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SUMMARY

I. Title

Development of functional food utilizing medicinal plant which ameliorates

insulin secretion and insulin resistance

II. Purpose and significance of the research

The purpose of the research was to develop the functional food for curing
pre-diabetes utilizing the medicinal plant which ameliorates insulin secretion and

insulin resistance.

III. Contents and scope of the research

1. Isolation and identification of the components which ameliorates insulin
secretion and insulin resistance from the medicinal plant
Isolation and identification of the components which ameliorates insulin
secretion from the medicinal plant
- Isolation and identification of the components which ameliorates insulin
resistance from the medicinal plant
2. Efficacy of the activity in insulin secretion and in insulin resistance of the

medicinal plant



-In vitro and in vivo efficacy of the activity in insulin secretion of the
medicinal plant

- In vitro and in vivo efficacy of the activity in insulin resistance of the
medicinal plant

3. Manufacturing process for the functional food from the medicinal plant

- Physico—chemical characteristics

- Condition for extraction, filtration, concentration and drying of the active
components

- Standardization of the manufacturing process for the functional food



CONTENTS

Summary
Chapter 1. Outline of the research project
1. Purpose of the research
2. Significance of the research
3. Content and scope of the research
Chapter 2. State of the art
Chapter 3. Contents and results of the performance of the research
1. Methods
2. Results
Chaper 4. Degree of the purpose—performance and contribution for the related
sciences
Chapter 5. Plans for using the results
Chapter 6. Foreign information about sciences and technologies collecting during
the research performance

Chapter 7. Literature cited



Hr

Hr

15

AT AL A e

A1

15

N

Hr

AT 7hEe]

A1 A

15

0

o
B

o

A

A 2 A

15

Nr
'

A

17

18

20

A7 W

A 3 A

21

A2 =de] Ve 4%

21

pzel

wjr

CEE

2]

A1 A

21

A 2 A

21

,.mO
ol

ol

O
NV

|

o

22

21

O
7o

22

23

23

E

;OO

o
A

7F =9 7]

23

;OO

i

v =l 7]

24

i
-
or
(i
o

<0

A

s

24

25

A7y e % A

A 3



A1A oEH AEA A2 B
LoobgaEe] A wu) % Ay AH YE 7

7}, A& (plant material)

o Efol 9%

4
o

o Gfel 9% &

ot

Z}. Solid phase extraction (SPE)
v} Silica gel chromatographye©ll 2|3k A
v}, Semi-preparative HPLCo| €]k # A

A} HPLColl 2]k A A

¢

2. kgAEel dad BH L AYH AM w4
hoAZEANA dEd Bl R A AN R ZH

o AAY e v R ARG AD 2 A

LoeFgaRe Adad ¥u 2 A% A 2§ 7o
Fhoekg Ao AEMGAelAe A& Bu L A AY w3

ook atEe] A Q&9 Bl 9 A A T

25

25

25

25

25

26

26

27

27

27

27

28

31

31

32

33

33

33

33

45

58

58



638

]

)

73

rvze)

X

Ho
N

H

84

o

34

89

ol
o
e

Nd

i
®r
ﬂ‘ﬂ

oF
N

93

97

wofol o] 7ol &=

A 4 7

97

98

Holo] 7)ojx

1

gl

A

kel 7]

0
i

w
K
H

0

o
22

Edkis

B/

A 2 A

99



<3 #db>

A

ESREEE

f

rlo

HoE Fawe 44 A% 259 ded vl A= ¥ 36

=]

f

2. 59 B9 50% ethanol =59 37 A4 2%k <l

LY
r
Mo
=
fo
X

37

=5

3. MC-AEE % MC-SF9] 6579 Fo7F Wistar ¥ GK rats9] A F, 2o]4#

K

e

el mA

rir

o] 8} 46

5|

4. Glucose tolerance and in vivo insulin secretory response to glucose. Plasma
glucose and insulin levels during OGTT at 13 weeks of ages after 6-week
administration of MC-SF (2mg/kg BW). 52
3% 5. Glucose tolerance and in vivo insulin secretory response to glucose. Area
under the curve (AUC) of plasma glucose and AUC of plasma insulin during
OGTT in GK and Wistar rats after 6-week administration of MC-SF (2mg/kg). 53
# 6. MC-AEE 3 MC-SF9| 653t Fo7} Wistar 3 GK rat®] 54 &9 2 <
sdAd MA= IF 54
3% 7 MC-AEE % MC-SF¢] %ol7b Wistar 2 GK rat®] #7¢ <dsd &% (ug/g
Al vA= G 54
F 8 MC-AEE % MC-SF¢  Fo7F 9= 3 =2 A7l
hyperinsulinemic-euglycemic clamps®| 4] whole-body glucose disposal rateel] w¥]X]|

= 9 55

¥ 9 MC-AEE ¥ MC-SF9] 8572 F47F ICR ¥ NOD mice?] AF 2 20|43
2ol u|x] = o 3 56
¥ 10 MC-AEE ¥ MC-SF9] 85319 Fo{7} ICR ¥ NOD mice2] 9| w|x]=

3

U
oft

57

,10,



58

= (ug/g

13
=

=d

]

14 <

=
F

NOD mice®]

ul
=
&

94

MC-SF¢] 7} ICR

P

ul
12 oF W&o 50% Nes FE=

11 MC-AEE

-
e
-
it

60

ﬁ
._OL
M
jang

il

™
!

A oMo ded

=

o 914

13 o5 A 2] 50% o

-
3t

60

ﬁ
o
N

il

62
65
67

Zo] 94

3]
3]

o] SPE #

==
T

15 Silica gel column chromatography =

14 <

-
3t
-
It

68

j
o
o

ﬂo
I
A

il

-

23]

69

ﬁ
o
1o
o

1
o

2o

5 =2
a4

18 Solid phase extraction

It

70
71

20 Silica gel column chromatography©ll <]
i

19 LC-18 SPE
21 HPLC® ¢

-
RYA
-
3t
-
it

od
1o

‘Wo
14
A

9

pud

3 o = u]<3 50% ethanol F& &

Gz AeE

78

s &

o

=9 olsa el

)

)

i

a
AL
fn Y

9]

7} 50% ethanol F=E 9

2
=

o] 1

3

b oJF w53} 50% ethanol &%
=

<
ul
=

°

=
T

=

=

o A7
glel

iR

24
yul

-

F=

23 9%
5

77
2

79

o0

‘.mvo

)

H] %

,11,



80

BH
0

ali
_ZT-E

80

81

wmo
go

Bl

b

82

wmo
Bo

)\
=

o

,12,



<9 ZdE>

a9 1A e 227 Frb A A Ak ded EnFel vA= 9% 35
a9 2 wjAe] 229 FE7F ofF sk 50% ethanol FEEC] lEd £H &
el M A= G 38

H )= gk 39
a9 4 1599 3T3-L1 AMAEZWRe 25T olF ¥ 40
a5 oF9 B FEE(05mg/mL)e] 3T3-L1 AWAZA 9 LT o5 g3} 41
¥ 6 o959 50% ethanol 5% (0.5mg/mL)2] 3T3-L1 A WA XA L= o]
s 27 42

a7l 7 ofF v&3e] 50% ethanol FEES] AWAEAA Y] XETF ol &3 44

29 8 Combined effect of insulin and unripe fruit extract on glucose uptake in

3T3-L1 adipocytes 45
19 9 Glucose tolerance and in vivo insulin secretory response to glucose. 47
19 10 Glucose tolerance and in vivo insulin secretory response to glucose 50

H

2% 11 Solid phase extraction column(SPE)ell ¢l&f #alw A&e] od&d #u &

. 61
a9 12 ofF "9 n-butanol T % SPE 28F5S sUd o= EAMIS
w] ] HPLC chromatogram. 63
a9 13 oF9] preparative HPLC 3 &E9] ¢l&d #H] g3 66
a9 14 F-3 38 &2 HPLC chromatogra 67
a9 15 G-5 3 &9 HPLC chromatogram 72

,13,



72

a8 16 G-6 3 &9 HPLC chromatogram

=d

|

o

FE=9

A 2] 50% ethanol

FolF %t g

3|
T

=
=

oY 17 4, A &g 2

iz

A (o &) 2] 50% ethanol F&&

) 2

(9] %

SEE

ki3

=
=

a9 18 A A

75

v
._OL
jan

R
o
A

—

0

of

jang
jild

-

76

jze]

7A
B

,14,



AFINLH o I

X}
o

A

0

o
e

o)

TN

g

A 24 ©

1.

o)
_5 r
"

A

I =4l A= el Eol 20000 A=

9]

o =

=
=

Z}
=

Alvl @A o] 9926 ha, AR 30,141 M/Tell

1312 A3 7l 7ide] 2.

S

el AR

of W=

bl

P
=3k

W2l

AR 7S FEE olFolA AlS

o

il

-

|

R

¢
ol
A
0
il
X

=
jod

\.mo

g

70

‘uAlo
B

K

=K

b7] Slstol

3|

o= i

ST
=3

Al 3
&

o
o
)

,15,



sko] 20024

BEH] 9

=
=

Al AH) Rt

Jo

AT

Hol 2004 1€ 319FH A@E

=

=1}
=

(health claim)

|

ol

:.;a
=

._OL
X

N
B

3

ohol o

715

x|

7 Bl ERA]

Z

o [e)
=2

Wahe g

jans
il
o
e

0

Gula ol 4ol ela] s

?l.

3
A

boh web o7

o

=
fLE

Farel Ag )

b o

q 3]

A

sheh ol A

ted 1 ool 7he

S

ol o

REER

3
<

o] ¥

it

ol

<

717 ult

L
R

22 %ol Ve

w

|

%

¢
i

el

Jo

)

Jo

K
=T
jze]

Jo

Iy

014

F i ol

i

<0

,16,



o7k A2t

&

N
o
K
~o
a
I
™
A

o

e

A

]
Sy

A= vk whEkA Hla

1
.

of 25%, 10\ <tell 60%7F YxH oz <o3xt}

el

oh

mo

ol 7F =3kt e

1=
[¢}

= W

Py
o
o
o

M
on

o ol

o

)

Atk v W

A o oA

S

&2 2 W wg

ma

ol TRel

&

g 2k

74 A A A,

@ol Wast,

1

ba ek whebd ZAE Qi kg AE

9

WTO #|Ae}F UR A o] F Aiku|e} =+A 7}

ool ¢ F¥Aolg= Vg ®
2. A -

<

=
T
=13

=

E

|

b7l Slskel ;3 7brbx

3|

o] 7Ivhs AlE

o
il
Tw
B

o Q77

6041

1
.

o lem 2020 o

<

KR

u sk Apslof

-

Az &g 7
$e e ol

o
o
il

Zolm o

7}k

=
[

Aol

15

o
By

EEEIENE

bz

A

H

,1’77



o
o
il

m
o

&

8

2 o]e] ofnfo]

Aoln

[si3
=

B

N

o &t

=is
-

A 7} ARl

715

0ol &

H] A]

o},

2002 7]

<

Al

AA 71%s

Vet a2 2le] 20100l 539 & qf

T 8-11%9 A%

3

oz

il

199541 o] %

—_—

2002 WiE=s 7

A=

3L
™

Al 3
2l

Aav. =y 754

=
=

HZ

AA A7

L
L

mid 20-30%9 4ES ol del 2010l

o] a1 1998y o] %

4%

s

o o 3}

h=i}
=

Hi

o
oj

R

&+

Arekal glew 80%¢l

=
=

Al&el 20%

Yol ol 7k A A

SR EL

ol
ol

<

A

o Age AE A

75 E

1+

nO
e

i o ey

Al M= 1=

el

&

Al

TTEZ 66009 Y9

44

o
Hlo

A3

7]8ke] &+

Ny

Gt

jond

M

s
!

o

,18,



% 5 e

BT

9 o

§#F 10

o] 3

b glow, o)z

)

o $¥HGE Aist gk

T

Fud FHES 10% Moz #H2a 3008

_04

il

$o ket A4

3l

=
s 5

B

2

BolA FHd 5007t A =7

wjo] v & A t(1955-633 A)

& A5

tha FAskgich = el 200%

Alell 3k

=
T

2 AA Fwgol Y ol

Fol 2

% 104

o=

<
T

g o 2010 o]

,19,



mﬂ
Gl

o)

=1

T

-

A 34

wmo
pitd
70

T

~

puzel
~

__OO
—_—

wK

g

N

g

™
Sl

—_—

0

o

X
T

N

.*O_v

oy

K
i

]

To
ke
7o
_ﬂo
_—

™
Sl

—_—

0

,.mo

_

o

2

~

0
~

.60
_—

K

i

0
A
oo
NI
e
_& I

Aol A el ¢

-
X

A

0
T
olo
NI~
e
7o
_ﬂu.o
—_—

A

—_—

Aol A el g

-
X

A

o
o
NI
e
.Z.__l

jans
il

oo

o
o
oo
NI
T
TO

fred

T

il
o

viel

x
Ho

il

XOL oH 7N A

S

N
B

o
0

X
o

Jo

3o
o

rvze)

X
Ho
<

o

,20,



=
54

29

A

<

A1 A

vl 3} (Cucurbitaceae

(Momordica charantia Linn.)+=

o7

Ao AR

family)9] ¢

=

9

[S]

2

o e

L
o

o] o] el e

o] 1] 8~9¢d

2 Al

2

<
=

Ho
_

B

A7} 21 Qtol]

=
<]

£91%

0
ol

<

ol

N

474 gou 3

o}
=

=

ol

o]
‘.mo

o

g
n_mo
n_mo
o
Tk

i~

W A=

v
X

2+8-S in vitro Al

ol

ok
=1

el A

2~
=

I

7

o]

A9

Hj

4 N AEe AlE

A

A3 okl A AlmE A ekl

)
=

el

JJo

=
RLE

Fol Ao f-celld] £AHS

S

o

KeX
=

o Al streptozotocin HE+ alloxan

N

D]

s EAth

=R

e

P& =Fol B

o) 7

No

‘33

ToR

A 2 A

mo
0

)

O
X

)

.
o

el
Hr

]

o

HO
o

dgkoltt

1 oA

o]

3

o))

,21,



o A 2

}

ke)
pil

= uA

=
T

Foll A

°©

te, 3041 o]

°©

2} A]

)
\WO
2

] T2 4540 o] Aol A

2} A&

o] )7}

-
X

H EFA

L

R

2

©

}

1

gow Auds AL

A7 wEbAaEe] ]

=

2}

9l

s

%

A

)

el A

1=
[}

atH, ©l

ou 2 WIS (fhise; glucose tolerance)o]gfil 3

EEE

a3

) A = A

il

%

A

ol

Jo

my
o

37 =
ddol

°©

]

o

A
]

AAb 24171

1, pre-diabetes®} A
o] ki

°

g o

o] 200mg/dl o] el Firgolrt. oo

110-140 mg/dl

A}o]

|

dol

S 2ok AAR A7 FH(WHO) 9 7
140-200mg/dl Q1 74 %-o s ).

[e)
e

]

A
<L

ol <]

W

Zo]l 140mg/dl o]Fo]ar, 2JAF 2417 H

o))
o
B

PR

<
|

Tor

P23

1997'd v =
Fol 126mg/dl o]/dol¥ T, 110-125mg/dl ol W3

A
o

=

71Es W
=S odA

&)

i FE

ul
=

A]

el
)

O

Jo

o}, Zharol A=

=
&

ol 7 el

ol

&

ko)

A

o 7] 98 oy 5l

3

X
=

o

A}

=
T X

ar
el
5
)

o
e

ol
)
X

o1} 718

mo
H
d.o

o

el
Hlo

F0
of

—

<

Ho
ok

Fa
m

—_—

X

A

,22,



TRl T 16%, 604 o] A FelE 40%7F WEE Fels An dE Aew F
= =3k AFEWA AL 2 Aol Al E A g

Wde gl dei7h ALs ey, vivk, ade, A
ol#d 7hsAel wrh 5 ARME #A] e Aol ofy AW

=
sAke] Hol Wy Aol 94 Yk Bk NP Aol Az Avhh 4w

1o
ofy
ko
ot
i)
i
ro
D)
N
S
L)
ofo
_?(_l,

o
fru
X

2
ok
ol
X
it
)

!

Fus oistAY sty A% VleA AEe FodAe & pdE
itk v Aol B ARG J1H AFoR ol FAHQAY FA A4 A
Fomt £84 Aolh, FAAR, olwmatn, dAh 28A, AR, AWAF Fol
lt}h (Annual Bibliography of significant advances in dietary supplement research,
Office of Dietary Supplement, NIH 1999-2000).

20019 dEe] 5HRAE HF AZAA vig VlFoer At AFS 5%
AA sk Aol d9 i #dE SARAE AES 2001d AA A SQ FE
20970 & 3371 (11%)°]1At}. viE A4 AA wiE 41209 5 18492l (4.5%)°] 3
o 3 F5S YakultAb 2 CalpisAte] #lEolth, AAd 2 23 B non-digestible
dextrin, polyphenol, &A™ <Xl T -arabinose 5°] FFo|t. AFHZE HFHS R
T (2, 521 AF £ 214, 74 HlE 64%), BEAZ A G, A4 HE
9%), =4 Wk 21, 748 ¥E 6%), 7IE (8=
T3 Hl& <21%) Feolth

A
e
ol

ojt
)

, 7

e e
s, X T

U =W e o F

2005 29 119 oA = whuvl (banaba; Lagerstroemia speciosa Pers.) &

,23,



1

=
=

1 7}

©

5=

]

-
Rus

o

3T

i
il
or
%ﬂ
T

e

N

B

K

Mt

o

ojp
Nlo

;OT

)
N

<R

o

o
B

W
)
By

—

<H

W A= ARTEA 2

ar
=

TS

o

of ojsf o

Agk ok AA A

B
==

™, Bl A

o

53] 7]

goltt.

3

<
)

e A e

_TL]-E—
=

Zo) 2} (impaired glucose tolerance), & &

2

3 X8

5|

K
B

Aoy

ARl Al =

#7F w

o

O
A
o

30-50%°]

st

g AR 7

ul
=

1=
[}

ShRE W

S

il

2 X5

g
Sujel A ¢

=
T

T

7A
B

el A

tel W2

S|

3} ol g

7K

H

™I
%

—

0

o)
ol

bl ek,

A=l
N

SRR

=

=

7jke] o]

ot 71

o

A

~0

Jo

Zol .
,24,

[y
=

15 #e® B/ 2

T
=

o

W, 1



-z
Ho
1%
it
HN
e
ol
2
=
=y
Hx
BS)
rir
s
o
N
52
flo
>
il
bl
i)
ol
2
ui
>

Ir
i)
>
i)
o,
>
o
2

oA AEAAG. A o= ZA oM sd AxAZY. dxd FeE A

oo
=
il
§H
£
>
o
o
_0|L
32
v
N
i
2
o
1>
o
>
o}
@]
o
w0
2.
)
o
Do
=
8
1o,
£
i)
X
i
£
i)
_O|L
Q

A BEE 50% NESR FE53t] TF dAF2A7 ASE 7559 1 g residue/20mL
2 FEAlzl T Bolo] F(separatory funnel)ol] Eil S=HF9 S n-hexane
(d=0.660), chloroform (d=1.484), ethyl acetate (d=0.898), 1-butanol (d=0.810)% <=}

Aoz wYssit

,25,



2}. Solid phase extraction (SPE)

oF FEE9 &4 529 5A4& Fetstr] fske] solid phase extraction tubes
o] F& oRE FASIAT. AF&3 tubes? silica-based packing materials E A
reversed phaset Cs, Cig, cyanopropyl bonded silica, phenyl bonded silica 5]l 2
™, normal phase+ silica gel, diol bonded silica, aminopropyl bonded silica % ©]$}
© 1 jon exchangert quaternary amine bonded silica with Cl counter ion, sulfonic

acid bonded silica, weak cation exchanger bonded to silica & ©] %t}

Supelclean LC-18 cartridge (60mL, 5g, Supelco, USA)E methanol® &4 3}A]|

72l & FHFT 60mL=E HYPsA T FFTA dE3t butanol EEES cartridge®l
27l & =/, 20% acetonitrile, 40% acetonitrile, 100% acetonitrile ZFz}

2000mLA & &8 A] fraction I, I, III, IV 2 33} T}
v}, Silica gel chromatographyell |3+ A A

SPEZ #33 3= TAAM 7HE 240 w2 #3ES methanolol] 83 3}c]
silica gel (Silica gel 60; particle size 0.063~0.200mm; 70~230mesh ASTM, Merck)
3 A e F dry ovenol A methanolg €A 3] WAl A A 857} silica gelol] &3
A st} glass column(5x100cm)< chloroform o 2 %2 % silica gel (Silica gel
60; particle size 0.063~0.200mm; 70~230mesh ASTM, Merck) lkgS chloroform2
2 F4FA A7 F FdEF A|RE chloroforme 2 #E3sle] A¥o]== Joading
ity A]EE  chloroform/methanol/water gradient (15/3/0, 10/3/0, 13/7/1, 6/4/1,
0/100/0)2 EEAZAY. £59 98 10mLA EH3t, 429l fractionS 6004
TLC plate (25TLC aluminium sheets, 20x20cm Silicagel gel 60 Fasi, Merck)oll 7 =4

3l & chloroform/methanol/water®] A< "|ste] A7sla(15/3/0, 10/3/0, 13/7/1,
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L
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ofo
2
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w0
(o}
=
Q
<
rot
o
—
(]
o1
s
=2
o
ol
e
N
X
8
ol
ol
2
i
1
ot

% spot patterne #Q13te] FUI spoto® FAFHW M2 T AT =AU
v}, Semi-preparative HPLCol] 2] 3l A A

Silica gel column chromatography® 23t #£3& FolA 717 Ao =2 &
&S syringe filter(PTFE 0.45um, Milipore)® ¢33t ¥ semi-preparatice HPLCZ
AA SR, 7171= Waters Delta Prep 3000 (Waters, USA), column< uBondapak
Cis (125A, 7.8x300mm, Waters)o|lem, UV 208nmolA] ZA 3o, &r=
acetonitrille/water gradientZ AF-&3}3
AF. HPLCell 9] & A

7171& Jasco AF AFE ol o columne Symmetry Ciz (5pm, 3.9x150mm) o] 2

], UV 208 nmoll A A& o, &u= acetonitrille/water gradientE AF-&3}4 o}

2. F&2=o ded 2 # AYY N 29 A

a3 Aol Agsdrh DA AF 222 WM MFAe] AnE Ars bz

T3 Hsk Y Al RE ATEske] 1413 Eetel /led EHlEE A Jded

N!

=4 enzyme immunoassays ©| £3FN 2™, rat insulin® 2 FF=HAS A SHY

4

i

F& Artskaid

ry
2
ol
)
oX,
N
-
2
L
ofo
o,
o|\

2) AF ALAEAN A&
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|
o

o5, AW 2230 2e ded TF AEZ AdEH g
Wk o] ZHAaste], X =do] AX YR o]F &S &< (transport or uptake)= &= &7
o] AAAHog dojupx = AEjolt}d. 3T3-L1 A X HHA| E (preadipocyte)= <l&H

A e =] EA4 sl AAER E3heh= 540] 3o A&l

b

=39 insulin-stimulated specific transport”’} ol th. o] A¥EoM Algrl ¥29
= AlE apgo A o oA = AS FUMNIIEAE £ ATH

ATCColA 93 3T3L1 AlEZ Dulbecco’s modified Eagle’s medium (DMEM),
10% fetal bovine serum (FBS), high glucoseol A #i3stH A 70% confluency ol A
subculture 33tk 94 3] confluency ol & ¥ AWAEZ E3AZT 3 = A
#2 1 pwg/mL human recombinant insulin (Eli Lilly), 0.1 pg/mL dexamethasone
(Sigma), 0.12 mg/mL 3-isobutyl-1-methylxanthine (IBMX)o|lth. #3}5 X WA E
W2  2-deoxy-[’H] glucose’} ©]E¥E AHEE  washed and lysed cells€]

radioactivity= liquid scintillation counter® 274 3} %] t}.

4. AW ded 29 R AYAY AL 29 HS

DAl 28 3w B2 &AM 53 HF

Ho
23
2
o
u
r o
it
i
M
e
2
i)
i
o,

o,
2
=
e
o3l
r o
it
e
N
N
)
HE
o
)
o
ttfy
e
2
otk
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HE b ek ge

o ;(ﬂ 2 (=)

3 % E2FH(non-obese Type 2 diabetes)$]
Goto-Kakizaki (GK) ratsE A}&3t3ith GK rats=
A

= oxHoR
2 dol Wistar rats®

o= WSy Hel A4
7 A s,
o) el Wy

40-60% = =

=

A5 6FE A Fo] 250-300 g9l GK % Wistar rats=

227} 257,
FAEE AbEAA S22 AtR 3R
F 777 o

Al =7t
= A==
1912 W A5

N4 E AlEstel AbSekdth A
13774 65 &< AIHZE 20% ethanolol] &3]3}
MC-AEEE 10mg/kg body weight9] & %S 2 MC-SF+= 2 mg/kg BWE &3Fo =&
1 18] A= Fofstalh dxae sd F99 20% eE §o& 47 Fos
At
b 24 I
1) A=,

Hol gAY, 37 53
@ BT E=

DA

23 AA} (oral glucose tolerance test)
Alm Fo7 2uA] A 2d ol skt
ol
ol

HAAF FY 94 7F
(400g/L)& 2g/kg of body weight &ZFo g 27 T34t

A ¥ Exd &
Eed Fo F 0,
30, 60, 120+t <tepguMES F3 A4S AHste] dd 2 Jdeds AT
) & A& FHA Y, 2 (fasting plasma glucose and insulin)
(4) #F Aol o1&H shak(pancreatic insulin content)
Alg Fol7b T85¥ $ 3dF9 AGS A&t d2d, AWs AAS 2 E7&
AAG & FTHS F43A A& A4 A 5 mL cold 2N acetic acidZ
polytron homogenizerol A 2 3} 3k

100 CollA 10 27 29, #2353 g8
4CelA 15000 rpmol Al 1087 A E2atich A

Aol WEAAA

,29,



deds #4E w7bA -70To] Baskd
(5) Hyperinsulinemic—euglycemic clamp

Al

o
ol

Ag o7 U] 29l whE kel 5 WA Al =3 FaL, A=
Fo7F £85 12 vy 120-min hyperinsulinemic euglycemic clamps (6 mU/kg/min

for lean mice and 10 mU/kg/min for ob/ob mice)E 4AI7F &4 & 20% E=9 &

[¢]

NS A FUsHA 66 mmol/L BER L FAAHT ®w 1580} tail
veinol A & AFHste] d93S =AY Clamp test $HFE o] Hdt ¥ = F¢

£ %=+ whole body glucose disposale YEIW = A FEZ AFE3}A T}

2) Al 18 9w 2d FE Mo a3 H=
7h Fo] AR
MC-AEE % MC-SF

)

11
o

S
AEUS AAstel Bulste A 259l WEAE} AtAGon HFHf 9

€3 FH7F Astete Al 18 Fxe §314 E 22l nonobese diabetic (NOD) mice

il
Ho
2
iy
o
fru
2
ofl
ol
N

o] &3tk NOD mice el Al F el ICR mice=

il

7 APt
oh) Fol W

A% 47¥ NOD 2 ICR miceZ &E7}F 25C, AUlHE7} 40-60%2 & 45

LA RS AR L 458 AFsel AR AT 577 9L Wy

B A% 133714 8F B¢t AlEE 20% ethanolel #&)dte] MC-AEEE 10mg/kg

body weight®] &% o2 MC-SF= 2 mg/kg BWe &#o = 1¢ 13 AF=E F9
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ST dETe SAR F9o 0% oBe §UL AT FoIad

rO

% ¥ (fasting plasma glucose and insulin)

&
ﬂ;
y
o
r o
1Y
o)
dt
o

F(pancreatic insulin content)

2
N
A
s
N
ofN
il

d 5 d59 %S A= g2, AN AAst EE
AAS ¢ FEF& S8t 43 AF2 34 5 mL cold 2N acetic acid=
polytron homogenizerol A #2&3}3k 3 100 ColA 10 E7F #9oh #4233 A4S
4CelAM 15000 rpmell A 1023t A Ze)stSieh. &3S A Aol YA AA

Adeds T4 w7hA -70TCel ®asialv

AFE HHSH 423 71#AS AXHEA ded #8] 2 AIFA A AR W)
2 3y 128 7ty Aegl: AR 9FEE F 5 dvh w23 Fa4 R
2o o3 AE WIE dolry] fste] &, Ak &g, 9 A(gastric juice), F

(intestinal juice) 5ol tigr FAHAFES FALSHA T

ne

PO RE 100TAA 1A B BAS wfe] &AJo] WstE A5
A &g oA o 2= 01N HCL 0.IN NaOHel| gk kg A S A& ssd
Simulated gastric juicex= 70mM HCl 2 8mM NaCl(pH 1.82) &Ho]jglomn o]

fHo] 2% pepsing H7FsH fHo] thak kAT A|F STl Simulated intestinal

,31,



juicex= 69mM NaCl, 48mM NaHCOs;, 5mM CaCly, 0.8mM urea, 0.3% BSA, 254mM
TAPS7F 373 £ (pH 88)°]R o™, o7 2% amylase, trypsin, lipase, protease

E A7 &l g A= Al

Fo) F%, o, ¥ A4 20 AW AR Yol WA ojo} Wt
T s AR FEsE dTE B ATt AdaFeln, ofFe J% Aol

71l WA QA @ wEkd Al dolrbs A Fo 28=e ddeE A

ol EFE2 Libermann-Buchard W3-, €3 Alg, Ba(OH); ® A wkSo] 2]slo

AR o2 ZAEUAS Sl =AY WS sulfuric acid-vanillin methodZ &

o
N

7}) Libermann-Buchard ¥'-§ : A]&%& acetic anhydrided] =¢] 3k 34} (303
A Aol EAst Ao Wty oot

) &8 A AETE FEEA Hrge AlEde] A 7 xgH A &
25y 49 F2]3}lo] phosphate buffered saline (pH 7.4)° 2%(v/v)o. 2 &
o] V-shaped wells2 7}2 microtiter plateso] 2=t} of7]o] A BE 7}3te] &
g2 23k turbidityE spectrophotometer® ¢]+=

thH Ba(OH); A ®k& : Ba(OH), X3} §olo] A|5E 7lsto] I A=E 2

2) ApE 24

,32,



A B (2mg/mL MeOH) 50u00l 8% ®ld & &M (in

Sulfuric acid-vanillin method :

A=}
RN

F ok 60°ColA 10

Agel omLe @7ts

¢}

Wzol A 75% %

ke
T

EtOH) 150utE 22

i~

el

Hr

==
ALl

o}, Saponin(BDH) 2. =

545nmoll A EFEE =A

&
T

b o,

1o
—_

= A

M
Ho
fop

!

pze)

il
o
e
N

1
-

20, 50, 70, 100% ethanol, 0.IN acetic acid, 0.1N

ul
=

20, 50, 70, 100% methanol

=N
o

Faith. 25, 50, 70T

S

=N
o

NH4OH, 100% acetone

=
T

o)

s

FAth 1042, 30+, 60+, 2417k 5A]

S

2 =gssn.

2) o3}

2], trap filterd 3&7

=]
}EIT'_T

[~

[e]
2
Rius

oo
o
)
Nd

i
Ho

o

Ho

dATHE R 23

A2 A

A a2

)

A

ul
=

W FA A ] e 2H|

o
s
N

174 ol o] fledl 2]

=]
F

1 €+
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) EEge] @ Asd Hu w3
QAN AT GFA} F5ete] A LY AT wDeY, § ATE LE

Fol A=l ofste] Jdedle v o w IR A weh dede] L el

g

g ol AME wjSAd A st AFH HAH AEE G ] wx ¥r=g
Fho g ded WH|Hs dolugitt 1 Ay AHA e 9IS w3t E
=3 FxEQ 33mMelAe ¢l&dl Erl:= 0mM3 97 2ozt gl e, 84mMel

A 334mM7EA o] X = TR A

rlr
il
1

=% o]&H o Z7FEFA Rk 100mM o] ol A

= ol FhSHA @AtTh B ATl ASE A% 2% AGANAE £E] 9

¢

3l &= 30 ng/b islets/60 min ©]449] Sl&d ®H|&= Aoy &y (29 1).

fols
M 1o
il
s
¥
i)
Fel
ki
oft
off
ki
_}I_,
>
J
5
=<
©,
£
ol
o

%3 2 AT o9 ZAE B,

Z o3 222 WA TEY s U 9t 2 wo] W] 1wt ¥

50% ethanol FEE< A% A, vl&x3, A3, AAAY o2 a97F =9
om, ¥x% ¥%7F 33 mMY w7 16.7mMY wo| vlale] E37F Z=UTHE 2).

50% #E2e & FEd vete] a7k 1520 vk Weba Q& Bu) &3
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n| &3}o] 50% ethanol F&%&

ul
=

= A

3

T
=

o
<

T T T T T T

Yol o Yo o w
[sp} (] N N ~

(ulwp98ls! g/bu)ases|al ulNsu|

100 200

33.4

6.7

8.4

3.3

Glucose concentration(mM)

9/]

Data are means*SD, n

a9 1HA

6-10. Means with different letters differ, P<0.001.

23]
Bl

uj

)

™
A

0

!

okx 28 19

=
[¢)

= 100, 200mM =&

M

) ol

=l

33.4mM¢¥ w 30ng/5 islets®

w32 50%

o7

gkt ey

7}3FA]

=
[e)

o] A+

1%

o

=9

]

ethanol FE&&2 120ng/5 islets7tA], A FE&EL 160ng/5 islets7hA] ¢

N

o]

ZhE ATH( ™ 2).

=
[e)

o]
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ZEgu e ACEYE, ofF £E29 dad ¥u fdt 99 LRI fAE
Hpo] 2EH AN el make oun, xuw ge s3] oad 9
£de BulAR F ot AsAel ngh
B L oFe] Red B FEE0 A7 A4 A% A&d Bulo] MAE 97
. MAe FET & (mM)
e TEES 33 16.7
T gl Q&Y Bl BRI QEd Bug  BuE
(ng/5islets/60min) KRSl (ng/5islets/60min) el
o =t - 373 + 1.82 1 182 + 6.07 1
0.25 483 + 27.3" 12.9 60.6 £ 222" 3.33
vz 050 51.3 + 3017 138 843 + 57.0 4.64
1.00 80.3 + 457 21.5 115 + 37.3™ 6.31
0.25 446 + 296" 12.0 65.2 + 32.1 3.59
A 0.50 471 + 11.77 12.6 82.1 £ 255" 4.52
1.00 134 + 21.0™ 35.8 135 + 15.9™ 7.40
0.25 20.10 = 16.7 5.39 299 £ 116 1.64
sz 050 478 + 186™ 128 69.7 + 13.1" 3.83
1.00 609 + 16.8™ 16.3 86.1 = 16.1 473
0.10 16.7 + 4317 4.49 350 + 135 1.93
273 0.25 15.8 + 343" 4.23 40.8 £ 11.0 2.25
0.50 174 + 11.3™ 4.65 24.0 + 104 1.32
Qled Byl £ 53 = F25E W4T 9& Bod/dETe Qe 2o

,36,



3E 2. oF9 F9H 50% ethanol FE&°] 37 A Lx9 Qded 9] a¥
FEE A el FET FE (mM)
15l - 33 16.7
591 oled HulH o5 Adad o HH &2
(mg/mL)  (ng/5islets/60min) s (ng/5islets/60min) oL
gz 3.73 + 1.82 1 182 * 6.07 1
0.25 53.0 * 46.2° 14.2 244 + 10.3 1.34
] &5 37} 0.50 66.8 £ 246" 179 748 + 51.5" 411
1.00 121 + 36.0 325 115 + 26.8 6.32
0.25 729 * 61.3 195 35.1 + 4.24" 1.93
A 0.50 98.8 + 46.0” 26.5 583 + 11.8" 3.21
1.00 146 + 1537 39.3 173 + 32.3™ 9.50
0.25 46.8 £ 1997 125 202 £ 11.3 1.11
)43} 0.50 631 + 2317 16.9 36.3 + 16.7 2.00
1.00 90.8 + 30.8" 24.4 59.3 £ 24.0" 3.26
0.10 15.1 + 3.43° 4.05 17.7 + 109 0.97
2 7A A 0.25 745 £ 464 2.00 21.7 £ 5.87 1.19
0.50 16.8 + 5.16" 452 28.0 £ 15.3 1.54

(2) WA el 2= F=7F o5 ded Rl VA= 9F

Lo

iAo 2= F7E ofFe] Qled ®H £ mde] mA= FFE A

O

koA Y] 2= FE7F 0, 3.3, 84, 167, 334 mM A wf, ofF F=E 025, 05, 1.0

mg/mLe] A4 £ES] Q&Y B TS AT

S
o
b
0
HN
=
u
oY
»
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I control

Vzzzz, 0.25mg/mL

BN 0.50 mg/mL

*k

g 1.00 mg/mL

[RXRRRNKS |
R00RIIRRRIIANRRIIANRRIIANRRIIXRRIRAXRKS
L0000 RIRRIRRRIIIRRRIANKK
ERREEIRREEKLKELEEXELLKXLLEXXELEK, J
|
N

A\

R00RRIRIRHIILIRIKHIAXILIRHKANKS
BRRRRRIRIRIRRRIIRANIRHRHKS
RI0RRARIRIRHRANIRIKHRANIRIRHKA

RS R KRNI XNI XXX RXNAXAXXX

630590950583
E00IIIIRRAIOIRRHIL

o000,
02690% 0% 209090 Y 0% 20 %0 %2a % %%}

B ]
RS,
R RRRRRRRAXXARKA

200 ~

150 -

T
o
o
—

(utlwgysialsi g/Bu)aseslal ulNsul

T
o o
0

8.4 mmol/l 16.7 mmol/l 33.4 mmol/l

3.3 mmol/l

0 mmol/l

Glucose concentration(mM)

n] <=3} 9] 509% ethanol &% 9]

=
T

F=7F o

=

9]

2. WA

EE
SR E

g3k «p<0.05, **p<0.01, ***p<0.001 vs. control.

1
fu

4,:38 —



N control

...:..::::::.:::::.
¥ R AR RIS
R RS
* $a%e%
RIS
x BRI R
* ooateseoteteled QO0IOKEIKARKKKRKKIKKIKKKKIRLEN
* BRI SKUKUKUKNAXRNKNAXAKA

B R KRR KRR I EE KK IRRK KKK EZZZIKKRK]
B R R R
000000 IIRRIUIHKIAKKKK]
a0e %0 %% %96 %% 2% %% 2% Pa %0 %00 % 6 %0 e e e Yt 09 %e %% %4 %% %]

*kk

Wz 0.25mg/mL
BN 0.5 mg/mL
B8 1.00 mg/mL

200

150 ~

100 ~
50
0

(ulwipg/sia|si g/bu)ases|al ulnsul

8.4 mmol/l 16.7 mmol/l 33.4 mmol/l

3.3 mmol/l

0 mmol/l

Glucose concentration(mM)

2 2yl Fjl

PN
=

il

FEE9

ethanol

%

7b o5 A<l 50
##xp<(0.001 vs. control.

=
05, *xp<0.01,

XEg F

p/]

=]

a9 3.

F. #p<0.

o =
E

R

Fol 4 9]

A frobA

A]

2) B4

ZA}

5T ol%

~

2ol o

il

7hH 4

=l AFE R

-
X

3L

X of| A

4 2-50nM-2 3T3-L1 %Al

2~
=

|

o

A (24 4).

oJHA frolH oz SIHA
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a9 4. lEHe 3T3-L1 AHEAENRS ¥ o5 &3 Values are
meanstSD(n=6). Means with different letters differ(p>0.001).

W ofF FaEel

F

= ol%

ot

k]

oF n%a @ RN & 2 50% ethanol &9 3T3-L1 A A XY=

S
e
ht

g ole &¥E A ofF s B A B FEE 05mg/mLe =9 ©

-

T A7 JAtHaE 59 91%). A& 10nMe] EAE W= oF nEy B FE
£ 05mg/mLe 30%°] froldd 22T olF T3 37 AATHLE 59 o} ).
o= vsd = FEF GHOREE X9 ofF i) gloy el A3 <

€39 = oF adE ST Aot U A = FE=S dede F

n|<=3ko] 50% ethanol F%% 05mg/mL<S ¢1<Ed 10nMo] UERE 54 o]
s A2 0% oA s BATHIHE 69 $1%). A9 50% ethanol FEE
0.5mg/mL%k Sl&d 10nM &3}9] 40%°] 24 aatE BAT (T 69 ofef=). <
<3 10nM<S H7}std, v <3} 50% ethanol FE5E2 ¢d<d 10nM 9% a3e] ¢
281e] o)A E9E Bow A 50% ethanol F=E% <¢&d 10nM & &39

oF 15w §o14 E3E B
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njs=te] B FEHES nokslr]s kA A& eSS FET Az oW u|Ly
2 A2l 50% ethanol FEEL 1 AAZME ¥29 o]lF &a¥9E How <&ad
L= o]

o] A8e SIANN= &

2D Graph 1

®

=3

=3

o
I

6000 -

4000 -

2000 - ﬁ
0 - - T

T
KRP 10nM insulin unripe fruit seed

2—deoxy—D—[3H]qucose uptake(MBq)
4‘

2D Graph 1

14000

S 12000 -

10000

=] ®

o o

o o

IS S
I I

2—deoxy—D—[3H]qucose uptake(MB
5
8

N

o

o

S
I

0 - ;

T
KRP 10nM insulin unripe fruit seed

b

a9 5. oF9 B FEE(05mg/mL)e] 3T3-L1 AWAEL e =T ol a3}
Differentiated 3T3-L1 cells were incubated with the extract in the absence(upper) or presence(lower) of

10nmol/L insulin, and then assayed for the glucose uptake activities. Values are means+SD, n=6.

#*p<0.05 compared with KRP(upper) and 10nM insulin(lower) incubations without extract.

,41,



14000
12000 +
10000 4
8000
6000
4000 +

2000
0 -

KRP 10nM insulin unripe fruit seed

2-deoxy-D-[3H]qucose uptake(MBq)

14000
T 12000 -
[43]

10000 * %

8000 +

6000 -

4000 +

2000 +
0 !

T T
KRP 10nM insulin unripe fruit seed

2-deoxy-D-[3H]qucose uptake(M

a8 6. 359 50% ethanol 3% (05mg/mL)e] 3T3-L1 A WA EoA e EE o]
% &7 Differentiated 3T3-L1 cells were incubated with the extract in the
absence(upper) or presence(lower) of 10nmol/L insulin, and then assayed for the
glucose uptake activities. Values are meanstSD, n=6. =*p<0.05, **xp<0.001

compared with KRP(upper) and 10nM insulin(lower) incubations without extract.
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-without insulin-

14000
N 0.004mg/mL
. EzzzZ 0.020mg/mL
g 12000 | R 0.100mg/mL
= S 0.500mg/mL
g
3§ 10000
&
5
2 8000 A
Q
o
2
=) 4
F 6000
a
<. 4000 -
2
(=}
[}
o
& 2000 o
. o
KRP insulin(10nM) 11-E
-With insulin-
14000 - NN 0.004mg/mL
—_ 0.020mg/mL
S EEEEER 0.100mg/mL
S 12000 o 0.500mg/mL
T
s
£ 10000
Ej
2
g 8000 4
2
o
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e
> 4000 -
o
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2
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. |

KRP insulin(10nM) 11-E

a9 7. oF v EH3e] 50% ethanol FE=E2] 3T3-L1 A WA Eo| o X} o]F
i‘lﬂ]'. Differentiated 3T3-L1 cells were incubated with the extract in the absence(upper) or
presence(lower) of 10nmol/L insulin , and then assayed for the glucose uptake activities. Values are
means+SD, n=6. #p<0.05, **#*p<0.001 compared with KRP(no insulin) and 10nM insulin incubations
without the extract.
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19 8. Combined effect of insulin and unripe fruit extract on glucose uptake in

3T3-L1 adipocytes. Differentiated 3T3-L1 cells were incubated with insulin in the presence of 0.5
mg/mL unripe fruit extract.

ookg AR A Aed Bul 2 Ay ANz

H 395 #HH 2%E o83 in vitro Ao &3k Z i}

)
X
Lo
(o
1y
e
ME

ot B FEEHUE 50% S FEEo] ¥yt =kon AN n &3 &Ly

AP o AR EAT ED

FEeol B dglen, Augs vsae] gt w94t AFE FE ol&ste

Bolv deln] AFFAel HFS AL FAHC] Y P el wiol

MC-AEE % MC-SFg tjae= Adaq.

fLN

Goto-Kakizaki (GK) ratso]th GK ratsE 4oz d&d Eu)o Ado] 9lo
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2 JdedA7 vrom Lo Aol ofste] Qledo]l HAe A EHHA X%

>

ol
o

o ded A= o7 A Al 28 I RdF etk GK rats A om W
FA7171 o] AAQ Bl Wistar rats™= g7 A3 et

AA7MA Bad oAFe] FEAY ZAid st o F&  streptozotocin®] H

¢

ME

alloxan®. 2 =3k A 13 T Rdox dFAst a5 Btk o= d&Ed s &

T/, Aol b TENE TS FA FUATGE 3I).

)

3. MC-AEE % MC-SF9] 6539 Fo7F Wistar ¥ GK rats®] AlZ, 2o]4d3

J_\i_
F B eIl nAs 9

Wistar | GK #
MC-AEE MC-SF MC-AEE MC-SF
HEE | hAw | owae | TEE | gas HAE

z=7] AF(g)| 216.37+3.73 | 216.9345.15 | 216.67+4.15 | 164.96+5.11 | 164.88+5.83 | 164.69+4.99

47] AT (g)|381.21+17.51|364.58+30.84| 371.66+29.84 | 306.17+7.82 | 301.68+16.32 | 305.71+6.91

Hol AAF

24.40+0.87 | 23.81£2.60 | 24.01+1.13 19.31+0.47 18.35+1.17 18.55+0.17
(g/day)

7 =

(g/lOOg BW) 2.56£0.10 2.62+0.14 2.55+0.19 2.64+0.09 2.73£0.10 2.51+0.21

Z47ke] e A + BELA (n=7).
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(W) AT == 131 HAF (oral glucose tolerance test)oll W] X <8k
O MC-AEE7} A7 &9 ol #Abed mx+= 43

Xx 3 2g/kg body weightS AT F319 S W GK ratt Sl€d &4

2

] A slo

=

—

A}

oA G PhouRy 2oz ofFAIE E} ol YA J

et
1o
il
b
ot

o] B MC-AEE 10 mg/kg/day e 6571e] Fojo] 9odle] Exd F3a}

4z
o

1A 7o) 9% A5 (Aglucose mrow)S GK ratdl AE o7 222mg/dL, MC-AEE
ol 18mg/dLell e, Wistar ratol A+ ZF 90mg/dL, MC-AEE %o+
70mg/dLe] 19 9). 5 MC-AEE Fod] 9olste] 2= F3} & 1A7te]

Aol g Ztol H]Ee] GK ratoll A= 17%, Wistar ratoll A& 22% Fold oz 7+

shlet.
AT EEY Ra AAAe AgAe] gavt 9&d B9 FAE A AAAE
obiy] Slstel, @ge) &Y FFS BAFAHIY 9). GK ratl N £2G 3

Uz AEs(Ainsulin oshr-on) < WET 43pg/mL, MC-AEE Fo]*

2
g

& 0547+
263pg/mLoll o 1A17Fe] JdedA As(Ainsulin ipe-on)S WET 163pg/mL,
MC-AEE %ol 239pg/mLo]| i th. Wistar ratol ] £E=3 H3F & 05479 o&d
2 A (Ainsulin osnron) < W ET 134pg/mL, MC-AEE Fol+ 252pg/mL o] o,
1A dedA] A (Ainsulin o) WET 212pg/mL, MC-AEE Fo*

3llpg/mLe]Att. 5 MC-AEE Fofo] &3dto] GK ratoll A £&=3 73} 5 0.54%F 3

[e]

1A]7ke] Q&

m
R

ol tizatel vt 747t 612%, 147% FolH o2 Frhskdth

lo

MC-AEE Fojo ¢35le] Wistar ratoll A LE9 53 & 05417 2 1A)7Fe] ¢l&d

A ol dzel wlalo] ztzt 188%, 147% freldow Fhadrt.
A7 2= FotrE A% d9 2 dEdA o] A5 EFS baseline 91 WA (Area

,4’77



under the curve; AUC)E F3sto] HlustAtH(1® 10). GK rate] 92 djx=atol
Hlske] 1AIRE Fokel AUCTE 26%, 2A413F &</kel AUCTF 20% oo 3H23k)

th Wistar rat®] €92 thzatol] Hlsto] 1417 &<kl AUCTE 31%, 2413F 5%

f

Lo

AUC7} 21% froldo® 7H48tdth GK rate] ¢l&de dzad Hlae] 0543 &
oko]l AUCTZ} 725%, 1417+ 59kl AUCT} 34%, 2417+ Seke]l AUCTF 177% <] 2 o
= Z7}ekdth. Wistar rate] <&@ gizxatol Hlato]l 1A3F F9ke] AUCTF 182%,
2713k Eke] AUCTF 227% el 4 o2 S 7hsks

ol24 MC-AEEe°] AAWlA dad &H 535 Ko d35 dstrgdS 9

o|\

sttt
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Plasma glucose(mg/dL)

Plasma insulin(pg/mL)
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—&@— GK-control
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T
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Time(hr)

29 9. Glucose tolerance and in vivo insulin secretory response to glucose.

Plasma glucose levels(A) and plasma insulin levels(B) during OGTT at 13 weeks

of ages after 6-week

administration of MC-AEE. Significance

(control vs.

MC-AEE) is shown in the text of result. Values are expressed as meant SEM,

n=7, "p<0.05
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9 10. Glucose tolerance and in vivo insulin secretory response to glucose. Area

under the curve (AUC) of plasma glucose (C) and AUC of plasma insulin (D) during OGTT in GK
and Wistar rats after 6-week administration of MC-AEE. Significance is shown in the text of result.

Values are expressed as meantSEM, n=7, 'p<0.05
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@ MC-SFeo| A+ =9 F-35F HAlol vAl= FF

MC-SF 2 mg/kg BW/day®l 653+ Fofo] ojste] xm Hal & 1A3te] &
F2 Az (Aglucose o) GK ratdl e tiE2T 231.6mg/dL, MC-SF Fo]*
135.7mg/dL°] 1 2™ Wistar ratol A+ & 90mg/dL, MC-SF Fo]+* 65.7mg/dL
OJATHIE 4). 5 MC-SF Folo] eJsle] x=t Hat § 1Ak A J5e] gz
o )& GK ratoll A= %, Wistar ratoll A& 22% 9% o2 7F4 35t

BT 2= Fat bl A i o] AT QlEd EH] SR QI AAAE

obuy] SAstel, Fgel A? FFL FUFAKE 4. GK ral A L2 #3
?

%,
of»
oft

(Ainsulin ospronr) = W 43pg/mL, MC-SF Fo+

296.2pg/mLel o™, 1A17ke] Q&R AT (Ainsulin o) WET 163pg/mL,

LY
)

0.5~1%te] <l

o

MC-SF Fol 285.9pg/mLol At} Wistar ratell /] =4 3}
A A #F(Ainsulin oshe-on) S HET 134pg/mL, MC-SF Fo 314.1 pg/mLo] 3}

v, 1A17ke] e d A A (Alnsulin o) WET 212pg/mL, MC-SF Fo
498.6pg/mLel At} & MC-SF Folof 9)5le] GK ratoll /] T=d H3F & 05417 ¥
1A17E8] Qle™A] Aol txwol Hlgke] Zb2b 689%, 175% ol A o® F7ketitt
MC-SF oo 28t Wistar ratoll A X9 F3F & 0547 2 1A7He] d&dA
ol tFatol wlake] zhzb 234%, 235% froldo® FrFE T

Fdx9 A5HS baseline 919 W4 (Area
under the curve; AUC)E &to] BlastvH(E 5). GK rate] @92 x| Hls)

of 1IAZF §eke]l AUCTE 31%, 2A1%F “&<ke] AUCTE 35% frolAew ZAaskqith

Oll
-

Wistar rat®] @92 tizaol Hlato] 1X3F F¢ke] AUCTE 48% Fold oz s

At GK rat®] Ql&de dizxarel Hlske] 05A1ZF &<2te] AUCTE 651%, 1417 &<t
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o] AUCZ} 414%, 2A17F F<eke] AUCZF 196% 9% o5 Z718tdth. Wistar rat?

O

AJed S o] vkl 1AZF &<kl AUCZE 200%, 2417 &<Qke] AUC7F 215%

Ao Frhsgrh

olZM MC-SF& AAUelA d&d #u] 835 W IS FergS d53
o1 MC-AEE®] H&te] 20%¢ §Ho 2 TS v v =& a2 By

3t 4. Glucose tolerance and in vivo insulin secretory response to glucose. Plasma
glucose and insulin levels during OGTT at 13 weeks of ages after 6-week
administration of MC-SF (2mg/kg BW).

Groups 0 hour 0.5 hour 1 hour 2 hour
Plasma glucose levels (mg/dL)

Wistar—control 985+ 31 1549 + 45 2155 + 53 150.7 £ 3.0
Wistar-MC-SF | 1005 = 5.2 1477 £ 39 166.2 + 4.3 1525 £ 15
GK-control 1255 + 28 2805 = 7.1 3571 + 59 3410 £+ 29
GK-MC-SF 1249 + 3.0 2758 £+ 50 | 2606 £ 49+ | 3109 + 5.7*
Plasma insulin levels (pg/mL)

Wistar-control 100.1 + 8.0 2341 + 93 3121 + 6.2 180.6 + 3.2
Wistar-MC-SF | 1059 =+ 6.1 | 420.0 11.6%x | 500.2 + 13.1%x | 1504 + 5.1
GK-control 1055 + 45 1485 £ 82 2685 + 88 2410 £ 47
GK-MC-SF 1047 £+ 53 | 4009+ 10.1%x | 390.6 = 6.7+ | 250.7 £ 9.0

Values are given as means £ SEM for 7 rats in each group. Wistar—-MC-SF group was
compared with Wistar-control group. GK-MC-SF group was compared with GK-control

group. *P<0.05, *+xP<0.01.
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¥ 5. Glucose tolerance and in vivo insulin secretory response to glucose. Area

under the curve (AUC) of plasma glucose and AUC of plasma insulin during
OGTT in GK and Wistar rats after 6-week administration of MC-SF (2mg/kg).

Groups 0-2 hr 0-1 hr 0-0.5 hr

AUC of plasma glucose (mg/dL * hour)

Wistar-control 1155 = 2.3 483 + 3.0 101 £ 0.3

Wistar—-MC-SF 95.1 + 35 251 £ 1.7« 118 £ 1.2

GK-control 351.2+ 157 135.0 £ 80 251 + 30

GK-MC-SF 230.0% 12.9%: 936 + 3.6% 267 + 19

AUC of plasma insulin (pg/mL < hour)

Wistar-control 1881 = 7.1 100.2 = 8.0 157 + 3.0

Wistar-MC-SF 405.0+ 122 200.0%+ 16.7x: 28.1 + 0.9
GK-control 200.7 £ 56 509+ 2.2 108 = 1.1

GK-MC-SF 393.1% 154 210.8% 9.5 70.3 * 2.7

Values are given as means £ SEM for 7 rats in each group. Wistar—-MC-SF group was
compared with Wistar-control group. GK-MC-SF group was compared with GK-control
group. *P<0.05, *xP<0.01.

(th &5 €3 3 dedA o vA= &

MC-AEE % MC-SF9] 65719 F471 88 & F5A

m {
oft
e
ro,
ftfx
re
P
A\

A3ATHE 6). Wistar ratd| A= oF Fo7F d9dx 2 QA&EHX

=,
of
otk
o
N
2

o

4

T gzt vlele] A= 26% FoHoR Ao AdeEdAE 29% F9
Aoz Z7lstgtt o]= MC-AEE % MC-SF 5o+ GK ratd @& &84 ¢l&sdx
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¥ 6. MC-AEE 2 MC-SF9 67 57} Wistar 2 GK rate] 84 g9 9
sdXd vA= JF
$12=E} A o] F
B &R
e o % MC-AEE MC-SF ozt MC-SF MC-SF
v Fo7 T - FoT Fo

g3 X2 3 123.68 121.84 118.05 183.18 143.60% 135.50#x*
(mg/dL) + 16.54 + 12.53 + 9.08 + 31.21 + 23.16 + 15.11
g Aded 0.985 0.854 0.998 0.435 0.531 0.559#x
(ng/mL) + 0.041 + 0.04 + 0.081 + 0.054 + 0.034 + 0.056
Zy7rol ke FA + 2o AY (n=7).

xP<0.05, *xP<0.01 Student’s t-testoll &3t} EA 2 o2 {3,

o{l

Ch A Asd G

Wistar ¥ GK rato]A] MC-AEE Fol %

= Akel7t

176% frel4 o=z S7hshidith GK rat #73ol ded

AN e Al B Fr SAES
Z7HA 02 A
4ge

+ o7 A E AT

ol
rr
N

3% 7. MC-AEE %
Al vHE 4P

F 79 dERAT 2 At

gilen, GK ratdlA= MC-AEE Fola2

MC-SF9] F47F Wistar 2 GK

kol 7} 9tk 657Fe] MC-AEE ¥ MC-SFeo Fo7F #%

A9 A%

160%,

i GK rate] #7&el <l=&

Adedoe] Bag FFeA FHHor Fjor WEd F

rate] #HF A=A

MC-SF Fo#2 dzd

o Hlslef
Aed 3
& gheFo] Wistar ratol A

A #(store or reserve)©|

9 4%

UA

st (ug/g

9 ~¥E # A o] #
o) 2 MC-AEE+* MC-SF+* o) % MC-AEE+ MC-SF+*
10.0£0.9 113 12.0 + 5.8+0.7 9.3 + 0.9%x 10.2 + 1.8%x

Values are expressed as mean+ SEM, n=7, **p<0.01 vs. each control.
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(b ded AP v X = F3F
MC-AEE % MC-SF¢| insulin-stimulated glucose disposalel]l &37} A=A =&
AA4s71 93k hyperinsulinemic-euglycemic clampS Al838Fsith.  Insulin

-stimulated glucose disposal rate< TS 6.6 mmolZ FA37] $Idte] FUEH =

kel

=z
=g F

hines

E
==

k1
to
off
o,
rot
»
[o
!
o
N
&

t}. ¥ 89 clamped blood glucose levels

9 i g Ry Erdgo] FYHE £ (exogenous glucose infusion rates)E ERY
At GK rats xT Y529 F¢Y &S5 = Wistar rats 272 29 18% (649

vs. 360.2 umol/kg/min)oll E3}3le], @ xF o] olgdl AgAo] T4 Hol F2
o 6577 oAF FoJo 9ofste] A Aol FHA insulin-stimulated glucose disposal
rate> o] Hlste] MC-AEEE 189 fol# o & (1159 vs. 649 umol/kg/min),

MC-SFE 198 f9 & o2 (1236 vs. 64.9 pmol/kg/min) Z 714 # th.

F 8 MC-AEE % MC-SF¢ Fol7b  flz=ek # 2 AAe]  F9

hyperinsulinemic-euglycemic clamps®l*] whole-body glucose disposal rate®l W]X]

= 9%
$12=¥E # XA o] F
=4 g2
B MC-AEE | MC-SF R MC-AEE MC-SF
T | Felw | Folw T Eew | Felw
Clamped blood 124.9 125.4 123.1 128.1 125.3 123.1
glucose(mg/dl) £9.08 +10.12 £9.00 +11.7 +12.4 +9.9
Glucose infusion 360.2 400.2 390.1 64.9 115.9%x* 123.6%x%
rate(dmol/kg/min) +£29.8 +46.8 +30.2 +4.7 +8.67 £9.0

7t7be) g WEA £ BELAY (=7,

#P<0.01 W27 vHusle] EARoR §93

2) F7 A1d I v A& in vivo &3

7h AF B Aol A Fell vA= &
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MC-AEE (10 mg/kg/day) ¥ MC-SF (2 mg/kg/day)S a8z HA L=}
g Eo] ¢lgd ®Bu)7t AetstsE A 18 9 29 NOD miceol Al 857 A+ &

At e W, AFZ/Y, HoIHAFNE FFL 74 BATHE ).

=5

ar

9. MC-AEE 3 MC-SF¢] 8F3Fe] Fof7} ICR 3 NOD mice®] A% 3 4 o]Ad
ol v 93

T

A d
ICR mice NOD mice
- MC-AEE MC-SF MC-AEE | MC-SF
AEE ] g | owae | MR gae | wae
27 A%(g) 24.56 24.23 24.08 20.28 20.88 20.69
+1.62 +0.98 +1.15 +0.11 +0.83 +0.99
7] A ZE(g) 32.29 34.58 33.66 35.17 31.68 35.71
+1.85 +2.84 +2.84 +1.82 +1.32 +1.91
2ol A= 2.40 2.81 2.51 2.31 2.35 2.55
(g/day) +0.07 +0.60 +0.13 +0.47 +1.17 +0.17

14
N
-
Lo
N,
rlo
(|
=N
)
I+

T2 (n=10).

259 ICR micedl A= MC-AEEZ 10 mg/kg BWE, MC-SFZ 2
mg/kg BW= 853 T3S wf dd4st a3 #aHA &gt A 13 I
2ol NOD micel = MC-AEEZ 10 mg/kg BWE 857 5319 S w&= &9

|7} gjzatel Hlste] 156% freld oz Ao, MC-SF& 2 mg/kg BW=Z 85

)
4

ofstdlE W= dR-AVF 13% Feldoer HAaskdvh(i 10).
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3% 10. MC-AEE ¥ MC-SF¢ 8F%te] Foj7} ICR 2 NOD mice®] 3o w] X
=gy

ICR mice NOD mice

MC-AEE MC-SF MC-AEE MC-SF

o] =7+ ) =+
M B 4Aw | HAw

A 101.08 99.30 104.19 210.66 180.083 183,713
(mg/dl) +9.77 +7.67 +10.05 +10.21 +10.43 +12.83

Zy7bol e HitA + TS A (n=10).

#*Significantly different from control (P<0.01).

o &

(th #A7% ded gkl v

rr

ICR 2 NOD mice?ld MC-AEE %ol 2@ MC-SF Fo2 thxol H&to]
HAA Skl 2ol7b gldth 853+¢] MC-AEE % MC-SF9| Foj7t A% <l&d 3
Foll v A= dFS & 110 YEhATh 1 A3 ofF Foj7b ICR miced] # A+
Y ol oS FA &%t NOD micedl = MC-AEE Fola& thza-9

239%, MC-SF Fo& 212% o8 o=z Z718tdth. NOD mice:s 3 Fo] &4y

o] dl&d A(store or reserve)o] HolA A Uds Aol @ G FAE HATh o
T NOD mice?] #A &5 Adste ded AFS F7MAHo=ZA dEdo] &
83 Ao A FAHo g dHog BEE F JA e &S e Aoz A
At
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¥ 11. MC-AEE % MC-SF¢ %7} ICR ¥ NOD miced] #% <9 3 (ug/g

Aol mA= &

ICR mice NOD mice
2z MC-AEE+ MC-SF+* 2z MC-AEE+ MC-SF+*
12.00+0.71 10.1 = 1.3 120 £+ 2.1 4.23+0.54 | 10.11 = 0.90#:x 8.98 + (.89

Values are expressed as meant SEM, n=7, **p<0.01 vs. each control.

2. F4AEY AW £ 2L AYY AN AE 773

FE=S WHoE At oAFE 4 dxste] g 3A00 gl 50%
ethanol(v/v)< 2000 mL 7}ste] 75ColA 2A7F &<t /555 sto] FE2HS o
=tk o] #AFE 3W WHRSte] dojil FEes o3d & AtESeaith
2) &vfol] o3 9
o} F2] 50% ethanol FE 22 =70 1lg residue/20mLE HAMA| A, EAoJF =2
n-hexane(d=0.660), chloroform (d=1.484), ethyl acetate(d=0.898), 1-butanol (d=0.810)

o #AHon Ryt RY SujE gt Akl 1 Ak

y
)

s
E3hE ARk 1 A vigae] A% gl of% 2R oste] B4l 3u)
A% F7h9.om butanol 3 E3E A ERT (E 12, A M) A9E §

ujo] ot FEF o] 2oJste] Aol FUIEA ke butanol F2o Aol =ttt (

=]

13). webd 24 AR s vsdE ddez s A5 vsae] 50%
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ethanol &% 1.0 mg/mLS 3F A 2% Aed BEHE 3251 SFA A
50% ethanol % &2 n-hexane, chloroform, ethyl acetate, n-butanol, water® <%}
Hog F8sA-S wi, butanol F9 Jd&Ed &0 FX 237 7B =g
3) Solid phase extraction (SPE)
o A F3P3 gujo] o3 E3 Az RE butanol =9 EH}I} =gtorn g
butanol 5o &4 EHo SAS Hotatr] flste], o8 L7 SPE tubesel &% st

1

= AEEY ded By d4& ARG I A3 w3 Cis, cyanopropyl

Iy

bonded silica, phenyl bonded silica tubes 59| 23t

ox
™

=
=

lo

Jded ZH =23

7F =3 (g 119 91%). A= Cis, cyanopropyl bonded silica, SAX tubes 5l &

.

5

fr

€

M
et
lo
-

e BH E7F Z=UATHE 119 o). 4 v 9 K7}

ok
ol
ax
o

=

oy

2% = reversed phase Cig SPE columng o] &3] o AA|sgch &

NI

v’

£=2 reversed phase Cig SPE columnel loading 3+ % acetonitrille®] %S =

A

TRAAA S EAZ BEEe] Jded &®H &2dE SASA™HE 14). 2 2

acetonitrille 100%2 §&A171 £8 &9 <<d ¥4 a37F 714 =94
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¥ 12, oF v EHHe 50% e FEE & 2YEL dF AF AZoAY A
d v £ 523
T A= &% (ug/mL) ol&d Eul% (ng/5 islets/60min)
v < 2}
50% EtOH F&%&% 20 2359 = 145
S £8E
Hexane = 20 30.01 £ 2.39
Chloroform = 20 3777 £ 4.22
Ethyl aceteate & 20 40.20 + 3.40
1-Butanol & 20 73.89 = 5.66
Water = 20 1507 £ 1.04
Hi + FFHA (n=3)
% 13 oAF A9 50% deE F2E9 vl £¥8E9 FF A LZdA Jdsd
wH £3 g9
oF Algm &% (pg/mL) ol&dl EH| = (ng/5 islets/60min)
A
50% EtOH F&%&% 20 68.33 + 4.67
S 23 E
Hexane = 20 35.99 + 2.30
Chloroform & 20 4154 + 321
Ethyl aceteate < 20 30.17 + 2.09
1-Butanol = 20 70.66 £ 5.93
Water = 20 20.20 £ 1.07

Wit £ xFHA (n=3)
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23 11. Solid phase extraction column(SPE)oll ¢J&] #ul® A&o <ol&d £u &

A

I E o] Fu) %3} olgZ: o] F4] Means in the same column with the same superscript are not

significantly different(p>0.001).
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oAF vz 295 5% (pg/mL) olad EH = (ng/5 islets/60min)
2T - 589 £ 0.25
Butanol & 50 69.59 + 2.45

SPE #8=

DW 50 40.79 + 10.31
ACN 20 50 39.81 = 8.62
ACN 40 50 40.22 £ 13.41
ACN 100 50 103.02 + 1.84

ol

A+ BERA (n=3)

n-Butanol &< Superclean LC-18 cartridgeo] E2A)71 %
(ACN) gradient® o]&3sle TFH AHES ESE2AFHY. FFHA g =&
SPE-DWZo]g} 3ta, &35 = & ACN 20%% £5% &2 SPE-ACN20%, ACN
40%% 8% =2 SPE-ACN40=, ACN 100%= &=% =& SPE-ACNI100Z=o|z}

sa, ded B 53 482 Adsan. o 2% dsd P 51 Ao

B S -

O
H

SPE-ACN1005°] 7F4 =8t} (& 14). n-Butanol & % SPEZ #33 TE5 ¢
g x719] HPLCZ ®A3t9lS wf (2913), SPECl ¢Jste] dwEe] wIEs <

sttt
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1.4e+5
1.2e+5 — BuOH
1.0e+5 o
8.0e+4 -
6.0e+4 o
4.0e+4
2.0e+4 -

5845 5

4e+5 — Dbw
3e+5 o
2e+5 o

1e+5

1-2e+6

1.0e+6 —— ACN20
8.0e+5 o

mAU

6.0e+5 4
4.0e+5 o
2.0e+5 o

0.0
-2.6e+5

5e+5 4 —— ACN-40
4e+5

3e+5 o

2e+5 -

1e+5 -

0 il S —

-16¢5

—— ACN100

5e+5

4e+5 -

3e+5 -

2e+5

1e+5 o

0
0 10 20 30 40

Retention time (min)

(¢3

O 12, o5 "= 7] n-butanol & % SPE 35S TUSd 2oz FAGAS
wj o] HPLC chromatogram. W $+ n-butanol =°]H, o}#d| 470+ n-butanol&<
SPE® 323

EXZA: Column: pBondapak®Cis, 125A, 3.9x300mm, 10um; Flow rate: 1mL/min; UV detection 208nm;

Mobile phase: 0-7min, acetonitrile 5%, 35-40min, acetonitrile 10026, 45-50min, acetonitrile 5%.
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4) Silica gel chromatographyell 2]3F A

n-Butanoldll 23t 83 & SPE reversed Cis columno 2 AA|g $ silica
gel chromatography & A 33}ttt F 82 58 methanold] £33}4] silica gel(Silica
gel 60; particle size 0.063~0.200mm; 70~230mesh ASTM, Merck)¥ 3H7 4] 3
60Cel Al methanols ¢HA3] FLAIA AZ7} silica geloll &2 Al stk frel 2

2=

1 (3%60cm)S chloroform. 2 A& % silica gel resin 800g< chloroform® 2 <52

Fe

Z21 A7 F AZHo] chloroforme® %2 AREE AFol=g EZ38al 1A,
chloroform/methanol/water gradient (15/3/0, 10/3/0, 13/7/1, 6/4/1, 0/100/0)% silica
gel column chromatographyE A A3t th columng 338 2 &4 EFH3lo],
z}7k o] fractione 60u0% TLC plate (25TLC aluminium sheets, 20x20cm Silicagel
gel 60 Fosy, Merck)oll A3 & chloroform/methanol/water®] ZAS 2@ dte] 7|

3}a1(15/3/0, 10/3/0, 13/7/1, 6/4/1), LA ko 2 30% &AF & HS sprayst § 105T

o A 5% 7ldsle] WAE & gpot patternS Felsle] TU3 spoteE FolE W A

I~

2 A AAdEs=3te] EF 24709 fractione &2 E2]3 Tk DMSOe] £33} total

saponin 3%} insulin £4¥) &3E EX&AT (£ 15).
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¥ 15. Silica gel column chromatography® 383 2859 ¢l&d EH a3 (HA

+% Ak, n=3).
] 10mLA #F Al |residue Jded BHH

s # i conc.(yg/mL)

H3 (mg) (ng/5 islets/60min)

F1-1 1-6 60 50 6.23+1.34
F1-2 7-12 55 50 20.64+3.74
F1-3 13-17 40 50 7.46+5.11
F1-4 18-20 70 50 4.47+1.36
F1-5 21-23 45 50 5.56+2.93
F2-1 24-31 35 50 4.77+1.60
F2-2 32-39 30 50 4.04+0.98
F2-3 40-44 35 50 16.29£2.88
F2-4 45-55 55 50 5.41+£2.95
F2-5 56-63 25 50 28.77+3.28
F3-1 64-71 30 50 4.38+1.07
F3-2 72-"79 40 50 4.38+1.78
F3-3 80-85 70 50 2.94+0.64
F3-4 86-87 25 50 3.07£2.05
F3-5 88-99 295 50 2.78+1.37
F4-1 100-123 560 50 3.17+0.80
F4-2 124-128 180 50 16.76+2.72
F4-3 129-162 870 50 39.63+3.22
F5-1 163-164 280 50 4.20+1.48
F5-2 165 120 50 2.61+0.26
F5-3 166 120 50 4.92+1.89
F5-4 167-171 500 50 137.82+0.13

5) Semi—preparative HPLCel 2] 3l A A

Silica gel chromatographyol ¢] 3t

Td= ToA Jded £ 27t

S preparative HPLC® A A&ttt Waters Delta Prep 3000 system< Ab
™ column< Waters pBondapak Cis (125A, 7.8x300mm)ol$lo™, UV 212nmeol A

detectiond} $ 21, acetonitrille/water gradient® ¥#3slitt. 1 A3 EIE F-39

237 7)

g =gy (29 14).
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30

25 T

(]

20 A

15

10

Insulin release (ng/5 islet)

Ho
o

2.5e+5

2.0e+5
1.5e+5 A

-
< 1.0e+5 4
(S

5.0e+4 -

0.0 1
F-1 F-2 F-3 F-4

-5.0e+4 T T T

Retention time (min)

% 13, 9] preparative HPLC 3 &29] <¢l&d #H] &3 Means with different

letters differ(p>0.001).
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6) HPLColl <& A Al
Preparative HPLCZ 2383t 28 & F 714 Jded &4 a7 =& F-3 £8&
S AASY (29 15), 3FgE 1 2 258 Ao Jd&d B 8945 SHSIHE

16). 7L A3 st3kE 1 2 2+ F-3 @8 &0 vlste] e 4] &37F 159, 1.74)

=3t
1.0e+6
2
7.5e+9 A
2
< 5.0e+5 4
S
2.5e+9 A
1
oo o S
0 10 20 30

Retention time (min)

a9 14. F-3 #38 &9 HPLC chromatogram. Columne uBondapak C18(125A, 3.9x300mm,

Waters), UV 208nmollA] 7= &0 Z7: 0-10min acetonitrille 50—70%, 15-20min acetonitrille 100%,

25-30min acetonitrille 50%.

¥ 16. 3¢E 1 2 29 od&d By g3 (HF + FFHXA n=3)
Al & % (ug/mL) ol&d BuF (ng/5 islets/60min)
o] = - 589 + 0.25
3EE 1 50 200.1 + 10.9
31eHE 2 50 231.2 + 20.3
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iy
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Htl
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4
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L)Y
e
2
ot
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2
oX,
™
1o,
=
o

AAEAAM ] = ol F &= Aol Hlste] vyt gah gokovnw &

4 AEe AAe vsdE ddes st oF vsdRRE ded A%

oX,

A el AA AA-e 2" 20 dEldY. msae] 50% ethanol F&E 05

mg/mL> 3T3-L1 AP A oA Q& 10nMe] =9 ol &3E 28 SXIAIZ o

N

v &3] 50% ethanol FEES TFF 0| lg residue/20mLe] =2 E4HAAH, &9

(¢}

(d=0810)c2 w24 oz Fsdit. £33 s A darste] 1 Ao A
Azolrel T ols &IE EASIAT. I A¥ FEEFe] BV =UTHE

17).

F 17 o5 vsd FE=9 8 2¥E9 £ oF &3

2-deoxy-["H] glucose uptake
Group Conc. mBa/20min g o(f) nllr;fuhn P value
basal(KRP) - 2,607 + 422 -
insulin 10nM 6,288 + 416 100 sk
dat 60% ethanoll g mp | 9797 + 788 156 -
hexane +3 & 0.lmg/mL | 7,421 + 614 118 -
chloroform =8 & 0.lmg/mL | 6,482 = 394 113 -
ethyl acetate®®& % | 0.Img/mL | 7,090 + 585 113 -
butanol &3 & 0.lmg/mL [12,700 + 957 202 ok
2 vEE 0.lmg/mL | 8484 + 811 135 ok

il
HE
e

v&i FE FEL o&FH 10nMIY A wjde RS whe] &3 ##xp<0.01 vs. insulin only.
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1) Solid phase extraction (SPE)

o F &3] 50% ethanol &2 1-butanol =& &2 SPE tubesol] ] & %o
93 3= ZAsIE T 1 23 reversed phase Cig SPE columnel] &2 E 23
o x5 o5 E37F =UTHE 18).

# 18. Solid phase extraction && =29 X2 o]F a3}
2-deoxy-[’H] glucose uptake
Group Conc. % of insulin| P value
mBq/20min
only
basal(KRP) - 2,607 + 422 - -
insulin 10nM 6,288 + 416 100 Kk
D% 50% ethanoll g0y | 9797 + 788 156 -
TE=E
C8 &&= 0.lmg/mL (10,500 + 1,132 167 -
Cl8 &= & 0.lmg/mL (14,166 = 1,510 225 -
CN &3= 0.lmg/mL | 7,111 £+ 834 113 -
PH &5 0.lmg/mL | 8011 £ 900 127 -
SAX 3= 0.lmg/mL 6,965 + 620 111 Hok
SCX &3 = 0.lmg/mL | 6,500 £ 300 103 ok
WCX &3& 0.lmg/mL | 9,627 + 878 153 ok
Silica gel &3 = 0.lmg/mL | 6,627 = 523 105 -
Diol bonded silica 0.lmg/mL 7,200 + 667 115 -
Aminopropyl 0.lmg/mL 6,730 £ 626 107 -
ey 2E5E5 2 FYES AJded 10nM A i Fstds We] 52 ##%p<0.01 vs. insulin only.

n-Butanol &< Superclean LC-18 cartridged] ¢]3&}l¢] SPE-DW2, SPE-ACN20

=
S}

SPE-ACN40%,

SPE-ACN40Zo0] 7} +

SPE-ACN1005 2.2

,69,
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3 19. LC-18 SPE #38=°] x:9 ol's AI(H + FF=HA}, n=3)

2-deoxy-["H] glucose uptake p

Group Conc. - - - value

mBqg/20min % of insulin only

basal(KRP) - 2,607 £ 422 - -
insulin 10nM 6,288 + 416 100 -
insulin 10nM+butanol layer | 0.1mg/mL 9,990 + 811 159 -
insulin 10nM+SPE-DW 0.lmg/mL 6,607 + 788 105 -
insulin 10nM+SPE-ACNZ20 0.lmg/mL 7,561 = 450 120 -
insulin 10nM+SPE-ACN40 | 0.1lmg/mL 11,202 + 975 178 w3
insulin 10nM+SPE-ACN100 | 0.1mg/mL 7670 + 659 122 -

#xp<(0.01 vs. insulin only.

}) Silica gel column chromatographyoll ] 3k A A

SPEZ ® &3 F3& 7+

kel

L ol &7t =& ACN 40 #8 &5 silica

oi

gel column®l loading 3+ % chloroform/methanol/water gradient (15/3/0, 10/3/0,
13/7/1, 6/4/1, 0/100/0)= &&= A|71H A 10mLY 3 3}o], TLC pattern®] FAFsE A
78 FHA EF 109 #8955 A o594 XEY olF X adnE A 4

I} G5 % G-6 EI=] B 7MY =UuTHEE 20).
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¥ 20. Silica gel column chromatographyol] <3t 8 &9 ¥XE9 ol =3 a3
(Fd+E=94 n=3)
2-deoxy-["H] glucose uptake
Group Conc. % of insulin vaPl)ue
mBqg/20min
only
basal(KRP) - 2,607 + 422 N -
insulin 10nM 6,288 + 416 100 N
insulin éog\é 0.1mg/mL 6,331 + 245 101 -
Jnsulip 100N, 0.1mg/mL 9,366 + 101 149 o
Insulin }59%1\/1% 0.1mg/mL 6,748 + 614 107 -
Jnsulin 10nM, Olmg/mL | 8130 + 927 129 -
Insulin WM 0.lmg/mL | 20,129 + 965 320 ok
nsulin %9%‘1\4% 0.lmg/mL | 19613 + 994 312 ok
insulin 100\ 0.Img/mL | 6440 + 544 102
Jnsulin 100N, 0.Img/mL 9,161 + 634 146 o
Jnsulin 100, 0.1mg/mL 8,385 + 165 133 -
 Insulin 1_5?_%/1% 0.Img/mL 6,552 + 611 104 -
*xp<(0.01, ***p<0.001 vs. insulin only.
t}) Semi-preparative HPLColl 2]+ A A
Silica gel column chromatography® &3 #9& 5 7MY X593 olF £ &

#7} £ G5 2 G6

i
Jl

2S5 semi—preparative HPLCE AA| &) (¥ 16, 17),

g ole =1 2AE FASAY. 1 A3 L7 4749

3etE 3-68 HEldte] ¥%
313HE RS 3T3 L1 AW A XA ¢l&Ed 10nMe] E59 ol 3= 48] o)A+
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T7HA7 = ER7E AATHE 21).

5e+5

4e+5 o

3e+5

mAU

2e+5 4

1e+5 o

0 10 20 30

Retention time (min)

a9 15. G-5 #8529 HPLC chromatogram. 7171 Delta Prep 3000(Waters, USA), column

]

< pBondapak CI18(125A, 7.8x300mm, Waters), UV 208nmoll A 7F=|3F. &uj Z7: 0-10min acetonitrille
50—70%, 15-20min acetonitrille 100%, 25-30min acetonitrille 50%.

5e+5
4e+5 4
2 3e+5
£ 5
2e+5
1e+5 4
6
0 T T T T
0 10 20 30

Retention time (min)

a9 16, G-6 ¥38E 9 HPLC chromatogram. 7]171% Delta Prep 3000(Waters, USA), column
2 pBondapak C18(125A, 7.8x300mm, Waters), UV 208nmeol A #A]st. &w] Z7A: 0-10min acetonitrille

50—70%, 15-20min acetonitrille 100%, 25-30min acetonitrille 50%.
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2 33 (HTd+xEFHA n=3)

=2
e

21. HPLColl 9oJ& #3213t slg&Ee x=9 o

2-deoxy-[’H] glucose uptake

Group Conc. % of insulin | P value
mBqg/20min
only

basal(KRP) - 2,607 + 422 - -

insulin 10nM 6,288 + 416 100 -
msulin, 0 0.lmg/mL | 32450 + 3449 516 whx
insulin_1
msuln O | 0dmg/mL | 33,747 + 2486 537 o
msulln IO | 01mg/mL | 30,101 £ 3663 479 -
s o 0.Img/mL | 26,240 + 3764 417 sk

#xxp<(0.001 vs. insulin only.

o FEAEEZRY ded £ 2 AZAH A AEY 7+ T4

of F nsHRAE daed BH 3 A Vi S4S AEed ddoer 545
WA FZ& 23] column chromatography, preparative HPLC, HPLC ¢ #}A <
AAA 6709 s3FES sttt o] FolA setE 2 3 3§E 55 NMR 2 MS

spectroscopy & &8+ Y3 SFEAS It o] g3tEe F2E NMR 2

1) Nuclear magnetic resonance spectroscopy

1-Dimensional (1-D) NMR ('H, C, DEPT135) % 2-Dimensional (2-D) NMR
(COSY, HMQC, HMBC) spectroscopyE ©]&3lo] 33E 29 +25 5 AHATH

"H NMRZ%E EA A9 cholesterol backboneg & 4 42t} = NMR up field
(1.3 ~ 0.7 ppm)ell singlet ™ & (CH;) peak 470 ¢} doublet ™ & (CHs3) peak 1707} &=
A0 R steroid UL F= & £ 9, 162 ¢ 1.74 ppmel 2719 singlet ™ 2 (CHs)

_i,_
peak’} © &S &5 Ark T3 5 76 ppmell 2719 doublet peaki alkene?] ©]F
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A% protono & 2709 o]FZAZ el UFS & F 9, 34 7 42 ppm®] 37H¢] peak
E25H alcohole] €91+ protondS F5E & Aok viXFoE 974 ppm
singlet peak+: aldehyde proton peak¥ S <= 4= U} (¥ 18).

PC NMRe25H % @29 /47 3195 peake /M2 & & dow, 'H
NMRoA &3 Z3ES 45T 5 Ak = 2071 ppm® peak=F-El aldehyde”}
Aes TWakM, 122 7 144 ppmel 47019 peakZH-E 271¢] o]F AT ] & ThA
)tk 23 63 ~74 ppme] 3709 ErA peakE ZH-E] hydroxy groups
Fotete BT 7 des & Add (2H 19).

DEPT135 NMR data® B F4iE gao FRE 7S F dd S

A,

" H(CH-) &4, WA A(CH) e 24, PIERICH-)® 4y, 18]an a7F 2o A &2
i

&0

B

&}3}

=4

rr

quarternary carbons THE 4 dv}. spectrumlZHFEH F 317
CHs- peak?} 77§, CHo- peak”} 870, CH- peak”} 107], L#] I protono] oA &
£ quarternary carbon®°] 671 °ojt} (¥ 20).

2D NMR®| COSYE &84 |3k proton®] 91AE & & Aok (Z€ 2D).

3 HMQC (Proton-Carbon one bonding connection)S E3}¢] o]~ proton®] o=
carbon?} M2 Agslal e AL & F ATk (29 22).

HMBC (proton-carbon long-range coupling)S E3}o] QoA & HEA A
HE 2fete] &4 725 24T & AT 1.6 ppm <A A 270 vl Z peakE
o] 130ppm * 2] metylene BtA9lo] A3S HO|= R terminal side chain®l ©]% 2
o] &S & ¢ A, 0.97ppm # 1.12ppm ¢ H & proton peakE©| 144.5ppm<]
alkene &2 peak® 3-bond coupling< 3}1, 74.3ppme] oxygen bearing carbon¥}
3-bond couplings 3= AL R Hol 49 fX]o] 2719 WE groupe]l AL 58 $X
o o]FAFe] S & F Avk (2™ 23).

9.75ppm & aldehyde proton®] 4.94ppm<] quarternary carbon¥} correlatione 3}
2o wol 10W 91X aldehyde’} €A% & 5 Atk

ool Ans FsW FFE 25 CulHxn0se EAAE 7AW A% 47091
19(R)-methoxy-5 [, 19-epoxycucurbita-6, 23-diene-3 [, 25-diol ©|t}.
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HMBC Correlation

MW = C3,H5,053

138 17. HMBC correlation
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a9 18. 1H NMR spectrum data
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19 19. 13C NMR spectrum data
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poft )

% 20. DEPT 135 NMR spectrum data
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1% 21. COSY NMR spectrum data
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[
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1% 21. COSY NMR spectrum data
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a9 22. HMQC NMR spectrum data

,80,



@, - "H (ppm}

o 561

s0{ -

1004 - 100

10

1504—, : :
[ [ q
i - 'H {ppm)

a9 23. HMBC NMR spectrum data
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OH

HO OH

Cholesterol backbone numbering

a9 25, 3HgHE 29 % numbering
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2) Mass spectroscopy
3}gtE 29 positive-ion ESI-MS spectrum (2% 26) & X W, quasimolecular ion

peak ©] m/z 470.7 (M+H)" ol 2lojd #2124 CyHz0; 2 2 4708 g2l

60102 SAPONIN D2 1 (0.319) Scan ES+
4376 1.10e7
100, 4371 4553
9096
4555
4369 4953
4951
2094
4366 %77
909
a7 179
9108
o, 4193 ot
8537 065 96,4
: 9685
4964 829 911.0
.3 8539 9665 9639
849115
14966
4906 854.6
e 7407 ardors Sl ereo
4902 | : 8256 977.0
7008 8252851908562 839! | o787
4707 M %819
400 450 500 550 600 650 700 750 800 850 00 %0

a3 26. 3HgE 29 ESI(+)-MS spectrum
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3. F&AEL o8 AAVITHF Ax ¥4 &H

=4 59

o
R

b AR olgetA B4 24
D) Asd #u 249 ogsd 54
7 g - b - e g bEA A
ol = w3t 2 A9 50% ethanol FEES 100TCA] 2A13F Fol AL, A9
A1 0.IN HCI o]v} NaOH 24A13F &< vhEA17]1 & ¢l&d 748 235
o A AeskA &2tz Hlske] oAl Aozt gl (d 17). =
d, At el kAt
40
B <3 (0.1mg/mL)
c 35 A 1 A (0.1mg/mL)
1S
(=]
S 30 A
ko
]
© 25 I
E T
g 20 1 I
©
k]
L 15
=
>
g 10
| iﬁ
0 T T T T T
control untreated heating 0.1N HCI 0.1N NaOH
(w/o extract) extract
a9 27 &, A &g AHEE 3 ofF usg 9 K9 50% ethanol FEE 9
g u g9 A9 ¥xY FEE 3.3mMS.

2~
=



) - Aol gk HEA 4
Simulated gastric juice (70mM HCl, 8mM NaCl, final pH 1.82) ¥ 2% pepsin
A7k 91ds Aggh Fol sy #H Zde Aolrb (U th Simulated
intestinal juice (69mM NaCl, 48mM NaHCOs;, 5mM CaCls, 0.8mM urea, 0.3% BSA,
final pH 8.8) ¥ 2% amylase, trypsin, lipase, proteaseE A 7}3F FHo| =g o
L oQled By &ife] Aol7b JAATHIZH 18). ol ofF mxdt B A9 el &
o

e mEE Tl dAES fn ek

filo

40

35 1

30 -

25 4 |

20 4+

Insulin release(ng/5islet/60min)

untreated gastric juice gastric intestinal juice  intestinal
extract +enzyme +tenzyme

Insulin release(ng/5islet/60min)

untreated gastric juice gastric intestinal juice intestinal
extract +enzyme +enzyme

,85,



oo
o
)
N

0

Nd

K

oo

A
-

509 ethanol, 10096 methanol, 50% methanol, 0.1N acetic acid, 0.1N NH4;OH, 100%

Pttt 1 A3 50% ethanol® F=

bo 24}

5|

#

22X oA

=y
o

acetone

ZHATH(LE 29).

-

o] % v % 3}

100

(ulwipgysialst g/Bu)ases|al ulnsul

Acetone

0.1N AA 0.1N NH,OH

50% EtOH MeOH 50% MeOH

EtOH

control

il

ol A, &2lA 01N

aL
o

o F W& 50% ethanol FEES 100Tol A 241 1F

j—

Edl

HCI o1k NaOH#} 24417t &<F REG-A]
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o AP ehA e thEarel wiske] o]l Abolk gl 22). 5 &, 4, &%

glol kA sl

¥ 2204 -4 AYE g oJF vy 50% ethanol FEES XEY olFE
2-deoxy-[°H] glucose uptake

Group Conc. P value

mBqg/20min % of unripe fruit

basal(KRP) - 2,607 + 422 - -

insulin 10nM 6,288 + 416 - -

DS 50% ethanol) o josmy | 9797 + 788 100 -

TEE

d A= 0.lmg/mL | 10,172 + 1,744 104 -

A HE = 0.lmg/mL 9,722 + 754 99.2 -

Gz HYE 0.lmg/mL | 11,011 £ 985 112 -

A& &Y 10nM 7 v gsrd s we] &34,

) 9] - e oigk kA A
Simulated gastric juice (70mM HCI, 8mM NaCl, final pH 1.82) ¥ 2% pepsin
S UK f19Es AHEg Fox XL olF Fo] Abo|rt

At Simulated
intestinal juice (69mM NaCl, 48mM NaHCOs; 5mM CaCls, 0.8mM urea, 0.3% BSA,
s

final pH 8.8) % 2% amylase, trypsin, lipase, proteaseZ Zlo] A gk Fof

s
—a-

ke

=g olE matel Aol7k fIATH(EE 23). o= o5 st

e

=g ols

1}

fo

)

rl
o
o

r

o] vz Fol %
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=5
[\]
w
Ao
o
e
12
ic)
i
ok

o] £ 1l& 3 50% ethanol FE5 =9 X249 o5&}

2-deoxy-[°H] glucose uptake
Group Conc. - - — P value
mBq/20min | % of unripe fruit

basal(KRP) 2,607 + 422 - -
insulin 10nM 6,288 + 416 - -

Eat)
D5k 50%  ethanoll g0 mr | 9797 + 783 100 -
TE =
AN A& 0.lmg/mL | 9,561+ 1,023 976 -
9 M +pepsin #] ] & 0.lmg/mL | 9,670 + 450 98.7 -
FA A& 0.lmg/mL | 1,132 + 975 116 -
dol+aar A= 0.lmg/mL | 1,098 + 956 112 -
N4 258 9 B dsd 10nMF A wWsAe we Fmabel.

F= vl TH 2ol xxY olF T H A+ 9 100% ethanol,
50% ethanol, 1009 methanol, 50% methanol, 0.1N acetic acid, 0.IN NH4;OH, 100%
acetone 5O 2 247 A2oA FEde] FAFSIATE 2 A3 50% ethanoldl] 2|3}

ol

kel
H

za9le W TEY o]F 21 Aol MY Bol FEHUHE 24).
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H X = gk

2-deoxy-["H] glucose uptake
= & FEEY §&

mBq/20min 9% of insulin only
basal(KRP) - 2,607 + 422 -
insulin 10nM 6,288 + 416 b 100
50% ethanol 0.lmg/mL 9,797 + 788 a 156
100% ethanol 0.1lmg/mL 6,061 + 403 b 104
50% methanol 0.Img/mL 7,154 + 667 b 123
100% methanol 0.lmg/mL 6,850 = 575 b 109
0.IN acetic acid 0.lmg/mL 6,098 £ 956 b 97
0.IN NH4OH 0.Img/mL 6,551 + 821 b 168
100% acetone 0.lmg/mL 6,777 £ 925 b 108

7t FE=S J€d 10nMI} FA vl gst s Wl &

=2

Means with different letters differ(p<0.01).

At ©o]o] A microfiltration % ultrafiltrationS E3te] FA7F 2 AEL A ASA
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=

41 & ethanol 8 <(20, 50, 60, 100%)

methanol £ <(20, 50, 60, 100%)°o.2 &

g)sle] Aol A 200 rpmeE WHHEHA 247 F o
E9o AMEW %S Libermann-Buchard ®F-&o =2 AwFste] vty 1 A
50% ethanol &9 & & &o] 7H =UTHEE 25).
#25. FE8IF AF VSRR AR FEC VA= SF(EAE ug/mg F
=59
& ull/z2 20% 50% 60% 100%
Ethanol 131.5+5.55 170.1+8.28 150.0+8.82 151.1+4.92
Methanol 143.5+7.01 148.1+5.92 150.5£9.13 124.1+5.93

¥ =1 XHn=3).

sy
a

L

iy
o
fo

FEoAT. 1 A3 10TAA F& &8

[

LEE 25 50, 70CE 288t 200 rpme 2 kel A A 50% ethanol® 2A1 7+ &

ol 7H& = U 26).

¥ 26 FE2EF AdF HSHEHEEH ZAIYW FE WX = I
2= 25C 50T 70T
ZALE &FEF
- e 170.0 = 10.1 1985 + 149 2139 = 15.0
(pg/mg F==)
A= H i+ X FHA2(n=3)

)

, 2A1%F BAIZre 2 ZEEte] 200 rpmoE wEhH
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50% ethanol® 70C F=3FAtt. 2 A3} 2417 §oF FE3F= Aol 71 s &40

a1 FE AR 27).

F 27, FEAZO] oF vsAREYH AIEd FEO VA= 9F
FE= AR 10 & 30 & 1 A3t 2 Az 5 Azt

149.249.14 130.6£10.76 186.7£7.05 200.4+5.57 210.3+8.10

4) Trap filter

PR AAZ 98 AR E trap filterd pore size& 10 pmo|H, H-4&&

500mL/min®] 1 t}.

5) 414

2]

™

Shd
ik
ol
0
ox
ol)ll
2
o
off
4y
ol

Trap filter® o33 oS 5000 rpmoll A 20=7F L4

A,

6) Microfiltration

AARF 3 Ao tste] 400K membranes AFE35t] MFE A E3 24

B=)

permeate flux= Z7]9] 85 L/m” - hourel A Z7]el= 40 L/m” - hour® 7FA3+9lch
MFe| &8 % AIZE2 oF 1A]3F 4530] i T},
7) Ultrafiltration

30 KDa membranes AF-&3F 39l od ¥ 9] cross flow rate(CFR)7F 1.5 L/min®©] i
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transmembrane pressure difference (TMP)7} 15 psi¥ wj7}

flux:= 35 L/m” - houro] 91t}

8) Reverse osmosisel 9|3t 5= ¥4 Y

A #E 7he dEEY 25 w2 b=l 500 psi, 2% 35TolA ROE A A8}
At 1 A3 permeate? flux:= Z7]9] 28 L/m” - hour®l A concentration factor

(CF)7} 302 Z7}8td whel 20 L/m” - hour® 7439 2™ permeate?] saponin 3
F= CF7F 1, 2, 39 o) 2+2f 2.1, 5.8, 40.0 ug/mLo] At}

9/]

kA retentate?] 4 %7|

saponin 3F&Fo] 655 pg/mLelA CF7} 2, 302 Z7}3o| whg} 1457, 4078 pg/mL

2 247y 222, 6,238 Z7}8F )

e

¥ 289 e}

% 28 AFAFAZXTNE o] &3 FFHoA FF 257 5 & VA= I
FE (T 30 40 50 60
G LR, FEEEEl g0 90 15 30
ig/ﬁig; 2004+102 | 201.1£109 | 1568+7.05 | 955+7.05
Ash- W EERAH0-3)
t}. Pilot plant A&
2 AFoA Ao AxE A

of M sAHAM H337] oA A
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