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ABSTRACT (THAI) 
 ซัน ยูน เนว์ : สารที่มีฤทธิ์ยับยั้งเอนไซม์โทโพไอโซเมอเรสวันจากรากของรองเท้านารีคางกบ. ( 

TOPOISOMERASE I INHIBITORY COMPOUNDS FROM THE ROOTS OF PAPHIOPEDILUM 
CALLOSUM) อ.ท่ีปรึกษาหลัก : รศ. ภญ. ดร.สุชาดา สุขหร่อง, อ.ทีป่รึกษาร่วม : ผศ. ภญ. 
ดร.วิชชุดา ธนกิจเจรญิพัฒน์ 

  
รองเท้านารีคางกบ (Paphiopedilum callosum (Rchb f ) Stein) เป็นพืชในวงศ์ Orchidaceae 

ซึ่ ง ยั ง ไ ม่ มี ร าย ง านกา รศึ กษาด้ า นพฤกษเคมี แ ละฤทธิ์ ท า ง ชี วภ าพมาก่ อน  ในการศึ กษาครั้ ง นี้ 
ไ ด้ แยกสารจากสารสกั ด ช้ัน เมทานอลของรากรอง เท้ านารี ค า งกบด้ วยวิ ธี ท าง โครมาโทกราฟี 
โดยใช้การวิเคราะห์ความเป็นพิษต่อเอนไซม์โทโพไอโซเมอเรสวันด้วยการใช้เซลล์ยีสต์ในการช้ีน าการแยกส่วน  
สารที่แยกได้ประกอบด้วยสารใหม่หนึ่ งชนิด คือ 3´-hydroxy-2,6,5´-trimethoxystilbene (PC1) 
และสารที่เคยมีการรายงานมาแล้วจ านวนห้าชนิด ได้แก่  3´-hydroxy-2,5´-dimethoxystilbene (PC2), 
3-methyethergalangin (PC3), galangin (PC4), 2,3´-dihydroxy-5,5´-dimethoxystilbene (PC5) 
และ  ,3´-dihydroxy- ´-methoxystilbene (PC ) การพิสูจน์โครงสร้างทางเคมีของสารที่แยกได้ 
อาศัยการวิ เคราะห์ข้อมูลทางสเปคโทรสโคปีร่ วมกับการเปรียบเทียบข้อมูลที่ เคยรายงานมาแล้ว 
จากการวิ เ ค ร าะห์ความ เป็ นพิษของสารที่ แ ยก ได้ ต่ อ เ อน ไซม์ โท โพไอโซ เมอเ รสวั นด้ วยการ ใ ช้ 
เซลล์ยีสต์  พบความเป็นพิษต่อเอนไซม์ โทโพไอโซเมอเรสวันโดยเกิดการยั บยั้ งการ เจริญเติบโต 
ของ เซลล์ ยี สต์  นอกจากนี้ ยั ง ไ ด้ ท า การยื นยั นฤทธิ์ ท า ง ชี วภาพโดยศึ กษาฤทธิ์ ค ว าม เป็ นพิษต่ อ 
เซลล์มะ เร็ ง เต้ านมของมนุษย์ ชนิ ด  MCF -7 และ เซลล์มะ เร็ งปอดชนิด  NC I -H 87   พบว่ าสาร 
ที่ แยกได้ แสดงฤทธิ์ ต่ อ เซลล์มะ เร็ งทั้ งสองชนิดที่ ไ ม่ เท่ ากัน  เมื่ อทดสอบการ เกิดดี เ อ็น เอคลี เ วจ 
ของซู เปอร์คอยล์ดี เ อ็น เอ  พบว่ า เกิ ดคลี เ วจคอมเพลกซ์ของสารที่ แยกได้ ดี เ อ็น เอ  และ เอนไซม์  
โทโพไอโซ เมอเ รสวัน  ซึ่ งสั ง เกต ได้ จาก เกิดแถบของรอยขาดของดี เ อ็น เอที่ ม ากขึ้ น  การศึ กษา 
สารบริสุทธ์ิที่แยกได้ในรายละเอียดด้านต่างๆ ต่อไป อาจให้ข้อมูลที่เป็นประโยชน์ในการพัฒนายาต้านมะเร็ง 
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ABSTRACT (ENGLISH) 
# # 6076102633 : MAJOR PHARMACOGNOSY 
KEYWORD: Paphiopedilum callosum; Orchidaceae; yeast cell-based assay; topoisomerase 

I poison; stilbene 
 San Yoon Nwe : TOPOISOMERASE I INHIBITORY COMPOUNDS FROM THE ROOTS 

OF PAPHIOPEDILUM CALLOSUM. Advisor: Assoc. Prof. SUCHADA SUKRONG, Ph.D. Co-
advisor: Asst. Prof. WITCHUDA THANAKIJCHAROENPATH, Ph.D. 

  
Paphiopedilum callosum (Rchb.f.) Stein belongs to the Orchidaceae family. The 

phytochemistry and bioactivity of this plant have not been previously reported. In this study, 
the chromatographic separation of methanolic extract of P. callosum roots was bioassay-
guided by a yeast cell-based assay  One new compound, 3′-hydroxy- , , ′-trimethoxystilbene 
(PC ) and five known compounds including 3′-hydroxy- , ′-dimethoxystilbene (PC2), 3-
methylethergalangin  (PC3), galangin (PC4),   ,3′-dihydroxy- , ′-dimethoxystilbene (PC5) and 
 ,3′-dihydroxy- ′-methoxystilbene (PC6) were isolated. The chemical structures of these 
isolated compounds were elucidated and identified on the basis of analysis spectroscopic (ESI-
MS, NMR and IR), as well as comparison with those reported in the literature. Their 
topoisomerase I poison activity was examined by a yeast cell-based assay. The results 
indicated that all the compounds exerted inhibitory effect on the growth of yeast cells, 
suggesting their TopI poison activities. The cytotoxic activities on human cancer cell lines (MCF-
7 and NCI-H187), were also evaluated. The compounds exhibited varying degrees of 
cytotoxicity on the representative cell lines. Topoisomerase I poison activity of compounds 
was confirmed by DNA-cleavage assay, using supercoiled DNA. The results suggested that 
compounds caused the DNA-TopI cleavage complex, characteristics of TopI poison, by forming 
the nicked DNA. Further detailed studies on the isolated compounds might be provided useful 
information for cancer drug development. 
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CHAPTER I 
INTRODUCTION 

 
           Cancer is the major cause of mortality in the world due to its abnormal 
uncontrolled growth and spread of cells. Therefore, it is the major life-threatening 
disease nowadays. On a global scale according to GLOBOCAN series of the 
International Agency for Research on Cancer, cancers are the cause of 8.2 million 
deaths in 2012 (Ferlay et al., 2015) and, as estimated, of 9.6 million deaths in 2018 
(Bray et al., 2018). The incidence of cancer is related to environmental, food, 
lifestyle, chemicals, some microbial infection, radiation, hormones, and genetic 
factors. Lung cancer, breast cancer and colorectal cancer were the most commonly 
diagnosed types. Lung cancer, colorectal, liver cancer and stomach cancer were the 
deadliest cancers (Ferlay et al., 2015). There are many types of cancer treatments 
including surgery, chemotherapy, radiotherapy, immunotherapy and targeted 
therapies (Iqbal et al., 2017). The most of currently used chemotherapeutic agents 
involve DNA topoisomerase inhibitors, alkylating agents, microtubules acting agents 
etc. DNA topoisomerase are ubiquitous enzymes for DNA replication and 
transcription. There are two main types of DNA topoisomerases, topoisomerase I 
(TopI) and topoisomerase II (TopII). TopI is the enzyme that responsible for the 
relaxation of supercoiled DNA by transiently breaking and resealing the single 
stranded DNA. TopII breaks and re-ligates to two strands of DNA (Pommier and 
Osheroff, 2012). 

Topoisomerase inhibitors can be divided into two classes depending on their 
mechanisms: topoisomerase poisons and catalytic inhibitors (Kim et al., 2013). 
Topoisomerase poisons can stabilize the cleavable covalent complex between 
enzyme and DNA and prevent the re-ligation step of the reactions (Hsiang et al., 
1985). Catalytic inhibitors act on other steps in the catalytic cycle (Larsen et al., 
2003). To explore the action of TopI targeting compounds, the budding yeast 
Saccharomyces cerevisiae became a choice (Nitiss and Wang, 1988). TopI mutant 
yeast strain of S. cerevisiae was modified by inserting the TopI gene from Arabidopsis 
thaliana, the plant of the family Brassicaceae, under the control of GAL1 promoter 
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(Kieber et al., 1992). TopI gene from A. thaliana is sensitive to camptothecin, novel 
TopI poison according to previous investigation (Sirikantaramas et al., 2008).    
          Many chemotherapeutic agents for cancer treatment are derived from natural 
sources (plants, marine organisms and micro-organisms) (Mohd Sayeed Akhtar and 
Swamy, 2017). Natural compounds provide the skeleton for therapeutically effective 
anticancer drugs. Over 60% of anticancer agents that are currently used come from 
natural sources. Chemotherapeutic agents that were derived from plants include 
Vinca alkaloids (vinblastine and vincristine) from Catharanthus roseus, 
podophyllotoxin from Podophyllum species (P. peltatum, P. emodii), camptothecin 
from Camptotheca acuminata, paclitaxel (taxol) from Taxus brevifolia and 
homoharringtonine from Cephalotaxus harringtonia (Cragg and Newman, 2005). The 
discovery of these anticancer agents support that plants are potential sources of new 
lead compounds in cancer chemotherapy development.          
        Orchidaceae is a very large and wide spread family of angiosperms. In addition 
to high ornamental value, medicinal value of plants in this family has been 
recognized. Orchids have been used as herbal remedies in China since 2800 BC. The 
medicinal properties of some species of orchids were described in ‘Materia Medica’ 
by a famous Chinese herbalist, Shen Nung. In India and several countries, orchids 
have been used as folk medicines (Hossain, 2011). A number of secondary 
metabolites such as alkaloids, bibenzyl derivatives, flavonoids, and phenanthrenes 
have been reported from orchids. These phytochemicals exert antimicrobial, 
antitumor, anti-inflammatory, antiviral activities, etc. (Singh et al., 2012). Therefore, 
orchids are considered as promising sources of compounds with interesting 
bioactivities. 
      Paphiopedilum is the largest genus among the five genera of subfamily 
Cypripedioideae (Iqbal et al., 2017). Plants of this genus are known as Venus slipper 
orchids (Cribb,  987)  Phytochemical studies of Paphiopedilum plants are relatively 
rare while many phylogenetic studies have been done. Up to the present time, only 
two species Paphiopedilum godefroyae and Paphiopedilum exul have been reported 
for phytochemical compounds (Lertnitikul et al., 2016).  
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The objective of this study is to isolate topoisomerase I inhibitory compounds 
from the roots of Paphiopedilum callosum. This study may provide useful 
information for chemotaxonomic study of the genus Paphiopedilum and for further 
study in the development of cancer chemotherapy. 
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CHAPTER II 
 HISTORICAL 

 
1. The family Orchidaceae 
Orchidaceae, the orchid family, is one of the most species-rich family of 

Angiosperms (Christenhusz and Byng, 2016). It belongs to the order Asparagales and 
comprises about 28,000 species under 736 genera (Chase et al., 2015, Hossain, 2011). 
The family is divided into five subfamilies including Apostasioideae, Cypripedioideae, 
Epidendroideae, Orchidoideae, and Vanilloideae (Tsai et al., 2013). Orchidaceae is a 
diverse and widespread flowering plant family with unique characteristics features. 
Orchids are long-lived, deciduous herbs which grow according to one of two patterns, 
monopodial and sympodial growths. In the monopodial growth, the stem emerges 
from the single bud and leaves add to the apex. Sympodial orchids develop a series 
of adjacent shoots that continue to grow laterally. Orchid plants can be terrestrial, 
epiphytic, lithophytic or saprophytic  Terrestrial orchids’ roots are ground-dwelling, 
thick and fleshy, whereas epiphytic orchids have modified aerial roots. Leaves of 
orchids are generally simple with parallel veins except some species of subfamily 
Vanilloideae which show reticulate venation (Zhang et al., 2018). Flowers of orchids 
are usually zygomorphic and can be either solitary or in inflorescence. They have 
two whorls of trimerous perianth: three sepals and three petals. One of three petals 
is usually differentiated into a labellum (or lip). The androecium and gynoecium are 
fused together to form a structure called the column or gynostemium. The column 
contains one, or rarely, two or three anthers and three stigmatic lobes, which are 
fused to form a stigmatic region. Subfamilies Orchidoideae, Vanilloideae, and 
Epidendroideae have a single fertile anther while two lateral fertile stamens are 
found in subfamilies Apostasioideae and Cypripedioideae. The ovary is inferior, 
comprising three carpels with parietal placentation (or axile in the subfamily 
Apostasioideae). The fruits are capsules (Pansarin and Pansarin, 2011). The ovary 
contains thousands of ovules; therefore, an orchid fruit contains thousands of seeds 
which are very light and usually dispersed by wind.  
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Members of Orchidaceae have long been used as herbal medicines in several 
parts of the world including China, India, Europe, America, Australia and Africa 
(Hossain, 2011). Dendrobium species, Bletilla striata, and Gastrodia elata are well 
known orchids in Chinese medicine (Hossain, 2011). Orchids have been found to 
exert a variety of biological activities due to its secondary metabolites such as 
alkaloids, bibenzyl derivatives, flavonoids, and phenanthrenes (Singh et al., 2012).  

 
2. The subfamily Cypripedioideae 
Cypripedioideae is one of the subfamilies of Orchidaceae. Plants in this 

subfamily are commonly known as lady’s slipper orchids or slipper orchids. It 
comprises five genera including Cypripedium, Mexipedium, Paphiopedilum, 
Phragmipedium, and Selenipedium. The subfamily has a wide range of geographical 
distribution and diverse habitats (Cox et al ,  997)  Slipper orchids have a unique 
morphological characteristic which is a slipper-shaped, pouch-like labellum  Their 
flowers have two fertile stamens, a shield-like staminode and fused lateral sepals 
(Lindley,  840)  

Some members of subfamily Cypripedioideae have been reported of their uses 
in folk medicines  Cypripedium calceolus, also known as nerve root, was used as a 
nerve tonic  Cypripedium pubescens was used as a sedative and antispasmodic  It 
was also use in the treatment of nervous headache, tremors and epilepsy  C. elegans 
and other species were used in madness, rheumatism, and epilepsy  The roots in the 
form of ‘Dry powdered Cypripedium’ or ‘Fluid extracts Cypripedium’, officially 
described in United States Pharmacopeia (U S P) and used in many ailments (Duggal, 
 97 )  Root powder of yellow lady’s slipper or C. parviflorum was used in the 
treatment of insomnia, headache, neuralgia, anxiety, fever, and many other diseases 
(Sievers,  930)  Selenipedium chica, belonging to Cypripedioideae is used like vanilla 
(Duggal,  97 )   
 

3.  The genus Paphiopedilum 
Paphiopedilum is the largest genus among the five genera of subfamily 

Cypripedioideae (Chochai et al., 2012). Plants of this genus are known as Venus 
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slipper orchids due to the characteristic shape of the pouch-like labellum of the 
flower (Cribb,  987)  These orchids grow in sympodial pattern and lack pseudobulbs 
to store moisture  Therefore, they need permanently moist places for growing  The 
majority of Paphiopedilum species often grow in shading places of the forest floor  
Most species are terrestrial but some are epiphytic or lithophytic  These plants have 
conduplicate leaves, imbricate sepals aestivation and a unilocular ovary with parietal 
placentation (Chochai et al ,  0  )   

Paphiopedilum plants found growing in Thailand include  9 taxa as follows 
(Smitinand,  0 4)      
(There are two more taxa according to updated information) 

1.  Paphiopedilum appletonianum (Gower) Rolfe 
2.  Paphiopedilum bellatulum (Rcb.f.) Stein 
3.  Paphiopedilum callosum (Rcb. f.) Stein var. callosum 
4.  Paphiopedilum callosum (Rcb. f.) Stein var. potentianum (O. Gruss &     
    Roeth) P. J .Cribb  
5.  Paphipedilum callosum (Rchb. f.) Stein var. sublaeve (Rchb. f.) P. J.  
    Cribb. 
6.  Paphiopedilum charlesworthii (Rolfe) Pfitzer 
7.  Paphiopedilum concolor (Lindl. ex Bateman) Pfitzer 
8.  Paphiopedilum esquirolei Schltr. Or Paphiopedilum hirsutissimum  
    (Lindl. ex Hook.) Stein var. esquirolei (Schltr.) K. Karas. & K. Saito                    
9.  Paphiopedilum exul (Ridl.) Rolfe 
10. Paphiopedilum godefroyae (God.-Leb.) Stein  
11. Paphiopedilum godefroyae (God.-Leb.) Stein var. ang-thong (Fowlie)    
     Braem   
12. Paphiopedilum godefroyae (God.-Leb.) Stein var. leucochilum (Rolfe)  
     Hallier 

 13. Paphiopedilum hirsutissimum (Lindl. ex Hook.) Stein 
var. esquirolei (Schltr.) K. Karas. & K. Saito 

14. Paphiopedilum niveum (Rchb. f.) Stein 
15. Paphiopedilum parishii ( Rchb. f.) Stein 
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16. Paphiopedilum sukhakulii Schoser & Senghas 
17. Paphiopedilum thaianum Iamwir 
18. Paphiopedilum vejvarutianum O. Gruss & Roellke 

 19. Paphiopedilum villosum (Lindl.) Stein 
 

4.  Paphiopedilum callosum 
   Paphiopedilum callosum, commonly called Callus Paphiopedilum, is 

widely distributed in South East Asia especially in Thailand, Cambodia, Laos, 
Myanmar and Vietnam. The plant is known in a Thai vernacular name as “Rongthao 
Nari Khang Kop” (Smitinand,  0 4)  It is a terrestrial herb. Its leaves are up to 30 cm 
long and 5 cm wide, elliptic, oblong-elliptic or obovate. Leaf colour is dark green 
mottled with bright green. The Inflorescence carries one or two 8-10 cm wide flowers 
with purple peduncle, 20-40 cm tall. The flower is large and the dorsal sepal and 
petals are white with purple and green stripes. The synsepalum is concave, elliptic or 
lanceolate, 2.7-3.2 cm long, 1.6-2.5 cm wide. The two upper petals curl downward 
and have hairy, black, raised spots along the top edge, 4.6-6.8 cm long, 1.2-1.8 cm 
wide. The labellum is reddish purple. The main flowering season is generally mid-
spring (Plants & flowers, 2017). The pictures of Paphiopedilum callosum are shown in 
Figure 1. 

 
 

     
Figure 1. Paphiopedilum callosum (Rchb.f.) Stein 

https://www.plantsrescue.com/paphiopedilum-callosum/ 
 

https://www.plantsrescue.com/paphiopedilum-callosum/
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5. Chemical constituents of the subfamily Cypripedioideae 
   According to previous studies, chemical constituents reported in plants of 

subfamily Cypripedioideae are classed into stilbenoids, flavonoids, and miscellaneous 
(Table 1 and Figure 2). 
 

5.1. Stilbenoids 
Stilbenoids are plant phenolics of which the structures contain two aromatic 

rings joined by a C2 unit. According to (Shen et al., 2013). These compounds are 
classified into five groups: stilbenes, oligostilbenes, bibenzyls, bisbibenzyls and 
phenanthrenes. Stilbenoids isolated so far from plants of the subfamily 
Cypripedioideae belong to the first and the last groups. 

Stilbenes are characterized by the basic skeleton, 1,2-diphenylethylene. 
There are two possible isomers including those with trans- and cis- configurations. 
Naturally occurring stilbenes are usually trans- stilbenes but cis- stilbenes are also 
observed (Shen et al., 2013). The structures of stilbenes can be modified to form a 
benzofuran ring, yielding the subgroup of 2-aryl benzofurans. Stlibenes are 
biosynthesized through the shikimate and acetate-malonate pathways; they are 
derived from a cinnamoyl-CoA unit and three units of malonyl-CoA (Dewick and 
Demirci, 2009, Shen et al., 2013). Phenanthrenes, another group of stilbenoids, are 
formed by oxidative coupling of the aromatic rings of stilbene precursors (Shen et al., 
2013). 

 
  

            1,2-diphenylethylene (stilbene skeleton)
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             2-aryl benzofuran skeleton        phenanthrene skeleton 
 

According to the literatures reported from 1995 to 2008, about 125 new 
stilbenes, excluding oligomeric stilbenes, were discovered (Shen et al., 2013). 
Stilbenes can be found in various families of the plant kingdom, including those of 
angiosperms (monocots: Cyperaceae, Iridaceae, Liliaceae, Orchidaceae, Stemonaceae, 
Zingibraceae; dicots: Aceraceae, Asteraceae, Burseraceae, Combretaceae, 
Dipterocarpaceae, Euphorbiaceae, Leguminosae, Meliaceae, Moraceae, Polygonaceae, 
Rosaceae, Vitaceae), gymnosperms (Gnetaceae), ferns (Ophioglossaceae) and 
liverworts (Lejeuneaceae). Phenanthrenes are found in higher plants, mainly in 
Orchidaceae. A variety of biological activities exhibited by stilbenoids have been 
reported, for example, antitumor, antioxidant, antimicrobial and antiplatelet activities  
(Shen et al., 2013).   

A number of stilbenoids have been found in the family Orchidaceae. Twenty-
seven of them, including twenty-four compounds of the stilbene group and three 
compounds of the phenanthrene group, were isolated from plants of the subfamily 
Cypripedioideae. Seventeen stilbenes were isolated from Phragmipedium 
longifolium, P. calurum (a hybrid of P. longifolium and P. schlimii) and P. hybrid (a 
hybrid of P. longifolium and P. lindleyanum) (Garo et al., 2007). Two new and five 
known stilbenes have been isolated from P. calurum (Starks et al., 2012). These 
stilbenes exhibited antiproliferative activities on several cancer cell lines (Starks et al., 
2012). Two new stilbenes of nine stilbenes were isolated from Paphiopedilum 
godefroyae. These stilbenes from P. godefroyae exhibited cytotoxicity against human 
small cell lung cancer (NCI-H187) cell line (Lertnitikul et al., 2016). A phenanthrene 
with antifungal activity, lusianthrin was found in Cypripedium macranthos var. 
rebunense (Shimura et al., 2007). Orchinol, a dihydrophenanthrene and cypripedin, a 
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phenanthrenequinone, have been isolated from the leaves of C. calceolus (Schmalle 
and Hausen, 1979). 
                          

5.2. Flavonoids 
Flavonoids are a large group of plant secondary metabolites, widely found in 

the plant kingdom. They are biosynthesized through the shikimate and acetate-
malonate pathways (Dewick and Demirci, 2009). The structure of flavonoids consists 
of two benzene rings (A and B) joined by a heterocyclic pyran ring (C) Flavonoids are 
divided into subclasses according to their basic skeletons, for example, flavones (e.g. 
luteolin and apigenin), flavonols (e.g. kaempferol, quercetin, and myricetin), 
flavanones (e.g. hesperetin and naringenin) (Kumar and Pandey, 2013). Flavonoids 
found so far in plants of the subfamily Cypripedioideae are members of these three 
groups. 

 

                                 
            
Flavone skeleton                         flavonol skeleton                flavanone skeleton 
 

Flavonoids possess various biological effects such as antioxidant, 
antimutagenic, anticarcinogenic and anti-inflammatory effects. (Panche et al., 2016). 
Antifungal activity of chrysin from Cypripedium macranthos var. rebunense (Shimura 
et al., 2007), and cytotoxicity of pinocembrin from the roots of Paphiopedilum 
godefroyae have been reported (Lertnitikul et al., 2016).   

In addition to stilbenoids and flavonoids, an alkyl resorcinol, 5-(2-
acetoxynonyl) resorcinol, has been isolated from Phragmipedium calurum (Starks et 
al., 2012). The distribution of compounds found in plants of the subfamily 
Cypripedioideae, together with their biological activities, and the chemical structures 
of these compounds are shown in Table 1 and Figure 2, respectively. 
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Table 1. Distribution of compounds in the subfamily Cypripedioideae  

Compounds Sources Activity References 
A. Stilbenoids 
(E)-3′-hydroxy 
-5′-methoxystilbene  
[(E)-3-methoxy 
-5-hydroxystilbene] (1) 
 

 
Phragmipedium calurum 
P. longifolium 
Paphiopedilum exul 
 

 
- 

 
(Garo et 
al., 2007, 
Starks et 
al., 2012, P 
et al., 
2016) 
 

(E)- ,3′-dihydroxy 
-5′-methoxystilbene  
[(E)-3-methoxy 
- , ′-dihydroxystilbene] (2) 
 

Phragmipedium calurum 
P. longifolium 
a hybrid of Phragmipedium 
longifolium and P. 
lindleyanum 
Paphiopedilum godefroyae 
P. exul 

Cytotoxic 
 

(Starks et 
al., 2012, 
Garo et al., 
2007, 
Lertnitikul 
et al., 
2016) 
 

(E)-3,3′-dihydroxy 
-5′-methoxystilbene  
(thunalben) (3) 
 

Phragmipedium longifolium 
Paphiopedilum exul 
 

- 
 

(Garo et 
al., 2007, P 
et al., 
2016) 

(E)-3′,4-dihydroxy 
-5′-methoxystilbene (4) 

Paphiopedilum godefroyae 
 

Cytotoxic 
 
 

(Lertnitikul 
et al., 
2016) 

(E)-3′-hydroxy 
- , ′-dimethoxystilbene (5) 

Paphiopedilum godefroyae Cytotoxic 
 

(Lertnitikul 
et al., 
2016) 
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Table 1. Continued 

Compounds Sources Activity References 
(E)- ,3′-dihydroxy 
-5, ′-dimethoxystilbene (6) 
 

a hybrid of Phragmipedium 
longifolium and P. 
lindleyanum 
Paphiopedilum godefroyae 

Cytotoxic 
 

(Garo et 
al., 2007, 
Lertnitikul 
et al., 
2016) 

(E)-2-hydroxy 
-3′, ′-dimethoxystilbene (7) 
 

Phragmipedium calurum 
Paphiopedilum godefroyae 
 

Cytotoxic 
 

(Starks et 
al., 2012, 
Lertnitikul 
et al., 
2016) 

(E)-2,3-dihydroxy 
-3′, ′-dimethoxystilbene (8) 
 

Phragmipedium  
calurum 
Paphiopedilum  
godefroyae 

Cytotoxic 
 

(Starks et 
al., 2012, 
Lertnitikul 
et al., 
2016) 

(E)-3′,4′-dihydroxy 
-5′-methoxystilbene (9) 
 

Phragmipedium calurum - 
 

(Garo et 
al., 2007) 
 

(E)-3-hydroxy 
-6′-(4-hydroxybenzyl) 
- ′-methoxystilbene (10) 

Phragmipedium calurum 
P. longifolium 
a hybrid of Phragmipedium 
longifolium and P. 
lindleyanum 

- 
 

(Garo et 
al., 2007) 
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Table 1. Continued 

Compounds Sources Activity References 
(E)- ,3′-dihydroxy 
-6′-(4-hydroxybenzyl) 
- ′-methoxystilbene 
[(E)-3-methoxy-2-(4-
hydroxybenzyl)-5, ′-
dihydroxystilbene)] (11) 

Phragmipedium calurum 
P. longifolium 
a hybrid of Phragmipedium 
longifolium and P. 
lindleyanum 
Paphiopedilum exul 

- 
 

(Garo et 
al., 2007, P 
et al., 
2016) 
 

(E)- , ′-dihydroxy 
-6′-(4-hydroxybenzyl) 
-5,3′-dimethoxystilbene (12) 
 

a hybrid of Phragmipedium 
longifolium and P. 
lindleyanum 
 

- 
 

(Garo et 
al., 2007) 
 

(E)- ′-hydroxy 
-6′-(4-hydroxybenzyl) 
-3′-methoxystilbene (13) 
 

Phragmipedium calurum 
P. longifolium 
 

Cytotoxic 
 

(Garo et 
al., 2007, 
Starks et 
al., 2012) 
 

(E)- , ′-dihydroxy 
-6′-(4-hydroxybenzyl) 
-3′-methoxystilbene (14) 
 

Phragmipedium calurum 
P. longifolium 
 

- 
 

(Garo et 
al., 2007) 
 

(E)-2-hydroxy 
-6′-(4-hydroxybenzyl) 
-3′, ′-methoxystilbene (15) 
 

Phragmipedium calurum 
 

Cytotoxic 
 

(Starks et 
al., 2012) 
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Table 1. Continued 

Compounds Sources Activity References 
(E)-2,3-dihydroxy 
-6′-(4-hydroxybenzyl) 
-3′, ′-dimethoxystilbene (16) 
 

a hybrid of 
Phragmipedium 
longifolium and P. 
lindleyanum 

- 
 

(Garo et 
al., 2007) 
 

(E)-3′-hydroxy 
- ′, ′-bis(4-hydroxybenzyl) 
- ′-methoxystilbene (17) 
 

Phragmipedium  calurum 
P. longifolium 

- 
 

(Garo et 
al., 2007) 
 

(E)- ,3′-dihydroxy 
- ′, ′-bis(4-hydroxybenzyl) 
- ′-methoxystilbene (18) 
 

Phragmipedium calurum 
P. longifolium 

- 
 

(Garo et 
al., 2007) 
 

(E)- ′-hydroxy 
-4′-(4-hydroxybenzyl) 
-3′-methoxystilbene (19) 

Phragmipedium calurum Cytotoxic 
 

(Starks et 
al., 2012) 

Phragmidimer A (20) 
 

a hybrid of 
Phragmipedium 
longifolium and P. 
lindleyanum 

- 
 

(Garo et 
al., 2007) 
 

Phragmidimer B (21) 
 

Phragmipedium 
longifolium 
a hybrid of 
Phragmipedium 
longifolium and P. 
lindleyanum 
 

- 
 

(Garo et 
al., 2007) 
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Table 1. Continued 

Compounds Sources Activity References 
 
2-( ′-hydroxy 
-3′-methoxyphenyl) 
-6-hydroxy 
 -5-methoxybenzofuran (22) 
 

 
Paphiopedilum godefroyae 

 
Cytotoxic 
 

 
(Lertnitikul 
et al., 
2016) 

2-( ′-hydroxy-3′-
methoxyphenyl)-5,6- 
dimethoxybenzofuran (23) 
 

Paphiopedilum godefroyae 
 

Cytotoxic 
 

(Lertnitikul 
et al., 
2016) 

2-(3′, ′-dimethoxyphenyl) 
-6-hydroxy 
-5-methoxybenzofuran (24) 
 

Paphiopedilum godefroyae 
 

Cytotoxic 
 

(Lertnitikul 
et al., 
2016) 

 
Lusianthrin (25) 
 

 
Cypripedium 
macranthos var. 
rebunense 
 

 
Antifungal 
 

 
(Shimura 
et al., 
2007) 
 

Orchinol (26) 
 

C. calceolus 
 

- 
 

(Schmalle 
and 
Hausen, 
1979) 

Cypripedin (27) 
 

C. calceolus 
 

Skin 
sensitizing 
 

(Schmalle 
and 
Hausen, 
1979) 
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Table 1. Continued 

Compounds Sources Activity References 

B. Flavonoids 
Chrysin (28) 
 

 
Cypripedium 
macranthos var. rebunense 
 

 
Antifungal 
 

 
(Shimura 
et al., 
2007) 
 

Galangin (29) 
 

Paphiopedilum godefroyae 
P. exul 
 

Anticancer 
Antiinflammatory 
Antimicrobial 
 

(Lertnitikul 
et al., 
2016, P et 
al., 2016) 

Pinocembrin(30) 
 

Paphiopedilum exul 
 

- (P et al., 
2016) 
 

Alpinetin (31) Paphiopedilum exul 
 

Cytotoxic (P et al., 
2016) 

C. miscellaneous 
5-(2-acetoxynonyl) 
resorcinol (32) 

 
Phragmipedium calurum 

 
- 

 
(Starks et 
al., 2012) 
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Figure 2. Structures of the compounds distributed in the subfamily Cypripedioideae 
  

 R1 R2 R3 R4 R5 R6 
1 H OH H H H H 
2 H OH OH H H H 
3 H OH H OH H H 
4 H OH H H OH H 
5 H OH OCH3 H H H 
6 H OH OH H H OCH3 
7 H OCH3 OH H H H 
8 H OCH3 OH OH H H 
9 OH OH H H H H 

 R1 R2 R3 R4 R5 
10 OCH3 H H OH H 
11 OCH3 OH OH H H 
12 OH OCH3 OH H OCH3 
13 OH OCH3 H H H 
14 OH OCH3 OH H H 
15 OCH3 OCH3 OH H H 
16 OCH3 OCH3 OH OH H 
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Figure 2. Structures of the compounds distributed in the subfamily Cypripedioideae 
(Continued) 
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28 R = H 
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30 R = OH 
31 R = OCH3 
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Figure 2. Structures of the compounds distributed in the subfamily Cypripedioideae 
(Continued) 
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6. Topoisomerase targeting drugs development   
Cancer is one of the leading causes of mortality and morbidity around the 

world. The uncontrolled growth of abnormal cells produces genetic alteration and 
instability within the cell and then, leads to transformation of normal cells into 
malignant cells (Iqbal et al., 2017). The interruption of cell proliferation and 
promotion of apoptosis are the major mechanisms of action of chemotherapy (Freres 
et al., 2017). Chemotherapeutic agents include topoisomerase I inhibitors 
(camptothecin, irinotecan, doxorubicin etc.), alkylating agents (cyclophosphamide, 
cisplatin, oxaliplatin etc.), microtubules acting agents (vincristine, vinblastine, 
paclitaxel, docetaxel etc.). They are highly effective on many types of cancer. Plants 
are one of the alternative sources of anticancer agents and many anticancer drugs 
used in clinical are derived from plant metabolites. The new promising agents 
flavopiridol and combretastin A4 phosphate are in clinical development based on 
selective activity against cancer-related molecular targets. The basic novel flavonoid 
structure of flavopiridol derived from rohitukine, isolated from Dysoxylum 
binectariferum Hook. f. (Meliaceae). Combretastin A4 phosphate is a water-soluble 
analog of combretastatin, isolated from Combretum caffrum (Eckl. & Zeyh.) Kuntze 
(Combretaceae), South African “bush willow” (Cragg and Newman, 2005). 

Research on the underlying mechanisms of anticancer drugs is one of the 
important steps in drug development. DNA topoisomerase (Top) plays an important 
role in the control of DNA topology by cleaving and rejoining DNA strand and 
regulates the physiological function of genome (Kathiravan et al., 2013). 
Topoisomerase inhibitors interfere the normal function of topoisomerase enzymes I 
and II in the transcription and replication of DNA and then lead to cell death. There 
are two types of DNA topoisomerase targeted drug: Top I inhibitors such as 
irinotecan, and topotecan (camptothecin derivatives) and Top II inhibitors such as 
etoposide, and teniposide (epipodophyllotoxin) (Freres et al., 2017). Topoisomerase 
inhibitors can be distinguished into two categories according to the mechanism of 
inhibition: topoisomerase poisons, and catalytic inhibitors. Topoisomerase poison 
causes the formation of a ternary protein-DNA-drug complex  This “cleavage 
complex” prevents the DNA re-ligation and leads to cell death. Catalytic inhibitor 
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binds to the topoisomerase active site and prevents the binding of the DNA substrate 
(Hevener et al., 2018). Most of clinically used topoisomerase inhibitors are the 
topoisomerase poison mechanistic category. Several catalytic inhibitors have been 
promised as potentially novel anti-cancer agents with significantly reduced toxicity 
profiles such as evodiamine (quinazoline-carboline alkaloid), dual catalytic inhibitor 
of topoisomerase I and II (Pan et al., 2012). Furthermore, podophyllotoxin linked β-
carboline congeners have reported anticancer activity against human cell lines with 
suggested topoisomerase II inhibitory mechanism (Sathish et al., 2018). 
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CHAPTER III 
EXPERIMENTAL 

 
1. Source of plant materials 
Paphiopedilum callosum plants were purchased from Ao Luek, Krabi, Thailand 

in September 2017. Plant identification was performed by Associate Professor 
Thatree Padungcharoen, together with comparison to botanical information in 
literature (Cribb, 1987). A voucher specimen has been deposited at the Museum of 
Natural Medicines, Faculty of Pharmaceutical Sciences, Chulalongkorn University, 
Bangkok, Thailand.  
 

2. General techniques 
2.1. Thin layer chromatography 

Techniques  : One dimension, ascending 
Adsorbent  : Silica gel 60 F254 (E. Merck) pre-coated plates   
Layer thickness : 0.2 mm 
Distance  : 5 cm 
Temperature  : Laboratory temperature (30-35 ˚C) 
Detection  : 1. Ultraviolet light (254 and 365 nm) 

2. Spraying with anisaldehyde reagents and heating at   
    105 ˚C for  0 min  
3. Spraying with Natural product reagent and detection    
    under UV-365 nm           
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2.2. Column chromatography 

2.2.1. Vacuum liquid chromatography (VLC) 
Adsorbent  : Silica gel 60 (no.7734) particle sizes 0.063-0.200 mm  
                                       (E.Merck)                                  
Packing method : Dry packing 
Sample loading : The sample was dissolved in a small amount of the   

eluent, mixed with a small quantity of the adsorbent, 
triturated, dried and then gradually placed on the top 
of the column. 

 Detection  : Each fraction was examined by TLC as described in 2.1. 

2.2.2. Conventional column chromatography 
Adsorbent  : Silica gel 60 (no.7734) particle size (0.063-0.200 mm)   

and silica gel 60 (no.9385) particle size 0.040-0.063 mm 
(E. Merck). 

Packing method : Wet packing; the adsorbent was mixed with the eluent  
into a slurry and then poured into the column and 
allowed to settle. 

 Sample loading : The sample was dissolved in the a small amount of the  
eluent, and then applied gently on the top of the 
column. 

Detection  : Each fraction was examined by TLC technique, as  
described in 2.1.  

2.2.3. Size-exclusion column chromatography 
Adsorbent  : Sephadex LH-20 (Pharmacia Biotech AB) 
Packing method : A suitable organic solvent was used as the eluent. Gel  

filter was suspended in the eluent and allowed to 
swell for 24 hours and then poured into the column 
and left to settle.   

Sample loading       :  The sample was dissolved in a small amount of  
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the eluent, and then applied gently on top of the 
column. 

Detection  : Each fraction was examined by TLC as described in 2.1. 
 

2.3. Spectroscopic techniques 

2.3.1. Infrared (IR) spectra 
The IR spectrum (KBr disc) of PC1 was recorded on a Perkin Elmer FT-IR   

1760X Spectrometer (Scientific and Technological Research Equipment Center, 
Chulalongkorn University). 

2.3.2. Mass spectra 
Mass spectra were obtained on a microTOF Bruker Daltonics (Department of 

Chemistry, Faculty of Science, Mahidol University). 

2.3.3. Proton and carbon-13 nuclear magnetic resonance (1H and 13C 
NMR) spectra  

1H NMR (300 MHz) and 13C NMR (75 MHz) spectra were recorded on a Bruker 
DPX-300 FT-NMR spectrometer (Faculty of Pharmaceutical Sciences, Chulalongkorn 
University). 

  1H NMR (500 MHz) and 13C NMR (125 MHz) spectra were recorded on an 
INOVA-500 NMR spectrometer (500 MHz) (Scientific and Technology Research 
Equipment Center, Chulalongkorn University). 

Deuterated acetone (acetone-d6) was used as the solvent. The chemical shifts 
in ppm of the solvent signals were recorded as reference for the calibration. 
 

3. Extraction and isolation    
3.1. Extraction and fractionation 

   The roots of P. callosum were washed with water, then dried in hot air 
oven at 50°C. The dried roots (250 g) were powdered and macerated with MeOH at 
room temperature for three times (3 x 1.5 L). The methanolic extract was filtered and 
concentrated under reduced pressure at 45°C using the rotatory evaporator. The 
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resulted methanolic extract (30 g, 12.0% yield of dried weight) was separated by 
silica gel CC (0.6 kg, 10 x 22 cm), using n-hexane-acetone (1:0 to 0:1) and EtOAC - 
MeOH (20:1 to 1:1) as the mobile phase for gradient elution. Forty-two fractions were 
collected and the column was washed down with MeOH. Fractions were combined 
according to TLC profiles into seven fractions including fractions A (1.1 g), B (1.0 g), C 
(0.2 g), D (0.4 g), E (2 g), F (2.5 g), and G (22.0 g) (Figure 3). 
 

3.2. Isolation of compounds from fraction B  
Fraction B (1.1 g) was chromatographed on a silica gel column (160 g, 4.5 x 26 

cm), eluted with CH2Cl2-EtOAc (20:1). Forty-three fractions were obtained and 
combined according to the similarity of their TLC patterns into thirteen subfractions 
(BA-BM): BA (20.0 mg), BB (25.0 mg), BC (95.0 mg), BD (70.0 mg), BE (15.0 mg), BF (10.0 
mg), BG (30.0 mg), BH (50.0 mg), BI (30.0 mg), BJ (20.0 mg), BK (150.0 mg), BL (250.0 
mg), and BM (200.0 mg).  

Subfraction BC (95.0 mg) was separated by Sephadex LH-20 CC, using MeOH as 
the eluent to give fourteen subfractions (BC1-BC14) .Subfraction BC11 was purified on 
a silica gel column,  eluted with n-hexane:acetone (8:2) to yield compound PC2 (14.2 
mg, 0.005% yield of dried weight) as brown semisolid.  

Subfration BJ (20.0 mg) was purified on a Sephadex LH 20 column, eluted with 
MeOH to yield two (BJ1-BJ2). Compound PC3 (7.0 mg, 0.003% yield of dried weight) 
was directly obtained from subfraction BJ2 as light-yellow amorphous (Figure 3). 
 

3.3. Isolation of compounds from fraction C 
Fraction C (0.2 g) was separated on a silica gel column (20 g, 2 x 14 cm), eluted 

with CH2Cl2-MeOH (98:2) to give fifty-eight fractions. Fraction with similar patterns 
were combined into seven subfractions: CA (20.0 mg), CB (70.0 mg), CC (18.0 mg), CD 
(20.0 mg), CE (10.0 mg), CF (15.0 mg), and CG (30.0 mg).  

Subfraction CB (70.0 mg) was further separated on a Sephadex LH20 column, 
eluted with MeOH to yield fifteen fractions. They were combined into six subfractions 
(CB1-CB6). Compound PC1 (38.2 mg, 0.015% yield of dried weight) was directly 
obtained from subfraction CB4 as yellowish brown semisolid. Subfraction CB6 was 
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separated on a silica gel column, eluted with n-hexane-EtOAc (9:1) to give compound 
PC4 (17.5 mg, 0.007% yield of dried weight) as yellow needle crystals (Figure 4). 
 

3.4. Isolation of compounds from fraction D 
Fraction D (0.4 g) was separated on a silica gel column (30 g, 2.5 x 14 cm), 

eluted with n-hexane-EtOAc (3:2) to give fifty fractions which were combined 
according to TLC patterns into ten subfractions: DA (20.0 mg), DB (6.5 mg), DC (3.0 
mg), DD (10.0 mg), DE (40.0 mg), DF (10.0 mg), DG (70.5 mg), DH (90.0 mg), DI (96.0 
mg), and DJ (50.0 mg). 

Subfraction DD (10.0 mg) was purified on a silica gel column, eluted with 
CH2Cl2-MeOH (98:2) to give compound PC5 (5.0 mg), 0.002% yield of dried weight) as 
brown semisolid.  

Subfraction DE (40.0 mg) was separated on a Sephadex LH20 column to yield 
six subfractions (DE1-DE6). Purification of DE3 by silica gel CC, using CH2Cl2-MeOH 
(50:1) as the eluent, gave compound PC6 (15.0 mg, 0.006% yield of dried weight) as 
brown semisolid (Figure 5)  
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Figure 3. Scheme for the extraction of the methanolic extract of P. callosum roots 

and the isolation of compounds from fraction B 
 

 
 

 

Dried roots of Paphiopedilum callosum (250 g) 
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Figure 4. Scheme for the isolation of compounds from fraction C of the methanolic 
extract of P. callosum roots 

 
Figure 5. Scheme for the isolation of compounds from fraction D of the methanolic 

extract of P. callosum roots 
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4. Physical and spectral data of isolated compounds 
4.1. Compound PC1 

             Compound PC1 was obtained as yellowish brown semisolid. The compound 
was soluble in acetone, dichloromethane and methanol. 
IR    : Vmax cm-1 (KBr) 3360, 1652, 1590, 1472, 1148, 774; (Figure 8) 
ESI-MS     : m/z (% rel. int.) 285.1126 [M-H]-  (calculated for C17H17O4, 285.1127)  
      (Figure 9) 
1H NMR   : δ ppm, 500 MHz, in acetone-d6; 3.77 (1H, s), 3.88 (2H, s), 6.31 (1H, t,   
       J = 1.8 Hz), 6.56 (1H, t, J = 1.8 Hz), 6.64 (1H, t, J = 1.8 Hz), 6.67   

    (2H, d, J = 8.4 Hz), 7.18 (1H, t, J = 8.4 Hz), 7.41 (1H, d, J = 16.5 Hz),  
    7.49 (1H, d, J = 16.5 Hz), 8.30 (1H, s); (Figure 10,11). 

13C NMR    : δ ppm, 125 MHz, in acetone-d6; 55.4, 56.1, 101.2, 104.5, 104.9,   
                        106.2, 115.1, 120.8, 129.3, 132.9, 142.4, 159.5, 159.6, 159.6,   

              162.1; (Figure 12). 
 

4.2. Compound PC2 
    Compound PC2 was obtained as brown semisolid. The compound was 

soluble in acetone, dichloromethane and methanol. 
ESI-MS            : m/z (% rel. int.) 255.1029 [M-H]-  (calculated for C16H16O3, 255.1021) 

  (Figure 17)  
 1H NMR  : δ ppm, 300 MHz, in acetone-d6; 3.79 (1H, s), 3.90 (1H, s), 6.35 (1H, t,    

   J = 2.3 Hz), 6.65 (1H, br s), 6.69 (1H, br s), 6.96 (1H, t, J = 7.9 Hz),  
   7.02 (1H, d, J= 8.1 Hz), 7    ( H, d,     )    7.27 (1H, td, J = 7.9, 1.5    
   Hz), 7.45 (1H, d, J = 16.5 Hz), 7.65 (1H, dd, J = 7.9 Hz)  8.38 (1H, s) 

                        (Figure 18, 19) 
   13C NMR   : δ ppm, 75 MHz, in acetone-d6; 54.6, 55.0, 100.8, 103.6, 105.8, 

   111.1, 120.6, 123.3, 126.0, 126.2, 128.8, 129.0, 140.1, 157.1, 158.7,   
   161.3; (Figure 20). 
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4.3. Compound PC3 
Compound PC3 was obtained as light-yellow amorphous solid. The compound 

was soluble in acetone and methanol.  
ESIMS     : m/z (% rel. int.) 283.0601 [M-H]- (calculated for C16H12O5, 283.0606)          

            (Figure 25) 
1H NMR   : δ ppm, 500 MHz, in acetone-d6; δ ppm, 500 MHz, in acetone-d6;   

    3.88 (1H, s), 6.27 (1H, dd, J = 2.3 Hz), 6.51 (1H,  dd, J = 2.3 Hz), 7.57  
    (3H, m), 8.08 (2H, m), 12.68 (1H, s); (Figure 26).     

13C NMR    : δ ppm, 125 MHz, in acetone-d6; 60.5, 94.6, 99.5, 106.1,  
    129.2, 129.5, 131.6, 131.7, 140.1, 156.5, 158.0, 163.3, 165.2,  

             179.7; (Figure 27). 
 

4.4. Compound PC4 
Compound PC4 was obtained as yellow needle crystals. The compound was 

soluble in acetone and methanol. 
ESI-MS              : m/z (% rel. int.) 269.0451 [M-H]-  (calculated for C15H10O5, 269.0450) 
        (Figure 32) 
 1H NMR    : δ ppm, 300 MHz, in acetone-d6; 6.29 (1H, s), 6.56 (1H, s), 7.54 (3H,  
        m), 8.25 (2H, d, J = 7.8 Hz), 12.08 (1H, s); (Figure 33). 
  13C NMR     : δ ppm, 75 MHz, in acetone-d6; 93.7, 98.4, 103.5, 127.6, 128.5, 130.0,   

     131.3, 137.0, 145.3, 157.1, 161.6, 164.4, 176.1, (Figure 34).   
 

4.5. Compound PC5 
               Compound PC5 was obtained as brown semisolid. The compound was 
soluble in acetone, dichloromethane and methanol. 
 ESI-MS    : m/z (% rel. int.) 271.0976 [M-H]- (calculated for C16H16O4, 271.0970)   
                         (Figure 38). 
1H NMR   : δ ppm, 500 MHz, in acetone-d6; 3.76 (1H, s), 3.77 (1H, s), 6.32 (1H, t,   

    J = 1.9 Hz), 6.63 (1H, t, J = 1.9 Hz), 6.67 (1H, t, J = 1.9 Hz), 6.70 (1H,   
   dd, J = 9.0, 3.0 Hz), 6.82 (1H, d, J = 9.0 Hz), 7.13 (1H, d, J = 16.3 Hz),  
   7.15 (1H, d, J = 3.0 Hz), 7.44 (1H, d, J = 16.3 Hz), 8.19 (1H), 8.31 (1H);   



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 34 

    (Figure 39, 40) 
 13C NMR    : δ ppm, 125 MHz, in acetone-d6; δ ppm, 55.5, 55.9, 101.6, 104.4,   

   106.7, 111.6, 115.6, 117.5, 124.6, 125.7, 129.5, 141.1, 149.9, 154.3,   
   159.6, 162.2; (Figure 41). 

 
4.6. Compound PC6 

             Compound PC6 was obtained as brown semisolid. The compound 
was soluble in acetone, dichloromethane and methanol. 
ESI-MS  : m/z (% rel. int.) 241.0869 [M-H]-   (calculated for C15H14O3, 241.0864);  

(Figure 44) 
1H NMR : δ ppm, 300 MHz, in acetone-d6; 3.79 (1H, s), 6.34 (1H, t, J = 2.1 Hz),  

  6.65 (1H, br s), 6.69 (1H, br s), 6.86 (1H, t, J = 7.7 Hz), 6.91 (1H, d, J =   
  7.7 Hz), 7.11 (1H, td, J = 7.7 , 1.4 Hz), 7.15 (1H, d, J = 16.5 Hz), 7.47  
  (1H, d, J = 16.5 Hz), 7.59 (1H, d, J = 7.7, 1.4 Hz), 8.42 (1H, s), 8.71 (1H,  
   s) (Figure 45, 46).    

13C NMR               : δ ppm, 75 MHz, in acetone-d6; 54.6, 100.7, 103.4, 105.8, 115.8,   
            119.8, 123.7, 124.3, 126.5, 128.4, 140.2, 154.9, 158.7, 161.3; 
            (Figure 47)           

 
5. Evaluation of cytotoxicity 

5.1. Topoisomerase I poison using yeast cell-based assay  

5.1.1. Yeast expression 
            Saccharomyces cerevisiae strain RS 190 (MATa, top 1 Δ) was 

purchased from American Type Culture Collection. The genes of Arabidopsis thaliana 
topoisomerase I were cloned into gateway expression vector pYES-DEST52 by the 
gateway cloning vector and then the integrity of the constructs was verified by DNA 
sequencing. The expression vector carries strong inducible promoter (pGAL1) that 
regulated the expression in S. cerevisiae. Moreover, this plasmid has URA3 selectable 
marker for the selection and integration of construct in auxotrophic yeast strain. 
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5.1.2. Yeast cell culture media  
            Growth media (YPD media) (Difco TM) : Two types of media (YPD agar 

and YPD broth) were used for maintaining and propagation of the yeasts cell in 
molecular microbiology procedures. The ingredients of culture media are described 
in (Table 10) and (Table 11). 

            Synthetic complete media lacking uracil (S.C. ura- media) : S.C. ura- 
media was used for the purpose of selecting and maintaining transgenic yeast. The 
components of this media are described in (Table 12) and (Table 13). 

5.1.3. Yeast cell-based assay 
            To evaluate the TopI inhibitory activity of P. callosum root extract, 

yeast cell-based assay was performed using transgenic yeast. Complex media (YPD 
agar and YPD broth) were used to activate the propagation and growth of yeasts. A 
yeast colony was taken from the YPD growth media and then suspended in SC ura- 
media containing glucose. The suspension of yeast was incubated in a shaking 
incubator at 30°C (200 rpm) for 18 hours. The yeast suspension was adjusted to 0.3 
OD600 and diluted as serial ten-fold dilutions (100, 10-1, 10-2, and 10-3). Camptothecin 
(10, 5, and 2.5 µg/mL) was used as a positive control. DMSO (1%) was used as the 
vehicle control.  

          The tested samples were dissolved in dimethylsulfoxide (DMSO) and 
then filtered through a Millipore filter (0.45 µm). They are diluted to different 
concentrations (500, 250, 125 µg/mL of extract and 100, 50, 25 µM for isolated 
compounds). The samples were added to selective SC ura- media containing 2% 
glucose and galactose. Serially diluted yeast suspensions (5 µL) were spotted on 
sample-containing media and then spotted plates were incubated at 30°C for 48 
hours. The viability of the yeast cells was observed by comparing the viabilities of 
the colonies on the vehicle control culture (DMSO) and the positive control culture 
(camptothecin) to those on the two types of media (2% galactose and glucose agar 
media). 
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5.2. Cytotoxicity assay against cancer cell lines 
 The cytotoxicity assay against two human cancer cell lines including NCI-H187 

and MCF-7 was done by the Bioassay Laboratory of the National Center for Genetic 
Engineering and Biotechnology (BIOTEC). The test was performed using resazurin 
microplate assay (REMA) according to the protocol developed by O’Brien et al  
(O'Brien et al., 2000), with camptothecin, tamoxifen, doxorubicin and ellipticin as 
positive control. The concentration of test compounds (50 µg/mL) was used as final 
maximum concentration.   

In brief, cells at logarithmic growth phase were harvested and diluted to 
appropriate concentration (9 x 105 cells/mL) for both NCI-H187 and MCF-7 in fresh 
medium. Test samples (5 µL) and 45 µL of cell suspensions were plated to 384 well-
plates and incubated at 37°C under 5% CO2 overnight. After the incubation period (5 
days for NCI-H187 and 3 days for MCF-7), 12.5 µL of 62.5 µg/mL resazurin solution 
was added to each well, and the cells were further incubated at 37°C for 4 hours. 
SpectraMax M5 multi-detection microplate reader (Molecular Devices, USA) 
measured the fluorescence signal at excitation and emission wavelengths of 530 nm 
and 590 nm, respectively. The percent inhibition of cell growth was calculated as 
follows. 

% inhibition = [1-(FUT/FUC)] x 100 
 

FUT and FUC are the mean fluorescent units under treated and untreated 
conditions, respectively. Dose response curves were plotted for six concentrations of 
two-fold serially diluted test compounds, and the sample concentration that 
inhibited cell growth by 50% (IC50 value) was derived using SOFTMax pro software 
(Molecular device, USA). 
 

5.3. DNA-cleavage assay 
    In the DNA cleavage assay, supercoiled DNA (SC DNA) was used as a 

substrate. Camptothecin and DMSO were used as positive and vehicle control 
respectively. The isolated compounds and control were dissolved in DMSO and then 
diluted to 250 µM and 50 µM respectively. The test compounds added to SC DNA 
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and TGS buffer and then the reactions started by the addition of 4 units of human 
topoisomerase I. Deionized water was used to adjust final volume (20 µL). The 
mixture was incubated at 37⁰C for 1 hour. After the incubation period, the reaction 
was stopped by the addition of SDS buffer (2 μl) followed by the addition of 
Proteinase K (1 μl) and then incubated again at 37 ⁰C for 30 min. The reaction was 
analyzed on a 1.2 % agarose gel by running at 50 V in 0.5 TBE buffer until the dye 
front is about 70-80% down the gel. Gel was stained with ethidium bromide (EtBr). 
The area representing supercoiled and relaxed plasmid was determined by Gel Doc 
machine.  
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CHAPTER IV 
RESULTS AND DISCUSSION 

 
In the present study, the roots of Paphiopedilum callosum have been 

investigated for topoisomerase I (TopI) inhibitory compounds. The investigation was 
bioassay-guided by a yeast cell-based assay. The methanolic extract of P. callosum 
roots was separated by column chromatography to yield fractions A-G. Fractions B, C, 
and D showed growth inhibitory activity on modified yeast Saccharomyces 
cerevisiae. They were further separated using chromatographic techniques to yield 
six compounds. The structure determinations of isolated compounds were based on 
their spectroscopic data. The isolated compounds were evaluated for the TopI 
inhibitory activity by a yeast cell-based assay and DNA cleavage assay and for the 
cytotoxicity against human cancer cell lines including small cell lung carcinoma (NCI-
H187) and breast adenocarcinoma (MCF-7). 
 

1.  Structure elucidation of compound PC1  
      Compound PC1 was obtained as yellowish brown semisolid. Its molecular 

formula of C17H18O4, was established on the basis of the ESI-MS (Figure 9) which 
showed an [M-H]- ion at m/z 285.1126 (calculated for C17H17O4, 285.1127) The IR 
spectrum (Figure 8) displayed the absorption band of hydroxyl at 3360 cm-1.  

The 1H NMR spectrum of PC1 (Figure 10) showed one hydroxyl signal at δH 8.30 
( H, s, 3'-OH), two methoxyl signals at δH 3.77 (3H, s, 5'-OCH3) and 3.88 (6H, s, 2-OCH3 , 

6-OCH3), and olefinic signals of a trans-double bond at δH 7.41 (1H, d, J = 16.5 Hz, H-
α) and 7.49 (1H, d, J = 16.5 Hz, H-β). In the aromatic region of δH 6.30 - 7.30, two sets 
of signals representing reciprocally coupled protons were observed. One set was 
discernible as three triplets, corresponding to three meta-coupled protons, at δH 6.31 
(1H, t, J = 1.8, H-4′),      ( H, t, J = 1.8, H- ′) and    4 ( H, t, J = 1.8, H- ′)   The other 
set, including signals of three ortho-coupled protons, appeared as a two-proton 
doublet at δH 6.67 (2H, d, J = 8.4, H-3, H- 5) and a triplet at δH 7.18 (1H, s, J = 8.4, H-
4). The former indicated the presence of a 1,3,5-trisubstituted benzene ring in the 
structure of PC1 while the latter suggested the presence of a 1,2,3-trisubstituted 
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benzene ring on which the 1- and 3-substituents were identical. According to the 
above information, PC1 was proposed as trans-stilbene containing two methoxy 
groups at positions 2 and 6 on one ring, as well as one methoxy and one hydroxy 
group at positions 3′ and  ′ on the other ring  
 The 13C NMR spectrum (Figure 12) displayed fourteen carbon signals. The 
HSQC spectrum (Figure 13) revealed that these signals represented seventeen 
carbons including three methyl, eight methine and six quaternary ones. The presence 
of three methoxy and one hydroxy groups was evidenced by two methyl signals at 
δC 55.4 (5′-OCH3) and 56.1 (2-OCH3/6-OCH3) together with three methine signals at δC 
159.5 (C-3′), 159.6 (C2/C6) and 162.1 (C-5′). These information supported the structure 
proposed for PC1. 

The location of the four substituents on the stilbene skeleton was also 
evidenced by the HMBC spectrum (Figure 14, 15, 16) which exhibited three-bond 
correlations of C-2/C-6 (δC 159.6) with H-4 (δH 7.18) and H-α (δH 7.41), two-bond 
correlations of C-3′ (δC 159.5) with H- ′ (δH 6.64) and H-4′ (δH 6.31) together with those 
of C- ′ (δC 162.1) with H-4′ (δH 6.31) and H- ′ (δH 6.56). In addition the HMBC 
correlations of all oxygenated carbons with their corresponding related methoxyl or 
hydroxyl protons were clearly observed.  

Based on the analysis of all the spectral data, the structure of PC1 was 
elucidated as 3′-hydroxy- , , ′-trimethoxystilbene as shown below. The assignments 
of its proton and carbon signals, as shown in (Table 2) were accomplished on the 
basis of HSQC and HMBC experiments. 
 
 
 
 
 
 

3′-hydroxy- , , ′-trimethoxystilbene 
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Table 2. 1H (500 MHz) and 13C (125 MHz) NMR data of compound PC1 (in acetone-d6) 
 

Position δH (mult., J in Hz) δC Key HMBC correlation  
13C    1H 

1 - 115.1 H-3, H-5, H-β 
2 - 159.6 H-4, H-α, 2-OCH3, H-3 
3 6.67 (d, 8.4) 104.9 H-5 
4 7.18 (t, 8.4) 129.3 - 
5 6.67 (d, 8.4) 104.9 H-3 
6 - 159.6 H-4, H-α, 6-OCH3, H-5 
α 7.41 (d, 16.5) 120.8 H-β 
β 7.49 (d, 16.5) 132.9 H- ′, H- ′, H-α 
 ′ - 142.4 H-α, H-β 
 ′ 6.64 (t, 1.8) 106.2 H-4′, H- ′, H-β, 3′-OH 
3′ - 159.5 H- ′, H-4′, 3′-OH 
4′ 6.31 (t, 1.8) 101.2 H- ′, H- ′, 3'-OH  
 ′ - 162.1  ′-OCH3, H-4′, H- ′ 
 ′ 6.56 (t, 1.8) 104.5 H- ′, H-4′, H-β 
2-OCH3 3.88 (s) 56.1 - 
6-OCH3 3.88 (s) 56.1 - 
 ′-OCH3 3.77 (s) 55.4 - 
3′-OH 8.30 (s) - - 
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2.  Identification of compound PC2 
Compound PC2 was obtained as a brown semisolid. Its molecular formula was 

determined as C16H16O3 according to its negative [M-H]- peak at m/z 255.1029  
(calculated for C16H16O3, 255.1021) in the ESI-MS spectrum (Figure 17). 

The 1H NMR spectrum of PC2 (Figure 18, 19) was similar to that of PC1 in 
showing olefinic signals of a trans-double bond (δH 7.12, 1H, d, J = 16.5 Hz, H-β and 
δH 7.45, 1H, d, J = 16.5 Hz, H-α), three signals corresponding to three meta-coupled 
protons (δH 6.35 , 1H, t, J = 2.3  Hz, H-4′, δH 6.65, 1H, br s, H-6′ and δH 6.69, 1H, br s, 
H-2′), and one hydroxyl signal (δH 8.38 , 1H, s, 3′-OH). Two methoxyl signals, as shown 
in the spectrum of PC1, were also observed at δH 3.79 (3H, s, 5′-OCH3) and δH 3.90 
(3H, s, 2-OCH3). However, these signals represented two methoxy groups, differing 
from those of PC1 which represented three. The rest of signals included four one-
proton signals at δH 6.96 (t, J = 7.9 Hz, H-5), 7.02 (d, J = 7.9 Hz, H-3), 7.27 (td, J = 7.9 
Hz, H-4), 7.65 (dd, J = 7.9 Hz, H-6). The multiplicity and coupling constants of these 
four signals implied the presence of a 1,2-disubstitued benzene ring.  All of these 1H 
NMR data indicated that PC2 was an analog of PC1. The only difference was that the 
methoxy substituent at C-6 of PC1 was missing.  

The 13C NMR spectrum (Figure 20) exhibited sixteen carbon signals which could 
be classified, according to the HSQC experiment (Figure 21, 22), into those of two 
methyl, nine methine and five quaternary carbons. The downfield methine signals at 
δC 157.1(C-2), 158.7 (C-3′) and 161.3 (C-5′) supported the presence of three 
oxygenated substituents, and the methyl signals at δC 54.6 (OCH3-5′) and 55.0 (OCH3-
2) indicated that two of those substituents were methoxy groups.  

In the HMBC spectrum (Figure  23, 24), the correlations between the 
oxygenated carbons and their corresponding hydroxyl or methoxyl protons were 
observed. The substitution with the hydroxy group at C-3′  was also confirmed by the 
correlations of C-3′ (δC 158.7) with H-4′ (δH  6.35) and H-6′ (δH 6.65) while the 
substitution with the methoxy group at C-2 and C-5′ by those of C-2 (δC 157.1) with H-
4 (δH 7.27) , H-6 (δH 7.65) and H-α (δH 7.45), and of C-5′ (δC 161.3 ) with H-6′ (δH 6.65 ), 
respectively. 
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On the basis of the above information, as well as the comparison between the 
1H and 13C NMR data of PC2 and the reported literature values (Lertnitikul et al., 
2016) as shown in (Table 3) PC2 was identified as 3′-hydroxy- , ′-dimethoxystilbene.  
 

 
3′-hydroxy- , ′-dimethoxystilbene 

 
This trans-stilbene was first isolated from Paphiopedilum godefroyae and 

found to exhibit cytotoxic activity against human small cell lung cancer (NCI-H187) 
(Lertnitikul et al., 2016).  
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Table 3. 1H (300 MHz) and 13C (75 MHz) NMR data of compound PC2 (in acetone-d6) 
and the reported data of 3′-hydroxy- , ′-dimethoxystilbene (in CDCl3) 
 

 
Position 
 

Compound PC2 3′-hydroxy- , ′-dimethoxystilbenea 

δH (mult., J in Hz) δC δH (mult., J in Hz) δC 

1 - 126.0 - 126.1 
  -   7   -     8 
3 7 0  (d, 7 9)         90 ( d, 8  )     0 
4 7  7 ( td, 7 9,    )   8 8 7    (td, 8  ,    )   8 7 
    9  ( t, 7 9)   0     9  (t, 7  )   0 7 
  7    (dd, 7 9,    )       7  7 ( dd, 7  ,    )       
α 7 4  (d,     )   3 3 7 4  (d,    3)   4   
β 7    (d,     )   9 0 7 00 (d,    3)   8 8 
 ' -  40   -  40 3 
 '    9 (br s)  0  8    4 (br s)  0  9 
3' -   8 7 -     9 
4'   3  (t,   3)  00 8   33 (t,   0)  00 7 
 ' -     3 -     0 
 '      (br s)  03        ( d,   0)  0  0 
 -OCH3 3 90 (s)    0 3 89 (s)      
 '-OCH3 3 79 (s)  4   3 8  (s)    4 
3'-OH 8 38 (s) - - - 
 

a (Lertnitikul et al ,  0  ) 
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3.  Identification of compound PC3 
Compound PC3 was obtained as light-yellow amorphous. According to the 

negative [M-H]- peak at m/z 283.0601 (calculated for C16H12O5, 283.0606) in ESI-MS 
spectrum (Figure 25), its molecular formula was determined as C16H12O5. 

The 13C NMR (Figure 27) showed fourteen carbon signals, revealed by the HSQC 
experiment (Figure 28, 29) as representing sixteen carbons which included one 
methyl, seven methine and eight quaternary carbons. One methyl signal at δC 60.5 
(5'-OCH3) and one downfield signal at δC 179.7 (C-4) were observed, suggesting the 
presence of one methoxy group and the carbonyl functionality, respectively. The 
established molecular formula, as well as the numbers and types of carbons, as 
mentioned above was in agreement with the structure of a flavone bearing one 
methoxy and two hydroxy groups. 

In the 1H NMR spectrum (Figure 26), the methyl singlet observed at δH 3.89 (3H, 
3-OCH3) represented the methoxy group while the most downfield singlet at δH 12.68 
(1H, 5-OH) represented the hydroxy group at C-5 on the A ring, forming the H-bond 
with the carbonyl. The two doublets corresponding to two meta-coupled protons 
appearing at  δH 6.28  (1H, J = 2.0 Hz, H-6) and 6.52 (1H, J = 2.0 Hz, H-8) and the two 
multiplets at δH 7.57  (3H, H-3'/H-5', H-4') and 8.09 (2H, H-2'/H-6') suggested that the A 
ring contained the substituent at C-7 besides the 5-hydroxy group while the B ring 
contained no substituents. In the HMBC spectrum (Figure 30, 31), the correlation 
between the methyl singlet at δH 3.89 (3-OCH3) and the carbon signal at δC 140.1 (C-
3), as well as those between the two doublets at δH 6.28 (H-6) and 6.52 (H-8) and the 
carbon signal at δC 165.2. (C-7), was observed. These data indicated that the methoxy 
group was attached at C-3 and the other hydroxy group, rather than that at C-5, was 
attached at C-7. 

Therefore, PC3 was identified as 3-methylethergalangin (5,7-dihydroxy-3-
methoxyflavone). The comparison between the 1H and 13C NMR data of PC3 and the 
reported literature values (Shin et al., 2003) is shown in (Table 4). 
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3-methylethergalangin 
 

It was isolated from Alpinia officinarum. It exhibited the pancreatic lipase 
inhibitory activity (Shin et al., 2003), marked inhibitory activity of platelet aggregation 
(Chen et al., 2007) and antibacterial and antifungal activities (Hernandez Tasco et al , 
 0 8)  
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Table 4. 1H (500 MHz) and 13C (125 MHz) NMR data of compound PC3 (in acetone-d6) 
and the reported data of 3-methylethergalangin (in pyridine-d5) 
 

 
Position 
 

Compound PC3 3-methylethergalangina 

δH (mult., J in Hz) δC δH (mult., J in Hz) δC 

1 - - - - 
  -       -  4    
3 -  40   -  39   
4 -  79 7 -  77   
  -   3 3 -     4 
     8 (d, J=2.0 Hz) 99     8  (s) 98 4 
7 -       -       
8      (d, J=2.0 Hz) 94     74 (s) 94 4 
9 -   8 0 -   7   
 0 -  0    -  04   
 ' -  3    -  3  4 
 ' 8 09 (m)   9   8 48 (d, 7  )   8 9 
3' 7  7 (m)   9   7 39-7    (m)   8 7 
4' 7  7 (m)  3  7 7 39-7    (m)  30   
 ' 7  7 (m)   9   7 39-7    (m)   8 7 
 ' 8 09 (m)   9   8 48 (d, 7  )   8 9 
3-OCH3 3 89 (s)  0   3 7  (s)    4 
 -OH     8 (s) - - - 
a (Shin et al., 2003) 
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4.  Identification of compound PC4  
Compound PC4 was obtained as yellow needle crystals. Its molecular formula 

was identified as C15H10O5 based on the [M-H]- peak at m/z 269.0451  
(calculated for C15H10O5, 269.0450) in the mass spectrum (Figure 32). 

The 1H NMR spectrum (Figure 33) of PC4 exhibited four signals in the aromatic 
region, including two singlets at  δH 6.29 (1H, H-6) and 6.56 (1H, H-8), one multiplet at 
δH 7.54 (3H, H-3'/H-5', H-4') and one doublet  8.25 at δH (2H, J = 7.8 Hz, H-2'/H-6'). The 
most downfield signal was observed as a singlet at δH 12.08 (1H, 5-OH).  

The 13C NMR (Figure 34) and HSQC (Figure 35) spectra revealed the presence 
of fifteen carbons, including seven methine and eight quaternary carbons. The 
carbonyl signal was observed at δC 176.1 (C-4). The 1H and 13 C NMR spectra of PC4 
were found to be similar with those of PC3. The notable difference was the absence 
of the proton and carbon signals corresponding to the methoxy group. PC4 was thus 
indicated to be an analog of PC3 of which C-5 was substitued with the hydroxy 
instead of the methoxy group. In the HMBC spectrum (Figure 36, 37), the correlations 
between the 5-hydroxyl proton (δH 12.08) and the three carbons, C-5 (δC 161.6), C-6 
(δC 98.4) and C-10 (δC 103.5), were observed. 

Based on the above information, confirmed by the comparison with the 
reported literature values (Wawer and Zielinska, 2001, de Souza and De Giovani, 
2005) as shown in (Table 5), PC4 was identified as 3,5,7-trihydroxyflavone (galangin). 

 
 

3,5,7-trihydroxyflavone (galangin) 
 

Galangin has been found in several plants like Helichrysum aureonitens 
(Asteraceae) (Meyer et al., 1997), Alipina officinarum (Zingiberaceae) (Zhang et al., 
2010), and also commonly found in honey bee propolis (Bankova et al., 1983). It 
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showed various activity including anti-mutagenic, anti- cancers, anti-oxidative, radical 
scavenging effect, modulatory activity for metabolic enzyme (Patel et al., 2012). 
 
Table 5. 1H (300 MHz) and 13C (75 MHz) NMR data of compound PC4 (in acetone-d6) 
and the reported data of galangin (1H NMR in CD3OD and 13C NMR in DMSO-d6) 
 

 
Position 
 

Compound PC4 3,5,7-trihydroxyflavone (galangin) 

δH (mult., J in Hz) δC δH (mult., J in Hz)a δC
b 

1 - - - - 
  -  4  3 -  4    
3 -  37 0 -  38 0 
4 -  7    -  77   
  -       -       
     9 (s) 98 4    3 (d) 99   
7 -   4 4 -       
8      (s) 93 7   4  (d) 94 4 
9 -   7   -   7 3 
 0 -  03   -  04   
 ' -  3  3 -  30 7 
 ' 8    (d, 7 8)   7   8 3  (dd)   8 4 
3' 7  4 (m)   8   7  4 (dd)   9 3 
4' 7  4 (m)  30 0 7    (m)  3  8 
 ' 7  4 (m)   8   7  4 ( dd)   9 3 
 ' 8    (d, 7 8)   7   8 3  ( dd)   8 4 
5-OH 12.08 (s) - - - 

a(de Souza and De Giovani, 2005) 
b(Wawer and Zielinska, 2001) 
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5.  Identification of compound PC5 
Compound PC5 was obtained as a brown semisolid. Based on the [M-H]- peak 

at m/z 271.0976 (calculated for C16H16O4, 271.0970) in the ESI-MS (Figure 38). The 
molecular formula of PC5 was established as C16H16O4. 

The 1H NMR spectrum of PC5 (Figure 39, 40) displayed the signals of a stilbene 
like those of PC1 and PC2. It revealed the presence of a trans-double bond (δH 7.13, 
1H, d, J = 16.3 Hz, H-α and δH 7.44, 1H, d, J = 16.3 Hz, H-β), two hydroxy groups (δH 
8.19, 1H, s, 2-OH. and δH 8.31, 1H, s, 3'-OH) and two methoxy groups (δH 3.76, 3H, s, 
5-OCH3 and δH 3.77, 3H, s, 5'-OCH3). The aromatic protons on the two benzene rings 
were represented by two sets of reciprocally coupled signals. One set was observed 
as three triplets of three meta-coupled protons at δH 6.32 (1H, J = 1.9 Hz, H-4'), 6.63 
(1H, J = 1.9 Hz, H-6') and 6.67 (1H, J = 1.9 Hz, H-2'), indicating the presence of a 1,3,5-
trisubstituted benzene ring. The other set included three signals; two of them were 
the doublets of ortho-coupled and meta-coupled protons at δH 6.82 (1H, J = 9.0 Hz, 
H-3) and 7.15 (1H, J = 3.0 Hz, H-6), respectively. The third signal appeared as the 
double doublet at δH 6.70 (1H, J = 9.0, 3.0 Hz, H-4), corresponding to the proton 
coupled with both of the aforementioned ones. These data indicated the presence 
of a 1,2,5-trisubstituted benzene ring. The above information suggested that PC5 was 
a trans-stilbene bearing the benzene rings with 1,3,5- and 1,2,5- trisubstitution 
patterns; each of the two rings was substituted with one hydroxy and one methoxy 
groups. The ring with the former pattern was thus the same as those of PC1 and PC2 
bearing the hydroxy and methoxy groups at C-3' and C-5', respectively.   

The 13C-NMR spectrum (Figure 41) displayed sixteen carbon signals which were 
classified with the aid of HSQC experiment (Figure 42) into those of two methyl, 
eight methine and six quaternary carbons. Signals of two methoxy groups were 
observed at δC 55.5 (C-5) and 55.9 (C-5'). In the HMBC spectrum (Figure 43), the 
downfield singlet at δH 8.31 (3'-OH) exhibited correlations with the carbon signals at 
δC 106.7 (C-2'), 159.6 (C-3') and 101.6 (C-4') while the methyl singlet at δH 3.77 (5'-
OCH3) with the carbon signal at δC 55.5 (C-5'). This information confirmed the 
substitutions with the hydroxy and methoxy groups at C-3' and C-5', respectively. The 
correlation observed between the doublet at δH 7.44 (H-α), as well as the downfield 
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singlet at δH 8.19 (2-OH), and the carbon signals at δC 149.9 (C-2) pointed out that the 
other hydroxy group was substituted at C-2. The other methoxy group was indicated 
to be substituted at C-5 by the correlations between the carbon signal at δC 154.3 (C-
5) and the three proton signals at δH 3.76 (5-OCH3), 6.82 (H-3) and 7.15 (H-6). 

Therefore, PC5 was identified as  ,3′-dihydroxy- , ′-dimethoxystilbene . The 
comparison between the 1H and 13C NMR data of PC5 and the reported literature 
values (Garo et al ,  007) is shown in (Table 6) 

 
 ,3′-dihydroxy- , ′-dimethoxystilbene 

 
It was noticable that the chemical shifts assigned for C-2′and C-6′ of PC5 and 

the values reported in the literature were in reverse. However, the chemical shift 
assignments for H-2′ and H-5′ were in agreement. The assignments for C-2′ (δC 106.7) 
and C-6′ (δC 104.4) of PC5 were evidenced from the HSQC correlations of the proton 
signals at δH 6.67 (H-2′) and δH 6.63 (H-6′) with the carbon signals at δC 106.7 and δC 
104.4, respectively. In addition, these assignments were also confirmed by the HMBC 
spectrum where the proton signal at δH 8.31 (3′-OH) showed a correlation with the 
carbon signal at δC 106.7 (C-2′), while the correlation of the same proton signal with 
the carbon signal at δC 104.7 (C-6′) could not be observed. 

Compound PC  was found in Phragmipedium hybrid of P. longifolium and P. 
lindleyanum (Garo et al ,  007)  It was isolated from another species of 
Paphiopedilum godefroyae and showed its cytotoxic activity with an IC 0 value of 
 4 09 µM on NCI-H 87, small cell lung cancer cell line (Lertnitikul et al ,  0  )  
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Table 6. 1H (500 MHz) and 13C (125 MHz) NMR data of compound PC5 (in acetone-d6) 
and the reported data of  ,3′-dihydroxy- , ′-dimethoxystilbene (in CD3OD) 
 

 
Position 
 

Compound PC5  ,3′-dihydroxy- , ′-dimethoxystilbenea 

δH (mult., J in Hz) δC δH (mult., J in Hz) δC 

1      7 -     3 
  -  49 9 -   0 4 
3   8  (d, 9 0)   7     74 (8 7)   7   
4   70 (dd, 9 0, 3 0)          8 (dd, 8 7,   9)     8 
  -   4 3 -   4 7 
  7    (d, 3 0)       7 08 (d,   8)     0 
α 7 44 (d,    3)   4   7 38 (d,    4)       
β 7  3 (d,    3)   9   7 0  (d,    4)   9 8 
 ' -  4    -  4    
 '    7 (t,   9)  0  7    0 (brd,   0)  04 7 
3' -   9   -   9 8 
4'   3  (t,   9)  0       7 (t,   0)  0  9 
 ' -       -     8 
 '    3 (t,   9)  04 4    9 (brd,    0)  07   
 -OCH3 3 7  (s)    9 3 78 (s)    0 
 '-OCH3 3 77 (s)      3 77 (s)      
 -OH 8  9 (s) - - - 
3'-OH 8.31 (s) - - - 

 
a(Garo et al., 2007) 
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6.  Identification of compound PC6 
Compound PC6 was obtained as a brown semisolid. According to its negative 

ESI-MS (Figure 44) [M-H]- peak at m/z 241.0869 (calculated for C15H14O3, 241.0864), 
the structure of the compound was established as C15H14O3. 

The 1H NMR spectrum of PC6 (Figure 45, 46) was similar to that of PC5, 
suggesting that PC6 is a stilbene. The differences from the proton signals of PC5 were 
the absence of one methoxyl signal and the addition of one aromatic proton signal. 
The two doublets appearing at (δH 7.15, 1H, d, J = 16.5 Hz, H-β and δH 7.47, 1H, d, J = 
16.5 Hz, H-α) represented the olefinic protons of a trans-double bond. One methyl 
singlet at δH 3.79 (3H, 5′-OCH3) and two broad singlets at δH 8.42 (1H, 3′-OH) and 8.71 
(1H, 2-OH) indicated the presence of one methoxy and two hydroxy groups, 
respectively. The presence of a 1,3,5-trisubstituted benzene ring could be deduced 
from three one-proton signals at (δH 6.34, t, J = 2.1Hz, H-4′; δH 6.65 , br s, H-6′  and δH 
-6.69, brs, H-2′ ). The rest of signals were four one-proton signals at δH 6.86 (1H, t, J = 
7.8, H-5), 6.91 (1H, d, J = 7.8, H-3), δH 7.11 (1H, td, J = 7.8, 1.4 Hz, H-4), and δH 7.59 
(1H, dd, J = 7.8, 1.4 Hz, H-6). The multiplicity and coupling constants of these four 
signals suggested that there were four adjacent protons on the other benzene ring. 
All of the above data were indicative of a trans-stilbene with 2,3′-dihydroxy and 5′-
methoxy substituents.  

The numbers and types of carbons corresponding to this structure were in 
agreement with the data obtained from the 13C-NMR (Figure 47) and HSQC (Figure 
48) spectra, where fifteen carbon signals including those of one methyl, nine 
methine and five quaternary carbons were observed. The only one methoxy group 
was represented by the signal at δC 54.6 (5′-OCH3). 

Based on the above information, confirmed by the comparison with the 
reported literature values (Garo et al ,  007) as shown in (Table 7) , PC6 was 
identified as  ,3′-dihydroxy- ′-methoxystilbene    



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 53 

 
 ,3′-dihydroxy- ′-methoxystilbene 

It was found that the chemical shifts assigned for C-2′ and C-6′ of PC6 and the 
values reported in the literature were in reverse. The assignments for C-2′ (δC 105.8) 
and C-6′ (δC 103.4) of PC6 were deduced from the HSQC correlations of the proton 
signals at δH 6.69 (H-2′) and δH 6.65 (H-6′) with the carbon signals at δC 105.8 and δC 
103.4, respectively. The signal assignments for H-2′ and H-6′ of PC6 followed those of 
PC1, PC2 and PC5 which were analyzed through their HMBC spectra. The more 
downfield signal (δH 6.69) was thus assigned for H-2′and the less one (δH 6.65) for H-6′. 

Previously, it was found in Phragmipedium calurum (Garo et al ,  007) and 
Paphiopedilum godefroyae (Lertnitikul et al ,  0  )  Its cytotoxic activity against on 
small cell lung carcinoma (NCI-H 87) with IC 0 value   8 0  µM has been reported 
(Lertnitikul et al ,  0  )  
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Table 7. 1H (300 MHz) and 13C (75 MHz) NMR data of compound PC6 (in acetone-d6) 
and the reported data of  ,3′-dihydroxy- ′-methoxystilbene (in CD3OD) 
 

 
Position 
 

Compound PC6  ,3′-dihydroxy- ′-methoxystilbenea 

δH (mult., J in Hz) δC δH (mult., J in Hz) δC 

1 - 124.3 - - 
  -   4 9 -       
3   9  (d, 8  )     8   8  (m)     9 
4 7    (td, 8  ,   4)   8   7 0  (t,   8)   9   
    8  (t, 7 7)   9 8   8  (m)   0 7 
  7  9 (dd, 7 7,   4)       7    (d, 7  )    7   
α 7 47 (d,     )   3 7 7 39 (d,    4)     0 
β 7    (d,     )   8 4 7 03 (d,     )   9   
 ' -  40   -  4    
 '    9 (br s)  0  8    9 (br s)  04  4 
3' -   8 7 -   8 0 
4'   34 (t,    )  00 7      (br s)  0    
 ' -     3 -     0 
 '      (br s)  03 4    9 (br s)  0  7 
 '-OCH3 3 79 (s)  4   3 78 (s)      
 -OH 8 7  (s) - - - 
3'-OH 8 4  (s) - - - 

     
  a(Garo et al ,  007) 
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7.  Cytotoxicity of isolated compounds 
7.1. Yeast cell-based assay  

    The budding yeast S. cerevisiae has been recognized for the study of DNA-
topoisomerase targeting antitumor drugs (Nitiss and Wang, 1988). This transgenic 
yeast strains were used as model system for biological studies because of their rapid 
growth, flexible for DNA transformation system and the ease of replication and 
mutation (Sherman, 2002). Yeast cell-based assay was successfully utilized for 
screening of TopII poisons from plant extracts (Sangmalee et al., 2012).    

     In the assay, the transformant yeast was used for exploring TopI inhibitory 
compounds from P. callosum. The expression of the TopI gene of Arabidopsis 
thaliana, which has homology to the human gene, in S. cerevisiae strain RS190, 
conferred TopI inhibitory sensitivity (Sirikantaramas et al., 2008). To set up a 
transgenic yeast for screening, TopI gene of A. thaliana was cloned in expression 
vector pYES-DEST52 and the respective constructs were transformed into S. 
cerevisiae strain RS190 (MATa, top1Δ) under the control of GAL1 promoter 
(Sirikantaramas et al., 2008). The mechanism of topoisomerase poison drugs result 
from the formation of enzyme/DNA cleavage complex (Pommier and Osheroff, 2012). 
Therefore, two types of media 2% galactose and glucose were used as carbon 
sources for yeast growth as parallel models. TopI will be expressed and suppressed 
in yeast growing in galactose and glucose media, respectively. Cleavage complex 
could not be formed in glucose media due to the lack of TopI enzyme, thus the cell 
can survive in glucose media even the presence of TopI inhibitory compounds 
(Sirikantaramas et al., 2008).  On the other hand, the expression of TopI in the 
galactose media caused enzyme/DNA complex with TopI inhibitory compounds and 
this covalent complex leads to cell death. In the assay, camptothecin was used as a 
positive control because it is the potent TopI inhibitory which targets TopI by 
stabilization of cleavable complex through inhibition of the religation steps (Svejstrup 
et al., 1991). DMSO was used as a vehicle control. 

     All of the pure compounds obtained from P. callosum were proceeded to 
yeast assay for determining their TopI inhibitory activity by observing the growth in 
galactose and glucose media. In the assay, the isolated compounds with different 
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concentrations (100, 50, 25 µM) showed growth inhibitory activity on yeast cells in 
galactose media. Compounds, PC1, PC2, PC3, PC5 and PC6 caused yeast cell death in 
galactose media. The lesser extent of cell death was observed when the 
concentrations were decreased. Yeast was not able to grow in the presence of 
compound PC4, galangin, at the concentration more than 50 µM. Our result for 
galangin was in agreement with previous report of its TopI inhibitory activity (Zhao 
and Zhang, 2015). The TopI inhibitory activity of the tested samples was compared 
to DMSO and camptothecin as the vehicle and positive control, respectively (Figure 
6). The result suggested that all of isolated compounds from  
P. callosum showed TopI inhibitory activity on the yeast system that used for 
screening of TopI inhibitory compounds. 
 

7.2. Cytotoxicity against human cancer cell lines 
    Cytotoxicity of the isolated compounds against human small cell lung 

cancer (NCI-H 87) and breast adenocarcinoma (MCF-7) cell lines was examined by 
using the Resazurin assay  The results are described in percent inhibition and IC 0 
values (Table 8, Table 9)  TopI poison drug, camptothecin, and TopII poison, 
tamoxifen, doxorubicin, and ellipticine were used as positive controls  The maximum 
concentration tested for percent inhibition and IC 0 was  0 µg/mL  Concentrations of 
compounds required to inhibit the cell proliferation more than  0 % was considered 
as cytotoxic  Compound PC , PC , PC4, and PC  showed cytotoxic activity on both 
cancer cell lines (NCI-H 87 and MCF-7)  Compound PC4 and PC  exhibited higher 
cytotoxicity toward NCI-H 87 (IC 0=74   and 77 94 µM, respectively) than MCF-7 
(IC 0= 8  48 and  4   3 µM, respectively)  A new compound, PC , was more 
cytotoxic to MCF-7 (IC 0=8  4  µM) than NCI-H 87 (IC 0= 70  4) whereas   exhibited 
cytotoxicity against both NCI-H 87 and MCF-7 (IC 0=   8  and 74 30 µM, respectively)  
It showed that the IC 0 of those compounds against the cancer cells are highly 
variable depending on types of cell lines  Compounds PC , PC  and PC  had been 
reported with moderate cytotoxic activity on NCI-H 87 in the previous study 
(Lertnitikul et al ,  0  )  In this study, compound PC3 and PC  exhibited no 
cytotoxicity on representative cell lines  The higher dose may be required for PC3 
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and PC  or the cytotoxic activity may be specific to certain types of cancer cells  
Overall, taken together, our study provided information that isolated compounds P. 
callosum roots can be developed as a lead candidate to combat cancer with TopI 
inhibitory mechanism  
 

7.3. DNA-cleavage assay 
    Topoisomerase (TopI and TopII) became the target for anticancer drug 

discovery because they are essential enzymes that regulate the topology of DNA by 
making strands break. The function of TopI is to catalyze the relaxation of 
supercoiled DNA by transiently breaking and resealing the single stranded DNA 
(Pommier and Osheroff, 2012). Topoisomerase poisons drug inhibit the re-ligation 
step of relaxation process by  stabilizing the cleavable complex between enzyme 
and DNA, thus prevents the re-ligation step of the reactions (Hsiang et al., 1985). TopI 
inhibitory activity of polyphenolic compounds and flavonoids was evaluated using 
the DNA assay and they have been shown the TopI inhibitory in the previous study 
(Webb and Ebeler, 2004).  
The isolated compounds were tested by DNA-cleavage assay to evaluate their TopI 
inhibitory on human DNA. In the interpretation of assay, the topoisomers will be 
moved towards the directions of supercoiled if the relaxation activity of enzyme is 
inhibited. Otherwise, the intensity of nicked band will be increased in the presence 
of topoisomerase poison compounds by forming the cleavage complex (Webb and 
Ebeler, 2003). In this experiment, camptothecin, reference TopI poison drug, was 
used as internal standard to evaluate the poisoning activity of compounds. 
Camptothecin and tested compounds showed nicked open circular DNA at the 
concentration of  0 and   0 µM, respectively (Figure 7)  The results from assay 
suggested that compounds isolated from P. callosum cause the DNA-TopI cleavage 
complex, characteristic of TopI inhibitory by forming the nicked DNA. In here, the 
nicked bands of compounds PC1, PC4 and PC3 showed more intensity than the 
others. The results demonstrated that the compounds isolated from P. callosum 
have been evaluated as potential anticancer drugs that responsible for TopI 
inhibitory activity.   
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Table 8. Cytotoxicity of isolated compounds  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(reported in percent inhibition of cell growth) 
 
 
 
 
 
 
 
 
 
 

 
Compound 

% inhibition 

NCI-H187 MCF7 

PC  99.36 93.83 

PC  99.79 84.37 

PC3 - 0    10.77 

PC4 94.31 53.96 

PC    87    47 

PC  99.44 75.40 

Tamoxifen - 98  0 

Doxorubicin 98  0 89 3  

Ellipticine 99 98 - 

Camptothecin 99.99 99.99 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 59 

Table 9. Cytotoxicity of isolated compounds 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(reported in IC50 values) 
 
 
 
 
 
 
 
 
 
 
 
 

 
Compound 

IC50 (µM) 

NCI-H187 MCF-7 

PC   70  4 8  4  

PC     8  74 30 

PC3 Inactive Inactive 

PC4 74  0  8  48 

PC  Inactive Inactive 

PC  77 94  4   3 

Tamoxifen - 7 04 

Doxorubicin 0 097  0 00 

Ellipticine   00 - 

Camptothecin 0.0112±0.003 0.0170±0.004 
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Figure 6. Scheme for bioassay-guided isolation of P. callosum by yeast cell-based 
assay   
Serial diluted tenfold of S. cerevisiae were grown in culture media containing various 
concentrations of extract ( 00,   0,     µg/mL), fractions, A-G ( 00,   0,     µg/mL) 
and compounds 1-6 (100, 50, 25 µM). Camptothecin ( 0,   and     µg/mL) and  % 
DMSO  The results were observed and photographed  
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 + + + +  +   +   +      +      +     +  
           -         + + +  +   +   +      +      +     +  

-      DMSO  PC2      PC6       PC5     PC1   PC4        PC3       CPT        - 

   
Figure 7. Agarose gel photograph of DNA-cleavage assay in the presence of 
camptothecin and compounds. 
Lane  , supercoiled DNA (SC DNA) only; Lane  , supercoiled and TopI in the presence 
of 3% DMSO; Lane 3-8, supercoiled DNA treated with   0 µM of compounds (PC , 
PC , PC , PC , PC4, and PC3, respectively) in the presence of TopI; Lane 9, 
supercoiled DNA treated with camptothecin ( 0 µM) in the presence of TopI; lane  0, 
supercoiled DNA in the presence of TopI  
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CHAPTER V 
CONCLUSION 

 
In this study, six compounds with topoisomerase I poison activities were 

isolated from the methanolic extract of Paphiopedilum callosum roots. Four of them 
are stibenoids while the other two are flavonoids. The stilbenoids were shown to be 
3′-hydroxy-2,6,5′-trimethoxystilbene, 3′-hydroxy- , ′-dimethoxystilbene,  ,3′-
dihydroxy- , ′-dimethoxystilbene  and  ,3′-dihydroxy- ′-methoxystilbene  The 
flavonoids were identified as galangin and 3-methylethergalangin. Among them, 3′-
hydroxy-2,6,5′-trimethoxystilbene was found to be a  new compound. All of the 
isolated compounds showed growth inhibitory activity on transgenic S. Cerevisiae. 3′-
Hydroxy-2,6,5′-trimethoxystilbene, 3′-hydroxy- , ′-dimethoxystilbene, galangin, and 
 ,3′-dihydroxy- ′-methoxystilbene showed cytotoxic activities against both cancer cell 
lines (NCI-H187 and MCF-7) with varying cytotoxic activity at 50 µg/mL, while 3-
methylethergalangin and  ,3′-dihydroxy- , ′-dimethoxystilbene exhibited no 
cytotoxicity on the representative cell lines. The investigation on effects of the 
isolated compounds on supercoiled DNA was performed by DNA-cleavage assay. The 
results suggested that all compounds caused nicked DNA, a DNA-TopI cleavage 
complex which is a characteristic of TopI poison activity.  
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Figure 8. IR spectrum of compound PC1 
 

 
Figure 9. ESI-MS of compound PC1 
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Figure 10. 1H NMR (500 MHz) spectrum of compound PC1 in acetone-d6 

 
 

Figure 11. 1H NMR (500 MHz) spectrum of compound PC1 in acetone-d6 (expanded) 
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Figure 12. 13C NMR (125 MHz) spectrum of compound PC1 in acetone-d6 

 
 

Figure 13. HSQC spectrum of compound PC1 in acetone-d6 
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Figure 14. HMBC spectrum of compound PC1 in acetone-d6                            
 

 
 

Figure 15. HMBC spectrum of compound PC1 in acetone-d6 (expanded) 
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Figure 16. HMBC spectrum of compound PC1 in acetone-d6 (expanded) 
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Figure 17. ESI-MS of compound PC2 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 18. 1H NMR (300 MHz) spectrum of compound PC2 in acetone-d6 
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Figure 19. 1H NMR (300 MHz) spectrum of compound PC2 in acetone-d6 (expanded) 
 
 
 
 
 

 
 
 
 

 
 
 

 
 

Figure 20. 13C NMR (75 MHz) spectrum of compound PC2 in acetone-d6 
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Figure 21.  HSQC spectrum of compound PC2 in acetone-d6 
 

 
Figure 22. HSQC spectrum of compound PC2 in acetone-d6 (expanded) 
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Figure  23. HMBC spectrum of compound PC2 in acetone-d6 

 
Figure 24. HMBC spectrum of compound PC2 in acetone-d6 (expanded) 
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Figure 25. ESI-MS of compound PC3 
 
  

 
 

Figure 26. 1H NMR (300 MHz) spectrum of compound PC3 in acetone-d6 
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Figure 27. 13CNMR (125 MHz) spectrum of compound PC3 in acetone-d6 

 

3-OCH3 
8 6 

2 9 5 7 4 10 

2',6' 
3',5' 

4' 

3 

1' 

4' 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 81 

 
 

Figure 28. HSQC spectrum of compound PC3 in acetone-d6 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 29. HSQC spectrum of compound PC3 in acetone-d6 (expanded) 
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Figure 30. HMBC spectrum of compound PC3 in acetone-d6 

 
 
 
 
 
 
 
 
 
 
 
 
 

 Figure 31. HMBC spectrum of compound PC3 in acetone-d6 
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Figure 32. ESI-MS of compound PC4 
 

 
 
 
 

Figure 33. 1H NMR (300 MHz) spectrum of compound PC4 in acetone-d6 
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Figure 34. 13C NMR (75 MHz) spectrum of compound PC4 in acetone-d6 
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Figure 35. HSQC spectrum of compound PC4 in acetone-d6 
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Figure 36. HMBC spectrum of compound PC4 in acetone-d6 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 37. HMBC spectrum of compound PC4 in acetone-d6 
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Figure 38. ESI-MS of compound PC5 

 

 
 
 

 
 

  
 

 

 

 

 

 

 

 

 

 

Figure 39. 1H NMR (500 MHz) spectrum of compound PC5 in acetone-d6 
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Figure 40. 1H NMR (500 MHz) spectrum of compound PC5 in acetone-d6 (expanded) 

 
Figure 41. 13C NMR (125 MHz) spectrum of compound PC5 in acetone-d6 
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Figure 42. HSQC spectrum of compound PC5 in acetone-d6 
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Figure 43. HMBC spectrum of compound PC5 in acetone-d6 

 

 
 

Figure 44. ESI-MS of compound PC6 
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Figure 45. 1H NMR (300 MHz) spectrum of compound PC6 in acetone-d6 

 

 
Figure 46. 1H NMR (300 MHz) spectrum of compound PC6 in acetone-d6 (expanded) 
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Figure 47. 13C NMR (75 MHz) spectrum of compound PC6 in acetone-d6 
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Figure 48. HSQC spectrum of compound PC6 in acetone-d6 
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Table 10. Growth media (YPD broth) 

Ingredient 1L 
Yeast extract 10 g 

Peptone  20 g 

Dextrose 20 g 
Table 11. Growth media (YPD agar) 

Ingredient 1L 
Yeast extract 10 g 

Peptone  20 g 

Dextrose 20 g 
Agar 15 g 

 
Table 12. Agar formula for S.C. ura- media (repressed system) 

Ingredient 1L 

Yeast nitrogen base W/O amino acid (Difco) 6.7 g 
Amino acid mixture W/O uracil (Sigma) 
Yeast synthetic drop-out medium supplement  

1.92 g 

Bacto TM agar (Difco) 20 g 

Bacto TM Dextrose (Difco) 20 g 

Table 13. Agar formula for S.C. ura- media (induced system) 
Ingredient 1L 

Yeast nitrogen base W/O amino acid (Difco) 6.7 g 

Amino acid mixture W/O uracil (Sigma) 
Yeast synthetic drop-out medium supplement  

1.92 g 

Bacto TM agar (Difco) 20 g 
Galactose 20g 
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