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a -Glucosidase Inhibitory Active Components and Glucose Level Lowering Effect
of Yacon Aerial Part Extract
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Hot water extract of the aerial parts of Yacon (Smallanthus sonchifolia, Compositae)
suppressed the elevation of glucose levels after loading starch in normal rats. Activity-
guided fractionation of the extract for maltase inhibition resulted in the isolation of three
known dicaffeoylquinic acids.  The structure of the compound showing the most
potent activity (ICsy: 26 u g/mL) was determined as 3,4-dicaffeoylquinic acid (3,4-
DCQA) by spectroscopic evidence.  These dicaffeoylquinic acids also showed « -
3,4-DCQA and 3,5-DCQA dose-dependently exhibited

hypoglycemic activities after loading starch indicating that dicaffeoylquinic acids in the

amylase inhibitory activities.

Yacon extract are the main active components related to the reduction in blood glucose

levels.

Keywords: Yacon, Smallanthus sonchifolia, hypoglycemic activity, a -glucosidase

inhibitory activity , dicaffeoylquinic acid
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Y- (Smallanthus sonchifolia) 137 > 7 AL HiE
EOX/BEM THD. T IS HERORBEHY, T
FATIL “apple of the earth” &BEIH, ABSN TV A,
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SE, Y—asi EEBKk = 2w —PILEENE LS
BICOBEZED TR, 34-U W7 oA AT B2 51h
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Fig. 1. Effects of YWE on the glycemic response after starch

loading in normal rats. Sample was administered orally together

with loading of starch (2 g/kg). Each point shows the mean=*S.E.

of 5 animals. *:P<0.05 and *:P<0.01 versus controls

RPRBEIZ®E~, YWE 0.5 g/kg £ 51250 30 0 &R T8 45 4y
#H o MPEE R BIEEAR L (P<0.05). 7=, YWE 1
g/kg S RETIL 15 %00 60 Hr % ETO MUBEE ) 6 HREE
B SFEICEEE R (P<0.05, 45 53D % P<0.01).
2. a-Znar —PREIEER S OB

YWE OFHD o -7 Nas & —BiCst + M EF LR
FIL&ZA, YWE IRERB THICERESh T DERELY
EBWLOOY—a % (BRERT 17— )P RBAE X X
UBEBRF o - ar F —B)RED o TN —
EHEEEZ L. 2ITTy MMEEER Rk~ 2 —EH
EEM: IC,, (inhibitory concentration, 50%) ZfEELL T
YWE (IC;,: 9.8 mg/mL) Oy EZEEDILZA n- T4/ —L
RIVEENCIEME (Cyy: 6.5 mg/mL) MBAITL-. “ha HP20
hT Loawhs 57 4—1244L, K, 50%MeOH/7K, MeOH T
BxEHEEHE, v A2 —EHREFRMET 50%MeOH/ K
(Cy: 2.7 mg/mL) IFHE Y IZRESN. —OBYE 77
Ty ALB-20 W5 L7057 4— L THTT7as
v A —EIREEAMEL/-L A, Fig.2 IR HRIC
MeOH-& (5:5) TIEH&NS P-1 KU MeOH-K (6:4) T
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Fig. 2. Maltase inhibitory activities of Sephadex LH-20

chromatography fractions

N —2AEX v FORIERE "THAET N — AT F I H —
Y=t XA —FRERAELTERY P-1 OvA¥—EH
FEFEHEE RN EOLOTH ol v —EREFEEE S
P-2 3R A THRALE Z#RIEBIETHY, UV AXILT
W7 2 — IR AR R T AR EARBIN AT T IEND,
320 nm R HEELL T HPLC ICL0 5B RIL, YMI-1,
YMI-2, YMI-3 & QX YMI-4 LARFRS DR 2R 7.
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YMI-1: R=R*=CA, R%=H
YMI-2: R3*=R%=CA, R*zH
YMI-3: R*=R%=CA, R3=H
Chlorogenic acid: R5=GA, R3=R4=H

CA: MOH
OH

YMI-4 i¥ NMR, &%5##4E FAB-MS (ZL0A(Y 7L M)
VOLEEL. 77, YMI-1, YMI-2 & O YMI-3 (35 57 fiZHE
FAB-MS m5filith 5 F R CyH,0,, 2352 B, UV AR
TIVZENTE 244 KO 328 nm A7 =—BIZHETS
WA @I R LT, LB FBEOY T A AV
FuklfeEsh, YMI-1, YMI-2 RO YMI-3 [d= A7 Vi
BOMBNIRERHERICHDEEZ N, YT = AN F
FTEEIo—e—ERFVRHESIC R HIN TRY, Thbo
NMR 7 —% L0 gz £0, YMI-1, YMI-2 & O YMI-3 &
&2 3,4-PHT7 A ANKTEE (3,4-DCQA), 3,5-PH 7t
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A% S B (3,5-DCQA), 4,5-FH 7 =4 ANL*F 8 (4,5
DCQA) LRELIZ. ZhbHOMED o -F Ny 7 —PIRE
EMERELZEZA, YMI-1(3,4-DCQA) 1TFbLE L Z
—EHEENE (C,: 261 g/ml) ZRL, ZORERRIT
R ThH 7= (Fig.3). 7, (rBRMED 3,5- W
4,5-DCQA #&1r 3 DCQA 3, 1HEZRA%ED o -73I57—
YRREEMARL (Table 1).

Table 1. «-Glucosidase inhibitory activities

I1Cs¢: 1 g/mL

amylase maltase  sucrase
YWE 9.8 11.3°
Chlorogenic acid 4500 >1000 >1000
3,4-DCQA 220 26 850
4,5-DCQA 150 380 2400
3,5-DCQA 250 470 1400
Isoquercitrin 2700 1000 >1000
Caffeic acid 1600 >300 >300
Quinic acid >300 >1000
Acarbose 0.42 2.6 4.0
*mg/mL

mlontrol

A3,4-DCQA 10 pg/mL

:‘E‘ 03.4-DCQA 30 pg/al
z :
£
2 ,
05 o os s
1/L8] (mi ™)
Fig. 3. Lineweaver-Burk plots of the inhibitory effects of

3,4-DCQA on maltase
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WIEDDEMEDORBRLMININ 7 = — BT AT L OIRRE
B ENEECHIIENHLNE T,

BB, ITNOLOWMBEIZ o - Aau X —PRERR I
Z&, WY —a2 JOO BB T L A B OWE ISR T
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Fig. 4. Effects of 3,4-DCQA on the glycemic response after
starch loading in normal rats. Sample was administered orally

before loading of starch (2 g/kg). Each point shows the mean *

S.E. of 5 animals. *:P<0.05 and **:P<0.01 versus controls
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Fig. 5. Effects of 3,5-DCQA on the glycemic response after

starch loading in normal rats. Sample was administered orally
before loading of starch (2 g/kg). Each point shows the mean =+

S.E. of 5 animals. *:P<0.05 and *%:P<0.01 versus controls
IZRRELTZ.

YMI-1(3,4-DCQA) #7vMIBOEEL, D 30 &l
FoT U EROARLIZEE O M EOHB %S Figd (ZRL
2. 30 mg/kg DHFEBT Cmax (REMPERE) (HEE
(P<0.05) MFEHLA, BiZ 100 mgkg #5710 Cmax &
AUC (f#RE#RTEBE) 1FEIC (%% P<0.01,
P<0.05) {&fEARLT-.

¥7-3,56-DCQA CiX 300 mg/kg (P<0.01) % (*100 mg/kg
(P<0.05) D#E ARG THMEIZLL~ AUC ICHEENR
LiLT=Z&M D, 3,56-DCQA 1% 100 mg/kg LA bG8 TM
FE LS IENEE R T ZENAL) LR -7 (Fig.5).

RIZAREIHBESN T2 3 D DCQA O, BRbEBOE
3,5-DCQA (ZDWTEHD R Y —ar oL %
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AR DEREvALA—PIHEEEAREL. (Table 2). 0
HEA R EBEAR LA, 3,5-DCQA G BL~vLI—F
FREIEMI I BERE r=—0.906, A E /K% o =0.001 T

VBRSO BT (Fig.6).
Table 2. The contents of 3,5-DCQA and maltase inhibitory

activities of Yacon extracts'"

Producing Contents of Maltase inhibitory
3,5-DCQA activities
District Part (1 g/g) (IC;y:mg/mL)
Kyoto Leaf 136.5 13.2
Stem 27.7 20.9
Hokkaido Leaf 295.4 9.8
Stem 102.1 16.8
Niigata Leaf 30.8 27.8
Stem 59.4 14.4
Petiole 9.0 69.4
Unknown Leaf 4.6 56.8
Stem 34.3 18.8
Korea Leaf 14.3 31.1
Stem 9.7 26.0
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Fig. 6. The correlation between contents of 3,5-DCQA

and maltase inhibitory activities

LI EORE RS, Zihd DCQA Ay —a i Bk
TXAD o -FNALE —EREEEICED BB ThD
ZEHGEHE T
5. ¥—al Bk =X AOR SRR

ICRv Y A% W HER 5 Z MRV Tr—ar
Bk =X 2% BT R 5 TR R KB CHD 8 g/kg 28
HLTHLEERBEBIOECHNIEED L) oT.

8 HMREHRELZEMERBIZBWVTH —RIKEE, migs
{LEREE, HEAOREICHFLTNEEEMRIEDS

Ny, YarBuko X ATEmWEete i oL B 0N

E-BEHBK T ROEFDMI OV THREMEERIR
BEET10D, BEFTRIIROLN LT

(92)

REBROH

NMR i GX400 (JEOL), &7 f#kE FAB-MS i3 JMS-
SX102A (JEOL) {ZTHEIELT-. UV 2~ MLid UV-21008
(Shimadzu) 2 LY #l & L 7=. HPLC
Multisolvent Delivery System (Millipore) &MU 7z,
1) ERDHY

i3 Wistar ZHEMET v h (7388, ICR RHEME~T 2 (6
) AV WThbFy— A RUAR—H VAL, £
IR 23+1°C, 1REE 55+ 15%, #/< 13 [B] /Ry, 12 BFRIBARY
HA20 (FAH:7:00~19:00, KFH#A: 19:00~7:00) IZFREE
Ni-REE CT—@MEHLL =% ERICA W, B3Ry D
—RRx—=br— (T :W22XD38XHI18 cm; vV A :
W16 X D27 XxH13 cm) (ZINEL, A—b/L—7 HE(1217C,
15 min) L7-f#} (CRF-1: AV 20V BERFIR) RUVKER
X, ERIT 1L L TITo7.
2) Yo BBk T X AOFR

Yo 1994 EFRFEBHREXKRE] 4 THO2ET
EH FRBFRRTRIG I T, KK FRFE A SR Huz
IVEEBEWZAL—AROREEE AW CEEE L. L
7= —=a i BEE 100 g % 2.5 L o @ik C 10 spRflLL,
H— BB % IERE BIL R <%, REE/EREL, 215
g DY —aL BAKTFZ (YWE) %1877
3) &EBREOFN

YWE K OT 73R B AKICEREL, DCQA IV B~
s —/L 400 [ZIEREL, RBKTHRLTE S L.
4) ERTvIT U ARRAR

— RS E R TRIEBOT YN, 2g/kg DT T EYWE
FRIICE DR G LI, B#FRIOBER (RE01, &S
1% 15, 30, 45, 60, 90, 120 /) {RMLL, 7 Vva—RREEY
NA—ZAFH L F — BB IORIE L.
5) o-7I7—PRHERMK

o -TI7—VHEFRMT Dahlqvist O PEHEELT
TV, LB TEL = o YFLEE (DNS) :CER
L7z, IC, 1 IREHRMDIGE D=/ b —RBAL (Sa), 3ER
WINEEO Blank O~ /L —2 B (Sb), Control & U Blank
DNV h—RBAL (C B B) 2 HiRAUED kDT,

FEL 2= 151 (%) = 100— {(Sa—Sb)./ (C—B)} X 100
6) wNH—Y R PRI 7—PEEYE

IX Waters 600
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HIBERE 731X Wistar REEMET 5 (10~15 Bilp) O/ME
FEBELYD Yoshikuni™ O HECLIVFERL, 1 2 14 mol
DOEEEHEETOBRENSL 1 unit &L, /L& —E1EMER

FIZIE 1 unit, 277 —EEMHRIEIZIL 0.15 unit OBERE
Rz, FREENET Horii & "W FIEIZLOREL .

7 a-INai—PHERMNRS OB

YWE 200 g % 2 L OKIZIEEAFLKEFI n-7 % /—/L THll
Hi (500 mL X4 [B]) #%, BMEEEL 5.21 g DRBEKES
Bl n-7 B — NEEEE S AT AF > HP-20 (Z#LF) 7
T (35 ¢ X120 mm) /R~ TT 4 —ITRHL, K,
50%MeOH/7K, MeOH T# % 500 mL &%, REHEEL
50%MeOH/ K ¥ BT 1.15 g 2/ 7. ZOW, 1 g %
Sephadex LH-20 (774~ 7) 754 (25 ¢ X360 mm)”7
2vh/ 57 4—IZ0\F, MeOH-7K(3:7)700 mL, MeOH-7K
(5:5) 500 mL, MeOH-/K (6:4) 1000 mL, MeOH-/K(7:3)
700 mL THEXREHL, &508E
EHEERELZ. IEMEERL MeOH-K (6:4) EHERD
Fr.130~Fr.135 Z )~ A5 — PR EHES P-2, 100 mg %
B7-. P-2 {3 HPLC (#54:YMC-Pack ODS-A (10 ¢ X
250 mm), ¥ #HH : MeOH-5%AcOH/ K (2:8—3:7, 1.6
mL/min, linear, 30 min)) THRL, YMI-1 (2 mg), YMI-2
(12 mg), YMI-3 (2 mg) % U' YMI-4 (4 mg) %757-

YMI-1 (3,4-VH7 A ANFF )"

HEHE

High Resolution FAB-MS (negative) m/z: 515.1200 (M*
—H) for C,;H,,0,,

UV A max (EtOH) nm (log ¢ ) :244 (4.28), 328 (4.50)
YMI-2 (8,5-VH7 A ANXT )

HEHE

High Resolution FAB-MS (negative) m/z: 515.1214 (M"*
—H) for C,;H,,0,,

UV A max (EtOH) nm (log ¢ ) :244 (4.27), 328 (4.51)
YMI-3 (4,5-P 07 =4 ANXF8)”

HEHE

High Resolution FAB-MS (negative) m/z: 515.1228 (M*
—H) for C,;H,,0,,

UV A max (EtOH) nm (log ¢ ) :244 (4.29), 328 (4.52)
YMI-4 (Y ZEL R

(10 mL) O~ 7 —PHE

R K
High Resolution FAB-MS (negative) m/z: 463.0891 (M*
—H) for C, H,,0,,
UV 2 max (EtOH) nm (log ¢ ) :260 (4.29), 362 (4.22)
8) 3,5-DCQA DE &R

YWE OFE: =5 /L alvEiE%, BEHE: U8 (1—1000)-
THF (31:9), #i#:1.0 mL/min., #7.:YMC-GEL ODS-
A 120-S5 (4.6 ¢ X 150 mm), #Hi: UV 320 nm ©> HPLC
% C 3,5-DCQA (IRFFIF[H] 24 min) # EFEIKICIVERL
7-.
9) HEKE5LZLMRR

ICR ~ A IHEER M E 1 5-A1 17 W &4 5% 5.5 Byl
HBRSHE. YWE 0% 5813 2, 4, 8 glkg LL/KIZBRIEH 20
mL/kg DEIATHHEOEELE. 708, 8 g/kg IIEMBIC
BE AR R KB TH-T-. T BROBRMMAR T Z O,
—HORREOBIEL R CH A RO, FBEHRR T %
DAEGFEWITRIRL CREME FHRELIT 7.
10) 8 BRI B & 5 LEHRR

ICR v A% A\\CYWE (0.3, 1, 3 glkg) # 1 H 18], 8
BRIRKERORES LT RIERE BB, BkiRE 24
% T B A IR L C iR AL AR R K YR B AR
BEERL.
11) #eatss

AR CHOLNREET FER CFERELRIHL
71, Barlett {EICIVRIEB O #E 95%EHIRA THRIE
LTSS #MEE AL, 2 BEOB AL Student's Htest (28D,
ZREOBF AT Dunnett BICKVEHE OB EIT 7.
AUC 3% BE 0 S E & SO MFEEE LS &, 05
LEKMERBETCHEE AR ICIVER L. B,
P<0.05 #HEHFHNE B ELHVEHIEL.

x

YWE O E S IGETESE IR HRE LB o5~

FEREBILR VoA, SEIRHSN/ o T3y —F
PRGBS L QDI EN Ao T

YWE &5 7 U oRli 538 Fig.1) |

EBOBAFIC

BT, &%
Ay LB ZIEE E R RRO LN EIZON
TH, 7uny U BEIyMIENEE LSS, 1 %R
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B L ran B O 43% A5 NEAGEILS AL, L
W73 5 Terao HDO#HE 9%, 3,6-DCQA R TR EL
A MR ISR ENADIIHL, BORE TIImTH
SeipunEd b Takenaka HOHE 9% B2 HbEHE: YWE
W& FEND 3,4-DCQA 7280 DCQA Fid/MEIZEER, /D
WEFEE - TFET D~ —EEIREL, MbE LR mEH%
LTS, R BRI, B 5 1RRI% LR, HICIEE
BOBE IO S E T I IH L& RS
MBI DBEME T LA -OICBELOLEX L.

77, TETH3,5-, WD 4,5-DCQAICHLTIT—E RN
2 NF—EOREFSENHY, Y—a3 D a-Fary—F
FREEMIEZ L0 DCQA BICHERTDIENH LR
7-. DCQA BT HEY 7, X REELOX 7RO —t
—HIZE ENTODIEDNHLNTVDD, a-I N3 —¥
HEEE S RHESNZ OIS ENR Tho. /o, 7ouy
VEECHE Nat ik IFtEo 7 v a— 2RO B A ET 2EH O
HHTENWE WX TEY, Y—arfForanl  BEEITE
EO AR ORI PR EF L EE R R - T0DEE LN
%, LLED XS0k Rsbv—o b SRR RAE T8
IZH Rl #FM LB LN
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