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CHAPTER |
INTRODUCTION

1.1 Introduction of cancer

Cancer is a disease refers to abnormal cells develop and multiply
uncontrollable rapidly. The abnormal cells then form a mass and become malignant
tumor which could spread to other organs via blood and lymphatic system.
According to World Health Organization (WHO), cancer is the second leading cause of
human death worldwide. The number of death estimated 9.6 million deaths in 2018
and still increase in every year. Nowadays, there are many ways to prevent cancer

but the treatment to cure completely is still none exist.

Normal cells Cancer cells ‘/{‘n i\r”‘ _— Cancenr c:er:lrs )
; = (79 ® 7/" gg:malilssuiug
=
@ 0}‘\
Se ..
(9/® %)

Figure 1.1 Start of cells multiplies and becoming cancer

(Courtesy to https://www.cancerresearchuk.org/about-cancer/what-is-cancer)

Hepatocellular carcinoma (HCC) is number one deadliest disease in Thailand
from the report of Ministry of Public Health. The risk factors for cancer are various, it
could be from environment, life routine and human genetic. Interestingly,
carcinogenic infection from human papillomavirus (HPV), hepatitis B and C virus could
lead approximately 25% to 40% to HCC even though the mechanism underlying
progression still remains unclear. According to Thailand-based Cancer Registry
reported, in 2015, liver cancer accounted for 15,912 patients out of 20,617 new
cancer cases to deaths. Moreover, it occurs more often in men than women. Despite
metastatic liver cancer being the most frequently seen type, for instance, spreading

from breasts or colons, hepatocellular carcinoma (HCC) is also the most common



primary cancer account for 80% of all primary liver cancers. This is due to the
typically late diagnosis with a median survival following diagnosis of approximately 6
to 20 months [1]. Currently, general drugs approved by the Food and Drug
Administration (FDA) for liver cancer are extensively depends on patient’s symptoms.
For examples, sorafenib tosylate, a kinase inhibitor drug is used with the HCC that
cannot be removed by surgery, and bevacizumab, an angiogenesis inhibitor is given
to patients who have not received systemic therapy or in metastatic stage [2].

In addition, liver cancer has been grouping into five stages to prevent medical
intervention harms in patients with cirrhosis. As Figure 1.2 showed, liver cancer
metastasis appears in fourth of five stages classified as Advanced stage. This meaning
that liver cancer could spread from origin to other organs. For explanation,
metastasis occurs when the primary cancer travels from its original place through the
bloodstream and lymph node, then forms a secondary or metastatic tumor in the
nearest organs. More importantly, HCC has a high recurrent rate of intrahepatic
metastatic spread [3] as well as extrahepatic metastasis to the colon [4]. Thus, this
could estimate lessen of survival time in patient with around 11 - 13 months in

nearly last stage.

Estimated
survival
time

Very early Eart A Intermediate Advanced Terminal
stage (0) muyegs {8 stage (B) stage (C) stage (D)
L. . i :
\ .V [ . . L
‘ s .

>5 years

>2 years

11-13 montbhs (first-line)

3 months

8-10 months (second-line)

Figure 1.2 Clinical algorithm of hepatocellular carcinoma

(Courtesy to https://www.nejm.org/doi/full/10.1056/NEJMral1713263)



Nowadays, there are many treatments use to fisht cancer, such as
immunotherapy, radiation therapy, or targeted therapy. However, among various
treatments, chemotherapy is the most often use to treat cancers. In addition, more
than 50% of chemotherapeutic drugs are natural compounds. This is due to a fewer

toxicity and side-effects against normal cells [5].

1.2 Introduction of Garcinia mangostana L.

Mangosteen (Garcinia mangostana L.), a large perennial plant with lushes of
leathery thick leaves, grown well and widely in tropical weather countries specially in
Southeast Asia. It is known as ‘Queen of fruits’ due to the unique sweet-but-sour
taste and the round, dark purplish appearance with thick green sepals arranged like a

crown [6].

Figure 1.3 Characteristic of mangosteen (Garcinia mangostana L.)

(Courtesy to https://lunti.ph/products/mangosteen-grafted-seedling)

The taxonomy hierarchy of mangosteen was classified by scientist as Figure

1.4 described below.



Kingdom: Plantae
Division: Tracheophyta
Class: Magnoliopsida
Order: Malpighiales
Family: Clusiaceae
Genus: Garcinia L.

Species: Garcinia mangostana L.

Figure 1.4 Classification of Garcinia mangostana L.

Additionally, not only a flavor that makes mangosteen becomes well known
but also because of its variety in medicinal applications. In many countries including
Thailand, mangosteen has been used as a traditional medicine for recent past.
Various parts from the mangosteen plant can be used in numerous ways. For
instance, extracts of ripening fruits were used for diarrhea treatment, whereas stem
barks were used for wound infection treatment [7]. Nowadays, there are prevalent
researches and studies about metabolite compositions from mangosteen. The most
common classes found are xanthones with a- and B-mangostin as major
components (Figure 1.5). These compounds have been reported with many
beneficial bioactivities such as anti-oxidation, anti-inflammatory, antimicrobial and
anticancer [8]. Mangosteen also contains other class compositions, for examples,
flavonoids (Figure 1.6), anthocyanins (Figure 1.7) and benzophenones (Figure 1.8)

[91.



HO o) OR;

a-Mangostin (R;=H, R,=CH3) Mangostanaxanthone IV Gartanin
B-Mangostin (R;=CHj3, R,=CHj)
y-Mangostin (R;=H, R,=H)

Garcinone E Mangostanol

Figure 1.5 Structures of isolated xanthones from mangosteen
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Figure 1.8 Structures of isolated benzophenones from mangosteen

1.3 Literature reviews

Many previous researches have been studied about the bioactivities of
xanthones especially with a-mangostin. Because of it being easily found, this largest
constituent a-mangostin was used to study for medicinal usages. One of the
common study is anticancer activity. To demonstrate that, a-mangostin was applied
with various cancer cell lines. As a result, a-mangostin could prevent and inhibit
proliferation of many cancer cells such as colorectal, hepatocellular, and breast
cancer cells [10].

Hung et al. (2009) reported that o-mangostin could reduce matrix

metalloproteinase-2 (MMP-2), matrix metalloproteinase-9 (MMP-9) and urokinase-



plasminogen activator (u-PA) expression by suppressing JNK1/2 signaling pathway and
inhibiting NF-kB and AP-1 binding activity. Hence, it could moderate PC-3 cells
metastasis.

In 2010, Shih et al. studied correlation between a-mangostin and
FAK/ERK/NF-kB signaling pathway. The reported showed that a-mangostin could
decrease matrix metalloproteinase-2 (MMP-2) and matrix metalloproteinase-9 (MMP-
9) expressions through the avfB3 integrin receptor. Thus, a-mangostin was able to
inhibit the PMA-induced invasion and migration of A549 human lung adenocarcinoma
cell.

Lee et al. (2010) reported the metastatic inhibition in MCF-7 breast cancer
cells by a-mangostin. The antimetastatic activity happened via inactivated the
phosphorylation of ERK1/2 and reduced AP-1 and NF-KB DNA binding activities,
leading to the down-regulation of matrix metalloproteinase-2 (MMP-2) and matrix
metalloproteinase-9 (MMP-9) expressions.

Yoo et al. (2011) reported that a-mangostin had antiproliferation ability
against colon cancer cells by inhibiting the transcriptional activity of TCF/B-catenin in
Wnt/B-catenin signaling.

In 2011, Shibata et al. reported the metastasis inhibition of a-mangostin
against mammary carcinoma cells with p53 mutation. It could induce mitochondria-
mediated apoptosis along with S-phase and G1-phase arrest. Moreover, a-mangostin
was able to decrease the levels of phospho-Akt-threonine 308 (Thr308) significantly.

Wudtiwai et al. (2017) reported that HepG2, a hepatocellular carcinoma (HCC)
significantly sensitized a-mangostin at the anoikis-resistance state through the
inhibition of cell survival by induced caspase-9, caspase-8 and caspase-3 activities.

Furthermore, it could suppress AKT and ERK signaling pathways excellently.

1.4 Objectives of the present study

Apart from a-mangostin and other xanthones, the study in bioactivity of other
metabolites with anticancer activities are still lack and barely known. Although there
were some reports, most were only preliminary investigation. In addition, study on

metabolites from mangosteen roots is still less.



Because of this, this study aims to isolate secondary metabolites from
mangosteen roots and to study effect of these metabolites against hepatocellular

carcinoma and colon cancer cell growth as well as their efficacy on cell migration.



CHAPTER Il
EXPERIMENTAL

2.1 Plant Materials
G. mangostana roots were collected in May 2019 from Nakhon Sri Thammarat

province, Thailand.

2.2 General Experimental Procedures

2.2.1 Thin-layer chromatography (TLC)
Thin-layer chromatography (TLC) was performed on aluminum foil sheet,
coated with silica gel. The TLC was observed under UV light at 256 nm and
dipped with ammonium molybdate ((NH4)sMo7)O,4) in 5% H,SO4/EtOH.

2.2.2 Column chromatography (CC)
Column chromatography was performed using Silica gel 60 (No. 7734 and No.
9385, Merck), Sephadex LH-20 (Pharmacia), and Octadecyl-silica (ODS, C-18) as
packing materials.

2.2.3 High performance liquid chromatography (HPLC)
High performance liquid chromatography (HPLC) was performed using Thermo
Scientific Spectra System (Thermo Scientific P200 pump and Thermo Scientific
UV6000LP detector). Column VertiSepTM UPD C18 (4.6 x 150 mm, 5 uM) was
used for analysis and Column GL Sciences (20 x 250 mm, 5 uM) was used for
separation.

2.2.4 Nuclear magnetic resonance spectroscopy (NMR)
The NMR spectra was recorded in chloroform - d (CDCl;) and acetone - dg
((CD5),CO) using Varian Mecury 400 plus (400 MHz for 'H NMR) and Bruker
AVA00 (400 MHz for 'H NMR, 100 MHz for ~C).

2.2.5 Mass spectrometry (MS)
HRESIMS spectra was obtained with a Bruker micrOTOF.
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2.2.6 Fourier transforms infrared spectrophotometer (FT-IR)
Perkin-Elmer Model 1760X Fourier Transform Infrared Spectrophotometer was
performed to recode FT-IR spectra.
2.2.7 Melting point
Melting point was recorded using Fisher-Johns melting point apparatus.
2.2.8 Microplate reader
BioTek " ELx800 " Absorbance Microplate Reader was used to measure

absorbance at 540 and 570 nm.

2.3 Chemicals and reagents
2.3.1 Solvents

Chemicals used in this experiment were classified into two types. Commercial
grade solvents including methanol (MeOH), acetone, ethyl acetate (EtOAQ),
dichloromethane (CH,Cl,) and n-hexane were purified by distillation prior to use.
HPLC grade solvents, Milli-Q water, MeOH, and acetonitrile were used for HPLC

purification.

2.4 Extraction and Isolation

The powdered mangosteen roots (2.4 kg) were extracted 3 times with MeOH
for 3 days (5 L each per time) at room temperature to obtain dark purple residue.
After concentrated under reduced pressure, the latter was partitioned between H,0O
and EtOAc in equal amount for 3 times. The EtOAc layer was concentrated with
rotary evaporator under reduced pressure to get the EtOAc crude extract (53.08 g).

The extraction procedure is shown in Scheme 2.1.



Powdered mangosteen roots
(2.4 ko)

Extracted with MeOH
(3 times, 5 L/each for 3 days)

Crude

MeOH

Partition with EtOAc: H,O (1:1)
(200 mL, 3 times)

A4

Crude EtOAC
(53.08 ¢)

Scheme 2.1 The extraction procedure of powdered mangosteen roots

The EtOAc crude extract was chromatographed on SiO, column using EtOAc:
n-hexane (2:8) to give ten fractions (A-J). Fraction H (2.9 ¢) was separated by
Sephadex LH-20 CC (MeOH) to gain three subfractions (H1-H3). Subfraction H1 was
meticulously separated with SiO, CC using acetone: n-hexane (3:7) to afford
compounds 1 and 10 (3.8 mg and 31.7 mg respectively). The solvent used for
subfraction H3 separation was 4:6 ratio of acetone: n-hexane to yield compound 12
(5.7 mg) together with H3.7. Later, subfraction H3.7 was re-chromatographed over
ODS (C-18) using H,O: MeOH (2:8) to provide compounds 13 (32.9 mg) and 14 (10.9
mg). Subfraction H2 was treated similarly to subfraction H1 to obtain compound 16
(13.3 mg) with another subfraction H2.1. The subfraction H2.1 was then subjected to
ODS (C-18) CC with H,O: MeOH (2:8) as eluent, gave out compound 15 (98.7 mg). The

A4

Residue

isolation of fraction F is shown in Scheme 2.2.

Residue
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(5.7 mg)

12

acetone: n-hexane (4:6)
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CC, ODS (C-18)
H,0: MeOH (2:8)
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13
(32.9 mg)

14
(10.9 mg)

Scheme 2.2 The isolation procedure of fraction H

Subsequently, Fraction E (2.6 g) was separated by Sephadex LH-20 CC with

MeOH and gave six subfractions (E1-E6) which E3 was crystalized and yielded

compound 3 (281 mg). Fraction E5 was further purified by reversed-phase ODS (C-18)

CC using H,0: MeCN (2:8) to obtain compound 2 (301.6 mg). Following by fraction C

(346.9 mg), was submitted to SiO, CC utilizing acetone: n-hexane (1:9) to obtain six

subfactions (C1-C6). Subfraction C4 then was subjected to SiO, CC using CH,Cly: n-

hexane gradient from 6:4 — 9:1 and gave compounds 5 and 20 with weight 5.8 and

120.2 mg, respectively. Fraction B was separated by SiO, CC using EtOAc: n-hexane

(1:9) to give nine subfractions (B1-B9). Subfraction B4 was picked to separate with

Sephadex LH-20 CC using MeOH and gave out compound 21 (58.8 mg). The isolation

procedure of these compounds is shown in Scheme 2.3.
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Scheme 2.3 The isolation procedure of fractions B, C, and E
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(281 me)

Residue
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(301.6 mg)

Furthermore, fraction G was subjected with acetone: n-hexane (2:8) elution

on SiO, column. The fraction provided many subfractions included impure G5 - G7.

Subfraction was then purified by ODS (C-18) CC with H,O: MeOH (1:9) to yield

compound 17 (30.4 mg). Fraction J was eluted over Sephadex LH-20 with MeOH to

obtain seven subfractions (J1 - J7). One of these became compound 22 (15.8 mg),

whereas subfraction J3 was continuedly chromatographed with SiO, CC utilizing

acetone: n-hexane (4:6). Lastly, ODS (C-18) column chromatography of J3e afforded

compound 4 (3.6 mg). The isolation of fraction D is shown in Scheme 2.4.
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Scheme 2.4 The isolation procedure of fractions G and J

Fraction F was subjected to SiO, CC utilizing EtOAc: CH,CL, gradients from 0:10

to 1:9 to obtain ten subfractions (F1-F10). Compound 19 (60 mg) was obtained by

separating subfraction F7 with SiO, CC using acetone: n-hexane (3:7) together with

impure compound 18. The impure compound was further purified by ODS (C-18)

column utilizing H,O: MeCN (2:8) to yield compound 18 (31.4 mg). Subfraction F10

was isolated by Sephadex LH-20 CC using MeOH to afford compound 7 (1.9 mg) and

impure major subfraction F10b. ODS (C-18) CC eluted with H,O: MeOH (3:7) provided

compound 6 (3.9 mg). The isolation of fraction F is shown in Scheme 2.5.
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Scheme 2.5 The isolation procedure of fraction F
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Last but not least, fraction D, the chromatography was performed using SiO,

CC with CH,Cl,: n-hexane from 7:3 to 9:1 gradient elution to yield fifteen subfractions

(D1-D15). Subfractions D4, D14 and D15 were treated similarly by fractionation with

Sephadex LH-20 CC using MeOH elution. The D14s11 - D14s12 obtained from

subfractions D14 and D15 were purified by ODS (C-18) CC with H,O: MeOH (20%) to

give compound 8 (1.3 mg). Minor subfractions D4s17 - Dd4s25, which had been

obtained from subfraction D4 was then separated again by SiO, CC utilizing EtOAc: n-

hexane (2:8) to yield compound 9 (5.8 mg). Major subfraction D6, being crystal

pellets, was subjected to SiO, CC with acetone: n-hexane (2:8) to give minor

subfractions D6r31 — D6r70 which also been crystalized and submitted to Sephadex

LH-20 CC using MeOH elution to obtain another subfractions D6R15 — D6R20. Lately,
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SiO, CC with EtOAc: n-hexane with 1:9 to 2:8 gradients was performed to yield

compound 11 (7.8 mg). The isolation of fraction D is shown in Scheme 2.6.

Crude EtOAC

(53.089)
Cc, Sio,
EtOAc: n-hexane (2:8)
Fraction D
(751.8 mg)
cc, Sio,
CH,CL,: n-hexane (7:3 -9:1)
Y
D4 D6 D14 - D15
Sephadex LH-20, MeOH fiystalliRion Sephadex LH-20,
| | | MeOH
D4s1T - D4s25 Crystal Residue D14s11- D1ds12
CG, Sio i
o p) ) o CG, Sio, CC, ODS (C-18)
c: n-hexane (2: N .
acetone: n-hexane (2:8) H,0: MeOH (2:8)
9 Dé6r31 — D6r70 8
58
(5.8mg) Crystallization (1.3 mg)
Crystal Residue

lSephadex LH-20, MeOH

D6R15 - D6R20

Cc, S0,
EtOAc: n-hexane (1:9 - 2:8)

11
(7.8 mg)

Scheme 2.6 The isolation procedure of fraction D
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2.5 Cell culture

Human hepatocellular carcinoma (HCC) cell lines including HepG2, Huh7 and
colon cancer cell lines Caco2 and HCT-116 were cultured in Dulbecco’s Modified
Fagle’s medium (DMEM) supplemented with 10% fetal bovine serum (FBS) and 1%
penicillin/streptomycin (P/S) at 37°Cin a 5% CO, humidified incubator.

2.6 Cytotoxicity assay

Cytotoxicity activitie was performed to quantify the cell viability in cell
treated with active compounds using MTT assay. Briefly, HCC and colon cancer cells
were seeded in 96-well plate with a density of 4.5 x 10° and 5 x 10" cells/200 81
/well, respectively Then, the cells were incubated at 37°C with 5% CO, for 24 h.
After that removed the supernatant, the cells were treated for 48 h with serial
dilution of the tested compounds along with sorafenib and doxorubicin as standard
drug control in the presence of serum-free DMEM media. MTT solution (0.5 mg/ml
DMEM) was added to each well and then incubated for 4 h in a humidified

atmosphere. After the incubation period, the supernatant was removed and DMSO

100 Ml was added to dissolve formazan crystals. The absorbance was measured at
570 nm using microplate reader. The results were calculated by using GraphPad
Prism " (version 8.0) and presented as the percentage of cells viability and half-

maximal inhibitory concentration (ICsp).

2.7 Migration analysis

Wound healing assay was performed to identify cell migration. Huh7
monolayer cells were prepared in 12-well plate with density of 5.5 x 10” cells/well.
The wound was created by scratching with micropipette tip (1 mm diameter). The
medium was removed and replaced with serum-free DMEM containing compound 1,
2, 3,5,6, 11 and 21 (at ICsy, <ICsy and >ICs, concentrations for each compound).
Sorafenib (3 M) was used as a positive control and cells treated only with serum-

free medium were used as standard control. The cells were observed and
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photographed using microscope at 0, 24 and 48 h. The wound healing progression

was calculated and presented as percentage of tissue repair (%Tissue repair)

Wound space,;, - Wound space,,
%Tissue repair = X 100
Wound space ,

Where Wound space ,: length of gap between scratched cells (im) at 0 h

Wound space, ,: length of gap between scratched cells (Um) at n h

2.8 Apoptosis assessment

Apoptosis was determined by measuring external phosphatidylserine, which
located on the outer of cell membrane. Huh7 and HepG2 were seeded in 24-well
plate with density of 2.5 x 10" cells/well and incubated for 24 h with 5% CO; at 37°C.
Huh7 cells were treated with compound 1, 6, and 11 and HepG2 were treated with
compound 21 (using ICs, value and 2 times above of ICs, value) for 24 h. Then, cells
were detached with trypsin and collected to wash with PBS and resuspended in 1 ml
of DMEM. Then, Annexin V — 7AAD reagent (Luminex Corp., Austin, TX, USA) was
added in the cell’s suspension with 1:1 ratio and stained for 30 minutes at room
temperature in the dark. Live, dead, and apoptosis cell populations were determined
using Muse® Cell Analyzer. The results were analyzed and calculated as apoptosis

profile.

2.9 Western blot assay

For further molecular biology analysis, western blot was performed to identify
interested apoptotic proteins. After treated HepG2 with compound 21 using ICsg and
double in value for 24 h with density of 2.5 x 10° cells/well in 24 wells-plate, cells
were harvested at time-depended and total protein were collected using ice cold
lysis buffer. Protein samples then calculated and loaded in SDS-PAGE to separate
using electrophoresis. Later, Protein were transferred from gel to polyvinylidene

fluoride (PVDF) transmembrane and blocked with 5% skimmed milk. The primary
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antibodies then added and incubated for 24 h in 4°c. Membrane was washed with
PBST afterward, then secondary antibodies were added and incubated with in
optimal times. Membrane was washed again with PBST and performed color
developer to visualize in the dark room. The results were photographed and analyze

using Image J program.

2.10 Statistical analysis
Data are presented as mean & SD values. GraphPad prismTM ver. 8 program

with one-way analysis of variation was used for testing the significance, P-value (p) <

0.05 was considered as statistically significance.
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CHAPTER IlI
RESULTS AND DISCUSSION

3.1 Isolated compounds from mangosteen (G. mangostana) roots

Chemical investigation of EtOAc crude extract of mangosteen roots afforded
four new compounds: mangostanone | — IV (compounds 1, 12, 13, and 18), and one
new found in naturally occurring, 4,5-dimethoxy[1,1-biphenyl]-3-ol (20), along with
seventeen known compounds: a-mangostin (2), f-mangostin (3), »~mangostin (4),
mangostanaxanthone IV (5), dulxanthone D (6), toxyloxanthone B (7), 1,7-dihydroxy-3-
methoxy-2-prenylxanthone (8), euxanthone (9), norathyriol (10), 8-deoxygartanin (11),
maclurin (14), 2,3'4,6-tetrahydroxybenzophenone (15), mangaphenone (16), (2-
hydroxy-4,6-dimethoxyphenyl)(3-hydroxy-4-methoxyphenyl)methanone (17),
garciosine A (19), 3-hydroxy-d-geranyl-5-methoxybiphenyl (21) and epicatechin (22).

HO o R

2 Ry= OH, R,= OMe 5
3 Ry=Ry,=O0Me
4 R;=R,=OH
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12 R1= R2= OMe, R3= H, R4= OH
13 Ry= OMe, Ry= Ry= OH, R,= H
14 R1= R2= R3= OH, R4= H

15 R1= R2= OH, R3= R4= H

16 R4= R,= OH, Ry= OMe, Rg= H
17 R1= R2= R3= OMe, R4= H

OH
A OH
HO O
(e

3 <~ "OH

OH
18 R4=0H,R,=H 21 22
19 R»]: OH, R2: OMe
20 R1= R2= H

Figure 3.1 Structures of isolated compounds from mangosteen roots

3.2 Structure elucidation of isolated compounds

3.2.1 Structure elucidation of compound 1

Figure 3.2 Structure of compound 1

Compound 1 was obtained as dark yellow solid (mp 213-220 °C) that gave a
M + H]+ ion at mz 349.0679 in the HRESIMS, consistent with a molecular formula
CigH1507 (calcd for CigHis07, m/z 349.0674). The UV spectrum showed absorption
bands at Amax 256 and 329 nm (logk= 2.768 and 2.528), which are typical of a

xanthone chromophore [11]. The IR spectrum showed stretching bands for hydroxy
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(3304 cm’) and carbonyl (1624 cm’) functional groups. The 'H (Table 3.1) and "°C
(Table 3.2) NMR spectroscopic data displayed resonances for a H-bonded hydroxy
proton (&, 13.31 (1H, s, OH-1)), two ortho-coupled aromatic protons [d,/d.7.01 (1H,
d, J = 8.0 Hz, H-7)/113.7 (C-7) and 7.64 (1H, d, J = 12 Hz, H-8)/117.5 (C-8)], one singlet
aromatic proton [0, /0. 6.17 (1H, s, H-2)/99.4 (C-2)], and a set of (E)-3-hydroxy-3-
methylbutyl-1-en unit [&, /. 5.74 (1H, d, J = 8.0 Hz, H-1)/127.9 (C-1", 7.06 (1H, d, J
=8.0 Hz, H-2')/115.8 (C-2'), 1.48 (6H, s, H-4' and H-5'/28.3 (C-4' and C-5'), and an
oxygen-bonded aliphatic carbon at &.78.8 (C-3)]. The correlation of H-1' (&, 5.74) to
C-3 (& 161.1), C-4 (& 102.0), and C-4a (O 152.7) in the HMBC spectrum (Figure 3.3)
confirmed the location of the (E)-3-hydroxy-3-methylbutyl-1-en unit at C-4. The
locations of the hydroxy groups at C-1, C-3, C-5 and C-6 were indicated by the HMBC
correlations of OH-1 to C-1 (& 164.1), C-2 (& 99.4) and C-8b (O 109.1), for OH-3
confirm by the correlations between H-1' (9, 5.74) to C-3 (O, 161.1) and H-2 (3, 6.17)
to C-3 (& 161.1), OH-5 confirm by the ~J HMBC correlations of H-7 (8, 7.01) to C-5 (&,
133.3) and C-8a (O, 114.6). The HMBC correlations observed between H-8 (9, 7.64) to
C-6 (O 152.6), C-db (0. 152.6), and C-9 (O 181.3) confirmed the location of OH-6.

Thus compound 1 was identified as a new compound, namely mangostanone I.

Figure 3.3 Selected HMBC correlations (‘H—="0) of compound 1
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3.2.2  Structure elucidation of compounds 2, 3 and 4

2 Rlz OH, R2: OMe

3 R1: OMe, R2: OMe
4 R1: Rzz OH

Figure 3.4 Structures of compounds 2, 3 and 4

Compound 2 was isolated as yellow crystals and had molecular formula
CoHosOg as determined by NMR data. The 'H and 13C NMR spectral data of
compound 2 (Tables 3.1 and 3.2) showed the signals of twelve aromatic carbons at
0. 160.7, 109.2, 161.8, 93.2, 152.9, 154.9, 101.8, 155.8, 142.8, 137.3, 112.2, and 104.1
constituted the xanthone skeleton [12] and one carbonyl group (0. 182.1), the
presence of isophenyl units at ring A [9,/0. 4.08 (d, J= 8.0 Hz, H-1')/26.6 (C-1)), 5.27 (d,
J= 8.0 Hz, H-2)/121.9 (C-2"), 1.72 and 1.67 (s, H-4) /25.9 (C-4); O. 131.5 (C-3") and 17.9
(C-59] and ring C [0,/0. 3.41 (d, J= 8.5 Hz, H-1")/21.6 (C-1"), 5.25 (d, J= 8.5 Hz, H-
2")/123.4 (C-2"), 1.79 (d, J= 8.0 Hz, H-5")/18.3 (C-5"); O. 132.0 (C-3") and 25.8 (C-4")]
were confirmed position by HMBC correlations of H-1' (8,4.08, d, J= 8.0 Hz) to C-2 (0.
109.2) and H-1" (9, 3.41, d, J= 8.5 Hz) to C-8 (0. 137.3). Three phenolic hydroxyl
groups were located at C-1 (&, 160.7), C-3 (0. 161.8), and C-6 (0. 155.8) and one
methoxy group at (J,/0. 3.78 (s, OMe-7)/61.9). The NMR data was compared with the
previous study, compound 2 was identified as e-mangostin [13].

Compound 3 was isolated as yellow crystals with the molecular formula of
C,5H,504 as determined by 1D and 2D NMR data. The 'H (Table 3.1) and C (Table

3.2) NMR spectroscopic data showed the presence of a xanthone derivative having a
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H-bonded hydroxy proton (& 13.41 (1H, s, OH-1)), two isoprenyl units [(d./0. 3.35 (2H,
d, J= 8.0 Hz, H-1")/21.5 (C-1'), 5.23 (1H, m, H-2')/122.5 (C-2)), 1.68 (3H, s, H-4")/26.0 (C-
4, 1.80 (3H, s, H-5)/17.9 (C-5); o.131.8 (C-3)) and (0,/9. 4.10 (2H, d, J= 8.0 Hz, H-
1")/26.7 (C-1"), 5.27 (1H, m, H-2")/123.4 (C-2"), 1.69 (3H, s, H-4")/26.0 (C-4"), 1.83 (3H, s,
H-5")/18.4 (C-5"); . 132.2 (C-3")], and two singlet aromatic protons [J/0. 6.35 (1H, s,
H-4)/89.0 (C-4) and 6.84 (1H, s, H-5)/101.6 (C-5)]. The data were quite similar to
compound 2 except for the presence of two methoxy groups at ring A and C [9,/0.
3.90 (3H, s, OMe-3)/56.0 and 3.82 (3H, s, OMe-7)/62.2, respectively] instead of one. To
confirm the structure, its NMR data were compared to those previously reported and
its was identified as f-mangostin [14].

Compound 4 was isolated as light-yellow powder. The molecular formula
determined using 1D and 2D NMR was Cy3HOg. The comparison of NMR data
(Tables 3.1 and 3.2) between compound 4 and previous compound 2 suggested
that these two compounds have similar structures, except for the absence of
methoxy group at ring C was replaced by phenolic hydroxyl group at o, 8.92 (s, OH-
7). This was confirmed by the HMBC correlations of OH-7 to C-6, C-7 and C-8 (0.
154.0, 142.8 and 137.0, respectively). Thus, this compound was named p»mangostin

as reported in the previous literature [15].

3.2.3  Structure elucidation of compound 5

Figure 3.5 Structure of compound 5

Compound 5 was obtained as dark yellow gum. The molecular formula was

identified as CyqH,307 by its NMR data. The NMR spectra both H and 13C were
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appeared in Tables 3.1 and 3.2 suggested that compound 5 have a nearly similar
structure as compound 2 in the presence of xanthone structure core displayed by
twelve aromatic carbons and one carbonyl, three hydroxy groups located at C-1, C-3,
and C-6 were confirmed by HMBC correlations as well as methoxy group at C-7. The
only different was a replacement of signals of one di-substitued olefinic bonds at
0./80-5.57 (d, J= 8.0 Hz, H-1/125.1 (C-1") and 6.73 (d, J= 12.0 Hz, H-2")/115.7 (C-2') by
an oxygenated quaternary carbon at . 77.9 (C-3') at ring A, whereas isoprenyl group
at ring C remain the same (J,/0. 4.11 (d, J= 8.0 Hz, H-1")/26.5, 5.27 (d, J= 4.0 Hz, H-
2")/123.1, 1.71 (s, H-4")/25.7, 1.84 (s, H-5")/18.2; O. 132.1 (C-3")). The structure was

identified as mangostanaxanthone IV as compared with the previous literature [16].

3.2.4  Structure elucidation of compound 6

Figure 3.6 Structure of compound 6

Compound 6 was obtained as yellowish gum and the molecular formula of
Ci9H1804 was determined by analysis of 'H- and PC-NMR data. From NMR spectra
data (Tables 3.1 and 3.2), compound 6 also showed a close similarity structure with
compound 2 in term of xanthone derivative with the presence of methoxy signal at
0,/0. 4.60 (s, OMe-7)/61.5, phenyl side chain signals at 0,/0. 5.84 (d, J= 6.0 Hz, H-
1/27.3, 7.37 (d, J= 8.0 Hz, H-2")/125.2, 1.51 (s, H-4)/26.2, 1.46 (s, H-5'/18.5; O, 132.1
(C-3"), chelated hydroxy signal at ¢,13.52 (s, OH-1), and two aromatic singlet protons
at 0,6.23 (s, H-4) and 6.73 (s, H-5), except for the disappearance of isoprenyl group in
ring A as the signal of aromatic singlet proton appeared at 0, 6.11 (s, H-2). The
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structure was confirmed by the comparison between their NMR data and previously

reported, resulted as dulxanthone D [17].

Table 3.1 'H NMR data of compounds 1 - 6

Position 5H , mult. U in Hz)
1(b) 2(a) 3(a) 4.(b) 5(a) 6(c)
1 B B, B, B, _ ,
2 6.17 s - - - - 6.11s
3 - - . - B, .
a - 6.31s 6.35s 6.31s 6.25 s 6.23 s
4a - - - z - -
ab - - 7 S - -
5 - 6.80 s 6.84 s 6.73 s 6.85s 6.73 s
6 B N L Y _ ,
7 7.01d,80 - - - - -
8 764d,120 - - - . .
8a - 3 A - - -
8b - y - 7 - -
9 B _ - " _ ,
1 5744d,80 4.08d,80 335d,80 403d,80 557d,80 584d,6.0
2' 7.06d,80 527d,80 523m 519, 8.0 6.73d,120 7.37d,8.0
3 B B, B, B, _ ,
4' 1.48 s 1.72 s 1.67 1.68s 1.73s - 1.51s
S
5 1.48 s - 1.80's - 1.48 s 1.46 s
1" - 341d,85 410d,80 321d,40 4114d,80 -
2" - 525d,85 527m 5171, 8.0 527d,40 -
3 ) ) i} _ _ ,
4" - - 1.69 s - 1.71s -
5" - 1.79d,80 1.83s 1.77 s 1.84 s -

OH-1 1331 s - 1341 s 13.85s 13.70 s 1352 s



OMe-3 - 390 s .
OH-6 - - 6.32 s 586s
OH-7 8.92s -
OMe-7 3.78 s 382s 382s 4.60
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(@) measured in CDCls; (b) measured in acetone-d6; (c) measured in methanol-d4

Table 3.2 °C NMR data of compounds 1 - 6

Position o

. @ X 2@ @ ¢
1 164.1 160.7 160.0 159.6 157.9 158.4
2 99.4 109.2 111.7 109.2 104.5 99.0
3 161.1 161.8 163.7 161.8 159.9 162.2
4 102.0 93.2 89.0 92.0 94.1 94.2
da 152.7 152.9 155.9 151.7 156.3 153.4
4b 152.6 154.9 154.5 152.3 103.7 153.9
5 133.3 101.8 101.6 101.9 101.6 101.5
6 152.6 155.8 155.4 154.0 155.7 154.7
7 113.7 142.8 142.7 140.7 142.6 145.2
8 117.5 137.3 [E2 137.0 137.0 137.1
8a 114.6 112.2 112.7 112.4 112.2 112.5
8b 103.4 103.5 104.0 104.1 103.7 103.6
9 181.3 182.1 182.1 181.3 181.9 182.3
1' 127.9 26.6 21.5 21.0 125.1 27.3
2' 115.8 121.9 122.5 122.5 115.7 125.2
3' 78.8 131.5 131.8 129.9 77.9 132.1
g4 28.3 25.9 26.0 25.7 28.3 26.2
5' 28.3 17.9 17.9 17.7 28.3 18.5
1" - 21.6 26.7 25.4 26.5 -
2" - 123.4 123.4 123.6 123.1 -
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4" - 25.8 26.0 255 25.7 -
5" - 18.3 18.4 18.1 18.2 -
OMe-3 - - 56.0 - - -
OMe-7 - 61.9 62.2 - 62.0 61.5

(@) measured in CDCls; (b) measured in acetone-d6; (c) measured in methanol-d4

3.2.5 Structure elucidation of compound 7

Figure 3.7 Structure of compound 7

Compound 7 was obtained as yellow powder. The molecular formula
established by 1D and 2D NMR was C;gH14O¢. This compound appeared a structure
core of xanthone similarly with previous compounds provided by the twelve
aromatic carbons showed in C NMR spectral data (Tables 3.4). From 'H NMR data
(Tables 3.3), chelated hydroxy proton showed signal at 0, 13.12 (s, OH-1) with a
notable difference of signals for two gem-dimethyl groups at &, 1.67 s (H-4' and H-5')
appeared in ring C. Signals of ortho-di-substitued olefinic bonds at d/0. 6.20 (d, J=
4.0 Hz, H-1'/124.6) and 6.27 (s, H-2')/117.5) revealed the structure of compound 7 to
contain dimethylchromene ring attached at C-7 (& 140.7) and C-8 (O 138.8) by
correlation obtained from HMBC. To confirmed the structure, its NMR data were
compared to those previously reported and its was identified as toxyloxanthone B

[18].
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3.2.6  Structure elucidation of compound 8

Figure 3.8 Structure of compound 8

Compound 8 was obtained as light-yellow powder with the molecular
formula of CigH505 determined by 1D and 2D NMR data. All the NMR data were
showed in Tables 3.3 and 3.4 which quite similar when compared with compound 3.
This compound appears signals of isoprenyl group in ring A with 9,/0. 3.42 (d, J= 8.0
Hz, H-1)/21.9 (C-1), 5.22 (t, J= 8.0 Hz, H-2')/123.2 (C-2), 1.64 (s, H-4)/25.9 (C-4"), 1.78
(s, H-5)/17.9 (C-5); 0. 131.8 (C-3)), one methoxy group at &,/0. 3.99 (s, OMe-3)/56.8.
However, the absence in signals of isoprenyl group at ring C (position at C-8) and
hydroxy group at C-6 make the different. In addition, the methoxy group at ring C
was replaced with hydroxy group located at C-7 (& 155.0). The structure was then
identified as 1,7-dihydroxy-3-methoxy-2-prenylxanthone as previously reported by

mahabusarakam et al [19].

3.2.7  Structure elucidation of compounds 9 and 10

@] OH
HO._,;, 8 sa Mo & X )
R R O ML A R
9 R=H
10 R=OH

Figure 3.9 Structures of compounds 9 and 10
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Compound 9 was obtained as pale yellow solid. The molecular formula
determined by 1H— and 13C—NI\/\R data analysis was Cy3HgOq4. The 1H NMR data (Table
3.3) showed signals of six aromatic protons at 0, 6.74 (d, J = 8.0 Hz, H-2), 7.67 (¢, J =
8.0 Hz, H-3), 6.98 (d, J = 8.0 Hz, H-4), 7.49 (d, J = 4.0 Hz, H-5), 7.41 (dd, J = 4.0, 12.0
Hz, H-6) and 7.59 (d, J = 4.0 Hz, H-8). The C NMR data from Table 3.4 confirmed a
xanthone skeleton with twelve aromatic carbons at & 162.8, 110.6, 137.8, 107.8,
157.4, 150.6, 120.2, 126.2, 155.1, 109.2, 121.8 and 109.1 and one conjugated carbonyl
carbon at O 183.1 (C-9). The structure was identified as euxanthone by comparison
with reported literature [20].

Compound 10 was obtained as marigold powder with molecular formula of
C13HgOg established by NMR data analysis. 'H and °C NMR data were showed in
Tables 3.3 and 3.4 respectively results that structure of compound 10 was very
similar to compound 9. For further explanation, one signal of chelated aromatic
proton at 9, 13.00 (s, OH-1) was appeared, follow by the signals of twelve aromatic
carbons and one carbonyl. Except for the replacement of two hydroxyl groups
located in ring A 0,/0. 13.16 (s, OH-3)/165.2 (C-3) and ring C (O. 153.9) instead of
aromatic protons. Compound 10 was identified as norathyriol by comparing the NMR

data to those previously reported [21].

3.2.8 Structure elucidation of compound 11

Figure 3.10 Structure of compound 11

Compound 11 was obtained as light-yellow powder. The molecular structure

was established by NMR spectral data as C,3HOs (Table 3.3 and 3.4). '"H and “c
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NMR data of compound 11 provided its xanthone skeleton structure. "H NMR data
displayed signals of two olefinic protons at O, 5.27 (s, H-2) and 5.29 (s, H-2"), four
allylic methyls at ¢, 1.76 (s, H-4"), 1.86 (s, H-5), 1.87 (s, H-4"), and 1.79 (s, H-5"), and
two methylene protons at &,3.47 (d, J = 8.0 Hz, H-1') and 3.54 (d, J= 8.0 Hz, H-1"). By
HMBC observed, connectivity at C-2 (& 109.3) was confirmed by correlations of
proton at & 3.47 (d, J= 8.0 Hz, H-1') with aromatic carbons at . 158.9 (C-1), 109.3 (C-
2) and 161.1 (C-3) and another connectivity at C-4 (. 105.6) also confirmed by
correlations of proton at & 3.54 (d, J=8.0 Hz, H-1") with aromatic carbons at o, 161.1
(C-3), 105.6 (C-4) and 152.6 (C-4a) suggested the existence of two 3-methylbut-2-enyl
moieties in ring A. Compound 11 was identified as 8-deoxygartanin as previous

reported [22].

Table 3.3 'H NMR data of compounds 7 - 11

Position O, mult. U in Hz)

0 g o 10” e
1 _ _ - ] ]
2 6.34 s - 6.74 d, 8.0 6.20 s -
3 - ; 7671, 8.0 . .
q 6.31s 6.24 s 6.98 d, 8.0 6.34 s -
4a : : : - -
ab - : — : :
5 6.82 s 7.46d, 8.0 7.49d, 4.0 6.88 s -
6 - 7.36 dd, 12.0 7.41 dd, 4.0, - 7.28 s

9.0

7 - - - - 7215
8 - 7.58d, 4.0 759d, 4.0 7.52s 7.76 d, 8.0
8a - . . . .
8b - : : : :
9 _ _ _ ] ]
1 6.20 d, 4.0 3.42d, 8.0 - - 3.47d, 8.0

2' 6.27 s 5.22t,8.0 - - 527 s
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3 . _ _ _ _
q 1.67 s 1.64 s - - 1.76 s
5 1.67 s 1.78's - - 1.86 s
1" - - - - 3.54.d, 8.0
2" - - - - 529 s
q" - - - - 1.87 s
5 - - - - 179 s
OH-1 13.12 s - - 13.00 s 13.19 s
OH-3 - - 4 13.16 s 6.52 s
Ome-3 - 3.99s - - -
OH-5 - > \ - 571
(@) measured in CDCls; (b) measured in acetone-d6
Table 3.4 °C NMR data of compounds 7 - 11
Position o

0 g® o® 10® 11
1 160.8 160.3 162.8 164.1 158.9
2 110.5 1121 110.6 98.2 109.3
3 165.6 165.6 137.8 165.2 161.1
4 914 90.8 107.8 94.1 105.6
da 151.7 157.4 157.4 158.5 152.6
ab 153.8 150.9 150.6 152.2 144.5
5 100.9 119.9 120.2 103.1 144.6
6 156.4 125.3 126.2 153.9 119.9
7 140.7 155.0 155.1 143.7 1239
8 138.8 109.4 109.2 108.9 117.1
8a 112.2 122.1 121.8 113.4 121.1
8b 104.2 104.4 109.1 102.8 103.5
9 183.1 181.5 183.1 180.1 180.3



5”
Ome-3

124.6
117.5
132.0
27.8
27.8
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219 - - 21.8
123.2 - - 121.4
131.8 - - 136.4
259 - - 25.8
17.9 - - 18.1
- - - 22.3
- - - 122.4
- - - 133.7
- - - 18.1
- > - 26.0
56.8 = - -

(@) measured in CDCls; (b) measured in acetone-d6

3.2.9 Structure elucidation of compounds 12 - 17

12
13
14
15
16
17

Ri= Ry= OMe, Rs= H, Ry= OH
Ri= OMe, Ry= Rs= OH, Ry= H
Ry= Ry= Rs= OH, Ry= H

Ry= Ry= OH, Rs= Ry= H

Ri= Re= OH, Ry= OMe, Rs= H
Ri= Ry= Rs= OMe, Ry= H

Figure 3.11 Structures of compounds 12 - 17

Compound 12 was obtained as dark-yellow solid. The molecular formula

Ci5H1304 was determined by HRESIMS ion at m/z 313.0690 [M + Na] " (calcd 313.0688)
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with melting point 176-180 °C. The FT-IR shown absorption band of hydroxyl group
from Via 3151 cm L UV spectrum showed absorption bands at Amax 208 (logE=
2.727) and 305 (logE= 2.441) nm suggested that compound 12 had a benzophenone
skeleton [23]. The '"H NMR spectroscopic data (Table 3.5) displayed signals of five
aromatic protons at ¢, 6.13 (d, J= 4.0 Hz, H-2), 6.15 (d, J= 4.0 Hz, H-5), 6.60 (d, J= 4.0
Hz, H-2), 6.51 (t, J= 4.0 Hz, H-4), and 6.60 (d, J= 4.0 Hz, H-6'). Added data from ' C
NMR spectral provide meta-di-substituted methoxy located at d,/0. 3.86 (s, OMe-
4)/166.3 (C-4) and 3.59 (s, OMe-6)/162.5 (C-6) in ring A confirmed by HMBC correlation
as showed in Figure 3.12. Moreover, NMR data in ring B also suggested the meta
relationship of the two hydroxyl groups located at - 159.1 (C-3' and C-5') due to the
correlation of HMBC of H-6' to C-2' (&, 106.7), C-4' (- 105.0), and C-7 (&.198.4), and H-
4" to C-2. Thus compound 12 was identified as a new compound, namely

mangostanone |l.

HO

MeO OMe
OH

Figure 3.12 Selected HMBC correlations (‘H —="0) of compound 12

Compound 13 was obtained as brown-yellow solid with the molecular
formula of CisHi4Og determined by HRESIMS at m/z 299.0537 [M + Na]” (calcd
299.0532) and melting point of 180-200°C. The FT-IR exhibited absorption band for O-
H stretching at V. 3471 e’ and conjugate of C=0 at 1634 L LV absorption
band at 210 and 305 nm (logE= 2.757 and 2.451 respectively). The 'H (Table 3.5)
NMR spectroscopic data contained a singlet signal for one methoxy groups at & 3.58
s, 6H, which attached to two equivalent C-4 (& 161.4) according to the HMBC
correlations (Figure 3.13). Furthermore, two duplets aromatic protons at H-3 and H-5
(0, 6.08 s and 6.08 s) both showed correlation to C-1 (& 106.2) and C-7 (- 196.1)
indicated that compound 13 had a 4-hydroxy-2,6-dimethoxybenzoyl moiety in ring A.
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The °C NMR spectra data displayed two hydroxyl group at o 144.3 (C-3) and o
149.3 (C-4') suggest the ortho relationship in ring A as provide by the HMBC
correlation of [H-2' (7.23 d, J= 2.0 Hz)/C-7, C-3', C-4', C-6'], [H-5' (6.85 d, J= 8.4 Hz)/C-1',
C-3and C-47 and [H-6' (7.09 dd, J= 2.0, 8.4 Hz) /C-7, C-2', and C-4']. Finally, the
structure of 13 was confirmed by COSY and HMBC correlations as shown in Figure

3.13, and it was identified as a new compound and named as mangostanone 1.

O OH

HO HO OMe
OH

Figure 3.13 Selected HMBC correlations (‘H—="0) of compound 13

Compound 14 was obtained as macaron yellow solid with molecular formula
of Cy3H;00g determined by NMR data. When comparing H and 13C NMR data (Table
3.5 and 3.6) with previous compound, it suggested that compound 14 also have
similar benzophenone structure. Signals of five aromatic protons were appeared at 0,
5.98 (s, H-3 and H-5), 7.24 (brs, J= 4.0 Hz, H-2)), 6.84 (d, J= 4.0 Hz, H-5"), and 7.16 (d,
J= 4.0 Hz, H-6"). From HMBC correlations, ring A showed 1,3,5-tri-sustituted hydroxyl
groups located C-2 (& 162.8), C-4 (O 164.5), and C-6 (0. 162.8) along with ortho
relationship of two hydroxyl groups at C-3' (&, 145.1) and C-4' (& 150.0). After
compared NMR data with previous reported, compound 17 was identified as
maclurin [24].

Compound 15 was obtained as yellowish solid. The molecular formula was
obtained by NMR spectra data as Ci3H;oOs. 'H and °C NMR (Tables 3.5 and 3.6)
provided the typical signals of benzophenone compared with previous compound
14. Form HMBC spectra, hydroxy group at C-3" was confirmed by the correlation of H-
2'(0,7.08 s, 1H), H-4' (&, 7.06 s, 1H), H-5' (&, 7.23 t, J= 8.0 Hz, 1H), and H-6' (&}, 7.08 d,
J= 12 Hz, 1H) in ring B. Whereas H-3 (5.97 s) and H-5 (5.97 s) indicated meta aromatic
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relationship in ring A, The structure was identified as 2,3',4,6-
tetrahydroxybenzophenone as described in previous report [25].

Compound 16 was obtained as beige solid with molecular formula of
Ci4H1104 established by 'H and °C NMR data. Compared with others previous
compound, NMR data suggested that compound 16 was a benzophenone derivative.
The data showed resonances of four hydroxyl groups located at O, 165.1 (C-2), 164.7
(C-4), 159.2 (C-3"), and 159.2 (C-5") and one methoxy group at & 56.1 (OMe-6)
confirmed by HMBC correrations. This compound was identified as mangaphenone as
compared with the data from previous research [26].

Compound 17 was obtained as pearl-white solid. The molecular formula was
CigH1504 obtained from NMR data analysis. By comparing data of H and 13C NMR
spectra between compound 16 and 17, the signals of five aromatic protons appear
at &, 6.15 (d, J= 4.0 Hz, H-3), 5.95 (d, J= 8.0 Hz, H-5), 7.17 (brs, J= 4.0 Hz, H-2), 6.82
(d, J= 4.0 Hz, H-5), and 7.18 (d, J= 4.0 Hz, H-6). It suggested that these two
compounds have nearly similar benzophenone core structure, except for the
replacement of methoxyl groups at C-4 (& 165.9) and C-4' (& 149.4). Compound 17
structure  was  identified as  (2-hydroxy-4,6-dimethoxyphenyl)(3-hydroxy-4d-

methoxyphenylmethanone by comparison of reported study [27].

Table 3.5 'H NMR data of compounds 12 - 17

Position Oy, mult. U in Hz)
12(b) 13(b) 14(b) 15(b) 16(b) 17(8)

1 _ _ _ ] _ _

2 _ _ _ } _ _

3 6.13d, 2.0 6.08 s 598 s 597 s 6.08 s 6.15d, 8.0
q _ _ _ ] _ _

5 6.15d, 2.0 6.08 s 5985 597 s 6.06 s 5.95d, 8.0
6 _ _ _ } _ _

7 _ _ _ ] _ _
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2' 6.60 d, 2.1 7.23d,20 7.24 brs, 7.08s - 1.17 brs,
4.0 4.0
q' 6.51¢ 21 - - 7.06 s 6.50t, 4.0 -
5 - 6.85d,84 684d,40 723t 80 - 6.82d,4.0
6' 6.60 d, 2.1 7.09 dd, 7.16d,4.0 6.96d,12.0 6.57d,4.0 7.18d, 4.0
20,84
OH-2 11.74 s
OH-4 - - 307 s -
OMe-4 3.86's 358's A - - 383s
OMe-6 359 s - - - 355 s 353 s
OH-3 . - - . - 5.69s
OMe-4' - - < < - 394 s
(@) measured in CDCls; (b) measured in acetone-d6
Table 3.6 °C NMR data of compounds 12 - 17
Position
12? 13? 14® 15 16® 17
1 107.9 106.2 105.0 105.4 107.1 105.9
2 163.8 163.1 162.8 163.8 165.1 165.1
3 947 95.8 96.0 95.9 96.9 93.6
a4 166.3 161.4 164.5 165.4 164.7 165.9
5 91.9 91.5 96.0 95.9 92.8 91.7
6 162.5 162.2 162.8 163.8 163.4 161.7
7 198.4 196.1 197.9 199.6 198.9 198.2
1 144.0 132.8 133.9 144.0 144.7 134.0
2' 106.7 115.9 117.2 120.2 107.6 7.17
3' 159.1 144.3 145.1 157.7 159.2 144.6
4 105.0 149.3 150.0 115.6 106.6 149.4
5 159.1 114.2 1151 129.5 159.2 109.3
6' 106.7 122.7 123.4 118.7 107.6 115.0
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OMe-4 56.0 54.8 - - - 55.5
OMe-6 56.1 - - - 56.1 553
OMe-4' - - - - - 56.0

(a) measured in CDCls; (b) measured in acetone-d6

3.2.10 Structure elucidation of compounds 18 - 20

18  R,= OH, R,=H
19  R;= OH, R,= OMe
20 Rlz R2: H

Figure 3.14 Structures of compounds 18 — 20

New compound 18 was obtained as white powder. The molecular formular
was Cy4Hq1404 as determined by HRESIMS at m/z 269.0799 [M + Na]" (calcd 269.0790)
The FT-IR spectral data showed major absorption band at V. 3465 cm—1 (O-H
streching) and 1596, 1576 e’ (C=C stretching) . The UV spectrum displayed
absorption band at maximum wavelength Amax at 221 nm (logk= 2.744) and 267 nm
(logE= 2.663) indicated the presence of hydroxygenated benzene derivative [28]. The
'H (Table 3.7) and "C (Table 3.8) NMR spectroscopic data displayed two meta-
coupled aromatic protons at & 6.78 d, J=2.0 Hz (H-2) and 6.63 d, J=2.0 Hz (H-6). The
remaining 0 6.87 s ,2H (H-5") and 7.42 s, 2H (H-6') suggest a system of two aromatic
protons in trisubstituted benzene in ring B. The correlation of OH-3 (0, 5.84, s) to C-2
(0. 106.7), C-3 (& 149.5), and C-4 (O 134.9) in the HMBC spectrum (Figure 3.15)
confirmed the location of hydroxyl group at C-3. The locations of the methoxy
groups at C-4 and C-5 were indicated by the HMBC correlations of OMe-4 to C-4 (&
134.9) and C-5 (& 152.6) and OMe-5 to C-4 and C-5 similarly. In comparison with the
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NMR data of compound 18 with previous biphenyl, the common features were
observed quite similar except for the additional hydroxy group (OH-4') in ring B.
These suggest that compound 18 could identified as a new compound, namely

mangostanone V.

HO OMe

Figure 3.15 Selected HMBC correlations ('H—="0) of compound 18

Compound 19 was obtained as light-yellow powder and a molecular formula
as CisHq605 determined using 1D and 2D NMR spectra. HMBC correlations suggested a
structure core as biphenyl derivative. The 'H NMR spectroscopic data (Table 3.7)
showed two doublets of aromatic protons at ¢,6.80 (d, J = 4.0 Hz, H-2) and 6.64 (d, J
=4.0 Hz, H-6) in ring A, and three aromatic protons at 0,7.04 (d, J = 8.0 Hz, H-2), 6.96
(d, J = 8.0 Hz, H-5") and 7.06 (d, J= 4.0 Hz, H-5") in ring B. Additionally, three methoxy
groups were located at C-4 (& 134.9), C-5 (O 152.6), and C-5' (& 114.8) and two
hydroxyl groups at C-3 (& 149.5) and C-4' (O 145.4). Compound 19 was identified as
garciosine A as comparison to the reported data from literature [29].

Compound 20 was obtained as light-yellow gum and a molecular formula of
Ci4H1403 was determined by "H- and 13C—N!\/\R data analysis. NMR data of compound
20 (Tables 3.7 and 3.8) 'H NMR spectroscopic data showed two doublets of
aromatic proton at ¢, 6.85, J= 4.0 Hz, H-2 and &, 6.69, J= 4.0 Hz, H-6 with the
correlation observe by HMBC of [H-2/C-3, C-4, and C-6 ( (&4 6.85 d, J= 4.0 Hz)/ O
149.6, 135.1, and 103.6] and H-6/C-2, C-4, and C-5 ( (&, 6.69 d, J= 4.0 Hz)/ & 107.2,
135.1, and 152.6]. This pattern was similarly to compound 18 and suggest that
compound 20 might have same biphenyl core. In addition, correlations showed the
absence of hydroxyl group at C-4' (& 127.4). The structure was compare and
identified as 4,5-dimethoxy[1,1-biphenyl]-3-ol as described in the previous reported
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which occur by synthesis [30], this conclude that compound 20 is new found in

naturally occur.

OH
OMe

OMe

Figure 3.16 Selected HMBC correlations (‘H—="0) of compound 20

3.2.11 Structure elucidation of compound 21

Figure 3.17 Structure of compound 21

Compound 21 was obtained as yellow gum with molecular formula C,3H,0,
determined by 1D and 2D NMR spectral data. The 'H and °C NMR data showed the
similar structural core of hydroxygenated benzene as previous compound, except for
the replacement of geranyl group with signals appeared at /0. 3.50 (t, J= 8.0 Hz, H-
1")/22.3,5.32 (t, J= 8.0 Hz, H-2")/122.0, 2.09 (m, H-4")/39.9, 2.11 (m, H-5")/26.6, 5.11 (¢,
J= 8.0 Hz, H-6")/124.1, 1.63 (s, H-8")/17.8, 1.71 (s, H-9")/25.8, 1.86 (s, H-10")/16.3; O.
138.3 (C-3") and 131.9 (C-7") located at & 114.6(C-4) confirmed by HMBC correlations
of H-1" to C-4. The structure was elucidated based on comparison to its NMR data to

the literature, it was identified as 3-hydroxy-4-geranyl-5-methoxybiphenyl [31].



Table 3.7 'H NMR data of compounds 18 - 21 in CDCl,

Position O, mult. U in Hz)

18 19 20 21
1 - _ - -
2 6.78 d, 2.0 6.80 d, 4.0 6.85d, 4.0 6.76 s
3 - . - .
q . . . .
5 - - - -
6 6.63 d, 2.0 6.64 d, 4.0 6.69 d, 4.0 6.73 s
]_' - h - -
2' - 7.04 d, 8.0 - -
3 - 6.96 d, 8.0 - -
4 - - 7.33d, 8.0 7361, 8.0
5 6.87 dt, 8.0, 2.0 7.42t, 8.0 7.44 ¢, 8.0
6' 7.42 dt, 8.0,2.0 7.06d,4.0 7.53d, 8.0 7.58 d, 8.0
1" - = - 3,50t 8.0
2" - & > 5321t,8.0
3" - - L -
4" - - - 2.09 m
5" - - - 2.11m
6" - - 3 5.11¢, 8.0
7" . - . ,
8" - - - 1.63 s
9" . _ - 1.71s
10" - - - 1.86 s
OH-3 5.84 s 6.07 s 5.83 s 5525
OMe-4 3935 3925 3.94 s -
OMe-5 3925 3935 3.39 s 3.90 s
OMe-5' - 3935 - -
OH-4' 5.85s - -




Table 3.8 °C NMR data of compounds 18 - 21 in CDCl,

Position

18 19 20 21
1 1374 137.7 137.8 140.8
2 106.7 106.9 107.2 108.1
3 149.5 149.5 149.6 155.9
a4 134.9 134.9 135.1 114.6
5 152.6 152.6 152.6 158.3
6 103.2 103.2 103.6 102.6
1 133.9 133.6 141.2 141.4
2' 128.4 109.9 127.2 127.1
3 115.7 146.8 128.8 128.9
a4 1554 145.4 1274 1274
5 115.7 114.8 128.8 128.9
6' 128.4 120.0 127.2 127.1
1" - - - 22.3
2" - - - 122.0
3" - - ’ 138.3
4" - - - 39.9
5" - - - 26.6
6" - - - 124.1
7" - - - 131.9
8" - - - 17.8
9" - - - 25.8
10" - - - 16.3
OMe-4 61.2 61.1 61.3 -
OMe-5 56.1 56.1 56.1 56.0
OMe-5' - 56.1 - -
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3.2.12 Structure elucidation of compound 22

Figure 3.18 Structure of compound 22

Compound 22 was obtained as yellow powder with molecular formula of
Cy5H1404 determined by NMR data analysis. C NMR data (Table 3.9) indicated fifteen
carbon signals o 158.9, 109.3, 161.1, 105.6, 152.6, 144.6, 119.9, 123.9, 117.1, 21.8,
121.4, 136.4, 25.8, 18.1, and 22.3 consisted as two benzene rings and one linked with
heterocyclic pyran ring and 'H NMR data showed typical signal of chelated hydroxy
group at 0,13.19 (s, OH-5) lead to the suggestion of flavonoid derivative [32]. Another
four hydroxyl groups were located at C-3, C-7, C-3'and C-4' owing to HMBC
correlations. The structure was identified as epicathechin after comparison with

previous reported.

Table 3.9 NMR spectral data of compound 22 in acetone-d6

Position S, mult. U'in Hz) o

1 - 158.9
2 - 109.3
3 - 161.1
4 - 105.6
da - 152.6
5 i 144.6
6 7.28 s 119.9

7 7.21s 1239



aq

8 7.76 d, 8.0 117.1
1 3.47d, 8.0 21.8
2' 5.27s 121.4
3 - 136.4
4 1.76 s 25.8
5 1.86 s 18.1
6' 3.54 d, 8.0 22.3
OH-3 6.52's -
OH-5 13.19 s -

3.3 Cytotoxic activity of isolated compounds

Xanthones are known as one of the largest constituent found in mostly parts
of mangosteen. Thus, these compounds have been studies extensively in both
structure elucidation and primary bioactivities. Many of them possessed medicinal
abilities such as antibacterial, anti-inflammatory and anticancer [33]. In this study, the
isolated compounds obtained from mangosteen roots collected from Nakhon Sri
Thammarat province, the southern Thailand are classified not only xanthones but
also benzophenones and biphenyls which are barely studied in medicinal
applications. To investigate anticancer properties of these compounds, preliminary
screening of twenty-two compounds were observed by their cytotoxic ability towards
two hepatocellular carcinomas (HepG2 and Huh7) and two colon cancer cells (Caco2
and HCT-116) using MTT assay. Sorafenib and doxorubicin were used as positive drug
controls. This assay based on colorimetric analysis using 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide or MTT, a yellow tetrazolium salt, which is reduced
to a purple formazan crystal by mitochondrial dehydrogenase of active cells. In this
study, compounds 2, 3, 5 and 11 showed considerable activities on all cell lines
tested with the ICs5y values less than 50 pM. Nonetheless, many previous studies
have been reported that compound 2 or a-mangostin, the major xanthone of
mangosteen, has a potential effect against various cancer cells. Hence, these results
were able to confirm the efficacy of a~mangostin bioactivities with the previous

reported. Three-fourth cell lines (HepG2, Huh-7 and Caco2) showed cytotoxicity
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affected by compound 21 with IC5, 11.87 + 1.24, 41.63 + 1.22 and 10.47 + 0.68 uM,
respectively. Compounds 13 and 16 showed more selective results against one cell
line each in two types of cancer, HepG2 and HCT-116 with their cytotoxic ability in
dose-dependent manner. In addition, compound 17 showed only significant
difference in HCT-116 cells with ICs, of 28.28 + 0.58 uM and compound 19 showed
only significant difference in HepG2 cells with IC5, value of 19.42 + 0.88 puM.
Interestingly, new compound 1 showed highly effective against Huh7 with ICsy of 9.52
+ 1.05 uM and moderate effect on HepG2 and Caco?2 cells (38.30 £+ 1.19 and 20.20 +
0.50 uM, respectively). Unfortunately, compounds 4, 6, 7 and 22 were unable to
conclude cytotoxicity against last investigated cell line due to the problem occur
during experiment which led to the loss of HCT-116. Apart from these, other
compounds showed weak cytotoxicity to all investigated cell lines.

For further study, compounds which active against both HepG2 and Huh7

with ICsq less than 50 uM will be observes in cell migration analysis.

Table 3.10 Cytotoxic activity of compounds 1 - 22 against HCC cells and colon

cancer cells

Compound ICs0 (M) £ S.D.

HepG2 Huh-7 Caco2 HCT-116
Sorafenib 2.66 +1.86 3.22+1.20 4.98 £0.43 N/A
Doxorubicin 3.07 £0.62 247 +0.59 67.83 £0.11 1.10 +1.34
1 38.30 £1.19 9.52+1.05 20.20 £0.50 64.55 +£1.04
2 5.85+1.13 6.84 +1.28 6.11 £0.60 11.51 £ 1.80
3 12.43 +£0.99 14.96 +1.05 7.79 £0.58 32.85+1.22
q 11.30 £0.83 11.98 £ 0.68 16.08 £0.47 N/A
5 10.43 +1.34 7.23+1.25 6.96 £ 0.60 37.83+1.51
6 22.13+£0.98 14.20 £0.90 29.99 £0.51 N/A
7 50.04 £0.75 40.08 £0.81 67.16 £0.40 N/A
8 uD ub ub 95.3+0.19
9 ub 50.43 £ 1.30 62.83 £ 0.60 ub
10 99.14 £ 0.66 60.8 £1.03 ub ub



11 1599 £1.39 997 +1.33 6.39 £0.62 30.95 £ 1.65
12 uD ub uD uD
13 19.41 £1.19 ub 87.87 £0.34 31.43 £0.40
14 ub ub ub ub
15 ub ub ub ub
16 9.81 £1.26 ub uD 32.95 +£0.25
17 uD ub uD 28.28 £0.58
18 72.62 £0.52 87.15 £0.56 ub ub
19 ub 19.42 £0.88 83.19 £0.32 ub
20 uD ub 97.02 £0.34 uD
21 11.87 £1.24 41.63 £1.22 10.47 £0.68 83.78 £1.43
22 ub ub ub N/A

a6

Values are expressed as mean + standard deviation (n=3), UD (undetectable, ICs,

value >100 pM), N/A (Not available)

3.4 Anti-migration effect of compounds 1, 2, 3, 5, 6, 11 and 21 against HCC cell
(Huh7)

Cell metastasis is a process of cancer cells spread from primary tumor to the
nearest organs via lymphatic and blood circulatory system. Collective cell migration
is the major process of tissue regeneration, cancer invasion and cancer metastasis.
(Pijuan et al, 2019). This process could lead to poor survival of patients with end-
stage of cancer. To assess whether candidate compounds could inhibit cell
migration, compounds 1, 2, 3, 5, 6, 11 and 21 were tested in dose- and time-
dependent manner for wound healing activity using monolayer Huh7 cells scratch
assay. In this experiment, the ICs, values of candidate active compounds were
considered in assessing wound healing activity. Dosage for experiments were fixed as
uM at 1Cs, (IC50/2), (IC50*2) and 3 uM following the ICs, value of sorafenib described
in previous study [34]. Sorafenib is a standard drug approved to treat many cancer
types such as hepatocellular carcinoma, renal cell carcinoma and thyroid cancer [35].

Because of this, 3 uM were used to compare between tested compounds and
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standard drug in the same concentration. Table 3.11 summarize a concentration

used for each compound.

Table 3.11 Concentrations used for wound healing analysis of compound 1, 2, 3, 5,

6, 11, and 21
Compound Actual IC5, (uM) + S.D. Treated concentration (uM)
value against Huh7 Std. IC50/2 ICs ICs5p*2

1 9.52+1.05 3 6 12 24
2 6.84 £1.28 3 1.5 6 12
3 14.96 £1.05 3 6 12 24
5 7.23+1.25 3 a4 8 16
6 14.20 £0.90 3 6 12 24
11 9.97 £1.33 3 6 12 24
21 41.63 +£1.22 3 15 30 60

As a result, Figure 3.19 showed wound closure of untreated cells as control
and cells treated with sorafenib as positive control. The results indicated that wound
closure percentage of untreated control were significantly higher than the 3 uM

sorafenib group at 24 and 48 h.

Untrested odlls Srdfenib (34V)

Oh.

24h.

48h.
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Figure 3.19 Wound closure expression of untreated cells and cells treated with

sorafenib (3 uM) at 0, 24 and 48 h

Firstly, compound 1 showed a considerable effect in inhibiting cell migration
with 1Cso value (12 uM) compare with untreated control at 24 h. The percentage of
tissue repair was dramatically decreased meaning that the compound was able to
retard wound closure. In addition, concentration less than ICs, (6 uM) also suggested
ability to inhibit migration with the percentage of tissue repair decreasing more than
50% when compared with the percentage of control at 24 h. The higher

concentration resulted in same pattern with that at ICs, (Figure 3.20).

Sorafenib Std. 1C4o/2 1Cqo 1C5*2
Untreated (BuM) 3uM 6 UM 12 yM 24 uM
g - 10 150
- et -e- Control
- et i -= Sorafenib
¢ ©
3 ; @100 — 3uM
‘! r‘ 3] % - 6uM
": g 50 - 12uM
i ® - 24.M
% p 3 5 A g o b 5 T T
A : y o 0 2
) . oI (b) Time (h.)

Figure 3.20 Effect of compound 1 on wound closure at 0, 24 and 48 h (a), graph

correlation between times and %tissue repair (b)

Table 3.12 Tissue repair percentage value (%) of compound 1

Time (h) Percentage of tissue repair (%)
Control Sorafenib 3 pM 6 pM 12 pM 24 uM
0 0 0 0 0 0 0
24 62.42 278 8.15+3.39 4519 £1.38 3538+4.03 14.76+t4.41 11.98 £ 1.74
48 100.0 £0.00 6.40£2.93 81.14 £357 72.60+£510 9.12+262 6.28 +2.48

Values are expressed as mean + standard deviation (n=2)

Next, the results indicated that compound 2 gave significant effect at 24 h
(Figure 3.21 b). To explain further, 6 uM was able to inhibit wound closing with just
1.78% of tissue repair compared to control at the same period of time. Additionally,

with the same concentration at 24 h, compound 2 was able to decrease migration
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process with the result close to tissue repair percentage of sorafenib as data shown
in Table 3.13. Increasing of concentration led cells morphology to change and peel
off, it caused wound space area to be unable measure. This suggested that

treatment with double in ICsy was too strong and toxic to cells.

Sorafenib 1C5o/2 Std. 1Cso ICs*2
Untreated (3 uM) 1.5 uM 3uM 6uM 12 uM
" Y ,3 i
of 4 1 = 150
oh 3 4 -e- Control
§ N | -=- Sorafenib
: .

100

M

= 1.5 uM
?& *
'!s / - 3 uM
-

& -
50 P = 6 uM

% Tissue repair

! ’ | ” » ’! i V-‘qv.“' .\’l
2 J y ; _l’

o i %
o H | : ’
(@) . =

Figure 3.21 Effect of compound 2 on wound closure at 0, 24 and 48 h (a), graph

;;ﬂ'% e

o4

" (b) Timg“(h.)
correlation between times and %tissue repair (b)

Table 3.13 Tissue repair percentage value (%) of compound 2

Time (h) Percentage of tissue repair (%)
Control Sorafenib 1.5 yM 3 uM 6 pM 12 pM
0 0 0 0 0 0 0
24 65.67 370 2741+£544 6527 £7.59 3090+ 1271 1.78+20.04 UD
48 9586+ 285 17.77£507 79.18+£8.64 4460+1561 O ubD

Values are expressed as mean + standard deviation (n=2), UD (undetectable)

Compound 3 also gave significant results at 24 h. From Table 3.14,
considered no increase in tissue repair percentage in cells treated with ICs
concentration since 24 h and became toxic as 48 h pass by. Lower concentration (6
puM) showed decrease in cell migration by compare percentage results with control.
Moreover, higher concentration showed cytotoxicity against investigated cells at 24 h
due to change in cells morphology and damage. Because of this, gaps between

wound cells could not be measured.
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Sorafenib Std. ICs/2 1Cs ICs*2
Untreated (3 pM) 3uM 6 uM 12um
100+
-e- Control
= * -# Sorafenib
% 50 - 3uM
H - 6uM
g o : -+ 12M
By 0 24 48
Time (h.)
(@) (b)  o-

Figure 3.22 Effect of compound 3 on wound closure at 0, 24 and 48 h (a), graph

correlation between times and %tissue repair (b)

Table 3.14 Tissue repair percentage value (%) of compound 3

Time (h) Percentage of tissue repair (%)
Control Sorafenib 3 uM 6 UM 12 uM 24 uM
0 0 0 0 0 0 0
24 5371+732 1834+£695 39.74+331 2523+391 O ubD
48 93.65+3.67 16.62+6.48 74.65+353 UD ubD ub

Values are expressed as mean + standard deviation (n=2), UD (undetectable)

Compare between %tissue repair of 8 uM and sorafenib at 24 h (Table 3.15),
compound 5 showed a similar result of inhibited wound closure and more
effectiveness when time increased. In addition, lower concentration (4 uM) at 24 h
was able to slowdown migration progress about 50% better than untreated cells
when compare with tissue repair percentage at each condition. Results also
suggested that, higher concentration was toxic enough to damage cells and not

adherent since 24 h. Thus, results could not be calculated.

Sorafenib Std. ICso/2 ICs0 1C5o*2

Untreated (BuM) 3uM 4 uM 8 uM 16 uM
: 150
oh g -e- Control
’:f'—. i [ o= -m- Sorafenib
: x . P § 100 - 3uM
i : 3 2 - *
3 | = ] -~ 4uM
: & s -~ 8uM
= x

o

| ..n

(b) 0 2:1 4l8
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Figure 3.23 Effect of compound 5 on wound closure at 0, 24 and 48 h (a), graph

correlation between times and %tissue repair (b)

Table 3.15 Tissue repair percentage value (%) of compound 5

Time (h) Percentage of tissue repair (%)
Control Sorafenib 3 pM 4 uM 8 uM 16 uM
0 0 0 0 0 0 0
24 6475+ 797 11.78+4.12 3449+511 3361+x214 1477+£525 UD
48 97.85+362 11.36x349 4163+7.18 3845+t352 UD ub

Values are expressed as mean + standard deviation (n=2), UD (undetectable)

Compound 6 showed fasicinating results in inhibited cells migration. There
were no increase of tissue repair percentage in all condition since 24 h (as shown in
Table 3.16) compared to sorafenib and control. Hence, it gave significant effects at
24 h (Figure 3.24 b). Furthermore, in higher concentration we could slightly see a

change in morphology which suggested that this compound might not be too toxic.

Sorafenib Std. 1C50/2 ICs 1C55*2
Untreated (BuM) 3uM 6 uM 12 uM 24 yM
oh b
) | | A i | = -=- Sorafenib
©
= g B ; 7] 4 o 10 —— 3uM
, i iy . o e
s 9! ol |- [ *
24h a4 5 | 1 B I 3 -~ 6uM
o E ‘ 18 1 Ve 2 5 - 12uM
i B ! = N o s + N« BN = - 24.M
v | 'SR B e @ N E nesl |
o _g Xy L X | B 1 ;‘,‘_p A
h " A R P-‘ ‘ Wil Ly o 6 4 b ﬂ
48 o | 3 ‘:2 ¢ ; Ko
. p & ; 0 24 48
3 g 3 * T Time (h.)
(@) i i A RS (b)

Figure 3.24 Effect of compound 6 on wound closure at 0, 24 and 48 h (a), graph

correlation between times and %tissue repair (b)

Table 3.16 Tissue repair percentage value (%) of compound 6

Time (h) Percentage of tissue repair (%)
Control Sorafenib 3 uM 6 pM 12 uM 24 uM
0 0 0 0 0 0 0

24 65.88 £ 11.11 7.88+10.70 O 0 0 0
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48 96.74 £2.15  6.04 £2.38 0 0 0 0

Values are expressed as mean + standard deviation (n=2)

Compound 11 showed moderately results in cell migrate inhibition. Within
ICsq concentration (12 uM) at 24 h, this compound could decrease cell motility with
29.89 & 2.66% tissue repair compared to control. In higher concentration (24 M)
was able to inhibit wound closure since 24 h. However, in the concentration lower
than ICsp, this compound showed no effect as tissue repair rates still remained same

as untreated cells.

Sorafenib Std. 1Cs/2 1Csp 1C50*2
Untreated (3 M) 3uM 6 uM 12uM 24 uM
y »

150+
-e- Control

-=- Sorafenib
-+ 3uM
-+ 6uM
- 12uM
- 24 .M

% Tissue repair
-
o =3
o o
1 1

o
1
o

24 48
Time (h.)

o
S
L

B ()
Figure 3.25 Effect of compound 11 on wound closure at 0, 24 and 48 h (a), graph

correlation between times and %tissue repair (b)

Table 3.17 Tissue repair percentage value (%) of compound 11

Time (h) Percentage of tissue repair (%)
Control Sorafenib 3 uM 6 pM 12 pM 24 uM
0 0 0 0 0 0 0
24 61.05+584 9.71+3.03 61.75+1.64 6053+266 29.89+266 242=+4.42
48 9458 £190 0.54+£453 9950+0.81 99.43+0.77 4397277 O

Values are expressed as mean * standard deviation (n=2)

Lastly, compound 3, which appears to be only a biphenyl metabolite apart
from other candidated compounds, showed significate effect at 24 h (Figure 3.26 b).
To explain more, compound with ICs, concentration at 24 h (30 uM) was able to

inhibit wound closure with no increase in tissue repair percentage (Table 3.18). In 15
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uM at 24 h condition, this compound could decrease tissue repair rate with the
percentage closed to sorafenib. As for higher concentration, results showed that it
was too toxic to cells which could damage cells perfectly since 24. Thus, this

compound gave significant effects at 24 h.

Sorafenib Std. 1C5o/2 ICsp 1C5p*2
Untreated (B M) 3uM 15uM 30uM 60 uM
X i B Y B ]
R ) 118 ‘ 100
oh e | v ? —e— Control
i o = 80 -= Sorafenib
= = — — 5 - s
R ! ?*‘ 1|s Lae: o I | W g:' 60 == 3 uM
24h g ; o B 3 £l =2 15
o 8 ¥ 2 40
i B 3 - 30 uM
" | s
B il = 20
; |
e o 24 4
@) i (b) Time (h.)

Figure 3.26 Effect of compound 21 on wound closure at 0, 24 and 48 h (a), graph

correlation between times and %tissue repair (b)

Table 3.18 Tissue repair percentage value (%) of compound 21

Time (h) Percentage of tissue repair (%)
Control Sorafenib 3 uM 15 uM 30 pM 60 pM
0 0 0 0 0 0 0
24 5459 + 10.50 £ 3.44 50.66 17.73 £ 0 uD
3.53 3.17 3.17
48 9199 +218 4.44+498 89.66 33.60 = 0 ub
2.39 2.19

Values are expressed as mean + standard deviation (n=2), UD (undetectable)

3.5 Apoptosis assessment

Apoptosis is a programmed cell death, which occurs naturally in multicellular
organism. Normally, there are two main pathways of apoptosis including intrinsic and
extrinsic pathway. Apoptosis leads to elimination of unnecessary, damaged and
infected cells to balance and protect organism. On the other hand, loss of apoptosis
pathway could lead to pathological disorder such as cancer. In this study,
assessment of apoptosis was performed to analyze whether compounds 1, 6 and 11

were able to induce apoptosis in Huh7 cell line whereas compound 2, 3, and 5 have
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already been studied previously [16]. The concentrations of each compounds were
similar to those of previous experiment, at IC5, and two-folds greater than ICs
(IC50*2). Untreated cells were used as control. The Annexin V/phosphatidylserine (PS)
double stain was performed to study apoptotic cells and determined by Muse” Cell
Analyzer. As results, each quadrant indicated stages of apoptosis profile, explain the
mechanism of Annexin V reagent. Generally, phosphatidylserines are found
exclusively in the inner membrane in healthy cells. During the early stage of
apoptosis, phosphatidylserines are translocated from inner to the outer surface of
the cell membrane where Annexin V, a specific phospholipid binding protein, can
readily bind them. In addition, damaged nucleus is found in late apoptosis detected
by DNA-binding dye.

Compound 1 or mangostanone |, showed a significant in total apoptosis rate.
Apoptosis rate were increased to 22.60% in 12 uM and 25.70% in 24 uM comparing

with the control. The comparative was shown clearly in Figure 3.27.
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Figure 3.27 Apoptosis profile (a) and apoptosis rate (%) (b) of compound 1 on Huh-7
cells in 12 and 24 uM

Compound 6 (dulxanthone D) was able to enhance apoptosis in 24 puM
concentration. It provided the highest rate of apoptotic induction when compared
with untreated cells. However, the different between control and 12 uM
concentration were barely seen. This result correlated with the previous experiment,
explaining the reason that higher concentration was way too toxic and led to the

increase of apoptotic cells.
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Figure 3.28 Apoptosis profile (a) and apoptosis rate (%) (b) of compound 5 on Huh-7
cellsin 12 and 24 uM
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Compound 11 or 8-deoxygartanin showed increase of total apoptosis rate
moderately compared with the control. Even so, Figure 3.29 showed that compound
11 was able to induced specifically in late apoptosis stage with 31.06% and 32.48%
in 12 and 24 uM respectively.
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Figure 3.29 Apoptosis profile (a) and apoptosis rate (%) (b) of compound 6 on Huh-7
cells in 12 and 24 uM

Effect of compound 21 (3-hydroxy-4-geranyl-5-methoxybiphenyl) on Huh-7
apoptosis was neglectable due to a high ICsy value. However, the cytotoxicity against
HepG2 as 11.87 £ 1.24 uM was considered. Only this compound was used to
investigate apoptosis assessment with HepG2 with the same condition of
concentrations treated (ICso and two-folds greater than ICs, (IC50*2)). As results,

compound 21 showed moderately increase in apoptosis rate compared to control.
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Figure 3.30 Apoptosis profile (a) and apoptosis rate (%) (b) of compound 21 on
HepG2 in 12 and 24 uM

3.6 Western blot analysis

For the further study, western blot was performed to investigate targeted
proteins by observing ability in suppression or expression of candidated compound.
The interest targeted proteins are Bcl-2 and Bcl-XL from B-cell lymphoma-2 (Bcl-2)
family. These proteins, mainly found in mitochondrial membrane, are the key
regulators of apoptosis including anti-apoptotic and pro-apoptotic members.
Normally, the anti-apoptotic proteins Bcl-2 and Bcl-XL will inhibit apoptosis by
interacting and sequestering with pro-apoptotic proteins to balance cells in organism.
However, in cancer patient, these proteins are increasing numerous and lead to the
decreasing of apoptosis process. In this experiment, compound 21 was chosen to
determine with HepG2 cell line, and B-actin was used as housekeeping protein.
Concentrations used are follow by ICs, (IC50/2) and (IC5p*2) and untreated as control.

As results, compound 21 or 3-hydroxy-4-geranyl-5-methoxybiphenyl was able

to suppress Bcl-2 protein with the increasing of concentration as shown in Figure
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3.31 while Bcl-XL still expressed normally. This meant that apoptotic activation of

HepG2 cells by compound 21 was mediated by the down regulation of Bcl-2 protein.
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Figure 3.31 Effect of compound 21 on Bcl-2 and Bcl-XL protein expression
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CHAPTER IV
CONCLUSION

In conclusion, purification of the EtOAc extract of mangosteen (Garcinia
mangostana L.) roots led to the isolation of four new compounds: mangostanone | -
IV (compounds 1, 12, 13, and 18), and one firstly reported in natural, 4,5-
dimethoxy[1,1-biphenyl]-3-ol (20). Moreover, Seventeen known compounds could
be identified as ten xanthones: a-mangostin (2), f-mangostin (3), mangostin (4),
mangostanaxanthone IV (5), dulxanthone D (6), toxyloxanthone B (7), 1,7-dihydroxy-3-
methoxy-2-prenylxanthone (8), euxanthone (9), norathyriol (10), 8-deoxygartanin (11),
four benzophenones: maclurin - (14), 2,3',4,6-tetrahydroxybenzophenone  (15),
mangaphenone (16), (2-hydroxy-4,6-dimethoxyphenyl)(3-hydroxy-4-
methoxyphenyl)methanone (17), two biphenyls: gcarciosine A (19), 3-hydroxy-4-
geranyl-5-methoxybiphenyl (21), and one flavonoid: epicatechin (22).

All twenty-two compounds were determined for their cytotoxic activity
against HCC (HepG2 and Huh-7) and colon cancer (Caco2 and HCT-116) cell lines by
using MTT assay as preliminary screening. The results showed that compounds 1, 2,
3, 5,6, 11 and 21 have a potential effect in anticancer properties. These compounds
were then selected for the next investigation in cell migration analysis with Huh-7. As
results, most of the compounds showed significantly decrease of wound closure
percentage except for compound 11. Moreover, compounds 1, 6, 11 and 21 were
further investigcated with apoptosis assessment. Results suggested that these four
compounds have an ability to increase apoptosis rate in dose-dependent manner.
Lastly, compound 21 was chosen for Bcl-2 protein inhibitory activity using Western
blot analysis. To summarize, the data obtained from cell migration analysis and
apoptosis assessment in considerable condition at 24 h treated with concentrations

of ICsq value were shown in Table 4.1.



Table 4.1 Data summaries of compound 1, 2, 3, 5, 6, 11 and 21

60

No. | Compound Anti-migration Total apoptosis | Bcl-2
activity rate (%) inhibition
(% Tissue repair)

1 mangostanone | 1476 £ 4.41 22.60(a) -

2 a-mangostin 1.78 £ 20.04 - -

3 | f-mangostin 0 - -

5 mangostanaxanthone IV 1477 £5.25 - -

6 dulxanthone D 0 9.55(6) -

11 | 8-deoxysartanin 29.89 + 2.66 36.34" :

21 | 3-hydroxy-4-geranyl-5-methoxybiphenyl | 0 9,20(b) /

(a) experiment with Huh-7, (b) experiment with HepG2
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Figure A.1.2 C NMR (100 MHz, acetone-d6) spectrum of compound 1
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Figure A.2.1 "H NMR (400 MHz, CDCl;) spectrum of compound 2
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Figure A.3.1 'H NMR (400 MHz, CDCls) spectrum of compound 3
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Figure A.3.2 C NMR (100 MHz, CDCl3) spectrum of compound 3



1._JLM i

L
*.\

[}
-

Figure A.3.3 "H-'H cosy spectrum (CDCl;) of compound 3

| Ly u“J MJL |

T T T T T T T T T T T T T T
= = n h=3 = = - = = -3 = = 1 (=]
L= 1Y

Figure A.3.4 HSQC spectrum (CDCls) of compound 3

T
-

EEEEEEEREEEEEEEEEE

gl g

73

TiEn



74

QE'

[
.
.
[
i E
' 1
‘ 1]
"
' +
[ =
1
-
[~
T T T T T T T T T T T T T T T
= = - =g = = ra =] = -1 = = -1 [= ] —1

= ]

Figure A.3.5 HMBC spectrum (CDCl3) of compound 3



75

6
1 (ppm)

Figure A.5.1 "H NMR (400 MHz, CDCl;) spectrum of compound 5
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Figure A.6.1 "H NMR (400 MHz, methanol-d4) spectrum of compound 6
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Figure A.10.1 "H NMR (400 MHz, CDCl3) spectrum of compound 10
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_

Il

|

Jul24-2019-5jh004
cosy

Figure A.10.3 "H-"H cosy spectrum (CDCl;) of compound 10

|

T T
7 6
2 (ppm)

1

T
4

T
3

2

T
1

Jul24-2019-5jh004

Figure A.10.4 HSQC spectrum (CDCl;) of compound 10

7 6
72 (ppm)

80

90

100

r110

r120

130

F140

F150

F160

F170

88

f1 (ppm)

f1 (ppm)



L

i

Jul24-2019-5jh004

HMBCGP

89

100

150

~200

3 vo
0
° L]
b
v
0 0
0 0
]
T T T T T T T T T T T T T
13 12 11 10 9 8 6 4 3 2 -1
f2 (ppm)

Figure A.10.5 HMBC spectrum (CDCl;) of compound 10

f1 (ppm)



90

I LUQ U

6
1 (ppm)

Figure A.11.1 "H NMR (400 MHz, CDCl3) spectrum of compound 11

T | T | R—

T T T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10 -20 -30
1 (ppm)

Figure A.11.2 C NMR (100 MHz, CDCls) spectrum of compound 11



| N T

Aug06-2019-5jh003
cosy

T
6 5 4 3 2 1 0
2 (ppm)

Figure A.11.3 "H-'H cosy spectrum (CDCls;) of compound 11

A o |

Aug06-2019-5jh003

o

TN

100

F110

120

130

F140

F150

F160

F170

6
2 (ppm)

Figure A.11.4 HSQC spectrum (CDCl;) of compound 11

T
5 4 3 2 1 0

f1 (ppm)

91

f1 (ppm)



Aug06-2019-5h003
HMBCGP

V)

ol

92

|

6
2 (ppm)

-0
©
]
=50
~100
*N
150
200
T T T T
2 1 0 1

Figure A.11.5 HMBC spectrum (CDCls) of compound 11

f1 (ppm)



93

BN

1 (ppm)

Figure A.12.1 1H NMR (400 MHz, acetone-d6) spectrum of compound 12
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Figure A.13.1 "H NMR (400 MHz, acetone-d6) spectrum of compound 13
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Figure A.14.1 "H NMR (400 MHz, acetone-d6) spectrum of compound 14
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Figure A.14.2 13C NMR (100 MHz, acetone-d6) spectrum of compound 14
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Figure A.15.1 "H NMR (400 MHz, acetone-d6) spectrum of compound 15
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Figure A.15.4 HSQC spectrum (acetone-d6) of compound 15
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Figure A.17.1 "H NMR (400 MHz, CDCls) spectrum of compound 17
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Figure A.18.1 "H NMR (400 MHz, CDCl3) spectrum of compound 18
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Figure A.19.1 "H NMR (400 MHz, CDCls) spectrum of compound 19
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Figure A.19.2 C NMR (100 MHz, CDCls) spectrum of compound 19
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Figure A.19.3 "H-"H cosy spectrum (CDCl;) of compound 19
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Figure A.20.1 "H NMR (400 MHz, CDCl3) spectrum of compound 20
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Figure A.20.2 °C NMR (100 MHz, CDCls) spectrum of compound 20
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Figure A.21.1 "H NMR (400 MHz, CDCls) spectrum of compound 21
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Figure A.21.2 °C NMR (100 MHz, CDCl;) spectrum of compound 21
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