, t, J = 7.6 Hz, H-4), 6.72 (1H, s,
H-6), 6.66 (1H, s, H-2), 6.41 (1H, s, H-4), 3.84 (3H, s, 3-OCH,); *C NMR (100 MHz, CDCl,);
Oc 160.3 (C-5), 157.1 (C-3), 143.5 (C-1), 140.9 (C-1), 128.9 (C-2), 128.9 (C-6), 127.8 (C-
a), 127.3 (C-3), 127.3 (C-5), 107.0 (C-2), 105.9 (C-6), 100.6 (C-4), 55.6 (3-OCHs). The
structure of compound GS10 was determined and confirmed by comparison of the

physical and spectroscopic data with a previous report [34].

HO 4 OCH3

Figure 3.14 The chemical structure of compound GS11
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Methyl-2,6-dihydroxy-4-methoxy-3(3'-methyl-2'-butenyl)-benzoate (GS11)
(Figure 3.14): a pale yellow oil, 'H NMR (400 MHz, DMSO-dj); Oy, 10.78 (1H, s, 2-OH),
10.01 (1H, s, 6-OH), 6.11 (1H, s, H-5), 5.07 (1H, t, J = 7.2 Hz, H-2'), 3.89 (3H, s, 1-COOCH3),
3.78 (3H, s, 4-OCHs), 3.13 (2H, d, J = 7.2 Hz, H-1), 1.68 (3H, s, H-4"), 1.60 (3H, s, H-5); 1°C
NMR (100 MHz, DMSO-dg); Oc 170.5 (1-COOCHs), 162.8 (C-4), 159.8 (C-2), 158.6 (C-6),
130.0 (C-3), 122.9 (C-2), 107.3 (C-3), 94.3 (C-1), 91.6 (C-5), 55.6 (4-OCH3), 52.4 (1-
COOCHj3), 25.4 (C-4), 21.1 (C-1), 17.5 (C-5). The structure of compound GS11 was
determined and confirmed by comparison of the physical and spectroscopic data with

a previous report [35].

Depsidones are mainly formed in lichens through polyketide pathway which
usually contain 3,8-dioxygenation and methyl groups attached to C-1, C-9 and/or C-6
[8, 29]. However, a number of prenylated depsidones were reported from the genus
Garcinia [8, 10, 12, 28, 29, 36, 38], which well known to have a rich source of shikimate
and mevalonate-derived aromatic compounds [8], including xanthones as
chemotaxonomic marker of this genus [7]. It is possible that the biosynthesis of the
prenylated depsidones lies in Baeyer-Villiger rearrangements from hydroperoxylation
reactions of the precursor xanthones, with incorporation of the mevalonate-derived

prenyl units [8, 39].

3.2 Cytotoxic activity of isolated compounds (GS1-GS11) against human cancer

cell lines

The in vitro cytotoxicity assay of all isolated compounds (GS1-GS11) against
five human cancer cell lines (KB, Hela S-3, HT-29, MCF-7 and Hep G2) was evaluated
by using a modified MTT method with doxorubicin as the positive control [26]. The
results are summarized in Table 3.4. The tested compounds mostly showed moderate
activities to inactive against the five cancer cell lines, except for compound GS7
showed a good cytotoxicity against the KB, Hela S-3 and MCF-7 cell lines with ICs

values of 3.17, 5.46, and 6.07 UM, respectively. Compound GS3 showed a good
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cytotoxic activity against the KB cell line only, with an ICsy value of 8.14 UM.
Interestingly, the xanthone-type compounds (GS3, GS7 and GS8) showed a better
cytotoxicity (ICso < 100 M) than the other tested compounds. Among the depsidones
(GS1, GS2, GS4 and GS5), only compound GS5 had a slightly higher cytotoxicity with
ICso values in the range of 11.14-30.40 UM.

3.3 Pancreatic lipase inhibitory activity of isolated compounds (GS1-GS11)

The pancreatic lipase inhibitory activity of all isolated compounds (GS1-GS11)
was evaluated using 4-MU oleate as a substrate. Orlistat was used as the positive
control [27]. The results are summarized in Table 3.5. The tested compounds mostly
showed moderately to weakly active against pancreatic lipase inhibition. Compounds
GS1-GS3, GS7, GS8 and GS11 performed a moderate activity with 1Csq values of 36.35,
28.28, 23.71, 37.28, 61.47 and 80.78 UM, respectively. Comparison of the lipase
inhibitory activities of compound GS2 with those of compounds GS4 and GS5 indicated
that the replacement of methoxy group at position C-3 to a hydroxy group in
compound GS4 and the cyclization of prenyl group at C-9 with a hydroxy group at C-
8 in GS5 might reduce the inhibitory activity against pancreatic lipase enzyme. Among
the xanthones (GS3, GS6-GS8), only compound GS6 showed a weak activity to inhibit
the lipase work (ICso > 100 UM).



34

anndeul =11 00T < %D) Heam =\ 00T = %D > 0¢ ‘ereuspowt =1 0¢ 5 D) > 0T 2Ande =AY 01 S %D

¢00F2Zp0  600F08C  800FHP0O  €O0FIT0 SO0 F2ZO udIgNIoxoQ
(11SD) 910ZUSG-(JAUSING- Z-1AYIoW
b0 F G069 001< 001< 001< 00T<  ~£)g-AXOYRRUI-p-AXOIPAYIP-9‘Z-1AYIBN
001< 00T< 00T< 00T< 10T ¥8L'65  (01S9) AusydiqAxoy3aw-G-AX0IpAY-¢
001< 001< 001< 001< 001< (65D) uuednony
900 F€5LT  GOTFGL6E 6L0F6269 990F6961 ST0F 958l (85D) uignaiedefAxosap-9
IT0F 209 2Z0F8091 ¢€L0F80vc  800F9WS  800FLIE (1SD) 3 dUOYjuUEXEIUNOISIN
001< 001< 001< 00I< 960 ¥ 05'GC (95D) UOYIUBXAXOIPAYIP-G‘T
0T0F2pel  C60F¢8LZ 8LTFOV0E LZO0F.261 980 F U1l (§59) @ duopisdapusANO
9L0 F9b'9¢  PS0F L6 TT'0F bL8S 00T<  €9'G F 16'SS (¥SD) Vv duopisdapuLANO
610 F95TZ 880 F 068 00T<  920F¢0pT 190 F I8 (€SD) V 2UOYIU_XSINQUIOYDS
L60 F 169D 001< 00T< 909 F96'G66 66T F ¢£ZS (2SD) g suopisdspsinguioyds
890 F /8'¢h 850 F 98°LY 001< 00T<  G6'T F6£°¢h (1SD) V¥ 2uopisdapsinquioyds
L-4DW ¢o doy 62-1H ¢-S ©19H a

punoduwo)

as x (am) %o

SSUN) 1192 Jodued uewWINY Al Isulese T1SH-TSH spunodulod JO AJAIIDE DIXOI0IAD OJ)A Ul 3Y] g 91gel



Table 3.5 The in vitro pancreatic lipase inhibitory activity of compounds GS1-GS11
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Compound ICs (UM)

Schomburgdepsidone A (GS1) 36.35
Schomburgdepsidone B (GS2) 28.28
Schomburgxanthone A (GS3) 23.71
Oliveridepsidone A (GS4) > 100
Oliveridepsidone D (GS5) > 100
1,5-dihydroxyxanthone (GS6) > 100
Nigrolineaxanthone E (GS7) 37.28
6-desoxyjacareubin (GS8) 61.47
Aucuparin (GS9) > 100
3-hydroxy-5-methoxybiphenyl (GS10) > 100
Methyl-2,6-dihydroxy-4-methoxy-3(3"-methyl-2'-

butenyl)-benzoate (GS11) 80.78
Orlistat 0.09

ICs0 < 10 UM= active; 10 < IC5o < 100 UM= moderate; IC5q > 100 UM= weak



CHAPTER IV
CONCLUSION

In conclusion, compounds GS1-GS11 were successfully isolated and purified
from the CH,Cl, extract of Garcinia schomburgkiana roots by silica gel and Sephadex
LH-20 column chromatographies. The isolated compounds consisted of two new
depsidones, schomburgdepsidones A and B (GS1 and GS2), and one new xanthone,
schomburgxanthone A (GS3), along with eight known compounds; oliveridepsidone A
(GS4), oliveridepsidone D (GS5), 1,5-dihydroxyxanthone (GS6), nigrolineaxanthone E
(GS7), 6-desoxyjacareubin (GS8), aucuparin (GS9), 3-hydroxy-5-methoxybiphenyl (GS10)
and methyl-2,6-dihydroxy-4-methoxy-3(3-methyl-2"-butenyl)-benzoate (GS11). The
structure of all isolated compounds were structurally elucidated by means of
spectroscopic analysis as well as comparison with the literature data. In addition, the
cytotoxic activity against five human cancer cell lines (KB, HelLa S-3, HT-29, MCF-7 and
Hep G2) and pancreatic lipase inhibitory activity were performed to evaluate the

bioactivity of all 11 compounds.

The results of the cytotoxicity against human cancer cell lines showed that
compound GS7 performed a good cytotoxic activity against the KB, Hela S-3 and MCF-
7 cell lines with IC5, values in the range of 3.17-6.07 UM and compound GS3 exhibited
a good cytotoxic activity against the KB cell line only, with an ICsy value of 8.14 UM.
On the other hand, the inhibitory activity of 11 compounds against pancreatic lipase
enzyme resulted a moderately active of compounds GS1-GS3, GS7, GS8 and GS11
with ICsq values in the range of 23.71-80.78 UM, while the other compounds showed

a weak activity with ICsy values which were more than 100 UM.

This research presented the bioactive components isolated successfully from
the CH,Cl, extract of the roots of G. schomburgkiana as an anticancer and antiobesity
agents through the preliminary screening on cytotoxic activity and pancreatic lipase
inhibitory activity. The future works might involve a further investigation of the most

active compounds for an in vivo experiment and chemical constituents exploration of
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the MeOH extract (polar part) from the roots of G. schomburgkiana. Moreover, these
results might provide an knowledge to modify and synthesize natural product-derived

compounds for achieving a potent drug candidate.
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