
Analysis ofTriterpenes in Foods and 

By-products, and Study of their Utilization as 

Functional Foods 

2013.9 

The United Graduate School of Agricultural Sciences 
Iwate University 

Course of the Science ofBioresources 
( Obihiro University of Agriculture and Veterinary Medicine) 

FengZHANG 



Contents 

Chapter 1. General Introduction ..ー・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・… I 

Chapter 2. Oleanolic Acid and Ursolic Acid in Dried Fruits..............….18 

Chapter 3. Oleanolic Acid and Ursolic Acid in τropical Fruits and Their 

Anti-cancer Effects.................................................. .32 

Chapter 4. Synergistic Effect of OA and Polyphenols from Wine Pomace 

on Cancer Cells ...................................................... 54 

Chapter 5. General Discussion ................................................…85 

Acknowledgements ................・ー・・・・・・・・・・・・・・・・・・・・・・・・.....................95



Chapter 1. General Introduction 

Olearロ101五icacid (σ3 告ト冊hyd合roxy-幽O叫1e鉛a幽-1ロ2伺 er仔1ト幽28.悶ゆ剛剛欄刷帽網剛欄.01比C幽aωcidι;OA) and i治t臼slsomer.巳.1 ， 

u凹1r‘~soli比c aおCl迫d (σ3sβ.幽幽幽占幽

compounds t出ha拭texist wide1y in合u凶it臼sand p1ants common1y used in human 

diets and in medicina1 herbs， such as olive (Vazquez and Janer， 1969)， 

app1e (Jager and Trojan， 2009)ラgrape(Amico et al.， 2004)ラclove(Jager and 

Trojanラ 2009)，and pomegranate (Punica grαnatum) flowers (de Me1o， C. L. 

et al.ラ 2010).These triterpenoid compounds main1y exist in natura1 p1ants in 

the form of free acidラ oras ag1ycones in the case of triterpenoid saponins 

(Price et al.ラ 1987;Mahato et al.， 1988; Wang and Jiang， 1992). Saponins 

can be chemically categorized depending on whether an ag1ycone is 1inked 

to one or more sugar chains. There are 2 groups of saponins; one contains a 

steroida1 aglycone， and the other contains a triter下enoidaglycone (Price et 

al.ラ 1987).Squa1ene is considered to be the most common precursor for the 

biosynthesis of both steroid and triterpenoid systems (Price et al.， 1987). 

Like steroidsラ triterpenoidshave many bio1ogica1 effects and research 

interest in triterpenoids is growing (Price et al.ラ 1987;Mahato et al.， 1988). 

Occurrence in folk medicine 

OA has been iso1ated合ommore than 120 plant species to date (Wang 

and Jiangラ 1992)ラ andhas been shown to play an active ro1e in severa1 

bio1ogica1 processes. The results of a pmiial survey on the use of OA and 

UA in fo1k medicineラ andtheir biological activities are listed in Tab1es 1.1 

and 1.2. 



Table 1.1 Partial survey on medicinal plants containing OA as an active 

ingredient 

Plant Biological activity References 

Aγαliαc hinens is L. Hepatoprotection Wang and Jiang， 1992; 

var nuda Nakai Liu et al.ラ 1994b

(Arαliaceae) 

Betαvulgaris L. v紅. Hepatoprotection Yabuchi et al.， 1988 

cicla 

(Chenopodiaceae) 

Calendula officinalis Antifungal activity Favel et al.ラ 1994

し(Compositae ) 

Eugeniαjαmbolαnα Inhibition of lipid Balanehru and 

Lam. (Myliaceae) peroxidation and Nagarajan， 1991; 

protectlOn agamst R司jasekaran et al.， 

adriamycin toxicity; 1988 

Antiイertilityactivity

Gαnoderma lucidum Anti-cariogenic activity Hada et al.ラ 1990

Karst. 

Sαpindus mukoγossi Antトinflammation Takagi et al.， 1980 

Gaertn (Sapindaceae) 

Tinospoγαsα~gitt，αtα Anti幽 hyperglycemia Haoラ1991

G. (Menispermaceae) 
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Table 1.2 Partial survey on medicinal plants containing UA as an active 

ingredient 

Plant 

Eriobotrya Japonica 

Lindl. (Flosaceae) 

Eucalyptus hybrid 

(Myrtaceae) 

Melaleuca 

leucadendron L. 

(Myrtaceae) 

Pyrola rotun吻'olia

(Pyrolaceae) 

Solanum incanum L. 

(Solanaceae) 

Biological activity 

Inhibition of 

mutagenesis in bacteria 

Hepatoprotection 

Inhibition of histamine 

release 

Anti幽 inflammation

註epatoprotection
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Shukla et al.， 1992 

Tsuruga et al.， 1991 

Kosuge et al.ラ 1985

Lin et al.， 1988 
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The traditional uses of these OA-or UA-containing plants in folk 

medicine are variableラ includingantiωinf1ammatory， hepatoprotection， and 

cardiotonicラ amongothe1's.五tfanyof these therapeutic effects have been 

confi1'med in contemporaりTscientific 1'esea1'ch. 

Hepatoprotection perspective 

OA and UA a1'e well known fo1' thei1' hepatoprotective effects， and a1'e 

currently used， both alone and in combination with other hepatoprotective 

ingredients， as o1'al medications (Liuラ 2005).The hepatoprotective effect of 

OA was fi1'st 1'eported in 1975 in a study of Swertia mileensis， a t1'aditional 

he1'bal medicine used for hepatitis. Of the 3 compounds isolated from this 

he1'bラ OAwas found to be the most effective in p1'otecting against 

CC14-induced liver injury in rats (Hunan Med. Inst.， 1975). Subsequently， 

OA has been おrther demonstrated to decrease CC14-induced live1' 

parenchymal cell nec1'osis， steatosis， and degeneration (Ma et al.ラ 1982)，

and to prevent CC14 plus alcohol幽 inducedchronic cirrhosis in rats (Han et 

al吋 1981).OA protects against the hepatotoxicity produced not only by 

CC14， but also by acetaminophen， cadmium， bromobenzene， phalloidinラ

thioacetamide， furosemideラ colchicine，and かgalactosamineplus endotoxin. 

However， it is ineffective in decreasing the hepatotoxicity produced by allyl 

alcoholラdimethylnit1'osamine，α-amanitinラandchlor・ofor初 (Liuet al.ラ

1995a). OA was also shown to have hepatoprotective effects against carbon 

tetrachloride-induced hepatic injury， which was due， at least in part， to the 

dec1'eased biotransfo1'mation of carbon tetrachloride by suppression of 

cytochrome P450 2E1 activity and expression (Jeong， 1999). 
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Hepatoprotective profiles have indicated that OA protects manyラ butnot all 

hepatotoxicantsラwhichsuggests that multiple mechanisms may be involved 

in the hepatoprotective effect of OA. 

UAラ theisomer of OAラ wasalso identified as an active hepatopr抗 ective

component in the preparation of Sambucus chinensis Lindl. (Ma et al.， 

1986)， Solanum incanum L. (Lin et al.， 1988)， 1トなフterospermumtaiwanense 

(Gan and Lin， 1988)， and Eucalyptus hybrid (Shukla et al.ラ 1992).In 

addition to its protection against CC14-induced liver injury， UA also 

protected against D-galactosamine-induced liver injury in ratsラ and

prevented acetaminopherトinduced cholestasis (Shukla et al.ラ 1992).

Furthermoreラ UA was shown to protect against ethanolィnediated

expeIセnentalliver damage in rats (Saravanan et al.， 2006).In fact， UA was 

found to be more potent than OA in decreasing chemically幽 inducedliver 

injury in mice (Liu et al.， 1994a). 

Antトhyperlipidemiaperspective 

The hypolipidemic and anti-atherosclerotic properties of triterpenoidsラ

including UA and glycyITam， were first reported in 1979. UA fed to rabbits 

and rats resulted in prevention of experimental atherosclerosis， and lowered 

blood cholesterol (44%) and 十lipoproteinlevels (50%) (Parfenteva， 1979; 

Vasilenko et al.， 1981). Another 14 triterpenoid compounds were further 

testedラ andall of them， including OAラ werefound to be effective in 

preventing hyperlipidemia in rabbitsラguineapigs， and詔 ts(Vasilenko et al.ラ

1982). Liu et al. (2007) revealed that OA exe11ed hypolipidemic effects by 

lowering serum total cholesterol and triglyceride levelsラ andthat it could 
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also protect against fatty liver disease. One possible mechanism of this 

effect might be related to reducing the expression of the acetylωCoA 

acetyltransferase (ACAT) gene (a key enzyme regulating metabolic fatty 

acid)， and thus decreasing intestinal absorption， synthesisラ orstorage of 

exogenous and endogenous cholesterol. OA did not affect blood lipoprotein 

levels in normal rabbitsラ butdecreased elevated blood cholesterol levels 

and prevented lipid precipitation in the blood vessels and major organs of 

experimental hyperlipidemic rabbits. F ollowing OA treatment， serum 

concentrations of high-density lipoprotein increased， whereas low.副幽d副

i五ipoproteinconcentrat討ionsdecreased (Maラ 1986).The anti-hyperlipidemic 

effect of OA and UA has stimulated considerable clinical interest. 

Antトinflammatoryactivity 

τhe anti -inflammatorγeffect is a common property of many 

triterpenoids (Price et al.ラ 1987;Mahato et al.ラ 1988).OA and UA are 

among the most notable triterpenoid compounds. The anti-inflammatory 

effect of OA was first reported in the 1960s. Gupta et al. (1969) reported 

the inhibitory effects of OA on carrageena任 inducedrat paw edema and 

forτnaldehyde-induced arthritis. The anti-inflammatorγeffects of OA were 

立lrtherconfirmed in subse司uentstudies (Takagi et al.， 1980; Dai et al吋

1989a; Singh et al.， 1992). AdditionallyラOAhas been shown to inhibit rat 

paw edema produced by dextran， and to suppress adjuvant幽 inducedarthritis 

in rats and mice (Singh et al.ラ 1992).

UAwaおsidentified aおsa如nac凶t担lvec∞omp卯onen低toぱfPyr刈ψ'0/，ゐaro后ψot仰und~扮f向μ0/加iωα L. in 

P伊1
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acid“induced writhing in mice (Kosuge et al.ラ 1985). In medicinal 

preparations合omRosmarinus 0グicinalisL. (Rosemary)， UA was identified 

as one of the active components in preventing 

12-0ωtetradecanoy lphorbol.・・.13-acetate(TPA)-induced mouse ear edema 

(Hirota et al.， 1990; Huang et al.ラ 1994).

The mechanisms underlying the antトinf1ammatoryeffects of OA and/or・

UA have been attributed to the following factors: (1) inhibition of 

histamine release from mast cells induced by the compound 48/80 and 

concanavalin A (Dai et al.ラ 1989b;Rajasekeran et al.， 1990; Tsuruga et al吋

1991)ラorby Adriamycin (Balanehruラetal.， 1994); (2) inhibition of 

lipoxygenase and cyclooxygenase activity (Sim∞et al.， 1992; N司idet al.ラ

1992)， thus reducing some inf1ammatory factors produced during the 

arachidonic acid cascade; (3) inhibition of elastase， which is thought to 

play a role in the tissue inf1ammatory response in rheumatic diseases (Ying 

et al.ヲ 1991)(inhibition rates were similar between UA and OA with IC50 

values of 4.4 J.lM and 6.4μM， 1・espectively);(4) inhibition of complement 

activity (Dai et al.， 1989b)ラpossiblythrough the inhibition of the 

C3
幽 convertaseofthe classical complement pathway (Kapil et al.， 1994). In 

addition， high doses of OA can result in thymus atrophy (Dai et al.， 1989a， 

1989b). 

Antitumor and chemotherapy perspective 

Both tumor initiation and promotion are inhibited by OA and UA to 

various degrees. The most notable effect of these 2 triterpenoids is 

antltumor開 promotlOn.
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OA and UA were identified as active components of Ligustrum lucidum 

Ait. in inhibiting the mutagenicity produced by benzo[a]pyrene (B[a]P) in 

bacteria. The a出 ountof OA and UA at 90% supp1'ession in each solvent 

fraction was 65μg and 30μg， respectively (Niikawa et al.， 1993). OA and 

UA we1'e also shown to be active components of Glechoma hederacea L. i加n 1 

the inhibition of t印um主noα1'-p1'omo抗tingeffects by TP Aラbothin vitro (1to et al吋

1983; Ohigashi et al吋 1986)and in vivo (Tokuda et al.ヲ 1986).TPA-induced 

Epstein-BalT ViI・us(EBV)-associated activation in 武司icells was inhibited 

by OA and UA at an app1'oximately 100ふfoldmolar 1'atio to TP A 01' to 

anothe1' tumo1' p1'omote1'， teleocidin B-4 (Ohigashi et al.ラ 1986;Konoshima 

et al.， 1987). 

OA and UA have also been shown to i叶ubittumo1' initiation and 

p1'omotion at va1'ious stages of tumo1' developmentラandwe1'e also found to 

induce tumo1' cell diffe1'entiation and apoptosis. 1n a two幽 stagemouse skin 

ca1'cinogenesis modelラ the p1'otection of OA against TPA-p1'omoted 

ca1'cinogenesis was associated with inhibition of abeITant gene exp1'ession 

(Ogu1'o et al吋 1998).OA de1'ivatives have also been p1'oven effective for 

acute myeloid leukemia by inducing apoptosis of tumor cells (Konopleva et 

al.， 2004). Furthermoreラ OAand its de1'ivatives effectively inhibited 

angiogenesis， invasion of tumor cells， and metastasisラ andhave the1'efore 

emerged as a new class of chemoth町 apeutics(Ovesna et al.， 2004). 

Toxicity of OA 

OA and UA are relatively non-toxic. Afte1' a single subcutaneous 

injection of 1.0 g1kg OA to mice or 1'atsラ nomortality was observed during 
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the firstふdayperiod post-injection (Hunan Med. Inst.ラ 1975;Singh et al.ラ

1992). Furthermoreラ followingmultiple administration of 180 mg/kg per os 

OA for 10 daysラ noabnormalities were observed in the brain， heart， lungラ

liver， kidney， thyroid， testes， stomachラspleen，or intestine (Hunan Med. 

Inst.， 1977). A 70-case clinical trial for acute jaundice hepatitis showed that 

60θo mg/day OA for 30 days was therapeutically effective with no 

appぽ entside effects (Xu and Wan， 1980). Longペ田和 useof OA (> 3 

months) in 188 cases of chronic hepatitis indicated that OA is safe (Xu， 

1985). 

Other pharmacologicaI effects 

A variety of novel pharmacological effects produced by OA and UA 

have been reportedラ includingtheir beneficial effects on cardiovascular 

systems (Samova et al.， 2003)ラinteractionswith cytochrome P450s (Kim et 

al.， 2004)ラantimicrobialactivities (Zaletova et al.， 1986)，ラ anda出n託tiト-ulce位f 

effects (Gupt匂aet al.ラ 1981;Snyckers and Fourieラ1984;Wrzeciono et al.ラ

1985). 

All reported pharmacological effects are too numerous to be mentioned 

in detail here， which， in addition to their non楢 toxicityラ havecontributed to 

the growing research interest of these naturally occurring triterpenoids. 

Consequently， identiち1ing suitable resources that are rich in these 

trite中enoidshas also become increasingly important. Therefore， the 

objective of this study was to investigate resources that訂 erich in OA and 

UA. 
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Chapter 2. Oleanolic Acid and U rsolic Acid in Dried Fruits 

2.1 Introduction 

Triterpenoids， such as OA and UAラ areknown to exist mainly in fruit 

skins (Zhang et al.ラ 2004;Juan et al.， 2006; Wang et al.ラ 2011).Howeverラ

because the skins of fresh fruits are often removed when eaten， fresh fruits 

may therefore not constitute a significant source of OA and UA intake for 

many people. Since the solubility of OA and UA to water is号uitelow， they 

also remain on the fruit surface following processing， including the 

washing and squeezing steps. However~ラ unlike fresh企uits，dried fruits are 

usually eaten without removing the pericarpラ andmay therefore be a good 

source for the natural oral intake ofOA and UA. 

Dried仕uitis a popular snack worldwideラ andis considered a delicacy 

due to its high nutritive value (66-90% carbohydrate) and shelf life. The 

production of dried fruits is CUIT百 ltlywidespread across the globe. Nearly 

half of all dried fruits in the intemational market are raisins， followed by 

datesヲ prunes，figsラapricots，peaches， applesラpearsラandother fruits. A 

significant amount of sour chenies， che汀ies，pineapples， and bananas are 

also sold dried (Huiラ 2006).

However.ラ withthe exception of raisins， li託leis known about the OA 

and UA content of dried企uits.Thereforeラ theobjective of this chapter was 

to quanti命 andcompare the levels of OA and UA found in a variety of 

dried fIuits in order to identifシrichsources of these triterpenoids. 
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2.2 Materials and Methods 

2.2.1 1¥笠aterials

The 17 types of commercially available dried fiuits (appleラ apricotラ

bananaラ blueberry，cherry， cranberryラ greenrmsmラ Kyohoraisinラ Sultana

rmsm， mangoラ orangeラ pea1'， persimmon， pineapple， pruneラ figラ and

st1'awberry) used in this study were pu1'chased合omJ apanese markets 

(Table 2.1). 

2.2.2 Preparation of sample 

Dried fruits (20 g) were added to 100 mL ethanol and we1'e 

homogenized by agitation for・1h， followed by filtration th1'ough No. 2 

filter paper (Advantecラ Tokyo，Japan). After 3 repetitions ofthis procedu1'eラ

the combined extracts were concentrated to drでynessusing a rotarγ 

evaporato1'， and were dissolved in 10 mL methanol fo1' use in thin-layer 

chromatogr‘aphy (TLC) and high pe1'formance liquid chromatography 

(HPLC) analyses. 

2.2.3 Recovery yield 

2mg of UA was added to 20 g of green 1'aisin， and follow四 upextraction 

and HPLC analysis were performed. Similarlyラ 2mg of OA was added to 

20 g of dried cranbenγand analyzed. 
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Table 2.1 Dried fruits used in this study 

Dried fruits Materials Skin 
Countrγ 

of 

Apple apple， sugarラ citricacid， spiceラbleaching China 

agent 

Apricot apncot 十 Turkey 

Banana banana， sulfite Thailand 

Blueberry blueberry， sugarラmelonseed oil 十 USA 

Cherry cher巧"sugar， melon seed oil 十 USA 

Cranberry cranberry， sugar， plant oil 十 USA 

Green raisin grape (white) →時 China 

Kyoho raisin grape (red)， plant oil 十 Chile 

五Aango mango， sugar， citric acid， sulfite， colorant Thailand 

Orange Starch syrupラ sugarラ orangeskinラ lemon 十 Italy 

JU1ce 

Pear pear， sugar， pH adjustment agentラvitamin China 

C， sodium thiosulfate 

Persimmon perslmmonラ sulfurdioxide Japan 

Pineapple pineappleラ sugar，pineapple juice， citric Thailand 

acidラ sulfite

Prune pruneラplantoil， potassium sorbate 付ト USA 

Fig fig + Turkey 

Strawberη strawberry， sugar， plant oil， citric acidラ 十 China 

sulfite， colorant， spice 

Sultana grape (red)， plant oil 十 Turkey 

rmsm 
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The recovery yields ofUA合omgreen raisin and OA from cranberrγm 

this extraction method were 98.2土1.7%(n = 3) and 97.9土2.3%(n口 3)ラ

respectively. 

2.2.4 TLC analysis 

The presence of OA and UA were confirmed by TLC prior to HPLC 

analysis. Sample solutions (10μL) we問 appliedto a 70-plate silica gel 

(0.25 mm thickness， 20 x 20cm; Wako， Osaka， Japan)ラ andseparated with 

cyclohexane:acetone:ethyl acetate (4:2: 1). After the silica gel plates were 

driedラ sa出 pleswere visualized by spraying the plates with 50% sulfuric 

acid and baking. 

2.2.5 HPLC analysis 

Quantitative analyses of OA and UA were carried out by HPLC 

according to a previously reported protocol (Ebisui， 2006) with some 

modifications. Separation was achieved using a 4.6 x 250 mmラ 5μm

Wakosil II 5C 18 column (Wako) and L-2420 UV-VIS detector (Hitachiラ

Tokyoラ Japan)set at 210 nm. The solvent was vacuumイilteredand 

degassed prior to use， and sample extracts were filtered through a 0.2μm 

Dismic-13 filter (Advantec) before injection. Samples (7μL) were injected 

onto the column following equilibration with acetonitrile:methanol:water: 

phosphoric acid (500:400: 100:0.5)ラ andwere separated with the same 

solvent at a rate of 0.5 mL/min. Analyses were perfor玄nedat 20oC， data 

were processed with a PC-based integrator (Chromato-Pro; Lablab 
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Company， Hachiojiラ Japan)，and the amounts of OA and UA in each dried 

fruit were calculated from the calibration curves (concentration range: 10-

2000十tg/mL)of OA (> 97%， Wako) and UA (> 95%， Wako) standards， 

respectively. The rep問 sentativecalibration curve of OA was y = 1.55e6x -

3.06e4 
(x = mg/mL of OA; y = area)ラ witha correlation coefficient of 

9.994e七andthe representative calibration curve of UA was y = 0.12e7x -

0.42ぜか=mg/mL of UA; y = area)， with a correlation coefficient of 

9.998ピ1.All data are presented as the means of 3 replicates with standard 

deviations calculated using Microsoft Excel (MicrosoftラUSA).

2.3 Results and Discussion 

2.3.1 TLC analysis 

OA and UA were not detected in dried fruits without skin， such as appleラ

bananaラmangoラpearラandpineapple (data not shown). A previous report 

demonstrated that triterpenic compounds such as OA and UA were mainly 

distributed in the skins of合同ts(Frighe抗oet al.ラ 2008;Orban et al.， 2009). 

These 5 kinds of dried fruit had their skins removed during processing 

(Table 2.1).τhe dried fruits without skin do not containラ orcontained verγ 

littleラ OAandUAラwhichsupport results of previous studies. 

In contrast， TLC analysis clearly detected OA and/or UA in the 3 

varieties of raisinラpersimmon，cranberries， and cherries (Fig 2.1). 

However， we were unable to confirm the presence of OA or UA in 

prunesラoranges，figs， or strawberries， which were processed with skin 
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intact under our TLC assay conditions (detection limit by TLC was 0.20 

μglspot)ー Becausethese results suggested that these fruits contained only 

trace amounts of UA and OAラ wedid not analyze them further using 

HPLC. 

2.3.2 HPLC analysis 

As OA and UA are isomers with similar characteristics， they cannot be 

separated by TLC (Fig 2.1). We therefore employed HPLC to separate and 

司uantifシtherespective levels of OA and UA present in the dried企uitsthat 

were shown to contain these triterpenoids in the TLC analysis. Figure 2.2A 

shows a representative chromatogram for the HPLC separation of OA and 

UAラ whichshowed complete separation of the OA and UA peaks under our 

chromatography conditions. 
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Fig 2.2 HPLC profile of OA and UA in OA and UA standard mix (A)， 

cranbenγ(B)， and green raisin (C). Analytical condition of HPLC was 

written in method. The column used was Wakosil II 5 C 18， and the mobile 

phase was acetonitrile : methanol : water : phosphor・icacid (v : v : v : v = 

500 : 400 : 100 : 0.5). The longitudinal axis shows absorbance at 210 nm in 

arbitrary units (AU). Peaks: (1) OA; (2) UA. 
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All 3 varieties of raisin investigated in this study were found to contain 

higher levels of OA compared to all other dried fIuitsラ withOA contents of 

79.0 mg/100 g (green raisins)ラ 65.9mgl1 00 g (Sultana raisins)ラ and38.5 

mg/100 g (Kyoho raisins) (Fig. 2.3). This corresponds to previous findings 

that have shown that the presence of OA in raisins is independent of 

whether the grapevine cultivar is red or white (Yunoki et al.， 2008; Orban et 

al.ラ 2009).We were unable to confir官 1the reasons for the differences in OA 

content between the different raisin types investigated in this study， as the 

OA content in the raw materials and any changes that occurred during 

manufacturing were unknown. No UA was detected in any of the raisin 

varieties (Fig. 2.2C， Fig. 2.3). 
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In contrastラ driedcranberries， blueberriesラ andcherries were allおundto

contain both OA and UA (Fig. 2.3). Of the dried合uitsanalyzed in this 

studyラ thehighest amount of UA (65.9 mgl100 g) was detected in 

cranberriesラ whichalso contained 17.8 mgl1 00 g OA. Blueberries 

contained similar levels of OA and UAラ at13.9 mgl100 g and 11.8 mgl100 

ら respectively.The level of UA in cherries (9.7 mg/100 g) was similar to 

that of blueberries， although OA in cherries was detected at significantly 

lower levels (1.72 mgl100 g). Low levels ofUA were also found in apricots 

and persimmonラalthoughno OA was detected in either of them. Zhou et al. 

(2010) previously reported that both OA and UA were present in most of 

the cultivars of persimmon that they investigated. Howeverラ wedetected 

only verγlow amounts of UA (1.03 mg/100 g) and no OA in dried 

persimmons. This discrepancy might be explained by the lack of skin 

present on the dried persimmons used in our study， whereas the UA that 

was detected might have or・iginatedfrom the calyces that were retained on 

the fruit tops. 

Some folk medicine and herbal plants contain remarkable quantities of 

OA and UAラ andtheir therapeutic effects may be partially due to these 

triterpenes. F or instanceラ 18.2mg/l 00 g 合eshweight (FW) OA and 63.8 

mgl100 g FW UA were detected in Ziziphusjujuba fruits (Guo et al.ラ 2009)，

while the OA and UA contents in Chinese hawthorn (Crataegus 

pinnatifzda)企uitswere shown to be 14.7 mgl100 g FW and 95.2 mg/100 g 

FW， respectively (Cui et al.ラ 2006).Ther・eforeラtheOA and UA contents 

detected in dried合uitsin the present study were lower than those detected 

28 



in these medicinal fruits. Neverthelessラtheresults of the present study show 

that OA and UA can be readily absorbed from raisins and dried cranberries 

as part of daily food consumption. As raisins and dried cranberries also 

contain variousおnctionalflavonoids (Zhao and Hall， 2007; Vinson et al.， 

2008)， the combination of flavonoids with the triterpenes OA and UA 

provided by these fruits might be particularly beneficial for human health. 
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Chapter 3. Oleanolic Acid and Ursolic Acid in Tropical Fruits 

and Their Anti酬 cancerEffects 

3.1 Introduction 

In the Global COE program of Obihiro University of Agriculture and 

Veter・inaryMedicine， I followed the Pacific F ood Resource Search Unit 

(Asian) and visited Samoa and Indonesia. During the visit， I had the 

opportunity to visit market where I collected some tropical fruit samples for 

my research. 

Fruit resources are particularぢabundantin tropical areas. According to 

the local residents of Samoa and Indonesiaラ almostall fruits grown locally 

were used for exportラ makingjuiceラ orfor direct consumption. To the best 

of my knowledge， no report has yet indicated that tropical合uitsare also 

utilized for making wine and vinegar (Maldonado et alラ 1975).

To date， little is known about the triterpenoid levels in tropical合uitsラ

and few studies have reported triterpenoid levels in these fruitsラ including

OA and UA. In order to identifシrichsources of OA and UA， and to expand 

the utilization of tropical fruitsラ OAand UA levels were quantified from 

Indonesian and Samoan fruit samples. In additionラ somecommercial 

products of the tropical合uItnoni were also measuredラ andtriter下enoid

levels were compared to those of natural fruits. Finally， the anti-cancer 

effect of triterpenoid extracts from tropical fruits was measured. 

3.2 Materials and Methods 
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3.2.1主査aterialsand reagents 

Several tropical fruits were collected from Samoa (Fai Papalagi， Fai 

Samoa， papayaラcocon国ラ immaturenoniラandripe noni) and Indonesia (ripe 

noni). 

Noni products (Table 3.1)ラ includingnoni extract (DHC， Japan)ラ

noni-dama (AS:fιJapan)， and 2 kinds of noni juice (noni Premium 100 

(Okinawa Biken， Japan)， Tahitian noni (Tahitian Noni Inc TB， Japan))ラ

were purchased合oma J apanese supermarket. 
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Table 3.1 Noni products used in this study 
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Materials 

olive oil， noni extractラ gelatin，glycerinラVC，

bee's waxラplantoil (contains VE)ラmaclil，

calcium pantothenate， VB6， VB2， VD3， VBj， 

VB12 

nαlI powder 

nom 

Noni (produced in French Polynesia)ラ grape，

blueberry 
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OA (> 97%) and UA (> 95%)ラethanol(> 99.5%)， chloroformラmethanol

(> 99.8%ヲ HPLCgrade)ラ acetonitrile(> 99.8%ラ HPLCgrade)ラ andethyl 

acetate (> 99.8%ラ HPLCgrade) were purchased合omWako Pure Chemical 

Indust1'iesラ Ltd.(Japan). Dulbeccoラsmodified Eagle's medium (DMEM) 

and trypsin占DTAsolution were purchased f1'om Sigma. Fetal bovine 

serum (FBS) was obtained f1'om Biowest. Penicillin/streptomycin was 

obtained合omGIBCO. The Dojindo cell counting kiト8was used. 

3.2.2 Sam予lepreparation 

Tropical fi口lItswe1'e sepa1'ated into skin， f1esh， and seed by hand， and 

we1'e then freeze-dried. 

The skin， f1esh， and seed of dried tropical合uitsラ afterhomogenizing， 

were added to ethanol along with noni products (noni extract and 

noni-dama) at a weight to volume ratio of 1 :20， and was then homogenized 

by agitation fo1' 1 hラ followedby filt1'ation through No. 2 filter paper 

(Advantec， Japan). After 3 repetitions of this ope1'ation， the combined 

ext1'acts were concentrated to dryness using a rotaりTevapo1'ator， and were 

dissolved in methanol with a final concentration of 10 mg/mL for use in 

TLC and HPLC analyses. 

Noni“p1'oducts， noni premium 100 and Tahitian noni， and 2 kinds of 

noni juice we1'e extracted using the Bligh-Dyer method (Bligh and Dyer， 

1959). Noni juices were mixed with chloroform and methanol (v/v V = 

0.8: 1 :2) for 2 h in a separating funnel. The same volume of chloroform and 

wate1' was added and mixed ovemight. The bottom phase was filtered out 
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and concentrated to dryness using a rotarγevaporator. Finallyラ methanol

was added to the dried product at a final concentration of 10 mg/mL for use 

in TLC and HPLC analysis. 

3.2.3 TLC analysis 

The same TLC analysis method was applied as described in Chapter 1. 

3.2.4 HPLC analysis 

Quantitative analyses of OA and UA concentrations were carried out 

using the same HPLC analysis method as described in Chapter 1. The 

amounts of OA and UA in tropical企uitsand noni products were calculated 

from the calibration curves of OA and UA standards， respectively. The 

representative calibration curve of OA was y = 2.847ピ7X + 1.552e-2 (y = 

mg/mL of OA; x = area)， with a correlation coefficient of 9.995ピ1，and the 

representative calibration curve of UA was y = 3.311 e・7X 十 1.938ピ2(y=

mg/mL ofUA; x = area)ラ witha correlation coefficient of 9.998e-1
• All data 

are presented as the means of 3 replicates with standard deviations 

calculated using Microsoft Excel (Microso武ラ USA).

3.2.5 Cell culture 

Caco-2 cells (derived from human colon carcinαna) were maintained 

as monolayer cultures in DMEM supplemented with 10% FBS and 

antibiotics (100 U/出 Lpenicillin and 100時 /mLstr・eptomycin)under a 

humidi五edatmosphere of 5% CO2 at 37
0C. 
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3.2.6 Cell proliferation assay 

The effect of test compounds on cell proliferation was assayed in 

9ふmultiwellcUlture plates seeded with 100μL/well at a density of 5 x 104 

cells/mL. Ninety幽 sixhours after・platingラ themedium was discarded， and 

fresh medium containing test compounds at different concentrations (20 

ドM，50μM，75ドMand 100μM) was added. After 48 h of incubation with 

test compounds， cell viability was evaluated using a commercial kit (cell 

counting kiト8，Dojindo， Kumamotoラ Japan).The optical density was read 

at 450 nm (absorbance) and 630 nm (reference absorbance) using the 

Or治inalMUltiskan JX (Thermo Electron Corporation).τhe児er陀es叩UltS臼swe釘re

expressed as cell v吋Iaめbi出i日it守y(%)，ラ whichwas calclぱ1込la拡tedusing the following 

foα1 

absorbance )/べ(mea紅如nabsorbance of t出hec∞onぽtrolり)x 10∞0] (Zharη19 e佼tal. ラ 2009) 

3.2.7 Identification of apoptotic cell 

Caco-2 cells were seeded on a Lab-Tek II chamber slide W/Cover in an 

8-well configuration and incubated with test compounds at 370C with 5% 

CO2 for 48 h. Apoptosis was assessed by a terminal deoxynucleotidyl 

transferase幽 mediatednick end labeling (TUNEL) assay with a commercial 

kit (TACS™ 2 TdT Fluorescein In Situ Apoptosis Detection Kit) according 

to manufacturer instructions. Cells were incubated with DAPI for nuclei 

staining. The percentage of apoptotic cells was calculated as the ratio of 

TUNEL positive cells to the total number of cells (nuclei staining with 
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DAPI)ラ企oma count higher than 500 cells per slide under a fluorescence 

mlcroscope. 

3.2.8 Statistical analysis 

Data were presented as means土SD.Student's t test was used to assess 

the significance of differences. The value of p < 0.05 was considered 

statistically significant. 

3.3 Results and Discussion 

3.3.1 TLC analysis 

As mentioned in Chapter 乙OAand UA are known to mainly exist in 

合uitskin. Similar results were found in the p1'esent study. OA and UA were 

not detected in the seed or flesh parts of tropical fruits assessed in this study. 

ln the skin partラ onlynoni skin (Samoa immatu1'e noni， Samoa ripe noniラ

and lndonesia ripe noni) were found to contain OA 01' UA (Fig 3.1)， 

whereas the skin of Fai Papalagi， Fai Samoa， papaya， and coconut did not 

contain any traces of OA and UA. The synthesis of OA and UA requires 

α-amyrin and β.amyrin (Boar et al.ラ 1970)，respectively. Therefore， it is 

possible that OA and UA were not detected in the skin of some tropical 

fruits because these 会uitslack either a-amyrin and s・-amyrinor other 

enzymes that are related to OA and UA synthesis. 

The TLC analysis also showed that the OA or UA content in Samoa 

noni skin extract was higher than that in lndonesia noni skin extract. This 
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variation of OA 01' UA content in noni fruits might be due to substantial 

differences in geographical and/or environmental factors such as soil， 

sunlight， temperature， moisture， and air effects. 

Among the noni commercial products assessed in this studyラ OAorUA

was detected in noni-dama and Tahitian noni (Fig 3.1)， but were not 

detected in noni extract 01' in the Noni premium 100. This difference might 

be due to specific production processes 01' differences in raw materials. 
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3.3.2 HPLC analysis 

HPLC analysis wasおrtherapplied in order to separate and quantifシthe

independent levels of OA and UA present in samples found to contain these 

triterpenoids by TLC analysis (Fig 3.1)， 

As shown in Figure 3.2， the UA content was higher than the OA 

content in each sample tested. Samoa ripe noni skin was found to contain 

the higher levels of OA and UA (1.58 mg/g dry weight (DW) and 7.29 

mg/g DW， respectively) compared to those of immature noni skin (1.30 

mg/g DW  and 6.18 mg/g D¥¥んrespectively)ラ whichsuggested that the 

maturity of fruits might also affect the OA and UA content. OA and UA 

levels were also higher in Samoa ripe noni (OA 0.88 mg/g DW  and UA 

4.57 mg/g DW， respectively) compared to lndonesia ripe noni. These 

differences might reflect different cultivars or different growing 

envlronments. 
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OA and UA contents in noni producお (noni-damaand Tahitian noni) 

were also analyzed by HPLC (data not shown). According to the suppliersラ

in generalラ mostpeople drink 100 mL juice or eat 3 tablets at once. 

Thereforeラ inthis studyラ OAand UA contents were compared among 100 

mL Tahitian noni， 3 tablets of 300 mg noni-dama， and 300 mg noni skin 

extract (Fig. 3.3). The UA content was found to be consistently higher than 

the OA content. One hundred milliliters of Tahitian noni contained higher 

levels of OA (0.18 mg) and UA (0.74 mg) than 3 tablets of noni-dama 

(0.05 mg OA and 0.19 mg UA)， which suggested that people could intake 

more OA and UA from 100 mL Tahitian noni than from 3 tablets of 

noni-dama. However， these amounts of OA and UA were still much lower 

when compared with similar amounts ofnoni skin extract (0.47 mg OA and 

2.19 mg UA)， which suggests that noni skin is a good source of OA and 

UA. 
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According to local residents of Samoa and Indonesia， many pomaces 

remain after noni juice production， which are usually used for foraging. 

The quantification results showed that noni skin is rich in OA and UA， 

which indicates that the noni pomace (especially the skin) could be used as 

raw material for making 白nctionalfood or medicine. 

3.3.3 Effect of OA， UA， and noni skin extract on cell proliferation 

In order to select the optimal concentrations of OAラ UAラ andnoni skin 

extract (expressed as total content of OA and UA in noni skin) that could be 

used effectively in this studyラ theeffects of OA， UA， and noni skin extract 

on cell proliferation were evaluated using a commercial kit (cell counting 

kit-8). Four different concentrations (20ドMラ 50凶生 75ドM，and 100μM) 

were applied. When Cacか 2cells were incubated with OAラ UA，and noni 

skin extracts for 48 hラ cell viability significantly decreased in a 

dose-dependent manner (Fig. 3.4). This result indicated that OA， UA， and 

noni skin extract have high cytotoxicity and inhibit cell proliferation of 

Caco-2 cancer cellsラ whileOA and UA are relatively nontoxic to normal 

cells (Liu， 1995). Among the 4 different concentrations used in this study， 

concentration of 100μM showed the strongest effect on the suppression of 

cell proliferation significantly (p < 0.001)ラ andthis concentration was 

therefore used in the following experiments. 
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3.3.4 Effect of OA， UA， and noni skin extract on apoptosis 

The ability of OA， UA， and noni skin extracts to induce apoptosis was 

investigated using the TUNEL assay.設esultsof the assay are shown in 

Figure 3.5， in which DAPI-stained cells indicate nucleus staining and 

TUNEL negative cells. All compounds significantly induced apoptosis in 

Caco-2 cells (Fig. 3.6). 

Apoptotic cells increased significantly仕om1.80% in the control to 

50.31%ラ39.30%，40.17%，and 47.83% in cells treated with 100μMofOAラ

UA， Samoa noni skin extract， and Indonesia noni skin extract， respectively 

(Fig. 3.6). These results demonstrated the anti-cancer properties ofOAヲ UAラ

and noni skin extract on Caco-2 cells. Compared with UA treatment groupラ

OA showed significantly higher apoptosis induction. Similar results were 

found in an analysis of human hepatoma HuH7 cells (Shyu et al.， 2010). 

Additionally， OA and UA were also shown to induce apoptosis in HL-60 

leukemia cellsラ B16Fぺomelanoma cellsラ MCF-7breast cancer cells， and 

DU145 prostate cancer cells (Zhang et al.ラ 2007;Manu et al.ラ 2008;Kassi 

et al.， 2009; Zhang et al.ラ 2009).Cipak et al. (2006) suggested that OA and 

UA could inhibit the growth of HL60 leukemia cells， and that their IC50 

values were 70ドMand 10ドMラ respectively.Li et al. (2002) indicated that 

the IC50 values of OA and UA on HCT15 human colon carcinoma cells 

were 60μM and 30μMラ respectively.In the present study， the IC50 values 

of OA and UA on Caco-2 cells were both approximately 100μM.OAand 

UA have similar molecular structuresラ buthave different methyl group sites 

on the E ring: ifthe methyl group at C19 ofUA is moved to C20， it 

47 





の 60
的。
号40
c.. 
〈

ポ 20

80 ** 
** 

安* * 

G 

Control OA UA 2 

Fig. 3.6 Percentage of apoptosis induced by 100μM ofOAラ UA，Samoa 

noni skin extract (1)， and Indonesia noni skin extract (2). The percentage of 

apoptotic cells was calculated as the ratio of TUNEL positive cells to the 

total number of cells (nuclei staining with DAPI)， from a count higher than 

500 cells per slide under a fluorescence microscope.ぺp< 0.05， **， P < 

1
1
 

ハ
υ

ハV

49 



becomes OA (Eトsaadyet al.， 1994). This small di百erencein structure 

might result in the different magnitudes of effects observed on cancer cells. 

ln additionラ differencesin cancer cell types and laboratory conditions could 

also produce different results across studies. 

lndonesia noni skin extract showed significantly higher suppression of 

cell viability than did Samoa noni skin extract， despite containing similar 

amounts (100 )lM) of OA and UA. ln 100μM noni skin extracts， the 

percentage of OA in lndonesia noni skin extract (24.6%) was higher than 

that in Samoa noni skin extract (22.1 %). This difference may have 

contributed to their different effects on Caco-2 cells. Furthermore， other 

compounds in noni skin extracts such as scopoletin and quercetin (Deng et 

al.， 2010) may have also contributed to the observed variation. 

3.4 Conclusion 

京esultsof this study demonstrated that only noni skin contained OA 

and UA among all parts of the fruit. Samoa ripe noni skin contained higher 

amounts of OA and UA compared to immatur・enoni skinラ whichwere even 

higher than those of lndonesia ripe noni skin. OA showed a greater effect 

on Caco-2 cells than did UA. When containing similar amounts of OA and 

UAラ lndonesianoni skin extract had a greater effect on apoptosis of Caco-2 

cells. 

Among the 4 kinds of noni commercial products analyzed， only 

noni-dama and Tahitian noni were found to contain OA and UA. When 

similar amounts of noni skin extract and noni commercial products 
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(noni-dama and Tahitian noni) were compared， noni skin extract contained 

higher levels of OA and UAラ suggestingthat noni skin extract is a 

particularly good source of OA and UA. 
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Chapter 4. Synergistic Effect of Oleanolic Acid and 

Polyphenols from Wine Pomace on Cancer Cells 

4.1 Introduction 

Grape production has developed into the most important fresh合uitcrop 

the world， 70% of which is used for wine production (Jacksonヲ 1993).

Wine making produces grape pomace as a by-product in an estimated 

amount of 13% by weight of grapes (Tones et al.， 2002). These wine 

making by“products， wine pomace， consist of the skinsラseeds，and stems of 

grapes， and should be treated as a special solid waste due to its high levels 

of residual phenolic compounds， which may have adve1'se environmental 

impactsラ mainlydue to the inhibition of germination p1'operties of 

polyphenols (Morthup et al.， 1998). Consequentlyラwinep1'oducers' costs 

will increase fo1' waste t1'eatment. On the othe1' handラwinepomace is also 

known to be 1'ich in many kinds of bioactive compounds (Amico et al.， 

2004). Wine pomace has been tested fo1' use as compost， as a supply source 

of polyphenolsラandas a raw material of g1'ape seed oil (Baran et al.， 2001; 

Lo Curto and T1'ipodo， 2001; Negro et al.， 2003; Palenzuela et al.ラ 2004;

Gambuti et al.ラ 2004).Besides polyphenols， wine pomace is also rich in 

OA (Amico et al.， 2004)ラwhichwas confirmed in ou1' labo1'atory (Yunoki 

et al.ラ 2008).Therefo1'eラthecosts associated with wine pomace t1'eatment 

can be 1'educed by ext1'acting and using its bioactive compounds such as 

OA. Howeve1'， a長官 OAextraction， othe1' bioactive compounds 1'emain in 

the 1'esiduesラsuchas polyphenols. Whether 01' not it might be worth also 
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extracting these polyphenols from residues after OA extraction is an open 

question as the specific amount of polyphenols remaining in these residues 

is unknown. To address these problems， and to makeおIIuse of these wine 

pomaces， we extracted and司uantifiedpolyphenols企omresidues after OA 

extraction. The polyphenols in OA extracts were also quantified. The 

results of Chapter 3 showed that OA inhibited Caco-2 cell proliferation; 

however， if the residues are also rich in polyphenols， the residual 

polyphenols might also have an effect on Caco-2 cells. Therefore， in the 

cu汀entstudy， experiments were performed to determine whether OA and 

residue polyphenol extracts from pomace might have synergistic effects on 

Cacoω2 cells? 

4.2 Materials and主1ethods

4.2.1 Materials 

針。zenwine pomaces were obtained from the Tokachi-Ikeda Research 

Institute for Viticulture and EnologyラIkedaラHokkaido，J apan. 

4.2.2 Preparation of sample 

4.2.2.1 Preparation of pomace ethanol extract 

Wine pomaces were vacuum freeze-dried with the vacuum freeze 

drying machine (Yamatoラ Japan). Two grams of dried pomace 

(stem:seed:skinェ 0.1:0.9: 1.5) were agitated with 40 mL of ethanol for 1 h 
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either after homogenization treatment (crushing in a grinder fOl・ 2min， with 

15 s rest periods at 15 s intervals to avoid overheating the samples) or no 

homogenization， and were then filtered using No. 2 filter paper (Advantecラ

Tokyoラ Japan).After 3 repetitions of similar procedures， the combined 

extracts were concentrated to dryness using a rotary evaporator. The dry 

matter was weighed to obtain the pomace ethanol extract (PEE) quantity， 

and was then dissolved in methanol at a final concentration of 10 mg/mL 

for use in HPLC analysis. 

4.2.2.2 Preparation of residual polyphenol 

After PEE extractionラ withor without homogenization， the residues 

were de削 oiledto remove lipids as suggested by Jayaprakasha et al. (2001)， 

because the lipids remained in residues will disturb the polyphenol 

extraction.τhe powdered pomace (m) was extracted with hexane (v) with a 

ratio of m:v = 1:5 by gentle shaking in a mild mixer (Taitec， Japan) for 1 h 

at room temperature. The mixtures were then filtered and the residues were 

mf幽 dried.

The conditions of polyphenol extraction (time， temperature， 

liquidぺo-solidratio， and number of extractions) were chosen based on data 

from the literature (Cacace and Mazza， 2003; Shi et al.， 2003; Nawaz et al.， 

2006; BuciιKojie et al.ラ 2007).The polyphenol was extracted企om

de-fatted residues at room temperature (~250C) for 40 min using either 

acetone八九rater(ace/w)， ethanol/water (eth/w)， or methanol/water (meth/w) 

at 1: 1， v/v ratios. The extraction was caITied out 3 times using a liquid to 
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solid ratio of 10:1， the combined extracts were合eeze-driedand dissolved 

in water with a final concentration of 20 mg/mLラ andwere then stored at 

40C for fmiher processing and analysis. 

4.2.3 HPLC analysis 

The quantification of OA was caITied out using the same HPLC method 

described in Chapter 2. The amount of OA in wine pomace was calculated 

from the calibration curve: y = 2.92ge・7X+ 1.239ピ2U2mg/mLof OA;xz 

area)ラwitha cOITelation coefficient of9.998e-1
• All data are presented as the 

means of 3 replicates with standard deviations calculated using Microsoft 

Excel (MicrosoftラUSA).

4.2.4 Poly予註enolanalysis 

The polyphenol content was determined spectrophotometrically using 

the FolinωCiocalteu method. This test is based on the oxidation of phenolic 

groups by phosphomolybdic and phosphotungstic acids (FC reagent). The 

use of this reagent is based on the Slinkard and Singleton (1997) methodラ

and the early work of Singleton and Rossi (1965)， which is a colorimetric 

oxidation/reduction method for phenolic compounds. The products of the 

metal oxide reduction exhibit blue coloration that emits a broad light 

abso中tionwith a maximum at 765 nm. The intensity of light abso中tionat 

this wavelength is proportional to the concentration of phenols. Briefly， a 

20μL sample of either calibration standard or blank was added to 1.58 mL 

distilled water for dilution (80 times)ラ andthen 100μL of FC reagent was 
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added. After 3 min， 300μL of saturated sodium carbonate solution (25%) 

was added and incubated 2 h at room temperature. The absorbance was 

measured at 765 nm. The calibration curve was constructed with various 

concentrations of gallic acid solutions ranging from 0.05 to 2 mg/mL， and 

the results were expressed as gallic acid equivalents (GAE) (mg GAE/g 

pomace). 

4.2.5 Cell culture 

As in Chapter 3， Caco-2 cells (derived from human colon carcinoma) 

were used in this study. 

4.2.6 Effect on cell proliferation 

The effect of test compounds (ethanol solution) on Caco-2 cell 

proliferation was assayed using the cell counting kit-8 (Dojindo) as 

described in Chapter 3. 

4.2.7主ffecton apo予tosis

The effects of PEE， residual polyphenol， and their combination on 

apoptosis were assessed with a TUNEL assay using a commercial kit 

(TACS ™ 2 TdT Fluorescein In Situ Apoptosis Detection Kit) following 

manufacturer instructions with the same methods described in Chapter 3. 

4.2.8 DNA microarray analysis 

To investigate the mechanism of Caco-2 cancer cell apoptosis induced 
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by 100μM OA， 0.16 mg/mL PEE， 1 mg/mL residual polyphenolラ andthe 

combination of 0.16 mg/mL PEE and 1 mg/mL residual polyphenol， a 

DNA microanay analysis was perforτned using the Affシmetrixsystem. 

Total RNA was extracted企omcells treated with each compound using 

Trizol reagent (Ambion) following the弐NAisolation protocol (Abcam)， 

and its弓ualitywas checked based on absorbance at 260 nm and 280 nm 

and by electrophoresis. Equal amounts of RNA from each RNA extract 

replicate (n = 3) of each compound treatment group were pooled to 

normalize individual differences. Using Affymetrix GeneChip 3ラ IVT

Express Kits， 500 ng of total RNA of each compound treatment group was 

used to synthesize double-stranded cDNA by reverse transcriptionラ which

were subsequently converted to biotin labeling cRNA， purified， and 

fragmented. Aliquots of 10ドgof fragmented cRNA were hybridized to a 

Human Genome U133A2.0 GeneChip (Affシmetrix)at 450C for 16 h. After 

hybridizationラ thegene chips were washed and stained using a GeneChip 

Fluidics Station 450 (Affシmetrix)ラ andwere then scanned with the 

GeneChip scanner (Affシmetrix).Data analyses were performed with 

AnayStar・software(DNASTAR). The identification of genes that were up-

or down-regulated by 100μM ofOAラ 0.16mg/mL of PEE， 1 mg/mL of 

residual polyphenol， or the combination ofPEE (0.16 mg/mL) and residual 

polyphenol (1 mg/mL) was performed by comparing gene expressions in 

Caco-2 cells to those of control treatment group. We selected only those 

genes showing more than 2-fold changes (either upィegulated or 

down-regulated) in expression relative to controls. Moreoverラ differentially
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expressed genes were categorized using DAVID tools and were mapped to 

KEGG pathways. 

4.2.9 Statistical analysis 

Data were presented as means + SD. Student's t test was used to assess 

the significance of differences. The value of p < 0.05 was considered 

statistically significant. 

4.3 Results and Discussion 

4.3.1 OA in PEE 

The 司uantification of OA in PEE (homogenized or without 

homogenization) was achieved using HPLC analysisラ andthe result was 

expressed as mg/g pomace. Results showed that OA contents in 

homogenized and not homogenized PEE were 12.76 mg/g pomace and 

11.75 mg/g pomace， respectively. The homogenization treatment increased 

the yield of OA in PEE. Yunoki et al. (2008) determined the OA contents 

in several types of wine pomace， which was found to be 0.25 to 1.26% 

different than that of dried pomace. Amico et al. (2004) me伺as印ur詑edthe 

constituents of wi泊nepomace f負ro刀omτ11 the Sicilian cul託tlva凱訂r

and found t也ha託tthe OA content wa出s0.158% of t也ha抗toぱfpomace dry weight. 

These differences in the弓uantityof OA might be caused by different 

laboratory conditions， wine pomace cultivars， and other environmental 

factors. 
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4.3.2 PEE inhibited cancer cell proliferation 

In Chapter 3， the results showed that OA could inhibit Caco-2 cell 

proliferation in a dose幽 dependentmanner. As the results described in 

section 4.3.1 above showed that PEE contained OAラ theeffect of PEE on 

Caco-2 cell proliferation wasおrtherinvestigated. As shown in Figure 4.1， 

similar・toOA， PEE also inhibited the proliferation of Caco-2 cells in a 

dose叩 dependentmanner三 anda concentration of 1 00 ~M showed the 

strongest effect. Furthermore， PEE showed a stronger effect on cell 

proliferation than OA. This difference may have been caused by other 

compounds present in PEE， such as polyphenols. These results suggested 

the hypothesis that polyphenol was one of the key compounds involved in 

PEE's inhibitory effects on Caco-2 cell proliferation. 

4.3.3 Polyphenol in wine pomace 

After PEE is extracted from wine pomaceラ theresidues still contain some 

other bioactive compounds such as polyphenols. In order to determine the 

specific quantity of polyphenols remaining in residues， and whether they 

might be worth extracting to increase the efficient utilization of wine 

pomaces， polyphenol contents were司uantified.As above， homogenization 

and no homogenization treatments were also applied in this experiment. 

Figure 4.2 shows the distribution of polyphenols in wine pomace. The 

homogenization treatment increased polyphenol yield in PEE by almost 3 

times compared to those without the homogenization treatment. 
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Regardlessラ polyphenolalmost always remained in residuesラ andthe 

quantities were found to be 4.90 mg GAE/g pomace in homogenized 

residues of the non-homogenized wine pomace treatment group and 4.48 

mg GAE/g pomace in the homogenized wine pomace treatment group. 

Similarlyラ thehomogenization treatment increased the polyphenol yield in 

residues. Togetherラ theseresults demonstrate that it would indeed be 

valuable to extract polyphenols from residues after PEE extraction， which 

will enable more efficient utilization of wine pomaces. 

4.3.4 Polyphenol inhibited cancer cell proliferation 

The results described above in section 4.3.3 demonstrated that wine 

pomace residues were rich in polyphenols. To confirm whether these 

polyphenols might also have effects on cancer cell proliferation， Caco-2 

cells were incubated with 0.1， 0.5， 1， and 3 mg/mL residual polyphenols for・

48 h， and then cell viability was measured using the cell counting kit-8. 

As shown in Figure 4.3ラ residualpolyphenols inhibited Caco-2 cell 

proliferation in a dose-dependent mannerラ anda concentration of 3 mg/mL 

showed the highest effect. Ramos (2008) also demonstrated cell typeωand 

dose-dependent effects of polyphenols. Furthermore， residual polyphenol 
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from the non-homogenized treatment group showed a stronger effect on 

cell proliferation than did those from the homogenized treatment group. 

Concentration of 1 mg/mL in non七omogenizedtreatment group showed 

most significantly stronger effect. Besides increasing the yield， 

homogenization treatment might also affect the species of polyphenols in 

polyphenol extracts. Different polyphenols have been shown to have 

different effects on cancer cells. Polyphenols such as quercetin， EGCGラ

ellagic acidラ andresveratrol have been shown to induce apoptosis (Mansonラ

2003; Surh， 2003)， whereas rutin and epicatechin did not show any 

slgm五cantgrowth inhibition effects on cancer cells (Wu et al.， 2007). 

Together with the results of section 4.3.3ラ theseresults confirmed the 

hypothesis that polyphenols might help increase the effects of OA on 

inhibiting Caco-2 cell proliferation. This hypothesis was further examined 

in the following experiments， which used only residual polyphenol extracts 

from the non占omogenizedtreatment group. 
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4.3.5 Synergistic effect of PEE and residual polyphenol on cancer cell 

proliferation 

To confirm whether PEE and residual polyphenol extracts have a 

synergistic effect on inhibiting cancer cell proliferationラ 0.16mg/mL of 

PEE (~75μM OA) and residual polyphenol extract from the 

non寸1αnogenizedwine pomace non-homogenized residual treatment group 

were used. Caco♂ cells were incubated with 0.16 mg/mL PEE and 0.1 

mg/mLラ 0.5mg/mL， 1 mg/mL， or 3 mg/mL residual polyphenol for 48 hラ

and then cell viability was measured using the cell counting kit-8. 

Results are shown in Figure 4.4. The addition of polyphenol increased 

the inhibitory effect of PEE on Caco-2 cell proliferation compared to PEE 

alone; the best combination of PEE and polyphenol with respect to 

inhibiting Caco-2 cell proliferation was 0.16 mg/mL and 1 mg/mLラ

respectively (Fig. 4.4C). Compared to controls， cell viability was increased 

by 34.32% (0.16 mg/mL PEE-treated cells)ラ 25.71% (1 mg/mL 

polyphenol幽 treatedcells)ラ and20.82% (0.16 mg/mL PEE閑 and1 mg/mL 

polyphenol幽廿eatedcells). 
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4.3.6 Synergistic effect of PEE and residual polyphenol on cancer celI 

apoptosis 

The ability of PEE， residual polyphenolラ andtheir combination to 

induce apoptosis of Caco-2 cells was also assessed with the TUNEL assay 

(Fig. 4.5). Cells stained with DAPI indicated total cells. All compounds 

significantly induced apoptosis in Caco-2 cells. The percentage of 

apoptosis were found to be approximately 63.2% (0.16 mg/mL PEE-舟'eated

cells)， 70.4% (1 mg/mL residual polyphenol-treated cells)， and 73.4% 

(combination of PEE and residual polyphenol-treated cells) (Fig. 4.6). 

Residual polyphenol showed a synergistic effect with PEE on inducing 

Caco-2 cell apoptosis， and their combination induced apoptosis to a greater 

extent than residual polyphenol or PEE alone. 
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Some previous reports have shown synergistic effects of triterpenoids and 

polyphenols or between different polyphenols on cancer cells. Thyagar司Jan

et al. (2007) demonstrated synergistic effects of green tea extract 

(polyphenol) with Ganoderma lucidum extract (triterpene) on inhibiting 

cancer cell proliferation， while Seeram et al. (2005) found that different 

polyphenols had synergistic effects of the inhibition of proliferation in 

human tumor cell lines. 

4.3.7 Gene ex予ressionanalyses 

Expression changes of genes in Caco-2 cells were analyzed using DNA 

microarray analysis. Genes whose expression fold changes were over 2 

compared to control were selected out. As shown in Table 4.1， PEE affected 

more genes (64) than OA (36) to regulate apoptosis. A total of 393 genes 

were commonly affected by 100μM OA and 0.16 mg/mL PEE. After 

functional annotation clustering using DAVID tools， 25 ofthese genes (P = 

0.0035) were found to be related to apoptosis regulation. These 25 genes 

are listed in Table 4ユThepathway of apoptosis induced by 100ドMOA

and 0.16 mg/mL PEE was shown in Fig 4.7. OA and PEE could commonly 
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Table 4.1 Number of genes those alter・edby 100μ.M OA， 0.16 mg/mL 

PEE or commonly. 

Genes 
Apoptosis 

posltlve negative 
altered others total 

Up down up down 

OA 559 6 8 8 6 8 36 

PEE 866 15 13 10 12 14 64 

Common 393 6 7 ヰ 3 5 25 
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Table 4.2 Alterations in apoptosis-related gene expression in Caco-之cells

of genes commonly affected by 100μM OA and 0.16 mg/mL PEE. 

Probe Set ID 
Gene 

Gene name P斤，;ra
Fold Change 

OA PEE 

205780 at BIK BCL2-interacting P 2.68↑ 3.39↑ 

killer 

( apoptosis-inducing) 

201849 at BNIP3 BCL2/adenovIlus P&N 7.96↓ 4.74↓ 

E1B 19kDa 

interacting protein 3 

221479 s at BNIP3L BCL2/adenovIlus P&N 4.59↓ 4.34↓ 

E1B 19kDa 

mteractmg protem 

3-1ike 

211725 s at BID BH3 interacting P 2.10↑ 2.43↑ 

domain death 

agomst 

212501 at CEBPB CCAAT/er註1ancer P 2.80↑ 2.02↑ 

binding protein 

(C/EBP)， beta 

204203 at CEBPG CCAAT / enhancer P 2.30j 2.10j 

binding protein 

(C/EBP)， gamma 

204490 s at CD44 CD44 molecule P 3.69j 3.39j 

(Indian blood group) 

212935 at MCF2L 五I[CF.2cellline P 2.27↓ 2.27↓ 

derived 

transfonning 

sequence“like 

211341 at POU4F1 POU class 4 P 2.32↓ 2.99↓ 

homeobox 1 

204005 s at PAWR PRKC， apoptosis， P 2.42↑ 3.40j 

WT1ラ regulator・

221617 at TAF9B TAF9BまNA N 2.70↓ 3.29↓ 

polymerase II， 
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TATA box binding 

protem 

(TBP)-associated 

factor， 31 kDa 

201000 at AARS alanyl-tRNA N 2.45j 

synthetase 

202834 at AGT anglOtensmogen P&N 2.19↓ 2.19↓ 

(serpin peptidase 

inhibitor， clade A， 
member 8) 

205047 s at ASNS asparagme N 9.05j 7.29↑ 

synthetase 

(glutamine-hydrolyz 

ing) 

207300 s at F7 coagulation factor N 2.34↓ 2.79↓ 

VII (serum 

prothrombin 

converslOn 

acce 1 erator) 

203139 at DAPK1 death-associated P 2.44↓ 2.28↓ 

protein kinase 1 

214240 at GAL galanin P 2.76j 3.18j 

prepropeptide 

201631 s at IER3 immediate earぢ N 2.66↑ 

response 3 

201596 x at KRT18 keratin 18 N 2.89↑ 2.85↑ 

207414 s at PCSK6 proprotem N 2.93↓ 2.93↓ 

convertase 

subtilisinlkexin type 

6 

203125 x at SLCllA2 solute carrier family b 
3.60↓ 5.58↓ 

11 (proton幽 coupled

divalent metal ion 

transporters)ヲ

member 2 

201009 s at TXNIP thioredoxin P 5.10↓ 5.62L 
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204924 at TLR2 

202431 s at MYC 

interactmg protem 

toll-like receptor 2 

ト myc

myelocytomatosis 

viral oncogene 

homolog (avian) 

P 2.23L 

P&N 2.28j 

2.39↓ 

2.94j 

217512 at KNGl kininogen 1 P 2.10↓ 2.18↓ 

a - Positive regulation of apoptosis/negative regulation of apoptosis. 

b - not identified with DAVID tools. 

adaptor 

百蚕日

OA 

高 画t言

白雪重量

E詔一

回一品
在話題/

IBid fT響
: - I NAIPI三

tBid↓ 

(同やんだ)
自主窓日寸:

ム盟卜回

Cleavage of 
caspase 

substrate 

+ 

Apoptosis 

Fig. 4.7 Pathway of apoptosis induced by 100μM OA and 0.16 mg/mL 

PEE. 
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up-regulate genes PAWR (apoptosis regulator)ラ thenthe F as pro幽 death

pathway will be activatedラ andCASP8ラ 10，3， 6 will be activated 

subsequently， and finally apoptosis will be induced. OA and PEE could also 

up-regulate gene BID (BH3 interacting domain death agonist)， through 

mitochondrial pathway induce apoptosis. Mitochondrial pathway can be 

inhibited by anti-apoptotic proteins Bcl-2βCL， however， OA and PEE could 

upマegulategene BIK (BCL2-interacting killer)， and help to induce 

apoptosis. Except these genes， different from OA， PEE could also 

up-regulate TRAIL (death ligand)， T下JFRSF10B， DDIT3 

(DNA-damage幽 inducibletranscript 3)， and down-regulate gene NAIP 

(apoptosis inhibitor) to induce apoptosis， Fig 4.7 also can explain why PEE 

showed stronger effect on cancer cell proliferation inhibition than OA. 

On the other handラ residualpolyphenol affected more genes (149) than 

PEE (64) to induce apoptosis (Table 4.3). A total of 715 genes were 

commonly affected by 0.16 mg/mL PEE and 1 mg/mL residual polyphenol. 

Afterおnctionalannotation clustering using DAVID toolsラ 51of these 

genes (P = 1.4 E-コ)were found to be related to apoptosis regulation. The 

pathway of apoptosis induced by 0.16 mg/mL PEE and 1 mg/mL residual 

polyphenol was shown in Fig 4.8. Except up-regulation of genes PA WRラ

BID， BIKラ DDIT3ヲ TNFRSF1 OB and dowrトregulationof gene NAIP to 

induce apoptosis， residual polyphenol could also up-reg吐ategene FADD 

(death adaptor) and Apaf-1 (apoptotic protease activating factor 1) to 

induce apoptosis. Fig 4.8 also helped to explain why PEE and residual 

polyphenol have synergistic effect to induce more apoptosis. 
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Table 4.3 Number of genes those altered by 0.16 mg/mL PEE， 1 

mダmLresidual polyphenol (PP) or commonly. 

Genes 
posltIve 

altered 
Up down 

PEE 866 15 13 

PP 2459 29 38 

Common 715 9 14 

adaptor 

匡as-LI 

PEE 

Apoptosis 

negatIve 
others 

up down 

10 12 14 

22 25 35 

12 5 11 

強函曾言
ICASP61 ------令

国っ喧「
度連盟/' I I 

題担奪三ん i L 
国主目事三

I BcL-認日一寸!
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西af-j髪一-~

total 

64 
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51 
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caspase 
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Fig. 4.8 Pathway of apoptosis induced by 0.16 mg/mL PEE and 1 mg/mL 

residual polyphenol. 
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Apoptosis， or programmed cell deathラ isa highly regulated process that 

involves the activation of a ser允sof molecular events. Several studies have 

indicated that anti-cancer drugs cause the death of tumor cells through the 

induction of apoptosis (Robertson et al.， 2000; Herr et al.， 2001)， and 2 

m付orroutesラ includingthe death receptor pathway and the mitochondrial 

pathwayラ havebeen identified to be associated with drug-induced apoptosis 

(Thombenγet al.， 1998). Our results suggest that OA， PEE， residual 

polyphenol also induced apoptosis of Caco-2 cells through the death 

receptor pathway (Fas pro-death pathway) and the mitochondrial pathway 

(Fig. 4.7ラ Fig4.8). Bcl-2 family proteins play a central role in the 

regulation of the mitochondrial apoptosis pathway (Breckenridge et al.， 

2003; Daniel et al.ラ 2003).Members of the Bcl-2 family of proteins can be 

divided into 2 subfamilies: anti-apoptotic proteins such as Bcl凶 2and 

BcトXL，and pro-apoptotic proteins such as Bax， Bad， and Bid (Robertson 

et al.ラ 2000).Our results showed that OA， PEE and residual polyphenol 

induced apoptosis through the up-regulation of pro-apoptotic BIDラ and

indirectly down-regulated anti剖 apoptotic Bcl同 2 and Bcl-XL by 

up-regulating BIK. Some previous reports have shown that NF -KB and 

Caspase-3， caspase叩 8，and caspase“9 were targets of OA for its anticancer 

activities (Deeb et al.ラ 2008;Deeb et al.ラ 2010;Yan et al.ラ 2010).In the 

present study， the DNA microarray analysis results showed that NF-KD， 

and Caspase-3， caspase-札andcaspase-9 were differentially affected by OA 

and PEE. Howeverラ thefold changes compared to controls were too low 

(approximately 1.0 to 1.4) to be selected out. 
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4.4 Conclusion 

In this chapterラ wemainly studied the efficient utilization of wine 

pomace. Considering its anti-cancer activity efficiency， OA was extracted 

out (11.75 mg/g pomace) without homogenization， and polyphenols were 

subsequently extracted from residues (2.91 mg GAE/g pomace). PEE 

induced Caco-2 apoptosis in a doseωdependent manner， with which a 

concentration of 100凶;f(approximately 0.20 mg/mL PEE) showed the 

strongest effect. Similarly， residual polyphenols also showed apoptosis 

inducing effects in a dose崎 dependentmanner， with which 3 mg/mL 

expressed the strongest effect. PEE and residual polyphenol had a 

synergistic effect on inhibiting Caco-2 cell proliferation and inducing 

apoptosis， fo臼rwhich the best combination waおs0.1凶6mgダ/mLPEE and 1 

mg/mL r陀es託idua話1polyphenol. According to the DNA microa汀ayanalysis， 

OA (100μM)， PEE (0.16 mg/mL) and residual polyphenol (1 mg/mL) 

appeared to induce Caco・-2cell apoptosis through 2 pathways: the death 

receptor pathway and the mitochondrial pathway. The apoptosis幽 related

genes PAWR， BID， BIKラ DDIT3ラ TRAILラ TNFRSFI0Bラ FADD，Apaιl 

and NAIP were differentially regulated by the compounds to induce 

apoptosis， and among them， only NAIP was downィ'egulated.
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Chapter 5. General Discussion 

OA and UA are known to possess many bioactive properties (see 

Chapter 1)， suggesting that these triterpenoids are promising compounds 

for the development of new multトtargetingbioactive agents. Therefore， 

identifシinggood sources of these triterpenes has become increasingly 

lmpo抗ant.

Considering that OA and UA are mainly present in fruit skin， dried 

fruits were our白'sttarget for identifシingoral intake triterpenoid resources 

(Chapter 2). OA has been reported to be the most abundant and most 

effective compound among all grape skin compounds (Zhang et al.， 2004). 

In Chapter 乙wefound that green raisins contained the highest level of OA 

among the 17 different types of dried fruits analyzed. Other previous 

studies have also demonstrated the presence of triterpenoids in raisins， 

including OA (Gift et al.， 1992; Seebacher et al.ラ 2003;Wu， 2009). 

Although we did not conduct a functional study of raisins in the present 

WOI・k，there are some functional reports related to raisinsラ whichhave 

mostly focused on antimicrobial effects. Rivero幽 Cruzet al. (2008) 

合actionatedand identified antimicr・obialcompounds (including OA)合om

raisins that are capable of suppressing growth and/or virulence properties 

of oral pathogens. In vivo studies revealed that raisins possessed a moderate 

to high cariogenic potential in laboratory rats (Mundorff et al.ラ 1990)ラand

Utreja et al. (2009) investigated the effects of raisins and raisin bran cereal 

on in vivo plaque acidogenicity in young children. Some in vitro studies 
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have also demonstrated the antimicrobial effect of OA (Sasazuka et al.， 

1995; Kozai et al.， 1999; He汀eraet al.， 2006). However， to the best of my 

knowledgeラ nostudy has yet investigated raisins with respect to anti-cancer 

effects. As an oral intake resourceラthebioavailability of OA should be first 

considered. Jeong et al. (2007) found very low oral bioavailability of OA 

(0.7%) in rats due to poor absorption and extensive metabolic clearance. 

Another good oral intake resource of OA and UA that was detected in 

Chapter 2 was dr允d cranbeny. Some previous studies have also 

demonstrated the multiple functions of cranberries. Cranberries might have 

anti-cancer activity as a result of their inhibition on tumor cell growth (Yan 

et al.， 2002) via a mechanism that might include apoptosis and G 1 phase 

arrest (Sun et al.， 2006). Cranberr允shave also been suggested to be used in 

the prevention of atherosclerosis and for the promotion of cardiovascular 

health (Milner， 2002; Neto， 2007). 

In Chapter 3ラnoniskin was found to be a good resource of OA and UA， 

which were not detected in the seed 01' flesh parts of the fruit. HoweverラUA

was previously shown to be present in noni seeds (Yang et al.， 2009; West 

et al.ラ 2011)，which contrasts with our results. Before transporting noni 

fruits合omSamoa and Indonesiaラ sampleswere first cut into halves and 

frozen. When they were received， howeverラ thesamples were almost 

completely thawed， and they were washed and refrozen before experiments. 

The詑 foreラ onepossible reason for the lack of UA detected in seeds is that 

UA might have been lost happened during the cuttingラ washing，and 

transp0l1ation period. FurthermoreラUAin the seeds might have been rinsed 
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off with water during the thawing and washing procedures. Another reason 

for these different results may have been related to different cultivarsラ or

that the UA level in the noni seeds of our collected samples might have 

been too low to be detected in the analysis. 

In order to investigate the anti幽 canceractivity， we applied cancer 

cell experiments because of their convenience and time-saving properties. 

Previous studies have conducted similar investigations using many 

different types of human cancer cells such as the human liver・cancercell 

lines HepG2ヲ HuHブラ andHA22T (Yan et al.ラ 2010)，human lung cancer 

A549 cells (Hsu et al吋 2004)ラ thehuman breast cancer cell line MCF -7 

(Suh et al.， 1999)， and the colon cancer cell lines HCT15 (Li et al.， 2002)， 

H下29(Juan et al.ラ 2006)，and Caco-2 (Ramos et al.， 2010). We chose the 

Caco-2 human colon cancer cell line for our study because colon cancer 

has been reported to be one of the main causes of mortality in the westem 

worldラ andwas the second most common cancer in Europe in 2006 (Ramos 

et al.ラ 2010).Furthermore， unlike other cancers， drug therapy fo1' colon 

cancer can be more challenging as medicines need to be digested befo1'e 

1'eaching the colon. In our study， 4 diffe1'ent concentrations of OA and UA 

we1'e applied. Thei1' IC50 values fo1' the inhibition of Caco-2 cells were 

approximately 50μM and 100μMラ1'espectively.However， He et al. (2012) 

found that the IC50 values of OA and UA for anti予1・oliferativeactivities 

against Caco-2 cells we1'e 22.6土 3.4mg/L (~ 49.5μ.M) and 20.1土 3.0

mg/L (~ 44μM). Although the OA effect was similar， the UA effect 

differed between our study and that of He et al. (2012). This difference 
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might have been caused by several factors， including individual experiment 

techniques and laboratory conditions. 

As in wine pomace (Chapter 4)ラ noniskin also contains polyphenolsラ

although this was not discussed in Chapter 3. Besides OA and UAラ nom

skin ethanol extracts were also found to contain 0.64 mg/g polyphenol and 

5.14 mg/ g polyphenol was detected in residual noni skin after trite中enoid

extraction; therefore， most polyphenols remained in residues as was 

observed for wine pomace. These results suggest that noni pomace could 

also be utilized efficiently. Unfortunatelyラ thenoni utilization study could 

not be continued due to limited time. Although tropical and subtropical 

areas are rich in合uitresourcesラreportson trite中enoidsin tropical fr・uitsare 

relatively rareラ andwe cannot effectively compare our results of OA and 

UA contents in tropical企uitsto other studies. This field therefore merits 

further investigation. 

In Chapter 4， the synergistic effect of polyphenols and triterpenoids was 

investigated. Yunoki et al. (2008) suggested that polyphenol had a 

synergistic effect with OA on plasma lipid lowering; 2% polyphenol and 

11 % OA were detected in PEEs that showed lipid lower泊geffects. Our 

study confirmed this synergistic effect with respect to anti幽 canceractivity. 

The coαmηηbina抗tiぬonof PEE and residua討1polyphenol showed the best 

anti-cancer effects， which should prove useお1for functional wine pomace 

production. 

Finally， the mechanism underlying the effects of OA， polyphenol， and 

their extracts on inducing Caco.之 apoptosiswas investigatedラ which
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contributed increased knowledge about triterpenoids' anticancer activities. 

The human organism is a very large and complicated system that comprises 

a large number of genes. These genes interact with each otherラ are問 gulated

by intrinsic or extrinsic factorsラ andcontrol human diseases through 

different pathways. A previous study showed that many pathways are 

involved in cancer regulation， including the NF-KB signaling pathway， the 

MAPK pathway， the mitochondrial pathway， and the Akt signaling pathwayラ

among others (Aggarwal et al.ラ 2006).Results of the present analysis 

(Chapter 4) showed that OA， PEE， residual polyphenol， and their 

combination appeared to induce Caco-2 apoptosis through the 

mitochondr匂1and death receptor pathways. The different pathways 

activated might be related to different cancer cell types. In addition， the 

specific dose of the compound might affect which pathway is activated to 

induce apoptosis. 

OA and UA are known to have similar functions. Shyu et al. (2010) 

demonstrated that although OA and UA have similar chemical structures， 

they differ with respect to the position of a methyl group in the E loop; if 

the methyl group on C19 ofUA is moved to C20， the compound becomes 

OA. Although we did not analyze the independent effects of OA and UA on 

apoptosis induction， it is likely that they may show differences with respect 

to anticancer activities or other bioactivities. 

In summaryラ this3ぅrearstudy revealed that noni skin and wine 

pomaces are good sources of OA and UAラ andgreen raisin and dried 

cranbeny are 2 good oral intake resource of OA and UA. Furthermore， the 
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anti-cancer effects and apoptosis-inducing mechanism of these 

triter下enoidswere demonstrated and clar汀ied.However， further work is 

needed for confirmation of these resultsラ includingthe difference in the 

anti-cancer effect mechanism between OA and UA， the efficient utilization 

of noni skin (pomace)ラ anddetermining which polyphenol component in 

residual polyphenols shows the highest effect on Caco-2 cells. Although 

identifシingOA and UA resources is important， their application is even 

more relevant. The results of this research， especially the efficient 

utilization study of wine pomace， should prove useful and valuable for 

functional food production. 

90 



References 

AggarwalラB.B.ラShishodiaラS.2006. Molecular targets of dietary agents for 

prevention and therapy of cancer. Biochemical pharmacologyラ 71ラ

1397-1421. 

Gift， H. C.， Redford，主任.1992. Oral health and the quality of life. Clin 

Geriatr Med.ラ8ラ673時 683.

He， X.， WangラY.， Hu， H. et al. 2012. In vitro and in vivo antimammary 

tumor activities and mechanisms of the apple total triterpenoids. J 

Agric. Food Chem.， 60ラ 9430-9436.

Henera， M. D.， Rodriguez開設odriguez，R. and Ruiz-Gutienez， V. 2006. 

Functional properties of pentacyclic triterpenes contained in “Orujo" 

olive oil. Curr. NutJてFoodSci.， 2， 45-49. 

Hsu， Y. L.， KuoラP.L. and LinラC.C. 2004. Proliferative inhibition， 

cell-cycle dysregulation， and induction of apoptosis by ursolic acid in 

human non-small cell lung cancer A549 cells. Life Sciences， 75ラ

2303聞 2316.

JeongラD. W.， Kim， Y. H.ラKim，H. H. et al. 2007. Dose-linear 

pharmacokinetics of oleanolic acid after intravenous and oral 

administration in rats. Biopharm. Drug Dispos.， 28ラ 5ト57.

Juan， M. E.ラWenzelラU.，Ruiz-Gutienez， V. et al. 2006. Olive fruit extracts 

inhibit proliferation and induce apoptosis in H下29human colon cancer 

cells. J Nutr.， 135ラ2553-2557.

Kozai， K.ラSuzukiラJ.，Okada， M. et al. 1999. Effect of oleanolic 

acid制 cyclodextrininclusion compounds on dental caries by in vitro 

91 



experiment and rat-caries model. Microbios， 97， 179幽 188.

Li， J.ラ Guo，W. J. Yangラ Q.Y. 2002. Effects of ursolic acid and oleanolic 

acid on human colon carcinoma cellline HCT15. World J Gastroenterol， 

8ラ 493-495.

Milner， J. A. 2002. Foods and health promotion: The case for cranberry. 

Crit. Rev. Food Sci. Nutr.ラ42ラ 265“266.

Mundorff， S. A.ラFeatherstoneラJ.D.ラBibbyラB.G. et al. 1990. Cariogenic 

potential of foods. 1. Caries in the rat model. Caries Res.ラ 24，344幽 355.

Neto， C. C. 2007. Cranberry and blueberry: Evidence for protective effects 

against cancer and vascular disease. Mol. Nutr. Food Res.ラ 51ラ 652-664.

RamosラA.A.， Pereira幽 Wilson，C.， Collins， A. R. 2010. Protective effects of 

ursolic acid and luteolin against oxidative DNA damage include 

enhancement of DNA repair in Cおか2cells. Mutation Researchラ 692ラ

6“11. 

Rivero幽 CruzラJ.F.， ZhuラM.，KinghomラA.D. et al. 2008. Antimicrobial 

constituents of Thompson seedless raisins (巧tisvinifera) against 

selected oral pathogens. Phytochem Lett.ラ 1，15ト154.

SasazukaラT.ラKamedaラY.， Endo， M. et al. 1995. Waterωsoluble oleanolic 

acid. Production， inhibition of insoluble glucan synthesis and 

anti-bacterial action. Seito Gijutsu KenかuKaishiラ43，63-67. 

Seebacher， W.， Simic， N.ラWeis，R. et al. 2003. Complete assignments of 

H-1 and C-13 NMR resonances of oleanolic acid， 18 alpha幽 oleanolic

acid， ursolic acid and their 1トoxoderivatives.んぬgnReson Chem.， 41ラ

636-638. 

92 



Shyuラ M.H.， Kao， T. C. and Yen， G. C. 2010. Oleanolic acid and ursolic 

acid induce apoptosis in HuH7 human hepatocellular carcinoma cells 

through a mitochondrial剛.dependentpathway and downregulation of 

XIAP. J. Agric. Food Chem.ラ 58ラ 6110-6118.

Suh， N.ラ Wangラ yラ Honda，T. et al. 1999. A novel synthetic oleanane 

triterpenoid， 2-cyano-3， 12-dioxooleatト1，9“dien♂ふoic acidラ with

potent differentiation， antiproliferativeラ andanti -inf1ammatorγactivity. 

Cancer Res.ラ 59，336-341. 

Sun， J.ラ Liu，R. H. 2006. Cranberry phytochemical extracts induce cell 

cycle aπest and apoptosis in human孔1CF-7 breast cancer cells. Cancer 

Lett.ラ241，124“134. 

Utrejaラ A吋 Lingstrom，P.ラ Salzmann，L. B. et al. 2009. The effect of 

raisin-containing cereals on the pH of dental plaque in young children. 

Pediatr Dent.， 31， 498-503. 

Westラ B.J.ラ Jensen，C. J.ラ Paluラ A.K. et al. 2011. Toxicity and antioxidant 

tests of Morindlαcitrifoliα(noni) seed extract. Adv. J. Food Sci. 

Technol.， 3， 303-307. 

Wuラ C. D. 2009. Grape products and oral health. J. Nutr.， 139ラ

1818S-1823S. 

Yan， S.ラ Huangラ C.，Wuラ S.et al. 2010. Oleanolic acid and ursolic acid 

induce apoptosis in four human liver cancer cell lines. Toxicology in 

Vitro.ラ 24ラ 842幽 848.

Yan， X.ラMurphy，B. T.ラHammond，G. B. et al. 2002. Antioxidant activities 

and antitumor screening of extracts from cranbe汀Yfruit (Vaccinium 

93 



macrocarpon). J. Agric. Food Chem.， 50， 5844-5849. 

Yangラ X.L.ラ Jiang，M. Y.ラ Hsieh，K. L. et al. 2009. Chemical constituents 

合omthe seeds of Morinda cit}川ifolia.Chin. J. Nat. Med.ラブラ 119開 122.

Yunokiヲ K.ラ Sasaki，G.， Tokuji， Y. et al. 2008. Effect of dietary wine 

pomace extract and oleanolic acid on plasma lipids in rats fed high-fat 

diet and its DNA Microan'ay Analysis. J. Agric. Food Chem.， 56ラ

12052-12058. 

Zhangラy . ラ Jayaprakasam， B.ラ Seeramラ NP.et al. 2004. Insulin secretion and 

cyclooxygenase enzyme inhibition by cabemet sauvignon grape skin 

compounds. J. Agric. Food Chem.ラ 52ラ 228-233.

94 



Acknowledgements 

This thesis would not have been completed without the help of many 

people to which 1 am very grate白1.1 wish to acknowledge the people who 

have contributed to the work presented in this thesis， and also those who 

have contributed to my professional and personal development during my 

years as a PhD student. 

1 would like to tha凶c

My main supervisor， Professor Yoshihiko Tok吋i，for his invitation to 

come to J apanラwhichgave me the great opportunity to study in Japanラand

for his professional training， which has helped me to greatly improve my 

research and presentation skills. 

Professor Masao Ohnishi， my co幽 supervisorProfessor Mikio Kinoshitaラ

and Professor Takashi Nagasawa for their kind and helpful advice 

throughout my research. 

τhe global COE program "Frontier Program for Animal Global Health 

and Hygiene円台omthe Ministry of Education， Culture， Sportsラ Scienceand 

Technology of Japan， and Professor・TadasuUrashima for giving me the 

opportunity to visit Samoa and lndonesiaラ whichallowed me to collect my 

research samples and helped open my mind， understand， and leam about 

the resource utilization situation in more depth. 

Dr・.Fiame Leo from Scientific Research Organisation of Samoa and 

Professor 1 Nengah Sujaya from Udayana University of lndonesia， for 

supporting me to collect tropical fruits from Samoa and lndonesia for my 

95 



research. 

The Tokachi-Ikeda Research Institute for Viticulture and Enology 

(Ikeda， Hokkaido， Japan) for pr・ovidingthe wine pamace samples. 

Dr. K. Aida and Mr. T. Konishi (Nippon Flour 五t1illsCo・ラ Ltd.) for their 

help with the HPLC analysis. 

My colleagues in our laboratOl・y，Sharmila J ayatilakeラ ShotaroNishida， 

Eisuke Daimaru， and other labmates for their kind help in my research， 

valuable discussionsラandgeneral support. 

Finallyラ1am extremely thank白1to my family for their constant support 

and valuable encouragement. 

96 




