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Summary  

    Melanin, a pigment present in several tissues in the human body, is biosynthesized 

in melanocytes by the catalysis of tyrosinase, tyrosinase related protein (TRP-1 and 

TRP-2). Melanin plays an important role in preventing skin cancer caused by ultraviolet 

(UV) rays. The overall level of melanogenesis is changed by aging, stress, and damage 

caused by the UV rays, resulting in the appearance of gray hairs, sunburn, and mottling 

on the skin. Therefore, controlling melanogenesis is important for maintaining the good 

health and cosmetic appearance of the human body. This study aims to search the active 

compounds exhibiting the melanogenesis modulating activity and elucidate the 

mechanism underlying the observed activity.   

Two novel quercetin glycosides namely 4’-O-β-D-glucopyranosyl-quercetin -3-O-

β-D-glucopyranosyl-(1→4)-β-D-glucopyranoside (1) � and � 4’-O-β-D–

glucopyranosyl-(1→2)-β-D-glucopyranosyl-quercetin-3-O-β-D-glucopyranosyl-

(1→4)-β-D-glucopyranoside (2) were isolated and identified from Helminthostachys 

zeylanica roots 50% ethanol extract (Chapter 2). Compound 1 exhibited intracellular 

melanogenesis stimulatory activity, while 2 showed no effect even the structural 

similarity of the two compounds in B16 melanoma cells. This result indicates the 

involvement of the substituent group attached quercetin on melanogenesis stimulatory 

activity of quercetin derivatives. In order to understand the structure-activity 

relationships of quercetin derivatives, nineteen querecetin derivatives were synthesized 

from rutin in Chapter 3.  

As the result of bioassay using synthesized nineteen quercetin derivatives in B16 
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melanoma cells, 1, quercetin-3-O-β-D-glucopyranoside (3), and quercetin-3-O-β-D-

glucopyranosyl-(1→4)-β-D-glucopyranoside (4) stimulated the intracellular 

melanogenesis, while they elicited no stimulatory activity on extracellular 

melanogenesis. On the other hand, synthesized 3-O-methylquercetin (12) and 3,4’,7-O-

trimethylquercetin (15) increased the both intra and extracellular melanin contents with 

no cytotoxicity (Chapter 4). Compoud 15 increased the phosphorylated p38 mitogen 

activated protein kinase (MAPK) and microphthalmia-associated transcription factor 

(MITF) which regulates the expression of tyrosinase, TRP-1 and TRP-2. While 12

enhanced the expression of the melanogenic enzymes without involving the MITF, as 

evidenced by its lack of any stimulation of the expression of MITF and p-p38 MAPK. 

This result indicates that 12 may stimulate the expression of tyrosinase, TRP-1, and 

TRP-2 by stimulating currently unidentified transcriptional factors and/or by regulating 

the degradation of melanogenic enzymes.  

Mature melanosomes in melanocytes are specifically transported by transporter 

proteins on the microtubule and actin. Melanocyte elongates the dendrite and 

melanosomes are transferred to the keratinocytes or hair matrix cells which results in 

hair and skin pigmentation. Rab27A on the melanosome composes the transportation�

complex and the motor protein transports the complex to the periphery region of 

melanocyte on the actin filament. Rab27A is inactivated by EBP50-PDZ interactor of 

64kDa (EPI64) and excluded from the surface of melanosome. In order to investigate 

the effect of 12 and 15 on transportation of melanosomes, the cell length and the 

expression of EPI64 in B16 melanoma cells after treatment of 12 and 15 were examined 

in Chapter 5. Compounds 12 and 15 elongated the dendrite of B16 melanoma cells in a 

dose dependent manner, and the elongation effect of 15 was stronger than 12. 
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Furthermore, 12 and 15 inhibited the expression of EPI64. The inhibition of 15 was more 

potently than 12, suggesting that the stimulation effect of 15 on transportation of 

melanosomes was stronger than 12. The extracellular melanognenesis stimulatory 

activity of 15 was also higher than that of 12, which indicated that the extracellular 

melanogenesis stimulatory activity of 12 and 15 is involved in the dendrite elongation 

effect and melanosome transportation stimulatory effect. It was also clarified that 12 and 

15 induced the colocalization of Rab27A and melanosomes by the examination of 

immunofluorescence microscopy. This results support the effects on inhibitory activity 

of expression of EPI64 in B16 melanoma cells treated with 12 or 15.  
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Chapter 1 

General introduction 
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1.1 Melanin biosynthesis  

1.1.1 Skin and hair pigmentation  

Melanin pigment is distributed in several tissues in the human body. The main 

function of melanin is considered to prevent skin damage by ultraviolet (UV) rays 

including in sunlight (Lukiewicz, 1972 and Wang, 2006). The excess accumulation of 

melanin or the absence of melanin production caused by aging, strass, and UV 

damages induces gray hairs, freckles, mottling, and senile lentigines (Rees, 2003). 

Hence regulating melanogenesis is desired for maintain the good health and cosmetic 

appearance of the human body. Keratinocytes, existing on the skin surface, produce 

messengers such as α-melanocyte-stimulating hormone (α-MSH), prostaglandin, and 

histamine to melanocytes after get stimulated by UV irradiation (Yoshida, 2000). Then 

melanocyte biosynthesizes the melanin in melanosome and transports the mature 

melanosomes to the keratinocytes. The skin pigmentation is induced by the 

cornification of keratinocyte including the mature melanosomes that are 

biosynthesized and transported by the melanocytes (Fig.1.1). Similarly, hair 

pigmentation occurs due to melanin released on the outside of the melanocyte. During 

active growth of hair follicles, melanocytes locate in the hair blub proliferated and 

differentiate to produce pigment of the hair shaft (Slominski, 2005 and Slominski, 

1993) (Fig.1.2). Melanocytes begin to shut down melanogenesis in late anagen and 

regression phase called catagen, and it dies by apoptosis on the hair bulb in rest phase 

called telogen. The melanogenesis in melanocytes reappears when hair follicles reenter 

anagen (Tobin, 1998, Slominski, 1994, Tobin, 1999, Guo., 2012). The prevention of 

melanogenesis in the hair bulb on anagen is induced by the aging or stress which 

results in gray hair.   
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Fig.1.2 Typical hair follicle 

1.1.2 Melanin biosynthesis  

Melanin biosynthesis initially take places via oxidation of L-tyrosine catalyzed by 

tyrosinase in malanosome, a rate limiting reaction of melanin biosynthesis (Fig.1.3). 

Tyrosinase catalyzes the hydroxylation of L-tyrosine to L-3,4-dihydroxyphenylalanine 

(L-DOPA), as well as the subsequent oxidation of L-DOPA to L-DOPA quinone (Prota 

1995 and Alvaro, 1995). Tyrosinase contains two copper ions, and inactive tyrosinase 

is activated via taking in oxygen and H2O (Fig.1.4). The active tyrosinase binds with 

tyrosine or L-DOPA and release the oxidized product via constitution of intermediate. 

Two types of melanin are ultimately biosynthesized, reddish-orange and 

blackish-brown pigments called pheomelanin and eumelanin respectively, with the 

enzymes tyrosinase related protein (TRP)-1 and TRP-2 playing a key role in the 

biosynthesis of eumelanin (Cooksey, 1998). Then regulation of tyrosinase, TRP-1, and 

TRP-2 activity and/or expressions plays an important role to control melanin 

production.  
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1.2 Transcriptional regulation of melanogenesis 

The expressions of melanogenic enzymes, tyrosinase, TRP-1, and TRP-2, are 

transcriptionally regulated by microphthalmia-associated transcription factor (MITF) 

and several kinds of kinase path way (Ye, 2010b, Aksan, 1998, Bertolotto, 1998a, and 

Tachibana, 1996). The amounts of cyclic adenosine monophosphate (cAMP) in 

melanocyte is increased by the messenger such as histamine, α-MSH, tumor necrosis 

factor (TNF)-α, interleukin (IL)-1β, and prostaglandin released by keratinocyte after get 

stimulated by UV (Yoshida, 2000, Karin., 1995, Weston, 2007). The effects of 

messengers are induced via interaction with receptors on the melanocytes. Melanocortin 

1 receptor (MC1R), a receptor of α-MSH, leads to elevation of cAMP contents by the 

interaction with α-MSH.  

The increase of cAMP contents results in the regulation of the expression on protein 

kinase A (PKA), p38 mitogen activated protein kinase (MAPK), extracellular 

signal-regulated kinase (ERK), and c-Jun N-terminal kinase (JNK) which regulate the 

expressions of melanogenic enzymes (Buscà, 2000). PKA phosphorylates the cAMP 

response element binding protein (CREB), which is known to be an activator of MITF 

expression (Bertolotto, 1998a, Bertolotto, 1998b, Bertolotto, 1998c, and Jang, 2011). 

Phosphorylated p38 MAPK stimulates the expression of melanogenic enzymes via

activating the MITF expression (Jiang, 2009, Park, 2010). Additionally p38 MAPK 

regulates melanogenesis by stimulating proteasomal degradation of melanogenic 

enzymes (Ballei, 2010). ERK phosphorylates more than 160 proteins, including 

transcription factors, enzymes, protein kinase relating to signal transduction, and so on, 

and it ultimately down regulates the expression of MITF and melanogenesis (Englaro, 
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1998, Roberts, 2007, Yoon, 2006, and Lopez-Bergami 2011). JNK, involved in 

proliferation and apoptosis cancer cells, also controls the melanogenesis by down 

regulating the expression of MITF (Bu, 2008, Mingo-Sion, 2004, and Uzgare, 2004) 

(Fig.1.5).  

Messenger

p-JNK

ERK

p-ERK

Melanocyte

Melanosome

InhibitionInhibition

JNK

Melanin

p38

MITF

Tyrosinase

TRP-1 TRP-2

p-p38
Activation

 Fig.1.5 Transcriptional regulation of expression of melanogenic enzymes 
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1.3 Transportation of melanosomes 

1.3.1 Microtuble transportation of melanosomes  

Melanin is biosynthesized in melanosome by tyrosinase, TRP-1, and TRP-2 which 

transcriptionally regulated by MITF (Fig.1.3 and Fig.1.5). Mature melanosomes in 

melanocytes are specifically transported by transporter proteins on the microtubule and 

actin. Melanosomes are transferred to the keratinocytes or hair matrix cells which 

results in hair and skin pigmentation (Fig.1.1). Then the transportation of melanosomes 

as well as the expression or activity of melanogenic enzymes in melanocyte is essential 

process to regulate the pigmentation. Melanin is biosynthesized on perinuclear region 

in melanosome and the melanosome is transported to periphery of the cell by several 

kinds of transporter proteins through reversible microtubule transportation and 

irreversibly actin transportation. On the anterograde microtubule transportation, 

melanosome and kinesin, a motor protein, compose the transport complex via Rab1A 

on the melanosome (Ishida, 2012). Melanoregulin (Mreg), localized on the mature 

melanosome, forms the complex with Rab-interacting lysosomal protein (RILP) and 

dynein-dynactin motor proteins, which retrogradely transports melanosome to 

perinuclear region on the microtuble (Ohbayashi, 2012a) (Fig.1.6).  
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1.3.2 Actin transportation of melanosomes

Activated Rab27A, localized on melanosomes, attaches with its effectors, 

Slac2-a/melanophhilin and Slp2-a (Kuroda, 2004 and Fukuda, 2005). Slac 2-a attaches 

with myosin Va which is a motor protein on actin transportation and the 

melanosome/Rab27A/Slac 2-a/myosin Va complex translates to the periphery of the 

cell from the perinuclear region on the actin cable (Fukuda, 2002, Wu, 2002, Kuroda, 

2003, Itoh, 2006). Rab27A occurs in a guanosine triphosphate (GTP)-bound active 

state and a guanosine diphosphate (GDP)-bound inactive state. The GTP-bound active 

Rab27A is localized on the melanosome which elicits transportation of melanosome by 

interacting with Slac 2-a and myosin Va, while GDP-bound inactivated Rab27A is 

excluded from the surface of melanosome, which inhibits the transportation of 

melanosome. Then the active and inactive cycling of Rab27A plays an essential role to 

regulate the melanosome transportation. Guanine nucleotide exchange factors deprives 

the GDP and stimulates GTP loading to Rab27A. Conversely EPI64, a 

GTPase-activating protein of Rab27A, promotes the GDP-bounding and inactivates 

Rab27A (Itoh and Fukuda, 2006) (Fig.1.7). On the peripheral region in melanocyte, 

Rab27A interacts with Rab27-binding domain (Slp-homology domain: SHD) of Slp2-a. 

C2A and C2B domains in the Slp2-a bind to phospholipids including in plasma 

membrane, which keep attachment of melanosome to the plasma membrane (Kuroda 

and Fukuda, 2004).   
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Fig.1.8 Interaction of melanosome with plasma membrane via Slp2-a

1.4 Melanogenesis controlling effect of medicinal plants extract

1.4.1 Indonesian medicinal plants  

    Medicinal plants have been traditionally used to maintain good health and beauty 

on human body such as curing the inflammatory, preventing microbial infection, skin 

whitening etc. Indonesian tropical forests, contain 28,000 plant species, covers about 

143 million hectares and is home to about 80% medicinal plants in the world (Elfahmi, 

2014). Jamu, an Indonesian traditional herbal medicine, have been generally used in 

Indonesia so far. For instance, a Jamu including Trigonella foenum graecum, Tribulus 

terrestris, Yohimbe, Talinum paniculatum, and Plantago major have been used to treat 

liver and kidney disturbance. Orthosiphonis, Phyllanthi, Plantaginis, Blumeae, 
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Centellae, Morindae, Alstoniae, Andrographidis, and Cercospora apii have been used 

for treating mild hypertension, and Morindae fructus, Orthosiphonis folium, Syzygii 

polyanthi, Andrographidis, Centellae, and Curcumae have been used to treat diabetes 

mellitus (Elfahmi, 2014).  

In order to clarify the mechanism of the biological activity of Jamu, the biological 

activity of Indonesian medicinal plants extracts have been investigated and isolation 

and identification of bioactive components including Indonesian medicinal plants have 

been performed in the world because of its valuable pharmaceutical potential. A 

number of bioactivity of Indonesian medicinal plants have been reported and novel 

compounds and bioactive components have been isolated from Indonesian herbal 

medicinal plants used as Jamu. Kamiya et al., isolated five novel flavonoid 

glucuronides from fruit of Helicteres isora which is called Ulet-Ulet in Java island and 

used as Jamu in Indonesia. A novel anthraquinone glucoside was isolated from the root 

of Rheum pulmatum, an Indonesian Jamu (Kubo, 1992). The extracts of traditional 

Indonesian medicinal plants, Cinnamomum massoiae, Eucalyptus globulus, Vitex 

trifolia, Eucalyptus globulus, Plantago major L., and Vitex trifolia L. inhibit the 

histamine release from rat basophilic leukemia cells (Ikawati, 2001). In this study, the 

lead compounds exhibiting melanogenesis controlling effect was searched using 

Helminthstachys zeylanica, an Indonesian medicinal plant.   

    

1.4.2 Tyrosinase inhibitor  

Traditional medicinal plants have been used for cosmetics especially for whitening 
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agents. As described above, melanin is synthesized via rate limiting reaction by 

tyrosinase catalysis from L-tyrosine as a starting material. Hence a number of extracts 

of medicinal plants and the components have been treated to determine the tyrosinase 

inhibitory activity in order to search the whitening agents. Morin (Fig.1.9), one of the 

flavonol and widely distributed in plants including onion, guava leaves and seaweeds, 

exhibits potent tyrosinase inhibitory activity (Mendoza-Wilson, 2011 and Wang, 2014). 

Glabridin (Fig.1.9), an isoflavan derivatives, was isolated from Allamanda catharitica

stem as potent tyrosinase inhibitor (Yamauchi, 2011 and Nerya, 2003). Artocarbene, 

chlorophorin, norartocarpanone, and 4-propylresorcinol (Fig.1.9) including 2, 

4-substituted resorcinol moiety induce high tyrosinase inhibitory activity (Shimizu, 

1998 and 2000). Catechol moiety of chalcone exhibits tyrosinase inhibitory activity, and 

it is reported that the catechol chelates with the copper ions, present in the active site of 

tyrosinase. While the 2, 4-substituted resorcinol shows no chelate with the copper ions 

and inhibits tyrosinase activity more potently than catechol by competitive binding with 

the copper ions in tyrosinase (Khatib, 2005). The tyrosinase activity and melanogenesis 

of prenylated flavonoids from Artocarpus altilis were determined (Lan, 2013). A. altilis 

is popularly known as the breadfruit tree in English. Besides the leaves, roots, and root 

bark are used as traditional medicines in West Indies to relieve asthma, decrease blood 

pressure, cure liver disorders, and decrease fever (Adewole, 2007). Norartocarpetin 

(Fig.1.9) from A. altilis also including 2, 4-substituted resorcinol moiety exhibits potent 

tyrosinase inhibitory activity as well as melanaogenesis inhibitory activity in B16 

melanoma cells. While artocarpin (Fig.1.9) which has 2, 4-substituted moiety shows 

less potent tyrosinase inhibitory activity than norartocarpetin because of its low polarity 

substituent groups. However it should be noted that artocarpin exhibits higher 
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melanogenesis inhibitory activity in melanoma cells than noratocarpetin even though 

artocarptin shows low tyrosinase inhibitory activity, suggesting that it is necessity to 

consider the expressions of melanogenic enzymes as well as tyrosinase activity in 

melanoma cells. As described above, a lot of tyrosinase inhibitors have been obtained 

and investigated the mechanism. However there are few reports focusing on the 

compounds stimulating tyrosinase activity thus far.  
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Fig.1.9 Chemical structures of tyrosinase inhibitor including 2, 4-substituted resorcinol 

moiety
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1.4.3 Regulator on expression of melanogenic enzymes  

    Tyrosinase is transcriptionally regulated by MITF, and MITF expression is 

regulated by a number of kinase pathways. Recently the melanogenesis regulating 

activity of compounds have been evaluated by determining the tyrosinase expression as 

well as tyrosinase activity. Besides in order to clarify the mechanism, the expressions of 

MITF and kinases have been investigated by western blot analysis. 

1-O-Methyl-fructofuranose (Fig.1.11) from the fruit of Schisandra chinensis is a 

traditional Korean medicinal herb, and the effects of 1-O-methyl-fructofuranose on 

melanogenesis, expressions of melanogenic enzymes, and related signaling pathways 

were investigated. 1-O-Methyl-fructofuranose inhibits melanogenesis by suppressing 

the expressions of tyrosinase, TRP-1, and MITF. Additionally the study also elucidated 

the compound increases the phosphorylation of ERK, suggesting 

1-O-methyl-fructofuranose inhibits melanogenesis by stimulating the ERK pathway (Oh, 

2010). Citrus fruits press cake was reported as melanogenesis inhibitor by suppressing 

MITF expression (Kim, 2013). Rhodiola rosea (Fig.1.10) extracts was studied as 

melanogenesis suppressor. The acetone extract of R. rosea exhibits tyrosinase inhibitory 

activity (Chen, 2009). Besides R. rosea root containing phenylethanol derivatives, 

phenylpropanoids, monoterpenes, flavanoids, phenolic acids, and triterpenes (Saratikov, 

1967 and Kurkin, 1985) decreases melanin content in B16 melanoma cells via

suppressing the expressions of MC1R, a receptor of α-MSH, MITF, TRP-1, and 

tyrosianse (Chiang, 2014).  

On the other hand melanogenesis stimulator also have been studied. 

Diethylstilbestrol (Fig.1.11) was reported to exhibit potent melanogenesis stimulatory 
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activity. Diethylstilbestrol increases the tyrosinase, TRP-1, TRP-2, and MITF mRNA as 

well as tyrosinase activity (Jian, 2011). Cilostazol (6-[4-(1-cyclohexyl-1 

Htetrazol-5-yl)butoxy]-3,4-dihydro-2-(1H)-quinolinone) (Fig.1.11), known as an 

inhibitor of cAMP degrading enzyme, promotes melanogenesis by increasing the 

expressions of MITF via PKA/CREB pathway (Wei, 2014).     

Fig.1.10 R. rosea
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Fig.1.11 Chemical structures of melanogenesis modulators 

1.5 Research objectives  

Recently a number of papers have focused on the modulation of tyrosinase activity 

and expressions of melanogenic enzymes in order to control the skin and hair 

pigmentation. The skin and hair pigmentation takes place by the melanosomes 

transported and released from melanocyte. However few studies have treated the 

compounds which could control the transportation of melanosomes as well as the 

expressions of melanogenic enzymes. Several proteins, involved in the transportation of 

melanosomes, have been identified and a lot of the mechanism of the transportation 

have been already clarified. Therefore the investigation of regulators on transportation 

of malanosomes is desired.     

In this study, isolation and identification of compounds in Helminthostachys 
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zeylanica extract which exhibited potent intracellular melanogenesis stimulatory 

activity were performed in order to search the lead compounds as melanogenesis 

modulators. Moreover the structure-activity relationships of the bioactive compounds 

were investigated. Additionally the effects of the bioactive compounds on 

transportation of melanosomes as well as expressions of melanogenic enzymes were 

investigated by using western blot analysis and immunofluorescence microscopy in 

order to clarify the mechanisms of the activity.       
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Chapter 2 

Identification of quercetin glycosides as intracellular melanognesis 

stimulator from Helminthstachys zeylanica 
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2.1 Introduction 

    In order to search the lead compounds modulating the melanogenesis activity, 

Helminthostachys zeylanica (Fig.2.1) root extract has been focused on because of the 

melanognesis stimulatory activity on the screening assay. H. zeylanica, belongs to 

Ophioglossaceae family, has been used for pain relief, germ killing, wound care, and 

promotion of bone healing after fracture (Lee, 2011 and 2012). Besides it has been used 

as an antipyretic, antiphlogistic, and anodyne (Chiu, 1992) and used to treat sciatica, boils, 

ulcers and malaria (Suja, 2004). The bioactive components including H. zeylanica have 

been isolated and identified so far. Four flavonoids, ugonins A–D were isolated from the 

rhizomes of H. zeylanica (Murakami, 1973a and b). Moreover, it is reported that ugonins 

E-T were isolated from the root of H. zeylanica and identified as well as their antioxidant 

and anti-inflammatory activity by Huang et al., (2003, 2009). Ugonin K, isolated from H. 

zeylanica, reported to promote osteoblastic differentiation and mineralization via

activating of p38 MAPK and ERK path way (Lee, 2011). In this chapter reports the 

isolation and identification of novel quercetin glycosides from H. zeylanica root extract 

and the potent intracellular melanogenesis enhancement activity in B16 melanoma cells. 
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Fig.2.1 Helminthostachys zeylanica

2.2 Material and Methods 

2.2.1 General 

    1H and 13C NMR spectra were recorded in methanol-d4 with Bruker Biospin 

AVANCE � 800MHz NMR and JEOL EC600MHz NMR. Coupling constants were 

expressed in Hz, and chemical shifts were given on a δ (ppm) scale. UPLC-TOFMS 

(Waters Waters�R XevoTM� QTof MS) was performed using column C18 (2.1mmφ × 

100mmL, Waters). GC-MS (Shimadzu GCMS-QP 5050A) was performed using a DB-5 

MS column (0.25mmφ× 30m L, J&W scientific). Column chromatography was 

performed with Sephadex LH-20 (18–111 μm, GE Healthcare). 
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2.2.2 Material 

    The sample was collected from Samarinda, Indonesia in 2006. The sample and the 

voucher specimen were deposited in Herbarium wanariset, Samboja, East Kalimantan, 

Indonesia identified no. WAN0017365 

2.2.3 Extraction and fractionation of H. zeylanica root powder 

    H. zeylanica root powder ca.100g was extracted with 50% ethanol. The 50% ethanol 

extract was separated with Sephadex LH-20 gel column (25mmφ×820mmL) 

chromatography eluting with the solvent (water:MeOH = 1:1 v/v) to obtain compound 1  

(yellow powder 52.5mg) and 2 (yellow powder 771mg).   

2.2.4 Tyrosinase activity assay 

    The tyrosinase activity method was performed based on Batubara,(2010). The 

sample 70μL was put in 96-well plate. Tyrosinase 30μl (333unit/ml in phosphate buffer 

50mM pH 6.5) and 110 μL of substrates (L-tyrosine 2mM or L-DOPA 2mM) were added. 

After incubation at 37°C for 30min, the absorbance at 510nm was measured using a micro 

plate reader. IC50 is expressed as the concentration of inhibitor showing 50% inhibition. 

2.2.5 Cell culture 
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    Murine melanoma B16-F0 cells (DS Pharma Biomedical, USA) grown in DMEM 

medium supplementing with 10% fetal bovine serum, 1% penicillin/streptomycin, were 

cultured at 37°C in a humidified atmosphere of 5% CO2. 

2.2.6 Measurement of cellular melanin contents 

Measurement of cellular melanin contents was performed according to the method 

(Arung., 2011). In brief, confluent cultures of B16 melanoma cells were rinsed in 

phosphate-buffered saline (PBS) and removed using 0.25% trypsin/EDTA. The cells were 

placed in 10cm petri dishes (1.0×105 cells / dish) and allowed to adhere at 37°C for 24h. 

After adding samples, cells were incubated for 72h and then washed with PBS following 

lysed in 200μl of 2M NaOH by 40min heating at 80°C to solubilize the melanin. Resulting 

lysate 150μL was put in a 96-well microplate, and the absorbance was measured at 405nm 

with a microplate reader. Each experiment was repeated twice. Enhancement of melanine 

production is expressed as percentage to that of control cells treated with the solvent 

DMSO/water without sample materials. 

2.2.7 Cell viability 

    Cell viability was determined using the hemocytometer (Erma, Tokyo). B16 cells 

were cultured and added samples as shown in 2.2.6 section. After 72h incubation B16 

melanoma cells were removed using 0.25% trypsin/EDTA solution, and then for the 

200μL of the solution 10μL trypan blue solution was added in 1.5ml tube. The 10μL of 

mixed solution was put in to the hemocytometer to count the cells number. Each 
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experiment was repeated twice. Enhancement of melanine production is expressed as 

percentage to that of control cells treated with the solvent DMSO/water without sample. 

2.2.8 Identification of compound 1 and 2 

   Compound 1 and 2 were identified by 1H NMR, 13C NMR, 1H 1H COSY, HMQC, 

HMBC, and UPLC-TOFMS. Methanol-d4 was used as the NMR solvent. NMR 

measurements were performed by using Bruker Biospin AVANCE�800MHz NMR and 

JEOL EC600MHz NMR. UPLC-TOFMS (Waters Waters�R XevoTM� QTof MS) was 

performed using column C18 (2.1mmφ×100mmL) with  MeOH/water = 5/95 (0min), 

100/0 (10min), 100/0 (13min) as eluent. The data were collected in negative ionization 

modes. The capillary voltage was 3.0kV. Cone and desolvation gas flow rates were set at 

50 and 1000 liters/h respectively, and the source and desolvation temperature was 150°C 

and 500°C respectively. 

The NMR data of the compounds isolated from H. zeylanica roots are shown in Table 

2.1 and 2.2.  

Compound 1: yellow powder, UPLC-TOFMS ES- : [M-1]- 787.2029, 625.1410, 463.0890, 

301.0372 (m/z). UV λMeOH
max: 207, 265, 345 (nm). [α]20

D: -33.4°(c=0.84, MeOH:H2O 

1:1 v/v). IR (KBr):� 3402, 1655, 1612, 1499, 1457, 1365, 1260, 1205, 1072 (cm-1).  

Compound 2: yellow powder, UPLC-TOFMS ES- : [M-1]-  949.2466 (m/z). 

 UV λMeOH
max : 207, 265, 342 (nm). [α]20

D: -41.0�(c=0.83, H2O). IR (KBr): 3402, 1642, 

1615, 1519, 1466, 1343, 1312, 1162, 1087 (cm-1).     �   
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Table 2.1 1H and 13C-NMR chemical shifts and key HMBC correlations of compound 1  

 

 

 

Position δH (ppm) J(Hz) δC (ppm) HMBC 
2 
3 
4 
4a 
5 
6 
7 
8 
8a 

1’ 
2’ 
3’ 
4’ 
5’ 
6’ 

A1 
A2 
A3 
A4 
A5 
A6 

B1 
B2 
B3 
B4 
B5 
B6 

C1 
C2 
C3 
C4 
C5 
C6 

6.18 d 

6.36 d 

7.67 d 

7.25 d 
7.62 dd 

3-glucose 
5.28 d 
3.49 t 
3.57 m 
3.33 m 
3.33 m 
3.70(2H) m 

(1�4)-glucose 
4.37 d 
3.19 t 
3.30 m 
3.31 m 
3.29 m 
3.63(2H) m 

4’-glucose 
4.91 d 
3.56 t 
3.68 m 
3.52 m 
3.57 m 
3.90, 3.86 m, m 

2.04 

2.10 

2.04 

8.94 
8.94, 2.04 

7.56 
8.22 

7.56 
8.94 

7.56 
8.94 

156.8 
134.6 
178.1 
104.4 
161.7 

98.6 
164.9 

93.4 
157.1 

121.5 
116.6 
146.2 
147.6 
115.8 
121.5 

102.6 
75.0 

 76.4 
79.0 
75.6 

 60.3 

103.2 
73.5 
76.7 
69.9 
76.4 
61.0 

101.9 
 73.4 
 74.3 

69.9 
 76.7 

61.2 

C-5, C-7 

C-7, C-8a 

C-2, C-4’ 

C-3’, C-4’ 
C-2, C-4’ 

C-3, C-A5 

C-A2, C-A4 
C-A5, C-A6, C-B1 
C-A4 
C-A4 

C-A4, C-B5 

C-B4 

C-4’ 



28 

 

Table 2.2 1H and 13C-NMR chemical shifts and key HMBC correlations of compound 2  

Position δH (ppm) J(Hz) δC (ppm) HMBC 
2 
3 
4 
4a 
5 
6 
7 
8 
8a 

1’ 
2’ 
3’ 
4’ 
5’ 
6’ 

A1 
A2 
A3 
A4 
A5 
A6 

B1 
B2 
B3 
B4 
B5 
B6 

C1 
C2 
C3 
C4 
C5 
C6 

D1 
D2 
D3 
D4 
D5 
D6 

6.18 d 

6.36 d 

7.66 d 

7.29 d 
7.60 dd 

3-glucose 
5.29 d 
3.50 t 
3.57 m 
3.33 m 
3.33 m 
3.71(2H) m 

(1�4)-glucose 
4.37 d 
3.19 dd 
3.28 m 
3.30m 
3.29 m 
3.68(2H) m 

4’-glucose 
4.97 d 
3.80 t 
3.68 m 
3.52 m 
3.59 m 
3.90, 3.86 m, m 

(1�2)-glucose 
4.75 d 
3.27 t 
3.39 dd 
3.47 m 
3.31 m 
3.68, 3.65 m, m  

2.04 

2.04 

2.04 

8.28 
8.22, 2.04 

7.56 
8.94 

8.22 
8.94,7.56 

7.56 
7.56 

8.22 
8.94 
13.7, 8.93 

156.8 
134.7 
178.1 
104.4 
161.7 

98.8 
165.1 

93.5 
157.2 

125.6 
116.3 
146.6 
147.7 
116.3 
121.5 

102.5 
74.4 

 76.5 
79.0 
75.6 

 60.5 

103.2 
73.5 
76.5 
70.0 
76.5 
61.1 

101.2 
 81.8 
 74.1 

69.9 
 76.8 

61.1 

104.2 
75.0 
76.3 
69.6 
77.0 
60.9 

C-5, C-7 

C-7, C-8a 

C-2, C-4’ 

C-3’, C-4’ 
C-2, C-4’ 

C-3 

C-A2, C-A4 
C-A5, C-A6, C-B1 
C-A4 
C-A4 

C-A4, C-B5 

C-B4 

C-4’, C-C2 

C-C2 
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2.2.9. Acid hydrolysis 

    Acid hydrolysis was performed according to the previous method (Koz, 2010). 5ml 

of 1N HCl was added to a 10mg of compound 1, and the mixture was stirred at 80°C for 

4h. After cooling down to room temperature, the solution was partitioned between H2O 

and EtOAc. The H2O layer was freeze dried, and the EtOAc layer was analyzed by JEOL 

EC600MHz NMR. The freeze dried product from H2O layer was dissolved in 1-

(trimethylsilyl)-imidazole 0.4ml and pyridine 5.0ml to trimethylsilylate. The solution was�

stirred at 60°C for 5min. After drying the solution with a stream of N2, the residue was 

partitioned between H2O and CHCl3. The CHCl3 layer was analysed by GC-MS 

(Shimadzu GCMS-QP 5050A) using a DB-5 MS column (J&W scientific 0.25mmφ�

30mL). Temperatures of the injector and� detector were 250°C. A temperature gradient 

of column oven was follows, starting at 80°C for 2min and increasing up to 250°C over 

a period of 9min. The hydrolysis of standard monosaccharides D-glucose, D-galactose, 

D-arabinose and L-rhamnose were performed by the same method of compound 1. 

2.2.10 Determination of absolute configuration of sugars from compound 1 and 2 

Five milliliter of 1N HCl was added to a 5mg of compound 1 and 2 respectively, and 

the mixtures were stirred at 80°C for 4h. After cooling down to room temperature, the 

solutions were partitioned between H2O and EtOAc by a separatory funnel. The sugars 

from compound 1 and 2 were obtained by the drying of H2O layer in vacuo, and its 

specific optical rotation were [α]20
D: +83.0°(c=0.23, H2O), +86.7°(c=0.19, H2O) 

respectively. 
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2.3 Results and Discussion  

2.3.1 Identification of compound 1 and 2 

    Compound 1 (Fig.2.2) was obtained from a water/EtOH extract of H. zeylanica root 

was using LH-20 gel column chromatography, and the structure was analyzed by NMR 

and UPLC-TOFMS. Also, compound 1 was hydrolyzed with acid to determine the 

constitution of sugars and aglycon in compound 1. The sugars were analyzed using GC-

MS after trimethylsilylation, and the aglycon was determined using NMR. The total ion 

chromatograms of trimethylsilylated D-glucose, L-rhamnose, D-arabinose, D-galactose 

and hydrolysates of compound 1 are shown in Fig.2.3 The peaks of trimethylsilylated D-

glucose at standard were observed at 24.5, 25.5, and 27.7 (min) of retention time which 

are completely the same retention times of hydrolysates of compound 1. Moreover, the 

mass spectrum of compound 1 showed four major peaks appeared at 787.2029 [M-1]-, 

625.1410 [M-1-162] -, 463.0890 [M-1-324] -, 301.0372 [M-1-466] - (m/z) by UPLC-

TOFMS (Fig.2.4). Considering the 162m/z differences of each peak depend on the 

fragment of glucose, compound 1 contained three molecules of D-glucoses.  

According to the NMR data of aglycon, it accorded the NMR data of quercetin 

reported by Lasse et al., (2009) and Moon et al., (2001). In order to elucidate the binding 

position of three glucoses of compound 1, HMBC correlations in Table 2.1 were 

determined using 800MHz NMR. HMBC of compound 1 gave the correlations between 

H-C1 and C-4’, and between H-A1 and C-3. These correlations result in the presence of 

C-C1 to C-4’ and C-A1 to C-3 bonds respectively via oxygen. Additionally the correlation 
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between H-B1 and C-A4 was observed, so that the compound 1 was identified as 4’-O-

β-D-glucopyranosyl-quercetin-3-O-β-D-glucopyranosyl-(1→4)-β- D-glucopyranoside. 

Compound 2 (Fig.2.2) was identified by comparing to the NMR and UPLC-TOFMS 

data of compound 1. The NMR data of compound 2 shown in Table 2.2 was related to 

that of compound 1. According to HMBC data, the proton signal at 4.75ppm of compound 

2 which was not appeared in compound 1 correlated with C-C2. The coupling constant of 

H-D3 was more than 7Hz, so that H-D2, H-D3 and H-D4 were therefore shown to be in 

axial positions. Further, UPLC-TOFMS data of compound 2 was 949 [M-1]-  m/z which 

was162 m/z higher than that of compound 1 (787m/z). Therefore compound 2 is identified 

as 4’-O-β-D-glucopyranosyl-(1→2)-β-D-glucopyranosyl-quercetin-3-O-β-D- 

glucopyranosyl-(1→4)-β-D-glucopyranoside.  
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Fig.2.3� Total ion chromatograms of silylated D-glucose, L-rhamnose, D-arabinose, 
D-galactose, and sugars from compound 1
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Fig.2.4 UPLC-TOFMS spectrum of compound 1
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2.3.2 Intracellular melanogenesis enhancement activity 

The intracellular melanogenesis enhancement activity of compound 1 and 2 at 10μM 

of concentration was shown in Fig.2.5. The intracellular melanogenesis activity and cell 

viability of compound 1 were 270 and 93% respectively, while compound 2 did not 

exhibit an intracellular intracellular melanogenesis enhancement activity. Quercetin, the 

aglycon of compound 1 and 2, was reported to have high intracellular melanogenesis 

inhibitory activity. However, quercetin-4’-O-β-D-glucoside, quercetin-3-O-β-D-

glucoside, quercetin-3, 4’-O-β-D-glucoside, and rutin showed a lower inhibitory activity 

than quercetin (Arung, 2011). Furthermore, it was demonstrated that quercetin-3-O-β-D-

glucoside enhances melanogenesis by accelerating the expression of TRP-1 and -2 (Ye, 

2010a). Our results added the intracellular melanogenesis activities of quercetin 

glycosides, especially glycoside attached to C-3 and 4’ of quercetin had no melanogenesis 

inhibitory activity. Compound 1 showed intracellular melanogenesis acceleration activity 

of 2.7 times to control, while interestingly compound 2 had no intracellular 

melanogenesis enhancement activity in spite of the similarity of the structure. This result 

means the number of sugar connecting C-4’ may play an important role in the 

melanogenesis activity. 

Since melanogenesis related to the tyrosinase activity, we also determined the 

tyrosinase activity of compound 1�and 2. The activity of compound 1 and 2 at 10μM of 

concentration is presented in Fig.2.6. The tyrosinase activity of compound 1 was 115% 

and 117% using L-tyrosine and L-DOPA as substrate respectively. No enhancement 

activity of tyrosinase was shown for compound 1 in spite of dramatic activity of melanin 
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biosynthesis.  

Tyrosinase is transcriptionally regulated by microphthalmia-associated transcription 

factor (MITF) and its expression is activated by the p38 MAPK cascade. On the other 

hand, extracellularly responsive kinase (ERK) and c-Jun N-terminal kinase (JNK) 

pathway have been reported to be related to the down-regulation of melanin synthesis (Ye, 

2010b). Some melanogenic enhancing agents have been examined at several points of 

melanogenesis such as expression of tyrosinase, p38, JNK, ERK and MITF as well as 

tyrosinase activity. A study suggested that p38 MAPK was stimulated by cubebin, which 

enhanced melanogenesis activity in murine B16 melanoma cells (Hirata, 2007). 

Compound 1 may also enhance the activity or expression of MITF by regulating kinase 

mentioned above, because it did not show tyrosinase accelerate activity in spite of its high 

intracellular melanogenesis stimulation activity in B16 melanoma cells (Fig. 2.6). 

Moreover, considering the structures of two novel quercetin glycosides, the glucoses 

connecting quercetin C4’ may play an important role in the intracellular melanogenesis 

stimulation activity. These results are described in the previous published (Yamauchi, 

2013). We need to elucidate the mechanism of intracellular melanogenesis enhancement 

activity of compound 1 by way of determining the tyrosinase and MITF expression in 

B16 melanoma cells.      
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Fig.2.5� Intracellular melanogenesis activity and cell viability of compound 1 and 2  

■: intracellular melanogenesis activity of B16 melanoma cells treated with samples   

              □: cell viability of B16 melanoma cells treated with samples 

  

10�M

100

270

96100 93 100

0

50

100

150

200

250

300

control compound 1 compound 2

m
el

an
og

en
es

is
 a

ct
iv

ity
 a

nd
 c

el
l v

ia
bi

lit
y 

(%
)

melanogenesis activity (%)

cell viability (%)



38 

 

Fig.2.6 Tyrosinase activity of compound 1 and 2

■: tyrosinase activity using L-tyrosin as substrate 

□: tyrosinase activity using L-DOPA as substrate 
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2.4 Summary 

    Two novel quercetin glycosides namely 4’-O-β-D-glucopyranosyl-quercetin -3-O-

β-D-glucopyranosyl-(1→4)-β-D-glucopyranoside (compound 1) � and � 4’-O-β-D–

glucopyranosyl-(1→2)-β-D-glucopyranosyl-quercetin-3-O-β-D-glucopyranosyl-(1→4)-

β-D-glucopyranoside (compound 2) were isolated from H. zeylanica root 50% ethanol 

extract. Structural analysis of isolated compounds was achieved mainly by 600MHz, 

800MHz NMR, UPLC-TOFMS, and GC-MS. Among the two quercetin glycosides, 

compound 1 showed high intracellular melanogenic stimulatory effect which was 2.7 

times higher than a control in murine B16 melanoma cells with no cytotoxic effect even 

though 2 exhibited no stimulatory activity as the similar compound. This results indicated 

the importance of the substituent moieties attached to quercetin on melanognesis 

stimulatory activity.  
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Chapter 3 

Synthesis of quercetin derivatives
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3.1 Introduction 

Quercetin is a flavonoid present as a glycoside in various fruits and vegetables (Hertog, 

1992, Hollman, 1999, and Manach, 2004). A number of studies have demonstrated that 

quercetin exhibits a variety of pharmacological effects, including antioxidant and anti-

cancer activities (Gibellini, 2009 and Chen, 2002), while some reports relate to 

effectiveness in controlling melanogenesis. Quercetin is recognized as a potent inhibitor 

of tyrosinase activity and melanogenesis, as evidenced by the studies performed in the 

mouse B16 melanoma cells (Fuji, 2009). However, quercetin has been reported to elicit 

the opposite effect and accelerate melanogenesis in human melanoma cells (Nagata, 

2004). Furthermore, it was reported that the direction of its melanogenesis-regulating 

activity depends on the concentration of quercetin used (Yang, 2011). A small number of 

studies have shown that quercetin derivatives can control melanogenesis. Quercetin-3-O-

β-D-glucoside enhances melanogenesis by stimulating the expression of TRP-1 and TRP-

2 (Ye, 2010). In our previous study, we evaluated the effect on melanogenesis of two 

quercetin glycosides, 4′-O-β-D-glucopyranosyl-quercetin-3-O-β-D-glucopyranosyl-

(1→4)-β-D- glucopyranoside (1) and 4′-O-β-D–glucopyranosyl-(1→2)-β-D-

glucopyranosyl -quercetin-3-O-β-D-glucopyranosyl-(1→4)-β-D-glucopyranoside (2) 

isolated from Helminthostachys zeylanica root extract (Yamauchi, 2013, Chapter 2). 

While compound 1 was found to stimulate melanogenesis, the latter compound had no 

effect, suggesting that the structure and positions of the sugars in the quercetin glycosides 

may affect their melanogenesis-modulating activity in B16 melanoma cells.  

Chemical synthesis of compounds isolated from natural products plays an important 

role to obtain the abundant amount of the compounds and to identify the exact chemical 
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structure of the compounds. The synthesis strategy of quercetin derivatives have been 

studied so far because of their high potency on biological activity. For instance, quercetin 

3-O-β-D-glucuronide was synthesized from rutin as a starting material (Kajjout, 2011). 

Regiospecific synthesis of quercetin-O-β-D-glucosylated and quercetin-O-β-D-

glucuronidated isomers using dichlorodiphenylmethane to protect hydroxyl groups of 

catechol moiety on B ring (Kajjout, 2011). Additionally five O-monomethylated 

analogues of quercetin (3'-O-methylquercetin, 4'-O-methylquercetin, 3-O-

methylquercetin, 5-O-methylquercetin, and 7-O-methylquercetin) were synthesized 

through sequential protection using dichlorodiphenylmethane (Bouktaib, 2002).      

In this chapter, compound 1, a novel quercetin glycoside isolated from Indonesian 

medicinal plant, was synthesized using rutin as a starting material. Moreover eighteen 

structurally distinct quercetin derivatives (Fig.3.1) were synthesized in order to 

investigate the structure-activity relationships of quercetin glycosides on melanogenesis 

stimulatory activity.  

      

  



43 

 

1

R1=glucose, R2=R3=OH

2

R1=cellobiose, R2=R3=OH

R1=cellobiose, R2=glucose, R3=OH

R1=cellobiose, R2=OH, R3=glucose

R1=cellobiose, R2=cellobiose, R3=OH

R1=cellobiose, R2=OH, R3=cellobiose

R1=glucose, R2=glucose, R3=OH

R1=glucose, R2=OH, R3=glucose

R1=glucose, R2=cellobiose, R3=OH

R1=glucose, R2=OH, R3=cellobiose

3

4

5

6

7

8

9

10

quercetin R1=R2=R3=OH

O

R2

OH

R3

OH O

R1

1

2
3

44a5
6

7
8

8a 1'

2'
3'

4'

5'
6'

11

R1=OCH3, R2=R3=OH12

R1=R2=OCH3, R3=OH

R1=R3=OCH3, R2=OH

R1=R2=R3=OCH3

R2=OCH3, R1=R3=OH

R3=OCH3, R1=R2=OH

R1=OH, R2=R3=OCH3

R1=OAc, R2=R3=OH

R1= , R2=R3=OH

13

14

15

16

17

18

19

A2
A3

A4A5

A6

A1

O

O
OAc

OAc

OAc

AcO

Compound

R1=cellobiose, R2=sophorose, R3=OH

20

  

O

O
OH

OH

O

OH

O

OH

OH

OH
OH

A2
A3

A4A5

A6

B1
B2

B3
B4

B5B6

A1

R1

O

O
OH

OH

O

OH

O

OH

OH

OH
OH

C2
C3

C4C5

C6

D1
D2

D3
D4

D5D6

C1

R2

O

O
OH

OH

O

OH

O

OH

OH

OH
OH

E2
E3

E4E5

E6

F1
F2

F3
F4

F5F6

E1

R3

A2
A3

A4A5

A6

A1

O

O
OH

OH

OH

OH

E2
E3

E4E5

E6

E1

O

O
OH

OH

OH

OH

C2
C3

C4C5

C6

C1

O

O
OH

OH

OH

OH

Fig.3.1 Structures of quercetin derivatives 

  



44 

 

3.2 Material and methods 

3.2.1 General  

    1H and 13C NMR spectra were recorded in methanol-d4 or DMSO-d6 by using 

JEOL EC600M Hz NMR. Coupling constants were expressed in Hz, and chemical shifts 

were determined on a δ (ppm) scale. Ultra performance liquid chromatography time-of-

flight mass spectrometry (UPLC-TOFMS) (Waters�RXevoTM QT for MS) was performed 

using a C18 column (2.1 mmφ × 100 mm L; Waters, Milford, MA). UPLC-TOFMS data 

were collected in negative ionization modes. The capillary voltage was 3.0 kV. Cone and 

desolvation gas flow rates were set at 50 and 1000 L/h respectively, and the source and 

desolvation temperatures were 150°C and 500°C, respectively. Matrix assisted laser 

desorption/ionization TOFMS (MALDI-TOFMS) spectra were measured on a Shimadzu 

AXIMA-Resonance spectrometer (Kyoto, Japan) equipped with a nitrogen laser 

(λ = 337 nm). Samples were mixed with matrix (2,3-dihydroxybenzoic acid in 30% 

acetonitrile, 10 mg/mL) and loaded onto a 384-well MALDI sample plate. Preparative 

HPLC (SHIMAZU LC-6AD) was performed using an Inertsil ODS-3 column (20φ × 250 

mm; GL Sciences, Tokyo, Japan). Cellobiose was purchased from Sigma-Aldrich (St. 

Louis, MO), and 30% hydrobromic acid was purchased from Merck (Whitehouse Station, 

NJ). Other commercially available products were purchased from Wako Chemicals 

(Richmond, VA). IR spectra were recorded on a PerkinElmer Spectrum 100 FT-IR system 

(Waltham, MA). UV spectra were recorded on a Shimadzu SPD-M20A diode array 

detector. Optical rotations were measured using a JASCO P-2300 system (Easton, MD).
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3.2.1 Synthesis of quercetin glycosides 

3.2.1.1 Preparation of acetobromocellobiose 

Cellobiose (3.00 g, 8.76 mmol) was dissolved in anhydrous acetic acid (10 mL); then, 

14 mL of pyridine was added, and the mixture was stirred overnight at room temperature. 

The resulting mixture was diluted with 50 mL of chloroform and was washed with water 

(3 × 50 mL). The chloroform phase was dried using Na2SO4, and acetocellobiose (3.17 g, 

53.4% yield) was obtained after solvent evaporation. 

Acetocellobiose was dissolved in 10 mL of chloroform, and 4 mL of 30% 

hydrobromic acid-acetic acid (20.00 mmol) was added at 0°C. The mixture was stirred 

overnight at room temperature. The resulting mixture was diluted with 50 mL of EtOAc 

and was washed with water (5 × 40 mL). The EtOAc phase was dried using Na2SO4, and 

acetobromocellobiose (3.11 g, 95.1% yield) was obtained after solvent evaporation. 

3.2.1.2 Synthesis of 3 and 4 

Rutin (5.00 g, 8.19 mmol), K2CO3 (9.04 g, 65.52 mmol), and BnBr (7.79 mL, 65.52 

mmol) were added to 60 mL of dimethylformamide (DMF), and the mixture was then 

stirred for 10 h under argon at room temperature. The resulting mixture was diluted with 

150 mL of EtOAc and washed with water (2 × 150 mL). The residue obtained after 

evaporation of the solvent was dissolved in 100 mL of 1 N HCl, and the mixture was 

refluxed at 80°C for 2 h. 

After the precipitate was cooled, it was filtered. Next, 1.0 g of the precipitate, K2CO3
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(417 mg, 3.02 mmol), and acetobromocellobiose or acetobromoglucose (2.11 g or 1.24 g 

respectively, 3.02 mmol) were added to 20 mL of DMF, and the mixture was stirred for 6 

h at room temperature. The reaction mixture was diluted with 80 mL of EtOAc and 

washed with water (2 × 80 mL). After the EtOAc phase was dried using Na2SO4, the 

reactant was obtained by evaporating the solvent. 

The reactant was dissolved in a 30-mL mixture of methanol 

(MeOH)/tetrahydrofuran (THF) (1/1, v/v), and 10 mL of 28% sodium methoxide/MeOH 

(1:50, v/v) was added. After the solution was stirred for 6 h at room temperature, it was 

neutralized by adding 2.0 g of an ion-exchange resin (H+ form) and stirred for 30 min. 

The resin was filtered off, and the reactant was obtained after the solvent was evaporated. 

Next, 60 mg of reactant was dissolved in 40 mL of EtOH/THF (1:1, v/v), and 100 

mg of 10% Pd/C was added. The mixture was stirred for 2 h at room temperature under 

0.1 MPa H2. The Pd/C was filtered off, and the solvent was evaporated. The quercetin-3-

O-β-D-glucopyranosyl-(1→4)-β-D-glucopyranoside (4) and quercetin-3-O-β-D-

glucopyranoside (3) obtained from rutin were yellow powders, with yields of 68.2% and 

71.3%, respectively. They were purified using preparative HPLC with an ODS-3 column 

(20 mm φ× 250 mm L) eluted using a linear gradient of MeOH/0.05% TFA aq. soln. = 

50/50 (0 min), 100/0 (30 min), 100/0 (40 min). The structures of the synthesized quercetin 

glycosides 3 and 4 were confirmed using NMR and UPLC or MALDI-TOFMS, UV 

spectra, IR, and specific optical rotation. 

3: Yellow powder; UV λ max 204, 255, 355 nm; [α]20
D -2.1°(c 1.30, MeOH ); IR (KBr)�

νmax� 3402, 1658, 1610, 1498, 1364, 1309, 1081 cm-1; 1H NMR (CD3OD, 600 MHz) δH

3.20 (1H, m, H-A5), 3.32 (1H, t, J =9.66 Hz, H-A4), 3.41 (1H, t, J =8.9 Hz, H-A3), 3.46 
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(1H, t, J = 8.9 Hz, H-A2), 3.56 (1H, dd, J = 11.7, 5.5 Hz, one of the H-A6), 5.22 (1H, d, 

J = 7.6 Hz, H-A1), 6.18 (1H, br s, H-6), 6.37 (1H, br s, H-8), 6.84 (1H, d, J = 8.22 Hz, 

H-5’), 7.56 ( 1H, dd, J = 8.3, 1.4 Hz, H-6’) , 7.69 ( 1H, br s, H-2’); 13C NMR (CD3OD ,150 

MHz) δC 61.2 (C-A6), 69.9(C-A4), 74.4 (C-A2), 76.8 (C-A3), 77.1 (C-A5), 93.4 (C-8), 

98.5 (C-6), 103.0 (C-A1), 104.4 (C-4a), 114.7 (C-5’), 116.2 (C-2’), 121.7 (C-1’), 121.9 

(C-6’), 134.3 (C-3), 144.6 (C-3’), 148.5 (C-4’), 157.1 (C-2), 157.7 (C-8a), 161.7 (C-5), 

164.7 (C-7), 178.2 (C-4); MALDI-TOFMS m/z 487.0260 [M+Na]+. 

4: Yellow powder; UV λ max 204, 256, 356 nm; [α] 20
D -14.8°(c 0.97, MeOH); IR (KBr) 

νmax� 3402, 1655, 1611, 1498, 1433, 1203, 1071 cm-1; 1H NMR (CD3OD, 600 MHz) δH

3.19 (1H, t, J = 8.22 Hz, H-B2), 3.33-3.36 (4H, m, H-A4, A5, B3, B5), 3.54 (1H, t, J = 

8.3 Hz, H-A2), 3.57 (1H, m, H-A3), 3.70 (2H, m, H-A6), 4.38 (1H, d, J = 7.6 Hz, H-B1), 

5.27 (1H, d, J = 6.8 Hz, H-A1), 6.17 (1H, d, J = 1.4 Hz, H-6), 6.36 (1H, d, J = 2.1 Hz, H-

8), 6.85 (1H, d, J = 8.94 Hz, H-5’), 7.55 ( 1H, dd, J = 8.3, 2.0 Hz, H-6’) , 7.67 ( 1H, d, J

= 1.4 Hz, H-2’); 13C NMR (CD3OD, 150 MHz) δC 60.4 (C-A6), 61.1 (C-B6), 70.0 (C-

B4), 73.5 (C-B2), 74.1 (C-B5), 75.1 (C-A2), 75.5 (C-A5), 76.5 (C-A3), 76.8 (C-B3), 78.9 

(C-A4), 93.4 (C-8), 98.6 (C-6), 102.8 (C-A1), 103.2 (C-B1), 104.3 (C-4a), 114.7 (C-5’), 

116.2 (C-2’), 121.7 (C-1’), 121.9 (C-6’), 134.2 (C-3), 144.6 (C-3’), 148.5 (C-4’), 157.1 

(C-2), 157.6 (C-8a), 161.7 (C-5), 164.6 (C-7), 178.1 (C-4); UPLC-TOFMS ES- m/z

625.1404 [M-1]-. 

3.2.1.3 Synthesis of 1 and 5-11 

First, quercetin glycoside 4 (200 mg, 0.320 mmol), K2CO3 (265 mg, 1.92 mmol), 
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and acetobromoglucose or acetobromocellobiose (790 mg or 1.34 g respectively, 1.92 

mmol) were added to 4 mL of DMF. The mixture was stirred for 6 h at room temperature 

under argon. Next, K2CO3 (265 mg, 1.92 mmol) and BnBr (0.305 ml, 2.56 mmol) were 

added, and then the mixture was stirred overnight at room temperature under argon. The 

resulting mixture was diluted with 30 mL of EtOAc and washed with water (2 × 30 mL). 

After solvent evaporation, the residue was dissolved in 10 mL of THF, and 10 mL of 28% 

sodium methoxide/MeOH (1:50, v/v) was added. The mixture was stirred for 6 h at room 

temperature. The solution was neutralized by adding 2.0 g of an ion-exchange resin (H+

form) and stirred for 30 min. The resin was filtered off, and the reactant was obtained 

after solvent evaporation. The reactant was dissolved in 20 mL of EtOH/THF (1:1, v/v), 

and 100 mg of 10% Pd/C was added. The mixture was stirred for 2 h at room temperature 

under 0.1 MPa H2. The Pd/C was filtered off, and the solvent was evaporated. The 

compounds 1, 5, 6, and 7 obtained were yellow powders with yields of 10.3%, 9.68%, 

4.91%, and 3.13%, respectively; they were obtained from rutin from the reactant mixture 

by preparative HPLC with an ODS-3 column (20 mm φ × 250 mm L) eluted with the 

linear gradient MeOH/0.05% TFA aq. soln. = 25/75 (0 min), 100/0 (60 min), 100/0 (80 

min). 

Compounds 8, 9, 10, and 11 obtained from 3 were yellow powders with yields of 

4.18%, 3.30%, 6.78%, and 5.01%, respectively, and were synthesized using the same 

method as for 1, 5, 6, and 7. The structures of synthesized quercetin glycosides were 

confirmed using NMR, UPLC or MALDI-TOFMS, UV spectra, IR, and specific optical 

rotation. 

1: Yellow powder; UV λ max 207, 265, 345 nm; [α] 20
D -34.4°(c 0.32, MeOH:H2O=1:1 
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v/v); IR (KBr) νmax 3416, 1655, 1612, 1498, 1433, 1366, 1258, 1204, 1074 cm-1; 1H NMR 

(CD3OD, 600 MHz) δH 3.19 (1H, t, J = 8.22 Hz, H-B2), 3.29-3.33 (5H, m, H-A4, A5, B3, 

B4, B5), 3.49 (1H, t, J = 7.6 Hz, H-A2), 3.52 (1H, m, H-C4), 3.56 (1H, t, J = 8.3 Hz, H-

C2), 3.58-3.59 (2H, m, H-A3, C5), 3.70 (1H, m, H-C3), 3.71 (2H, m, H-A6), 3.86-3.90 

(2H, m, H-C6), 4.38 (1H, d, J = 8.3 Hz, H-B1), 4.92 (1H, d, J = 7.6 Hz, H-C1), 5.32 (1H, 

d, J = 7.6 Hz, H-A1), 6.19 (1H, d, J = 1.4 Hz, H-6), 6.38 (1H, br s, H-8), 7.25 (1H, d, J = 

8.9 Hz, H-5’), 7.63 ( 1H, dd, J = 8.9, 2.0 Hz, H-6’) , 7.68 ( 1H, d, J = 2.0 Hz, H-2’); 13C 

NMR (CD3OD, 150 MHz) δC 60.5 (C-A6), 61.1 (C-B6, C6), 69.9 (C-B4), 70.1 (C-C4), 

73.5 (C-B2, C2), 74.1 (C-C3), 75.0 (C-A2), 75.6 (C-A5), 76.5 (C-A3, B5), 76.8 (C-B3, 

C5), 79.0 (C-A4), 93.4 (C-8), 98.7 (C-6), 101.9 (C-C1), 102.5 (C-A1), 103.2 (C-B1), 

104.5 (C-4a), 115.9 (C-5’), 116.7 (C-2’), 121.6 (C-1’), 125.2 (C-6’), 134.7 (C-3), 146.3 

(C-3’), 147.7 (C-4’), 156.9 (C-2), 157.2 (C-8a), 161.8 (C-5), 164.8 (C-7), 178.2 (C-4); 

UPLC-TOFMS ES- m/z 787.1973 [M-1]-.

5: Yellow powder; UV λ max 204, 255, 353 (nm); [α]20
 D -41.4°(c 0.17, 

MeOH:H2O=1:4 v/v); IR (KBr) νmax 3447, 1651, 1494, 1338, 1202, 1073 cm-1; 1H NMR 

(CD3OD, 600 MHz,) δH 3.19 (1H, t, J = 8.3 Hz, H-B2), 3.28-3.33 (6H, m, H-A4, A5, B3, 

B4, B5, E3), 3.46 (1H, m, H-E4), 3.47 (1H, m, H-E2) 3.55-3.59 (3H, m, H-A2, A3, E5), 

3.71 (2H, m, H-A6), 3.86-3.89 (2H, m, H-E6), 4.38 (1H, d, J = 6.9 Hz, H-B1), 5.04 (1H, 

d, J = 6.2 Hz, H-E1), 5.35 (1H, d, J = 7.6 Hz, H-A1), 6.47 (1H, br s,  H-6), 6.74 (1H, br 

s, H-8), 6.84 (1H, d, J = 8.3 Hz, H-5’), 7.56 ( 1H, br d, J = 7.6 Hz, H-6’) , 7.69 ( 1H, br 

s, H-2’); 13C NMR (CD3OD, 150 MHz) δC 60.4 (C-A6), 60.8 (C-E6), 61.1 (C-B6), 69.9 

(C-B4), 70.0 (C-E4), 73.5 (C-B2, C2), 74.1 (C-E3), 75.1 (C-A2), 75.6 (C-A5), 76.5 (C-

A3, B5), 76.8 (C-B3), 77.0 (C-E5), 79.0 (C-A4), 94.3 (C-8), 100.3 (C-6), 101.9 (C-E1), 

102.4 (C-A1), 103.2 (C-B1), 106.1 (C-4a), 114.7 (C-5’), 116.2 (C-2’), 121.5 (C-1’), 122.0 
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(C-6’), 134.4 (C-3), 144.6 (C-3’), 148.7 (C-4’), 156.6 (C-2), 158.2 (C-8a), 161.4 (C-5), 

163.5 (C-7), 177.1 (C-4); UPLC-TOFMS ES- m/z 787.1978 [M-1]-. 

6: Yellow powder; UV λ max 205, 264, 345 nm; [α]20 
D -35.9° (c 0.55, MeOH:H2O=1:4 

v/v); IR (KBr) νmax 3437, 1655, 1498, 1204, 1076 cm-1; 1H NMR (CD3OD, 600 MHz) δH 

3.19 (1H, t, J = 8.2 Hz, H-B2), 3.25 (1H, t, J = 8.2 Hz, H-D2), 3.27-3.30 (2H, m, H-B4, 

D4), 3.30-3.37 (6H, m, H-A5, B3, B5, C5, D3, D5), 3.51 (1H, t, J = 8.3 Hz, H-A2), 3.58-

3.68 (6H, m, H-A3, A4, C2, C3, one of B6, D6), 3.69 (1H, m, H-C4), 3.69-3.73 (2H, m, 

one of the H-A6, C6), 3.85-3.90 (2H, m, one of the H-B6, D6), 3.92-3.94 (2H, m, one of 

the H-A6, C6), 4.37 (1H, d, J = 9.4 Hz, H-B1), 4.45 (1H, d, J = 7.6 Hz, H-D1), 4.95 (1H, 

d, J = 7.6 Hz, H-C1), 5.30 (1H, d, J = 7.6 Hz, H-A1), 6.17 (1H, br s, H-6), 6.35 (1H, br s, 

H-8), 7.21 (1H, d, J = 8.2 Hz, H-5’), 7.62 ( 1H, br d, J = 8.9 Hz, H-6’) , 7.66 ( 1H, br s, 

H-2’); 13C NMR (CD3OD, 150 MHz) δC 60.2 (C-C6), 60.4 (C-A6), 61.1 (C-B6, D6), 70.0 

(C-B4, D4), 73.2 (C-C2), 73.5 (C-B2), 73.6 (C-D2), 74.0 (C-A2), 74.5 (C-C3), 75.0 (C-

A3), 75.5 (C-B3), 75.6 (C-D3), 76.5 (C-B5, D5), 76.8 (C-A5, C5), 78.8 (C-C4), 78.9 (C-

A4), 93.5 (C-8), 98.7 (C-6), 101.6 (C-C1), 102.6 (C-A1), 103.3 (C-B1, D1), 104.4 (C-4a), 

115.9 (C-5’), 116.7 (C-2’), 121.6 (C-1’), 125.2 (C-6’), 134.7 (C-3), 146.3 (C-3’), 147.6 

(C-4’), 156.8 (C-2), 157.1 (C-8a), 161.7 (C-5), 164.8 (C-7), 178.1 (C-4); MALDI-

TOFMS m/z 973.1037 [M+Na]+. 

7: Yellow powder; UV λ max 204, 255, 353 nm; [α]20
 D -30.7°(c 0.46, MeOH:H2O=1:4 

v/v); IR (KBr) νmax 3409, 1656, 1601, 1496, 1342, 1204, 1072 cm-1; 1H NMR (CD3OD, 

600 MHz) δH 3.19 (1H, t, J = 8.9 Hz, H-B2), 3.24 (1H, t, J = 7.6 Hz, H-F2), 3.27-3.30 

(2H, m, H-B4, F4), 3.30-3.39 (6H, m, H-A5, B3, B5, E5, F3, F5), 3.53 (1H, t, J = 8.9 Hz, 

H-A2), 3.56-3.68 (6H, m, H-A3, A4, E2, E3, one of B6, F6), 3.70 (1H, m, H-E4), 3.70-
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3.73 (2H, m, one of the H-A6, E6), 3.83-3.91 (2H, m, one of the H-B6, F6), 3.92-3.94 

(2H, m, one of the H-A6, E6), 4.37 (1H, d, J = 8.2 Hz, H-B1), 4.43 (1H, d, J = 8.2 Hz, H-

F1), 5.09 (1H, d, J = 7.6 Hz, H-C1), 5.36 (1H, d, J = 7.6 Hz, H-A1), 6.47 (1H, d, J = 2.0 

Hz,� H-6), 6.73 (1H, d, J = 1.4 Hz,H-8), 6.85 (1H, d, J = 8.3 Hz, H-5’), 7.59 ( 1H, br d, 

J = 8.9 Hz, H-6’) , 7.69 ( 1H, d, J = 2.0 Hz, H-2’); 13C NMR (DMSO-d6, 150 MHz) δC 

60.5 (C-E6), 60.9 (C-A6), 61.6 (C-B6, F6), 70.6 (C-B4, F4), 73.3 (C-E2), 73.8 (C-B2, 

F2), 74.3 (C-A2), 75.3 (C-E3), 75.4 (C-A3), 75.6 (C-B3), 76.0 (C-F3), 77.0 (C-B5, F5), 

77.3 (C-A5, C-E5), 80.3 (C-E4), 80.9 (C-A4), 94.9 (C-8), 99.7 (C-6), 100.1 (C-E1), 103.7 

(C-A1), 103.7 (C-B1, F1), 106.2 (C-4a), 115.6 (C-5’), 116.9 (C-2’), 121.4 (C-1’), 122.2 

(C-6’), 134.0 (C-3), 145.4 (C-3’), 149.4 (C-4’), 156.5 (C-2), 157.5 (C-8a), 161.4 (C-5), 

163.2 (C-7), 178.0 (C-4); MALDI-TOFMS m/z 973.1037 [M+Na]+. 

8: Yellow powder; UV λ max 206, 265, 344 nm; [α]20
 D -31.3°(c 0.60, MeOH); IR (KBr) 

νmax 3430, 1656, 1498, 1364, 1204, 1076 cm-1; 1H NMR (CD3OD, 600 MHz) δH 3.20 (1H, 

m, H-A5), 3.30 (1H, t, J =9.7 Hz, H-A4), 3.38-3.43 (2H, m, H-C4, C5), 3.46-3.55 (3H, 

m, H-A2, A3, C2, C3), 3.69-3.73 (3H, m, H-A6, one of the C6), 3.91 (1H, br d, J = 10.3 

Hz, one of the H-C6), 4.91 (1H, d, J = 7.6 Hz, H-C1), 5.29 (1H, d, J = 7.6 Hz, H-A1), 

6.19 (1H, br s, H-6), 6.38 (1H, br s, H-8), 7.26 (1H, d, J = 8.9 Hz, H-5’), 7.63 ( 1H, br d, 

J = 8.9 Hz, H-6’) , 7.69 ( 1H, br s, H-2’); 13C NMR (CD3OD, 150 MHz) δC 61.1 (C-C6), 

61.2 (C-A6), 70.0 (C-A4, C4), 73.4 (C-C2), 74.3 (C-A2), 76.2 (C-A3), 76.7 (C-C3), 77.1 

(C-A5, C5), 89.5 (C-8), 93.4 (C-6), 101.9 (C-C1), 102.6 (C-A1), 103.3 (C-4a), 115.9 (C-

5’), 116.7 (C-2’), 121.5 (C-1’), 125.3 (C-6’), 134.7 (C-3), 146.3 (C-3’), 147.7 (C-4’), 

153.4 (C-2), 157.2 (C-8a), 161.8 (C-5), 165.3 (C-7), 178.2 (C-4); MALDI-TOFMS m/z

649.1273 [M+Na]+. 
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9: Yellow powder; UV λ max 204, 255, 354 nm; [α] 20
D -14.4°(c 0.10, MeOH); IR (KBr) 

νmax 3402, 1656, 1608, 1498, 1304, 1203, 1071 cm-1; 1H NMR (CD3OD, 600 MHz) δH

3.20 (1H, m, H-A5), 3.32-3.42 (3H, m, H-A4, E4, E5), 3.46 (2H, m, H-A2, E2), 3.49-

3.57 (2H, m, H-A3, E3), 3.83-3.91 (2H, m, one of the H-A6, E6), 4.19-4.21 (2H, m, one 

of the H-A6, E6), 5.04 (1H, d, J = 7.6 Hz, H-E1), 5.32 (1H, d, J = 7.6 Hz, H-A1), 6.48 

(1H, d, J = 2.0 Hz, H-6), 6.74 (1H, d, J = 1.4 Hz,H-8), 6.85 (1H, d, J = 8.9 Hz, H-5’), 

7.60 ( 1H, dd, J = 8.2, 1.4 Hz, H-6’) , 7.70 ( 1H, d, J = 2.1 Hz, H-2’); 13C NMR (CD3OD, 

150 MHz) δC 61.1 (C-E6), 61.2 (C-A6), 70.0 (C-A4, E4), 73.4 (C-E2), 74.4 (C-A2), 76.5 

(C-A3), 76.7 (C-E3), 77.0 (C-E5), 77.1 (C-A5), 94.4 (C-8), 99.5 (C-6), 100.3 (C-C1), 

102.5 (C-A1), 106.1 (C-4a), 114.7 (C-5’), 116.2 (C-2’), 121.6 (C-1’), 122.0 (C-6’), 134.4 

(C-3), 144.6 (C-3’), 148.7 (C-4’), 155.7 (C-2), 158.2 (C-8a), 161.4 (C-5), 163.4 (C-7), 

178.4 (C-4); MALDI-TOFMS m/z 649.3783 [M+Na]+. 

10: Yellow powder; UV λ max 207, 265, 346 nm; [α]20
 D -28.6° (c 0.70, 

MeOH:H2O=1:4 v/v); IR (KBr) νmax 3402, 1655, 1611, 1499, 1308, 1204, 1076 cm-1; 1H 

NMR (CD3OD, 600 MHz) δH 3.23 (1H, t, J = 7.6 Hz, H-D2), 3.27-3.30 (2H, m, H-A4, 

D4), 3.30-3.37 (3H, m, H-A5, D3, C5, D5), 3.37-3.44 (2H, m, H-A3, A2), 3.58-3.68 (4H, 

m, H-C2, C3, one of the D6), 3.69 (1H, m, H-C4), 3.85-3.96 (5H, m, H-A6, C6, one of 

the D6), 4.43 (1H, d, J = 8.3 Hz, H-D1), 4.97 (1H, d, J = 8.3 Hz, H-C1), 5.30 (1H, d, J = 

7.6 Hz, H-A1), 6.19 (1H, br s, H-6), 6.38 (1H, br s, H-8), 7.23 (1H, d, J = 8.3 Hz, H-5’), 

7.64 ( 1H, br d, J = 8.3 Hz, H-6’) , 7.69 ( 1H, br s, H-2’); 13C NMR (CD3OD, 150 MHz) 

δC 60.2 (C-C6), 61.1 (C-A6), 61.2 (C-D6), 69.9 (C-D4), 70.0 (C-A4), 73.1 (C-C2), 73.6 

(C-D2), 74.4 (C-A2), 74.6 (C-C3), 75.5 (C-A3), 75.6 (C-D3), 76.5 (C-D5), 76.7 (C-A5) 

76.8 (C-C5), 78.7 (C-C4), 93.5 (C-8), 98.6 (C-6), 101.6 (C-C1), 102.6 (C-A1), 103.3 (C-

D1), 104.5 (C-4a), 115.8 (C-5’), 116.8 (C-2’), 121.5 (C-1’), 125.2 (C-6’), 134.7 (C-3), 
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146.7 (C-3’), 147.5 (C-4’), 156.9 (C-2), 157.2 (C-8a), 161.8 (C-5), 164.8 (C-7), 178.3 (C-

4); MALDI-TOFMS m/z 811.0673 [M+Na]+. 

11: Yellow powder; UV λ max 205, 255, 354 nm; [α] 20
D -9.3°(c 0.16, MeOH:H2O=1:4 

v/v); IR (KBr) νmax 3401, 1655, 1498, 1205, 1074 cm-1; 1H NMR (CD3OD, 600 MHz) δH

3.24 (1H, t, J = 8.9 Hz, H-F2), 3.27-3.30 (2H, m, H-A4, F4), 3.30-3.39 (4H, m, H-A5, 

E5, F3, F5), 3.53-3.58 (3H, m, H-A2, one of the A6, F6), 3.64-3.71 (6H, m, H-A3, E2, 

E3, E4 one of the A6, F6),  3.86-3.93 (2H, m, H-E6), 4.43 (1H, d, J = 7.6 Hz, H-F1), 

5.09 (1H, d, J = 6.2 Hz, H-C1), 5.30 (1H, d, J = 7.6 Hz, H-A1), 6.47 (1H, br s, H-6), 6.73 

(1H, br s, H-8), 6.85 (1H, d, J = 7.6 Hz, H-5’), 7.59 ( 1H, br d, J = 7.6 Hz, H-6’) , 7.70 

( 1H, br s, H-2’); 13C NMR (CD3OD, 150 MHz) δ C 60.3 (C-F6), 61.1 (C-A6) 61.2 (C-

E6), 70.0 (C-A4), 70.1 (C-F4), 73.1 (C-E2), 73.5 (C-F2), 73.6 (C-A2), 74.4 (C-E3), 74.8 

(C-A3), 76.6 (C-F3), 76.7 (C-F5), 76.8 (C-A5), 77.1 (C-E5), 78.7 (C-E4), 94.4 (CS-8), 

99.4 (C-6), 99.9 (C-E1), 102.6 (C-A1), 103.2 (C-F1), 106.2 (C-4a), 114.7 (C-5’), 116.3 

(C-2’), 121.6 (C-1’), 122.0 (C-6’), 134.5 (C-3), 144.6 (C-3’), 148.7 (C-4’), 156.7 (C-2), 

158.3 (C-8a), 161.5 (C-5), 163.3 (C-7), 178.4 (C-4); MALDI-TOFMS m/z  811.0888 

[M+Na]+. 

3.2.2. Synthesis of quercetin methyl ether 

3.2.2.1 Synthesis of compound 12 

Rutin (5.00 g, 8.19 mmol), K2CO3 (9.04 g, 65.52 mmol), and BnBr (7.79 mL, 65.52 

mmol) were added to 60 mL of dimethylformamide (DMF), and the mixture was stirred 

for 10 h under argon at room temperature. The resulting mixture was diluted with 150 mL 
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of ethyl acetate (EtOAc) and washed with water (2 × 150 mL). The residue obtained after 

evaporation of the solvent was dissolved in 100 mL of 1 N HCl, and the mixture was 

refluxed at 80°C for 2 h. 

The precipitate was allowed to cool and filtered. Next, 1.0 g of the precipitate, 

K2CO3 (22.5 g, 163 mmol), and dimethylsulfate (17.5 mL, 184 mmol) were added to 26 

mL of DMF, and the mixture was stirred for 6 h at 65°C. The reaction mixture was diluted 

with 150 mL of EtOAc and washed with water (2 × 150 mL). After the EtOAc phase was 

dried using Na2SO4, the reactant was obtained by evaporating the solvent. 

The reactant was dissolved in 40 mL of ethanol (EtOH) / tetrahydrofuran (THF) (1:1, 

v/v), and 200 mg of 10% Pd/C was added. The mixture was stirred for 1 h at room 

temperature under 0.05 MPa hydrogen. The Pd/C was filtered off. After the solvent was 

evaporated, 3-O-methylquercetin (12) was isolated by preparative HPLC with an ODS-3 

column (20 mm φ × 250 mm). Elution was performed with a linear gradient of 

MeOH/0.05% aqueous solution TFA (0 min, 50/50; 50 min, 100/0; 60 min, 100/0) to 

obtain 12 as a yellowish powder with 41.1% yield. The structure of the synthesized 

methylquercetin 12 was confirmed using NMR, UPLC-TOFMS, UV, and IR spectra, and 

by measuring the specific optical rotation: UV λ max 204, 255, 357 nm; [α]25
 D -3.75°(c

0.75, MeOH); IR (KBr) νmax 3402, 1655, 1607, 1505, 1440, 1361 cm-1;1H NMR (CD3OD, 

600 MHz) δH 3.75 (3H, s, 3-OCH3), 6.16 (1H, d, J = 2.04 Hz, H-6), 6.36 (1H, d, J = 2.04 

Hz, H-8), 6.88 (1H, d, J = 8.28 Hz, H-5’), 7.50 ( 1H, dd, J = 8.22, 2.04 Hz, H-6’) , 7.59 

( 1H, d, J = 2.04 Hz, H-2’); 13C NMR (CD3OD ,150 MHz) δC 59.2 (3-OCH3), 93.4 (C-8), 

98.4 (C-6), 104.5 (C-4a), 115.1 (C-2’, 5’), 121.0 (C-6’), 121.6 (C-1’), 138.2 (C-3), 145.1 

(C-3’), 148.6 (C-4’), 156.6 (C-2), 157.1 (C-8a), 161.7 (C-5), 164.5 (C-7), 178.7 (C-4); 
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UPLC-TOFMS m/z 315.049 [M-H]-. 

3.2.2.2 Synthesis of 13, 14, and 15 

Methylquercetin 12 (100 mg, 0.316 mmol), K2CO3 (43.7 mg, 0.316 mmol), and 

dimethylsulfate (35.1 μL, 0.316 mmol) were added to 10 mL of DMF. The mixture was 

stirred for 6 h at 65°C. The resulting mixture was diluted with 30 mL of EtOAc and 

washed with water (2 × 30 mL). After evaporating the solvent, 3,4’-O-dimethylquercetin 

(13), 3,7- O-dimethylquercetin (14), and 3,4’, 7-O-trimethylquercetin (15) were obtained 

by preparative HPLC with an ODS-3 column (20 mm φ × 250 mm). Compounds were 

eluted with the linear gradient MeOH/0.05% aqueous solution TFA (0 min, 50/50; 50 min, 

100/0; 60 min, 100/0) to obtain 13, 14 and 15 as yellowish powders with yields of 11.9, 

9.1, and 9.1%, respectively. The structures of synthesized methylquercetins were 

confirmed using NMR, UPLC -TOFMS, UV, and IR spectra, and by measuring the 

specific optical rotation.  

13: UV λ max 208, 254, 355 nm; [α]25
 D -0.51°(c 0.90, MeOH); IR (KBr) νmax 3402, 

1654, 1609, 1507, 1441, 1364 cm-1; 1H NMR (CD3OD, 600 MHz) δH 3.76 (3H, s, 3-

OCH3), 3.91 (3H, s, 4’-OCH3), 6.16 (1H, dr s, H-6), 6.36 (1H, br s, H-8), 7.02 (1H, d, J

= 8.22 Hz, H-5’), 7.57 ( 1H, br s, H-2’), 7.60 ( 1H, br d, J = 8.28 Hz, H-6’); 13C NMR 

(CD3OD ,150 MHz) δC 55.0 (4’-OCH3), 59.2 (3-OCH3), 93.4 (C-8), 98.4 (C-6), 104.6 (C-

4a), 114.8 (C-2’, 5’), 120.8 (C-6’), 122.8 (C-1’), 138.5 (C-3), 146.3 (C-3’), 150.3 (C-4’), 

156.2 (C-2), 157.1 (C-8a), 161.8 (C-5), 164.6 (C-7), 178.7 (C-4); UPLC-TOFMS m/z

329.0645 [M-H]-. 
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14: UV λ max 209, 256, 357 nm; [α]25
 D -19.6°(c 0.10, THF); IR (KBr) νmax 3415, 1657, 

1595, 1498, 1441, 1350 cm-1; 1H NMR (Acetone-d6, 600 MHz) δH 3.84 (3H, s, 3-OCH3), 

3.89 (3H, s, 7-OCH3), 6.28 (1H, dr s, H-6), 6.62 (1H, br s, H-8), 6.97 (1H, d, J = 8.22 Hz, 

H-5’), 7.57 ( 1H, br d, J = 8.22 Hz, H-6’) , 7.70 ( 1H, br s, H-2’); 13C NMR (Acetone-

d6 ,150 MHz) δC 55.6 (7-OCH3), 59.3 (3-OCH3), 91.9 (C-8), 97.6 (C-6), 105.7 (C-4a), 

115.4 (C-2’), 115.6 (C-5’), 121.3 (C-6’), 122.1 (C-1’), 138.6 (C-3), 145.0 (C-3’), 148.3 

(C-4’), 156.1 (C-2), 156.9 (C-8a), 162.0 (C-5), 165.7 (C-7), 178.8 (C-4); UPLC-TOFMS 

m/z 329.0653 [M-H]-. 

15: UV λ max 209, 255, 354 nm; [α]25
 D -26.1°(c 0.52, THF); IR (KBr) νmax 3420, 1656, 

1595, 1501, 1441, 1333 cm-1; 1H NMR (Dimethylsulfoxide-d6, 600 MHz) δH 3.76 (3H, s, 

3-OCH3), 3.83 (6H, s, 4’-OCH3, 7-OCH3), 6.33 (1H, dr s, H-6), 6.69 (1H, br s, H-8), 7.07

(1H, d, J = 8.22 Hz, H-5’), 7.54 ( 2H, br s, H-6’, 2’); 13C NMR (Dimethylsulfoxide-

d6 ,150 MHz) δC 56.2 (4’-OCH3), 56.6 (7-OCH3), 60.2 (3-OCH3), 92.8 (C-8), 98.3 (C-6), 

105.7 (C-4a), 115.6 (C-2’, 5’), 121.0 (C-6’), 122.7 (C-1’), 138.7 (C-3), 146.9 (C-3’), 

150.8 (C-4’), 156.1 (C-2), 156.8 (C-8a), 161.4 (C-5), 165.7 (C-7), 178.6 (C-4); UPLC-

TOFMS m/z 343.0825 [M-H]-. 

3.2.2.3 Synthesis of 16, 17, and 18 

Rutin (200 mg, 0.328 mmol), K2CO3 (90.6 mg, 0.656 mmol), and dimethylsulfate 

(62.2 μL, 0.656 mmol) were added to 10 mL of DMF, and the mixture was stirred for 6 h 

at 65°C. The resulting mixture was added to 50 mL of 2.5 N HCl and refluxed at 80°C 

for 2 h. The reaction mixture was diluted with 150 mL of EtOAc and washed with water 
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(2 × 150 mL). The reaction mixture was obtained by drying the EtOAc phase using 

Na2SO4. After evaporating the solvent, 4’-O-methylquercetin (16), 7-O-methylquercetin 

(17) and 4’, 7-O-dimethylquercetin (18) were obtained by preparative HPLC with an 

ODS-3 column (20 mm φ × 250 mm). Compounds were eluted with the linear gradient 

MeOH/0.05% aqueous solution of TFA (0 min, 60/40; 50 min, 100/0; 60 min, 100/0) to 

obtain 16, 17 and 18 as yellowish powders with yields of 4.1, 10.0, and 7.7%, respectively. 

The structures of the synthesized compounds 16, 17, and 18 were confirmed using NMR, 

MALDI-TOFMS, UV and IR spectra, and by the measurements of specific optical 

rotation. 

16: UV λ max 207, 254, 368 nm; [α]25
 D -26.9°(c 0.20, MeOH); IR (KBr) νmax 3430, 

1655, 1617, 1499, 1456 cm-1; 1H NMR (Dimethylsulfoxide-d6, 600 MHz) δH 3.81 (3H, s, 

4’-OCH3), 6.15 (1H, d, J = 2.04 Hz, H-6), 6.39 (1H, d, J = 2.04 Hz, H-8), 7.05 (1H, d, J

= 8.22 Hz, H-5’), 7.62 ( 1H, dd, J = 8.22, 2.76 Hz, H-6’) , 7.63 ( 1H, d, J = 2.10 Hz, H-

2’); 13C NMR (Dimethylsulfoxide-d6 ,150 MHz) δC 56.1 (4’-OCH3), 93.9 (C-8), 98.7 (C-

6), 103.6 (C-4a), 112.4 (C-5’), 115.1 (C-2’), 120.3 (C-6’), 123.9 (C-1’), 136.7 (C-3), 

146.7 (C-3’), 146.8 (C-2), 149.9 (C-4’), 156.7 (C-8a), 161.3 (C-5), 164.5 (C-7), 176.5 (C-

4); MALDI-TOFMS m/z 317.0494 [M+H]+. 

17: UV λ max 206, 255, 371 nm; [α]25
 D -17.3°(c 0.20, THF); IR (KBr) νmax 3402, 1656, 

1593, 1502, 1442, 1324 cm-1; 1H NMR (Dimethylsulfoxide-d6, 600 MHz) δH 3.82 (3H, s, 

7-OCH3), 6.31 (1H, d, J = 2.04 Hz, H-6), 6.60 (1H, d, J = 1.38 Hz, H-8), 6.86 (1H, d, J = 

8.22 Hz, H-5’), 7.56 ( 1H, dd, J = 8.22, 2.04 Hz, H-6’) , 7.69 ( 1H, d, J = 2.04 Hz, H-2’); 

13C NMR (Dimethylsulfoxide-d6 ,150 MHz) δC 56.5 (7-OCH3), 92.4 (C-8), 98.0 (C-6), 

104.5 (C-4a), 115.6 (C-2’), 116.1 (C-5’), 120.5 (C-6’), 122.4 (C-1’), 136.6 (C-3), 145.6 
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(C-3’), 147.8 (C-2), 148.4 (C-4’), 156.6 (C-8a), 160.9 (C-5), 165.4 (C-7), 176.5 (C-4); 

MALDI-TOFMS m/z 317.0274 [M+H]+. 

18: UV λ max 206, 254, 368 nm; [α]25
 D -3.72°(c 0.23, THF); IR (KBr) νmax 3420, 1656, 

1594, 1501, 1441, 1332 cm-1; 1H NMR (Dimethylsulfoxide-d6, 600 MHz) δH 3.82 (3H, s, 

7-OCH3), 3.83 (3H, s, 4’-OCH3), 6.32 (1H, d, J = 2.10 Hz, H-6), 6.68 (1H, d, J = 2.04 

Hz, H-8), 7.05 (1H, d, J = 8.94 Hz, H-5’), 7.65 ( 1H, dd, J = 8.94, 2.04 Hz, H-6’) , 7.69 

( 1H, d, J = 2.04 Hz, H-2’); 13C NMR (Dimethylsulfoxide-d6 ,150 MHz) δC 56.2 (4’-

OCH3), 56.6 (7-OCH3), 92.5 (C-8), 98.0 (C-6), 104.6 (C-4a), 115.3 (C-2’), 112.3 (C-5’), 

120.3 (C-6’), 123.8 (C-1’), 137.0 (C-3), 146.7 (C-3’), 147.3 (C-2), 150.0 (C-4’), 156.7 

(C-8a), 160.9 (C-5), 165.5 (C-7), 176.6 (C-4); MALDI-TOFMS m/z 331.0608 [M+H]+. 

3.2.3 Synthesis of 19 

Rutin (5.00 g, 8.19 mmol), K2CO3 (9.04 g, 65.52 mmol), and BnBr (7.79 mL, 65.52 

mmol) were added to 60 mL of DMF, and the mixture was stirred for 10 h under argon at 

room temperature. The resulting mixture was diluted with 150 mL of EtOAc and washed 

with water (2 × 150 mL). The residue obtained by evaporating the solvent was dissolved 

in 100 mL of 1 N HCl and refluxed at 80°C for 2 h. The obtained precipitate was filtered 

after cooling, and 100 μg was acetylated overnight using acetic anhydride (1.0 mL, 10.6 

mmol) in 1.0 mL of pyridine at room temperature. The reaction mixture was diluted with 

50 mL of EtOAc and washed with water (2 × 50 mL). After the EtOAc phase was dried 

using Na2SO4, the reactant was obtained by evaporating the solvent. 

The reaction mixture was dissolved in 40 mL of EtOH / THF (1:1, v/v), and 100 mg 
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of 10% Pd/C was added. The mixture was stirred for 1 h at room temperature under 0.05 

MPa hydrogen. After the Pd/C was removed by filtration, the solvent was evaporated to 

obtain 3-O-acetylquercetin (19) as a yellowish powder with 39.0% yield from original 

rutin. It was purified using preparative HPLC with an ODS-3 column (20 mm φ× 250 

mm L). Compound 19 was eluted using a linear gradient of MeOH / 0.05% aqueous 

solution of TFA (0 min, 50/50; 50 min, 100/0; 60 min, 100/0). The structure of the 

synthesized 19 was confirmed using NMR, UPLC-TOFMS, UV, and IR spectra, and the 

measurement of specific optical rotation: UV λ max 204, 255, 350 nm; [α]25
 D -2.67°(c 0.55, 

MeOH); IR (KBr) νmax 3402, 1656, 1604, 1507, 1444, 1367 cm-1; 1H NMR (CD3OD, 600 

MHz) δH 2.30 (3H, s, 3-OAc), 6.20 (1H, d, J = 2.10 Hz, H-6), 6.40 (1H, d, J = 2.04 Hz, 

H-8), 6.88 (1H, d, J = 8.94 Hz, H-5’), 7.27 ( 1H, dd, J = 8.94, 2.04 Hz, H-6’) , 7.32 ( 1H, 

d, J = 2.10 Hz, H-2’); 13C NMR (CD3OD ,150 MHz) δC 19.1 (3-OAc), 93.7 (C-8), 98.8 

(C-6), 103.9 (C-4a), 114.8 (C-2’), 115.2 (C-5’), 120.8 (C-6’), 120.7 (C-1’), 130.1 (C-3), 

145.3 (C-3’), 149.1 (C-4’), 157.0 (C-2), 157.3 (C-8a), 161.7 (C-5), 164.9 (C-7), 168.5 (3-

OAc), 175.9 (C-4) ; UPLC-TOFMS m/z 343.043 [M-H]-.�

3.2.4 Synthesis of 20 

Rutin (5.00 g, 8.19 mmol), K2CO3 (9.04 g, 65.52 mmol), and BnBr (7.79 mL, 65.52 

mmol) were added to 60 mL of DMF, and the mixture was stirred for 10 h under argon at 

room temperature. The resulting mixture was diluted with 150 mL of EtOAc and washed 

with water (2 × 150 mL). The residue obtained after evaporation of the solvent was 

dissolved in 100 mL of 1 N HCl and refluxed at 80°C for 2 h. 
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After the mixture was cooled and the precipitate filtered, 200 mg of the precipitate, 

K2CO3 (83.4 mg, 0.604 mmol), and acetobromoglucose (250 mg, 0.604 mmol) were 

added to 2.0 mL of DMF, and the mixture was stirred for 6 h at room temperature under 

argon. The reaction mixture was diluted with 30 mL of EtOAc and washed with water (2 

× 30 mL). After the EtOAc phase was dried using Na2SO4, the reactant was obtained by 

evaporating the solvent. 

The reaction mixture was dissolved in 40 mL of EtOH / THF (1:1, v/v). Following 

addition of 100 mg of 10% Pd/C, the mixture was stirred for 2 h at room temperature 

under 0.05 MPa hydrogen. Pd/C was filtered, and, after the solvent was evaporated, 

quercetin-3-O-tetra-O-acetyl-β-D-glucopyranoside (20) was obtained by preparative 

HPLC with an ODS-3 column (20 mm φ × 250 mm). Fractions were eluted with the linear 

gradient MeOH / 0.05% TFA aqueous solution (0 min, 50/50; 50 min, 100/0; 60 min, 

100/0) to obtain 20 as a yellowish powders with a yield of 25.2%. The structure of the 

synthesized 20 was confirmed using NMR, UPLC-TOFMS, UV, and IR spectra, and the 

measurement of specific optical rotation: UV λ max 205, 255, 354 nm; [α]25
 D -68.1°(c 0.86, 

MeOH); IR (KBr) νmax 3436, 1747, 1656, 1609, 1498, 1442, 1368 cm-1; 1H NMR (CD3OD, 

600 MHz) δH 1.89 (3H, s, A2-OAc), 1.93 (3H, s, A4-OAc), 1.96 (3H, s, A3-OAc), 2.14 

(3H, s, A6-OAc), 3.92 (1H, m, H-A5), 3.94 (1H, m, H-A6), 4.03 (1H, m, H-A6), 5.01 

(1H, m, H-A4), 5.21 (1H, dd, J = 9.66, 8.28 Hz, H-A2), 5.35 (1H, t, J = 9.66 Hz, H-A3), 

5.56 (1H, d, J = 8.28 Hz, H-A1), 6.02 (1H, d, J = 2.04 Hz, H-6), 6.24 (1H, d, J = 2.10 Hz, 

H-8), 6.85 (1H, d, J = 8.22 Hz, H-5’), 7.48 ( 1H, dd, J = 8.28, 2.10 Hz, H-6’) , 7.56 ( 1H, 

d, J = 2.04 Hz, H-2’); 13C NMR (CD3OD ,150 MHz) δC 19.2 (A2-OAc, A4-OAc), 19.3 

(A3-OAc), 19.7 (A6-OAc), 61.3 (C-A6), 68.6 (C-A4), 71.4 (C-A5), 71.7 (C-A2), 72.8 

(C-A3), 93.5 (C-8), 98.4 (C-6), 99.5 (C-A1), 104.4 (C-4a), 114.6 (C-2’), 116.2 (C-5’), 
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121.9 (C-1’), 122.0 (C-6’), 133.3 (C-3), 144.5 (C-3’), 148.3 (C-4’), 157.0 (C-2), 158.3 

(C-8a), 161.5 (C-5), 164.4 (C-7), 169.9 (A4-OAc), 170.3 (A6-OAc), 170.6 (A3-OAc), 

171.1 (A2-OAc), 177.4 (C-4) ; UPLC-TOFMS m/z 631.126 [M-H]-.�

3.3 Result and discussion 

3.3.1 Synthesis of quercetin glycosides 

The synthetic method for quercetin glycosides in their experiments are shown in 

Scheme 3.1. The first strategy is to combine cellobiose or glucose at the C-3 position of 

quercetin. Commercially available rutin was used as the starting material. All phenolic 

hydroxyl group of rutin were protected by benzylation. After removing rutinose by acid 

hydrolysis, the free C-3 hydroxyl group was glycosylated using acetobromocellobiose or 

acetobromoglucose. After deacetylation with sodium methoxide, debenzylation was 

conducted by hydrogenation using palladium carbon to obtain quercetin-3-O-β-D-

glucopyranoside 3 or quercetin-3-O-β-D-glucopyranosyl-(1→4)-β-D-glucopyranoside 4 

from rutin. 

Quercetin glycoside 3 or 4 was glycosylated using acetobromoglucose or 

acetobromocellobiose as shown in Schemes 3.1. After benzylation of these compounds, 

deacetylation was performed following debenzylation. Finally, 1 and 3-11 were purified 

using preparative high-performance liquid chromatography (HPLC). Structural analysis 

for all synthesized compounds were performed by nuclear magnetic resonance (NMR), 

mass spectrometry (MS), infrared spectroscopy (IR), UV spectroscopy, and specific 

optical rotation. Compound 1, stimulating melanine biosynthesis in the B16 melanoma 
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cells, was isolated from H. zeylanica and identified completely with the analytical data of 

synthesized 1 (Table 2.1).  The other synthesized quercetin glycosides were also 

identified by using the same analytical instruments, and the position of sugars connected 

with quercetin was clarified by using Hetero-nuclear Multiple-Bond Connectivity 

(HMBC). The protons existing anomeric position of glucose or cellobiose constructing 3

or 4 respectively were correlated with C-3 as shown in Fig. 3.1 indicated that the glucose 

or cellobiose is bonded to C-3 position as a glycoside. The key HMBC correlations of 1

were also shown in Fig.3.1, which also showed the binding position of sugars in 1. These 

results are described in the previous published (Yamauchi, 2014a). Similarly, the HMBC 

correlations were observed to clear the exact position of sugars in the other synthesized 

quercetin glycosides (not shown). 
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       Fig.3.2 Key HMBC correlations of compound 1, 3, and 4 
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3.3.2 Synthesis of 12-20 

Quercetin derivatives 12–20 were synthesized using commercially available rutin as 

the starting material. The methylquercetin derivatives 12–15 were synthesized according 

to the synthesis route shown in Scheme 3.2. The first step in this synthetic approach 

involved append the methyl group at the C-3 hydroxyl group of quercetin. All phenolic 

hydroxyl groups of rutin were protected by benzylation. After removing rutinose by acid 

hydrolysis, the free C-3 hydroxyl group was methylated using dimethylsulfate. 

Debenzylation was subsequently performed by hydrogenation using palladium on carbon 

(Pd/C), yielding 3-O-methylquercetin 12. Further methylation of 12 was performed to 

obtain compounds 13–15. 

Compounds 16–18 were synthesized according to the route shown in Scheme 3.3. 

Following methylation of rutin by dimethylsulfate, rutinose was removed by acid 

hydrolysis to obtain 16–18. 

Compounds 19 and 20 were synthesized according to the route shown in Scheme 3.4 

In order to specifically append the acetyl group or acetoglucose at the C-3 hydroxyl group, 

the phenolic hydroxyl group of rutin was protected by benzylation using the method 

described above. Following acid hydrolysis, the C-3 hydroxyl group was acetylated or 

glucosylated by acetic acid anhydride or acetobromoglucose to yield 19 or 20, 

respectively. 

Compounds 12–20 were purified using p-HPLC. Structural analysis of compounds 

12–20 was performed by NMR, MS, IR spectroscopy, UV spectroscopy, and the 

measurement of specific optical rotation. These results are described in the previous 
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published (Yamauchi, 2014b). The protons existing in the methoxyl group of compound 

12 were correlated with C-3, as shown in Fig. 3.2, indicating that the methoxyl group is 

bonded to the C-3 position. The key HMBC within compound 15 are also presented in 

Fig.3.2, showing the binding position of the methoxyl group. The anomeric proton of 

acetoglucose of 20 was correlated with C-3, as shown in Fig.3.2, indicating that 

acetoglucose binds to the C-3 position as a glycoside. Similarly, HMBC correlations

indicated the exact position of the substituent groups in the other synthesized quercetin 

derivatives (not shown). Comparing the data with the spectrum of quercetin itself 

(Olejniczak, 2004 and Wagner, 1976) the position of the acetyl group in 19 is likely to be 

at C-3, as suggested by the observed chemical shift of the C-3 carbon (130.1 ppm).
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Scheme 3.2 Synthesis route of methylquercetins 12-15.
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Scheme 3.4 Synthesis route of methylquercetins 19, 20.
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3.4 Summary  

    3-O-substituent quercetin derivatives 3 4, 12, 19, and 20 were regiospecifically 

synthesized using rutin as the starting material. Other synthesized quercetin glycosides 

were obtained from 3 or 4 by the glycosylation using acetobromoglucose or 

acetobromocellobiose. Compounds 13, 14, and 15 were sysnthesized from 12 by 

methylation using dimethylsulfate. The chemical structure of synthesized compounds 

were confirmed by using NMR, UPLC or MALDI-TOFMS, UV spectra, IR, and specific 

optical rotation. The data of instrumental analysis of 1, isolated from H. zeylanica root 

50% EtOH extract as novel quercetin glycoside in Chapter 2, conformed to that of 

synthesized 1, which supports the identification result of isolated 1 in Chapter 2.        
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Chapter 4 

Melanognesis stimulatory activity of synthesized quercetin derivatives 

via p38 MAPK path way
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4.1 Introduction 

   Melanin is biosynthesized in the melanosome in the perinuclear region of the 

melanocyte and transported in the mature melanosome to the periphery of the cell 

(Kuroda and Fukuda, 2004, Fukuda, 2005, and Marks and Seabra, 2001). The 

melanosome is further transported to the hair matrix or the keratinocyte present above 

the melanocyte. The keratinocyte that receives the melanin undergoes cornification, 

resulting in skin pigmentation. Similarly, hair pigmentation occurs due to melanin 

released on the outside of the melanocyte which is described in Chapter 1.1. Despite the 

importance of the extracellular pigment stores, an evaluation of melanogenesis activity 

using melanin-controlling agents has only been performed on intracellular melanin in 

B16 melanoma cells thus far (Lan, 2013, Chan, 2011, and Diwakar, 2012). The present 

study focused on evaluating extracellular melanin released from B16 melanoma cells 

and investigated the levels of melanin released from the B16 melanoma cells in addition 

to measuring the intracellular melanin content in order to understand the structure-

activity relationships of quercetin derivatives synthesized in Chapter 3. 

    Melanogenesis in melanocyte is regulated by the contents of melanogenic enzymes 

which is modulated by MITF, a transcriptional factor of melanogenic enzymes. A number 

of kinase pathways regulate expression of MITF. p38 MAPK is well known as one of the 

regulation kinase pathway on the expressions of melanogenic enzymes (Fig.4.1), and we 

investigated the contents of p38 MAPK, p-p38 MAPK, MITF, tyrosinase, TRP-1, and 

TRP-2 in B16 melanoma cells after treating with synthesized quercetind derivatives for 

understanding the mechanisms underlying the observed activity.  
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4.2 Material and methods

4.2.1 General  

  Microculture tetrazolium technique (MTT) assay kit and bovine serum albumin 

(BSA) was purchased from Sigma-Aldrich (St. Louis, MO, USA). Antibodies against 

tyrosinase (H-109), TRP-1 (H-90), TRP-2 (H-150), p38 MAPK (H-147), and p-p38 

MAPK (D-8) were purchased from Santa Cruz Bio technology (Santa Cruz, CA, USA).  

Horseradish peroxidase (HRP)-conjugated anti-rabbit IgG donkey antibody (NA934) and 

HRP-conjugated anti-mouse IgG sheep antibody (NA931) were purchased from GE 

Healthcare (Piscatawawy, NJ, USA), while MITF-specific antibody (EPR9731) and 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH)-specific antibody (GTX100118) 

were purchased from Abcam (Cambridge, MA, USA) and GeneTex (Irvine, CA, USA) 

respectively. Radioimmunoprecipitation assay (RIPA) buffer (ab156034) and protease 

inhibitors cocktail (539134) were purchased from Abcam (Cambridge, MA, USA) and 

Merck Millipore (Billerica, MA, USA). Other commercially available products were 

purchased from Wako Chemicals (Richmond, VA, USA). 

4.2.2 Tyrosinase activity assay 

Measurements of tyrosinase activity were performed using a technique from previous 

described in Chapter 2. 

4.2.3 Cell culture 
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Murine melanoma B16-F0 cells (DS Pharma Biomedical, Osaka, Japan) were grown 

in Dulbecco’s modified Eagle medium (DMEM) supplemented with 10% fetal bovine 

serum, 100,000 unit/L penicillin, and 100 mg/L streptomycin. Cells were cultured at 37°C 

in humidified atmosphere of 5% CO2. 

4.2.4 Measurement of cellular melanin content 

Briefly, confluent cultures of B16 melanoma cells were rinsed in phosphate-buffered 

saline (PBS) and removed using 0.25% trypsin/EDTA. The cells were loaded into a 24-

well plate (5.0×104 cells / well) and allowed to adhere at 37 °C for 24 h. Sample 

compounds prepared at 200–10 μM for synthesized quercetin glycosides and 50–6.25 μM 

for 12-20 were added and the cells incubated for 72 h. Following incubation, cell medium 

was collected and 200 μL aliquots were loaded into a 96-well plate. The absorbance of 

the medium was measured at 510 nm by using a microplate reader and used as a measure 

of extracellular melanin contents. The cells were washed with PBS following lysis in 600 

μL of 1 M NaOH by heating at 100°C for 30 min to solubilize the melanin. A portion of 

the resulting lysate (250 μL) was loaded into a 96-well microplate, and the absorbance 

was measured at 405 nm using a microplate reader. Measured absorbance was used as an 

index of intracellular melanin contents. Each experiment was repeated twice. The 

melanin-producing activities were expressed as a percentage of the activity measured in 

the control cells treated with DMSO without sample materials. 

4.2.5 Cell viability 
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Measurement of cell viability was performed according to a previously described 

method (Arun, 2011b), using the microculture tetrazolium technique (MTT). Cultures 

were initiated in 24-well plates at 5.0 × 104 cells per well. Following incubation with 

compounds prepared the same concentrations as described in measurement of cellular 

melanin content for 72 h, 50 μL of MTT reagent (5 mg/mL of 3-[4,5-dimethyl-2-

thiazolyl]-2,5-diphenyl-2H-tetrazolium bromide in PBS) was added to each well. The 

plates were incubated in a humidified atmosphere of 5% CO2 at 37°C�for 4 h. After the 

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

to each well, and a 150 μL sample were withdrawn and transferred to a 96-well plate. 

Absorbance was measured at 590 nm by using a microplate reader. Each experiment was 

repeated twice. Cell viability was expressed as a percentage of the viability measured in 

control cells treated with solvent DMSO without sample materials. 

4.2.6 Western blot analysis 

B16 melanoma cells treated with the samples at 12.5–0 μM for 72h were lysed 

with radioimmunoprecipitation assay (RIPA) buffer containing protease inhibitor 

cocktail at 0 °C for 30 min. Protein concentrations were determined using a Bradford 

protein assay kit (Thermo) and a BSA solution as a standard. Cell lysates were loaded at 

10 μg of protein per lane and separated by sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis (SDS-PAGE) on 10% polyacrylamide gel. Proteins were subsequently 

transferred onto a polyvinylidene difluoride (PVDF) membrane (Millipore, Billerica, MA, 

USA) using a semi-dry transfer system (Atto) run at 150 mA for 30 min. The membrane 

was blocked with 2% BSA in tris-buffered saline Tween20 (TBST) at 4 °C overnight. 
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After washing, the membranes were incubated with dilutions of rabbit monoclonal anti-

MITF (1: 1000), rabbit polyclonal anti-tyrosinase (1:200), rabbit polyclonal anti-TRP-1 

(1:200), rabbit polyclonal anti-TRP-2 (1:100), rabbit polyclonal anti-p38 MAPK (1:100), 

or mouse monoclonal anti-p-p38 MAPK (1:200) antibodies. Following incubation for 2 

h, the membranes were washed and incubated with 1:5000 diluted HRP-conjugated 

secondary antibody for 2 h. Following addition of the LuminataTM Forte (Millipore), 

protein density was visualized using enhanced chemiluminescence (ECL) detection 

system (LAS-3000, Fujifilm, Tokyo, Japan) and quantified using the Multi Gauge V3.0 

quantification system (Fujifilm). 

4.2.7 Statistical analysis 

All data were expressed as means ± S. D. values. Statistical significance of differences 

were evaluated using the Student’s t-test. 

4.3 Results and discussion  

4.3.1 Melanogenesis activities of quercetin glycosides 

    The melanogenesis activities by adding the synthesized quercetin glycosides 

were determined with measuring intra and extracellular melanin content in B16 

melanoma cells. The data for cell viability and the melanogenesis activity of B16 

melanoma cells are shown in Table 4.1. As shown in Table 4.1, quercetin glycosides 1, 3, 
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and 4 showed intracellular melanogenesis stimulatory activity in a dose-dependent 

manner, and their activities were higher than that of theophyline used as positive control. 

These results are described in the previous published (Yamauchi, 2014a). Interestingly, 

the other quercetin glycosides had little or no melanogenesis stimulatory activity despite 

their structural similarities. The molecules with 7-O-glycoside showed no intracellular 

melanogenesis stimulatory activity. On the other hand, the molecules with 3-O-glucoside, 

with a free OH group on the B-ring, and the molecules with 3-O-cellobioside, with a free 

OH group or 4′-O-glucoside showed intracellular melanogenesis stimulatory activity. 

Thus, a hydroxyl group on C-7 may play an important role in melanogenesis activity. 

Additionally, the chemical structure of the sugar connected at the C-4′ may also play an 

important role in the activity. Moreover, it should be noted that the opposite effect was 

reported that quercetin and quercetin-4′-O-glucoside which have the hydroxyl group at 

C-3 inhibited the melanin biosynthesis (Arung, 2011a). These result indicated that the 

hydroxyl group at C-3 of quercetin derivatives may be important to suppress the 

melaninogenesis activity, and the effect for melanin biosynthesis in B16 melanoma cells 

of quercetin glycosides are varied significantly by the presence or absence of hydroxyl 

group especially combing to C-3 or C-7 position. Furthermore, the activity may be more 

complex by the kind, size or polarity of the sugars connecting to the quercetin, therefore 

it is necessity the further investigations in order to elucidate completely the structure-

activity relationships of quercetin glycosides. 

The mushroom tyrosinase activities of the quercetin glycosides were also shown in 

Table 4.2. No stimulated activity of tyrosinase was observed in all of the quercetin 

glycosides synthesized in this study.  
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Tyrosinase is transcriptionally regulated by MITF. MITF expression is regulated by 

kinase pathways such as p38 MAPK, ERK, and JNK as described in Chapter 1.2. Some 

melanogenesis-enhancing agents have been examined by determining the expression 

levels of tyrosinase, p38, JNK, ERK, and MITF, as well as tyrosinase activity. 

Compounds 1, 3, and 4 may enhance the activity or expression of MITF by regulating the 

kinases described above since these compounds showed no tyrosinase stimulatory 

activities as shown in Table 4.2 but showed high intracellular melanogenesis stimulatory 

activity in B16 melanoma cells. Moreover, the structures of the synthesized quercetin 

glycosides could indicate that the hydroxyl group at C-7 may play an important role in 

intracellular melanogenesis acceleration activity. In future studies, the mechanism 

underlying the melanogenesis stimulatory activity of 1, 3, and 4 should be clarified by 

measuring tyrosinase and MITF expression in B16 melanoma cells.  
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Data are expressed as means ± S. D. (n=2). * p≤0.05 and ** p≤0.01 compared with respective control 

values. 

Table 4.1 Intra and extracellular melanogenesis activity and cell viability in B16 
melanoma cells by the synthesized quercetin glycosides.

Cell viability and melanogenesis activity (%) 

200μM 100μM 10μM 

1    
Intercellular melanognenesis activity   190.5±10.2* 151.5±8.1* 137.0±0.8* 
Extracellular melanogenesis activity  125.5±9.3 116.0±12.6 99.7±21.7 
Cell viability 74.8±2.1 86.8±2.0 90.0±6.9 
3    
Intercellular melanognenesis activity   206.9±2.3** 157.1±8.6* 116.3±1.3 
Extracellular melanogenesis activity  86.1±2.7 85.1±1.7 91.0±4.1 
Cell viability 68.4±6.9* 80.9±5.5 105±3.8 
4    
Intercellular melanognenesis activity   176.0±9.1* 126.8±9.1* 102.6±2.9 
Extracellular melanogenesis activity  85.2±4.9 91.0±6.3 83.3±5.8 
Cell viability 81.1±3.0 93.2±0.6 99.6±1.5 
5    
Intercellular melanognenesis activity   119.0±7.4 78.9±6.0 91.1±5.5 
Extracellular melanogenesis activity  93.3±6.4 105.8±3.3 102.4±2.8 
Cell viability 98.7±12.4 112.6±2.6 95.1±1.6 
6    
Intercellular melanognenesis activity   99.7±1.8 84.77±2.1 79.7±4.2 
Extracellular melanogenesis activity  80.9±3.8 92.3±2.7 91.2±2.0 
Cell viability 99.7±1.8 106.0±8.3 106.8±3.4 
7    
Intercellular melanognenesis activity   102.6±15.5 97.8±7.2 80.3±2.14 
Extracellular melanogenesis activity  96.9±5.4 102.1±0.6 93.0±1.2 
Cell viability 95.2±0.4 93.9±7.6 105.3±0.7 
8    
Intercellular melanognenesis activity   92.6±0.0 90.4±15.1 89.7±11.9 
Extracellular melanogenesis activity  103.2±11.7 95.0±2.3 100.0±3.5 
Cell viability 77.4±10.4 104.1±3.5 107.3±6.5 
9    
Intercellular melanognenesis activity   86.5±9.1 113.9±14.4 85.0±1.5 
Extracellular melanogenesis activity  74.6±9.3 113.7±0.5 103.2±0.1 
Cell viability 114.4±4.8 78.0±1.3 97.7±2.5 
10    
Intercellular melanognenesis activity   96.3±0.9 90.9±13.3 96.8±7.6 
Extracellular melanogenesis activity  87.3±12.6 95.1±5.8 99.9±3.8 
Cell viability 105.6±6.4 107.0±2.6 97.8±8.9 
11    
Intercellular melanognenesis activity   83.8±1.9 78.9±6.0 91.1±5.5 
Extracellular melanogenesis activity  91.9±18. 90.1±2.1 104.5±7.1 
Cell viability 111.0±9.6 112.6±2.6 95.1±1.6 

   
Theophyline  500μM 250μM 125μM 
Intercellular melanogenesis activity 166.8±31.7* 131.7±1.9 127.6±6.6 
Extracellular melanogenesis activity 204±1.6** 183.2±3.2** 170.7±0.7** 
Cell viability 91.4±1.3 94.4±4.1 95.5±11.0 
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     Table 4.2 Mushroom tyrosinase activity by the synthesized quercetin glycosides. 

Data are mean ± S.D

  

 Tyrosinase activity� (%)  
 Substrates 200μM 100μM 50μM 

1 L-DOPA 101.1±7.6  103.2±1.9 100.6±2.4 
L-Tyrosine 106.4±1.3 95.9±6.2 104.7±2.1 
    

3 L-DOPA 116.0±3.7  110.2±0.3 106.6±1.7 
L-Tyrosine 104.1±4.2 96.2±14.3 111.6±3.2  
    

4 L-DOPA 111.8±6.0  107.1±2.5 103.0±3.0  
L-Tyrosine 82.2±6.0 95.0±2.0 97.5±0.5  

   
5 L-DOPA 104.4±3.7 103.8±2.6 102.4±2.2  

L-Tyrosine 103.8±2.7  101.9±3.4 102.6±3.7 
    

6 L-DOPA 107.6±0.8  103.4±4.5 107.2±11.2  
L-Tyrosine 97.6±2.6  95.0±1.0 100.4±2.7  
    

7 L-DOPA 102.9±1.6   101.8±2.5 101.3±4.1   
L-Tyrosine 101.0±0.0   104.5±2.1 104.0±1.4   
    

8 L-DOPA 99.3±3.4   99.3±2.8 101.5±4.2   
L-Tyrosine 94.3±10.2   98.8±3.9 101.2±0.4 
    

9 L-DOPA 105.6±2.5 102.8±0.5 102.8±4.5   
L-Tyrosine 86.7±1.7 85.5±3.3 92.8±0.3   
    

10 L-DOPA 108.7±0.3   104.84±1.0 103.0±0.8   
L-Tyrosine 82.4±0.0   85.2±0.3 88.9±2.6   
    

11 L-DOPA 110.3±0.3   104.6±0.3 107.6±8.9   
 L-Tyrosine 85.6±4.7   89.0±4.7 95.2±3.7   
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4.3.2 Melanogenesis activities of quercetin methyl ether 

The melanogenesis-stimulating activities of synthesized quercetin derivatives were 

determined by measuring both intra- and extracellular melanin content in B16 melanoma 

cells. The effects of compounds 12–20 on cell viability and melanogenesis are shown in 

Table 4.3. We evaluated the modulation of intra and extracellular melanin levels by 

quercetin methylethers with theophylline as a positive control (Table 4.3). On measuring 

the melanogenesis activity assay for each compounds, we adopted a concentration which 

was not shown strong cytotoxicity of the B16 melanoma cells. As shown in Table 4.1, 

quercetin glycosides 1, 3, and 4 stimulated intracellular melanogenesis in a dose-

dependent manner. However, none of the synthesized quercetin glycosides increased the 

extracellular levels of melanin. On the other hand, quercetin methylethers 12–15 

increased both intra- and extracellular melanin content (Table 4.3), demonstrating higher 

melanogenesis-stimulation than theophylline, a positive control. Significant effects were 

observed on the extracellular melanin levels. Comparing the activities of compounds 12–

15, medium of cells incubated with 50 μM of compound 12 showed 224.9% higher 

extracellular melanin levels compared to controls. The increases of melanin levels 

following incubation with compounds 13–15 were higher than 220%, even at 6.25 μM, 

indicating the most potent stimulation of extracellular melanin levels in this study. 

Furthermore, the 3-hydroxyl quercetin methylethers such as 16–18, 3-O-acethylquercetin 

(19), and quercetin-3-O-β-D-2,3,4,6-tetra-O-acetoglucopylanoside (20) showed no 

stimulatory effect on the extracellular melanin levels, suggesting that the 3-methoxyl 

group of compounds 12–15 is an essential moiety for stimulation activity. Additionally 

the 4’ and/or 7-methoxyl group may further increase the melanogenesis-stimulating 

activity. Compounds 13–15 showed more potent melanogenesis-stimulating activity 
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compared to 12. Importantly, 13 and 14 were associated with high cell cytotoxicity in the 

cell viability studies, while 15 exhibited high cell viability. These differences in cell 

cytotoxicity between the quercetin methylethers may depend on the presence of both 4’ 

and 7-methoxyl groups. These results are described in the previous published (Yamauchi, 

2014b).  

In order to understand the involvement of the tyrosinase enzyme in the stimulation of 

melanogenesis, the activity of mushroom tyrosinase was measured following incubation 

with quercetin derivatives. However, no effect on tyrosinase activity was observed with 

any of the quercetin derivatives synthesized in this study (data not shown). Therefore, the 

quercetin methylethers may contribute to the expression of tyrosinase or related genes in 

B16 melanoma cells.  
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Data are expressed as means ± S. D. (n=2). * p≤0.05 and ** p≤0.01 compared with respective control 

values. -: not done. 

  

Table 4.3 Intra and extracellular melanogenesis activity and cell viability in B16 
melanoma cells by the synthesized quercetin derivatives 12-20.

Cell viability and melanogenesis activity (%) 

50μM 25μM 12.5μM 6.25μM 
12     
Intercellular melanognenesis activity   157.3±8.4* 146.5±15.3 137.0±23.6 - 
Extracellular melanogenesis activity  224.9±18.2* 130.8±5.8* 124.1±1.4 - 
Cell viability 74.4±3.8 88.1±4.1 98.2±6.7 - 
13     
Intercellular melanognenesis activity   - 166.6±0.0** 178.8±9.6** 132.3±8.1* 
Extracellular melanogenesis activity  - 346.7±2.9** 309.5±14.5** 229.5±17.6* 
Cell viability - 63.2±2.1** 50.0±0.5** 75.6±2.9** 
14     
Intercellular melanognenesis activity   - 187.6±2.5** 171.2±0.0** 134.0±4.3* 
Extracellular melanogenesis activity  - 265.5±5.9** 304.3±4.0** 222.8±12.8**
Cell viability - 54.1±0.55** 60.4±4.2** 80.4±0.5** 
15     
Intercellular melanognenesis activity   - 203.4±3.4** 181.4±9.0** 127.7±4.3* 
Extracellular melanogenesis activity  - 298.7±3.7** 228.0±7.0** 225.5±10.8**
Cell viability - 90.2±4.3 101.9±2.2 95.3±1.8 
16     
Intercellular melanognenesis activity   - 106.9±7.1 133.5±4.4 125.6±5.7 
Extracellular melanogenesis activity  - 97.9±0.0 95.1±0.2 97.5±2.2 
Cell viability - 100.9±1.3 103.0±4.3 103.6±3.6 
17     
Intercellular melanognenesis activity   - 75.8±12.9 87.6±2.6 102.4±12.0 
Extracellular melanogenesis activity  - 114.3±1.1 105.2±1.3 105.5±1.4 
Cell viability - 91.6±4.5 99.4±5.1 92.7±0.5 
18     
Intercellular melanognenesis activity   - 100.5±10.0 106.1±8.1 110.2±2.5 
Extracellular melanogenesis activity  - 100.1±0.3 98.0±0.0 100.5±0.5 
Cell viability - 101.3±3.7 101.4±1.9 99.7±1.2 
19     
Intercellular melanognenesis activity   104.6±3.1 114.3±3.6 99.0±8.3 - 
Extracellular melanogenesis activity  126.6±2.3 102.6±6.2 87.6±5.1 - 
Cell viability 110.0±7.9 120.4±0.3 110.0±3.8 - 
20     
Intercellular melanognenesis activity   148.4±1.4** 121.4±17.1 122.4±2.1 - 
Extracellular melanogenesis activity  96.1±1.8 101.5±1.4 89.3±0.4 - 
Cell viability 103.7±1.1 101.8±0.2 113.5±8.1 - 

    
Theophyline  500μM 250μM 125μM  
Intercellular melanogenesis activity 166.8±31.7* 131.7±1.9 127.6±6.6  
Extracellular melanogenesis activity 204±1.6** 183.2±3.2** 170.7±0.7**  
Cell viability 91.4±1.3 94.4±4.1 95.5±11.0  
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4.3.3. Effect of compounds 12 and 15 on the expression of proteins involved in 

melanin biosynthesis

In general, the signaling pathway modulating the expression of melanogenic enzymes 

in melanoma cells comprises the following steps. First, extracellular messengers, such as 

α-MSH and histamine, interact with receptors on the melanocyte. Receptor stimulation 

increases intracellular cAMP levels in the melanocyte, stimulating a number of 

intracellular kinase pathways, such as the p38 MAPK, ERK, and JNK. These kinase 

signaling cascades regulate the expression of MITF, which acts as a transcriptional factor 

regulating the expression of tyrosinase, TRP-1, and TRP-2 (Chapter 1.2).  

Some studies have reported that melanogenesis-modulating agents regulate the 

expression of tyrosinase, TRP-1, and TRP-2 by regulating the expression of p38 MAPK, 

ERK, JNK, and MITF. For example, the components isolated from Nardostachys 

chinensis and Rhodiola rosea crude extracts were reported to inhibit melanin biosynthesis 

by suppressing the expression of MITF and tyrosinase in B16 melanoma cells (Chiang, 

2014 and Jang, 2011). Similarly, the compounds showing melanogenesis-stimulating 

activity in this study may also control the levels of tyrosinase and the proteins that 

modulate its expression, as suggested by the observation that the stimulatory activity does 

not depend on the tyrosinase activity.  

 As presented in Table 4.3, compound 15 showed significant intra- and extracellular 

melanogenesis-stimulating activity, with low cytotoxicity. The effects of compound 15 

on the expressions of proteins related to melanin biosynthesis, such as tyrosinase, TRP-1, 

TRP-2, MITF, p-p38 MAPK, and p38 MAPK were investigated in order to identify the 

specific biosynthetic step associated with its activity. As shown in Fig.4.2C and D, 15
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increased the expression of tyrosinase, TRP-1, TRP-2, MITF, and p-p38 MAPK in a dose 

dependent manner in B16 melanoma cells. Conversely, the expression of p38 MAPK was 

not increased by 15, indicating that it stimulates melanin biosynthesis by stimulating the 

p38 MAPK phosphorylation. Furthermore, the melanogenesis-stimulating effects of 12

were determined in order to compare the activity on the expression of the proteins. 

Comparing the activities of 12 and 15 on the expression of proteins related to melanin 

biosynthesis, 12 was found to increase the expression ratio of the tyrosinase and TRP-1 

to a greater extent than 15 (Fig.4.2B and D). Nevertheless, extracellular melanogenesis-

stimulating activity of 12 was lower than that of 15 (Table 4.3), suggesting that 

melanogenesis in melanoma cells is not solely dependent on the expression of tyrosinase 

and TRP-1. Furthermore, 15 significantly stimulated the expression of MITF and p-p38 

MAPK, which enhance the expression of tyrosinase, TRP-1, and TRP-2. Conversely, 12

did not alter the expression of MITF and p-p38 MAPK, despite enhancing the expression 

of tyrosinase, TRP-1, and TRP-2. Except for MITF, no transcriptional factors controlling 

tyrosinase expression have been reported thus far. These results may therefore indicate 

that 12 enhances the expression of tyrosinase, TRP-1, and TRP-2 by stimulating 

transcriptional factors that are yet to be identified. The levels of melanogenic enzymes in 

the melanocyte are also regulated by protein degradation by proteasome through 

ubiquitination (Bellei, 2010). Fatty acids, a major component of the cell membranes, were 

previously reported to regulate melanin biosynthesis by controlling the degradation of 

tyrosinase, TRP-1, and TRP-2 (Ando, 2004). Therefore, in addition to the possible effect 

on a transcriptional factor, an alternative explanation for the enhancing activity of 12 on 

the levels of melanogenic enzymes may involve the inhibition of the degradation of 

melanogenic enzymes through ubiquination. Compared to 15, 12 increased the expression 
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of melanogenic enzymes, but showed less melanogenesis-stimulating activity, as 

described above. Additionally, the levels of p-p38 MAPK and MITF were not increased 

by the addition of 12. If the two phenomena were related to each other, MITF and/or p-

p38 MAPK may play an important role in the regulation of melanogenesis not only by 

enhancing the expressions of the enzymes, but also through affecting other factors, such 

as the transportation and/or degradation of melanogenic enzymes. These results and 

discussions are described in the previous published (Yamauchi, 2014b). 

Tyrosinase, TRP-1, and TRP-2 are expressed through a MITF-regulated process and 

transported to the melanosome. Melanin is biosynthesized in the melanosome by the 

action of the melanogenic enzymes. The mature melanosome is specifically transported 

to the periphery of the cell from the perinuclear region of the melanocytes through a 

process that involves a wide variety of cellular transport proteins, including actin, myosin 

Va, Rab27A, and Slac2-a (Chapter 1.3). Compound 15 may accelerate the transportation 

of melanogenic enzymes to the melanosome and/or transportation of melanosome to the 

outside of the cells by regulating the expression of proteins related to cellular transport. 

However, 12 may elicit less potent stimulation of the transportation of melanogenic 

enzymes to the melanosome and/or the transportation of melanosome as compared to 15.  
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Fig.4.2 Effect of 12 and 15 on the expression of Tyrosinase, TRP1, TRP2, MITF, p-

p38MAPK, and p38MAPK in B16 melanoma cells. (A) Representative blots of 12. (B) 

Quantification of the ratio of protein expressions in melanoma cells treated by 12. The 

data show the means ± S.D. from three independent experiments. (C) Representative 

blots of 15. (D) Quantification of the ratio of protein expressions in melanoma cells 

treated by 15. The data show the means ± S.D. from three independent experiments.� *

p≤0.05 and ** p≤0.01 compared with control values.�  
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4.4 Summary  

Among the nineteen synthesized compounds, 1, 3, and 4 which are quercetin 

glycosides exhibiting intracellular melanogenesis stimulatory activity. While they 

showed no effect on extracellular melanogenesis. On the other hand, 12 and 15 increased 

both intra and extracellular melanin contents more potently than the positive control 

theophylline, with exhibiting low cytotoxicity. Compound 12 exhibited less 

melanogenesis-stimulating activity than compound 15. However, 12 increased the 

expression of tyrosinase and TRP-1 to a greater extent than 15, thereby suggesting that 

melanogenesis in melanoma cells does not depend solely on the expression of the 

enzymes catalyzing melanin biosynthesis. Furthermore, 15 also stimulated the 

expression of the MITF and p-p38 MAPK, while they were not increased by 12 (Fig.4.3). 

These results suggest that 12 may enhance the expression of tyrosinase and TRP-1 by 

regulating the proteasomal degradation of melanogenic enzymes and/or by activating 

other transcriptional factors regulating enzyme expression. 



91 
 

p38

MITF

Tyrosinase

TRP1 TRP2

p-p38

melanin

Activate

O

O
OH

OH

O

O
O

CH3

CH3

CH3

p38

MITF

Tyrosinase

TRP1 TRP2

p-p38
Not activate

O

OH
OH

OH

OH

O
O

CH3

Stimulate melanogenesis without  
enhancing of MITF and p-p38

Stimulate melanogenesis by 
enhancing of MITF and p-p38

15 12

 

Fig.4.3 Effects of compound 12 and 15 on expression of melanogenic enzymes  
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Chapter 5 

Quercetin derivatives regulate transportation of melanosome via EPI64
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5.1 Introduction 

Two novel quercetin glucosides namely 4’-O-β-D-glucopyranosyl-quercetin -3-O-β-

D-glucopyranosyl-(1→4)-β-D-glucopyranoside (1)� and� 4’-O-β-D–glucopyranosyl-

(1→2)-β-D-glucopyranosyl-quercetin-3-O-β-D-glucopyranosyl-(1→4)-β-D-

glucopyranoside (2) were isolated from H. zeylanica root 50% EtOH extract which is 

described in Chapter 2 (Yamauchi, 2013). Compound 1 exhibited intracellular 

melanogenesis stimulatory activity, while 2 showed no effect even the structural 

similarity of the two compounds. This result indicates the involvement of the substituent 

group attached quercetin on melanogenesis. In order to understand the structure-activity 

relationships of quercetin derivatives, nineteen querecetin derivatives were synthesized 

from rutin in Chapter 3 (Yamauchi, 2014a and 2014b). As the result of bioassay using 

synthesized nineteen quercetin derivatives in B16 melanoma cells, 1, 3, and 4, the 

quercetin glycosides, stimulates the intracellular melanogenesis, while they elicits no 

stimulatory activity on extracellular melanogenesis. On the other hand, the quercetin 

methyl ether, 12 and 15 increase the both intra and extracellular melanin contents with 

no cytotoxicity (Chapter 4) (Yamauchi, 2014a and 2014b). This results suggests that 12

and 15 may stimulate the transportation of melansomes in B16 melanoma cells.  In this 

Chapter, the effects of 12 and 15 on the transportation of melanosomes in B16 

melanomacells were investigated via focusing on the elongation effect of the cells and

expression of EPI64, a suppressor of actin transportation by inactivating the Rab27A on 

melanosomes.     

The dendrite elongation of melanocyte, involved in the transportation of 

melalnogenic enzymes and melanosomes (Tamura, 2009 and Ohbayashi, 2012b), plays 

an important role to transfer melanosomes to the keratinocytes or hair matrix cells. 
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Melanosome transportation is composed of microtubule and actin transportation. Rab1A 

on the melanosome is involved in the anterograde microtubule transportation (Ishi, 

2012) and Mreg localized on the mature melanosome relates to retrogradely 

transportation of melanosomes on microtubule (Ohbayashi, 2012a) (Chapter 1.3.1). 

Besides Rab27A on the melanosomes acts to compose the transportation complex with 

Slac2-a and myosion Va (Fig.5.1). The GTP-bound active Rab27A is localized on the 

melanosome which elicits actin transportation. The EPI64 inactivates the Rab27A and 

the inactive Rab27A is excluded from the surface of melanosome (Fig.5.2). In order to 

understand the effect of 12 and 15 on the transportation of melanosomes, the shapes as 

well as the contents of EPI64 of the B16 melanoma cells treated with quercetin 

derivatives were determined. Furthermore the distribution of Rab27A and melanosomes 

in B16 melanoma cells were examined by immunofluorescence microscopy to support 

the results on EPI64 contents.     



95 

 

��������	�

���


��
������

�����
�
������

���

������ ��

�����

������� �������	
����
��

���� �!�"!��!��"#!�$$�#!%��&���!�'!(����)����!�*�	���&�# ���#!+�,-�
+�,-."!

/��*"!��!��"#!�$$.#!%��&���!�'!(����)����!�*�	���&�# �0+#!-+0�-
-+0-+"!

Fig.5.1 Complex for actin transportation 

������

���

������

���

�����������

��������	�

��	
��	�


������
����������
��������
�������


���
�����
�� 	�
�������	��


���
�����
�� �
�������	���

�	�����	������ ��������!�"
���#
�������$
�	�%� ������ �&'(�)'&�)*)'&)'�

��	
���������

����	
���������

Fig.5.2 Active/inactive switch of Rab27A on melanosomes. Rab27A is inactivated by 
EPI64 and activated by guanine nucleotide exchange factors. 
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5.2 Material and methods 

5.2.1 General  

Bovine serum albumin (BSA) was purchased from Sigma-Aldrich (St. Louis, MO, 

USA). Antibodies against tyrosinase (H-109), EBP50-PDZ interactor of 64kDa (EPI64) 

(M-120), and Rab27A (H-60) were purchased from Santa Cruz Bio technology (Santa 

Cruz, CA, USA). Horseradish peroxidase (HRP)-conjugated anti-rabbit IgG donkey 

antibody (NA934) were purchased from GE Healthcare (Piscatawawy, NJ, USA), while 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH)-specific antibody (GTX100118) 

were purchased from GeneTex (Irvine, CA, USA. Goat anti-rabbit IgG antibody (Alexa 

Fluor�R 594) and 4',6-diamidino-2-phenylindole dihydrochloride (DAPI) (p36941) was 

purchased from Life technologies (Grand Island, NY, USA). Radioimmunoprecipitation 

assay (RIPA) buffer (ab156034) and protease inhibitors cocktail (539134) were purchased 

from Abcam (Cambridge, MA, USA) and Merck Millipore (Billerica, MA, USA). Other 

commercially available products were purchased from Wako Chemicals (Richmond, VA, 

USA). 

5.2.2 Cell culture  

The manner of cell culture is described in Chapter 4.2.3. Murine melanoma B16-F0 

cells (DS Pharma Biomedical, Osaka, Japan) were grown in Dulbecco’s modified Eagle 

medium (DMEM) supplemented with 10% fetal bovine serum, 100,000 unit/L penicillin, 

and 100 mg/L streptomycin. Cells were cultured at 37°C in humidified atmosphere of 5% 

CO2. 
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5.2.3 Observation of cell shapes 

Briefly, confluent cultures of B16 melanoma cells were rinsed in phosphate-buffered 

saline (PBS) and removed using 0.25% trypsin/EDTA. The cells were loaded into a 24-

well plate (5.0×103 cells / well) and allowed to adhere at 37 °C for 24 h. Sample 

compounds prepared at 200–25 μM for 1 and 25–3.125 μM for 2 and 3 were added and 

the cells incubated for 72 h. The cell shapes treated with the samples for 42h and 72h 

were examined by using microscope (Olympus, DP20-5). The average of cells length 

were compared with control cells treated with DMSO without sample materials. 

5.2.4 Western blot analysis 

Western blot analysis was performed according to a previously described method26. 

B16 melanoma cells treated with the samples at 12.5–0 μM for 72h were lysed 

with radioimmunoprecipitation assay (RIPA) buffer containing protease inhibitor 

cocktail at 0 °C for 30 min. Protein concentrations were determined using a Bradford 

protein assay kit (Thermo) and a BSA solution as a standard. Cell lysates were loaded at 

10 μg of protein per lane and separated by sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis (SDS-PAGE) on 10% polyacrylamide gel. Proteins were subsequently 

transferred onto a polyvinylidene difluoride (PVDF) membrane (Millipore, Billerica, MA, 

USA) using a semi-dry transfer system (Atto) run at 150 mA for 30 min. The membrane 

was blocked with 2% BSA in tris-buffered saline Tween20 (TBST) at 4 °C overnight. 

After washing, the membranes were incubated with dilutions of rabbit polyclonal anti-
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GAPDH (1:5000), rabbit polyclonal anti-tyrosinase (1:200) or rabbit polyclonal anti-

EPI64 (1:200) antibodies. Following incubation for 2 h, the membranes were washed and 

incubated with 1:5000 diluted HRP-conjugated secondary antibody for 2 h. Following 

addition of the LuminataTM Forte (Millipore), protein density was visualized using 

enhanced chemiluminescence (ECL) detection system (LAS-3000, Fujifilm, Tokyo, 

Japan) and quantified using the Multi Gauge V3.0 quantification system (Fujifilm). 

5.2.5 Immunofluorescence Microscopy   

B16 melanoma cells solution (20μL) were loaded on 24-well glass slide at 1.0×104

cells/ml allowed to adhere at 37 °C for 24 h. After 24h, the medium was replaced with 

20μL medium containing 0.2% DMSO and samples at 100μM for 1 and 25μM for 2 and 

3. The cells were incubated for an additional 72h. Following removed the medium, cells 

were washed with PBS and fixed in 4% paraformaldehyde for 20 min at 4 °C. After 

washing with PBS, the cells were made permeable by treatment with 10μL MeOH at 4 °C 

for 2min. Cells were blocked with 20μL 2% BSA/PBS solution for 1h at room 

temperature, and washed with PBS five times. The cells were then incubated with a rabbit 

polyclonal Rab27A antibody (1:50) in PBS containing 2% BSA for 1h at room 

temperature. After five washes in PBS, the polyclonal antibody was reacted with goat 

anti-rabbit IgG labeled Alexa�R594 dye (1:1000) in PBS containing 2% BSA for 1h at 

room temperature. After five further washes in PBS, the nuclear was stained with DAPI. 

All preparations were examined with a confocal microscope (LSM710 ZEISS). 
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5.2.6 Statistical analysis 

Data were expressed as means ± S. D. values. Statistical significance of differences 

were evaluated using the Student’s t-test. 

5.3 Results and discussion  

5.3.1 Effects on cell shapes treated with 1, 12, and 15 

As shown in Fig.5.3-5 the effects on cell shapes treated with 1, 12, and 15 for 42h and 

72h were examined by microscopy, and the ratio of cell length was shown in Fig.5.6 On 

measuring the melanogenesis activity assay for each compounds, we adopted a 

concentration which was not shown strong cytotoxicity of the B16 melanoma cells as 

shown in Chapter 4. The shapes of cells treated with 1 exhibited no dendrite elongation 

effect at 200-25μM (Fig.5.6C). On the other hand, 12 and 15 elongated the dendrite in a 

dose dependent manner (Fig.5.6 A and B). The elongations took placed for the 48h 

treatment with 12 or 15, and the ratio of cell length was not increased by the further 24h 

treatment (total 72h treatment). Comparing the activity of 12 and 15, the ratio of cell 

length treated at 25μM was approximately 200% that are the almost the same effect on 

12 and 15. On the 12.5-3.125μM, 15 elongated cell shape more potently than 12. Our 

previous paper indicates that 15 increases the extracellular melanin contents much more 

than 12, then the elongation effect may relate to the extracellular melanognenesis 

stimulatory activity and/or transportation of melanosome. Recently many proteins, 

involved in the transportation of melanosome, have been identified, and Slp2-a is reported 

to relate to the cell shapes (Kuroda and Fukuda, 2004). Slp2-a also reported to interact 
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with Rab27A on the periphery of the cell and capable to interact with plasma membrane 

to transfer melanosome to the keratinocytes or hair matrix cells (Fukuda, 2005 and 2006). 

12 and 15 may be involved in the expression or the activity of Slp2-a and may stimulate 

the transportation of melanosome to the plasma membrane via the effect of Slp2-a. 

Furthermore, the function of vacuolar protein sorting 9 (VPS9)–ankyrin-repeat protein 

(Varp), a Rab21, Rab32, and Rab38 effector, have been reported to stimulate the 

transportation of melanogenic enzyme and elongation of dendrite in melanocyte (Tamura, 

2009, 2011 and Ohbayashi, 2012). Melanogenic enzymes, tyrosinase, TRP-1, and TRP-

2, are synthesized and transported to the melanosome, and melanin is biosynthesized by 

the melanogenic enzymes in melanosome. The transportation of melanogenic enzyme to 

the melanosome is elicited by Rab32/38 binding Varp, and the dendrite elongation is 

occurred in melanocyte by Rab21 binding Varp (Fig.5.7). Then Varp regulates the 

melanogenesis by controlling the two essential points in melanocyte. In our previous 

report, 12 stimulates expression of tyrosinase, TRP-1, and TRP-2 more potently than 15

even though 12 elicits less potent extracellular melanogenesis activity than 15. This 

phenomenon may relate to the transportation of melanogenic enzymes to the 

melanosomes by Rab32/38 binding Varp. Additionally the dendrite elongation activity of 

12 was less potent than 15. This phenomenon may be elicited by the regulation of 

expression and/or activity of Rab21 binding Varp, hence 15 may contribute to stimulate 

the expression and/or activity of Varp more potently than 12. Considering the stimulatory 

activity of 15 on expressions of p-p38 MAPK and MITF which is not exhibited on 12 

(Chapter 4), p-p38 MAPK or MITF may stimulate the Varp contents in B16 melanoma 

cells. However it is needed to more experiments to understand completely the 

phenomenon caused by 12 and 15.   
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Fig.5.3 Cell shapes treated with 1 at 200-0μM for 42h or 72h. Scale bar shows 100μm. 
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Fig.5.4 Cell shapes treated with 12 at 25-0μM for 42h or 72h. Scale bar shows 100μm. 
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Fig.5.5 Cell shapes treated with 15 at 25-0μM for 42h or 72h. Scale bar shows 100μm. 
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Fig.5.6 Ratio of cell length. A: Ratio of cell length treated with 12 or 15 for 48h. B: Ratio 
of cell length treated with 12 or 15 for 72h. C: Ratio of cell length treated with 1 for 48h 
and 72h. Data are expressed as means ± S. D. against the ratio of cells length in Fig.5.3-
5.5. ** p≤0.01 and *** p≤0.001 compared with respective control values. 
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Fig.5.7 Effect of Varp on melanognesis in melanocyte. The transportation of melanogenic 
enzyme to the melanosome is elicited by Rab32/38 binding Varp, and the dendrite 
elongation is occurred in melanocyte by Rab21 binding Varp. 
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5.3.2 Effects of 1, 12, and 15 on transportation of melanosome  

Mature melanosomes in melanocytes are specifically transported by transporter 

proteins through the microtubule and actin transportation. Activated Rab27A is localized 

on melanosome and interacted with its effectors, Slac2-a and Slp2-a (Kuroda and Fukuda, 

2004 and Fukuda, 2005). Slac2-a is also interacted with myosin Va, a motor protein, and 

the melanosome/Rab27A/Slac2-a complex is transported to the periphery of the cell from 

the perinuclear region by the myosin Va on the actin cable (Fukuda, 2002, Wu, 2001, 

Kuroda, 2003, and Ito, 2006) (Chapter 1.3.2). Rab27A occurs in a guanosine triphosphate 

(GTP)-bound active state and a guanosine diphosphate (GDP)-bound inactive state. The 

active Rab27A is localized on the surface of melanosome to transport by interacting with 

Slac 2-a and myosin Va, while inactivate Rab27A is released from the surface of 

melanosome. Then the active and inactive cycling of Rab27A plays an essential role to 

regulate the melanosome transportation. Guanine nucleotide exchange factors deprives 

the GDP and stimulates GTP loading to Rab27a. Conversely EPI64, a GTPase-activating 

protein of Rab27A, promotes the GDP-bounding and inactivates Rab27A (Itoh and 

Fukuda, 2006). Compounds 12 and 15 were reported as potent extracellular 

melanogenesis stimulator described in Chapter 4, suggesting 12 and 15 stimulate the 

transportation of melanosome in B16 melanoma cells. In order to demonstrate the 

hypothesis, the expression of EPI64 in B16 melanoma cells treated with 12 and 15 was 

determined. Compound 1 was used as comparison target since it showed no stimulatory 

activity on extracellular melanognesis even though it increases the intracellular melanin 

content in previous. As shown in Fig.5.8C and E, the expression of EPI64 was decreased 

by treating with 12 and 15. Compound 12 significantly decreased the expression ratio of 

EPI64, 57% and 49% at 6.25μM and 12.5μM respectively, while the significant difference 
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was not shown at 3.125μM (Fig.5.7 D). Compound 15 also decreased the expression of 

EPI64 in a dose dependent manner. Compound 15 exhibited significant decrease on 

EPI64 expression even at 3.125μM (Fig.5.7 F). The IC50 values which shows the 

concentrations of the samples exhibiting 50% inhibition were 11.0μM and 9.4μM by 

treating with 12 and 15 respectively. These result indicated that the inhibitory activity on 

EPI64 expression of 15 was more potently than 12. The inhibition activates Rab27A and 

stimulate transportation of melanosomes (Fig.5.11). The EPI64 expression inhibitory 

activity of 12 and 15 supports the result that extracellular melanognenesis stimulatory 

activity of 15 was stronger than 12. In case of 1, the ratio of EPI64 expression was 170%, 

262%, and 290% at 25μM, 50μM, and 100μM respectively (Fig.5.8 B), suggesting that 1

stimulates the inactivation of Rab27A and inhibits the transportation of melanosomes. 

This may result in the intracellular melanogenesis stimulatory activity of 1 (Fig.5.10).      � �

Activated Rab27A is localized on the surface of melanosome and excess expression 

of EPI64 induces exclusion of Rab27A on melanosomes (Itoh, 2006). In order to confirm 

the colocalization of Rab27A and melanosomes in the cells treated with 12 or 15, the 

distributions of melanosomes and Rab27A in melanoma cells were examined by 

immunofluorescence microscopy. Fig.5.9 shows the distribution of Rab27A (red stain) 

and melanosomes (shown by arrows) in melanoma cells. The Rab27A is ubiquitously 

distributed regardless the distribution of the melanosomes in the cells treated with 1 and 

control cells (Fig.5.9 A and B). On the other hand, 12 and 15 elicited the colocalization 

of Rab27A (shown by arrowheads) and melanosomes (Fig.5.9 C and D), indicating that 

Rab27A was activated and existed on the melanosomes by inhibiting the expression of 

EPI64. This colocalization between Rab27A and melanosomes supports the result on the 

inhibitory activity of EPI64 expression after treatment with 12 and 15.    
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Fig.5.8 Effect of 1, 12, and 15 on the expression of EPI64 in B16 melanoma cells. (A) 
Representative blots of 1. (B) Quantification of the ratio of protein expressions in 
melanoma cells treated by 1. The data show the means ± S.D. against the ratio of EPI 64 
expression from three independent experiments. (C) Representative blots of 12. (D) 
Quantification of the ratio of protein expressions in melanoma cells treated by 12. Data 
are expressed as means ± S. D. against the ratio of EPI64 expression from three 
independent experiments. (E) Representative blots of 15. (F) Quantification of the ratio 
of protein expressions in melanoma cells treated by 15. The data show the means ± S.D. 
against the ratio of EPI 64 expression from three independent experiments. * p≤0.05 and 
** p≤0.01 compared with control value.�
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Fig.5.9 Immunofluorescence confocal microscopy showing the distribution of Rab27A 
and melanosomes. Cells were treated with 1 (100μM) (B), 12 (25μM) (C), and 15 (25μM) 
(D) for 72h. Cells were stained with Rab27A antibody (red) and DAPI (blue). Arrowheads 
point the localization of Rab27A. Arrows point the melanosomes in the cells. Scale bar 
shows 20μm. �
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Fig.5.10 Effect of 1 on transportation of melanosome. 1 inhibits transportation of 
melanosomes and increases intracellular melanin contents via stimulation of EPI64 
expression. 

  



111 

 

O

O

OH

OH

O

O

O

CH3

CH3

CH3
O

OH

OH

OH

OH

O

O

CH3

����

������

�	


������

��


���
�

����������

����������
������

������
������
����������

������

���� ���

�������

���������������

��������	


����
��������

�	��	�
	
�����

����	�
	
�����	


������

�������	
�	��



���	

��������	


	�����	������


�	�����	�	
�


�
!	����
��	 ����
���������� 
���������" �������"

Fig.5.11 Effect of 12 and 15 on transportation of melanosome. The EPI64 expression 
inhibitory activity, cell shape elongation activity, and extracellular melanogenesis 
stimulatory activity of 15 were more potently than 12.  
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5.4 Summary  

    Compound 1 was isolated from Helminthostachys zeylanica root extract and 

synthesized as an intracellular melanogenesis stimulation compound. Synthesized 12

and 15, quercetin methyl ethers, increased extracellular melanin content more potently 

than the positive control. The formation of dendrite and the expression of EPI64 that 

inactivates the melanin transportation were investigated using B16 melanoma cells 

treated with 1, 12, or 15 in order to understand the mechanism underlying the observed 

activity. Compound 1 that increases intracellular melanin contents increased the 

expression of EPI64 and exhibited no dendrite elongating activity, suggesting 1 inhibits 

the transportation of melanosome which may results in the intracellular melanognesis 

stimulatory activity. Compound 12 and 15 that increases extracellular melanin contents 

inhibited the expression of EPI64 and elongated the dendrite, suggesting 12 and 15

stimulate the transportation of melanosome.
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Conclusions  

    Two novel quercetin glycosides namely 4’-O-β-D-glucopyranosyl-quercetin -3-O-

β-D-glucopyranosyl-(1→4)-β-D-glucopyranoside (1) � and � 4’-O-β-D–

glucopyranosyl-(1→2)-β-D-glucopyranosyl-quercetin-3-O-β-D-glucopyranosyl-

(1→4)-β-D-glucopyranoside (2) were isolated from H. zeylanica root 50% EtOH extract. 

Compound 1 exhibited intracellular melanogenesis stimulatory activity, while 2 showed 

no effect even the structural similarity of the two compounds. Nineteen querecetin 

derivatives were synthesized from rutin on the purpose of understanding the structure-

activity relationships of quercetin derivatives. Among the synthesized nineteen quercetin 

derivatives, 1, 3, and 4, the quercetin glycosides, stimulates the intracellular 

melanogenesis, while they elicits no stimulatory activity on extracellular melanogenesis. 

On the other hand, the quercetin methylether, 12 and 15 increase the both intra and 

extracellular melanin contents with no cytotoxicity. Compound 15 stimulated the 

phosphorylation of p38 MAPK, which regulates the expression of tyrosinase, TRP-1, 

and TRP-2. Compound 12 enhanced the expression of melanogenic enzymes while it 

was lack of any stimulation of the expression of MITF and p-p38 MAPK. This result 

indicates that 12 may stimulate the expression of melanogenic enzymes by stimulating 

currently unidentified transcriptional factors and/or by regulating the degradation of 

melanogenic enzymes.  

In order to investigate the effect of 12 and 15 on transportation of melanosomes, 

the cells length and the expression of EPI64 in B16 melanoma cells after treatment of 

12 and 15 were examined. Compounds 12 and 15 elongated the dendrite in a dose 

dependent manner. Furthermore, 12 and 15 stimulated the transportation of melanosome 
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via inhibiting the expression of EPI64. This results may relate to the potency of 

extracellular melanognenesis stimulatory activity of 12 and 15. The investigation of 

distributions of Rab27A and melanosomes in melanoma cells treated with the samples 

by immunofluorescence microscopy were support the result on inhibitory activity of 

expression of EPI64 after treatment of 12 and 15. The discoveries of the novel 

melanosome transportation modulating activity of quercetin methylethers in B16 

melanoma cells supports further research into its potential anti-graying applications or 

into possible uses for such compounds as cosmetic products that regulate skin 

pigmentation. 
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