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SUMMARY

I. Title

Development of weight-control foods using plants with carbohydrate-

and/or lipid-digesting enzyme inhibitory activities

. Objective and Significance

This study was performed to screen potential food materials with
carbohydrate~ and/or lipid-digesting enzyme inhibitors from agricultural

products and to develop those materials into the weight~control foods

ITII. Contents and Scope

1. Screening of agricultural products with inhibitory activity against
carbohydrate-digesting enzymes
o Evaluation of a-glucosidase, a-amylase-inhibitory activities of
agricultural products with in vitro assay system
o Confirm the weight control efficacy of selected raw food materials
in animal models

o Isolation and identification of active compounds

2. Screening of agricultural products with inhibitory activity against
lipid—digesting enzyme

o Evaluation of lipase~-inhibitory activities of agricultural products



with in vitro assay system
o Confirm the weight control efficacy of selected raw food materials
through animal and human studies

0 Isolatioq and identification of active compounds

3. Development of weight~-control drinks using raw food materials with
lipase~inhibitory activity
o Determine optimum formula for ingredients including plant extract,
sweetener etc.

o Storage stability of final product

4. Preparation of mayonnaise containing plant extract with lipase
inhibitory activity
0 Determine optimum content of plant extract in mayonnaise through

sensory evaluation

IV. Major results and Recommendation

1. The preliminary in vitro screening for digestive enzyme inhibitory
activity using about 300 kinds of agricultural products including wild
herbs and food materials showed that methanol extracts from
Adenophora tryphilla and Morus bombysis had relatively strong a
—glucosidase inhibitory activity. Adenophora tryphilla was subjected to
solvent fractionation and its water-soluble fraction was strongest in

inhibitory activity against the enzyme. Feeding rats with diet containing



2 or 5% the powders of Adenophora tryphilla, Codonopsis lanceolata, or
Adeophora rimotiflora at 10% level in diet caused about 10% reduction in
body weight compared to control group, suggesting their potential as

anti~diabetic or anti-obesity measures.

2. The dry powders of Lonicera japonica and Epomedium koreanum
which showed strong inhibitory activity against porcine pancreatic a
-amylase caused a significant suppression in weight gain of rats. The
active component(s) of Lonicera japonica appeared to be concentrated in
ethylacetate solvent fraction. Luteolin was confirmed to be a main

compound responsible for inhibition of porcine pancreatic a-amylase.

3. The plants shown relatively strong inhibitory activity against
porcine pancreatic lipase include Dioscorea nipponica, Lysimachia
davurica, Petasites japonicus, Polymni sonchifolia (leaves), Veronica
rotundavar, Petasites japonicus, Anemarrhena asphodeloides, Aralia
continentalis (seed), Geranium sibiricum with ICs values lower than
0.05 mg/mL. Additional food materials that are commonly consumed were
tested for inhibitory activity against lipase. Methanol extracts of Coix
lachryma~-jobi and Trapa japonica Flerov. showed the strongest inhibitory
activity against the enzyme. However, feeding rats with diét containing 5
or 10% of the flour of Coix lachryma-jobi did not inhibit weight gain
compared to control group while Trapa japonica Flerov. had some effect

on body weight gain and lipid metabolism in ICR mice.



4. Diet containing 5% Dioscorea nipponica powder had a significant
effect on weight control in rats and it also improved plasma lipid profile,
suggesting the potential of the plant or its extract as anti-obesity and

anti~hyperlipidemic measures.

0. We isolated dioscin, diosgenin, gracillin, prosapogenin A and C from
Dioscorea nipponica as active components with strong inhibitory activity

against lipase.

6. The components with lipase-inhibitory activity was most efficiently
extracted with 80% (v/v) or higher aqueous ethanol solution from

Dioscorea nipponica.

7. The powder from Dioscorea nipponica was made _into pill and used
for human efficacy study. Thirty subjects were recruited for human
study, followed by division into control and experimental groups where
each group was assigned with 15 subjects. Total 21 subjects completed
the study including 9 in placebo group and 12 in treatment group.
Percentage of subjects who lost body weight was higher in treatment
group than placebo group, suggesting weight control effect of Dioscorea

nipponica.

8. Drink for weight control was developed using concentrate made from
extraction with 80% ethanol extract of Dioscorea nipponica. The

formulation established for the drink through sensory evaluation is as



follows; extract of D. nipponica 05%, HFCS 129, citrate 0.05%, vitamin
C 0.02%. The refractive index and acidity of the product were 12.7 and

0.08, respectively.

9. Mayonnaise, one of the high-fat foods, was prepared using the
aqueous ethanol extract of Dioscorea nipponica. The maximum content
of the herb extract in mayonnaise which does not affect sensory quality

was 0.1%.
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Table 1. Samples used in this study

Scientific name

Korean

<common name

Scientific name

Korean

common name

Acanthopanax sessiliflorus L@ (B ))x Aralia continentalis S8
(frutes) leaves)
Acanthopanax sessiliflorus Szl Ardlia continentalis E8(H)
(leaves) (seed)
Achillea sibirica Ledeb 5 Aralia elata (leaves) 5
Achyranthes japonica HEE(RA Arctium lappa (A4
(aerial) {aerial)
Aconitum carmichaeli 3zt Arisaema amurense g3 (g
(frutes)
Acorus calamus (leaves) FE(S Artemisia capillaris ALH &
Actinidia arguta Planch The(sl) Artemisia keiskeana g2u&
(leaves)
Adenophora triphylla (root) e Artemisia melini G A71(X]8)
: (aerial)
Agastache rugosa (aerial}) 2T F/AA) Artem(isia glr;inceps FEEN
aeri
Agrimonia pilosa FAGE Artemissiae capillaris A7)
leaves)
Akebia quinata S E() Aruncus dioicus i R
Dence(leaves)
Allium senescens (aerial) Fol¥F(FF/ARY  Asparagi Tuber HEF
Allium thunbergi N Asparagus gyl
oligoclonos
Allium tuberosum 2 Asparagus il P
oligoclonos Muax (F7))
Allium victorialis (root) AekE () Aster scaber 3
Althaea rosea HAE Aster tataricus 7Rl 3
Aneilema keisak 22 (Z2A) Astragalus 37)
membranaceus
Anemarrhena asphodeloides A5 Atractylodes japonica A5
Angelica autiloba (leaves) dFAEA Belamcanda chinensis 3 =)
(frutes)
Angelica dahurica o Campsis grandiflora  523H3%)
leaves)
Angelica gigas 33 Canavalia gladiata 253 (EF/%)
(aerial) 4
Angelica gigas (frutes) FAE ) Canavalia gladiota  A5-3(E+})
{frutes)
Angelica gigas (leaves) ZFAD Caragana sinica =
Angelica tenuissima IR Cassia tora 274}
Agquilegia buergeriana G ZCEFAD Cassia tora (seed) ZF3HH)
Aralia continentalis (frutes) E8(E Cassize Semen A4

"Herbs represent the part used in this

were used

study, otherwise, whole herbs



(Continued)

Scientific name

Korean
common name

Cedrela sinensis (leaves)
Chelidonium majus

Chloranthus japonicus (aerial)

Chrysanthemum boreale
Chrysanthemum cinerariae

Chrysanthemum indicum
(aerial)

Chrysanthemum zawadskii
Cichorium intybus

Cirsium japonicum
Cnidium officinale (aerial)

Codonopsis pilosula (aerial)
Coix lacryma-jobi (aerial)
Commelina communis (flower)

Commelina communis
(leaves)

Convallaria keiskei

Convallaria keiskei (root)

Cyperi rotundus
Cyperi rotundus (seed)

Dendrobium moniliforme

Dianthus chinensis

Dianthus superbus (aerial)

Dictamnus dasycarpus

Dioscorea batatas (leaves)

Dioscorea nipponica (root)

Disporum sessile subsp

Duchesnea chrysantha (aerial)
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FopEU(RD)
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Scientific name . ;Elof;ﬁe
Ecinopsis setifer AZY
Elshoitzia splendes 284
Epomedium koreanum MAFEE
(aerial) (A7)
Equisetum hyemale 24
Euphorbia pekinensis =
Euphorbia pekinensis =)
(leaves)
Ficus carica 535t3
Ficus carica (leaves) 33 ()
Foeniculi vulgare 23R
(aerial)
Foeniculum vulgare 3] gH (A A)
(aerial)
Forsythiae Fructus A EE
Galium verum e
Geranium sibiricum FHEolF

Geranium sibiricum  FHE]E XA

(aerial)
Geum japonicum W 5 (4 oF vl /%)
(aerial) 3
Glycyrrhizae (2
Radix(seed)
Glycyrrhizae uralensis Az

gondrea (aerial)

Gossypium indicum 53H(Y)
(leaves)
Gymnaster koraiensis EROR
Gynostemma Eo(h)
pentaphylium (leaves)
Hemerocallis fulva o454
Hemerocallis fulva AFEEEE)
(root)
Hemerocallis fulva var. I
Hemerocallis EdFY
lilioasphodelus
Hemerocallis 3459
lilioasphodelus(root) (2a))




(Continued)

Scientific name

Korean common

Scientific name

Korean common

name name
Hibiscus manihot (aerial) GE(X4)  Liriope platyphylia (leaves) BEEF(H)
Hibiscus manihot (flowers) =$E(E) Liriope platyphylla (whole)  HE&(H%x)
Hibiscus manihot (frutes) 9Z(dwl)  Lonicera japonica (aerial) Q15 (A)4)
Hibiscus manihot (leaves) GE(d) Lonicera japonica (frutes) A5 (b
Hibiscus manihot (whole) =% Lotus corniculatus H x- o)
Hibiscus mutabilis re Lycium chinense (aerial) TF71AHA )
Hosta lancifolia (leaves) 22238 Lycium chinense (frutes) F7)2AHE =)
Hosta plantaginea 273} Lycium chinense (leaves) T2 )
Houttuynia cordata (aerial) <™ (X4 Lysimachia barystachys 7 =B (X A)
(aerial)
Impatiens textori (gerial)  Z2X(4H) Lysimachia davurica FEE
Inula britannica (aerial) FEZAAD Iythrum anceps RAE
Inula helenium B Menispermum dauricum N EAEZ(AA)
(aerial)
Inula helenium(root) (R e]) Mentha arvensis uh3}h
Iris koreana A% Menthae Herba 7R et (57
Iris pallassii (leaves) EFRE(Q) Metaplexis japonica w3 7 e (R4
(aerial)
Iris sanguinea Hornem ra Morus bombysis (leaves) AHELUE (YD)
Ixeridium dentatum &ukA Qenothera odorata
Ixeris dentata (whole) 8l A(AR)  Osmunda japonica (aerial) ZLB|(A7]/A44)
Jasminum nudiflorum AE3HAE) Ostericum koreanum g
(aerial)
Leonurus sibiricus Aw Paeonia suffruticosa 23
Leonurus sibiricus (aerial) R Z(A4) Paeonia suffruticosa EIHE)
(flower)
Ligularia fischeri (leaves) ®#H(Z23/9) Patarinia scabiosaefolia u}e}z]
Ligusticum chuanxiong EXZ Patrinia villosa =7
Lilium leichtlinii Fua Perilla frutescens b
Lilium tigrinum e (ag) Persicaria filiformis o)At o] (XA
(aerial)
Liriope platyphylla (frures) —SHEZ(g+)) Petasites japonicus w ¢




Korean common

(Continued)

Py Korean common s e
Scientific name name Scientific name name
Peucedanum japonicum 2 kg Rubus crataegifolius Abg 7}

! AN EIE(Y) Rumex acetocella ey ¢4
R

Peucedanum japonicum

(leaves)
Physalis alkekengi = 2]
Physalis alkekengi (leaves) Ha(d) Ruta graveolens (aerial)
Phytolacca americana v = 2bE] F Salvia plebeia WX}z 7]
(aerial) (A7)
Pimpinella brachycarpa AYE Sanguis?rbadoﬁ”icinalis 2 ERAY)
see
Plantago asiatica d7 e Saururus chinensis Az
Plantago asiatica (aerial) A7 N4 Schisandra chinensis A (g
(leaves)
Plantago asiatica (seed) AR A Scilla chinensis (aerial) T &(A4)
Platycodon grandiflorum A Scilla chinensis (seed) T2
Polygonatum sibiricum S Scutellaria baicalensis FF(HA)
(leaves) (%) (aerial)
Polygonatum sibiricum —}rﬂ]w— il Sedum aizoon e Az
(root) (&
Polygonatum stenophylium %%‘(l’r‘iﬂ) Sedum kamtschaticum Z1d 2 (X4
(root) (aerial)
Polygonum multifiorum stEQ Sedum 1?amts)c/uticum ANAEE)
root
Polygonum multiflorum st e(9l) Sedum sarmentosum EUE
(leaves)

Polymni sonchifolia (leaves) oF (YY) Sedum spectrabile £39 v &
Potentilla discolor R ks Selaginella tamariscina BHERZR)
Pteridium aquilinum A ] Sophora flavescens 4

Pulsatilla koreana kgt Symphytum officinale Hg
Rehmanniae glutinosa 2 &) Symphytum officinale (root) g L]
(leaves)
Reynoutria elliptica (leaves) 33 T2(Y)  Syneilesis palmata (aerial) $AN}E(RA)
Reynoutria elliptica (leaves) — Z733(9) Taraxacum platicarpum NEH (A4
(aerial)
Reynoutria elliptica (root)  Z32(¥g)) Trachelospermum njpakZ
asiaticum
Rheurn undelatum (leaves) a(el) Veronica linariaefolia
Rhodea japonica (leaves) Veronica rotundavar AnaEE
ey Viola mandshurica A Z

Rumex crispus
+EA )

Rhododendron mucronulatum



(Continued)

Scientific name

Korean common
name

N Korean common
Scientific name

Viola mandshurica(aerial)
Vitis coignetiae (leaves)
Washabia japonica (aerial)

Washabia japonica (leaves)

Xanthium strumarium

AR E )
o #(2)
AR (14)
AZR(3D)

=m)

name
Zanthoxylum schinifolium =
Zanthoxylum schinifolium ArE(9)
(leaves)
Zingiber mioga 3}
Zizyphus jujuba (frutes) T (@w)




Table 2. Foodstuffs used in this study

Korean Korean
Scientific name common Scientific name common
name name
Allium tuberosum Roth. B-%  Phaseolus angularis 4
Bean paste ¥%  Phaseolus radiatus L. =5
Camelia japonica (oil) SWH  Phellinus lintwus Asw Al
Capsicum annuum 3%  Phellodendri Cortex R
Phyllostachys
. gz ) %
Chrorella sp. g} bambusoides 2ol
. H=3  Phyllostachys
11 A ! Q
Chunggukijang (yellow) (®e}) bambusoides (leaves) o
2] & A}
Chungkukjang (water extract) ,:oi %, . Pisum sativum L INN. ST
(BEx2E)
Coxi lachryma-jobi var. &%  Porphyra tenera = el
Cucurbita moschata Duchene Rl Setaria italica (L.) x
Beauv.
Ephedrae sinica et Sorghum bicolor PN
Moench
Fagopryum esculentum o= Soy sauce 2
Moench
Glycine max {(black) Z(Z®) Soybean curd 5
Glycine max (L.) Merrill ZvE  Soybean milk 5
Glycine max (soy flour) Z(ME) Taraxacum platycarpum =EFg] A
. Trapa japonica =
(A ) 2=
Green soybean = (A H) FLEROV 3
Laminaria o] & Tricholoma masutake Aol Al
Letinus edoes Z#AH  Waxy barley AR )
Qenanthe javanica (Blume) DC.  ®\v8]  Waxy brown rice o)z
Oryza sativa (black rice) el o Yakkong o+
Oryza sativa L. il Yangdae-kong G

Oryza sativa (waxy).




A28 d73E L3as AL FH

1. a-Glucosidase A3 T4 =3

TES &% HAgdA RulEe dFgEagiise 4FY a
-glucosidase™ Kim % (2000a)¥} Watanabe (1997) 5o] AF§3 9o w
2, 712 24 p-nitrophenyl-a-D-glucopyranoside® Al&3t1, &4 dozE=
A% a-glucosidase®} rat intestinal powder (Sigma I 1630)2 88 F&3d}
A Zg a-glucosidaseE ©)&3te] foivtS ¥ dix2F (4A0)FH YA
=l ol ¥EAIZl Mo FRE MIHAAE BESY

of &

[¢3

=9 A&

0
ol

o
ml
B
)
2
ik

= g4 A=ZE HrFskd o £, rat intestinal a-glucosidase
x9S 02% bovine serum albumin® 0.02% NaNs& ##3sh+= 0.1IM <)

fFH(pH 7.0 07 U/mL’t =HEE sttt Rat intestinal a
—glucosidase &AL 100 mg9 rat intestinal powderE 0.9% NaCl€9 3
mLe] 7}&te] ice bathellA 30%%F 123] sonicationst] &4AE FEF3}1,
10,000gll A1 30&37F AR std Az on, FFAE TLAHEY =
Ao AF23EAT} (Asano 1996; Oki et al. 1999). 712 p-nitrophenyl-a
-D-glucopyranoside (Sigma N 1377)& 0.1M <2tgF 9 (pH 7.0)o] 5 mM
TR fEste AbEE AT &4 50 ulet AMEFEE (W2 B¢
Zo] AFg3g £0) 10 uLE 96-well plated] ¥ 3 405 nmolA T2 =5
F3l (A at time=0), 583 A2 ¥ & 7]2S 50 ul 7tetar 4
A F A 405 nmollA FFE (A at time=5 min)&
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TA2EY A= (%) = (AAo - AA)/AA0 x 100
Ao NRE H7teHA @& dxde 35 W

AA NERH7ME T3 = st



2. a-Amylase A|EAH =4

A2 9] a-amylase A& &AL Lorentz (1983)7F 7423 H¥e o4
o, 32902 HA9 HA amylase (Sigma A3176; 1000)E AtLstm
71424 5 mM p-nitrophenyl-a-D-maltohexaoside (Sigma 73681)& o] &

s m2BYE AT 3 E2E 10 mM 9N @2 g

oo

ol
-

FHZPPES FASA FARPon, vx TIRSAZNES PO
el S

3. Lipase A3 &4 =3

Lipase Asi&4de = A% mhe 71424  4-methylumbelliferyl
oleate (4-MU)E AM&3te] #713l9ith (Kawaguchi 5 1997). &, % 200
uL.e] ®g-Ho] 100 ul 0.1 mM 4-MU oleate$} 60 ul. Mcllvaline $+3% o
(01 M citrate-Na;HPOy, pH 7.4), 10 uL A 8882 &3, #73 lipase
30 uL (0.03 )& 7tgo2M wee AR 37°CA A 1587 e A
1 ¥ 1 mL9 01 N HCl §45% 2 mL 0.1 M sodium citrate® 37}
&< F8AZY Lipased st $2¥® 4-methylumbelliferones 3 %
FEA (Ex320/Em450nm)oll A =435kt Lipase AABAL b Aaka
o olsted A&t 3iTh

AV

&=

Lan

% AL = (A-B)/A x 100
Al NEE HIMSHA] E%S W dFdx

B: N&8E A7t de d334x



A3Ad FAJAFE] 9 +x A4

A5 He& FZEE dichloromethane, ethylacetate, butanol, &
2 AEAoz &9 RAARTY. 5, SR GolA B 4 ®L Y2
|l & gt Aetd 49 ZE2vEaYAE FPe 3 oM o
g

g#& A=} bioassay-guided chromatographic fractionation (T

=
_6-0

o

- 2
O =

column chromatography, HPLC)S S 333t AZTHog Rad &
e 2gssts 48¢ FESEA UV, Mass, IR, 'H-NMR, “C-NMR
52 AII|7NE o) &t AL 2HEHS BHFoRA FgTRE BA
o

Awkef lipase A ARz 2 Ao Fd8 2 dioscing
AHA B2 Evaporative Light Scattering Detector (ELSD) (Model 800,
Alitech)7} #&2tel HPLC (Jasco PU1S80)E AM&3ste 833t gict. ojm A}
€% column® Capcell Pak C18 (Shiseido)olle®, o]E4<& 60%
acetonitrile® #% 05 mL#4 elution AR AEE 20 ul FY3FA

03:
o,

o,

A4d FELF S T It &4 Ht

AAH in vitro BALPANN Rojd BHAS EYZ o FITUYS
ot &AEY B S WA Ao ALY TEE C57BL6 A A
# (mouse, 4F%) T Sprague-Dawley (SD)A £& # (rat, AF 200~
250g)E FTHRHUPTEAH (F5, S9)A FUd9 ALsdc Aw
cage? 1 vtE]¥ Hof A AKsHon, AR 2R 24:2°C, 58
50£10% 2 stgen, 12Nz pAew #F7E 2FIAT (HEAH

07:00~19:00). 54 d¥& AYstae AT EF Holg AFA4



A& ALSIh AL AV =289e wWE 1FYW Chow (Purina
Korea)& 3F3te] 3 87he Fglor, 49 4olg 6~107% 74
th HoldARE 39U Ao EHIPen, MEL 7Y NFLR B=d

Atk NEe PulwEs WA ASH 498 Ao dEAQY Aol
2 gANA BAe AHsa,

2 =
, H23 (epididymis), 1% W (perirenal), A 3|% (inguen)el

A ANRAE Sds AASd AR ZRIAT (Vedua 5

2
oX,
fle

& 8% X223, T4, 2y 292, LDL-E92HE, HDL-Zd 2
ke AL kit (Sigma)E AL L3 2¥og A3k

w28 e FEEAEY WY S(glucose tolerance)d H7Felr) 3t
o oral glucose tolerance test® Faatgdrh F&4 AE 1g2 5 mlY =
Faol &3sta, drld F238k9 dqdelAlHclE & (10 mg) £+ ¢4
ETEA AcarboseE E¥ste] Z AEAIZ vhg, AP T GAT LA
FdLE §178 2 45 (db/db mouse) AF 1 kg? 5 mLE F75F
3L 30 & 60% VAR me AN B AAEFE 22

Mg thg, @FFEE glucose oxidase W o2 =H3 4t} (Sigma kit).



Table 3. Composition of experimental diets (g/kg diet) for
anti-obesity study of Adenophora triphylla

Group
Diet ingredients Control 2% 5%
(0%) Adenophora Adenophora
triphylla triphylla

Corn starch 600 596.0 590.0
(carbohydrate from Adenophora (4.0) (10.0)
triphylia)

Casein 200 197.7 194.1
(protein from Adenophora triphylla) (2.3) (5.9)
Corn oil 100 98.7 96.7
(fat from Adenophora triphylla ) (1.3) (3.3)
Cellulose 50 39.6 24.1
(fiber from Adenophora triphylia) (10.4) (25.9)
Vitamin mixture 10 10 10
Mineral mixture 40 38.1 35.2
(ash from Adenophora triphylia) (1.9) (4.8)
Choline 2 2

Methionine 3 3

Powdered Adenophora triphylla’ 0 20 50

"Diet composition was adjusted based on results from chemical analysis
of the sample.



Table 4. Composition of experimental high-fat diets (g/kg diet) for
anti-obesity study of Coix lachryma-jobi (Job's tear)

Group
Diet ingredients Control 5% Coix 10% Coix
(0%) lachryma-jobi lachryma-jobi

Beef tallow 400 397.3 394.6

(fat from Job’s tear) 2.7 (5.4)
Casein 300 293.3 286.5

(protein from Job's tear) (6.7) (13.5)
Corn starch 100 67.0 339

(carbohydrate from Job’s tear) (33.0) (66.1)
Sugar 100 100 100
Cellulose 50 48.8 475

(fiber from Job's tear) (1.2) (25)
Vitamin mixture 10 10 10
Mineral mixture 35 335 32.0
(ash from Job’s tear) (1.5) (3.0)
Choline 2 2 2
Methionine 3 3 3
Job's tear powder” 0 50 100

"Diet composition was adjusted based on results from chemical analysis
of the sample.



Table 5. Composition of experimental high-fat diets (g/kg diet) for
anti-obesity study of Dioscorea nipponica using SD rats

Component Control 2% DN 5% DN

g per kg of diet

Beef tallow 400 400 400
Casein 300 300 300
Starch 100 84.3 60.8
Sugar 100 100 100

Cellulose 50 457 39.2
Vitamin mixture 10 10 10
Mineral mixture 35 35 35

Choline 2 2 2

Methionine 3 3 3

Dzosco;gilv éléfpomca 0 20 50

Diet composition was adjusted based on results from chemical analysis
of the sample.



FAut A2 dioscin® diosgenin® XA A3 FF ANAEE AF
40g9 ¥4 ICR mouseE o] &3ty A5 4t F moused sHELF
2AA2 g, v AZE lipid+A 8 emulsiong 77 F9st1 0, 05, 1, 2,
3, 4AZE Fol mE] Aol AL Hslo] Triglyceride E-test kit
(Sigma)& o] &3t EF FHAY FE& FAFo2N A T4+ ZEE
Bt d o olw lipid emulsion® 6 mL

mg cholesteryl oleate, 6 mL A& A A+, A& (dioscin® diosgenin) &
do] Alzxs At

ol

L4224 718 80 mg cholic acid, 2

ahel Zbed BAFINY APS 2AS 2097 blind

2
Advith & AF7#E FEstd AFH AANGEFS 3 AT F F9e
W, Fagol LA AA AP F G (subject)= AP HHE SHAA
< Bioimpedance analyzer (Tanica, YE)& A&t =435}
Ak HRIS AE Ee 949 A48 @ ARFAE FANES
S ARAR A - Fo @xle] AFAH} AFSE FAHFY ADLFAF
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FAA%, HDL-Z#d2HE, FIAik(free fatty acids, FFA),
GOT(glutamate oxaloacetate transaminase), GPT(glutamate pyruvate

transaminase) &A%< kit (Sigma, USA) AF&3tod =334,

A6d Asx4 & AF ML
1. AFx28 &5 M2
7b. 37 Fexd9 AA
AFgzAad7t M 2d RAuE ZAE5E A4 AR T2
AZ(AE gasdard A)sis 22siste, st w59 e &
9] lipased A& ol 7t & AaE

=
=8 2ASAY #HF F& dgEFmolA dFeE ARE Axstxn

Hautel 80% oA©E FEEH 4, 1AT, 744, HER C & 9
&3te] Bu gigtddez oz FAE A BSHAE FIY FHF
e & AARAT FEAES AN Lo EsATE wT
o2 13 4A&FS FAv F2E 05g°] FFHHALEF skt

L= TP ! i o B I

AZE2EAL 239 AR AP L Hrslr] 9Ystd £7]/(100ml, 9%
Fg2g 87D 82 Hol autoclave (Vision, g=)olA 95T, 1683+ A
3 A zdo) wet 37 2o Uyro Ayt &, EAn FE2E

ruln
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A AREF ddHoz e vlolayzg 2 AEoz Aty FA
&3 HEST. volavlz9 24 Table 63 2ov, 988 2
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W& --> 287 beating —-> 23, A¥ H7} --> 827} beating -->
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1#%t beating ~-—— &3 --> A



Table 6. Formula of mayonnaise containing different level of
Dioscorea extract

Dioscorea extract, %
Ingredients

0 0.1 0.3 05 1.0

Soybean oil, mL 79.17 79.07 78.87 78.67 78.17

Egg yolk, g 14.17 14.17 14.17 14.17 14.17
Sugar, g 1.67 167 1.67 1.67 1.67
Salt, g 117 117 1.17 1.17 1.17

Vinegar, mL 3.83 3.83 3.83 3.83 3.83

Dioscorea extract,

0.00 0.10 0.30 0.50 1.00
g
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LASFEES] 5884882 AHTA
7t. a-Glucosidase A3l &4

B AFNA AEE AEE 30049Fo2 A oA FxANEF £ AR
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AR WEE& FFEZL dimethylsulfoxide (DMSO)&uld 5 mg/ml 3%

2 &A1 O, A7) Wdog #Ho AFoA F53 a-glucosidase,

A# e a-amylase &40 g AEH L SA}AY. dFE Agst

a-glucosidase & & A i &4 ol gl o,  AREUF o3 Fdrt o«

~glucosidase A &0l 7H & RAoz Uext oEL FEAE Ao
2 vewt (Fig. D

, 2R oA a-glucosidase A 334 o)
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2 a-glucosidase EAEAS A3 st AL
E AgFEES LI ZAx

7

Hir

A veEbsttt (Fig.2). Asano $(2000)& @) 2RE B-glucosidaseE
At E242A nojirimycin A9 arabinitol,  2R,5R-bis
(hydroxymethyl)-3R 4R-dihydroxypyrrolidine 52 ®#3 v} o ughA
T Al a-glucosidase AHEAH S B AL o] HEEY 7tedol =

o},
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Fig. 1. Dose-dependent inhibition of rat intestinal a-glucosidase
(AG) activity by Adenophora triphylla and Morus bombysis
extract. Mean+S.D. (n=3).
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Fig. 2. a-Glucosidase-inhibitory activities of solvent fractions of
Adenophora triphylla. Bar represents mean=S.D. (n=3).

Y. In vitroA a-amylase, sucrase, isomaltase A 384
2 PN @3 E4sdA A4 HES A7 AATER (&

%, Epomedium koreanum Nakai)®t M2}z 7)(Salvia plebeia), &3}

—_

%%, Lonicera japonica Thunb)7} a-amylase A3 &40 718 =& A
L2 vegut AAFEx, Wxr], F£5 vge 222 05 mg/l ¥
=X A A% a-amylase TAEHE 72} 861, 622, 84.0%E A 33
AR YERH olF AATHES 28 AR FEY ZaAHBHLS
Fig. 3% 40] UEld v} Zo] 5o &0z ATAHL Asls Ao
Z Jegt ¥ATEE} #28 £329 ICo= 247 01, 02 mg/mLol
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Fig. 3. Inhibition of a-amylase by methanol extract of Epomedium
koreanum.
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Fig. 4. Inhibition of a~amylase by ethylacetate fraction of Lonicera
japonica methanol extract.
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Table 7. Inhibitory activities of medicinal herb extracts against rat
intestinal a-glucosidase and porcine pancreatic a-amylase

. a-Glucosidase d-Amylase
Scientific name inhibitory activity |inhibitory activity
(%) (%)
Acanthopanax sessiliflorus (frutes) 13 -6
Acanthopanax sessiliflorus (leaves) -2 -32
Achillea sibirica -10 -58
Achyranthes japonica (aerial) -29 -42
Aconitium carmichaehi -14 -42
Acorus calamus (leaves) -47 -97
Actinidia arguta (leaves) -12 -60
Adenophora triphylla (root) 76 -24
Agastache rugosa (aerial) =31 14
Agrimonia pilosa -17 -17
Akebia quinata (leaves) -38 19
Allium senescens (aerial) 3 -51
Allium thunbergi -11 -39
Allium tuberosum -4 -56
Allium victorialis (root) 4 -2
Althaea rosea ~15 -50
Aneilema keisak 11 -32
Anemarrhena asphodeloides -40 =75
Angelica autiloba -3 -39
Angelica dahurica 10 -33
Angelica gigas -11 -13
Angelica gigas (frutes) -5 -23
Angelica gigas (leaves) -33 -81
Angelica tenuissima 7 -45
Aquilegia buergeriana -21 8
Aralia continentalis (frutes) -2 -43




(Continued)

) 0-Glucosidase d-Amylase
Scientific name inhibitory activity |inhibitory activity
(%) (%)
Aralia continentalis (leaves) -7 -48
Aralia continentalis (seed) 15 -52
Aralia elata (leaves) -7 -14
Arctium lappa (aerial) -33 ~73
Arisaema amurense (frutes) -4 -37
Artemisia capillaris -19 ~54
Artemisia keiskeana -36 8
Artemisia melini (gerial) -32 23
Artemisia princeps (aerial) -13 -55
Artemissiae capillaris (leques) ~-16 =27
Aruncus dioicus =27 13
Asparagi Tuber 21 =37
Asparagus oligoclonos 7 -29
Asparagus oligoclonos Max -3 -91
Aster scaber -28 -50
Aster tataricus 3 -62
Astragalus membranaceus -5 -4]
Atractylodes japonica =25 =27
Belamcanda chinensis (frutes) -108 -63
Campsis grandiflora (leaves) -34 49
Canavalia gladiata (aerial) =23 -27
Canavadlia gladiata (frutes) 10 -30
Caragana sinica -4 -34
Cassia tora 5 -30
Cassia tora (seed) -29 -88
Cassiae Semen -10 ~30




(Continued)

. a-Glucosidase 0-Amylase
Scientific name inhibitory activity {inhibitory activity
(%) (%)
Cedrela sinensis (leaves) -23 5
Chelidonium majus -23 -6
Chloranthus japonicus (aerial) -11 -51
Chrysanthemum boreale -26 12
Chrysanthermmum cinerariae -1 -59
Chrysanthemum indicum (aerial) -26 -36
Chrysanthemum zawadskii -21 -54
Cichorium intybus =22 -94
Cirsium japonicum -55 ~-47
Cnidii officinale (aerial) -13 -52
Codonopsis pilosula (aerial) =50 43
Coix lacryma-jobi (aerial) -38 -36
Commelina communis (flower) -4 -28
Commelina communis (leaves) -14 -35
Convallaria keiskei 12 -21
Convallaria keiskei (root) 21 -22
Cyperi rotundus -3 -47
Cyperi rotundus (seed) -9 11
Dendrobium moniliforme =20 -34
Dianthus chinensis -10 -61
Dianthus superbus (aerial) -4 -64
Dictamnus dasycarpus -3 16
Dioscorea batatas (leaves) -11 -19
Dioscorea nipponica (root) -57 -30
Disporum sessile subsp -18 41
Duchesnea chrysantha (aerial) -20 -3




(Continued)

) a-Glucosidase Q-Amylase
Scientific name inhibitory activity | inhibitory activity
(%) (%)
Ecinopsis setifer 8 ~-16
Elsholtzia splendes -33 18
Epomedium koreanum (aerial) -13 86
Equisetum hyemale 2 -53
Euphorbia pekinensis 5 -45
Euphorbia pekinensis (leaves) -11 -17
Ficus carica -19 -6
Ficus carica (leaves) -29 -8
Foeniculi vulgare (aerial) -15 -17
Foeniculum vulgare (aerial) -5 -48
Forsythiae Fructus -12 1
Galium verum 16 -2
Geranium sibiricum -29 -81
Geranium sibiricum (aerial) -8 -56
Geum japonicum (aerial) -8 -17
Glycyrrhizae Radix(seed) -28 -22
Glycyrrhizae uralensis -10 -30
gondrea (aerial) -36 -8
Gossypium indicum (leaves) -67 =75
Gymnaster koraiensis 1 -39
Gynostemma pentaphyllum (leqves) -8 =32
Hemerocallis fulva -11 -41
Hemerocallis fulva (root) 0 -29
Hemerocallis fulva var. -17 77
Hemerocallis lilioasphodelus -10 -49
Hemerocallis lilioasphodelus(root) 17 -21




(Continued)

. a-Glucosidase a-Amylase
Scientific name inhibitory activity | inhibitory activity
(%) (%)
Hibiscus manihot (aerial) -10 -19
Hibiscus manihot (flowers) -2 -76
Hibiscus manihot (frutes) 1 -58
Hibiscus manihot (leques) -12 -30
Hibiscus manihot (whole) ~45 ~-44
Hibiscus mutabilis -39 -111
Hosta lancifolia (leaves) -5 -31
Hosta plantaginea -6 -64
Houttuynia cordata (aerial) -15 ~70
Impatiens textori (aerial) -30 -35
Inula britannica (aerial) -29 0
Inula helenium -60 -49
Inula helenium(root) -24 -48
Iris koreana -12 -6
Iris pallassii (leaves) -18 -29
Iris sanguinea Hornem -16 -20
Ixeridium dentatum -23 1
Ixeris dentata (whole) -1 -8
Jasminum nudiflorum (aerial) -2 -30
Leonurus sibiricus -29 -58
Leonurus sibiricus (aerial) -2 -9
Ligularia fischeri (leaves) -34 -18
Ligusticum chuanxiong 13 -36
Lilium leichtlinii 19 -88
Lilium tigrinum -14 -36
Liriope platyphylla (frures) 14 4




(Continued)

L a-Glucosidase (-Amylase
Scientific name inhibitory activity | inhibitory activity
(%) (%)
Liriope platyphylla (leaves) -39 ~43
Liriope platyphylla (whole) 6 ~29
Lonicera japonica (aerial) -5 -7
Lonicera japonica (frutes) -2 26
Lotus corniculatus 9 10
Lycium chinense (aerial) -7 -125
Lycium chinense (frutes) -7 -78
Lycium chinense (leaves) 8 -128
Lysimachia barystachys (aerial) -42 -36
Lysimachia davurica -18 -153
Lythurm anceps -11 =74
Menispermum dauricum (aerial) -1 -41
Mentha arvensis =20 -9
Menthae Herba -13 -52
Metaplexis japonica (aerial) -16 -13
Morus bombysis (leaves) 69 -40
Oenothera odorata -52 -49
Osmunda japonica (aerial) -14 -66
Ostericum Kkoreanum -32 21
Paeonia suffruticosa -15 20
Paeonia suffruticosa (flower) -32 29
Patarinia scabiosaefolia 4 -37
Patrinia villosa -18 -1
Perilla frutescens -13 -37
Persicaria filiformis (aerial) -41 14
Petasites japonicus -28 -44




(Continued)

. ) a-Glucosidase (-Amylase
Scientific name inhibitory activity | inhibitory activity
(%) (%)
Peucedanum japonicum -19 -44
Peucedanum japonicum (leaves) -7 -26
Physalis alkekengi 2 -20
Physalis alkekengi (leaves) -46 8
Phytolacca americana (aerial) 1 -9
Pimpinella brachycarpa =20 -89
Plantago asiatica 5 -44
Plantago asiatica (aerial) -10 -36
Plantago asiatica (seed) -8 ~70
Platycodon grandiflorum -16 26
Polygonatum sibiricum (leaves) -45 =77
Polygonatum sibiricum (root) -16 -4
Polygonatum stenophyllum(root) -15 -45
Polygonum multiflorum -3 38
Polygonum multiflorum (leaves) ~-14 -40
Polymni sonchifolia (leaves) -10 -35
Potentilla discolor -8 -26
Pteridium aquilinum 27 -21
Pulsatilla koreana -2 -9
Rehmanniae glutinosa (leaves) -14 -22
Reynoutria elliptica (leaves) -58 22
Reynoutria elliptica (leaves) =27 -2
Reynoutria elliptica (root) -26 -22
Rheum undelatum (leaves) -24 -37
Rhodea japonica (leaves) -7 -17
Rhododendron mucronulatum -30 ~-4




(Continued)

Scientific name

a-Glucosidase
inhibitory activity

d-Amylase

inhibitory activity

(%) (%)
Rubus crataegifolius -7 -7
Rumex acetocella -17 -63
Rumex crispus ) -59
Ruta graveolens (aerial) -8 -18
Salvia plebeia 7 62
Sanguisorba officinalis (seed) ~24 -22
Saururus chinensis -3 14
Schisandra chinensis (lequves) -32 21
Scilla chinensis (aerial) -11 -19
Scilla chinensis (seed) -24 -44
Scutellaria baicalensis (aerial) -45 -46
Sedum aizoon -17 -66
Sedum kamtschaticum (aerial) -7 -40
Sedum kamtschaticum (root) -18 ~70
Sedum sarmentosum -28 -48
Sedum spectrabile -38 -16
Selaginella tamariscina ~-12 1
Sophora flavescens -26 -18
Symphytum officinale 6 =79
Symphytum officinale (root) -30 ~74
Syneilesis palmata (aerial) -40 -41
Taraxacum platicarpum (cerial) -18 -37
Trachelospermum asiaticum -8 6
Veronica rotundavar -24 -31
Viola mandshurica -7 -66
Viola mandshurica(aerial) -6 -115




(Continued)

(~Glucosidase (-Amylase
Scientific name inhibitory activity | inhibitory activity

(%) (%)
Vitis coignetiae (leaves) -36 8
Washabia japonica (aerial) -2 -59
Washabia japonica (leaves) -12 -41
Xanthium strumarium -9 ~-86
Zanthoxylum schinifolium -15 -55
Zanthoxylum schinifolium (leaves) -39 7
Zingiber mioga -16 -85
Zizyphus jujuba (frutes) 4 0

2. N8 FEEY in vitroA lipase AHNGA
FAFE EFA A2

24% 3% 23 (Kawaguchi, 1997), A0}, A=

dEaEE, FEo)E, ok

A Bl A =& lipase ANBAL

FZ2E9 lipase AAGA o] Eon, ¥& ¢

At (Fig. 8). BAvte AFojobE
of Atk FAg wakt (23 F=2),

1€ 218F ] dig A #AF lipaseo] W3 A3
FEE, 5E, 99,
59 HEE F2Eo] ICx # 0.05 mg/mLol3tE
B4l (Table 8, Fig. 7). &3 RAin}
EHos axgde Al
A AT A HELRZ AS



Table 8. Inhibitory activities of medicinal herb extracts against

pancreatic lipase

Scientific name

Lipase inhibitory activity(%)

Acanthopanax sessiliflorus (frutes)
Acanthopanax sessiliflorus (leaves)
Achillea sibirica

Achyranthes japonica (aerial)
Aconitium carmichaehi
Acorus calamus (leaves)
Actinidia arguta (leaves)
Adenophora triphylla (root)
Agastache rugosa (aerial)
Agrimonia pilosa

Akebia quinata {leques)
Allium senescens (aerial)
Allium thunbergi

Allium tuberosum

Allium victorialis (root)
Althaea rosea

Aneilema keisak
Anemarrhena asphodeloides
Angelica autiloba (leaves)
Angelica dahurica

Angelica gigas

Angelica gigas (frutes)
Angelica gigas (leaves)
Angelica tenuissima
Aquilegia buergeriana
Aralia continentalis (frutes)
Aralia continentalis (leaves)

60
41
36
60
-5
40
-6
-108
13
27
-20
66
36
36
55
46
-190




(Continued)

Scientific name

Lipase inhibitory activity(%)

Aralia continentalis (seed)
Aralia elata (leaves)
Arctium lappa (aerial)
Arisaema amurense (frutes)
Artemisia capillaris
Artemisia keiskeana
Artemisia melini (aerial)
Artemisia princeps (aerial)
Artemissiae capillaris (leaves)
Aruncus dioicus

Asparagi Tuber

Asparagus oligoclonos
Asparagus oligoclonos Max
Aster scaber

Aster tataricus

Astragalus membranaceus
Atractylodes japonica
Belamcanda chinensis (frutes)
Campsis grandiflora (leaves)
Canavalia gladiata (aerial)
Canavalia gladiata (frutes)
Caragana sinica

Cassia tora

Cassia tora (seed)

Cassiae Semen

Cedrela sinensis (leaves)

Chelidonium majus

85
26
61
44
-342
-541
-81

-17
59
-14
~27
41
38
-121
30
-139

-18

43
25
=37
638
81
30
42




(Continued)

Scientific name

Lipase inhibitory activity(%)

Chloranthus japonicus (aerial)
Chrysanthemum boreale
Chrysanthemum cinerariae
Chrysanthemum indicum (aerial)
Chrysanthemum zawadskii
Cichorium intybus

Cirsium japonicum

Cnidii officinale (aerial)
Codonopsis pilosula (aerial)
Coix lacryma-jobi (aerial)
Commelina communis (flower)
Commelina communis (leaves)
Convallaria keiskei

Convallaria keiskei (root)

Cyperi rotundus

Cypert rotundus (seed)
Dendrobium moniliforme
Dianthus chinensis
Dianthus superbus (aerial)
Dictamnus dasycarpus
Dioscorea batatas (leaves)
Dioscorea nipponica (root)
Disporum sessile subsp
Duchesnea chrysantha (aerial)
Ecinopsis setifer
Elsholtzia splendes

Epomedium koreanum (aerial)

68
48
10
5
=37
0
43
61
54
77
47
43
47
55
58
64
-50

-14

-188
70
88

~150
25

27
50




(Continued)

Scientific name

Lipase inhibitory activity(%)

Equisetum hyemale
Euphorbia pekinensis
Euphorbia pekinensis (leaves)
Ficus carica

Ficus carica (leaves)
Foeniculi vulgare (aerial)
Foeniculum vulgare (aerial)
Forsythiae Fructus

Galium verum

Geranium sibiricum
Geranium sibiricum (aerial)
Geum japonicum (aerial)
Glycyrrhizae Radix(seed)
Glycyrrhizae uralensis
gondrea (aerial)

Gossypium indicum (leaves)
Gymnaster koraiensis
Gynostemma pentaphyllum (leaves)
Hemerocallis fulva
Hemerocallis fulva (root)
Hemerocallis fulva var.
Hemerocallis lilioasphodelus
Hemerocallis lilioasphodelus(root)
Hibiscus manihot (aerial)
Hibiscus manihot (flowers)
Hibiscus manihot (frutes)
Hibiscus manihot (leaves)

68

21

19
-204
-380
50.6
-101




(Continued)

Scientific name

Lipase inhibitory activity(%)

Hibiscus manihot (whole)
Hibiscus mutabilis

Hosta lancifolia (leaves)
Hosta plantaginea
Houttuynia cordata (aerial)
Impatiens textori (aerial)
Inula britannica (aerial)
Inula helenium

Inula helenium(root)

Iris koreana

Iris pallassii (leaves)

Iris sanguinea Hornem
Ixeridium dentatum

Ixeris dentata (whole)
Jasminum nudiflorum (aerial)
Leonurus sibiricus
Leonurus sibiricus (aerial)
Ligularia fischeri (leaves)
Ligusticum chuanxiong
Lilium leichtlinii

Lilium tigrinum

Liriope platyphyila (frures)
Liriope platyphylla (leaves)
Liriope platyphylla (whole)
Lonicera japonica (aerial)
Lonicera japonica (frutes)
Lotus corniculatus

7
52
84
23
10
70
25
28
47
22
43
29

-129
23
18

4
70
12

-49

6
48
14
12
32
1

-13
-11




(Continued)

Scientific name

Lipase inhibitory activity (%)

Lycium chinense (aerial)
Lycium chinense (frutes)
Lycium chinense (leaves)
Lysimachia barystachys (aerial)
Lysimachia davurica

lythrum anceps

Menispermum dauricum (aerial)
Mentha arvensis

Menthae Herba

Metaplexis japonica (aerial)
Morus bombysis (leaves)
Oenothera odorata

Osmunda japonica (aerial)
Ostericum koreanum

Paeonia suffruticosa

Paeonia suffruticosa (flower)
Patarinia scabiosaefolia
Fatrinia villosa

Perilla frutescens

Persicaria filiformis (aerial)
Petasites japonicus
Peucedanum japonicum
Peucedanum japonicum (leaves)
Physalis alkekengi

Physalis alkekengi (leaves)
Phytolacca americana (aerial)
Pimpinella brachycarpa

67
35
58
55
30
-41
-14
-26
4
75
20
12
53
=75
20
-20
37
~-145
32
72
86
-232
37
-92
12
51
64




(Continued)

Scientific name

Lipase inhibitory activity(%)

Plantago asiatica

Plantago asiatica (aerial)
Plantago asiatica (seed)
Platycodon grandiflorum
Polygonatum sibiricum (leaves)
Polygonatum sibiricum (root)
Polygonatum stenophyllum(root)
Polygonum multiflorum
Polygonum multiflorum (leaves)
Polymni sonchifolia (leaves)
Potentilla discolor

Pteridium aquilinum

Pulsatilla koreana

Rehmanniae glutinosa (leaves)
Reynoutria elliptica (leaves)
Reynoutria elliptica (leaves)
Reynoutria elliptica (root)
Rheum undelatum (leaves)
Rhodea japonica (leaves)
Rhododendron mucronulatum
Rubus crataegifolius

Rumex acetocella

Rumex crispus

Ruta graveolens (aerial)

Salvia plebeia

Sanguisorba officinalis (seed)
Saururus chinensis

-236
50
31
-44
77
-49
44
44
73
84

-117




(Continued)

Scientific name

Lipase inhibitory activity (%)

Schisandra chinensis (leaves)
Scilla chinensis (aerial)

Scilla chinensis (seed)
Scutellaria baicalensis (aerial)
Sedum aizoon

Sedum kamtschaticum (aerial)
Sedum kamtschaticum (root)
Sedum sarmentosum

Sedum spectrabile

Selaginella tamariscina
Sophora flavescens
Symphytum officinale
Symphytum officinale (root)
Syneilesis palmata (aerial)
Taraxacum platicarpum (aerial)
Trachelospermum asiaticum
Veronica linariaefolia
Veronica rotundavar

Viola mandshuric:

Viola mandshuricalaerial)
Vitis coignetiae (leaves)
Washabia japonica (aerial)
Washabia japonica (leaves)
Xanthium strumarium
Zanthoxylum schinifolium
Zanthoxylum schinifolium (leaves)
Zingiber mioga

Zizyphus Jujuba (frutes)

27
-15
41
52
74
66
5
67
36
78
61
11
16
60
44
27
48
88
-139
-62
78
-9
3
44
-4
-12
-9
-27
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Fig. 7. Lipase-inhibitory activities of some plant extracts at

various concentrations.
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Fig. 8. Inhibition of Porcine Pancreatic Lipase (PL) by the Dioscorea nipponica

(DN) Extract.



Table 9. Lipase—-inhibitory activities of foodstuffs

Lipase Li;t))ase
S inhibitory S inhibitory
Scientific name activity Scientific name activity
(%) (%)
Allium tuberosum Roth. 73 Oryzias sativa (waxy) 59
Bean paste ~309 Phaseolus angularis -153
Camelia japonica (oil) 72 Phaseolus radiatus L. -9
Capsicum annuum -11  Prhellinus lintwus 37
Chrorella sp. 88 Phellodendri Cortex 75
Chunggukiang (yellow) 397 g’ifel)éllostachys bambusoides 7
Chungkukjang (green soy) -397 Pﬁ vllostachys bambusoides 62
’ Sieb. (leaves)
Chungkukjang (water extract) 25 Pisum sativum L. -228
Coxi lachryma-jobi var. 80 Porphyra tenera 59
Cucurbita moschata Duchene -10  Setaria italica (L.) Beauv. 87
Ephedrae sinica 56 Sorghum bicolor Moench 70
Fagopryum esculentum B
Moench 65 Soy sauce 13
Glycine max (black) -263  Soybean curd -301
Glycine max (L.) Merrill -7 Soybean milk -619
. B Taraxacum platycarpum
Glycine max (soy flour) 38 HDAHLST. 33
(Green soybean -112  Trapa japonica FLEROV 90
Laminaria 28 Tricholoma masutake -98
Letinus edoes -7 Waxy barley -527
Oenanthe javanica (Blume) DC. 67 Waxy brown rice 63
Oryza sativa (black rice) 38 Yakkong -104
Oryza sativa L. 79 Yangdae-kong 24
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Fig. 9. Effect of diet containing 2 or 5% of Adenophora tryphilla

(AT), Adeophora rimotiflora (AR), Codonopsis lanceolata (CL), and
Lonicera joponica (L)) on weight increase of rats. Asterisk
represents significant difference between control and 5% sample groups

(P<0.05).
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Fig. 10. Improvement of glucose tolerance by ethylacetate fraction
(5 mg/kg bw) of Lonicera japonica methanol extract in db/db mice.

Bars with different superscript are significantly different from each other.
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1. F-Avio vtojA =53
7t H-Avtol A lipase AH S EZ9 ¥8 X &4
In vitro A lipase AABA ZAHZAH, Dol EUD FAut
(Dioscorea nipponica)?] Wete FEZE2REH TS A7 29 2
2ZriEady oz BE2sld dioscin, disogenin, gracillin, prosaponin A
9} CHEE FAHIY. o5 FFEY pancreatic lipaseo] st As|&Ad2
Table 105} 2t} Zold BE vrel 2ol dioscin, diosgenin, gracillin 5 &
FAFEE A A S B o prosapogenin AZF 7HE A& @Al ¥L& AL
Fajvl FEEo)E dioscin® #o) 27%=Z M =ed, uH
A BAREL EEo] AMEE HPLCEA AT 8 + e @2

FER EASAT. B g $E2E9 lipaseH AN BPL FE dioscin

Table 10. Inhibitory activities of some compounds purified from

Dioscorea nipponica against pancreatic lipase

Pro-sapog Pro-sapoge

Dioscin  Diosgenin Gracillin . .
enin A nin C

ICso

20.0 . 9 1.8 42.2
(ug/ml) 280 28

1}. Dioscin® diosgenin® in vivo AW FFTAA A
3 dioscin diosgening &4 71E(corn oi)d A AFAANA T+

Sojalel, ANAo BF FAAY FE WHE Z4F 23, 2T v

&



‘—Voéﬁoontroﬁl - Dioscin,100mg/kg j}f@riiétat, 5mg/kgﬁ;

B
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i
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200 |

150‘:I

100 ¢

Plasma TG conc. (mg/dl)

50 |

0 0.5 1 15 2 2.5 3 3.5 4 45
Time after lipid emulsion loading (h)

Fig. 11. EffectofDioscinonElevationofthePlasmaTriacylglycerol (TG)
Level after Oral Administration of a Lipid Emulsion. The plasma TG
concentration at the times marked with an asterisk are significantly

different between the control and dioscin (100 mg/kg) groups (P<0.05).
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' —4—Contol —8—Orlistat (5mg/kg)

——Diosgennin (50mg/kg) ==>=Diosgennin (100mg/kg):

Plasma TG conc. (mg/dl)

Time after TG loading (h)

Fig. 12. Effect of Diosgenin on Elevation of the Plasma
Triacylglycerol (TG) level after Oral Administration of a Lipid
Emulsion. The plasma TG concentrations at the times marked with an
asterisk are significantly different between the control and diosgenin (100
mg/kg) groups (P<0.05).

o FAvl $de I 224 v oA &3

Aastasdd 228 T A0 vk A 5248 Hrisv) §
stol IR 2] (AIN-76 2Jo])oll Bajnl E2g 2% % 5% H7bsle 8
T AbEstE A (Fig. 13) HoldfA %, TAREE Hrte 2%, uddA
RV SAHCRE FAA UA dERt F 8F ASVIHF oA F
2 DALY ZT (40% beef tallow 7)), 2% F-Avk T (40% beef tallow
+ 2% F= 5% FAvE BE)t zolb gl o, AFFHES 5% FA
ot bR FAAHCR foHom e Aoz e



—&— High—fat diet —l—High—fat diet+2% DN —#—High-fat diet+6% DN
450.0
400.0
350.0

300.0

Body weight (g)

250.0

200.0 e

Treatment time (week)

Fig. 13. Effect of Dioscorea nipponica Powder (DN) on the Body
Weight Gain of Rats Fed on the High—fat Diet for Eight Weeks.
The body weight between the control and 5% DN powder groups was
significantly different at all times from the 2nd to 8th week (P<0.05).
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Table 11. Effect of Dioscorea nipponica Powder (DN) on the Body
Weight Gain and Body Fat in Rats Fed on the High-fat Diet for 8
Weeks

Body weight Subcutancous Epididymal Inguinal fat Perirenal fat Total body
gain (g) fat (g) fat (¢) & (8) fat (g)

Control 192.74#31.6™* 12927 83+2.0° 6.5£2.0ns 6.8+1.6"° 38.6+9.4

Group

2%DN 161.8£184°  11.4+14®  68+12® 50+12ns 5.6+1.0° 324+4.7°

5% DN 140.04208°  9.8+2.0° 5.6£08 4.8+lilns 4.6£13° 27.6x55

*Values not sharing a common superscript within the same column are significantly
different from each other (P<0.05). ns represents statistically 'not significant'.

Aokl @ AF LAY 22 lipaseAH B Aol N 27
Ao mdehe RS FWsY) Ased, BwWF 42¥FL R4S Ay
%

Table 129} o] FAvt HF ol zFo HlEe 2EF AF wid
E=UT. ol FAvke] pancreatic lipased A B o2 AwAasst A H

of vded Az N £ Aok =§ FF FAANY, FZd2dHE,
m
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Table 12. Effect of Dioscorea nipponica (DN) Intake on the Fecal Fat

Excretion

Group Control 2% DN 5% DN
Fecal fat
excretion 71 = 5° 166 + 43° 189 +58°
(mg/day)*

*Values not sharing a common superscript letter are significantly different from each
other (P<0.05).

Table 13. Effect of Dioscorea nipponica powder (DN) Intake on the Blood

ParametersinRats

Plasma parameter Control 2% DN 5% DN
Total tggcgﬁ%)‘ycem‘ 5914 354 9° 41+ 11°

TOtaL;l:g%ﬁ;terO’ 110+ 13° 936" 82+ 9

HDL&;*;%‘}?‘*“’I 16+ 2° 2130 2242

VLD%r:g/%ll§Ster01 12+ 3° 7490 g+ 2P
Atherogenic index 6.1+ 1.6° 3.6+ 0.9° 2.8 0.6°
GOT (Karmen/ml) 62.8+15.9 64.3+ 6.1 63.1 6.4
GPT (Karmen/ml) 17.8+ 8.2 20.4+ 7.0 18.1 9.9

*Values not sharing a common superscript letter within the same row are significantly
different from each other (P<0.05).



OH

HO 0 OH

OH

LUTEOLIN

Fig. 14. Lonicera japonica (left) and Dioscorea nipponica M.(right).
Ethylacetate fraction of L. japonica extract showed strong inhibitory
activity against alpha-amylase, and D. nipponica had anti-obesity effect
in rodent model. Luteolin is one of major components responsible for
alpha—-amylase inhibitory activity in L. japonica.



2. Az Ht oA 3 FF AAAE AA FA
A& %2 (Anemarrhenae Rhizoma)s @237t E77F 9lm, 2EHAA

AALGE AZshev] AHEEE doFAdd (304, 1994), E AFAAM X

A

ARAE2E oASE BHo ¥e Aoz Unhd, A olgao WY
AESE BT FAsk e A9sh gol DARAol] N 2
&1, 3% A7kskel, o 1057 Foi@ A3, Fig. 159 160) ehd vis} 2

of Nl HAFH AFWebo] N 2 Aol BAHA Bgrou,

—e—High-fat diet —e—High-fat diet+1% AR —&— High-fat diet+3% AR
1600

1400

1200

1000

800

600

400

Feed intake (g/week)

200

O.D i 2 L 2 A " i i
1 3 5 7 g
Treatment time (week)

Fig. 15. Dietary intake of the control and treatment groups.

Asterisk represents significant difference between control and treatment
(3%) groups (P<0.05).



—®—High-fat diet —#—High-fat diet+1% AR —&—High-fat diet+3% AR
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Treatment time (week)

Fig. 16. Effect of Anemarrhenae Rhizoma powder on the body
weight gain of rats fed high-fat diet. Asterisk represents significant
difference between control and 3% sample groups (P<0.05).

¢ AAERTE BEHOE e Aoz dedth ¢TY AR HipHols
B, FAERH] ARFA Ao wetd feHow

Ee 89 Ad ARE AA

A7le 237 &2 o2 Jelgtl. Table 159 YERE ups}h o} 1%
AZAol e Z¢ vz Hlste HDL-ZU2HE ko] foxoz

Rew, 3% ARTL BF FAAY $E FEU2HE FFo §
A=

ARE thdd 2EBoE RYSV: #on go| Rgolr Y =



%

o}

1 =Ja=]
T

o] 20~70cm)o]n 2

(=

Ooh

=z
= KB

o))

=y
=]

of

A

o

o)

oM o2l A

7} (3] 60~90cm) A o]

e iy i N
==

<

2 7~84ol o Atolofix] 1}

HK

B!

w
AK

m

=

<

=0

il

ol
Mz

ofA e 2~3747F Eof 3o

=2 62Uz ZA ZgA

Q)
33

o 2
oo Eol

kel

wp

ofn

K
i

et di e} A&,

23
S

=9
T

’

=M=
=T

el At elnh $evE
Aol A AT e ool T2 Pxo]

T
p

o, B &7 2¥=E

[e3]
PA
1(6%), AFZARRPEAY, a2 3 A G2 2 Yol §ho] 9

o}

]

[e]

d

28
—_

bl

1¢} (http://krpia.cokr/)

e}



Table 14. Effect of Anemarrhenae Rhizoma powder on body fat in
rats fed on the high-fat diet for 8 weeks

High-fat diet Higl;;?:}i:t Higg;:t:;:t

Body weight gain (g) 467.9£29 2ns 486.3+36.0 463.9£26.6
Abdominal fat (g) 4.1+1.1ns 4.9+1.3 3.9+14
Subcutaneous fat (g) 11.7+1.5ns 12.1£1.7 11.0£1.7
Epididymal fat (g) 8.5+1.5 9.6+1.6° 6.9+1.2°
Inguinal fat (g) 5.1+1.6ns 4.6+1.8 43+£2.4
Perirenal fat (g) 7.1+2.0ns 7.4+1.5 6.6+2.1
Brown fat (g) 0.6+0.1° 0.6+0.1° 0.5£0.1°
Total body fat (g) 34.24+5.3ns 39.1+£5.0 32.9+7.3

*Values not sharing a common superscript letter within the same column are
significantly different from each other. (* P<0.05, **P<0.01).



Table 15. Effect of Anemarrhenae Rhizoma powder on the blood
parameters in rats

Plasma . . High-fat diet + High-fat diet +
parameter High-fat diet 1% AR 3% AR
Total
triacylglycerol 71.8+17.4° 74.6+89° 58.1+4.6%
(mg/dl)
Total cholesterol 70 g ¢ o 79.5£8.2° 72.1+4.8"
{(mg/dl)

HDL -cholesterol

a b* + Cx*
(mg/dD) 25.3+4.9 29.4+2.2 34.5+4.8

*Values not sharing a common superscript letter within the same row are significantly
different from each other. (* P<0.05, **P<0.01).

3. &5 9 A A &4 Ho}
e 2% AFA v 4oy nAYFS duE 5 e A
o2 X ®@ v o (FAlF 2000, AEIF 1990). B AFAME in vitro

AN lipase AsiZgo] EA veinth waM AFzdasrt dEA
in vivol A AN@st7] fste] nA ool &FE 5%, 10%8 H7hste 4
T Hol & A, Fig. 17914 Rl R RFA0lEo]l AFTF/HEe] &

A Ut ojg 3ol &¥E wTE dwsAY AgstedH a2 dE
ReZ Hhdoh g7y 78 T/ Aol F9 EARYF )Y A
T FAE STHNH L (Table 16), 85 FAAYFEE FFoz ol

Ao 2 Yepgtt (Table 17). ©] &
o)
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Fig. 17. Effect of Coix lachryma-jobi powder in diet on body
weight gain (%) in rats fed the high-fat diet. Values are
Mean+S.L. (n=10). *P<0.05; " P<0.01



Table 16. Effect of Coix lachryma-jobi powder on body fat in rats fed
high-fat diet for 6 weeks

Subcutaneous Abdominal Epididymis Perirenal Inguinal Brown

G
roup fat (g)  fat (g)  fat () fat (@) fat (g) fat (@)
Control 6.3+2.4 22+18  43:12”  27#12  22¢11 04202
5% CO!’_X" . ab
.. 58%23 28+13 4816 36+17 27t14 0502
lachryma-jobi
10% Coix-

L 79211 31207 6.2+1.0° 38%1.2 32+15 05201
lachryma-jobi

*Values not sharing common superscript within same column are
significantly different from each other (P<0.05).

Table 17. Effect of Coix lachryma-jobi powder intake on blood
parameters in rats

5% Coix- 10% Coix-
Plasma Parameter Control sy -
lachryma-jobi lachryma-jobi
Total Triglyceride 0\ 544" 88.3423.5" 89.8+13.5"
(mg/dl)
Total Cholesterol 36.748.1 347438 34.9:4.9
(mg/al)

"Values not sharing common superscript within same row are
significantly different from each other (P<0.01).

5= $9uer oz 2oA Auidn, dAAE FIojg, Hoe g9
graFo] vl E e Holn (8~20%), AWA(Q2~8%), ZA(50~78%), 3%
1 9tk geizg ojF3 e F oluwAibe leucine (21%),

gluitamate (15%), tyrosine (2%), tryptophan (29%), arginine (1.7%),



n 9

phenylalanine (1.2%) Sol¥ 7]&
(cis—8-octadecenocic acid)?} Ut} A& coixeloide#ts AHZE X 3es}

F29 dadart o By AR HAE2ZA coixol®: AT

tlo

o] Xk Abo| = coixic acid

fr

Hu

E5E LHARE RIgo ALEEH sgtony AQA, olmA, wj¥Eek
AZAZ $F = 2d, A74F, 325 20, AlvkA A A 2743
Aoz daA Ao} (http//kmia.cokr/)

4. v} & (Trapa japonica Flerov.)9 in vivo B2+ A &4

g @ Add EExdtm e FAANER 2o wA e e
o] Fojth. AWAgEA AAZH EHAS FFE vrE (Trapa japonica
Flerov.)q 8]l9F 94 335 H7elr] st 454 9 C57BL/6 mice (n =
48 d9fez T Foz Yo, dxFdAE AIN-93G dietE
2 3 aALANZINE 7% L A 23%E AAFHLR FHE 3
F3td, AF,
AHF, MR AE 8% AdsEE S4B
Aol F ) e FA Fgou, AF 2 epidydimal fat FAZ
o2 ZAAA, TAY HolE HTHE {FEg FEA oA HTHYA &I}

g Yell Y (Table 18). #l& B2 HHAE 8F AL ¥=& 79
How 7“\"]930“'1 FEUY2HE FEE A7 BFES HEIY
(Fig. 18). WetA vlEL Ag @A AREHE AAFGo2A vt A
31, FAHANEE MAste] 4F AdaA H3AFS A2 7heAol
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Table 18. Effect of Trapa japonica Flerov. powder on food intake,
body weight, and body fat in mice fed high-fat diet for 6 weeks

Grou Food intake| Final body | Epididymis
P (g/d) weight (g) fat (g)
Control 4605 41.6+1.2 18403
10% Trapa japonica Flerov.| 5.2+0.6 30.4£1.9° 14+0.2."

*Significantly different at P<0.05

210

£ Control
W 10% Trapa japonica Flerov.

Triglyceride Cholesterol

Fig. 18. Effect of Trapa japonica Flerov. powder on plasma lipid
profile in C57BL/6 mice fed high fat diet.



7, o FolMHoE Fof EAdte AL A2, bioassay-guided
q

fractionation ¥ o2 FAMAHRESL Bsiy F2AAL 39y &4

#g F A4S H %3t MeOH F%E 573 ¢

g FHF 5 LE 7tete] AR F £d oFE ol&sted 5 LY
hexane® 2 33}9] hexane B8 E 22 g& dJon tr E&FS 5 L9
ethylacetate (EtOAc)Z #F&3ete EtOAc 8 & 34 g& Ut

i}, &3 EtOAc ¥ 3 o2 HE a-amylase A AL luteolin®] ¥
23 EtOAc #3 30 g€ 4972 ZHd 2ol CHCh-MeOH &)
system©.2 gradient WY& o] &3t {FEAA Y LFFHoE YFA
ok o)F Aol Z3tA Jelhd 39 LRSS tA AEsA Ay Ao
CHCI3-MeOH (98 : 2)22 {ZA#A luteoline] o3 TFd £3& dx,
ol sephadex LH-20 columnd] Zol MeOHZ H&A174 £53% luteolin

120 mgS A

t}. Luteolin®] £ 334 A4 2 #3353 data

MeOHZ AZAAste FA FAY 22& Ao, FeClh ¥ Mg/HCI
testol] FAE YEFAAS

¢ mp : 300C o}



¢ EI-MS (70 eV) m/z (rel. int.) : 286 [M] ' (615), 258 M-CO] '
(196), 257 (M-HCO) * (6.3), 153 [A;+H]) * (37.3), 137 [Bo) ' (11.9),
134 (B © (217

¢ 'H-NMR (DMSO-ds) & : 6.19 (IH, d, J=1.5 Hz, H-6), 644 (1H, d,
J=15 Hz, H-8), 665 (1H, s, H-3), 689 (1H, d, J=8.1 Hz, H-5'), 7.39 (1H,
d, J=19 Hz, H-2), 740 (1H, dd, J=81, 1.9 Hz, H-6"), 1296 (1H, brs,
5-OH)

¢ PC-NMR (DMSO-ds) 8 : 1638 (C-2), 1028 (C-3), 181.5 (C-4),
161.4 (C-5), 98.8 (C-6), 164.1 (C-7), 93.8 (C-8), 157.2 (C-9), 103.8 (C-10),
1214 (C-17), 1133 (C-2'), 1456 (C-3’), 1496 (C-4"), 1159 (C-5'), 1188
(C-6")

Z}. Luteolin® #+x% 4 A

2 SFELS FeCls 2 Mg/HCl testdl 9A4S Jehlgloenz
flavonoid A4l st3E2 F49U}t. o] 33829 El-mass spectrumol Al
molecular ion peak”} 2869014 Yeld i m/z 153 [Al + H] ', 137 [Bl1]
"9} fragment ion peak® EAEM o] 22 A ringdl: di-OH77} &
A8t B-ringoll £ di-OH7)7} &A13te] A= dch 'H-NMR E£38 A-ring
o] 6-Het 8-H ¥ 3-Hel 7]1%138t= peak patterne apigenin® -S-AFSL} §
6.89 (1H, d, J=81 Hz, H-5'), 7.39 (1H, d, J=19 Hz, H-2'), 7.40 (1H, dd,
J=81, 19 Hz, H-6") A el 3709 protonol] 2|3 signal & & 22
ABX typedds RAFI ok wA o FHIEL 5 7, 3, 4 -
tetrahydroxyflavone$) luteolin®.2 %433 o ®C-NMR data 9A] 23

Aok 2 AAEAT (Fig. 14).



Adarstas AHBYELY 8 2 54
7}. Dioscin®] ¥ 2 A

F A vH(Dioscorea nipponica)®] <7 3 kg& AAgd & IRFYAFAE
ARgere], 25CAA we g 5 LE 7247359 33 A& FE At Ao
esE FEAE AFAE AT Z2d712 A3 F 76 mmHgA A 7Y,
FES] FAv HEE F2F 1161g% &
25gS  Aelgbd ZP(Q0x6cm, Merck 7734 silica  gel  900g)el,
CHCl;:CH:OH:H0=7:3:1 (£ Zd7]o) A7) v &2 2335td 358 Al
&3l BulE ARt AAAHEG AAE AR} F 60EFHE 2 LAY
87 9] v8& FE8H ol F 53 FE& 2X3

CH3COOCH:CH3:CH30H=98:2¢] S22 £33

# ¥& CH:COOCHCH:9 5758 £ Zti7|olM 1 : 12 EF3}A 6
AZE RAG Fe AERe duigth. AAE ARe F, 0% FRE 500

mLA 607he) BHew FSaY $5d 23 % BHAN 50871A )
C

[alp® : -112.3° (¢, 0.3 in MeOH)

IR(KBr, cm™) 3420, 1640, 1100~1000, 920, 900, 866, 838(900>920,
25(R)-23 A 2), 811

'H NMR(300 MHz, #}29-ds) 60.69(3H, d, J=5.2Hz, 27-CHa),
0.81(3H, s, 18-CHs), 1.01(3H, s, 19-CHs), 1.093H, d, J=6.9Hz, 21-CHj),



1.52(3H, d, J=6.2Hz, rha-CHzs), 1.66(3H, d, J=6.1Hz, rha-CHas), 4.82(1H, d,
J=74Hz, anomeric H), 5.30(1H, brd, J=46Hz, H-6), b62(1H, brs,
anomeric H), 6.17(1H, s, anomeric H).

®C NMR(755 MHz, #j&d-d;) 837.4, 299, 780, 3838, 140.7, 1215,
32.0, 31.6, 506, 37.0, 209, 39.8, 40.3, 56.5, 32.2, 80.9, 62.8, 16.2, 19.3, 41.8,
148, 109.0, 317, 20.1, 304, 667, 17.1, 100.1, 785, 765, 717, 7716, 618,
1017, 721, 72.2, 738, 70.0, 18.2, 102.7, 72.4, 725, 73.6, 69.2, 18.3.

t}. Diosgenin® ¥ 2 A

471 Aol 19 8719 ¥E F 1 B3-S CHiCOOCH:CHz9] £ul2
A7 2 Az EagsE AAEA dAE AR F 208 FF
H 500 mL 1574¢) 2888 #5549 o1 F
2RH fzAdg ddew, TLC ¥ MS B3 S AFEsd, o] 30
HesAdde AAsen, EATRE Fig 199 JE ek 2o o

erAe dEes AAFsR FAYY 242 2A dezAde &

=3 0 206~207C

lalp® : -41.7° (c, 0.2 in pyridine)

IR(KBr, cm ') 3444, 981, 920, 900, 865 (900>920, 25(R)-23] 2 &)

MS(30eV), m/z(rel. int.) 414(3.7), 396(1.9), 355(1.3), 342(2.9), 300(10.2),
285(11.0), 282(47.7), 271(26.2), 267(225), 253(12.0), 227(18.7), 214(32.2),
139(100.0), 115(20.2)
'H NMR(300 MHz, CDCly) 80.79(3H, s, 18-CHa), 0.79(3H, d, J=6.2Hz,
7-CHz), 097(3H, d, J=6.9Hz, 21-CHj3), 1.02(3H, s, 19-CHs), 4.40(1H, m,
H-16), 5.34(1H, brd, J=5.2Hz, H-6)



t}. Gracillin®] #32 2 A=A
2471 AA 19 607 ARy 500 AE oA
gracilling dem, TLC ¥ NMR 243 & A£3lo, o] Bdo]
AdS st aetdde s AZdAstd FAAN A28 99
o} gracillin®] FAXE o3 #}
== 1 206~298C
[a]p® © -95° (¢, 04 in pyridine)
IR(KBr, cm™) 3420, 1640, 1100~ 1000, 920, 900, 866, 836(900>920,
25(R)-23 2AE), 812
'H NMR(300 MHz, sl2l€-ds) 80.71(3H, d, J=5.7Hz, 27-CHa),
0.82(3H, s, 18-CHs), 1.04H, s, 19-CHy), 1.11(3H, d, J=6.9Hz, 21-CHs),
1.66(3H, d, J=6.1Hz, rha-CHs), 4.84(1H, d, J=7.3Hz, anomeric H), 497(1H,
d, J=7.7Hz, anomeric H), 532(1H, brd, J=48Hz, H-6), 6.18(1H, s,

(o)}
[
(E
4z
)

1

anomeric H)

C NMR(755 MHz, ¥ Q-ds) 8375, 30.0, 784, 387, 14C.8, 1217,
322, 3158, 503, 37.1, 21.1, 39.9, 404, 56.7, 32.3, 81.0, 62.9, 16.2, 19.3, 41.9,
149, 1092, 317, 29.2, 305, 668, 17.2, 100.0, 77.8, 89.3, 694, 776, 624,
102.0, 72.2, 72.6, 74.0, 69.5, 186, 104.3, 74.8, 77.0, 71.4, 783, 62.4

2}. Prosapogenin A 23 2 A A

271 AAe DO 849 8 F 48 2L CHClCHsOH:H:0=7:3:19]
S (ZAZ A7 10/ BRI T Fof &FEE ALF)2 HeEsta g3
AgtEagsE AAE, A7 F 1588EH 500ml¥ FEA7 15709 &
3 3 oHdA 129 2B OoTXRE  Prosapogenin AZE At}



Prosapogenin AY Wg232 MAAS FAazAd AAE A9y

Prosapogenin A¢] &AX&= v 72}

HER 1 238~240C

[alp® : -125° (c, 0.4 in MeOH)

IR(KBr, em ") 3410, 1650, 1100~1000, 920, 900, 865, 837(900>>920,
25(R)-2=3] 2 A &), 811

'H NMR(300 MHz, #&)d-ds) 8068(3H, d, J=5.7Hz, 27-CH),
0.80(3H, s, 18-CHs), 101(3H, s, 19-CHs), 1.09(3H, d, J=6.9Hz, 21-CHs),
1.67(3H, d, J=6.3Hz, rha-CHa), 4.92(1H, d, J=7.2Hz, anomeric H), 5.28(1H,
brd, J=4.8Hz, H-6), 6.20(1H, s, anomeric H)

PC NMR(755 MHz, 8] ¥-ds) 6374, 30.0, 77.9, 38.8, 140.8, 1215,
32.0, 316, 50.2, 37.0, 209, 39.8, 40.3, 56.5, 32.2, 80.9, 62.8, 16.1, 19.2, 41.8,
148, 109.0, 31.7, 29.1, 304, 66.7, 17.1, 100.2, 79.4, 778, 71.7, 779, 626,
1019, 725, 727, 74.0, 69.3, 185

o}l Prosapogenin C¢ ¥3a 9 A A
A7) Are D] 879l B8 F 2¥ B3& CHCl:CH;0H:H:0=82:059]
S22 Zd7ld 10A7 A Fo] FFHE AL HYstA 29
AR E AAstA, W) ¥ 308 FE 500m FEAIZ 24709 &
3 F THA 167X AR & O ZHE Prosapogenin CE I Uth
Prosapogenin  C+ W82 AZAAsS FAAAA AALS At
Prosapogenin C2 &3 A= t}&3} 2o}
A 0 247~249C
IR(KBr, cm') 3450, 1650, 1070, 1045, 1025, 920, 900, 865,
835(900>920, 25(R)-~3 2 A E), 810



'H NMR(300 MHz, 38 d-ds) 80.70(3H, d, J=5.2Hz, 27-CHj)
0.83(3H, s, 18-CHa), 092(3H, s, 19-CHa), 1.13(3H, d, J=6.9Hz, 21-CHas)

501(1H, d, J=7.7Hz, anomeric H), 531(1H, brd, J=4.4Hz, H-6)
BC NMR(755 MHz, #2]€-ds) §37.3, 300, 783, 39.1, 1407, 1215

32.0, 315, 50.1, 36.9, 20.9, 39.7, 40.3, 56,5, 32.1, 80.9, 62.7, 16.2, 19.2, 41.8
148, 109.1, 316, 28.1, 304, 66.7, 17.1, 1024, 75.1, 780, 71.5, 782, 62.7
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Fig 19. Chemical structures of saponins in Dioscorea nipponica.
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Table 19. Anthropometric data for human subjects participated in
the study

Subject Age Height Weight . Obesity
Group BMI . -
No. (yrs)  (cm) (kg) index
21 56 150 57 25.33 126.67
22 56 152 63.2 27.35 135.04
23 58 156 59 24.24 117.06
24 39 163 64.8 24.39 114.29
Control 25 30 159 63 24.92 118.64
26 53 160 62 24.22 114.81
27 35 156 68 27.94 134.92
28 57 164 795 29.56 138.02
29 58 162 915 34.87 163.98

Meanzsd 49+11 158+#5 67.6+11.1 26.98+3.51 129.27+16.00

1 33 158 66.4 26.60 127.20
2 35 153 58 24.78 121.59
3 59 156 74 30.41 146.83
4 58 149 50.5 22.75 11451
5 35 162 75 28.58 134.41
6 39 154 68 28.67 139.92

Treatment 7 53 151 54 23.68 11765
8 47 165 87 31.96 148.72
9 27 166 114 41.37 191.92
10 57 154 59.6 25.13 12263
11 57 163 63.8 24.01 112,52
12 2 175 97 31.67 143.70

Meantsd 44113 1598 72.3+188 2830452 135.13£21.92
“Weight/height(m?)

“Body weight/standard weight x 100 where standard weight is equal to
(height - 100) x 0.9
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Table 20. Change in blood parameters by intake of Dioscorea nipponica pill for two months (I)

Group Subject Glucose, mg/fdl BUN, mg/dL Creatinine, mg/dlL AST, WL ALT, /L
No. Before ] After |{Change| Before After Change | Before After | Change ] Before | After {Change | Before | After | Change
21 76 82 6 24.7 18.8 -5.9 0.9 0.9 0.0 18 18 -3 8 8 o]
22 77 85 8 13.3 14.9 1.6 0.7 1.0 0.3 31 27 -4 23 18 -4
23 84 76 -8 22.3 19.4 -2.9 0.8 0.8 0.1 27 33 [ 19 21
24 76 79 3 17.2 29.9 2.7 0.8 1.0 0.2 16 25 10 14 19 6
Control 25 73 83 10 17.5 10.3 -7.2 0.9 0.9 0.0 18 14 -5 12 10 ~2
26 80 75 -5 19.5 18.2 -1.3 0.9 1.0 0.1 20 25 5 13 19 6
27 78 88 10 12.6 13.3 0.7 0.9 0.8 ~0.1 18 16 -2 14 11 -3
28 82 87 6 14.7 16.3 1.6 0.9 0.8 0.1 22 18 -3 18 17 -1
29 83 74 -9 14.2 15.7 1.5 0.8 0.9 0.2 18 23 7 11 i5 4
Mean+SD| 7913 |8145] 247 {17.3%4.2{16.343.2]~1.0+3.6{0.8+£0.1{0.8£0.1{0.120.1] 2145 | 2246 145 | 1515 {1645] 114
1 90 92 2 13.8 141 -2.7 0.8 0.8 0.1 20 18 -2 17 18 1
2 87 91 4 13.9 151 1.2 0.8 1.0 0.2 19 17 -2 18 21 3
3 91 78 -13 23.3 22.7 -0.8 1.0 1.0 0.1 21 28 16 14 -2
4 91 77 -14 21.2 14.8 -6.4 0.8 0.8 0.0 20 22 17 24 7
5 88 85 -4 16.6 18.1 1.5 0.8 1.0 0.2 18 25 21 26 5
6 88 94 6 11.4 10.4 -0.9 0.9 0.9 0.1 23 22 -1 28 36 9
_T:ea:t 7 88 | 86 | -2 | 215 | 250 | 35 09 | 09 | 00 | 15 | 16 12 17| 5
8 78 a1 3 20.5 17.6 -2.9 1.0 0.8 ~-0.1 17 26 14 19 5
9 76 79 1.6 9.5 -2.1 0.7 0.7 0.0 16 18 16 19 3
10 87 84 -3 17.3 12.8 -4.4 0.8 0.8 0.0 20 19 -1 13 11 -2
11 82 76 -8 17.6 16.5 -1.1 0.9 1.0 0.1 19 16 ~3 16 21 5
12 69 71 2 171 15.6 -1.5 1.0 0.9 -0.1 34 26 -8 51 45 -8
Mean+SD| B5+7 | 8347 -247 {17.12£3.9]15.844.7{-1.442,710.940.1]0.920.1{0.040.1} 2045 {2134 145 |20%11{23+9] 3£4
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Table 20. Change in blood parameters by intake of Dioscorea nipponica pill for two months (II)

Group Subject CHOL, mg/dL TG, mg/dL HDL-CHOL, mg/dL LOL-CHOL, mg/dL FFA, mg/dL
No. Before | After | Change | Before | After |Change|Before | After {Change! Before | After {Change|{ Before After Change
21 248 213 ~35 77 88 11 66 51 -15 189 134 -25 739 803 65
22 245 255 10 188 201 13 54 81 7 156 150 -6 490 561 71
23 296 294 -2 180 181 -9 41 45 4 225 2286 i 1118 1089 -28
24 168 185 ~3 106 131 26 45 339 -6 84 90 7 715 783 €9
25 178 187 9 69 89 21 42 48 6 112 123 11 1011 1089 78
Control 26 160 165 5 67 110 43 56 48 -8 77 83 [} 737 681 ~-56
27 176 183 7 71 82 11 57 50 -7 90 95 780 732 ~48
28 202 208 7 194 162 -32 43 48 4 121 138 17 911 854 ~-57
28 168 180 11 75 92 17 40 44 5 105 95 -10 1030 997 ~-33
Mean 1203+48j204+£45] 1114 (115458{128145] 11121 | 4948 {48 £6] -14£8 {125147|126+45( 1412 |837+£196{843 £183| 7161
1 241 203 ~38 144 162 18 52 41 =11 155 123 ~32 1234 1168 ~66
2 181 170 ~11 121 119 -2 60 55 -5 88 101 13 522 548 24
3 251 232 -19 137 112 -25 46 55 g 174 165 -9 813 876 63
4 216 218 3 126 167 42 43 49 & 144 133 ~11 1396 1327 ~-69
5 180 173 -7 191 178 -13 38 43 5 100 92 -8 1057 1002 ~58
6 242 240 -2 193 169 ~24 53 59 8 146 151 1463 1392 ~71
j::;t 7 | 174 | 174 1 137 | 178 | a1 | 39 {a | 2 | 105 | 107 | 2 692 765 74
8 190 184 -6 76 101 25 40 47 8 126 121 -5 538 601 64
9 221 203 ~18 96 105 10 51 43 ~2 138 128 -10 967 300 ~67
10 233 196 -37 74 58 -16 63 51 -12 146 120 ~26 753 802 50
11 200 186 -14 92 98 6 49 52 3 130 119 -1 593 600 7
12 208 198 -11 172 169 -3 44 49 5 127 105 -22 685 822 ~73
Mean [211£27{198+23-13+41 37|130£41{135240] 5123 |48 £8{4946| 117 [132425] 12421 | -91213 | 8934328( 8831288 [-10462

“Significantly different at P < 0.05




o FAu A o vk As

FAE BEe 19 38 (F7F 2 g2 248 TG AFERAS W ALF
A& (BMD W3E ZAS A3 Table 217 2t H%S AT iz
AME 44%7} BMI Z2E Q) 9w, RAv 4ATNMNE 129F 9%
(75%)°] BMI ZrAaE HEHch Hlgte] & o2 FHEQl obesity indexolA =
22 3%S Btk olgk Feo] Rant 47 24ge HluA BN
= AF2PEN e Aoz JEwt. 22y Bicimpedance WMo R

ZR3% A FFAME e FAfek dHATE Afo)7t dEHA &

ottl. (Table 22). o9} zro] Rafjul M zolA HA LA 5 (BMD7 Aad
AE AAzGe Wetete FaaA AwrAd AFpad o3 Aow 3
"}

3H FEEd (waist circumference)9t A ® o]l & (hip circumference)=
AT FAvp HFHTE gl F3H Aoyt fie, Ravt HAT 0
gzt I Fade AEE B vd, dxFe 2358 oz FUhe

= 4<% BRI (Table 23).
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F AES Fokel Tt 4ATo)
@ AR A9, WERFs 2ARRGE Sl Bew, dNst & 2

¥e AYATT $EARQY. oleld Az PAvkl ¥HY saponinsol

Table 249 W9l vhe} o] Aok AT dzT 2F £%7] @ ol¢
7] ?“%%‘Oﬂﬁ 'YOT-‘J@?J ?}-O]}‘f y\,l.;g-gx] %’;’9)’5}'
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‘Table 21. Change in BMI and obesity index by intake of Dioscorea
nipponica pill for two months

Subject BMI Obesity index”

Group No. Before After Change Before After Change
21 2533 2578 045 126.67 128.89 222
22 27.35 2770 035 135.04 136.75 171
23 2424 2383 041 117.06 115.08 198
24 2439 2409  -03 114.29 112.87 -1.42
25 2492 2433 450 118.64 115.82 -282
Control o6 24.22 24.22 0 114.81 114.81 0
o7 27.94 27.94 0 134.92 134.92 0
98 29.56 29.86 03 138.02 139.41 139
29 34.87 33.91 -096 163.98 159.50  -4.48
1 2660 2684 024 12720 12835  L15
2 2478 24778 0 12159 12159 0
3 3041 2987 054 14683 14425 258
4 2275 2239  -036 11451 11270 181
5 9858 2850 008 13441 13405 036
treatment 6 2867 2774 093 13992 13539  -453
7 2368 2324 044 11765 11547 218
8 3196 3196 0 14872 14872 0
9 4137 4101  -036 19192 19024 -168

10 2513 2488 -025 12263 12140 -1.23
11 2401 2398 -003 11252 11235 -0.17
12 3167 3135 -032 14370 14222 -1.48

*Obesity index represents body weight/standard weight x100, where
standard weight = (height -100) x 0.9
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Table 22. Change in body fat by irntake of Dioscorea nipponica pill

for one month

; 0
Group Subject No. Body fat, %

Before After Change
21 365 36 -0.5
22 38.25 39 0.75
23 327 316 -1.1
24 32.75 32.8 0.25
Control 25 31.2 309 -0.3
26 33.55 34.1 0.55
27 31.7 315 -0.2
28 38.45 376 -0.85
29 41.15 39.2 -1.95
1 34.55 339 -0.65
2 31.7 31 -0.7
3 36.03 344 -1.65
4 34.05 31.6 -2.45
5 327 33.7 1.0
. 6 33.45 33.1 -0.35
Treatment 7 305 32.3 18
8 32.85 333 0.45
9 4455 452 0.75
10 34.4 34.6 0.2
11 31 30.2 -0.8
12 31.95 31.2 -0.75
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Table 23. Waist and hip circumferences before and after intake of
Dioscorea nipponica pill for two month

Subject cirCIYrVn?eSi'tence Hip c1r(curn)ference WHR!
Group N (cm) cm
° before after before after before after
21 78 81 93.25 93 0.84 0.87
22 85 88 1045 106 0.81 0.83
23 7175 30 91.75 92 0.85 0.87
24 85 8.5 97.25 97 0.88 0.88
Control 25 715 76 94 94 0.82 0.81
26 81 35 9.5 97 0.85 0.88
27 815 32 975 98 0.84 0.84
28 96.5 97 102 102 0.95 0.95
29 106 107 116 110 0.91 0.97

Meantsd 85%x10 87+10 99.08+7.6 9916 0.86+0.04 (.88%+0.05

1 87 85 100 99 0.87 0.86
2 79 79 9% 96 0.82 0.82
3 35 83 1035 104 0.86 0.85
4 83.5 83 88.25 87 0.95 0.95
5 38 33 96.5 104 0.91 0.85
6 85 83 95.5 93 0.89 0.89
Treatment 7 78 78 38 36 0.89 0.91
8 89 92 110 1075 0.81 0.86
9 116 119 127 127 0.91 0.94
10 795 75 96 925 0.83 0.81
11 83 85 97 98 0.86 0.87
12 1065 1055 113 1135 0.93 0.93

Meantsd 89+11 88+12 101+£11 101+12 (0.88+0.04 (.88%0.05

1 . . . .
Ratio of waist to hip circumferences
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Table 24. Blood pressures (mmHg) before and after intake of
Dioscorea nipponica pill for two month

Subject Systolic Diastolic
Group

No before after before after

21 112 139 72 76

22 111 121 68 78

23 122 119 82 72

24 115 - 71 -

Control 25 121 119 71 72

26 120 116 75 70

27 128 - 75 -

28 126 133 82 77

29 142 152 78 80

1 118 115 70 65

2 — — - —

3 126 124 72 67

4 130 105 76 67

5 112 125 69 67

Treatment 6 134 138 82 82

7 130 143 95 88

8 134 136 81 84

9 128 140 82 80

10 142 150 825 93

11 120 115 71 63

12 142 - 33 -

- 106 —



A6E AFT=HE AF A

=Y FEE 2 lipase A TA

vl ELZRE lipase AHEH RS F&57] d8td dge 5
FEEES AXY lipase ANBHYE S A3 Fig. 209 2t
FE7F 80% °o14d W F&E (50 ug/mL)9 lipase A o] 7}

W\

i

ZF wkon, dag Tt 60% 4 W 41%, 50%Y WE 35%S] FAA
HEHE Yt ¥R A2 E 5T AFZUEHS 23
71 s 80%0]1 4 TS e FHoE FE3E Ao nFAY A
o2 Algdd. 39 deg sxd PP AFr|FoE FE2EL A
HE W, FAFE 60%7HAE= 2 o7t gldout, 57 80%Y W =&
Fo] FoHez #FAHE Aol BAHAUD (Fig. 21). &, FHFEN 0

60% HHANAM FEEL 22~23% olRoH, 80% L 100%ANA = FZ 5o
77 15%9 11%2 RorAT £3 o7& ¥ 50% ol4olA lipase A3
4 4 dioscino] HlZH & &2 FEHE Aoz YEdd (Fig.
22). &, A& FE7F 20%Y o HEAvl B2L 1g9 dioscin FEFo] o
1.0 mg/g ©INA ¥HH, 40% S 50%0 A ZHzE 10, 20 mg/go 2 & Eo =
At AR FE7F 80%9 100%Y W, 32HE disocing #Fe
22 22, 24 mg/g °IYth. AEAHOZ lipase ANGHEYFH 58§, 17
T AAZ Gt o FgAMY 44 2 AAELS nHstd s

b F%0l 80% FAL AESHE Zlo| s AR pez wuhn.
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Fig. 20. Lipase inhibitory activity of Dioscorea nipponica extracts.
The concentrations of D. nipponica ethanol extract and Orlistat used for
the assay were 50 ug/mL and 2.5 ug/mL, respectively.
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Fig. 21. Extraction vield of Dioscorea nipponica at various ethanol

concentrations.
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Fig. 22. Extraction of dioscin from Dioscorea nipponica at various
ethanol concentrations. One gram of the herb powder was extracted
with 10 mL of 0, 20, 40, 50, 60, 80, 100% ethanol solution for 12 hrs.
Dioscin content was assayed by HPLC equipped with ELS detector and

C18 column.

3 rn dEAog H XA lipase &

k| FRafwuke] 80% oN&E F
g44e Afste Aog Uestony, £3] olv lipase AdEA] & &

A
A mxe} wmstel A FAF FFoz EABAHL ANIATY (Fig.

i
o
flo

23). & =9 50 ug/mLEEdA FaAnte] 80% & FEES lipase
24S 747 826% Aslste Ror e T Ao A= 80%
ol Aol FAHEZAM 253 797} lipase A Bl HF L Aoz Y
et} Ea}ol = teasaponin®] 8} lipase inhibitor7} £A5tE el R dE

vt it (Han 5 2001).
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Fig. 23. Inhibitory activity of 80% ethanol extracts of Dioscorea

nipponica against pancreatic lipase.

. BA6gS A5x4 59 A udy 24

F2AEY AAPAN AF2H FF0 ¥JdE FA0 FFH =FAA
Zo wign AAL Ysta, FAviey FHHES 80% NBLE FFIA
Z2uEE24e A 8L AASL slury FEdAN FAAXSGS &
23 st Y22 ALSAT QALHAA 13E £FE PAY EF 2
o2 HANYAEY ol d& YR VFez duE FEE
03g o siZEch 22y 80% olggol st ALl M FEH
A gomg F2E5$L 7UsY 03 grus BE 49 AsE AT
Aol Pasith E AYAE GHHEY FEFLEL 60%2 7HEE, =
FAAE Hriste FAv FE2EY &S 7@%7]%01 100mL % 05g2
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2 ZAAsE AAEAs g (70°Brix)2 10~18%%  FHste
formulatA 8l #FHE HAASATh Table 250 Jebdl wpo} o] &

BEF 349EF 12~18% HYddEe #53 Aolzt Qo) BF 43 A

o3

L2 YeEn wetd n3g FFE 12%2 2 Sy, AN HEs 2

e

A7l fste 22 #EH e AA G} olW Hrbske vt Col 4
0.02%% A5, FAAe %S 100 mL9 30, 50, 70, 90 mg gH3tE
=Y AgE AX3t #AFTHINE AN Az FAN g0l 30 BE 50

mg/dL]l B-%7F 7H¢ 7157 ¥ Aeg vEE

Aoz AFYE LIATY YzRA (formula)E FAv 25F
o

0.5%, 3 (70° Brix) 12%, HEHYl C 0.02%, TA4F 0.05% oA th.

2 AFY AL Aol go] iE A e HAF HFs e AT
g SEE HdAPs9en, 4EY 448 ey ARV AEY &
T Ao dFgRAFoR st Ao uigzE & Ao gHudrh wit
A F3F AES A polydextroses i #E Aol MFAAE Hubgh

formula® FAstE Zol FH s}
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Table 25. Sensory and physical properties of differently formulated

drinks

I g Formula|Formula|Formula| Formula | Formula |Formula | Formulai Formula| Formula
ngredient| 3 2 3 4 5 6 7 8 9
Dioscorea| 51 05 | 05 | 05 | 05 | 05 | 05 | 05 | 05
extract

HFCS 10 12 14 16 18 12 12 12 12
Vitamin C{ 0.02 | 0.02 | 0.02 | 002 | 002 | 002 | 0.02 | 002 | 0.02
Citric acid| - - - - - 0.03 | 005 | 007 | 009

Water | 895 | 875 | 85 | 835 | 815 | 874 | 874 | 874 | 874

Refractive

index(°Bx) 110 | 134 | 150 | 171 | 196 | 126 | 127 | 122 | 126

Acidity
%) 006 | 0.08 | 011 | 0.12
sugar/acid - 218 152 112 103

Overall”
e IR e EE S B R e e e ++ ++

preference

"Overall preference including sweetness, sourness, bitterness was
evaluated by trained panel. +! very poor, ++ poor, +++! average, ++++!
good, +++++! very good
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Table. 26. Change in refractive index, acidity, pH, and sediment

during storage at different temperature

Refractive index (°Brix)

Storage period (week)

Storage temp (°C) 1 2 3 4
4 13.1 13.2 13.1 13.2
A 13.0 13.1 13.0 13.0
36 13.1 13.0 13.1 13.1
pH

Storage period (week)

Storage temp (°C) 1 2 3 4
4 3.30 3.28 3.17 3.13
AE 3.30 3.24 3.04 3.05
36 3.30 3.18 3.06 3.00
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Sediment (%)

Storage period (week)

Storage temp (°C) 1 2 3 4
4 0.50 0.43 0.45 0.40
Al 0.50 0.50 0.43 043
36 0.50 0.53 0.58 0.53
Color”

Storage period (week)

Storage temp (°C) 1 2 3 4
L 16.8 17.2 17.1 16.9
4 a -5.9 -6.1 -5.8 -54
b 56 6.1 5.7 5.1
L 16.8 159 18.0 16.4
A a -5.9 -5.1 -6.0 -5.2
b 5.6 5.1 56 43
L 16.8 153 17.8 16.4
36 a -59 -5.1 -6.3 -b.6
b 5.6 b7 6.2 5.6

*Color was measured by Brightmeter TM MICRO S-5 (Technidyne Corp
USA).
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A FEZS AHESl AR 2 Ty AN WP se=E
Azsted B5HLE Y3 A3} Table 279 Vebd vhe} o] Rain} 2
¥ IUEWRZE 03% AT RE A dehge Aoz =gyt

havze VE HAE Rt 258 v50) 712 0 288 #Fadte

-l
e
X
=z
to
=2
==
!l
o

BEHoz §Y Pol You, wrz Aste] AAHY JEEE Fa

Ak weA mhgulze] Aol Hlge 03% lstE FAHoF & Aoz
TEET ¥4 01% HMFEANE Rz o)t AMHA HrtFEo)

A FeE el 7 Q.

Table 27. Preference test of mayonnaise containing different level
of Dioscorea powder

) Dioscorea extract, %
Sensory item

0 0.1 03 0.5 1.0

Odor (oily) 3.5 3.8 3.7 4.2 4.2
oily 5.5 5.3 5.3 5.2 52

Taste salty 5.3 4.7 4.0 4.2 5.0
sweet 3.3 3.3 2.7 2.7 2.3

bitter 7.0 6.7 4.3 3.7 3.0

Taste acceptability 4.7 4.5 4.0 3.7 3.0
Color acceptability 4.2 4.2 4.0 4.0 4.0
acc(g;’ggﬂity 48 45 38 35 3.0°

Sensory score represents as follows: 1, very poor; 3, slightly poor; 5,
average; 7, good ; 9, very good.

Values sharing same superscript are not significantly different from each
other.
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Al 228 v vtavize Ax 2 B4 23 ZHE Table
285 ok Alge] Tl 03% o3ty Wy dxTd RE SAIERAA
Aol7l AT Tal 05% ol AE vtadize] FEsb Zrkse A
& B¥om, ZE (hardness) ¥ gumminess = F7ETh ol FAjul

EE9 ¢F¥ saponinsEY 9oz A g}

e

Table 28. Physical properties of mayonnaise containing different
level of Dioscorea powder

Dioscorea extract, %

0 0.1 0.3 0.5 1.0
L 69.0 66.3 65.2 66.6 66.3
Color a -9.2 -838 -8.8 -85 -83
b 395 40.2 404 419 40.7
Viscosity (P)= 139 124 125 19.9 195
Hardnesg#*# 153 124 11.2 20.4 181
Cohesiveness** 1396 1395 1436 1397 126.6
Springinesss: 218.0 201.0 197.0 220.8 200.5
Gumminess#* 90.8 75.4 77.5 124.3 1164

*Viscosity was measured using Rheometer UDS 200. The measurement
conditions are as follows: Measuring system, MK23(50mm, 2*); TU,
TEK 150P/UDS, measuring position, 0.05 mm, position, 02 7675,
measuring gap, 0.05 mm; temp., 25°C; NF, 0.094; shear rate (1/s), 20;
time, 100sec

#*Other textural parameters were measured with Sun Rheometer
compact-100, Measuring condition is as follows; Table speed, 60 mm/m;
sampling speed, 6 ms; load cell, 1 kg: sample move, 10 mm; sample
length, 10 mm; Adapter type, #1. Load cell was plunged into sample by
5 mm depth.
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& AF AES ARG A BE2 Ao odn oy AFERY
Mo ookF wjEo] 20% ol FAT AL qAH7) QEd o& 4
dstrl flsl A3 BdE HFe vEe AfAEY BAol I L
AT (B 7 2000/4/24).

(Fat down), "o} Zdd-<u}’, 'go]
ol =¥ tolojE'Se] Yo Fo THANECE hydroxycitric acid
(HCA), 71E4E, 2E, 7124 ¥ (carnitine) Fo] &HHol At} 28 o8

AZES 3 M BARS YEsy Qo A8 29 28 25 AF 2

FE7E EFEE FHolt (FLLE 2004.06.01).

7hE A Yot ZrH Ao} (Garsinia cambogia)® PolAlop A4 LR nlE
#4974 A2RE F2He 2R Hydroxy Citric Acid (HCA)7F 10~30%
sl gtk HCA® 2¥A, IR 88 79 citric acid)$b =5
FAEE Sl AAA A F3] =84 dAdn R el LA
AN 23E By Y8 222 AEIUE gt HCAE TFAAH
oxaloacetate$} acetyl CoAZ A3 49 ATP citrate lyased] 243
Az d#AA vk Acetyl CoAT® A, 2 2HE, $FU%EA AF

AEEAQl acetylcholine 52 Aol A8 ¥t (Shara 2004). ©o]Z2% HCA

i4

[U i
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2. 58 Alg E3

el Alelel 1rE 200108 @Al 97007 Bom A Ile] A
ghol A (o4} 51%, b 59%)°] A Folu}, BMIZF 300144¢] wlgbate] u
&k Ax7 25%, FAF 20%E viS E& Heolth mw | AFzEEE
AZTFRE o 4659802 FHHT god, o 7hed 86%e AL EE
Az ze AFuERoln, AF2EE BEAFY vjEdo] BEAEE F7
€}t (Sloan 2001). B¢k Q1+8] A& Al F7h7t dAats e 7hed AT
SAF] AT 20087+ v 6.7% A AFE AoZ st it

A HFRAHEL AT BRAE RYA SHm Fast, Nestle Sweet

Rl
¥
=

of\

Sucess, Boost, PediaSure, Sustacal £°]9, #AZSALE T Unilever, Ross
Laboratories, Mead Johnson, Nestle Solt}. 2003 s/l 38 ephedrine
FrE AFY ddrt A8 el Fapeirk B SN ol WE

e OiF AAE Zed 253 Table 202 75 WlolA 200349 &
ANEElE AF2EE AFY FFY 54E AN Aot diREY A

FEo] caffeine A E FEHoE AMgstn o9, chromium, chromium

o]

m&’L‘

2

picolinate, CLA, HCA, guarana, caffeine, ginseng, green tea, chitosan,

cholecystokinin/CCK, synephrine $°] 7} & ¥lE2 AMSEH I gl o]

1,

= AF2EBE AHE 9T vitamins, minerals, 44, inositol, chitin,

5 2299 E A ol AEHT Ak dH AFEPE AF &
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o] AMEHE T FHEAAZME Garcinia cambogia, psyllium, aloe, senna,
willow bark, yerba mate, Sida codifolia, kola nut, Bladder wrack,
yohimbe, Commiphora mukal, Piper longum, burdock, dandelion, nettles %

o] g1t} (Table 29).
2y AERAAEY Agde A 2N E gEded, AAs Atkins
alL

dl-AgsE AFell, e stue Satrietol,

'Lean On Me' (Functional Foods Inc.) 2& ¥%w7+s F& A Foltt. 53

- 121 -



- ¢¢l —

Table 29. Major brands of weight control products in US market

Bland Producer Sesri?eng ig;g;%;{ Ingredients Remarks
Dicalcivm Phosphate (87mg), Chromium Picolinate(400
ug), L-Carnitine (250mg), Chitosan(250mg), Garcinia {Direction © For adult, take two
cambogia fruit (standardized to contain 50% HCA) tablets daily, preferably with
Trim Pills Vitamin (300mg), Citrus aurantium fruit (standardized to contain|breakfast and lunch.
Slanger 2 tablets| 120 16% synephrine, 18mg)(300 mg), Hydro Support Blend  ***The use of Citrus aurantium for
BGW&k’@ World Inc. {(200mg) (Uva Ursi (Arctostaphylos uwa-ursi), Buchu  |{weight management is licensed by
( Barosmabetuling) (eaf), Juniper Berry {Juniperus Zhishin, LLC under U.S.Patent Nos.
communis) (fruit), Green Tea Extract(standardized to (6,224,373, and 6,340,482
contain 50% polyphenols, 7.5mg)-200mg
\’itz‘xmin C {as Ascorbic Acid)-100mg, Vitamin B-6 {as Direction © For adults in the
Pyridoxine Hydrochloride)-10mg, Pantothenic Acid (as -
d-Calcium Pantothenate)-100ng, Magnesium (as Magnesium morning take two capsules before
Oxide)~10me, XtremeTrim™ Thermo Complex-1,415mg, Yerba eating or exercising and in the
Xtreme Mate Extract (leaf) (standardized for .
Trim Vitamin 9 Methylxanthines{Caffeine)), Green Tea Extract (Camellia mid-afternoon take two more
‘ 120 |sinensis) (leaf) (standardized for Epigallocatechin  gallate, lcapsules. If you weigh less
Ephedra | World Inc | capsules Caffeine, 'Polyphen’{ils), Metgbmmine f?@coa. Extract than 150 pounds, start with half the
Free (standardized for Theobromine, Caffein), Bitter Orange Extract

L

\(Citrus qurantium’™) (fruit) (standardized for Synephrine,

N-Methyltyramine, Hordenine, Octopamine and Tyramine),
Tyrosine complex ( L-Tyrosine and Acetyl L-Tyrosine),
L-Methionine, Ginger Extract (Zingiber officinale) (root),

suggested amount for the first week

(one capsule two times daily).
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Grape Seed Extract (seed), Flavone Complex (Proprietary
Blend of 334’ 5-7-Pentakydroxyflavone and

33’ 4.7 Tetrahydroxyflavone), DMAE
{Dimethylaminoethanol)

#xxThe use of Citrus aurantium for
weight management is licensed by
Zhishin, LLC under U.S.Patent Nos.
6,224.873, and 6,340482

Chromiumf{as chromium Picolinate}~200ug, Northern

Xtreme Trim White Kidney Bean Extract-1,000mg, Gymnema .
o Direction : For adults, take two
Carh Cyrh | Vitamin Sylvestre (leaf)-1000mg, Vanady!l Sulfate-2mg, Alpha ‘ )
2tablets | 60 0 . tablets thirty minutes before your two
formula World Inc. Lipoic Acid-2mg,
) ) ) ) largest meals of the day.
DecdorizedGarlic{ Alliumsativum)(hulb)-40mg,
Papaya-ong
Direction : As a dietary supplement,
take three capsules before breakfast or
Chromium(Chromax™)(as Pyridoxine Picolinate)-200g, lmorning workout. Also take three
L-Phenylalanine-250mg, Guarana capsules before afternoen and evening
X Extract-909mg( Paullinia cupana) (seed) std. to 22%  |meals. Do not exceed nine capsules
METABO-DR|  The , S , . ‘
L Caffeine 200mg, Garcinia cambogia daily. Taking more than the
ENE, DIET Vitamin 3 . TMys - . .
40 |Extract-500mg(Citrimax " ){rind) std. to 50% (-) recommended amount will not improve
Ma Huang | Shoppe | capsules e .
B Hydroxycitric Acid(HCA) 250mg, L-Carnitine results and may cause adverse
Tee

(L-Carnipure®)(as L-carnitine L-tartrate)-100mg,
Potassium Phosphate Monobasic-7omg, Magnesium
Phosphate Tribasic-25mg

reactions listed in the warning below.
Begin use with one-third the
recommended dose (one capsule three
times per day) to assess your

tolerance.
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Green tea (Camellia sinenis) (leaf)-610mg,
Total Polyphenols, 305mg
Catechins, 213mg

Direction : Take 273 capsules twice
daily before meals, at least 4 hours
between servings and 1 hour before
exercise. Do not exceed 5 day per

week. Do not use more than 12 week.

Thermo Epigallocatechin Gallates(EGCG), 110mg o
| EAS Inc. |3 capsules| 40 . o i - After 12 weeks of use, discontinue for
Dynam X Maté(llex paraguariensis) Leaves and Stems~500mg, o
o ) , 2 weeks. Smaller individuals or
Caffeine (from Maté, caffeine anhydrous and Green|
) . ) individuals who have never taken
tea)-200mg, Octopamine HCL-200mg, Synephrine (from ) :
. . thermogenic products my wish to
Citrus aurantium)-20mg ) ) )
start with one capsules twice daily
and increase the dosage as tolerated.
L~Tyrosine-500mg, Cordyceps (aerial)
{standardized for T%cordyeeptic acid}-500mg,
Citrusaurantiumd fruit{standardized for8%synephrine)-300mg,
?{' M;? s Wort (Hypericum p erfomwrj)z Direction @ For adults, take two to
. jal)(standardized for 0.3% hypericin)-200mg, Yohimb .
PHEN-PLE | Vitamin aena. s ‘ar lze, or B iypencin , " ,0 M o capsules, two to three times
4 capsules| 30  |(Pausinystalia yohimbe) (Bark)(standardized for 3% ~ .
X World Inc. daily, 30 minutes before meals and/or

vohimbine) ~100mg, Yerba Maté{llex paraguayensis)
{leal)(standardized to contain 20% caffeine)~4%5mg, Cayenne
Pepper Powder (Capsicum annuum) {fruit}-25mg, Other
ingredients © Dicalcium Phosphate, Cellulose (Plant Origin),
Gelatin, Sillca, Vegetable, Magnesium Stearate,

exercise,
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Yerba maté (llex paraguariensis)leaves)-500mg,
Guarand extract (Paullinia cupana) (seeds)[Standardized
for 15% alkaloids as caffeine(105mg)}-700mg, Citrus
aurantium fruit extract [Standardized for 6% synephrine

iSatori {30mg)]-300mg, ForsLean® Coleus forskohill extract
LEAN Global s el %0 (root)[Standardized for 20% forskolin
SYSTEM 7 |Technologies| o (30mg)]- 150mg 7-Keto™ (3 Acetyl-T-oxo-dehydroepiandro
Tnc. sterone)-50mg, Dandelion leaf and root )
powder( Taraxacum officinale)-250ng, Bioperine”(Piper
nigrum)(fruit)[98% piperine (49mg)]-5ng, Other
ingredients : Gelatin, rice flour, magnesium stearate, and
titanium dioxide.
Direction : For maximum weight,
Niacin-301g, Zantrex™-3-1230ng loss, take two capsules‘ with a full
A Proprietary Blend Containing © Yerba Maté (eaf) | gla.ss of a&;fatel\? tISt”i%{}mx::;e; before
- Zoller Caffeine, Guarana (seed), Damiana (l.eaf, stfzm), (Green ;z;:znrgn; irjan; 80}1;}1(: veriod.
ZANTREX'"-3 Laboratories. 2 capsules) 42 jtea (leaf), Kola Nut, Shizonepeta (spica), Piper Nigrum Remember, the calorie-reducing

{fruit), Tibetan Ginseng {root), Panax Ginseng (root),
Maca Root *, Cocoa Nut, Thea Sinensis Complex (leaf),
Other ingredients  Rice Flour

properties of Zanter -3 are
activated by food. For significant
energy boost, take 2 capsules

anytime as needed,
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Fat Blaster

Nutritional

concepts Inc.

4 tablets

30

Calcium (assicalcium Phosphate)-544mg, Chromium (as
Chromium Picolinate)-200ug, Kola Nut Extract (Cola
Acuminala) (Nut)-550mg, Caffeine (from Kola Nut and
Caffein Citrate)-55mg, Cinnamon Powde(Cinnamorium
Zeylanicum) (Bark)r-100mg, Mustard Powder (Snapis
alba)  (Seed)-100mg, L-Carnitine-50mg,  Grapefruit
Extract (40:1) (Citrius Paratis) (Fruit)-50mg, Cayenne
Powder (Capiscum Fruitescents) (Fruit)-20mg, Other
ingredients : Magnesium stearate, gelatin

Direction : As a dietary supplement,
take four tablets approximately 1/2

hour after meals or as directed by a
physician or health care professional.

RIPPED FUEL

Twin
laboratories

Inc.

2 capsules

30

Bitter Orange Fruit Extract(standardized for 6%
synephrine alkaloids)-325mg, L-Phenylalanine(50mg),
Guarana Seed Extract (22% caffeine)-800mg, Metabolic
Fat Loss Blend(310mg), St. John’s Wort Extract
(aerial parts) (standardized for 0.9mg hypericin)

Green Tea Leaf Extract, Quercetin, Citrus
Bioflavonoid Complex, Ginger Root, Cayenne Fruit,
Other ingredients Magnesium  stearate, (Gelatin,
Cellulose, Purified Water, MCT.

Direction : As a dietary supplement,
take two capsules before each meal.
Do not exceed 6 capsules daily.
Taking more than the recommended
amount will not improve results and
may cause adverse reactions listed in
the warning. Begin use with one-half
the recommended serving (one capsule
three times per day) to assess your
tolerance,

Chromium
Picolinate

Albertson’s

Inc.

1 tablets

Chromium(400gg), Other ingredients Calctum
Carbonate, Cellulose, Maltodextrin, Croscarmellose
-Sodium,  Cornstarch,  Chromium  Picolinate,
Magnesium Stearate, Silicon Dioxide, Polyethylene,
Glycol.

Direction : Take one tablet daily with
a full glass of water, preferably after a
meal.

Chromium
Picolinate 400

Albertson's

Inc.

1 tablet

Chromium(400ug), Other  ingredients Calcium,
Carbonate, Cellulose, Maltodextrin, Croscarmellose
-Sodium, Chromium Picolinate, Dextrin, Magnesium
Stearate, Silicon Dioxide, Dextrose, Lecithin, Sodium
Carboxymethylcellulose, Sodium Citrate.

Direction : Take one tablet daily with
a full glass of water, preferably after a
meal.
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In the process of screening for pancreatic lipase inhi-
bitors, which could be used as an anti-obesity measure,
the methanol extract of Dioscorea nipponica Makino
powder (DP) appeared to have potent inhibitory activity
against porcine pancreatic lipase with an ICs, value of
5-10 ug/mi, where the enzyme activity was assayed by
using 4-methylumbelliferyl oleate as a substrate.
Further purification of active components present in the
herb generated dioscin that belongs to the saponin fami-
ly. Dioscin and its aglycone, diosgenin, both suppressed
the time-dependent increase of blood triacylglycerol
level when orally injected with corn oil to mice, suggest-
ing their inhibitory potential against fat absorption.
Sprague-Dawley rats fed on a high-fat diet containing
5% Dioscorea nipponica Makino and 40% beef tallow
gained significantly less body weight and adipose tissue
than control animals fed on a high-fat diet alone during
an 8-week experimental period (P <0.05).

Key words: obesity; Dioscorea nipponica; lipase inhi-
bition; dioscin; diosgenin

Obesity is a chronic, stigmatized and costly disease
that is rarely curable and is increasing in prevalence
throughout most of the world.? The inhibition of
dietary fat absorption has been reported to be one of
the effective ways of managing obesity. For instance,
the application of a strong lipase inhibitor such as
Orlistat, a hydrogenated derivative of lipostatin
derived from Streptomyces toxitricini, has proven to
be used successfully for the treatment of obesity.? In
our preliminary study, about 200 medicinal herbs
were tested for their inhibitory activity against
porcine pancreatic lipase by using an assay system
containing 4-methylumbelliferyl oleate as a sub-
strate.” The methanol extract of Dioscorea nipponica
Makino showed the strongest inhibitory effect against
pancreatic lipase. Dioscorea nipponica Makino, a
perennial herb growing in mountainous areas of the

Korean peninsula, has long been used as a folk medi-
cine for asthma, rheumatoid arthritis, bronchitis,
and other diseases in this country. In the present
study, the active component from the herb was puri-
fied, and its effect on the elevation ¢f plasma triacyl-
glycerol level in mice caused by the oral administra-
tion of a lipid emulsion was examined. The effects of
the powder on the body weight gain, amount of
adipose tissue, and blood parameters in rats fed on a
high-fat diet for 8 weeks were also investigated.

Materials and Methods

Materials. Porcine pancreatic lipase (type VI-S), 4-
methylumbelliferyl oleate (4-MU oleate), and cellu-
lose were obtained from Sigma (St. Louis, MO,
U.S.A.). Assay kits for triacylglycerol, and total-,
HDL-, and LDL-cholesterol were also purchased
from Sigma. Beef tallow was from Samwoo (Seoul,
Korea). Vitamin and mineral mixtures were from
Teklad (Madison, WI, U.S.A.). All other chemicals
were of reagent grade. The root of Dioscorea nippon-
ica Makino was obtained from Uisung Medicinal
Farm (Uisung, Korea), freeze-dried, powdered, and
kept at —20°C. This study was approved by the
committee of Andong National University for the
care and use of laboratory animals.

Animals and diet composition. Male ICR mice
(8-week old) and male Sprague Dawley (SD) rats
(7-week old) were obtained from Korea Experimental
Animal Center (Umsung, Korea), and housed for !
week under a 12-hr light:dark cycle (light 0700-1900
h) in a temperature- and humidity-controlled room
(22 1°C). The animals were given free access to the
diet and water. The ICR mice were given standard
feed (Purina, Korea), and the SD rats were fed on a
standard feed for 1 week and then on experimental
diet whose composition is shown in Table 1.

* To whom correspondence should be addressed. Tel: +82-53-950-5752; Fax: + 82-53-950-6750; E-mail: vision@knu.ac.kr
Abbreviations: DN, Dioscorea nipponica M.; MU olcate, 4-methylumbelliferyl oleate; ANOVA, analysis of variance; VLDL, very-low-
density-lipoprotein; LDL, low-density lipoprotein; HDL, high-density lipoprotein
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Table 1. Composition of the Experimental Diets

Component Control 2% DN 5% DN
g/kg of diet

Beef tallow 400 400 400
Casein 300 300 300
Starch 100 84.3 60.8
Sugar 100 100 100
Cellulose 50 45.7 39.2
Vitamin mixture 10 10 10
Mineral mixture 35 35 35
Choline 2 2 2
Methionine 3 3 3
Dioscorea nipponica powder 0 20 50

Measurement of the lipase-inhibitory activity. The
inhibitory activity of each sample against pancreatic
lipase was measured by using 4-MU oleate as a sub-
strate.* The reaction mixture consisted of 0.1 ml of
0.1 mM 4-MU oleate, 0.04 ml of a Mcllvane buffer
(0.1 M citrate-Na,HPO,, pH 7.4) and 0.01 ml of a
sample solution. Adding 0.05 ml of lipase, all in a
final volume of 0.2 ml, started the reaction. After
incubating at 37°C for 20 min, 1 ml of 0.1 NHCl and
2 ml of 0.1 M sodium citrate were each added. The
amount of 4-MU released by the lipase was measured
fluorometrically at an excitation wavelength of
320 nm and an emission wavelength of 450 nm. The
inhibitory activity (%) was calculated as (1 — A /B) x
100, where A and B represent the activities of the
enzyme with and without sample. ICs, the concen-
tration of a tested compound giving 50% inhibition
of the enzyme activity, was evaluated from the least-
square regression line of the plot of the logarithm of
concentration vs. the inhibitory activity.

Purification and characterization of the in-
hibitor(s). Three kilograms of Dioscorea nipponica
root were extracted three times with five liters each of
methanol. After filtration, the extract was evaporat-
ed in vacuo to give 115.1 g of a dry sample. The
evaporated sample (25 g) was loaded into a silica gel
column (90X%6cm, silica gel 900 g; Merck 7734,
Darmstadt, Germany), and eluted with chloroform/
methanol /water (7/3/1). From 60 min after starting
the elution, eight fractions of 2 | each in volume were
collected. The 5* fraction was further fractionated
by silica gel chromatography eluted with ethylacetate
/methanol (98/2—95/5). Sixty fractions of 500 m!
each were collected. The fractions from 35" to 50*
showed strong inhibitory activity against pancreatic
lipase. One of those fractions was dioscin as analyzed
by IR spectroscopy (Perkin-Elmer 283B, Shelton,
CT, U.S.A.) and NMR spectroscopy (Bruker AMX
300, Rheinstetten, Germay).

Measurement of the plasma triacylglycerol level
after the oral administration of a lipid emulsion to
rats. Lipid emulsions were prepared with 6 ml of corn
oil, 80 mg of cholic acid, 2 mg of cholesteryl oleate,
and 6 ml of saline in the absence or presence of di-
oscin or diosgennin.>® After male ICR mice weighing
40 g had been fasted overnight, they were orally
administered with 200 ul of a lipid emulsion. Blood
samples were taken from the tail vein at 0, 0.5, 1,2, 3
and 4 hrs after administering the lipid emulsion with
or without dioscin or diosgenin. The plasma triacyl-
glycerol level was determined with a Triglyceride
E-test kit (Sigma).

Evaluation of the body and several adipose tissue
weights, plasma triacylglycerol and total cholestero!
in rats fed on the high-fat diet for 8 weeks. After
adaptation to the high-fat diet and laboratory condi-
tions for 1 week, male Sprague-Dawley rats (7-week
old, weighing 220-240g) were divided into three
groups, each group matched for its body weight. The
control group was given only the high-fat diet; the
other group was given the high-fat diet with Di-
oscorea nipponica root powder mixed in at a concen-
tration of 2% or 5% (Table 1). The body weight was
measured once weekly. After 8 weeks of the Di-
oscorea hnipponica powder treatment, the animals
were killed; adipose tissues from the subcutaneous,
perirenal, inguinal, and epididymal areas were col-
lected and their weights measured. Feces were coliect-
ed for 3 days immediately before sacrificing the rats,
dried, and powdered. The fecal fat content was meas-
ured by the Soxhlet extraction method.” Blood was
taken by heart puncture just prior to killing. The
blood samples were centrifuged, and plasma was
separated and frozen at —80°C until needed for the
assay. The plasma triglyceride (TG), total cholesterol
(TC), HDL-cholesterol, VLDL-cholesterol, aspartate
aminotransferase (GOT) and alanine aminotran-
sferase (GPT) activities were measured by kits from
Sigma. The atherogenic index (Al) was calculated as
follows: Al=(total cholesterol—HDL cholesterol)/
HDL cholesterol.

HPLC analysis of dioscin. The root of Dioscorea
nipponica was dried for 7 days at room temperature
and then powdered in a homogenizer. Two grams of
the powder was extracted with 100 ml of methanol by
a sonic vibrator (Branson 3210R-DTH, Bransonic,
U.S.A)) at 50°C for 8 hr. Dioscin, prosapogenin A
and prosapogenin C in the root extract of Dioscorea
nipponica were determined by a HPLC system com-
prising an SCL-10A system controller, LC-10AD
pump and SPD-10A UV detector (Shimadzu, Japan).
The analytical column was a Nova-Pak Cj; type
(Waters, U.S.A.). The mobile phase for HPLC con-
sisted of 60% acetonitrile (v/v) with a flow rate of 1
ml/min. The column temperature was maintained at
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28-30°C. A 20-ul volume of the final extract was in-
jected into the HPLC system, and the UV absorption
at 218 nm was recorded for a saponin analysis. The
retention times and detection limits for dioscin,
prosapogenin A and prosapogenin C were 5.7, 7.6
and 13.4 min, and 20, 15, and 15 ug/ml under these
analytical conditions, respectively.

Statistical analyses. Data are expressed as the mean
+s5.d. and were analyzed by one-way ANOVA and
Duncan’s multiple-range test; a P-value of <0.05 is
considered significant.

Results

Inhibitory activity of dioscin and its derivatives
against pancreatic lipase

The methanol extract of DN root inhibited the
lipase activity in a dose-dependent manner in the
assay system with 4-MU oleate as a substrate (Fig. 1).
The lipase activity was inhibited by 50% at the con-
centration of 10 ug/ml of the methanol extract of the
herb. The inhibitor(s) from the methanol extract of
the herb was purified by sequential silica gel chro-
matography, wusing chloroform/methanol/water
(7:3:1, lower layer) and then ethylacetate/methanol
mixtures {(gradient) as the eluent. The purified inhibi-
tor was identified as dioscin by IR, and 'H- and *C-
NMR spectroscopic analyses.

Mp 289-292°C; [a]¥ —110.5° (¢, 0.3 in MeOH);
IR (KBr, cm™'): 3420, 1645, 1100-1000, 920, 900,
863, 835 (900> 920, 25(R)-spiroketal), §10; 'H-NMR
(300 MHz, pyridine-ds) 6: 0.68 (d, J=5.2 Hz), 0.82
(s), 1.05 (s), 1.12(d, J=6.9 Hz), 1.60 (d, J=6.9 Hz),

.
100[ 1EJOrlistat

W DN extract
& 80 .
—
a 60
°
s 4
e}
€ 20

Q0
1 10 100 1000
Cone {ug/ml)

Fig. 1. Inhibition of Porcine Pancreatic Lipase (PL) by the

Dioscorea nipponica {DN) Extract.

The inhibitory activity of the methanol extract of DN and of
Orlistat against porcine pancreatic lipase was measured at
concentrations of 1, 10, 100, and 1000 ug/ml.

1.74 (d, J=6.2 Hz),4.92 (d, J=6.7 Hz), 5.32 (br d, J
=4.6 Hz), 5.80 (s), 6.34 (s); *C-NMR (75.5 MHz,
pyridine-ds) &: 37.4, 29.9, 78.0, 38.8, 140.7, 121.5,
32.0, 31.6, 50.6, 37.0, 20.9, 39.8, 40.3, 56.5, 32.2,
80.9, 62.8, 16.2, 19.3, 41.8, 14.8, 109.0, 31.7, 29.1,
30.4, 66.7, 17.1, 100.1, 79.5, 76.5, 77.7, 77.6, 61.8,
101.7, 72.1, 72.2, 73.9, 70.1, 18.2, 102.7, 72.4, 72.5,
73.6, 69.2, 18.3.

Dioscin and its derivatives had been isolated from
DN in the previous study.? We therefore examined
the inhibitory activities of dioscin and its farnily
against the lipase. Dioscin, diosgenin, gracillin,
prosapogenin A (diosgenin-3-O-q-L-rham-
nopyranosyl(l —2)-$-p-glucopyranoside) and C
(diosgenin-3-O-4-p-glucopyranoside) each showed
strong inhibitory activity against porcine pancreatic
lipase, with respective ICs, values of 20.0, 28.0, 28.9,
1.8 and 42.2 ug/mi that caused 50% inhibition of the
enzyme (Table 2).

Effect of dioscin and diosgenin on the plasma tria-
cylglycerol level after orally administering a lipid
emulsion to mice

Figures 2 and 3 show the time-course characteris-
tics of the plasma triacylglycerol concentration when
a corn oil suspension with or without dioscin and di-
osgenin was orally administered to mice. At 2, 3, and
4 hr after orally administering the lipid emulsion, the
elevation of the plasma triacylglycerol concentration
has been significantly reduced by dioscin (100 mg/kg
bw) and diosgenin (100 mg/kg bw) in the mice. The

[~=Control —#—Dioscin. 100mg/kg_—*—Orlistat, 5meg/ke

250
*

200
s /}\ .
3
2150 i T
§ 00! + —
g 1o R —— 7
e
i
H
T S0

o . ‘ . ,

o o5 t 15 2 25 3 35 4 45

Yime after lipid amulsion loading (h}

Fig. 2. Effect of Dioscin on Elevation of the Plasma Triacyl-
glycerol (TG) Level after Oral Administration of a Lipid Emul-
sion.

The plasma TG concentration at the times marked with an
asterisk are significantly different between the control and
dioscin (100 mg/kg) groups (P <0.05).

Table 2. Lipase Inhibitory Activity of the Saponins Isolated from Dioscorea nipponica
Dioscin Diosgenin Gracillin Pro-sapogenin A Pro-sapogenin C
1Cs, (ug/ml) 20.0 28.0 28.9 1.8 42.2
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peak plasma triacylglycerol concentration was also
reduced by dioscin and diosgenin.

Effects of the Dioscorea nipponica powder on the
Sfood consumption, and body and adipose tissue
weights of rats fed on a high-fat diet

The mean food consumption per week per rat was
not significantly different between the high-fat group
and high-fat plus 2% or 5% DN diet group (Fig. 4).
The change in body weight of the groups during the
experimental period of 8 weeks is shown in Fig. §.

—e— Contol —8—Orlistat (Smg/kg)
—#— Diosgennin (50mg/kg) =¥ Diosgennin {100mg/kg)
g 250 o
]
£ 200
€ 150 1
o
2 100
£
s 50
a
0 . L .
0 1 2 3 4 5

Time after TG loading (h)

Fig. 3. Effect of Diosgenin on Elevation of the Plasma Triacyl-
glycerol (TG) Level after Oral Administration of a Lipid Emul-
sion.

The plasma TG concentrations at the times marked with an
asterisk are significantly different between the control and dios-
genin (100 mg/kg) groups (P<0.05).

{—O—ngh—iat diet —@= High—fat diet+2% DN —— High-fat diet«5% DN I
120 NS,

100 E I
MY SN S .
60
40
20

I . . ; ;
0 2 4 6 8 10
Treatment time (week)

Feed intake (g/week)

Fig. 4. Feed Intake of the Control and Treatment Groups.

The rats in the control group were fed on the high-fat diet
alone, whereas those in the treatment group were fed on the
high-fat diet containing 5% Dioscorea nipponica (DN) powder.
There was no significant difference in diet intake between the
groups (P<0.05). N.S. represents ‘not significant’.

Feeding the high-fat diet plus 5% DN powder sig-
nificantly suppressed the body weight gain when
compared to the control group fed on the high-fat
diet alone during the experimental period. The
amounts of subcutaneous, perirenal, and epididymal
fat were significantly lower in the group fed on the
diet containing 5% DN powder than in the control
group (Table 3).

Fecal fat excretion

Fecal samples from rats fed on the control and
experimental diets containing 2% or 5% DN powder
were collected for 3 days prior to sacrifice. The fecal
fat excretion of the experimental groups fed with the
2% and 5% DN powder were significantly higher
than that of the control group, suggesting that the
DN powder at the 2% or 5% level prevented dietary
fat absorption in the rats (Table 4).

Effect of the Dioscorea nipponica intake on the
Dplasma parameters after 8 weeks of treating lean rats
fed on the high-fat diet

The plasma concentrations of TG, cholesterol,
VLDL-cholesterol, and LDL-cholesterol were sig-
nificantly lower in the group fed on the diet contain-
ing 2% or 5% DN powder, than in the control group
fed on the high-fat diet alone. Furthermore, the DN
powder increased the level of HDL-cholesterol, lead-
ing to an improvement in the atherogenic index
(Table 5). .

F—O—Hotﬂal diet ~i—Hgh—fat diet+2% DN —— High—fat diet+5% DN

500.0

450.0

400.0

350.0

300.0

Body weight (g)

250.0

200.0
Treatment time {week)

Fig. 5. Effect of Dioscorea nipponica Powder (DN) on the Body
Weight Gain of Rats Fed on the High-fat Diet for Eight Weeks.
The body weight between the control and 5% DN powder
groups was significantly different at all times from the 2nd to 8th
week (P<0.05).

Table 3. Effect of Dioscorea nipponica Powder (DN) on the Body Weight Gain and Body Fat in Rats Fed on the High-fat Diet for 8 Weeks

Group Body weight gain (g) Subcutaneous fat (g) Epididymal fat (g) Inguinal fat (g) Perirenal fat (g) Total body fat (g)
Control 192.7+31.6* 12.9+2.7* 8.3+£2.0° 6.5+2.0ns 6.8+1.6° 38.6+9.4
2% DN 161.8+18.4° 11.4+£1.4% 6.8+1.2% 5.0+ 1.2ns 5.6+1.0" 32.414.7%
5% DN ' 140.0£20.8° 9.8+2.0° 5.6+0.8° 4.8+1.1ns 4.6+1.3° 27.6%5.5°

* Values not sharing a common superscript within the same column are significantly different from each other (P <0.05). ns represents statistically ‘not sig-

nificant’.
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Table 4.  Effect of Dioscoree nipponica (DN) Intake on the Fecal
Fat Excretion

Group Control 2% DN 3% DN

166:£43" 189+ 58"

Fecal fat excretion (mg/day)* 71&5*

* Values not sharing a common superscript letter are significantly differ-
ent from each ather (P <0.03).

Table 5. Effect of Dioscorea nipponica powder (DN) Intake on
the Blood Parameters in Rats

Plasma parameter Control 2% DN 5% DN
;I;:;é;!dgiacylglyceml 594 147 3549 FIERIL
aeteel okt pxe pas
?ﬂi‘;&‘ﬁ""“‘em‘ 16+2* 23 22
&3;;ho,cm ol 12£3° 7220 8428
Atherogenic index 6.1+1.6° 3.610.9° 2.8%0.6"
(Cl‘g;rmm i 6284159 643%6.1 61164
g{i fmen . 178482  204£70 18199

* Values not sharing a common superscript letter within the same row are
significantly different from each other (£<0.05).

Quantification of dioscin in Dioscorea nipponica

The content of dioscin in the root extract of Di-
oscorea nipponica was about 2.7% (w/w), with
prospogenin A and prosapogenin C being below the
detection limit under the HPLC conditions used.

Discussion

Obesity is associated with the development of type
2 diabetes, coronary heart disease, an increased inci-
dence of certain forms of cancer, respiratory compli-
cation, and osteoarthritis of the large and small
joints.” The strategy for preventing and/or treating
obesity includes the suppression of dietary intake, in-
creased thermogenesis, and inhibition of adipocyte
differentiation. A drug for inhibiting the absorption
of energy nufrients, in particular, fat, has been
successfully launched on the market. Orlistat, a
hydrogenated derivative of a bacterial lipase inhibi-
tor, is known to inhibit pancreatic lipase, thus
decreasing TG digestion and body weight gain.'®
Dioscin and diosgenin, the saponins present in DN,
showed a strong inhibitory effect on pancreatic lipase
and suppressed the time-dependent increase of plas-
ma TG concentration in mice that had been orally
injected with corn oil, although its effect was lower
than that of Orlistat, a prescription drug. Prosapoge-
nin A, diosgenin 3-O-o-L-thamnopyranosyl(1 - 2}-f-
D-glucopyranoside, has good potential to suppress

dietary TG digestion and absorption as it showed the
strongest inhibitory activity against pancreatic lipase
among the compounds tested; however, its effect on
the plasma TG increase after corn oil load could not
be evaluated due to the limited amount of the com-
pound. Considering relative abundance as well as
lipase inhibitory activity, dioscin seems to have been
major compound exerting the lipase inhibitory action
in Dioscorea nipponica. Prosapogenin A and C,
which were formerly known to be present in the
herb,® could not be detected under our HPLC condi-
tions. However, we do not exclude the possibility
that prosapogenenin A in the herbal extract might
have contributed to the lipase inhibition and exerted
anti-obesity activity as it showed the strongest lipase
inhibitory activity among the saponins tested.

Since the in vitro study demonstrated strong lipase
inhibitory activity of the extract of Dioscorea nip-
ponica and its components such as disocin, we con-
tinued to evaluate the effect of the DN powder on
obesity in rats induced by feeding a high-fat diet. The
inclusion of the DN powder af the 5% level in the diet
significantly suppressed the body weight increase of
rats fed on a high-fat diet containing 40% beef tallow
for 8 weeks. However, the use of the herb powder at
the 2% level was only marginally effective in sup-
pressing the body weight gain, although its level was
enough to affect the blood parameters toward a
reduced atherogenic risk (Table 5). The inhibition of
body weight gain did not depend upon a decreased
food or energy intake, because there was no sig-
nificant difference in diet intake between the control
and experimental groups, but was caused by prevent-
ing and/or delaying of fat absorption. As shown in
Table 4, the intake of DN powder increased the
excretion of fat through the feces. This observation
further supports the assumption that the weight
reduction from the herb intake was caused by the
decreased fat absorption. The administration of the
DN powder at the 5% level in the diet also sig-
nificantly reduced the amount of fat in the sub-
cutaneous, inguinal, and perirenal tissues in the rats,
this being consistent with the reduced body weight
gain of experimental group. Long-term feeding of
the DN powder to rats caused significant changes in
the blood parameters, including decreased levels of
plasma triacyiglycerol, and total, LDL- and VLDL-
cholesterol, but an increased HDL-cholesterol level.
All blood parameters in the rats fed on the diet
containing the DN powder at the 2% and 5% levels
indicated an improvement in the atherogenic index
(Table 5). It seems that the saponins present in DN
were responsible for preventing high-fat diet-induced
obesity, because they were effective in inhibiting the
triacylglycerol absorption by the mice injected with
corn oil. Han and co-workers have also found that
saponins prevented the high-fat diet-induced increase
in parametrial adipose tissue weight by inhibiting the
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intestinal absorption of dietary fat via inhibition of
the pancreatic lipase activity.”®

It has been reported that herb saponins caused
hemolysis and cytotoxicity. In particular, dioscin and
diosgenin have been shown to be cytotoxic against
several cancer cell lines.'” No sign of sickness and
erythrocyte hemolysis in the groups of experimental
rats was apparent for 8 weeks in this study.

In conclusion, the DN powder was effective for
preventing both the body and adipose tissue weight
gains in rodents induced by a high-fat diet.
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Abstract

As inhibitors of carbohydrate-digesting enzymes can prevent hyperglycemia that is known to cause many
macrovascular complications, they may prove a useful adjunct to hypocaloric diets in patients with type 2
diabetes and obesity. Inhibitory activities of two hundred and fifteen kinds of medicinal herb extracts against
@ -glucosidase (EC 3.2.1.20) and « -amylase (EC 3.2.1.1) have been investigated in vitro. Adenophora triphylla,
Aneilema keisak, and Morus bombysis significantly suppressed rat intestinal a -glucosidase activity in vitro. Por-
cine pancreatic amylase was efficiently inhibited by methanol extracts of Epimedium koreanum, Campsis
grandiflora and Salvia plebeia. Methanol extract of Epimedium koreanum among the medicinal herbs tested
showed the strongest inhibitory activity against porcine pancreatic  -amylase with 0.1 mg/mL of ICs. The
herb extract also improved glucose tolerance in ICR mice when loaded with 0.9 g soluble starch per kg body
weight. Taken tegether, Epimedium koreanum werits further evaluation as a therapeutic measure.

Key words: ¢ -glucosidase, «-amylase, inhibitory activity, Epimedium koreanum

INTRODUCTION

Despite periods of feeding and fasting, plasma glucose
remains in a narrow range between 4 and 7 mM in normal
individuals. This tight control is governed by the balance
between glucose absorption from the intestine, production
by the liver and uptake and metabolism by peripheral tis-
sues (1). In diabetic or insulin-resistant patients plasma
glucose level remains high, resulting in the development
of macrovascular complications such as heart disease, kid-
ney failure, blindness and even loss of limbs (2). Inhibition
of carbohydrate-digesting enzymes such as a -glucosidase
and amylase has been recognized as one of major tools
to ameliorate hyperglycemia in diabetic and obese patients.
« -Glucosidase is an enzyme that catalyzes the final step
in the digestive process of carbohydrates, and hence ¢ -
glucosidase inhibitors could retard the use of dietary car-
bohydrates to suppress postprandial hyperglycemia (PPHG)
(3). a-Glucosidase inhibitors such as acarbose, miglitol
and voglibose are known to reduce PPHG primarily by
interfering with the carbohydrate-digesting enzymes and
delaying glucose absorption (2). Amylases, endoglucanases
that catalyze the hydrolysis of internal «-1,4-glucosidic
linkages in starch and other related polysaccharides, have
also been target for suppression of PPHG (4). In fact,
inhibitors of ¢ -amylases are expected to be better sup-
pressor of PPHG, since they would not result in an ab-
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normal accumulation of maltose that causes side effects
such as abdominal pain, flatulence, diarrhea, and soft feces
in the colon (5). Although several drugs targeted for carbo-
hydrate-hydrolyzing enzymes are in clinical use, it is nec-
essary to have a large inhibitor pool as diabetic patients
can develop resistance to current regimens. Medicinal herbs,
which are widely distributed in the plant kingdom have
been used since ancient times by physicians and laymen
to treat a great variety of human diseases such as dia-
betes, coronary heart disease, and cancers (5). In this study
we investigated @ -glucosidase and o -amylase inhibitory
activities of some domestic medicinal herbs to evaluate
their potential as dietary supplements for diabetic or obese

people.

MATERIALS AND METHODS

Porcine pancreatic @ -amylase, p-nitrophenyl- ¢ -D-glu-
copyranoside, and ¢« -nitrophenyl- o -D-maltopentoglycoside
were purchased from Sigma (St Louis, MO, USA), and

@ -glucosidase was prepared from rat intestinal powder
{Sigma) as described elsewhere (6). Acarbose (purity: 96.1
%) was kindly provided by Bayer Korea Ltd. (Seoul, Korea).

Preparation of test sample
Medicinal herbs were obtained from the Medicinal Herb
Experiment Station located in Kyungpook province of
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Korea and extracted with ten volumes of methanol, fol-
lowed by rotary evaporation to dryness. Herb extracts
were dissolved in dimethylsulfoxide (DMSO) at the con-
centration of 5 mg per mL and used as test samples.

Assays of @ -glucosidase and amylase inhibitory ac-
tivities

The o -glucosidase inhibitory assay was performed by
the chromogenic method described by Watanabe (3) using
a readily available rat intestinal enzyme. Briefly, a -glu-
cosidase (0.7 U, Sigma) was dissolved in 100 mM phos-
phate buffer (pH 7.0) containing 2 g/L bovine serum al-
bumin and 0.2 g/L. NaN; and used as an enzyme solution.
5 mM p-Nitrophenyl- ¢ -D-glucopyranoside in the same
buffer (pH 7.0) was used as a substrate solution. The
50 uL of enzyme solution and 10 L of test compounds
dissolved in dimethylsulfoxide at the 5 mg/mL concen-
tration were mixed in a well of a microtiter plate and
measured for titer (Abs 405 nm) at zero time with a micro-
plate reader (model 550, Biorad, Hercules, California,
USA). After incubation for § min, the substrate solution
(50 pl.) was added and incubated for another 5 min at
room temperature. The increase in absorbance from zero
time was measured. Inhibitory activity was expressed as
100 minus relative absorbance difference (%) of test
compounds to absorbance change of the control where
test solution was replaced by the carrier solvent. o-Am-
ylase inhibitory activity was assayed in the same way
as described for the o -glucosidase inhibitory assay ex-
cept that porcine pancreatic amylase (100 U, Sigma) and
blocked p-nitrophenyl- @ -D-maltopentoglycoside were
used as enzyme and substrate, respectively.

Glucose tolerance test

A glucose tolerance test was conducted after overnight
food deprivation. Soluble starch (0.9 g) was dissolved in
5 mL warm water with and without 25 mg test sample.
Dissolved starch was intubated into ICR mice, and pe-
ripheral blood was sampled at 0, 30, 60, 90, 120 min. Plasma
concentrations of glucose were determined in triplicate
using a commercial kit (Sigma Procedure No. 315, St.
Louis, MO) and read at 505 nm using spectrophotometer
(BU 7400, Beckman Instruments, Fullerton, CA) (7).

RESULTS

Edible parts of two hundred and fifteen medicinal herbs
raised in Korea were extracted with methanol (10 ml/g
fresh weight). The extracts were rotary-evaporated to dry-
ness, and redissolved in dimethylsulfoxide at the concen-
tration of 5 mg per mL. The inhibitory activities of the
sample extracts against rat intestinal ¢ -glucosidase and
porcine pancreatic ¢ -amylase are shown in Table 1. Al-
though most of sample extracts were not effective in in-

hibiting « -glucosidase, methanol extract of Adenophora
triphylla, Aneilema keisak, and Morus bombysis signif-
icantly suppressed rat intestinal « -glucosidase activity in
vitro. The extract of Epimedium koreanum showed the
strongest inhibitory activity against « -amylase. Campsis
grandiflora and Salvia plebeia also showed moderate in-
hibitory activity against the enzyme activity although
their inhibitory activities were less potent than that of
Epimedium koreanum. However, none of the samples inhib-
ited both enzyme activities simultancously.

Epimedium koreanum repressed « -amylase activity in
a dose-dependent manner with 0.1 mg/mL of ICso, a con-
centration causing 50% inhibition of enzyme activity (Fig.
1). However, its inhibitory activity against ¢ -amylase was
one tenth of that of Acarbose, a prescription drug and a
potent ¢ -amylase inhibitor, with 0.01 mg/mL of ICs; (data
not shown).

Time-dependent increase in plasma glucose concentra-
tion in mice by the intubation of starch solution was sig-
nificantly suppressed by the extract of Epimedium koreanum,
especially at 30 min after starch feeding (Fig. 2).

DISCUSSION

Non-insulin dependent diabetes mellitus (NIDDM) ac-
counts for 90~95% of all diabetes. This heterogeneous
disorder afflicts an estimated 6% of the adult population
in Westemn society; its worldwide frequency is expected
to continue to grow by 6% per annum, potentially reach-
ing a total of 200~300 million cases in 2010 (8). The
main force driving this increasing incidence is a stag-
gering increase in obesity, the single most important con-
tributor to the pathogenesis of diabetes (8). Therefore
developing the measures to prevent obesity is essential
for lessening the increasing rate of diabetes. One of the
main features observed commonly in obesity and NIDDM
is postprandial hyperglycemia. Such high blood glucose
concentration accelerates lipogenesis and fat accumula-
tion through hypersecretion of insulin as well as the
development of chronic complications such as retinopathy
and nephropathy (9). At present, therapy for NIDDM or
type 2 diabetes relies mainly on several approaches in-
tended to reduce the hyperglycaemia itself: sulphonyl-
ureas (and related insulin secretagogues), which increase
insulin release from pancreatic islets; metformin, which
acts to reduce hepatic glucose production; peroxisome
proliferator-activated receptor- y agonists {thiazolidined-
iones), which enhance insulin action; ¢ -glucosidase inhi-
bitors, which interfere with gut glucose absorption; and
insulin itself, which suppresses glucose production and
augments glucose utilization (8).

The present study indicates that some medicinal herbs
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Table 1. Inhibitory activities of medicinal herb extracts against rat intestinal ¢ -glucosidase

and porcine pancreatic amylase

a -Glucosidase @ -Amylase

a -Glucosidase @ -Amylase

Scientific name inhibitory inhibitory Scientific name inhibitory inhibitory
activity (%) activity (%) activity (%) activity (%)
Acanthopanax sessiliflorus (leaves) -2 -32 Cichorium intybus L. -22 -94
Acanthopanax sessiliflorus (frutes) 13 -6 Cirsium japonicum -55 -47
Achillea sibirica -10 -58 Cnidium officinale -13 -52
Achyranthes japonica -29 -42 Codonopsis pilosula -50 43
Aconitium carmichaehi -14 -42 Coix lachryma-jobi -38 -36
Acorus calamus (leaves) -47 -97 Commelina communis (flower) -4 -28
Actinidia arguta (leaves) -12 -60 Commelina communis (leaves) -14 -35
Adenophora triphylla 70 -24 Convallaria keiskei 12 -21
Agastache rugosa -31 14 Convallaria keiskei 21 -22
Agrimonia pilosa -17 -17 Cyperus rotundus -3 -47
Akebia quinata (leaves) -38 19 Cyperus rotundus (seed) -9 11
Allium senescens L. 3 -51 Dendrobium moniliforme -20 -34
Allium thunbergi -11 -39 Dianthus chinensis -10 -61
Allium tuberosum -4 -56 Dianthus superbus -4 -64
Allium victorialis 4 -2 Dictamnus dasycarpus -3 16
Althaea rosea -15 -50 Dioscorea batatas -11 -19
Aneilema keisak 83 -32 Dioscorea nipponica -57 -30
Anemarrhena asphodeloides -40 <75 Disporum sessile -18 41
Angelica autiloba -3 -39 Duchesnea chrysantha -20 -3
Angelica dahurica (leaves) 10 -33 Echinops setifer 8 -16
Angelica gigas (leaves) -33 -81 Elsholtzia splendens -33 18
Angelica tenuissima 7 -45 Epimedium koreanum -13 86
Anglelica gigas (radis) -11 -13 Equisetum hyemale 2 -53
Anglelica gigas (frutes) -5 -23 Euphorbia pekinensis 5 -45
Aquilegia buergeriana -21 8 Euphorbia pekinensis (leaves) -11 -17
Aralia continentalis (frutes) -2 -43 Ficus carica -19 -6
Aralia continentalis (leaves) -7 -48 Ficus carica (leaves) -29 -8
Aralia continentalis (seed) 15 -52 Foeniculium vulgare -15 -17
Aralia elata -7 -14 Forsythiae viridissima -12° 1
Arctium lappa -33 -73 Geranium sibiricum -29 -81
Arisaema amurense -4 -37 Geranium sibiricum (leaves) -8 -56
Artemisia capillaris -19 -54 Geum japonicum -8 -17
Artemisia capillaris (leaves) -16 =27 Glycyrrhiza uralensis -10 -30
Artemisia keiskeana -36 8 Glycyrrhiza uralensis (seed) -28 -22
Artemisia melini -32 23 Gondrea -36 -8
Artemisia princeps -13 -55 Gossypium indicum (leaves) -67 -75
Aruncus dioicus =27 13 Gymnaster koraiensis 1 -39
Asparagus cochinchinensis 21 -37 Gynostemma pentaphyllum -8 -32
Asparagus oligoclonos 7 -29 Hemerocallis fulva -11 -41
Asparagus oligoclonos Max -3 91 Hemerocallis fulva var. -17 =77
Aster scaber -28 -50 Hemerocallis fulva (root) 0 -29
Aster tataricus 3 -62 Hemerocallis lilioasphodelus -10 -49
Astragalus membranaceus -5 -41 Hemerocallis lilicasphodelus (root) 17 =21
Atractylodes japonica -25 =27 Hibiscus manihot -45 -44
Belamcanda chinensis 108 -63 Hibiscus manihot (flowers) 2 -76
Campsis grandiflora (leaves) -34 49 Hibiscus manihot (leaves) -12 -30
Canavalia gladiata 23 -27 Hibiscus manihot (frutes) I -58
Canavalia gladiata (frutes) 10 -30 Hibiscus manihot (leaves) -10 -19
Caragana sinica -4 -34 Hibiscus mutabilis -39 -111
Cassia tora 5 -30 Hohyang -5 -48
Cassia tora (seed) -29 -88 Hosta lancifolia -5 -31
Cassiae Semen -10 -30 Hosta lancifolia (leaves) -6 -64
Cedrela sinensis (leaves) -23 5 Houttuynia cordata -15 -70
Chelidonium majus =22 -6 Impatiens textori -30 -35
Chloranthus japonicus -11 -51 Inula britannica -29 0
Chrysanthemum boreale -26 12 Inula helenium -60 -49
Chrysanthemum cinerariae folium -1 -59 Inula helenium var. -24 -48
Chrysanthemum indicum -26 -36 Iris koreana Nakai -12 -6
Chrysanthemum zawadskii 21 -54 Iris nertschinskia -16 -20
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Table 1. Continued

a -Glucosidase ¢ -Amylase
Scientific name inhibitory inhibitory
activity (%)  activity {%)

a -Glucosidase « -Amylase
Scientific name inhibitory inhibitory
activity (%) activity (%)

Iris pallassii (leaves) -18 -29
Ixeris dentate -23 1
Ixeris dentata (whole) -1 -8
Kirinwon -18 =70
Leonurus sibiricus -29 -58
Leonurus sibiricus (aerial) -2 -9
Ligularia fischeri -34 -18
Ligusticum chuanxiong 13 -36
Lilium leichtlinii 19 -88
Lilium tigrinum -14 -36
Liriope platyphylla {leaves) -39 -43
Liriope platyphylla {whole) 6 <29
Liriope platyphylla {seed) 14 4
Lonicera japonica {seed) -5 -7
Lonicera japonica (aerial) -2 26
Lotus corniculatus 9 10
Lycium chinense -7 =125
Lycium chinense (frutes) -7 -78
Lycium chinense (leaves) 8 -128
Lysimachia barystachys -42 -36
Lysimachia davurica -18 -153
Mannunchung (leaves) -7 -17
Menispermum dauricum -1 -41
Mentha arvensis -20 -9
Menthae Herba -13 -52
Metaplexis japonica -16 -13
Morus bombysis 69 -40
Oenothera odorata -52 -49
Osmunda japonica -14 -66
Ostericum koreanum -32 21
Paeonia suffruticosa -15 2

Paeonia suffruticosa (flower) -32 29
Patrinia scabiosaefolia 4 -37
Patrinia villosa -18 -1
Perilla frutescens -13 -37
Persicaria filiforme -41 i4
Petasites japonicus -28 -44
Peucedanum japonicum -19 -44
Peucedanum japonicum (leaves) -7 -26
Physalis alkekengi - 2 -20
Physalis alkekengi (leaves) -46 8
Phytolacca americana 1 -9
Pimpinella brachycarpa -20 -89
Plantago asiatica 5 -44
Plantago asiatica (aerial} -10 36
Plantago asiatica (seed) -8 -70
Platycodon grandiflorum -16 26
Pleuropterus multiflorus -3 38
Pleuropterus multiflorus {leaves) -14 40

Polyganatum stenophytlum -45 =77
Polyganatum stenophyllum {root) -16 -4
Potentilla discolor Bunge -8 -26
Pteridium aquilinum 27 -21
Pulsatilia koreana -2 -9
Rehmannia glutinosa -14 =22
Reynoutria elliptica -58 22
Reynowtria elliptica (leaves) -27 -2
Reynoutria elliptica (root) -26 -22
Rheum undviatum 24 -37
Rhododendron mucronulatum -30 -4
Rolyganatum stenophyllum {root} -15 -45
Rubus crataegiflius -7 -7
Rumex acetocella -17 -63
Rumex crispus -5 -39
Ruta graveolens (leaves) -8 -18
Salvia plebeia 7 62
Sanguisorba officinalis (seed) -24 =22
Saururus chinensis -3 14
Schizandra chinensis {leaves) -32 21
Scilla chinensis -11 -19
Scilla chinensis {seed) -24 -44
Scutellaria baicalensis -45 -46
Sedum aizoon -17 -66
Sedum kamtschaticum -7 -40
Sedum sarmentosum -28 -48
Sedum spectrabile -38 -16
Selaginella tamariscina -11 -74
Selaginella tamariscina {whole) -12 1
Sognamool 16 2
Sophora flavescens -26 -18
Symphytum officinale 6 -79
Symphytum officinale (root) -30 -74
Syneilesis palmata -40 -41
Taraxacum platycarpum . -18 -37
Trachelospermum asiaticum -8 6
Veronica rotunda -24 -31
Viola mandshurica -7 -66
Viola mandshurica (aerial) -6 -115
Vitis coignetiae Pulliat -36 8
Washabia japonica -2 -59
Washabia japonica {leaves) -12 -41
Xanthium strumarium 9 -86
Yacoon (leaves) -10 -35
Youngchunwha -2 =30
Zanthoxylum schinifolium -15 -55
Zanthoxylum schinifolium (leaves) -39 7
Zingiber mioga -16 -85
Zizyphus jujuba 4 0

have potential to inhibit carbohydrate-digesting enzymes
such as « -glucosidase and amylase. Some species of Ade-
nophora and Morus inhibited @ -glucosidase significantly,
congistent with the previous study (10). It has been re-
ported that the active components of these herbs were
1-deoxynojirimycin and other polyhydroxylated alkaloids
such as (2R, 3R, 4R)-2-hydroxymethyl-34-dihydroxy-

pymolidine-N-propionamide and 4-O- o -D-galactopyranosyl-
calystegine B2 (10).

It is generally accepted that « -amylase inhibitor has an
advantage over ¢ -glucosidase inhibitor due to its relatively
fow side effects such as flatulence and diarrhea (2). In fact,
our study showed that Acarbose was a very potent 2-
amylase inhibitor while it is better known as a o -glu-
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Fig. 1. Dose-dependent inhibition of porcine pancreatic ¢« -
amylase activity by Epimedium koreanum extract.
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Fig. 2. Effect of Epimedium koreanum extract on plasma glu-
cose level in starch-loaded ICR mice. Mice were intubated with
0.9 g soluble starch per kg body weight dissolved in water,
followed by collecting blood from tail and measuring plasma
glucose as described in Material and Methods. Mean = SD
(n=8). *p<0.05

cosidase inhibitor (data not shown). Therefore, this study
focused on the medicinal herbs with a strong inhibitory
activity against ¢ -amylase. ¢ -Amylase inhibitor is known
to prevent postprandial hyperglycemia due to its ability
to inhibit the conversion of starch into to maltose and its
absorption in the small intestine (11). It is also expected
to exert anti-obesity action as it lowers the utilization of
starch, a major energy nutrient present in typical Korean
diet. Some ¢ -glycosidase inhibitors such as Acarbose have
been proven to be effective in preventing obesity (8,12).

We found that the methanol extract of Epimedium kor-

Kun Ho Son, Jin Kyu Lim and Jong-Sang Kim

eanum effectively suppressed the @ -amylase and improved
hyperglycemia induced by oral starch load using both in
vitro and in vivo studies. Therefore Epimedium koreanum
extract deserves further clinical study for its development
as a dietary supplement for obese and diabetic people.
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ABSTRACT

In o ur previous s tudy the herbs with i nhibitory activity a gainst c arbohydrate-
digesting enzymes including alpha-glucosidase and alpha-amylase were screened
to evaluate their potential as anti-obesity measure. Ethylacetate fraction of
methanol extract of Lonicera japonica Thunb flower inhibited porcine pancreatic
alpha-amylase activity in a dose-dependent manner, with ICso of 0.2 mg/mL. The
ethylacetate fraction of herb extract also inhibited significantly intestinal sucrase
activity at the concentration of 0.5 mg/mL although it had no effect on isomaltase
and maltase activities. The feeding rats with the powder of Lonicera japonica
flower led to significant suppression of the body weight gain in Sprague Dawly
rats and improved glucose tolerance in db/db mice. In conclusion, the flower of

Lonicera japonica has potential as anti-obesity and anti-diabetic- measures.

Key words: alpha-amylase, sucrase, Lonicera japonica, obesity, diabetes,

glucose tolerance



INTRODUCTION

Obesity is a chronic, stigmatized and costly disease that is rarely curable and is
iﬂcreasing in prevalence in most of the world (1, 2). Inhibition of dietary carbohydrate
digestion and/or absorption has been reported to be one of ways of managing obesity.
For instance, the application of a strong glucosidase inhibitor such as Acarbose has
proven to be used successfully for the treatment of obesity and diabetes (2, 3). In our
preliminary study, about 200 medicinal plants were tested for their inhibitory activities
against porcine pancreatic alpha-amylase using assay system containing para-
nitrophenyl-alpha-D-maltohexaoside as a substrate (4, unpublished data). Methanol
extract and its ethylacetate fraction of Lonicera japonica Thunb flower showed strong
inhibitory effect against alpha-amylase. In the present study, the effect of the flower of
Lonicera japonica on weight gain in Sprague Dawley rats and impaired glucose

tolerance in db/db mice was investigated.

MATERIALS AND METHODS

Reagents
Para-nitrophenyl-alpha-D-maltohexaoside, porcine pancreatic alpha-amylase,
glucose assay kit and intestinal acetone powder were purchased from Sigma (St. Louis,

MO, USA). Other chemicals were of reagent grade.



Preparation of sample extracts
The flower of Lonicera japonica Thunb was purchased from Taegu Medicinal Herb
Market (Taegu, Korea) and powdered using ball mill (Korea Machine Eng., Buchun,
Korea). If necessary, the herb powder was extracted with 10 volumes of methanol, and
subjected to sequential solvent fractionation with hexane, ethylacetate, butanol, and
water (5). For the enzyme inhibitory assay ethylacetate fraction of the herb extract was
collected and evaporated to dryness. Dry sample was redissolved in proper medium (eg.

DMSO) and used for an experiment.

Enzyme inhibitory assay

The alpha-amylase inhibitory assay was done by the chromogenic method described
by Kim and coworkers (6) using a readily available porcine pancreatic enzyme. Briefly,
porcine pancreatic alpha-amylase (0.7 U, Sigma) was dissolved in 100 mM phosphate
buffer (pH7.0) containing 2 g/L bovine serum albumin and 0.2 g/L. NaN; and used as an
enzyme solution. 5 mM para- nitrophenyl-alpha-D-maltohexaoside in the same buffer
(pH7.0) was used as a substrate solution. Fifty microliter of enzyme solution and 10 pl
of ethylacetate fraction of the herb dissolved in dimethylsulfoxide (DMSO) were mixed
in a well of a microtiter plate and measured for titer (Abs 405 nm) at zero time with
microplate reader (model 550, BioRad, Hercules, California, USA). After incubation for
20 min, the substrate solution (50ul) was added and incubated for another 5 min at room
temperature. The increase in absorbance from zero time was measured. Inhibitory
activity was expressed as 100 minus relative absorbance difference (%) o f sample to

absorbance change of the control where test solution was replaced by carrier solvent.



Inhibitory activity of the herb’s solvent fraction against sucrase and isomaltase was
assayed using crude enzymes extracted from rat intestinal acetone powder (7). The
enzyme extract was prepared by mixing 100 mg of intestinal acetone powder with 3 mL
of 0.9% saline solution, followed by homogenizing with sonication equipment (Kontes,
Vineland, USA) for 30 sec, 12 times in ice bath. After centrifugation at 10,000 g for 30
min, the resulting supernatant was directly used for enzyme inhibitory assay. For
enzyme assay the enzyme extract (20 ul) was incubated with 37 mM sucrose or
isomaltose (500 uL) dissolved in 80 mM phosphate buffer (pH7.0) in the presence and
absence of herb’s ethylacetate fraction (20 uL). Glucose concentration in reaction

mixture was measured enzymaticcally by using glucose assay reagent (Sigma).

Animals experiment

Genetically diabetic mice (db/db, 8-week old) and male Sprague Dawley (SD) rats
(7-week old, weighing 220-240 g) were obtained from Korea Research Institute of
Bioscience and Biotechnology (KRIBB, Daejeon, Korea) and Korea Experimental
Animal Center (Umsung, Korea), respectively, and housed for 1 week under 12/12 hr
light/dark cycle in a temperature- and humidity-controlled room. The animals were
given free access to diet and water. The mice were given Chow (Purina, Korea) and SD
rats were fed Chow for 1 week and then experimental diet of which composition is
shown in Table 1. More specifically, after adaptation to laboratory conditions for 1 week
lean male SD rats were divided into three groups, each group matched for body weight.
The control group was given the control diet; the other groups were given the
experimental diet containing 2 or 5% Lonicera niponica flower powder. Body weight

was measured once weekly for 9 weeks.



For glucose tolerance test four db/db mice were intubated with 1g soluble starch
dissolved in 5 mL water and 10 mg ethylacetate fraction of the herb or 5 mg acarbose

per kg body weight, and were subjected to blood collection from tail vein at 0, 30,60, 90,

120 min.

Statistical analysis. Data were expressed and mean +s.d. and analyzed by one-way

ANOVA and Duncan’s multiple range test; a P-value of <0.05 was considered

significant.

[Table 1]

RESULTS AND DISCUSSION

In the preliminary experiment 216 herbs were assayed for inhibitory activity
against amylase. The methanol extract and its ethylacetate fraction of Lonicera
Jjaponica Thunb flower showed strong inhibitory action on the enzyme. As shown in
Fig. 1, the ethylacetate fraction of the herb inhibited porcine pancreatic alpha-amylase
in a dose-dependent manner, with ICso of 0.2 mg/mL, although it was less potent than
Acarbose, a w ell-known alpha-amylase i nhibitor and anti-diabetic drug. The herb’s
solvent fraction also showed strong inhibition for sucrase while Acarbose did not
have any effect at the same concentration (Fig. 2). Sucrase activity was inhibited by
70% in the presence of ethylacetate fraction of the herb in the reaction mixture (0.5
mg/mL). However, neither the herb’s ethylacetate fraction nor Acarbose did show any

inhibition against isomlatase even at the highest dose used in the study (Fig. 3). These



results suggest that component(s) responsible for the inhibition of amylase holds

specificity for enzyme in spite of its action for more than one enzyme.

SD rats fed diet containing the powder of Lonicera japonica flower at 2 or 5% level
gained less body weight than control group fed AIN-76 diet alone, suggesting the
anti-obesity activity of the herb. In particular, body weight gain of rats in 5% herb
powder group was about 10% lower than control group from the 3rd week after
feeding experimental diet and allowed maintenance of weight loss till the end of
experiment (Fig. 4). Traditionally, a new obesity treatment has been assessed by its
effect on body weight and considered successful if it (i) prevent further weight gain,
(i) induces a 5 to 10% weight loss from the initial body weight, and (iii) allows long-
term maintenance of the weight loss once it is achieved (1). By this criterion, L.

Jjaponica might be considered to have good potential as anti-obesity measure.

From glucose tolerance test performed with db/db mice, we found blood glucose
level after challenge with starch was much lower in the L. japonica and acarbose
groups compared to control group (Fig. 5). Recently an alternative, medically based
outcome measure for obesity treatment is “metabolic fitness” defined as the absence
of biochemical risk factors associated with obesity such as impaired glucose tolerance,
elevated blood cholesterol and blood pressure. Many studies have shown that during
period of weight loss is a uniform improvement in the profile of risk factors.
Improvement of impaired glucose tolerance by c omponent(s) of L. japonica is also

considered as promising indicator for anti-obesity action of the herb.

It has been reported that L. japonica c ontains v ariety o f p hytochemicals such as

protocatechuic acid, methyl caffeate, methyl chlorogenic acid, luteolin (8),



loniceroside A and B (9), loniceracetalides A and B (10), c affeoylquinic acids and
esters (11), methyl caffeate, 3,4-di-O-caffeoylquinic acid and methyl 3,4-di-O-
caffeoylquinate (8). Most of them were known to have anti-inflammatory effect. Our
previous study demonstrated that luteolin had strong inhibitory activity on yeast
alpha-glucosidase and porcine pancreatic alpha-amylase (4). Therefore, one of the
main components in L. japonica responsible for inhibition of amylase and body
weight gain can be luteolin that is mostly concentrated in ethylacetate fraction (5). As
described earlier, ethylacetate fraction of L. japonica extract showed strongest
inhibitory activity against alpha-amylase and improved glucose tolerance in diabetic

mice among solvent fractions.

Lonicera japonica (Caprifoliaceae) has long been used for treatment of infectious
diseases in East Asian countries. In traditional Chinese medicine, it is supposed that L.
Japonica dispels noxious heat from blood and neutralizes the poisonous effects. And L.
Japonica significantly increases blood neutrophil activity and promotes the neutrophil
phagocytosis at its proper concentrations. Some investigators suggested that the
methanol extract of L. japonica have protective effects on rat hepatic injuries caused
by carbon tetrachloride and the aqueous extract of L. japonica flower may act as
therapeutic agent for inflammatory disease through a selective regulation of NFkB
activation in rat liver (12). Thus L.japonica has been well recognized as herb with
anti-inflammatory activity. In addition, we found that the herb might exert anti-
obesity activity maybe through inhibition of carbohydrate-digesting enzymes,

conferring additional value on the herb.



In conclusion, L. japonica merits further clinical study to evaluate its clinical

usefulness as anti-obesity and anti-diabetic measures.
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‘FIGURE LEGENDS

Fig. 1. Ethylacetate fraction of L. japonica extract inhibits amylase in a dose-
dependent manner,

Fig. 2. Effect of ethylacetate fraction of L. japonica extract on rat intestinal
sucrase.

Fig. 3. Effect of ethylacetate fraction of L. japonica extract on rat intestinal
isomaltase.

Fig. 4. Suppression of weight gain in rats fed diet containing 2 or 5% L. japonica
powder. Asterisk represents statistical significance (p<0.05) between control and
treatment (5% L. japonica) in weight gain. Double asterisk represents between control
and treatment (2% L. japonica) in weight gain. LJ indicates Lonicera japonica. Bars
not sharing same superscript are significantly different from each other.

Fig. 5. Ethylacetate fraction of L. japonica extract improves glucose tolerance in
db/db mice. Diabetic mice (db/db) were intubated with soluble starch (1g) with and
without samples (acarbose or ethylacetate fraction of L. japonica extract) per kg body
weight. Whole blood was drawn from the tail vein at 0, 30, 60, 90, and 120 min and
subjected to glucose concentration assay.
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Kwon et al.— L. japonica and Anti-obesity

Table 1. Diet composition (g/kg diet) for animal experiment

Ingredient L. japonica powder
Control 2% 5%

Corn starch 600 600 600
Casein 200 200 200
Com oil 100 100 100
Cellulose 50 30 0
Vitamin mix 10 10 10
Mineral mix 40 40 40
Choline
Methionine 3 3 3
L. japonica (powder) 0 20 50
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Fig. 1. Ethylacetate fraction of L. japonica extract inhibits amylase in a dose-
dependent manner.
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Fig. 2. Effect of ethylacetate fraction of L. japonica extract on rat intestinal
sucrase.
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Fig. 3. Effect of ethylacetate fraction of L. japonica extract on rat intestinal
isomaltase.
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Fig. 4. Suppression of weight gain in rats fed diet containing 2 or 5% L. japonica

powder.
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Fig. 5. Ethylacetate fraction of L. japonica extract improves glucose tolerance in

db/db mice.
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