
Title
Identification of Chemical Constituents and the Biological
Activities from Thai Medicinal Plants and Mangrove-associated
Fungi( 本文(Fulltext) )

Author(s) Siwattra Choodej

Report No.(Doctoral
Degree) 博士(農学) 甲第698号

Issue Date 2018-09-21

Type 博士論文

Version ETD

URL http://hdl.handle.net/20.500.12099/77264

※この資料の著作権は、各資料の著者・学協会・出版社等に帰属します。



  

Identification of Chemical Constituents and the Biological Activities 

from Thai Medicinal Plants and Mangrove-associated Fungi          

 

 

 

 

 

 

 

 

2018 

 

 

 

 

 

 

 
The United Graduate School of Agricultural Science, Gifu University 

Science of Biological Resources 

 

(Gifu University) 

 

 

Siwattra Choodej 



  

Identification of Chemical Constituents and the Biological Activities 

from Thai Medicinal Plants and Mangrove-associated Fungi          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Siwattra Choodej 



I 
 

Contents  

Table of contents………………………………………………………………... I 

List of figures…………………………………………………………………… V 

List of schemes………………………………………………………………….. VIII 

List of tables…………………………………………………………………….. VIII 

Summary………………………………………………………………………... IX 

…………………………………………………………………… XIV 

Chapter 1………………………………………………………………………... 1 

General introduction…………………………………………………………… 1 

1.1 Natural product…….………………………………………………………… 2 

1.2 Inflammation………………………………………………………………… 4 

 1.2.1 Anti-inflammatory and anti-cancer agents from plants……………….…..  5 

 1.2.2 Anti-inflammatory and anti-cancer agents from endophytic fungi………. 6 

1.3 Melanogenesis………………..……………………………………………… 7 

 1.3.1 Melanogenesis inhibitors derived from plants...…………………………. 8 

 1.3.2 Melanogenesis inhibitors derived from endophytic fungi.……………….. 9 

1.4 Objectives of this research..………………………………………………….. 10 

Chapter2………………………………………………………………………… 11 

Evaluation of anti-inflammatory activity on TNF-α inhibition by 

sesquiterpenes from Saussurea lappa and semi-synthetic analogs ………..… 

 

11 

2.1 Introduction………………………………………………………………….. 12 

2.2 Materials and Methods…………………...………………………………….. 15 

  2.2.1 General…………..……………………………………………………… 15 

  2.2.2 Plant Material…………………………………………………………… 15 



II 
 

  2.2.3 Extraction and isolation of S. lappa root…………………….………….. 15 

  2.2.4 Semi-synthesis………..…………………………………………………. 16 

   2.2.4.1 Methoxylation of costunolide (1)……………………………………. 16 

   2.2.4.2 Base hydrolysis of costunolide (1)…………………………………... 17 

   2.2.4.3 Synthesis of santamarine (14) and reynosin (15)……………………. 17 

   2.2.4.4 General procedure for acetylation…………………………………… 18 

   2.2.4.5 General procedure for oxidation with PDC………………………….. 18 

   2.2.4.6 General epoxidation with m-CPBA…………………………………. 18 

   2.2.4.7 Acid treatment of costunolide (1)……………………………………. 18 

  2.2.5 Cell culture and Biological assay……………………………………….. 19 

   2.2.5.1 Measurement of TNF-α production………………………………….. 19 

   2.2.5.2 Cell viability measurement by MTT assay…………………………... 20 

  2.2.6 Statistical analysis…………………………….………………………… 20 

2.3 Results and Discussion………………………………………………………. 20 

2.3.1 Isolated compounds (1-10) from S. lappa root ….……………………..... 20 

  2.3.1.1 Identification of isolated compounds 1-10........................................... 22 

  2.3.1.2 Effect of isolated compounds 1-10 on TNF-α production…………… 26 

 2.3.2 Semi-synthetic analogs …………………………………………….…….. 28 

   2.3.2.1 Semi-synthesis of analogs…………………………………………… 28 

   2.3.2.2 Effect of semi-synthetic analogs on TNF-α production……………... 31 

2.4 Conclusions……...…………………………………………………………... 34 

Chapter3………………………………………………………………………… 35 

Investigation of anti-melanogenesis activity on B16 melanoma cells by 

sesquiterpene lactones from Saussurea lappa and their analogs..…………... 

 

35 



III 
 

3.1 Introduction………………………………………………………………….. 36 

3.2 Materials and methods……………………………...………………………... 38 

 3.2.1 Plant Material…..………………………………………………………… 38 

 3.2.2 Sesquiterpene lactones and semi-synthetic analogs ……………………... 38 

 3.2.3 Cell culture……………………………………………………………….. 38 

 3.2.4 Measurement of cellular melanin content……………………..…………. 38 

 3.2.5 Cell viability……………………………………………………………… 39 

 3.2.6 Mushroom tyrosinase assay……………………...……………………….. 39 

 3.2.7 Western blot analysis……………………………………………………... 40 

 3.2.8 Statistical analysis………………………………………………………... 41 

3.3 Results and discussion………………………...……………………………... 41 

3.4 Conclusions………………………………………………………………….. 50 

Chapter 4……………………………………………………………………….. 51 

Chamigrane sesquiterpenes from a Basidiomycetous Endophytic Fungus 

XG8D derived from Thai Mangrove Xylocarpus granatum……………….… 

 

51 

4.1 Introduction………………………………………………………………….. 51 

4.2 Materials and methods……………………………………………………….. 53 

4.2.1 General…………………………………………………………………… 53 

4.2.2 Fungal Material………………………..…………………………………. 53 

 4.2.3 Fermentation, Extraction, and Isolation …………………………...…….. 53 

 4.2.4 Single X-ray Crystallograpic Analysis of compounds 17 and 18….……... 54 

 4.2.5 Cell culture and Biological assay………………………………………… 55 

 4.2.6 Cytotoxicity assay……………….……...………………………………... 56 

4.2.7 Statistical analysis………………………………………………………... 56 



IV 
 

4.3 Results and discussion………………………………………………………. 56 

 4.3.1 Isolated compounds (17-26) from the fungus XG8D strain……………… 56 

  4.3.1.1 Identification of six new compounds 17-22………………………….. 56 

  4.3.1.2 Identification of six know compounds 23-26………………………… 64 

 4.3.2 Cytotoxic activities of isolated compounds 17-26…….…..…………….. 66 

4.4 Conclusion…………………………………………………………………... 66 

References……………………………………………………………………….. 68 

Acknowledgements……..……………………………………………………….. 76 

Appendix………………………………………………………………………… 78 

  



V 
 

List of figures 

Figure 1.1 Secretion of inflammatory mediators on lipopolysaccharide         

        (LPS)-activated macrophages ………………………………………... 

4 

Figure 1.2 The different signaling pathways regulating melanogenesis  

         in melanocyte ……………………………………………………..… 

8 

Figure 2.1 The 10 species of Thai medicinal plants…………………………….. 13 

Figure 2.2 The effect of S1-S10 (in various concentrated) on TNF-α inhibition 

         and cell viability in macrophages RAW 264.7….…………………… 

 

13 

Figure 2.3 Effect of S. lappa crude extracts on TNF-α production……….……... 21 

Figure 2.4 Isolated compounds from S. lappa roots……………………………... 22 

Figure 2.5 Effect of costunolide (1) on TNF-α secretion and cell viability in  

         LPS-activated RAW264.7 cells………..…………………………….. 

 

27 

Figure 2.6 Effect of eudesmanolide 6a on TNF-α secretion in LPS-activated 

         RAW264.7 cells and on cell viability………………………………... 

 

33 

Figure 2.7 The cell viability of γ-cyclocostunolide (16) on RAW264.7 cells…… 33 

Figure 2.8 Summary of structure-activity relationship of the eudesmanolide  

         skeleton for anti-TNF-α activity.…………….………………………. 

 

34 

Figure 3.1 Structure of nine natural sesquiterpene lactones…………………….. 37 

Figure 3.2 Structure of twelve synthesized sesquiterpene lactones …………….. 37 

Figure 3.3 Melanin inhibitory effect of -cyclocostunolide (6) on B16  

         melanoma cells………………………………………………………. 

 

44 

Figure 3.4 External appearance of extracellular melanin content with various 

         concentrations (2.5-10 M) of -cyclocostunolide (6)………….…... 

 

44 

Figure 3.5 Effect of compound 6 (2.5 - 10 M) on tyrosinase protein expression 45 



VI 
 

Figure 3.6 Effect of compound 6 (2.5-10 M) on TRP-1 and 2 expression..….... 46 

Figure 3.7 Summary of SAR of -cyclocostunolide (eudesmanolide skeleton) 

         for melanogenesis inhibition…………………………......………...... 

 

49 

Figure 4.1 The morphology of the fungal XG8D from the leave of X. granatum 52 

Figure 4.2 Structures of metabolites 17–26 isolated from the fungus XG8D…… 57 

Figure 4.3 1H‒1H COSY and selected HMBC correlations of 17, 21, and 22….. 58 

Figure 4.4 ORTEP plot of 17…………………………………………………….. 58 

Figure 4.5 ORTEP plot of 18……………………………………………….……. 59 

Figure 4.6 Selected NOESY correlations of 19 and 20………………………….. 62 

Figure S4.1 1H NMR spectrum (CDCl3) of Merulinol A (17)……………...…... 79 

Figure S4.2 13C NMR spectrum (CDCl3) of Merulinol A (17)…………………. 79 

Figure S4.3 1H-1H COSY spectrum (CDCl3) of Merulinol A (17)……………... 80 

Figure S4.4 HSQC spectrum (CDCl3) of Merulinol A (17)……………………... 80 

Figure S4.5 HMBC spectrum (CDCl3) of Merulinol A (17)…………………….. 81 

Figure S4.6 1H NMR spectrum (acetone-d6) of Merulinol B (18)…………….... 82 

Figure S4.7 13C NMR spectrum (acetone-d6) of Merulinol B (18)…………….. 82 

Figure S4.8 1H-1H COSY spectrum (acetone-d6) of Merulinol B (18)……...…. 83 

Figure S4.9 HSQC spectrum (acetone-d6) of Merulinol B (18)……………..….. 83 

Figure S4.10. HMBC spectrum (acetone-d6) of Merulinol B (18)……………… 84 

Figure S4.11 NOESY spectrum (acetone-d6) of Merulinol B (18)……………… 84 

Figure S4.12 1H NMR spectrum (CDCl3) of Merulinol C (19)………………… 85 

Figure S4.13 13C NMR spectrum (CDCl3) of Merulinol C (19)……………….. 85 

Figure S4.14 1H-1H COSY spectrum (CDCl3) of Merulinol C (19)…………… 86 

Figure S4.15 HSQC spectrum (CDCl3) of Merulinol C (19)…………………… 86 



VII 
 

Figure S4.16 HMBC spectrum (CDCl3) of Merulinol C (19)…………………... 87 

Figure S4.17 NOESY spectrum (CDCl3) of Merulinol C (19)………………….. 87 

Figure S4.18 1H NMR spectrum (CDCl3) of Merulinol D (20)………………… 88 

Figure S4.19 13C NMR spectrum (CDCl3) of Merulinol D (20)………………... 88 

Figure S4.20 1H-1H COSY spectrum (CDCl3) of Merulinol D (20)……………. 89 

Figure S4.21 HSQC spectrum (CDCl3) of Merulinol D (20)……………………. 89 

Figure S4.22 HMBC spectrum (CDCl3) of Merulinol D (20)…………………… 90 

Figure S4.23 NOESY spectrum (CDCl3) of Merulinol D (20)………………….. 90 

Figure S4.24 1H NMR spectrum (CDCl3) of Merulinol E (21)…………………. 91 

Figure S4.25 13C NMR spectrum (CDCl3) of Merulinol E (21)………………... 91 

Figure S4.26 1H-1H COSY spectrum (CDCl3) of Merulinol E (21)……………. 92 

Figure S4.27 HSQC spectrum (CDCl3) of Merulinol E (21)……………………. 92 

Figure S4.28 HMBC spectrum (CDCl3) of Merulinol E (21)…………………… 93 

Figure S4.29 NOESY spectrum (CDCl3) of Merulinol E (21)…………………... 93 

Figure S4.30 1H spectrum (CDCl3) of Merulinol F (22)………………………... 94 

Figure S4.31 13C spectrum (CDCl3) of Merulinol F (22)………………………. 94 

Figure S4.32 1H-1H COSY spectrum (CDCl3) of Merulinol F (22)……………. 95 

Figure S4.33 HSQC spectrum (CDCl3) of Merulinol F (22)……………………. 95 

Figure S4.34 HMBC spectrum (CDCl3) of Merulinol F (22)…………………… 96 

 

  



VIII 
 

List of Scheme 

Scheme 2.1 Synthesis of compounds 11–13………………….………………… 28 

Scheme 2.2 Synthesis of eudesmanolide sesquiterpenes:  

          (a) compounds 14 and 15 from costunolide (1),  

          (b) derivatives from 14,  

          (c) derivatives from 15.…………………………………………..…  

 

 

 

30 

Scheme 2.3 Synthesis of eudesmanolide sesquiterpenes from costunolide (1) …. 31 

 

List of Tables 

Table 2.1 Effect of isolated compounds from S. lappa root on TNF-α 

production…………………………………..……………………….. 

 

27 

Table 2.2 Effect of semi-synthetic analogs on TNF-α production...…………….. 32 

Table 3.1 Effect of nine natural sesquiterpene lactones from S. lappa root on 

melanogenesis inhibition…………………………………………..….. 

 

42 

Table 3.2 Effect of twelve synthetic sesquiterpene lactones on melanogenesis 

inhibition………………………………………………………………. 

 

48 

  



IX 
 

Summary  

Natural products and their derivatives remain the best sources of drugs and 

drug leads. Not only for pharmaceutical products but a demand for natural cosmetics 

is increasing. Due to structural diversity of natural products including an increasing 

number of consumers concerned about side effect in long-term use. Background of 

natural sources can be a beneficial decision to select the candidate species. For 

example, the active compounds isolated from medicinal plants, which have long been 

used as a folk medicine seem to be safer than the plants with no data for human use. 

Another interesting source is mangrove-associated endophytic fungi because the 

extream living system such as low pH, high salinity, humidity, and nutrient status to 

provide bioactive unprecedented compounds.  

In this research attempts to characterize the bioactive compounds from Thai 

medicinal plant and mangrove-associated endophytic fungi. All natural compounds 

and their derivatives were tested on biological activities as an anti-inflammatory, 

anti-cancer, and anti-melanogenesis. The research is divided into four chapters 

including general introduction, natural compounds isolated from medicinal plant and 

endophytic fungi derived from mangrove plant, and their screening results on three 

biological activities as described below. 

Chemical constituents from Thai medicinal plants and the derivertives  

Anti-inflammatory activity 

Chapter 2, among 10 species of Thai medicinal plants including Dischidia 

rafflesiana (S1), Dregea volubilis (S2), Atractylodes lancea (S3), Ligusticum sinense 
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(S4), Cissampelos pareira (S5), Saussurea lappa (S6), Picrorhiza kurroa (S7), 

Artemisia vulgaris (S8), Angelica dahurica (S9) and Angelica sinensis (S10),  S. 

lappa (S6) shown the most effective plant for anti-inflammatory activity. S. lappa 

Clarke (Compositae) is a perennial herb, native to India and Pakistan. Its root has 

been traditionally used for the treatment of a wide variety of diseases including 

abdominal pain, distention, vomiting, allergy, cancer, fever, headache, and diarrhea.  

The hexane and EtOAc extracts of S. lappa root were repeatedly 

chromatographed on normal silica gel, Sephadex LH-20, and RP-18 columns to yield 

10 sesquiterpenes and a triterpene as beturinic acid. The structures of these 

compounds were elucidated using nuclear magnetic resonance experiments and by 

comparison with previous reports. Moreover, 16 semi-synthetic analogs were 

synthesized by chemical reaction such as methoxylation, base hydrolysis, 

acethylation, epoxydation and oxidation. The anti-inflammatory activity of the 

isolated and synthetic compounds was further investigated by measuring TNF-  

levels by ELISA. To investigate the tumor necrosis factor (TNF)-  inhibitory activity 

of sesquiterpenes from Saussurea lappa extracts and semi-synthetic analogs to 

establish their structure-activity relationship (SAR) profile.  

In preliminary screening, the hexane and EtOAc extracts showed significant 

anti-inflammatory activity with IC50 values of 0.5 and 1.0 μg/ml, respectively. 

Chromatographic fractionation of the extracts led to the isolation of 10 

sesquiterpenes (1–10). Costunolide (1), a major compound, and dehydrocostus 

lactone (4) exhibited high efficiency in decreasing TNF-  levels, with IC50 values of 

2.05 and 2.06 μM, respectively. Among the semi-synthetic analogs, compounds 6a 

and 16 showed the most potent activity with IC50 values of 1.84 and 1.97 μM, 



XI 
 

respectively. Moreover, compound 6a showed less toxicity than costunolide or 16. 

These results provide the first SAR profile of sesquiterpene lactones and indicate that 

the -methylene- -lactone moiety plays a crucial role in TNF-  inhibition. 

Additionally, the epoxide derivative 6a might represent a lead compound for further 

anti-TNF-  therapies, owing to its potent activity and reduced toxicity. 

Anti-melanogenesis activity 

Chapter 3, in our continuous efforts to search for melanogenesis inhibitors 

from natural products. It still needs to be discovered, only a few potential agents 

without side effects are used in medical and cosmetic products, today. Sesquiterpene 

lactones are a large group of natural products, which almost have been reported that 

showed a broad spectrum of biological activities such as antifungal, antibacterial, 

antiulcer, anti-inflammatory, and anti-cancer. Only a few research reported about 

anti-melanogenesis property. Moreover, until now, the structure-activity relationship 

of sesquiterpene lactones on anti-melanogenesis effect has not been reported.  

Accordingly, costunolide (1), dehydrocostus lactone (4), 11 , 13- 

dehydrocostus lactone (5), -, -, -cyclocostunolide (6, 7, 16), arbuscirin A (8), 

santamarine (14) and reynosin (15), as the natural sesquiterpene lactones have been 

investigated for their anti-melanogenesis activity on B16 melanoma cells. To analyze 

their structure-activity relationship (SAR) profile on melanin inhibition. Twelve 

semi-synthetic analogs of sesquiterpene lactones such as epoxide, acetylated, 

oxidation products were also studied.  

In screening results, we focused on extracellular melann content, that is the 

major of total melanin contents. The results showed that only -cyclocostunolide (6) 
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remarkable inhibited melanin production, particularly extracellular melanin content 

with an IC50 value of 5.75 μM. The cell viability data indicated that effect of melanin 

inhibition by compound 6 without inducing cell death. Additionally, compound 6 did 

not effect on mushroom tyrosinase assay compared with Kojic acid, a well-known 

tyrosinase inhibitor. This result indicated that melanogenesis inhibition was not 

caused by tyrosinase inhibition, may have an effect on protein expression at a 

post-translational modification.  

Furthermore, the 12 sesquiterpene lactone analogs were tested on the 

melanin inhibition, all analogs did not show any significant for this activity. Base on 

the results, can be summarized the first SAR profile of sesquiterpene lactones and 

indicated that position of a double bond at C3-4 is the most efficient on melanin 

inhibition for eudesmanolide-type. Besides, the C1-substituent with hydroxyl, ketone 

and ester moieties markedly decreased the melanin inhibitory activity. These findings, 

therefore, suggest that -cyclocostunolide (6) might be useful in skin lightening 

agent in cosmetic products or the therapy of skin disorders. 

Secondary metabolites from mangrove-associated endophytic fungi 

(XG8D) 

Anti-cancer 

Chapter 4, this part of research, we focused on the isolation of bioactive 

natural products from the endophytic fungi XG8D. This fungus was obtained from 

the leaves of the mangrove plant Xylocarpus granatum in Thailand. In our previous 

work ,the unique sesquiterpene endoperoxides of the chamigrane type was isolated 

from the ethyl acetate (EtOAc) extract, grown in corn-steep liquor-containing 
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medium. Chamigrane sesquiterpenoids, mostly halogenated, are generally found in 

the red alga Rhodomelaceae laurencia. Moreover, some studies have shown that the 

secondary metabolites profile might be highly dependent on the type of fermentation 

broth. This data let us to emphasize the effect of the culture medium on the 

metabolite profile of the endophytic fungus strain XG8D.  

As a result, the primary screening of the cultivation conditions for this strain 

indicated that growing in Sabouraud dextrose broth (SDB) affected the chemical 

profile of this fungus. The culture was extracted with EtOAc, then the extract was 

repeatedly subjected to column chromatography (CC) over normal siliga and 

Sephadex LH-20 to obtain 20 sesquiterpenes. Their structures were elucidated 

mainly by 1D  and 2D  NMR, while the structures of 17 and 18 were further 

confirmed by single-crystal X-ray diffraction analysis.  

Six new chamigrane sesquiterpenes, not of the endoperoxide type, namely 

merulinols A‒F (17‒22), and four known metabolites (23‒26) were isolated from the 

SDB extract of the basidiomycetous fungus XG8D, a mangrove-derived endophyte. 

The in vitro cytotoxicity of all compounds was evaluated against three human cancer 

cell lines including MCF-7, Hep-G2, and KATO-3 by MTT assay. The results 

comparied with doxorubicin was used as a positive control. Compounds 19 and 20 

selectively displayed cytotoxicity against KATO-3 cells with IC50 values of 35.0 ± 

1.20 and 25.3 ± 0.82 μM, respectively. All the other compounds, a growth inhibition 

against the three cell lines less than 50% at a dose of 50 μM (hightest concentration 

tested) was observed and thus they were considered inactive. 
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Chapter 1 

General introduction 
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1.1 Natural product 

Natural product is a chemical compound or substance derived from natural 

sources such as plants, animals or microorganisms. It includes a primary and 

secondary metabolite seem to safer than synthetic drugs. Because natural products 

discovered in living systems, may avoid the side effects (Chine et al., 2006). For this 

reason, natural products and their derivatives remain as important sources for new 

drugs or new clinical candidates.  

In addition, the chemical scaffolds around 40%, that obtained from natural 

products are absent in today’s medicinal chemistry. There are many natural 

compounds that have very complex structures and not all that can be synthesized 

(Lutz, 2003). Although natural products have been accepted, that is the important 

sources of new drug discovery. Discovery of a new drug is approximately 12 years 

for reach to clinical step, involving more than 1 billion US$ (Katiyar et al., 2016). It 

was that time-consuming and expensive process. For this reason, it required the 

knowledge and technology for research development such as computational 

molecular modeling to prove the interaction between natural products binding to 

proteins. Sometimes, semi-synthetic can also provide better compounds.   

There are a few classical examples of discovering new drugs from natural 

products and their derivatives. Morphine is the principal alkaloid, well-known as a 

narcotic analgesic drug which decreases the feeling of pain directly on the central 

nervous system (CNS). Morphine was first isolated from the opium poppy (Papaver 

somniferum) by German apothecary Friedrich W. Sertürner in the early 1800s 

(Blakemore et al., 2002).  
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       Morephine         opium poppy (Papaver somniferum) 

In 1928, the Scottish scientist Alexander Fleming accidentally discovered 

penicillin G as the first antibiotic from the mould Penicillium notatum. The analogs 

of penicillin were developed to treat many bacterial infectious diseases and to protect 

bacterial resistance. They are the most antibiotic widely used today (Tan et al., 2015). 

 

     Penicillin G   Sir Alexander Fleming     

 Medicinal plants have a long history of treatment such as in India, China, 

and Southeast Asia countries including Thailand (Wuthiudomlert et al., 2000). Thus, 

medicinal plants become the main source of drug discovery. Furthermore, 

marine-associated microorganisms are also recognized as a promising source of 

chemically diverse, structurally unique, and biologically active secondary 

metabolites (Lahlou, 2007). Among them, endophytic microorganisms are becoming 

an important role in natural ecosystems and it focused particularly on endophytic 

fungi (Redman et at., 2002). 
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1.2 Inflammation 

 Inflammation is the self attempt process to protect our body by removing 

harmful stimuli and begins the healing process. The inflammatory response can be 

activated by various signaling pathways that regulate expression of inflammatory 

mediators in cells (Lawrence et al., 2007). Nuclear factor-κB (NF-κB) is master 

regulator of inflammation, which controls the expression of mediators such as tumor 

necrosis factor (TNF- ), Interleukin-8 (IL-8) and cyclooxygenase (COX) in 

inflammation (Oeckinghaus et al., 2009).   

  

Figure 1.1 Secretion of inflammatory mediators on lipopolysaccharide 

(LPS)-activated macrophages (Adapted from Li et al., 2011)  

 Cancer diseases are one of the most important health problems worldwide. 

As we known, chronic inflammation increases cell proliferation, lead to developing 

various types of cancer for example inflammatory bowel disease is associated with 

colon cancer (Coussens et al., 2002). Thus, inflammatory inhibition may reduce the 

risk of human cancers.     
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1.2.1 Anti-inflammatory and anti-cancer agents from plants  

In 1967, Paclitaxel (Taxol) was first isolated from the bark of Taxus 

brevifolia (northwest Pacific Yew Tree) by Monroe E. Wall and Mansukh C. Wani 

and approved for medical use in 1993 (Stierle et al., 1993). Among others cancer 

drugs, Taxol is the best-selling cancer drug using in chemotherapy to treat many 

types of cancer including ovarian cancer, breast cancer, lung cancer cervical cancer, 

and pancreatic cancer (Carsuso et al., 2000). 

   Paclitaxel (Taxol) 

Recently, a mangosteen-fruit or Garcinia mangostana L. has become 

popular with a wide range of activities such as antioxidant, antitumoral, antiallergic, 

anti-inflammatory, antibacterial, and antiviral activities (Balasubramanian et al., 

1988 and Obolskiy et al., 2009). Xanthones are major secondary metabolites in this 

fruit. In addition, -mangostin displayed a significant the cell growth inhibition of 

human leukemia cell (HL60) by induced caspase 3-dependent apoptosis (Matsumoto 

et al., 2003 ref mangosteen) . 

     -mangostin 
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1.2.2 Anti-inflammatory and anti-cancer agents from endophytic fungi 

Most endophyte-plant relationship appears to be symbiotic and often viewed 

as a mutualism. Endophytic fungi are also a rich source of the potential secondary 

metabolites, which is larger than that of any other endophytic microorganisms. 

Natural products from endophytic fungi have a broad spectrum of biological activity 

and can be placed into several categories, including steroids, alkaloids, terpenoids, 

quinones, lactones, etc. (Calvo et al., 2002). 

In 2009, Deshmukhwe group reported that ergoflavin shown good 

anti-inflammatory on TNF-  and IL-6 inhibition in THP-1 cell, and also induced 

cytotoxicity in renal (ACHN), lung (H460), pancreas (Panc1), colon (HCT116), and 

non-small cell lung (Calu1) cancer cell lines. The ergoflavin have isolated from an 

endophytic fungus, living on the leaves of an Indian medicinal plant Mimosops 

elengi (bakul) (Deshmukh et al., 2009).  

  Ergoflavin 

Additionally, the unique nor-chamigrane endoperoxide as merulin A and two 

new chamigrane endoperoxides, merulins B and C were isolated from an endophytic 

fungus of Xylocarpus granatum, grown in corn-steep liquor-containing medium. The 

screening results shown that merulin A and C displayed significant cytotoxicity 

against human breast (BT474) and colon (SW620) cancer cell lines.  
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    Merulin A     Merulin C 

 

1.3 Melanogenesis  

Melanogenesis is a well-known physiological process of melanin production 

in the epidermal melanosome of melanocyte and then transport to keratinocyte (Riley, 

1997). Eumelanin and pheomelanin are two types of melanin pigments, that main 

function is skin cell protection from ultraviolet (UV) radiation (Briganti et al., 2003). 

However, abnormal overproduction and accumulation of melanin might create many 

skin diseases such as freckles, melasma, senile lentigines, and inflammation, which 

lead to skin cancer (Ohguchi et al., 2003 and Huang et al., 2012).  

In the cosmetics market, skin lightening agents from natural sources are 

preferred than synthetic agents. Almost of that compounds achieve to depigmenting 

by tyrosinase inhibition. As shown in Figure 1.2 the downstream regulation of 

melanogenesis is modulated by tyrosinase and tyrosinase-related proteins (TRPs). All 

them are controlled by a key transcription factor, microphthalmia-associated 

transcription factor (MITF).  
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Figure 1.2 The different signaling pathways regulating melanogenesis in 

melanocyte (Adapted from Videira et al., 2013) 

1.3.1 Melanogenesis inhibitors derived from plants 

One of the best skin lightening agents from natural products is arbutin, still 

use as general ingredient in skin care products. It inhibited the oxidation of L-DOPA 

in melanin synthesis. Arbutin is a glycosylated hydroquinone that can be found in 

several plants especially the bearberry fruit (Arctostaphylos uva-ursi) (Tomita et al., 

1990 and Chakraborty et al., 1998). 

Arbutin          Bearberry 
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Aloesin is a glycosylated chromone isolated from the aloe vera, which is 

known to have many biological activities, such as burn healing properties. It 

regulated melanogenesis as competitive inhibition of tyrosinase. Moreover, 

combination of arbutin and aloesin has shown synergistic effects by respectively 

non-competitive and competitive tyrosinase inhibition (Piao et al., 2002). 

Aloesin     Aloe vera 

1.3.2 Melanogenesis inhibitors derived from endophytic fungi 

Kojic acid is another well-known as tyrosinase inhibitor, which was 

produced by various fungal species such as Aspergillus and Penicillium (Burdok). It 

inhibited tyrosinase enzyme by chelating copper at the active site. However, kojic 

acid had been shown allergic reactions in sensitive skin (Nakagawa et al., 1995).  

In general, cosmetic and skin care products are oil based formulation, but 

kojic acid is not soluble in oil and unstable at high temperature for long term storage. 

Thus, kojic acid derivatives were modified such as esterification of kojic acid and 

palm oil to obtain kojic acid esters. The results demonstrated that these compounds 

have potential to treat hyperpigmentation and nontoxic to skin (Lajis et al., 2012). 
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    Kojic acid                 Kojic acid esters 

  

Therefore, the objectives of this research are summarized as follow; 

1 To extract, isolate and purify the chemical constituents from natural 

sources including the most effective crude extract from 10 species of Thai medicinal 

plants and endophytic fungi derived from Thai Mangrove Xylocarpus granatum.  

2. To elucidate the structures of the isolated compounds by spectroscopic 

techniques. 

3. To evaluate the anti-inflammation and melanogenesis activities of the 

isolated metabolites. 

4. To do semi-synthesis of sesquiterpene lactone and study on the structure- 

activity relationship (SAR). 

5. To study the action mechanism of selected sesquiterpene lactone and 

derivatives on melanogenesis activity. 
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Chapter 2 

Evaluation of anti-inflammatory activity on TNF-α inhibition by 

sesquiterpenes from Saussurea lappa and semi-synthetic analogs  
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2.1 Introduction 

Tumor necrosis factor-alpha (TNF-α), a pro-inflammatory cytokine, is one 

of the important mediators in inflammatory responses (Jang et al., 2001). The 

secretion can be activated by many cytokines or microbial pathogens such as 

lipopolysaccharide (LPS) through binding with Toll-like receptors (TLRs) (Munhoz 

et al., 2008). There are several evidences indicated that the excessive secretion of 

TNF-α has been linked to acute and chronic inflammatory diseases, particularly 

rheumatoid arthritis, proliferation and cancer diseases (Clark et al., 2008). The 

inhibition of TNF-α production might be useful in the development of therapeutic 

agents. In the present, three drugs licensed as infliximab, adalimumab, and 

etanercept-are TNF-α blocking agents used for the treatment of rheumatoid arthritis 

and other inflammatory diseases (Bradley et al., 2008). Although efficacious TNF-α 

inhibitors have already been developed, to identify more effective TNF-α inhibitors 

with reduced toxicity to treat various acute and chronic inflammatory diseases 

remains interesting to researchers. 

Thai medicinal plants have long been used as folk medicine such as the root 

of turmeric is one of plants displaying the most potential anti-inflammation 

(Farnsworth et al., 1992). Due to more than 50% of the total land area in Thailand 

covered by many kinds of tropical forests provide a great biodiversity (Baimai, 

2010). 

In preliminary screening, investigation of 10 species of Thai medicinal 

plants (shown in Figure 2.1) including plants including Dischidia rafflesiana (S1), 

Dregea volubilis (S2), Atractylodes lancea (S3), Ligusticum sinense (S4), 

Cissampelos pareira (S5), Saussurea lappa (S6), Picrorhiza kurroa (S7), Artemisia 
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vulgaris (S8), Angelica dahurica (S9) and Angelica sinensis (S10) on LPS-induced 

TNF-α production in macrophages RAW 264.7.  

 

Figure 2.1 The 10 species of Thai medicinal plants 

The results of crude extracts are shown in Figure 2.2. In this state, the roots 

of S. lappa (S6) displayed the most potent inhibitory activity with the effective dose 

at only 1 and 0.5 μg/ml. 

 

Figure 2.2 The effect of S1-S10 (in various concentrated) on TNF-α inhibition and 

cell viability in macrophages RAW 264.7 
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The root of Saussurea lappa Clarke (Compositae), commonly known as 

costus or kuth root (Madhuri et al., 2012), which is a perennial herb growing to a 

height of 1-2 m. Root is stout and characteristic odor. Flowers are purple to black 

colored arranged in terminal cluster. The flower heads are hard and round in shape 

about 3-5 cm in diameter (Wei, et al., 2014). This plant is ancient, well-known about 

2,500 years ago and used in various traditional system of medicine such as Indian 

Ayurvedic and Chinese traditional formulations for the treatment of abdominal pain, 

distention, vomiting, allergy, ulcer and cancer (Zhao et al., 2008). In Southeast Asia, 

it has also been used to reduce fever and headache and to treat diarrhea. In addition, 

the root extract has been used to relieve syphilis in Japan (Jain, 1991). This plant was 

found to be rich mainly in sesquiterpenes, particularly sesquiterpene lactones, of 

which costunolide is the major constituent. As the most abundant, costunolide was 

reported to possess broad biological activities including anti-cancer, anti-ulcer, 

antibacterial, antihepatitis B virus and anti-inflammatory activities (Cho et al., 2000; 

Sun et al., 2003). However, few reports have been issued on inhibition of TNF-α 

induced inflammation of costunolide and other sesquiterpene lactones isolated from 

S. lappa. Therefore, this study was designed to investigate the anti-inflammatory 

activity targeting TNF-α inhibition of isolated metabolites from S. lappa root. A 

number of semi-synthetic derivatives were prepared and explored their activity to 

gain information on the structure-activity relationship (SAR).   

Taxonomy of Saussurea lappa is classified as  Kingdom : Plante 

          Family : Asteraceae 

               Genus : Saussurea 

                    Species : lappa     
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2.2 Materials and Methods 

2.2.1 General 

      Nuclear magnetic resonance (NMR) spectra were measured in chloroform-d 

and acetone-d6 using JEOL EC600 M Hz NMR (JEOL, Tokyo, Japan). 

Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry 

(MALDI-TOFMS) spectra were determined using a Shimadzu AXIMA-Resonance 

spectrometer (Kyoto, Japan). Preparative high-performance liquid chromatography 

(HPLC; Shimadzu LC-6AD) was performed using an Inertsil ODS-3 column (20 mm 

Փ × 250 mm; GL sciences, Tokyo, Japan) and semi-preparative HPLC was 

performed using an Inertsil ODS-3 column (10 mm Փ × 250 mm; GL sciences, 

Tokyo, Japan). Silica gel (BW-200, Chromatotex, Japan) and Sephadex LH-20 (18–

111 μm, GE Healthcare) were used for open-column chromatography. Analytical thin 

layer chromatography (TLC) was performed on pre-coated silica gel 60 F254 glass 

plates (Merck, German). 

2.2.2 Plant Material 

     S. lappa root was purchased from an herbal medicine store 

(Marma-Samunprai) at Mae Sod, Tak province, Thailand, in August 2015. 

2.2.3 Extraction and isolation of S. lappa root 

    Air-dried roots of S. lappa (5 kg) were powdered and extracted three times 

with methanol (MeOH) at room temperature. The solvent was removed under 

reduced pressure to give the MeOH extract, which was suspended in H2O (1:1 v/v) 

and successively partitioned with n-hexane and ethyl acetate (EtOAc) to yield a 
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hexane extract (70 g) and an EtOAc extract (30 g), respectively. 

The hexane extract (70 g) was subjected to normal-phase silica gel column 

chromatography and eluted with gradient conditions of n-hexane/EtOAc (10:0–0:10) 

to give 16 fractions (Fr. 1–16). Fr. 8 was recrystallized from n-hexane/EtOAc (9:1) to 

give costunolide (1, 2.95 g), and the mother liquor was then subjected to silica gel 

column chromatography and further purified by preparation HPLC (Inertsil ODS-3, 

20 mm Փ × 250 mm) with the gradient condition MeOH:H2O (7:3–10:0 v/v) to yield 

costic acid (2, 11.7 mg), rupestonic acid G (3, 15.8 mg), dehydrocostus lactone (4, 

60.7 mg), dehydrodihydrocostus lactone (5, 3.8 mg), and betulinic acid (14.2 mg).  

The EtOAc (30 g) extract was also subjected to normal-phase silica gel 

column chromatography (n-hexane/EtOAc, 10:0–0:10) to give 10 fractions (Fr. 1–10). 

Fr. 2 was separated over Sephadex LH-20 using MeOH and purified by 

semi-preparative HPLC (Inertsil ODS-3, 10 mm Փ × 250 mm, gradient condition, 

MeOH:H2O [7:3–10:0 v/v]) to afford α-cyclocostunolide (6, 4.2 mg), 

β-cyclocostunolide (7, 12.3 mg), arbusculin A (8, 2.4 mg), arbusculin E methyl ester 

(9, 7.7 mg), and cnicothamnol (10, 2.3 mg).  

2.2.4 Semi-synthesis 

    2.2.4.1) Methoxylation of costunolide (1)  

A solution of costunolide (1, 30 mg, 0.129 mmol) in 0.1% NaOMe-MeOH 

(5 mL) was stirred at room temperature for 3 h. Next, water was added and the 

mixture was extracted with EtOAc. After removal of the solvent, the crude mixture 

was purified by silica gel column chromatography (n-hexane:EtOAc, 8:2) to yield 
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compound 11 (21.2 mg, 62%). 

     2.2.4.2) Base hydrolysis of costunolide (1) 

To a solution of costunolide (1, 30 mg, 0.129 mmol) in MeOH (5 mL), 

potassium hydroxide (KOH, 28.9 mg, 0.52 mmol) was added and the mixture was 

stirred at room temperature for 2 h. After neutralization with aqueous hydrochloric 

acid (6M HCl), the reaction mixture was extracted with EtOAc and the solvent was 

removed under reduced pressure. Purification by silica gel column chromatography 

(n-hexane:EtOAc, 8:2) afforded lactone ring-opening product 12 (16.4 mg, 45%). 

     2.2.4.3) Synthesis of santamarine (14) and reynosin (15) 

According to a previously reported protocol (Matsuda et al., 2000), the 

epoxidation of costunolide (1, 300 mg, 1.29 mmol) with m-chloroperoxybenzoic acid 

(m-CPBA, 333.9 mg, 1.94 mmol) in CHCl3 (50 mL) was carried out at 0°C for 45 

min. The reaction mixture was poured into cold water, then extracted with EtOAc, 

washed with brine, and dried over Na2SO4. After removal of solvent, the residue was 

passed through a short silica gel column (n-hexane:EtOAc, 8:2) to give 

costunolide-1,10-epoxide (13). The product was further treated with BF3.OEt2 in 

benzene (20 mL) at room temperature. After 30 min, the reaction mixture was poured 

into cold water and extracted with EtOAc. The organic layer was successively 

washed with 5% aqueous NaHCO3 and brine, and then dried over Na2SO4. The crude 

extract was purified by silica gel column chromatography to give 14 (160.3 mg, 

50%) and 15 (89.8 mg, 28%). 
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     2.2.4.4) General procedure for acetylation 

To a solution of the starting alcohol (0.15 mmol) in pyridine (3 mL), an 

excess volume of acetic anhydride (Ac2O, 0.3 mL) and a catalytic amount of 

4-dimethylaminopyridine (DMAP) were added at room temperature. After 30 min, 

the reaction was quenched with water, extracted with EtOAc, washed with brine, and 

dried over Na2SO4. After removal of solvent, the residue was purified by silica gel 

column chromatography (n-hexane:EtOAc, 8:2) to give the acetylated product. 

     2.2.4.5) General procedure for oxidation with PDC 

To a solution of the starting alcohol (0.15 mmol) in CH2Cl2 (10 mL) was 

added pyridinium dichromate (PDC, 0.15 mmol). The reaction mixture was stirred 

for 5 h at room temperature, and then filtered. The filtrate was concentrated under 

reduced pressure to yield the residue, which was further purified by silica gel column 

chromatography (n-hexane:EtOAc, 8:2) to give the ketone product. 

     2.2.4.6) General epoxidation with m-CPBA 

A solution of the starting compound (0.15 mmol) in CHCl3 (10 mL) was 

treated with m-CPBA (0.165 mmol) at room temperature. After stirring for 1.5 h, the 

reaction mixture was poured into cold water, and the organic phase was washed with 

5% aqueous NaHCO3 and brine and dried over Na2SO4. The pure epoxidized product 

was obtained from silica gel column chromatography (n-hexane:EtOAc, 6:4). 

     2.2.4.7) Acid treatment of costunolide (1) 

To a solution of costunolide (1, 0.86 mmol) in CH2Cl2 (30 mL), p-TsOH (10 

mg) was added as a catalyzing agent, and the reaction mixture was stirred at room 
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temperature for 45 min. The reaction was then quenched with the addition of 5% 

aqueous NaHCO3, extracted with EtOAc, washed with brine, and dried over Na2SO4. 

After filtration, the filtrate was concentrated and the residue was purified by silica 

gel column chromatography (n-hexane:EtOAc, 9:1) to afford three isomer products, 

α-, β-, and γ-cyclocostunolide as compound 6 (50.0 mg, 25%), compound 7 (96.0 mg, 

48%), and compound 16 (4.0 mg, 2%) . 

2.2.5 Cell culture and Biological assay 

The murine macrophage RAW264.7 cell line was purchased from Riken 

BRC (Japan) and cultured in Eagle’s minimal essential medium (EMEM, purchased 

from Wako, Japan). The medium was supplemented with 100 U/mL of penicillin, 

100 U/mL of streptomycin, and 10% fetal bovine serum (FBS). The cells were grown 

at 37°C in humidified atmosphere of 5% CO2. After 24 h of incubation, 2 μL of test 

compound was added, and control cells were treated with DMSO. The pre-treated 

cells were incubated for an additional 2 h, and then activated by lipopolysaccharide 

(LPS; 1 μg/mL, purchased from Wako, Japan). Indomethacin was used as a standard 

drug. 

     2.2.5.1) Measurement of TNF-α production 

In briefly, cell-free supernatant was collected after 22 h incubation with the 

stimuli and assayed for TNF-α level. The TNF-α level was measured by mouse 

TNF-α ELISA kit (Novex, USA) for the quantitative determination using a 

monoclonal antibody specific for TNF-α coated onto 96-well plates. The absorbance 

was measured at 450 nm. And a standard curve range is 15.6‒1,000 pg/mL. 
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    2.2.5.2) Cell viability measurement by MTT assay  

RAW 264.7 cells were seeded in 24-well plate at a density of 5 x 104 

cells/well and were incubated overnight at 37°C in humidified atmosphere of 5% 

CO2. Subsequently, cells were treated with testing compounds at various 

concentrations for 24 h.  50 μL of MTT solution (5 mg/ml in phosphate buffered 

saline, PBS) was added to each well and incubated for additional 4 h. Then the 

medium was removed, 1.0 mL of isopropyl alcohol (containing 0.04 N HCl) was 

added to each well to dissolve formazan crystals formed and 150 μL was transferred 

to a 96-well plate. The absorbance was measured at 590 nm using microplate reader. 

Cell viability was calculated as a percentage of the viability measured in control cells 

treated with DMSO without samples. 

     2.2.6 Statistical analysis 

All experiments were performed in triplicate (n = 3) and data are expressed 

as mean values and standard deviation.  A p-value of * p<0.05 and ** p<0.01 were 

considered statistically significance. 

 

2.3 Results and Discussion 

 2.3.1 Isolated compounds (1-10) from S. lappa root 

 The anti-inflammatory effects of S. lappa root extracts, hexane, EtOAc and 

MeOH extracts, were evaluated by measuring their inhibition of TNF-α production in 

macrophage RAW 264.7 cells induced by LPS. Both hexane and EtOAc extracts 
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displayed promising activity with IC50 values of 0.5 and 1.0 μg/mL, respectively, 

while the MeOH extract did not show any significant activity. Moreover, MTT assay 

also showed the cell viability was not affected. These results indicated that the 

hexane and EtOAc extracts of S. lappa roots significantly inhibited the TNF-α 

releasing of RAW 264.7 cells without toxicity (Figure 2.3). 

 

Figure 2.3 Effect of S. lappa crude extracts on TNF-α production 

To isolate the active components, the hexane and EtOAc extracts were 

subjected to silica gel and sephadex LH-20 column chromatography, and C-18 

reverse phase HPLC to obtain 10 sesquiterpenes (1-10) (Figure 2.4), together with 

one triterpene, betulinic acid. The major compound (1), obtained in gram scale, was 

identified as costunolide by spectroscopic data and comparison with previous 

reported in the literature. Similar to compounds 2-10 were identified by 

spectroscopic techniques and confirmed by comparing their 1D NMR data with the 

reported previously. 
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Figure 2.4 Isolated compounds from S. lappa roots 

2.3.1.1) Identification of isolated compounds 1-10 

Costunolide (1): C15H20O2, colorless crystal, ‒20.4 (c 0.1, MeOH), 

MALDI-TOFMS m/z 255.1388 [M+Na]+ (calcd for C15H20O2Na 255.1361). 1H 

NMR (600 MHz, CDCl3) δ 4.82 (1H, dd, J = 6, 12 Hz, H-1), 4.71 (1H, d, J = 12 Hz, 

H-5), 4.54 (1H, t, J = 12 Hz, H-6), 2.55 (1H, m, H-7), 6.23 (1H, d, J = 6 Hz, H-13), 

5.50 (1H, d, J = 12 Hz, H-13), 1.41 (3H, s, H-14), 1.66 (3H, s, H-15); 13C NMR 

(CDCl3, 125 MHz) δ 127.1 (C-1), 141.5 (C-4), 127.4 (C-5), 82.0 (C-6), 50.0 (C-7), 

137.0 (C-10), 140.2 (C-11), 170.5 (C-12), 119.7 (C-13), 16.2 (C-14), 17.4 (C-15) (Li 

et al., 2005). 
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Costic acid (2): C15H22O2, amorphous yellow powder, MALDI-TOFMS m/z 

233.1699 [M-H]- (calcd for C15H21O2 233.1620). 1H NMR (600 MHz, CDCl3) δ 

2.29 (1H, d, J = 12 Hz, H-3), 2.00 (1H, d, J = 12 Hz, H-3), 1.88 (1H, m, H-5), 1.67 

(1H, m, H-6), 1.29 (1H, m, H-6), 2.52 (1H, m, H-7), 6.31 (1H, s, H-13), 5.68 (1H, s, 

H-13), 0.73 (3H, s, H-14), 4.70 (1H, s, H-15), 4.40 (1H, s, H-15); 13C NMR (CDCl3, 

125 MHz) δ 36.9 (C-3), 150.7 (C-4), 49.9 (C-5), 30.0 (C-6), 39.4 (C-7), 145.2 (C-11), 

172.5 (C-12), 125.0 (C-13), 16.4 (C-14), 105.6 (C-15) (Batista et al., 2015). 

Rupestonic acid G (3): C15H22O4, amorphous yellow powder, 

MALDI-TOFMS m/z 289.1425 [M+Na]+ (calcd for C15H22O4Na 289.1416). 1H 

NMR (600 MHz, CDCl3) δ 2.95 (1H, m, H-1), 2.59 (1H, m, H-6), 2.35 (1H, m, H-6), 

3.09 (1H, m, H-7), 2.01 (1H, m, H-10), 6.33 (1H, s, H-13), 5.66 (1H, s, H-13), 0.78 

(3H, d, J = 12 Hz H-14), 2.11 (3H, s, H-15); 13C NMR (CDCl3, 125 MHz) δ 54.3 

(C-1), 209.3 (C-4), 212.5 (C-5), 50.2 (C-6), 36.4 (C-7), 34.8 (C-10), 144.5 (C-11), 

171.2 (C-12), 125.9 (C-13), 14.0 (C-14), 30.0 (C-15) (Zhang et al., 2014).  

Dehydrocostus lactone (4): C15H18O2, colorless crystal, +40.2 (c 0.1, 

MeOH), MALDI-TOFMS m/z 253.1241 [M+Na]+ (calcd for C15H18O2Na 253.1204). 

1H NMR (600 MHz, CDCl3) δ 2.89 (1H, m, H-1), 2.23 (1H, m, H-2), 1.40 (1H, m, 

H-2), 2.49 (1H, m, H-3), 2.47 (1H, m, H-3), 2.87 (1H, m, H-5), 3.93 (1H, t, J = 12 

Hz, H-6), 2.87 (1H, m, H-7), 1.91 (1H, m, H-8), 1.85 (1H, m, H-8), 2.48 (1H, m, 

H-9), 2.14 (1H, m, H-9), 6.18 (1H, d, J = 6 Hz, H-13), 5.47 (1H, d, J = 6 Hz, H-13), 

4.87 (1H, s, H-14), 4.89 (1H, s, H-14), 5.24 (1H, s, H-15), 5.04 (1H, s, H-15); 13C 

NMR (CDCl3, 125 MHz) δ 47.7 (C-1), 31.0 (C-2), 32.7 (C-3), 151.3 (C-4), 52.1 

(C-5), 85.3 (C-6), 45.2 (C-7), 30.0 (C-8), 36.4 (C-9), 149.3 (C-10), 139.8 (C-11), 

170.3 (C-12), 120.3 (C-13), 112.7 (C-14), 109.7 (C-15) (Li et al., 2005). 
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Dehydrodihydrocostus lactone (5): C15H20O2, colorless crystal, ‒9.8 

(c 0.2, CHCl3), MALDI-TOFMS m/z 233.1537 [M+H]+ (calcd for C15H21O2 

233.1542). 1H NMR (600 MHz, CDCl3) δ 2.87 (1H, m, H-1), 2.78 (1H, m, H-5), 3.90 

(1H, t, J = 12 Hz, H-6), 1.93 (1H, m, H-7), 2.19 (1H, m, H-11), 1.22 (3H, d, J = 12 

Hz, H-13), 4.86 (1H, s, H-14), 4.76 (1H, s, H-14), 5.18 (1H, s, H-15), 5.03 (1H, s, 

H-15); 13C NMR (CDCl3, 125 MHz) δ 47.2 (C-1), 151.8 (C-4), 52.1 (C-5), 85.4 

(C-6), δ 49.9 (C-7), δ 150.1 (C-10), δ 42.2 (C-11), 178.8 (C-12), 13.3 (C-13), 111.9 

(C-14), 109.3 (C-15) (Barrero et al., 1999). 

α-Cyclocostunolide (6): C15H20O2, colorless crystal,  +8.0 (c 0.2, 

CHCl3), MALDI-TOFMS m/z 233.1546 [M+H]+ (calcd for C15H21O2 233.1542). 1H 

NMR (CDCl3, 400 MHz) δ 5.38 (1H, brs, H-3), 2.38 (1H, m, H-5), 3.86 (1H, t, J = 

12 Hz, H-6), 2.53 (1H, m, H-7), 6.05 (1H, d, J = 4 Hz, H-13), 5.38 (1H, d, J = 4 Hz, 

H-13), 0.90 (3H, s, H-14), 1.83 (3H, s, H-15); 13C NMR (CDCl3, 100 MHz) δ 122.5 

(C-3), 133.9 (C-4), 51.3 (C-5), 82.3 (C-6), 51.5 (C-7), 139.5 (C-11), 171.0 (C-12), 

116.4 (C-13), 17.4 (C-14), 23.7 (C-15) (Hui et al., 1997). 

β-Cyclocostunolide (7): C15H20O2, colorless crystal,  ‒18.9 (c 0.1, 

MeOH), MALDI-TOFMS m/z 233.1507 [M+H]+ (calcd for C15H21O2 233.1542). 1H 

NMR (CDCl3, 400 MHz) δ 1.64 (1H, m, H-3), 1.41 (1H, m, H-3), 2.56 (1H, d, J = 12 

Hz, H-5), 3.96 (1H, t, J = 12 Hz, H-6), 2.53 (1H, m, H-7), 6.06 (1H, d, J = 4 Hz, 

H-13), 5.39 (1H, d, J = 4 Hz, H-13), 0.84 (3H, s, H-14), 4.93 (1H, s, H-15), 4.79 (1H, 

s, H-15); 13C NMR (CDCl3, 100 MHz) δ 39.7 (C-3), 144.4 (C-4), 55.0 (C-5), 80.1 

(C-6), 50.0 (C-7), 139.6 (C-11), 170.0 (C-12), 116.4 (C-13), 17.4 (C-14), 109.2 

(C-15) (Hui et al., 1997). 
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Arbusculin A (8): C15H22O3, amorphous yellow powder,  ‒31.2 (c 0.1, 

MeOH), MALDI-TOFMS m/z 273.1479 [M+Na]+ (calcd for C15H22O3Na 273.1467). 

1H NMR (CDCl3, 400 MHz) δ 1.53 (1H, m, H-3), 1.39 (1H, m, H-3), 1.84 (1H, m, 

H-5), 4.03 (1H, t, J = 12 Hz, H-6), 2.61 (1H, m, H-7), 6.11 (1H, d, J = 4 Hz, H-13), 

5.44 (1H, d, J = 4 Hz, H-13), 0.98 (3H, s, H-14), 1.13 (1H, s, H-15); 13C NMR 

(CDCl3, 100 MHz) δ 42.9 (C-3), 1.6 (C-4), 57.9 (C-5), 81.5 (C-6), 50.8 (C-7), 138.5 

(C-11), 171.1 (C-12), 117.7 (C-13), 19.8 (C-14), 24.2 (C-15) (Hui et al., 1997). 

Arbusculin E methyl ester (9): C16H26O4, amorphous white powder, 

MALDI-TOFMS m/z 305.1757 [M+Na]+ (calcd for C16H26O4Na 305.1729). 1H 

NMR (400 MHz, CDCl3) δ 1.78 (1H, m, H-3), 1.48 (1H, m, H-3), 1.45 (1H, d, J = 12 

Hz,, H-5), 4.08 (1H, t, J = 12 Hz, H-6), 2.60 (1H, m, H-7), 6.29 (1H, s, H-13), 5.73 

(1H, s, H-13), 0.97 (3H, s, H-14), 1.33 (1H, s, H-15), 3.78 (1H, s, -OMe); 13C NMR 

(CDCl3, 100 MHz) δ 42.7 (C-3), 73.3 (C-4), 58.0 (C-5), 73.1 (C-6), 50.2 (C-7), 142.3 

(C-11), 168.5 (C-12), 125.8 (C-13), 19.7 (C-14), 23.8 (C-15), 52.1 (-OMe) (Vasquez 

et al., 1988). 

Cnicothammol (10): C15H24O2, amorphous white powder, MALDI-TOFMS 

m/z 259.1680 [M+Na]+ (calcd for C15H24O2Na 259.1674). 1H NMR (CDCl3, 400 

MHz) δ 3.55 (1H, m, H-1), 5.29 (1H, brs, H-3), 1.93 (1H, m, H-5), 1.68 (1H, m, H-6), 

1.45 (1H, m, H-6), 2.03 (1H, m, H-7), 5.06 (1H, s, H-13), 4.96 (1H, s, H-13), 0.79 

(3H, s, H-14), 1.60 (3H, s, H-15); 13C NMR (CDCl3, 100 MHz) δ 76.4 (C-1), 119.6 

(C-3), 135.1 (C-4), 46.8 (C-5), 27.0 (C-6), 41.7 (C-7), 154.0 (C-11), 65.3 (C-12), 

108.3 (C-13), 9.5 (C-14), 20.8 (C-15) (Bohlmann, 1979). 
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 2.3.1.2) Effect of isolated compounds 1-10 on TNF-α production 

To examine the effect of the isolated sesquiterpenes on TNF-α production in 

LPS-stimulated macrophage RAW264.7 cells. The cells were treated with the 

compounds at various concentrations and measured the levels of TNF-α in the 

supernatant by ELISA kit. Among the tested compounds, costunolide (1) and 

dehydrocostus lactone (4) exhibited the most potent activity, with IC50 values of 2.05 

and 2.06 μM, respectively as shown in Table 2.1. The activity of α- and 

β-cyclocostunolide (6 and 7) was lower than 1 and 4, with IC50 values of 5.33 and 

15.38 μM, respectively. The remaining compounds showed IC50 values of over 20 

μM and were therefore deemed inactive. Based on these results, the presence of an 

α-methylene-γ-lactone moiety in the structure was important for activity, as 

described previously (Hoffmann and Rabe, 1985; Hwang et al., 1996). Additionally, 

although costunolide (1) showed strong inhibitory activity against TNF-α production, 

cell viability measured by MTT assay has decreased (up to 50% at 10 μM, Figure 

2.5). 
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Table 2.1 Effect of isolated compounds from S. lappa root on TNF-α 

production 

 

 

 

 

 

 

  

a Positive control 

 

 

Figure 2.5 Effect of costunolide (1) on TNF-α secretion and cell viability in 

LPS-activated RAW264.7 cells 

Compound IC50 (μM) 

1 2.05 ± 0.02** 

2 >50 

3 >50 

4 2.06 ± 0.02** 

5 32.49 ± 0.01* 

6 5.35 ± 0.04* 

7 15.34 ± 0.08* 

8 48.63 ± 0.01** 

9 21.52 ± 0.02* 

10 

Indomethacina 

>50 

121.4 ± 0.02* 
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2.3.2) Semi-synthetic analogs  

In order to improve the activity and reduce the toxicity of the compounds, 

some structures were modified and studied the relationship between the activity and 

structure. Since several previous studies have reported that α-methylene-γ-lactone is 

a crucial building block of many natural products exhibiting diverse biological 

activities including anti-inflammatory activity (Hall, et al., 1978; Bork, et al., 1997), 

it was considered important to retain this structural moiety.  

2.3.2.1) Semi-synthesis of analogs 

To approve an α-methylene-γ-lactone moiety was required for inhibition of 

TNF-α production, three derivatives, 11, 12, and 13, were synthesized by 

methoxylation, basic hydrolysis, and epoxidation of costunolide (1), respectively 

(Scheme 2.1).  

 

Scheme 2.1 Synthesis of compounds 11–13  
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Costunolide (1), the main component as a germacranolide-type 

sesquiterpene, was used as the starting material for synthesis. The 10-membered ring 

of this type has been shown to be highly prone to cyclization to a fused 6,6-bicyclic 

ring under acidic condition, providing a eudesmanolide-type sesquiterpene. The 

synthetic analogs of this type are described in Scheme 2.2. First, the treatment of 

costunolide (1) with m-CPBA, followed by BF3.OEt2, led to the formation of 

eudesmanolides 14 and 15, bearing a hydroxyl (-OH) group at the C-1 position. 

Subsequently, alcohol 14 was subjected to oxidation with PDC and acetylation with 

Ac2O to obtain the acetylated derivative 14a and related ketone 14b. In the same 

method, compound 15 was synthesized to the acetylated 15a and related ketone 15b. 

As expected, epoxidation of 14 with m-CPBA provided the epoxide 14c as a single 

stereoisomer, while that of the C-4 exomethylene of 15 gave two epoxide isomers, 

15c and 15d. The relative stereochemistry of compounds 14c, 15c, and 15d was 

deduced from their nuclear overhauser effect spectroscopy (NOESY) spectra.  
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(a)   

 

(b) 

 

(c)  

 

Scheme 2.2 Synthesis of eudesmanolide sesquiterpenes: (a) compounds 14 and 15 

from costunolide (1), (b) derivatives from 14, (c) derivatives from 15 
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To increase the amount of - and -cyclocostunolide (6 and 7), the main 

compound, costunolide (1) was treated with p-toluenesulfonic acid as catalytic in 

dichloromethane to get compounds 6 and 7, as expected. Additionally, the 

γ-cyclocostunolide 16 was obtained as a minor product (2% yields). Then, 

compounds 6 and 7 were subsequently subjected to epoxidation with m-CPBA to 

yield the epoxides 6a, 7a, and 7b, as shown in Scheme 2.3.  

Scheme 2.3 Synthesis of eudesmanolide sesquiterpenes from costunolide (1)  

2.3.2.2) Effect of semi-synthetic analogs on TNF-α production  

All semi-synthetic were further assessed for their anti-inflammatory effects. 

As can be seen in Table 2.2, both 11 and 12, which had no α-methylene-γ-lactone 

moiety in their structure, did not show activity even at the highest concentration 

tested (50 μM), whereas compound 13 showed active TNF-α inhibition. This result 

confirmed that the α-methylene-γ-lactone moiety was essential for the 

anti-inflammatory effect on TNF-α secretion in LPS-activated macrophages. 
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Moreover, all eudesmanolide compounds displayed significantly the inhibition of 

TNF-α. The substituent group at C-1 such as hydroxyl, ketone, and ester moieties has 

decreased the anti-inflammatory activity.  

Table 2.2 Effect of semi-synthetic analogs on TNF-α production 

 

Compounds 6a and 16 showed the most potent inhibitory activity among all 

compounds, comparable to costunolide (1), which was better than that of the 

standard drug, indomethacin. Interestingly, compound 6a did not show any 

significant cytotoxicity at the concentrations tested (Figure 2.5), which was less toxic 

than costunolide and compound 16 (Figure 2.7).  

Compound IC50 (μM) 

11 >50 

12 >50 

13 8.83 ± 0.01* 

14 6.64 ± 0.01** 

14a 8.20 ± 0.07* 

14b 20.41 ± 0.01* 

14c 8.26 ± 0.02** 

15 5.20 ± 0.01** 

15a 21.87 ± 0.05* 

15b 13.50 ± 0.01** 

15c 12.56 ± 0.01* 

15d 15.50 ± 0.03* 

16 1.97 ± 0.02** 

6a 1.84 ± 0.01** 

7a 18.93 ± 0.01** 

7b >50 
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Figure 2.6 Effect of eudesmanolide 6a on TNF-α secretion in LPS-activated 

RAW264.7 cells and on cell viability 

 

Figure 2.7 The cell viability of γ-cyclocostunolide (16) on RAW264.7 cells 

These results indicated that eudesmanolide 6a might represent an interesting 

lead compound to develop for anti-TNF-α therapies. Moreover, this is the first report 

to study and develop an early SAR profile of eudesmanolide sesquiterpene lactone 

on TNF-α inhibition, as summarized in Figure 2.8.  
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Figure 2.8 Summary of structure-activity relationship of the eudesmanolide skeleton 

for anti-TNF-α activity 

 

2.4 Conclusions 

We studied the effect of sesquiterpenes isolated from S. lappa root on the 

inhibition of TNF-α secretion. Costunolide (1) as the major compound displayed 

inhibitory activity; however, it shown cytotoxicity in RAW264.7 macrophage cells. 

As the α-methylene-γ-lactone moiety is a key to play a crucial role in TNF-α 

inhibition, the eudesmanolide-type sesquiterpenes were semi-synthesized from 

costunolide and their activity was determined. The epoxide 6a exhibited the most 

promising activity, comparable to that of costunolide with less toxicity. Therefore, 

eudesmanolide 6a might represent a lead compound as a therapeutic target of TNF-α 

inhibition. 
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Chapter 3 

Investigation of anti-melanogenesis activity on B16 melanoma cells 

by sesquiterpene lactones from Saussurea lappa and their analogs  
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3.1 Introduction 

To develop melanogenesis inhibitors, from natural products and their 

derivatives are still interesting. Due to only a few potential agents without side 

effects are now used in medical and cosmetic products (Bae et al., 2012). 

Melanogenesis process, tyrosinase is the key melanocyte-specific enzyme, it 

catalyzes two rate-limiting steps of melanin synthesis, which are hydroxylation of 

L-tyrosine to o-diphenol (L-DOPA) and subsequent oxidation of L-DOPA to 

dopaquinone (Chang et al., 2012). Thus tyrosinase is the simplest as a target enzyme 

in the search for pigment inhibitors. 

In previous research (in chapter 2), investigation on the potent TNF-  

inhibitors for anti-inflammation let to isolation and semi-synthesis of sesquiterpene 

lactones from S. lappa (Choodej et al., 2018). Sesquiterpene lactones are a large 

group of natural products that are abundant in plants of the Asteraceae family 

(Schepetkin et al., 2018), which display a wide variety of biological activities such as 

antifungal (Rao et al., 2007), antibacterial, antiulcer (Yang et al., 2005), 

anti-inflammatory, anti-cancer (Rasul et al., 2012) and anti-melanogenesis activities 

(Choi et at., 2008). Interestingly, the structure-activity relationship of sesquiterpene 

lactones on anti-melanogenesis effect has not been reported. In our continuous efforts 

to search for melanogenesis inhibitors, costunolide (1), dehydrocostus lactone (4), 

11 , 13-dehydrocostus lactone (5), -, -, -cyclocostunolide (6, 7, 16), arbuscirin A 

(8), santamarine (14) and reynosin (15), as the natural sesquiterpene lactones (Figure 

3.1) have been evaluated for their melanogenesis inhibition in B16 melanoma cells. 

Moreover, 12 synthesized sesquiterpene lactones have also assayed (Figure 3.2). 
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Figure 3.1 Structure of nine natural sesquiterpene lactones 

 

Figure 3.2 Structure of twelve synthesized sesquiterpene lactones  
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3.2 Materials and Methods 

3.2.1 Plant Material 

     The roots of S. lappa were purchased (August 2015) from an herbal 

medicine store (Marma-Samunprai) in Thailand as reported in chapter 2.  

3.2.2 Sesquiterpene lactones and semi-synthetic analogs  

    Sesquiterpene lactones and semi-synthetic analogs were isolated and 

synthesized using methods reported in our previous research (Choodej et al., 2018). 

3.2.3 Cell culture 

The murine melanoma B16F0 cell line was purchased from DS Pharma 

Biomedical (Osaka, Japan), was then cultured in Dulbecco’s modified Eagle medium 

(DMEM) supplemented with 10% fetal bovine serum (FBS) and 1% 

penicillin/streptomycin. The cells were cultured at 37°C in humidified atmosphere of 

5% CO2. 

3.2.4 Measurement of cellular melanin content 

Melanin content was measured based on a previously described method, 

with slight modification (Yamauchi et al., 2015). Briefly, cells were added to a 

24-well plate at a density of 4.0 × 103 cells/well and allowed to adhere at 37°C for 24 

h. After, various concentrations of samples or arbutin (a positive control) were added 

and additionally incubated for 72 h (control treated with DMSO). The medium was 

collected and 200 μl aliquots were loaded into 96-well plate. Then extracellular 
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melanin content was measured at 510 nm by using microplate reader. After that the 

cells were washed twice with PBS, lysis in 600 μl of 1 M NaOH followed by heating 

at 100°C for 30 min to solubilize melanin. The cell lysate (250 μl) was added to a 

96-well microplate, and the intracellular melanin content was determined at 405 nm 

by using a microplate reader. All experiments were repeated triplicate. Melanin 

production has been expressed as a percentage, compared with control cell as DMSO 

without a sample. 

3.2.5 Cell viability 

Measurement of cell viability was determined using MTT technique as a 

previously described method (Yamauchi et al., 2014).  The B16 cells were seeded 

onto 24-well plates at a density of 4.0 × 103 cells/well. After the cells were incubated 

with test compounds at various concentrations for 72 h. MTT solution in PBS (5 

mg/mL), 50 μL]  was added to each well and incubated for an additional 4 h. Next, 

the culture medium was removed and replaced with 1.0 mL of isopropyl alcohol 

(containing 0.04 N HCl) to dissolve the formazan crystals. Aliquot 150 μL was 

transferred to a 96-well plate. The absorbance was measured at 590 nm using a 

microplate reader. All experiments were repeated triplicate. Cell viability has been 

expressed as a percentage, compared with control cell as DMSO without a sample. 

3.2.6 Mushroom tyrosinase assay 

To examine the inhibition of tyrosinase activity, mushroom tyrosinase (333 

U/ml in phosphate buffer, pH 6.5) was used as a previously described method 

(Batubara et al., 2010). The extracts were tasted at the concentration ranging from 
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1.95 to 125 μM and each extract (60 μl) was added to 96-well plate, in 30 μl of 

mushroom tyrosinase and 110 μl of substrates (L-tyrosine or L-DOPA) were added. 

The assay mixture was incubated at 25°C for 15 min and then absorbance was 

measured at 510 nm using a microplate reader. For this assay, Kojic acid was used as 

positive control. The data were expressed as a percentage of the activity of control 

cells treated with DMSO/water. 

3.2.7 Western blot analysis 

According to the previous method (Yamauchi et al., 2014), the B16 

melanoma cells treated with various concentrations (10.0, 7.5, 5.0 and 2.5 μM) of 

-cyclocostunolide (6). The cells were washed with ice-cold PBS and homogenized 

with radioimmunoprecipitation assay (RIPA) buffer containing protease inhibitor 

cocktail for 30 min. Protein concentrations were determined using a bicinchoninic 

acid (BCA) proteins assay kit and a bovine serum albumin (BSA) solution as a 

standard. Cell lysates were subjected to sodium dodecyl sulfate–polyacrylamide gel 

electrophoresis (SDS–PAGE) on 10% polyacrylamide gel at 10 μg of protein per lane. 

Proteins were blotted onto a polyvinylidene difluoride (PVDF) membrane using a 

semi-dry transfer system run at 310 mA for 30 min. Blocking was performed with 

2% BSA in tris-buffered saline Tween 20 (TBST) at 4 °C overnight. After washing, 

the membranes were incubated with primary antibody as rabbit monoclonal rabbit 

polyclonal anti-tyrosinase, rabbit polyclonal anti-TRP-1, rabbit polyclonal and 

anti-TRP-2 (dilution at 1:500). Further, the membranes incubated with diluted 

HRP-conjugated secondary antibody (1:5000). Proteins were visualized using 

enhanced chemiluminescence (ECL) detection system (LAS-3000, Fujifilm, Japan). 
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3.2.8 Statistical analysis 

All experiments were performed in triplicate (n = 3) and data are expressed 

as mean values and standard deviation. A p-value of * p<0.05 and ** p<0.01 were 

considered statistically significance.  

 

3.3 Results and Discussion 

 Screening of nine natural sesquiterpene lactones (Figure 3.1) for the 

melanogenesis inhibition, the B16 melanoma cells were treated with different 

concentration of each compound (2.5 – 25 μM) for 72 h. Both intra- and extracellular 

melanogenesis were measured, then investigation of cell viability by MTT solution. 

The results are shown in Table 3.1, -cyclocostunolide (6) was the most potent 

melanin inhibitor with no toxicity at the highest concentration tested (more than 90% 

at 10 μM). In previous report, the -cyclocostunolide has been displayed to decrease 

nitric oxide (NO) and TNF-α overproduction in LPS-stimulated macrophages (Zhao 

et al., 2008). The extracellular melanin content of compound 6 treated with various 

concentrations (2.5, 5.0, 7.5 and 10 μM) as shown in Figure 3.3. It significantly 

decreased the extracellular melanin content in a dose-dependent manner with an IC50 

value of 5.75 μM. In particular, at 10 μM melanin inhibitory potency is 1.6-fold 

greater than arbutin as the skin lightening agent at 730 μM. The solution of 

extracellular melanin contents was shown in Figure 3.4. The intracellular melanin 

content of compound 6 was also lower than arbutin and DMSO as a control. 

Nevertheless, in previous research including our group research suggested that the 

extracellular melanin content is usually secreted into the culture medium and the 
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level is 23 times more than intracellular melanin content (Laskin et ai., 1982 and 

Yamauchi et al., 2015). Therefore, the result suggested that the total melanin contents 

should be decreased by compound 6.  

 

Table 3.1 Effect of nine natural sesquiterpene lactones from S. lappa root on 
melanogenesis inhibition 

 
 

Compounds 
Concentration 

(μM) 

Cell viability 

(%) 

Intracellular melanin 

content (%) 

Extracellular melanin 

content (%) 

1 10.0 

5.0 

2.5 

49.48 ± 0.17 

74.85 ± 0.44 

98.15 ± 1.24 

76.59 ± 1.74 

83.70 ± 0.27 

95.73 ± 4.02 

27.58 ± 1.73 

44.75 ± 1.12 

71.27 ±1.37 

4 25.0 

12.5 

6.25 

93.29 ± 0.52 

96.17 ± 1.04 

101.79 ± 8.18 

104.46 ± 5.23 

100.95 ± 4.29 

106.49 ± 1.01 

94.09 ± 1.47 

89.49 ± 8.48 

107.03 ± 1.02 

5 25.0 

12.5 

6.25 

100.56 ± 4.98 

101.07 ± 0.82 

104.50 ± 8.21 

105.46 ± 2.49 

107.04 ± 1.63 

104.30 ± 5.41 

75.57 ± 2.99 

94.15 ± 1.49 

98.25 ± 1.12 

6 10.0 

5.0 

2.5 

91.88 ± 4.80 

96.08 ± 2.23 

107.65 ± 1.03 

68.65 ± 1.48 

75.26 ± 3.65 

76.29 ± 4.73 

21.71 ± 0.65 

25.10 ± 5.61 

67.55 ± 3.72 

7 12.5 

6.25 

3.125 

86.49 ± 0.33 

90.50 ± 4.27 

92.08 ± 12.54 

85.20 ± 1.09 

94.94 ± 3.19 

99.72 ± 2.33 

59.82 ± 1.38 

95.10 ± 5.32 

98.93 ± 3.74 
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Table 3.1(Continued) Effect of nine natural sesquiterpene lactones from S. 
lappa root on melanogenesis inhibition  

 a Positive control 

Compounds 
Concentration 

(μM) 

Cell viability 

(%) 

Intracellular melanin 

content (%) 

Extracellular melanin 

content (%) 

8 25.0 

12.5 

6.25 

87.96 ± 6.67 

94.89 ± 9.06 

99.10 ± 0.51 

101.1 ± 1.26 

112.42 ± 0.59 

116.16 ± 3.77 

96.43 ± 1.29 

101.06 ± 2.80 

105.40 ± 1.05 

14 25.0 

12.5 

6.25 

69.77 ± 0.94 

87.97 ± 3.31 

95.67 ± 0.66 

68.71 ± 0.81 

101.81 ± 0.61 

102.94 ± 2.44 

56.48 ± 1.40 

91.40 ± 1.68 

92.03 ± 3.57 

15 25.0 

12.5 

6.25 

55.08 ± 2.71 

85.27 ± 5.10 

92.87 ± 0.66 

102.21 ± 0.56 

103.84 ± 1.87 

108.10 ± 2.44 

35.49 ± 5.25 

95.84 ± 2.20 

99.73 ± 0.59 

16 25.0 

12.5 

6.25 

69.11 ± 1.72 

89.23 ± 3.58 

101.50 ± 1.59 

81.92 ± 0.15 

93.77 ± 1.00 

96.31 ± 4.21 

85.38 ± 0.56 

92.70 ± 0.24 

99.24 ± 1.38 

Arbutina 730 103.31 ± 0.75 81.62 ± 2.00 36.36 ± 1.53 
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Figure 3.3 Melanin inhibitory effect of -cyclocostunolide (6) on B16 melanoma 

cells 

 

Figure 3.4 External appearance of extracellular melanin content with various 

concentrations (2.5-10 M) of -cyclocostunolide (6) 

In addition, compound 6 did not effect on mushroom tyrosinase assay 

compared with Kojic acid, a well-known tyrosinase inhibitor. This result indicated 

that melanogenesis inhibition was not caused by tyrosinase inhibition, may have an 

effect on protein expression at a post-translational modification. In order to confirm 

and study the mechanism of melanin inhibition by compound 6, the levels of 
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tyrosinase and tyrosinase-related proteins (TRP-1 and TRP-2) expression in B16 

cells were assayed by Western blot analysis. Unfortunately, the levels of tyrosinase 

protein expression were not stable as shown in Figure 3.5 (a-c). Only the first 

experiment, the data suggested glycosylation tyrosinase proteins were decreased by 

compound 6. Although the attempt to repeat many times under the same condition, 

the results could not be concluded that melanogenesis process was interrupted 

induced by glycosylated tyrosinase inhibition. Hence, we have to study more in 

details of glycosylation process including the experiments. Further, the result of 

TRP-1 and TRP-2 protein expression indicated that no effect by compound 6, as 

Figure 3.6 (a-b).  

 

 

Figure 3.5(a-b) Effect of compound 6 (2.5 - 10 M) on tyrosinase protein expression 
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Figure 3.5(c) Effect of compound 6 (2.5 - 10 M) on tyrosinase protein expression 

 

 

 

Figure 3.6(a-b) Effect of compound 6 (2.5-10 M) on TRP-1 and 2 expression 
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Costunolide (1), although is a main bioactive compound of S. lappa, which 

shown a wide spectrum of potential biological activities, mainly for anticancer as 

mentioned in chapter 2. In this activity, it also showed cytotoxicity in B16 melanoma 

cell at 10 μM (by up to 50% cell viability). Thus both compound 11 and 13 belong to 

germacranolide-type same as costunolide (1) were examined. It resulted even 

nontoxic to B16 cells, but had no significant in melanogenesis inhibition. Beside, 

compound 4 and 5 as a guaianolide-type exhibited no inhibitory effect. 

To analyze the structural-activity relationship (SAR) of -cyclocostunolide 

(2), sesquiterpene lactone analogs were considered on melanogenesis inhibition 

(highest concentration tested at 25 μM, as shown in Table 2). Following, compound 7 

and 16 as - and -cyclocostunolide did not significantly decrease melanin content in 

B16 cells, despite similar structures. From these biological data, we hypothesized the 

double bond at C3-4 of eudesmanolide-skeleton would be a key for melanogenesis 

inhibition. 

To investigate hypothesized, compound 6a, epoxidation of 6 showed no 

inhibitory activity, confirmed that double bond at C3-4 is the most important for this 

assay. In addition, the replacement in the C1-substituent with hydroxyl (14), ester 

(14a) and ketone (14b) moieties decreased the melanin inhibitory effect, as 

summarized in Figure 3.7. Furthermore, epoxide analogs of -cyclocostunolide (7) 

and santamarine (14) as compounds 7a-b and 14c, including analogs of renosin (15) 

as compounds 15a-d, were assayed and the results indicated that no significant to 

inhibit melanin in B16 melanoma cell (Table 3.2). 
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Table 3.2 Effect of twelve synthetic sesquiterpene lactones on 

melanogenesis inhibition 

Compounds 
Concentration 

(μM) 

Cell viability 

(%) 

Intracellular melanin 

content (%) 

Extracellular melanin 

content (%) 

11 12.5 

25 

100.30 ± 0.01 

105.27 ± 8.50 

108.84 ± 0.44 

106.32 ± 1.00 

99.51 ± 2.06 

94.75 ± 1.60 

13 12.5 

25 

89.90 ± 0.94 

96.41 ± 0.48 

104.61 ± 3.09 

94.72 ± 1.80 

98.15 ± 1.35 

99.74 ± 0.68 

6a 12.5 

25 

81.36 ± 0.70 

66.67 ± 4.05 

89.87 ± 0.07 

75.31 ± 0.58 

93.07 ± 0.03 

67.27 ± 0.87 

7a 12.5 

25 

105.47 ± 4.37 

101.62 ± 6.33 

103.63 ± 0.61 

100.27 ± 6.89 

99.51 ± 0.34 

96.09 ± 1.22 

7b 12.5 

25 

106.27 ± 7.44 

108.30 ± 5.64 

98.27 ± 0.38 

97.56 ± 2.60 

96.04 ± 1.90 

99.14 ± 2.40 

14a 12.5 

25 

91.40 ± 0.63 

49.11 ± 2.48 

97.94 ± 2.44 

78.56 ± 1.06 

97.68 ± 2.49 

47.26 ± 0.51 

14b 12.5 

25 

103.62 ± 4.42 

100.66 ± 4.36 

114.39 ± 0.86 

113.69 ± 2.38 

103.74 ± 2.79 

99.54 ± 1.51 

14c 12.5 

25 

87.25 ± 2.90 

70.42 ± 1.90 

96.24 ± 1.12 

91.52 ± 1.44 

94.50 ± 0.33 

77.54 ± 0.07 

15a 12.5 

25 

107.91 ± 4.46 

100.46 ± 7.61 

91.41 ± 2.58 

70.95 ± 1.12 

101.12 ± 1.92 

96.62 ± 1.76 
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Table 3.2 (Continued) Effect of twelve synthetic sesquiterpene lactones on 

melanogenesis inhibition 

 

 

 

Figure 3.7 Summary of SAR of -cyclocostunolide (eudesmanolide skeleton) for 

melanogenesis inhibition  

 

 

 

Compounds 
Concentration 

(μM) 

Cell viability 

(%) 

Intracellular melanin 

content (%) 

Extracellular melanin 

content (%) 

15b 12.5 

25 

93.58 ± 2.69 

75.30 ± 0.63 

100.23 ± 3.30 

85.71 ± 2.31 

101.59 ± 1.00 

84.08 ± 0.97 

15c 
12.5 

25 

96.17 ± 0.51 

73.97 ± 12.34 

91.31 ± 0.65 

88.48 ± 1.02 

104.60 ± 0.46 

73.85 ± 2.93 

15d 12.5 

25 

100.01 ± 7.83 

86.34 ± 1.20 

100.51 ± 3.20 

88.73 ± 5.60 

102.12 ± 0.91 

96.41 ± 0.53 
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3.4 Conclusions 

All natural and synthesized sesquiterpene lactones from S. lappa, only 

-cyclocostunolide (6) as a eudesmanoline sesquiterpene lactone displayed a 

melanogenesis inhibitory activity in B16 melanoma cells. It showed inhibition in 

concentration-dependent manner with the IC50 value of 5.75 μM for extracellular 

melanogenesis. Moreover, the cell viability data indicated that effect of 

anti-melanogenesis by compound 6 without inducing cell death. The bioassay results 

showed that all analogs were inactive in melanin inhibitory activity. Base on the 

results, we concluded structure-activity relationship that the double bond at the C3-4 

position is an importance for melanin inhibitory activity. In contrast, the replacement 

of C1-substituent with hydroxyl, ketone and ester groups led to loss of inhibitory 

activity, seemly due to steric hindrance. This finding, -cyclocostunolide (6) could 

be identified as the melanogenesis inhibitor. To clearly prove the mechanism of 

action, molecular studies are needed such as glycosylation of tyrosinase. 
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Chapter 4  

Chamigrane sesquiterpenes from a Basidiomycetous Endophytic 

Fungus XG8D derived from Thai Mangrove Xylocarpus granatum  
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4.1 Introduction 

Mangrove-associated fungi have received much attention and promising 

compounds with unique structure. In addition, to live in extreme regions such as high 

salinity, low pH, temperature, moisture and many environment factors. (Guan et al., 

2005). Therefore, our research group has focused on the bioactive natural products 

from mangrove-derived fungal strain XG8D (Figure 4.1), which was obtained from 

the leave of the mangrove plant Xylocarpus granatum in Thailand (Pudhom et al., 

2014). In our previous research, the unique sesquiterpene endoperoxides of 

chamigrane type (mostly halogenated) was isolated from the ethyl acetate (EtOAc) 

extract, grown in corn-steep liquor-containing medium (Chokpaiboon et al., 2011).  

Moreover, previous reports revealed that the secondary metabolite profiles 

might be changed. The production depends on fermentation conditions such as 

variations in the culture media (Lawrence, 1999). As a screening result, the 

endophytic fungus strain XG8D grown in Sabouraud dextrose broth (SDB) greatly 

affected the on the metabolite profile. In the present study was investigated the 

secondary metabolites from this strain. Details of the isolation, structure elucidation 

and in vitro cytotoxic activity of these metabolites are reported herein.  

 

Figure 4.1 The morphology of the fungal XG8D from the leave of X. granatum 
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4.2 Materials and Methods 

4.2.1 General 

      NMR spectra were acquired on a Varian Mercury-400 Plus NMR 

spectrometer (Varian, CA, USA). High-resolution ESI mass spectroscopy was 

measured on a Bruker micrOTOF (Bruker). Single-crystal X-ray diffraction analysis 

was performed on a Bruker APEX II diffractometer (Bruker). Melting points were 

determined on a melting point M565 apparatus and are uncorrected. Optical rotations 

were measured on a JASCO P-1010 polarimeter (JASCO Corporation, Tokyo, Japan). 

UV spectra were recorded on a Spekol 1200 Analytic Jena spectrophotometer. IR 

spectra were recorded on a Bruker ALPHA FT-IR spectrometer (Bruker, MA, USA). 

Silica gel (230–400 mesh, Merck, Darmstadt, Germany) and Sephadex LH20 

(Amersham Biosciences, NJ, USA) were used for open-column chromatography. 

Analytical thin layer chromatography (TLC) was performed using precoated silica 

gel 60 GF254 plates (Merck).  

4.2.2 Fungal Material 

     The endophytic fungus XG8D used in this study was isolated from the 

healthy leaves of X. granatum collected from Samutsakorn province, Thailand, in 

July 2008. The fungus was identified to the family Meruliaceae (order Polyporales, 

subclass Incertaesedis, class Agaricomycetes, phylum Basidiomycota) by analysis of 

the 28S rDNA and ITS data (GenBank accession Nos. HM060640 and HM060641). 

4.2.3 Fermentation, Extraction, and Isolation  

    The fungus XG8D was cultured on potato dextrose agar at room temperature 
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for 10 days. Then, 5 pieces (0.5 cm2 x 0.5 cm2) of agar were inoculated in a 200 mL 

of SDB at 30°C for 21 days. The fungal culture (10 L) was filtered to remove 

mycelia, and the culture broth was extracted with EtOAc. The EtOAc extract was 

concentrated under reduced pressure to obtain a crude extract (12.60 g). The EtOAc 

extract was subjected to column chromatography (CC) over Sephadex LH-20 and 

eluted with MeOH to get five fractions (Fr. 1-5). Fr. 5 (4.68 g) was fractionated by 

CC over silica gel eluting with n-hexane:EtOAc (1:2 to 1:0) to give 11 fractions. 

Subfraction 5.4.8 was isolated by CC using MeOH:CH2Cl2 (1:19) to obtain 19 (5.2 

mg), while subfraction 5.4.9 was eluted with acetone:CH2Cl2 (1:2) on silica gel 

column to provide 20 (2.8 mg). Subfraction 5.5.3 was purified by CC over Sephadex 

LH20 eluted with MeOH to give 21 (3.7 mg). Subfraction 5.8.4 was 

chromatographed on over silica gel (acetone/CH2Cl2, 2:8) gave 22 (5.2 mg) and 24 

(25.2 mg). Subfraction 5.8.6 (52.6 mg) was further purified by a silica gel CC using 

EtOAc/CH2Cl2 (1:1) to afford a pale yellow solid, followed by recrystallization with 

MeOH to give 23 (16.2 mg). After fraction 5.8.5.5 was solvent evaporated, a light 

yellow solid was formed, which was further recrystallized with MeOH to afford 18 

(9.8 mg). Fraction 5.9 was purified by silica gel CC using EtOAc/benzene (2:3) 

elution followed by recrystallization from MeOH to yield 17 (2.4 mg). Fraction 5.10 

(239.4 mg) was subjected to CC over silica gel to provide 14 subfractions. Fr. 

5.10.11 (12.8 mg) and 5.10.14 (10.1 mg) were further purified by Sephadex LH20 

CC eluting with MeOH to afford 25 (5.6 mg) and 26 (3.3 mg), respectively. 

4.2.4 Single X-ray Crystallograpic Analysis of compounds 17 and 18  

    All crystallographic data were collected at 293 K on a Bruker APEX II 

diffractometer with Mo Kα radiation (λ = 0.71073). The structures were solved by 
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direct methods using SHELXS-97 and refined by full-matrix least-squares on all F2 

data using SHELXS-97 to final R values (Sheldrick, 1997). All hydrogen atoms were 

added at calculated positions and refined using a rigid model. Crystallographic data 

for 17 and 18 have been deposited with the Cambridge Crystallographic Data Centre 

with the deposition numbers CCDC 1404677 and 832629, respectively (Xiao et al., 

1997). 

Crystal Data for 17: colorless crystal, C14H22O4, Mr = 254.32, orthorhombic, a = 

9.0809(17) Å, b = 10.223(2) Å, c = 13.933(4) Å, space group P212121, Z = 4, Dx = 

1.306 Mg/m3, and V = 1293.5(5) Å3, (Mo Kα) = 0.09 mm-1, and F(000) = 552. 

Crystal dimensions: 0.40 mm x 0.25 mm x 0.20 mm. Independent reflections: 1901 

(Rint = 0.022). The final R1 values were 0.042, ωR2 = 0.103 (I > 2σ(I)). 

Crystal Data for 18: colorless crystal, C30H48O8, Mr = 536.68, orthorhombic, a = 

11.3273(7) Å, b = 11.8750(7) Å, c = 20.5308(13) Å, space group P212121, Z = 4, Dx 

= 1.291 Mg/m3, and V = 2761.6(3) Å3, (Mo Kα) = 0.09 mm-1, and F(000) = 1168. 

Crystal dimensions: 0.40 mm x 0.30 mm x 0.18 mm. Independent reflections: 5564 

(Rint = 0.112). The final R1 values were 0.095, ωR2 = 0.268 (I > 2σ(I)). 

4.2.5 Cell culture and Biological assay 

Human breast (MCF-7), liver (Hep-G2), and gastric (KATO-3) cancer cell 

lines were cultured in RPMI-1640 (HiMedia Laboratories, Mumbai, India) 

supplemented with 100 U/mL of penicillin, 100 g/mL of streptomycin and 10% fetal 

bovine serum (FBS, Thermo Scientific, Waltham, MA, USA). The cells were 

incubated in a humidified atmosphere of 5% CO2 at 37°C and sub-cultured every 

three days. 
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4.2.6 Cytotoxicity assay 

Cytotoxicity of isolated compounds against the MCF-7, Hep-G2 and 

KATO-3 cancer cells was used the MTT assay. Briefly, the cell suspensions were 

seeded into 96-well culture plates at 1 x 104 cells/well in the presence or absence of 

the test compound. After incubation at 37°C for 72 h, 10 L of MTT solution was 

added to each well for 4 h. The cell-free supernatant was removed then isopropyl 

alcohol (containing 0.04 N HCl) was added to dissolve the formazan crystals. 

Absorbance values were measured with a microplate reader at 540 nm. Doxorubicin 

was used as a positive control. 

     4.2.7 Statistical analysis 

All experiments were performed in triplicate (n = 3) and data are expressed 

as mean values and standard deviation.  A p-value of * p<0.05 and ** p<0.01 were 

considered statistically significance. 

 

4.3 Results and Discussion 

4.3.1 Isolated compounds (17-26) from the fungus XG8D strain 

The chemical investigation from the basidiomycetous fungus XG8D strain 

in SDB medium led to the isolation of six new chamigrane sesquiterpenes, not of the 

endoperoxide type, namely merulinols A–G (17–22), and four known compounds, 

acaciicolinols C (23), K (24), F (25) and D (26) as shown in Figure 4.2.  
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Figure 4.2 Structures of metabolites 17–26 isolated from the fungus XG8D 

4.3.1.1) Identification of six new compounds 17-22 

Merulinol A (17) was obtained as colorless crystals and was determined to 

have a molecular formula of C14H22O4 by the HR-ESIMS ion at m/z 277.1419 [M + 

Na]+, implying four degrees of unsaturation. Combined analysis of the 1H and 13C 

NMR (Table 4.1, Figures S4.1–S4.3) plus the HSQC (Figure S4.4) spectroscopic 

data revealed the presence of three singlet methyls including one downfield signal at 

δH 1.68, five sp3 methylenes, one oxymethine and five quaternary carbons, including 

one ketone carbon (δC 212.0). These data accounted for all the NMR resonances of 

17 and one of three unsaturations, indicating that 17 was a tricyclic compound. 

Analysis of the 1H–1H COSY spectrum (Figure 4.3 and Figure S4.3) established 

three partial structures of H2-1/H-2, H2-4/ H2-5, and H2-9/H2-10. The C-10 

methylene and C-6 quaternary carbon were connected to C-11 by the HMBC 

correlations from H2-10, H3-12, and H3-13 to C-11, as well as from H3-12 and H3-13 

to C-6 (Figure 4.3 and Figure S4.5). Further HMBC cross-peaks from a downfield 

singlet methyl at H 1.68 to the C-8 ketone carbon, C-7 oxygenated quaternary carbon 
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and C-6 led to the attachment of this methyl group (C-14) on C-7 and the connection 

of C-6 and C-8 on C-7. Two other partial structures, H2-1/H-2 and H2-4/ H2-5, were 

placed between C-6 and C-3 from the HMBC correlations of H2-1, H-2, H2-4, H2-5 

to C-6 and from H-2 to C-3, and so established a 6,6-bicyclic skeleton via a C-6 spiro 

carbon. Moreover, the 13C resonance of C-3 at C 94.5 implied that C-3 was a 

hemiketal moiety. According to the molecular formula C14H22O4, and the degree of 

unsaturation of 17, C-3 was thus linked, through an ether bond, to C-7 to establish a 

tricyclic structure as shown. The proposed structure of 17 and its relative 

configuration were further confirmed by single-crystal X-ray diffraction analysis 

using Mo K  radiation, and a perspective ORTEP plot is depicted in Figure 4.4. 

 

Figure 4.3 1H‒1H COSY and selected HMBC correlations of 17, 21, and 22 

 

Figure 4.4 ORTEP plot of 17 
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Merulinol B (18) was also obtained as colorless crystals. HR-ESIMS 

analysis of the molecular ion (m/z 277.1771 [M + Na]+) suggested the molecular 

formula of C15H26O3, which was indicative of three degrees of unsaturation. Analysis 

of 1H and 13C NMR (Table 4.1, Figures S4.6–S4.8) plus the HSQC (Figure S4.9) 

spectroscopic data indicated the presence of three singlet methyls, six sp3 methylenes 

(one oxymethylene), one oxymethine, one olefinic methine and four quaternary 

carbons (one oxygenated and one olefinic carbon). It was revealed that compound 18 

had similar 1H and 13C NMR spectra to those of acaciicolinol C (23) (Wibowo et al., 

2016), except the C-15 carboxylic group in 23 was replaced by a hydroxymethyl in 

18. Moreover, an exchangeable proton at H 3.08 (s) was assigned to 7-OH by its 

correlations to C-6 and C-7 (Figure S4.10). Finally, the relative configuration of 18 

was assigned by NOESY correlation (Figure S4.11) and single-crystal X-ray 

diffraction analysis using Mo K  radiation, and a perspective ORTEP plot is 

depicted in Figure 4.5. 

 

Figure 4.5 ORTEP plot of 18 
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Merulinol C (19), obtained as a pale yellow gum, was assigned a molecular 

formula of C15H24O3 by HR-ESIMS (m/z 275.1612 [M + Na]+), implying four 

degrees of unsaturation. The 1H and 13C NMR spectroscopic data of 19 (Table 4.1) 

closely resembled those of 18. The obvious difference in the 1H NMR spectra 

between 18 and 19 was the presence of a doublet methyl signal at δH 1.01 (J = 6.8 

Hz) in 19, replacing the singlet methyl signal (C-14) in 18. In addition, the 13C 

NMR signal of an oxyquaternary carbon (δC 78.3, C-7) in 18 was absent in 19, while 

signals for a methine group (δH 1.65 m, δC 44.9) were observed in 19. The location of 

the doublet methyl at C-14 was confirmed by its 1H–1H COSY correlation with H-7 

and HMBC cross-peaks from H3-14 to C-8, C-7 and C-6. The NOESY correlations of 

H3-13/H3-14, H3-13/H2-1 and H3-14/H2-1 (Figure 4.6) supported that 19 had the 

same relative configuration as 18. Additionally, the NOE correlation between H3-14 

and H-8, as well as the lack of a correlation between H-7 and H-8, revealed the 

β-orientation of 8-OH. 
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Table 4.1 1H and 13C NMR data of compounds 17‒19 

Position 
17 a  18 b  19 a 

C, Type H, Mult. (J in Hz)  C, Type H, Mult. (J in Hz)  C, Type H, Mult. (J in Hz) 

1 32.4, CH2 1.99, m  29.2, CH2 2.19, d (20.0)  26.9, CH2 2.15, m 

  2.11, dt (14.4, 2.8)   2.34, d (20.0)    

2 69.4, CH 3.85, dd (9.6, 2.0)  124.0, CH 5.16, br s  144.1, CH 7.18, br s 

3 94.5, qC   137.7, qC   130.0, qC  

4 29.5, CH2 1.66, m  25.1, CH2 1.89, m  23.3, CH2 2.24, m 

  1.94, m      2.44, m 

5 25.7, CH2 1.64, m  25.8, CH2 2.05, m  29.1, CH2 1.63, m 

  1.70, m       

6 43.5, qC   44.3, qC   41.3, qC  

7 86.0, qC   78.3, qC   44.9, CH 1.65, m 

8 212.0, qC   76.9, CH 3.56, br s  72.5, CH 3.33, td (12.0, 4.0) 

9 35.1, CH2 2.31, m  26.9, CH2 1.38, dq (12.0, 4.0)  31.6, CH2 1.48,m 

  2.75, m   2.10, m   1.79, dq (12.0, 4.0) 

10 37.3, CH2 1.61, m  34.7, CH2 1.00, m  36.6, CH2 1.23, dt (12.0, 4.0) 

  1.92, m   1.86, m   1.60, m 

11 37.1, qC   38.3, qC   37.3, qC  

12 27.3, CH3 0.94, s  30.5, CH3 0.85, s  27.9, CH3 0.78, s 

13 25.1, CH 1.24, s  26.3, CH3 1.17, s  22.5, CH3 0.99, s 

14 25.8, CH3 1.68, s  25.2, CH3 1.33, s  12.8, CH3 1.01, d (6.8) 

15    66.9, CH2 3.89, br s  171.3, qC  

7-OH     3.08, s    

a NMR data were measured in CDCl3; b NMR data were measured in acetone-d6 

Merulinol D (20) was obtained as a pale yellow gum. Its molecular formula 

was established as C15H24O3 by HR-ESIMS (m/z 275.1616 [M + Na]+), being the 

same as that of 19. Its 1H and 13C NMR spectra (Table 4.2) displayed resonances 

that were nearly identical with those of 19. Interpretation of 2D NMR data 

established the same planar structure as 19. The NOESY correlations of 20 indicated 

that 20 had the same configuration as 19, except for that of C-8. The observed NOE 
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correlation between H-7 and H-8 (Figure 4.6) suggested the -orientation of HO-8. 

Therefore, compound 20 was assigned as the C-8 epimer of 19. This assignment was 

supported by the opposite signs of their specific rotations ([α]20
D +6.4 for 19 vs. -47.2 

for 20). 

 

Figure 4.6 Selected NOESY correlations of 19 and 20 

Merulinol E (21) was obtained as a yellow gum. The molecular formula was 

determined to be C15H20O4 by the HR-ESIMS ion at m/z 265.1431 [M + H]+, 

implying six degrees of unsaturation. The 1H and 13C NMR (Table 4.2, Figures 

S4.24–S4.26) plus the HSQC (Figure S4.27) data indicated the structure of 21 

contained three singlet methyls, four methylenes, one olefinic methine, five 

quaternary carbons (including two olefinic) and two carbonyls. The two carbonyl 

signals at δC 192.3 and 170.9 were ascribed to one , -unsaturated ketone and one 

carboxylic acid carbonyl, respectively. Comparison of the NMR data of 21 with 

those of 19 and 20 revealed that 21 had the same B ring with an , -unsaturated 

carboxylic acid moiety as found in both 19 and 20. Analysis of the HMBC spectrum 

indicated that an , -unsaturated ketone was located at C-7 to C-9 due to the 

correlations of H3-14/C-7, H3-14/C-8 and H2-10/C-9 (Figure 4.3 and Figure S4.28). 
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The C-8 resonance (δC 135.9) was deshielded, which coupled with the HR-ESIMS 

data led to the attachment of the hydroxy group on this olefinic carbon. Indeed, the 

NMR data of 21 were similar to those of acaciicolinol L (Wibowo et al., 2016), 

except the C-15 hydroxymethyl in acaciicolinol L was replaced by a carboxylic 

moiety in 21. The NOESY data (Figure S4.29) verified that 21 shared the same 

configuration as merulinols A-E. Consequently, the structure of 21 was established as 

shown. 

Merulinol F (22), also obtained as a pale yellow gum, had a molecular 

formula of C15H24O5 from the HR-ESIMS ion at m/z 307.1516 [M + Na]+. The 1H 

NMR spectrum (Figure S4.30) showed signals of three singlet methyls, five 

methylenes and one hydroxymethyl. The 13C NMR spectrum (Figure S4.31) 

exhibited two ketone resonances at _C 213.8 and 215.8. The NMR data of 6 (Figures 

S4.30–S4.34) were similar to those of acaciicolinol K (25) (Wibowo et al., 2016), 

except that the C9–C-10 double bond in 25 was replaced by a single bond. This was 

confirmed by the 1H-1H COSY correlation of H2-9 and H2-10 and the HMBC 

correlations from H2-9 to a ketone at δC 213.8 (C-8) (Figure 4.3 and Figures S4.32 

and S4.34). Based on these spectroscopic data, the structure of 22 was determined as 

shown. However, its configuration at C-3 and C-7 could not be conclusively 

established from the NOESY data.  
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Table 4.2 1H and 13C NMR data of compounds 20‒22 in CDCl3 

Position 
20  21  22 

C, Type H, Mult. (J in Hz)  C, Type H, Mult. (J in Hz)  C, Type H, Mult. (J in Hz) 

1 29.9, CH2 2.17, m  30.1, CH2 2.27, d (20.0)  38.9, CH2 2.70, d (14.4) 

  2.40, m   2.43, d (20.0)   2.79, d (14.4) 

2 142.7, CH 7.12, br s  142.4, CH 7.26, br s  215.8, qC  

3 129.1, qC   130.6, qC   75.9, qC  

4 22.6, CH2 2.27, m  22.3, CH2 2.10, m  33.3, CH2 1.76, m 

  2.35, m   2.58, d (18.0)   2.24, m 

5 27.5, CH2 1.50, m  30.7, CH2 1.88, m  23.5, CH2 1.54, m 

  1.82, m      1.80, m 

6 39.5, qC   43.0, qC   55.2, qC  

7 36.8, CH 1.95, m  143.8, qC   81.8, qC  

8 70.8, CH 3.91, dd (12.0, 6.8)  135.9, qC   213.8, qC  

9 27.7, CH2 1.63,m  192.3, qC   33.7, CH2 2.41,m 

        2.74, m 

10 35.6, CH2 1.48, m  47.1, CH2 2.22, d (18.0)  36.5, CH2 1.61, m 

     2.78, d (18.0)   1.91, m 

11 36.6, qC   40.8, qC   39.0, qC  

12 25.7, CH3 0.84, s  23.8, CH3 1.01, s  25.0, CH3 1.28, s 

13 26.3, CH3 0.95, s  24.8, CH3 1.05, s  28.6, CH3 1.00, s 

14 11.4, CH3 0.98, d (6.8)  15.1, CH3 1.85, s  25.4, CH3 1.42, s 

15 171.4, qC   170.9, qC   67.1, CH2 3.48, d (11.6) 

        3.85, d (11.6) 

7-OH        4.15, br s 

4.3.1.2) Identification of six know compounds 23-26 

Acaciicolinol C (23): C15H24O4, 1H NMR (400 MHz, CDCl3) δ 2.11 (1H, m, 

H-1), 2.31 (1H, m, H-1), 7.01 (1H, m, H-2), 2.31 (1H, m, H-4), 1.83 (1H, m, H-5), 

1.97 (1H, m, H-5), 3.41 (1H, dd, J = 4, 12 Hz, H-8), 1.52 (1H, dd, J = 4, 12 Hz, H-9), 

1.83 (1H, d, J = 12 Hz, H-9), 1.62 (1H, dd, J = 4, 12 Hz, H-10), 1.14 (1H, dd, J = 4, 

12 Hz, H-10), 0.72 (3H, s, H-13), 1.22 (3H, s, H-14), 1.26 (3H, s, H-15); 13C NMR 

(CDCl3, 100 MHz) δ 30.5 (C-1), 142.5 (C-2), 130.9 (C-3), 24.1 (C-4), 24.4 (C-5), 
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44.9 (C-6), 80.1 (C-7), 74.2 (C-8), 28.3 (C-9), 37.8 (C-10), 38.0 (C-11), 30.4 (C-12), 

24.7 (C-13), 23.4 (C-14), 170.4 (C-15)  (Wibowo et al., 2016). 

Acaciicolinol K (24): C15H22O5, 1H NMR (400 MHz, CDCl3) δ 2.81 (1H, d, 

J = 12 Hz, H-1), 2.91 (1H, d, J = 12 Hz, H-1), 1.79 (1H, dd, J = 4, 12 Hz, H-4), 2.11 

(1H, d, J = 4, 12 Hz, H-4), 1.70 (1H, dd, J = 4, 12 Hz, H-5), 2.01 (1H, d, J = 4, 12 Hz, 

H-5), 6.02 (1H, d, J = 12 Hz H-9), 6.38 (1H, d, J = 12 Hz, H-10), 1.31 (3H, s, H-12), 

1.15 (3H, s, H-13), 1.36 (3H, s, H-14), 3.61 (1H, d, J = 12 Hz, H-1), 4.11 (1H, d, J = 

12 Hz, H-1), 3.85 (1H, s, 7-OH); 13C NMR (CDCl3, 100 MHz) δ 37.5 (C-1), 212.5 

(C-2), 77.9 (C-3), 34.1 (C-4), 23.4 (C-5), 54.8 (C-6), 78.5 (C-7), 201.7 (C-8), 122.1 

(C-9), 157.8 (C-10), 43.0 (C-11), 24.4 (C-12), 29.7 (C-13), 26.4 (C-14), 66.4 (C-15) 

(Wibowo et al., 2016). 

Acaciicolinol F (25): C15H24O3, 1H NMR (400 MHz, CDCl3) δ 2.08 (1H, m, 

H-1), 2.17 (1H, m, H-1), 5.61 (1H, s, H-2), 1.69 (1H, m, H-4), 1.93 (1H, m, H-4), 

1.49 (1H, m, H-5), 1.91 (1H, m, H-5), 3.99 (1H, d, J = 12 Hz, H-8), 3.32 (1H, dd, J = 

4, 12 Hz, H-9), 1.52 (1H, dd, J = 4, 12 Hz, H-10), 1.74 (1H, dd, J = 4, 12 Hz, H-10), 

0.79 (3H, s, H-12), 0.89 (3H, s, H-13), 4.75 (1H, m, H-14), 5.41 (1H, m, H-14), 3.79 

(1H, d, J = 12 Hz, H-15), 3.89 (1H, d, J = 12 Hz, H-15); 13C NMR (CDCl3, 100 

MHz) δ 29.5 (C-1), 120.5 (C-2), 136.9 (C-3), 22.4 (C-4), 26.4 (C-5), 45.1 (C-6), 

147.1 (C-7), 73.2 (C-8), 72.3 (C-9), 43.8 (C-10), 36.5 (C-11), 23.0 (C-12), 23.7 

(C-13), 109.2 (C-14), 65.4 (C-15) (Wibowo et al., 2016). 

Acaciicolinol D (26): C15H24O3, 1H NMR (400 MHz, CDCl3) δ 1.98 (1H, m, 

H-1), 2.17 (1H, m, H-1), 5.61 (1H, s, H-2), 1.91 (1H, m, H-4), 1.53 (1H, m, H-5), 

2.29 (1H, m, H-5), 4.39 (1H, t, J = 4 Hz, H-8), 1.72 (1H, dd, J = 4, 12 Hz, H-9), 1.92 
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(1H, dd, J = 4, 12 Hz, H-9), 4.14 (1H, dd, J = 4, 12 Hz, H-10), 0.69 (3H, s, H-12), 

0.99 (3H, s, H-13), 4.85 (1H, m, H-14), 5.11 (1H, m, H-14), 3.80 (1H, d, J = 12 Hz, 

H-15), 3.89 (1H, d, J = 12 Hz, H-15); 13C NMR (CDCl3, 100 MHz) δ 30.0 (C-1), 

120.5 (C-2), 137.9 (C-3), 23.1 (C-4), 26.4 (C-5), 45.1 (C-6), 148.1 (C-7), 74.1 (C-8), 

37.3 (C-9), 68.8 (C-10), 41.7 (C-11), 14.4 (C-12), 19.7 (C-13), 115.4 (C-14), 65.4 

(C-15) (Wibowo et al., 2016). 

 4.3.2 Cytotoxic activities of isolated compounds 17-26  

The in vitro cytotoxic activities of the isolated compounds 17-26 against the 

MCF-7, Hep-G2, and KATO-3 cell lines were tested using MTT assay to 

approximate the number of viable cells, while doxorubicin was used as a positive 

control. Compounds 19 and 20 exhibited activities against KATO-3 cells with IC50 

values of 35.0 ± 1.20 and 25.3 ± 0.82 M, respectively, but against the other two cell 

lines and all the other compounds, a growth inhibition against the three cell lines of 

less than 50% at a dose of 50 M was observed and thus they were considered 

inactive. 

 

4.4 Conclusions 

As a result, six new fungal metabolites in the class of chamigrane 

sesquiterpenes (17‒22), together with four known compounds (23‒26), were isolated 

from the basidiomycetous endophytic fungus strain XG8D which was isolated from a 

Thai mangrove plant. Among the isolated compounds, merulinol A (17) is a 

nor-chamigrane with a novel tricyclic ring system, whereas compounds 18‒26 are 
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6/6 spirobicyclic charmigrane sesquiterpenes. Compounds 19 and 20 selectively 

exhibited cytotoxicity toward gastric KATO-3 cells with IC50 values of 35.0 ± 1.20 

and 25.3 ± 0.82 μM, respectively. 

 

 

 

 

 

 

 

 

 

 



 
68 

 

References 

Bae S. J., Ha Y. M., Park Y. J., Park J. Y., Song Y. M., Ha T. K., Chun P., Moon H. R., 

Chung H. Y., Design, synthesis, and evaluation of (E)-N-substituted 

benzylideneeaniline derivatives as tyrosinase inhibitors, Eur. J. Med. Chem. 57 

(2012) 383-390. 

Baimai V., Biodiversity in Thailand. Academy of Science Faculty of Science, 

Mahidol University, Bangkok, Thailand (2010). 

Balasubramanian K., Rajagopalan K., Novel xanthones from Garcinia mangostana, 

structures of BR-xanthone-A and BR-xanthone-B. Phytochemistry 27 (1988), 1552–

1554. 

Barrero A.F., Oltra J.E., Raslan D.S., Sauda D.A., Microbial transformation of 

sesquiterpene lactones by the fungi Cunninghamella echinulate and Rhizopus oryzae. 

J. Nat. Prod. 62 (1999), 726-729. 

Batista A.L., Yoshida N.C., Garcez F.R., Garcez W.S., Chemical consituents from 

Nectandra cuspidate Nees-Lauraceae. Biochem. Syst. Ecol. 61 (2015), 229-231. 

Batubara I., Darusman L.K., Mitsunaga T., Rahminiwati M., Djauhari E., Potency of 

Indonesian medicinal plants as tyrosinase inhibitor and antioxidant agent, J. Biol. Sci. 

2 (2010) 138–144. 

Blakemore P. R., White J. D., Morphine, the Proteus of organic molecules. Chem. 

Commun. 11 (2002), 1159–1168 

Bohlmann F., Zdero C., Neue germacranolide und andere inhaltsstoffe aus vertretern 



 
69 

 

der subtribus gochnatiinae. Phytochemistry. 18 (1979), 95-98. 

Bork P.M., Schmitz M.L., Kuhnt M., Escher C., Heinrich M., Sesquiterpene lactone 

containing Mexican Indian medicinal plants and pure sesquiterpene lactones as 

potent inhibitors of transcription factor NF-ҡb. FEBS Lett. 402 (1997), 85-90. 

Bradley J.R., TNF-mediated inflammatory diseases. J. Pathol. 214 (2008), 149-160. 

Briganti S., Camera E., Picardo M., Chemical and instrumental approaches to treat   

hyperpigmentation, Pigment Cell Res. 16 (2003) 101-110.  

Burdock G. A., Soni M. G., Carabin I. G., Evaluation of health aspects of kojic acid 

infood. Regul Toxicol Pharm 33 (2000), 80–101. 

Calvo A. M., Wilson R. A., Bok J. W., Keller N. P., Relationship between Secondary 

Metabolism and Fungal Development. Microbiol Mol Biol Rev. 66 (2002), 447–459 

Carsuso M., Colombo A.L., Fedeli L., Pavesi A., Quaroni S., Isolation of endophytic 

fungi and actinomycetes taxane producers. Ann Microbiol 50 (2000), 3-13. 

Chakraborty A. K., Funasaka Y., Komoto M., Effect of arbutin on melanogenic 

proteins in human melanocytes. Pigment. Cell Res. 11 (1998), 206-212. 

Chang T. A., Natural melanogenesis inhibitors acting through the down-regulation of 

tyrosinase activity, Materials. 5 (2012) 1661-1685. 

Chin Y. W., Balunas M. J., Chai H. B., Kinghorn A. D., Drug Discovery from Natural 

Sources. AAPS J. 8 (2006), 239-242. 

Cho J.Y., Baik K.U., Jung J.H., Park M.H., In vitro anti-inflammatory effects of 



 
70 

 

cynaropicrin, a sesquiterpene lactone, from Saussurea lappa. Eur. J. Pharmacol. 398 

(2000), 399-407. 

Chokpaiboon S., Sommit D., Teerawatnanond T., Muangsin N., Bunyapaiboonsri T., 

Pudhom K., Cytotoxic nor-chamigrane and chamigrane endoperoxides from a 

basidiomycetous fungus. J. Nat. Prod. 73 (2010), 1005–1007. 

Choodej S., Pudhom K., Mitsunaga T., Inhibition of TNF-α-induced inflammation by 

sesquiterpene lactones from Saussurea lappa and semi-synthetic analogues, Planta. 

Med. 84 (2018) 329-335. 

Clark I.A., How TNF was recognized as a key mechanism of disease. Cytokine and 

Growth Factor Rev. 18 (2007), 335–343. 

Coussens L. M., Werb Z., Inflammation and cancer. Nature 420 (2002), 860–867. 

Deshmukh S. K., Mishra P. D., Almeida A. K., Verekar S., Sahoo M. R., Periyasamy 

G., Goswami H., Khanna A., Balakrishnan A., Vishwakarma R., Anti-Inflammatory 

and Anticancer Activity of Ergoflavin Isolated from an Endophytic Fungus. Chem 

Biodivers. 6 (2009), 784-789. 

Farnsworth N.R., Bunyapraphatsara, N., Thai Medicinal Plant. Prachachon Company, 

Bangkok, Thailand (1992). 

Hall I.H., Kuo H.H., Starnes C.O., Eigebaly S.A., Ibuka T., Wu Y.S., Kimura T., 

Mitsumasa, H., Antitumor agents. XXX: Evaluation of α-methylene-γ-lactones- 

containing agent for inhibition of tumor growth, respiration, and nucleic acid 

synthesis. J. Pharm. Sci. 67 (1978), 1235-1239. 



 
71 

 

Huang H. C., Hsieh W. Y., Niu Y. L., Chang T. M., Inhibition of melanogenesis and 

antioxidant properties of Magnolia grandiflora L. flower extract, BMC Complement 

Altern Med 12 (2012) 1-9. 

Hoffmann H.M.R., Rabe J., Synthesis and Biological Activity of 

α-Methylene-γ-butyrolactones. J. Angew. Chem. Int. Ed. Engl. 24 (1985), 94-110. 

Hui Y., Jinlun X., Handong S., Study on chemical constituents of Saussurea lappa I. 

Acta Bot. Yunnanica. 19 (1997), 85-91. 

Hwang D., Fisher N.H., Jang B.C., Tak H., Kim J.K., Lee W., Inhibition of the 

expression of inducible cyclooxygenase and pro-inflammatory cytokines by 

sesquiterpene lactones in macrophages correlates with the inhibition of MAP kinases. 

Biochem. Biophys. Res. Commun. 226 (1996), 810-818. 

Jain S.K., Dictionary of Indian folk Medicine and Ethno Botany. Deep Publications, 

New Delhi. 28 (1991), 210-233. 

Jang M.K., Sohn D.H., Ryu J. A curcuminoid and sesquiterpenes as inhibitors of  

macrophage TNF-α release from Curcuma zedoaria. Planta Med. 67 (2001), 550-552. 

Lahlou M., Screening of Natural Products for Drug Discovery. Expert Opin Drug 

Discov. 2 (2007), 697-705. 

Lajis A. B., Hamid M., Ariff A. B., Depigmenting Effect of Kojic Acid Esters in 

Hyperpigmented B16F1Melanoma Cells. J Biomed Biotechnol. (2012), 1-9. 

Laskin J. D., Piccinini L., Engelhardt D. L., Weinstein I. B., Control of melanin 

synthesis and secretion by B16/C3 melanoma cells, J Cell Physiol. 113 (1982) 



 
72 

 

481-486. 

Lawrence R.N., Rediscovering natural product biodiversity. Drug Discov. Today 4 

(1999), 449–451. 

Lawrence T., Gilroy D. W., Chronic inflammation: a failure of resolution. Int J Exp 

Pathol. 88 (2007), 85-94. 

Li A., Sun A., Liu R., Preparative isolation and purification of costunolide and 

dehydrocostuslactone from Aucklandia lappa Decne by high-speed counter-current 

chromatography. J. Chromatogr. A. 1076 (2005), 183-197. 

Li M. D., Yang X., A Retrospective on Nuclear Receptor Regulation of Inflammation. 

PPAR Res. (2011), 1-9. 

Lutz M. K., Putting Nature Back into Drug Discovery. Nat Biotechnol. 21 (2003), 

602-604. 

Madhuri K., Elango K., Ponnusankar S., Saussurea lappa (Kuth root) : review of its 

traditional uses, phytochemistry and pharmacology. Orient. Pharm. Exp. Med. 12 

(2012), 1-9. 

Matsuda H., Kageura T., Inoue Y., Morikawa T., Yoshikawa M., Absolute 

stereostructures and syntheses of Saussureamines A, B, C, D and E, 

Acid-Sesquiterpene conjugates with gastroprotective effect, from the root of 

Saussurea lappa. Tetrahedrol. 56 (2000), 7763-7777. 

Munhoz C.D., García-Bueo B., Madrigal J.L.M., Lepsch L.B., Scavone C., Leza J.C., 

Stress-induced neuroinflammation: mechanisms and new pharmacological targets. 



 
73 

 

Braz. J. Med. Biol. Res. 41 (2008), 1037-1046. 

Nakagawa M., Kawai K., Contact allergy to kojic acid in skin care products. Contact. 

Dermatitis. 32 (1995), 9-13. 

Obolskiy D., Pischel I., Siriwatanametanon N., Heinrich M., Garcinia mangostana 

L.: a phytochemical and pharmacological review. PTR 23 (2009), 1047–1065. 

Oeckinghaus A, Ghosh S., The NF-kappaB family of transcription factors and its 

regulation. Cold Spring Harb Perspect Biol 1 (2009); 1-14. 

Ohguchi K., Tanaka T., Ito T., Ilnuma M., Matsumoto K., AkaO Y., Nozawa Y.,  

Inhibitory effect of resveratrol derivatives from dipterocarpaceae plants on tyrosinase  

activity, Biosci. Biotechnol. Biochem., 67 (2003) 1587–1589. 

Piao L. Z., Park H. R., Park Y. K., Lee S. K., Park J. H., Park, M. K., Mushroom 

tyrosinase inhibition activity of some chromones. Chem. Pharm. Bull. 50 (2002), 

309-311 . 

Pudhom K., Teerawatananond T., Chookpaiboon S., Spirobisnaphthalenes from the 

mangrove-derived fungus Rhytidhysteron sp. AS21B. Mar. Drugs 12 (2014), 1271–

1280. 

Rao K. S., Babu G. V., Ramnareddy Y. V., Acylated flavone glycosides from the roots 

of Saussurea lappa and their antifungal activity, Molecules. 12 (2007) 328-44. 

Rasul A., Parveen S., Ma T., Costunolide: A novel anti-cancer sesquiterpene lactone, 

Bangladesh J Pharmacol. 7 (2012) 6-13. 



 
74 

 

Redman R. S., Sheehan K. B., Stout R. G., Rodriguez R. J., Henson J. M., 

Thermotolerance generated by plant/fungal symbiosis. Science 298 (2002), 1581. 

Riley A. P., Melanin, Int. J. Biochem. Cell Biol. 29 (1997) 1235-1239. 

Sheldrick G.M., SHELX-97, Program for Crystal Structure Solution; University of 

Göttingen: city, Germany, (1997). 

Stierle A., Strobel G., Stierle D., Taxol and taxane production by Taxomyces 

andreanae, an endophytic fungus of Pacific yew. Science 260 (1993), 214-216. 

Sun C.M., Syu W.J., Don M.J., Lu J.J., Lee G.H., Cytotoxic sesquiterpene lactones 

from the root of Saussurea lappa. J. Nat. Prod. 66 (2003), 1175-1180. 

Tomita K., Fukuda M., Kawasaki K., Mechanism of arbutin inhibitory effect on 

melanogenesis and effect on the human skin with cosmetic use. Fragrance J. 6 (1990), 

72-77. 

Tan S. Y.,Tatsumura Y., Alexander Fleming (1881–1955): Discoverer of penicillin. 

Singapore Med J. 56 (2015), 366–367.   

Vasquez M., Macias A.F., Urbatsch E.L., Fischeri H.N., Sesquiterpenes from 

Rudbeckia grandiflora. Phytochemistry. 27 (1998), 2195-2198. 

Videira S. F., Moura D. L., Magina S., Mechanisms regulating melanogenesis. An 

Bras Dermatol. 88 (2013), 76-83. 

Wei H., Yan L., Feng W., Ma G., Peng Y., Wang Z., Xiao P., Research progress on 

active ingradients and pharmacologic properties of Saussurea lappa. Curr. Opin. 

Complement. Alternat. Med. 1 (2014), 1-7. 



 
75 

 

Wibowo M., Prachyawarakorn V., Aree T., Mahidol C., Ruchirawat S., Kittakoop P., 

Cytotoxic sesquiterpenes from the endophytic fungus Pseudolagrobasidium 

acaciicola. Phytochemistry 122 (2016), 126–138. 

Wuthi-udomlert M., Grisanapan W., Luanratana O., Caichompoo W., Antifungal 

activity of Curcuma longa grown in Thailand. Southeast Asian J Trop Med Public 

Health. 31 (2000), 178-182. 

Yang L., Chen X., Qiang Z., Liu J. Y., Tan R. X., In vitro anti-Helicobacter pylori 

action of 30 Chinese herbal medicines used to treat ulcer diseases. J Ethnopharmacol. 

98 (2005) 329-333. 

Yamauchi K., Mitsunaga T., Batubara I., Synthesis of quercetin glycosides and their 

melanogenesis stimulatory activity in B16 melanoma cells, Bioorg. Med. Chem. 22 

(2014) 937–944. 

Yamauchi K., Mitsunaga T., Itakura Y., Batubara I., Extracellular melanogenesis 

inhibitory activity and the structure-activity relationships of ugonins from 

Helminthostachys zeylanica roots stimulatory activity in B16 melanoma cells, 

Fitoterapia. 104 (2015) 69–74. 

Zhao F., Xu H., He E.Q., Jiang Y.T., Liu K., Inhibitory effects of sesquiterpenes from 

Saussurea lappa on the overproduction of nitric oxide and TNF-α release in 

LPS-activated macrophages. J. Asian. Nat. Prod. Res. 10 (2008), 1045-1053. 

Zhang C., Wang S., Zeng K.W., Cui F.X., Jin H.W., Guo X.Y., Jiang Y., Rupestonic 

acids B-G, NO inhibitory sesquiterpenoids from Artemisia rupestris. Bioorg. Med. 

Chem. Lett. 24 (2014), 4318-4322. 



 
76 

 

Acknowledgements 

I would first like to express my sincere gratitude to my supervisor Professor 

Tohru Mitsunaga of the United Graduate School of Agricultural Science, Gifu 

University and my former supervisor Associate Professor Khanitha Pudhom of the 

Department of Chemistry, Faculty of Science, Chulalongkorn University for the 

continuous support, knowledge, motivation and advised me in all the time of Ph. D 

study. 

Besides, I am grateful to thank my co-supervisor, Professor Shingo Kawai 

of Faculty Agriculture, Shizuoka University, Associate Professor Yoshikuni Teramoto 

and Assistant Professor Kosei Yamauchi of the United Graduate School of 

Agricultural Science, Gifu University for their encouragement, comments, and hard 

questions.    

I would like to take this opportunity to greatly acknowledges MEXT 

(MONBUKAGAKUSHO) scholarship provided by the Japanese Government for 

conducting Ph. D study in the United Graduate School of Agricultural Science, Gifu 

University.   

I am also thankful to Ms. Nagai Miyuki, Ms. Nagashima Wakaho, and Ms. 

Norie Shinyama for kindly training the anti-inflammatory assay, melanogenesis 

assay and western blot analysis, respectively. 

My grateful thanks are extended to all natural product lab members and staff 

in the United Graduate School of Agricultural Science, Gifu University for their 

kindness, friendliness, and encouragement during my research.   



 
77 

 

Furthermore, I would also like to thank my friends for listening, sharing, 

offering me advice and for your friendship. 

Finally, I wish to thank my family for their continuous and unparalleled love, 

valuable support and encouragement through my study. Particularly, I must thank my 

mother for allowing me to get this great opportunity, also believed in me and wanted 

the best for me.   



78 
 

      

      

 

 

 

 

 

 

Appendix  

NMR Spectrum of Six new Chamigrane sesquiterpenes 
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Figure S4.1 1H NMR spectrum (CDCl3) of Merulinol A (17) 

 Figure S4.2 13C NMR spectrum (CDCl3) of Merulinol A (17) 
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Figure S4.3 1H-1H COSY spectrum (CDCl3) of Merulinol A (17) 

Figure S4.4 HSQC spectrum (CDCl3) of Merulinol A (17) 
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Figure S4.5 HMBC spectrum (CDCl3) of Merulinol A (17) 
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Figure S4.6 1H NMR spectrum (acetone-d6) of Merulinol B (18) 

Figure S4.7 13C NMR spectrum (acetone-d6) of Merulinol B (18) 
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Figure S4.8 1H-1H COSY spectrum (acetone-d6) of Merulinol B (18) 

Figure S4.9 HSQC spectrum (acetone-d6) of Merulinol B (18) 
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Figure S4.10. HMBC spectrum (acetone-d6) of Merulinol B (18) 

Figure S4.11 NOESY spectrum (acetone-d6) of Merulinol B (18) 
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Figure S4.12 1H NMR spectrum (CDCl3) of Merulinol C (19) 

 

Figure S4.13 13C NMR spectrum (CDCl3) of Merulinol C (19) 
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            Figure S4.14 1H-1H COSY spectrum (CDCl3) of Merulinol C (19) 

 

Figure S4.15 HSQC spectrum (CDCl3) of Merulinol C (19) 
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Figure S4.16 HMBC spectrum (CDCl3) of Merulinol C (19) 

 

Figure S4.17 NOESY spectrum (CDCl3) of Merulinol C (19) 
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Figure S4.18 1H NMR spectrum (CDCl3) of Merulinol D (20) 

 

Figure S4.19 13C NMR spectrum (CDCl3) of Merulinol D (20) 
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         Figure S4.20 1H-1H COSY spectrum (CDCl3) of Merulinol D (20) 

 

 Figure S4.21 HSQC spectrum (CDCl3) of Merulinol D (20) 
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Figure S4.22 HMBC spectrum (CDCl3) of Merulinol D (20) 

 

Figure S4.23 NOESY spectrum (CDCl3) of Merulinol D (20) 
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Figure S4.24 1H NMR spectrum (CDCl3) of Merulinol E (21) 

 

Figure S4.25 13C NMR spectrum (CDCl3) of Merulinol E (21) 
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Figure S4.26 1H-1H COSY spectrum (CDCl3) of Merulinol E (21) 

 

Figure S4.27 HSQC spectrum (CDCl3) of Merulinol E (21) 
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Figure S4.28 HMBC spectrum (CDCl3) of Merulinol E (21) 

 

Figure S4.29 NOESY spectrum (CDCl3) of Merulinol E (21) 
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Figure S4.30 1H spectrum (CDCl3) of Merulinol F (22) 

 

Figure S4.31 13C spectrum (CDCl3) of Merulinol F (22) 
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Figure S4.32 1H-1H COSY spectrum (CDCl3) of Merulinol F (22) 

 

Figure S4.33 HSQC spectrum (CDCl3) of Merulinol F (22) 
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Figure S4.34 HMBC spectrum (CDCl3) of Merulinol F (22)  

 


