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ABSTRAK

Kajian awal menunjukkan bahawa bahagian akar pokok Garcinia atroviridis (asam
gelugur) mempunyai aktiviti antibakteria dan antioksida yang tinggi, berkemungkinan
disumbangkan oleh pelbagai bioaktif metabolit sekunder. Sebatian daripada ekstrak etil
asetat akan diasingkan dengan lebih lanjut memandangkan pelarut etil asetat sangat
efektif dalam mengasingkan kumpulan fenolik. Oleh itu, kajian ini dijalankan untuk
mengasingkan, menulenkan, mengenalpasti sebatian fenolik, dan menilai sifat-sifat
biologi bagi ekstrak etil asetat dan sebatian yang diasingkan. Sebagai tambahan, kajian
biologi awal terhadap pelbagai ekstrak daripada akar G. atroviridis turut dijalankan. Akar
G. atroviridis di dapati dari Maran, Pahang, telah diekstrak menggunakan pelarut yang
mempunyai kekutuban yang berbeza. Kajian biologi awal iaitu antibakteria dan
antioksida telah dijalankan terhadap ekstrak etil asetat. Ekstrak etil asetat telah dipilih
kerana penyelidikan terdahulu telah berjaya mengasingkan sebatian fenolik yang
mempunyai pelbagai aktiviti biologi. Ekstrak ini menunjukkan aktiviti antibakteria
terhadap bakteria Gram-positif iaitu Bacillus cereus dan Staphylococcus aureus melalui
kaedah penyebaran cakera. Ekstrak ini juga menunjukkan jumlah kandungan fenolik
(TPC) yang siknifikan melalui kaedah Folin- Ciocalteau (FC), dengan nilai 568.6 + 2.724
mg GAE/qg. Seterusnya, aktiviti antioksida ekstrak etil asetat telah di uji dengan lebih
lanjut melalui kaedah a, a-diphenyl-g-picrylhydrazyl (DPPH) dan ferric reducing
antioxidant power (FRAP) yang menunjukkan aktiviti antioksida yang memuaskan
dengan nilai ICso 51.7 £ 2.180 pg/mL (DPPH) dan 294.0 + 20.173 mg AAE/g (FRAP).
Memandangkan ekstrak etil asetat menunjukkan aktiviti antibakteria dan antioksida yang
bagus, pengasingan sebatian fenolik melalui teknik silica gel column chromatography (Si
gel CC) dan preparative thin layer chromatography (PTLC) telah dijalankan. Sebanyak
lima sebatian telah berjaya diasingkan iaitu, atrovirisidone (7), morelloflavone (12),
GBla (18), 1,3,5 - trihydroxy-2-methoxyxantone (29), termasuk satu sebatian baru iaitu
volkensiflavone (33), dimana sebatian ini berjaya diasingkan daripada pokok G.
atroviridis buat pertama Kkali. Pelbagai teknik spektroskopi digunakan untuk
mengenalpasti struktur sebatian tersebut termasuklah melalui teknik mass spectrometer
(MS), ultraviolet-visible (UV-Vis), fourier-transform infrared (FTIR), dan 1D- nuclear
magnetic resonance (NMR). Seterusnya, kajian biologi dilakukan terhadap sebatian yang
telah diasingkan. Bagi aktiviti antibakteria, GBla (18) dan volkensiflavone (33)
menunjukkan - perencatan terhadap S. aureus. Sementara itu, morelloflavone (12)
menunjukkan aktiviti DPPH tertinggi dengan nilai 1Cso 20.3 £ 1.667 pg/mL, setanding
dengan asid askorbik (AA) dengan nilai 1Csp 13.2 + 0.021 pg/mL. Secara umum, semua
sebatian menunjukkan aktiviti FRAP yang memuaskan dengan aktiviti tertinggi
ditunjukkan' oleh " 1,3,5- trihydroxy-2-methoxyxantone  (29), 1643.3 + 44623 mg
AAE/qg. Di samping itu, kajian biologi awal yang dilakukan terhadap ekstrak heksana,
diklorometana, butanol dan metanol yang diekstrak daripada akar G. atroviridis
mendedahkan bahawa ekstrak butanol mempunyai nilai farmaseutikal yang berpotensi
tinggi kerana ekstrak ini menunjukkan aktiviti antibakteria dan antioksida yang paling
tinggi. Selain itu, hubungan antara ekstrak akar G. atroviridis dan aktiviti antioksida
menunjukkan korelasi positif yang kuat antara TPC dengan DPPH (r = 0.8760) dan FRAP
(r = 0.9385), menunjukkan peranan sebatian fenolik dalam aktiviti antioksida.
Kesimpulannya, aktiviti antibakteria dan antioksida oleh akar G. atroviridis
berkemungkinan disumbangkan oleh kehadiran sebatian fenolik.



ABSTRACT

Several preliminary studies on the roots of Garcinia atroviridis have reported on their
antibacterial and antioxidant properties, which might be contributed by various bioactive
secondary metabolites. Chemical compounds in the roots of G. atroviridis were isolated
from ethyl acetate extract as the solvent was reportedly efficient for extraction of phenolic
compounds with intermediate polarity. Thus, this study aims to isolate, purify, elucidate
the phenolic compounds, and evaluate the biological properties of ethyl acetate extract
and its isolated compounds. In addition, preliminary investigation on biological activity
of other extracts extracted with different polarities of solvent was also conducted. The
roots of G. atroviridis collected from Maran, Pahang were subjected to solvent extraction
with different polarities of solvents. Preliminary biological screening was done on ethyl
acetate extract to investigate the antibacterial and antioxidant activities. This extract was
chosen because, the chemical investigation on this extract leads to the isolation of various
phenolic compounds with various bioactivities as proven in previous studies. Ethyl
acetate extract showed antibacterial activity against Gram-positive bacteria, Bacillus
cereus and Staphylococcus aureus, in disc diffusion experiment. Significant total
phenolic content (TPC) was identified in ethyl acetate extract using Folin-Ciocalteu (FC)
reagent method, with a value of 568.6 + 25.724 mg GAE/g. Upon further investigation
with o, a-diphenyl-g-picrylhydrazyl (DPPH) and ferric reducing antioxidant power
(FRAP) assays, ethyl acetate extract showed moderate antioxidant activities with 1Cso of
51.7 £ 2.180 pg/mL and 294.0 + 20.173 mg AAE/qg, respectively. Based on antibacterial
and antioxidant activities exhibited by ethyl acetate extract, further chemical investigation
was carried out to isolate the phenolic compounds in the extract using silica gel column
chromatography (Si gel CC) and preparative thin layer chromatography (PTLC). Five
compounds were isolated namely atrovirisidone (7), morelloflavone (12), GBla (18),
1,3,5- trihydroxy-2-methoxyxantone (29), and volkensiflavone (33). Volkensiflavone
(33) was reported for the first time in G. atroviridis. Several spectroscopy techniques
were used to elucidate the structure of isolated compounds, such as mass spectrometer
(MS), ultraviolet-visible (UV-Vis), fourier-transform infrared (FTIR), and 1D- nuclear
magnetic resonance (NMR) spectroscopy. Biological assays were conducted to all
isolated compounds except atrovirisidone (7) due to limited yield. GBla (18) and
volkensiflavone (33) inhibited the growth of S. aureus as observed in antibacterial test.
Morelloflavone (12) showed the highest DPPH scavenging activity with 1Cso of 20.3
1.667 pg/mL which was comparable to ascorbic acid (AA) with 1Cso of 13.2 + 0.021
png/mL. In general, all compounds showed significant reducing power, of which 1,3,5-
trihydroxy-2-methoxyxantone (29) demonstrated the highest FRAP activity with a value
of 1643.3 + 44.623 mg AAE/g. In addition, preliminary biological screening of different
solvent extracts from the roots of G. atroviridis revealed the pharmaceutical potential of
butanol extract, which showed the highest antibacterial and antioxidant activities.
Correlation between phenolic content in root extracts of G. atroviridis and antioxidant
activity was evaluated. Strong positive correlation between TPC and the measured
capacity in DPPH (r =0.8760) and FRAP (r = 0.9385) assays signified the role of phenolic
compounds in antioxidant activity in root extract of G. atroviridis. In conclusion,
antibacterial and antioxidant activities in root extract of G. atroviridis may be attributable
to the presence of phenolic compounds.
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CHAPTER 1

INTRODUCTION

1.1  Background of Research

Garcinia is the largest genus of the family Clusiaceae (Lim, 2012). Garcinia
atroviridis or locally known as ‘asam gelugur’ tree is a huge tropical rain forest tree that
can be found mostly in Peninsular Malaysia (Mackeen et al., 2000). Yaacob and Tindall
(1995) reported that Garcinia consists of 35 genera with over 800 species in the tropics
of both hemispheres. About 80 Garcinia species grow in Malaysia’s forests across wide
range of habitats (Nordin et al., 2007). Garcinia, which has been used in folk treatment,
consists of an array of medicinal plant species with potential therapeutic agents (Nguyen,
2015). It has been widely reported that Garcinia extracts particularly from G.
mangostana and G. kola displayed diverse biological activities such as anti-HIV,
antimicrobial, antihepatotoxic, antioxidant, anti-inflammatory, and anti-ulcerogenic
activities (Jantan et al., 2011; Tadtong et al., 2009; Tewtrakul et al., 2009; Ee et al., 2008;
Hu et al., 2005; Suksamrarn et al., 2003).

Although G. atroviridis grows in the wild, it is also cultivated by the locals for its
medicinal and market value (Mackeen et al., 2000). Previous phytochemical studies of
G. atroviridis revealed that this plant is a rich source of secondary metabolites, especially
phenolic compounds such as xanthones and flavonoids (Tan et al., 2016; Permana et al.,
2005; Permana et al., 2003; Dweck, 1999). This plant has medicinal values as it has been
traditionally used to treat cough, earache, and in postpartum treatment (Tisdale et al.,
2003; Burkill, 1966). Mackeen et al. (2000) found that crude methanol (MeOH) extracts
from the fruits, roots, leaves, stem and trunk barks of G. atroviridis possessed
antibacterial, antifungal, antioxidant, and antitumor-promoting properties, which
suggests their potential as therapeutic agent. It was revealed that MeOH root extract of
G. atroviridis exhibited strong antibacterial and antioxidant activities (Mackeen et al.,
2000).



To date, few studies have reported on phytochemical investigation of G.
atroviridis, of which three reported specifically on the root extracts (Permana et al., 2005;
Permana et al., 2003; Permana et al., 2001). Permana et al. (2005) reported on successful
purification of bioactive chemical constituents from the ethyl acetate (EtOAc) root extract
and thus, the study reported in this thesis was first conducted in expectation to reveal new
bioactive chemical constituents from the extract. Characterization of the compounds
structure was determined based on spectral analysis and comparison with published data.
Antibacterial and antioxidant activities of the extracts and isolated compounds from the

roots of G. atroviridis were evaluated.
1.2 Problem Statement

Root extract of G. atroviridis showed strong antibacterial and antioxidant
properties based on its preliminary biological studies done by Mackeen et al., 2000, as
compared to other parts of the plant. The detailed studies regarding the chemical
constituents and its biological properties of the root part was later reported by Permana
et al. (2001; 2003; 2005). The results showed that and phenolic compounds isolated from
the EtOAcC root extract of G. atroviridis exhibited strong antibacterial and antioxidant
properties (Permana et al., 2001; 2003; 2005). However, after more than decades, study
on the root extract and its isolated compounds have not been extensively conducted.
Hence, current study was conducted in accordance to the studies done by Permana et al.
(2001; 2003; 2005) to identify new bioactive chemical constituents from the EtOAc

extract of G. atroviridis root.

In recent years, microbial resistance towards antibiotics and undesirable side
effects of using synthetic antibiotics have been a challenge. The use of phytochemicals
with identified antibacterial properties in combination with existing antibiotics can
potentially enhance antimicrobial activity. Besides the pharmaceutical industry, the
antibacterial compounds particularly from phenolic group offer a natural alternative to

synthetic preservatives in food and cosmetic applications.

Phenolic compounds are also known to exhibit good antioxidant properties.
Antioxidants help to fight oxidation, a normal chemical process in the body. When there
is a disruption to this process, free radicals are created. At high concentration, these free

radicals causes oxidative stress, which involved in the development of chronic diseases



such as cancer, hypertension, cardiovascular and neurodegenerative diseases. Consuming
antioxidants may be necessary if there is insufficient of antioxidants produced naturally
in the body. There seems to be a high interest to find safe and inexpensive antioxidants
from natural sources due to adverse effects produced by its synthetic counterparts.
Furthermore, the commercial production of plants as sources of antioxidants can be used
to improve the properties of foods, both for nutritional and preservation purposes.
Therefore, based on the published biological potential of G. atroviridis, current study will
lead to the discovery of potential antibacterial and antioxidant compounds from EtOAc

root extract of the plant.
1.3 Research Objectives

Based on the published antibacterial and antioxidant potential of the root extract
from G. atroviridis, the objectives of this study are outlined as follows;

1. To identify the active chemical constituents in the root extract of G. atroviridis
EtOAc by isolation and purification using chromatography techniques namely
silica gel column chromatography (Si gel CC), preparative thin layer
chromatography (PTLC), and thin layer chromatography (TLC).

2. To elucidate the structure of isolated compounds from EtOAc root extract of G.
atroviridis via spectroscopy techniques that include mass spectrometer (MS),
infrared (IR) spectroscopy, ultraviolet-visible (UV-Vis) spectroscopy, and
nuclear magnetic resonance (NMR) spectroscopy.

3. To evaluate antibacterial and antioxidant properties of EtOAc root extract of G.
atroviridis roots and its isolated compounds via disc diffusion test, and «, a-
diphenyl-g-picrylhydrazyl (DPPH) and ferric reducing antioxidant power (FRAP)

assays, respectively.

1.4 Scope of the Study

Root part of G. atroviridis from Clusiaceae family was selected for this study
based on its strong preliminary antibacterial and antioxidant activities of MeOH crude
extract that was published by Mackeen and co-authors (2000). Permana et al. (2005;
2003; 2001) further investigate the chemical compositions of the root extract. According
to Permana et al. (2005; 2003; 2001), various phenolic compounds isolated from EtOAc

3



root extract of G. atroviridis possessed biological properties such as antibacterial,
antioxidant and cytotoxicity, which serves as the basis of focusing on EtOAc extract in
this study. Furthermore, it was reported that EtOAc was a good solvent to recover
polyphenols of intermediate polarity (Chung et al., 1999). Flavonoid aglycones such as
isoflavones, flavanones, flavones, and flavonols usually soluble in solvents like EtOAc,
chloroform and diethyl ether (Susanto et al., 2019; Santos-Buelga et al., 2012). In order
to isolate other phenolic compounds from EtOAc extract of G. atroviridis roots, current

study was conducted according to reports by Permana and co-authors (2005; 2003; 2001).

Isolation of phenolic compounds present in the EtOAc root extract of G.
atroviridis was carried out via chromatography techniques such as silica gel column
chromatography (Si gel CC), preparative thin layer chromatography (PTLC), and thin
layer chromatography (TLC). Structures of the compounds were elucidated using mass
spectrometer (MS), infrared (IR) spectroscopy, ultraviolet-visible (UV-Vis)
spectroscopy, and nuclear magnetic resonance (NMR) spectroscopy. Spectral analysis of
the compounds and its comparison with previous reports were used to characterize the
compounds. Antibacterial and antioxidant activities of the EtOAc extract and its isolated
compounds were also evaluated. In addition, preliminary screening of antibacterial and
antioxidant activities of hexane, dichloromethane (DCM), butanol and MeOH extracts
from the roots of G. atroviridis was evaluated. Antibacterial activity was observed via
disc diffusion method, whereas antioxidant activity was evaluated via a, a-diphenyl-$-
picrylhydrazyl (DPPH) and ferric reducing antioxidant power (FRAP) assays.

1.5  Significance of Research

Purification and isolation of hioactive compounds enable the discovery of new
natural products. Chemical constituents will be screened for biological activities thus
revealing therapeutic potential of plant constituents and possibly new discovery of drug
sourced from plant. Research trends clearly demonstrate that in future, natural products
will be one of the essential components in drugs. This study was conducted to investigate

the potential antibacterial and antioxidant agents from the roots of G. atroviridis.



CHAPTER 2

LITERATURE REVIEW

2.1 Genus of Garcinia

Garcinia genus consists of over 250 species belongs to the Clusiaceae or
Guttiferae family (Lim et al., 2012). Garcinia is rich in secondary metabolites, where
four major classes known as xanthones, coumarins, biflavonoids, and benzophenones
were identified in the plant (Acuna et al., 2009). Production of phytochemicals, primary
or secondary metabolites, in medicinal plants has been used to prevent and treat diseases
in human (Nostro et al., 2000). Thanks to its enormous remedial qualities, this genus has
received considerable attention from pharmaceutical industries (Hemshekhar et al.,
2011).

G. mangostana or locally known as mangosteen tree is among the well-known
species of this genus, which anti-HIV, antitumor, anti-inflammatory, anti-tuberculosis,
and antimicrobial properties have been extensively published (Tadtong et al., 2009;
Tewtrakul et al., 2009; Ee et al., 2008; Hu et al., 2005; Suksamrarn et al., 2003). It was
reported that the presence of xanthone derivatives, identified as a- and y-mangostin
contributed to diverse biological activities of the plant (Jung et al., 2006; Suksamrarn et
al., 2002). It was suggested that antioxidant and anti-platelet properties of Garcinia
species were partially due to its total phenolic content (Jantan et al., 2011). Same study
revealed that oxidation of low-density lipoprotein (LDL) was significantly inhibited by
the extracts from G. cantleyana, G. hombroniana, G. prainiana, G. eugenifolia, and G.

atroviridis.

Biological activities of EtOAc extract could be associated with the presence of
phenolic compounds as EtOAc was efficient to extract flavonoid aglycones such as
isoflavones, flavanones, flavones, and flavonols (Susanto et al., 2019; Santos-Buelga et
al., 2012). The EtOAc extract of the young fruit of G. mangostana, displayed strong

cytotoxicity against epidermoid carcinoma of the mouth (KB) and breast cancer (BC-1)
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cell lines. Extensive study on the chemical compositions of the extract able to isolate 19
xanthones that might contributed to the cytotoxic activity of the extract (Suksamrarn et
al., 2006). EtOAc root extract of G. parvifolia was reported to show strong antibacterial
and antioxidant activities, and high toxicity towards brine shrimp (Syamsudin et al.,
2007). Antioxidant activity of EtOAc extract from G. mangostana pericarp was
demonstrated via various assays (Zhou et al., 2011; Zarena and Sankar, 2009a; Zarena
and Sankar, 2009b). Significant anticholinesterase activity against both
acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) enzymes was displayed
by EtOAc extract of G. hombroniana bark (Jamila et al., 2013). Meanwhile, EtOAc
extract of G. mangostana pericarp and G. xanthocymus bark showed potent a-glucosidase

inhibitory properties (Godavari and Amutha, 2017; Nguyen et al., 2017).

Phytochemicals investigation of EtOAC extract of Garcinia enable identification
of phenolic compounds, which may contribute to the therapeutic properties of the plant.
For instance, compounds exhibiting antibacterial, anti-inflammatory and cytotoxic
activities were reportedly isolated from EtOAC root extract of G. atroviridis (Permana et
al., 2001; Permana et al., 2005). In addition, study by Meng et al. (2012) showed that the
roots of G. xanthochymus are good sources of bioactive components, and isolation of the
EtOAc fraction yielded large amount of biflavonoids. EtOAc extract of G. madruno twigs
and leaves, able to purify several biflavonoids (Osorio et al., 2013). Extensive
phytochemical study on EtOAc extract of G. xanthocymus bark revealed that the extract
was rich with xanthones (Nguyen et al., 2017). Previous studies serve as concrete
reference for further purification of bioactive compounds from EtOAc root extract of G.

atroviridis.
2.2 G. atroviridis

G. atroviridis Griff ex T. Anders is a fruit tree of medium-sized widely distributed
in Peninsular Malaysia, Myanmar, Thailand and India (Lim, 2012). It can grow in
tropical, mixed lowland forest on the plains up to 600 meters, in the highlands of
Southeast Asia with high rainfall (Lim, 2012). In Malaysia, it is usually known as ‘asam

gelugur’ or ‘asam keping’ tree.



According to Whitmore (1973), G. atroviridis can grow up to 25 meters tall. This
plant has trunk fluted at the base with dull grey, splintered and fissured bark with
drooping branches. It produces a little translucent or washed out sap from the internal
bark. Young shoots are reddish at first but when mature, it changes to dark glossy green
(Figure 2.1). This species is a dioecious tree, which means that this tree either male or
female reproductive organs. It has unisexual flowers, whereby the female flowers are
solitary, reddish, bulky and occasionally slightly fragrant; male flowers are borne in
terminal clusters. Male flowers are rarely found making female flowers readily selectable
for planting by the locals. The fruits are juicy and round in shape, which color turns to
yellowish orange upon ripen, with huge brownish disc-like stigma importunate at the tip

(Figure 2.12). The seeds are vivid orange in color.

Preliminary phytochemical studies on the roots of different Garcinia species have
reported on diverse biological activities (Kaennakam et al., 2015; Meng et al., 2012;
Syamsudin et al., 2007). Methanolic crude extracts from the roots of G. atroviridis
exhibited strong antibacterial and antioxidant properties (Mackeen et al., 2000). Bioactive
chemical constituents in the roots of G. atroviridis, which potentially contribute to its
biological properties including antibacterial, anti-inflammatory and cytotoxic activity,

have been successfully purified (Permana et al., 2005; 2003; 2001).

Figure 2.1 G. atroviridis tree Figure 2.2  G. atroviridis fruit
Source: Lim, (2012) Source: Lim, (2012)



2.3  Chemical Compositions of G. atroviridis

Medicinal properties of plant is usually contributed by its various secondary
metabolites. Various bioactive constituents from different parts of G. atroviridis were
successfully isolated and identified. Kosin et al. (1998), who was able to characterize
newly identified tetraoxygenated xanthone, atroviridin (1), from chloroform extract of
the stem bark, did the first study on isolation of chemical compound from G. atroviridis.
Dweck (1999) reported the presence of fruiting acid namely citric acid (2), tartaric acid
(3), malic acid (4) and ascorbic acid (5) in the fruit of G. atroviridis, which showed
antioxidant activity; atrovirinone (6) and atrovirisidone (7) were reportedly isolated from
the roots of G. atroviridis (Permana et al., 2001); Jena et al. (2002) reported the presence
of (-)- hydroxycitric acid (HCA) (8) in the fruit rind of G. atroviridis; the same year,
Mackeen et al. (2002) was able to isolate 2-(butoxycarbonylmethyl)-3-butoxycarbonyl-
2-hydroxy-3-propanolide (9) and 1’,1"-dibutylmethylhydroxycitrate (10).

Isolation of compounds namely 4-methylhydroatrovirinone (11), morelloflavone
(12), 7-O-p-D-glucopyranoside (13), fukugiside (14), and 14-cis-docosenoic acid (15)
from the EtOAcC root extract of G. atroviridis was published by Permana et al. (2003). A
new prenylated depsidone identified as atrovirisidone B (16) was later purified from the
roots along with known compounds, naringenin (17) and GB1la (18) (Permana et al.,
2005). Isolation of p-caryolanol (19), ginsenol (20) and clovanol (21) from the fruit of G.
atroviridis was reported by Tan et al. (2013).

New compounds, triflavanone, garcineflavanone (22) and  biflavonol,
garcineflavonol (23) were isolated and tested for their cholinesterase inhibitor properties
(Tan et al., 2014). Characterization of new xanthone namely garcinexanthone G (24),
together  with  stigmasta-5,22-dien-35-ol = (25), = stigmasta-5,22-  dien-3-O-4-
glucopyranoside (26), 3p-acetoxy-1la,12a-epoxyoleanan-28,13p-olide (27), 2,6-
dimethoxy-p-benzoquinone (28), 1,3,5-trihydroxy-2-methoxyxanthone (29), 1,3,7-
trihydroxyxanthone (30), kaempferol (31) and quercetin (32) from stem bark extract of
G. atroviridis was extensively published (Tan et al., 2016). Details about the isolated

compounds from various extracts of G. atroviridis are summarized in Table 2.1.



Table 2.1

Isolated compounds of G. atroviridis

No Name of compound Structure of compound Part of plant Reference
1 Atroviridin 5 H\O Stem bark Kosin et al.,
1998
e
CHs
(o} (0}
CHs
OH
2 Citric acid o ° 2 o Fruit Dweck, 1999
Homw
OH
3 Tartaric acid OH o Fruit Dweck, 1999
HO
OH
(0] OH
4 Malic acid Q Fruit Dweck, 1999
HO
OH
(0] OH




Table 2.1 Continued
No Name of compound Structure of compound Part of plant Reference
5 Ascorbic acid HO, o Fruit Dweck, 1999
—
(0]
0 ; OH
oH
6 Atrovirinone o CHa Root Permana et al.,
2001
H,CO
7 CH,
CHg
) \
H,COC CHs
HO OH
Atrovirisidone HyC CHy Root Permana et al.,
‘ 2001
H3C
(o)
HO © 7 CHs
OH
O
OCH,
HO
10




Table 2.1 Continued
No Name of compound Structure of compound Part of plant Reference
8 Hydroxycitric acid (HCA) o Ol Fruit rind Jenaetal.,
O o
2002
HO OH
OH
OH

9 2-(butoxycarbonyl methyl)-3-butoxy Fruit Mackeen et al.,

carbonyl-2-hydroxy-3-propanolide 2002
10 1',1"-dibutylmethyl hydroxycitrate | Fruit Mackeen et al.,

0 ) 2002

[0} [0}
/\/\o o/\/\
(0]
OH "

11 4-methylhydroatrovirinone QCHs Gt Root Permana et al.,

s 2003

H3CO. / o,
CHs
o o \
H3COl| OH CH,
HO OH
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Table 2.1 Continued
No Name of compound Structure of compound Part of plant Reference
12 Morelloflavone o Root Permana et al.,
2003
HO.
13 7-O-f-D-glucopyranoside oH Root Permana et al.,
O 2003
0.
14 Fukugiside Root Permana et al.,

2003
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Table 2.1 Continued

No Name of compound Structure of compound Part of plant Reference

15 14-cis-docosenoic acid Root Permana et al.,
2003

16 Atrovirisidone B Root Permana et al.,
2005

17 Naringenin Root Permana et al.,
2005

18 GBla Root Permana et al.,

2005
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Table 2.1 Continued
No Name of compound Structure of compound Part of plant Reference
19 [-caryolanol H Fruit Tanetal.,
2013
H§
HO
20 Ginsenol Fruit Tan et al.,
2013
21 Clovanol H Fruit Tan et al.,
2013
OH
22 Garcineflavanone @ Stem bark Tanetal.,
N\ 2014

o

ca e QO
o N OH O
O‘O .
HO
O OH OH O
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Table 2.1 Continued

No Name of compound Structure of compound Part of plant Reference

23 Garcineflavonol OH Stem bark Tan et al.,
o o O 2014
CI IO |
OH O
OH
O OH OH O
24 Garcinexanthone G oH I Stem bark Tan et al.,
- I l 2016
(o] (o]
OCHj; OH
25 Stigmasta-5,22-dien-34-ol Stem bark Tan et al.,
2016
26 Stigmasta-5,22- dien-3-0-4- Stem bark Tan et al.,
glucopyranoside (stigmasterol) 2016
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Table 2.1 Continued

No Name of compound Structure of compound Part of plant Reference
27 3p-acetoxy-11a,12a-epoxyoleanan- Stem bark Tanetal.,
28,13p-olide 2016
28 2,6-dimethoxy-p-benzoquinone o Stem bark Tanetal.,
2016
o o
[e]
29 1,3,5-trihydroxy-2-methoxyxanthone e oH Stem bark Tanetal.,
o 2016
L O
[¢] OH
OH
30 1,3,7-trihydroxyxanthone o og Stem bark Tanetal.,
HO 2016




Table 2.1 Continued
No Name of compound Part of plant Reference
31 Kaempferol Stem bark Tanetal.,
2016
32 Quercetin Stem bark Tanetal.,
2016
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2.4  Biological Properties of G. atroviridis

Plants are usually considered as a source of active agents, traditionally used in
folk remedies (Siddiqui et al., 2014). G. atroviridis has been used as one of the active
ingredients in folk medicine. In recent years, biological properties of G. atroviridis has
been extensively investigated in pre-clinical and clinical studies, which led to discovery
of potential active compounds that may contribute to the diverse medicinal properties of

this plant.
2.4.1 Traditional Uses

Mixture of leaves and roots of G. atroviridis were used in traditional preparation
of decoction used as pre-and post-partum medication to treat earache, throat irritation,
cough, dandruff, and stomachache due to pregnancy (Lim, 2012). The fruit with the
addition of vinegar have traditionally been used by the locals in Peninsular Malaysia for
topical application over the abdomen of women after confinement. Meanwhile in
Thailand, the dried fruits have been used in treating coughs, improving blood circulation,

and as expectorant and laxative (Lim, 2012; Tisdale et al., 2003).
2.4.2 In-vitro Evaluation of Biological Activities
2.4.2.1  Antibacterial Activity

Mackeen et al. (2000) reported on antibacterial activity of methanolic extract from
various parts of G. atroviridis. Root extract exhibited the strongest inhibition on the
growth of bacteria namely B. subtilis B28, B. subtilis B29, methicillin-resistant S. aureus,
E. coli and P. aeruginosa with minimum inhibitory dose (MID) of 15.6 pg/disc which
was at least eight-fold stronger than the next most active extract. Basri et al. (2005)
published on significant antibacterial activity of EtOAc and ethanol (EtOH) crude extract
from the G. atroviridis fruit against S. aureus, S. epidemidis, B. subtilis, E. coli, S.
typhimurium, S. enteritidis and P. aeruginosa. On the other hand, the growth of S. aureus
and E. coli was inhibited in the presence of aqueous extract from G. atroviridis leaves
(Zakaria et al., 2011).

Strong inhibitory activity of atrovirinone (6) and atrovirisidone (7) isolated from

EtOAC root extract towards S. aureus and B. cereus was observed in a study by Permana
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et al. (2001). Also reported was antibacterial activity of s-caryolanol (19), ginsenol (20)
and clovanol (21) isolated from the fruits of G. atroviridis in a study conducted by Tan
et al. (2013). The minimum inhibitory concentration (MIC) test using micro dilution
assay showed that these three compounds demonstrated stronger activity against Gram-
positive bacteria (B. subtilis and S. aureus) than the Gram-negative bacteria (E. coli, P.

stutzeri and S. typhimurium).
2.4.2.2  Antioxidant Activity

Plants with high antioxidant phytochemicals may offer protection against various
diseases caused by free radicals (Sofowora, 1993). The leaves and fruits of G. atroviridis
can potentially be used as a source of natural antioxidants and nutrients that may help in
mediating health conditions associated with free radicals, as they contains high phenolic
compound. Furthermore, the absence of heavy metal elements such as arsenic and lead

in the extracts make them safe for consumption (Nursakinah et al., 2012).

In a published work by Mackeen et al. (2000), MeOH crude extract from the
leaves, roots, stem and trunk bark of G. atroviridis showed strong antioxidant activity in
Ferric Thiocyanate (FTC) and Thiobarbituric Acid (TBA) assays. At the early stage of
lipid oxidation, FTC method was used to calculate the amount of peroxide produced,
while TBA method is used to calculate carbonyl compounds produced from
decomposition of peroxide at the later stage of lipid oxidation (Aris et al., 2009). In the
same study, except for the fruit extract, all extracts exhibited pronounced antioxidant
activity by 64 to 90 % in FTC assay and 87 to 93 % in TBA assay, exceeding the capacity
of commercial antioxidant, a-tocopherol. In both assays, trunk bark extract exhibited the
strongest antioxidant activity while stem bark extract showed the weakest activity. The
color of pigment in trunk bark extract was different to that of stem bark extract, whereby.
the former was yellow and the latter was reddish orange, signifying the different chemical

compositions in the two plant parts (Mackeen et al., 2000).

One of the most common compound in Garcinia, morelloflavone (12) was present
in the EtOAc extract from the root of G. atroviridis (Permana et al., 2001). This
compound was also isolated from methanolic extract from the seeds of G. dulcis showed
to have significant antioxidant activity tested via DPPH assay (Deachathai et al., 2008).

This compound also purified from MeOH extract of G. prainiana leaves, exhibited strong
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antioxidant activity via DPPH method with 1Cs value of 72 pmol/L compared to the
positive control, butylated hydroxyanisole (BHA) with I1Cso value of 167 pmol/L
(Klaiklay et al., 2011). GBla (18) also demonstrated good antioxidant activity
comparable to the standard with ICso of 148 pmol/L in the same study. Potent lipid
peroxidation inhibition activity of biflavonoids; amentoflavone, morelloflavone (12) and
volkensiflavone (33), from EtOAc extract of twigs and leaves of G. madruno was
displayed via thiobarbituric acid reactive substances assay (TBARS) (Osorio et al., 2013).
Significant reduction of lipid peroxidation in biflavonoid fraction was associated with the
presence of morelloflavone (12) in the fraction, although it might due to synergy
processes (Osorio et al., 2013). Apart from that, compounds 1,3,7-trihydroxyxanthone
(30) and quercetin (32) isolated from DCM extract of G. atroviridis stem bark
demonstrated strong DPPH scavenging activity with ECso values of 16.20 and 12.68
pg/mL, respectively, as compared to the ascorbic acid (AA) with a value of 7.4 pug/mL
(Tan et al., 2016).

2.4.2.3  Cytotoxic and Antitumor Activity

G. atroviridis methanolic extract from trunk and stem bark exhibited pronounced
antitumor-promoting activity, inhibiting activation of Epstein Barr virus (EBV) by about
90 %. Fruit and leaves extract also showed significant antitumor-promoting activity
through successful inhibition of tumor-promotion in Raji cells by 67.5 and 64.7 %,
respectively (Mackeen et al., 2000). Preliminary biological study of MeOH root extract
from the roots of G. atroviridis revealed strong cytotoxicity of the extract towards Raji
cells at the tested concentration of 200 pg/mL; also discovered was the slight lethal effect
of the root extract on brine shrimp nauplii (Mackeen et al., 2000). A compound isolated
from the EtOAcC extract of the root, atrovirinone (6) exhibited cytotoxicity towards Hel.a
cells with ICsg0f 15 pg/mL, which was comparable to doxorubicin (ICso 11 pg/mL) and
colchine (ICso 21 pg/mL) (Permana et al., 2001). In addition, same researcher also
isolated other compounds from EtOAc root extract namely, atrovirisidone (7) and
atrovirisidone B (16) which demonstrated cytotoxic effects on the cell lines of human
breast cancer (MCF-7), human prostate cancer (DU-145) and lung cancer (H-460)
(Permana et al., 2005).
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2.4.2.4  Anti-inflammatory Activity

Inflammation is a complicated disease involving production of prostaglandins
that causes the sensation of pain. It was concluded that atrovirinone (6) from EtOAc
extract of G. atroviridis roots able to inhibit several major pro-inflammatory mediators
of inflammation (Syahida et al., 2006; Israf et al., 2010). On the other hand, strong anti-
inflammatory activity of several volatile constituents isolated from the fruit extract of G.
atroviridis namely S-caryolanol (19), ginsenol (20) and clovanol (21), was reported (Tan
etal., 2013).

Morelloflavone (12) act as an inhibitor of secretory phospholipase A», selective
to enzyme group II and III, while also-demonstrated potent anti-inflammatory effects in
mice (Gil et al., 1997). The anti-inflammatory activity of this compound might be due to
the capability of morelloflavone (12) to scavenge reactive oxygen species (ROS).
Morelloflavone (12) purified from MeOH extract of the stem bark of G. prainiana
suppressed the level of nitric oxide production in lipopolysaccharides (LPS)-stimulated
RAW 264.7 macrophages as compared to the LPS-stimulated cells group without any
treatment (Taher et al., 2016).

2.4.25 Hypolipidaemic Activity

HCA (8) is the main acid in the fruit rinds of G. atroviridis and other Garcinia
species (Dweck, 1999). Hypolipidaemic activity of methanolic fruit extract from G.
atroviridis was investigated, which found that consumption of G. atroviridis reduced
lipid content in the serum, and eliminated fat in the aorta of animals fed with high-
cholesterol diet (Amran et al., 2009). A broad animal study revealed that HCA (8)
represses fatty acid production iin lipogenesis and induces weight loss, by inhibiting
adenosine triphosphate (ATP)-citrate lyase (Jena et al., 2002). This shows that even by
using different animal model, fruit extract of G. atroviridis displayed lipid modulating
properties hence, have high potential as antihyperdaemic agent. Meanwhile, compound
morelloflavone (12) isolated from EtOAc extract of G. xanthochymus leaves, showed
good inhibitory activity against a-amylase, more effective than the acarbose which was
used as the standard (Li et al., 2014).
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2.4.2.6  Other Biological Activities

Inhibition of AChE and BChE by garcineflavanone (22) and garcineflavonol (23),
of which garcineflavanone (22) acts as dual inhibitor was reported, demonstrating their
potential as cholinesterase inhibitor (Tan et al., 2014). Cholinesterase inhibitors are
essential for Alzheimer’s disease treatment. Morelloflavone (12) and volkensiflavone
(33) from stem bark of G. prainiana MeOH extract showed strong anti-tyrosinase
inhibitory activity (On et al., 2016). Tyrosinase inhibitors are chemical agents capable of
decreasing the enzymatic reactions, such as food browning and melanisation of human
skin (Salleh et al., 2017). Morelloflavone (12) obtained from heartwood of G. multiflora
exhibited anti-HIV activity by inhibiting both HIV-1 reverse transcriptase (HIV-1 RT) in
vitro and HIV-1 (strain LAV-1) in phytohemagglutinin-stimulated primary human
peripheral blood mononuclear cells at ECso value of 6.9 uM (Lin et al., 1997).

2.5  Extraction of Phenolic Compounds

The target active constituents in this study are phenolic compounds. Phenolic
compounds belong to one of the main groups of active compounds in plants, which
consists of one aromatic ring (phenalic acids) or more (polyphenols), with hydroxyl
groups attached to its structure (Minatel et al., 2017; Perveen and Al-Taweel, 2017).
Phenolic compounds are classified into several classes such as xanthones, flavanones,
flavones, tannins, and lignins according to their structures (Santos-Buelga et al., 2012).
Physical and chemical characteristics of phenolic compounds are determined by their
structure, which information is critical in the selection of method and solvent for

extraction process (Ignat et al., 2011; Dai and Mumper, 2010).

Typical extraction process usually starts with preparation of plant sample. The
plant material is collected from parts of the plant subjected to research interest. The plant
sample are washed under running tap water to remove soil and unwanted debris. Next is
to dry the sample either by air-drying or using microwave at suitable temperature.
Temperatures under 30 °C should be used and in addition, exposure to direct sunlight
should be avoided as it might degrade the heat-labile or UV-sensitive compounds (Jones
and Kinghorn, 2012). To ensure efficient extraction, the sample is either pulverized or
ground using mortar and pestle to produce coarse powder, thus increasing the surface

area of the sample, enabling diffusion of solvent into the cells (Seidel, 2012).
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2.5.1 Solvent Extraction

In general, solvent extraction is a technique that uses solvent to separate
compounds from complex sample matrices such as plant materials (Susanto et al., 2019).
Solvent extraction, otherwise known as liquid-liquid extraction, is the most common
method used for extraction of phenolic compounds. Soxhlet extraction, maceration and
hydro-distillation are among other techniques in solvent extraction (Jahromi, 2019).
Several parameters that may influence the yield of phenolic compound include extraction
time and temperature, solvent-to-sample ratio, solvent type and polarity, and number of

repetition in extraction (Fan et al., 2015; Garcia-Salas et al., 2010).

Different polarity of organic solvent allows for extraction of phenolic compounds
with different polarity. A solvent of similar polarity to the solute will properly dissolves
the solute. Usually, different polar solvent are used successively to extract active
components from the plant sample, starting from low polarity solvent such as hexane, to
high polarity solvent such as butanol to separate the lipophilic compounds (Jones and
Kinghorn, 2012). Solvents with different polarity of the solvent do not mix and form
layers, which can easily be separated as shown in Figure 2.3. The solvents are removed
by using rotary evaporator at a temperature of 40 °C prior to collecting and storing the

sample for further investigation (Seidel, 2012).
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Figure 2.3 Solvent extraction
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It was reported that both polar and non-polar compounds could be extracted using
MeOH and the solvent worked efficiently in recovering polyphenols from plant sample
(Altemimi et al., 2017). MeOH has low boiling point, which ease the process of extracting
and concentrating of the extract. Phenolic compounds of different classes including three
biflavonoids namely amentoflavone, morelloflavone (12), and GB1la (18) was purified
from the extraction of G. prainiana leaves with MeOH three times over a period of seven
days at room temperature (Klaiklay et al., 2011). Meanwhile, the isolation of MeOH
extract from mangosteen pericarps afforded five xanthones known as
mangostanaxanthones 1 and II, gartanin, y-mangostin, and mangostanaxanthone VII
(lbrahim et al., 2018).

Other common solvent used to extract phenolic compounds particularly the low
polarity aglycone, such as isoflavones, flavanones, flavones, and flavonols is EtOAc
(Susanto et al., 2019; Santos-Buelga et al., 2012). Chung and co-authors (1999) reported
that EtOAc had worked efficiently to extract most of the phenolic substances with
intermediate polarity. Other advantages of using EtOAc is its insolubility in water and
the relatively low boiling point, which allows for easy solvent removal. Extraction using
this solvent at 50 °C for 48 h lead to the isolation of 19 xanthones including a-mangostin
and gartanin, which exhibited potent cytotoxic activity (Suksamrarn et al., 2006).
Meanwhile, the purification of EtOAc fraction of G.nervosa leaves afforded one
biflavonoid known as 11-3,1-5,11-5,11-7,1-4',11-4’-hexahydroxy- (I-3,11-8)-
flavonylflavanonol together with two flavonoids, 6-methyl-4'-methoxyflavone and
acacetin (Jalil et al., 2012). EtOAc extract of aerial parts (bark, twigs, and leaves) of
Acacia hydaspica showed significant antioxidant potential in various in vitro antioxidant
enzyme assays and it was probably due to the high phenolic content in the extract. The
isolation of this extract yielded three polyphenols known as of 7-O-galloyl catechins,
catechins and methyl gallate (Afsar et al., 2018).

Since phenolic compounds are generally hydrophilic, other polar solvents such as
EtOH, chloroform, dietyl ether, acetonitrile and acetone, or mixture of these solvents with
water can also be used to extract polyphenols (Ignat et al., 2011). These conventional
extractions are still widely used to extract phytochemicals due to simple extraction

procedure as it only requires basic apparatus set-up and allows for extraction of various
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phenolic compounds using organic solvents with varying polarity; it is also convenient
for initial and bulk extraction (Seidel, 2012; Garcia-Salas et al., 2010).

However, there are few shortcomings of using these methods: the extraction
process requires high solvent consumption; the risk of using hazardous organic solvents;
it is a time consuming process that usually results in low extraction yield (Garcia-Salas
et al., 2010). Unconventional or assisted extraction techniques that use ultrasounds, and
microwaves have been reportedly adopted for extraction of phenolic compounds to

overcome the limitations in conventional extraction method (Santos-Buelga et al., 2012).
2.5.2 Ultrasound-assisted Extraction (UAE)

Sonication is the method that uses sound waves with frequencies ranging from 20
kHz to 10 MHz to produce cavitation bubbles near the sample tissue, which will
eventually disrupt the plant cell wall to release the contents (Cheng et al., 2015). The
method facilitates penetration of the solvents in the cells, resulting in improved extraction
yield (Altemimi et al., 2017). Effectiveness of this extraction method depends on
sonication time, frequency, temperature, and sample-to-solvent ratio; it is essential to
optimize these parameters (Santos-Buelga et al., 2012). The technique employs the use

of ultrasonic bath and probe systems (Altemimi et al., 2017).

UAE also can be used with any solvent just like conventional extraction, hence
able to extract various compounds (Wang and Weller, 2006). The optimization of UAE
able to extract lignan and other phenolic compounds such as herbacetin diglucoside, p-
couramic and ferulic acid glucoside from Linum usitatissimum L. seed (Corbin et al.,
2015). Additionally, the used of UAE technique optimized the extraction of phenolic
content in the extract as compared to conventional maceration technique for fresh olives
and mandarin peels (Nipornram et al., 2018; Deng et al., 2017).- UAE exhibited more
amount of all phenolic compounds including hyroxytyrosol, oleuropein, and rutin than
maceration extraction of Olea europaea L. (Deng et al., 2017). Hesperidin (flavonoid)
and other phenolic compounds in Citrus reticulata Blanco cv. Sainampueng peel using

UAE showed 1.77 times higher yield than maceration extraction (Nipornram et al., 2018).

Due to its simplicity, ease of handling, cost and time-efficient, and relatively low
solvent consumption, UAE is preferred as an alternative to conventional extraction
method (Cheng et al., 2015). Furthermore, UAE was capable to reduce the degradation
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of phenolics (Luque-Garcia and Luque de Castro, 2003). However, the additional
filtration step results in considerably a long time for overall process to complete, which
Is the major drawback of using this method. Additionally, there is risk of compounds
degradation at high frequency (Jahromi, 2019).

2.5.3 Microwave-assisted Extraction (MAE)

MAE uses electromagnetic waves in its heating system, which allows for efficient
disruption of plant cell wall and thus accelerates the extraction process. Two MAE
systems that have been used to extract phenolic compounds are closed vessel system
(high pressure) and open vessel system (atmospheric pressure) (Vlaisavljevi¢ et al.,
2017). In this method, polar solvent such-as MeOH, EtOH and water are commonly used
since high polar solvents are able to absorb microwave energy thus increases the speed
and efficiency in extraction of phenolic compounds (Sookjitsumran et al., 2016; Fang et
al., 2015). Important parameters influencing the extraction efficiency include the
solubility, microwave power, dielectric constant, solvent property, and extraction time.
(Fang et al., 2015).

It was reported that this technique was more suitable to extract polar phenolic
compounds such as oleuropein derivatives, apigenin rutinoside, and luteolin glucoside
isomer 3 from Tunisian olive leaves (Taamalli et al., 2012). The yield of total phenolic
compounds extracted from Vaccinium corymbosum leaves was found to be higher using
MAE as compared to solvent extraction and UAE (Routray and Orsat, 2014). Meanwhile,
Fang and co-authors (2015) able to identify 13 phenolic compounds including caffeic
acid, 5-O-caffeoylquinic acid, quercetin-7-O-glucoside, 4, 5-dicaffeoylquinic acid, and
3, 5-dicaffeoylquinic acid, from Eclipta prostrata by employing 50 % EtOH as solvent,
microwave power 400 W, temperature 70 °C, ratio of liquid/solid 30. mL/g, and extraction

time of 2 min.

MAE renders high rate of heat transfer during extraction, lowering the use of
solvents, as well as extraction time as compared to conventional solvent extraction
method (Eskilsson and Bjorklund, 2000). Disadvantages of using MAE include the
limited range of chemical compositions it can work on; phenolic compounds with higher
number of hydroxyl-type substituents and temperature-sensitive compounds can degrade
and oxidize in MAE (Biesaga and Pyrzynska, 2013; Liazid et al., 2007).
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2.6 Isolation and Purification of Compounds

Plants extracts can be further fractionated to isolate pure compound which can be
done using various chromatography techniques. Chromatography is a technique used to
separate individual component or compound in mixture of chemical substances (Roy and
Calvin, 2016). All chromatography techniques have two phases, which are stationary
phase and mobile phase (Nguyen, 2015). Stationary phase can typically be solid, dense
liquid, or bonded coating that stays static in one position; mobile phase or eluent, usually

liquid or gas, moves through or across the stationary phase.
2.6.1 Low-pressure Ligquid Chromatography (LPLC)

Column chromatography (CC) is commonly used to isolate phenolic compounds
(Santos-Buelga et al., 2012). There are few mechanisms in separation that include
adsorption, liquid-liquid partition (cellulose), 1on exchange, bioaffinity or molecular
sieving (Bucar et al., 2013). Phenolic compounds separation is mostly carried out on
adsorption: separation involved formation of hydrogen bonds between phenolic proton
donors and acceptor groups in stationary phase (resin) and hydrophobic interaction of
phenolic compounds (Santos-Buelga et al., 2012). Affinity towards stationary phase is
expected to increase with increased content of hydroxyl phenolic groups and aromatic
rings (Santos-Buelga et al., 2012). Other factors such as physical properties of the
stationary phase (material, surface, particle size, porosity) and conditions of the mobile
phase (solvent, pH, temperature), also influence the separation process, which make it
hard to predict the adsorption capacity (Santos-Buelga et al., 2012).

Low-pressure liquid chromatography (LPLC) is one of CC techniques that
enables the flow of mobile phase at atmospheric pressure without extra forces (vacuum
or pressure), which is still a common tool to isolate natural product (Bucar et al., 2013).
It is a preferred method due to its simplicity, economical and availability of various
stationary phases (Zhang et al., 2005). Silica gel is usually used to isolate natural products
as it is inert against labile compounds and commercially available in various forms (Reid

and Sarker, 2012). The size of silica gel for LPLC usually ranges from 40 to 200 pum.

The purification of EtOAc extract of young branches with leaves from Clusia
columnaris by LPLC afforded flavonoid C-glucoside: isovitexin, and six biflavonoids:
morelloflavone (12) GBla (18), GB2a, GB2a glucoside, volkensiflavone (33) and
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volkensiflavone glucoside (Compagnone et al., 2008). Meanwhile, the isolation of stem
barks and roots of Pentadesma grandifolia by CC on silica gel yielded two xanthones:
cowagarcinone B and a-mangostin, and two biflavanones: 3,8"-binaringenin (GB1la, 18)
and 3,6"-binaringenin (Djoufack et al., 2010). Additionally, G. dulcis leaves extract that
was subjected to CC on Sephadex LH-20 and silica gel afforded the purification of
dulcisbiflavonoid A, a prenylated biflavonoid and other phenolic compounds such as
GB2a, amentoflavone, morelloflavone (12), morelloflavone-7’-sulfate  and
volkensiflavone (33) (Saelee et al., 2015).

2.7  Structural Elucidation of 1solated Compounds

Individual compounds isolated-from a sample matrix are usually subjected to
various spectroscopy techniques for structural elucidation purposes. Since phenolic
compounds are diverse in structures and chemical properties, different spectroscopy
protocols such as mass spectrometer (MS), UV-visible (UV-Vis), infrared (IR), and
nuclear magnetic resonance (NMR) are commonly used to characterize the compounds
with high precision (Jahromi, 2019; Altemimi et al., 2017; Sarker and Nahar, 2012).
Spectroscopy is the study of absorption and emission of light and radiations. The amount
of absorption of electromagnetic radiation is measured, from which a spectrum can be
produced. The molecular structure can be identified as the spectra produced are specific

to certain bonds in a molecule (Altemimi et al., 2017).
2.7.1 Mass Spectrometer (MS)

Electrons or lasers are used to bombard organic molecules in mass spectrometer
(MS), which are later changed into high-energy, charged ions. Mass spectrum is a plot of
the fragmented 1on’s relative abundance against the mass/charge ratio of these ions,
which provides information on molecular mass, molecular formula, and fragmentation
patterns (Sarker and Nahar, 2012; Christophoridou et al., 2005). When tandem MS is
applied, information regarding the structure of the compounds can be obtained. Recently,
analysis of phenolic compounds using liquid chromatography/mass spectrometry
(LC/MS) is widely used. Due to high ionization efficiency of phenolic compounds,
electrospray ionization (ESI) is usually a preferred source of electrons (Altemimi et al.,
2017).
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2.7.2 Ultraviolet-Visible (UV-Vis) Spectroscopy

UV-Vis spectroscopy is another method used for compounds identification.
Chemical classification and structural determination by UV-Vis spectroscopy are
achieved based on the fact that electronic ground and excited molecular state heavily rely
on the number of electrons, their composition and geometry, as well as symmetry
(Perkampus, 1992). Electron transfers between orbitals or bands of atoms, ions, and
molecules can be studied in the gas, liquid and solid phase (Hunger and Weitkamp, 2001).
Through this, information on chromophores that are present in the molecules can be
obtained (Sarker and Nahar, 2012). Phenolic compounds are powerful chromophore due
to its aromatic structure which can be detected by UV-Vis: flavones at 320 nm, phenolic
acids at 360 nm and anthocyanins at 520 nm (Bucar et al., 2013). The ability of UV-Vis
spectroscopy to detect individual electron transfer without superimposition by
neighboring vibrational bands provides major advantage in chemical compounds
identification (Hunger and Weitkamp, 2001).

2.7.3 Infrared (IR) Spectroscopy

IR spectroscopy is vibrational spectroscopy based on interaction of
electromagnetic radiation with species with permanent or induced dipole moment and
excitation of various vibrational states (Hunger and Weitkamp, 2001). IR spectrometer
records electromagnetic radiation energy that is transmitted as a function of the
wavenumber or frequency through a sample, allowing detection of functional groups or
aromatic molecules present in phenolic compounds (Hunger and Weitkamp, 2001; Sarker
and Nahar, 2012). Different vibrational frequencies transmitted from single bond, double
bond, triple bond, carboxyl, hydroxyl and amino groups in functional groups can be
detected using spectrascopy technique (Jahromi, 2019; Abbas et al., 2017).-Currently,
non-dispersive spectrometers are widely used, where the total spectrum is examined by
an interference process and subjected to Fourier transform as in FTIR spectroscopy,
which is translated into frequency or wavenumber (Hunger and Weitkamp, 2001). FTIR
is a high-resolution analytical tool for structural elucidation of isolated compounds,
which allows for a prompt and non-destructive analysis for chemical fingerprinting of
plant extracts or powders (Altemimi et al., 2017).
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2.7.4 Nuclear Magnetic Resonance (NMR) Spectroscopy

Another essential tool to analyze and identify phenolic compounds is NMR
spectroscopy (Jahromi, 2019; Gdlnther, 2013). The number and types of protons and
carbon present in a molecule can be determined using NMR spectroscopy (Sarker and
Nahar, 2012). Physical analysis in NMR spectroscopy is carried out based on magnetic
properties of the nuclei (Glinther, 2013; Atta Ur-Rahman, 1989). Chemical nature of the
nucleus is determined by the chemical shift, which happens due to the shielding effect of
electron shell (Glnther, 2013; Hunger and Weitkamp, 2001). Relative number of nuclei
present in a molecule can be determined by measuring the integration of the spectrum, as

the area under resonance signal is proportional to number of proton (Ginther, 2013).

The most common NMR analysis was by using 1D NMR: *H NMR and 3C NMR.
'H NMR specifically provides information on the substitution pattern of each ring, while
13C NMR produces data on the total number of carbon atom present in the molecule, as
the signals produced show the number of different types of carbon atoms (Negi et al.,
2013). It is possible to outline the positional relationship between the nuclei since the
spin-spin coupling resulting from magnetic interaction between different nuclei, also
known as J-coupling, depends on the number and type of bonds separating them
(Glnther, 2013). Correlation between all parameters in NMR make it possible to

determine the structure of unknown chemical constituents.
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CHAPTER 3

RESEARCH DESIGN AND METHODOLOGY

3.1  Preparation of Extracts from G. atroviridis Roots

Roots of G. atroviridis was chosen as its strong biological activities was
previously established (Mackeen et al., 2000). Approximately, 3 kg of G. atroviridis roots
were collected from Maran, Pahang, in 2016. The roots were cleansed and air-dried for
two weeks. The dried roots were then chopped into small pieces and ground into powder.

The ground roots (1.76 kg) were subjected to extraction process.
3.1.1 Solvent Extraction

The ground roots of G. atroviridis (1.76 kg) were extracted three times in 1L
MeOH, by soaking the root powder for three days at room temperature each time. The
extract was filtered by using a sieve and the filtrate was concentrated using rotary
evaporator to remove solvent under reduced pressure at temperature below 45 °C, which
yielded 45.45 g (2.58 %) of gum-like brown residue. The MeOH extract was suspended
in 1 L H20 and successively extracted for three times with 1 L of different organic
solvents, starting with lipophilic solvent n-hexane, DCM, EtOAc to a more hydrophilic
solvent, n-butanol. The extracts of n-hexane (8.72 g, 0.5 %), DCM (4.45 g, 0.25 %,
EtOAc (9.79 g, 0.56 %) and n-butanol (1.08 g, 0.06 %), were filtered and concentrated
under reduced pressure using rotary evaporator to yield respective residue of the extracts

(Figure 3.1). All extracts were stored at 4 °C until further analysis.
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G. atroviridis root
powder (1.76 kg)

MeOH extract
(45.45 g, 2.58 %)
Suspended in 1L distilled H,O in 2.5L
separating funnel, shake vigorously.

Extracted with hexane 1L x 3
and concentrated in vacuo

[ Aqueous layer ]
[ Hexane extract ]

(8.72 g, 0.5 %)

Extracted with DCM 1L x 3
and concentrated in vacuo

DCM extract
(4.45 g, 0.25 %)

[ Aqueous layer

Extracted with EtOAc 1L x 3
and concentrated in vacuo

[ Aqueous layer ]
EtOAC extract

(9.79 g, 0.56 %)

Extracted with 1L butanol
] and concentrated in vacuo

Butanol extract
(1.08 g, 0.06 %)

Aqueous layer
(freeze dry)

Figure 3.1 Solvent extraction scheme
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3.2 Isolation of Compounds from EtOAc Extract

Solvent extraction of G. atroviridis roots yielded 8.72 g (0.5 %) of hexane, 4.45
g (0.25 %) of DCM, 9.79 g (0.56 %) of EtOAc, 1.08 g (0.06 %) of butanol and 45.45 g
(2.58 %) of MeOH extracts, of which only the selected extract was subjected to isolation
and purification process. The desired bioactive compounds in this study, phenolic
compounds of intermediate polarity such as isoflavones, flavanones, flavones and
flavonols were extracted efficiently in EtOAc solvent (Susanto et al., 2019; Santos-
Buelga et al., 2012; Chung et al., 1999). Various bioactive compounds were also
recovered in EtOAc root extract of G. atroviridis as reported by Permana et al. (2005;
2001). Thus, the brownish, gum-like EtOAc extract was further subjected to isolation

process to isolate individual compounds.
3.2.1 Silica gel Column Chromatography (Si gel CC)

The EtOAc extract of G. atroviridis root was subjected to polyamide or Si gel
CC, and eluted with solvents, in order to purify the compound that present in the sample.
The first step in preparing Si gel CC was by selecting the suitable column of various sizes
depending on the amount of materials. The wet-column packing was used. Cotton was
put at the bottom of the column to avoid silica gel from leaking out. Silica gel was soaked
in n-hexane and poured into the column. The silica gel was allowed to settle at the bottom
of the column by opening the stopcock (Braithwaite and Smith, 1999; Marconi, 1975).
The steps were repeated until 1/3 of the column was filled with silica gel. The column

was packed as tightly as possible to ensure no bubbles were trapped in silica gel.

The EtOAc extract was prepared by slurry technique. EtOAc extract was diluted
with acetone, mix with silica gel and the mixture was let to dry. The slurry sample was
added-into the packed column. The column was run-by allowing the selected solvent
system to pass through. Suitable solvent system was pre-determined via TLC.
Approximately, 5 mL of eluate were collected in vials. The fractions collected was
monitored by TLC and the vials containing similar TLC profiles were combined to be re-

chromatographed or subjected to PTLC to purify individual compounds.

Initially, the EtOAC extract (9.79 g, 0.56 %) was chromatographed over silica gel
(0.040-0.060 mm, Merck, 5 x 15 cm). The extract was successively eluted with different
ratio of acetone/ n-hexane with increasing polarity: 0 : 100, 10 : 90, 20 : 80, 25 : 75, 30 :

33



70, 35 : 65, 40 : 60, 50 : 50, 60 : 40, 70 : 30, 80 : 20, 90 :10 to 100 : O; the extract was
finally eluted with MeOH to give twenty-eight fractions (LA-28A, 150 mL). Fraction
10A were re-chromatographed on Si gel column (0.040-0.060 mm, Merck, 2.5 x 15 cm)
using solvent of increasing polarity, with acetone/ n-hexane and MeOH as eluent to give
92 fractions (1B-92B, 450 mL). Fractions 26B-35B (10 mg, 0.57 x 10 %) were pooled
based on similarity in TLC profiles. The pooled fractions were then subjected to PTLC,
which yielded 7.1 mg (0.4 x 107 %) of brown amorphous solid that later identified as

compound 7.

Fraction 11A from initial column were re-chromatographed over silica gel (0.040-
0.060 mm, Merck, 2.5 x 15 cm) and eluted using acetone/ n-hexane in gradient system
and finally with MeOH to give out a total of 123 fractions (1C-123C, 600 mL). The
combined fractions of 47C-70C (20 mg, 1.14 x 10~ %) were washed with chloroform.
Yellow amorphous powder of 15.4 mg (0.88 x 10 %) was obtained, which was later

identified as compound 29 based on its spectral data.

The combined fractions of 17A and 18A were re-chromatographed (0.040-0.060
mm, Merck, 2.5 x 15 cm). The fractions were eluted with isocratic solvent system,
acetone/ n-hexane (15 : 85) before final elution with MeOH to give out a total of 16
fractions (1D-16D, 80 mL), of which fractions 8D-12D were pooled. The combined
fractions were subsequently chromatographed on silica gel (0.040-0.060 mm, Merck, 2.5
x 15 cm) and eluted with increasing polarity of EtOAc/ n-hexane, and MeOH, to obtain
300 fractions (1E-300E, 1.5 L). Fractions 43E-73E (25 mg, 1.42 x 107 %) were pooled
and subjected to PTLC, which yielded 17.3 mg (0.98 x 10~ %) of brown amorphous solid
that later identified as compound 18. PTLC of pooled 112E-116E (24 mg, 1.36 x 107 %)
fractions yielded 17.4 mg (0.99 x 102 %) of yellow amorphous solid, which later

characterized as compound 33, a new compound isolated from this species.

Fraction 19A was re-chromatographed (0.040-0.060 mm, Merck, 2.5 x 15 cm)
and eluted with increasing polarity of EtOAc/ n-hexane that gave out 305 fractions (1F-
305F, 1.5 L). The combined fractions of 118F-300F (22 mg, 1.25 x 107 %) were then
subjected to PTLC to obtain 15 mg (0.85 x 10 %) of yellow amorphous solid, which
was later identified as compound 12. Flowchart of the isolation process was outlined in

Appendix A.
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Atrovirisidone (7): brown amorphous solid (7.1 mg, 0.4 x 107 %); ESI-LCMS
m/z 427 ([M]" calcd for C24H2607, 426); UV-Vis Amax 333 nm (2.547); IR (KBr) vmax =
3466, 3419, and 1635 cm™; 'H and 3C NMR, see Table 4.1.

Morelloflavone, (12): yellow amorphous solid (15 mg, 0.85 x 107 %); ESI-LCMS
m/z 557 ([M]" calcd for C3oH20011, 556); UV-Vis Amax 345 nm (3.422); IR (KBr) Vmax =
3420 and 1634 cm™; H and 3C NMR, see Table 4.2.

GB1a (18): brown amorphous solid (17.3 mg, 0.98 x 10 %); ESI-LCMS m/z 543
([M]" calcd for C3oH22010, 542); UV-ViS Amax 331 nm (1.767); IR (KBr) vmax = 3458 and
1638 cm™; *H and 3C NMR, see Table 4.3.

1,3,5- Trihydroxy-2-methoxyxanthone (29): yellow amorphous powder (15.4 mg,
0.88 x 107 %); ESI-LCMS m/z 275 ([M]" calcd for C1aH1006, 274); UV-Vis Amax 311 nm
(3.305); IR (KBr) vmax = 3455 and 1636 cm™; *H and *C NMR, see Table 4.4.

Volkensiflavone (33): yellow amorphous solid (17.4 mg, 0.99 x 10 %); ESI-
LCMS m/z 541 ([M]" caled for C3oH20010, 540); UV-Vis Amax 340 nm (3.403); IR (KBr)
vmax = 3451, 1641 and 1097 cm™; *H and **C NMR, see Table 4.5.

3.2.2 Preparative Thin Layer Chromatography (PTLC)

PTLC was carried out to eliminate impurities or to separate compounds that are
harder to separate using Si gel CC. Combined fractions of similar TLC profiles (26B-
35B, 43E-73E, 112E-116E and 118F-300F) were subjected to PTLC. The concentrated
extracts were dissolved in approximately 2 to 5 mL of acetone. The dissolved fractions
were streaked onto silica plate (10 cm x 10 cm) using capillary tube. The fractions were
applied uniformly and in narrow band to obtain good resolution of the compounds
separation (Hostettmann et al., 1998). The edge of the plate was immersed in solvent
system, EtOAc/ n-hexane in the TLC tank. The plate was dried after the development
was complete. The plate was observed under UV light (254 nm and 365 nm) and the
targeted band was marked. The marked compound was scraped off using spatula and
dissolved in acetone. This is an important step to remove the compound that binds to the
silica. It was then filtered to remove the silica and collect the compound. TLC was
performed to verify purity of the compound, by which only one spot on the TLC plate
should be observed under UV light.
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3.2.3 Thin Layer Chromatography (TLC)

The aluminum coated with silica was cut accordingly. The baseline of 1.0 cm
from the bottom and the solvent front of 1.0 cm from the top of the TLC plate was marked
with pencil. Approximately, 2 to 5 mg of fractions were diluted with 5 mL of acetone and
spotted on the baseline of the TLC plate using capillary tube. The plate was placed in the
TLC tank with selected solvent system. Once the spot reached the solvent front, the plate
was removed. The band appeared under the UV light (254 nm and 365 nm) was marked
with pencil. The TLC plate was then sprayed with spraying reagent (diluted sulfuric acid)
before heated on the hot plate for few minutes, or until the color of the compounds
appeared. TLC was also used to monitor the purification process of compounds as the
collected fractions from Si gel CC were combined according to similar profiles observed
on TLC plate. The fractions were re-chromatographed or purified using PTLC until only

one spot was observed on TLC plate.
3.3 Structural Elucidation of Compounds Isolated from EtOAc Extract

The isolated compounds were subjected to several spectroscopy techniques for
structural elucidation purposes. The spectral data was analyzed and the comparison with

established data was used to identify the compounds.

3.3.1 Liquid Chromatography Quadrupole Time-Of-Flight Mass Spectroscopy
(LC-Q/TOF-MS) Analysis

The MS analysis of isolated compounds was carried out using LC-Q/TOF-MS at
Central Laboratory, Universiti Malaysia Pahang. The high resolution mass spectra were
measured on Vion IMS QTOF Mass Spectrometer (Waters Corp.) equipped with UPLC
system, ACQUITY UPLC I-Class System and QTOF detector. Separation was done on
ACQUITY UPLC BEH C18 (2.1 x 50 mm, 1.7 pum) column. Mobile phase composed of
water + 0.1 % formic acid (solvent A) and acetonitrile (solvent B) was used and the flow
rate was set to 0.6 mL/min at 40 °C. The initial mobile phase, 99 % of solvent A and 1
% of solvent B was held for 5 min, followed by 65 % of A at 16 min, 0 % of A at 18 min
and was reset to 99 % of A at 20 min. Scans were performed in positive mode and
injection volume was 20 pL. The software used for data acquisition, processing and
reporting was UNIFI Scientific Information System with Traditional Library (Waters
Corp.).
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3.3.2 Ultraviolet-Visible Spectrometer (UV-Vis) Analysis

The isolated compound was quantitatively determined using Genesys 10S UV-
Vis spectrophotometer (ThermoFisher Scientific). The wavelength was set from 200 to
700 nm. Approximately, 1 mg of the isolated compounds was diluted in 5 mL acetone
and was transferred to the cuvette. Acetone was used as a blank and the absorbance of

the compounds was read.
3.3.3 Fourier-Transform Infrared Spectrometer (FTIR) Analysis

Potassium bromide (KBr) discs of the compounds were prepared for IR analysis.
Approximately, 1 mg of compounds was added to 5 mg of KBr. The mixture was ground
into fine powder. The powder was compressed to form thin pellet, which was then placed
in the instrument. Spectrum 100 FTIR Spectrometer by PerkinElmer at Faculty of
Industrial Sciences and Technology Laboratory, Universiti Malaysia Pahang was used to
obtain the spectrum. The infrared spectrum of the sample was taken from 400 to 4000
cm™. The band observed or the wavenumber of the functional group present in the

compounds was obtained from the literature.
3.3.4 Nuclear Magnetic Resonance Spectrometer (NMR) Analysis

Bruker Ultra Shield Plus instrument was used to obtain NMR spectra of
morelloflavone (12) and GB1a (18) at 500 MHz in *H NMR, and 125 MHz in *3C NMR.
NMR experiment of atrovirisidone (7), 1,3,5- trihydroxy-2-methoxyxantone (29), and
volkensiflavone (33), was performed by using JEOL instrument at 600 MHz in *H NMR
and 150 MHz in*C NMR. All samples were prepared in deuterated acetone (Acetone-
de). Chemical shifts (5) was expressed in ppm and coupling constant (J) in Hz. Coupling
constant (J) was described with abbreviations: singlet, s; doublet, d; triplet, t; doublet of
doublet, dd.

34 Biological Activities of G. atroviridis Roots

Preliminary screening of antibacterial and antioxidant activities of EtOAc extract
was conducted. Following the positive results of EtOAc extract, bioactivities of its
isolates namely morelloflavone (12), GB1la (18), 1,3,5- trihydroxy-2-methoxyxantone

(29), and one new biflavonoid isolated from this species, volkensiflavone (33) was further
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evaluated. Bioactivities of atrovirisidone (7) could not be tested due to limited yield.
Additionally, preliminary biological studies on root extracts of G. atroviridis in different
solvents with different polarity namely hexane, DCM, butanol and MeOH were

investigated using the same protocol.
3.4.1 Antibacterial Assay of Plant Samples
3.4.1.1 Microorganism

The procedure in antibacterial assay was carried out according to Mackeen et al.,
(2000). The bacterial cultures were maintained on nutrient agar (NA) (Oxoid, UK) slant
and stored at 4 °C. Four bacterial strains i.e. Bacillus cereus (ATCC 11778),
Staphylococcus aureus (ATCC 6538), Escherichia coli (ATCC 10536) and Proteus
vulgaris (ATCC 33420) were obtained from Faculty of Industrial Sciences and

Technology Laboratory, Universiti Malaysia Pahang and used in antibacterial assay.

The microorganisms were cultured in nutrient broth and incubated in incubator
shaker at 30 °C overnight. The concentration of the cultures were adjusted to 108 colony

forming units per milliliter (CFU/mL) and read at a wavelength of 600 nm.
3.4.2 Disc Diffusion Method

Petri plates containing NA were inoculated with bacteria culture (108 CFU/mL).
15 ul of EtOAcC extract with a concentration of 20 mg/mL was loaded onto filter paper
discs (diameter: 6 mm) and the discs were placed on the inoculated agar. The plates were
inverted and incubated for 24 hours at 30 °C. The zone of inhibition was measured by
using a ruler. Tests were performed in triplicate (n=3) and the average measurements
were calculated. Chloramphenicol (30 pg/disc) and gentamicin (120 ug/disc) were used
as positive controls, while acetone (15 pl) and hexane (15 ul) were used as the negative
control. Antibacterial activity of isolated compounds and the extracts of different polarity

(hexane, DCM, butanol and MeOH) were also evaluated in the same manner.
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3.4.3 Antioxidant Assay of Plant Samples

3.4.3.1 Determination of Total Phenolic Content (TPC) using Folin—-Ciocalteu
(FC) Method

The TPC of EtOAc, hexane, DCM, butanol and MeOH root extracts was
determined according to the method described by Wang and co-authors (2011) with some
modifications to suit the use of microplate technique (Li et al., 2012). In this assay, the
calibration curve of gallic acid (GA) was first established. The curve was obtained by
using different concentration of GA ranging from 5 to 40 pg/mL ( 3.1). 125 pL FC
reagent (diluted at 1:10 with distilled water) was added to 25 pL of gallic acid with
different concentration or root extracts-in-96-well microplates. The mixtures were left to
react for 10 min at room temperature. 125 pL of 7.5 % sodium carbonate (Na>CO3)
solution was then added to the mixture and was allowed to stand at room temperature for
30 min. The absorbance of the reaction mixture was read at 765 nm using TECAN infinite
M200 PRO microplate reader. Methanol was used instead of root extracts for blank. The
test was done in triplicate. The calculation was made based on the value obtained from
the calibration curve of GA as shown in - 3.1.

y = 0.0035x - 0.0166, R? = 0.9852 3.1

The TPC in all samples was calculated as described in 3.2 (Genwali et al., 2013).
The results were expressed as milligram gallic acid equivalent/ gram dry weight (mg
GAE/qQ).

C=cV/m 3.2

where,

C = total phenolic content mg GAE/g dry extract

¢ = concentration obtained from GA calibration curve in mg/mL
V = volume of extract in mL

m = mass of extract in gram
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3.4.3.2 a, a-diphenyl-g-picrylhydrazyl (DPPH) radical scavenging Method

The scavenging activity of samples on DPPH radical was tested according to the
method by Hui et al. (2017), with slight modification. 96-well microplate was used in this
assay. DPPH stock solution of 0.2 mM was prepared. DPPH solution was kept from the
light throughout the experiment. Ascorbic acid (AA) was used as a standard. AA, G.
atroviridis root extracts and the isolated compounds from EtOAc extract were dissolved
in analytical grade MeOH with initial concentration of 1 mg/mL. Serial dilutions were
performed; the wells were occupied with 100 pL of AA, root extracts or isolates of
different concentrations ranging from 7.8125 to 1000 pg/mL. Next, 100 pL of 0.2 mM
DPPH was added to the wells.

The negative control containing MeOH instead of tested samples was used. The
microplate was incubated in the dark at room temperature for 30 minutes. The absorbance
was measured at 517 nm using TECAN infinite M200 PRO microplate reader.
Experiment was done in triplicate (n=3). The ability to scavenge the DPPH radical was

calculated by using 3.3.

Abs (C = S) o700 3.3
Abs C

where,
Abs C= Absorbance of control at t, 30 minutes

Abs S= Absorbance of sample t, 30 minutes

Percentage of radical scavenging activity was plotted against the sample
concentration to obtain the 1Csg value. The lower the ICsg value, the higher the antioxidant
potential of the sample (Jadid et al., 2017; Muthumperumal et al., 2016; Molyneux,
2004).
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3.4.3.3 Ferric Reducing Antioxidant Power (FRAP) Method

Microplate analysis of FRAP assay was conducted according to procedure
published in Henderson et al. (2015). AA was used as a standard and calibration curve
was constructed by using AA with different concentrations ranging from 5 to 40 pg/mL.
FRAP reagent was prepared freshly by mixing 10 mM 2,4,6-tris[2-pyridyl)-s-triazine
(TPTZ), 20 mM ferric chloride and 300 mM sodium acetate buffer (pH 3.6) at a ratio of
1:1:10 (Benzie and Strain, 1996). The mixture was then heated at 37 °C in water bath for
10 min. Next, 20 puL of AA, G. atroviridis root extracts and isolated compounds from
EtOAc extract with varying concentrations were added to the respective well in flat-
bottomed 96-well microplates. Thiswas followed by addition of 280 pl of FRAP reagent.
The blank composed of MeOH instead of tested sample was used. The reaction mixtures
were incubated in the dark at 37 °C for 30 min. The absorbance was read at 593 nm using
TECAN infinite M200 PRO microplate reader. The test were conducted in three
replicates (n=3). The FRAP values were reported as milligram of ascorbic acid
equivalents (AAE) per gram of sample (mg AAE/g), which was calculated using the

value obtained from the calibration curve as shown in 3.4.

y =0.0142x —0.0209, R? = 0.9828 3.4

where,
y = the absorbance at 593 nm

x = the amount of ascorbic acid equivalent

Statistical Analysis

All tests were conducted at least three times (n=3). The data was expressed as
mean * standard deviation (SD) using Microsoft Excel 2016. GraphPad Prism version 7
was used to compute ICso and Microsoft Excel 2016 was used to obtain the standard curve

equation and calculate the Pearson’s correlation coefficient.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Introduction

This study was conducted based on the preliminary biological study of G.
atroviridis reported by Mackeen et al. (2000), which found that extract from the roots of
G. atroviridis exhibited strong antibacterial and antioxidant activities. The finding was
further supported by Permana et al. (2005; 2001), who reported on the strong bioactivities
of EtOAc root extract of G. atroviridis which could be contributed by its phenolic

contents.

The study began with solvent extraction from the root of G. atroviridis using
solvent with different polarity namely hexane, DCM, EtOAc, butanol and MeOH. Since
EtOAc; the solvents have been reported effective for isolation of phenolic compounds
with intermediate polarity (Susanto et al., 2019; Santos-Buelga et al., 2012; Chung et al.,
1999), the study reported in this thesis focused on EtOAc extract. Preliminary screening
revealed positive antibacterial and antioxidant activities in the extract, which agreed with

the previous report.

To identify the chemical constituents contributing to bioactivities, isolation of
individual compounds from EtOAc root extract of G. atroviridis was carried out. Further
investigation found that the positive bioactivity in the extract might have been due to the
presence of phenolic compounds, which were successfully isolated and elucidated in this
study. In addition, among all extracts, butanol extract exhibited the strongest antibacterial

and antioxidant activities.

4.2 Extraction and Preliminary Biological Assay Screening of EtOAc Extract

from G. atroviridis Roots

Extracts from the root powder of G. atroviridis obtained using solvents with
different polarity namely, hexane, DCM, EtOAc, butanol, and MeOH yielded 8.72 g (0.5
%), 4.45 g (0.25 %), 9.79 g, (0.56 %), 1.08 g (0.06 %), and 45.45 g (2.58 %) of extracts

43



respectively. EtOAc extract, which was the focus of this study was subjected to
preliminary biological assay screening for further investigation on antibacterial and

antioxidant activities.
4.2.1 Antibacterial Activity

Disc diffusion method was used to investigate the antibacterial activity of EtOAc
root extract of G. atroviridis. A total of four microorganisms consists of two Gram-
positive bacteria: B. cereus and S. aureus; and two Gram-negative bacteria: E. coli and
P. vulgaris, were used to evaluate antibacterial activity of EtOAc extract. Disc diffusion
is a qualitative method used for observation of antibacterial activity in the tested sample.
The blank disc with a diameter of 6-mm- was filled with 20 mg/mL of sample, diluted
using acetone. Hence, acetone was used as the negative control. The zone of inhibition
was determined after incubation at 37 °C for 24 hours. The results demonstrated that
EtOAC root extract of G. atroviridis showed positive antibacterial activity with inhibition
zone of 7 mm against Gram-positive bacteria, B. cereus and S. aureus. However, the
antibacterial activity of this extract was lower compared to commercial antibiotics
(positive control) which displayed inhibition zone more than 18 mm at lower
concentration. This extract did not inhibit the growth of Gram-negative bacteria (Table
4.6).

4.2.2 Antioxidant Activity
4.2.2.1 TPC via FC Reagent Assay

In this method, the reaction was activated by the presence of phenolic compounds
under alkaline condition, causing the reduction of FC reagent which was characterized
by the intensity of the blue pigment produced in the solution (Huang et al., 2005). The
TPC of EtOACc was calculated based on the equation obtained from the gallic acid (GA)
standard curve (y = 0.0035x - 0.0166) with concentration ranging from 5 to 40 pg/mL.
The TPC of the extract was expressed in milligram gallic acid equivalent per gram of dry

weight sample (mg GAE/Q).

TPC value of EtOAC root extract of G. atroviridis was 568.6 + 25.724 mg GAE/qg,
as tabulated in Table 4.11. Due to the significant phenolic content in EtOAc extract,

antioxidant activity in the extract was further evaluated via DPPH and FRAP assay. The
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presence of phenolic compounds in EtOAc extract was later verified by the isolation of
morelloflavone (12), GBla (18), 1,3,5- trihydroxy-2-methoxyxantone (29), and
volkensiflavone (33), which belong to different classes of phenolic compounds.

4222 DPPH Assay

DPPH assay provides data on interaction of tested sample with free radicals,
which correlates with the capacity of the sample to donate radical hydrogen (Younes et
al., 2015). Reduction reaction causes the color to change from violet to yellow. The
degree of changes in color can be measured using spectrophotometer, enabling the
determination of percentage of activity and the corresponded ICso value (Prior et al.,
2005). A low ICso value indicates high-radical scavenging activity in the tested sample as

it only requires low amount of sample to reduce DPPH.

The results showed that as the concentration of EtOAc increased, the antioxidant
activity in the extract also increased, with the exception of minor inconsistencies as
displayed in Table 4.7. EtOAc extract showed moderate free radical scavenging activity
with 1Csp of 51.7 + 2.180 pg/mL as compared to ascorbic acid (AA) with ICso value of
13.2 £ 0.021 pg/mL. The ICso data was tabulated in Table 4.8.

4.2.2.3 FRAP Assay

Since antioxidants are usually involved in several mechanism of actions, it is
necessary to evaluate the antioxidant activity using multiple assays (Antolovich et al.,
2002). Methods namely DPPH and FRAP assays were used in this study to estimate
antioxidant capacity of the extract. In this assay, the antioxidants cause the reduction of
a ferroin analog, the Fe3* complex of tripyridyltriazine Fe(TPTZ)%*" to Fe?* complex
Fe(TPTZ)?* under acidic condition to maintain iron solubility, turning the reaction
solution into blue (Prior et al., 2005; Antolovich et al., 2002). Different concentrations of
AA ranging from 5 to 40 pg/mL were used to generate a standard curve. Based on the
standard curve equation (y = 0.0142x — 0.0209), the FRAP values of the sample were
calculated and the results were expressed as milligram of ascorbic acid equivalents per
gram of dry weight of respective samples (mg AAE/g). EtOAc root extract of G.
atroviridis exhibited moderate FRAP activity, 294.0 + 20.173 mg AAE/qg, as tabulated in
the Table 4.9.
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4.3 Isolation and Structural Elucidation of Compounds Isolated from EtOAc

Extract

Following the positive antibacterial and antioxidant activities observed in EtOAc
root extract of G. atroviridis, isolation of the chemical constituents that may be
responsible for bioactivities in the extract was carried out. Si gel CC, PTLC, and TLC

techniques were used to purify the individual compounds.

The isolation procedures yielded 7.1 mg (0.4 x 10 %), 15 mg (0.85 x 102 %),
17.3 mg (0.98 x 10 %), 15.4 mg (0.88 x 10 %), and 17.4 mg (0.99 x 107 %) of
compounds identified as atrovirisidone (7), morelloflavone (12), GBla (18), 1,3,5-
trihydroxy-2-methoxyxantone (29), and one new compound isolated for the first time in

G. atroviridis, volkensiflavone (33), respectively.

Characterization of the compounds isolated from EtOAc root extract of G.
atroviridis were carried out using spectroscopy techniques namely LC-Q/TOF-MS, UV-
Vis, FTIR and NMR (*H-NMR and *C-NMR), which are further elaborated in the
following section. All compounds obtained were identified as polyphenols, of which
atrovirisidone (7) is a depsidones, morelloflavone (12) and volkensiflavone (33) were
biflavonoids with flavanone and flavone units, GB1a (18) were identified as biflavonoid
with two flavanone units, whereas 1,3,5- trihydroxy-2-methoxyxantone (29) as
xanthones. This finding verified the effectiveness of EtOAc as solvent for recovery of

phenolic compounds from the plant.
4.3.1 Characterization of Atrovirisidone

Compound 7 was obtained as brown amorphous solid. The molecular formula
was determined as C24H2607 (426) by using ESI-LCMS, which showed a [M+1]" peak at
m/z 427. The maximum absorption of UV spectrum was at Amax 333 nm. Mass spectrum
and the UV absorption of 7 was similar to the novel depsidone, garcinisidone A, which
information was useful for structural elucidation (Ito et al., 1997). The IR spectrum
showed strong absorption at vmax 3466 cm™ and vmax 3419 cmt, indicating the presence
of hydroxyl group, while absorbance at vmax 1635 cm™ indicated the presence of lactone

carbonyl group.
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The NMR spectrum was tabulated in Table 4.1. From ‘H NMR spectrum,
aromatic protons resonated at 6 6.46 (1H, d, 2.34 Hz) (H- 4) and & 6.30 (1H, d, 2.4 Hz)
(H- 2), suggesting the meta-substitution pattern in ring A. The singlet at 6 4.00 (3H, s) in
ring B representing the three protons as metoxyl groups. Meanwhile, the presence of two
set of signals at 6 3.46 (2H, d, J= 6.6 Hz), 6 5.07 (1H, t), 6 1.82 (3H, s), & 1.68 (3H, s)
and at & 3.39 (2H, d, J= 6.6 Hz), 8 5.07 (1H, 1), 5 1.75 (3H, s), & 1.65, (3H, s) indicated
the presence of prenyl side chains, located in adjacent to carbons in ring B. Although
hydroxyl protons were not visible in *H NMR spectrum, the presence of this hydroxyl

group was detected in FTIR. The *H NMR spectrum was displayed in Figure 4.2.

The expected 24 carbon signals were observed in 3C NMR spectrum (Figure 4.3).
Carbonyl lactone at 6 168.6 (C- 11) was identified. Hydroxyl group at C- 1 and C- 3 in
ring A was also detected as the signals appeared at 6 166.45 and 6 166.7, respectively.
The oxygen bearing carbon was detected at 6 147.0 (C- 7, -OH), 6 142.5 (C- 5a, -O-), 6
138.7 (C- 6, -O-), and 6 137.9 (C- 9a, -O-). Based on the study and comparison with
spectral data of garcinisidone A-D (lto et al., 2001; 1997), Permana and co-authors (2001)
interpreted that the linkage between ring A and ring B as depsidone. Present study showed
similar spectrum hence the structure was determined to be atrovirisidone (7) (Permana et

al., 2001) (Figure 4.1).

Atrovirisidone (7) is a depsidone that is rarely reported in higher plants although
it has been commonly isolated from lichens and fungi. Previous study showed that this
compound exhibited moderate antibacterial activity against Gram-positive such as S.

aureus and B. cereus (Permana et al., 2001).
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Table 4.1 !H NMR (600 MHz, Acetone-dg) and 13C NMR (150 MHz, Acetone- ds)
of 7
Position H (8 in ppm) 13C (8¢ in ppm)
Obtained reading Ref reading Obtained Ref reading
reading

1 166.45 166.6
2 6.30 (1H,d,J=2.4Hz) 6.18 (1H,d,J=2.4 Hz) 100.98 101.1
3 166.1 166.7
4 6.46 (1H,d,J=2.34Hz) 6.31(1H,d,J=2.4H2) 101.4 101.5
4a 162.8 163.5
5a 142.5 143.0
6 138.7 138.4
CH30-6 4.00 (3H, s) 3.94 (3H, s) 62.8 62.9
7 147.0 147.5
8 128.5 129.0
9 131.4 126.0
9a 137.9 137.3
11 168.6 169.2
1la 98.8 99.0
1’ 3.39(2H,d,J=6.6 Hz) 3.32 (2H, d, J=6.4 Hz) 26.2 26.2
2! 5.07 (1H, 1) 5.00 (1H, m) 123.9 124.0
3’ 131.4 132.2
CHs-4'k 1.75 (3H, s) 1.71 (3H, s) 25.8 25.8
CHs-5'k 1.65 (3H, s) 1.64 (3H, s) 18.2 18.0
1” 3.46 (2H,d,J=6.6 Hz) 3.39 (2H, d, J=6.4 H2) 25.9 26.5
2" 5.07 (1H, 1) 4.96 (1H, m) 123.1 123.6
3" 131.9 132.9
CHs-4"1 1.82 (3H, s) 1.76 (3H, s) 25.7 25.9
CHs-5"1 1.68 (3H, s) 1.64 (3H, s) 18.0 18.3

Ref: reference; Permana et al., (2001)

Figure 4.1

H,CO

Structure of atrovirisidone (7)
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Figure 4.2
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4.3.2 Characterization of Morelloflavone

Compound 12 was obtained as yellow amorphous solid. The molecular formula
was determined as C3oH20011 (556) by using ESI-LCMS, which showed a peak of [M+1]*
at m/z 557. The UV spectrum showed maximum absorption at Amax 345 nm; the IR (KBr)
spectrum observed at vma 3420 cm™ and vmax 1634 cm indicated the presence of
hydroxyl and carbonyl groups, respectively. The mass, UV, and IR spectra provide

information about the presence of flavanone-flavone system (Herbin et al., 1970).

The NMR spectrum of compound 12 is shown in Table 4.2. The 'H NMR of the
compound showed the presence of three aromatic protons at ring E, assigned at position
II- 6/, II- 2" and 1I- 5', based on the signals at 6 7.53 (d, J= 8.5 Hz), 6 7.50 (s), and & 7.04
(d, J=8.2 Hz), respectively. Four aromatic protons appeared as a set of doublets at 6 7.26
(I- 2" and I- 6") and 6 6.55 (I- 3’ and I- 5’). Singlet signal at 6 6.48 (II- 3) indicated the
presence of one proton. Meanwhile, signals at 6 6.34 (II- 6), and 6 6.03 (I- 8 and I- 6)
represented aromatic protons. The remaining protons were assigned to position I- 2 and
I- 3 of ring C, following doublet signals at 6'5.89 (d, J= 12 Hz) and 6 5.02 (d, J=11.95
Hz), respectively. The presence of two aliphatic protons and three aromatic protons
showed there were a linkage between ring C and ring D (Herbin et al., 1970). According
to Clark-Lewis (1968), the large coupling constant of more than 11.0 Hz showed the
existence of trans-diaxial hydrogens.

Although hydroxyl protons were not visible in *H NMR spectrum (Figure 4.5),
the presence of hydroxyl groups was observed in the data from FTIR analysis with Vmax
3420 cm™. As explained by Pavia and co-authors (2008), the absence of hydroxyl spin-
spin splitting in proton NMR was due to the fact that the rate of proton exchanged
between alcohol molecules is higher than the rate of which NMR spectrometer can react.
Hence, it effectively decouples the spin interaction between hydroxyl proton and other
proton. Other conditions might also effect the observation such as the temperature, the
purity of the sample and the type of solvent. It was mentioned that the usage of deuterated

chloroform might ease the detection of hydroxyl group.
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Table 4.2 H NMR (500 MHz, Acetone-ds) and 13C NMR (125 MHz, Acetone-ds)

of 12
Position H (8H in ppm) 13C (8C in ppm)
Obtained reading Ref reading Obtained Ref
reading reading
I-2 5.89 (d, J=12 Hz) 5.88 (1H, d, J=12.4 Hz) 81.48 815
3 5.02 (d,J=11.95Hz)  5.00 (1H, d, J=12.4 Hz) 49.17 49.2
4 205.51 196.5
5 12.34 (OH, s) 163.97 164.7
6 6.03 (s) 6.04 (2H, s) 96.26 96.3
7 164.72 166.4
8 6.03 (s) 6.04 (2H, s) 95.15 95.2
9 163.45 164.0
10 101.12 102.1
1’ 127.01 129.2
2! 7.26 (d, J=8.15 Hz) 7.25(2H, d, J=8 Hz) 128.38 128.4
3’ 6.55 (d, J= 8.2 Hz) 6.54 (2H, d, J= 8 Hz) 114.61 114.6
4’ 157.61 157.5
5’ 6.55 (d, J= 8.2 Hz) 6.54 (2H, d, J= 8 Hz) 114.61 114.6
6’ 7.26 (d, J=8.15 Hz) 7.25(2H, d, J=8 Hz) 128.38 128.4
I1-2 162.63 163.4
3 6.48 (s) 6.48 (1H, s) 102.86 102.9
4 182.26 182.3
5 13.17 (OH, s) 159.52 164.7
6 6.34 (s) 6.32 (1H, s) 98.71 98.7
7 161.63 161.7
8 100.87 104.0
9 155.89 155.9
10 103.55 100.8
1’ 122.63 122.6
2! 7.50 (s) 7.52 (1H, s) 113.28 113.3
3’ 145.52 145.5
4’ 149.37 149.3
5 7.04 (d, J= 8.2 Hz) 7.03 (2H, d, J=8 Hz) 115.77 115.8
6’ 7.53 (d, J=8.5 Hz) 7.54 (1H, d, J=8 Hz) 119.56 119.6

Ref: reference; Salleh et al., (2017); (Morelloflavone)
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According to the results obtained from *C NMR as presented in Figure 4.6, a
total of 30 signals representing 30 carbons were detected. Two carbonyl signals at &
205.51 (I- 4, ring C) and 6 182.26 (II- 4, ring F) confirmed the presence of flavanone and
flavone unit in the molecule (Duddeck et al., 1978). Signals that appeared between region
0 165 to o 145 corresponded to nine oxygenated carbons at C- 5, C- 7, C- 9, C- 4’ of
flavanone and at C- 5, C- 7, C- 9, C- 3/, C- 4’ of flavone unit. Signals at 6 98.71 (II- 6), &
96.26 (I- 6) and 6 95.15 (I- 8) confirmed the presence of three methine carbons in the
compound. Duddeck and co-authors (1978) discussed the 3C NMR spectrum of this
structure in details. The *3C NMR spectral data of present study was in accordance to the

data reported.

Based on previous literatures, the compound was identified as morelloflavone
(12), also known as fukugetin. It is the first biflavonoid reported with a flavanone and
flavone unit (naringenin- 3 = 8" luteolin) as shown in Figure 4.4 (Salleh et al., 2017;
Duddeck et al., 1978; Fa-Ching et al., 1975; Karanjgaokar et al., 1967). This compound
IS a common constituent in Garcinia, previously purified from the root of G. atroviridis
(Permana et al., 2003).

Figure 4.4 Structure of morelloflavone (12)
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4.3.3 Characterization of GBla

Compound 18 was obtained as brown amorphous solid. The molecular formula
of CsoH2010 (542) gave a [M+1]" ion peak at m/z 543 in the ESI-LCMS, signifying
characteristics of biflavonoid. The UV spectrum with maximum absorption at Amax 331
nm were typical for flavanone skeleton (Jackson et al., 1971). The IR (Kbr) spectrum
confirmed the presence of aromatic structure, which contained hydroxyl and carbonyl

groups at vmax 3458 cm™ and vmax 1638 cm™, respectively.

As tabulated in Table 4.3, the proton NMR spectrum showed the presence of eight
aromatic protons, which appeared as two sets of doublets at 6 7.18 ( II- 2', II- 6"), 5 6.82
(II- 3', II- 5") and at 6 7.1 (I- 2, I-6")-and o 6.61 (I- 3', I- 5'). Another three aromatic
protons corresponded to signals at & 5.81 (I- 6 and I- 8, ring A) and & 5.75 (II- 6, ring D)
were detected. The presence of two protons in ring C of the flavanone unit was deduced
from the signals observed at 6 5.47 (I- 2) and & 4.69 (I- 3). According to Duddeck et al.
(1978), the lower field signal at & 4.69 assigned at carbon I- 3 was shifted downfield due
to flavanyl substitution. Meanwhile, the 3-substitution caused the downfield shift of
carbon I- 2 signal. Additionally, the large coupling constant of more than 11.0 Hz showed
that there were trans-diaxial disposition for the H- 2 and H- 3 of rings C and F (Clark-
Lewis, 1968).

On the other hand, protons in another flavanone unit in ring F were detected at 6
5.2/ (II- 2) and & 2.62 (II- 3). The information suggested that there were a linkage between
ring C and D of both flavanone units in this structure (Jackson et al., 1967). GBla
representing reduced biflavonoid derivatives since there are two flavanone units with 3,
8" linkage, where the linkage might be due by oxidative coupling (Jackson et al., 1967).
Hydroxyl groups were not detected, as hydroxyl proton signals are not visible in *H NMR
spectrum (Figure 4.8) however, the presence of hydroxyl groups were evident in FTIR

(vmax 3458 cm't), verifying the existence of this functional group in this structure.
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Table 4.3 H NMR (500 MHz, Acetone-ds) and 13C NMR (125 MHz, Acetone-ds)

of 18

Position H (81 in ppm) 13C (8¢ in ppm)

Obtained reading Ref reading Obtained Ref
reading reading

I-2 5.47 5.85 (1H, m) 82.68 82.0

3 4.69 (d, J=11.6 Hz) 4.72 (1H, d, J=12.0 Hz) 49.21 48.2
4 197.04 196.3
5 12.32 (OH) 165.49 164.6

6 5.81 5.98 (2H, s) 97.01 96.2
7 167.03 166.2

8 5.81 5.98 (2H, s) 95.7 95.8
9 164.2 163.4
10 102.94 102.0
1’ 129.77 130.9
2! 7.1 7.24 (2H, s) 130.20 129.0
3’ 6.61 6.73 (2H, m) 116.16 115.3
4’ 158.0 157.7
5' 6.61 6.73 (2H, m) 116.16 115.3
6' 7.1 7.24 (2H, s) 130.20 129.0

11-2 5.2 5.33 (1H, dd, J=12.0, 3.0 Hz) 79.93 79.3

3 2.62 2.61 (1H, dd, J=13.2, 3.2 Hz) 44,57 43.3
4 197.04 196.9
5 12.20 (OH) 165.56 164.6

6 5.75 5.94 (1H, s) 95.7 94.9
7 167.03 164.6
8 102.42 102.0
9 164.24 163.4
10 102.47 101.5
| | 132.02 130.9
2! 7.18 6.92 (2H, m) 128.73 129.0
3’ 6.82 6.83 (2H, m) 115.56 114.8
4’ 158.45 145.2
5' 6.82 6.83 (2H, m) 115.56 114.8
6’ 7.18 6.92 (2H, m) 128.75 129.0

Ref: reference; Salleh et al., (2017); (3,8"-Binaringenin)
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Figure 4.9 shows the **C NMR spectrum of 18 with 30 signals representing 30
carbon atoms, similar to the **C NMR signal reported in the past study (Duddeck et al.,
1978). The spectrum was composed of two carbonyl signals that appeared at & 197.04 (I-
4, ring C and II- 4, ring F), corresponded to combination of two flavanone units present
in the compound. Eight oxygenated carbons at 6 167 to 6 158 were identified from the
signals produced at C- 5, C- 7, C- 9, and C- 4’ in both flavanone units. The signals
detected at 6 97.01 (I- 6) and 6 95.7 (I- 8 and II- 6) signified the presence of three methine

carbons in the structure.

The data conformed to the previous study which reported on compound 18 as
GBla, also known as 3-8”-binaringenin as shown in Figure 4.7 (Salleh et al., 2017; Fa-
Ching et al., 1975; Jackson et al., 1967). GB1a (18) is a known 3-8" linked biflavonoids,
which was first isolated from the heartwood of G. buchananii from chloroform extract
(Jackson et al., 1967). Previously, this biflavonoid was also isolated from the EtOAc root

extract of G. atroviridis (Permana et al., 2005).

Figure 4.7 Structure of GBla (18)
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4.3.4 Characterization of 1,3,5- trihydroxy-2-methoxyxantone

Compound 29 was isolated as yellow amorphous powder. The mass spectrum of
29 consisted of a molecular ion [M+1]" at m/z 275, conforming with a chemical formula
of C14H1006 (274). UV spectrum of 29 showed maximum absorption at Amax 311 nm with
band characteristics of a xanthone (Negi et al., 2013). Xanthones is a three-membered
ring phenolic compounds composed of oxygen and basic skeleton typical for all
xanthones containing dibenzo-y-pyrone or diphenylene ketone, with a molecular formula
C13HgO2 (Na, 2009; Diderot et al., 2006). The IR (KBr) spectrum demonstrated broad
absorption at vmax 3455 cm™ and appearance of prominent band at vmax 1636 cm™2, which

revealed the presence of hydroxyl and carbonyl group, respectively.

As shown in *H NMR spectrum (Figure 4.11), a signal at § 3.90 indicated the
presence of one metoxyl group at H- 2. A chelated hydroxyl group at 6 13.15 (H- 1), one
aromatic proton at 6 6.55 (H- 4) on ring A, and three aromatic protons at 6 7.68 (H- 8), &
7.35 (H- 6), and 6 7.28 (H- 7) on ring B, suggested that at H- 5, oxygenated substituent
was present. The analysis was supported by 3C NMR spectrum (Figure 4.12), which
showed the signals corresponded to three vicinal oxygenated carbons appeared at 6
159.23, 6 155.36, and 6 131.57 on ring A at C- 3, C- 1, and C- 2, respectively, indicating
substitution. The spectrum data were consistent with the one reported by Valentdo and
co-authors (2000). Apart from that, one carbonyl group was detected at 6 182.13 from
the signal produced at C- 9. A total of 14 signals were detected in *C NMR spectrum
representing 14 carbon atoms in the structure. The NMR spectrum data is outlined in
Table 4.4.

The data obtained supported the previous finding which identified the structure
as 1,3,5-trihydroxy-2- methoxyxanthone (29) (Valentdo et al., 2000; Pinto et al., 1994)
(Figure 4.10). 1,3,5-trihydroxy-2- methoxyxanthone (29), a xanthone, was previously
purified from the stem bark of G. atroviridis (Tan et al., 2016). This compound exhibited
antifungal activity against Trichophyton mentagmphytes and Cladosporium

cucumerinum at 50 pg/mL (Pinto et al., 1994).
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Table 4.4 'H NMR (600 MHz, Acetone-ds) and 13C NMR (150 MHz, Acetone-ds)

of 29
Position H (8uinppm) 13C (8¢ in ppm)
Obtained reading Ref reading Obtained reading Ref reading

1 13.15 (1H,s,OH)  12.91 (1H, s, OH) 155.36 153.9

2 131.57 130.7

CH30-2 3.90 (3H, s) 3.75(3H, s) 60.75 59.8

3 159.23 159.3

4 6.55 (1H, s) 6.5 (1H, s) 94.75 94.1

4a 153.84 152.3

4b 146.12 144.8

5 146.90 146.0

6 7.35 (1H, dd, J= 7.28 (1H, dd, J= 121.31 120.3
1.5, 7.8 Hz) 2.25, 7.9 Hz)

7 7.28 (1H, J=7.86, 7.21 (1H, dd, J= 124.79 123.9
7.92 Hz) 7.9, 7.4 Hz)

8 7.68 (1H, dd, J= 7.5 (1H, dd, J= 116.17 114.3
1.5,7.92 Hz) 2.25, 7.4 Hz)

8a 121.76 120.4

8b 104.02 102.2

9 182.13 180.4

Ref: reference; Pinto et al., (1994)

Figure 4.10  Structure of 1,3,5-trihydroxy-2- methoxyxanthone (29)
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Figure 4.11  H NMR spectrum of 1,3,5-trihydroxy-2- methoxyxanthone (29)
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Figure 4.12  3C NMR spectrum of 1,3,5-trihydroxy-2- methoxyxanthone (29)

64



4.3.5 Characterization of Volkensiflavone

Compound 33 was obtained as yellow amorphous solid. The mass spectrum
measured via ESI-LCMS showed [M+1]" peak at m/z 541, corresponding to the
molecular formula of C3oH20010 (540). The maximum absorption of UV spectrum was at
Amax 340 nm. The IR (KBr) spectrum showed broad hydroxyl absorption at vmax 3451 cm”
! carbonyl absorption at vmax 1641 cm™ and aromatic group at vmax 1097 cm™. The mass,

UV, and IR spectra were identical to that of biflavonoids (Joshi et al., 1970).

The NMR data is tabulated in Table 4.5. Based on the proton NMR spectrum
(Figure 4.14), there are eight aromatic protons indicated by two set of doublets at & 7.98
(I- 2/, 1I- 6"), & 7.06 (II- 3, II- 5"), 772 (I- 2', I- 6') and & 6.79 (I- 3', I- 5'). One proton
in pyranone of flavone unit was detected as singlet at 6 6.33 (II- 3, ring F). Three aromatic
protons corresponded to the signals at & 6.33 (II- 6, ring D) and & 6.03 (I- 6 and I- 8, ring
A) were discovered. Two aliphatic protons were detected as doublets in the heterocyclic
ring C of flavanone unit at 6 5.87 (J=12.3 Hz) and 6 5.05 (J= 12 Hz), at position I- 2 and
I- 3, respectively. The aliphatic protons with coupling constant of more than 11.0 Hz
represented trans-diaxial hydrogens (Clark-Lewis, 1968). Herbin and co-authors (1970)
stated that since there are two aliphatic hydrogens and three aromatics signals indicated
a linkage between flavanone and flavone unit between ring C and ring D as shown in
Figure 4.13. Hydroxyl groups were detected following the singlet signals at & 13.15 and
0 12.35, which were assigned to C- 5 of ring A and ring D, respectively.

There are 30 carbon atoms observed in the 3C NMR spectra of the structure
(Figure 4.15). Signals appeared at 6 83.2 (I- 2) and 6 49.9 (I- 3) represented naringenin,
which belongs to flavanone group (Chari et al., 1977). Two resonances from the structure
of carbonyl at 6.197.24 (I- 4) and 6/183.17 (II- 4) signified the level of oxidation in two
rings (ring C and F) thus suggesting the presence of flavanone and flavone units in this
compound. A total of eight oxygenated carbons were discovered, which corresponded to
signals at & 164.34 (C- 5), 8 167.14 (C- 7), 8 163.56 (C- 9), § 162.29 (C- 4) of unit I and
at 8 161.80 (C- 5), 5 167.78 (C- 7), & 158.36 (C- 9), & 156.86 (C- 4') of unit II. Three
methine carbons were observed at 6 99.61 (II- 6), 6 97.09 (I- 6) and 6 95.99 (I- 8).
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Compound 33 was identified as volkensiflavone (33), also known as
talbotaflavone (Compagnone et al., 2008; Fa-Ching et al., 1975; Herbin et al., 1970; Joshi
et al., 1970). Volkensiflavone (33) is a combination of naringenin and apigenin (Herbin
et al., 1970). The compound has been previously found in G. volkensii, G. livingstonei,
G. hombroniana and G. madruno, and this study is the first to report on its isolation from
G. atroviridis (Ramirez et al., 2018; Muriithi et al., 2016; Jamila et al., 2014; Herbin et
al., 1970).

Figure 4.13  Structure of volkensiflavone (33)
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Table 4.5 'H NMR (600 MHz, Acetone-ds) and 13C NMR (150 MHz, Acetone-ds)

of 33
Position H (8ninppm) BC (8¢ in ppm)
Obtained reading Ref reading Obtained reading Ref reading
I-2 5.87 (d, J=12.3 Hz) 6.54 83.2 82.3
3 5.05 (d, J=12 Hz) 5.56 49.9 50.2
4 197.24 197.9
5 13.15 (s, OH) 13.20 (OH) 164.34 165.5
6 6.03 (s) 6.55 97.09 97.5
7 167.14 168.3
8 6.03 (s) 6.50 95.99 96.4
9 163.56 164.4
10 101.41 102.9
1’ 129.15 129.7
2! 7.72 (d, J=7.5Hz) 7.72 129.82 130.0
3’ 6.79 (d, J=7.5Hz) 6.99 115.46 116.9
4’ 162.29 159.3
5' 6.79 (d, J=7.5 Hz) 6.99 115.46 116.9
6' 7.72 (d, J=7.5Hz) 7.72 129.88 130.0
11-2 163.56 164.2
3 6.33 (5) 6.70 103.69 103.6
4 183.17 182.8
5 12.35 (s, OH) 12.87 (OH) 161.80 162.7
6 6.33 (s) 6.82 99.61 98.9
7 167.78 168.3
8 102.29 102.1
9 158.36 162.4
10 104.22 104.7
g 120.65 122.3
2! 7.98 (d, J=8.16 Hz) 8.12 129.29 129.2
3’ 7.06 (d, J=8.10 Hz) 7.34 116.83 115.8
4 156.86 156.8
5 7.06 (d, J= 8.10 Hz) 7.34 116.86 115.8
6’ 7.98 (d, J=8.16 Hz) 8.12 129.23 129.2

Ref: reference; Compagnone et al., (2008); (Volkensiflavone)
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4.4  Biological Activities of Chemical Constituents Isolated from EtOAc Extract

Following the positive antibacterial and antioxidant activities observed in the
EtOAc root extract of G. atroviridis, the investigation was extended to study the
biological activities of the individual compounds isolated from the extract;
morelloflavone (12), GBla (18), 1,3,5- trihydroxy-2-methoxyxantone (29), and
volkensiflavone (33) were evaluated. Bioactivities of atrovirisidone (7) was not evaluated

due to inadequate materials available.
4.4.1 Antibacterial Activity

To further investigate the antibacterial properties of G. atroviridis, the isolated
compounds namely morelloflavone (12), GBla (18), 1,3,5- trihydroxy-2-
methoxyxantone (29), and volkensiflavone (33) were tested against S. aureus and E. coli.
Only GB1la (18) and volkensiflavone (33) showed significant antibacterial activity
towards S. aureus with 10.3 mm and 9.0 mm of inhibition zone, respectively. However,
the antibacterial effects in all samples were less potent than that of commercial antibiotics
that were used as standard in this study. Similar level of antibacterial activity were
observed in the individual compounds, whereby none of the isolates was active against

Gram-negative bacteria. All data are presented in Table 4.6.

In previous study, both GB1a (18) and volkensiflavone (33) purified from the
twigs of G. merguensis showed weak antibacterial activity against S. aureus and
methicillin-resistant S. aureus, with MIC value of more than 128 pg/mL (Trisuwan et al.,
2013). On the other hand, inactivity observed in morelloflavone (12) against
microorganisms tested in this study contradicted the previous findings, which have
extensively reported on broad antibacterial activities of morelloflavone (12). Jamila et al.
(2014) reported that morelloflavone (12) showed the -highest antibacterial activity with
MIC of 62.5 uM against S. aureus, B. subtilis and E. coli. The contradicting findings
obtained from this study may be due to diffusion of sample into agar in disc diffusion
assay that might have affected the potency of sample, which may not happen in MIC
assay using dilution method (Marimuthu et al., 2014). Inability to inhibit Gram-negative
bacteria may also be due to complexity of the bacterial outer membrane, which could
have slowed down the flow of chemicals across the cell, making the bacteria resilient to

plant secondary metabolites including phenolic compounds (Inouye et al., 2001).
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Table 4.6 Inhibition zones of G. atroviridis EtOAcC extract and its isolates

Samples (20 mg/mL) Inhibition zone (mm)
B. cereus S. aureus E. coli P. vulgaris
EtOAC extract 700 70+0 - -
Morelloflavone (12) NT - - NT
GBla (18) NT 10.3+1.528 - NT
1,3,5- trihydroxy-2- NT - - NT
methoxyxantone (29)
Volkensiflavone (33) NT 901 - NT
(+) Chloramphenicol 24.7 £ 0.577 NT 2001 NT
(30 pg)
(+) Gentamicin NT 18.7 £ 0.577 NT 33.3+1.528
(120 po)
(-) Acetone - - - -

Data was expressed as mean (n=3) £ SD; -: no inhibition zone; NT: not tested; (+): positive
control; (-): negative control

4.4.2 Antioxidant Activity
4421 DPPH Assay

Antioxidant activity of isolated compounds was determined using the same
protocol used on EtOAc extract. DPPH scavenging activity of morelloflavone (12), GBla
(18), 1,3,5- trihydroxy-2-methoxyxantone (29) and volkensiflavone (33) was evaluated.
The 1Csp results are tabulated in Table 4.8. Among all compounds tested, morelloflavone
(12) showed the highest DPPH scavenging activity with ICso of 20.3 + 1.667 pg/mL,
which was comparable to AA (ICso 13.2 £ 0.021 pg/mL). Morelloflavone (12) has been
reported as an effective DPPH radical scavenger (Klaiklay et al., 2011; Deachathai et al.,
2005). The results supported a study published by Salleh et al., 2017, which reported on
the strong DPPH scavenging activity in morelloflavone (12) with 1Cso of 57.5 pg/mL as
compared to AA with 1Csoof 17.4 pg/mL.

On the other hand, GB1la (18), 1,3,5- trihydroxy-2-methoxyxantone (29), and
volkensiflavone (33) showed low antioxidant activity with ICsg of more than 200 pg/mL.
Previously, 1,3,5- trihydroxy-2-methoxyxantone (29) exhibited low DPPH scavenging
activities with ECso of 50.81 pg/mL as compared to AA, 7.4 pg/mL (Tan et al., 2016).

The previous finding is consistent with the present study, which showed low DPPH
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radical scavenging activity of 1,3,5- trinydroxy-2-methoxyxantone (29) with ICso value
of 205.7 £ 5.877 pg/mL as compared to AA with I1Cs00f13.2 £ 0.021 pg/mL.

The study done by Ramirez et al. (2018), Muriithi et al. (2016), and Jamila et al.
(2014), demonstrated that scavenging activity on DPPH by volkensiflavone (33) was low
as compared to morelloflavone (12). The result is consistent with current study. On the
other hand, GB1a (18) was reported to have low DPPH scavenging activity with ICso of
31.98 pg/mL as compared to AA with ICso of 3.2 pg/mL (Aravind and Rameshkumar,
2016). The report was further supported by Salleh et al. (2017), whom published on the
low scavenging activity of GB1a (18) with ICspVvalue of 112.4 pg/mL, compared to AA
with ICso 17.4 pg/mL. Similar results were obtained in the current study, which showed
that 1,3,5- trihydroxy-2-methoxyxantone (29), volkensiflavone (33) and GBla (18)

exhibited low DPPH scavenging activity.

The differences of the value from this study with previous studies might attributed
by the different methodology adapted during the experiment. Although the same assay
was used in both current and previous studies, the volume, the concentration of the
solvent among few others were different. Direct comparison of data is not suggested as
for the various differences. There were also some minor inconsistency observed in
inhibition activity in EtOAc extract and morelloflavone (12), where at 1000 pg/mL the
percentage of inhibition was slightly reduced. This could be attributed to some errors
that occurred while running the experiment. As all samples and reagents used in this test
were diluted in solvent, evaporation might take place due to prolonged storage. This could

cause alteration in the concentration of samples thus interfering with the results.

Based ‘on the results, it could be deduced that the radical scavenging activity
observed in the isolated compounds may have contributed to the total antioxidant activity

of EtOACc extract from the root of G. atroviridis.
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Table 4.7 Effect of G. atroviridis EtOAc extract and its isolates on DPPH radicals
Conc. Percentage of inhibition (%)
(Mg/mL) "Eoac (12) (18) 29) (33) AA
extract

7.8125 13.6£0.030 38.4+0.055 18.7+0.085 30.9+0.007 19.3+0.094 51.7+0.041

15.625 18.8+0.012 53.0£0.042 19.9+0.096 31.6+0.015 20.3+0.108 86.1+0.007
31.25 31.7£0.016 76.4+0.035 19.3+0.083 34.8+0.015 21.3+0.099 86.6+0.005
62.5 50.3£0.024 85.5+0.01 24.9+0.067 39.3+0.013 27.4+£0.051 86.8+0.006
125 78.9+£0.011 85.9+0.005 29.2+0.052 46.5+0.007 34.2+0.048 87.3+0.007
250 80.9+£0.013 85.6x0.006 33.1+0.046 60.4+0.001 43.0+0.008 86.7+0.003
500 80.9+£0.003 86.0+0.003 40.1+0.028 81.5+0.025 54.7£0.006 87.3+0.005
1000 74.3£0.023  85.3£0.002 52.7+0.006 87.0+0.003 72.0£0.028 87.6+0.004

Data was expressed as mean (n=3) = SD

Table 4.8 ICso (Lg/mL) of G. atroviridis EtOAc extract and its isolates
Samples 1Cs0 (Ug/mL)
EtOAcC extract 51.7 £2.180
Morelloflavone (12) 20.3 £ 1.667
GB1la (18) 263.3 + 71.707
1,3,5- trihydroxy-2-methoxyxantone (29) 205.7 £ 5.877
Volkensiflavone (33) 256.7 + 76.869
AA (control) 13.2£0.021

Data was expressed as mean (n=3) = SD

4422

FRAP Assay

Generally, all compounds exhibited good reducing power as outlined in Table 4.9.

1,3,5- trihydroxy-2-methoxyxantone (29) exhibited the highest reducing power with a
value of 1643.3 + 44.623 mg AAE/g, followed by morelloflavone (12), GBla (18), and
volkensiflavone (33) with a FRAP value of 380.3 £ 42.78, 121.2 + 4.321 and '102.1 +
12.648 mg AAE/qg, respectively.

It was also found that morelloflavone (12) exhibited higher reducing ability than

volkensiflavone (33), supported the previous study by Jamila et al. (2014), which reported

on morelloflavone (12) with FRAP value of 298.8 uM trolox equivalent (TE), while
volkensiflavone (33) with 10.9 uM TE (Jamila et al., 2014). To our best knowledge, this
thesis is the first to report on FRAP activity of GBla (18) and 1,3,5- trihydroxy-2-

methoxyxantone (29).
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Antioxidant assays of the individual isolated compounds correlated with their
antioxidant activities. Morelloflavone (12) always showed the best activity among
biflavonoids and 1,3,5- trihydroxy-2-methoxyxantone (29) demonstrated good
antioxidant activity. Although the reaction mechanisms in DPPH and FRAP techniques
are distinct from each other and the methods do not evaluate the same activity, it was
evident in the findings from both methods that the roots of G. atroviridis showed
significant antioxidant and anti-radical activities (Prior et al., 2005). Based on the results,
morelloflavone (12) and 1,3,5- trihydroxy-2-methoxyxantone (29) demonstrated the
strongest antioxidant activities compared to other isolates with moderate activities, which
collectively may contribute to antioxidant activity of EtOAc extract from the roots of G.

atroviridis.

Table 4.9 FRAP activity of G. atroviridis EtOAc extract and its isolates

Samples FRAP value (mg AAE/Q)
EtOAcC extract 294.0 + 20.173
Morelloflavone (12) 380.3 +42.780
GB1la (18) 121.2+4.321
1,3,5- trihydroxy-2-methoxyxantone (29) 1643.3 £ 44.623
\olkensiflavone (33) 102.1 + 12.648

Data was expressed as mean (n=3) = SD

4.4.3 Structure-Antioxidant Relationship

Previous studies have reported the structure-activity relationship of the flavonoids
in relation to antioxidant activity (Miller and Rice-Evans, 1997; Bors et al., 1995; Sichel
etal., 1991; Bors et al., 1990; Hudson and Lewis, 1983). Similar antioxidant activities in
biflavonoids were observed in this study. Morelloflavone (12) was the most active
compared to volkensiflavone (33) and GB1a (18). There is an additional hydroxyl group
in the structure of morelloflavone (12) (Figure 4.4) as compared to GBla (18) (Figure
4.7) and volkensiflavone (33) (Figure 4.13).

The presence of hydroxyl group in morelloflavone (12) may have contributed to
the strong antioxidant activity in the compound as discovered in this study. Vice versa,
the lower antioxidant activity in both GB1a (18) and volkensiflavone (33) may have been
due to the lack of hydroxyl group. Previously, it was revealed that the strong radical
scavenging activity in morelloflavone (12) is due to the presence of the ortho 3'4'-

dihydroxyl groups, meta 5,7-dihydroxy moiety and 2,3-double bond with 4-keto group at
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IT as they are the bases of scavenging free radical (Rice-Evans et al., 1997; Rice-Evans et
al., 1996). Other reports have also shown that the number and location of the hydroxyl
group in the structure may influence the free radical scavenging activity of the compound
(Zhao et al., 2010; Cao et al., 1997).

In this study, volkensiflavone (33) showed better activity than GBla (18) in
DPPH assay, although the opposite was observed in FRAP assay albeit with insignificant
differences. Antioxidant activity of morelloflavone (12), GB1a (18), and volkensiflavone
(33) may be explained by the presence of flavanone and flavone in the structure of these
compounds. As reported by Muriithi and co-authors, biflavonoids with both flavanone
and flavone units such as morelloflavone (12) and volkensiflavone (33) showed better

activity than those with two units of flavanones, such as GB1a (18) (Muriithi et al., 2016).

While the structure-activity relationship of various flavonoids particularly in
relation to their antioxidant activity has been extensively studied, reports on similar
research on xanthones are few (Panda et al., 2013). Scavenging activity in xanthones on
several oxidizing species such as superoxide anion, hydroxyl and peroxyl radicals have
been reported (Panda et al., 2013). The current study found that 1,3,5- trihydroxy-2-
methoxyxantone (29), isolated from the roots of G. atroviridis exhibited good antioxidant
activity in DPPH and FRAP assays.

4.5  Preliminary Biological Assay Screening of Garcinia atroviridis roots

Apart from EtOAc extract, the roots of G. atroviridis were also extracted using
hexane, DCM, butanol and MeOH. A preliminary biological screening of these root
extracts with different polarity was conducted. Similar procedures used on EtOAc extract
were applied in evaluating the biological properties of the root extracts in different
solvents with different polarity. Antibacterial study was carried out using disc diffusion
method. TPC of the root extracts was evaluated using FC reagent method, whereas their

antioxidant activity was assessed through DPPH and FRAP assays.
45.1 Antibacterial Activity

The data indicated that all extracts except for MeOH inhibited the growth of
Gram-positive bacteria, namely B. cereus and S. aureus tested in this study. None of the
extracts exhibited antibacterial activity towards Gram-negative bacteria namely E.coli
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and P. vulgaris. Butanol extract showed the highest activity against B. cereus and S.
aureus, creating zone of inhibition with a diameter of 10.3 and 10.7 mm, respectively;
this was followed by DCM and hexane extracts. However, antibacterial activity of these
extracts were lower than the standard antibiotics used in this study (Table 4.10).

There is no prior study that compares the antibacterial activities of root extract
from G. atroviridis in different solvents, although the MeOH extract was evaluated by
Mackeen et al. (2000). It was found in this study that the MeOH extract showed no
antibacterial activity against all microorganisms tested, which contradicted the findings
reported by Mackeen et al. (2000). In the study, strong inhibition was observed against
both Gram-positive and Gram-negative bacteria namely Bacillus subtilis B28, B. subtilis

B29, methicillin-resistant S. aureus, E. coli and P. aeruginosa at the MID of 15.6 pg/disc.

Table 4.10 Inhibition zones of G. atroviridis roots extracts

Extract (20 mg/mL) Inhibition zone (mm)
B. cereus S. aureus E. coli P. vulgaris
Hexane extract 9.0x0 9.3+0.577 - -
DCM extract 10.3 £ 1.155 9.7 £0.577 - -
Butanol extract 10.3 £ 2.309 10.7 £ 1.528 - -
MeOH extract - - - -
(+) Chloramphenicol ~ 24.7 £0.577 NT 200=x1 NT
(30 pg)
(+) Gentamicin NT 18.7 £ 0.577 NT 33.3+1.528
(120 pg)
(-) Acetone - - - -
(-) Hexane - - - -

Data was expressed as mean (n=3) £ SD; -: no inhibition zone; NT: not tested; (+): positive control; (-):
negative control

The contradictory results obtained from the assessment of antibacterial activity in
the extracts of G. atroviridis may have been due to several factors. According to Kokate
etal. (2004), environmental factors such as climate, altitude, rainfall and other conditions
may affect the growth of the plant, which alter the chemical compositions in the plant
despite being in the same species or from the same country. These factors may have
caused major variations in the constituents present in the plants, which influence its
bioactivities. Method of extraction used, the harvesting time and chemical characteristics
of the compounds i.e. polarity, concentration and pH, may also influence the antibacterial
activity of the extracts (Radulovic et al., 2013).
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Inability of the plant extracts to inhibit the growth of Gram-negative bacteria may
be due to the cell wall structure in the bacteria. The cell wall of Gram-positive bacteria
consists of numerous layer of peptidoglycan, which is usually permeable to various
compounds. On the other hand, cell wall of Gram-negative bacteria is more complex, as
it is composed of single layer of peptidoglycan and a layer of lipoproteins and
lipopolysaccharides that act as an outer membrane, which protect the cell from of

penetration of foreign compounds (Stefanovi¢, 2018).
4.5.2 Antioxidant Activity
45.2.1 TPC via FC reagent Assay

Generally, all extracts contained significant phenolic content as presented in
Table 4.11. As shown in the result, butanol extract had the highest TPC with a value of
1071.4 + 35.286 mg GAE/qg, followed by DCM extract with 791.9 + 48.901 mg GAE/q,
hexane with 262.1 + 18.028 mg GAE/g and MeOH extract with 238.3 + 7.835 mg GAE/qg.
Low phenolic content in MeOH extract may be due to high recovery of polar non-
phenolic compounds such as carbohydrates (Ramirez et al., 2018). Low TPC was also
obtained from hexane extract, as the extract might have largely recovered non-phenolic

compounds including waxes, terpenes, or steroids (Ramirez et al., 2018).

Table 4.11  TPC activity of G. atroviridis roots extracts

Extracts TPC value (mg GAE/Q)
Hexane 262.1 +18.028
DCM 791.9 + 48.901
EtOAC 568.6 + 25.724
Butanol 1071.4 £ 35.286
MeOH 238.3 £7.835

Data was expressed as mean (n=3) + SD

4522 DPPH Assay

Following the determination of significant phenolic content in the hexane, DCM,
butanol, and MeOH extracts, further evaluation on antioxidant activities in all extracts
was carried out. The results demonstrated that all extracts showed similar increasing trend
in antioxidant activity with increase in concentration, with the exception of some
irregularities as shown in Table 4.12.
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Further evaluation via DPPH assay showed that butanol extract exhibited the
highest free radical scavenging activity followed by DCM extract with 1Cso of 50.6 +
13.213 and 53.17 + 8.761 pg/mL, respectively. Meanwhile, MeOH and hexane extracts
demonstrated low radical scavenging activity with 1Cso of more than 100 pg/mL.
However, none of the extracts outperformed the radical scavenging activity of ascorbic
acid, AA (ICso of 13.2 + 0.021 pg/mL), which was used as a standard in this assay. The
results demonstrated that the radical scavenging activity of the extracts did not correlate
with TPC, with the exception of butanol extract. Data collected on ICso of extracts from
the roots of G. atroviridis in different solvents with different polarity are summarized in
Table 4.13.

As mentioned earlier, there were inconsistency observed in inhibition activity of
the extracts. This inconsistency could be due to some errors that occurred while running
the experiment. As all samples and reagents used in this test were diluted in solvent,
evaporation might take place due to prolonged storage. This would have altered the

concentration of samples thus interfering with the results.

Table 4.12  Effect of G. atroviridis roots extracts on DPPH radicals
Conc. Percentage of inhibition (%)

(Hg/mL) Hexane DCM Butanol MeOH AA
7.8125 5.9+0.006 14.7+0.011 11.0+0.033 6.0+0.009 51.7+0.041
15.625 10.1£0.017 19.7+£0.017 206+0.022 11.4+0.010 86.1+0.007
31.25 15.2+0.011 31.1+0.005 30.8+0.011 17.5+0.032 86.6+0.005

62.5 24.1+0.014 52.0+0.020 50.8+0.024 26.6x0.031 86.8+0.006
125 39.1+0.011 80.0+0.012 77.8+0.015 41.4+0.014 87.3+£0.007
250 61.6+0.013 83.0+0.008 82.7+0.008 60.8+0.027 86.7+0.003
500 82.4+0.005 83.0+£0.003 83.0+£0.002 81.7+£0.004 87.3+£0.005
1000 81.5+0.005 81.4+0.004 82.0+0.004 83.0+0.005 87.6+0.004
Data was expressed as mean (n=3) £ SD
Table 4.13  1Cso (ug/mL) of G. atroviridis roots extracts
Extracts 1Cso (ug/mL)
Hexane 131.8£3.112
DCM 53.2+8.761
Butanol 50.6 +13.213
MeOH 124.7 +11.112
AA (control) 13.2+0.021

Data was expressed as mean (n=3) £ SD

78



4523 FRAP Assay

Currently, there is no study reported on FRAP activity of root extracts from G.
atroviridis in solvents with different polarity. As part of our continuing efforts to search
for new antioxidant agents, this study reported the first FRAP activity of root extracts
from G. atroviridis in hexane, DCM, butanol, and MeOH. Table 4.14 summarizes the
FRAP activity of different root extracts from G. atroviridis. The higher the FRAP value,
the greater the antioxidant activity. All extracts demonstrated similar increasing trend in
activity with increase in concentration. Significant FRAP values were obtained for all
extracts. It was found that butanol extract exhibited the highest reducing power followed
by DCM, hexane and MeOH extracts, with FRAP values of 566.02 + 36.119, 370.30 +
15.358, 265.2 + 25.433 and 122.07 + 7.321 mg AAE/g, respectively. The differences in
the values were significant, which correlated with TPC in the extract (Table 4.11).

Table 4.14  FRAP activity of G. atroviridis roots extracts

Extracts FRAP value (mg AAE/Q)
Hexane 265.2 + 25.433

DCM 370.3 £15.358
Butanol 566.0 + 36.119

MeOH 122.1+7.321

Data was expressed as mean (n=3) £ SD

45.2.4  Correlation between TPC and Antioxidant Assays

Quantitative analysis using Pearson's correlation coefficients (r) was carried out
to investigate the correlation between phenolic content and the antioxidant activities in
the root extracts of G. atroviridis. The TPC determined.in all extracts from G. atroviridis,
and values obtained from DPPH and FRAP assays were used to calculate the correlation.
For determination of correlation between TPC and DPPH, 1/I1Cso was calculated since it
indicates parallelism with antioxidant activity (Li et al., 2009). The correlation was higher
between TPC and FRAP (r = 0.9385) compared to TPC and DPPH (r = 0.8760) as shown
in Figure 4.16 and Figure 4.17, respectively. It is well established that the antioxidant
activity of plant sample usually correlate with TPC due to their redox characteristics,

which include roles as hydrogen donors, singlet oxygen quenchers and reducing agents
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(Chang et al., 2001). The positive strong correlations between TPC with both assays

suggested the role phenolic compounds in antioxidant activities of the root extracts from

G. atroviridis.
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Figure 4.16  Correlation between TPC and FRAP assay
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Figure 4.17  Correlation between TPC and DPPH assay
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

This study focused on the root extracts of G. atroviridis following the previous
study which reported that the highest antibacterial and antioxidant activities were
observed in the root extract of G. atroviridis as compared to extracts from other parts of
the plant (Mackeen et al., 2000). Root extracts from G. atroviridis were prepared via
solvent extraction using different solvents with different polarity, which yielded hexane
(8.72 g, 0.5 %), DCM (4.45 g, 0.25 %), EtOAc (9.79 g, 0.56 %), butanol (1.08 g, 0.06
%), and MeOH (45.45 g, 2.58 %) extracts.

Preliminary biological studies carried out on EtOAc extract revealed the positive
antibacterial activity against Gram-positive bacteria namely B. cereus and S. aureus with
inhibition zone of 7.0 mm in diameter, determined via disc diffusion method. EtOAc
extract recovered significant phenolic content with calculated value of 568.6 + 25.724
mg GAE/g; further evaluation on its antioxidant activity was carried out, which revealed
moderate DPPH and FRAP activities with 1Cso of 51.7 £ 2.180 pg/mL and 294.0 +
20.173 mg AAE/g, respectively. The positive antibacterial and antioxidant activities of
EtOAc extract from the roots of G. atroviridis observed in this study supported the
previous findings, which demonstrated strong biological activities in the root extracts

from G. atroviridis.

Isolation of individual compounds from EtOAc extract was conducted to identify
the compounds which may contribute to bioactivities observed in the extract. Five
individual compounds with a yield of 7.1 mg (0.4 x 107 %), 15 mg (0.85 x 10 %), 17.3
mg (0.98 x 107 %), 15.4 mg (0.88 x 107 %), and 17.4 mg (0.99 x 103 %) were obtained
using several chromatography techniques, which were later identified and characterized
as atrovirisidone (7), morelloflavone (12), GBla (18), 1,3,5- trihydroxy-2-
methoxyxantone (29), and volkensiflavone (33), respectively. The presence of
volkensiflavone (33) in G. atroviridis was reported for the first time. All individual
compounds isolated in this study belong to phenolic group thus supporting the previous
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report on the capacity of EtOAc for effective recovery of phenolic compounds. The
isolated constituents were further subjected to biological assays using the similar protocol
as used on EtOAcC extract.

Antibacterial assay on isolates from EtOAc showed that GBla (18) and
volkensiflavone (33) were active against S. aureus with inhibition zone of 10.3 mm and
9.0 mm in diameter, respectively. All compounds showed no inhibition towards Gram-
negative bacteria tested in this study. The inability to inhibit the Gram-negative bacteria
might due to the complexity of the cell wall structure of the bacteria. In antioxidant assay,
morelloflavone (12) showed the highest DPPH scavenging activity compared to other
compounds with 1Cso of 20.3 £ 1.667 pug/mL, which was comparable to AA, with ICsp of
13.2 £ 0.021 pg/mL. The result was in-accordance with previous studies that stated the
efficiency of this compound to scavenge DPPH radicals. Other compounds showed low
antioxidant activity with 1Cso of more than 200 pg/mL. Generally, all compounds
exhibited significant FRAP activity with the highest reducing power shown by 1,3,5-
trihydroxy-2-methoxyxantone (29), with a value of 1643.3 + 44.623 mg AAE/qg.

The presence of additional hydroxyl group in morelloflavone (12) compared to
other biflavonoids: GBla (18) and volkensiflavone (33), attributed to its strong
antioxidant properties. Meanwhile, xanthones was reported to scavenge several oxidizing
species hence displayed significant antioxidant activity. Overall, the results demonstrated
that the isolated compounds may contribute to the antibacterial and antioxidant properties
of EtOAc extract from the roots of G. atroviridis.

Preliminary biological screening of hexane, DCM, butanol and MeOH extracts
from the roots of G. atroviridis was also conducted. Antibacterial activity was observed
in all extracts except for MeOH extract. Butanol extract showed the highest activity
against B. cereus and S. aureus, with inhibition zone of 10.3 and 10.7 mm in diameter,
respectively. Significant phenolic content was recovered in all extracts, of which butanol
extract contained the highest TPC with calculated value of 1071.4 + 35.286 mg GAE/qg.
Antioxidant properties of these root extracts were further evaluated. The DPPH radical
scavenging activity was the highest in butanol extract with ICso of 50.6 + 13.213 pug/mL.
Butanol extract also exhibited the highest FRAP activity with a value of 566.02 + 36.119
mg AAE/g. Correlation between phenolic content in hexane, DCM, EtOAc, butanol and
MeOH extracts with antioxidant activities was calculated using Pearson’s correlation

coefficients (r). Strong positive correlation between TPC with both DPPH (r = 0.8760)
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and FRAP (r = 0.9385) assays was obtained, suggesting significant role of phenolic

compounds in antioxidant activity of root extracts from G. atroviridis.

In conclusion, chemical investigation carried out on EtOAc extract from the roots
of G. atroviridis yielded five phenolic compounds of which one new compound,
volkensiflavone (33) was isolated. Taken together, the antibacterial and antioxidant
activities may be attributed to the presence of biflavonoids and xanthones in the root
extracts of G. atroviridis.

5.2 Recommendation

There are some recommendations that can be considered for future works based
on the findings from this study. This study revealed the potential antioxidant properties
of some isolates from EtOAc extract. Further evaluation on antioxidant activities can be
carried out using techniques such as trolox equivalent antioxidant capacity (TEAC),
oxygen radical absorbance capacity (ORAC), and total radical-trapping antioxidant
parameter (TRAP), to investigate the mechanisms in antioxidant activity of the isolates.
Detailed antibacterial study to determine the MIC of the extracts will provide
comprehensive information about antibacterial activity of root extracts and the individual
isolated compounds from G. atroviridis. In addition, other biological properties of the
extracts and compounds can be investigated to determine potential biological activities
such as anti-inflammatory, anti-diabetic, and anti-tumor.

Preliminary biological screening of root extracts from G. atroviridis in different
solvents revealed the potential antibacterial and antioxidant properties of butanol extract,
which may be due to the presence of biologically valuable constituents in the extract.
Further isolation of individual compound from the extract should be carried to gain
comprehensive understanding on its potential bioactivities. Other isolation techniques
can be used to isolate bioactive compounds from butanol extract to improve efficiency in
purification process.

Although results obtained from in vitro study cannot be extrapolated to represent
in vivo applications, the finding does provide preliminary understanding and room for
improvement in regard to potential antibacterial and antioxidant activities of the extract
in vivo. Further in vivo assessment, particularly on antioxidant potential of the chemical
constituents from the extract should be carried out to investigate the biological effects on
human.
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APPENDIX A
FLOWCHART OF ISOLATION PROCESS
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APPENDIX B
SUPPLEMENTARY SPECTROSCOPY DATA OF ATROVIRISIDONE (7)
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APPENDIX C
SUPPLEMENTARY SPECTROSCOPY DATA OF MORELLOFLAVONE (12)
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APPENDIX E

SUPPLEMENTARY SPECTROSCOPY DATA OF 1,3,5-TRIHYDROXY-2- METHOXYXANTHONE (29)
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APPENDIX F
SUPPLEMENTARY SPECTROSCOPY DATA OF VOLKENSIFLAVONE (33)
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APPENDIX G
TPC CALCULATION OF G. ATROVIRIDIS ROOT EXTRACTS

Absorbance reading (593 nm) of extracts for TPC assay. Measurements were carried out in triplicate.

Mean Abs (Abs sample - Abs blank)

Sample Hexane DCM EtOAC Butanol MeOH
Conc (ng/mL) Mean SD Mean SD Mean SD Mean SD Mean SD

5 0.004267  0.000954 0.0072 0.000945  0.006833  0.001724 0.0154 0.002098  0.004367  0.001992
10 0.0072 0.001328 0.0202 0.00315 0.017833  0.002214 0.024 0.000551  0.005033  0.000208
15 0.012067  0.002524  0.037633  0.016214  0.021367  0.001916  0.039167  0.003119  0.006033  0.000513
20 0.0151 0.001358 0.0409 0.001804  0.028967  0.003118 0.0543 0.002139  0.007167  0.001473
25 0.0188 0.002023  0.058233  0.001704  0.042667  0.002646 0.0726 0.000208  0.008967 0.0003

30 0.022033  0.001955  0.061733 0.00106 0.045367  0.004766  0.098867  0.001709  0.012867  0.000608
35 0.026333  0.001201  0.073967  0.000265 = 0.053833  0.002754 0.1146 0.003819  0.015833  0.001069
40 0.0351 0.00125 0.094267  0.005717 0.063 0.002444 0.1334 0.004162  0.016767  0.000265

TPC Value Calculations of Garcinia atroviridis Extracts

Based on GA standard curve equation: x= (y + 0.0166)/ 0.0035
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TPC was calculated using following formula;

C=cV/m

where,

C = total phenolic content mg GAE/g dry extract

¢ = concentration obtained from GA calibration curve in mg/mL

V = volume of extract in mL (1 mL)

m = mass of extract in gram (0.00004 g)

DCM extract

When y = 0.094267

x = (0.094267 + 0.0166)/ 0.0035

x = 31.67628571 pg/mL

so ¢= 0.031676286 mg/mL

C =0.031676286 x (1/0.00004)

C =791.9071429

1 g of DCM extract = 791.91 mg GA
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Hexane extract

Wheny = 0.0351

x = (0.0351 + 0.0166)/ 0.0035

x = 10.48571429 pg/mL

so ¢c= 0.010485714 mg/mL

C =0.010485714 x (1/0.00004)

C =262.1428571

1 g of hexane extract = 262.14 mg GA

EtOAcC extract

Wheny = 0.063

x = (0.063 + 0.0166)/ 0.0035

X = 22.74285714 pg/mL

so ¢= 0.022742857 mg/mL

C =0.022742857 x (1/0.00004)

C =568.5714286

1 g of EtOAC extract = 568.57 mg GA



Butanol extract

Wheny =0.1334

x = (0.1334 + 0.0166)/ 0.0035

X = 42.85714286 pg/mL

so c= 0.042857143 mg/mL

C =0.042857143 x (1/0.00004)

C =1071.428571

1 g of butanol extract = 1071.43 mg GA
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MeOH extract

Wheny =0.016767

x = (0.016767 + 0.0166)/ 0.0035

x = 9.533428571 pg/mL

so c= 0.009533429 mg/mL

C =0.009533429 x (1/0.00004)

C =238.3357143

1 g of MeOH extract = 238.34 mg GA



APPENDIX H
SUPPLEMENTARY DATA OF DPPH ASSAY
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CALCULATION OF FRAP VALUES

APPENDIX |

Absorbance reading (593 nm) (n=3) of extracts for FRAP assay. Means (n=3) and standard deviation are indicated.

Mean Abs (Abs sample-Abs blank)

Sample Hexane DCM EtOAC Butanol MeOH
Conc (png/mL) Mean SD Mean SD Mean SD Mean SD Mean SD
5 0.0884 0.013336 0.1003 0.004769 0.127067 0.011002 0.139333 0.004351 0.047667 0.002627
10 0.0931 0.003453 0.1061 0.001012 0.132866 0.008208 0.140766 0.003821 0.0598 0.001795
15 0.1035 0.002325 0.12 0.002318 0.140766 0.002411 0.165533 0.008927 0.0569 0.003288
20 0.1139 0.005056 0.1378 0.00215 0.156166 0.003863 0.185466 0.00465 0.067033 0.003483
25 0.129533 0.017811 0.158666 0.00851 0.164566 0.006038 0.220733 0.004747 0.076566 0.004751
30 0.135766 0.011238 0.181033 0.013061 0.1744 0.010997 0.2828 0.015224 0.0808 0.004306
35 0.151233 0.001706 0.195366 0.001041 0.189533 0.017122 0.322566 0.009403 0.086933 0.000755
40 0.171533 0.013016 0.231233 0.009403 0.1879 0.008864 0.3424 0.017556 0.090233 0.002771
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FRAP Value Calculations of Garcinia atroviridis Extracts

Based on AA standard curve equation: x= (y — 0.0209)/ 0.0142

Wheny =0.171533

x=(0.171533 — 0.0209)/ 0.0142

x=10.60795775

40 pg of hexane extract =10.60795775 ug AA
If, 1 pg of hexane extract= 0.265198944 ug AA
1000 pg of hexane extract= 265.1989437 ug AA
1 mg of hexane extract =265.1989437 ug AA
So, 1 g of hexane extract = 265.1989437 mg AA

Wheny = 0.1879

x=(0.1879 — 0.0209)/ 0.0142

x=11.76056338

40 ug of EtOAc extract  =11.76056338 pg AA
If, 1 pgof EtOAC extract =0.294014085 ug AA
1000 pg of EtOAcC extract = 294.0140845 pg AA
1 mg of EtOAcC extract ~ =294.0140845 ug AA
So, 1 g of EtOAC extract =294.0140845 mg AA

Wheny = 0.231233

x=(0.231233 — 0.0209)/ 0.0142

x=14.8121831

40 pg of DCM extract  =14.8121831 ug AA
If, 1 g of DCM extract =0.370304577 ug AA
1000 pg of DCM extract =370.3045775 pug AA
1 mg of DCM extract =370.3045775 pg AA
So,1 g of DCM extract =370.3045775 mg AA

Wheny = 0.3424

x=(0.3424 — 0.0209)/ 0.0142

x= 22.64084507

40 pg of butanol extract =22.64084507ug AA

If, 1 pg of butanol extract = 0.566021127 pg AA
1000 pg of butanol extract =566.0211268 pg AA
=566.0211268 ug AA
So, 1 g of butanol extract =566.0211268 mg AA

1 mg of butanol extract



When y = 0.090233

x=(0.090233 - 0.0209)/ 0.0142

x=4.882605634

40 pg of MeOH extract = 4.882605634 ug AA
If, 1 pgof MeOH extract= 0.122065141 pg AA
1000 pg of MeOH extract=122.0651408 ug AA
1 mg of MeOH extract =122.0651408 ug AA

So, 1 g of MeOH extract = 122.0651408 mg AA

Absorbance reading (593 nm) of isolated compounds for FRAP assay. Means (n=3) and standard deviation are indicated.

Mean Abs (Abs sample-Abs blank)

Sample (12) (18) (29) (33)
Conc (ug/mL) Mean SD Mean SD Mean SD Mean SD
5 0.026233 0.001054 0.038667 0.00121 0.103333 0.007808 0.037133 0.004924
10 0.069833 0.002893 0.042233 0.001852 0.2017 0.011245 0.040566 0.003403
15 0.0658 0.007223 0.050533 0.005856 0.254 0.005729 0.046066 0.004934
20 0.1036 0.003134 0.0565 0.002859 0.448733 0.021979 0.050666 0.001305
25 0.131933 0.006851 0.058166 0.001501 0.503833 0.022924 0.055566 0.001102
30 0.141766 0.012966 0.081266 0.009016 0.608733 0.00694 0.057133 0.000781
35 0.182533 0.032165 0.0889 0.001704 0.8759 0.168025 0.073266 0.004646
40 0.236933 0.027507 0.089766 0.001861 0.954266 0.027227 0.0789 0.004274
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FRAP Value Calculations of Garcinia atroviridis Compounds
Based on AA standard curve equation: x= (y — 0.0209)/ 0.0142

Wheny = 0.236933

x=(0.236933 — 0.0209)/ 0.0142

40 pgof  (12) =15.21359155 pg AA

If, 1pgof (12) =0.380339789 ug AA

1000 pg of (12) =380.3397887 ug AA

1 mg of (12) =380.3397887 ug AA

So,1gof (12) =380.3397887 mg AA

When y = 0.954266

x= (0. 954266 — 0.0209)/ 0.0142

40 ugof  (29) =65.73 ug AA

If, 1pgof (29) =1.64325pugAA
1000 pg of (29) =1643.25ug AA
Imgof (29) =1643.25ug AA
So,1gof (29) =1643.25mgAA
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When y = 0.089766
x=(0.089766 — 0.0209)/ 0.0142

40 ug of  (18)
If, 1pgof (18)
1000 pg of (18)
1mgof (18)
So,1gof (18)

Wheny = 0.0789

= 4.84971831 pg AA
= 0.121242958 pg AA
= 121.2429577 pug AA
= 121.2429577 ug AA
= 121.2429577 mg AA

x= (0.0789- 0.0209)/ 0.0142

40 pg of  (33)
If, 1 ugof (33)
1000 pg of (33)
1mgof = (33)
So,1gof (33)

= 4084507042 pug AA
= 0.102112676 pg AA

= 102.112676140 pg AA
= 102.112676140 pg AA
= 102.112676140 mg AA
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RESEARCH ARTICLE

PRELIMINARY PHYTOCHEMICAL SCREENING, GC-MS PROFILING AND IN VITRO
EVALUATION OF BIOLOGICAL ACTIVITIES OF GARCINIA ATROVIRIDIS ROOT EXTRACTS.

Nur Salsabila Ahmad Roslan, Seema Zareen, Normaiza Zamri and Muhammad Nadeem Akhtar
Faculty of Industrial Sciences & Technology, Universiti Malaysta Pahang, 26300 Gambang, Malaysia.
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Manuscript Info Abstract
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Received: 01 November 2018 phytochemucal constituents. Garcinia atroviridis 1s locally known as
Final Accepted: 03 December 2018 ‘asam gelugur’ belongs to the Guttiferae family. Bioassay-guided
Peblished Jumsary 2019 solvent-solvent  extraction method and  yielded.  hexane.
KM dichloromethane, ethyl acetate, butanol, and methanolic extracts. These
strovindis,  solvent-solvent extracts were used fo mnvestigate the presence of phytochemucals. The
m prelimunary  phytochemical prehminary phytochemical screening showed the existence of fixed oils
screening,  GC-MS;  antibacterial and fats, carbohydrate, sapomins, phenolic. flavonoids and
ool saomitont anthraquinone glycosides i G arroviridis toots. The chemcal

compositions were mvestigated by using Gas Chromatography-Mass
Spectroscopy (GC-MS). Major compound identified in hexane, DCM,
EA, BuOH and methanolic extracts was (Z)-13-docosenoic acid methyl
ester  (24.32%), ethyl-9-hexadecenoate  (6.36%),  bis{1.3-
dusopropylcyclopentadienyl) (12.09%), 2-methyl-2-phenyl- 13-
dioxolane (2.34%) and fucfural (33.55%) respectively. The antibactenal
and antioxidant actvities of the extracts were mvestigated The
methanolic crude extract exhibited resistance towards both bactena
tested, Bacillus subtilis and Escherichia coll, thus suggesting its

Copy Right, IR, 2018, All rights reserved.

Introduction:-
Garcima atrovindis 1s commonly known as “asam gelugur” m Malaysia, India, Myanmar, and Indo-China. This plant
species specifically belongs to the Guttiferae. This plant 1s endenuc species in Penmnsular Malaysia. It grows waldly
mlowhndandhﬁlﬁoteﬂupmwo-mmm It was also planted by the locals for its economic and medicinal
purpose (MacKeen et al., 2000). The dned G atroviridis fruts known as ‘asam keping” are sold commercially as
seasoning. It 1s sour and is used to season curry, dressing fish and others. G. arroviridis have medicinal values as
traditionally, it has been used to treat a cough, the decoction of its leaf with roots can be used to treat an earache, and
the juice of the leaf is given to female after delivery (Tisdale et al, 2003; Burkill 1966). In the previous study
(MacKeen et al., 2000), 1t was reported that the crude methanolic extract of the different pants of the G. atroviridis
such as frust, leaf, stem, and trunk barks showed it possessed antibactenial, anhfungal, antioxidant, and antstumor-
promoting properties. This study analyses the chemical compositions of the different extracts of G. amroviridis roots
via preliminary phytochemucal screening and GC-MS. The antibactenial activities of all extracts were determuned by
the disc diffusion method while antioxidant activities were evaluated based on the DPPH radical scavenging
activities.
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