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THAI ABSTRACT 
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แก่นไม้จันทน์ชะมด Mansonia gagei Drumm. คือ mansorin A (1), mansorin B (2), mansorin 
C (3), mansonone C (4), mansonone E (5), mansonone G (6), และ mansonone H (7) ต่อ
เ ชื้ อ  Staphylococcus aureus ATCC 25923, Streptococcus mutans ATCC 25175, 
Streptococcus sobrinus KCCM 11898, Propionibacterium acnes KCCM 41747 แ ล ะ 
Salmonella typhi ATCC 422 พบว่า 6 แสดงฤทธิ์ที่ดี และเนื่องจากพบในปริมาณมากจึงได้
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และ G08 ให้ค่า MIC ต่ ากว่า 6 ถึง 64 เท่า นอกจากนี้ได้ทดสอบฤทธิ์ต้านกระบวนการสร้างไขมัน 
พบว่า 4 และ 6 สามารถยับยั้งกระบวนการสร้างเซลล์ไขมันชนิด 3T3-L1 pre-adipocytes และเมื่อ
น าอนุพันธ์ G15, G16 และ G17 มาทดสอบและศึกษากลไก  พบว่าอนุพันธ์เหล่านี้มีฤทธิ์ต้าน
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heartwoods, i.e. mansorin A (1), mansorin B (2), mansorin C (3), mansonone C (4), 
mansonone E (5), mansonone G (6), and mansonone H (7), were evaluated for their 
antibacterial activities towards Staphylococcus aureus ATCC 25923, Streptococcus 
mutans ATCC 25175, Streptococcus sobrinus KCCM 11898, Propionibacterium acnes 
KCCM 41747, and Salmonella typhi ATCC 422. 6 displayed good activity and was 
obtained in large amount among other mansonones, therefore some derivatives of 
mansonone G were carried out and their antibacterial activity were evaluated. Twenty 
mansonone G derivatives (G01 – G20) were obtained by modified the hydroxyl group 
at C6 of 6. Among these derivatives, G02 – G20 were identified as new semisynthetic 
compounds. In antibacterial activity, most of mansonone G derivatives showed better 
activity than 6. G07 and G08 displayed sixty-four times lower in MIC than its natural 6. 
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CHAPTER I 
INTRODUCTION 

Nature has provided many things for humankind, including a source of 
therapeutic agents for thousands of years, which could obtain from plants, lichens, 
fungi, bacteria, algae, and animals. More than 50% of all the drugs in clinical use in the 
world are derived from natural products and their derivatives.[1] The term of natural 
products refers to secondary metabolites which are derived and isolated from natural 
sources.[2] Secondary metabolites are defined as chemical constituents which have a 
much more limited distribution in nature and can be obtained in only specific 
organisms or groups of organisms.[3] These metabolites are produced within the 
organisms and can be presumed as products of biochemical “side tracks” in the cells 
of organism and not required for daily functioning of the organism.[4] In consequence, 
secondary metabolites have many biological activities, thus, they have been used in 
traditional medicine treatment for centuries, and currently in cosmetics, fine chemicals, 
nutraceuticals, and pharmaceuticals.[5] 

Plants, as one of natural products sources, have established the foundation of 
sophisticated traditional medicine systems and according to the earliest records from 
around 2900-2600 BCE, there were approximately 1000 plant-derived substances used 
in traditional medicine systems.[6] Moreover, the great civilizations of the ancient 
Chinese, Indians, and North Africans had documented the written evidence of the use 
of plants in wide variety of diseases treatments.[7] Up to now, the enormous majority 
of people still rely on their traditional medicinal plants for their daily healthcare 
needs.[8] Medicinal plants continue to be the main source of medication in developing 
countries.[9]  
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1.1 Naturally Occurring Naphthoquinones 

One of secondary metabolites groups which widely can be found in nature are 
naphthoquinones. These compounds are known to have many biological activities and 
can be produced by many types of higher plants, fungi, animals, and 
microorganisms.[10, 11] Several pharmacological properties of naphthoquinones such 
as anticancer, antifungal, antimicrobial, antiviral, and antimalarial have been 
investigated.[12-16] The concern in these compounds has been expanded in recent 
years due to their pharmacological properties and the variety of their structural.[17] 

Naphthoquinones are simple compounds having C6–C4 skeleton or 
naphthalene nucleus with two carbonyl groups on one nucleus and highly relative 
small molecules which have a diverse distribution in nature.[18, 19] There are two 
types of naphthoquinones i.e. 1,2-naphthoquinone (naphthalene skeleton substitute 
in position C1 and C2) and 1,4-naphthoquinone (naphthalene skeleton substitute in 
position C1 and C4).[18, 20]   

 

 

Figure 1.1 Core structures of 1,2 and 1,4-naphthoquinones 
 

As well as their monomers, typical 1,2-naphthoquinones (ortho-
naphthoquinones) and 1,4-naphthoquinones (para-naphthoquinones) were isolated 
from natural products as dimer, trimer, and tetramer.[21-23] In addition, their furano 
and pyrano derivatives could also be obtained from natural products.[18] 

Mostly, naphthoquinones are colored compounds (yellow, orange, and brown), 
and hence, they are important in dye pigmentation. In addition, they are usually 
soluble in acetic acid, acetone, alcohol, benzene, chloroform, and dimethyl sulfoxide, 
while some others are slightly soluble in hot water.[20] 
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In nature, mainly naphthoquinones can be found in plants in which the 
biosynthesis can occur via variety of pathways including the acetate-malonate 
pathway, shikimate-succinyl CoA combined pathway and the shikimate-mevalonate 
pathway.[20] Some naphthoquinones are derived from pentaketides, hexaketides, and 
heptaketides.[19].  

Naturally occurring naphthoquinones which have been determined in some 
families of plants such as Avicenniaceae, Bignoniaceae, Boraginaceae, Droseraceae, 
Ebenaceae, Juglandaceae, Nephentaceae, and Plumbaginaceae, mostly are typical 1,4-
naphthoquinones such as plumbagin, juglone, and lawsone.[20] The biological 
activities of these compounds have been investigated.  

Plumbagin (5-hydroxy-2-methyl-1,4-naphthoquinone) is a naturally occurring 
yellow pigment isolated from the plants in Plumbaginaceae, Drosceraceae, 
Ancistrocladaceae, and Dioncophyllaceae families.[24] According to de Paiva and 
coworkers, plumbagin isolated from Plumbago scandens, exhibited relatively specific 
activity against Staphylococcus aureus.[25] In addition, another study also reported 
that plumbagin isolated from P. zeylanica displayed activity as a drug for various 
bacterial infectious diseases.[26] This compound also has been reported exerted 
anticancer activity on non-small cell lung cancer, antidepressant-like activity in 
unstressed and stressed mice.[27, 28] Another pharmacological properties of this 
compound such as anti-inflammatory and anti-fibrotic activities have also been 
evaluated.[24, 29, 30] 

Juglone (5-hydroxy-1,4-naphthoquinone), obtained from the red wood 
(Caesalpinia sappan), was found to exhibit strong inhibition against some oral 
pathogens such as Porphyromonas sp., Streptococcus mutans, Actinobacillus viscosus, 
Streptococcus sobrinus, and Streptococcus salivarius.[31] Another study reported that 
juglone isolated from Juglans mandschurica Maxim possessed antiproliferative and 
antitumor effects.[32, 33]  
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Lawsone (2-hydroxy-1,4-naphthoquinone), a natural pigment present in 
Lawsonia inermis or henna leaves, has been used since the Bronze Age for dying 
fingernails, hair, skin (including body art), leather, silk, and wool.[34] The antibacterial 
activity of this compound has been reported showing good antibacterial activity against 
two Gram-positive bacteria.[35] In addition, lawsone also reported to display 
remarkable inhibitory activity on the oxidative burst response of the whole blood, 
polymorphonuclear cells.[36] 

Lapachol (2-hydroxy-3-(3’-methyl-2’-butenyl)-1,4-naphthoquinone) is a natural 
pigment isolated from Tabebuia spp., Bignoniaceae family, has been investigated for 
its antimicrobial activity.[37, 38] This compound also can be found in other plant 
families such as Verbenaceae, Proteaceae, Leguminosae, and Sapotaceae.[39] It was 
known that lapachol exhibited anti-inflammatory effect, anthelmintic activity against 
Toxocara canis larvae, and anticancer activity.[40-42]  

Shikonin, another typical 1,4-naphthoquinone, is a major bioactive compound 
isolated from Zicao (purple gromwell) or the dried root of Lithospermum erythrorhizon 
which usually used as a component of Chinese herbal medicine.[43] The antibacterial 
of shikonin has been evaluated and it showed that this compound exhibits greatest 
antibacterial activity towards Pseudomonas aeruginosa, Escherichia coli, 
Staphylococcus aureus, and Klebsiella pneumonia. This compound has been 
investigated for its anti-HIV therapeutic agent, anticancer agent.[43] Its anti-adipogenic 
activity was also been investigated and found that shikonin inhibits fat accumulation 
in 3T3-L1 adipocytes.[44] Moreover its mechanism study was also investigated and 

resulted that shikonin can inhibits adipogenesis by the modulation of WNT/β-catenin 
pathway, by blocking the mir-34a-FKBP1B pathway which signifies a promising potential 
agent to prevent obesity, by suppression of ERK 1/2 phosphorylation during the early 
stages of adipocyte differentiation in 3T3-L1 cells.[45-47] Other study also reported its 
anti-adipogenic mechanism study via the modulation of adipogenesis, lipogenesis, and 

β-oxidation in vivo.[48] 
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Figure 1.2 Some natural 1,4-naphthoquinones 

Several typical 1,2-napthoquinones have also been isolated from various plant 

families. A natural tetrahydropyran-fused 1,2-naphthoquinone named β-lapachone 
(3,4-dihydro-2,2-dimethyl-2H-naphthol[1,2-b]pyran-5,6-dione) could be attained from 

the heartwood of Bignoniaceae and Verbanaceae families.[49] β-lapachone was known 
as a natural derivative of lapachol which presented in a small amount in the woods 
of Lapacho tree or Tabebuia spp. (Bignoniaceae family) and also can be obtained from 
the synthesis of lapachol through the cyclization of the prenyl side chain of 
lapachol.[40] This compound is known to have antimicrobial activity and possess the 
most effective against S. aureus strains.[50] Other studies also reported that this 
compound exhibited potential anti-anthelmintic, anticancer, antitumor, anti-
inflammatory, antiplasmodial, and anti-Trypanosoma cruzi activities.[40, 51-55]  

Another compound which has similar structure with β-lapachone is named 
biflorin (6,9-dimethyl-3-(4-methyl-3-pentenyl)naphtha[1,8-bc]pyran-7,8-dione).[56] This 
compound is known as a prenylated 1,2-naphthoquinone, isolated from the roots of 
Capraria biflora L., a perennial shrub belonging to Schophulariaceae family.[56-59] In 
addition, a dimer of biflorin (bisflorin) was also obtained from this species.[59] The 
antibacterial activity of biflorin has been investigated using the microdilution method 
for evaluating the minimum inhibitory concentration (MIC) against six bacterial strains 
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including Gram-positive and Gram-negative bacteria.[17] Moreover, some biological 
activities of this compound have also been investigated such as antitumor, cytotoxicity, 
and antimutagenic activities.[58, 60, 61]  

Dunnione, a natural dehydrofuran-fused 1,2-naphthoquinone, was first isolated 
from the leaves of Streptocarpus dunnii Mast., along with dehydrodunnione, 7-
hydroxydunnione, and 8-hydroxydunnione.[62, 63] This compound exhibited an 
unusually broad spectrum antifungal activity.[64]  

 

 

Figure 1.3 Some natural 1,2-naphthoquinones 

Naphthofuranone phytoalexins such as naphtho[1,2-b]furan-4,5-dione (a), 3-

hydroxy-naphtho[1,2-b]furan-4,5-dione (b), and 2-[2-(2-hydroxy)propyl]-naphtho[l,2-
b]furan-4,5-dione (c), isolated from Avicennia marina which is infected by a fungus  
Phytophthora, belong to typical 1,2-naphthoquinones.[65] These compounds are 
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known as phytoalexins because of the compounds are formed after the infection of 
wound tissue of Avicennia marina seedlings by this fungus.  

 

 

Figure 1.4 Naphthofuranone phytoalexins from A. marina 

Another typical 1,2-naphthoquinones can be isolated from Mansonia gagei 
Drumm. heartwoods (Sterculaceae family) which is used as a material plant in this 
study.  

 

1.2 Typical 1,2-Naphthoquinones from Mansonia gagei Drumm. 

Thailand is a tropical country with a large variety of plants which can be found 
in the southern and northern parts of Thailand. Evergreen forest can be found in the 
southern part, while in the northern part is known as one of the richest areas of plants 
in the world.[9] This country has a long history of using medicinal plants which are 
known as samunphrai.[66] Many medicinal plants in Thailand have offered the basis 
for modern pharmaceuticals.[67] Recently, there has been a rising of interest in Thai 
medicinal plants due to their effectiveness and affordability.[66] In addition there is a 
consideration that utilization of traditional medicine is generally safer than modern 
medicine.  

One of plants which are used as medicinal plants in Thailand is M. gagei. The 
extract of this plant yielded several mansonones belonging typical 1,2-
naphthoquinones. This plant is a local plant growing in Thailand and belonging to 
Sterculaceae family.[68, 69] This plant (Figure 1.5) is known for its local name as chan-
cha-mod, chan-hom, chan-khao, or chan-pha-ma.[68]  
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Figure 1.5 Mansonia gagei Drumm. 

The characteristics of this plant i.e. the color of flower is white and cluster, the 
bark is white-grey and quite smooth, and the leaf has oblong-lanceolate shape about 
3-6 cm wide and 8-14 cm long.[70] Based on folklore beliefs in Thailand, the heartwood 
of this plant can be used as antidepressant, antiemetic, cardiac stimulant, onilivertigo 
and refreshment agent.[68, 69]  

According to some literatures, the biological activities and chemical 
constituents of M. gagei extract have been investigated. In 2002, Tiew reported that 
the CH2Cl2 extract of M. gagei heartwoods revealed good preliminary screening assays 
in cytotoxicity, antifungal, antioxidant, antithrombin, and anticancer properties.[71] 
Further investigation, several bioactive compounds were isolated from this extract such 
as dehydrooxopirezinone, mansorins (A, B, and C), mansonones (C, E, G, H, N, O, P and 
Q). In addition, four additional compounds together with some compounds isolated 
from the CH2Cl2 extract were isolated from EtOAc and MeOH extracts of this plant,  3-
methoxy-4,5-dihydroxybenzaldehyde, mansoxetane, mansonones R and S. Moreover, 
all isolated compounds were evaluated for their biological activities. It can be 
concluded that mansonones (1,2-naphthoquinones) displayed higher activity than 
mansorins (coumarins) in cytotoxic and anticancer activities.  

 

At the same year, Tiew and coworkers reported that the hexane and CH2Cl2 
crude extracts of M. gagei were more biologically active than others in cytotoxicity 
against brine shrimp with LC50 values were 23.69 and 22.83 µg/mL, respectively. 
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According to the biological activity study, mansorin B and mansonone C gave promising 
results in the cytotoxicity test against brine shrimp.[69] 

 

Moreover, in 2003, Tiew and coworkers also reported that mansonones C and 
E isolated from the CH2Cl2 extract of M. gagei heartwoods are the only active 
compounds against Candida albicans and Cladosporium cucumerinum with a minimal 
inhibitory amount of 0.15 and 2.5 µg, 0.6 and 0.6 µg, respectively. In addition, mansorins 
A and B were active against C. cucumerinum with a minimal inhibitory amount of 2.5 
and 0.6 µg, respectively. On the other hand, mansonone C was found to be the only 
isolated compound against the larvae Aedes aegypti at 50 ppm and mansonone N was 
found to be the only isolated compound that exhibited the radical scavenging 
properties in DPPH.[68] 

In 2004, Tiangthem studied the antihistamic activity of this plant and the results 
revealed that the CH2Cl2 extracts from the roots and leaves displayed high antihistamic 
activity with inhibition values are 96 and 81%, respectively.[70]  

Furthermore, in 2007, El-Halawany and coworkers reported that the CHCl3-
soluble fraction from the MeOH extract of heartwood of M. gagei showed potency as 
anti-estrogenic. Fourteen compounds including mansorins A and C, mansonones F, G, 
H, N, O, S, I, mansorins I, II and III, and acetovanilone were isolated. Mansorins I-III and 
mansonone I were new isolated compounds. Based on biological activity test, 
mansonones F and S displayed the most potent anti-estrogenic.[72] 
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Figure 1.6 Chemical constituents from M. gagei heartwoods 
 

1.3 Mansonones, Typical 1,2-Naphthoquinones Derived from Other Plants 

Naturally occurring typical 1,2-naphthoquinones (mansonones) can also be 
found in other species of plants. Bettolo and coworkers in 1965 have recognized 
several 1,2-naphthoquinones along with 1,4-naphthoquinones which designed as 
mansonones A-F, from the heartwoods of M. altissima.[73] Moreover, Tanaka and 
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coworkers in 1966 investigated mansonones A, C, E, F, G, and H together with β-

sitosterol and β-sitosteryl palmitate from the acetone extract of M. altissima 
heartwood.[74] Following investigation, Galeffi and coworkers in 1969  discovered 
mansonone L together with mansonones C, E, F, G, H, and I.[75] 

These compounds could also be found in other plant families such as 
Malvaceae and Ulmaceae. Mansonones D, E, F, G, and H were reported to be isolated 
from Thespesia populnea (Malvaceae family) by Puckhaber and Stipanovic in 2004.[76] 
Mansonone C, orange yellow rods, was isolated from Ulmus glabra heartwood 
(Ulmaceae family).[77] Mansonones E and F were also isolated from the dried root 
bark of U. pumila.[78] 

 
 

1.4 Synthesis of Mansonones and Their Biological Activities 

Several studies involved the synthesis of mansonone derivatives from both 
natural and synthesis procedures. El-Halawany and coworkers in 2007 derivertized 
mansonone G together with mansorin A from their natural compounds isolated from 
M. gagei heartwood extract.[79] The result showed that the phenolic hydroxyl group 
in mansonone G and mansorin A was not essential in anti-estrogenic acitivity. 
Furthermore, the result also indicated that acetyl mansonone G gave a promising 
potential for the synthesis of anti-estrogenic agents. 

 

In 2004, Shin and coworkers synthesized mansonone F derivatives by varying 
its substituent at C3 and investigated their anti-MRSA (anti-methicillin resistance 
Staphylococcus aereus) activity.[80] The results revealed that 1,2-quinone and tricyclic 
systems of mansonone F played important role in anti-MRSA activity. In addition, there 
was no significantly effect on antibacterial activity by derivatives containing alkyl and 
electron-withdrawing groups at C3 of mansonone F derivatives and the polar 
substituents at C3 eliminated the activity. 

 

Another investigation continued to synthesize C6 and C9 analogues of 
mansonone F as well as evaluated the anti-MRSA activity by Suh and coworkers in 
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2006.[81] Most of these analogues displayed good or excellent anti-MRSA activity and 
specifically the 6-n-butyl mansonone F exhibited four times higher than that of 
vancomycin. 

 

Moreover, mansonone F derivatives were further synthesized as topoisomerase 
inhibitors by Wu and coworkers in 2011.[82] Based on the evaluation, these derivatives 
were found to have strong activity as topoisomerase inhibitors, with much more 
significant inhibitions on topoisomerase II rather than topoisomerase I. 

 

Another kind of mansonone, i.e. mansonone E, was synthesized as its 
derivatives by Huang and coworkers in 2013, which were prepared via copper-
catalyzed azide-alkyne cycloaddition (CuAAC) click chemistry and evaluated their 
activity as topoisomerase inhibitors.[83] The results indicated that compounds with the 
substituents of the triazole showed important role for cytotoxicity. 

 

1.5 Bacteria 

Bacteria are single-cell microorganisms without chlorophyll having both DNA 
and RNA, as well as capable to exhibit all of fundamental life processes, such as 
growth, metabolism and reproduction.[84] They can be found in, on, and around most 
living and nonliving things.[85] They are neither plants nor animals and their cells differ 
somewhat from the cells of plants or animals. The bacteria cell walls are stronger per 
unit thickness than the cell wall of higher plants due to the chemical structure of the 
unit parts of bacteria cell wall which has covalent bond forming a strong networks.[86]  

Bacteria belong to prokaryote organisms and has no real nucleus in cell, 
different with eukaryote organisms such as plants, animals, and fungi (including 
yeasts).[85, 87] The outer layer of bacteria cell is composed of two components, i.e. a 
rigid cell wall (containing muramic acid) and plasma membrane. While, the protoplasm 
is encountered at inside of outer layer, which consists of cytoplasm and cytoplasmic 
inclusions such as ribosomes, mesosomes, granules, vacuoles, and nuclear matter.[84] 
The structural features of bacterial cell are described in Figure 1.7.  
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Figure 1.7 Structure of bacterial cell 

In microbiology, bacteria are classified based on the clinical laboratories finding, 
such as: 
1. The energy that the bacteria uses for surviving[88] 

a. Photosynthetic bacteria (bacteria that use light energy) 
b. Chemotrophic bacteria (bacteria that use energy from chemical reactions)  

2. The shape of bacteria, scientists divide the bacteria into some groups[84, 85] 
a. spherical cells, which are labeled as cocci (coccus) and they are described as 

staphylococci, streptococci, and diplococci. 
b. cylindrical or rod-shaped cells, called bacilli (bacillus). 
c. curved rods, known as vibrio which has vibratory motility as their characteristic. 
d. spiral-shaped bacteria. 

3. The oxygen demand for sustaining its life[88] 
a. Aerobic bacteria (bacteria that need oxygen) 
b. Anaerobic bacteria (bacteria that can grow without oxygen) 
c. Bacteria that can life in a little oxygen condition 
d. Facultative bacteria (bacteria that can life with and without oxygen condition) 

4. The staining of the cell wall 
Most of bacteria are colorless and have small size which measured in terms of 

micron,[84] therefore it is difficult to distinguish between groups of bacteria under 
microscope. There is a technique for distinguishing bacteria, i.e. the Gram staining, 
described by Hans Christian Joachim Gram in 1884.[84, 87] This technique is used for 
studying the morphologic appearance of bacteria in which the bacteria are divided into 
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two groups, i.e. Gram positive bacteria and Gram negative bacteria.[84] Gram positive 
bacteria being stained dark purple or violet when treated with Gentian violet then 
iodine/potassium iodide, while Gram negative bacteria can be visualized by eosin or 
fuschin being red.[87] 

 

 

Figure 1.8 Staining agents for bacterial 
 

 The difference between Gram positive and Gram negative bacteria lies on their 
cell wall characteristics.[84] Gram positive bacteria have a cytoplasmic membrane 
surrounded by a tough and rigid mesh while Gram negative bacteria have a cytoplasmic 
membrane surrounded by a thin cell wall that is itself surrounded by a second lipid 
membrane called the outer membrane, which contains large amounts of 
lipopolysaccharide (LPS).[89]  
 

 

Figure 1.9. The differences of cell walls of Gram positive and Gram negative bacteria 
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As comparison, the cell wall of Gram negative bacteria has a complex structure 
than Gram positive bacteria. The peptidoglycan layer of Gram positive bacteria is 
thicker than that in Gram negative bacteria. Gram negative bacteria cell wall contains 
higher lipids amount than that in Gram positive bacteria. The teichoic acids only 
present in Gram positive bacteria, in which this component constitute major surface 
antigens of this kind bacteria.[84] The comparisons of cell walls of Gram positive and 
Gram negative bacteria are presented in Table 1.1. 

Table 1.1 Comparisons of Gram positive and Gram negative bacteria cell walls  

 Gram positive Gram negative 

Structure 
 

Monolayer Multilayer/complex  

Thickness of peptidoglycan 
layer 
 

15-25 nm 10-15 nm 

Variety of amino acid 
 

Few Several 

Aromatic and sulfur 
containing amino acids 
 

Absent Present 

Lipids 
 

Low (2-4%) High (15-20%) 

Teichoic acids 
 

Present Absent 

Periplasmic space 
 

Absent Present 

Result of enzyme digestion 
 

Protoplast Spheroplast 

 



 

 

26 

In this study, Gram positive and Gram negative bacteria were used as 
microorganisms tested, i.e. Staphylococcus aureus ATCC 25923, Streptococcus 
sobrinus KCCM 11898, Streptococcus mutans ATCC 25175, Propionibacterium acnes 
KCCM 41747, and Salmonella typhi ATCC 422. 

a. Staphylococcus aureus 
S. aureus (Figure 1.10) is an ovoid or spherical, non-motile, rarely capsulated, 

can produce golden yellow colonies, pathogenic, and belongs to Gram positive 
bacteria. It is known as aerob bacterium and can grow on simple media at optimum 
temperature 37°C and pH 7.4. This bacterium produces hemolysin which may cause a 
hemolysis. In addition, it can also produce a toxin which may cause nausea, vomiting 
and diarrhea.[84] 

 

 

Figure 1.10. Colonies of Staphylococcus aureus 

b. Streptococcus sobrinus 
S. sobrinus belonging to Gram positive bacteria is one of phylogenetic mutans 

group which commonly associated with caries dental teeth.[90] S. sobrinus is also 
known as the most acidogenic bacteria among other oral streptococci.[91] 

c. Streptococcus mutans 
S. mutans (Figure 1.11) belongs to Gram positive bacteria, facultatively 

anaerobic, and non-capsulated coccus. In 1924, Clarke isolated S. mutans from human 
carious lesions and discovered that this bacterium has a significant contributor to 
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human dental caries.[92] S. mutans is known to be the main cariogenic organism in 
plaque due to its acid tolerant and also its ability in becoming numerically valuable in 
the total plaque population.[93] The acid tolerant of S. mutans was investigated by 
Belli in 1991, and found that S. mutans was able to develop the adaptive tolerance 
during prolonged growth at low pH which distinguished it from organisms not 
commonly associated with dental caries.[94] 

 

 

Figure 1.11 The morphology of Streptococcus mutans (24 hours broth culture) 

d. Propionibacterium acnes 
P. acnes belongs to an anaerobic, non-spore-forming, Gram-positive, and 

pleomorphic rod whose end products of fermentation include propionic acid.[95, 96] 
This bacteria is known to cause human skin commensal and involves in the 
pathogenesis of acne.[97] Chronic inflammatory acne cannot be classified as an 
infectious disease due to this bacteria are normally present on the skin of a vast 
majority individuals.[98] 

 

e. Salmonella typhi 
S. typhi is a Gram negative and facultative anaerobe bacterium belonging to  

Enterobacteriaceae family.[99] This bacterium can cause typhoid fever in humans.[100] 
Typhoid fever is a systemic febrile illness and transmitted by fecal-oral route which 
mainly via contaminated food and water.[101]  
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1.6 Chloramphenicol as One of Broad Spectrum Antibiotic 

Antibiotics produced by bacteria or fungi are small molecules that used for 
killing bacteria without harming the person or animal being treated. Antibiotics can be 
divided into whether they are capable to kill bacteria (bactericidal) or merely suppress 
the growth of bacteria (bacteriostatic).[89, 102] Moreover, they can also be classified 
according to the cellular component or system they affect.[102] 

In this study, the antibiotic used as positive control was chloramphenicol. 
Chloramphenicol or D-(threo-2-dichloroacetamido-1-p-nitrophenyl-1,3-propanediol is 
one of the oldest and most potent of antibiotics used in chemotherapy.[103, 104]  

 

At the beginning of finding this antibiotic, chloramphenicol was known as 
chloromycetin (contained both nitrogen and non-ionic chlorine) and isolated from 
filtrates of submerged aerated cultures of Streptomyces sp.[105] In addition, this 
antibiotic has a broad spectrum (can suppresses some Gram positive and Gram 
negative bacterial) and acts as a bacteriostatic agent. The target and pathway affected 
by chloramphenicol are presented in Table 1.2.[102] 

Table 1.2 Chloramphenicol target and pathway 

Antibiotic 
type 

Derivation Species range 
Primary 
target 

Pathway 
affected 

Phenicols from S. venezuelae Some Gram 
positive and  
Gram negative 
species 

50S 
ribosome 

Protein 
translation 
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1.7 Resistance of Antibiotics and Bacteria 

The invention of antibiotics which can cure infection diseases caused by 
bacteria, have helped humans to treat this disease. But over the past several decades, 
numerous species of bacteria have become increasingly resistant to antibiotics. In fact, 
this phenomenon has been a recognized reality almost since the antibiotic discovery 
era, but only within the past twenty years has the emergence of dangerous.[106]  

 
1.8 Adipose Tissue 

Adipose tissue is known as a metabolic organ which is important for whole–
body insulin sensitivity and energy homeostatis.[107] It is characterized as fat storage 
depots with widely varying function, size, and structure.[108] There are two hormones 
produced exclusively in adipocytes i.e. leptin and adiponectin, which have several 
functions including the modulation of sensitivity to insulin and regulation of food 
intake.[109]  

 

Indeed, there are two kinds of adipose tissues with different functions coexist 
in humans, i.e. white and brown adipose tissues (Figure 1.12). White adipose tissue 
(WAT) is mainly involved in energy storage and mobilization, whereas brown adipose 
tissue (BAT) is specialized in energy expenditure.[110] The relative amounts of both 
adipose tissues are genetically distinguished and rely on many factors such as age, sex, 
environmental temperature, and nutritional status.[111] 
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Figure 1.12 The different origins of white and brown adipose tissues [112] 

The characteristics of white and brown adipose tissues summarized by Saely 
and coworkers (2012) are shown in Table 1.3.[113] White adipocytes are spherical cells 
which their sizes depending on the size of the singlet lipid droplet (consists of 
triglycerides). In addition, white adipocytes have a thin and elongated mitochondria 
which is variable in amount. While, brown adipocytes are multiple small vacuoles and 
contain abundant of mitochondria.  

Table 1.3 The characteristics of white and brown adipose tissues 

 White adipose tissue Brown adipose tissue 

Function The storage of energy The production of heat 
Morphology 
 
 

As single lipid droplet, and 
contains variable amount of 
mitochondria 

As multiple small molecule, 
and contains abundant of 
mitochondria 

Human data 
 
 

Large amount are associated 
with increased risk of obesity-
related disorders 

Large amount are associated 
with decreased risk of 
obesity-related disorders 

Impact of aging Increases with age relative to 
total body weight 

Decreases with age 
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1.9 Adipogenesis  

Adipose tissue expands by the increasing of the number and size of adipocytes 
and these adipocytes reach maturity and become functional via adipogenesis.[114] 
Adipogenesis (Figure 1.13) is defined as a specific differentiation process by which fat 
cells (adipocytes) are formed from their pre-adipocyte precursor cells.[45] This process 
is regulated by a number of transcriptions factors, such as peroxisome proliferator-

activated receptor γ (PPARγ) and CCAAT/enhancer binding proteins (CEBPs).[47] 
 

 

Figure 1.13 Adipogenesis (differentiation process) [115] 
 

1.10 Adipose Tissue Dysfunction 

The metabolism of adipose tissue is closely linked to obesity. The obese state 
defined as a body mass index (BMI) ≥30 kg/m2) is described by an excessive growth of 
adipose tissue mass, which displays in increased size (adipocyte hypertrophy), 
increased number (adipocyte hyperplasia), and increased intracellular lipids.[108] 
White adipose tissue is important for maintaining the energy homeostasis and highly 
influences obesity.[47] 

 

It is also known that the obesity significantly contributes the risk of developing 
type 2 diabetes mellitus, hypertension, cardiovascular disease, stroke, fatty liver 
diseases, dementia, obstructive sleep apnea, and several types of cancer.[116, 117] In 
order to decrease the obesity, the substances that can inhibit adipogenesis are needed. 
Controlling adipogenesis is a potential strategy to prevent obesity. These substances 
are called as anti-adipogenic agents.  
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In laboratory study, 3T3-L1 cell lines have been widely used as in vitro models 
on anti-adipogenic assay. This cell lines is originally derived from mouse embryos which 
can be differentiated into adipocytes which stimulated by dexamethasone, IBM, and 
insulin.[44] 

 

1.11 The Aim of This Research 

Nowadays, the discovery of new antibacterial agents is considerably as an 
important research due to some antibiotic resistance effect towards bacterial strains. 
In addition, since the number of studies in the field of adipose tissue has increased 
exponentially over the last decade due to the rising of obesity prevalence and its 
metabolic disorders caused the anti-adipogenic activity is also consider as an important 
study. One of well-known secondary metabolites with good antibacterial and anti-
adipogenic activities is naphthoquinone groups. 

 

According to the previous literature review, it seemed that mansonones 
isolated from M. gagei heartwoods were interesting for further investigation as well as 
their derivatives in antibacterial and anti-adipogenic activities. Previous studies reported 
that mansonones as well as their synthetic derivatives displayed antibacterial activity 
but no report before on antibacterial activity from mansonone G derivatives. Moreover, 
there is no report on anti-adipogenic activity of mansonones as well as their derivatives. 
Therefore, the aims of this research were summarized as follows: 
- To isolate mansonones from M. gagei heartwoods. 

- To synthesize mansonone derivatives. 

- To determine their antibacterial and anti-adipogenic activities. 

 



 

 

CHAPTER II 
EXPERIMENTAL 

2.1 Plant Material 

The dried heartwoods of Mansonia gagei Drumm. was bought from Tai Hua 
Chan, the herbal drug store in Bangkok, Thailand in December 2014. 

 

 

Figure 2.1 Dried heartwoods of M. gagei 
 

2.2 Equipments and Instruments 

1H and 13C NMR spectra were recorded in CDCl3 or acetone-d6 or otherwise 
stated and were analyzed by using a Bruker Ultrashield 400 Plus NMR spectrometer or 
a Varian Mercury NMR spectrometer with an Oxford YH400 magnet operating at 400 
MHz for 1H and 100 MHz for 13C. High resolution mass spectra (HRMS) were recorded 
on a Bruker Daltonics microTOF using electron spray ionization (ESI).  

 

2.3 Chemicals 

 All solvents used in this research were distilled prior to use except those 
which were reagent grades. Thin layer chromatography (TLC) was performed on 
aluminium sheets precoated with silica gel (Merck Kieselgel 60 PF254). Silica gel (No. 
7729, 7734, and 9385, Merck) was used as stationary phase on quick column 
chromatography and open column chromatography. 
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2.4 Extraction of Plant Material 

The dried-powdered M. gagei heartwoods (10 kg) were extracted by maceration 
method, where sample soaked in CH2Cl2 for 3 days at room temperature and was 
repeated three times. Then, the extract was filtered and evaporated under vacuum to 
obtain dark-brown CH2Cl2 extract (276 g, 2.8% yield of the dried heartwood). 
 

2.5 Separation and Purification of Chemical Constituents 

The CH2Cl2 extract (200 g) was fractionated by silica gel quick column (No. 7729, 
Merck). A stepwise elution was conducted by hexane and followed by increasing the 
polarity with EtOAc and final with 10% MeOH in EtOAc. The fractions were combined 
according to TLC profiles to give 8 fractions (MGD1-MGD8).  

MGD3, MGD4 and MGD5 were further separated on silica gel column (No. 7734, 
Merck) using stepwise system of hexane–CH2Cl2, CH2Cl2-EtOAc and EtOAc-MeOH of 
increasing polarity. Further separation of MGD3 yielded three compounds, i.e. mansorin 
A (1, 0.72 g), mansorin C (3, 0.03 g) and mansonone C (4, 0.08 g). While, mansorin B (2, 
0.06 g) and mansonone E (5, 0.20 g) were obtained from MGD4. Mansonone H (7, 0.19 
g) was isolated from MGD5. Mansonone G (6, 10.00 g) as a major compound was 
isolated from both MGD4 and MGD5. The structural identification of these compounds 
(Figure 2.2) were conducted by comparing spectroscopic data with previous reports. 

 

 

Figure 2.2 Isolated compounds from the CH2Cl2 extract of M. gagei heartwoods 
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Mansorin A (1) 1H NMR (400 MHz, CDCl3): δ (ppm) 7.90 (s, 1H), 6.90 (s, 1H), 3.83 (s, 3H), 
3.55 (m, 1H), 2.42 (s, 3H), 2.23 (s, 3H), and 1.37 (d, J = 7.1 Hz, 6H). 

Mansorin B (2) 1H NMR (400 MHz, CDCl3): δ (ppm) 7.90 (s, 1H), 6.77 (s, 1H), 5.19 (s, 1H), 
3.53 (m, 1H), 2.35 (s, 3H), 2.24 (s, 3H), and 1.42 (d, J = 7.0 Hz, 6H). 

Mansorin C (3) 1H NMR (400 MHz, CDCl3): δ (ppm) 7.31 (d, J = 7.6 Hz, 1H), 7.00 (d, J = 
7.6 Hz, 1H), 4.41 (dd, J = 10.7, 4.1 Hz, 1H), 4.13 (dd, J = 10.8, 6.7 Hz, 1H), 3.17 (m, 1H), 
2.43 (s, 3H), 2.07 (s, 3H), and 1.33 (d, J = 7.0 Hz, 3H).  

Mansonone C (4) 1H NMR (400 MHz, CDCl3): δ (ppm) 7.65 (s, 1H), 7.43 (d, J = 8.1 Hz, 
1H), 7.19 (d, J = 8.0 Hz, 1H), 3.38 (m, 1H), 2.63 (s, 3H), 2.08 (d, J = 1.8 Hz, 3H), and 1.29 
(d, J = 7.0 Hz, 1H). 

Mansonone E (5) 1H NMR (400 MHz, CDCl3) : δ (ppm) 7.34 (d, J = 8.5 Hz, 1H), 7.00 (d, J 
= 7.6 Hz, 1H), 3.17 (m, 1H), 4.40 (dd, J = 10.1, 3.4 Hz, 1H), 4.22 (dd, J = 10.1, 4.3 Hz, 1H), 
2.65 (s, 3H), 1.95 (s, 3H), and 1.36 (d, J = 7.1 Hz, 3H). 

Mansonone G (6) 1H NMR (400 MHz, acetone-d6): δ (ppm) 7.87 (s, 1H), 6.64 (s, 1H), 3.63 
(m, 1H), 2.45 (s, 3H), 1.95 (s, 3H), and 1.34 (d, J = 7.0 Hz, 6H).  

Mansonone H (7) 1H NMR (400 MHz, acetone-d6): δ (ppm) 6.84 (s, 1H), 4.48 (d, J = 10.9 
Hz, 1H), 4.36 (dd, J = 10.9, 3.3 Hz, 1H), 3.32 (m, 1H), 2.52 (s, 3H), 1.86 (s, 3H), and 1.32 
(d, J = 7.0 Hz, 3H). 
 

2.6 Synthesis of Mansonone Derivatives 

2.6.1  The Derivatization of Mansonone G into Its Ether Analogues 

The derivatization of mansonone G into its ether analogues was performed 
using El-Halawany, et al. method.[79] Mansonone G (6, 122 mg, 0.5 mmol) was 
dissolved in acetone (15 mL), then K2CO3 (700 mg, 5 mmol) was added into the 
solution. CH3I (0.75 mL, 12 mmol) was added while stirring and the mixture was 
refluxed for 5–8 h. The progress of the reaction was followed by TLC. After the reaction 
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was completed, the reaction mixture was extracted with EtOAc (15 mL, three times). 
The organic layer was dried over anhydrous Na2SO4, filtered the drying agent, 
evaporated the solvent, and purified by silica gel column (No. 9385, Merck) using 
hexane:EtOAc (4:1) to yield compound G01 as orange powder (100 mg, 82% yield). The 
same procedure was conducted by changing CH3I with C2H5Br (0.89 mL), C4H9Br (1.30 
mL), C8H17Br (2.07 mL), C12H25Br (2.88 mL), benzyl bromide (1.43 mL), allyl bromide 
(1.04 mL), 3,3-dimethylallyl bromide (1.39 mL), geranyl bromide (2.4 mL), and cinnamyl 
bromide (to yield compounds G02 (98 mg, 80%yield), G03 (96 mg, 79% yield), G04 (93 
mg, 76% yield), G05 (119 mg, 98%yield), G06 (20.4 mg, 16.7%yield), G07 (43 mg, 
35.3%yield), G08 (27 mg, 22.1%yield), G09 (75.4 mg, 61.8% yield), and G10 (84.1 mg, 
68.9% yield), respectively. Compounds G07 and G08 were purified by 
hexane:CH2Cl2:EtOAc (5:2.5:0.5), while compound G09 was purified using 
hexane:CH2Cl2:EtOAc (7:2.5:0.5). The structures of these ether analogues (Figure 2.3) 
were elucidated using NMR and MS analysis. Nine compounds were identified as new 
semisynthetic ether analogues, i.e. compounds G02 – G10. 

 

 

Figure 2.3 The structures of ether analogues of mansonone G 
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G01 (methyl ether mansonone G). 1H NMR (400 MHz, CDCl3): δ (ppm) 7.70 (s, 1H), 6.60 
(s, 1H), 3.90 (3H), 3.58 (m, 1H), 2.62 (s, 3H), 2.04 (s, 3H), and 1.35 (d, J = 7.0 Hz, 6H). 13C 

NMR: δ (ppm) 182.4, 180.4, 163.0, 146.3, 138.3, 134.9, 134.3, 122.8, 114.8, 55.3, 29.5, 
23.5, 21.2, and 15.9.  

G02 (ethyl ether mansonone G). 1H NMR (400 MHz, CDCl3): δ (ppm) 7.70 (s, 1H), 6.58 
(s, 1H), 4.13 (q, J = 6.96 Hz, 2H), 3.58 (m, 1H), 2.62 (s, 3H), 2.05 (s, 3H), 1.49 (t, J = 6.96 

Hz, 3H), and 1.38 (d, J = 7.04 Hz, 6H). 13C NMR: δ (ppm) 182.4, 180.4, 162.5, 146.3, 
138.2, 134.9, 134.3, 134.2, 122.7, 115.3, 63.9, 29.5, 23.5, 21.2, 15.9, and 14.4. HRMS (ESI): 
calcd for C17H21O3 [M+Na]+:  295.1310, found 295.1309. 

G03 (butyl ether mansonone G). 1H NMR (400 MHz, CDCl3) : δ (ppm)  7.69 (s, 1H), 6.58 
(s, 1H), 4.04 (t, J = 6.32 Hz, 2H), 3.57 (m, 1H), 2.59 (s, 3H), 2.02 (s, 3H), 1.83 (m, 2H), 1.50 

(m, 2H), 1.36 (d, J = 6.96 Hz, 6H), and 0.98 (t, J = 7.32 Hz, 3H). 13C NMR: δ (ppm) 182.4, 
180.2, 162.6, 146.2, 138.2, 134.7, 134.2, 134.1, 122.5, 115.2, 68.0, 30.9, 26.7, 23.4, 21.1, 
19.2, 15.8, and 13.5. HRMS (ESI): calcd for C19H24O3 [M+Na]+: 323.1623, found 323.1621. 

G04 (octyl ether mansonone G). 1H NMR (400 MHz, CDCl3): δ (ppm) 7.71 (s, 1H), 6.59 
(s, 1H), 4.04 (t, J = 6.44 Hz, 2H), 3.59 (m, 1H), 2.62 (s, 3H), 2.05 (s, 3H), 1.86 (m, 2H), 1.50 

(m, 2H), 1.41 (d, J = 6.20 Hz, 6H), 1.32 (m, 8H), and 0.89 (t, J = 6.12 Hz, 3H). 13C NMR: δ 
(ppm) 182.5, 180.3, 162.6, 146.3, 138.2, 134.9, 134.3, 134.2, 122.6, 115.3, 68.4, 31.6, 
29.0, 28.9, 26.8, 26.0, 23.6, 22.5, 21.2, 15.9, and 13.9. HRMS (ESI): calcd for C23H32O3 

[M+Na]+: 379.2249, found 379.2254. 

G05 (dodecyl ether mansonone G). 1H NMR (400 MHz, CDCl3) : δ (ppm) 7.70 (s, 1H), 
6.58 (s, 1H), 4.03 (t, J = 6.40 Hz, 3H), 3.59 (m, 1H), 2.60 (s, 3H), 2.03 (s, 3H), 1.84 (m, 2H), 
1.48 (m, 2H), 1.37 (d, J = 7.00 Hz, 6H), 1.26 (m, 16H), 0.86 (t, J = 6.00 Hz, 3H). 13C NMR: 

δ (ppm) 182.3, 180.2, 162.6, 146.3, 138.2, 134.8, 134.2, 134.1, 122.5, 115.2, 68.0, 31.7, 
29.4, 29.3, 29.1, 29.0, 28.8, 25.9, 23.5, 22.4, 21.2, 15.8, and 13.8. HRMS (ESI): calcd for 
C27H40O3 [M+Na]+: 435.2875, found 435.2881. 
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G06 (benzyl ether mansonone G) 1H NMR (400 MHz, CDCl3): δ (ppm) 7.72 (s, 1H), 7.42 
(m, 5H), 6.70 (s, 1H), 5.16 (s, 2H), 3.63 (m, 1H), 2.62, (s, 3H), 2.06 (s, 3H), and 1.38 (d, J = 

7.08 Hz, 6H). 13C NMR: δ (ppm) 182.6, 180.7, 162.4, 146.5, 138.5, 135.9, 135.3, 134.8, 
134.7, 128.9, 128.5, 127.7, 123.4, 116.2, 70.8, 27.0, 23.8, 21.6, and 16.2. HRMS (ESI): calcd 
for C23H32O3 [M+Na]+: 357.1467, found 357.1464. 

G07 (allyl ether mansonone G) 1H NMR (400 MHz, CDCl3): δ (ppm) 7.71 (s, 1H), 6.59 (s, 
1H), 6.07 (m, 1H), 5.44 (m, 1H), 5.34 (m, 1H), 4.63 (d, J = 5.20 Hz, 2H), 3.60 (m, 1H), 2.61 

(s, 3H), 2.05 (s, 3H), 1.39 (d, J = 7.08 Hz, 6H). 13C NMR (400 MHz, CDCl3): δ (ppm) 182.6, 
180.7, 162.3, 146.5, 138.5, 135.2, 134.6, 132.3, 123.2, 122.4, 118.4, 116.1, 69.3, 27.0, 23.8, 
21.4, and 16.2. HRMS (ESI): calcd for C23H32O3 [M+Na]+: 307.1310, found 307.1293. 

G08 (3,3-dimethylallyl ether mansonone G) 1H NMR (400 MHz, CDCl3): δ (ppm) 7.71 (s, 
1H), 6.59 (s, 1H), 5.48 (t, J = 5.44 Hz, 1H), 4.60 (d, J = 6.64 Hz, 2H), 3.58 (m, 1H), 2.62 (s, 

3H), 2.05 (s, 3H), 1.82 (s, 3H), 1.76 (s, 3H), and 1.36 (d, J = 7.04 Hz, 6H). 13C NMR: δ (ppm) 
182.8, 180.7, 162.8, 146.6, 138.9, 138.6, 135.1, 134.8, 134.7, 123.0, 116.0, 65.5, 27.1, 25.9, 
23.9, 23.8, 21.5, 18.5, and 16.2. HRMS (ESI): calcd for C23H32O3 [M+Na]+: 335.1623, found 
335.1624. 

G09 (geranyl ether mansonone G) 1H NMR (400 MHz, CDCl3): δ (ppm) 7.71 (s, 1H), 6.60 
(s, 1H), 5.49 (t, J = 6.32 Hz, 1H), 5.09 (t, J = 5.80 Hz, 1H), 4.62 (d, J = 6.60 Hz, 2H), 3.57 
(m, 1H), 2.63 (s, 3H), 2.05 (s, 3H), 2.12 (m, 2H), 1.75 (s, 3H), 1.67 (s, 3H), 1.61 (s, 3H), 1.37 

(d, J = 6.96 Hz, 6H), and 1.25 (m, 2H). 13C NMR: δ (ppm) 182.5, 180.4, 162.4, 146.3, 
141.9, 138.3, 134.9, 131.8, 128.3, 123.4, 122.2, 119.6, 118.5, 115.7, 65.2, 39.3, 29.5, 26.1, 
25.5, 23.6, 21.2, 17.6, 16.5, and 15.9. HRMS (ESI): calcd for C23H32O3 [M+Na]+: 403.2249, 
found 403.2252. 

G10 (cinnamyl ether mansonone G) 1H NMR (400 MHz, CDCl3): δ (ppm) 7.72 (s, 1H), 
7.37 (m, 5H), 6.66 (s, 1H), 6.76 (m, 2H), 6.42 (m, 1H), 3.63 (m, 1H), 2.64 (s, 3H), 2.06 (s, 

3H), 1.42 (d, J = 7.04 Hz, 6H). 13C NMR: δ (ppm) 182.7, 180.7, 162.2, 146.5, 138.5, 135.3, 
134.8, 134.7, 134.1, 128.8, 128.4, 126.8, 123.3, 116.1, 69.3, 27.2, 23.9, 21.6, and 16.2. 
HRMS (ESI): calcd for C23H32O3 [M+Na]+: 383,1623, found 383.1638. 
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2.6.2  The Derivatization of Mansonone G into Its Ester Analogues 

The derivatization of mansonone G into its ester analogues was performed into 
two steps.[118] Firstly, PPh3 0.52 g (2 mmol) in CH2Cl2 (3 mL) was added into a mixture 
of n-butyric acid (1.05 mL, 1 mmol) and trichloroacetonitrile 0.37 g (2 mmol) in CH2Cl2 
(3 mL) at room temperature. Then, the mixture was stirred for approximately 1 h. 

The second step, mansonone G (6) 0.122 g (0.5 mmol) in CH2Cl2 (10 mL) and 4-
picoline 0.3 mL (3 mmol) were added to the previous mixture (in step 1). The mixture 
was refluxed and stirred at 38–40 oC for 3 h or until the reaction occurred completely 
(confirmed by TLC). After that, the organic layer was extracted with 10% HCl and 
saturated aqueous NaHCO3, respectively. Furthermore, the organic layer was dried over 
anhydrous Na2SO4, filtered, and evaporated using rotatory vacuum evaporator. The 
product was purified by subjecting to silica gel column and eluted with hexane:EtOAc 
(4:1) to yield compound G11 as orange powder (84 mg, 69%yield). The same procedure 
was conducted by changing n-butyric acid with caproic acid, caprylic acid, capric acid, 
benzoic acid, 2-chlorobenzoic acid, 2-methoxybenzoic acid, and 4-methoxybenzoic 
acid to yield compounds G12 (15 mg, 12.3 %yield), G13 (14 mg, 11.5 %yield), and G14 
(34 mg, 27.9 %yield), G15 (84.4 mg, 69.2 %yield), G16 (77.9 mg, 63.9 %yield), G17 (34.1 
mg, 27.9 %yield), and G18 (42.6 mg, 34.9 %yield), respectively. All of these ester 
analogues were recognized as new semisynthetic compounds (G11–G18). 
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Figure 2.4 The structures of ester analogues of mansonone G 

G11 (mansonone G butanoate). 1H NMR (400 MHz, CDCl3) : δ (ppm)  7.72 (s, 1H), 6.86 
(s, 1H), 3.47 (m, 1H), 2.61 (s, 3H), 2.61 (t, J = 7.28 Hz, 2H), 2.07 (s, 3H), 1.82 (m, 2H), 1.36 

(d, J = 6.72 Hz, 6H), and 1.07 (t, J = 7.40 Hz, 3H). 13C NMR: δ (ppm) 181.7, 181.3, 171.4, 
154.0, 144.5, 138.0, 137.0, 135.5, 135.2, 128.2, 127.7, 36.4, 26.8, 22.8, 21.9, 18.2, 16.0, 
and 13.6. HRMS (ESI): calcd for C23H32O3 [M+Na]+: 337.1416, found 337.1431. 

G12 (mansonone G hexanoate). 1H NMR (400 MHz, CDCl3) : δ (ppm) 7.63 (s, 1H), 6.78 
(s, 1H), 3.39 (m, 1H), 2.54 (s, 3H), 2.54 (t, J = 7.28 Hz, 2H), 2.00 (s, 3H), 1.72 (m, 2H), 1.35 
(m, 2H),  1.29 (d, J = 7.16 Hz, 6H), 1.14 (m, 2H), and 0.87 (t, J = 6.84 Hz, 3H). 13C NMR: 

δ (ppm) 181.7, 181.3, 171.6, 154.0, 144.6, 138.0, 137.0, 135.5, 135.3, 128.2, 127.8, 34.5, 
31.3, 26.8, 24.3, 22.2, 22.3, 22.0, 16.0, and 13.9. HRMS (ESI): calcd for C23H32O3 [M+Na]+: 
365.1729, found 365.1731. 

G13 (mansonone G octanoate). 1H-NMR (400 MHz, CDCl3) : δ (ppm) 7.64 (s, 1H), 6.78 
(s, 1H), 3.39 (m, 1H), 2.54 (t, J = 7.24 Hz, 2H), 2.53 (s, 3H), 2.00 (s, 3H), 1.71 (m, 2H),  1.35 
(m, 2H), 1.29 (d, J=7.08 Hz, 6H), 1,22 (m, 6H), 0.83 (t, J = 5.60 Hz, 3H). 13C-NMR: (ppm) 
181.7, 181.3, 171.6, 154.0, 144.6, 138.0, 137.0, 135.5, 135.2, 128.2, 127.8, 34.6, 31.6, 29.0, 
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28.9, 26.8, 24.7, 22.8, 22.6, 22.0, 16.0, and 14.0. HRMS (ESI): calcd for C23H32O3 [M+Na]+: 
393.2042, found 393.2045. 

G14 (mansonone G decanoate). 1H-NMR (400 MHz, CDCl3) : δ (ppm) 7.70 (s, 1H), 6.85 
(s, 1H), 3.46 (m, 1H), 2.62 (t, J = 7.60 Hz, 2H), 2.60 (s, 3H), 2.07 (s, 3H), 1.75 (m, 2H), 1.40 
(m, 2H), 1.35 (d, J = 7.08 Hz, 6H), and 1.29 (m, 10H), 0.87 (t, J = 6.08 Hz, 3H). 13C-NMR: 

δ (ppm) 181.8, 181.3, 171.6, 154.0, 144.6,  138.0, 136.9, 135.5, 135.3, 128.2, 127.8, 34.6, 
31.8, 29.7, 29.4, 29.2, 29.1, 26.8, 24.7, 22.8, 22.6, 22.0, 16.0, and 14.1. HRMS (ESI): calcd 
for C17H21O3 [M+Na]+:  421.2355, found 421.2359. 

G15 (mansonone G benzoate). 1H-NMR (400 MHz, CDCl3) : δ (ppm) 8.21 (d, J = 7.12 Hz, 
2H), 7.70 (s,1H), 7.69 (t, J = 7.48 Hz, 1H), 7.56 (m, 2H), 6.98 (s, 1H), 3.53 (m, 1H), 2.63 (s, 

3H), 2.09 (s, 3H), and 1.39 (d, J = 7.08 Hz, 6H). 13C-NMR: δ (ppm) 181.9, 181.5, 164.8, 
154.4, 144.8, 138.0, 137.4, 135.7, 135.5, 134.3, 130.5, 129.0, 128.6, 27.1, 23.0, 22.1, and 
16.2. HRMS (ESI): calcd for C17H21O3 [M+Na]+:  371.1259, found 371.1262. 

G16 (mansonone G 2-chloro benzoate). 1H NMR (400 MHz, CDCl3) : δ (ppm) 8.06 (d, J 
= 8.48 Hz, 1H), 7.74 (s, 1H), 7.55 (m, 2H), ), 7.44 (m, 2H), 7.00 (s, 1H), 3.53 (m, 1H), 2.64 

(s, 3H), 2.08 (s, 3H), and 1.38 (d, J = 7.20 Hz, 6H). 13C NMR: δ (ppm) 181.8, 181.5, 163.6, 
154.0, 144.8, 138.0, 137.4, 135.9, 134.9, 133.9, 131.8, 128.6, 128.2, 127.1, 27.0, 23.0, 22.2, 
and 16.2. HRMS (ESI): calcd for C17H21O3 [M+Na]+:  405.0870, found 405.0860. 

G17 (mansonone G 2-methoxy benzoate). 1H NMR (400 MHz, CDCl3): δ (ppm) 7.71 (s, 
1H), 6.56 (s, 1H), 6.06 (m, 1H), 5.42 (m, 1H), 5.30 (m, 1H), 4.58 (d, J = 5.08 Hz, 2H), 3.46 

(m, 1H), 2.52 (s, 3H), 2.14 (s, 3H), 1.39 (d, J = 7.08 Hz, 6H). 13C NMR (400 MHz, CDCl3): δ 
(ppm) 182.6, 180.6, 161.4, 143.3, 140.3, 132.9, 132.3, 129.9, 119.3, 117.8, 114.1, 69.1, 
32.4, 21.1, 18.1, and 16.1. HRMS (ESI): calcd for C23H32O3 [M+Na]+: 307.1310, found 
307.1293. 

G18 (mansonone G 4-methoxy benzoate). 1H NMR (400 MHz, CDCl3) : δ (ppm) 8.15 (d, 
J = 8.76 Hz, 2H), 7.73 (s, 1H), 7.02 (d, J = 2.00 Hz, 2H), 6.96 (s, 1H), 3.91 (-OCH3), 3.52 

(m, 1H), 2.63 (s, 3H), 2.08 (s, 3H), and 1.38 (d, J = 7.08 Hz, 6H). 13C-NMR: δ (ppm) 182.0, 
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181.5, 164.5, 154.6, 144.7, 138.1, 137.5, 135.7, 135.4, 134.7, 133.8, 133.7, 132.7, 129.8, 
129.6, 128.8, 121.2, 114.3, 55.7, 27.1, 23.0, 22.1, and 16.2. HRMS (ESI): calcd for C17H21O3 

[M+Na]+:  401.1365, found 401.1370. 
 

2.6.3  The Derivatization of Mansonone G with Epichlorohydrin 

The derivatization of mansonone G (6) with epichlorohydrin into its mansonone 
G epoxide was performed using Nouailhas, et al. method.[119] Mansonone G (6, 122 

mg, 0.5 mmol) was dissolved in epichlorohydrin (4 mL) and refluxed until 98C using 
two-neck round-bottomed flask. At this point temperature, an ethanolic solution of 
NaOH (10 mg, 0.25 mmol) in 95% EtOH (1 mL) was added dropwise using a dropping 
funnel. The progress of the reaction was monitored by TLC. After 2 h, the reaction 
mixture was cooled at room temperature and added 15 mL of acetone. The white 
salts released as by-products were filtered out. The acetone and non-reacted excess 

of epichlorohydrin were evaporated using a rotatory vacuum evaporator at 80C. The 
reaction product was then redissolved in 15 mL of acetone, filtered, and the filtrate 

was evaporated at 80C. This last step was repeated twice. Then, the reaction product 
was purified by silica gel column (No. 9385, Merck) using hexane:CH2Cl2:EtOAc (3:2.5:0.5) 
to obtain G19 (63.2 mg, 51.8% yield) and G20 (30 mg, 24.6% yield). 

 

 

Figure 2.5 The structures of analogues of mansonone G with epichlorohydrin 

G19. 1H NMR (400 MHz, CDCl3) : δ (ppm) 7.71 (s, 1H), 6.59 (s, 1H), 4.37 (dd, J = 2.8, 2.8 
Hz, 1H), 3.99 (dd, J = 6.08, 6.08 Hz, 1H), 3.60 (m, 1H), 3.42 (m, 1H), 2.62 (s, 3H), 2.06 (s, 

3H), and 1.38 (dd, J = 7.08 Hz, 6H). 13C NMR: δ (ppm) 182.6, 180.7, 162.1, 146.5, 138.4, 
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135.4, 134.6, 123.6, 115.9, 69.5, 49.9, 44.7, 29.8, 27.7, 23.8, 21.5, and 16.2. HRMS (ESI): 
calcd for C18H20O4 [M+Na]+:  323.1259, found 323.1257. 

G20. 1H NMR (400 MHz, DMSO): δ (ppm) 7.76 (1H, s), 6.76 (1H, s),   5.58 (1H, s), 3.99 (t, 

J = 9.16 Hz, 4H), 2.39 (s, 3H), 1.81 (s, 3H), and 1.19 (d, J = 6.88 Hz, 6H). 13C NMR: δ 
(ppm) 181.7, 180.1, 162.1, 145.3, 138.0, 135.0, 134.2, 133.8 122.7, 116.0, 69.7, 68.6, 46.6, 
26.3, 23.1, 21.2, 18.2, and 15.5. HRMS (ESI): calcd for C18H21ClO4 [M+H]+: 336.1128, found 
337.1237. 
 

2.7 The Evaluation of Antibacterial Activity  

2.7.1  Test Microorganisms   

The test microorganisms belong to both Gram positive and Gram negative 
bacteria. Gram positive bacteria including Staphylococcus aureus ATCC 25923, 
Streptococcus mutans ATCC 25175, Streptococcus sobrinus KCCM 11898, and 
Propionibacterium acnes KCCM 41747 were employed in this bioassay, while 
Salmonella typhi ATCC 422 was used as representative for Gram negative bacteria. The 
bacteria were periodically sub-cultured and maintained in nutrient agar medium. 

 

2.7.2  Preparation of Microbial Inoculum 

Some colonies of each test organism were inoculated into nutrient broth (NB) 

and incubated at 37C for 18-24 h. Then, the turbidity produced was adjusted to match 
Mc Farland 0.5 standard (99.5 mL of 1% H2SO4 and 0.5 mL of 1.175% BaCl2). Then this 
suspension of bacteria was used for antibacterial activity. 

 

2.7.3  Antibacterial Activity Test 

Antibacterial activity was determined by agar well diffusion method as 
described by Karuppiah and Mustaffa method with some modification.[120] Nutrient 
agar which contains 8 g nutrient broth and 20 g agar powder in 1 L distilled water, was 
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autoclaved at 121C for 15 min. Then 25 mL nutrient agar was poured into a sterilized 
petri dish (9 mm diameter). The plates were left at room temperature for solidification. 
Tested bacterial suspension (0.5 MF, 100 µL) was swabbed onto the agar surface. Wells 
(diameter 6 mm) were then punched in the agar using a sterile cork-borer. About 30 
µL of 1 mM compound was placed into the well. The clear zone was measured in mm 

after 18 – 24 h incubation at 37C. All experiments were done in triplication and the 
results were expressed as average values. Chloramphenicol (0.5 mM) was used as a 
positive control and acetone (sample solvent) as a negative control.  

 

2.7.4  Determination of Minimum Inhibitory Concentration (MIC) Value 

 Minimum inhibitory concentration (MIC) value of compound was determined 
by the method as described by Sawasdee with some modification.[121] The tested 
compound was dissolved in DMSO to prepare stock solutions of 1000 µM. From this 
stock solution, the concentrations of compound were varied and prepared by using 
nutrient broth. Triplicate 50 µL compounds each concentrations were placed into 
sterile 96-well plates. The suspension of bacteria (0.5 MF) were diluted 1:200 (~106 

CFU/Ml) using nutrient broth and 50 µL added to the top well in each row. Plates were 
incubated at 37°C for 15 h, then 10 µL of resazurin indicator (0.18%) was added to 
each well and determined after incubation for 2–3 h. Chloramphenicol was used as 
positive control. 

 

2.8 The Evaluation of Anti-adipogenic Activity 

2.8.1  Cell Culture 

 3T3-L1 cells were maintained in DMEM which supplemented with 10% of BCS. 
These cells (1x105 cells/10 mL) were maintained every two days in petridish (diameter 
100 mm) and incubated in incubator at 37°C supplemented with constant 5% CO2. 
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2.8.2  Differentiation of 3T3-L1 Cells in 24-Wells Plate 

In second day, 3T3-L1 cells were then seeding into 24-wells plate using DMEM 
supplemented with 10% of FBS. Each well contained 2x104 cells/0.5 mL. After cells 
grown to confluence for 48 h, the medium was changed to 10% FBS/DMEM containing 
dexamethasone (1 µM), insulin (5 µg/mL), and rosiglitazone (10 µM), to differentiate 
adipocytes (day 0). Medium was then replaced with 10% FBS/DMEM containing insulin 
(5 µg/mL) after 48 h and refreshed with 10% FBS/DMEM every other day during 
differentiation. In order to investigate the effect of all isolated compounds (mansorins 
and mansonones) and several mansonone derivatives on adipogenesis, cells were 
treated with 10 µM of compounds (dissolved in DMSO) and/or by varying the 
concentrations as 0, 1, 5, 10, 20, and  50 µM for several candidate compounds, in 
differentiation day 0, day 2, day 4, and day 6. Cells were incubated in incubator at 37°C 
supplemented with constant 5% CO2.  

 

2.8.3  Oil Red O Staining 

 At differentiation day 7, cells were taken from incubator and washed with PBS, 
then followed by adding 10% formalin (1 mL) into each well at room temperature. 
The plates were wrapped with transparent plastic and aluminium foil. After a couple 
days of incubation, the formalin was discarded and washed the cells with 60% 
isopropanol. Then removed isopropanol and left the wells dried completely. Into dried 
wells, Oil Red O working solution was added and incubated for 10 min at room 
temperature. Stained cells were washed with distilled water 2 or 3 times and dissolved 
in 100% isopropanol for measuring the absorbance at 500 nm. 
 

2.8.4  Preparation for Western Blot Analysis 

2.8.4.1 Differentiation of 3T3-L1 Cells in 6-Wells Plate 

 In general, the procedure was the same as the differentiation of 3T3-L1 cells in 
24-wells plate. For 6-well plate, the 3T3-L1 were seeding with the density of cells 
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1x105 cells/2 mL/well. The cells were treated by compounds with various 
concentrations as 0, 1, 5, 10, 20, and 50 µM, in differentiation day 0, day 2, day 4, and 
day 6. Cells were incubated in incubator at 37°C supplemented with constant 5% CO2. 
 

2.8.4.2 Preparation for Protein Extraction 

 At day 7, cells in 6-well plates were taken from incubator and followed by 
protein preparation procedure. For harvesting the detachment of cells, gently scrapped 
the cells using a plastic cell scrapper and then collected the cells into 15 mL centrifuge 
tube. These cells were then centrifuged at 1000 rpm, room temperature, for 3 min. 
After centrifugation finished, the supernatants were discarded and cold PBS (1 mL) was 
added into each tube, homogenized by pipetting 2 until 3 times. Remove the solution 
of cells into Eppendorf tubes completely and centrifuge at 5000 rpm, 4°C, for 3 min. 
Removed all PBS using pipet (in ice). These pellets can be stored in -70°C deep freezer 
before continued for the next step. 

 

2.8.4.3 Cells Lysis for Protein Extraction 

 The pellets from deep freezer were moved into ice and added 50 µL of lysis 
buffer containing DTT (1 mM), PMSF (1 mM), Na3VO4 (1 mM), and protease inhibitor. 
Incubate for 20 min in ice and vortex the tubes every 5 min for 5 sec. Then centrifuged 
at 12.000 rpm, 4°C, for 10 min. 

 

2.8.4.4 Determination of Protein Concentration by Bradford Protein Assay 

 In order to determine the concentration of protein, a protein quantification 
assay was performed by using Bradford protein assay. Some Eppendorf tubes were 
prepared and pipetted 1 mL of Bradford reagent into each tube. A small volume (1 
µL) of lysate was used to perform this protein quantification assay. BSA (10 mg/mL) 
was added as 0, 1, 2, 4, and 8 µL, for standard in this assay. After that measured the 
absorbance at 595 nm.  
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2.8.4.5 Preparation of PAGE Gel  

 7.5% polyacrylamide gel (running gel) was prepared by mixing 2400 µL of  ADW, 
1250 µL of 1.5 M Tris (pH 8.8), 1250 µL of 30% AA, 50 µL of 10% SDS, 50 µL of 10% 
APS, and 5 µL of TEMED, in a conical flask and shake. Put this mixture using pipet 
between the glass plates which already set up at the casting frame and casting stand 
(Figure 2.6) to about ¾ inch below the short plate. A small layer of ADW was added 
on top of the gel. Incubation for 20 min to let it become gel.  
 

 

Figure 2.6 Gel casting frame and casting stand [122] 

 While waiting the running gel become gel, the stacking gel was prepared by 
mixing 1400 µL of ADW, 250 µL of 1 M Tris (pH 6.8), 330 µL of 30% AA, 20 µL of 10% 
SDS, 20 µL of 10% APS, and 2 µL of TEMED, in a conical flask and shake. After running 
gel polymerized, then absorb the DW using filter paper and pipet stacking gel until 
overflow. Insert the well forming comb into the opening between the glass plates and 
incubate for 10 min. 

 

2.8.4.6 Sample Preparation 

The amount of protein sample according to protein quantification assay was 

mixed with sample buffer containing 2x Laemmli sample buffer and β-
mercaptoethanol. Boiled the protein sample in 100°C water bath for 3 min and put in 
ice directly before pipet into gel.  



 

 

48 

2.8.4.7 SDS-PAGE Electrophoresis  

 The gel cassette from the casting stand was removed and placed in the 
electrophoresis tank with the short plate inside. Take out the well forming comb and 
pour enough running buffer into the tank as well as into the wells. Slowly loaded 
samples and protein marker into each well using pipet. Cover the top of tank with the 
lid aligning the electrodes (black or red) appropriately. Connect the electrophoresis 
tank to the power supply and allowed the samples to run at 15–20 mA, 180 V, for 1.5 
h. 

 

2.8.4.8 Protein Transfer 

 After SDS-PAGE electrophoresis finished, prepared transfer tank for protein 
transfer process which already filled with TBST. In addition, also prepared cassette, 
sponge, filter papers (2 pieces per gel), and NC membrane, which soaked in TBST for 
15 min. 

The gel from electrophoresis tank was taken carefully from the cassette. 
Remove the stacking gel buy cutting this gel and then covered with filter paper. At the 
opposite side of gel, cover with NC membrane, afterwards put filter paper on this 
membrane. Put this component between the sponges in the cassette and set to the 
clamp. Cover the top of tank with the lid aligning the electrodes (black or red) 
appropriately. Connect the transfer tank to the power supply and allowed the samples 
to run at 200 mA, 300 V, for 1 h. 

 

2.8.4.9 Western Blot Analysis 

 The NC membrane was taken from the cassette carefully and mark the band 
showed by pencil or pen. Put this membrane into 10 – 15 mL of blotting buffer (3 % 
BSA in TBST containing 0.1% Tween 20) and shake for 30 min at room temperature. 
After discard BSA, 10 mL of adiponectin (1:1000 dilution) as primary antibody was 
added and incubated by shaking overnight at 4°C in cold room. 
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Subsequently, removed the primary antibody and washed membrane with 10–
15 mL of 0.1% Tween 20/TBST, shake for 10 min at room temperature, and discard 
the solution. This step was repeated three times. After that rabbit antibody was added 
as secondary antibody and incubated for 1 h by shaking at room temperature. Then, 
washed the membrane with 10–15 mL of 0.1% Tween 20/TBST, shake for 10 min at 
room temperature, and discard the solution. This step was also repeated three times. 

After that, put the membrane into developer cassette on transparent plastic, 
spread the ECL solution containing ECL1 and ECL2 onto the membrane, and covered 
the membrane with other transparent plastic. Then, developed the images on film in 
dark room. 



 

 

CHAPTER III 
RESULTS AND DISCUSSION 

3.1 Extraction of Mansonia gagei Heartwoods 

About 10 kg of dried powder of M. gagei heartwoods was extracted by soaking 
in CH2Cl2 at room temperature, leaving for three days, filtering, and evaporating. This 
step was repeated three times with fresh solvent. The crude CH2Cl2 extract was 
obtained as dark-brown (276 g, 2.76% yield of dried-powdered heartwoods). 
 
3.2 Separation of the CH2Cl2 Extract of Mansonia gagei Heartwoods 

A part of the CH2Cl2 extract of M. gagei heartwoods (200 g) was subjected to 
silica gel quick column. The column was initially eluted with hexane 100%, then 
followed by increasing polarity with a mixture of EtOAc in hexane (5–80%), EtOAc 
100%, and final with a mixture of MeOH in EtOAc (5–10%). Approximately 1 L of solvent 
was collected for each fraction and then evaporated the solvent using vacuum rotary 
evaporator. The fractions were collected and combined based on TLC results, eight 
fractions (MGD1-MGD8) were obtained. The results of fractionation of the CH2Cl2 extract 
are shown in Table 3.1. 
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Table 3.1 The fractionation of the CH2Cl2 extract of M. gagei   heartwoods by quick 
column  

Eluent 
(% volume by volume) 

Fraction Remarks 
Weight 

(g) 
Hexane – 5% EtOAc/hexane MGD1 Yellow oil 0.77 
5% EtOAc/hexane MGD2 Yellow-brown solid 2.37 
5% – 20% EtOAc/hexane MGD3 Red-brown solid 6.06 
20% EtOAc/hexane MGD4 Red-brown solid 11.33 
20% – 60% EtOAc/hexane MGD5 Brown solid 64.50 
60% – 80%EtOAc /hexane MGD6 Brown solid 16.70 
80% EtOAc MGD7 Brown solid 6.77 
EtOAc – 10% MeOH/EtOAc MGD8 Brown solid 29.34 

 
Fractions MGD3, MGD4 and MGD5 were further separated using silica gel 

column. The columns were eluted with step gradient of hexane-EtOAc and EtOAc-
MeOH as solvent systems. There were seven isolated compounds obtained after 
further separation of fractions on silica gel column. Mansorin A (1, 716 mg), mansorin 
C (3, 32 mg) and mansonone C (4, 77 mg) were isolated from MGD3. The separation of 
MGD4 furnished mansorin B (2, 64 mg) and mansonone E (5, 207 mg). Mansonone G 
(6, 9.9 g) as a major compound of this extract was obtained from the precipitate formed 
by quick column and also from further separation of both MGD4 and MGD5. 
Mansonone H (7, 196 mg) was isolated from MGD5. In brief, the separation and 
purification of chemical constituents from the CH2Cl2 extract of M. gagei heartwoods 
are summarized in Scheme 3.1. 
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Scheme 3.1 Separation and purification of chemical constituents from the CH2Cl2 
extract of M. gagei heartwoods 

 

3.3 Structural Elucidation of Isolated Compounds 

The structural identification of these compounds were conducted by 
comparing spectroscopic data with previous studies.[69, 71] The NMR spectral data of 
compounds 1–3 and compounds 4–7 are presented in Tables 3.2 and 3.3, respectively.  

 

 

 

 

 

CH2Cl2 heartwoods extract  

Quick column  

Further separation using silica column  

MGD1 MGD2 MGD3 MGD4 MGD5 MGD6 MGD7 MGD8 

1, 3, 
and 4 

2, 5, 
and 6  

6 and 7 
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Table 3.2 Tentative 1H NMR chemical shifts assignment of compounds 1–3 

Position 
Chemical shift (ppm) 

Compound 1 Compound 2 Compound 3 

4 7.90  (s, 1H) 7.90 (s, 1H) - 

6 - - 7.00 (d, J = 7.6 Hz, 

1H) 

7 6.90  (s, 1H) 6.77 (s, 1H) 7.31 (d, J = 7.6 Hz, 

1H) 

9 3.55  (m, 1H) 3.53 (m, 1H) 3.17 (m, 1H) 

10 - - 4.13 (dd, J = 6.7, 

10.8 Hz, 1H) 

4.41 (dd, J = 4.1, 

10.7 Hz, 1H) 

3-CH3 2.23  (s, 3H) 2.24 (s, 3H) 2.07 (s, 3H) 

6-OCH3 3.83  (s, 3H) - - 

6-OH - 5.19 (s, 1H) - 

8-CH3 2.42  (s, 3H) 2.35 (s, 3H) 2.43 (s, 3H) 

9-(CH3)2 1.37 (d, J = 7.1 Hz, 6H) 1.42 (d, J = 7.0 Hz, 

6H) 

1.33 (d, J = 7.0 Hz, 

3H) 
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Table 3.3 Tentative 1H NMR chemical shift assignments of compounds 4–7  

Position 
Chemical shift (ppm) 

Compound 4 Compound 5 Compound 6 Compound 7 

4 7.65 (s, 1H) - 7.87 (s, 1H) - 

6 7.19 (d, J = 8.0 

Hz, 1H) 

7.34 (d, J = 8.5 

Hz, 1H) 

- - 

7 7.43 (d, J = 8.1 

Hz, 1H) 

7.00 (d, J = 7.6 

Hz, 1H) 

6.64 (s, 1H) 6.84 (s, 1H) 

9 3.38 (m, 1H) 3.17 (m, 1H) 3.63 (m, 1H) 3.32 (m, 1H) 

10 - 4.22 (dd, J = 

10.1, 4.3 Hz, 

1H) 

- 

4.48 (d, J = 10.9 

Hz, 1H) 

  4.40 (dd, J = 

10.1, 3.4 Hz, 

1H) 

 

4.36 (dd, J = 

10.9, 3.3 Hz, 

1H) 

3-CH3 2.08 (d, J = 1.8 

Hz, 3H) 

1.95 (s, 3H) 
1.95 (s, 3H) 

1.86 (s, 3H) 

8-CH3 2.63 (s, 3H) 2.65 (s, 3H) 2.45 (s, 3H) 2.52 (s, 3H) 

9-(CH3)2 1.29 (d, J = 7.0 

Hz, 1H) 

1.36 (d, J = 7.1 

Hz, 3H) 

1.34 (d, J = 7.0 

Hz, 6H) 

1.32 (d, J = 7.0 

Hz, 3H) 
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3.4 Preliminary Antibacterial Activity of Isolated Compounds 

All isolated compounds were examined for their antibacterial activity which 
was performed using agar well diffusion method. This protocol is one of common 
techniques to determine antibacterial activity. Four Gram positive bacteria 
(Staphylococcus aureus ATCC 25923, Streptococcus mutans ATCC 25175, 
Streptococcus sobrinus KCCM 11898, and Propionibacterium acne KCCM 41747) and a 
Gram negative bacteria (Salmonella typhi ATCC 422) were employed. All isolated 
compounds except for mansorin C (3) were prepared in acetone as 1 mM. Mansorin C 
(3) was not evaluated for its antibacterial activity due to its small quantity obtained. 
Chloramphenicol (0.5 mM) and acetone were used as positive and negative control, 
respectively. The results of antibacterial activity of isolated compounds are presented 
in Table 3.4. 
 

Table 3.4 Inhibition zone of isolated compounds 
Compound 

(1 mM) 
Diameter of inhibition zone (mm) 

S. aureus 
ATCC 
25923 

S. mutans 
ATCC 
25175 

S. sobrinus 
KCCM 
11898 

P. acnes 
KCCM 
41747 

S. typhi 
ATCC 
422 

Mansorin A (1) 9.0±0.82 8.7±0.47 7.8±0.94 7.2±0.58 7.0±1.47 

Mansorin B (2) 12.0±0.00 9.8±0.47 8.3±0.82 10.4±0.38 8.5±0.82 

Mansonone C (4) 12.7±0.58 13.7±1.15 9.3±0.58 13.3±0.38 11.3±1.89 
Mansonone E (4) 19.7±0.58 20.3±1.15 16.7±0.58 13.5±0.43 11.6±0.38 

Mansonone G (5) 13.7±1.15 14.7±0.58 10.0±0.00 15.6±1.23 11.9±1.18 

Mansonone H (6) 12.0±1.00 10.3±1.53 8.3±0.58 11.9±1.13 11.0±0.25 
Chloramphenicol 
( 0.5 mM) 

20.7±0.58 20.7± 0.58 20.3±0.58 17.0±1.23 21.7±0.58 

Values are presented as mean ±SD of triplicate experiments 
Diameter of inhibition zone including diameter of well (6 mm) 
Note: 6.0 = No activity, 6.1 – 8.0 = Weak, 8.1 – 10.0 = Moderate, 10.1 – 13.0 = Good, 

13.1 – 15.0 = Very good, >15 = Excellent 
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There were two kinds of secondary metabolites isolated from the CH2Cl2 
heartwoods extract of M. gagei, i.e. coumarins and 1,2-naphthoquinones. As shown in 
Table 3.9, mansorins A (1) and B (2) as representative of coumarins displayed weak to 
good antibacterial activity against all bacteria, with diameter of inhibition zone (mm) 
ranging from 9.0 – 12.0 against S. aureus, 8.7 – 9.8 against S. mutans, 7.8 – 8.3 against 
S. sobrinus, 7.2 – 10.4 against P. acnes, and 7.0 – 9.5 against S. typhi. While mansonones 
exhibited moderate to excellent antibacterial activity with diameter of inhibition zone 
(mm) ranging from 12.0–19.7 against S. aureus, 10.3 – 20.3 against S. mutans, 8.0 – 15.7 
against S. sobrinus, 11.9 – 15.6 against P. acnes, and 1.0 – 11.9 against S. typhi. 

According to these results, mansonones exhibited relatively more effective 
activity than mansorins. Previous studies also reported the same trend of these two 
groups in other activities. It visualized that mansonones resulted better activity than 
mansorins in Brine Shrimp Lethality test, as well as in anticancer, antifungal, 
antithrombin, and anti-estrogenic.[71, 72] This result indicated that the quinone moiety 
(pharmacophoric element) in typical 1,2-naphthoquiones played significant role in 
biological activity. In addition, quinone-containing compounds have been well known 
to possess important physiological functions in animals and plants.[83]  

Moreover, the results also showed that S. typhi, which was rather difficult to 
be inhibited. Previous studies reported that Gram-positive bacteria were easier to 
inhibit than Gram-negative bacteria.[123, 124] The difference of the cell wall structure 
and cell wall membrane properties of both Gram-positive and negative bacteria may 
be as the reason for this behavior. Gram-positive bacteria is known to have an outer 
peptidoglycan layer which could not be as an effective permeability barrier.[123] While 
the outer cell membrane of Gram-negative bacteria contains lipopolysaccharides (LPS) 
which can facilitate in creating a permeability barrier and protect the cells of 
bacteria.[124] 

Among mansonones, it showed that mansonones E (5) and G (6) displayed 
higher activity than other mansonones with inhibition zone of 19.7 and 13.7 for S. 
aureus, 20.3 and 14.7 for S. mutans, 16.7 and 10.0 for S. sobrinus, 13.5 and 15.6 for P. 
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acnes, 11.6 and 11.9 for S. typhi, respectively. As described previously, it was known 
that the structures between mansonones C (4) and G (6), as well as between 
mansonones E (5) and H (7) were similar except for having the difference substituent 
only at C6. The different substituent attached to the structures of mansonones C (4) 
and G (6) as well as mansonones E (5) and H (7), contributed the different results in 
antibacterial activity. The substituents on the parent compounds were found to have 
great influence on bioactivity. 

In comparison with the structures between mansonones C (4) and G (6), it was 
found that mansonone G (6) having an –OH group provided better activity than that 
having H, mansonone C (4). The presence of –OH group in mansonone G (6) made this 
compound more polar than mansonone C (4), and hence mansonone G (6) could be 
easier to disturb the permeability of membrane cell wall of bacteria. In contrast to 
mansonones E (5) and H (7), the presence of –OH group in mansonone H (7) did not 
promise to give better activity because it made mansonone H (7) being too polar and 
resulted rather difficult to diffuse to the membrane of bacteria cell wall. The 
comparison of polarity of these compounds are figured in Figure 3.1. In this case, it can 
be assumed that the polarity of compound gave the influence to the cell wall 
membrane permeability. The compound which was not too polar and not too 
nonpolar was required for disturbing the permeability of cell wall membrane of 
bacteria. 

 

 

Figure 3.1 The comparison of the polarity of mansonones C, E, G, and H 
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3.5 Synthesis of Mansonone G Derivatives 

 Due to mansonone G showing good antibacterial activity against some bacteria, 
some derivatives were synthesized. In brief, the synthetic procedure for mansonone G 
derivatives is summarized in Scheme 3.2. 

 

Reagents and conditions: a. alkyl halide, K2CO3, acetone, reflux at 78C, 5 – 8 h; b. 

Carboxylic acid, trichloroacetonitrile, CH2Cl2, 4-picoline, reflux at 30C for 2 h; c. 

Epichlorohydrin, NaOH in EtOH, reflux at 90C for 2 h. 
 

Scheme 3.2 General procedure for the synthesis of mansonone G derivatives 
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3.5.1  Ether Analogues of Mansonone G 

According to Scheme 3.2, ten ether analogues of mansonone G (G01 – G10) 
were synthesized using El-Halawany, et al. method.[79] Several reagents such as K2CO3, 
aliphatic alkyl and allyl halides in acetone were employed in the reaction under reflux 

condition at 78C for 5 – 8 h.  

The alkylation was performed using several alkyl or allyl halides, including 
methyl iodide, ethyl bromide, n-butyl bromide, octyl bromide, dodecyl bromide, allyl 
bromide, 3,3-dimethylallyl bromide, geranyl bromide, benzyl bromide, and cinnamyl 
bromide). After refluxed and further purification by silica gel column, the desired 
products were obtained as shown in Table 3.5. 

Table 3.5 The yields and characteristics of ether analogues of mansonone G (G01–
G10)  

Ether analogues Appearance Weight (mg) Yield (%) Remarks 

G01 Orange powder 100 82 Known 
G02 Orange needle 98 80 New 
G03 Orange powder 96 79 New 
G04 Orange powder 93 76 New 
G05 Orange powder 119 98 New 
G06 Orange powder 62 50 New 
G07 Orange powder 47 39 New 
G08 Orange powder 61 50 New 
G09 Orange powder 72 62 New 
G10 Orange powder 49 40 New 

 

 As presented in Table 3.5, the derivatives synthesized from the alkylation of 
mansonone G (6) with aliphatic alkyl halides could be achieved in good to excellent 
yields (G01–G05, 76–98%). While the reaction of mansonone G (6) with allyl halides 
provided the poor production (G07 and G08, 39 and 50%, respectively) and geranyl 
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bromide in moderate yield (G09, 62%). For compounds G06 and G10 were obtained 
in poor yield (50 and 40%, respectively).  
 

3.5.2 Structural Elucidation of Ether Analogues of Mansonone G 

The structural identification of these compounds were conducted by NMR and 
MS analysis. Amongst these ether analogues, G02–G10 were identified as new 
semisynthetic compounds, while G01 was a known compound.  

G01 (methyl ether mansonone G) was obtained as an orange powder from the 
methylation of mansonone G (6) by MeI in the presence of K2CO3. The 1H NMR 
spectrum (Figure 3.2) of this compound exhibited the signals of an isopropyl group at 

δH 3.58 and 1.35 ppm, two singlets of methyl groups at δH 2.0 4 and 2.62 ppm, an 

aromatic proton at δH 6.60 ppm and an olefinic proton at δH 7.70 ppm. The presence 

of O-CH3 signal was assigned at δH 3.83 ppm which replaced the hydroxyl group in 
mansonone G. Moreover, according to its 13C NMR spectrum (Figure 3.3), O-CH3 group 

was assigned at δC 55.3 ppm. The comparison of 1H NMR spectra of G01 with methyl 
ether mansonone of G is depicted in Table 3.6. According to the spectral data from 
previous study, it can be concluded that G01 was methyl ether mansonone G. 
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Table 3.6 Tentative NMR chemical shift assignment of methyl ether mansonone G and 
G01 

Position 

Chemical shift (ppm) 

Methyl ether  
mansonone G [79] 

G01 

δH δH δC 

1 
2 
3 
4 
4a 
5 
6 

- 
- 
- 

7.71 (s, 1H) 
- 
- 
- 

- 
- 
- 

7.70 (s, 1H) 
- 
- 
- 

182.4 
180.4 
134.9 
146.3 
134.3 
134.3 
163.0 

7 
8 
8a 

6.60 (s, 1H) 
- 
- 

6.60 (s, 1H) 
- 
- 

114.8 
138.3 
122.8 

O-CH3 3.91 3.90 55.3 
9 3.59 (m, 1H) 3.58 (m, 1H) 26.6 
3-CH3 2.06 (s, 3H) 2.04 (s, 3H) 15.9 
8-CH3 2.64 (s, 3H) 2.62 (s, 3H) 21.2 
9-(CH3)2 1.37 (d, J = 6.9 Hz, 6H) 1.35 (d, J = 7.0 Hz, 6H) 23.5 
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Figure 3.2 The 1H NMR spectrum of G01 
 

 

Figure 3.3 The 13C NMR spectrum of G01 
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G02–G05, four aliphatic ether analogues of mansonone G were attained from 
the alkylation of mansonone G (6) with EtBr, n-butyl bromide, octyl bromide and 
dodecyl bromide in the presence of K2CO3, respectively. The yield and appearance 
were recorded as presented in Table 3.5. Their 1H and 13C NMR spectra of these new 
semisynthetic compounds are collected in Figures 3.4-3.11 and their tentative chemical 
shift assignments are presented in Tables 3.7-3.8.   
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Table 3.7 Tentative 1H NMR chemical shift assignments of G02–G05 

Position 
δH (ppm) 

G02 G03 G04 G05 
4 
7 
9 
3-CH3 
8-CH3 
9-(CH3)2 

7.64 (s, 1H) 
6.51 (s, 1H) 
3.57 (m, 1H) 
1.98 (s, 3H) 
2.55 (s, 3H) 

1.32 (d, J = 6.20 
Hz, 6H). 

7.64 (s, 1H), 
6.59 (s, 1H) 
3.56 (m, 1H) 
1.98 (s, 3H) 
2.55 (s, 3H) 

1.31 (d, J = 6.20 
Hz, 6H), 

7.71 (s, 1H) 
6.59 (s, 1H) 
3.59 (m, 1H) 
2.10 (s, 3H) 
2.62 (s, 3H) 

1.41 (d, J = 6.20 
Hz, 6H) 

7.64 (s, 1H) 
6.52 (s, 1H) 
3.53 (m, 1H) 
1.97 (s, 3H) 
2.54 (s, 3H) 

1.31 (d, J = 6.92 
Hz, 6H) 

6-OR -CH2CH3 
4.08 (q, J = 6.96 

Hz, 2H) 
1.43 (t, J = 6.96 

Hz, 3H) 

-(CH2)3CH3 
3.99 (t, J = 6.48 

Hz, 2H) 
1.01 (t, J = 7.36 

Hz, 3H), and 
0.95 (m, 4H) 

-(CH2)7CH3 

4.04 (t, J = 6.44 
Hz, 2H) 

1.86 (m, 2H) 
1.50 (m, 2H) 
1.32 (m, 8H) 

0.89 (t, J = 6.12 
Hz, 3H) 

-(CH2)11CH3 

3.97 (t, J = 6.40 
Hz, 2H) 

1.78 (m, 2H), 
1.43 (m, 2H), 
1.22 (m, 16H) 

0.80 (t, J = 6.04 
Hz, 3H). 
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Table 3.8 Tentative 13C NMR chemical shift assignments of G02–G05 

Position 
δc (ppm) 

G02 G03 G04 G05 
1 
2 
3 
4 
4a 
5 
6 
7 
8 
8a 

6-OR 

182.6 
180.5 
162.6 
146.5 
138.3 
135.1 
134.5 
134.3 
 122.9 
115.5 

14.6, 16.1, 21.3, 
23.7, 26.9, 64.1 

182.6 
180.5 
162.8 
146.5 
138.4 
135.0 
134.4 
134.4 
122.7 
115.5 

13.7, 16.0, 19.4, 
21.4, 23.7, 26.9, 

31.1, 68.3 

182.6 
180.5 
162.8 
146.5 
138.4 
135.0 
134.5 
134.3 
122.8 
115.5 

14.1, 16.1, 21.4, 
22.6, 23.7, 26.2, 
27.0, 29.0, 29.2, 

31.8, 68.6 

182.6 
180.4 
162.8 
146.5 
138.4 
135.0 
134.4 
134.3 
122.8 
115.5 

14.1, 16.0, 21.4, 
22.6, 23.7,26.2, 
29.0, 29.2, 29.3, 
29.5, 29.5, 29.6 

31.9, 68.6 
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Figure 3.4 The 1H NMR spectrum of G02 
 

 

Figure 3.5 The 13C NMR spectrum of G02 
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Figure 3.6 The 1H NMR spectrum of G03 
 

 

Figure 3.7 The 13C NMR spectrum of G03 
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Figure 3.8 The 1H NMR spectrum of G04 
 

 

Figure 3.9 The 13C NMR spectrum of G04 
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Figure 3.10 The 1H NMR spectrum of G05  
 

 

Figure 3.11 The 13C NMR spectrum of G05 
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For G06–G10, the synthesis for these five new semisynthetic compounds was 

carried out by the same fashion as those for G02–G05, except for using benzyl 

bromide, allyl bromide, 3,3-dimethylallyl bromide, geranyl bromide, and cinnamyl 

bromide, respectively. Their yield and characteristics were collected as in Table 3.5. 

The 1H and 13C NMR spectra of all new semisynthetic compounds are displayed in 

Figures 3.12-3.21. and their chemical shift assignments are shown in Tables 3.9 and 

3.10, respectively.  
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Table 3.9 Tentative 1H NMR chemical shift assignments of G06–G10 

Position 
δH (ppm) 

G06 G07 G08 G09 G10 
4 
7 
9 
3-CH3 
8-CH3 
9-(CH3)2 

7.72 (s, 1H) 
6.70 (s, 1H) 
3.63 (m, 1H) 
2.06 (s, 3H) 
2.62 (s, 3H) 
1.38 (d, J = 
7.08 Hz, 6H). 

7.71 (s, 1H), 
6.59 (s, 1H) 
3.60 (m, 1H) 
2.05 (s, 3H) 
2.61 (s, 3H) 
1.39 (d, J = 
7.08 Hz, 6H), 

7.71 (s, 1H) 
6.59 (s, 1H) 
3.58 (m, 1H) 
2.05 (s, 3H) 
2.62 (s, 3H) 
1.36 (d, J = 
7.04 Hz, 6H) 

7.71 (s, 1H) 
6.60 (s, 1H) 
3.57 (m, 1H) 
2.05 (s, 3H) 
2.63 (s, 3H) 
1.37 (d, J = 
6.96 Hz, 6H). 

7.72 (s, 1H) 
6.66 (s, 1H) 
3.63 (m, 1H) 
2.06 (s, 3H) 
2.64 (s, 3H) 
1.42 (d, J = 
7.04 Hz, 6H) 

6-OR benzyl 
5.16 (s, 2H) 
7.42 (m, 5H) 

allyl 
4.63 (d, J = 
5.20 Hz, 2H), 
5.34 (m, 1H) 
5.44 (m, 1H) 
6.07 (m, 1H) 

3,3-
dimethylallyl 
1.76 (s, 3H)  
1.82 (s, 3H) 
4.60 (d, J = 
6.64 Hz, 2H), 
5.48 (t, J = 
5.44 Hz, 1H) 

geranyl 
1.25 (m, 2H) 
1.61 (s, 3H) 
1.67 (s, 3H) 
1.75 (s, 3H) 
2.12 (m, 2H), 
4.62 (d, J = 
6.60 Hz, 2H), 
5.09 (t, J = 
5.80 Hz, 1H), 
5.49 (t, J = 
6.32 Hz, 1H) 

cinnamyl 
4.80 (m, 2H), 
6.76 (m, 1H), 
6.42 (m, 1H), 
7.37 (m, 5H) 
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Table 3.10 Tentative 13C NMR chemical shift assignments of G06–G10 

Position 
δc (ppm) 

G06 G07 G08 G09 G10 
1 
2 
3 
4 
4a 
5 
6 
7 
8 
8a 
9 

3-CH3 
8-CH3 

9-(CH3)2 
6-OR 

182.6 
180.7 
135.9 
146.5 
134.8 
127.7 
162.4 
116.2 
138.5 
123.4 
27.0 
16.2 
21.6 
23.8 

benzyl 
70.8, 128.5, 

128.9, 
134.7, 
135.3 

182.6 
180.7 
135.2 
146.5 
132.3 
123.2 
162.3 
116.1 
138.5 
122.4 
27.0 
16.2 
21.4 
23.8 
allyl 
69.3, 
118.4, 
134.6 

182.8 
180.7 
134.8 
146.6 
134.7 
123.0 
162.8 
116.0 
138.6 
120.5 
27.1 
16.2 
21.5 
23.8 
3,3-

dimethylallyl 
18.5, 23.9, 
25.9, 65.5, 

135.1, 138.9 

182.5 
180.4 
134.9 
146.3 
131.8 
123.4 
162.4 
115.7 
141.9 
122.2 
29.5 
15.9 
21.2 
23.6 

geranyl 
16.5, 17.6, 
25.5, 26.1, 
39.3, 65.2, 

118.5, 
119.6, 

128.3, 138.3 

182.7 
180.7 
135.3 
146.5 
134.7 
126.8 
162.2 
116.1 
138.5 
123.3 
27.2 
16.2 
21.6 
23.9 

cinnamyl 
69.3, 128.4, 

128.8, 
134.1, 

134.8, 135.3 
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Figure 3.12 The 1H NMR spectrum of G06 
 

Figure 3.13 The 13C NMR spectrum of G06 
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Figure 3.14 The 1H NMR spectrum of G07 
 

 

Figure 3.15 The 13C NMR spectrum of G07 
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Figure 3.16 The 1H NMR spectrum of G08 
 

 

Figure 3.17 The 13C NMR spectrum of G08 
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Figure 3.18 The 1H NMR spectrum of G09 
 

Figure 3.19 The 13C NMR spectrum of G09 
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Figure 3.20 The 1H NMR spectrum of G10 
 

 

Figure 3.21 The 13C NMR spectrum of G10 
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3.5.3 Ester Analogues of Mansonone G 

The synthesis of ester analogues of mansonone G (G11–G18), was performed 
via two steps. In this reaction, PPh3, trichloroacetonitrile, carboxylic acid, 4-picoline in 
CH2Cl2 were used to furnish the ester analogues of mansonone G (Scheme 3.2). Eight 
diverse carboxylic acids were used including n-butyric acid, caproic acid, caprylic acid, 
capric acid, benzoic acid, 2-chlorobenzoic acid, 2-methoxybenzoic acid and 4-
methoxybenzoic acid. After refluxed, further extraction and purification by silica gel 
column, eight desired products were obtained as ester analogue of mansonone G (6). 
All of these ester analogues were recognized as new semisynthetic compounds (G11–
G18). The yields and characteristics of the ester analogues of mansonone G are 
presented in Table 3.11. 

 

Table 3.11 The yields and characteristics of ether analogues of mansonone G (G11–
G18) 

Ether 
analogues 

Remarks Weight (mg) Yield (%) Remarks 

G11 Orange brown oil 84 69 New 
G12 Orange brown oil 15 12 New 
G13 Orange brown oil 14 79 New 
G14 Orange brown oil 34 76 New 
G15 Orange powder 84.4 98 New 
G16 Orange powder 77.9 50 New 
G17 Orange powder 34.1 39 New 
G18 Orange powder 42.6 50 New 

 

The reaction of mansonone G with n-butyric acid gave product in moderate 
yield (G11, 69%), while for the others (G12–G14) were in poor yield (12–28%).  
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3.5.4 Structural Elucidation of Ester Analogues of Mansonone G 

All eight ester analogues were identified as new semisynthetic compounds and 
their structures were confirmed by NMR and MS analysis. The 1H and 13C NMR spectra 
of aliphatic ester analogues of mansonone G are presented in Tables 3.12 and 3.13, 
respectively, while those for aromatic ester analogues are presented in Tables 3.14 
and 3.15, respectively. 
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Table 3.12 Tentative 1H NMR chemical assignments of G11–G14 

Position 
Chemical shift (ppm) 

G11 G12 G13 G14 
4 7.72 (1H, s) 7.63 (1H, s) 7.64 (1H, s) 7.70 (1H, s) 
7 6.86 (1H, s) 6.78 (1H, s) 6.78 (1H, s) 6.85 (1H, s) 
9 3.47 (1H, m) 3.39 (1H, m) 3.39 (1H, m) 3.46 (1H, m) 

3-CH3 2.07 (3H, s) 2.00 (3H, s) 2.00 (3H, s) 2.07 (3H, s) 
8-CH3 2.61 (3H, s) 2.54 (3H, s) 2.53 (3H, s) 2.60 (3H, s) 

9-(CH3)2 1.36 (6H, d, 
J=6.72 Hz) 

1.29 (6H, d, 
J=7.16 Hz) 

1.29 (6H, d, 
J=7.08 Hz) 

1.35 (6H, d, 
J=7.16 Hz) 

6-COOR -(CH2)2-CH3 
2.61 (2H, t, 
J=7.28 Hz),  

1.82 (2H, m), 
1.07 (3H, t, 
J=7.40 Hz) 

-(CH2)4-CH3 

1.14 (2H, m), 
1.72 (2H, m), 
1.35 (2H, m), 
 2.54 (2H, t, 
J=7.28 Hz) 
0.87 (3H, t, 
J=6.84 Hz) 

-(CH2)6-CH3 

2.54 (2H, t, 
J=7.24 Hz) 

1.35 (2H, m),  
1.71 (2H, m), 
 1,22 (6H, m) 
0.83 (3H, t, 
J=5.60 Hz) 

-(CH2)8-CH3 

2.62 (2H, t, 
J=7.60 Hz) 

1.75 (2H, m), 
1.40 (2H, m),  
1,29 (10H, m) 
0.87 (3H, t, 
J=6.08 Hz) 
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Table 3.13 Tentative 13C NMR chemical shift assignments of G11–G14 

Position 
Chemical shift (ppm) 

G11 G12 G13 G14 
1 181.3 181.33 181.32 181.33 
2 181.7 181.74 181.73 181.75 
3 137.0 136.94 136.96 136.94 
4 138.0 137.97 137.99 137.96 
4a 135.5 135.54 135.54 135.54 
5 135.2 135.25 135.23 135.25 
6 154.0 153.97 153.98 153.98 
7 127.7 127.76 127.75 127.77 
8 144.5 144.57 144.55 144.57 
8a 128.2 128.22 128.22 128.22 
9 26.8 26.78 26.77 26.78 

3-CH3 16.0 16.04 16.02 16.03 
8-CH3 22.8 22.85 22.84 22.84 

9-(CH3)2 21.9 21.95 21.95 21.96 
6-COOR -(CH2)2-CH3 

13.6, 18.2, 36.4, 
171.4  

-(CH2)4-CH3 

13.9, 22.3, 
24.3, 31.3, 
34.5, 171.6 

-(CH2)6-CH3 

14.0, 22.6, 24.7, 
28.9, 29.1, 31.7, 

34.6, 171.6 

-(CH2)8-CH3 

14.1, 22.6, 24.7, 
29.1, 29.2, 29.4, 
29.7, 31.8, 34.6, 

171.6 
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Figure 3.22 The 1H NMR spectrum of G11 
 

 

Figure 3.23 The 13C NMR spectrum of G11 
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Figure 3.24 The 1H NMR spectrum of G12 
 

 

Figure 3.25 The 13C NMR spectrum of G12 
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Figure 3.26 The 1H NMR spectrum of G13 
 

 

Figure 3.27 The 13C NMR spectrum of G13 
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Figure 3.28 The 1H NMR spectrum of G14 
 

 

Figure 3.29 The 13C NMR spectrum of G14 
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Table 3.14 Tentative 1H NMR chemical shift assignments of G15–G18 

Position 
Chemical shift (ppm) 

G15 G16 G17 G18 
4 7.74 (s, 1H) 7.74 (s, 1H 7.74 (s, 1H) 7.70 (s, 1H) 
7 6.98 (s, 1H) 7.01 (s, 1H) 6.98 (s, 1H) 6.96 (s, 1H) 
9 3.53 (m, 1H) 3.53 (m, 1H) 3.56 (m, 1H) 3.52 (m, 1H) 

3-CH3 2.09 (s, 3H) 2.08 (s, 3H) 2.07 (s, 3H) 2.08 (s, 3H) 
8-CH3 2.63 (s, 3H) 2.64 (s, 3H) 2.61 (s, 3H) 2.63 (s, 3H) 

9-(CH3)2 1.39 (d, J = 7.12 
Hz, 6H) 

1.37 (d, J = 7.16 
Hz, 6H) 

1.38 (d, J = 
7.16 Hz, 6H) 

1.38 (d, J = 
7.08 Hz, 6H) 

6-COOR 7.59 (m, 2H ), 
7.69 (t, J = 7.48 
Hz, 2H), 8.21 (d, 
J = 7.12 Hz, 2H) 

7.44 (m, 1H), 
7.55 (m, 2H), 

8.06 (d, J = 8.48 
Hz, 1H) 

3.94 (s, 3H), 
7.07 (m, 1H ), 
7.58 (m, 1H ), 
8.03 (d, J = 
7.92 Hz, 1H) 

3.91 (s, 3H), 
7.02 (d, J = 

8.80 Hz, 2H), 
8.15 (d, J = 
8.76 Hz, 2H) 
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Table 3.15 Tentative 13C NMR chemical shift assignments of G15, G16, and G18  

Position 
Chemical shift (ppm) 

G15 G16 G18 
1 181.9 181.8 181.9 
2 181.5 181.5 181.6 
3 137.4 137.4 137.5 
4 144.8 144.8 144.7 
4a 135.5 135.5 135.4 
5 135.7 135.9 135.7 
6 154.4 153.9 154.6 
7 128.6 127.1 127.9 
8 138.1 138.1 138.1 
8a 
9 

129.0 
27.1 

128.2 
27.0 

128.8 
27.1 

3-CH3 16.2 16.2 16.2 
8-CH3 23.0 23.0 23.0 

9-(CH3)2 22.1 22.2 22.1 
6-COOR 129.0, 130.5, 134.3, 

137.4, 138.0, 164.8 
131.8, 128.6, 
134.0, 163.6 

55.7, 127.9,  129.6, 
129.8, 132.7, 133.7, 
133.8, 134.7, 164.5, 

164.5 
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Figure 3.30 The 1H NMR spectrum of G15 
 

 

Figure 3.31 The 13C NMR spectrum of G15 
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Figure 3.32 The 1H NMR spectrum of G16 
 

 

Figure 3.33 The 13C NMR spectrum of G16 
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Figure 3.34 The 1H NMR spectrum of G17 
 

 

Figure 3.35 The 1H NMR spectrum of G18 
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Figure 3.36 The 1H NMR spectrum of G18 
 

3.5.5 Mansonone G Derivatives from Epichlorohydrin 

Another typical mansonone G derivatives were carried out using 
epichlorohydrin in the presence of NaOH. In this reaction, mansonone G (6) was reacted 
with excess of epichlorohydrin and an ethanolic solution of NaOH. After purification 
using silica gel column, the desired products (G19 and G20) were obtained.  

NaOH acted as a strong base resulted in the conversion of epichlorohydrin into 
epoxypropanol intermediate, which was further reacted with mansonone G (6) to form 
mansonone G oxirane. G19, could be occurred by following two-step mechanisms: a) 
the formation of chlorohydrin intermediate and b) dehydrohalogenation of chlorohyrin 
to glycidyl ether. The yield and appearance of G19–G20 are presented in Table 3.16 
 

Table 3.16 The yields and characteristics of G19 and G20 

Compound Appearance Weight (mg) Yield (%) Remarks 

G19 Orange powder 63 52 New 
G20 Orange powder 30 25 New 
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3.5.6 Structural Elucidation of G19 and G20 

G19 was obtained as orange powder. Its 1H NMR spectrum (Figure 3.37) 
displayed the signal of 7.71 (s, 1H), 6.59 (s, 1H), 4.37 (dd, J = 2.8, 2.8 Hz, 1H), 3.99 (dd, 
J = 6.08, 6.08 Hz, 1H), 3.60 (m, 1H), 3.42 (m, 1H), 2.96 (t, J = 4.52 Hz, 1H), 2.78 (dd, J = 
2.6, 2.6 Hz, 1H), 2.62 (s, 3H), 2.06 (s, 3H), and 1.40 (dd, J = 3.2, 3.2 Hz, 6H). The 13C NMR 

spectrum (Figure 3.38) showed several signals at C 182.6, 180.7, 162.1, 146.5, 138.4, 
135.4, 134.6, 123.6, 115.9, 69.5, 49.9, 44.7, 29.8, 27.2, 23.8, 21.5, and 16.2 ppm. Its HRMS 
(ESI): calculated for C18H20O4 [M+Na]+:  323.1259, found 323.1257. 

 

 
G19 

 

 

Figure 3.37 The 1H NMR spectrum of G19 
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Figure 3.38 The 13C NMR spectrum of G19 
 

G20 was also obtained as yellow powder and its 1H NMR spectrum displayed 
chemical shift at 7.76 (s, 1H), 6.76 (s, 1H), 5.58 (s, 1H), 3.99 (t, J = 9.16 Hz, 3H), 3.64 (m, 

2H), 3.53 (m, 1H), 2.39 (s, 3H), 1.81 (s, 3H), and 1.19 (d, J = 6.88 Hz, 6H). 13C NMR: δc 
(ppm) 181.7, 180.1, 162.1, 145.3, 138.0, 135.0, 134.2, 133.8 122.7, 116.0, 69.7, 68.6, 46.6, 
26.3, 23.1, 21.2, 18.2, and 15.5. HRMS (ESI): calculated for C18H21O4Cl [M+H]+: 325.1416, 
found 337.1237. 

 

       G20 
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Figure 3.39 The 1H NMR spectrum of G20 
 

 

Figure 3.40 The 13C NMR spectrum of G20 
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3.6 Antibacterial Activity of Mansonone Derivatives 

All mansonone G analogues were then evaluated for their antibacterial activity 
as presented in Table 3.17. Most of mansonone G derivatives possessed better activity 
than their natural compound, mansonone G (6). These results signified that the 
changing of –OH group at position C6 of mansonone G (6) become other functional 
groups would give the influence on the antibacterial activity. Other previous study in 
typical 1,2-naphthoquinones reported that the derivatives of these groups displayed 
potential activity in antibacterial assay. Suh and coworkers in 2006, synthesized 
mansonone F analogues by varying substituent at C6 and C9 for investigation of the 
anti-MRSA activity, resulted that most of the analogues displayed good or excellent 
anti-MRSA activity especially 6-n-butyl mansonone F.[81] In 2016, Souza and coworkers 
reported that biflorin derivatives (typical 1,2-naphthoquinones) including its 
methyloxime and ethyloxime exhibited similar or even better activity than that of 
biflorin against Enterococcus faecalis (ATCC 4083), Escherichia coli (27), and 
Staphylococcus aureus (ATCC 25923 and 358). 
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Table 3.17 Diameter of inhibition zone of mansonone G and its derivatives 

Compound 
(1mM) 

Diameter of inhibition zone (mm) 
S. aureus 

ATCC 
25923 

S. mutans 
ATCC 
25175 

S. sobrinus 
KCCM 
11898 

P. acnes 
KCCM 
41747 

S. typhi 
ATCC  
422 

Mansonone G (6) 13.7±1.15 14.7±0.58 10.0±0.00 15.6±1.23 11.9±1.18 
G01 15.3±0.58 11.3±1.15 10.7±1.15 13.2±0.76 10.7±1.18 

G02 16.0±1.00 18.0±1.00 14.3±0.58 13.3±0.00 10.8±0.43 

G03 18.0±0.00 18.3±0.58 15.7±0.58 13.6±1.01 12.0±1.80 
G04 20.0±0.00 20.0±1.73 16.7±1.15 14.6±1.13 16.3±1.26 

G05 9.0±0.00 9.0±1.00 8.0±0.00 11.9±1.13 11.5±0.25 

G06 21.7±0.58 18.3±0.58 17.0±0.53 17.0±0.93 13.9±0.88 
G07 23.0±0.00 17.3±0.58 15.7±0.58 13.8±1.66 14.5±0.43 

G08 21.7±1.53 17.7±0.58 16.0±0.00 13.6±0.29 16.3±0.76 

G09 14.0±0.45 16.2±0.14 11.5±0.00 11.1±1.01 14.0±0.42 
G10 11.0±0.75 13.1±1.28 12.7±0.14 12.8±0.95 13.9±0.14 

G11 18.0±1.00 12.7±1.53 13.7±0.58 13.0±0.66 10.7±1.04 
G12 14.7±0.58 12.0±0.00 12.7±0.58 11.3±1.09 8.7±0.52 

G13 8.7±0.58 10.3±1.15 11.3±0.58 11.6±0.76 9.6±1.26 

G14 7.0±0.00 9.7±0.58 10.7±0.58 11.4±0.52 9.2±0.80 
G15 19.7±0.58 14.7±0.58 15.3±1.15 13.1±1.01 11.6±0.30 

G16 11.7±1.15 14.3±0.58 14.3±1.53 13.2±0.72 14.8±1.51 

G17 17.3±1.15 15.3±0.58 17.3±1.53 12.1±1.28 13.2±1.15 
G18 10.0±1.00 15.0±0.00 14.0±0.00 10.8±1.09 12.8±1.04 

G19 18.3±0.58 13.7±1.15 13.0±0.00 13.2±0.85 12.7±0.88 
G20 14.5±1.31 11.5±1.17 11.1±0.76 12.9±1.44 13.1±0.95 

Chloramphenicol 
( 0.5 mM) 

20.7±0.58 25.7± 0.58 25.3±1.52 30.0±0.90 24.8±0.75 

Values are presented as mean ±SD of triplicate experiments 
Diameter of inhibition zone including diameter of well (6 mm) 
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Note: 6.0 = no activity, 6.1 – 8.0 = weak, 8.1 – 10.0 = moderate, 10.1 – 13.0 = good, 
13.1 – 15.0 = very good, >15 = excellent 

 

The diameter inhibition zone (mm) of mansonone G derivatives were ranging 
from 7.0 – 23.7 against S. aureus, 9.0 – 20.0 against S. mutans, 8.0 – 16.7 against S. 
sobrinus, 11.1 – 17.1 against P. acnes, and 8.2 – 16.3 against S. typhi. These results 
indicated that mansonone G derivatives displayed broad spectrum in antibacterial 
activity because of their abilities to inhibit the growth of both Gram-positive and 
negative bacteria.  

Moreover, their potential activities would contribute to the development of 
infectious drug discovery which dramatic increase due to of antibiotic resistance. In this 
study, two strains bacteria belong to Gram-positive bacteria can cause skin disease, i.e. 
S. aureus and P. acnes. Several mansonone G derivatives (G01, G02, G03, G04, G06, 
G07, G08, G11, G15, G17, and G19) showed excellent activities towards S. aureus, in 
contrast to P. acnes, only G06 displayed excellent activity. It seemed that P. acnes 
which known can cause acnes, was rather difficult to inhibit than S. aureus. The results 
indicated that these derivatives possibly preferred to cure staphylococcal skin infection 
such as wound infection, dermatitis, scabies, cellulitis, and impetigo. On the other 
hand, the abilities of some mansonone G derivatives against S. aureus would give a 
way in discovery of anti-methicillin-resistant S. aureus (anti-MRSA) drug. 

In addition several mansonone G derivatives (G02, G03, G04, G06, G07, G08, 
G09, and G17) also showed excellent activities towards S. mutans, and these 
compounds except for G02 and G09 towards S. sobrinus. The results showed that 
these derivatives were easier to inhibit S. mutans than S. sobrinus, which both bacteria 
are known to have major role in oral disease.  

Furthermore, only G04 and G08 exhibited excellent activities towards S. typhi 
which is known to contribute a typhoid fever. The difficulty to inhibit this kind of 
bacteria caused by the characteristic of its membrane cell wall which have discussed 
in previous chapter. 
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Based on the antibacterial activity results, the ether analogues of mansonone 
G showed a correlation between the numbers of alkyl chain length with the 
antibacterial activity. Mansonone G derivatives with aliphatic substituents including 
one, two, four, eight, and twelve carbon atoms exhibited the increasing of the radius 
of inhibition zone with the number of carbon atoms in the chain from one to eight 
(G01 – G04), in which G04 revealed the highest inhibition among aliphatic ether 
analogues with its diameter of inhibition 20.0 against S. aureus and S. mutans, 15.7 
against S. sobrinus, 14.6 against P. acnes, and 16.3 against S. typhi (Table 3.13). While 
the ether analogue of mansonone G containing twelve carbon atoms (G05) displayed 
a descending order in antibacterial activity. The relationship between these numbers 
of carbon atoms and antibacterial activity are described in Figure 3.41 

 

 

Figure 3.41 The relationship of the number of carbon atoms with antibacterial 
activity of G01–G05  

 
These results showed that by increasing alkyl chain length of ether analogues 

of mansonone G from one carbon atom (methyl, G01) to eight carbon atoms (octyl, 
G04), could increase their antibacterial activities. The increasing of alkyl chain length 
was assumed to have a contribution to the extent of membrane interference. The 
increasing of alkyl chain length on ether analogues made the compounds more 
hydrophobic in which could facilitate the access to the lipophilic cell wall microbial. 
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Some studies reported that the increasing the hydrophobicity of compound resulted 
in increasing the activity. In 1994, Kanazawa and coworkers revealed that the 
phosphonium salts with long alkyl chains upto 18 carbon atoms were found to display 
high levels of antibacterial activity.[125] Birnie and coworkers in 2000 found the 
relationship between antimicrobial activity with increasing chain length of N-alkyl 
betaines and N-alkyl-N,N-dimethylamine oxides homologs.[126] Sahariah and 
coworkers in 2015 reported that there was the relationship between antibacterial 
activity and the length of the alkyl chain, as it increased from methyl to hexyl of N-
alkyl chitosan derivatives.[127] In another investigation by Altay and coworkers at the 
same year reported that cationic pyridinium polymer with hexyl unit presented the 
highest bactericidal activity towards E. coli.[128] 

However, after increased the carbon atoms numbers to twelve (G05), the activity 
was reduced. This result indicated that the ether analogues exponentially increased 
the activity until eight carbon atoms (G04) as the optimum of the activity. This 
phenomenon is known as a “cut of effect” which often displays a non-linear 
dependence on chain length that is quasi parabolic due to the decreasing of activity 
for the more lipophilic substances.[129] This effect can occur via some previous 
proposed hypothesis which have been summarized by Devinsky, et. al.[129] as follows: 

1. Limited solubility by Janoff, et. al. and Pringle, et. al., in 1981.[130, 131]  
In this case, the higher alkyl chain lengths will reduce the activity due to the 
limitation of membrane partition coefficient (lipid/aqueous). The coefficient 
partition between membrane as the site of action and aqueous phase, increases 
less rapidly with the chain length than the aqueous solubility decreases, until a 
point is reached at which the optimum attainable concentration at the site of 
action is significantly lower than that required to affect the maximum of biological 
activity.  

2. Limited volume by Franks and Lieb in 1986.[132] 
After binding at site of action of membrane which has a limited volume, the 
compound could act in which the volume becomes full by increasing the chain 
length and a decrease in binding occurs. 
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3. Compartment theory by Hansch and Fujita (1964), Lien, et. al. (1968), Balaz, et. al. 
(1988).[133-135] 
The phenomenon of “cut off effect” caused by the partition in time through 
several compartments, e.g. a series of lipid bilayers separated by aqueous layers, 
as the compound get through to the site of action. 

4. Pertubartion theory by Lee (1976).[136] 
The phenomenon of “cut off effect” happens due to the interaction between long 
chain amphiphilic substances with the site of action. 

5. Physical theory by Devinsky, et. al (1978).[137] 
This phenomenon relates to the physical properties of compound (e.g. 
stereochemistry). 

This similar phenomenon also occurred for ether analogues containing allyl, 
prenyl or geranyl substituents (three, five, and ten carbon atoms with unsaturation 
portion), the activity increased from three to five carbon atoms (G07 – G08), then 
decreased at ten carbon atoms (G09). G07 and G08 exhibited better activity than G09 
for some bacterial strain with their inhibition zone respectively 23.0 and 23.7 against S. 
aureus, 16.0 and 16.7 against S. sobrinus, 14.8 and 15.0 against P. acnes. The results 
also pointed out that the presence of double bonds in G07 and G08 also played an 
important role in antibacterial activity. The relationship of the number of carbon atoms 
of allyl and/or prenyl ether analogues of mansonone G are presented in Figure 3.42. 
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Figure 3.42 The relationship of carbon atom numbers with antibacterial activity of 
compounds G07–G09 (3–10 carbon atoms) 

 
Previous study reported that chalcones bearing prenyl or geranyl groups as well 

as their derivatives were found to inhibit Gram-positive bacteria.[138] The other study 
revealed that by replacing the isoprenyl group with a geranyl group of thiourea 
derivative was found to reduce antibacterial activity.[139] These previous studies 
supported the finding result in this research in which ether analogues of mansonone 
G containing geranyl substituent (G09) would decrease the activity. 

Furthermore, for G06 and G10 which contained benzyl and cinnamyl 
substituents gave the different results. G06 displayed better activity than G10. It could 
be described that even though G10 had a double bond but its antibacterial activity 
was slightly lower than G06. Previous study reported that all of the synthesized 
compounds substituted benzyl ether derivatives exhibited good to moderate activity 
against Gram positive bacteria.[140] 

  Aliphatic ester analogues of mansonone G (G11–G14) showed slightly lower 
inhibition compared to aliphatic ether analogues. In contrast with ether analogues, the 
increasing of alkyl chain length from four to ten carbon atoms (G11–G14) caused the 
decreasing of the activity, in which the alkyl chain containing four carbon atoms (G11) 
displayed the highest activity, then followed by the decreasing activity with six, eight, 
and ten carbon atoms (G12, G13, and G14). G11 exhibited good to excellent activities. 
The higher alkyl chain lengths more than four carbon atoms in aliphatic ester analogues 
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of mansonone G made the compounds more hydrophobic which may cause the 
limitation of partition coefficient in membrane cell, and further this compounds rather 
difficult to penetrate into membrane cell wall. The relationship of carbon atoms 
number and antibacterial activities of compounds G11–G14 are shown in Figure 3.43. 
 

 

Figure 3.43 The relationship of carbon atoms number and antibacterial activities of 
G11–G14  

 
In addition, aromatic ester analogues of mansonone G (G15–G18) were 

presented antibacterial activities towards both Gram positive and negative bacteria. In 
this group, the presence of aromatic substituents influenced the activity. Based on 
Table 3.14, G15 and G17 exhibited excellent activities against S. aureus and S. sobrinus. 
Moreover G17 also displayed excellent activity towards S. mutans. In this case, the 
presence of electron donating group such as a methoxy group at ortho position in 
aromatic induced antibacterial activity. This result slightly different from that bearing a 
methoxy group at para position (G18) with lessen activity. While the presence of 
electron withdrawing substituent such as chloro group at ortho position (G16) gave 
moderate to very good activities. 

In comparison between aliphatic and aromatic ester analogues of mansonone 
G, in general the results showed that aromatic ester analogues were better than 
aliphatic esters. Investigation by Al-Abdullah, et. al. in 2014 revealed that the increasing 
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the lipophilicity of compounds by replacing the aliphatic substituents with aromatics 
improved antibacterial activity.[141] 

Mansonone G derivatives which derived from epichlorohydrin (G19 and G20) 
exhibited from good to excellent activities. G19 displayed better activities towards S. 
aureus, S. mutans, S. sobrinus, and P. acnes, than G20. The results suggested that the 
epoxide substituent in G19 have the influence to enhance antibacterial activity. 

In this antibacterial activity test, chloramphenicol as a control positive was used 
towards all bacteria tested due to the broad spectrum of this antibiotic. The diameter 
of inhibition zone of this control positive was ranging from 20.7 to 30.0 mm.  

 

3.7 Minimum Inhibitory Concentration (MIC) of Mansonones and Their Derivatives 

Four natural mansonones (4–7) along with several analogues which exhibited 
high activity for each bacterial strains were picked up to determined their MIC. MIC is 
considered as a standard to determine the susceptibility of bacteria to antibacterial 
agents.[142] In order to determine the MIC of these analogues, a broth microdilution 
was performed in 96-well plate. In addition, resazurin was employed as an indicator of 
bacteria growth. Resazurin is a blue-purple non-fluorescent and non-toxic dye that 
then changes the color become pink and fluorescent when reduced to resorufin which 
is further reduced to hydroresorufin (uncolored and non-fluorescent).[143, 144] 
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Figure 3.44 Performance of MIC determination in 96-well plate by resazurin assay 
 

The MIC of four natural mansonones (4–7) and several mansonone G 
derivatives are presented in Table 3.18. Amongst mansonones, the data indicated that 
mansonone E (5) showed the lowest MIC against S. aureus, S. sobrinus, and S. mutans. 
G07 and G08 exhibited the lowest MIC (0.975 µM) among other analogues and natural 
mansonones against S. aureus. This compound also showed sixty-four times lower in 
MIC than its natural mansonone G (6, 31.25 µM). Moreover, G04 exhibited lower MIC 
(15.6 µM) than 3 against S. sobrinus. Other analogues such as G02 showed potential 
antibacterial agent against S. mutans, P. acnes, and S. typhi with MICs of 7.8, 15.6, and 
3.9 µM, respectively. 
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Table 3.18 MIC of natural mansonones and mansonone G derivatives 

Compound Minimum Inhibitory Concentration (MIC, µM) 
S. aureus 

ATCC 
25923 

P. acnes 
KCCM 
41747 

S. sobrinus 
KCCM 
11898 

S. mutans 
ATCC 
25175 

S. typhi 
ATCC  
422 

Mansonone C 
(4) 62.5 62.5 31.25 15.6 31.25 

Mansonone E 
(5) 31.25 31.25 15.6 3.9 15.6 

Mansonone G 
(6) 62.5 31.25 31.25 31.25 15.6 

Mansonone H 
(7) 250 125 62.5 62.5 31.25 

G02 - 62.5 31.25 62.5 - 
G03 15.6 15.6 125 7.8 3.9 

G04 15.6 31.25 31.25 31.25 31.25 

G06 15.6 62.5 125 31.25 62.5 
G07 0.975 31.25 15.6 31.25 62.5 

G08 0.975 31.25 31.25 31.25 62.5 

G09 - - - - 125 
G11 62.5 - - - - 

G15 62.5 - - - - 

 
3.8 Anti-Adipogenic Activity 

3.8.1 Preliminary Screening Anti-Adipogenic Activity 

In order to screen for promising candidates possessing anti-adipogenic activity, 
all compounds including natural and semisynthetic were evaluated, except for 
mansorin C (3) due to its limited amount. To date, there have been no previous studies 
on the anti-adipogenic activity of mansorins and mansonones and their derivatives. 

To investigate the effects of these compounds on anti-adipogenic activity, 
confluent 3T3-L1 pre-adipocytes cell lines were treated with the absence (vehicle) and 
presence of 10 µM compound during differentiation (day 0 – 6). Every 2 day, cells were 
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observed under light microscope to notice the viability of cells. The compounds that 
made cells die were categorized as toxic compounds. According to the observation, 
mansonone E (5) and some mansonone derivatives: G01, G04, G06, G08, G10, G18, 
and G19, were found to be very toxic to the cells because all cells were died after 
treatment. Moreover, certain compounds: G02, G03, G05, and G07 could also be 
categorized as toxic compounds. While some other compounds such as mansorin A 
(1), mansorin B (2), mansonone H (7), G09, G11, G12, G13, G14, and G20, did not show 
any significant suppression or toxic effect to the cells. 

On day 7, the cells were fixed with 10% formalin and incubated for 2 days. 
Fixation has purpose to preserve cellular architecture and composition of cells in the 
tissue to let them to withstand further step.[145] On day 9, the differentiated 
adipocytes were stained with Oil Red O solution, and the cells images (Figure 3.45) 
were scanned by scanner. Subsequently, the lipid contents were quantified 
spectrophotometrically at 500 nm. The results were expressed as % optical density 
(Table 3.19). All experiments were done in duplicate. 

 

Figure 3.45 Cells images using scanner after ORO stain 
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Table 3.19 Percentage optical density of cells treated with isolated compounds and 
mansonone derivatives on anti-adipogenic activity 

Compound % optical density Remarks 

Mansorin A (1) 100 Not suppressed, not toxic 
Mansorin B (2) 100 Not suppressed, not toxic 
Mansonone C (4) 53.0 Suppressed, not toxic 
Mansonone E (5) - Very toxic 
Mansonone G (6) 46.0 Suppressed, not toxic 
Mansonone H (7) 100 Not suppressed, not toxic 
G01 - Very toxic 
G02 58.1 Suppressed, toxic 
G03 48.8 Suppressed, toxic 
G04 - Very toxic 
G05 80 Suppressed, toxic 
G06 - Very toxic 
G07 60 Suppressed, toxic 
G08 - Very toxic 
G09 100 Not suppressed, not toxic 
G10 - Very toxic 
G11 100 Not suppressed, not toxic 
G12 100 Not suppressed, not toxic 
G13 100 Not suppressed, not toxic 
G14 100 Not suppressed, not toxic 
G15 37.6 Suppressed, not toxic 
G16 34.7 Suppressed, not toxic 
G17 46.7 Suppressed, not toxic 
G18 - Very toxic 
G19 - Very toxic 
G20 100 Not suppressed, not toxic 
Vehicle 100.0 Not suppressed, not toxic 
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The percentage of optical density (%OD) described for the amount of lipid 
accumulation. The higher % OD, the higher adipogenesis to form lipid. Vehicle with no 
treated compound exhibited 100 % OD. According this result, it showed that 
mansonones presented better activity than mansorins due to no suppression exhibited 
by neither mansorins A (1) nor B (2). In addition, mansonones C (4) and G (6) showed 
lower % OD indicating significantly reduce lipid accumulation in 3T3T-L1 during 
differentiation day. While for other mansonones such as mansonone E (5), due to the 
structure of this compound containing ether linkage, hence very toxic to the cells at 
the first day of differentiation day. In contrast with mansonone H (7), even though its 
structure had ether linkage, but the presence of –OH group at other position made 
this compound not toxic to the cells and did not suppress the adipogenesis. 

Most of ether derivatives of mansonone G were toxic to the cells even some 
compounds showed the suppression, except G09 due to this compound containing 
more than one of double bond of allyl. While for aliphatic ester derivatives of 
mansonone G (G11 – G14), no compound displayed any suppression in adipogenesis. 
In contrast to aromatic ester derivatives of mansonone G, some of these compounds 
(G15 – G17) exhibited suppression in adipogenesis. 
 

3.8.2 Anti-Adipogenic Activity of Candidate Compounds by Dose-Dependent 
Manner 
According preliminary screening of twenty-five compounds including natural 

and semisynthetic, five compounds (4, 6, G15, G16, and G17) were picked up as 
candidates for further investigation in anti-adipogenic activity by dose-dependent 
manner (varying the concentrations as 0, 1, 5, 10, and 20 µM). In general, this assay 
was the same as preliminary screening in anti-adipogenic activity. The results are 
presented in Figure 3.46. 
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Figure 3.46 % OD of compounds in anti-adipogenic activity by dose-dependent 
manner 

 
Based on Figure 3.16, it showed that by increasing the concentration, the anti-

adipogenic was also increased. By calculating the linear equation of each compound, 
the IC50 (µM) of each compound in anti-adipogenic activity could be obtained as shown 
in Table 3.20. 

 

Table 3.20 The IC50 (µM) of tested compounds in anti-adipogenic activity 

Compound IC50 (µM) 
Mansonone C (4) 15.4 
Mansonone G (6) 14.0 
G15 10.0 
G16 10.4 
G17 12.6 

 
The data in Table 3.20 presented that mansonone G (6) had lower IC50 than 

mansonone C (4). In addition the data also indicated that G15, G16, and G17 exhibited 
lower IC50 as 10.0, 10.4, and 12.6 µM, respectively than that of natural compound 
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(mansonone G, 6). This data suggested for further investigation for preliminary 
mechanism study of compounds mansonone G (6), G15, G16, and G17, in anti-
adipogenic activity. 

 

3.8.3 Expression of Adiponectin in Anti-Adipogenic Activity 

Adiponectin is known as one of adipogenesis-related factor which is secreted 
from adipocytes during adipogenesis. In order to determine the mechanism action of 
compounds 6, G15, G16, and G17, in anti-adipogenic activity, adiponectin was 
introduced after 6 days differentiation by western blot analysis. The result is presented 
in Figure 3.47. 

 
Figure 3.47 Adiponectin expression in anti-adipogenic activity of compounds 6, G15, 

G16, and G17 
 

Based on Figure 3.47, even though mansonone G (6) did not show significant 
decreasing of adiponectin level, but its derivatives such as compound G16 displayed 
the best suppression of adiponectin. Other compounds such as G15 and G17 exhibited 
little suppression of adiponectin. This result suggesting that compounds G15–G17 have 
potential inhibition in adipogenesis by suppressing the production of adiponectin. 
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CHAPTER IV 
CONCLUSION 

During the course of this study, the CH2Cl2 extract of Mansonia gagei Drumm. 
heartwoods was chosen as plant material due to the interesting compounds isolated 
from this extract (1,2-naphthoquinone and coumarin-based compounds) as well as 
their great biological activities reported previously. Three naturally occurring coumarins 
named mansorin A (1), mansorin B (2), and mansorin C (3), together with four naturally 
occurring 1,2-naphthoquinones named mansonone C (4), mansonone E (5), 
mansonone G (6), and mansonone H (7), have been isolated from this extract and 
investigated for their antibacterial and anti-adipogenic activities. 

In antibacterial activity test, agar well diffusion method was performed against 
both Gram positive and negative bacteria including Staphylococcus aureus ATCC 
25923, Streptococcus mutans ATCC 25175, Streptococcus sobrinus KCCM 11898, 
Propionibacterium acnes KCCM 41747, and Salmonella typhi ATCC 422.  

According to the antibacterial activity of these isolated compounds, it can be 
seen that in general mansonones exhibited better activity than mansorins. In addition, 
it also gave the information that mansonones E (5) and G (6) presented higher activity 
than others. Attributable to mansonone G (6) displayed good activity and was obtained 
in large amount among other mansonones, therefore some derivatives of mansonone 
G were carried out and examined for their antibacterial activity. 

Derivatization of mansonone G (6) was performed into three domain analogues 
which known as ether, and ester analogues of mansonone G, and mansonone G 
analogues derived from epichlorohydrin. For ether analogues, ten derivatives known 
as methyl ether mansonone G (G01), ethyl ether mansonone G (G02), butyl ether 
mansonone G (G03), octyl ether mansonone G (G04), dodecyl ether mansonone G 
(G05), benzyl ether mansonone G (G06), allyl ether mansonone G (G07), 3,3-
dimethylallyl ether mansonone G (G08), geranyl ether mansonone G (G09), and 
cinnamyl ether mansonone G (G10) were manipulated. For ester analogues, eight 
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analogues of mansonone G have been synthesized, which identified as mansonone G 
butyrate (G11), mansonone G hexanoate (G12), mansonone G octanoate (G13), 
mansonone G decanoate (G14), mansonone G benzoate (G15), mansonone G 2-chloro 
benzoate (G16), mansonone G 2-methoxy benzoate (G17), and mansonone G 4-
methoxy benzoate (G18). The reaction between mansonone G with epichlorohydrin 
yielded two compounds G19 and G20. Amongst these derivatives, G02 – G20 are 
reported for the first time as new semisynthetic compounds. 

The antibacterial activity of these compounds indicated that several 
mansonone G derivatives exhibited better activity than that of natural compound 
(mansonone G, 6). G07 and G08 showed the lowest MIC (0.975 µM) among other 
mansonone G derivatives and natural mansonones towards S. aureus. These 
derivatives also displayed sixty-four times lower in MIC than its natural mansonone G 
(6, 31.25 µM). 

For the anti-adipogenic activity, mansonone C (4) and mansonone G (6) 
possessed the suppression in 3T3-L1 pre-adipocytes differentiation with IC50 15.4 and 
14.0 µM, respectively. In addition, some mansonone G derivatives including G15, G16, 
and G17 exhibited the suppression with IC50 10.0, 10.4, and 12.6 µM, respectively. In 
order to investigate their mechanism action in anti-adipogenic, western blot analysis 
was performed for evaluating the expression of adiponectin. The results showed that 
G16 displayed the highest suppression of adiponectin production. This result also 
suggesting that G15 – G17 have good activity in adipogenesis by suppressing the 
production of adiponectin.
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Appendix 1. The 1H NMR spectrum (CDCl3) of mansorin A (1) 
 
 

Appendix 2. The 1H NMR spectrum (CDCl3) of mansorin B (2) 
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Appendix 3. The 1H NMR spectrum (CDCl3) of mansorin C (3) 

 
 

 
Appendix 4. The 1H NMR spectrum (CDCl3) of mansonone C (4) 
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Appendix 5. The 1H NMR spectrum (CDCl3) of mansonone E (5) 
 

 

 
Appendix 6. The 1H NMR spectrum (DMSO) of mansonone G (6) 
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Appendix 7. The 1H NMR spectrum (acetone d6) of mansonone H (7) 
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Appendix 8. HRMS (ESI) of G02 
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Appendix 9. HRMS (ESI) of G03 
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Appendix 10. HRMS (ESI) of G04 
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Appendix 11. HRMS (ESI) of G05 
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Appendix 12. HRMS (ESI) of G06 
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Appendix 13. HRMS (ESI) of G07 
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Appendix 14. HRMS (ESI) of G08 
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Appendix 15. HRMS (ESI) of G09 
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Appendix 16. HRMS (ESI) of G10 
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Appendix 17. HRMS (ESI) of G11 
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Appendix 18. HRMS (ESI) of G12 
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Appendix 19. HRMS (ESI) of G13 
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Appendix 20. HRMS (ESI) of G14 
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Appendix 21. HRMS (ESI) of G15 
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Appendix 22. HRMS (ESI) of G16 
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Appendix 23. HRMS (ESI) of G17 
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Appendix 24. HRMS (ESI) of G18 
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Appendix 25. HRMS (ESI) of G19 
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Appendix 26. HRMS (ESI) of G20 
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