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CHAPTERl 

PREFACE 



1.1 Soybean 

Soybean (Glycine max L.) is one of the m司orlegume crops native to E儲 tAsia. Research 

on soybean is driven by its importance as a food crop worldwide. Soybean contains 

proteins， oils， mineral 即位ients，組dna加ralproducts such as isoflavonoids由atimprove 

human heal也釦dnutrition. Its products are widely used as a protein so町 ceand edible 

vegetable oil for human consumption， and high-protein feed supplements for也.echicken 

and pork indus住ies(l・3).Soybean is also one of the major producers of secondary 

metabolites， which possess heal吐1・promotingproperties， thereby enjoy popular use in 

血dus出aland pharmaceutical applications (4). Recently， soybean has also emerged as a 

resource for production ofbiodiesel (5). 

1，1，1 Soybean products 

Fat-企eesoybean meal is a primary， low-cost， source of protein for animal feeds and most 

prepackaged meals; soy oil is another valuable product of processing the soybean crop. 

For example， soybean products such as textured vegetable protein (TVP) are important 

ingredients in many meat and dairy products (の.Soybeans produce si伊i五cant1ymore 

protein per acre than most 0也.eruses of land. 

Traditional non fermented food uses of soybeans include soy milk， and from也.elatter 

to白 andto白 skin.Fermented foods include soy sauce， fermented be姐 paste，“m抗0"，担d

“tempeh"，組longothers. The oil is used in many indus仕ialapplications.百lebeans 

contain si伊ificantamounts of ph戸icacid， alpha-linolenic acid， and血eisoflavones. 

1.1.2 Physiological functions of Soybean 

Soybean has long been embraced by Asian people as a source of high quality protein. It 
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contains also high fat and little carbohydrate. Although high in several vitamins and 

minerals and an assor回 entof phytochemical， two components of soybeans紅 ethought to 

be primarily responsible for the hypothesized health benefits: soy pro旬inand isoflavones. 

Renal function 

Renal problems are a main complication of diabetes， and也eyare markedly increasing 

throughout也.eworld. One comprehensive analysis of the relationship between protein 

intake and kidney白nctionconcluded that low-protein diets reduce the risk of death也at

due to kidney fai1ure in diabetic patients (η. F ortunately， it appears由.atnot all proteins 

have similar e宜ectson也.eki也.ey.Results企oma s加dyconducted by也.eKentucky 

University showed也atserum cholesterol and urinary protein excretion were reduced on 

the soy prote血 diet;the latter measure a direct indicator of improved kidney白nction(8). 

Lower serum cholesterol may be an additional advantage of soy protein since elevated 

cholesterol adversely a妊ectsrenal負担.ction.

Urlnary calcium excretion 

Soy protein has been shown to decrease urinary calcium excretion when substituted for a 

simil紅 amountof animal protein， such as meat and milk protein (9， 10). Factors也.at

increase calcium excretion will likely adversely affect bone health because net calcium 

absorption may be no more由an10% (11). Consequent1y， excretion of an ex回 50mg of 

calciumlday may require consuming as much as an additional 500 mg of calcium to 

compensate for this loss. Calcium bioavailability企omsoy is quite good組 dis simil訂 ω

由eabsorption from dairy milk (12). 
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Breast cancer 

L'Ow breast cancer m'Ortality rates am'Ong s'Oy f'O'Od-c'Onsuming pe'Ople have been rep'Orted 

(13). Greater lifel'Ong exp'Osure t'O estrogen is kn'Own t'O increase breast cancer risk. This is 

why earlier age at menses， later age剖 men'Opause，and h'Orm'One replacement therapy are 

c'Onsidered t'O be risk fact'Ors f'Or breast cancer (14， 15). Several studies have sh'Own也前

IS'O盟av'Onesis'Olated合'Om S'O)ら especiallygenistein p'Ossessed anties仕ogenicacti吋ty姐 d

canl世話bit也.ee宜ects'Of estr'Ogen under certain experimental c'Onditi'Ons (16). 

PrQ$(4te C4ncer 

Th'Ough Japanese men devel'Op prost剖ecancer，也.eyrarely die fr'Om it (1乃.S'Oy intake 

may be也.emain reas'On f'Or this as Intemati'Onal Prostate Health C'Ouncil rece凶ly

c'Oncluded that is'Oflav'Ones prevented latent prostate cancer合omprogressing t'O the m'Ore 

advanced f'Orms 'Of也edisease (18). S'Ome in vitro data supp'Orts the relati'On between s'Oy 

intake and pros胞.tecancer. Genistein血hibitsthe gr'Owth 'Of h'Orm'One-dependent and 

independent prost剖ecancer cells (19) and independent 'Of gr'Ow也 effects，血hibits也e

metastatic p'Otential 'Ofprostate cancer cells (20). 

CQrQnary heart disease 

S'Oy may have effects 'On c'Oronary heart disease risk independent 'Of the ch'Olesterol 

l'Owering properties 'Of s'Oy protein. Preliminary da胞 suggest也atis'Oflav'Ones， like es柱。gen，

may exert cardi'Oprotective effects via direct effects 'On c'Or'Onary vessels and 'Other 

physi'Ol'Ogical processes inv'Olved in the eti'Ol'Ogy 'Of heart disease. Several studies indicate 

is'Oflav'Ones enh姐 ceend'Othelial白ncti'On，訂terialrel鉱 ati'On，and arterial c'Ompliance (21， 

22). In additi'On， s'Ome '0也erstudies indicate也ats'Oy f'O'Od c'Onsumpti'On reduces也.eextent 
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to which low-density lipoprotein cholesterol is oxidized. Based on comparisons between 

isoflavone-rich and isoflavone-poor soy protein， isoflavone-rich are responsible for this 

e:ffect bo也血humanand animal studies (23， 24). 

1.2 Edamame 

Edamame is a sp∞ia1 type of green soybean (Glycine max (L.) M侃).It is harvested as a 

vegetable when the seeds are immature and have expanded to fill 80 to 90 percent of血e

pod width. Like field-dried soybeans， the seeds of Edamame varieties are rich in protein 

and high1y nutritious (25). Wor1dwide， it is a minor crop， but抗isquite popu1ar in East 

Asia. More也an200 species of Edamame 悶 stin Japan . Though血Japansoybeans were 

m位oduced企omChina at an e訂lydate， the frrst recorded use of Edamame is也e

description of "aomame" in the Engishiki (927 A.D.)， a guide to回 dein agricultura1 

commodities. It describes也eo民ringof ftesh， podded soybean stems at Buddhist temples 

(2の

Edamame is consumed main1y as a snack， but also as a vegetable， an addition to soups， 

or processed into sweets. As a snack， the pods are lightly cooked in salted boi1ing water 

and出.enthe seeds are pushed direct1y企omthe pods担tothe mouth with the fingers. At 

harvest， Edamame has lowerむypsin-inl曲 itorlevels， fewer indigestible oligosaccharides， 

and more vi旬血ns也.anfield-dried soybeans (2乃.E伽mame戸0旬inlevels were也ought

to be slight1y higher也ansoybeans. 

For Edamame， the two most important components of flavor are sweet and savory. Its 

sweet t部 teis determined by sucrose content and its savory同steprobably by amino acids 

like glutamic acid (28). Beany flavor increases wi由maturityand can be divided into two 

components: beany and bi社er(29). The beany tas胞 maycome企omlinolenic acid 
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oxidized by lipoxygenase and the bitter taste may be the lipoxygenase itself. 

1.3 Polyphenols 

Polyphenols are也emost abundant antioxidants in human diet and are widespread 

constituent of企凶tsand vege胞bles.Despite their wide distribution，也ehealthy e宜ectsof 

diet卸ypolyphenols have come to the attention of nutritionists in the recent years. One of 

the main factors responsible for delayed research on polyphenols is白.ediversity and也e

complexity of也eirchemical structure which influences the antioxidant effect. As 

antioxi也nt，polyphenols may pro旬ctcel1 constituents against oxidative damage. 

Therefore， they can 1imit the risk of various degenerative diseases associated wi也

oxidatives仕ess，such as cardiovascular diseases， type 2 diabetes and cancer (30・32).

1.4 Flavonoids 

The flavonoids are a1most universa1 pigments of plants and polypheno1iccompounds. They 

are responsible for the colouring of fruits，自owersand sometimes of the seeds (33). The 

flavonoids are subdivided in three main groups: 

-The 1，3-diphenylpropanes (1)， which are the most widespread flavonoids. 

-The isoflavonoids whose basic skeleton is由説of1，2-diphenylpropaneσ). 

1 2 
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-Theneo・f1avonoidswhose basic skeleton are也剖ofthe1，1・diphenylpropane3. 

3 

Over 5，000 f1avonoids have been identified to date， and many of them occur in企国ts，

vegetables and beverages (tea， co宜ee，beer， wine and fruit drinks). The f1avonoids have 

aroused considerable interest recently because of their potential beneficial effects on 

human health (31， 34， 35). 

1.5 Biological activities of the f1avonoids 

The principa1 acti吋tyat出butedto也.ef1avonoids is summarized as “vitamin P".百leyare

potentia11y vein-active by decreasing the permeability of the blood capillaries and 

re血forc血gresistance . The f1avonoids have anti-inf1ammatory (3丘3η，anti-allergic， 

hepatoprotective， cytotoxic， anti・加rnoぽ (38， 39)， 組 .tispasmodic， hypocholestero1ic， 

diuretic，組tibacteria1， and antiviral properties; a few of them exhibited also in 判的

cytostatic activity (40・42).

h位aditionalmedicine， f1avonoid-containing drugs are used in A企icaand Asia for the 

tre細 lentof gastro・intestina1infections (intestinal diarrhoea， dysentery and par出 ites)，

chronic bronchitis， other respiratory problems (Asthma， bronchitis) and of conjunctivitis 

(43). They are also used in the trea岡田tof血.egeneralized oedemas，也.elymphatic 

circulation， tuberculosis and joints (44). 
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The drugs c'Ontaining flav'On'Oids are used in the仕切回ent'Of cramps， 'Of capi11ary 

brittleness血 theskin and muc'Ous membranes.百leyare als'O related t'O c'Ontracepti'On by 

m甘かuterinedevices. 

Antioxidant activIl砂

Flav'On'Oids are the m'Ost c'Omm'On1y kn'Own c'Omp'Ounds f'Or their anti'Oxidant activity. 

Additi'Onally， at high experimenta1 c'Oncentrations that w'Ou1d not exist的 vivo，也e

antioxi伽ntabi1i悦sof flavonoids in vitro are s佐ong紅白血th'Ose of vitamin C and E (45). 

Consumers and food manufacturers have become interested in flavonoids for their 

medicina1 properties， especia11y their pu阻，tiverole in preventi'On 'Of canc町sand 

cardiovascu1ar diseases (4の.Physiol'Ogical evidence 'Of flavonoids efIects are not yet 

established，也'Oughthe beneficia1 efIects of企凶ts，vegetables， tea， and red wine have been 

at紅白utedto flavonoids compounds. Flavonoids may protect against cancer由rough

inhibition of oxidative damage (4η. They have been sh'Own ωhave both antioxidant and 

pro-'Oxidant activities in vitro and in anima1 models， and have been labeled as “high level" 

natural anti'Oxidant 'On the basis of their abilities to scavenge企eeradica1s and active 

oxygen species (48， 49). They contain conjugated ring structures and hydr'Oxyl gr'Oups由at

have the potentia1 to 負担.ctionas antioxidants的 vit7・'0or cell企'eesystems by scavenging 

superoxide anion， singlet oxygen， lipid peroxyradica1s， and stabilizing企eeradica1s 

involved in oxidative process thr'Ough hydr'Ogenation or complexing wi也 oxidizingspecies 

(48). Flavonoids inc1uding naringenin， hesperetin， and apigenin were als'O found to form 

pro-oxidant metabolites也atoxidized NADH and gluta也i'Oneupon 'Oxidati'On by 

peroxidase / hydrogen peroxide (50). Flav'Onoids have been rep'Ortedωchelate iron and 

copper and this may partly explain their antioxidant efIec包 (51).
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Metabollお'mand clinical effects 

Flavonoids are absorbed by the gasむ'ointestina1むactsof humans and anima1s， and are 

excreted either unchanged or as也eirmetabolites in the urine and feces. Colonic bacteria 

split the heterocyclic ring and degrade flavonoids to phenyl acids， which may be absorbed， 

conjugated， excreted， or metabolized further by the bacteria (52). Some flavonoids 

g1ycosides are rapidly deg1ycosylated by en勾mesin h田n組 tissues，whereas others may 

remain. unchanged. The rate and e刃entof deglycosylation depends on也es加 .ctureof也e

flavonoid and the position/na旬reof the sugar substitutions. Measurement of plasma and 

urine antioxi也ntpower a食紅白gestionof green tea has shown血atabsorption of 

antioxidants is rapid (53). 

Anti-cancer eJ.作'cts

Physiological process of unwanted flavonoid compounds induces so-ca11ed Phase II 

enzymes that a1so help to eliminate mutagens and carcinogens， and therefore may be of 

value in c組 .cerprevention. Flavonoids could also induce mechanism也atmay kill cancer 

cells and inhibit tumor invasion. In preliminary studies， cancer researchers have proposed 

也atsmokers who ate food containing certain flavonoids， such as catechins found泊

strawberries and green/black旬as;kaempferol企ombrussel sprouts and apples; and 

quercetin企ombeans， onions and apples， may have reduced risk oflung cancer (54). 

1.6 Aim of the present study 

Eぬ血aneis a preparation of immature soybeans in the pod common1y found in Japan， 

China， Hawaii， and Korea. Soybe脳 (Glycinemax (L.) Meηi11) is姐 importantso町 ceof 
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protein， which is part of也eworldwide diet. The physiological functions of soybeans have 

been studied， but no interest has been paid to血eutilization of soybeans leaves， especially 

for leaves of unripe soybean (Edamame， Glycine max (L.) M即i11. 'Jin伽i').

Jind出-soybeanis a local variety， cultivated in Shonai紅 ea，Yamagata Pre色刷re，Japan. 

However， leaves of Jindai-soybean at"也.eur凶pestage are discarded without being used 

Therefore， the use of the leaves and也eirex位'actsas raw. food materials姐 dfood 

ingredients is very important合om也.estandpoint of也.ee百icientuse of bio-resources. 

Unti1 no刊 itis known也atsome leaves of soybeans contain some kaempferol g1ycosides 

which are not found in soybeans (55， 56)， but it has not been examined what flavonoids 

are contained in the leaves of ur出peJindai-soybean and their physiological functions. In 

this study， we isolated and identified some polyphenols， and examined the anti-diabetic 

and anti-obese effect of some m司orpolyphenols from Jindai-soybean leaves. The 

fol1owing steps of investigation have been taken under consideration: 

1. Isolation and identification of the polyphenols合omJindai-soybean leaves. 

2. Investigation ofthe anti-diabetic effect ofthe kaempferol glycosides-rich企action丘om

Jindai・soybeanleaves by applying抗ontype 2 diabetes mice KK-R. 

3. Investigation of the anti-obese effect of也ekaempferol glycosides・richfraction企om

Jindai-soybean leaves by applying江onC57BL mice. 

4. Investigation of也.eanti-obese effect of也.eisoflavone mixture from Jindai-soybean 

leaves by applying江onC57BL mice. 
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CHAPTER2 

ISOLATION AND CHARACTERIZATION OF THE 

POLYPHENOLS OF JIN-DAI-SOYLEAVES 



2.1 Introduction 

Until now， it is known也atthe leaves of some soybeans contain some flavonols which are 

not found in soybeans(5の，but it has not been examined what flavonoids are contained血

也.eleaves of UI凶peJindai・soybe組.In this chapter， isolation and identification of也e

major flavonoids which contained in the leaves of Jindai・soybean(Glycine max. L. Me立

すindai')were carried out. In addition， minor components such as coumestan were 

identified by HPLC， comparing with au也.enticor previously isolated compounds. 

2.2 Material and Methods 

Materlal 

The leaves of Jindai・soybean(Glycine mω. L.Me釘'.'Jindai') were collected in September 

2008 at the Mogami area of Yamagata Prefecture， Japan. They were then washed wi也

water and dried in the shady open air. The dried leaves were used for the ex佐actionof也e

polypheno1ic compounds. 

Extraction Procedure 

The古iedleaf material was ex佐actedtwice wi也 70%methanol (MeOH)剖60・70oC under 

reflux for 3 h. The evaporated ex回 ctwas dissolved with the mix加reof CHCh/ 

MeOHlH20 (1:1:2). The upper phase of也emlX同reafter removing chlorophyll， was 

concentrated to remove solvent and then applied to Diaion-exchange resin (Diaion， HP-20: 

Mitsubish Co. Ltd.， Japan) or Silica gel (Kanto Chemical Co.， Tokyo， Japan) column 

chromatography. A linear gradient of 0・100%of solvent B (40% CH3CN) and solvent A 

(5% CH3CN血 1%acetic acid) over the course of 180 min at a flow rate of 0.8 ml/min; 

detection at 330 nm was used to manage the HPLC (Develosi1 C・30・UG・5:4.6 i.d. x250 
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mm， Nomura Chemical Co.， Aichi， Japan) to detect polyphenols. The chromatogram ofthe 

polyphenolic企actionwas shown in Fig. 2.1. 

Isolation 01 the individual polyphenols on Diaion-exchange resin 

After pre・washingthe Diaion column with H20， the dark-green residue (ex回 Cお)was 

applied to theωpof也.ecolumn， fol1owed by washing with H20， and eluted wi也 aqueous

20%， 50% and 100% MeOH solution， successively. Solvent was removed under reduced 

pressure and further chromatography (Silica gel， Sephadex LH・20and poly副凶decolumn) 

as well as也epreparative HPLC to isolated ac討vecompounds σ'ig. 2.2. Fig. 2.3). uv， 

mass spec位ometry，lH and 13C NMR spetra were used for the identification of the 

compounds. A part of these ex佐actswas used for the animal experiments. 

2.3 Equipment 

uv spec回 wererecorded with a Shimzdzu UV-VIS spectrometer (UV・1200).

回0・，resolutionelectrospray ionization Tof-mass spec仕oscopy(HRESI・Tof-MS)血也e

negative mode was performed on Xevo QTof MS wi也 UPLC(Waters， Ltd， Milfoed， MA， 

USA) using the column (BEH C・18，0.5 x 50 mm， 1.7仰n，Waters. USA) and solvent 

system composed of 0.1 % HCOOH in water (solvent A) and 0.1 % HCOOH in ace白血出l

(solvent B). lH四， 13c.，IHJHCOSYL，1H.13C COSYL，DEPT-，HMQC-，and E動mC-NMR

spectra were measured with a JEOL・Gx・400spectrometer at 400 MHZ and 100 MHz， 

respectively. Chemical shifts are given in 0 ppm relative to DMSO-d6. The 田 LCanalysis 

was performed on a Develosil ODS・UG-5& ODS-HG・5(4.6 x 250 mm) packed column 

(Nomura Chemical Co.， Ltd. Japan) wi也 a回tachiL・ 7405UV四 Vis& L・7455Diode 

Array detector， a Hitachi L・7120P凹npand a 1五tachicolumn oven L・7300.Sugars were 
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identified by si1ica gel TLC using solvent system composed of. 

2.4 Results and Discussion 

Treatment of 20% MeOHfraction 

The 20% MeOH fraction W:部 subjectedto Si1ica gel column chromatography， eluted with 

ethyl acetate:methanol 9:1， 8:2， 7:3， and finally 5:5. The eluted合actions(17m1 each)， 

were combined together according to the τ工Cbehavior. The企actionNo.412・441were 

chromatographed on polyamide column eluted wi也 solvent system of 

EtOAC:CHCh:HC02H:H20剖(19:1:1:1).Tube No.194 was purified and identified as 

kaempferol 3・O-s-D-(2，6-di・0・a.-L-rhamnop戸anosyl)galactopyronoside (compound 4) 

by uv， lH & 13C NMR and mass spectrophotometry. Fraction No.197・212w出向r也.er

合actionatedby Sephadex LH・20column chromatography using solvent sys旬mof 50% 

MeOH to obtain企actionNo.42・58.The sub-fraction No.l was purified by preparative 

田 LCand kaempferol 3-0-s-D-glucopyranosy(1→2)・0・[α・L-rhamnopyranosyl(1→6)]-

P・D-ga1actopyranoside(compound 1) was identified using uv， lH & 13C NMR and mass 

spectrometry. The sub-fraction No.2-4 were collected and purified by prep.訂ativeHPLC， 

to get Kaempferol 3-0-s-D-glucop戸姐osyl(1→2)・0・[α心 rh田nnopyr姐 osyl(1→6) ]・s-

D-glucopyranoside (compound 2) and kaempferol 3-0-s-D・(2-0-s-D-glucop戸anosy)

ga1actopyranoside (compound 3) (Fig. 2.2). 

Tre4tment of 50% MeOHfraction 

The 50% MeOH合actionwas first subjected to sephadex LH・20column chromatography 

using solvent system of 50% MeOH to ob臨血 fractionNo.32・35and 36・37.The企'action

No.32・35was也.en企actionatedby preparative HPLC and purified to give narigenin 
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7・0・glucose(11). The silica gel企actionsNo. 36-37 was purified by preparative HPLC too， 

ωgive apigenin 7-0-g1ucose (12) (Fig. 2.2). 

Treannentofl00%AleOllfracaon 

The 100% MeOH合actionwas first subjected to Silica gel column chromatography and 

elution was made wi也 thesolvent system ethyl acetate:methanol (9:1， 8:2，7:3， and 5:5). 

The sub-企actionNO.141・190and NO.191・242were combined according to the TLC. 

Using Sephadex LH・20and prep紅副lveτ工C，fraction NO.141・190was p町 ifiedto give 

ge出stin(9)佃 dkaempferol 3・0・glucose(13). The fraction No. 191・242was purified旬。

by Sephadex LH・20and preparative HPLC to give genistein 7・0・glucose(8) (Fig. 2.2). 

PtJlyphenolsお'olated斤'omSilica gel column chromatography 

The fraction containing polyphenols was first subjected to Silica gel column 

chromatography， eluted with e也.ylacetate:methanol (9:1， 8:2， 7:3， and 5:5). The 

sub-企actionswere passed through several sephadex LH・20and prep紅 ativeHPLC 

columns，加puriちrand to iden均 compounds3，4-dihydroxycinnamic acid (5)， dai細川6)，

glycitin (7)， 1・hydeoxycoumesterol (16)， and 8・hydoxycoumesterol (17)σig.2.3). 

Idenaficaaon of some major conψounds 

(区aempferol3-0.・P・D-glucopyranosyl( 1→2)・O圃[a-L-I・hamnopyranosyl(l→6)]-P・b

galactopyranoside) (1) 

The HRESI幽 Tof-MSof the compound 1 showed pseudo molecu1ar ions (仰・珂ー)at m/z 

755.2059 (755.2035， calculated for C3JlI39020)， indica由19their respective molecu1ar 

formu1as to be C33~仇0・ The fragment ion due to (仰・(galactose+gluctose+rhamnose)
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moietyn，抗rnIz285.0396~285.0400 (285.0410， calculated for C1sl11006) in compound 1 

indicated that its aglycone was kaempfero1. In the HMBC spectrum of compound 1 (Fig. 

2.8) (in DMSO-d6)，也.eanomeric proton at 05.60 (1H， d， J=7.3 Hz) showed a cross peak 

with the carbon si伊al剖 o132.78， indicating也ata sugar moiety with the anomeric proton 

at 0 5.60 was attached to血.eC-3 position of kaempferol via the 1" -hydorxyl group. The 

other anomeric proton ofthe compound 1 at 0 4.57 eH， d， J=7.3 Hz) showed a cross peak 

w1也血.ecarbon signal at 0 80.13 which co紅白pondedto the C-2" position of the core 

sugar moiet弘 showedthat an outer sugar moiety with an anomeric proton at 0 4.57 

a抗ached知 也.eC・2"position of core sugar moiety. Anomeric pr凶onsat 0 4.57 (1H， s) of 

the other sugar moiety (rh田町losemoiety) of the compound 3， showed a cross peak with 

也ecarbon signal at 0 64.73 which corresponds to也.eC・6円 pos江ionof the core sugar 

moiety. The chemical shifts of compound 1 in也.e13C-NMR spectrum agreed well wi也也e

values recorded in the previous study (5η. Taken toge血er，compound 1 was identified as 

kaempferol 3・0・P・n-glucopyranosy ( 1→2)・0・[a-L・rhamnop戸姐.osyl( 1→6 ) ]・P

・n-ga1actoyranoside.The 13C_NMR spec加nnof the compound 1 and chemica1 shift of 

each carbon signal are shown in Fig. 2.4 and Table 2.1， respectively. 

Kaempferol 3・0・P-D -glucopyranosyl (1→2)・0・[a-L-rhamnopyranosyl(1→6)]-P-D-

glucopyranoside (2) 

h也el品1BCspec加nn(Fig. 2.9) of compound 2， the anomeric proton at 0 4.58 eH， d， J 

=7.8血)showed a cross peak with悦 carbonsignal at 0 82.0， indicating伽 ta sugar 

moiety with也.eanomeric proton at 0 4.5 8 was attached to也.eC・2円 positionof core sugar 

(glucose) moiety v白血e1 '"・hydorxylgroup. By也.eirradiation of the anomeric proton瓜 8

5.51 (1H， bd， J =6.3 Hz)， the weaker negative NOE (Nucle町Overha田町 Effect)was 

14 



observed on H・6'of kaempferol moiety， indica世ngthat a sugar moiety wi也也eanomeric 

proton at 0 5.51 was attached to也eC・3position of kaempferol via也.e1" -hydorxyl group. 

A cross peak between an anomeric proton剖 o4.31 (IH， bs，) and C-6" at 0 66.08 of the 

core sugar moiety indicated that the other moiety with the anomeric proton剖 04.31was 

attached to the C・6"of the core sugar moiety via the 1"九 hydoroxylgroup. Chemical 

shifts due 加 twomolecu1e sugar moieties (core sugar moiety + sugar moitety wi也 也e

anomeric proton at 0 4.58 eH， d. J =7. 8 Hz) of the compound 2 in the 13C_N乱1Rspectrum 

was very simi1ar to those of kaempferol 3-0・sophoroside(58)， eX1∞pt for the downfield 

shift of C-6" of the core sugar moiety， indicating也atcompound 2 is kaempferol 

3・0・sophorosideattached with a sugar moiety瓜 itsC・6"position. Chemica1 shifts of the 

sugar moiety attached to C・6"was almost the same as those of compound 3 as described 

later， indicating that the sugar moiety is rhamnose. From these resu1ts， compound 2 was 

identified as kaempferol 3-0-s-D-glucop戸'anosyl(1→2)・0・[α・L-rhamnop戸anosyl(1→6)]

4・D-g1ucopyranoside.The 13C・N1v低 spec'加nnof the compound 1 and chemical shift of 

each carbon signal are shown in Fig. 2.5 and. Table 2.1， respectively. 

Kaempfel叫 3-0-p-n・(2-0.・p-n-glucopyranosyl)galactopyranoside (3) 

The 13C_NMR chemical shifts of compound 3 were almost也esame w1也 thoseof 

compound 1， except血.at也.echemica1 shift due to也.erhamnose moiety of compound 1， 

was not observed and that the chemica1 shift due to血.eC・6"position (core sugar moiety) 

shifted to a higher field. The 13C NMR spec加lllland chemical shift of each carbon signal 

in the compound 3 are shown in Fig. 2.6 and Table 2.1， respectively. From社leseresu1ts， 

compound 2 was identified to be kaempferol 3・0・P・D-(2・0・P・D-glucopyranosyl ) 

galactopyranoside. 

15 



kaempferoI3-0-P-D-(2，6・di・0・α.-L-rhamnopyranosyl)galactopyronoside (4) 

h也eI晶1BCspe佑 um(Fig. 2.10) of compound 4，由eanomeric protons at O 4.35 eH， bs) 

and 5.05 eH， bs) due ωthe two di宜erentsugar moieties (rhamnose moieties) showed 

cross peaks with the carbon signals at o 65.09 and 74.81 which corresponded to the C-6" 

andC・2"positions， indicating白.atthe respective rhamnose moieties were attachedぬ C・6"

andC・2"vIa也.eirrespective 1'" and 1"" hydroxyl groups. An anomeric proton at O 5.56 

(1H， d， J =7.8 Hz) (core sugar moiety) showed a cross peak wi由 acarbon signa1剖 8

132.65， indicating that由eanomeric proton at o 5.56 was attached to由.eC-3 position of 

也.ekaempferol moiety. The chemica1 shifts of compound 4 in也.e13C NMR spectrum (Fig. 

2.7) were very simi1ar with those ofthe literature values (5の.Taken together， compound 4 

W出 identifiedas kaempferol 3-0・P・n-(2，6-di・0・α4・由加mop戸組osyl)galactopyronoside. 

2.5Summary 

Some flavonols， isoflavones and coumestans were separated and identified合om也e

polyphenolic企actionof the leaves of Jindai. Isolated compounds were daidzin， glycitin， 

genistein 7・0・glucose，genis位1，narigenin 7・0・glucose，apigenin 7・0・glucose，daizein， 

2・Hydeoxycoumesterol， coumesterol (Fig.2.1). The major components of Jindai-mame 

leaves-polyphenolics， judged from 田 LC chromatogram， were kaempferol 

3・0・P・D-glucop戸anosyl(l→2)・0幽 [α-L-rhamnop戸anosyl(1→6) ]-s-D-galactopyranoside， 

kaempferol 3・0・P・D-glucopyranosyl ( 1→2 )-0・[a-L-rhamnopyranosyl( 1→6)] -s・D-

glucopyranoside， 3・0・P・D-(2・O-s・D-glucop戸.anosyl) -galactopyranoside and kaempferol 

3・0・s-D -( 2，6 -di ・0・α・L-rh副nnopyranosyl) galactopyronoside. And the former 3 

compounds had not yet been repor胞don the leaves of unripe soybeans. 
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Table 2.1. 13C・NMRspectra da包 for compounds 1-4 isolated企om kaempferol 

glycoside-rich fraction (in DMSO-d6) 

Position
a Chemiω1 shifts-(oppm) 

Compund 1 Compound2 Compound3 Compound4 
Aglycone 
2 155.87 156.65 156.4 156.36 
3 132.78 132.46 133.29 132.65 
4 177.44 176.8 175.1 177.28 
5 161.24 161.06 160.87 161.23 
6 98.71 99.49 100.84 98.72 
7 164.09 165.17 166.3 164.19 
8 93.65 94.08 93.8 93.69 
9 156.31 155.69 156.9 156.36 
10 104.12 103-.8-1 103-.98 103-.9 

l' 120.88 120.95 121.17 120.89 
2' 131.02 130.8 130.55 130.81 
3' 115.22 115.18 115.14 115.08 
4' 159.96 159.69 159.8 159.88 
5' 115.22 115.18 115.14 115.08 
6' 131.02 130.8 130.55 130.81 
Sug釘 moiety

Ga1actosyl Glucosyl Ga1actosyl Ga1actosyl 
1" 98.52 98.28 98.45 98.69 
2" 80-.13 82 80.23 74-.8-1* 
3" 74.29 77.01 73.27 73.81 
4" 67.66 70.52 67.43 68.51 
5" 73.12 75.49 75.59 73.30* 
6" 64.73 66.08 59.78申 65.09 

Glucosyl Glucosyl Glucosyl Rha血nosyl
1'" 103.83 103.81 103.98 100.07 
2'" 73.52 74.21 74.23 70.41 
3'" 77，70事 76.51 76.98 70.58 
4'" 69.9 70.26 69.71 71.88 
5'" 76.57申 76.33 76.57 68.17 
6" 60;82 60.82 60;80!申 17.92 

Rh釦mosyl Rhamnosyl Rhamnosyl 
1"" 99.9 100.42 100.58 
2"" 70.6 69.71 70.68 
3"" 70.39 69.48 70.58 
4"" 71.94 71.82 71.88 
5"" 68.24 68.16 68.27 
6"" 17.62 17.63 17.26 

a See the carbon number血Fig.2.4for姐 example.噂Assi伊metsare interchangeable in也e

same column. 
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ANTI-DIABETICEFFECTOFKABh4PFEROLAND

… MPFEROLGLYCOSIDE-NCHFRACTION

FROMJINDAI_SOYLEAVESONKKIAyMICE



3.1btroduction

Type2diabetesisthemostcommontypeofdiabetesandhasdevelopedintoworldwide

(59).Thenum berofpatientsisestimatedtoincreasearound300millionby2025inthe

world.ThemajorpathophysiologiCalbackgroundoftype2diabetesisinsulinresistance,

obesity,andexcessiveenergyintake(60).Diabetes(type2)hasincreasedinchildrenand

adolescents.Thus,effecdvetreatmentoftype2diabetesandthemetabolicsyndromeasa

causeofdiabeteswouldbeofgreatbene丘ttotheindividualandsociety(61).

Flavonoidsarepolyphenoliccompoundswidelydistributedthroughouttheplant

kingdom(62).Theyareimportanttoprotecttheleaves丘omUVraysd血 gtheirgrow血

(63).Mostflavonoidsarenaturalantioxidantswhichreducetheriskofcancer,agingand

cardiovasculardiseases(64).TheirimportantrolesincludeBeeradical scavengers,

reducingagents,protectorsagainstlipidperoxidationandquenchersofthereacdve

oxygenspecies(65).

Intheplantkingdom,manycompoundsarereportedtoexistinglycosideorinits

aglyconeform.Apreviousstudyhasprovedthatthebioavailabilityoftheaglyconeform

ishigherthan theglycosideformonisoflavones(66).Astudyshowsthatglycosyladon

attenuatedtheefficiencyininhibitingtheenzymew thineoxidaseandtheaglyconeactas

an activechelatorformetallicions(67).However,tothebestofourknowledge,the

prevemiveeffectofdietarykaempferolglycosideanditsaglyconefordiabetesinthetype

2modelmiceKKIAyhavenotyetbeenstudied.

Inthisstudy,theeffectsofkaempferolglycoside-richfraction,prepared丘omtheleaves

ofJindai-soybean,onthemarkersofdiabetes,serum andliverlipidlevelswere

determinedinXRIAymice,anobesediabetiCanimalmodel,comparlngwiththoseof

kaempferol,anaglyconofkaempferolglycoside.
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3.2MaterialsandMethods

Matelials

Jindai-soybean (Glycinemax.LMerr.'Jindai')leaveswerecollectedinSeptember2008

attheMogami areaofYamagataPrefecture,Japan.LeaveswerethenwashedwidlWater

anddriedintheshadyopenair.Thedriedleaveswereextractedwith 70% methanol

(MeOH)at60-70oCunderrefluxfor3h.Theevaporatedextractwasdissolvedwith the

mi xtureofCHC13/MeO甜H20(1:1:2).Theupperphaseofthemixturewasappliedto

Diaion-exchangeresin(Diaion,HP-20:MitsubishCo.Ltd.,Japan)columnaRerits

concentration.A鮎rwashingthecolumnwithH20,phenoliccompoundswereelutedwi th

aqueous20%,50%and100%MeOHsolution,successively.The20%MeOHBactionwas

appliedtosilicagelcolum andelutedwith solventsystem n-hexane侶tOAcand

EtOAc/MeOH systemsasdevelopingsolvent.Thefractioncontaimingkaempferol

glycosideswerecheckedbyHPLCwithdiodearraydetectionequipment(Fig.1(A)),and

usedinanimalexperlmentaSKG.HPLCwasperformedbyusingDevelosilC30lUG5

colm (4.6i.d.×250mm,NomuraChemiCalCo.,Aichi,Japan)andasolventsystemof

5%MeCNin 1%aceticacid(A)and40%MeCN(B).Alineargradientof0-100%of

solventBinsolventAoverthecourseof180mhataflowrateofO.8mlwasused.

Animals

6WeeksoldKK-Ay(TaJcl)malemice(averageweight,29g)and6weeksoldC57BL/6J

malemice(averageweight,19g),werepurchasedfromCleaLtd.(Tokyo,Japan)and

housedindividuallyundera12:12hlight-darkcycleat22i2oCand40-60%humidity.

Afteracclimatizingfor5d,theKK-Aymiceweredividedinto3groupsof6each:basal

dietgroup(CONgroup);basaldietpluskaempferolglycoside-rich丘action(耳Ggroup)
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andbasaldietpluskaempferol(Kgroup).TheC57BL/6Jmicegroupwasfedwiththe

basaldiet(6mice).IntheKandKGgroups,KandKGwereaddedat0.095%and0.15%

levelsintherespectivediets.Thecompositionofeachexperimentaldietisshown inTable

3.1.Thedietsandwaterweregivenfor30dadlibitum.Thebodyweightwasmeasured

everyotherdayandthedietwasmeastLredeveryday.Attheendofthefeedingperiod,the

micewereanestheti2:edwithNembutal(DaimipponPharmaceuticalCo.Osaka,Japan)after

10hoffasting,andthebloodwascollectedbycardiacpuncture,followedbydetaching

theliver.LiverlipidswereextractedbythemethodofFloch(68).Theserum wasprepared

bycentrifugingthebloodat3000×gforlOmin.KaempfTerolwaspurchased丘om

Extrasymthese,(Genay,France).

Themicewerecaredforaccordingtotheinstitutional guidelinesofYamagata

Uhiversity.

MeasurementOffasdngbloodglucoselevelsandglucosetolerancetest

Thebloodsampleswerecollectedfromthetailvainafter10hfas血geveryweek,andthe

levelsoffas血gbloodglucoseweremeasured,usingacommercialglucoseanalyzer

MedesafeGR-102(TermoCo.,Tokyo,Japan,201600mgdlmeasuringrange).Am oral

glucosetolerancetest(OGTT)wasperfomedonday26aRer10hoffas軸g.TLemice

wereadmimisteredwith glucosesoludon(1gnEgofbodyweight).Bloodsampleswere

collectedfromthetailveinat0,30,60and120min,afterglucoseloading,anditsglucose

levelsweremeasuredwiththeMedesafeGR-102.

MeasuTemenboftheimulinandaJ砂onechlnleveLs

Theserumlevelsofinsulin,adiponectin,high molecularweight(HMW)adiponectin,and
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leptinweremeasuredwith CoⅡmerCialELISAkits(each,Mouseinsulin(SIType)Kit,

ShibayagiCo.,Gunma,Japan;Mouseadiponectinkit,OtsukaCo.,Tokyo,Japan;Mouse

high molecularweightadiponectinkit,ShibayagiCo.,Gunma,Japan;MouselePtinKit,

ModnagaCo.,Tbkyo,Japan).

Hemoglobin Ale(HbAIG)levelsweremeasuredwith aMicromatI (Bio-Rad

Laboratories,Califomia,USA)at10:00-11:00am after10hoffastingattheendofthe4dl

weekofthefTeedingperiod.

Lfpl'danalyses

Theserum andlivertotal-cholesterol(TIChol),HDL-cholesterol(HDL-Chol),triglyceride

(TG),andtotalnon-esterifiedfattyacids印EFA)levelsweremeasuredwithcommercial

kits(CholesterolEtest,HDL-cholesterolEtest,TriglycerideEtest,andNEFACtest

kits,respectively;WAkopureChemiCalIndustries,Osaka,Japan).

Measweme嘘 oflivel'en砂meaCh.vitia

Sam plestomeasuretheliverenzym eactivitieswerepreparedbyhomogemzlngdieliver

ina3mM TriS-HClbuffer(pH7.2)contaiming0.25M sucroseandlmM EDTA.The

supematantofthehomogenateobtainedbycentrifugingat500×gforlOminat4oCwas

re-centrifugedat9,000×gforlOminat4℃,and加地ercentrifugedat105,000×gfor

60min.

Thehttyacidsynthase(FAS)activitywasdeterminedintermsofmalonyl-CoA-and

acety1-CoA-dependentoxidationofNADPHaccordingtothemethodofKtmeretal.and

Careyetal･(69,70)IThereactionmixturewas.composedofaO･1MphosphoricbufZTer(Ⅰ申

7.0)contaiming0.2mM EDTA,0.3mM NADPH,0.05mM acety1-CoA,0.2mM
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malonyl-CoA.Therateofdecreaseontheabsorbanceat340nmwasmeasured.

Thereactionmi xturetomeasurethecami tinepalmitoyltransferase(CPT)activity,was

composedofa58mM TriS-HClbuffTer(pH8.0)containingO･25mM DTNB,0･04mM

palmitoyl-CoA,1.25mM EDTA and1.25mM L-camitine.TheCPTacdvity was

detemi nedfromtherateofchangeinabsorbanceat412nm(71).

FecalZz>idanatvses

Feceswerecollectedonday26127for48h.Fecaltotallipidswasextractedbythemethod

ofFolchetal.(68).Thelipidsintheextractsweremeasuredwithcommercialkitsas

describedabove.Totalbileacid(TIBA)levelsweremeasuredbytheTotalbileacidtest

kit(WakopureChemiCalIndustries,Osaka,Japan).

hadsb'calanalysis

EachvalueisgivenasthemeaniSEM.Thehomogeneity ofthevariancebetween

treatmentswasverifledbytheBartlett'stest.Datawerestadsticallyanalyzedbya

one-wayanalysisofvariance(ANOVA).APost-hocanalysisofsigmiflCanCeWasmadeby

uslngtheFisher'sPLSDtest,wherethedifferenceswereconsideredsigni丘cantatp<

0.05.

3.3Restllts

PTVPeYdesofkaeqfwolgTycoside-n'chfTaCb.on

HPLCchromatogramsof70%MeOHextractoftheleavesofmi peJindai-soybean,and

KGpreparedfromitareshown inFig.3.1(A)and3.1@).Acomparisonofdletwo

HPLC chromatogramsshowsthatcompounds1,2,3,and4,whicharethemajor

32 /′ノ



componentsintheKqarealsocontainedasmajorcomponentsinthe70%MeOHextracts

oftheleaves,indicatingthatthemajorCOmPOnentSintheleavesarerecoveredintheKG

whichisusedintheanimalexperiments.Theamountsofcompounds1,2,3and4inthe

dryleaveswere6.8,6.7,10.1,and5.7mg/g,andintheKGwere244,241,99,and49

mggdryweight,respectively.

Foodintake,bodyweightgainandorganwez'gh血

Therewerenosigmificantdifferencesinthefoodintakeandbodyweightgainam ongthe3

groupsexcepttheC57BLgroup.Theliver,kidneyandwhiteadiposetissueweightsalso

didnotdiffertoasignificantlevelam ongthe3groupsexcepttheC57BLgroup(Table3.

2).

Fash'ngbloodglucoseteveZs,andglucoselweLsinoralglucosetolerancetest(OGT7)

ThefastingbloodglucoselevelsintheKandKGgroupstendedtobelowerthanthatof

theCONgroup,butnosigdlCantdi飴rencewasfound(Fig.3.3).Bioodglucoselevels

ontheOGTTcarriedoutonthe26thdaydidnotdifferam ongtheCON,KandKGgroups

(Fig.3.4(A)).Theareaunderthecurve(72)ontheOGTTtendedtobelowerintheKand

KGgroupsthanintheCONgroupwhencomparedwiththoseoftheCONgroup(0.05<p

<0.1)(Fig.3.4(B)).

Serumh'Pidinsulin,HbAloandqtokineLevels

Asshown inTable3.3,therewerenostatisticallyslgmificantdifferencesintheserum

T-Chol,HDL-Chol,TG;LDL-CholandNEFAlevels,andatherogemicindexam ongK,KG

andCONgroups.
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Thelep血,adiponectinandHMW-adiponectinlevelsalsodidnotdifferamongtheK,

KGandCONgroups,although theHMW adiponectinleveltendedtoincreaseintheK

andKGgroups(0.05<p<0.1).Theserum insulinlevelmeasuredonday26duringthe

feedingperioddidnotdifferamongtheK,KGandCONgroups(Table3･3)･TheHbAIc

levelsmeasuredonday26duringthefeedingperiodswereslglificantlylowerin theK

andGKgroups,comparedwiththatoftheCONgroup(Fig3.3@)).

Liverll'pidlevels,andLiveT捌SandCPTacLiw'des

Theliverlipidlevelswereshown inTable3.3.TheliverTG;T-Chol,PLandNEFAlevels

wereslgmificantlylowerintheKandKGgroupsthanintheCONgroup.

TheactivitiesoftheliverFASandCPTenzymeswerealsoshown inTable3.3.The

FASactivitywassigni丘cantlylowerintheKandKGgroupsthan intheCONgroup,but

theCPTactivitiesdidnotdifferamongthose3groups.

TherewasnodifferenceinthefTecalexcretionofthetotallipid,TIChol,TGandTIBA

(Table3.4).

3.4DiscussiotL

ThefastingbloodglucoselevelsoftheKandKGgroupsshowedalowertendencythan in

theCONgroupduringthefeedingperiod,although astatisticallysigmi丘cantdifference

wasnotobserved(Fig.3,3).IntheOGTT,bloodglucoselevelsintheKandKGgroups

tendedtobesuppressed,comparedwith theCONgroup.TheAUCintheKandKG

groups,calculatedfromthebloodglucoselevelsintheOGTT,showedlowertendencies

(0.05<p<0.1)intheRandKGgroupsthan intheCONgroup(Fig.3.4).Theseresults

maysuggestthatbothKandKGhaveanamelioratingeffectforglucosetoleranceand
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diabetes,asflavonoidshavebeenreportedtheiractivitytoimproveglucosetolerance(73,

74),but,anti-diabeticeBTectofkaempferolanditstriglucosides-richfactionwhich

preparedinthisexperiments,andisolatedkaempfTeroltriglycosedshavenotyetbeen

examinedinKK-Aymice.

ThelowerlevelofHbAIcintheKandKGgroupsincomparisonwiththeCONgroup,

meastLredafter4weeksattheendofthefeedingperiodmayindicatethatfeedingtheK

andKGforlongerperiodsmightbee飴ctiveformitiga血gdiabetes(Fig.3.3).The

HMW adiponectinlevels,whichareknown toshowahigherlevelinKK-Aymicewith

diabetesimproved(72),tendedtobeincreasedbyKandKGfeeding(Table33).These

resultsmaysuggestthattheami-diabetice飴ctsofR andKGareweak,although

experimentswith ahigh erdoselevelofKandKGmightbenecessary.Nosignificant

differencebetweentheKandKGgroupsintheabilitytoimprovethediabeticmarkers,

indicatethattheeBTectofKGmaydependonitsaglycone,kaempferol.

Althoughthebodyweightgain,foodintakeandwaterintakedmingthefeedingperiods

didnotdi飴ramongtheCON,RandKGgroups,thewhiteadiposetissueincluding

pararenal,epididym alandmesentericadiposetissuesofKandKGgroupstendedtobea

littlelowerthan thoseofthecowgroup(Table3.2),suggestingthatKandKGhave

activitiestoinhibitlipidaccum ulationortopromotelipidβ-oxid如ion.Thereports,in

whichananti-obeseeffectofkaempferolglycoside(kaempfTero13-0-p-D-glucopyranoside)

thatdiffersfromKGidentifiedin thisexperimentinitschemicalstructure,causedlittle

decreasesinvisceralfatweight(75),andadecreaseinserumandliverTGlevels,may

suggestthatK andKGmaycontributetotheimprovementofdiabetesthrough the

suppressionofTGaccum uladon,becausemesentericfatweighttendedtodecreaseandthe

liverTGleveldecreasedsigmificantlywhencomparedwiththoseoftheCONgroup(Table
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3.3).LoweringoftheFASactivityandnosigli丘cantchangeinCPTactivitybyfeedingK

andKGmayindicatetheinhibitionofFASbyKandKqbutnottheadvationofCPT

mainlyinvolvedwithloweringtheliverTGlevels(Table3･3)･AsiglifiCantloweringof

thelivertotallipidandTGlevelsbyfeedingKandKGweresimilartothosebyfeeding

withkaempfTerolwhichwerereportedpreviously(75),indicatingthatthee飴ctofKG

mightbemainlydemonstratedbytheaglyconeofKG;kaempferol.Nodifferencesinthe

fecalexcretiOnoflipidsandbileacids(Table3.4)mayindicatethattheimprovementof

theliverlipidslevelsbyRandKGdidnotascribetotheirinhibitoryactivityonthe

intestinalabsorptionofdietarylipids.

Theresultsofthisstudydemonstratethatdietarykaempferol,andKGwhichwere

mainly composed ofcompounds 1,2,3,and 4,and differfrom kaempfero1

3-0-β-D-glucosideintheirchemiCalstructuresareavailabletoimproveHbAIclevelsand

glucosetoleranceandliverlipidlevels.Asitisconsideredthattherearemanyfoodstuffs

containingkaempfTerolwithtwoorthreesugarmoietiesviaits3-Position,analysesofthe

physiologiCalfunctionsofKGmaybehelpfultounderstandthepropertiesoffoodstuffs

containingkaempferolglycosidewiththreesugarmoieties.Nosignificantdifferencesin

OGTT,HbAIc,Serum andliverlipidlevelsbetweenmicefTedwithKandKG;suggested

thattheeffectsofKGwasmainlyduetothoseofanaglyconemoietyofkaempferol

glycosideinKG;kaempferol.TheloweringeffectsofKandKGonliverlipidsandthe

tendencytoimprovediabetesbythosecompoundswereconsideredpartlyduetothe

suppressionofFASactivitybyKandKqhowever,itisnecessarytoinvestigatetheother

effectsofKG onlipidmetabolism. Although theidenti五cation ofkaempfero1

3-0-β-D-glucopyranosyl(1-2)10-la-L-rhamnopyranosyl(1-6)]-PID-galactopyranoside,

kaempfero13I0Iβ-I)-glucopyranosyl(1-2)-0-【a-Ll hamnopyranosyl
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(1-6)]-β-D-glucopyranoside,kaempferoll310-β-D-(2-0-β-D-glucopyranosyl)

galactopyranoside andkaempfero1-3-0-β-D-(2,61di-0-α-L-rhamnopyranosyl)

galactopyronoside丘omKGmaysuggestthatsomeorallofthemareconcemedwiththe

acdvityofKG.Furtherstudiesshouldbedonetoinvestigatetheprincipleandexactaction

mechanism.Inaddition,theformer3compoundshavenotyetbeenreportedontheleaves

ofumpe soybeanS.

3.5Sunnary

Anti-diabeticeffectsofkaempferolglycoside-rich丘action contaimingkaempfero1

3-0-β-D-glucopyranosyl(1ー2)-0-【α-L-rhamnopyranosyl(1-6)11P-D-galactopyranoside,

kaempfero1310-p-D-glucopyranosyl(1-2)-0-[α-L-rhamnopyranosyl(1-6)]-β-D-

glucopyranoside,kaempfero13-ClB-D-(2-a6-I)-glucopyranosyl)galactopyranoside

andkaempfero13-0-β-D-(2,6-di-0-α-L-rhamnopyranosyl)galactopyronosideasmajor

flavonoids,preparedfromleavesofunnpeJindai-soybean,andkaempferol,aglyconeof

kaempferolglycoside,weredeterminedingenedcallytype2diabedcKKIAymice.

HemoglobinAlelevelwasdecreasedandtendedtobedecreasedbyfeedingKGand

kaempferol(K),respectively.TheAUC(areaunderthecuⅣe)intheoralglucosetolerance

test(OGTT)tendedtobedecreasedbyfeedingKandKG.Thelivertriglycerideleveland

fattyacidsynthaseactivitydecreasedinbothofthemicefedwithKGandK,comparedto

thoseinthecontrolmice.Fromtheseresults,itwassuggestedthatKGandKareusefulto

improvediabetesandtheKGcontainedinJindai-soybeanleavesmaybeavailableas

componentsoffunctionalfood.
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Table3.1Compositionofthediet(%)

Dietarygroup C57BL KK_Ay

CON K KG

Casein

α-Comstarch:Sucrose-2:1

Cellulosepowder

Comoil

Mineralmixture1

vitaminmixttue2

LCysthe

Cholinebitartrate

Kaempferol(監)

Kaempferolglycoside

-rich丘action(KG)

20 20

62.95 ､62.95

5 5

7 7

3.5 3.5

1 1

0.3 0.3

0.25 0.25

20 20

62.8 62.855

5 5

7 7

3.5 3.5

1 1

0.3 0.3

0.25 0.25

0.095

0.15

1AIN-93G-MXand2AN-93-ⅤⅩwerepwchased丘omCleaJapan (Tokyo,Japan)
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(A)

@)

〇･叩

0.08

0.06

0.04

0.02

0.00

A.02

2す 40- 68- 810- 100 120

0 20 40 60 80 100 120

Fig.3.1.HPLCchromatogramsof70% MeOH-extractoftheleavesofunnpesoybean

(Jindai-mane)(A)anditskaempferolglycosideTrich丘action(KG)@)

HPLCconditions:column,DevelosilC-30-UG-5(4.6i.d.×250mm,NomuraChemical

Co.,Aichi,Japan);development,alineargradientof0-100%ofsolventB(40%CH3CN)

insolventA(5%CH3CNin1%aceticacid)overthecourseof180minataflowrateof

0.8mi/min;detectionat330rLm.
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HO 7 二 , _0 . 2

O H 0

Compound1

H.HS# ]O

HO 3-pOH

2叫 r･ HO

Compound3

Compound2

H.H3C一一〇'l
HO OH

Compound4

Fig.3.2.Chemicalstructuresofthecompotmds1,2,3and4

Compound1,kaempfero13-0-β-D-glucopyranosyl(I-2)-0-[α-L-rhaJnnOPyranOSyl

(1-6)]-p-D-galactopyranoside

Compound2,kaempfero13-0-8-D-glucopyranOSyl(1-2)-0-la-L-rham opyranosyl

(1-6)]-β-D-glucopyranoside

Compound3,kaempfero13-0-β-D-(2-0-β-D-glucopyranosyl)-galactopyranoside

Compound4,kaempfTero13-0-β-D-(2,6-di-0-α-L-rhamnopyranosyl)-galactopyronoside
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Fig.3.3.EffectsofdietaryKandKGonthefastingbloodglucoseandHbAIclevels

(Fastingbloodglucosewasmeasuredafter10hoffastingattheendofeveryweek.Each

valueismean tSEM (n-5-6foreachgroup).HbAIcWasmeasuredattheendofthe

feedingperiod.Valueswithoutacommonletterdiffersiglificantly(ク<0.05)when

comparedCON,K,andKGgroups.
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Fig.3.4.EffectofdietarykaempfTerolandkaempferolglycoside-richfractionontheblood

glucoselevels(A)andAUC(B)intheoralglucosetolerancetest

(A)Glucoseloadingwascamiedoutonday260fthefTeedingperiod;

(B)AUC:AreaunderthecuⅣeofcha喝eSinthebloodglucose.

Eachvalueismeanj=SEM (n-5-6foreachgroup).Valueswithoutacommonletter

di飴rsiglificantly(p<0.05)whencomparedCON,K,andKGgroups.'(0.05<p<0.1)

whencomparedwi仙也eCONgroup.
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Table3.4.EffectsofdietarykaempferolandkaempfTerolglycoside-rich丘actiononthe

fecalexcretionoflipids

Dietarygroup. C57BL

CON K KG

T-Chol(mg/2daysoffeces) 4.87土0.45 8.33土0.48a 7.63土0.43a 7.53士0.45a

TG(mg/2daysoffeces) 2.06土0.36 5.15土0.71a 4.53土0.56a 5.42j=0.65a

T-BA(mg/2daysoffeces) 0.480土0.022 1,15士0.09a 1.26土0.12a 1.15土0.14a

Faceswerecollectedfor2daysfromday27today28.Eachvalueisthemean 土 SEM,n-

5-6.ValueswithoutacommonletterdiffersigmiflCantlyわく0.05)whencomparedCON,

K,andKGgroups.
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CLt4PTER4

ANTI-OBESEAND ANTI-DIABETICEFFECTSOF

KAEMPFEROLGIiYCOSIDESFRACTIONFROM

Jm AIISOYLEAVESONC57BLMICE



4.1Introduction

Obesityusuallyresults&oman energyimbalanceduetoexcessiveenergystorageand

insuFICientenergyexpenditure,anddevelopsanum berofriskfactorsforcardiovascular

diseases,arteriosclerosisosteoarthritiS,andcertain cancers.Theclusteringofseveral

cardiovascularriskfactorsforabdominalobesity,dyslipidemia,glucoseintolerance,and

hypertensioninthesameindividual iscalledthemetabohcsyndrome(76,77).The

prevalenceofobesityhasbeenincreasingworldwide,with 136millionobeseindividuals

in2006andan estimated162millionby2015(78).Obesityhasincreasedatan alarming

rateinrecentyearSanditisnowaworldwidehealthproblem.

Recently,moreattentionhasbeenfocusedonflavonoidsthatmightbebene鮎ialin

reducingtheriskofobesity(79).Flavonoidsarepolyphenoliccompoundswidely

distributedthroughouttheplantkingdom(62).Theyareimportanttoprotecttheleaves

againstUVraysduringtheirgrowth(63).Flavonoidsarenaturalantioxidantswhich

reducetheriSkofcancer,theeffectsofagingandtheriskofcardiovasculardiseases(64).

Theirimportantrolesincludefreeradicalscavengers,reducingagents,protectorsagainst

lipidperoxidationandquenchersofreac竜veoxygenspecies(65,80).

hthisstudy,antil0beseandaJIti-diabedceffectsofkaempferolglycoside-richfracdon,

preparedBomleavesofumipeJindai-soybean weredetemi ned,onmarkersofobesity,

bodyweight,adiposetissue,serumandliverlipidlevelsweredetermined.Furthermore,

theazLti-diabeticeffectweredeterminedbymeasunngtherelevantmarkersofdiabetesas

glucosetolerance,hemoglobinAle,insulin,fas血gglucoseandadipocytokinelevels,and

血血erenzym eactivitiesconcemedwithglucoseandlipidmetabolism.
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4.2MaterialsandMethods

Materials

Preparationofkaempferolglycoside-rich丘action(KG)Jindai-Soybean (Glycinemax･L･

Merr.'Jindai')wasshown inchapter3.

Animals

MaleC57BL/6Jmice,averageweighing19g(6weeksold)werepurchased丘omClea

(Tokyo,Japan)andhousedindividuallyundera12:12hlight-darkcycleat22土 2oCand

40-60%humidity.

Afteracclimatizingfor5d,theC57BL/6Jmicewererandomlydividedinto3groupsof

7each,andfedoneitherthebasaldietcontrolgroup(CON)orhigh fatdiet(HF)orhigh

fatdietcontainingkaempferolglycosides丘action岬 G)at0.15%.Thecompositionof

eachexperlmentaldietisshown iれTable4.1.Thedietsandwaterweregivenfor92dad

libitm.Thebodyweightwasmeasuredeveryotherdayandthedietwasmeasureddaily.

Attheendofthefeedingperiod,themicewereanesthetizedwithNembutalPainippon

cardiacpuncture,followedbydetachingtheliver･Thedetachedlivewasstoredatl80oC

untilneededforanalysis.Theleftkidney,le氏pararenaladiposetissues,leftepididym al

adiposetissueandmesenteriCadiposetissuewerealsodetachedandstoredatl80oCtlntil

neededforanalysis.

ThemicewerecaredaccordingtotheinstitutionalguidelinesofYamagataUmiversibT.

Measuremen血offash'ngandfedbloodg血coselevelsandbloodglucosetolwancetest

Pastingbloodglucoselevelsweremeasuredwith aMedesafeGR-102,20-600mgdl
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measuringrange(TermoCo.,Tokyo,Japan)onthel武,42ndandthe92nddayafter10hof

fasting.An oralglucosetolerancetest(OGTT)wasperformedonday42after10hof

fasting.

Serumwaspreparedbycentrifugingthecollectedbloodat1,000×gfor15min.The

liverwasdetachedandstoredat-80oCuntilneededforanalysis.Theleftkidney,left

pararenaladiposetissues,le氏epididym aladiposetissueandmesentericadiposetissue

werealsodetachedandstoredat-80℃ afterbeingweighed.

MeaswementsoftheinsulinandadL'poneciinlevels

Theserum levelofinsulin,adiponec血,high molecularweight(HMW)adiponec血,aJld

leptinweremeasuredwith commercialELISAk享ts(each,Mouseinsulin (S-Type)Kit,

ShibayagiCo.,Gunma,Japan;Mouseadiponectinkit,OtsukaCo.,Tokyo,Japan;Mouse

high molecularweightadiponec血 kit,ShibayagiCo.,Gunma,Japan;MouseleptinKit,

MorinagaCo.,Tokyo,Japan).

HemoglobinAle(HbAIc)levelsweremeastwed with aMicromatⅡ Pio-Rad

Laboratories,Califomia,USA)at10:00-11:00am after10hoffastingattheendofthe4th

weekofthefTeedingperiod.

Ll'pidanaty由

Total-cholesterolandHDL-cholesterol(T-CholandHDL-Chol),triglyceride(TG),

phospholipid(PL),andtotalnon-esterified触 yacids(NEFA)inthesen皿 andhver,and

fecesT-Chol,TGandtotalbileacid(T-BA)levelsweremeasuredwithCoⅡlmerCialkits

(cholesterolEtest,HDLICholesteroIEtest,triglycerideEtest,phospholipidBtest,NEFA

Ctestandtotalbileacidtest;WikopureChemiCalIndustries,Osaka,Japan).Liverand
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feceslipidsweremeasuredbyusingtheisopropylalcohol-solubleBactionofthelipids,

whichwaspreparedbyremovlngthesolventinthelipidfractionobtainedbythemethod

ofFolchetal(71,84).

MeaszLllemenかOfliveren砂meaCh'W'des

Asampletomeasuretheliverenzymeactivitieswaspreparedbyhomogemzlngtheliver

ina3mM TriS-HClbuffer(PH7.2)containing0.25M sucroseandlmM EDTA.The

supernatantofthehomogenateobtainedbycentrifugingat500xgfor10minat4oCwas

re-centrifugedat9,000×gforlOminat4oC,and血r也ercentrifugedat105,000×gfor㌔?ノ

60min.

TheFAS(fattyacidsynthesis)activitywasdeterminedintermsofmalonyl-CoA-and

acetyl-CoA-dependentoxidationofNADPHfollowingthemethodologyofKum eretal.

andCareyetal.(69,82).Thereactionmixttuewascomposedofa0,lMphosphoricbuffer

PH 7.0)contaiming0.2mM EDTA,0.3mM NADPH,0.05mM acety1-CoA,0.2mM

malony1-CoA.Therateofdecreaseonabsorbanceat340nmwasmeasured.

FecalZl>idanaかses

Feceswerecollectedonday86-88for72h.Fecaltotal1ipidswereeWactedbythe

methodofFolchetal.(68).Thelipidsintheextractsweremeasuredwithcommercialkits

asdescribedabove.

戯 曲ticaZanalvsis

Eachvalueisgivenasthemean 土SEM.Thehomogeneityofvariancebetweentreatments

wasverifiedbyBartlett'stest.Datawerestatisticallyanalyzedbyaone-wayanalysisof

49



variance(ANOVA)･APost-hocanalysisofsiyli丘CancewasmadebyusingFisher'sPLSD

test,withsignifiCantdifBerenceatp<0.05.

4.3Results

Bodyweight,bodyweightgainandfeedefficiencyoftheHFKGgroupweresigniflCandy

lowerthanthoseoftheHFgroup,buttherewerenoslgMICantdifferencesbetweenCON

andHFKGgroups.FoodintaketendedtobedecreasedintheHFKGgroupthan intheHF

group(Fig.4.1)(Table4.2).

Although theliverandkidneyweightsdidnotdifferam ongthethreegroups,the

pararenaladiposetissue,epididym aladiposetissue,mesentericadiposedssueandvisceral

adiposetissueWeightsoftheHFKGgroupwef9Sigmific弧tlylowerthan thoseoftheHF

group(Table4.2).

Fash'ngbloodglucoselevels,andwalglucosetolerancetest

Thefastingbloodglucoselevelsonday1didnotdifferam ongtheCON,HFandHFKG

groups,butthoseonday42tendedtobedecreasedintheHFKGgroupcomparedwiththe

HFgroup,andthoseonday92showedsignificantlylowerlevelsintheHFKGgroupthan

inthoseintheCONgroup(Fig.4.2).

BloodglucoselevelsontheOGTTcamiedoutonday42werenotdifferentam ongthe

CON,HFandHFKGgroups(Fig.4.3(A)).Theareaunderthecurve(AUC)OntheOGTT

showedlowertendencyintheHFKGgroupthan intheCONandHFgroups,butno

sigli丘cantdifferenceswerefound(Fig.4.3(B)).
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SerumHbALclevels

Sen皿HbAIclevelsmeasuredonday42and92weresigmiEICantlylowerintheHFKGand

CONgroupsthanintheHFgroup(Fig.4.4).

Serumh'PidLwelsandqltOkine

AsshowninTable4.3,theserumTG;HDL-Chol,LDL-CholandNEFAlevelsdidnot

differamongtheCON,HFandHfKG groups.Theserum adiponec血 andHMW

adiponectinlevelsalsodidnotdiffTeramongthethreegroups.LeptinandInsulinlevelsof

theHFKGgroupwereslgni丘cantlylowerthan thoseoftheHfgroup,TheTNF-αlevel

tendedtobelowerintheHFKGgroupthanintheHFgroup.

Liverh'pidlevels,tiveTLuSandCPTacLivib'es

Theliverlipidslevelswerenotdi飴rentamongtheCON,HFandHfKGgroupsasshown

inTable4.3.TheactivitiesoftheliverFASandCPTenzym esareshowninTable4.4.

Although theFASactivitiesdidnotdifferslgnificantlyamongtheCON,HFandHFKG

groups,theCPTactivitiesintheHFKGgroupshowedasigmifiCantlyhigherlevelthan

thoseintheHFgroup.

Therewerenodiaerencesonthe免Calexcretionoftotallipid,T-Chol,TGandtotalbile

acidsbetweentheHFKGandHFgroups(Table4.5).

4.4Discussion

Obesityisdefinedasanaccumulationofexcessadiposetissue,anddecreasingofbody

weightisrecommendedasfirst-linetreatmenttoreduceit(83)･hthepresentstudy,the

bodyweightsignificantlydecreasedBl0mWeek4totheendofthefeedingperiod(Fig.
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4･1)･Thevisceraladiposetiss,uewassignificantlydecreasedintheHfKGgroupwhen

comparedtheHFgroup(Fig.4.5).TheseresultssuggestthattheKG (kaempferol

glycoside-rich&action)Cansuppresstheincreaseinweightgainorfatdepositioninduced

byhighfatdiet.

Obesityishighlyassociatedwithinsulinresistanceanditisthebiggestriskfactorfor

non-insulin-dependentdiabetesmellitus(84).Inthepresentstudy,thesen皿 andliver

lipidlevels,andtheliverFASactivitydidnotdifferbetweentheI廿andHFKGgroups,in

spiteofthatadiposetissues(viseraladiposetissue)weightsdeclinedtoadecreaseinthe

HFKGgroupinthecomparisonwithHFgroup,suggestingthatadiposetissueweightdoes

notalwaysreflecttheserumandliverlipidlevelsandFASactivity.Thehigheractivityof

CPT,whichcatalyzesthetransferoffattyacid丘omCoAtocami tine,allowingtheinitial

transportoffattyacidsintomitochondriaforβ10Ⅹidation,showedhigherlevelinthe

HfKGgroupthanintheHFgroup(Table4,4).Thisresultmayindicatethatlowerlevelof

theviseraladiposetissueweightin theHFKGgroup(Fig.4.5)mightbebroughtby

enhancementofJ3-0XidationbyKGratherthan inhibitionofFASactivity.Thesertm

insulinleveldecreasedsigmificantlyintheHfKGgroupintheHFgroup(Table4.3).As it

hasbeenreportedthatfeedingofahigh fatdietcouldincreasetheseruminsulinlevel,

inducinginsulinresistanceonC57BL/6Jmice(85),thelowerinsulinlevelintheHFKG

groupmayindicatethatKGisavailabletoimproveinsulinresistance.Lowenngofthe

fastingbloodglucoselevelonday92,andofHbAIclevelonday42and92intheHFKG

groupmayalSoindicateavailabilityofKGforimprovementofdiabetesinducedbytheHf

diet(Fig.4.2andFig.4.4).

Adipocytokineswith num erous血nctionssuch asregulationsofmetabolism,

inflammatoryprocess,andbodyweight(86)arereleasedB･omadiposeissue.Leptin as
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adipocytokineplayskeyrolesinregulatingthefoodintakeandenergyexpenditure,andit

isknown thattheserum lep血 levelisaltereddependingontheadiposetissueweight(87)･

Similartothepreviouslystudy(88),leptinlevelintheHfgroupwassignificantly

increasedbyabout6-foldswhencomparedwith dlatOftheCONgroup,suggestlngthat

HFdietinducedlep血 resistance.Thelowerserum leptinlevelintheHFKGgroupinthe

comparisonwith theHFgroupseemstosuggestthattheleptinresistancehasbeen

improvedbyKGconsum ption.ThelowertendencyinthefoodintakeintheHFKGgroup

mayalsosupportavailabilityoftheKGinmitigationofleptinresistance.Asitisreported

thattheserum insulinlevelisaffected(detemi ned)bytheserum leptinlevel(85),

decreaseintheserum insulinlevelintheHFKGgroupmighthavebeencausedbyan

improvementoftheleptlnresistancebyKG

Itisknown thatTNF-αlevelincreasesinrodentwithobesity andinflammation,

resultinginenhanceme加ofinsulinresistance.Therefore,lowertendencyoftheTNF-α

levelintheHFKGgroupinthisexperiment,comparedwithHfgroup(Table4.3),also

suggestthattheinsulinresistancewashvolvedwiththeobesity,andan increaseinthe

adiposetissueweightmightbeimprovedbythedietaryKG.However,astheblood

glucoselevelsinOGTTcarriedoutonday42didnotdifferbetweentheHFandHFKG

groups(Fig.4.3),complicadonsofdiabetesmayoccurdmingthelatterstageofthe

feedingperiod.Changesintheadiponec血 andHMW adiponectinlevels,inwhichthe

latterispointedouttobemoresensidvethan theadiponectinfortheinSulinresistance(89),

Werelittlethan thoseintheinsulinandleptinlevels,showingthattheeffTectoftheKGto

improvediabetesmaybenotsostrongtosuppressadecreaseinadiponectinlevel.

Nodifferenceintheamountsofexcretedlipids(Total-Chol,TGandTotalbileacid)

betweentheHFandHFKGgroups(Table4.5)mayindicatethatKGaddedtothediet
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almostdosenotaffectintestinalabsorptionoflipids..

4.5Summary

Theandl0beseandanti-diabeticactivitiesofkaempferolglycoside-rich丘action(KG)

prepared丘omumipe Jhdai-soybean申damame,Glycinemax･LMerrilll'Jindai')leaves

wereinvestigatedinC57BL/6Jmicefedhigh fatdietfor92daystodeveloptheiruseas

rawmaterialsforRlnCtionalfood.

ThevisceraladiposetissueweightwaslowerintheKGgroupthanintheCONgroup.

FastingbloodglucoseandHbAIclevelswerealsolowerinKGgroup,suggestingthatKG

isavailabletomidgateboth obesity anddiabetes.Theserum leptinandinsulinlevels

increasedbyfeedingwithhigh fatdietrettmedtotheleveloftheCONgroupbyadding

theKGtothediet,suggestingthatboththeleptinandinsulinresistancemighthadbeen

inducedbyhigh fatdietcouldbeimprovedbythedietaryKG,andthattheanti-obeseand

anti-diabedcactivitiesofKGmightbeconcemedcloselywithitsregulationoflepdnand

insulinlevels.
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Table4.1.Ingredientcompositionofthediet(%)

Consdtuent CON HF HfKG

Casein

α-Cornstarch

Sucrose

Cellulosepowder

Comoil

Tallow

Mineralmixturel

vitaminmixture2

L-Cystine

Cholinebitartrate

Kaemperolglycosides-richfiacdon

20 19.85

8 8

25 25

5 5

7 7

30 30

3.5 3.5

1 1

0.3 0.3

0.2 0.2

0.15

1ANl93G-MXand2Am193-ⅤⅩwerepurchasedfromCleaJapan(Tokyo,Japan)
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Fig.4.1.Effectsofdietarykaempferolglycosides-richB'actiononbodyweight

Eachvalueismean tSEM.n=6-7foreachgroup.Valueswithoutacommonletterdiffer

sigmificantlyb<0.05)

56



Table4.2,E飴ctofdietarykaempfTerolglycosides-richfractiononthetotalfoodintake,

bodyweightgainandfeedefrlCiency

DietarygfOtrp- CON HF I甘KG

Totalfoodintake(g), 455土10a 424士20ab 388j=13b

Bodyweightg血 (g) 10.1土0.4b 16.8土1.3a 12.6土0.5b

Feede鮎 iency(%)1 2.23士0.09b 4.00土0.30a 3.25j=0.12b

Liver(%ofbodyweight) 3.54土0.05 338土0.06 3.31士0.11

Kidney(%ofbodyweight) 0.652土0.023 0.581土0.026 0.646土0.020

1(bodyweightgai'n(g)/foodintake(g)).Eachvalueisthemean 土SEM.n-6foreach

group.Valueswithoutacommonletterdi飽rsigli丘cantlyわく0.05).
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levels

Eachvalueismean土 SEM.n-7foreachgroup.Valueswithoutacommonletterdiffer
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Table4.3.EffTectofdietarykaempferolglycosides-richfractiononthesenm andliver

lipids

Dietarygroup CON ~HF HFKG

Serun

TC(mg/dL)

TG(mg/dL)

NEFA(mEq/dL)

HDL(mg/dL)

LDL(mg/dL)

Adiponectin(ug/hL)

HMWAdiponectin(ug/hL)

Leptin(ng/hL)

hsulinbg/mi)

TNT-αbg/d)

Liver

106土3

50.8主3.5a

0.686土0.035

91.0土9.0

43.1土7.5

1.96土0.07

0.308土0.102

13.4土4.6b

I48土68も

181士7

Totallipid(ng/gofliver) 85･6i3･2

TC(mg/gofliver) 2･71j=0･24

TG(mg/gofliver) 42･3j=2･9

pL(mg/gofliver) 16･5j=016a

NEFA(mEq/mgofliver) 8.40土0.90ab

116土7

38.1土3.5b

0.719土0.033

68.9土8.0

49.7土6.6

1.77土0.07

0.173土0.001

81.0土26.8a

344士72a

252土49

●
102土3

45.6j=1.lab

0.651士0.039

79.1土14.2

37.0土8.2

1.86土0.05

0.215土0.049

25.1土8.5も

77.Oj=14.9b
●

169士10

77.1土3.6 84.1土3.3

2.48j=0.20 2.72土0.18

35.5土2.9 35.6土2.8

13.8土1.Ob 15.5j=0.6ab

7.52土0.98b 11.8士1.78

1((T-Chol-HDL-Chol)/HDL-Chol).Eachvalueisthemean 土 SEM.n-317foreachgroup.

ⅥlueswithoutacoⅡmOnletterdiffersigniflCantlyb<0.05).'comparewith HFgroup

(0.05<p<0.I)
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Table4.4.Effectofdietarykaempferolglycosides-rich丘actionontheliverFAS,andCPT

activities

Dietaqgroup- CON I甘 HFKG･

CPT(t皿OL/min/mgprotein) 0.708iO.039ab o.6741=0.062a 0.778土0.037b

FAS(tmol/bin/mgprotein) 1.93士0.208 1.00士0.13b1,17土0.06b

Eachvalueisthemean土 SEM.n-6-7foreachgroup.

Valueswithoutacommonletterdiffersigmificantlyb<0.05).

Table4.5.EffTectofdietarykaempferolglycosides-rich丘actiononthefeCalexcretionof

lipids

Dietarygroup CON HF HFKG

Totallipid(mg/3daysoffeces) 50.5i2.1b 65.2j=4.88 73.6i3.3a

TIChol(mg/3daysoffeces) 5.92iO.31 5.I1iO.59 5.97iO.7

TG(mg/3daysoffTeces) 1.30土0,19b 3.98土0.63a 338j=0.63a

Totalbileacid(mg3daysoffeces) 0.893土0.070b 1.75土0.21a 1.56土0.198

Eachvalueisthemeanj=SEM.n-6-7foreachgroup.

Valueswithoutacommonletterdiffersigmificarltlyb<0.05).
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CLL4PTER5

ANTI-OBESEAND ANTI-DIABETICEFFECTSOF

ISOFLAVONEMIXTURE(DAIIjzN+GIXCITN)FROM

Jm AI-SOYLEAVESONC57BLh4ICE



5.1btroductioA

Inrecentyears,theprevalenceofobesity anditsrelateddiseaseshasbeenincreasing

worldwidP･Obesityisadisorderofenergybalanceandisassociatedwith hyper

insulinemia,insulinresistance,andabnormalitiesinlipidmetabolism,anditisoneofthe

mostimportantriskfactorsinthedevelopmentoftype 2diabetes,atherosclerosis,and

certaincancers(74).Obesityisdeflnedashavingexcessadiposetissuethatcanproduce

adversehealtheffects.Themechanismsthatcontrolthenumberandsizeofadipocytesare

notfullyunderstood,despitemajorefforts.Adiposetissueisalsoconsideredamajor

endocrineorgan thatsecretesanum berofcytokinesandhormones.Therefore,the

modul如ionofadiposetissuemassiscriticalforanti-obesityeffortsincontrollingenergy

balanceandendocrinefunction(90).

AlowerBequencyofobesityandrelateddiseasesinAsian countrieswerefound,so

attentionhasbeentunedtow打dtothediet.Thereasonforthisisconsideredtobethe

high consumptionofsoyandsoy-basedproducts.SoybeanS(GlycinemaxLMemi1)have

longbeenanimportantproteinsource,ComplementlnggramPrOteinsinAsian coun tries.

Asianstypicallyconsum e9to30gsoybeansperday.hadditiontoprotein,soybeanSalso

containvariousnutrientsandfunctionalcomponents(58).ThehealthbenefltSassociated

withsoyconsum ptionhavebeenlinkedtothecontentofisoflavones,themainclassofthe

phytoestrogens(74)･Soybean isoflavonesarestructurallysimilartoestrogen,bindto

estrogenreceptors,andexhibitweakestrogemicacdvity.Ithasbeenreportedthat

isoflavonesplayan importantroleinthepreventionofhomone-dependentdiseases,

includingosteoporosis,cardiovasculardiseases,cancer,andpostmenopausalsyndrome

(91).

Thereareaglyconeanditsglycosideform inisoflavones.Somestudieshaveshown no
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differencesinbioavailabilitybetweenglycosidesformsandtheiraglycones(92).Onthe

contrary,otherstudieshaveproventhattheaglyconeform issuperiorthan itsglycoside

form inpreventingsomediseases(61).Manystudiesonthephysiological血ncもonsof

isoflavoneshavebeendonebyusingaglyconeslikegemisteinanddaidzein (93,94),

despitethatisoflavonescouldbefoundasglycosideinmanyfoodstuffs.Inthepresent

study,weinvestigatedtheami-obeseandanti-diabeticeffectsofan isoflavonemixture

composedofdaidzin andglycitin,whichareglycosidesandfoundintheleavesof

umipe-soybeans匹damame,Glycinemα.L.Memill.̀Jindai')aswellassoybeanS,butdid

notinvestigatepreciselytheiranti-diabeticeffectsinrelationtotheireffectsonan

oxidativestatusinC57BL/6JmicefTedwith ahigh fatdiet.Addtionally,although the

effectsofseveralisoflavonesonami10Xidativeenzymeactivitiesindiabeticmiceandthe

suppressiveeffectsofdaidzinandglycitinforproductionofreactiveoxygenspeciesin

vitro wereinvestigated,theanti-diabedceffectsofdaidzin andglycitinwerenot

investigatedpreciselyinrelationtotheirsuppressiveeffectsonoxidativestressinvivo,

takingsuchmeasurementsastheserun 8-hydrox y -2'-deoxyguanosine(8-OHdG)and

liverglutathionelevels(95,96).

5.2MaterialsandMethods

Anihwtsandmet

MaleC57BL/6Jmicewithanaverageweightof19g(6weeksold)werepurchasedA.om

CLEAJapanhc(Tokyo,Japan)andhousedindividuallyundera12:12hlight-darkcycle

at22j=2oCand40-60%humidity.Thedietandwaterweregivenadlibitum,andthebody

weightwasmeasuredeverytwodaysandthefoodintakewasmeasureddaily.

Afteracclimatizingfor5d,theC57BL/6Jmicewererandomlydividedinto3groupsof
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7each,whichfedoneitherthebasaldiet(control(CON)group)orhigh fatdiet(Hf

group),oronthehigh fatdietcontainingtheisoflavonemixture(daidzinandglycitin)at

0,06%(HnSOgroup).Thecompositionofeachexperimentaldietisshown inT払le5.1.

TheisoflavonemixtureprovidedbyFujiOilColLtd(Osaka,Japan)wascomposedof

daidzinandglycitinwitharatioofabout3:2.Thedietsandwaterweregivenfor92dad

libitum.Thebodyweightwasmeasuredeverytwodayandthefoodintakewasmeasured

daily･Attheendofthefeedingperiod,themicewereanesthetizedwith Nembutal

PainipponPhamaceuticalCo.Osaka,Japan)after10hoffasting,andthebloodwas

collectedbyacardiacpuncture,followedbydetachingtheliverandstoredat-80oCuntil

neededforanalysis.Thele氏pararenaladiposetissues,leftepididym aladiposetissueand

mesenteriCadiposetissuewerealsodetachedandstoredat-800CaRerweighing.The

senlmWasPreparedbycentrifugingthebloodat3000×gforlOmin.Liverlipidswere

extractedbythemethodofFlochetal.(68)

Themicewerecaredforaccordingtotheinstitutional guidelinesofYamagata

Umiversity.

Fasb'ngbloodglucoselevelsandhemoglobinAlePbALJLel'ds

Pastingbloodglucoselevelsweremeasuredwith aMedesafeGR-102,20-600mgdL

measuringrange(TermoCo.,Tokyo,Japan)10hafterfastingonday1,42and92.HbAIc

levelsweremeasuredwith aMicromatII(Bio-RadLaboratories,Califomia,USA)at

lO･･00-11:00am after10hoffastingonday42and920fthefeedingperiod･

Ltlpidanalysis

Total-andHDL-cholesterol(TICholandHDL-Chol),triglyceride(TG),phospholipid(PL),
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andtotalnon-esteri丘edfattyacids(NEFA)intheserumandliver,andfecesTIChol,TG

andtotalbileacidlevelsweremeasuredwith commercial kits(cholesterolEtest,

HDL-cholesterolEtest,triglycerideEtest,phospholipidBtest,NEFACtestandtotalbile

acidtest;W故opureChemiCalhdustries,Osaka,Japan).Liverandfeceslipidswere

meastwedbyusingtheisopropylalcohol-soluble丘actionofthelipids,whichwasprepared

byremovingthesolventinthelipid鮎ctionobtainedbythemethodofFolchetal(68)･

Measuremen缶oftheinsulinandtheotherqTtOkines

Theserum levelsofinsulin,adiponec血,highmolecularweight(HMW)adiponec血,and

leptinweremeasuredwith commercialELISAkits(each,Mouseinsulin(S-Type)Lkit,

ShibayagiCo.,Gunma,Japan;Mouseadiponectinkit,OtsdkaCo.,Tokyd,Japan;Mouse

high molecularweightadiponectinkit,ShibayagiCo.,Gunma,Japan;Mouseleptinkit,

MorinagaCo.,Tokyo,Japan).

Measuremen血ofglutathioneand8-0mdG

Forthemeasurementofliverglutathione,50mgofliverwashomogemizedwith500plof

MeOH corttaiming each of (20 pM of) methionine sulfone, MES 弧d

DICampho1-10-sulfomicacid,followedbytheaddidonof500plofchloroformand200pl

ofMilli-qwaterandbymixing.SubsequentlythemiⅩtwewascentrifugedat4.600×gat

4ccfor15min.Theupperphasewasultra-fllteredwith an ultracentrifugal 丘lter

(Millipore5-KDacutoff丘lter;MilliporeCo･,Japan)at9,000_×gfor3.5hat4oC.The

obtainedfi1tratewasconcentratedtodrynessbycentrifugationat350Cfor3h,followed

by solublization with Milli-Q watercontaiming3-aminopymolidineandtrimesafe

(Benzene-I,3,5ltricarboxylicacidtriethylester)(each,200pM),andanalyzedby
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CE-TOFMS(capillaryeletrophoresis-timeofflight-massspectrometry)(97).

Thesen凪 8-0HdGwasmeaswedbyusinganELISAkit,8-00dGCheck(Japan

InstitutefortheControlofAging,NⅨⅩEN SEm CotLtd･,Fukuroi-shi,Shizuoka

Prefecture,Japan)

Measwementwfliveren砂meaCめ･ih'es

AsampletomeasuretheliverenzymeactivitieswaspreparedbyhomogenlZmgtheliver

ina3mM TrisIHClbufferPH7.2)contaiming0.25M sucroseandlmM EDTA.The

supematantofthehomogenateobtainedbycentrifugingat500XgforlOminat4oCwas

re-centrifugedat9,000×gforlOminat4oC,andM ercentrifugedat105,000×√gfor

∫
60min.

Fatty acidsynthesis(FAS)activitywasdetemi nedintermsofmalony1-CoA-and

acety1-CoA-dependentoxidationofNADPHfollowingthemethodologyof Ktmeretal.

andCareyetal.(69.82).Thereactionmixturewascomposedofa0.1Mphosphatebuffer

PH 7.0)containing0.2mM EDTA,0.3mM NADPH,0.05mM acetyl-CoA,0.2mM

malonyl-CoA,andthesamplesolution.Therateofdecreaseintheabsorbanceat340rLm

wasmeasured.

Fecalh'pidanalyses

Feceswerecollectedonday86-88for72h.Fecallipidtotalswereextractedbythe

methodofFolchetal.(68).Thelipidsintheextractsweremeasuredwithcommercialkits

asdescribedabove.Totalbileacid(T-BA)levelsweremeasuredbytheTotalbileacidtest

kit(WakopureChemiCalhdustries,pOsaka,Japan).
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Statisb'calanalysis

Eachvaluewasgivenasthemean 土 SEM.Thehomogeneityofvariancebetween

treatmentswasverifiedbyBartlett'stest･Datawerestatisticallyanalyzedbyaone-way

analysisofvariance(ANOVA).APost-hocanalysisofsi印i丘Cancewasmadebyusing

Fisher'sPLSDtest,wheredifferenceswereconsideredsignificantatp<0.05.

5.3Results

Foodintake,bodywa'ghtgainandorganweigh缶

Bodyweightafter4weeksin theHFISOgroupwasslgni鮎antlylowerthan intheHf

group,andfeedefrlCiencytendedtobelowerintheHnSOgroupcomparedwiththeHf
～

group,suggestingthattheisoflavonemixtureisapplicabletosuppressanincreaseinbody

weightduetothefeedingofahighfatdiet(Fig,5.2,Table5.2).

LiverandkidneyweightsdidnotdifFeramongtheCON,HF andHFISOgroups.

Pararenal,epididym alandmesentericadiposetissuesweightsalsodidnotdifferbetween

theHFandHFISOgroups,butthevisceraladiposedssueweightintheHmSOgroup

tendedtobelowerthanthatoftheHFgroup(Fig.5.3).

FasdngbloodglucoseandHbAJelevels

Thetastingbloodglucoselevelsonday1didnotdifferamongCON,HfandIVISO

groups,butthoseonday42,tendedtobelowerintheHFISOgroupIThefastingblood

glucoselevelonday92wassigni丘CantlylowerintheHFISOgroupwhencomparedwith

theCONgroup(Fig.5.4).

Although theserumHbAIcleveloftheHnSOgroupmeasuredonday42Showeda

sigmificantlowerlevelthan thatoftheHFgroup,measuredonday92,itdidnotdiffer
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betweentheHFandHFISOgroups(Fig.5.6).

OGTTwascamiedoutonday42werenotdifferencesamongtheCON,HFandHfKG

groups(Fig.5.5(A)).TheareaunderthecuⅣe(AUC)onOGTTwasalsonodifferences

amongthethreegroups(Fig.5.5(B)).

Serumll'pidandqltO肋elevels

Asshown inTable2,therewerenostatisticaldifferencesintheserum TC,TGandNEFA
＼

levelsamongtheCON,HfandHFISOgroups.TheHDLIChollevelwassigmiflCantly

higherintheHmSOgroup,comparedwiththeHfgroup.TheAtherogemicindexwas

slgmificantlylowerintheHFISOgroupthan intheHFgroup.Leptinlevelwhichwas

siglifiCantlyhigherintheHFgroupincomparisonwiththeCONgroup,showedalower

tendencyin theHFISOgroupthan intheHFgroup(0.05<p<0.1).Theadiponectin

levels,HMW adiponectinlevels,andinSulinlevelsdidnotdifferamongthethreegroups

(Table2).

Liver鞄IidleveLg,andliverEヰs,andCPTach'vides

TheliverlipidslevelsareshowninTable2.TheliverTC,TqandPLlevels,exceptNEFA

level,didnotdifferbetweentheHFISOandHFgroups.TheactivitiesoftheliverFASand

CPTenzymesarealsoshowninTable2･Although CPTacdvityoftheHFISOgroupdid

notdifferfromthatoftheHFgroup,theFASactivitytendedtobehigherintheHfISO

group(0.05<p<0.1).Therewasnodi飽renceinthefecalexcretionofT-Chol,TGand

totalbileacidsbetweentheHHSOandHFgroups(Table2),
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Serum8-0mdGandliverglutathioneLwels

As shown intheFig.4(A),thelevelofreducedformglutathione(GSH)oftheHFgroup

waslowerthanthatoftheCONgroup,butitslevelintheHFISOgroupalmostturnedto

theleveloftheCONgroup.hcontrasttotheGSHlevel,theoxidizedformglutathione

(GSSG)levelofthelqISOgroup,showedatendencytobelowerthanthatoftheHF

grOuP･

As shown in theFig.4(B),thesenlm 8-0HdG levelofhtheHFISO groupwas

sigliRcantlylowerthan thatoftheHFgroup,inwhichthe8-0HdGlevelwashigherthan

thatoftheCONgroup.

5.4ⅠIiseⅦssion

Obesity isconsideredtobethecauseofmetabolicsyndromesbecauseitcausesthe

accum ulationofviscerallipids,insulinresistance,increasedserum low-densitylipoprotein

(LDL)cholesterollevel,anddecreasedserum high-densitylipoprotein(m L)cholesterol

levels,whichareallcloselyconcemedwithcomplicationsofmetabolicsyndrome(74).

Severalauthorsreportedbenefitsofisoflavoneconsum ptiononimprovementofthesen凪

triglyceride(93,98)andonthepreventionofobesityanddiabetes(99,100).However,

negativeeffectsofisoflavoneshavealsobeenreported(101),suggestinganecessityto

determinetheeffectsofisoflavonesmoreprecisely.AlmostalloftheexperlmentS

concemedwiththesereportswerecarriedoutusinggenisteinoritsrelatedcompounds,

whicharedominantinsoybeanS,andusingdaidzeinandgemisteinasaglycones,but

detemi nationofthephysiologicalfunctionsofdaidzinandglycitin,whichareisoflavone

glycosidesandfoundinleavesofumpe soybeansaswellassoybeans,havenotyetbeen

fullydeterminedinC57BL/6Jmicewhicharesusceptibletodiet-hducedobesity,type2
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diabetes,andatherosclerosis.

BodyweightandfeedefFICiencywerelowerintheIqISOgroupthanintheHfgroup

aRerweek4ofthefeedingperiod(Fig.5.2).Thisphenomenonresembledthatinthe

previousreport,inwhichitwasreportedthatdaidzeincausesdepressioninfoodintakeas

wellasbodyweightinmiceaccompaniedleptinresistance(102,103),suggestingthat

daidzinmightdecreasedfoodintakeandbodyweightgain.However,thesuppressive

eaectsofdaidzin,aglucosideofdaidzein,onfoodintakeandbodyweightgainhavenot

yetbeenemi ed･Higherserumlep血 levelsintheHFgroupinthecomparisonwith

theCONgroupmayhaveindicatedthatbeingfedwiththehigh fatdietispronetocauset

leptinresistance(85).Retumofthelep血 levelintheHfISOgrouptothelevelofthe

CONgroupmaysuggestthatisoflavonemixtureisabletoimproveleptinresistance,

although itcan notbeexcludedthatthesuppressioneaectoftheisoflavonemixturefor

foodintakecausedalowerleveloftheleptin.Alowervisceraladiposetissueweightsin

theHflSOgroup,comparedtothoseintheHFgroup,maypartlybeduetoadecreasein

thefoodintake,andpartlyduetoregulationoflipidmetabolismbytheisoflavonemixture.

However,astheCPTactivitydidnotshowanysi酢i丘CantdifferencebetweentheliFand

W ISOgroups,andFASactivityshowedaratherhighervalueintheHFISOgroup(Table

2),thee飴ctsofisoflavonemixttweonvisceraladiposetissueweightsmaybenecessary

toirtvestigateinthefuture.

Itisknown thatahigh fatdietincreasesadiposetissue,whichisacrucialfactorinthe

developmentofobesity(65)･VisciraladiposetissueweightintheHmSOgroupshoweda

tendencytobedecreased(Table5･3),showingapossibilitythattheisoflavonemixturehad

activ吋 toinhibittheaccum uladonofadiposetissue.However,incontrasttovisceral

adiposetissue,serumTGandNEFAlevelsandliverlipidlevels,exceptW FA,didnot
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differbyasigmificantlevelbetweentheHfandHmSOgroups(Table5.3).Although

thereisareportinwhichtheserum triglyceridewasincreasedbysubcutaneous

administrationofgenisteinanddaidzeininrats(101),thereasonwhytheserumandliver

triglyceridelevelsdidnotdifferbetweentheHFandlqISOgroupsinthise甲eriment

maybenecessarytoinvestigateinfuture.An increaseintheliverNEFAlevelinthe

HFISOgroupmayindicatethattheisoflavonemiⅩturehasaweakactivitytopromote

lipidsynthesisasreported(101).SuppressioninthedecreaseintheHDL-Chollevelby

feedingtheisoflavonemi xture(HFISOgroup),resultinginadecreaseintheatherogemic

index,alsomaysuggestthatisoflavonemightbeconcemedwith reguladonoflipid,

metabolismaswellassuppressionoftheprogressofdiabetes.Nodifferenceinthefecal

excretionoflipidsbetweentheHF andHFISOgroups(Table5.5)indicatesthattheeffects

ofisoflavonemixtureonabsorptionoflipids&omtheintestinaltractmaybesmall,but

mayaffectlipidmetabolismbecausetheserumI{DL-ChollevelwashigherintheHFISO

groupthan intheHFgroup.

LowerHbAIcandfastingglucoselevels,andalowertendencyintheinsulinlevelinthe

HFISOgrouplnCOmParisonwiththeHFgroup,1nWhichthoselevelsintheHFgroupwas

higherthanthoseintheCONgroup(Fig.5,4,Fig.5.6)mayindicatethattheisoflavone

mixturewasabletosuppressprogressionofdiabetesinducedbyfeedingahigh fatdiet.It

wasalsoconsideredthatthefunctiOnoftheisoflavonemixturetoimproveleptin

resistance,notafunctiontodecreasefoodintake,mighthaveimproveddiabetesmarkers,

resultinglnmidgationinthediabetes.

IthasbeenreportedthatHbAIcandserum lep血 levelsareincreasedintype2diabetic

miceandthatdietarygenisteinanddaidzeinhasanactivitytonormalizeitsincrease,and

M er,tonormalizeplasmaandhepaticlipidlevels,suggestingthattheseisoflavones,in
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theform ofaglycone,areeffectivetoimprovediabetesandlipidlevels(93)･However,

thoseeffectsofdaidzinandglycitin,whichareglycosidesofdaidzeinandglycitein,

respectively,havenotyetbeenexaminedpreciselyinC57BL/6JmicefTedwithahigh fat

diet･Lowersenm 8-OHdGandhigherGSHlevelsintheHFISOgroupinthecomparison

withtheHFgroupmayalsosuggestthatgenerationofreactiveoxygenspecies(ROS),

whichareconcernedwith productionof8-OHdG;issuppressedbyfeedingofthe

isoflavonemixture,andthatROSiseBTICientlyscavengedbyaJltioxidantenzymes

necessaryGSHinitsaction.

Inthispresentreport,itwasdemonstratedthatthemixtureofdaidzinandglycitin,'

foundinleavesofmi pe soybeansaswellassoybeanS,isabletoimproveobesity,butits

e飴ctsmaybeweak,andtoimprovediabetes,leptinresistance,andhigheratherogenic

indexinducedbyahigh fatdiet,andfurther,toimproveoxidativestressshown asan

increaseof8-0HdG anddecreaseinGSH level.However,itmaybenecessaryto

investigatewhichisoflavoneismoreeffective.

5.5Sunnary

Theantil0beseanda血-diabeticeffectsofamixtureofdiadzinandGlycitin(isoflavone

mixture)wereexaminedinC57BL/6Jmicefedwithahigh fatdiet.Thebodyweight

gain,feedingeiEciencyandvisceraladiposetisPueweightofmicefedwiththehigh fat

dietwiththeisoflavonemixturefor92daystendedtobelowerthanthoseofmiceiTedwith

thehighfatdiet･Thesen凪 leptinandTNF-cllevelsshowedsiglifiCantlylowervaluesand

atendencytobeloweredintheisoflavonemixture一缶dmice,respecdvely,than thoseof

micefedwith thehigh fatdiet･Theliverglutathione(GSH)andserum 810HdGlevels

showedahigherandalowerlevelintheisoflavonemixture-fedmice.Furthermore,HbAIc
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andfastingbloodglucoselevelsshowedsigniflCantlylowerlevelsintheisoflavone

mixture-fedmicethanthoseofmicefTedwiththehighfatdiet･Theseresultssuggestthat

dietarydaidzinand/Orglycitinmaybeeffectivetoimprovediabetesthrough the

improvementofleptin-resistanceandoxidativestresscausedbyconsumptionofahigh-fat

dietforalongtime,andthatisoflavonemi xturemaybemoreeffectivetoimprove

diabetesratherthanobesity.

75



Table5.1Ingredientcompositionofthediet(%)

Consdtuent CON HF HfISO

Casein

α-Comstarcb

Sucrose

Cellulosepowder

Comoil

Tallow

Mineralmi xturel

vitaminmixture2

LCystine

Cholinebitartrate

Isoflavonemi xture

19.94

8

25

5

7

30

3.5

1

0.3

0.2

0.06

1AN-93G-MXand2AN193-ⅤⅩwerepurchased丘omCleaJapan(Tokyo,Japan)
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Fig.5.1.Chemicalstructuresoftheisoflavones

A:DaidzinB:Glyci血
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Fig.5.2.Effectsofdietaryisoflavonesonbodyweight

Eachvalueismeanj=SEM.n-617foreachgroup.Valueswithoutacommonletterdiffer

significantly(p <0.05)
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Eachvalueismean士SEM.n-517foreachgroup.Valueswithoutacommonletterdiffer
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Fig.5.4.EffectsofdietarylSOflavonesonthefastingbloodglucoselevels
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Table5.2.Effectsofdietaryisoflavonesonthetotalfoodintake,bodyweightgainand

feedefEciency

Dietaqgro呼 CON HF HFISO

Totalfoodintake(g) 455土10a 423士20ab 382士13b'

Bodyweightgain(g) 10.1士0.43b 16.8j=1.3a 15.0土1.22a

Feedefficiency(%)1 2.23土0.09b 4.00士0.30a 3.91j=0.26a'

Liver(%ofbodyweight) 3.54土0.05d' 3.38土0.06b 3.61土0.09

Kidney(%ofbodyweight) 0,652j=0.023 0.581土0.026 0.637土0.029

1(bodyweightgain(g)/foodintake(g)).Eachvalueisthemean tSEM.n-6-7foreach

group.valueswithoutacorm onletterdiffersigmificantlyb<0.05).'comparewithHF

group(0.05<p<0.1)
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glucosetoleranceTest

A:loadingwascarriedoutondays420fthefeedingperiodB:AUC(areaunderthecurve)･
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Table5.3.Effectsofdietaryisoflavonesontheserumlipidsandadipocytokinelevels

Dietarygroup CON HF HFISO

TC(mg/dL)

TG(mg/dL)

NEFA(mEq/dL)

HDL(mg/礼)

LDL(mg/dL)

A血eroge血cindex

A血ponec血 (ug血L)

那 Adiponectin(ug/niL)

Lep血 (ng/mL)

Insulin(pg/mL)

TNF-α(pg/mL)

106土3 112土7 117土7

50.8j=3.5a 38.1j=3.5b 46.Oj=5.2ab

0.686土0.035 0.719土0,033 0.717土0.033

91_,Oi9,.Oab 68,9土8,Ob 98,9土8._8a

43.1士7.5 49.7土6.6 23.3土7.9 *

0.301j:0.192b o.899土0.232a 0.212土0.085b

2.02主0.08 1.91士0.10 1.91土0,06

0,370iO.069 0.428iO.175 0.557j=0.093

13.3j=4.6b 81.08土26.8a 30.1土10.9ab'

148土68 344士72 290土57

18-1土7 252士75 174士16'

1((T-Chol-HDL-Chol)作mL-Chol)Eachvalueisthemean土 SEM.n-4-7foreachgroup.

valueswithoutacommonletterdiffersignificantlyQ'<0.05).'comparewithHFgroup

(0.05<p<0.1)
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Table5.4.EffectsofdietaryisoflavonesontheliverlipidlevelsandCPT,FASactivities

Dietarygroup CON HF HfISO

Totallipid(mg/gofliver)

TC(mg/gofliver)

TG(mg/gofliver)

PL(mg/gofliver)-

NEFA(mEq/mgorliver)

CPT(tmol/min/mgprotein)

FAS(umol/min/mgprotein)

85.6土3.2

2.71土0.24

42.3土2.9

16-.5土0.6-a

8.40土0.gob

0.708土0.039

1.93士0.20a

77.1土3.6

2.48土0.20

35.5土2.9

13.8土1.♂

7.52土0.98b

0.674土0.062

1.00iO.13b

84.1土3.3

2.72土0.18

35.6士2.8

15.5土0.♂

ll.8土1.7a

0.644土0.063

1.22士0.14b

Eachvalueisthemean 土 SEM.n-6-7foreachgroup.Valueswithoutacommonletter

differsigmificantly(p<0.05)

Table5.5.Effectsofdietaryisoflavonesonthefecalexcretionoflipids

Dietarygroup CON HF HFISO

Totallipid(mg/3daysofiTeces) 50.5j=2.1b 65.2j=4.8a 73.6j=3.3a

T-Chol(mg/3daysoffeces) 5.92iO.31 5.11j=0.59 5.97j=0.70

TG(mg/3daysoffeces) 1.30土0.19b 3.98士0.63a 3.38土0.63a

Totalbileacid(mg/3daysofBeces) o･89土0･07b l･75j=0･21a l･56j=0･18a

Eachvalueisthemean 土 SEM.A-6-7foreachgroup.ValueswithoutacorEmOnletter

differsigmificantlyb<0.05)･

85



5

4

3

2

ュ

0

(H
ut)D
SSD
'H
SD

GSH GSSG

Fig.5.7.EffectsofthedietaryisoflavonemixtureontheliverglutathionelevelsinC57BL

micefTedwiththelligh-fatdiet
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Summary

Soybeans(Glycinemax(L.)Merrill)Can provideimportantproteinsourcesandarean

importantpartofdietsworldwide.Thephysiologicalfunctionsofsoybe_anshavebeen

studied,butnointeresthasbeenpaidtotheutilizationofsoybeansleaves,especiallyfor

leavesofumipeJindai-soybean (Edamame,Glycinemax(L.)Merrill.'Jindai').

Jindai-soybeansarealocalvariety,cultivatedinShinjo,inYamagataPrefecture,Japan,

andtheunnpesoybeanSareconsum edasEdam am ein Japan.However,Leavesof

Jindai-soybean attheunnpe stagearediscardedwithoutbeingused.Therefore,theuseof

theleavesandtheirextractsandcomponentsasrawfoodmaterialsandfoodingredientsis

verylmPOrtant丘omthestandpointofthee氏cientuseofbio-resourcesandforprevemion

oflifestylediseasessuchasobesity anddiabetes.h this study,theisolationand

identificationofmajorflavonoidsinumpesoybeanleaves,andtheexaminationofleave

extracts,componentswerecarriedout.Thepurposewastodeterminetheactivitiesthat

preventdiabetesandobesityandtheiractionmechanism.

First,thepolyphenolicfractionofJindai-maneleaveswasextractedwith 70%

methanol(MeOH)at60-70oCunderreflux,andwasappliedtotheDiaion-exchangeresin

cohm .Theeluted丘actionB･omtheDiaiOncolum WaSthen加地er丘acdonatedthrough

variouschromatographictechniques,suchasSilicagelpartitionchromatography,gel

mtrationandhighperfomanceliquidchromatography,toisolateeachcompound.Isolated

polyphenolswerecharacterizedbylH-,13C-,1H-1H COSY-,1H-13ccosY-,DEPT-,

HMqC-,andHMBCINMR LC-MassandI℡LC.Severalflavonoids,isoflavonesand

･coumestanwereidenti丘ed.Majorflavonoidsinthekaempferolglycoside-richBaction
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Wereidentifiedaskaempfero13-0-β-I)-glucopyranosyl(1-2)-0-【α-L-rhamnopyranosyl

(1-6)]-β-D-galactopyranoside,kaempfero13-0-β-D-glucopyranosyl(1-2)-0-la-L

-rhamnopyranosyl(1-6)]-p-D-glucopyranoside,Kaempfero13-0-β-D-glucopyranosyl

(1-2)-β-D-galactopyranOSide,andkaempfTero1-3-0-(2,6-di-0-α-L-rha- opyranosyl)

-p-D-galactopyronoside･Theformer3Compotmdshadnotyetbeenreportedontheleaves

ofunripesoybeanS.

Second,theanti-diabeteseffectsofthekaempferolglycoside-rich丘action丘om

Jindai-m卑meleavesonXK-Aymicewerestudied.Asaresult,therewerenoslgmi丘Cant

differencesinbodyweightgainorbloodglucoseorsertm lipidlevelsamongthe

Kaempferol(K)-,KG-andbasaldiet-fedmice(each,K,KGandCONgroups).Theserum

lep血,adiponectin,HMW-adiponectinandinsulinlevelsalsodidnotdifferam ongtheK,

KGandCONgroups,TheHbAIclevelsmeasuredonday26duringthefeedingperiods

wereslgniRcantlylowerintheKandKGgroups,comparedwiththatoftheCONgroup.

TheliverTG;T-Chol,PLandNEFAlevelsweresignificantlylowerintheKandKG

groupsthanintheCONgroup.TheliverFASactivitywassigmiflCantlylowerintheKand

KGgroupsthan intheCONgroup,buttheCPTactivitiesdidnotdi飽ram ongthose3

groups.ComparingtheeffectsoftheRandKGgroups,nosigmificantdiBTerencesin

OGTT,HbAIclevel,serumandliverlipidlevelsbetweenmicefedwithkaempferolas

aglycon(K)andfedwithkaempferolglycoside-richfraction,suggeststhattheeffectsof

KGwasmainlyduetoanaglyconmoietyofkaempferolglycosideinKG,kaempferol.Itis

consideredthattheactivitiesofKandKGlowerhverlipidsandhaveatendencyto

improvediabetesbythesecompoundswaspartlyduetothesuppressionofFASactivity

byKandKG
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Tbirdly,theanti-obesity andanti-diabeticactivitiesofkaempferolglycoside-rich

fractionwereinvestigatedinC57BL/6Jmicefedwithahigh fatdietfor92days.The

visceraladiposetissueweightwaslowerintheKGgroupthan intheCONgroup･Fasting

bloodglucoseandHbAIclevelswerealsolowerintheKGgroup,suggestingthatKGis

availabletomitigateboth obesityanddiabetes.Thesen皿 leptin andinsulinlevels

increasedbyfeedingwithahigh fatdietinKandKGgroups,andrettmedtothelevelof

theCONgroupbyaddingRandKGtothediets.Thissuggeststhatboth thelephnand

insulinresistancethatmightbeinducedbythehigh~fatdietcouldbeimprovedbythe

dietaryKqandthattheanti･obeseandanti-diabeticactivitiesofKGmightberelatedto

itsregulationofleptinandinsulinlevels.

Fourth,theanti-obeseandanti-diabeticeffectsofamixtureofdaidzinandglycitin

(isoflavonemixture)wereexam inedinC57BL/6Jmicefedwithahigh fatdiet.Thebody

weightgain,feedingefrlCiencyandvisceraladiposetissueweightofmicefedwiththe

high fatdietwiththeisoflavonemixttwefor92daystendedtobelowerthanthoseofmice

fedwiththehighfatdiet.TheserumleptinlevelsshowedsigmiflC弧tlylowervaluesand

TW -αtendedtobelowintheisoflavonemixture-fTedmicethan themicefedwith the

high fatdiet.Theliverreduced-formglutathione(GSH)andsen凪 8-0HdGlevelsshowed

ahigherandalowerlevelintheisoflavonemixture-fTedmice,respectively.Furthermore,

HbAIcandfastingbloodglucoselevelsshowedsignificantlylowerlevelsintheisoflavone

mixttwe-fedmicethanthoseofthemicefTedwith thehigh fatdiet.Theseresultssuggest

thatdietarydaidzinand/orglycitinmayimprovediabetesthrough theimprovementof

leptin-resistanceandoxidativestresscausedbyconstmptionofahigh-fatdietforalong
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time,andthatanisoflavonemixturemaybemoreeffTectivetoimprovediabetesratherthan

obesity.

From theseresults,itisindicatedthatleavesofunripe Jindai-soybean (Edamame,

Glycinemax.L.Merrill.'Jindai')contain4defererlttypesofkaempfTerolglycosidesas

majorflavonoids,aswellasisoflavonessuchasdaidzinandglycitin.Theseflavonoids

haveactivitiesthatmitigateobesityanddiabetesinobesemicethatinducedwithbeingfed

withahigh fatdietandintype2diabetesmice.Theseresultsshowedthepossibilitythat

theutilizedEdamameleavesanditscomponentscanbeusedasfunctionalfoodthat

preventdiseases.
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