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CHAPTER |
INTRODUCTION

1.1 General Background

Cancer is one of the top health problems worldwide. Based on the World
Health Organization (WHO) data, cancer is the second leading cause of death globally.
In 2018, there was 9.6 million death caused by cancer [1]. The top five most
common causes of cancer death are lung, colorectal, stomach, liver and breast
cancer [2]. In Thailand, four of those cancers were the top five new cases in 2018 [3].

In this research we will focus on colon and liver cancer cell lines.

One of the crucial factors in the development of colon cancer is
inflammatory bowel disease (IBD). IBD patients with a family history of colorectal
cancer (CRC) have more than twice the higher risk for colon cancer development.
However, environmental and food-borne mutagens are the most causes of CRC than
genetic changes [4]. Besides, dietary factors may account for up to 90% of colon
cancer [5]. Two hypotheses, overconsumption of food in general and a sedentary
lifestyle, may increase colon cancer development risk. Intake of meat, protein and
alcohol may increase the risk. Meanwhile, anti-oxidant, folate, calcium and vitamin D
may be protective [6].

Hepatocellular carcinoma (HCC) is the most familiar form of liver cancer,
approximately 70-85% of cases worldwide, and more than 80% of those occur in
developing countries [7, 8]. The relative survival rates are less than 11% within five
years, even in developed countries [8]. People with hepatitis B virus (HBV) and
hepatitis C virus (HCV) are at risk of developing liver cirrhosis and liver cancer. A
blood infection most likely transmits HBV and HCV. High-risk behaviors of new
infections are related to drug injection, tattooing and piercing [9]. The infection of

HBV affects cellular signaling and growth control. Meanwhile, HCV leads to chronic



inflammation, cell death and proliferation [8]. Besides, obesity, type 2 diabetes and
nonalcoholic fatty liver disease might be other pathogenic promoters for the liver

disease [T7].

The hallmarks of cancer provides a useful principle for studying various

mechanisms of cancer progression [10]. There are six hallmarks of cancer [11]:

1. Sustaining proliferative signaling
2. Evading growth suppressors

3. Activating invasion and metastasis
4.  Enabling replicative immortality
5. Inducing angiogenesis

6. Resisting cell death
In this study, we will focus on the first hallmarks of cancer.

The most fundamental properties of the living cell are cell proliferation, cell
replication's leading proses. A single cell can replicate up to 10” cells in the
replication process [12]. Cell proliferation will eventually stop due to the balance of
cell death and cell growth. Meanwhile, proliferation of cancer cell will be
uncontrolled cellular growth (Figure 1.1). Thus, anti-proliferative metabolites are

needed to suppress cancer cells' replication by inhibiting or stopping cell growth.

Metastasis is the spread of cancer cells into the surrounding tissue. It is a
multistep process that includes cell migration. One of the earliest development
methods to study cell migration in vitro is the wound-healing assay. This method
focuses on monitoring migration cells toward a wound that is scratched on a cell
monolayer. This method imitates cell migration through cell migration in vivo, even if

it is not an exact copy [13].

Doxorubicin is most frequently used for cancer therapy, for example, breast,

stomach, lung, ovaries, thyroid and lymphoma. Nevertheless, doxorubicin's



cumulative dose manifests adverse effect such as cardio toxicity, a chronic
complication of cardiomyopathy [14]. Sorafenib is a potential therapeutic drug for
renal carcinoma and hepatocellular carcinoma. However, some adverse events,
including diarrhea, weight loss, hypertension and abdominal pain, have been
reported. Some patients also undergo resistance to sorafenib due to genetic
heterogeneity of hepatocellular carcinoma [15]. Consequently, the finding of novel
anti-cancer candidates carries on essential issues. Along with that, natural products
have been a potential source of lead metabolites for drug discovery and

development [16].

Healthy cell proliferation Cancer cell proliferation
Self renewal Q Q
¥ \ 4 \
o © © .3
\ ¥ o\ ¥\ ¥\
0 © © 0 ©
¥ N/ NN ¥ N/ N
0 0 Prlferton
(8]
Piogsa 090
o©

(@) 2~ = (%)
N\ ) o °
In normal cells, cell proliferation eventually stops

Uncontrolled Cellular Growth

Figure 1.1 Illustration of cell proliferation in healthy and cancer cell [17]

Some plant-derived natural products showed good activity against cancer cell
lines. Antrovirisidone B was isolated from the roots of Garcinia antroviridis. It showed
cytotoxic activity against MCF-7 (human breast), DU-145 (human prostate) and H-460

(human lung) cancer cells with ICsy values of 22.93, 9.34 and 16.47 uM, respectively

[18]. Cowanin, 3,6-dimethyl-Y-mangostin, norcowanin and cowaxanthone were

isolated from the twigs of G. cowa. These metabolites exhibited cytotoxic activity



toward NCI-H187 (human, small cell lung cancer) with ICs, values of 7.03, 8.58, 5.92
and 3.87 pg/mL, respectively. Besides, these metabolites also displayed cytotoxic
activity against KB (oral human epidermal carcinoma) with ICs, values of 7.36, 6.64,
6.43 and 15.43 peg/mlL, respectively [19]. 30-Epicambogin and guttiferone K were
isolated from the twigs of G. cowa. The isolated metabolites demonstrated their
selective cytotoxicity against HT-29 (human colon cancer) with ICso values of 5.51 and
5.54 uM, respectively [20]. 1,6-Dihydroxy-5-methoxyxanthone was isolated from G.
cowa. This metabolite was highly active against HT-29 and P-388 (mouse lymphocytic
leukemia) cells with an ICs, values of 0.84 and 0.27 pg/mL, respectively [21]. 1,7-
Dihydroxyxanthone was isolated from G. linii. It exhibited anti-proliferative activity
against both HT-29 and P-388 cells with an IC5, value of 3.94 pg/mL [22]. 8-
Methoxysmyrindiol from Gerbera anandria showed cytotoxicity against Hep-G2 (liver
cancer) with 1Cs, value of 5.3 pg/mL [23]. 1,5-Dihydroxyxanthone was isolated from
Allanblackia floribunda. This metabolite significantly inhibited HT-29, P-388 and KB
cell lines with an ICsq values of 5.01, 4.71 and 3.30 pg/mL, respectively [24]. 3',4'-
Deoxy-4'-chloropsoroxanthin-3',5'-diol  and psoroxanthin were isolated from
Psorospermum molluscum, displayed significant cytotoxic effects against A2780
(human ovary cancer) (ICsp: 0.0042 and 0.33 uM, respectively) and HCT-116 (ICsp:
0.0068 and 0.10 uM, respectively). 3'4'-Deoxy-4'-chloropsoroxanthin-3'5-diol also
showed cytotoxicity toward SKBR3 (human breast cancer) with ICs5, value of 2.0 uM)
[25]. Those studies lead us to isolate metabolites from the plant species
Calophyllum inophyllum and evaluate their anti-proliferative activity toward colon

and liver cancer cell lines.

1.2 Introduction of Calophyllum inophyllum L.
The genus Calophyllum belongs to the Calophyllaceae family, has

approximately 186 species, 14 of which occur in Thailand. Secondary metabolites



produced from the genus Calophyllum have been a global interest for its
pharmacological actions, including anti-cancer activity. Calotetrapterins A-C were
isolated from the stem barks of C. tetrapterum. Those metabolites showed good
activity against P-388 cell lines with ICsy values of 5.4, 1.0 and 4.1 uM, respectively
[26]. Ananixanthone was obtained from the stem bark of C. teysmannii. It was
inhibiting SNU-1 (stomach), LS174T (colon) and K562 (leukemia) cancer cell lines with
ICso values of 8.97, 7.48 and 2.96 uM, respectively [27]. Calaxanthone C was isolated
from the root of C. calaba. It was tested against five cancer cell lines such as KB,
HelLa S-3 (cervical adenocarcinoma), HT-29, MCF-7 and Hep-G2. Calaxanthone C
displayed promising activity with ICs, values of 1.72, 0.82, 1.17, 5.04 and 1.65 uM,
respectively [28]. Inophynnin and pyranojacareubin were afforded from C
inophyllum. Inophinnin showed good activity toward HelLa cancer cell line with ICs,
value of 9.51 pM, while pyranojacareubin displayed ICsq value of 8.62 uM against
K562 cancer cell line. Besides, C. soulattri gave soulattrin, phyllattrin, caloxanthone C
and trapezifolixanthone. Soulattrin inhibited SNU-1, Hela, NCI-H23 and K562 cancer
cell lines with 1Csq values of 1.98, 2.77, 2.64 and 2.23 uM, respectively. Phylattrin
showed ICs, values of 9.79 and 9.20 uM against SNU-1 and Hela, respectively.
Trapezifolixanthone displayed good activity against HelLa cancer cell lines with ICs,
value of 7.57 uM [29]. For these reasons, this current research focuses on the

isolation of chemical constituents from the root of C. inophyllum L.

C. inophyllum is one species of the genus Calophyllum. The distribution of
this genus is worldwide in tropical areas, including Africa, North and South America,
Tropical and Temperate Asia, Australasia and the Pacific. C. inophyllum is used in
many countries for different purposes. In Java (Indonesia), the seed oil and latex are
used to dye batik cloth. Durable and robust timber was used as a general-purpose

timber for masts, bridgework, boat building and cabinet making. The oil produced



from the fruits is used to treat ulcers, rheumatism and skin diseases. A decoction of
the bark and latex are used internally and externally to remedy many infections, skin
and eye diseases and rheumatism. The flowers, leaves and seeds are also used for
local medicine. Although this tree grows slowly, it is also used for reforestation and

afforestation projects and it placed at shorelines to protect the coast [30].

Seventeen species of the genus Calophyllum were found naturally in
Thailand, namely: C. calaba, C. canum, C. dryobalanoides, C. depressinervosum, C.
inophyllum, C. macrocarpum, C. molle, C. pisiferum, C. polyathum, C. rupicola, C.
sclerophyllum, C. soulattri, C. symingtonianum, C. tetrapterum, C. teysmannii, C.
thorelii and C. touranense. C. inophyllum is usually found in beach forest or coastal
area and commonly plated for ornamental trees. C. inophyllum is locally known as
Kra thing (n5¥#4) (Central), saaraphee thale (@135An¥ta) (Prachuap Khiri Khan) and
thing (¥4) (Krabi). C. inophyllum is also known as "Alexandrian Laurel" [31]. A numbers
of metabolites have been isolated from the genus Calophyllum. Those metabolites
showed potential sources for a wide range of drug discovery and development. A
phytochemical study of C. inophyllum reported that coumarins, xanthones,
flavonoids and triterpenoids are the major metabolites (Figure 1.2). Those chemical
constituents were obtained from their bark, root, seed, fruit and leaves. Coumarins
are phenolic metabolites, mostly found in the leaves and classified as simple
coumarins, furanocoumarins, pyranocoumarins and furo-puranocoumarins [16]. The
previous report showed their anti-hyperglycemic and neuroprotective activity.
Xanthones are heterocyclic metabolites containing oxygen. Xanthones can be
classified into simple xanthones, xanthone sglycosides, prenylated xanthones,
bisxanthones and xanthonolignoids [32]. Xanthones have well-known medicinal
chemistry roles due to broad-spectrum as pharmacological agents, such as anti-

microbial, anti-cancer, anti-oxidant, anti-inflammatory and anti-viral activity.



Flavonoids such as amentoflavone and carpachromene showed promising o-
glucosidase activity [33]. Triterpenoids are metabolites that contain six isoprene units
and exhibited a wide spectrum of bioactivities, including bactericidal, cardiovascular,

analgesic and anti-allergic properties [34].

Coumarin Xanthone Triterpenoid Flavonoid

Figure 1.2 Major classes of metabolites of C. inophyllum

1.2.1 Taxonomy of C. inophyllum L.

The genus Calophyllum was previously included in the Clusiacease, also
known as Guttiferae family before APG Il (Angiosperm Phylogeny Group 2009). Based
on the APG Il system of flowering plant classification, this genus is now placed in the
Calophyllaceae family [16]. Based on the Integrated Taxonomical Information System

(ITIS), taxonomy of C. inophyllum L. is classified as:
Kingdom: Plantae
Division: Tracheophyta
Class: Magnoliopsida
Order: Malpighiales
Family: Calophyllaceae
Genus: Calophyllum L.

Species: Calophyllum inophyllum L.



1.2.2 Botany of C. inophyllum L.

C. inophyllum is a tree up to 7-30 m tall without buttresses. The diameter of
breast height is 11-12 cm. Quter bark slightly fissured, rough, grey to brown; exudate
the color of clear honey. The branchlets are striate, slishtly brown pubescent or
glabrous, with yellow-greenish sap in the center of branchlets. It has an internode 2-3
cm long. The leaves are petioled for 1.5-3 cm long; blade 8-15 x 4-8 cm, elliptic-
obovate, sometimes oblong, obtuse, rounded, coriaceous, dark green and concave
adaxially, dull green and convex adaxially, rarely slaucous, base cuneate to
attenuate, apex retuse to round, rarely acute or emarginate; midrib depressed on the
upper surface in the channel about % of lamina length, underside raised, secondary
veins present, dense and distinct on both surfaces, 6-8 veins per 0.5 cm. The
inflorescence is axillary panicles 5-10 cm long, pubescent or glabrous, up to 12
flowers per inflorescence, pedicels 0.6-4 cm long. The floral parts are tepals 8§,
reflexed when the flower is fully open, the outer pain oval to suborbicular, glabrous,
imbricate the next pair elliptic and the inner pairs elliptic to obovate. The stamens in
fascicles but not distinct fascicles, 40-250 stamens per flower; filaments 4-5 mm long,
white to yellow-green; anthers 1-1.5 mm long, bright yellow/orange. Ovary is
subglobose, 1.5-3.5 mm long; style 5-7 mm long with flat stigma, almost white, 8-9
mm long, has one ovule, red. Fruit globose, apex round, 2.5-3.2 x 3 cm. Ecology and
phenology: evergreen and deciduous forests, marshy ground, sandy and rocky
shorelines, from near sea level to 300 m. It’s flowering around October-December.
It’s fruiting for all year. Visited by bees [30]. The picture of C. inophyllum L. and its
various parts are shown in Figure 1.3 [35]. (1) Growing as a street tree; (2) leaves; (3)

bark; (4) flower; (5) fruit; (6) seed.



Figure 1.3 C. inophyllum L. Alexandrian Laurel

1.3 Literature review

1.3.1 Phytochemical metabolites from C. inophyllum

1.3.1.1 Coumarins
Four coumarins, namely 12-O-butylinophyllum D, 12-O-ethylinophyllum D,
inophyllums H and |, were isolated from the leaves of C. inophyllum collected from
China [36]. Moreover, nine 4-phenylcoumarins were isolated from aerial parts of
plant sample collected from Singapore. Those metabolites were inophyllums A and

C-E, calocoumarins A-C, apetatolide and calophyllolide [37]. In addition, (-)-12-
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methoxyinophyllum A, (+)-12-methoxyinophyllum H-1, (-)-12-methoxyinophyllum H-2

and inophyllum J were obtained from the leaves collected from China [38].

1.3.1.2 Xanthones

Caloxanthones A-E were isolated from the root bark and heartwood root of C.
inophyllum collected from Japan, Cameroon, Malaysia and Thailand [39-43]. In
addition, other xanthone derivatives such as macluraxanthone, pyranojacareubin, 6-
deoxyjacareubin and inophyllin B were also isolated from the same parts of the
plant [40, 42, 44, 45]. Caloxanthone Q, together with 2-deprenylrheediaxanthone B
and jacareubin were isolated from the branches [46], while caloxanthone N and
gerontoxanthone C were isolated from the twigs of C. inophyllum collected from

China [47].

1.3.1.3 Flavonoids

Some flavonoid derivatives such as nobiletin, pentamethylquercetin, 3,5,7,4’-
tetramethoxyflavone, 5,7,4’-trimethoxyflavone and (-)-epicatechin were isolated
from the root part [39, 41]. Amentoflavone was a biflavonoid obtained from the
leaves collected from India [48] and isoinophynone was isolated from the leaves

collected from China [38].

1.3.1.4 Terpenoids

Canophyllic acid was isolated from the leaves collected from India [48].
Friedelane-type triterpene, namely 3[,23-epoxy-friedelan-28-oic acid, along with six
known triterpenoids, including friedelin, epofriedelanol, canophyllal, canophyllol, 3-
oxo-friedelan-28-oic acid and oleanolic acid, were obtained from the stems and

leaves from China [49].

1.3.1.5 Other types of metabolites

Two new chromanone derivatives, caloinophyllins A and B were isolated from

the root of C. inophyllum collected from Mahasarakham Province, Thailand [39, 50].
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Moreover, other type of metabolite, brasiliensic acid and inophylloidic acid were

isolated from the root of C. inophyllum collected from Cameroon [44].

(@)
OCHL0
Calocoumarin A Gerontoxanthone C Nobiletin
(Coumarin) (Xanthone) (Flavonoid)

Canophyllal Caloinophyllin A Amentoflavone
(Terpenoid) (Chromanone) (Biflavonoid)

Figure 1.4 Representative metabolites from C. Inophyllum

1.3.2 Biologically active metabolites from C. inophyllum
1.3.2.1 Anti-cancer activity

Macluraxanthone showed broad activity as an anti-cancer with ICs, values of
4.95, 6.95, 4.62 and 5.28 uM against SNU-1 (stomach), Hela (cervical), NCI-H23 (lung)
and K562 (leukemia), respectively [29]. Moreover, calophyllolide, caloxanthone A and
inophylloidic acid displayed good activity against KB (nasopharynx cancer) with ICs
values of 3.50, 7.40 and 9.70 pg/mL, respectively [44], whereas 3-oxo-friedelan-28-oic
acid and canophyllic acid from the stems and leaves were active against HL-60

(leukemia) with 1Gs values of 2.67 and 4.64 uM, respectively [49].
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1.3.2.2 Anti-inflammatory activity
Two new triterpenoids, (E)- and (2)-27-[p-coumaroyloxy]canophyllic acids

from the leaves part could inhibit the production of nitric oxide (NO) in macrophage
cells induced by LPS (lipopolysaccharide) with 1Csy values of 2.44 uM and 7.00 uM,
respectively [51]. The stem bark extracts of C. inophyllum furnished one new
furanoxanthone, inophinnin. This metabolite exhibited anti-inflammatory activity in

nitric oxide assay with concentration-dependent manner [52].

1.3.2.3 Larvicidal activity

Inophyllin A, a xanthone from roots part, showed moderate activity with LCsy
value of 75-100 pg/mL, indicating that the metabolite was moderately toxic to the
larvae of Aedes aegypti and might be considered to be a potential larvicide against

the Dengue Fever mosquito larvae [53].

1.3.2.4 Chemotherapeutic activity

Apart from larvicidal activity, inophyllin A also represents a new xanthone
with potential chemotherapeutic activity. It induced Jurkat cell apoptosis in a
concentration-dependent manner based on the externalization of phosphatidylserine,
and treatment with 50 and 100 pM of inophyllin A resulted in a significant increase of
47.9% and 83.8% of apoptotic cells, respectively. Thus, it could be concluded
inophyllin A induced oxidative stress in Jurkat cells leading to DNA damage-mediated

intrinsic apoptosis [54].

1.3.2.5 Anti-bacterial activity

Caloxanthone A, inophylloidic acid, calophynic acid and brasiliensic acid from
the root bark displayed significant anti-bacterial activity against Staphylococcus
aureus at the dose of 20 pg per dish with a diameter of inhibition 9.0, 9.0, 10.0 and

11.0 mm, respectively. From the nut part, isolated metabolites including inophyllums
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C and E, calaustralin and calophyllolide also exhibited inhibition with diameter 10.0,

13.0, 11.0 and 16.0 mm, respectively [44].

1.3.2.6 Wound-healing activity

Calophyllolide, a coumarin from fresh seed, effectively promoted the wound
closure by approximately 78% and 97% at day 7 and day 14 post-treatment, which

was faster than PBS (phosphate-buffer saline) and povidone-iodine (PI) [55].

1.3.2.7 Anti-HIV activity

Inophyllums B and P were isolated from the leaves and twigs part, these
reported inhibiting HIV-1 in cell culture with ICs, values of 1.4 and 1.6 pM,
respectively. Both metabolites were inhibited HIV reverse transcriptase with ICsg

values of 38 and 130 nM, respectively [56].

Macluraxanthone Caloxanthone A Inophyllin A
(Anti-cancer) (Anti-bacteria) (Larvicidal and chemotherapeutic)

HO

27-[(E)-p-coumaroyloxylcanophyllic acid Calophyllolide Inophyllum B
(Anti-inflammatory) (Wound-healing) (Anti-HIV)

Figure 1.5 Representative bioactive metabolites from C. inophyllum
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1.4 Objectives of the present study

Although many metabolites of C. inophyllum and their biological activities
have been published, there were only two reports from the root of which the plant
samples were collected from Thailand's northeastern region, Mahasarakham Province.
Metabolites in the root part are mainly affected by the variation of nutrient factors
from different geographical features. In this present study, the plant sample was
collected from Nakhon Si Thammarat province, the southern part of Thailand.

Hence, the objectives of this study are summarized as follows;

1. Toisolate secondary metabolites from the root of C. inophyllum L.

2. To determine the structures of the isolated metabolites by spectroscopy

techniques

3. To evaluate the potential of isolated metabolites on anti-proliferative

activity against liver cancer Hep-G2 and colon cancer HCT-116



15

CHAPTER Il
EXPERIMENTS

2.1 Plant Materials

The root of C. inophyllum was collected from Nakhon Si Thammarat,
Thailand (March 2019), and was identified by a Royal Forest Department staff,
Nakhon Si Thammarat Province. A voucher specimen was assigned with the code
CUCHEM2019-002 and is deposited at the Department of Chemistry, Faculty of

Science, Chulalongkorn University.

2.2 General Experimental Procedures
2.2.1 Thin-layer chromatography (TLC)

TLC analysis was performed on Silicycle’s aluminum sheet coated with silica
gel F-254, 20 x 20 cm, layer thickness 200 pum. The TLC reverse phase analysis was
performed on Merck’s aluminum sheets coated with silica gel 60 RP-18 Fyss. The
spot of metabolites was observed with UV light at 256 nm wavelength and dipped
with ammonium molybdate ((NHgsMO;O,4) in 5% H,SO,/EtOH then heating for 1-2

mins at 105-120°C on a hot plate.

2.2.2 Column chromatography
Column chromatography (CC) was performed using Silica gel 60H (Merck code
No. 7734 and No. 9385) as packing materials. Reverse-phase C-18 (RP-18)
chromatography was performed using Silica gel C-18 (Wako code No. 237-01555) as
packing materials. Size exclusion chromatography was performed by Sephadex LH-20
(Pharmacia Code No. 17-0090-01) to separate metabolites according to their

molecular weight.



16

2.2.3 Nuclear magnetic resonance spectroscopy (NMR)
The NMR spectra were recorded on a Bruker AV400 (400 MHz for 1H—NI\/\R, 100
MHz for “C-NMR) and JEOL (500 MHz for 'H-NMR, 125 MHz for "C-NMR) using

tetramethylsilane (TMS) as an internal standard.

2.2.4 Mass spectrometry (MS)
High-resolution electrospray ionization mass spectrometry (HRESIMS) spectra

were obtained with a Bruker micrOTOF-Q |I.

2.2.5 Fourier transforms infrared spectrophotometry (FT-IR)
FT-IR spectra were recorded on a Perkin-Elmer Model 1760X Fourier
Transform Infrared Spectrophotometer. Solid samples were formally examined by

incorporating the sample with potassium bromide (KBr) to form a pellet.

2.2.6 Optical Rotation

Optical rotation was measured on a Perkin-Elmer 341 polarimeter at 589 nm.

2.2.7 Melting Point

Melting points were recorded on a Fisher-Johns melting point apparatus.

2.2.8 Ultraviolet-visible spectrophotometry (UV-vis)

UV data were recorded on a CARY 50 Probe UV-visible spectrophotometer.

2.3 Chemicals

All commercial-grade solvents used in the present study, such as methanol
(MeOH), acetone, ethyl acetate (EtOAc), dichloromethane (DCM) and n-hexane, were
purified by distillation before use. The deuterated solvent for NMR experiments was

chloroform-d (CDCls) and acetone-d.
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2.4 Extraction and isolation
2.4.1 Extraction of dried sample
The root of C. inophyllum (2.39 kg) was dried, powdered and extracted with
MeOH (2 x 5L, 3 days, each) at room temperature. The combined MeOH extract was
concentrated under reduced pressure. The extract was suspended in H,O (1:1 v/v)
and then partitioned with n-hexane and EtOAc, respectively. The extraction

procedure is shown in Scheme 2.1.

The root of C. inophyllum (2.39 ke)

extracted with MeOH,
2 x 5L, 3 days, each

MeOH crude extract

partitioned with n-hexane,

3 times
N-hexane crude extract (54.26 g) Residue
partitioned with EtOAc,
3 times
EtOAc crude extract (67.88 g) Residue

Scheme 2.1 Extraction of C. inophyllum root

2.4.2 Isolation of metabolite from n-hexane crude extract
The n-hexane crude extract of C. inophyllum (54.26 g) was chromatographed

over a SiO, column chromatography (CC) with gradient EtOAc : n-hexane (1:9 to 1:1),
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to give thirteen fractions, A-M. Fraction F (1.60 g) was diluted in acetone and formed

a solid and liquid phases. The solid phase was washed with n-hexane to afford

compound 13 (5.3 mg). The isolation procedure is shown in Scheme 2.2.

N-hexane crude extract (54.26 g)

CC, SIiO,,
EtOAc : n-hexane (1:9 to 1:1)

F (1.60 g)

diluted in acetone

Solid-phase

washed by n-hexane

13 (5.3 mg)

Scheme 2.2 Isolation procedure of fraction F

Liquid-phase

2.4.3 Isolation of metabolites from EtOAc crude extract

The EtOAc crude extract of C. inophyllum (67.88 g) was fractionated over a

SiO, CC with gradient EtOAc : n-hexane (1:1 to 1:0) then MeOH : EtOAc (1:9 to 1:1) to

afford seven fractions, N-T. Fraction P (3.56 g) was separated by SiO, CC with EtOAc :

DCM (1:9) to obtain six subfractions, P1-P6. The isolation procedure is shown in

Scheme 2.3.
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EtOAc crude extract (67.88 g)

CC, SiO,,
EtOAc : n-hexane (1:1 to 1:0)
MeOH : EtOAc (1:9 to 1:1)

P (3.56 g

CC, SiO,,
EtOAc : DCM (1:9)

P5 (1.06 g)

Scheme 2.3 Isolation procedure of EtOAc crude extract

P5 (1.06 Q)

RP-18,
MeOH : H,O (4:1)

P5.1 (26 mg)

CC, SOy,

acetone : DCM (1:20)

12 (7.1 mg) 9 (4 mg)

Scheme 2.4 Isolation procedure of fraction P5

Fraction P5 (1.06 g) was subjected to passage over a reverse phase C-18 (RP-
18) with MeOH : H,0 (4:1) to give fifteen subfractions, P5.1-P5.15. Fraction P5.1 (26 mg)
was purified by SiO, CC with acetone : DCM (1:20) to obtain metabolites 12 (7.1 mg)

and 9 (4 mg). The isolation procedure is shown in Scheme 2.4.
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Fraction P5.2 (26.2 mg) was filtrated with MeOH to separate the solid and
liquid phases. Metabolite 11 (4.2 mg) was obtained from the solid phase by filtration
with MeOH. Fraction P5.6 (33.7 mg) was chromatographed over RP-18 with MeOH :
H,O (4:1 to 1:0) to collect metabolite 1 (10.1 mg). Moreover, fraction P5.9 was
purified by SiO, CC with EtOAc : n-hexane (1:4 to 3:7) to yield metabolites 6 (6.5 mg)
and 2 (17.5 mg). The isolation of fractions P5.2, P5.6 and P5.6 are shown in Scheme

2.5.

P5 (1.06 g)

RP-18,
MeOH : H,0 (4:1)

P5.2 (26.2 mg) P5.6 (33.7 mg) P5.9 (72.7 mg)
Filtrated with RP-18, CGC, SiOy,
MeOH MeOH : H,0 (4:1 to 1:0) EtOAC : n-hexane (1:4 to 3:7)
11 (4.2 mg) 1 (10.1 mg) 6 (6.5 mg)
2 (17.5 mg)

Scheme 2.5 Isolation of fractions P5.2, P5.6 and P5.9

The liquid phase of fraction P5.12 (160.1 mg) was chromatographed over SiO,
CC with EtOAC : n-hexane (1:4) to obtain metabolites 7 (10.5 mg), 14 (25.4 mg) and 4
(126 mg). Besides, the liquid phase of fraction P5.13 (160.1 mg) was
chromatographed by SiO, CC with EtOAc : n-hexane (1:4) to give metabolite 3 (5.2
mg), whereas the solid phase afforded metabolite 5 (28.2 mg). The isolation of

fractions P5.12 and P5.13 are shown in Scheme 2.6.



P5 (1.06 )

RP-18,
MeOH : H,O (4:1)

P5.12 liquid (160.1 mg)

CC, SiO,
EtOAC : n-hexane (1:4)

7 (10.5 mg)

14 (25.4 mg)

4 (12.6 mg)
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P5.13 (208.5 mg)

Solid Liquid (160.1 mg)

CGC, SiO,
EtOAC : n-hexane (1:4)

5 (28.2 mg)

3 (5.2 mg)

Scheme 2.6 Isolation of fractions P5.12 and P5.13

Fraction Q (3.64 ¢) was chromatographed over Sephadex LH-20 with MeOH to

yield nine subfractions, Q1-Q9. Fraction Q4 (401.8 mg) was performed on Sephadex

LH-20 with MeOH to give five subfractions, Q4.1-Q4.5. Fraction Q4.5 was purified using

Sephadex LH-20 with MeOH to obtain metabolite 8 (18.8 mg). Additionally,

metabolite 10 (2.2 mg) was afforded from fraction Q5.4-5 (52.6 mg) by RP-18 with

MeOH : H,O (1:1). The isolation procedure of fractions Q4 and Q5 are shown in

Scheme 2.7.
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Q (3.64 9)

Sephadex LH-20,

MeOH
Q4 (401.8 mg) Q5 (421.3 mg)
Sephadex LH-20, Sephadex LH-20,
MeOH MeOH
Q4.5 (130 mg) Q5.4-5 (52.6 mg)
Sephadex LH-20, RP-18,
MeOH MeOH : H,0O (1:1)
8 (18.8 mg) 10 (2.2 mg)

Scheme 2.7 Isolation of fractions Q4 and Q5

2.5 Biological assay
2.5.1 Cell culture
Colon cancer (HCT-116) and liver cancer (Hep-G2) cells were cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM) at 37 °C in a 5% CO, humidified
incubator. Both media were supplemented with 10% Fetal Bovine Serum (FBS), 2

mM L-glutamine, 100 U/mL of penicillin and 100 mg/mL of streptomycin.

2.5.2 Anti-proliferative assay
Bioassay of anti-proliferative activity was performed in vitro by a colorimetric
method that measures the reduction of MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) by mitochondrial succinate dehydrogenase. The MTT
entered cells and passed into the mitochondria, it reduced to dark purple (formazan),

followed by solubilization and measurement by spectrophotometry. Generally, the
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reduction of MTT occurs in metabolically active cells. The level of activity was thus

measured from viability of the cell, which was proportional.

The cells were cultured from tissue culture dishes, counted and seeded cells
in a 96-wells plate at a density of 1 x 10" cells/well in 100 pL. Cells were incubated
in a 5% CO, atmosphere at 37 °C for 24 h. The samples were added to the cells and
the cells were incubated for 72 h. MTT solution (5 mg/mL PBS, 10 pL/well) was
added and the cells were incubated for 3-4 hours until the purple precipitate
appears. After removing the medium, DMSO 100 pL/well was added to dissolve
formazan crystal. The absorbance was measured at 570 nm using a Microplate
Reader BioTek " ELx800 " with sorafenib and doxorubicin as positive controls. The
results were presented as the percentage of inhibition and the half-maximal

inhibitory concentration (ICsp).

2.5.3 Western blot analysis

According to the manufacturer's instructions, cells treated as indicated in the
text were washed with cold PBS and lysed with cell lysis buffer. Cell lysates were
centrifuged at 5000 rpm for 5 min and supernatants were collected as samples.
Equal amounts (30 pg) of total protein in each cell lysate were separated in 10%
SDS-PAGE and transferred to the PVDF membrane. The membranes were blocked
with 3% skim milk in PBS containing 0.05% Tween-20 and incubated overnight at 4 °C
with corresponding primary antibodies in 3% skim milk in PBS containing 0.05%
Tween-20 followed by incubation with horseradish peroxidase-conjugated secondary
antibodies for 1 h at room temperature. The signals were detected using the

chemiluminescence method.
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2.5.4 Statistical analysis
Data are expressed as mean values and standard deviation. Significance was
analyzed by one-way analysis of variance and Dunnett’s multiple comparison tests

by GraphPad Prism 8. A p-value of <0.05 was considered statistically significant.
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CHAPTER Il

RESULTS AND DISCUSSION

3.1 Secondary metabolites from the root of C. inophyllum

The n-hexane crude extract of C. inophyllum was purified by chromatography
technique to afford one metabolite, namely caloxanthone C (13). Moreover,
purification of EtOAc crude extract by column chromatography brought out two new
prenylated xanthones, namely 1,3,6,7-tetrahydroxy-5-methoxy-4-(1',1'-dimethyl-2'-
propenyl)-8-(3",3"-dimethyl-2"-propenyl)-xanthone (1) and 7-hydroxycaloxanthone B
(2), along with eleven known metabolites. The eleven known metabolites were
identified as caloxanthone B (3), 7-O-demethylmangostanin (4), caloxanthone A (5),
7-prenyljacaerubin (6), pyranojacareubin (7), daphnifolin (8), tovopyrifolin C (9), 1,3,5-
trihydroxyxanthone (10), 2-hydroxyxanthone (11), 4-hydroxyxanthone (12) and
macluraxanthone (14). Their structures (Figure 3.1) were established by 1D and 2D
NMR analysis and then by comparing the NMR data with some references. HR-ESI-MS
were used to complete their structural characterization. Besides, metabolites 4, 6

and 8 were firstly reported from the genus Calophyllum.
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Figure 3.1 Structures of secondary metabolites from the root of C. inophyllum
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3.2 Structure elucidation of isolated metabolites

3.2.1 Structure elucidation of metabolite 1

Figure 3.2 Structure of metabolite 1

Metabolite 1 was obtained as a yellow amorphous solid with melting point
132-133 °C and UV (MeOH) A.._. 269 and 330 nm. The IR spectrum gave absorptions
of free hydroxyl (3370 cmfl), conjugated carbonyl (1647 cm’) and an aromatic ring
(1570 cmfl), which reflected similarity to typical IR bands for xanthone [45, 57, 58].
The HR-ESI-MS showed molecular ion peak at m/z 449.1564 [M+Na]” (Calcd. for
CoqH2sO7Na, 449.1579), corresponding to the molecular formula CyHxO; and

determined by analysis of 1D and 2D NMR as shown in Tables 3.1 and 3.2.

The characterization of chemical shifts for proton at @ 1.74 (s, 6H, H-4' and
H-5"), 5.39 (d, J = 10.6 Hz, 1H, H-3'a), 5.49 (d, J = 17.8 Hz, 1H, H-3'b) and 6.51 (dd, J =
10.6, 17.8 Hz, 1H, H-2) suggested the presence of a 1,1-dimethyl-2-propenyl moiety
in the molecule. This was further confirmed by the HMBC correlations (Figure 3.3) of
the two methyl proton singlets at O, 1.74 (H-4' and H-5) with their neighboring
carbon at O 40.9 (C-1'). Placement of 1,1-dimethyl-2-propenyl moiety at C-4 was
achieved by HMBC correlations between O, 1.74 (H-4' and H-5) with O 109.5 (C-4) as

shown in Figure 3.3.
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Figure 3.3 "H-'H COSY and HMBC correlations of metabolite 1

An isoprenyl group with its characteristic chemical shifts was also seen in the
"H-NMR spectrum of 1. The 'H resonances occurred at 5H 1.73 (s, 3H, H-4"), 1.86 (s,
3H, H-5"), 4.20 (d, J = 6.6 Hz, 2H, H-1") and 5.29 (t, J/ = 5.9 Hz, 1H, H-2"). Proton at @
4.20 (H-1") showed HMBC correlations with O 111.5 (C-8a), 123.2 (C-8) and 139.8 (C-7),
suggested that the isoprenyl eroup bonded with C-8 as shown in Figure 3.3. The NMR
spectra of metabolite 1 were very similar to those of cudraxanthone C [59], except
for the existence of methoxy group at C-5 and hydroxyl group at C-7. Therefore,
metabolite 1 was elucidated as a new xanthone, named 1,3,6,7-tetrahydroxy-5-
methoxy-4-(1',1'-dimethyl-2'-propenyl)-8-(3",3"-dimethyl-2"-propenyl)-xanthone ~ and

given the trivial name, calinoxanthone.

3.2.2 Structure elucidation of metabolite 2

Figure 3.4 Structure of metabolite 2

Metabolite 2 was obtained as a yellow amorphous solid with negative optical

rotation [OL]ZAD —22.9 (c 0.1, MeOH), melting point 116-118 °C and UV (MeOH) Ao
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263 and 326 nm. The IR spectrum showed absorptions of free hydroxyl (3379 cm_l),
conjugated carbonyl (1647 cm’) and an aromatic ring (1578 cm’) [45, 57, 58]. The 1D
and 2D NMR established the molecular formula CyHy07. The HR-ESI-MS confirmed
molecular ion peak at m/z 427.1743 [M+H]" (Calcd. for CpeH,705, 427.1757) and m/z

449.1572 [M+Na]" (Calcd. for CogHypONa, 449.1576).

The NMR spectra of metabolite 2 (Tables 3.1 and 3.2) were very similar to
those of metabolite 1, except for the existence of 2,3,3-trimethyldihydrofuran ring.
Protons at O 1.40 (d, J = 6.6 Hz, 3H, H-3"), 1.32 (s, 3H, H-4), 1.62 (s, 3H, H-5") and 4.55
(d, J = 6.6 Hz, 1H, H-2') confirmed the presence of 2,3,3-trimethyldihydrofuran ring
(Figure 3.4). The appearance of a prenyl moiety implied by protons at O, 1.63 (s, 3H,
H-4"), 1.82 (d, J = 1.0 Hz, 3H, H-5"), 5.29 (t, J = 6.9 Hz, 1H, H-2") and 4.14 (d, J = 6.9 Hz,
2H, H-1"). Proton at O 4.14 (H-1") showed HMBC correlations with O 124.6 (C-8) and
141.7 (C-7), further confirming the prenyl moiety at C-8 (Figure 3.5). The NMR spectra
of metabolite 2 were very similar to those of metabolite 3, except the appearance of
hydroxyl eroup at C-7. The absolute configuration at C-2' was postulated as R on the
basis of the opposite sign of optical rotation for metabolite 2 ([at]y —22.9) and the
known xanthone, caloxanthone B ([0l +43.7) [41]. Therefore, metabolite 2 was

elucidated as a new xanthone, named 7-hydroxycaloxanthone B.

— "H-"H cosy
~ HMBC

Figure 3.5 "H-"H COSY and HMBC correlations of metabolite 2
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3.2.3 Structure elucidation of metabolite 3

Figure 3.6 Structure of metabolite 3

Metabolite 3 was obtained as a yellow amorphous solid with positive optical

rotation [OL]ZqD +22.2 (c 0.1, MeOH) and had a molecular formula CyaH,Op
established by 1H— and 13C—Nf\/\R data (Tables 3.1 and 3.2). The existence of 2,3,3-
trimethyldihydrofuran ring could be seen at &, 1.31 (s, 3H, H-4"), 1.59 (s, 3H, H-5), 1.42
(d, J = 6.5 Hz, 3H, H-3) and 4.52 (d, J = 6.5 Hz, 1H, H-2"). Two vinylic methyl doublets
at &y 1.74 (J = 11.7 Hz, H-4" and H-5"), a methylene singlet at &, 4.01 (H-1") and an
olefinic singlet 5.36 (H-2") revealed the presence of a prenyl moeity. Hence,
metabolite 3 was confirmed as caloxanthone B by comparing its NMR data to those

previously reported [41].



Table 3.1 1H—NMR data of metabolites 1-3
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o4 (ppm), mult, J in Hz

Position T pc 2

1 13.66, s 13.88, s 13.72, s

2 6.24, s 6.12, s 6.19, s

3

il

da

5

6 6.24, s

7 6.82, s

8

8a

9

9a
10a

1

2' 6.51, dd, 8.0, 10.6 4.55,d, 6.6 452,d,6.5
3 5.49,d, 17.8 1.40,d, 6.6 1.42,d, 6.5

5.39, d, 10.6

a4 1.74, s 1.32,s 1.31,s

5 1.74, s 1.62, s 1.59, s

1" 4.20,d, 6.6 4.14,d, 6.9 4.01, s

2" 529,%,59 529,¢, 6.9 5.36, s

3"

aq" 1.73, s 1.63, s 1.74,d, 11.7
5" 1.86, s 1.82,d, 1.0 1.74,d, 11.7

5-OCH;  3.95,s 3.98,s 4.01, s

a: CDCls, 400 MHz; b: acetone-dgz, 500 MHz



Table 3.2 13C—N!\/\R data of metabolites 1-3
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Position S b 5C oo C
1 2 3
1 162.2 165.4 164.7
2 100.4 93.8 94.2
3 162.0 166.3 165.7
a4 109.5 112.7 112.9
4a 155.2 152.8 151.8
5 133.2 134.1 133.6
6 143.4 145.7 153.4
7 139.8 141.7 113.4
8 123.2 124.6 142.2
8a 1115 111.7 112.2
9 183.0 183.3 182.3
9a 104.9 104.5 104.1
10a 146.3 146.9 151.1
1 40.9 a4.4 43.8
2' 149.7 91.5 90.8
3 113.5 14.4 14.3
4 27.7 21.7 21.8
5 27.7 26.0 25.7
1" 25.6 259 33.8
2" 122.2 124.4 122.4
3" 134.2 131.2 132.3
a4 26.0 26.0 26.1
5" 18.2 18.3 18.1
5-OCH;3 61.9 62.2 62.1

a: CDCls, 100 MHz; b: acetone-dg, 125 MHz; c: CDCls, 125 MHz



33

3.2.4 Structure elucidation of metabolite 4

Figure 3.7 Structure of metabolite 4

Metabolite 4 was obtained as a yellow amorphous solid and had a molecular
formula Cy3H,,04 established by 'H- and PC-NMR data (Tables 3.3 and 3.4). The "H-
NMR displayed the appearance of prenyl moeity at &, 4.31 (d, J = 5.6 Hz, 2H, H-1'),
5.29 (m, 1H, H-2), 1.77 (d, J = 1.0 Hz, 3H, H-4') and 1.87 (s, 3H, H-5). NMR spectra of
metabolite 4 exhibited signals for pyran ring at ¢y 5.55 (d, J = 10 Hz, 1H, H-11) and
6.71 (d, J = 10 Hz, 1H, H-10). Proton at &, 6.71 (H-10) showed HMBC correlations with
o 78.1 (C-12) and 160.0 (C-3). Meanwhile, proton at &y 5.55 (H-10) displayed HMBC
correlations with & 78.1 (C-12) and 104.0 (C-2). Those HMBC correlations confirmed
the pyran ring fused at C-2 and C-3 (Figure 3.8). The structure of metabolite 4 was
established as shown in Figure 3.7 and it was identified as 7-O-demethylmangostanin
by comparing its NMR data to the previous report [60]. To the best of our knowledge,

this metabolite was found from the genus Calophyllum for the first time.

Figure 3.8 "H-"H COSY and HMBC correlations of metabolite 4
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3.2.5 Structure elucidation of metabolite 5

Figure 3.9 Structure of metabolite 5

Metabolite 5 was obtained as a yellow solid. The molecular formula Cy3H,,0¢
was determined according to 1D and 2D NMR data (Tables 3.3 and 3.4). NMR spectra

of metabolite 5 were very similar to those of metabolite 4. The "H-NMR displayed

the presence of 2,2-dimethylchromene ring at @ 6.67 (d, J = 10.0 Hz, H-10), 5.72 (d, J
= 10.0 Hz, H-10) and 1.47 (s, 6H, H-13 and H-14). The characteristic signals of prenyl
moiety appeared at &y 1.67 (d, J = 1.4 Hz, 3H, H-4"), 1.90 (d, J = 1.7 Hz, 3H, H-5)), 3.62
(d, J = 7.4 Hz, 2H, H-1) and 5.32 (t, J = 7.4 Hz, 1H, H-2"). The HMBC correlations
(Figure 3.10) showed that the prenyl moiety connected with C-5. Therefore, the
complete structure of metabolite 5 was confirmed by 2D NMR (Figure 3.10) and its

comparison with previous report [43, 61], then it was assigned as caloxanthone A.

— "H-"H cosY
~ HMBC

Figure 3.10 'H-"H COSY and HMBC correlations of metabolite 5
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3.2.6 Structure elucidation of metabolite 6

Figure 3.11 Structure of metabolite 6

Metabolite 6 was obtained as a yellow amorphous solid. 1D and 2D NMR
established the molecular formula Cy3H,,04. The H- and 13C—NI\/\R spectrum (Tables
3.3 and 3.4) indicated the appearance of prenyl moeity at ¢ 1.75 (dd, J = 1.3, 6.7 Hz,
6H, H-4' and H-5, 3.43 (d, J = 7.4 Hz, 2H, H-1) and 5.40 (t, J = 7.4 Hz, 1H, H-2)). The
HMBC spectrum (Figure 3.12) showed the prenyl moiety was connected at C-7.
Protons at ¢ 6.67 (d, J = 10.0 Hz, 1H, H-10), 5.73 (d, J = 10.0 Hz, 1H, H-11) and 1.46 (s,
6H, H-13 and H-14) were observed as characteristic of 2,2-dimethylchromene ring. A
proton at ¢y 6.67 (H-10) showed HMBC correlations with & 160.8 (C-1) and 78.9 (C-
12), whereas, a proton at 5.73 (H-11) displayed HMBC correlations with & 105.1 (C-2)
and 78.9 (C-12). These data confirmed that the 2,2-dimethylchromene ring was linked
with C-2 and C-3 (Figure 3.12). Therefore, the complete structure of metabolite 6
was confirmed by 2D NMR (Figure 3.12) and its comparison with the previous report
[62], then it was elucidated as 7-prenyljacaerubin. To the best of our knowledge, this

metabolite was firstly reported from the genus Calophyllum.

— "H-"H cosy
~~ HMBC

Figure 3.12 "H-'H COSY and HMBC correlations of metabolite 6



Table 3.3 1H—N!\/\R data of metabolites 4-7
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4 (ppm), mult, J in Hz

Position e & p =

1 13.69, s 13.62, s 13.62, s 13.30, s

2

3

4 6.22, s 6.35, s 6.31, s 6.43, s

da

5 6.81,s 555,

6

7

8 7.46, s 7.52,s 7.47,s

8a

9

9a
10a

10 6.71, d, 10.0 6.67,d, 10.0 6.67,d, 10.0 6.72,d, 10.2
11 5.55,d, 10.0 5.72,d, 10.0 5.73,d, 10.0 5.59,d, 10.0
12

13 1.44, s 1.47, s 1.46, s 1.47, s

14 1.44, s 1.47,s 1.46, s 1.47, s

15 6.44,d,9.4
16 5.73,d,9.8
17

18 1.54, s

19 1.54, s

1 4.31,d,5.6 3.62,d,7.4 3.43,d,7.4

2' 529, m 532,t, 74 540,t, 74

3

a4 1.77,d, 1.0 1.67,d, 1.4 1.75,dd, 6.7, 1.3

5 1.87,s 1.90,d, 1.7 1.75,dd, 6.7, 1.3

a: CDCls, 400 MHz; b: acetone-dg, 500 MHz; c: CDCls, 500 MHz



Table 3.4 13C—N!\/\R data of metabolites 4-7

37

Position 5 S é‘c (ppr:\) 5
i 5 6 7

1 158.1 158.4 160.8 157.9
2 104.0 105.0 105.1 104.9
3 160.0 160.8 158.6 160.6
4 94.3 95.4 95.4 95.5
da 156.5 158.0 157.8 157.0
5 101.5 116.7 132.3 132.2
6 153.8 150.8 150.8 144.9
7 139.9 1433 126.9 117.9
8 1275 106.3 116.6 113.6
8a 111.7 113.4 113.6 114.8
9 182.9 180.9 181.2 180.4
9a 104.6 103.6 103.6 103.7
10a 151.0 152.0 145.4 145.2
10 116.0 115.9 115.8 115.6
11 127.3 128.6 128.6 127.7
12 78.1 78.9 78.9 78.3
13 28.5 28.5 28.5 28.5
14 28.5 28.5 28.5 28.5
15 127.4
16 131.2
17 79.1
18 28.6
19 28.6
1 26.1 23.1 28.7

2' 121.6 1224 122.7

3 135.9 132.6 133.6

4 26.2 25.9 259

5 18.3 18.2 17.9

a: acetone-dg, 125 MHz; b: CDCls, 125 MHz
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3.2.7 Structure elucidation of metabolite 7

Figure 3.13 Structure of metabolite 7

Metabolite 7 was obtained as a yellow amorphous solid and had the
molecular formula C,,H,0O4 determined by the "H- and “C-NMR data (Tables 3.3
and 3.4). The NMR spectra of metabolite 7 were very similar to those of metabolite 6,
except for the existence of pyranyl rings. Two pairs of doublets at & 5.59 U = 10.0
Hz, 1H, H-11) and 6.72 (J = 10.2 Hz, 1H, H-10), as well as at &, 5.73 (J = 9.8 Hz, 1H, H-
16) and 6.44 (J = 9.4 Hz, 1H, H-15) indicated the presence of two pyranyl rings in the
structure. This metabolite was identified as the known chromenoxanthone,

pyranojacareubin (7), by comparing its NMR data with published data [63].

3.2.8 Structure elucidation of metabolite 8

Figure 3.14 Structure of metabolite 8

Metabolite 8 was isolated as a yellow gum. 1D and 2D NMR established the
molecular formula Cy4H1006. The "H-NMR spectrum (Table 3.5) exhibited aromatic
protons at & 6.47 (s, 1H, H-2), 7.18 (t, J = 7.9 Hz, 1H, H-7), 7.28 (d, J = 7.7 Hz, 1H, H-6)
and 7.59 (d, J = 8.0 Hz, 1H, H-8), and the remaining singlet at & 3.87 (3H, 4-OCH-) was
attributed to the methoxy protons. The PC-NMR spectrum (Table 3.6) confirmed the
presence of methoxy group at & 60.4 (4-OCH,). From the HMBC spectrum (Figure

3.15), proton at &y 6.47 (H-2) displayed correlations with & 102.1 (C-9a), 132.8 (C-4),
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154.5 (C-1) and 165.2 (C-3). Therefore, metabolite 8 was assigned to be 1,3,5-
trihydroxy-4-methoxyxanthone as known as daphnifolin. Daphnifolin was firstly

isolated from Mesua daphnifolia [64], and here is the first report from the genus

Calophyllum.
O OH
VRN
‘\) — 'H-"H cosy
~ HMBC
(@] =~ OH
OH OCHg,

Figure 3.15 'H-'H COSY and HMBC correlations of metabolite 8

3.2.9 Structure elucidation of metabolite 9

Figure 3.16 Structure of metabolite 9

Metabolite 9 was obtained as a yellow amorphous solid. 1D and 2D NMR
established the molecular formula Ci4H;00. NMR spectra of metabolite 9 were very
similar with those of metabolite 8. Its 'H- and " °C-NMR spectrum (Tables 3.5 and 3.6)
presented signals of proton at &, 3.88 (s, 3H) and carbon at & 60.8 (2-OCHs),
proposed the appearance of methoxy group. Proton at &, 6.53 (s, 1H, H-4) showed
HMBC correlations with & 104.0 (C-9a), 131.5 (C-2), 153.8 (C-4a) and 159.2 (C-3) (Figure
3.17). The structure of metabolite 9 was confirmed by 'H-'H COSY and HMBC
correlations (Figure 3.17). By comparing its NMR data with those reported in the

literature [65], metabolite 9 was elucidated as 1,3,5-trihydroxy-2-methoxyxanthone.
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<P OCH; — 'H-"H COSY
@ @ ~—~ HMBC
0" SZF ™ 0H
Figure 3.17 'H-'H COSY and HMBC correlations of metabolite 9

3.2.10 Structure elucidation of metabolite 10

Figure 3.18 Structure of metabolite 10

Metabolite 10 was isolated as a yellow gum and the molecular formula
Ci3HgOs was determined according to 'H-NMR data (Table 3.5). NMR data of
metabolite 10 were very similar with those of metabolite 8, except for the absence
of methoxy group. The "H-NMR spectrum showed aromatic protons at &, 6.11 (d, J =
1.9 Hz, 1H, H-2), 6.28 (d, J = 2.3 Hz, 1H, H-4), 7.16 (t, J = 7.8 Hz, 1H, H-7), 7.24 (dd, J =
1.6, 7.8 Hz, 1H, H-6) and 7.55 (dd, J = 1.6, 7.8 Hz, 1H, H-8). Therefore, metabolite 10
was assigned as 1,3,5-trihydroxyxanthone. The NMR data was matched with the

literature [66].



Table 3.5 1H—NMR data of metabolites 8-10 (acetone-dy, 500 MHz)

S, (ppm), mult, J in Hz

Position
8 9 10
1 13.13, s
2 6.47, s 6.11,d,1.9
3
a4 6.53, s 6.38,d, 2.3
da
5
6 7.28,d, 7.7 7.35,dd, 1.6, 7.8 7.24,dd, 1.6, 7.8
7 7.18,t, 7.9 7.28,t,7.9 7.16,t, 7.8
8 7.59,d, 8.0 7.67,dd, 1.6, 7.9 7.55,dd, 1.6, 7.8
8a
9
9a
10a
2-OCH,4 3.88, s

4-OCH, 3.87,s




Table 3.6 "C-NMR data of metabolites 8 and 9 (acetone-dg, 125 MHz)

42

Position 5C (pprm)
8 9

1 154.5 155.4
2 96.0 131.5
3 165.2 159.2
4 132.8 94.7
da 155.0 153.8
5 147.5 146.9
6 120.8 121.7
7 124.2 124.8
8 115.4 116.2
8a 122.0 121.3
9 180.9 182.1
9a 102.1 104.0
10a 146.1 146.1

2-OCH, 60.8

4-OCH, 60.4
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3.2.11 Structure elucidation of metabolite 11

0]

8 9 1
OH
8a 9a
6 10a 4a 3
5 O 4

Figure 3.19 Structure of metabolite 11

Metabolite 11 was obtained as a yellow amorphous solid and the molecular
formula Cy3HgO3 was determined according to 'H- and 13C—NMR data (Tables 3.7 and
3.8). The 'H-NMR displayed one hydroxyl group at O, 8.89 (s, OH-2) and seven
aromatic protons at @ 7.38 (dd, J = 3.1, 8.9 Hz, 1H, H-3), 7.52 (d, J = 9.0 Hz, 1H, H-4),
7.63(d, J = 3.1 Hz, 1H, H-1), 7.44 (m, 1H, H-5), 7.58 (m, 1H, H-7), 7.83 (ddd, J = 1.7, 7.1,
8.6 Hz, 1H, H-6) and 8.24 (dd, J = 1.6, 8.0 Hz, 1H, H-8). Its "C-NMR showed conjugated
carbonyl carbon at O 176.9 (C-9) and one oxygenated quaternary carbon at O 154.8
(C-2). Moreover, the complete structure of metabolite 11 was confirmed by
comparing its NMR data with previously reported, and it was identified as 2-

hydroxyxanthone [67].

3.2.12 Structure elucidation of metabolite 12

Figure 3.20 Structure of metabolite 12

Metabolite 12 was obtained as a light yellow powder and the molecular
formula Cy3HgOs; was determined according to 1D and 2D-NMR data. NMR data
(Tables 3.7 and 3.8) of metabolite 12 were very similar to those of metabolite 11,
except for the appearance of a hydroxyl group at &y 9.24 (s, OH-4) attached with
oxygenated quaternary carbon at & 147.3 (C-4) in metabolite 12. Proton at oy 7.73

(dd, J = 1.6, 7.9 Hz, 1H, H-1) and 8.26 (dd, J = 1.7, 7.9 Hz, 1H, H-1) showed HMBC



a4

correlations with conjugated carbonyl carbon at & 177.1 (C-9) (Figure 3.21). Hence,
metabolite 12 was assigned as 4-hydroxyxanthone, further confirmed by comparing

its NMR data to those previously reported [67].

i
> — 'H-"H coSY
@ @ ~—~ HMBC

o

OH

Figure 3.21 'H-"H COSY and HMBC correlations of metabolite 12

3.2.13 Structure elucidation of metabolite 13

Figure 3.22 Structure of metabolite 13

Metabolite 13 was obtained as yellow needles with molecular formula
Co3H»,05 deduced from its NMR data. Analysis of "H- and “C-NMR (Tables 3.7 and
3.8) data of 13 was similar to those of metabolite 6, except for the absence of
hydroxyl group at C-6 and prenyl group at C-7. The "H-NMR spectrum of 13 showed
the existence of pyran ring by a pair of ortho-coupled protons at & 5.64 (d, J = 10.0
Hz, 1H, H-11) and 6.79 (d, J = 10.0 Hz, 1H, H-10) and a pair of overlapping methyls
gave a signal at &y 1.53 (s, H-13 and H-14). The doublet signals at & 5.64 (H-11) and
6.79 (H-10) showed HMBC correlations to the carbon signal at & 105.7 (C-2).

Consequently, the pyran ring was assigned at C-2 and C-3 (Figure 3.22).

A 1,1-dimethylallyl group with its characteristic chemical shift was appeared
at & 1.66 (s, 6H, H-4' and H-5'), 5.08 (d, J = 10.6 Hz, 1H, H-3'b), 5.24 (d, J = 17.7 Hz,

1H, H-3'a) and 6.72 (dd, J = 17.7 and 10.6 Hz, 1H, H-2). Placement of the 1,1-



45

dimethylallyl group at C-4 was achieved via observed HMBC correlations between &y
1.66 (H-4' and H-5) and & 113.4 (C-4) (Figure 3.22). The structure of 13 was
confirmed by comparing its NMR data to those previously reported and elucidated as

caloxanthone C [63].

— "H-"H cosy

Figure 3.23 "H-'H COSY and HMBC correlations of metabolite 13

3.2.14 Structure elucidation of metabolite 14

Figure 3.24 Structure of metabolite 14

Metabolite 14 was obtained as a yellow amorphous solid with molecular
formula CyH,,0O4 determined by analysis of 'H- and 13C—NMR data, as shown in
Tables 3.7 and 3.8. NMR data of metabolite 14 were very similar with those of
metabolite 13, except the presence of hydroxyl group at C-6. A pair of doublets at &y
5.61 (J = 10.0 Hz, 1H, H-11) and 6.76 (J =9.9 Hz, 1H, H-10) pointed to the existence of
a pyran ring in the structure. The structure of metabolite 14 was confirmed by
comparing its NMR data with previously reported and metabolite 14 was confirmed

as macluraxanthone [60].



Table 3.7 1H—N!\/\R data of metabolites 11-14
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S, (ppm), mult, J in Hz

Position 5 5 S S
11 12 13 14

1 7.63,d, 3.1 7.73,dd, 1.6, 7.9 13.45, s 13.53, s

2 8.89, s 7.29,1, 7.9

3 7.38,dd, 3.1, 8.9 7.36,dd, 1.6, 7.8

4 7.52,d,9.0 9.24, s

4a

5 7.44, m 7.63, m 6.41, s 5.96, s

6 7.83,ddd, 1.7, 7.1,8.6 7.85,ddd, 1.7, 7.1,86 7.25,d, 7.4 6.27, s

7 7.58, m 747, m 7.27,t, 2.9 6.94, d, 8.1
8 8.24,dd, 1.6, 8.0 8.26,dd, 1.7, 7.9 7.71,dd, 7.2, 1.2 7.68,d, 8.7
8a

9

9a
10a

10 6.79, d, 10.0 6.76, d, 9.9
11 5.64, d, 10.0 5.61,d, 10.0
12

13 1.53,s 1.51,s

14 1.53, s 151, s

1

2 6.72,dd, 17.7, 10.6  6.72,d, 10.3
3 5.24,d,17.7 5.22,d,17.7

5.08, d, 10.6 5.05,d, 104

4 1.66, s 1.64,s

5 1.66, s 1.64, s

a: CDCls, 400 MHz; b: acetone-dg, 500 MHz



Table 3.8 13C—NI\/\R data of metabolites 11-14

a7

i, & (ppm)
Position 11b 12b 13 e
1 109.9 117.0 156.9 156.9
2 154.8 124.9 105.7 105.7
3 125.1 121.0 159.6 159.1
4 120.3 147.3 1134 113.2
4a 150.9 146.3 1555 154.2
5 118.9 119.0 1455 131.2
6 135.7 135.9 119.8 149.1
7 124.6 125.1 124.3 1129
8 127.0 127.0 116.2 117.6
8a 122.0 122.4 120.1 113.8
9 176.9 177.1 181.5 180.9
9a 123.2 123.6 103.7 103.2
10a 157.0 156.7 144.3 144.7
10 116.2 116.2
11 127.4 127.3
12 78.6 78.5
13 28.5 28.1
14 28.5 28.1
1 41.5 41.6
2' 155.9 157.0
3' 104.3 103.4
4 28.1 28.3
5 28.1 283

a: CDCls, 100 MHz; b: acetone-dg, 125 MHz; c: CDCls, 125 MHz
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3.2.15 Proposed biosynthesis pathway of isolated metabolites

Finnegan, Patel and Bachman [68] suggested 11 and 12 would be derived from
2,3'-dihydroxybenzophenone.  Figure 3.25 shows a proposed biosynthetic pathway
to the xanthones 1-10 and 13-14. The 1,3,5-trihydroxyxanthone (10) and 1,3,7-
trihydroxyxanthone  (10.1) would be produced from 2,3'4,6-tetrahydroxy-
benzophenone; they are likely the precursors of all plant xanthones [69]. Further
oxidation and O-methylation at C-4 and C-2 of 10 would give metabolites 8 and 9,
respectively. The intermediate 10.7 would be generated from 10 via prenylation and
cyclization at C-2. Metabolite 6 would be obtained from intermediate 10.7 via
oxidation at C-6, followed by prenylation at C-7. The further cyclization of 6 would
give metabolite 7. Prenylation at C-4 of 10, followed by Claisen rearrangement of the
isoprenyl group at C-4, would give intermediate 10.4. Metabolite 13 would be
obtained from intermediate 10.4 via prenylation and cyclization at C-2. Metabolite
14 would be obtained from the oxidation at C-6 of 13. Prenylation at C-8 and
oxidation at C-6 of intermediate 10.4 would give intermediate 10.5.
Intermediate 10.6 would be produced from the methylation at C-5of 10.5.
Cyclization of 10.6 would generate compound 3. Besides, oxidation at C-7
of 10.6 would generate metabolite 1. Moreover, metabolite 2 could be obtained via
cyclization of 1. On the other hand, intermediate 10.1 (not isolated in this study)
would generate intermediate 10.2 by oxidation at C-6. Further prenylation and
cyclization at C-2 of 10.2 would produce intermediate 10.3. Finally, prenylation at C-

5 and C-8 would give metabolites 5 and 4, respectively.



6b

$2))0ge1aW Pa1e)os| Jo Aemyied sisayiuAsolq pasodoid Gz ¢ 24nSi4

uonezipAn

9°0L

€01
o o OH
o O GG Y
(5-D) uonejkuaid-o S on
HO O

uonezipAiy g
(z-0) uonejhuaid-o -

col

IOQOQOI
'\Jﬂ/.wo:
HO O

vi

(9-0) uonepixo
uonezipAD

€l

9
(8-0) uonejhusid-9g uoneziph ‘g
(9-0) uonepIxo'L (2-0) uonejhuaid-o |

(£-0) uonejhusid-o 'z
(9-0) uonepixo "L

volL

HO 0L
N HO. o HO
sV /)]
(g-D) uonejAusaid-o O Q (o} (0}
HO O X O O
HO o

juswabuelnieay uasie|) 'z
(#-0) uonejhuesd-o - uoneziPAg 'z
(z-0) uonejhuaid-o -

L'oL suousaydozuagAxoipAyenal-9‘v'.e'c oL

HO HO
HO O HO OH HO, O
L, — T — T m
(9-0) uonepixo §OI (z-0) uonejAylew-o
HO O HO O HO O

(2-D) uonepixo "L
0102 ‘Ipeos-|3

(-0) uonelhyyew-o ¢
(¥-0) uonepixo "L



50

3.3 Anti-proliferative activity

All isolated metabolites (1-14) were evaluated for their anti-proliferative
activity against liver cancer (Hep-G2) and colon cancer (HCT-116) cell lines. The MTT
assay examined cell viability to determine the effect of the metabolites on cancer
cells. Doxorubicin and sorafenib were used as positive controls. The results are
summarized in Table 3.9. Twelve metabolites, 1-6, 8-12 and 14 showed anti-
proliferative activity toward Hep-G2 and HCT-116 cancer cell lines. The activity of
metabolites 7 and 13 did not determine due to the solubility problem, as well as
metabolites 8 and 10 did not determine due to the contamination of Hep-G2 cell

line.

Table 3.9 Anti-proliferative activity of isolated metabolites on cancer cell lines

a
Metabolites G, M)
Hep-G2 HCT-116

1 24.50 + 0.15 9.78 £ 0.14

2 12.37 + 0.24 12.11 £ 0.08

3 17.95 + 0.33 11.01 £ 0.07

4 11.40 + 0.06 10.24 + 0.04

5 6.07 + 0.11 3.04 +0.12

6 11.00 + 0.18 4.98 +0.21

7 R o

8 L >100

9 >100 >100

10 & >100

11 >100 >100

12 >100 >100

13 b b

14 594 + 0.13 3.04 +0.20
Doxorubicin 3.02 £ 0.39 3.15+0.11

Sorafenib 183 +0.13 P

a: ICso = 50% inhibition concentration; b: Did not determine;

HCT-116 = colon cancer; Hep-G2 = liver cancer
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Metabolites 1-6 and 14 were more sensitive against HCT-116 than Hep-G2
cells. The proliferation rate of HCT-116 cells was strongly inhibited at ICso values of
3.04 uM by metabolites 5 and 14 comparable to doxorubicin, a standard drug. These
xanthones have a prenyl moiety attached at different carbon and a pyrano ring fused
at C-2 and C-3. Metabolites 1-4 and 6 resulted in decreased activity with ICs, values
of 9.78, 12.11, 11.01, 10.24 and 4.98 uM, respectively. It is probably caused by prenyl
moiety at C-7 and C-8 that increases the steric effect [29]. This is because hydroxy at
C-1 or C-8, which ortho to the carbonyl, plays an essential role in increasing the
activity due to their capability as hydrogen bond donor and acceptor to enhance the
binding affinity of the potential biomolecular targets [70]. When the prenyl moiety is
attached at C-7 or C-8, it may prevent the hydrogen bond interactions from occurring

and caused a reduction in activity.

OH at this position increase the activity

Prenyl moiety in this position

decrease the activity

Pyrano ring in this position

is essential for activity

TN

Furano ring in this position

Prenyl moiety in this position decrease the activity

is important for activity

Figure 3.26 Summary of SAR of xanthone skeleton for anti-proliferative activity

Metabolites 5 and 14 were also found to have good activities toward Hep-G2
cells with ICs values of 6.07 and 5.94 uM, respectively. Meanwhile, the activity of
xanthones 1-6 were decreased probably due to the prenyl moiety in the xanthone
nucleus, C-7 and C-8 [29]. Those metabolites exhibited ICsy values of 24.50, 12.37,
17.95, 11.40 and 11.00 pM, respectively. The activity of 4 and 6 were 2-fold increased

compare to 1. It may occur due to the presence of pyrano ring fused at C-2 and C-3.
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Therefore, metabolites 5 and 14 were the most active metabolites against both HCT-

116 and Hep-G2 cancer cell lines.

Metabolites 1 and 2 have similar structure. Fusion of 1,1-dimethylallyl to
2,3,3-trimethyldihydrofuran ring at C-3 and C-4 showed that it did not significantly
decrease the activity for both metabolites toward HCT-116 cell lines. On the other
hand, it displayed a two-fold increase in activity against Hep-G2 for metabolite 2 (ICs
12.37 uM), compare with metabolite 1 (ICsy 24.50 pM). The furan ring fused at C-3
and C-4 of 2 and 3 might cause a decrease in activity toward HCT-116 cells; however,
their activity increased against Hep-G2 cells [29]. The summary of structure activity

relationship (SAR) is shown in Figure 3.26.

The results indicated that prenyl group and heterocycles (such as furano and
pyrano rings) play an important role in the anti-proliferative activity. Prenylation at C-
4 could increase their binding affinity [71]. Prenyl moiety might lead to higher
membrane permeability by their lipophilic nature [72]. However, heterocycles play a
much more significant role in medicinal chemistry. It has some drug properties,
including potency and selectivity through bioisosteric replacements, lipophilicity,
polarity and aqueous solubility [73]. Heterocycles could engage in a wide variety of
intermolecular interactions. Their abilities include hydrogen bond donor/acceptor, pi
stacking interactions, hydrophobic forces, metal co-ordination and van der Waals

bonds [74].

3.4 Study on action mechanism of macluraxanthone (14)

Apoptosis is a natural mechanism for programmed cell death. One of the
main functions of apoptosis is cancer prevention. Apoptosis plays a critical role to
eliminating any unnecessary or unwanted cells. Two different pathways lead to
apoptosis: the intrinsic pathway activated by intracellular signal and the extrinsic

pathway activated by extracellular signals [75]. The intracellular signals include DNA
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damage, growth factor deprivation and cytokine deprivation. The extracellular signals
are commonly produced by cytotoxic T cells from the immune system in response
to damaged or infected [76]. The illustration of the apoptosis pathway is shown in

Figure 3.27 [77].

Extrinsic pathway Intrinsic pathway

Death receptors — —
(e.g. TRAILR and FAS) Intrinsic lethal stimuli:

DNA damage, ER stress,
‘ hypoxia and metabolic stress

o S

Pro-caspase-8 and

pro-caspase-10 i “Mitochondrion ™~ « y

Y i 20 >
4 f A o
L ] I
BH3-only Yy ’/0
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e e o
BCL-X, or @ S et = (@)
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z @—Cytochrome ¢
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M BAX and BAK| @
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caspase-10 —»Q@ > &
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0 ! . 2
oligomerization Apoptosome
-
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Figure 3.27 Extrinsic and intrinsic pathways of apoptosis

The extrinsic pathway of apoptosis starts with a signal molecule (commonly
FAS and TRIAL) binding to a receptor outside the cell membrane. These molecules
may be excreted by neighboring cells when they were damaged or no longer needed.

The binding process causes FADD activation. The activated FADD interact with pro-
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caspase-8 and pro-caspase-10 to form caspase-8 and caspase-10, which play an
essential role in starting apoptosis. The activation of caspase-8 and caspase-10
transform BID into tBID, tBID moves to the mitochondria to activate BAX and BAK.
After the BAX and BAK are activated, the steps are the same for both the extrinsic

and intrinsic pathways [77].

The intrinsic pathway is triggered by cell stress or damage. It then activates
BH3-only proteins. BH3-only proteins consist of pro- and anti-apoptosis proteins. Pro-
apoptosis BH3-only proteins activates BAX and BAK (the same proteins that are
activated by tBID). Activated BAX and BAK cause a condition called mitochondrial
outer membrane permeability (MOMP). It plays a key role in apoptosis by allowing
the release of cytochrome C into the cytoplasm. Cytochrome C prompts the
formation of the apoptosome, which then activates pro-caspase-9 into caspase-9.
Caspase-9 activates caspase-3 and caspase-7. Activated caspase-3 and caspase-7

begin the breakdown of cellular materials [77].

B-cell lymphoma-2 (Bcl-2) family of proteins consists of pro- and anti-
apoptotic members, which interact to balance newly forming cells and old dying
cells [78]. The anti-apoptotic subfamily contains the Bcl-2 and Bcl-XL, whereas the
pro-apoptotic proteins including BAX, BAK, BID and BH3-only proteins [79]. When anti-
apoptotic Bcl-2 family members are overexpressed, pro- and anti-apoptotic Bcl-2
family members' ratio is disturbed and apoptotic cell death can be prevented. Bcl-2
was found to promote cell survival because it increases the total cell number by
preventing cell death. As shown in Figure 3.27, the role of Bcl-2-like anti-apoptotic
proteins is to inhibit their pro-apoptotic partners by binding with pro-apoptotic
proteins or inhibiting the direct activator of pro-apoptotic proteins [80]. High
expression of anti-apoptotic members such as Bcl-2 and Bcl-XL are commonly found

in a wide variety of human cancers. It mediates cancers' resistance to a broad
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spectrum of chemotherapeutic drugs and gamma-irradiation, which induce apoptosis
in tumor cells. By blocking the cell death signals triggered by these drugs, Bcl-2 and
Bcl-XL can interfere with many anti-cancer drugs' therapeutic effects. Hence, targeting
Bcl-2 and Bcl-XL could either restore the apoptotic process in tumor cells or
sensitize these tumors for chemo- and radiotherapies, which necessary for the

development of novel anti-cancer treatments [81, 82].

Macluraxanthone (14) was tested on western blot analysis to examine
whether it can reduce Bcl-2 and Bcl-XL expressions, anti-apoptosis proteins. Herein,
Hep-G2 cells were treated with indicated concentrations of 14 to observe the effect
on Bcl-2 and Bcl-XL expressions. Treatment of the cells with a different
concentration of 14 led to decreased Bcl-2 expression in concentration 5 uM and
Bcl-XL expression in concentration 10 uM (Figure 3.28). These data indicated
that 14 induced apoptosis in a concentration-dependent manner by the down-

regulation of the expression of both Bcl-2 and Bcl-XL.
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Figure 3.28 Effects of 14 on the expression level of Bcl-2 and Bcl-XL proteins.
Inhibitory effects of 14 on Bcl-2 and Bcl-XL expressions in Hep-G2 cell
lines in concentration-dependent manner (A). The levels of Bcl-2 and
Bcl-XL proteins were examined by western blot analysis. The relative

Bcl-2 and Bcl-XL proteins were measured by densitometry analysis (B).
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CHAPTER IV
CONCLUSION

In conclusion, purification of the n-hexane and EtOAc crude extracts of C.
inophyllum root vyielded two new prenylated xanthones, namely 1,3,6,7-
tetrahydroxy-5-methoxy-4-(1',1'-dimethyl-2'-propeny)-8-(3",3"-dimethyl-2"-propenyl)-
xanthone (1) and 7-hydroxycaloxanthone B (2), along with twelve known metabolites.
These metabolites were identified as caloxanthone B (3), 7-O-demethylmangostanin
(4), caloxanthone A (5), 7-prenyljacaerubin (6), pyranojacareubin (7), daphnifolin (8),
tovopyrifolin - C (9), 1,3,5-trihydroxyxanthone (10), 2-hydroxyxanthone (11), 4-
hydroxyxanthone (12), caloxanthone C (13) and macluraxanthone (14). In addition,
metabolites 4, 6 and 8 were isolated from the genus Calophyllum for the first time.
All metabolites were evaluated for their anti-proliferative activity against two cancer
cell lines; liver cancer (Hep-G2) and colon cancer (HCT-116). Metabolites 5 and 14
showed the most active metabolites against both Hep-G2 and HCT-116 cancer cell
lines, both 5 and 14 displayed strong activities toward HCT-116 with ICsy values of
3.04 pM comparable to doxorubicin, a standard drug. Besides, 5 and 14 exhibited
potent activities against Hep-G2 with ICs, values of 6.07 and 5.94 uM, respectively.
Furthermore, metabolite 14 was subjected to western blot analysis to study its
mechanism of action. The result demonstrated that 14 induced apoptosis in
concentration-dependent manner by the down-regulation of the expression of both

Bcl-2 and Bcl-XL proteins.
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