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Melanin is essential for protecting human skin from ultraviolet radiation. However, its

overproduction in the basal epithelial layer leads to hyperpigmentary disorders of the skin such as

melasma, blemish and age spots. Tyrosinase is one of key enzymes in melanogenesis. Manilkara kauki
(L)Dubard or Talawrinta is one of the plants in genus Manilkara of Sapotaceae family. This study

attempted to investigate in vitro total phenolic and flavonoid contents, antioxidant and tyrosinase

inhibitory activities of crude extract of different parts of M. kauki and purify tyrosinase inhibitors from
stem barks of M. kauki. Methanol and aqueous crude extracts of fruits, leaves, seeds, stem barks and
woods of M. kauki evaluated on their total phenolic and flavonoid contents, antioxidant and tyrosinase
inhibitory activities. Stem barks of M kauki showed high amount of total phenolic and flavonoid
contents and strong antioxidant activity. Methanol crude extracts of stem barks exhibited the highest
tyrosinase inhibitory activity (ICsq value of 0.26 + 0.05 mgmL). Thus, stem barks of M. kauki was
extracted with n-hexane, ethyl acetate, methanol and water, respectively. Both of ethyl acetate and

methanol crude extracts of stem barks exhibited high amount of phenolic compounds and flavonoids

and strong antioxidant activity. Furthermore, ethyl acetate crude extract of stem bark exhibited higher
tyrosinase inhibitory activity than n-hexane, methanol and aqueous crude extracts with ICsy values of
0.24 £ 0.02 and 0.28 £ 0.04 mg/mL for L-tyrosine and L-DOPA as substrates, respectively. Thus, ethyl

acetate crude extract was further isolated and purified to afford compound I as taraxerol and compound

Il as dihydrokaempferol. Compound | exhibited tyrosinase inhibitory activity with 1Cs values of 2.32 +
0.06 and 2.65 £ 0.03 mM for L-tyrosine and L-DOPA as substrates, respectively. Compound Il exhibited
tyrosinase inhibitory activity with 1Cs, values of 1.15 + 0.06 and 1.74 £ 0.05 mM for L-tyrosine and L-
DOPA as substrates, respectively. Compounds | and Il showed lower tyrosinase inhibitory activity than
kojic acid but they were exhibited higher tyrosinase inhibitory activity than a-arbutin. These results
suggested that ethyl acetate crude extract of stem barks of M. kauki should be further investigated for
others biological activities including anti-allergic, cytotoxicity and in vivo tyrosinase inhibitory

activities to evaluate it before using as a potential ingredient in whitening cosmetics.
Field of Study: Biotechnology Student's Signature
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CHAPTER |
INTRODUCTION

In recent years, trends in using traditional medicinal plants and herbs have
been growing rapidly such as traditional medicines, herbal teas, healthy foods and
especially herbal cosmetics. Nowadays, Thai medical herbs and plants are one of the
ingredients of whitening products. Melanin is produced by melanocytes. Melanocytes
are found in the basal layer of epidermis. Melanin is essential for protecting human
skin from ultraviolet radiation. However, its overproduction in the basal epithelial
layer leads to hyperpigmentary disorders of the skin such as melasma, blemish and
age spots [1]. Tyrosinase is one of key enzymes in melanogenesis. L-Tyrosine is
hydroxylated to L-3,4-dihydroxyphenylalanine (L-DOPA) by tyrosinase and followed
by the oxidation of L-DOPA to DOPAquinone. From DOPAgquinone, the melanin
synthesis pathways diverge to produce either eumelanin or pheomelanin [2].

The plants of genus Manilkara are belonging to the Sapotaceae family.
Characters of this genus are evergreen and fruit trees that are valuable and useful.
Fruits of Manilkara zapota had high hydrophilic oxygen radical absorbance capacity
and total phenolic compounds, so they were rich sources of diverse antioxidants [3].
Manilkara subsericea (Mart.) Dubard was investigated for biological activities. n-
Hexane crude extract of fruits and ethanol crude extracts of leaves and stems of M.
subsericea presented antimicrobial activity against Staphylococcus aureus
ATCC25923 and they exhibited low cytotoxicity on Vero cells [4]. The ethanol
extract of Manilkara bidentata consisted of pentacyclic triterpene and the extract was
investigated the action on collagen and fibronectin synthesis. This extract decreased
interleukin-1  (IL-1B) and interleukin-8 (IL-8) pro-inflammatory cytokines.
Therefore, this extract showed potential as an anti-inflammatory and anti-aging
ingredients for pharmaceutical and cosmetic industries [5]. Furthermore, Sapotaceae
was reported to possess pharmacological activities such as antioxidant, antimicrobial,
anticancer, antidiabetic, antiulcer, immunomodulatory and tyrosinase inhibitory
activities [6].

Manilkara kauki (L.) Dubard or Talawrinta is one of the plants in Sapotaceae
family. It is a tropical forest plant that found in Thailand, Myanmar, Vietnam,
Malaysia and Northern Queensland of Australia [7]. Previous researches, tyrosinase
inhibitors were isolated from plants in Sapotaceae family such as leaves of M. zapota,
barks of Sideroxylon inerme, stems of Synsepalum dulcificum, barks of Glycoxylon
huber and flowers of Mimosops elengi [6]. This study attempted to investigate total
phenolic and flavonoid contents, in vitro antioxidant and inhibitory activities of crude
extracts of stem barks of M. kauki against tyrosinase. In addition, this study had
compared the effects of crude extract with that of kojic acid and «-arbutin.
Furthermore, crude extracts were isolated and elucidated the structure of isolated
compounds of stem barks of M. kauki.



Objectives

1. To study tyrosinase inhibitory activity of crude extracts and isolated
compounds of stem barks of M. kauki L. Dubard.

2. To elucidate the structure of isolated compounds of stem barks of M. kauki.



CHAPTER II
THEORITICAL

2.1 Melanin synthesis

The skin is the largest organ of the body. It protects us from microbes and the
element. The skin helps regulate body temperature and permits the sensation of touch,
heat and cold. There are three main layers of skin as epidermis, dermis and
hypodermis. The skin structure is shown in Figure 1. Epidermis is the outer layer of
skin. It consists of three types of cell; keratinocytes, melanocytes and langerhans
cells. Melanocytes are a unique organelle that produce the pigmented biopolymers
[8]. Melanin is a pigment that occurs in fungi [9], plants and humans [10]. It is
effective for color of skin, hair and eye in humans. There are two types of melanin
pigments that were produced by melanocytes cell: eumelanin and pheomelanin.
Eumelanin is black to brown shades pigment and while pheomelanin is red to yellow

shades pigment [11].

= = — ‘ —— > Sweat pore
= F - = = =]

Epidermis —

Dermal papilla

Arrector pili muscle
Sebaceous (oil) gland

Dermis — Sweat gland duct

Reticular \ b ;
layer A A e Merocrine sweat gland

= = ) i ) Y = = Vein
2 € = = Artery

Subcutaneous |

layer
(hypodermis)
Adipose connective tissue

Hair follicle Areolar Sensory
connective lissue  nerve fiber

Figure 1 The skin structure

Melanogenesis is occurred by the activation of key enzyme of melanogenesis,
tyrosinase. Tyrosinase (E.C.1.14.18.1) is a copper containing enzyme that locates in
the membrane of melanosome [12]. Tyrosinase catalyzes the first two steps of
melanogenesis. Firstly, the hydroxylation of L-tyrosine to L-DOPA and secondly, the
oxidation of L-DOPA to DOPAquinone [13]. Following the formation of
DOPAgquinone, the melanogenesis splits into synthesis of eumelanin and pheomelanin
[14]. For eumelanin pathway, DOPAquinone form will be converted to DOPAchrome



and it is spontaneously converted to 5,6-dihydroxyindole (DHI). Then, DHI is
oxidized to indole-5,6-quinone and it is polymerized to eumelanin. Another way,
DOPAchrome is converted to 5,6-dyhydroxyindole-2-carboxylic acid (DHICA) via
enzymatic conversion by dopachrome tautomerase (DCT) and then, it is oxidized to
indole-5,6-quinone carboxylic acid and polymerized to eumelanin. In pheomelanin
pathway, cysteine reacts with DOPAquinone to form cysteinyIDOPA. Then, It is
converted to 1,4-benzothiazonylalanine and polymerized to form pheomelanin. The
melanogenesis is presented in Figure 2.

COOH COOH 0 COOH COOH
OJID/\( —DHO s o e _’HO
Tyrosine DOPA DOPAqumone HN'j
#" CooH
CysteinylDOPA
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HO COOH
DHI DOPAchrome LeucoDOPAchrome NH,
{ l DCT s

]{:U 0 1,4-benzothiazinyl-
: | | alanine
Ij: J -’HO coon P o N~ COOH

H
Indole-5,6- qumone DHICA Indole-5,6-quinone *
Carboxylic acid
R Eumelanin g Pheomelanin
(brown/black melanin) (red/blond melanin)
-very effective UV blocking pigment -less able to block UV

Figure 2 The Melanin biosynthesis pathway
2.2 Manilkara kauki (L.) Dubard

Manilkara kauki (L.) Dubard or Talawrinta is one of tropical plants in
Sapotaceae family. It grows up to 25-30 meters. Branches are whitish grey or
brownish and glabrous. Leaves are broadly ovate, apex rounded, upper surface
glabrous and lower surface silvery sericeous. Fruits are oval in shape and have sweet
flavor. Barks are grey-brown and deeply fissured. Flowers are yellowish-white [7].
Leaves, fruits and whole plant of M. kauki are shown in Figure 3. M. kauki was
reported to have several kinds of pharmacological activities. The fresh ripe fruits are
contains many nutrients such as proteins, fats, minerals and niacin. It has high iron
contents which is essential element for blood production. It is useful to help blood
system to produce red blood cell for avoid anemia. In addition, the fruits contain a lot
of vitamin A which is good for eye health. Furthermore, it can treat diarrhea and
inflammation of the mouth [15]. In India, seeds are used as febrifuge and
anthelmintic, fruits and barks of M. kauki are used as astringent [16] and folk
medicine [17].
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Figure 3 (a) The leaves (b) the fruits and (c) whole plant of M. kauki
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2.3 Literature reviews

Several tropical plants exhibited tyrosinase inhibitory activity. Woods of
Cudrania javanensis Trec. exhibited tyrosinase inhibitory activity with percent
inhibition of 77.86 + 2.41% at concentration of 200 pg/mli[18]. Woods, root barks and
roots of Artocarpin integer (Thumb.) Merr. showed strong tyrosinase inhibitory
activity with percent inhibition of 80.02 + 3.22%, 82.60 + 0.76% and 90.57 £ 2.93%
at concentration of 200 pg/ml, respectively. Artocarpanone was isolated from ethanol
crude extract of roots of A. integer (Thumb.) Merr. and exhibited tyrosinase inhibitory
activity with 1Cso value of 44.56 pg/mL [18]. In addition, aqueous crude extract of
hearthwood of Artocaropin lakoocha Roxb. exhibited tyrosinase inhibitory activity
with 1Csp value of 0.76 pg/mL. Oxyresveratrol which was isolated from aqueous
crude extract of heartwood of A. lakoocha Roxb. showed tyrosinase inhibitory activity
with 1Cso value of 0.83 pg/mL [19]. The ethyl acetate crude extract of Phyllanthus
emblica Linn. exhibited tyrosinase inhibitory activity with 1Csy value of 0.151 £+ 0.072
mg/mL [20]. Methanol crude extract of roots of Carissa opaca showed tyrosinase
inhibitory activity with 1Csq value of 34.76 ng/mL [21].

2.3.1 Biological activities of Sapotaceae family

Sapotaceae family has shown several kinds of biological activities such as
anticancer, antidiabetic, antiulcer, immunomodulatory antioxidant and tyrosinase
inhibitory activities. The summary of biological activities of Sapotaceae family is
shown in Table 2.1. The isolated compounds except tyrosinase inhibitors of
Sapotaceae family are shown in Table 2.2 and chemical constituent of isolated
compounds of Sapotaceae family are shown in Figure 4.



Table 2.1 The summary of biological activities of Sapotaceae family

Botanical name  Plant Extract Biological activity Reference
part
Achras Leaves Methanol Mosquitocidal activity [22]
sapota against a common malarial
vector, Anopheles stephensi
Liston
Chrysophyllum  Leaves Petroleum DPPH radical scavenging [23]
albidum ether activity (4,057.50 + 809.60
g/kg)
Ethyl ether ~DPPH radical scavenging
activity (414.40 = 92.00
g/kg)
Madhuca Leaves Petroleum  Antimicrobial activity [24]
longifolia ether against Escherichia coli and
Staphylococcus aureus.
Leaves Ethanol Wound healing activity [25]
(17.86 = 0.19%)
Manilkara Seeds  Acetone Antibacterial activity [26]
hexandra against Streptococcus
mutans
Manilkara Barks  CH,Cl, Antifungal activity against  [27]
huberi Candida albicans, Candida
glabrata and Candida
parapsilosis.
Manilkara Aerial  Ethyl Molluscicidal activity (LDsy [28]
subsericea parts acetate =23.41 +1.15 pg/mL)
Manilkara Flowers Ethanol Anticancer activity against [29]
zapota MCF-7 cell line (ICso = 12.5
pg/ml)
Leaves Ethanol DPPH radical scavenging [30]
activity (ICsp = of 68.27
Hg/mL)
Leaves Petroleum  Antifungal activity against [31]
ether Mucor hiemalis (MTCC
No0.157), Fusarium eumartii
(MTCC  No0.399) and
Candida albicans
(MTCC No.183)
Leaves Methanol Antimicrobial activity [32]
Seeds Methanol DPPH radical scavenging [33]

activity (ICso = 8.50 = 0.55
pHg/mL




Table 2.1 The summary of biological activities of Sapotaceae family (continue)

Botanical name

Plant
part

Extract

Biological activity

Reference

M. zapota
(continue)

Seeds

Seeds

Ethanol

Aqueous

Anti-inflammation (87.28%
at concentration 500 pg/mL)
Invertase inhibitory activity
(98.7% at concentration 10
mg/mL)

[34]

[35]

Mimosops
elengi

Barks

Barks
Flowers

Leaves

Leaves

Leaves

Stem
barks

Methanol

Ethanol
Methanol

Ethanol
Methanol
Methanol

Ethyl
acetate

Antimicrobial activity
against

Streptococcus mutans,
Enterococcus faecalis and
staphylococcus aureus.
Diuretic activity
Antibacterial activity
against  Bacillus  cereus
(MTCC-1305),
Enterobacter faecalis
(MTCC-5112),

Salmonella paratyphi
(MTCC-735),
Staphylococcus aureus
(MTCC-96),  Escherichia
coli (MTCC-729),

Proteus vulgaris MTCC-
426, Klebsiella pneumoniae
(MTCC-109),
Pseudomonas  aeruginosa
(MTCC-647) and

Serratia marcescens
(MTCC-86)

Anti HIV-1  integrase
activity

DPPH radical scavenging
activity (74.96 + 5.18%)
Anti-urease activity (ICsq =
62.1+1.20 pg/mL)

Bacillus subtilis, Bacillus
licheniformis and Proteus
mirabilis

[36]

[37]
[38]

[39]
[40]
[41]

[42]




Table 2.1 The summary of biological activities of Sapotaceae family (continue)

Botanical name

Plant
part

Extract

Biological activity

Reference

Monoteheca
buxifolia

Leaves

Stems

Stems

Adqueous

Ethyl
acetate

Ethyl
acetate

Antifungal activity against
grain moulds

Antibacterial activity
against Escherichia coli,
Pseudomonas aeruginosa,
Erwinia carotovora,
Salmonella typhi,

Klebsiella pneumoniae and
Staphylococcus aureus
DPPH radical scavenging
activity (ICsp = 194.24 +
7.36 pg/mL)

[43]

[43]

Pouteria
cambodiana

Stem
barks

Aqueous

Immunomodulatory activity

[44]

Pouteria
ramiflora

Leaves

n-Hexane

a-Amylase inhibitory
activity

[45]

Pouteria sapota

Fruits

n-Hexane
2CH2C|2
(1:1)

Total  soluble  phenols
activity (28.51 = 0.61 mg
Gallic acid  equivalent
(GAE) /100 g fresh weight)
Total carotenoid activity
(112794 + 530 npg B-
carotene/100 g fresh weight)
d-Tocopherol activity (0.36
+ 0.03 mg/100 g dry weight)

[46]

Synsepalum
dulcificum

Seeds

Methanol

Total  phenolic  content
(306.7 £ 44.1 GAE/100 g
fresh weight)

Total flavonoid content (3.8
mg (Quercetin equivalent
(QE)/100 g fresh weight)
DPPH radical scavenging
activity (96.30% of fresh
weight)

ABTS radical scavenging
activity (32.50% of fresh
weight)

[47]




Table 2.1 The summary of biological activities of Sapotaceae family (continue)

Botanical name  Plant Extract Biological activity Reference
part
Sideroxylon Barks  Acetone Tyrosinase inhibitory [48]
inerme activity (ICsp = 63.00 + 2.10
Hg/mL)
Methanol Tyrosinase inhibitory
activity (ICsp =82.10 + 2.70
pg/mL)
CH,Cl, Tyrosinase inhibitory
activity (ICso > 400 pg/mL)
Tridesmostemon Stem Methanol Antimicrobial activity [49]
omphalocar barks against Escherichia coli,
Poides Shigella dysenteriae,
Staphylococcus aureus,
Proteus vulgaris, Klebsiella
pneumoniae,
Streptococcus faecalis,
Salmonella typhi,
Candida albicans and
Candida krusei
Table 2.2 The isolated compounds of Sapotaceae family
Botanical name Plant part ~ Compound Reference
Argania spinosa  Seeds Naringenin-7-O-glucoside (1) [6]
Hesperidin (2)
(+)-Catechin (3)
(-)-epi-Catechin (4)
Caffeic acid (5)
Ferulic acid (6)
Syringic acid (7)
Veratric acid (8)
Chrysophyllum Fruits Cyanidin-3-O-f-glucopyranoside (9)  [50]
cainito
Madhuca latifolia  Fruits 3',4'-Dihydroxy-5,2'-dimenthoxy-6,7-  [6]
methylen dioxy isoflavone (10)
Manilkara Resin 3-O-Acetyl-a-amyrin (11) [5]
bidentata 3p-O-trans Cinnamyl-a-amyrin (12)

3p-O-trans Cinnamy! lupeol (13)




Table 2.2 The isolated compounds of Sapotaceae family (continue)
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Botanical name Plant part Compound Reference
Manilkara zapota  Fruits Apigenin-7-O-a-L-rhamnoside (14) [6]
Dihydromyricetin (15)
(+)-Gallocatechin (16)
Leucodelphinidine (17)
Leucocyanidine (18)
Leucoperalgonidine (19)
Methylchlorogenate (20)
Seeds D-Quercitol (21)
Mimusops Barks Taraxeryl acetate (22) [51]
hexandra Cinnamic acid (23)
Mimusops Fruits p-Sitosterol (24) [52]
manilkara S-Amyrin acetate (25)
Pouteria Leaves (+)-Catechin-O-gallate (26) [6]
campechiana Taxifolin-3-O-a-L-rhamnopyranoside
(27)
(+)-Catechin-O-gallate (28)
trans-Taxifolin-3-O-a-L-
arabinopyranoside (29)
Taxifolin-3-O-a-L-arabinofuranoside
(30)
Pouteria caimito  Leaves Spinasterol (31) [53]
Pouteria obovata  Fruits 2R,3R-4'-O-Methyldihydrokaempferol [6]
7-O-[3"-O-acetyl]-p-D-
glucopyranoside (32)
Pouteria Leaves Friedelin (33) [45]
ramiflora epi-Friedelanol (34)
Pouteria sapota Fruits Gallocatechin-3-O-gallate (35) [6]
Pouteria Leaves trans-a-Farnesol (36) [54]
splendens trans-Nerolidol (37)

cis-f-Elemene (38)
Germacrene D (39)
S-Selinene (40)
Eremophilene (41)
o-Cadinene (42)
10-epi-a-Cadinol (43)
10-epi-a-Muurolol (44)
epi-Globulol (45)
Globulol (46)

Ledene (47)

Palustrol (48)
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Table 2.2 The isolated compounds of Sapotaceae family (continue)

Botanical name Plant part Compound Reference
P. splendens Leaves Isophytol (49) [54]
(continue) trans-Phytol (50)
Pouteria torta Leaves Lupeol acetate (51) [55]
torta Myricetin (52) [56]

Mericetin-3-O-4-D-galactopyranoside

(53)

Mericetin-3-O-a-L-arabinopyranoside

(54)
Tridesmostemon  Stem Lichexanthone (55) [6]
omphalocarpoides wood
Vitellaria Kernels 3-O-$-D-Glucuronopyranosyl 16a- [57]
paradoxa hydroxyprotobassic acid (56)

3-O-$-D-Glucopyranosyl
16a-hydroxyprotobassic acid (57)
3-O--D-Glucuronopyranosyl
protobassic acid (58)
Mi-Glycoside | (59)

Protobassic acid (60)

Bassic acid (61)

Spinasterol 3-O-f-D-glucopyranoside
(62)

Isotachioside (63)

Gallic acid (64)

OH

\\\\“‘ .

OH 0

Naringenin-7-O-glucoside (1)

Figure 4 Chemical structure of isolated compounds of Sapotaceae family
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(continue)
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Figure 4 Chemical structure of isolated compounds of Sapotaceae family
(continue)
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(continue)
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Figure 4 Chemical structure of isolated compounds of Sapotaceae family
(continue)
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Taraxeryl acetate (22)

HO

Cinnamic acid (23)

p-Sitosterol (24)

Figure 4 Chemical structure of isolated compounds of Sapotaceae family
(continue)
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Figure 4 Chemical structure of isolated compounds of Sapotaceae family
(continue)
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Figure 4 Chemical structure of isolated compounds of Sapotaceae family
(continue)
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Figure 4 Chemical structure of isolated compounds of Sapotaceae family
(continue)
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Figure 4 Chemical structure of isolated compounds of Sapotaceae family
(continue)
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10-epi-a-Muurolol (44) epi-Globulol (45)

OH
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Figure 4 Chemical structure of isolated compounds of Sapotaceae family
(continue)
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Figure 4 Chemical structure of isolated compounds of Sapotaceae family
(continue)
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Figure 4 Chemical structure of isolated compounds of Sapotaceae family
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Figure 4 Chemical structure of isolated compounds of Sapotaceae family
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Protobassic acid (60)
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Figure 4 Chemical structure of isolated compounds of Sapotaceae family
(continue)
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Spinasterol 3-O-4-D-glucopyranoside (62)

OH
HO OH
H;CO OH
GlcO
COOH
Isotachioside (63) Gallic acid (64)

Figure 4 Chemical structure of isolated compounds of Sapotaceae family
(continue)

2.3.2 Summary of tyrosinase inhibitors of Sapotaceae family

Sapotaceae was reported to possess pharmacological activities such as
antioxidant, antimicrobial, anticancer, antidiabetic, antiulcer, immunomodulatory and
tyrosinase inhibitory activities [6]. Tyrosinase inhibitors have been found from natural
sources and some of them were developed as cosmetic agents. Tyrosinase inhibitors
of Sapotaceae family are shown in Table 2.3. The chemical structure of tyrosinase
inhibitors of Sapotaceae family is shown in Figure 5.
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Table 2.3 The summary of tyrosinase inhibitors from Sapotaceae family

Botanical name

Plant part

Tyrosinase inhibitor Reference

Manilkara zapota

Leaves

Barks

Barks

Myricetin-3-O-a-L-rhamnoside  (65) [58]
(30% inhibition at concentration 100
ug/mL)

Taraxerol methyl ether (66) (1Cso = [59]
106.53 £ 0.34 and 283.33 £ 0.59 uM

for L-tyrosine and L-DOPA,

respectively)

6-Hydroxyflavanone (67) (ICsp = [59]
41.76 = 0.20 and 63.10 + 0.73 pM for
L-tyrosine and L-DOPA, respectively)
(+)-Dihydrokaempferol (68) (ICsp =
32.17 £ 0.32 and 31.60 + 0.73 uM for
L-tyrosine and L-DOPA, respectively)
3,4-Dihydroxybenzoic acid (69) (ICso

= 55.21 + 0.70 and 43.91 + 0.21 pM

for  L-tyrosine and L-DOPA,
respectively)

Taraxerol (70) (ICso = 103.37 £ 0.22

and 272.10 + 0.16 pM for L-tyrosine

and L-DOPA, respectively)

Taraxerone (71) (ICso = 70.63 + 0.36

and 90.60 £ 0.26 puM for L-tyrosine

and L-DOPA, respectively)

Sideroxylon inerme Barks

Epigallocatechin gallate (72) (ICsp = [48]
30.00 £ 1.90 uM)

Procyanidin B1 (73) (ICsp = 200.00 £
2.20 uM)

Synsepalum
dulcificum

Stems

(+)-epi-Syringaresinol  (74) (ICsp [60]
200.50 pM)
4-Acetonyl-3,5-dimethoxy-p-quinol

(75) (IC50=208.10 uM)

cis-p-Coumaric acid (76) (ICsp =
197.90 uM)

trans-p-Coumaric acid (77) (ICsp
168.70 uM)

p-Hydroxybenzoic acid (78) (ICsp =
358.60 uM)
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Table 2.3 Summary of tyrosinase inhibitors from Sapotaceae family (continue)

Botanical name Plant part  Tyrosinase inhibitor Reference
S. dulcificum Stems Vanillic acid (79) (ICso=174.40 uM)  [60]
(continue) N-cis-Caffeoyltyramine (80) (ICso=
215.50 M)
OH
OH
HO 0
OH
ORha
OH 0

Myricetin-3-O-a-L-rhamnoside (65)

“\\‘\\\

OH,C

‘1 I/,,

Taraxerol methyl ether (66)

OH
O ‘\\\\
HO
0 OH 0
6-Hydroxyflavanone (67) (+)-Dihydrokaempferol (68)

Figure 5 Chemical structure of tyrosinase inhibitors of Sapotaceae family
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Figure 5 Chemical structure of tyrosinase inhibitors of Sapotaceae family
(continue)
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Figure 5 Chemical structure of tyrosinase inhibitors of Sapotaceae family
(continue)
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CHAPTER IlI
MATERIALS AND METHODS

3.1 Plant materials

The fresh fruits, leaves, seeds, stem barks and woods of M. kauki were
collected from Jaransanitwong garden, Bangkok, Thailand in December 2015. The
plant was identified by a botanist of Department of Botany, Faculty of Science,
Chulalongkorn University, Bangkok, Thailand. The voucher specimen (BCU No.
A015371) was deposited at Professor Kasin Suvatabhandhu Herbarium,
Chulalongkorn University, Bangkok, Thailand.

3.2 Reagents

3.2.1 All commercial grade organic solvents were distilled prior to use such as n-
hexane, dichloromethane, ethyl acetate, acetone and methanol.

3.2.2 All analytical grade chemicals; sodium dihydrogen phosphate monohydrate,
disodium dihydrogen phosphate monohydrate, dimethyl sulfoxide (DMSO), absolute
ethanol, sulfuric acid, L-tyrosine, L-DOPA, kojic acid, a-arbutin, chloroform-d and
acetone-ds were purchased from Merck (Germany). Mushroom tyrosinase was
purchased from Sigma-Aldrich (USA).

3.3 General techniques and procedures

3.3.1 Thin layer chromatography (TLC)

Techniques: One dimension

Stationary phase: Silica gel 60 Fzs4 (Merck, Germany) pre-coated
plate

Layer thickness: 0.2 mm

Distance of mobile phase: 4 cm

Mobile phase: Various solvent systems

Detection: a. UV light at 254 nm

b. dipping in 10% sulfuric acid in aqueous
ethanol and heating on hot plate

3.3.2 Preparative thin layer chromatography (PTLC)

Techniques: One dimension

Stationary phase: Silica gel 60 Fus4 (Merck, Germany) glass-
coated plate

Layer thickness: 1 mm
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Distance of mobile phase: 18 cm

Mobile phase: Various solvent systems

Detection: a. UV light at 254 nm
b. dipping in 10% sulfuric acid in aqueous
ethanol and heating on hot plate

3.3.3 Column chromatography (CC)

Stationary phase: Silica gel 60, 70-230 mesh (Merck, Germany),
Diaion HP-20, 250-280 mesh (Mistsubishi,
Japan) and Sephadex LH-20, 8-11 pum
(Bioscience, USA)

Mobile phase: Various solvent systems
Packing method: Wet packing
Detection: Eluted fraction were monitored by TLC

3.3.4 Medium pressure liquid chromatography (MPLC)

(Isolera ISO-1SV, Sweden)

Stationary phase: Silica gel 50 um with a surface area of 500 m?/g
(Biotage® SNAP KP-Sil, Sweden)

Mobile phase: Various solvent systems

Detection UV-Visible spectrophotometer, range of

wavelength was 200-800 nm
3.3.5 Hot air oven

The WiseVen hot air oven (Witeg, Germany) was used for drying plant
materials at 60 °C.

3.3.6 Vacuum rotary evaporator

The rotary evaporator model EYELA rotary evaporator N-1000(EYELA,
Japan) was used for evaporation solvents under vacuum.

3.3.7 Melting point apparatus

Thermo Scientific 1202D Manual melting point apparatus (Thermo Fisher
Scientific, USA) was used for determination melting points.

3.3.8 UV-Visible spectrophotometry

UV spectra were recorded with a Microplate reader Multiscan GO (Thermo
Fisher Scientific, USA).



38

3.3.9 Nuclear magnetic resonance (NMR) spectroscopy

The *H and *C NMR spectra were determined at 300 and 75.5 MHz,
respectively on Bruker model Fourier Spectrometer (Bruker, USA). Tetramethylsilane
(TMS) was used as an internal standard.

3.3.10 High resolution electrospray ionization mass spectroscopy

High resolution mass spectra were determined on Bruker model MICROTOF
(Bruker Daltons Inc, Breman, Germany). The coupled mass spectrometer was
operated in electrospray ionization (ESI) mode. Scan range were 35-3000 m/z.

3.4 Methods
3.4.1 Extraction

3.4.1.1 Preparation of crude extracts of different parts of M. kauki

The fresh plants of fruits (62.40 g), leaves (892.29 @), seeds (26.27 g), stem
barks (103.18 g) and woods (146.79 g) of M. kauki were dried in hot air oven at 60 °C
and then powdered. The dried powder of fruits (22.31 g), leaves (376.93 g), seeds
(18.56 g), stem barks (66.65 g) and woods (49.23 g) of M. kauki were extracted with
methanol at room temperature (30 £ 2 °C) for 72 hours and water at 60 °C for 20
minutes. This process was repeated for 3 times. After filtration, each extract was
evaporated under reduced pressure to obtain methanol and aqueous crude extracts.
The extraction procedure of different parts of M. kauki is shown in Figure 6.

Fresh plants of fruits, leaves, seeds, stem barks and woods of M. kauki
Dried in oven at 60 °C

Dried fruits, leaves, seeds, stem barks and woods of M. kauki

Ground
Dried powder of fruits, leaves, seeds, stem barks and woods of M. kauki

extracted with methanol extracted with water
(200 mL x 3) (200 mL x 3)
Methanol crude extract Agqueous crude extract

Figure 6 Extraction procedure of different parts of M. kauki
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3.4.1.2 Preparation of crude extracts of stem barks of M. kauki

The fresh plants of stem barks of M. kauki were dried in hot air oven at 60 °C
and then powdered. The dried powders of stem barks were extracted with n-hexane
(10 L x 3), ethyl acetate (10 L x 3) and methanol (10 L x 3) at room temperature (30
+ 2 °C) for 72 hours and water (1 L x 3) at 60 °C for 20 minutes, respectively. This
process was repeated for 3 times. After filtration, each extract was evaporated under
reduced pressure to obtain n-hexane (H), ethyl acetate (E), methanol (M) and aqueous
(A) crude extracts. The extraction procedure of stem barks of M. kauki is shown in
Figure 7.

10 kg of Fresh stem barks of M. kauki
Dried in oven at 60 °C

5 kg of Dried stem barks of M. kauki

Ground
Dried powder of stem barks of M. kauki

extracted with n-hexane (10 L x 3)

Residue  n-Hexane crude extract (H)

extracted with ethyl acetate (10 L x 3)

! !

Residue  Ethyl acetate crude extract (E)

extracted with methanol (10 L x 3)

}

Residue Methanol crude extract (M)

extracted with water (1 L x 3)

J }

Residue Aqgueous crude extract (A)

Figure 7 Extraction procedure of stem barks of M. kauki
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3.4.2 Phytochemical analysis
3.4.2.1 Total phenolic content

Total phenolic content was determined by the Folin-Ciocalteu reagent method
[61] with some modification. The 18 pL of sample or standard solution was added
into 36 puL of 10% Folin-Ciocalteu reagent and followed by 146 pL of 350 mM
Na,COs solution. The solution was incubated at room temperature (30 £ 2 °C) for 1
hour. The absorbance was measured at 765 nm using spectrophotometer. Gallic acid
was used as a standard phenolic compound for calculation. A serial dilution of gallic
acid was performed at concentration ranging of 100-1000 uM. The total phenolic
content of sample was calculated and expressed as mg of gallic acid equivalent
(GAE)/g of dry weight. All samples were analyzed in triplicated.

3.4.2.2 Total flavonoid content

Total flavonoid content was determined by the aluminum chloride
colorimetric assay [62]. The sample was dissolved in methanol at concentration of 1.0
mg/mL. The reaction mixture of sample and standard solution contained 125 pL of
sample or standard solution and 75 pL of 5% NaNO, solution. After incubation at
room temperature (30 + 2 °C) for 6 min, the solution was added by 150 pL of 10%
AICI; solution and incubated at room temperature (30 + 2 °C) for 5 min. Then, 750
pL of 1 M NaOH and 900 pL of distilled water were added to the reaction solution.
After incubation at room temperature (30 + 2 °C) for 15 min, the absorbance was
measured at 510 nm. The total flavonoid content was expressed as mg quercetin
equivalent (QE)/g of dry weight. All samples were analyzed in triplicated.

3.4.3 Biological activity assays
3.4.3.1 Antioxidant activity assays
3.4.3.1.1 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay

DPPH assay was determined using spectrophotometric method [63] with some
modifications. The sample was dissolved in 95% methanol at concentration of 1.0
mg/mL. The stock solution of 0.6 mM DPPH was prepared by dissolution of 0.6 mM
DPPH with 50 mL of methanol and stored at -20 °C until use. The DPPH working
solution was mixed with 10 mL of DPPH stock solution and 45 mL of methanol:water
(1:19 v/v) in the dark. The reaction mixture of sample or standard solution contained
10 pL of sample or standard and 190 pL of DPPH working solution. The reaction
mixture of blank contained 10 pL of 95% methanol and 190 puL of DPPH working
solution. After incubation at room temperature (30 £ 2 °C) for 30 min in the dark, the
absorbance was measured at 515 nm. The results were expressed in mg of trolox
equivalent (TE)/g of crude extract. Calibration curve ranges were 25-1,000 pg/mL.
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All samples were analyzed in triplicated. Percentage of DPPH radical scavenging
activity was analyzed according to this equation.

B
x 100

DPPH radical scavenging activity (%) =

By A is an absorbance of reaction mixture of blank, B is an absorbance of reaction
sample or standard.

3.4.3.1.2 The ferric reducing antioxidant power (FRAP) assay

The FRAP assay was done according to previous study [64] with some
modification. The sample was dissolved in 95% methanol at concentration of 1.0
mg/mL. The FRAP working solution contained 10 mL of 300 mM acetate buffer (pH
3.6), 1 mL of 20 mM FeCl3-6H,0 and 1 mL of 10 mM 2,4,6-tripyridyltriazine (TPTZ)
in 40 mM HCI and then warmed at 37 °C before using. The reaction mixture of
sample and standard solution contained 10 pL of sample or standard solution and 190
pL of FRAP working solution. After incubation at room temperature (30 + 2 °C) for
30 min in the dark, the absorbance was measured at 593 nm. The results were
expressed in mg of trolox equivalent (TE)/g of crude extract. Calibration curve ranges
were 25-1,000 pg/mL. All samples were analyzed in triplicated.

3.4.3.2 Tyrosinase inhibitory assay

The tyrosinase inhibitory activity was preformed according to the method of
Ishiahra et al. with slightly modification [65]. Kojic acid and a-arbutin were used as
positive controls at concentration of 0.1 mg/mL and 1.0 mg/mL, respectively in
phosphate buffer pH 6.5. L-tyrosine and L-DOPA were used as substrates. The sample
was dissolved in 20% DMSO in ethanol at concentration of 1.0 mg/mL. The reaction
mixture of control without test sample (A) contained 133 pL of 0.1 M sodium
phosphate buffer (pH 6.5), 47 pL of 2.5 mM substrate, 8 pL of DMSO:absolute
ethanol (1:4 v/v) and 12 pL of tyrosinase solution (14.7 Units/mg, 1.2 mg/mL of 0.1
M sodium phosphate buffer, pH 6.5). The reaction mixture of blank of control (B)
contained 133 pL of 0.1 M sodium phosphate buffer, 47 uL of 2.5 mM substrate and
8 pL of DMSO:absolute ethanol (1:4 v/v). The reaction mixture of sample and
positive control (C) contained 133 pL of 0.1 M sodium phosphate buffer (pH 6.5), 47
pL of 2.5 mM substrate, 12 uL of tyrosinase solution and 8 pL of sample solution.
The reaction mixture of blank of sample and positive control (D) contained 133 L of
0.1 M sodium phosphate buffer (pH 6.5), 47 pL of 2.5 mM substrate and 8 pL of
sample solution. After incubation at room temperature (30 £ 2 °C) for 20 min,
reaction mixture was measured at 475 nm. The assay for each sample was performed
in triplicate. The results were then averaged and expressed with standard deviations.
Tyrosinase inhibitory activity was analyzed according to the equation below.
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(A-B)-(C-D)

%Inhibition = AB)

100

By A is an absorbance without inhibitor, B is an absorbance of control without
inhibitor, C is an absorbance with inhibitor and D is an absorbance of control with
inhibitor.

3.4.3.3 Determination of ICs for tyrosinase inhibitory activity

The half maximal inhibitory concentration (ICs) is a concentration of sample
reduced by half of inhibition on in vitro tyrosinase inhibitory activity. Samples were
evaluated by dissolving in 20% DMSO in ethanol and were tested on tyrosinase
inhibitory activity assay. Kojic acid and a-arbutin were used as reference compounds.

3.4.4 Separation of ethyl acetate crude extract of stem barks of M. kauki.

The ethyl acetate crude extract (E) (70 g) was separated by quick column
chromatography with silica gel (280 g). The quick column chromatography was
eluted with n-hexane:ethyl acetate (1:1 v/v 10 L), ethyl acetate (10 L), ethyl
acetate:methanol (9:1 v/v 10 L) and ethyl acetate:methanol: (4:1 v/v 11 L),
respectively. The separation was given three fractions as E1-E3. Each fraction was
tested on tyrosinase inhibitory activity. The isolation procedure of ethyl acetate crude
extract is shown in Figure 8.

Ethyl acetate crude extract (E)
60.0g

| Silica gel column chromatography

Ethyl acetate:

| n-Hexane-ethyl acetate | Ethyl acetate |
methanol
El E2
1969 9.2¢ 234¢

Figure 8 Isolation procedure of ethyl acetate crude extract (E)

The fraction E1 (19.6 g) was separated by silica gel column chromatography,
using n-hexane, n-hexane:dichloromethane (4:1, 3:2 and 1:4 v/v; 15.0, 7.5, and 11.0
L, respectively) and ethyl acetate (4 L) as eluents to get ten fractions (ELA-E1J). Each
fraction was tested on tyrosinase inhibitory activity. The isolation procedure of
fraction E1 is shown in Figure 9.
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Fraction E1
19649

n-Hexane:dichloromethane.ethyl acetate | Silica gel column chromatography

| | | | | | | | |
E1A E1B E1C E1D E1E E1F E1G EI1H Ell E1J
0.4 mg 30.0 mg 759 750.0 mg 90.0 mg 50.0 mg 129 259 720.0 mg 659

Figure 9 Isolation procedure of fraction E1

The fraction E1B (30.0 mg) was further isolated by column chromatography
with n-hexane (0.2 L) and n-hexane:dichloromethane (49:1, 24.1, 19.1 and 9.1 v/v;
0.7, 1.0, 1.0 and 0.2 L, respectively) as eluents to get six fractions (ELBA-E1BF). The
fraction E1BC (24.8 mg) was separated by silica gel column chromatography and
eluted with n-hexane (0.3 L), n-hexane:dichloromethane (99:1, 97:3, 19:1 and 9:1 v/v;
0.3,1.3,0.1 and 0.2 L) and dichloromethane (0.2 L) to obtain five fractions (E1BC1-
E1BC5). The fraction E1IBC2 (22.5 mg) was separated by MPLC using gradient
system of n-hexane (A) and ethyl acetate (B) as eluent with flow rate 10 mL/min
(100% A at 0-11 min, 0-5% B for 12-50 min, 5% B at 51-56 min, 5%-10% B at 57-73
min and 10%-50% at 74-80 min, respectively) to afford six fractions (E1BC2A-
E1BC2F). The fraction EIBC2C (19.2 mg) was separated by MPLC, using gradient
system of n-hexane (A) and ethyl acetate (B) as eluent with flow rate 10 mL/min
(100% A at 0-9 min, 0-3% at 10-23 min, 3% B at 24-32 min, 3-5% at 33-39 min and
5-40% at 40-50 min, respectively) to get three fractions (E1BC2C1-E1BC2C3). The
fraction E1IBC2C2 (6.8 mg) was separated by PTLC using n-hexane:acetone (19:1
v/v) as developing solvent to get three fractions (E1BC2C2A-E1BC2C2C). The
isolation procedure of fraction E1B is shown in Figure 10.



n-Hexane:dichloromethane

Fraction E1B
30.0 mg

| Silica gel column chromatography
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E1BA E1BB E1BC E1BD E1BE E1BF
4.0 mg 0.8 mg 24.8 mg 0.1 mg 0.2 mg 1.1mg
n-Hexane:dichloromethane | Silica gel column chromatography
E1BC1 E1BC2 E1BC3 E1BC4 E1BC5
1.4 mg 21.6 mg 0.6 mg 0.7 mg 1.4 mg
n-Hexane:ethyl acetate | MPLC
E1BC2A E1BC2B E1BC2C E1IBC2D E1BC2E E1BC2F
0.5mg 0.8 mg 19.2 mg 0.1 mg 0.7 mg 0.9 mg
n-Hexane:ethyl acetate MPLC
E1BC2C1 E1BC2C2 E1BC2C3
0.2 mg 6.8 mg 12.0 mg
n-Hexane:acetone PTLC
E1BC2C2A E1BC2C2B E1IBC2C2C
4.1mg 1.3 mg 1.2 mg

Figure 10 Isolation procedure of fraction E1B

The fraction E1C (7.0 g) showed moderate tyrosinase inhibitory activity. The
fraction E1C was separated by MPLC using gradient system of n-hexane (A) and
dichloromethane (B) with flow rate 10 mL/min (100% A at 0-40 min, 10% B at 41-70
min, 30% B at 71-109 min and 30-50% B at 110-172 min, respectively) to get ten
fractions (ELCA-E1CJ). The fraction ELCG (20.0 mg) was separated by PTLC using
(4:1 v/v) as developing solvent to get three
fractions (E1CG1-E1CG3). The isolation procedure of fraction E1C is shown in

petroleum ether:dichloromethane

Figure 11.
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Fraction E1C
7049

n-Hexane.dichloromethane | MPLC

E1CA E1ICB EICC EICD EICE EICF EI1CG EICH Ei1CI E1CJ
22mg 01mg 06mg 14.1 199 23g 5742 826 70.8 299

mg mg mg mg
Petroleum ether.dichloromethane PTLC

E1CG1 E1CG2 E1CG3

4.5 mg 7.0mg 6.2 mg

Figure 11 Isolation procedure of fraction E1C

The fraction E1D (730 mg) showed strong tyrosinase inhibitory activity. The
fraction E1D was separated by silica gel column chromatography with n-hexane (0.7
L) and n-hexane:dichloromethane (9:1, 4:1 and 7:3 v/v; 1.1, 1.0 and 25 L,
respectively) as eluents to afford ten fractions (ELDA-E1DJ). Fraction E1DI (479.8
mg) was further separated by silica gel column chromatography with n-
hexane:dichloromethane (9:1, 17:3, 4:1 and 7:3 v/v; 0.3, 0.4, 0.3 and 1.2 L,
respectively) as eluents to get six fractions (E1DIA-E1DIF). Then, Fraction EIDID
(339.0 mg) was separated by silica gel column chromatography with n-hexane (0.2 L)
and n-hexane:acetone (49:1 v/v; 0.9 L) as eluents to obtain four fractions (E1DID1-
E1DID4). Fraction E1DID3 was obtained as white solid (319.2 mg, compound I). The
isolation procedure of fraction E1D is shown in Figure 12.
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Fraction E1D
730.0 mg

n-Hexane:dichloromethane | Silica gel column chromatography

E1IDA E1DB E1DC EI1DD EIDE E1DF EIDG E1DH EI1DI E1DJ
60mg 10mg 09mg 138 20mg 12mg 6.2mg 1354 4798 60.2
mg mg mg mg

n-Hexane:dichloromethane

Silica gel column chromatography

E1DIA E1DIB E1DIC E1DID E1DIE E1DIF
0.7 mg 29mg 1.2 mg 339.0 mg 5.2 mg 10.8 mg

n-Hexane:acetone | Silica gel column chromatography

E1DID1 E1DID2 E1DID3 E1DID4
1.1mg 2.1 mg 319.2 mg 3.1mg

Figure 12 Isolation procedure of fraction E1D

The fraction E1E showed strong tyrosinase inhibitory activity. The fraction
E1E (90.4 mg) was separated by silica gel column chromatography with n-hexane
(0.6 L) and n-hexane:dichloromethane (9:1, 4:1, 7:3 and 3:2 v/v; 1.2, 1.0, 0.4 and 1.5
L, respectively) as eluents to afford eight fractions (ELEA-E1EH). The fraction E1IEF
(74.2 mg) was separated by silica gel column chromatography with n-
hexane:dichloromethane (9:1, 17:3, 4:1, 7:3 and 3:2 v/v; 0.3, 0.3, 0.8, 0.3 and 0.2 L,
respectively) as eluents to obtain five fractions (ELEF1-E1EF5). The fraction ELEF4
(68.5 mg) was separated by silica gel column chromatography with n-hexane (0.5 L)
and n-hexane:acetone (19:1, 9:1 and 17:3 v/v; 0.6, 0.3 and 0.6 L, respectively) as
eluents to get five fractions (ELEF4A-E1EF4E). Then, the fraction EIEF4B (55.5 mg)
was separated by silica gel column chromatography with n-hexane (0.2 L) and n-
hexane:acetone (99:1, 49:1 and 3:2 v/v; 0.2, 0.4 and 0.2 L) as eluents to get three
fractions (ELEF4AB1-E1EF4B3). Fraction EIEF4B2 was obtained as white solid (54.9
mg, compound I). The isolation procedure of fraction E1E is shown in Figure 13.
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Fraction E1E
90.4 mg

n-Hexane:dichloromethane | Silica gel column chromatography

E1EA E1EB E1EC E1ED E1EE E1EF E1EG E1EH
1.3mg 2.1mg 0.0 mg 0.2 mg 2.7 mg 74.2 mg 5.6 mg 4.8 mg

- n-Hexane:dichloromethane
Silica gel column chromatography

E1EF1 E1EF2 E1EF3 E1EF4 E1EF5
0.0 mg 3.2mg 2.6 mg 68.5 mg 2.7 mg

Silica gel column chromatography [ n-Hexane:acetone

E1EF4A E1EF4B E1EFAC E1EF4D E1EF4E
0.2mg 55.5 mg 0.3 mg 0.2mg 4.0 mg

n-Hexane:acetone | Silica gel column chromatography

E1EF4B1 E1EF4B2 E1EF4B3
1.5mg 54.9 mg 1.2 mg

Figure 13 Isolation procedure of fraction ELE

The fraction E1F (50.0 mg) was separated by PTLC using n-
hexane:dichloromethane (9:1 v/v) as developing solvent to afford four fractions
(E1FA-EL1FD). Fraction E1FB was obtained as white solid (9.2 mg, compound 1). The
isolation procedure of fraction E1F is shown in Figure 14.

E1F
50.0 mg
n-Hexane:dichloromethane | PTLC
E1FA E1FB E1FC E1FE
15.3 mg 9.2mg 5.6 mg 2.2 mg

Figure 14 Isolation procedure of fraction E1F

The fraction E1H (0.6 g) was separated by column chromatography with n-
hexane:ethyl acetate (9:1, 17:3, 4:1 and 2:3 v/v; 1.0, 0.3, 0.4 and 0.2 L , respectively)
as eluents to give six fractions (EIHA-E1HF). The isolation procedure of fraction
E1H is shown in Figure 15. The fraction EIHA was separated by PTLC using n-
hexane:dichloromethane (3:2 v/v) as developing solvent to get two fractions (EIHA1-
E1HAZ2). The fraction EIHB (37.0 mg) was separated by MPLC using gradient of n-
hexane (A) and ethyl acetate (B) as eluent with flow rate 1 mL/min (100% A at 0-75
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min, 3% B at 76-135 min, 5% B at 136-196 min, 8% B at 197-257 min and 10% B at
258-322 min, respectively) to obtain nine fractions (EIHB1-E1HB9). The extraction
procedure of fraction ELHB is shown in Figure 15. The fraction EIHC (70.0 mg) was
separated by silica gel column chromatography with n-hexane (0.2 L), n-hexane:ethyl
acetate (19:1, 47:3 and 93:7 v/v; 0.8, 0.2 and 1.3 L, respectively) and ethyl acetate
(0.2 L) to get five fractions (EIHC1-E1HCS5). The fraction EIHC4 (33.6 mg) was
separated by PTLC using petroleum ether:ethyl acetate (27:3 v/v) as developing
solvent to afford five fractions (ELIHC4A-E1HCA4E). The isolation procedure of
fraction EIHC is shown in Figure 16. The fraction EIHE (22.1 mg) was separated by
column chromatography with dichloromethane (0.3 L), dichloromethane:acetone
(99:1, 24:1 and 47:3 v/v; 0.3, 0.3 and 0.7, respectively) as eluents to obtain four
fractions (E1IHE1-E1HE4). The isolation procedure of fraction EIHE is shown in
Figure 16.

E1H
0.6¢g

n-Hexane:ethyl acetate | Silica gel column chromatography

E1IHA E1HB E1HC E1IHD E1HE E1HF
37.8mg 111.0 mg 70.0 mg 177.6 mg 22.1mg 154.1 mg
n-Hexane:ethyl acetate
MPLC

E1HB1 E1HB2 E1HB3 E1HB4 E1HB5 E1HB6 E1HB7 E1HB8 E1HB9
06mg 06mg 06mg 142mg 103mg 16mg 28mg 43mg 03mg

n-Hexane:dichloromethane

PTLC |
E1HAL E1HA2
19.8 mg 1.6 mg

Figure 15 Isolation procedure of fractions E1H, EIHA and E1IHB
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E1H
0.6g

| Silica gel column chromatography

E1IHA E1HB E1HC E1HD E1HE E1HF
37.8 mg 111.0 mg 70.0 mg 177.6 mg 22.1mg 154.1 mg

Silica gel column chromatography | n-Hexane:ethyl acetate

E1HC1 E1HC2 E1IHC3 E1HC4 E1IHCS

1.3mg 1.1mg 1.8 mg 33.6 mg 21.4 mg
Petroleum ether-ethyl acetate
Silica gel column chromatography

E1HC4A E1HC4B E1HCAC E1HC4D E1HCA4E
7.9 mg 7.5mg 0.6 mg 2.7 mg 4.5mg
Dichloromethane:acetone

E1IHE1 E1HE2 EIHE3 E1HE4
1.6 mg 7.3 mg 1.5mg 6.2 mg

Silica gel column
chromatography

Figure 16 Isolation procedure of fractions EIHC and E1IHE

The fraction E1l showed strong tyrosinase inhibitory activity. The Fraction
E1l (0.6 g) was separated by silica gel column chromatography with n-hexane:ethyl
acetate (4:1, 7:3 and 3:2 v/v; 0.2, 0.9 and 0.5 L, respectively) to get six fractions
(ELIA-ELIF). Then, fraction E1IC (55.3 mg) was separated by PTLC using n-
hexane:acetone (3:2 v/v) as developing solvent to get five fractions (E1IC1-EL1IC5).
Fraction E1IC5 was afforded as yellow solid (7.8 mg, compound II). The isolation
procedure of fraction E11 is shown in Figure 17.

Ell
069

n-Hexane:ethyl acetate | Silica gel column chromatography

E1lIA E1lIB E1lIC E1ID E1lIE E1lIF
9.9 mg 18.4 mg 55.3mg 192.5 mg 34.3mg 45.0mg
n-Hexaneacetone | PTLC
E1lIC1 E1IC2 E1IC3 E1IC4 E1ICS5
2.4 mg 6.6 mg 20.0 mg 0.6 mg 7.8 mg

Figure 17 Isolation procedure of fraction E11
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The fraction E2 showed moderate tyrosinase inhibitory activity. The fraction
E2 (7.5 g) was separated by MPLC using gradient system of n-hexane (A) and
acetone (B) as eluent with flow rate 36 mL/min (100% A at 0-3 min, 0-50% B at 4-25
min, 50-95% B at 26-43 min and 95-100% B at 44-56 min, respectively) to obtain six
fractions (E2A-E2F). The isolation procedure of fraction E2 is shown in Figure 18.

E2
7549
n-Hexane:acetone | MPLC
E2A E2B E2C E2D E2E E2F
112.2 mg 68.3 mg 127.7 mg 397.2 mg 721.4 mg 3.3¢g

Figure 18 Isolation procedure of fraction E2

The fraction E2A (112.2 mg) was separated by MPLC using gradient system
of n-hexane (A) and dichloromethane (B) as eluent with flow rate 10 mL/min (100%
A at 0-15 min, 0-100% B at 16-89 min and 100% B 90-96 min, respectively) to obtain
seven fractions (E2AA-E2AG). The fraction E2AD (13.5 mg) was separated by PTLC
using n-hexane:dichloromethane (1:1 v/v) as developing solvent to get three fractions
(E2AD1-E2AD3). The fraction E2AE (6.9 mg) was separated by PTLC using n-
hexane:dichloromethane (1:1 v/v) as developing solvent to obtain three fractions
(E2AE1-E2AE3). The isolation procedure of fraction E2A is shown in Figure 19.

E2A
112.2 mg

n-Hexane:dichloromethane |MPLC

E2AA E2AB E2AC E2AD E2AE E2AF E2AG
2.7 mg 5.2mg 13.5mg 13.5mg 6.9 mg 45.0 mg 12.3 mg
n-Hexane:dichloromethane PTLC
E2AD1 E2AD2 E2AD3
0.2mg 1.9mg 2.8 mg
n-Hexane:dichloromethane PTLC
E2AE1 E2AE2 E2AE3
0.6 mg 2.5mg 3.7mg

Figure 19 Isolation procedure of fraction E2A
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The fraction E2B (60.0 mg) showed strong tyrosinase inhibitory activity. The
fraction E2B was separated by MPLC using gradient system of n-hexane (A) and
acetone (B) as eluent with flow rate 10 mL/min (100% A at 0-6 min, 0-5% B at 6-7
min, 5% B at 8-13 min, 5-10% B at 14-15 min, 10% B at 16-21 min, 10-15% B at 22-
23 min, 15% B at 24-29 min, 15-20% B at 30-31 min, 20% B at 32-37 min, 20-30% B
at 38-40 min, 30% B at 41-49 min and 30-65% B at 50-60 min, respectively) to get
seven fractions (E2BA-E2BG). The fraction E2BD (9.9 mg) was separated by PTLC
using n-hexane:acetone (4:1 v/v) as developing solvent to obtain two fractions
(E2BD1-E2BD2). The fraction E2BE (18.9 mg) was separated by MPLC using
gradient system of dichloromethane (A) and ethyl acetate (B) as eluent with flow rate
10 mL/min (100% A at 0-5 min, 0-2% B at 6-10 min, 2% B at 11-14 min, 2-5% B at
15-20 min and 5-10% B at 21-30 min, respectively) to afford three fractions (E2BE1-
E2BE3). The fraction E2BE1 (9.6 mg) was further separated by PTLC using
dichloromethane:ethyl acetate (49:1 v/v) as developing solvent to afford three
fractions (E2BE1A-E2BE1C). The isolation procedure of fraction E2B is shown in
Figure 20.

E2B
60.0 mg

n-Hexane:acetone MPLC

E2BA E2BB E2BC E2BD E2BE E2BF E2BG
1.3 mg 0.8 mg 5.8 mg 9.9 mg 18.9mg 2.4 mg 17.4 mg

n-Hexane:acetone
PTLC

Dichloromethane:ethyl acetate
MPLC

E2BD1 E2BD2 E2BE1 E2BE2 E2BE3
3.8 mg 3.7 mg 9.6 mg 0.3 mg 5.9 mg

Dichloromethane:ethyl acetate PTLC

E2BE1IA E2BE2B E2BE1C
0.9 mg 6.6 mg 0.7 mg

Figure 20 Isolation procedure of fraction E2B

The fraction E2C (127.7 mg) was separated by MPLC using gradient system
of n-hexane (A) and acetone (B) as eluent with flow rate 10 mL/min (5% B at 0-12
min, 5-10% B at 13-15 min, 10% B at 16-21 min, 10-15% B at 22-23 min, 15% B at
24-29 min, 15-20% B at 30-31 min, 20% B 32-37 min, 20-30% B at 38-39 min, 30%
B at 40-45 min, 30-40% B at 46-47 min, 40% B at 48-54 min and 75% B at 55-78
min, respectively) to get eight fractions (E2CA-E2CH). The extraction procedure of
fraction E2C is shown in Figure 21. The fraction E2CC (8.9 mg) was separated by
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MPLC using gradient system of n-hexane (A) and acetone (B) as eluent with flow rate
5 mL/min (100% A at 0-15 min and 0-20% B at 16-81 min, respectively) to obtain
four fractions (E2CC1-E2CC4). The fraction E2CC4 (7.0 mg) was separated by
PTLC using n-hexane:acetone (1:9 v/v) as developing solvent to give four fractions
(E2CC4A-E2CC4D). The isolation procedure of fraction E2CC4 is shown in Figure
21. The fraction E2CE (15.0 mg) was separated by PTLC using n-hexane:acetone (4:1
v/v) as developing solvent to obtain three fractions (E2CE1-E2CE3). The extraction
procedure of fraction E2CE is shown in Figure 21. The fraction E2CF (62.0 mg) was
separated by MPLC using gradient system of dichloromethane (A) and ethyl acetate
(B) as eluent with flow rate 5 mL/min (100% A at 0-15 min, 0-20% B at 16-86 min
ant 20% B at 87-93 min, respectively) to get three fractions (E2CF1-E2CF3). The
isolation procedure of fraction E2CF is shown in Figure 22.

Fraction E2C
127.7 mg

n-Hexane:acetone | MPLC

E2CA E2CB E2CC E2CD E2CE E2CF E2CG E2CH
0.5mg 0.3mg 8.9 mg 3.6 mg 150mg 62.9 mg 9.7 mg 7.1 mg

n-Hexane:acetone
n-Hexane:acetone PTLC PTLC

E2CC1 E2CC2 E2CC3 E2CC4 E2CE1 E2CE2 E2CE3
0.5mg 0.3mg 8.9 mg 7.0 mg 6.2 mg 3.0mg 1.8 mg

n-Hexane:acetone | PTLC

E2CC4A E2CC4B E2CC4C E2CC4D
0.2 mg 0.1 mg 3.4 mg 0.2 mg

Figure 21 Isolation procedure of fractions E2C, E2CC and E2CE
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Fraction E2C
127.7 mg

| MPLC

E2CA E2CB E2CC E2CD E2CE E2CF E2CG E2CH
0.5mg 0.3mg 8.9 mg 3.6 mg 150mg  62.0 mg 9.7mg 7.1 mg

Dichloromethane:ethyl acetate | MPLC
E2CF1 E2CF2 E2CF3
1.0 mg 0.3mg 1.9mg

Figure 22 Isolation procedure of fraction E2CF

The fraction E2D (255.0 mg) was separated by MPLC using gradient system
of n-hexane (A) and ethyl acetate (B) with flow rate 10 mL/min (0-99% B at 0-72
min) to obtain three fractions (E2DA-E2DC). The fraction E2DC (206.9 mg) was
separated by MPLC using gradient system of dichloromethane (A) and ethyl acetate
(B) as eluent with flow rate 10 mL/min (5% B at 0-10 min, 10% B at 11-16 min, 20%
B at 17-22 min, 30% B at 23-28 min, 50% B at 29-35 min and 80% B at 36-46 min,
respectively) to get six fractions (E2DC1-E2DC6). The fraction E2DC4 (39.6 mg)
was separated by MPLC using gradient system of n-hexane (A) and acetone (B) as
eluent with flow rate 2 mL/min (10% B at 0-38 min, 10-40% at 39-141 min, 40-42%
B at 142-147 min, 42-45% B at 148-158 min and 45% B at 159-165 min,
respectively) to afford five fractions (E2DC4A-E2DCA4E). The fraction E2DC5 (65.6
mg) was separated by MPLC using gradient system of n-hexane (A) and ethyl acetate
(B) as eluent with flow rate 2 mL/min (10-30% B at 0-37 min, 30% at 38-63 min,
40% B at 64-89 min, 50% B at 90-114 min, 60% B at 115-135 min and 70% B at 136-
161 min, respectively) to obtain three fractions (E2DC5A-E2DC5C). The fraction
E2DC5C (45.2 mg) was separated by PTLC using petroleum ether:ethyl acetate (1:9
v/v) as developing solvent to afford two fractions (E2DC5CA-E2DC5CB). The
isolation procedure of fraction E2D is shown in Figure 23.
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E2D
255.0 mg
n-Hexane:ethyl acetate MPLC
E2DA E2DB E2DC
2.7 mg 10.5mg 206.9 mg
Dichloromethane.ethyl acetate | MPLC

E2DC1 E2DC2 E2DC3 E2DC4 E2DC5 E2DC6
0.7mg 2.8 mg 20.4 mg 39.6 mg 65.6 mg 50.0¢g

n-Hexane:acetone | MPLC

| | n-Hexane:ethyl acetate

E2DL4A E2DC4B E2DC4C E2DC4D  E2DCAE

0.0 mg 0.4 mg 0.3 mg 1.8 mg 35.4 mg MPLC
E2DC5A E2DC5B EZEJCSC
1.5mg 16.3 mg 45.2 mg
Petroleum ether.ethyl acetate
TLC

E2DC5CA E2DC5CB
27.4 mg 10.4 mg

Figure 23 Isolation procedure of fraction E2D

The fraction E2E (100.0 mg) was separated by MPLC using gradient system
of n-hexane (A) and ethyl acetate (B) as eluent with flow rate 10 mL/min (100% A at
0-10 min, 0-10% B at 11-14 min, 10% B at 15-20 min, 10-20% B at 21-26 min, 20%
B at 21-31 min, 30-50% B at 32-37 min, 50% B at 38-52 min and 50-100% B at 53-
76 min, respectively) to get seven fractions (E2EA-E2EG). The fraction E2ED (12.7
mg) was separated by PTLC using n-hexane:acetone (3:2 v/v) as developing solvent
to afford four fractions (E2ED1-E2ED4). The fraction E2EE (25.8 mg) was separated
by MPLC using gradient system of dichloromethane (A) and acetone (B) as eluent
with flow rate 10 mL/min (100% A at 0-8 min, 0-8% B at 9-39 min, 8-10% B at 40-
45 min, 10-15% B at 46-62 min and 15% B at 63-76 min, respectively) to get three
fractions (E2EE1-E2EE3). The fraction E2EF (28.6 mg) was separated by MPLC
using gradient system of n-hexane (A) and acetone (B) as eluent with flow rate
2mL/min (10-50% B at 0-40 min and 50-90% B at 41-121 min, respectively) to obtain
six fractions (E2EFA-E2EFF). The isolation procedure of fraction E2E is shown in
Figure 24.
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E2E
100.0 mg

n-Hexane-ethyl acetate | MPLC

E2EA E2EB E2EC E2ED E2EE E2EF E2EG
1.7mg 3.0 mg 1.6 mg 12.7 mg 25.8 mg 28.6 mg 18.4 mg
n-Hexane:acetone
PTLC

E2ED1 E2ED2 E2ED3 E2ED4

0.8 mg 0.0 mg 0.7 mg 6.6 mg
Dichloromethane:acetone

MPLC

E2EE1  E2EE2 E2EE3

2.7mg 2.1 mg 19.1 mg
n-Hexane:acetone | MPLC

E2EFA E2EFB E2EFC E2EFD EZ2EFE E2EFF
1.7 mg 3.4 mg 11.1 mg 2.1 mg 5.9 mg 0.3 mg

Figure 24 Isolation procedure of fraction E2E crude extract

The fraction E2F (150 mg) was separated by MPLC using gradient system of
n-hexane (A) and ethyl acetate (B) as eluent with flow rate 5 mL/min (10% B at 0-54
min, 20% B at 55-95 min, 30% B at 96-136 min, 50% B at 137-177 min, 70% B at
178-242 min, respectively) to get eleven fractions (E2FA-E2FJ). The isolation
procedure of fraction E2F is shown in Figure 25.

E2F
150 mg

n-Hexane:ethyl acetate | MPLC

E1IFA EI1FB E1IFC E1FD E1FE E1FF E1FG E1FH EIFI  E1F]
33mg 17.0mg 126mg 89mg 122mg 89mg 85mg 85mg 16.8mg 42.0 mg

Figure 25 Isolation procedure of fraction E2F

The fraction E3 (2.3 g) was separated by MPLC using isocratic of methanol
(A) with flow rate 10 mL/min (100% A at 0-141 min) to get three fractions (E3A-
E3C). The fraction E3B (140.0 mg) was separated diaion column chromatography
with ethyl acetate and ethyl acetate:methanol (19:1 v/v) to obtain three fractions
(E3BA-E3BC). The fraction E3BB (140.0 mg) was separated by diaion column
chromatography with water, methanol:water (1:9, 1:4, 3:7, 2:3 and 1:1 v/v; 0.2, 0.2,
0.3, 0.2 and 0.3 L, respectively) and methanol (0.5 L), respectively as eluents to
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afford six fractions (E3BB1-E3BB6). The isolation procedure of fraction E3 is shown
in Figure 26.

E3
2349

Methanol MPLC

E3A E3B E3C
l4g 350.0 mg 731.4 mg

Ethyl acetate:methanol Diaion column chromatography

E3BA E3BB E3BC
15059 147.4 mg 36.0 mg

Methanol:water | Diaion column chromatography

E3BB1 E3BB2 E3BB3 E3BB4 E3BB5 E3BB6
4.4 mg 6.2 mg 16.3 mg 16.6 mg 32.8 mg 5769

Figure 26 Isolation procedure of fraction E3



CHAPTER IV
RESULTS AND DISCUSSION

4.1 Extraction of different parts of M. kauki

The dried powder of fruits, leaves, seeds, stem barks and woods of M. kauki
were extracted with methanol and water. Methanol and aqueous crude extracts of five
different parts of M. kauki were afforded percentage yield of crude extracts in the
range of 3.39-19.08% w/w of dry plant. Aqueous crude extract of fruits of M. kauki
got the highest percent yield with 19.08% w/w of dry weight. While, methanol crude
extract of woods of M. kuaki got the lowest percent yield with 3.39% w/w of dry
weight. The characteristic and percent yield of methanol and aqueous crude extracts
of different parts of M. kauki are shown in Tables 4.1 and 4.2, respectively.

Table 4.1 Characteristic and percentage yield of methanol crude extract of different
parts of M. kauki

Part of plant  Dry weight (g) Methanol crude extract
Characteristic Yield (g) (% w/w of
dry weight)
Fruits 10.62 Light brown gum 1.17 (11.02)
Leaves 29.77 Green solid 3.45 (11.59)
Seeds 7.86 Brown solid 0.42 (5.34)
Stem barks 34.13 Brown solid 2.02 (5.92)
Woods 24.43 Yellow gum 0.83(3.39)

Table 4.2 Characteristic and percentage yield of aqueous crude extract of different
parts of M. kauki

Part of plant  Dry weight (g) Aqgueous crude extract
Characteristic Yield (g) (% w/w of
dry weight)
Fruits 11.69 Brown gum 2.23 (19.08)
Leaves 19.39 Dark green solid 1.74 (8.97)
Seeds 10.70 Brown solid 0.93 (8.69)
Stem barks 32.52 Brown solid 1.92 (5.92)
Woods 24.70 Yellow gum 1.12 (4.53)

4.2 Phytochemical compositions of different parts of M. kauki
4.2.1 Total phenolic content

The results of total phenolic content of methanol and aqueous crude extracts of
different parts of M. kauki are presented in Table 4.3. Methanol crude extract of
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leaves of M. kauki exhibited the highest amount of total phenolic content (11.79 +
0.04 mg GAE/g of dry weight) and followed by methanol crude extract of stem barks,
aqueous crude extract of leaves, aqueous crude extract of stem barks, methanol crude
extract of woods, aqueous and methanol crude extracts of fruits, aqueous crude extract
of woods, aqueous and methanol crude extracts of seeds with values of 10.45 + 0.03,
9.50 £ 0.08, 4.00 £ 0.02, 2.83 £ 0.05, 2.83 £ 0.01, 1.92 + 0.02, 1.91 + 0.03, 0.95 +
0.02 and 0.79 £ 0.01 mg GAE/qg of dry weight, respectively.

The previous researches showed that methanol and aqueous crude extracts of
barks of M. elengi exhibited total phenolic content with values of 154.36 + 0.51 and
72.60 + 1.10 mg GAE/g of dry weight [66]. Methanol:water (70:30 v/v) crude extract
of leaves of A. spinosa exhibited total phenolic content with value of 2.88 mg GAE/g
of dry weight [67]. Aqueous and ethanol crude extracts of seeds of M. zapota showed
total phenolic content with values of 115.89 + 4.52 and 1.00 + 0.01 g GAE/g of dry
weight [68]. These plants are trees in Sapotaceae family. Consequently, crude extracts
of barks of M. elengi and seeds of M. zapota exhibited higher total phenolic content
values than crude extracts of stem barks of M. kauki but methanol and aqueous crude
extracts of leaves and stem barks of M. kauki exhibited higher total phenolic content
than leaves of A. spinosa.

Table 4.3 Total phenolic content of methanol and aqueous crude extracts of different
parts of M. kauki

Part of Total phenolic content
plant Methanol crude extract Aqueous crude extract
(mg GAE/qg of (mg GAE/qg of (mg GAE/qg of (mg GAE/g of dry
crude extract) dry weight) crude extract) weight)
Fruits 1752 £0.19 1.92 +0.02 14.83 £ 0.07 2.83+0.01
Leaves 101.75+£1.15  11.79+0.04 105.98 £ 0.38 9.50+£0.08
Seeds 1483 +£0.11 0.79+£0.01 10.88 £0.14 0.95+0.02
Stem barks 176.56 +0.70  10.45£0.03 99.73+£0.51 4.00 £ 0.02
Woods 101.75+0.61 2.83+0.05 47.71+0.42 1.91 +0.03

4.2.2 Total flavonoid content

The results of total flavonoid content of methanol and aqueous crude extracts
of different parts of M. kauki are presented in Table 4.4. The highest total flavonoid
content was obtained in methanol crude extract of leaves of with value of 89.84 +
0.19 mg QE/g of dry weight and followed by aqueous crude extract of leaves, aqueous
and methanol crude extracts of stem barks, aqueous and methanol crude extracts of
fruits, aqueous crude extract of woods, aqueous and methanol crude extracts of seeds
and methanol crude extract of woods which showed total flavonoid content values of
66.60 + 0.22, 58.07 + 0.32, 48.62 £ 0.21, 20.17 + 0.16, 10.72 £ 0.08, 4.54 + 0.21, 3.66
+0.14, 2.04 £ 0.07 and 0.46 £ 0.07 mg QE/g of dry weight, respectively.
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The previous reports showed that total methanol and aqueous crude extracts of
barks of M. elengi exhibited high total flavonoid content with values of 54.7 + 0.22
and 23.5 + 0.80 mg QE/qg of dry weight, respectively [66]. Methanol:water (70:30 v/v)
crude extract of leaves of A. spinosa exhibited total flavonoid content with value of
0.869 mg QE/g of dry weight [67]. Aqueous and ethanol crude extracts of M. zapota
showed total flavonoid content with values of 7.26 £ 1.86 and 7.2 = 1.40 mg QE/ ¢
dry weight, respectively [68]. These plants are trees in Sapotaceae family.
Consequently, the crude extract of M. elengi exhibited higher total flavonoid content
value than M. kauki crude extract but crude extracts of M. kauki exhibited higher total
flavonoid content than A. spinosa and methanol and aqueous crude extracts of leaves
and stem barks of M. kauki showed higher total flavonoid content than crude extract
of seeds of M. zapota.

Table 4.4 Total flavonoid content of methanol and aqueous crude extracts of M. kauki

Part of plant  Total flavonoid content

Methanol crude extract Aqgueous crude extract

(mg QE/g of (mg QE/g of dry  (mg QE/g of (mg QE/g of

crude extract) weight) crude extract) dry weight)
Fruits 98.00 £ 0.72 10.72 £ 0.08 105.67 £ 0.82 20.17 £ 0.16
Leaves 775.33+1.81 89.84 £ 0.19 743.33+2.14 66.60 £ 0.22
Seeds 38.33+1.41 2.04 £ 0.07 42.00 £ 1.15 3.66 +£0.14
Stem barks 820.67 +1.98 48.62 £ 0.21 799.67 £ 2.96 58.07 £ 0.32
Woods 13.67 £0.72 0.46 £ 0.07 113.33 +1.27 454 +0.21

4.3 Biological activities of different parts of M. kauki
4.3.1 Antioxidant activities
4.3.1.1 DPPH radical scavenging activity

The DPPH free radical scavenging activity of different parts of M. kauki was
investigated by spectrophotometric method. The results of DPPH free radical
scavenging activity are presented in Table 4.5. The highest DPPH radical scavenging
activity was found in methanol crude extract of stem barks with value of 257.02 +
0.26 mg TE/g of crude extract. Secondly, aqueous crude extract of leaves showed
DPPH radical scavenging activity with value of 243.19 + 1.24 mg TE/g of crude
extract and followed by aqueous crude extract of stem barks, methanol crude extract
of leaves, methanol and aqueous crude extracts of woods, methanol crude extracts of
fruits and seeds, aqueous crude extracts of fruits and seeds which exhibited DPPH
radical scavenging activity with values of 219.19 + 0.13, 208.60 = 0.98, 194.38 +
0.70, 66.04 + 0.57, 45.28 + 0.51, 16.08 + 0.31, 13.01 = 0.51 and 10.32 + 0.38 mg
TE/g of crude extract, respectively. These results indicated that both methanol and
aqueous crude extracts of stem barks and leaves of M. kauki exhibited strong DPPH
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radical scavenging activity. Whereas, fruits and seeds of M. kauki showed low activity
of DPPH radical scavenging.

Methanol and aqueous crude extracts of Bidens tripartita exhibited DPPH
radical scavenging activity with values of 504.87 + 4.58 and 260.69 *+ 6.36 mg TE/g
of crude extract, respectively [69]. It showed higher DPPH radical scavenging activity
than crude extracts of M. kauki. Butanol crude extract of aerial parts of Bidens humilis
showed DPPH radical scavenging activity with value of 173.8 £ 6.2 mg TE/g of crude
extract. (2S)-Isookanin 7-O-a-L-arabinopyranoside, (2S)-isookanin 7-O-(2"-acetyl)-o-
Larabinopyranoside and luteolin 7-O-p-D-glucopyranosyl-(1—6)-4-D-
galactopyranoside were isolated from butanol crude extract of B. humiliis and showed
DPPH radical scavenging with values of 513.7 + 28.7, 484.7 £ 21.3 and 357.8 £ 17.5
mg TE/g of crude extract, respectively [70]. Methanol and aqueous crude extracts of
leaves and stem barks of M. kauki showed higher DPPH radical scavenging activity
than butanol crude extract of aerial parts of B. humilis. Thus, methanol and aqueous
crude extracts of leaves and stem barks of M. kauki might be contained excellent
active compounds.

Table 4.5 DPPH radical scavenging activity of methanol and aqueous crude extracts
of different parts of M. kauki

Part of plant DPPH

Methanol crude extract Aqueous crude extract

(mg TE/g of Percentage of  (mg TE/g of Percentage of

crude extract)  inhibition (%)  crude extract)  inhibition (%)
Fruits 45.28 £ 0.51 8.53+0.09 13.01 +0.51 0.99 +0.08
Leaves 208.60 +0.98 46.68+£0.21 24319+ 124 5476 £0.32
Seeds 16.08 + 0.31 1.71£0.02 10.32 + 0.38 0.36 + 0.04
Stem barks  257.02+0.26  57.99 £ 0.05 219.19+£0.13  49.19+0.03
Woods 194.38+0.70  43.36 +0.23 66.04 + 0.57 13.38+0.19

4.3.1.2 FRAP activity

The results of FRAP activity of different parts of M. kauki are presented in
Table 4.6. Aqueous crude extract of leaves showed the highest FRAP activity with
value of 219.56 + 0.89 mg TE/g of crude extract and followed by methanol crude
extract of leaves, methanol and aqueous crude extracts of stem barks, methanol and
aqueous crude extracts of woods, methanol crude extract of seeds and fruits and
aqueous crude extracts fruits and seeds which exhibited FRAP activity with values of
210.94 £1.37,210.94 £ 0.89, 107.89 £ 0.79, 72.61 + 0.98, 42.06 + 0.98, 15.93 + 0.98,
11.78 £0.96, 5.11 £ 0.79 and 4.56 + 0.81 mg TE/g of crude extract, respectively.

The previous researches, methanol and aqueous crude extracts of B. tripartita
exhibited FRAP activity with values of 299.21 + 3.87 and 193.44 + 6.22 mg TE/g of
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crude extract, respectively [69]. Chlorogenic acid, epi-catechin and luteolin-7-
glucoside were main phenolic components of B. tripartita extracts. Correlation
between total phenolic content with DPPH radical scavenging and FRAP activities
were reported in previous study. Phenolic compounds were investigated to be the
most important antioxidants of plant materials [71]. Methanol and aqueous crude
extracts of leaves and stem barks of M. kauki exhibited DPPH radical scavenging and
FRAP activities values nearly B. tripartita crude extracts. Thus, methanol and
aqueous crude extracts of leaves and stem barks of M. kauki might be contained high
amount of phenolic compounds and antioxidant inhibitors.

Table 4.6 FRAP activity of methanol and aqueous crude extracts of different parts of
M. kauki

Part of plant FRAP (mg TE/g of crude extract)

Methanol crude extract Agueous crude extract
Fruits 11.78 £ 0.96 511+0.79
Leaves 210.94 +1.37 219.56 + 0.69
Seeds 15.93+0.98 456 +£0.81
Stem barks 210.94 £ 0.89 107.89 £ 0.79
Woods 72.61 +£0.98 42.06 + 0.98

4.3.2 Tyrosinase inhibitory activity

Methanol and agqueous crude extracts of fruits, leaves, seeds, stem barks and
woods of M. kauki were evaluated for their tyrosinase inhibitory activity using L-
tyrosine as the a substrate (Table 4.7). Kojic acid and a-arbutin were used as positive
controls. The methanol crude extract of stem exhibited the strongest tyrosinase
inhibitory activity with 1Cs value of 0.26 + 0.05 mg/mL and followed by methanol
crude extract of leaves and aqueous crude extracts of stem barks, leaves and fruits,
methanol crude extract of fruits, methanol and aqueous crude extracts of seeds
exhibited tyrosinase inhibitory activity with 1Csy values of 0.32 + 0.08, 0.41 + 0.11,
049 + 0.12, 0.49 £ 0.11, 0.75 £ 0.14, 3.86 £ 0.12 and 3.88 £ 0.17 mg/mL,
respectively. Whereas, methanol and aqueous crude extracts of woods of M. kauki
showed no tyrosinase inhibitory activity. Methanol and aqueous crude extract of
fruits, leaves and stem barks of M. kauki exhibited stronger tyrosinase inhibitory
activity than a-arbutin which was used as a positive control.

Tyrosinase inhibitors from natural sources have been reported and their
mechanisms of inhibition have been investigated. Acetone extract of Koelreuteria
henryi, Camellia sinensis and Rhodiola rosea demonstrated tyrosinase inhibitory
activity with 1Cso values of 289.00 + 0.50, 232.50 + 3.30 and 181.80 + 11.00 pg/mL,
respectively. In comparison, kojic acid was used as a positive control (ICsy value of
6.20 £ 0.40 pug/mL) [72]. Acetone extract of seeds of Alpinia zerumbet exhibited
tyrosinase inhibitory activity with 1Cs value of 2.30 = 0.02 ug/mL and found that
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cholest-4-ene-3,6-dione was isolated from this extract as a potent steroid for this
activity [73]. Methanol and ethyl acetate extracts of woods of M. alba exhibited
potent tyrosinase inhibitory activity with 1Cs values of 0.40 £ 0.02 and 1.30 £ 0.10
ug/mL, respectively [74]. Likewise, the twigs of M. alba showed strong tyrosinase
inhibitory activity [75]. Methanol extract of leaves of Hypericum laricifolium showed
strong tyrosinase inhibitory activity with 1Csq value of 120.90 ug/mL [76]. S.inerme, a
tree in the family Sapotaceae, was reported on tyrosinase inhibitory activity using L-
tyrosine as a substrate. Acetone and methanol crude extracts of S. inerme barks
exhibited tyrosinase inhibitory activity with 1Cso values of 63.00 £ 2.10 and 82.10 +
2.70 pg/mL, respectively [48]. Moreover, epi-gallocatechin gallate and procyanidin
B1 were isolated from this methanol crude extract and exhibited potent tyrosinase
inhibitory activity with 1Cs values of 30 £ 1.9 and 200 £ 2.2 pg/mL, respectively.
Various plants demonstrated significant tyrosinase inhibition. Therefore, natural
tyrosinase inhibitors should be further investigated for potent tyrosinase inhibitors.
Methanol crude extract of stem barks exhibited the strongest tyrosinase inhibitory
activity, so it was further isolated to find potent tyrosinase inhibitors.

Table 4.7 Tyrosinase inhibitory activity (ICsg) of methanol and aqueous crude
extracts of different parts of M. kauki

Parts of plant ICso

Methanol crude extract Aqgueous crude extract

Fruits 0.75 £ 0.14* 0.49+0.11%
Leaves 0.32 £ 0.08* 0.49 £ 0.12*
Seeds 3.86 £ 0.12* 3.88+0.17*%
Stem barks 0.26 £ 0.05%* 0.41+£0.11%
Woods No activity* No activity*
Kojic acid 8.17 £ 0.03**

a-Arbutin 1.92 £ 0.09*

* 1Cso value (mg/mL)
**1Cs0 value (ug/mL)

Stem barks and leaves of M. kauki showed high total phenolic and total
flavonoid contents and also strong antioxidant activity. Stem barks of M. kauki
exhibited the strongest tyrosinase inhibitory activity. Thus, the evaluation of total
phenolic and total flavonoid contents showed relationship between total phenolic and
flavonoid contents and antioxidant and tyrosinase inhibitory activities. The highest
levels of phenolic and flavonoid components likewise, the previous research [77]. It
was demonstrated that stem barks of M. kauki might be contained high amount of
antioxidant and tyrosinase inhibitors.

4.4 Extraction of stem barks of M. kauki

The stem barks of M. kauki were extracted with n-hexane, ethyl acetate and
methanol at room temperature (30 + 2 °C) for 72 hours and water at 60 °C for 20
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minutes, respectively. The extracts were filtered and evaporated to give four crude
extracts as n-hexane crude extract (165.45 g, 3.27% w/w of dry weight, yellow gum),
ethyl acetate crude extract (77.52 g, 1.54% w/w of dry weight, green gum), methanol
crude extract (847.63 g, 16.85% w/w of dry weight, brown solid) and aqueous crude
extract (495.25 g, 9.84% w/w of dry weight, brown gum). The different polarities of
solvents were used for classification of chemical constituents in stem barks. The
characteristic and percentage yield of crude extracts of stem barks of M. kauki are
shown in Table 4.8. All of different polarities of crude extracts of stem barks were
tested on total phenolic and flavonoid contents, antioxidant and tyrosinase inhibitory
activities.

Table 4.8 Characteristic and percentage yield of crude extracts of stem barks of M.
kauki

Crude extract Characteristic Yield (9) (%, w/w of dry weight)
n-Hexane Yellow gum 164.45 (3.27)

Ethyl acetate Green gum 77.52 (1.54)

Methanol Brown solid 847.63 (16.85)

Aqueous Brown gum 495.25 (9.84)

4.5 Phytochemical compositions of crude extracts of stem barks of M. kauki

Phytochemical compositions of the crude extracts of stem barks of M. kauki
were determined as total phenolic and flavonoid contents.

4.5.1 Total phenolic content

Methanol crude extract of stem barks of M. kauki exhibited the highest total
phenolic content with value of 160.12 £ 0.27 mg GAE/g of crude extract and followed
by ethyl acetate crude extract (111.46 £ 0.38 mg GAE/g of crude extract), aqueous
crude extract (66.17 £ 0.26 mg GAE/g of crude extract) and n-hexane crude extract
(10.98 + 0.14 mg GAE/g of crude extract) of stem barks of M. kauki, respectively.
Total phenolic content of crude extracts of stem barks of M. kauki is shown in Table
4.9.

4.5.2 Total flavonoid content

Ethyl acetate crude extract of stem barks of M. kauki exhibited the highest
total flavonoid content with value of 755.33 + 1.53 mg QE/g of crude extract and
followed by methanol crude extract (527.33 £ 1.00 mg QE/g of crude extract),
aqueous crude extract (516.67 £ 1.73 mg QE/g of crude extract) and n-hexane crude
extract (283.67 £ 1.52 mg QE/g of crude extract) of stem barks, respectively. Total
flavonoid content of crude extracts of stem barks of M. kauki is shown in Table 4.9.
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Table 4.9 Phytochemical compositions of crude extracts of stem barks of M. kauki

Crude extract ~ Total phenolic content (mg Total flavonoid content

GAE/qg of crude extract) (mg QE/g of crude extract)
n-Hexane 10.98 £ 0.14 283.67 £ 1.52
Ethyl acetate 111.46 £ 0.38 755.33£1.53
Methanol 160.12 £ 0.27 527.33+1.00
Aqueous 66.17 + 0.26 516.67 +1.73

4.6 Biological activities of crude extracts of stem barks of M. kauki
4.6.1 Antioxidant activities

4.6.1.1 DPPH radical scavenging activity

Ethyl acetate crude extract of stem barks of M. kauki exhibited the highest
DPPH radical scavenging with DPPH radical scavenging value of 249.33 £ 0.25 mg
TE/g of crude extract and followed by methanol crude extract (241.26 + 0.32 mg TE/g
of crude extract), aqueous crude extract (39.52 + 0.25 mg TE/g of crude extract) and
n-hexane crude extract (11.85 + 0.67 mg TE/g of crude extract) of stem barks of M.
kauki, respectively. DPPH radical scavenging activity of stem barks of M. kauki is
shown in Table 4.10.

4.6.1.2 FRAP activity

Methanol crude extract of stem barks of M. kauki exhibited the highest FRAP
activity with FRAP activity value of 221.50 + 0.78 mg TE/g of crude extract and
followed by ethyl acetate crude extract (179.28 + 0.59 mg TE/g of crude extract),
aqueous (50.94 £ 0.20 mg TE/g of crude extract) and n-hexane crude extract (10.39 +
0.59 mg TE/g of crude extract) of stem barks of M. kauki, respectively. FRAP activity
of stem barks of M. kauki is shown in Table 4.10.

Table 4.10 Antioxidant activities of stem barks of M. kauki

Crude extract DPPH FRAP
(mg TAE/g Percentage of (mg TAE/g crude
crude extract) inhibition (%) extract)
n-Hexane 11.85 +0.67 0.72+0.03 10.39 £ 0.59
Ethyl acetate  249.33 £ 0.25 56.19 + 0.04 179.28 + 0.59
Methanol 241.26 £0.32 54.31 £ 0.06 221.50£0.78
Aqueous 39.52 + 0.25 7.18 £ 0.04 50.94 + 0.20

4.6.2 Tyrosinase inhibitory activity

Ethyl acetate crude extract exhibited the strongest tyrosinase inhibitory
activity (ICso values of 0.24 £ 0.02 and 0.28 + 0.04 mg/mL for L-tyrosine and L-
DOPA, respectively) and followed by methanol crude extract (ICso value of 1.66 +
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0.07 and 1.25 + 0.05 for L-tyrosine and L-DOPA, respectively), aqueous crude extract
(ICso value of 1.89 +0.09 and 1.89 +0.09 mg/mL for L-tyrosine and L-DOPA,
respectively) and n-hexane crude extract (ICsp value of 9.58 + 0.17 and 9.23 + 0.28
mg/mL for L-tyrosine and L-DOPA, respectively). The tyrosinase inhibitory activity
of crude extracts of stem barks of M. kauki is shown in Table 4.11.

The previous published studies, (+)-epi-syringaresinol and N-trans-
feruloyltyramine were isolated from methanol crude extract of stems of S. dulcificum.
(+)-epi-Syringaresinol and N-trans-feruloyltyramine exhibited DPPH radical
scavenging activity with ICsp values of 100.2 and 154.7 puM, respectively and these
compounds exhibited tyrosinase inhibitory activity with 1Cs, values of 200.5 and
215.5 uM, respectively [60]. The ethyl acetate crude extract of Peucedanum knappii
showed the highest antioxidant with SCsy value of 36.4 mg/mL and tyrosinase
inhibitory activity with 1Csp value of 517 mg/mL. Isorhamnetin-3-O-$-D-
glucopyranoside was isolated from ethyl acetate crude extract of P. knappii. This
compound exhibited DPPH radical scavenging with SCsy value of 2.9 pg/mL and
tyrosinase inhibitory activity with 1Cso value of 27.95 pug/mL [77]. After reviewing the
previous researches, they show significant results which can be found in this research.

Table 4.11 Tyrosinase inhibitory activity of stem barks of M. kauki

Crude extract Tyrosinase inhibitory activity (1Csp)
L-tyrosine L-DOPA

n-Hexane 958 +0.17* 9.23 +0.28*
Ethyl acetate 0.24 £ 0.02* 0.28 + 0.04*
Methanol 1.66 £ 0.07* 1.25 £ 0.05*
Agqueous 1.89 £0.09* 1.58+0.11%*
Kojic acid 8.17 £ 0.03 ** 8.43 + 0.05**
a-Arbutin 1.92 + 0.09* 1.73+0.11*

* 1Cs0 value (mg/mL)
**|Csp value (ug/mL)

Several polyphenols including flavanones, flavones and isoflavones have been
isolated from plants. Some of these compounds were identified and reported as
tyrosinase inhibitors [78]. Thus, ethyl acetate crude extract of stem barks have
potential to be excellent source for potent tyrosinase inhibitors.

4.7 Isolation of ethyl acetate crude extract of stem barks of M. kauki

The ethyl acetate crude extract of stem barks of M. kauki was isolated using
silica gel quick column chromatography with a mixture of n-hexane:ethyl acetate,
ethyl acetate and a mixture of ethyl acetate:methanol to obtain three fractions (E1-
E3). All three fractions were tested on tyrosinase inhibitory activity using L-tyrosine
as a substrate. Fraction E1 showed the strongest tyrosinase inhibitory activity with
percent inhibition of 74.64 + 0.74% and followed by fractions E2 and E3 with percent



66

inhibition of 71.46 £ 0.70% and 70.56 = 0.82%, respectively. The isolation and
tyrosinase inhibitory activity of ethyl acetate crude extract are shown in Table 4.12.

Table 4.12 Isolation and tyrosinase inhibitory activity of fraction E

Fraction Characteristic Yield (g) (% w/w  Tyrosinase inhibitory
of ethyl acetate activity (%)
crude extract)

El Yellow green gum 19.60 (32.67) 74.64 £ 0.74*
E2 Dark brown solid 9.15 (15.25) 71.46 = 0.70*
E3 Dark brown solid 23.38 (38.96) 70.56 + 0.82*
Kojic acid ® 98.19 + 0.12**

% Positive control
* at concentration 1 mg/mL
** at concentration 0.1 mg/mL

The fraction E1 was further isolated using silica column chromatography with
gradient elution of mixture of n-hexane and dichloromethane to obtain ten fractions
(E1A-E1J). All ten fractions were tested on tyrosinase inhibitory activity using L-
tyrosine as a substrate. The fractions E1D, E1l and E1J showed strong tyrosinase
inhibitory activity with percent inhibition of 73.51 + 0.76%, 79.70 + 4.65% and 75.69
+ 1.04%, respectively. The fractions E1B, E1C, E1E, E1F and E1H showed moderate
tyrosinase inhibitory activity with percent inhibition of 41.01 + 6.89%, 62.76 *
1.54%, 64.14 + 2.36%, 58.87 + 1.83% and 41.38 + 4.42%, respectively. The fraction
E1G showed weak tyrosinase inhibitory activity with percent inhibition of 11.01 +
3.78% and E1A showed no tyrosinase inhibitory activity. The isolation and tyrosinase
inhibitory activity of fraction E1 are shown in Table 4.13.
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Table 4.13 Isolation and tyrosinase inhibitory activity of fraction E1

Fraction Characteristic Yield (mg) (% w/w  Tyrosinase inhibitory
of fraction E1) activity (%)
E1A White wax 0.4 (0.00) No activity
E1B White powder 30.0 (0.15) 41.01 £ 6.89*
E1C Yellow wax 7,480.0 (38.16) 62.76 + 1.54*
E1D White solid 750.0 (3.83) 73.51 £ 0.76*
E1E Crystal colorless 90.0 (0.46) 64.14 + 2.36*
E1F Crystal colorless 50.0 (0.26) 58.87 £ 1.83*
E1G Yellow solid 1,190.0 (6.07) 11.01 +3.78*
E1H Gold solid 2,520.0 (12.86) 41.38 £ 4.42*
E1l Green solid 720.0 (3.67) 79.70 £ 4.65%*
E1J Yellow wax 6,450.0 (32.91) 75.69 + 1.04*
Kojic acid® 98.19 + 0.09%**

% Positive control
* at concentration 1 mg/mL
** at concentration 0.1 mg/mL

The fraction E1B was further isolated using silica gel column chromatography
with gradient elution of mixture of n-hexane and dichloromethane to get six fractions
(E1IBA-E1BF). The isolation and tyrosinase inhibitory activity of fraction E1B are
shown in Table 4.14.

Table 4.14 Isolation and tyrosinase inhibitory activity of fraction E1B

Fraction Characteristic Yield (mg) (% w/w  Tyrosinase inhibitory
of fraction E1B) activity (%)

E1BA White solid 4.0 (13.33) ND

E1BB White solid 0.8 (2.67) ND

E1BC White solid 24.8 (82.67) 40.02 £ 01.02

E1BD White solid 0.1(0.33) ND

E1BE White solid 0.2 (0.67) ND

E1BF White solid 1.1 (0.04) ND

ND = no detection

The fraction E1IBC was a major component of fraction E1B. It was isolated
using silica gel column chromatography with gradient elution of mixture of n-hexane
and dichloromethane to obtain five fractions (E1BC1-E1BC5). The isolation of
fraction E1BC is shown in Table 4.15.
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Fraction Characteristic Yield (mg) (% w/w of fraction E1IBC)
E1BC1 White solid 1.4 (5.64)

E1BC2 White solid 21.6 (0.87)

E1BC3 White solid 0.6 (0.02)

E1BC4 White solid 0.7 (1.49)

E1BC5 White solid 1.4 (5.64)

The fraction EIBC2 was a major component of fraction E1BC. It further was

isolated by MPLC using gradient system of n-hexane and ethyl acetate with flow rate
10 mL/min to afford six fractions (E1IBC2A-E1BC2F). The isolation of fraction
E1BC2 is shown in Table 4.16.

Table 4.16 Isolation of fraction E1IBC2

Fraction Characteristic Yield (mg) (% w/w of fraction ELIBC2)
E1BC2A White solid 0.5(2.31)

E1BC2B White solid 0.8 (3.70)

E1BC2C White solid 19.2 (88.89)

E1BC2D White solid 0.1 (0.46)

E1BC2E White solid 0.7 (3.24)

E1BC2F White solid 0.9 (4.17)

The fraction EIBC2C was a major component of fraction E1BC2. It was
separated by MPLC using gradient system of n-hexane and ethyl acetate as eluent
with flow rate 10 mL/min to obtain three fractions (E1BC2C1-E1BC2C3). The
isolation of fraction ELIBC2C is shown in Table 4.17.

Table 4.17 Isolation of fraction EIBC2C

Fraction Characteristic Yield (mg) (% w/w of fraction EIBC2C)
E1BC2C1 White solid 0.2 (1.04)
E1BC2C2 White solid 18.8 (97.92)

The fraction E1IBC2C2 was a major component of fraction E1BC2C. It was
separated by PTLC using n-hexane and ethyl acetate as developing solvent to afford
three fractions (E1BC2C2A-E1BC2C2C). The isolation of fraction E1BC2C2 is
shown in Table 4.18. Unfortunately, isolation of fraction E1BC2C2 did not succeed to
get pure compound.
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Table 4.18 Isolation of fraction EIBC2C2

Fraction Characteristic ~ Yield (mg) (% w/w of fraction ELBC2C2)
E1BC2C2A White solid 10.1 (53.72)

E1BC2C2B White solid 1.3(6.91)

E1BC2C2C White solid 1.2 (6.38)

The fraction E1C showed moderate tyrosinase inhibitory activity. The fraction
E1C was separated by MPLC using gradient system of n-hexane and dichloromethane
with flow rate 10 mL/min to get ten fractions (ELCA-E1CJ). The isolation of fraction
E1C is shown in Table 4.19.

Table 4.19 Isolation of fractions E1C

Fraction Characteristic Yield (mg) (% w/w of fraction E1C)
E1CA White wax 2.2 (0.03)
E1CB White solid 0.1 (0.00)
E1CC White solid 0.6 (0.01)
E1CD White wax 14.1 (0.20)
E1CE White wax 1,932.1 (27.6)
E1CF White solid 1,299.7 (18.56)
E1CG White wax 574.2 (8.20)
E1CH Yellow wax 82.6 (1.18)
E1CI Yellow wax 70.8 (1.01)
E1CJ Yellow oil 2,920.8 (41.72)

The fraction E1ICG was separated by PTLC using petroleum ether and
dichloromethane as developing solvent to obtain three fractions (ELCG1-E1CG3).
The isolation of fraction E1CG is shown in Table 4.20. Unfortunately, isolation of
fraction E1CG did not succeed to get pure compound.

Table 4.20 Isolation of fraction E1CG

Fraction Characteristic Yield (mg) (% w/w of fraction ELICG)
E1CG1 White wax 4.5 (22.50)
E1CG2 White wax 7.0 (35.00)
E1CG3 White wax 6.2 (31.00)

The fraction E1D showed strong tyrosinase inhibitory activity. The fraction
E1D was separated by silica gel column chromatography with gradient system of n-
hexane and dichloromethane to get ten fractions (ELDA-E1DJ). The isolation and
tyrosinase inhibitory activity of fraction E1D are shown in Table 4.21.
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Table 4.21 Isolation and tyrosinase inhibitory activity of fraction E1D

Fraction Characteristic Yield (mg) (% w/w  Tyrosinase inhibitory
of fraction E1D) activity (%)

E1DA White solid 6.0 (0.82) ND

E1DB White solid 1.0 (0.14) ND

E1DC White solid 0.9(0.12) ND

E1DD White solid 13.8 (1.89) ND

EL1DE White solid 2.0 (0.27) ND

E1DF White solid 1.2 (0.16) ND

E1DG White solid 6.2 (0.85) ND

E1DH White solid 135.4 (18.55) 66.64 £ 1.24
E1DI White solid 479.8 (65.73) 67.32 £ 0.87
E1DJ White solid 60.2 (8.25) 39.23+£2.32

ND = No detection

Fraction E1DI was a major component of fraction E1D. It was separated by
silica gel column chromatography with gradient system of n-hexane and
dichloromethane to obtain six fractions (EIDIA-E1DIE). The isolation of fraction
E1DI is shown in Table 4.22.

Table 4.22 Isolation of fraction E1DI

Fraction Characteristic Yield (mg) (% w/w of fraction E1DI)
E1DIA White solid 0.7 (0.14)

E1DIB White solid 2.9 (0.60)

E1DIC White solid 1.2 (0.31)

E1DID White solid 339.0 (70.65)

E1DIE White solid 5.2 (1.09)

E1DIF White solid 10.8 (2.25)

Fraction E1IDID was a major component of fraction E1DI. It was further
separated with gradient system of n-hexane and acetone to afford four fractions
(ELDID1-E1DID4). Fraction E1DID3 (compound I) was obtained as white solid
(339.0 mg, 0.57% w/w of ethyl acetate crude extract). Other fractions showed more
than one spot on TLC and did not have enough amounts for separation. The isolation
of fraction E1DID is shown in Table 4.23.

Table 4.23 Isolation of fraction EIDID

Fraction Characteristic Yield (mg) (% w/w of fraction E1DID)
E1DID1 White solid 1.1(0.32)

E1DID2 White solid 2.1(0.62)

E1DID3 White solid 319.2 (94.16)

E1DID4 White solid 3.1(0.91)
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The fraction E1E (90.4 mg) showed strong tyrosinase inhibitory activity. The
fraction E1E was separated by silica gel column chromatography with gradient
elution of n-hexane and dichloromethane to afford eight fractions (ELEA-E1EH). The
isolation of fraction EL1E is shown in Table 4.24.

Table 4.24 Isolation and tyrosinase inhibitory activity of fraction ELE

Fraction Characteristic Yield (mg) (% w/w  Tyrosinase inhibitory
of fraction E1E) activity (%)

E1EA White solid 1.3(1.44) ND

EL1EB White solid 2.1(2.32) ND

E1EC White solid 0.0 (0.00) ND

EL1ED White solid 0.2 (0.22) ND

E1EE White solid 2.7(2.99) ND

EL1EF White solid 74.2 (82.08) 60.27 £ 0.52

EL1EG White solid 5.6 (6.19) ND

EL1EH White solid 4.8 (5.31) ND

ND = No detection

The fraction ELEF was a major component of fraction E1E. It was further
separated by silica gel column chromatography with gradient system of n-hexane and
dichloromethane to get five fractions (ELEF1-E1EF5). The isolation fraction E1EF is
shown in Table 4.25.

Table 4.25 Isolation of fraction E1EF

Fraction Characteristic Yield (mg) (% w/w of fraction E1EF)
E1EF1 White solid 0.0 (0.00)

E1EE2 White solid 3.2(4.31)

E1EF3 White solid 2.6 (3.50)

E1EF4 White solid 68.5 (92.32)

E1EF5 White solid 2.7 (3.64)

The fraction ELIEF4 was a major component of fraction ELEF. It was further
separated by silica gel column chromatography with n-hexane and acetone to obtain
five fractions (ELEF4AA-EL1EFAE). The isolation of fraction E1IEF4 is shown in Table
4.26.

Table 4.26 Isolation of fraction E1IEF4

Fraction Characteristic Yield (mg) (% w/w of fraction E1EF4)
EL1EF4A White solid 0.2 (0.29)

E1EE4B White solid 55.5(0.81)

EL1EF4C White solid 0.3(0.43)

E1EF4D White solid 0.2 (0.29)

E1EF4E White solid 4.0 (5.84)
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The fraction ELIEF4B was a major component of fraction ELEF4. It was
separated by silica gel column chromatography with gradient system of n-hexane and
acetone to afford ELEF4B1-E1EF4B5. Fraction ELIEF4B2 (compound ) was obtained
as white solid (54.9 mg, 0.09% w/w of ethyl acetate crude extract). Other fractions
showed more than one spot on TLC and did not have enough amounts for separation.
The isolation of fraction ELIEF4B is shown in Table 4.27.

Table 4.27 Isolation of fraction ELEF4B

Fraction Characteristic Yield (mg) (% w/w of fraction ELIEF4B)
E1EF4B1 White solid 1.5 (2.70)

E1EE4B2 White solid 54.9 (98.92)

E1EF4B3 White solid 1.2 (2.16)

The fraction E1F showed moderate tyrosinase inhibitory activity. It was
separated by PTLC using n-hexane:dichloromethane as developing solvent to afford
four fractions (EIFA-E1FD). Fraction E1FB (compound I) was obtained as white
solid (9.2 mg, 0.02% w/w of ethyl acetate crude extract. Other fractions showed more
than one spot on TLC and did not have enough amounts for separation. The isolation
of fraction E1F is shown in Table 4.28.

Table 4.28 Isolation of fraction E1F

Fraction Characteristic Yield (mg) (% w/w of fraction E1F)
E1FA White solid 15.3 (30.60)

E1FB White solid 9.2 (18.40)

E1FC White solid 5.6 (11.20)

EL1FD White solid 2.2 (4.40)

The fraction E1H showed moderate tyrosinase inhibitory activity. It was
separated by column chromatography with mixture of n-hexane and ethyl acetate to
obtain six fractions (ELIHA-E1HF). The isolation of fraction E1H is shown in Table
4.29.

Table 4.29 Isolation of fraction E1H

Fraction Characteristic Yield (mg) (% w/w of fraction E1H)
E1HA White wax 37.8 (6.30)

E1HB White wax 111.0 (18.50)

E1HC White wax 70.0 (11.67)

E1HD White wax 177.6 (29.60)

E1HE White wax 22.1(3.68)

E1HF Yellow wax 154.1 (25.68)

The fraction E1HA was separated by PTLC using n-hexane and
dichloromethane as developing solvent to obtain two fractions (ELJHA1-E1HA?2). The



73

isolation of fraction E1IHA is shown in Table 4.30. Unfortunately, isolation of fraction
E1HA did not succeed to get pure compound.

Table 4.30 Isolation of fraction EIHA

Fraction Characteristic Yield (mg) (% w/w of fraction ELIHA)
E1IHAL White wax 19.8 (52.38)
E1IHA? White wax 1.6 (0.42)

The fraction EIHB was a major component of fraction E1H. It was separated
by MPLC using gradient system of n-hexane and ethyl acetate with flow rate 1
mL/min to obtain nine fractions (E1IHB1-E1HB9). The isolation of fraction E1IHB is
shown in Table 4.31. Unfortunately, isolation of fraction EIHB did not succeed to
afford pure compound.

Table 4.31 Isolation of fraction E1IHB

Fraction Characteristic Yield (mg) (% w/w of fraction E1IHB)
E1HB1 White wax 0.6 (1.62)

E1HB2 White wax 0.6 (1.62)

E1HB3 White wax 0.6 (1.62)

E1HB4 White wax 14.2 (38.38)

E1HB5 White wax 10.3 (27.84)

E1HB6 White wax 1.6 (4.32)

E1HB7 White wax 2.8 (1.57)

E1HBS White wax 4.3 (11.62)

E1HB9 White wax 0.3(0.81)

The fraction ELIHC was separated by silica gel column chromatography with
gradient system of n-hexane and ethyl acetate to get four fractions (ELIHC1-E1HC5).
The isolation of fraction ELIHC is shown in Table 4.32.

Table 4.32 Isolation of fraction E1IHC

Fraction Characteristic Yield (mg) (% w/w of fraction EIHC)
E1HC1 White wax 1.3 (1.86)

E1HC2 White wax 1.1 (1.57)

E1HC3 White wax 1.8 (2.57)

E1HC4 White wax 33.6 (48.00)

E1HCS White wax 21.4 (30.57)

The fraction EIHC4 was a major component of fraction EIHC. It was
separated by PTLC using petroleum ether and ethyl acetate as developing system to
get five fractions (ELHC4A-E1HCA4E). The isolation of fraction ELIHC4 is shown in
Table 4.33. Unfortunately, isolation of fraction ELHC4 did not succeed to obtain pure
compound.
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Table 4.33 Isolation of fraction EIHC4

Fraction Characteristic Yield (mg) (% w/w of fraction
E1HC4)

E1HC4A White wax 7.9 (23.51)

E1HC4B White wax 7.5(22.32)

E1HCAC White wax 0.6 (1.78)

E1HC4D White wax 2.7 (8.04)

E1HCAE White wax 4.5 (13.39)

The fraction EIHE was separated by column chromatography with mixture of
dichloromethane and acetone to obtain four fractions (ELIHE1-E1HE4). The isolation
of fraction E1HE is shown in Table 4.34. Unfortunately, isolation of fraction EIHE
did not succeed to obtain pure compound. The fractions ELIHE1-E1HE4 showed more
than one spot on TLC and did not have enough amounts for separation.

Table 4.34 Isolation of fractions EIHE

Fraction Characteristic Yield (mg) (% w/w of fraction
E1HE)

E1HE1 White wax 1.6 (7.24)

E1HE2 White wax 7.3(33.03)

E1HE3 White wax 1.5 (6.79)

E1HE4 White wax 6.2 (28.05)

The fraction E1l showed the strongest tyrosinase inhibitory activity among
fractions E1A-E1l. The fraction E1l was separated by silica gel column
chromatography with n-hexane and ethyl acetate to get six fractions (ELIA-E1IF). The
isolation and tyrosinase inhibitory activity of fraction E1l are shown in Table 4.35.

Table 4.35 Isolation and tyrosinase inhibitory activity of fraction E11

Fraction Characteristic Yield (mg) (% w/w of  Tyrosinase inhibitory
fraction E11) activity (%)

ELlIA Yellow wax 9.9 (1.65) ND

ElIB Yellow solid 184.1 (30.85) 23.29+1.1

ELlIC Yellow solid 55.3(9.22) 76.26 + 0.2

E1lID Yellow solid 192.5 (32.08) 332321

ELlIE Yellow wax 34.3 (5.72) ND

E1IF Yellow wax 45.0 (7.50) ND

ND = No detection

The fraction E1IC exhibited the strongest tyrosinase inhibitory activity among
fractions ELIA-ELIF. It was further separated by PTLC using n-hexane and acetone as
developing solvent to afford five fractions (E1IC1-E1IC5). Fraction E1IC5
(compound I1) was obtained as a yellow solid (7.8 mg, 0.01% w/w of ethyl acetate
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crude extract). Other fractions showed weak tyrosinase inhibitory activity. The
isolation of fraction E11C is shown in Table 4.36.

Table 4.36 Isolation of fraction E1IC

Fraction Characteristic Yield (mg) (% w/w of fraction E1I1C)
ElIC1 Yellow solid 2.4 (4.34)

E1IC2 Yellow solid 6.6 (11.93)

E1IC3 Yellow solid 20.0 (36.17)

E1IC4 Yellow solid 0.6 (1.08)

EL1IC5 Yellow solid 7.8 (14.10)

The fraction E2 showed moderate tyrosinase inhibitory activity. The fraction
E2 was separated by MPLC using gradient system of n-hexane and acetone with flow
rate 36 mL/min to get six fractions (E2A-E2F). The fraction E2B showed the
strongest tyrosinase inhibitory activity with percent inhibition of 70.39 + 0.38% and
followed by fractions E2F, E2D, E2A, E2C and E2E showed tyrosinase inhibitory
activity with percent inhibition of 62.80 + 0.17 %, 62.30 £ 0.29 %, 61.79 + 0.14 %,
58.26 + 0.12 % and 58.18 + 0.16 %, respectively. The isolation and tyrosinase
inhibitory activity of fraction E2 are shown in Table 4.37.

Table 4.37 Isolation and tyrosinase inhibitory activity of fraction E2

Fraction Characteristic Yield (mg) (% w/w  Tyrosinase inhibitory
of fraction E2) activity (%)

E2A White solid 112.2 (1.50) 61.79 + 0.14*

E2B White solid 68.3 (0.91) 70.39 + 0.38*

E2C White wax 127.7 (1.70) 58.26 + 0.12*

E2D White wax 297.2 (3.96) 62.30 £ 0.29*

E2E Brown solid 721.4 (9.62) 58.18 + 0.16*

E2F Brown solid 3,263.3 (43.51) 62.80 £ 0.17*

Kojic acid ® 98.19 + 0.12%**

% Positive control
* at concentration 1 mg/mL
** at concentration 0.1 mg/mL

The fraction E2A showed moderate tyrosinase inhibitory activity. It was
separated by MPLC using gradient system of n-hexane and dichloromethane with
flow rate 10 mL/min to obtain seven fractions (E2AA-E2AG). Isolation of fraction
E2A is shown in Table 4.38.
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Table 4.38 Isolation of fraction E2A

Fraction Characteristic Yield (mg) (% w/w of fraction E2A)
E2AA White solid 2.7(2.41)

E2AB White solid 5.2 (4.63)

E2AC White solid 13.5(12.03)

E2AD White solid 13.5(12.03)

E2AE White solid 6.9 (6.15)

E2AF White solid 45.0 (40.11)

E2AG White solid 12.3(10.96)

The E2AD was a major component of fraction E2A. It was further separated
by PTLC using n-hexane and dichloromethane as developing solvent to get three
fractions (E2AD1-E2AD3). The isolation of fraction E2AD is shown in Table 4.39.
Unfortunately, isolation of fraction E2AD did not succeed to afford pure compound.

Table 4.39 Isolation of fraction E2AD

Fraction Characteristic Yield (mg) (% w/w of fraction E2AD)
E2AD1 White solid 0.2 (1.48)

E2AD2 White solid 1.9 (14.07)

E2AD3 White solid 2.8 (20.74)

The fraction E2AE was separated by PTLC wusing n-hexane and
dichloromethane as developing solvent to afford three fractions (E2AE1-E2AE3). The
isolation of fraction E2AE is shown in Table 4.40. Unfortunately, isolation of fraction
E2AE did not succeed to get pure compound. The fraction E2AE1 showed one spot
on TLC. Then, there were detected by NMR spectroscopy that showed spectrum of
mixture compound.

Table 4.40 Isolation of fraction E2AE

Fraction Characteristic Yield (mg) (% w/w of fraction E2AE)
E2AE1 White solid 0.6 (8.70)

E2AE2 White solid 2.5 (36.23)

E2AE3 White solid 3.7 (53.62)

The fraction E2B showed strong tyrosinase inhibitory activity. The fraction
E2B was separated by MPLC using gradient system of n-hexane and acetone with
flow rate 10 mL/min to afford seven fractions (E2BA-E2BG). The isolation of
fraction E2B is shown in Table 4.41.



7

Table 4.41 Isolation of fraction E2B

Fraction Characteristic Yield (mg) (% w/w of fraction E2B)
E2BA White solid 1.3(2.17)

E2BB White solid 0.8 (1.33)

E2BC White solid 5.8 (9.67)

E2BD White solid 9.9 (16.50)

E2BE White solid 18.9 (31.50)

E2BF White solid 2.4 (4.00)

E2BG White solid 17.4 (29.00)

The fraction E2BD was separated by PTLC using n-hexane and acetone as
developing solvent to get two fractions (E2BD1-E2BD2). The isolation of fraction
E2BD is shown in Table 4.42. Unfortunately, isolation of fraction E2BD did not
succeed to get pure compound.

Table 4.42 Isolation of fraction E2BD

Fraction Characteristic Yield (mg) (% w/w of fraction E2BD)
E2BD1 White solid 3.8(38.38)
E2BD2 White solid 3.7 (37.37)

The fraction E2BE was a major component of fraction E2B. It was separated
by MPLC using gradient system of dichloromethane and ethyl acetate with flow rate
10 mL/min to obtain three fractions (E2BE1-E2BE3). The isolation of fraction E2BE
is shown in Table 4.43.

Table 4.43 Isolation of fraction E2BE

Fraction Characteristic Yield (mg) (% w/w of fraction E2BE)
E2BE1 White solid 9.6 (50.79)

E2BE2 White solid 0.3(1.59)

E2BE3 White solid 5.9 (31.22)

The fraction E2BE1 was a major component of fraction E2BE. It was
separated by PTLC using dichloromethane and ethyl acetate as developing solvent to
get three fractions (E2BE1A-E2BE1C). The isolation of fraction E2BEL is shown in
Table 4.44 Unfortunately, isolation of fraction E2BE1 did not succeed to afford pure
compound. The fractions E2BE1A-E2BE1C showed more than one spot on TLC and
did not have enough amounts for separation.
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Table 4.44 |solation of fraction E2BE1

Fraction Characteristic Yield (mg) (% w/w of fraction E2BE1)
E2BE1A White solid 0.9 (9.38)

E2BE1B White solid 6.6 (68.75)

E2BE1C White solid 0.7 (7.29)

The fraction E2C showed moderate tyrosinase inhibitory activity. It was
separated by MPLC using gradient system of n-hexane and acetone with flow rate 5
mL/min to afford eight fractions (E2CA-E2CH). The isolation of fraction E2C is
shown in Table 4.45.

Table 4.45 Isolation of fraction E2C

Fraction Characteristic Yield (mg) (% w/w of fraction E2C)
E2CA White solid 0.5(0.39)

E2CB White solid 0.3 (0.23)

E2CC White solid 8.9 (6.97)

E2CD White wax 3.6 (2.82)

E2CE White wax 15.0 (11.75)

E2CF White wax 62.9 (49.26)

E2CG White wax 9.7 (7.60)

E2CH White wax 7.1 (5.56)

The fraction E2CC was further separated by MPLC using gradient system of
n-hexane and acetone with flow rate 5 mL/min to get four fractions (E2CC1-E2CC4).
The isolation of fraction E2CC is shown in Table 4.46.

Table 4.46 Isolation of fraction E2CC

Fraction Characteristic Yield (mg) (% w/w of fraction E2CC)
E2CC1 White solid 0.2 (2.25)

E2CC2 White solid 0.3(3.37)

E2CC3 White solid 1.2 (13.48)

E2CC4 White solid 7.0 (78.65)

The fraction E2CC4 was a major component of fraction E2CC. It was
separated by PTLC using n-hexane and acetone as developing solvent to get four
fractions (E2CC4A-E2CC4D). The isolation of fraction E2CC4 is shown in Table
4.47. Unfortunately, isolation of fraction E2CC4 did not succeed to get pure
compound.
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Table 4.47 Isolation of fraction E2CC4

Fraction Characteristic Yield (mg) (% w/w of fraction E2CC4)
E2CC4A White solid 0.2 (2.86)

E2CC4B White solid 0.1(1.43)

E2CC4C White solid 3.4 (48.57)

E2CC4D White solid 0.2 (2.86)

The fraction E2CE was further separated by PTLC using a mixture of n-
hexane and acetone as developing solvent to get three fractions (E2CE1-E2CE3). The
isolation of fraction E2CE is shown in Table 4.48. Unfortunately, isolation of fraction
E2CE did not succeed to afford pure compound.

Table 4.48 Isolation of fraction E2CE

Fraction Characteristic Yield (mg) (% w/w of fraction E2CE)
E2CE1 White solid 6.2 (41.33)
E2CE2 White solid 3.0 (20.00)
E2CE3 White solid 1.8 (12.00)

The fraction E2CF showed moderate tyrosinase inhibitory activity. It was
separated by MPLC using gradient system of dichloromethane and ethyl acetate with
flow rate 5 mL/min to obtain three fractions (E2CF1-E2CF3). The isolation of
fraction E2CF is shown in Table 4.49. Unfortunately, isolation of fraction E2CF did
not succeed to obtain pure compound.

Table 4.49 Isolation of fraction E2CF

Fraction Characteristic Yield (mg) (% w/w of fraction E2CF)
E2CF1 White solid 1.0 (1.59)
E2CF2 White solid 0.3(0.47)
E2CF3 White solid 1.9 (3.02)

The fraction E2D showed moderate tyrosinase inhibitory activity. It was
separated by MPLC using gradient system of n-hexane and ethyl acetate with flow
rate 10 mL/min to get three fractions (E2DA-E2DC). The isolation of fraction E2D is
shown in Table 4.50. The fraction E2DA-E2DC showed more than one spot on TLC
and did not have enough amounts for separation.

Table 4.50 Isolation of fraction E2D

Fraction Characteristic Yield (mg) (% w/w of fraction E2D)
E2DA White wax 2.7 (1.06)
E2DB White wax 10.5 (4.12)

E2DC White wax 206.9 (81.14)
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The fraction E2DC was a major component of fraction E2D. It was further
separated by MPLC using gradient system of dichloromethane and ethyl acetate with
flow rate 10 mL/min to get six fractions (E2DC1-E2DC6). The isolation of fraction
E2DC is shown in Table 4.51.

Table 4.51 Isolation of fraction E2DC

Fraction Characteristic Yield (mg) (% w/w of fraction E2DC)
E2DC1 White wax 0.7 (0.34)

E2DC2 White wax 2.8 (1.35)

E2DC3 White wax 20.4 (9.86)

E2DC4 White wax 39.6 (19.14)

E2DC5 White wax 65.6 (31.71)

E2DC6 White wax 50.0 (24.17)

The fraction E2DC4 was a major component of fraction E2DC. It was
separated by MPLC using gradient system of n-hexane and acetone with flow rate 2
mL/min to obtain five fractions (E2DC4A-E2DCAE). The isolation of fraction E2DC4
is shown in Table 4.52. Unfortunately, isolation of fraction E2DC4 did not succeed to
obtain pure compound.

Table 4.52 Isolation of fraction E2DC4

Fraction Characteristic Yield (mg) (% w/w of fraction E2DC)
E2DC4A White wax 0.0 (0.00)

E2DC4B White wax 0.4 (1.01)

E2DCA4AC White wax 0.3 (0.76)

E2DC4D White wax 1.8 (4.54)

E2DC4E White wax 35.4 (89.39)

The fraction E2DC5 was a major component of fraction E2DC. It was further

separated by MPLC using gradient system of n-hexane and ethyl acetate with flow
rate 5 mL/min to get three fractions (E2DC5A-E2DC5C). The isolation of fraction
E2DCS5 is shown in Table 4.53.

Table 4.53 Isolation of fraction E2DC5

Fraction Characteristic Yield (mg) (% w/w of fraction E2DC5)
E2DC5A White wax 1.5(2.29)

E2DC5B White wax 16.3 (24.85)

E2DC5C White wax 45.2 (68.90)

The fraction E2DC5C was a major component of fraction E2DC5. It was
separated by PTLC using mixture of petroleum ether and ethyl acetate as developing
solvent to afford two fractions (E2DC5CA-E2DC5CB). The isolation of fraction
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E2DC5C is shown in Table 4.54. Unfortunately, isolation of fraction E2DC5C did not
succeed to get pure compound.

Table 4.54 Isolation of fraction E2DC5C

Fraction Characteristic Yield (mg) (% w/w of fraction E2DC4CA)
E2DC5CA White wax 27.4 (60.62)
E2DC5CB White wax 10.4 (23.01)

The fraction E2E showed moderate tyrosinase inhibitory activity. It was
separated by MPLC using gradient system of n-hexane and ethyl acetate with flow
rate 10 mL/min to get seven fractions (E2EA-E2EG). The isolation of fraction E2E is
shown in Table 4.55.

Table 4.55 Isolation of fraction E2E

Fraction Characteristic Yield (mg) (% w/w of fraction E2E)
E2EA White wax 1.7 (1.7)

E2EB White wax 3.0 (3.0

E2EC White wax 1.6 (1.6)

E2ED White wax 12.7 (12.7)

E2EE White wax 25.8 (25.8)

E2EF White wax 28.6 (28.6)

E2EG White wax 18.4 (18.4)

The fraction E2ED was further separated by PTLC using mixture of n-hexane
and acetone as developing solvent to get four fractions (E2ED1-E2ED4). The
isolation of fraction E2ED is shown in Table 4.56. Unfortunately, isolation of fraction
E2ED did not succeed to afford pure compound.

Table 4.56 Isolation fraction E2ED

Fraction Characteristic Yield (mg) (% w/w of fraction E2ED)
E2ED1 White wax 0.8 (6.30)

E2ED2 White wax 0.0 (0.00)

E2ED3 White wax 0.7 (5.51)

E2ED4 White wax 6.6 (51.97)

The fraction E2EE was separated by MPLC using gradient system of
dichloromethane and acetone with flow rate 10 mL/min to afford three fractions
(E2EE1-E2EE3). The isolation of fraction E2EE is shown in Table 4.57.
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Table 4.57 Isolation of fraction E2EE

Fraction Characteristic Yield (mg) (% w/w of fraction E2EE)
E2EE1 White wax 2.7 (10.46)

E2EE2 White wax 2.1(8.14)

E2EE3 White wax 19.1 (74.03)

The fraction E2EF was a major component of fraction E2E. It was further
separated by MPLC using gradient system of n-hexane and acetone with flow rate 2
mL/min to obtain six fractions (E2EFA-E2EFF). The isolation of fraction E2EF is
shown in Table 4.58. Unfortunately, isolation of fraction E2EF did not succeed to
obtain pure compound. The fractions E2EFA-E2EFF showed more than one spot on
TLC and did not have enough amounts for separation.

Table 4.58 Isolation of fraction E2EF

Fraction Characteristic Yield (mg) (% w/w of fraction E2EF)
E2EFA White solid 1.7 (5.94)

E2EFB White solid 3.4 (11.89)

E2EFC White solid 11.1(38.81)

E2EFD White solid 2.1(7.34)

E2EFE White solid 5.9 (20.63)

E2EFF White solid 0.3 (1.05)

The fraction E2F showed moderate tyrosinase inhibitory activity. It was
separated by MPLC using gradient system of n-hexane and ethyl acetate with flow
rate 5 mL/min to obtain 10 fractions (E2FA-E2FJ). The isolation of fraction E2F is
shown in Table 4.59. Unfortunately, isolation of fraction E2F did not succeed to
obtain pure compound.

Table 4.59 Isolation of fraction E2F

Fraction Characteristic Yield (mg) (% w/w of fraction E2EF)
E2FA White solid 3.3(2.2)
E2FB White solid 17.0 (11.3)
E2FC White solid 12.6 (8.4)
E2FD White solid 8.7 (5.8)
E2FE White solid 12.2 (8.13)
E2FF White solid 8.9 (5.93)
E2FG White solid 8.5 (5.67)
E2FH White solid 8.5 (5.67)
E2FI White solid 16.8 (11.2)
E2FJ White solid 50.0 (33.33)

The fraction E3 was separated by MPLC using isocratic elution of methanol
with flow rate 10 mL/min to obtain three fractions (E3A-E3C). Fraction E3B showed
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strong tyrosinase inhibitory activity with percent inhibition of 74.74 + 2.79%.
Fraction E3C showed moderate tyrosinase inhibitory activity with percent inhibition
of 48.22 + 1.50%. While, E3A showed weak tyrosinase inhibitory activity with
percent inhibition of 29.32 £ 2.47%. The tyrosinase inhibitory activity and isolation of
fraction E3 are shown in Table 4.60.

Table 4.60 Isolation and tyrosinase inhibitory activity of fraction E3

Fraction Characteristic Yield (mg) (% w/w of  Tyrosinase inhibitory
fraction E3) activity (%)

E3A Brown solid 1,436.2 (62.44) 29.32 £ 2.47*

E3B Brown solid 350.0 (15.22) 74.74 + 2.79*

E3C Brown solid 731.4 (31.80) 48.22 +1.50*

Kojic acid ® 95.19 + 0.07**

% Positive control
* concentration at 1 mg/mL
** concentration at 0.1 mg/mL

The fraction E3B showed strong tyrosinase inhibitory activity. It was
separated using diaion column chromatography with gradient system of ethyl acetate
and methanol to get three fractions (E3BA-E3BC). The isolation of fraction E3B is
shown in Table 4.61.

Table 4.61 Isolation of fraction E3B

Fraction Characteristic Yield (mg) (% w/w of fraction E3B)
E3BA Brown solid 150.5 (43.00)

E3BB Brown solid 147.4 (42.11)

E3BC Brown solid 36.0 (10.28)

The fraction E3BB was showed a major component of fraction E3B. It was
separated by diaion column chromatography with isocratic system of water and
methanol as eluent to obtain six fractions (E3BB1-E3BB6). The isolation of fraction
E3BB is shown in Table 4.62. Unfortunately, isolation of fraction E3BB did not
succeed to obtain pure compound.

Table 4.62 Isolation of fraction E3BB

Fraction Characteristic Yield (mg) (%, w/w of fraction E3BB)
E3BB1 Brown solid 4.4 (2.98)

E3BB2 Brown solid 6.2 (4.20)

E3BB3 Brown solid 16.3 (11.04)

E3BB4 Brown solid 16.6 (11.24)

E3BB5 Brown solid 32.8 (22.21)

E3BB6 Brown solid 57.6 (39.00)
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Compounds | and Il were isolated from fraction E1 of ethyl acetate crude
extract. Isolation of fractions E2 and E3 did not succeed to afford pure compound.
The summary of isolation of ethyl acetate crude extract of stem barks of M. kauki is
showed in Figure 27.

Ethyl acetate crude extract

El E2 E3
| | | | | E2A E2B
E1C E1D E1E E1F
EIDIC EIDID EIDIE EIFA EIFB E3A
EIDID? Ei1DID3  ELEE - E1EF ElIB ELIC E2BD E2BE
Compound | E1EF2  E1EF4 N E1IC4 E1IC5 E3BA E3BB
Compound I \l/
Compound 11
E1EF4B E1EF4C E2BD1 E2BD2
E1EF4B1 E1EF4B2
Compound |

Figure 27 Summary of isolation of ethyl acetate crude extract of stem
barks of M. kauki

4.8 Elucidation of isolated compounds of ethyl acetate crude extract of stem
barks of M. kauki

4.8.1 Compound I

Compound I was obtained as white solid. It was isolated from ethyl acetate
crude extract of stem barks of M. kauki (403.1 mg, 0.67 % w/w of ethyl acetate crude
extract). The melting point was 272-274 °C. The actual melting point is nearly with
the standard melting point of 278-280 °C [79]. The HR-ESI-MS spectrum of
compound I (Figure 46) showed [M+Na]" at m/z 449.3603. A molecular formula of
compound | was assigned as C3oHsoO and calculated for CzoHs0O as m/z 426.3849.
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The *H (300 MHz) and **C NMR (75 MHz) data of compound | are shown in Table
4.63. The 'H-NMR signals of eight methyl protons displayed at & 0.93 ppm (s, H-23),
0.91 ppm (s, H-24), 0.98 ppm (s, H-25), 1.09 ppm (s, H-26), 0.82 ppm (s, H-27), 0.80
ppm (s, H-28), 0.95 ppm (s, H-29) and 0.91 ppm (s, H-30). The *H-NMR signals of
one methylene proton displayed at & 5.53 ppm (dd, J = 8.2, 3.2 Hz, H-14). The *H-
NMR signals of four methine protons displayed at 6 3.19 ppm (m, H-3), 1.40 ppm (m,
H-5), 1.41 ppm (m, H-9) and 1.44 ppm (m, H-18). The H-NMR spectrum of
compound | is shown in Figure 38.

The *C-NMR signals of eight methyl groups displayed at & 27.8 ppm (C-23),
15.4 ppm (C-24), 15.4 ppm (C-25), 29.8 ppm (C-26), 25.9 ppm (C-27), 29.9 ppm (C-
28), 33.3 ppm (C-29) and 21.3 ppm (C-30). The *C-NMR signal of one methylene
group displayed at & 158.1 ppm (C-14). The **C-NMR signal of one carbon attached
to hydroxyl group at & 79.1 ppm (C-3). The *C-NMR signal of six quaternary
carbons displayed at & 38.7 ppm (C-4), 39.0 ppm (C-8), 35.9 ppm (C-10), 37.5 ppm
(C-13), 38.0 ppm (C-17) and 28.8 ppm (C-20). The *C-NMR spectrum of compound
I is shown in Figure 39.

The HMBC spectrum is correlation between protons and carbons. The HMBC
spectrum (Figure 43) showed correlation signals of H-3 (3.19)/C-1 (37.7), 2 (27.1)
and C-4 (38.7), H-5 (1.40)/C-6 (18.8) and C-10 (35.9), H-7 (1.31, 0.98)/C-6 (18.8)
and C-8 (39.0), H-9 (1.41)/C-10 (35.9) and C-11 (17.5), H-15 (1.63 , 1.22)/C-14
(158.1) and C-16 (36.5), H-18 (1.44)/C-13 (37.5) and C-19 (41.3), H-23 (0.98)/C-3
(79.1), C-4 (38.7) and C-5 (55.5), H-24 (15.4)/C-3 (79.1), C-4 (38.7) and C-5 (55.5),
H-25 (0.93)/C-1 (37.7), C-5 (55.5) and C-10 (35.9), H-26 (29.8)/C-7 (35.1), C-8
(39.0) and C-9 (48.7), H-27 (25.9)/C-11 (17.5), C-12 (37.7) and C-13 (37.5), H-28
(0.80)/C-16 (36.5), C-17 (38.0) and C-22 (33.1), H-29 (33.33)/C-18 (49.2), C-19
(41.3) and C-20 (28.8), H-30 (0.91)/C-20 (28.8), C-21 (33.7) and C-22 (33.1). HMBC
correlation of compound I is shown in Figure 28.

Compound | was identified as taraxerol by comparison of spectroscopic data
with published literature [80]. The spectrums of DEPT90 (Figure 40), DEPT135
(Figure 41), HSQC (Figure 42), COSY (Figure 44) and NOESY (Figure 45) were
confirmed the structure of compound I. The structure of compound I is shown in
Figure 29.
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Compound | Taraxerol [80]
Position 8y (multiplicity, Jun) dc HMBC o dc
correlations
1 1.62 (m), 1.57 (m) 37.7 38.0
2 1.68 (m), 1.40 (m) 27.1 27.1
3 3.19 (m) 79.1 C-1,2,4 3.20 79.1
4 - 38.7 39.0
5 1.40 (m) 55.5 C-6, 10 55.5
6 1.52 (m), 1.47 (m) 18.8 18.8
7 1.31 (m), 0.98 (m) 35.1 C-6, 8 35.1
8 - 39.0 38.8
9 1.41 (m) 48.7 C-10, 11 48.7
10 - 359 37.6
11 1.64 (m), 1.27 (m) 17.5 17.5
12 1.28 (m), 1.95 (m) 37.7 35.8
13 - 37.5 37.7
14 553(dd,J=82,3.2Hz) 158.1 5.52 158.1
15 1.63 (m), 1.22 (m) 116.9 C-14, 16 116.9
16 - 36.5 36.7
17 - 38.0 37.7
18 1.44 (m) 49.2 C-13, 19 49.3
19 2.03 (m), 1.33 (m) 41.3 41.3
20 - 28.8 28.8
21 1.55 (m), 1.46 (m) 33.7 33.7
22 1.51 (m), 1.43 (m) 331 33.1
23 0.98 (s) 28.0 C-3,4,5 0.92 (s) 28.0
24 0.82 (s) 15.4 C-3,4,5 0.90 (s) 15.4
25 0.93 (s) 15.4 C-1,5,10 0.97(s) 15.4
26 1.09 (s) 29.8 C-7,8,9 1.08 (s) 29.8
27 0.91 (s) 25.9 C-11,12,13 0.82(s) 25.9
28 0.80 (s) 29.9 C-16,17,22 0.80(s) 29.9
29 0.95 (s) 33.3 C-18,19,20 0.94(s) 33.3
30 0.91 (s) 21.35 C-20,21,22 0.90(s) 21.3
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Figure 29 The structure of taraxerol (compound I)

In previous researches, taraxerol was isolated from various plants such as
leaves crude extracts of Jatropha tanjorensis [79], Rhizophora mangle and
Rhizophora racemose [81], roots crude extract of Taraxacum officinale [82], seed oils
of Catharanthus roseus, Nymphaea nelumbo, Casuarina equisetifolia, Acrocarpus
fraxinifolius [83] and barks of Cupania dentate [84]. Furthermore, taraxerol was
isolated from Sapotaceae family such as seed oils of M. hexandra, leaves of P.
ramiflora [45], barks of M. elengi which showed antibacterial activity [85]. Taraxerol
has been reported to exhibit antibacterial [85], antigiardial [84], mulluscicidal [28]
and antimicrobial activities [86].

4.8.2 Compound I1

Compound Il was obtained as yellow solid. It was isolated from ethyl acetate
crude extract of stem bark of M. kauki (7.8 mg, 0.013% w/w of ethyl acetate crude
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extract). The melting point was 184-186 °C. The actual melting point is nearly with
the standard melting point of 221-223 °C [87]. The HR-ESI-MS spectrum of
compound 11 (Figure 54) displayed [M+Na]" at m/z 311.214. A molecular formula of
compound Il was assigned as C15H1,0¢6 and calculated for C45H1,06 as m/z 288.0630.
'H-NMR and **C NMR data of compound Il are shown in Table 4.64. The *H-NMR
signals of four aromatic protons displayed at 6 7.42 ppm (d, J = 8.6 Hz, H-2' and H-
6'), 6.89 ppm (d, J = 8.6 Hz, H-3' and H-5", 5.99 ppm (d, J = 2.1 Hz, H-8) and 5.95
ppm (d, J = 2.1 Hz, H-6), respectively. The *H-NMR signals of two methine protons
displayed at & 5.08 ppm (d, J = 11.5 Hz, H-2) and 4.67 ppm (d, J = 11.5 Hz, H-3).
The 'H-NMR signals of hydroxyl group signal displayed at & 11.71 ppm. The 'H-
NMR spectrum of compound Il is shown in Figure 47.

The C-NMR signals of one ketone group displayed at & 198.81 ppm (C-4)
and six methylene groups were displayed at 6 96.42, 97.47, 116.3, 116.3, 130.70 and
130.70 ppm (C-6, C-8, C-2, C-3', C-5' and C-6', respectively). The *C-NMR
spectrum of compound 11 is shown in Figure 48.

The HMBC spectrum is correlation between protons and carbons. The HMBC
spectrum (Figure 52) showed correlation signals of H-3 (4.67)/C-2 (84.8), C-3 (73.5)
and C-4 (198.81), H-6 (5.95)/C-5 (165.4), C-6 (96.4) and C-7 (168.4), H-8 (5.99)/C-7
(168.4), C-8 (97.5) and C-9 (164.6), H-2' (7.42)/C-1' (129.5), C-3' (116.3), and C-6'
(130.7), H-3' (6.89)/C-2' (130.7), C-4' (159.3) and C-5' (116.3), H-5' (6.89)/C-3'
(116.3), C-4' (159.26) and C-6' (130.70) and H-6' (5.95)/C-1' (129.5), C-2' (130.7) and
C-5'(116.3). The HMBC correlation of compound 11 is showed in Figure 30.

Compound 11 was identified by comparison of spectroscopic data with
published literature [88]. The spectrums of DEPT90 (Figure 49), DEPT135 (Figure
50), HSQC (Figure 51) and COSY (Figure 53) were confirmed the structure of
compound I1. The structure of compound 11 is shown in Figure 31.

Table 4.64 Comparison of *H and *C NMR of compound 11 and dihydrokaempferol

Compound 11 Dihydrokaempferol [88]
Position OH dc HMBC OH dc
(multiplicity, correlations (multiplicity,
JHH) JHH)
1 - - - -
2 5.08 84.8 4.97 85.00
(d,J=11.5Hz) (d,J=11.6 Hz)
3 4.67 73.5 C-2,4 4,54 73.6
(d,J=11.5Hz) (d,J=11.6 Hz)
4 - 198.8 - 198.5
5 - 165.4 - 165.3
6 5.95 96.4 C-57 5,87 97.3

(d, J=2.1Hz) (d, J = 1.59 Hz)
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Table 4.64 Comparison of *H- and *C-NMR of compound 11 and dihydrokaempferol

Compound 11 Dihydrokaempferol [88]
Position OH oc HMBC OH oc
(multiplicity, correlations (multiplicity,
Jun) Jun)
7 168.4 168.8
8 5.99 97.5 C-7,9 591 96.3
(d,J=2.1Hz) (d, J=1.59 Hz)
9 - 164.6 - 164.6
10 - 101.9 - 101.9
1 - 129.5 - 129.3
2' 7.42 130.7 C-1,3,6 7.35 130.4
(d, J=8.6 Hz) (d, J=8.56 Hz)
3 6.89 116.3 C-2, 4.5 6.82 116.1
(d, J=8.6 Hz) (d, J=8.56 Hz)
4 - 159.3 - 159.2
5 6.89 116.3 C-3,4,6 6.82 116.1
(d, J=8.6 Hz) (d, J=8.56 Hz)
6' 7.42 130.7 C-1,2,5 7.35 130.3
(d, J=8.6 Hz) (d, J=8.56 Hz)

Figure 30 HMBC correlation of dihydrokaempferol (compound I1)
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Figure 31 The structure of dihydrokaempferol (compound I1)

In previous researches, dihydrokaempferol was isolated from various plants
such as leaves of C. sinensis [89], fruits of Maclura pomifera [90], flowers of Paeonia
ostia [88], aerial part of Euphorbia cuneate [87], fruits of Citrus unshiu [91], woods
of Annona ambotay [92], knotwood of Pinus banksiana [93], roots of Polygonum
amplexicaule [94] and branches of Gracinia schomburgkiana [95]. Dihydrokaenferol
exhibited antioxidant (DPPH activity with ICsy = 34.2 + 0.98 pg/mL) [88],
antiulcerogenic [87], lipid peroxidation (ICso = 5.4 nM) [93] and anti-HIV-1 [96]
activities.

4.9 Tyrosinase inhibitory activity of isolated compounds

The compounds | and Il were isolated from stem barks of M. kauki. They
were tested on in vitro tyrosinase inhibitory activity. Compounds | and Il were
prepared for seven dilutions as 0.10, 0.25, 0.50, 1.00, 1.25, 1.50 and 2.00 mg/mL for
calculation of ICsy value. Compound | exhibited moderate tyrosinase inhibitory
activity with 1Cs, values of 0.99 £ 0.14 and 1.13 + 0.28 mg/mL for L-tyrosine and L-
DOPA, respectively. Calibration plots of compound I for L-tyrosine and L-DOPA are
shown in Figures 32 and 33, respectively. Compound Il exhibited strong tyrosinase
inhibitory activity with ICsy values of 0.33 £ 0.14 and 0.05 + 0.11 mg/mL for L-
tyrosine and L-DOPA, respectively. Calibration plots of compound Il for L-tyrosine
and L-DOPA are shown in Figures 33 and 34, respectively. Kojic acid (ICso value
8.17 + 0.03 and 8.43 £ 0.05 pg/mL for L-tyrosine and L-DOPA, respectively) and a-
arbutin (ICsp value 1.92 + 0.09 and 1.73 + 0.11 mg/mL for L-tyrosine and L-DOPA,
respectively) were used as reference compounds. Tyrosinase inhibitory activity of
isolated compounds of stem barks of M. kauki is shown in Table 4.65. Compounds |
and Il exhibited lower tyrosinase inhibitory activity than kojic acid. On the other
hand, compounds | and Il exhibited higher tyrosinase inhibitory activity than -
arbutin which was usually used in commercial whitening cosmetic.
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Table 4.65 Tyrosinase inhibitory activity values of isolated compounds of stem barks
of M. kauki

Compound Characteristic IC5 (mg/mL) (mMM)
L-tyrosine L-DOPA

Compound | White solid 099+0.14 (232t 1.13+0.28 (2.65
0.06) * 0.03) *

Compound Il Yellowsolid 0.33+0.14 (1.15 % 050+£0.11(1.74
0.06) * 0.05) *

Kojic acid® 8.17+£0.03 (57.49 £ 8.43 £0.05 (59.32 +
0.02) ** 0.01) **

a-Arbutin® 1.92+0.09 (7.05 1.73+0.11(6.35
0.02) * 0.01)

& Positive control

*|Csp value (mg/mL) (mM)
**1Cs0 value (ug/mL) (UM)

When comparison this results with previous studies, dihydrokaempferol which
was isolated from twigs of M. alba [75], twigs of Cudrania tricuspidata [97], bark of
Peltophorum dasyrachis [98] and barks of M. zapota [59] exhibited tyrosinase
inhibitory activity with 1Csy values of >200 uM (L-tyrosine as substrate), >100 uM
(L-tyrosine as substrate), 126 + 0.32 UM (L-DOPA as substrate) and 32.17 + 0.32 and
31.60 + 0.73 uM (L-tyrosine and L-DOPA as substrates, respectively), respectively.
In addition, it was isolated from ethanol crude extract of vine stems of Spatholobus
suberectus and showed tyrosinase inhibitory activity with percent inhibition of 15.18
+ 6.47% at concentration 100 uM using L-DOPA as a substrate. Taraxerol is widely
distributed among several plants. It was isolated from barks of M. zapota that
exhibited tyrosinase inhibitory activity with 1Csy values of 103.37 £ 0.22 and 272.10 +
0.16 pM for L-tyrosine and L-DOPA as substrates, respectively [59]. It is a
triterpenoid compound. Triterpenoid compounds from various plants were reported as
tyrosinase inhibitors. (22R)-Cycloart-20,25-dien-2a,34,22a-triol; (22R)-cycloart-23-
ene-34,22a,25-triol; cycloart-23-ene-34,25-diol; cycloart-20-ene-34,25-diol, cycloart-
25-ene-34,(22R)22-diol;  38,21,22,23-tetrahydroxy-cycloart-24,25(26)-diene  and
(23R)-5a-cycloart-24-ene-34,21,23-triol were isolated from whole plant of Amberboa
ramose and exhibited tyrosinase inhibitory activity with ICsy values of 7.92 + 0.39,
15.94 +1.93, 8.32 + 0.097, 12.09 £ 1.03, 22.21 + 1.94, 1.32 £ 0.373 and 4.93 £ 0.197
MM, respectively. [99]. Moreover, erythrodiol, betulinic acid, maslinic acid, 2a,3¢,23-
trihydroxyolean-12-en-28-oic acid, bayogenin, arjunilic acid, methyl arjunolate,
arjungenin and 34,23,24-trinydroxyolean-12-en-28-oic acid were isolated from
methanol crude extract of aerial parts of Rhododendron collettianum and showed
tyrosinase inhibitory activity with 1Cs, values of 3.12 + 0.25, 2.14 £ 0.37, 1.70 = 0.34,
1.12 £ 0.13,1.10 £ 0.10, 1.0 £ 0.37, 2.34 £ 0.41, 6.58 + 0.85 and 11.02 + 1.37 uM,
respectively [100]. These compounds were evaluated for tyrosinase inhibitory activity
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towards L-DOPA as the substrate. It was found that compounds I and Il exhibited
tyrosinase inhibitory activity lower than the previous studies. Because of difference in
assay conditions may cause different reactivity of test sample to the enzyme reaction.
The phosphate buffer (pH 6.8) was used in the reported studies; whereas, the
phosphate buffer (pH 6.5) was utilized in this study. Furthermore, the incubation
temperature in the reported studies was 25 °C. Whereas, incubation temperature in
this study was 30 + 2 °C.
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Figure 32 Calibration plots of tyrosinase inhibitory activity of compounds I and
Il using L-tyrosine as a substrate
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Figure 33 Calibration plots of tyrosinase inhibitory activity of compounds I and
Il using L-DOPA as a substrate



CHAPTER V
CONCLUSION

The methanol and aqueous crude extracts of fruits, leaves, seeds, stem barks
and woods of M. kauki were evaluated for their total phenolic and flavonoid contents,
antioxidant and tyrosinase inhibitory activities. Methanol crude extract of leaves
exhibited the highest amount of total phenolic content (11.79 £ 0.04 mg GAE/g of dry
weight) and followed by methanol crude extract of stem barks, aqueous crude extract
of leaves, aqueous crude extract of stem barks, methanol crude extract of woods,
aqueous and methanol crude extracts of fruits, aqueous crude extract of woods,
aqueous and methanol crude extracts of seeds with total phenolic content values of
10.45 £+ 0.03, 9.50 + 0.08, 4.00 + 0.02, 2.83 £ 0.01, 2.83 £ 0.01, 1.92 + 0.02, 1.91
0.03, 0.95 + 0.02 and 0.79 = 0.01 mg GAE/g of dry weight, respectively. Then, the
crude extracts of different parts of M. kauki were evaluated for total flavonoid
content. The highest total flavonoid content was obtained in methanol crude extract of
leaves of with value of 89.84 + 0.19 mg QE/g of dry weight and followed by aqueous
crude extract of leaves, aqueous and methanol crude extracts of stem barks, aqueous
and methanol crude extracts of fruits, aqueous crude extract of woods, aqueous and
methanol crude extracts of seeds and methanol crude extract of woods which showed
total flavonoid content values of 66.60 £ 0.22, 58.07 £+ 0.32, 48.62 + 0.21, 20.17 +
0.16, 10.72 + 0.08, 4.54 £ 0.21, 3.66 + 0.14, 2.04 + 0.07 and 0.46 + 0.07 mg QE/g of
dry weight, respectively. The antioxidant activities of different parts of M. kauki were
investigated by DPPH radical scavenging and FRAP methods. The results of DPPH
radical scavenging and FRAP activities were used trolox equivalent as standard
regression curve. The highest DPPH radical scavenging activity was found in
methanol crude extract of stem barks with value of 257.02 + 0.26 mg TE/g of crude
extract. Secondly, aqueous crude extract of leaves showed DPPH radical scavenging
activity with value of 243.19 + 1.24 mg TE/g of crude extract and followed by
aqueous crude extract of stem barks, methanol crude extract of leaves, methanol and
aqueous crude extracts of woods, methanol crude extracts of fruits and seeds, aqueous
crude extracts of fruits and seeds which exhibited DPPH radical scavenging activity
with values of 219.19 + 0.13, 208.60 + 0.98, 194.38 + 0.70, 66.04 + 0.57, 45.28 +
0.51, 16.08 £ 0.31, 13.01 + 0.51 and 10.32 = 0.38 mg TE/g of crude extract,
respectively. From the results of FRAP activity, aqueous crude extract of leaves
showed the highest FRAP activity with value of 219.56 = 0.89 mg TE/g of crude
extract and followed by methanol crude extract of leaves, methanol and aqueous
crude extracts of stem barks, methanol and aqueous crude extracts of woods,
methanol crude extract of seeds and fruits and aqueous crude extracts fruits and seeds
which exhibited FRAP activity with values of 210.94 + 1.37, 210.94 + 0.89, 107.89 +
0.79, 72.61 £ 0.98, 42.06 + 0.98, 15.93 £ 0.98, 11.78 + 0.96, 5.11 + 0.79 and 4.56 +
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0.81 mg TE/g of crude extract, respectively. The methanol and aqueous crude extracts
of fruits, leaves, seeds, stem barks and woods of M. kauki were evaluated on
tyrosinase inhibitory activity. Tyrosinase inhibitory activity was determined using L-
tyrosine as a substrate. Methanol crude extract of stem barks exhibited the highest
tyrosinase inhibitory activity with 1Csy value 0.26 + 0.05 mg/mL and followed by
methanol crude extract of leaves, aqueous crude extract of stem barks and leaves,
aqueous and methanol crude extracts of fruits, methanol and aqueous crude extract
seeds which showed tyrosinase inhibitory activity with 1Csy values of 0.32 + 0.08,
0.41 £ 0.11, 0.49 £ 0.12, 0.49 £+ 0.11, 0.75 + 0.14, 3.86 + 0.12 and 3.88 + 0.11
mg/mL, respectively. Whereas, methanol and aqueous crude extracts of woods of M.
kauki showed no activity. These results indicated that stem barks and leaves of M.
kauki contained high amount of phenolic compounds and flavonoids and expressed
strong DPPH radical scavenging, FRAP and tyrosinase inhibitory activities. These
results suggested that the crude extracts of stem barks and leaves can be sources of
antioxidant and tyrosinase inhibitors. This study further investigated the tyrosinase
inhibitors from stem barks of M. kauki.

The stem barks of M. kauki were extracted by maceration method with n-
hexane, ethyl acetate, methanol and water, respectively. All crude extracts were tested
on total phenolic and flavonoid contents, antioxidant and tyrosinase inhibitory
activities. Methanol crude extract exhibited the highest total phenolic content with
value of 160.12 + 0.27 mg GAE/g of crude extract and followed by ethyl acetate,
aqueous and n-hexane crude extracts with values of 111.46 + 0.38, 66.17 £ 0.26 and
10.98 + 0.14 mg GAE/g of crude extract, respectively. The highest total flavonoid
content was found in ethyl acetate crude extract with value of 755.33 =+ 1.53 mg QE/g
of crude extract and followed by methanol, aqueous and n-hexane crude extracts with
values of 527.33 + 1.00, 516.67 + 1.73 and 283.67 £ 1.52 mg QE/g of crude extract,
respectively. Ethyl acetate crude extract showed the highest DPPH radical scavenging
activity with value of 249.33 + 0.25 mg TE/g of crude extract and followed by
methanol, aqueous and n-hexane crude extracts with values of 241.26 + 0.32, 39.52 +
0.25 and 11.85 + 0.67 mg TE/g of crude extract, respectively. The highest FRAP
activity was obtained in methanol crude extract with value of 221.50 + 0.78 mg TE/g
of crude extract and followed by ethyl acetate, aqueous and n-hexane crude extracts
with values of 179.28 + 0.59, 50.94 + 0.20 and 10.39 £ 0.59 mg TE/g of crude extract,
respectively. All crude extracts were also tested on tyrosinase inhibitory activity. The
ethyl acetate crude extract exhibited the highest tyrosinase inhibitory activity with
ICso values of 0.24 + 0.02 and 0.28 £ 0.04 for L-tyrosine and L-DOPA, respectively
and followed by methanol crude extract (ICsy values of 1.66 + 0.07 and 1.25 + 0.05
mg/mL for L-tyrosine and L-DOPA, respectively), aqueous crude extract (ICs values
of 1.89 + 0.09 and 1.58 = 0.11 mg/mL for L-tyrosine and L-DOPA, respectively) and
n-hexane crude extract (ICso values of 9.58 + 0.17 and 9.23 = 0.28 mg/mL for L-
tyrosine and L-DOPA, respectively). Hence, ethyl acetate crude extract of stem barks
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of M. kauki exhibited high amount of phenolic compounds and flavonoids and strong
antioxidant activity along with tyrosinase inhibitory activity.

Ethyl acetate crude extract of stem barks of M. kauki was isolated by activity
guided-fractionation. Compounds | and Il were isolated from ethyl acetate crude
extract of stem barks. Compound | was elucidated as taraxerol (CzoHsoO) which
exhibited tyrosinase inhibitory activity with ICsq values of 2.32 + 0.06 and 2.65 + 0.03
mM for L-tyrosine and L-DOPA, respectively. Compound Il was elucidated as
dihydrokaempferol (C15H12,06) Which showed tyrosinase inhibitory activity with ICs
values of 1.15 + 0.06 and 1.74 + 0.05 mM for L-tyrosine and L-DOPA, respectively.
Compounds | and Il exhibited lower tyrosinase inhibitory activity than kojic acid
(ICs vales of 57.49 £+ 0.02 and 59.32 + 0.01 uM for L-tyrosine and L- DOPA as
substrates, respectively) but they exhibited higher tyrosinase inhibitory activity than
a-arbutin (ICsq vales of 7.05 + 0.02 and 6.35 £ 0.01 mM for L-tyrosine and L- DOPA
as substrates, respectively). These results suggested that stem barks of M. kauki
should be further investigated to purify tyrosinase inhibitors, especially ethyl acetate
crude extract of stem barks. It should be further investigated for others biological
activities including anti-allergic, cytotoxicity and in vitro tyrosinase inhibitory
activities to evaluate it before using as a potential ingredient in whitening cosmetic.
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1. Preparation of reagents for quantitative analysis of total phenolic content assay

1.1 Preparation of 350 mM Na,COj3 solution

3.71 g of Na,COg3 was dissolved in 100 mL of DI water.
1.2 Preparation of 10% Folin—Ciocalteu reagent

5 mL of Folin—Ciocalteu reagent was dissolved in 45 mL of DI water.
1.3 Preparation of 10 mM gallic acid stock solution

0.0188 g of Gallic acid monohydrate was dissolved in 10 mL of
methanol:water (19:1 v/v).
1.4 Preparation of standard calibration curve

Gallic acid was used as a standard for calculation of total phenolic
content. Serial dilution was performed for the preparation of 1000, 900, 800,
700, 600, 500, 400, 300, 200 and 100 uM of gallic acid concentration (Table
A).

Table A Serial dilutions of gallic acid equivalent

Concentration (uM)  Gallic acid 1000 puM Gallic Methanol:water

stock solution acid solution (19:1 v/v)

1000 1mL - 9mL

900 - 900 pL 100 pL
800 - 800 pL 200 pL
700 - 700 pL 300 pL
600 - 600 puL 400 pL
500 - 500 pL 500 pL
400 - 400 pL 600 pL
300 - 300 pL 700 pL
200 - 200 pL 800 pL
100 - 100 pL 900 pL

2. Preparation of reagents for quantitative analysis of total flavonoid content assay
2.1 Preparation of 1 M NaOH
40.00 g of NaOH was dissolved in 1 L of DI water.
2.2 Preparation of 5% NaNOj solution
5 g of NaNO3 was dissolved in 100 mL of DI water.
2.3 Preparation of 10% AICI; solution
10 g of AICI3was dissolved in 100 mL of DI water.
2.4 Preparation of standard calibration curve

Quercetin was used as a standard for the calculation of total flavonoid
content. Serial dilutions were performed for the preparation of 1000, 900, 800,
700, 600, 500, 400, 300, 200 and 100 pg/mL of quercetin concentration (Table
B).
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Table B Serial dilutions of quercetin equivalent

Concentration Quercetin 1000 pg/mL Methanol
(Mg/mL) quercetin solution
1000 10 mg - 10 mL
900 - 900 pL 100 pL
800 - 800 pL 200 pL
700 - 700 pL 300 pL
600 - 600 pL 400 pL
500 - 500 pL 500 pL
400 - 400 pL 600 pL
300 - 300 pL 700 pL
200 - 200 pL 800 pL
100 - 100 pL 900 pL

3. Preparation of reagents for quantitative analysis of DPPH radical scavenging assay
3.1 Preparation of 0.6 mM DPPH stock solution

12 mg of DPPH was dissolved in 50 mL of methanol (in the dark) and
filtered with No.1 filter paper. The solution was stored at -20 °C.

3.2 Preparation of DPPH working solution

10 mL of 0.6 mM DPPH stock solution was dissolved in 45 mL of
methanol:water (19:1 v/v).

3.3 Preparation of 10 mM trolox stock solution
2.5 mg of Trolox was dissolved in 1 mL of methanol:water (19:1 v/v)
3.4 Preparation of trolox equivalent for standard calibration curve.

Trolox was used as a standard for the calculation of DPPH radical
scavenging activity. Serial dilutions were performed for the preparation of
1000, 800, 600, 400, 200, 100, 50 and 25 puM of trolox concentration (Table
C).

4. Preparation of reagents for quantitative analysis of FRAP assay
4.1 Preparation of 300 mM acetate buffer, pH 3.6

3.10 g of NaCH3COO-3H,0 was added 16 mL of glacial acetic acid
and dissolved in 1 L of DI water. Then the soluble was adjusted to pH 3.6 and
stored at 4 °C.

4.2 Preparation of 20 mM FeCl3-6H,0
0.0541 g of FeCl3-6H,0 was dissolved in 10 mL of DI water.
4.3 Preparation of 1M HCI
16.47 mL Of 37% HCI was dissolved in 183.53 mL of DI water.
4.4 Preparation of 40 mM HCI
8 mL of 1 M HCI was dissolved in 192 mL of DI water.
4.5 Preparation of 10 mM TPTZ
0.031 g of TPTZ was dissolved in 10 mL of 40 mM HCI at 50 °C.



108

4.6 Preparation of FRAP working solution

FRAP working solution was contained 10 mL of 300 mM acetate
buffer, 1 mL of 20 mM FeCl;:6H,0 solution and 1 mL of 10 mM TPTZ
solution.

4.7 Preparation of trolox equivalent for standard calibration curve.

Trolox was used as a standard for the calculation of FRAP scavenging
activity. Serial dilutions were performed for the preparation of 1000, 800, 600,
400, 200, 100, 50 and 25 uM of trolox concentration (Table C).

Table C Serial dilutions of trolox equivalent

Concentration (uM)  Trolox stocks 1000 uM trolox Methanol:water

solution solution (19:1 v/v)

1000 100 pL - 900 mL
800 - 80 pL 20 pL

600 - 60 pL 40 pL

400 - 40 pL 60 pL

200 - 20 pL 80 pL

100 - 10 pL 90 pL

50 - 50 pL 950 pL
25 - 25 pL 975 uL

5. Preparation of reagents for quantitative analysis of tyrosinase inhibitory assay
5.1 Preparation of 0.1 M phosphate buffer, pH 6.5

12.48 g of NaH,PO4-H,0 and 3.20 g of Na;HPO4-H,0 were dissolved
in 1 L of DI water. Then the soluble was adjusted slightly as necessary to pH
6.5 using 40 mM HCl or 1 M NaOH.

5.2 Preparation of 2.5 mM L-tyrosine

0.45 mg of L-tyrosine was dissolved in 1 mL of 0.1 M phosphate
buffer, pH 6.5.

5.3 Preparation of 2.5 mM L-DOPA

0.49 mg of L-DOPA was dissolved in 1 mL of 0.1 M phosphate buffer,
pH 6.5.

5.4 Preparation of mushroom tyrosinase (14.7 Units/mg)

1.2 mg of mushroom tyrosinase was dissolved in 1 mL of 0.1 M
phosphate buffer pH 6.5.
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