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In this study, we evaluated the antidiabetic effect of a chloroform fraction of a methanol extract of
Vigna nakashimae (designated VN) and compared it with that of a water fraction. Both fractions were
administrated to eight-week old dbéb mice for two weeks, after which the plasma glucose, trigly-
ceride, and total cholesterol levels were measured. The chloroform fraction (VN-C) lowered the fasting
glucose and blood glycated hemoglobin in the dbb mice more effectively than those of the water
fraction (VN-W). VN-C also improved the glucose tolerance and led to a significant decrease in the
plasma levels of free fatty acids and triglycerides. VN-C enhanced the phosphorylation of AMP-acti-
vated protein kinase (AMPK) and increased the expression of carnitine palmitoyltransferase-1 (CPT-1)
in HepG2 and C2C12 cells more significantly than VN-W. Consistent with AMPK activation, VN-C
inhibited cAMP/Dex-stimulated expression of gluconeogenic genes and increased glucose uptake in
C2C12. Collectively, these results suggest that VN-C has an antidiabetic effect, which is exerted via
AMPK activation, and that this effect is stronger than that of VN-W.

Key words : Vigna nakashimae chloroform fraction, antidiabetic effect, AMP-activated protein kinase
(AMPK), glucose uptake, gluconeogenesis

N B B2sHe 3% & ATP7H 125 0] AMP/ATP ¥l§0] 37}3)
& A5l BB ATPE 2ulakE B4 = AR T4
A YR gele] G B8 3 AP LT RAL T 3 gelseE FHE AL ATPE HAaE 3] 5 2
A9lo] wet A4 WERE shalo] 9@ A& AROT  wa Ase} PAHS FARTH. 2ol AMPKIF B8
st ANY Aed AP L 9D RGN T Hw Aas FUAHE TS JAS T AT
e A2gos 2R 4 Qo A2Y Y TETUA JA sl vt FF 2ol A AMPK7} 8435 2Ak Akt
o F9 4719 7, 2%, APAL) Ul AGDAE) A% o I Favh 2A5H AGAZNAE ARG AP
(A€ dAA, insulin resistance)7} T8 WO 2 o AZT S A3 w3 A HER T E dFTEN S =23
(3] A T B 85% o] Fo] A2F Y olH, = o 2822 AMPKS] 245k A2 TR Fandd
stol o] wstE Qe SArt FE3] F7kste A AedAFAHE MAsta JdedEuE SANA F02 G

2 % guiy @7} Q179 10%0 o5 o' Fa = A 8A A gl "1, 13].
T3] FwHe 1YY AR BA AR vAsE o 2o A2 A5(0), AF(hY), FFED)E 2ok
HHE = Sol Bo Aztetn] nd o] A&dd wet 54 YA ZEAEE g, T3, EFTAAA AuEHE 2E
Al o7t BAske, BE B, A, A8 2 2 HAde gere 29 59 A 540 )
3uf g S ol Uetue, 2 9fo F skl o3 |44, 4 Phaseolus®: 0.2 73t AT, H2olle 25T, d2 5%
A, AN 5N B APEE =1 VI8 FES 2 Al Vignas o 2 %%%E}. 29 S Vignas angulari=

g71= {oH14].
AEW ] AR G4 FAd A 9L = G491
AMP-activated protein kinase (AMPK)= Al Z W9] oy =7}

*Corresponding author

Tel : +82-51-510-8468, Fax : +82-51-510-8437

E-mail : jung0603@pusan.ac.kr

This is an Open-Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial License
(http:/ / creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

-2 adzuki bean T
EAA A

small red beanolui, Vigna 9]
2+ B(Vigna angularis), = 5(mung bean), 55
(cowpea), A R(rice bean), F 57 (lack gran) 5ol A
22 F4719) 7842,
W AEEZH Fad dud AFA0 R o] fuof gfon £
3] 3k=29le] AlEo A= HHHL’—O &g Ve JEZ, 42
HE 255 v Eate] 9, W, 34 FHEEY AEE o] &H
of gtk 2o AR g vid, A, g4skE9ld vujZ
F, FIEM S 9] g gae} Ak doe] Eolgled F 4R o

W A3l BgglEolth 2o uEIBr} ERay] uj i 217]

A8 zo] ;é’-T;‘ il(-):o%x%oi



Wt o 2,
o W o o

i
=2 i<y

a-glucosidase B4& AAFoz=N 45E

=, Vigna nakashimae ™| ¥-& 5%+ a-glucosidase ]

< Adfste] 4% 993 FRIEYE Ao W

T XS Bustguiz]

B AP ME Vigna nakashinae F+E%°] 35 E3 7 3

A% AA8Q 7] wEol, a-glucosidase?] &

= A9 AdedAZA 2 AZAND 7150l d& A

HSE o), Vigna nakashimae Y& F2%
&

(Vigna nakashimae IT178464) 73

getdol M op oz AU Aoz

o Az s ELE A4 F 10 19 80% v
A

@ o

o 1f
@& g

o

[e)

o=
-
5 F
§8
= b
gnzﬂ
> =
g o
L\,/_&
ft o
e
2
o
(€8]
Fi&md
r,:ngom
&2 9
(U
e g
e rlo
m{”]jirﬂ'f
o O o

my o
fr
fru
32
ol
ofNi
K3
I
:\‘:
to

e R
m}o_&
-

2

HuoAr mo off do o

1
o
Q1
tot
=
Az
_0|L
ot @
o
i
ol
2
<
Z
ulll
il
i
(it
ofje
M
ok
it

o d
%
ol)lv
He

TAT AEF C2C128 T MEFS HepG2 Al EF+
American Type Culture Collection (ATCC, USA)Z 5§ T4
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streptomycin®] 23¥ DMEM #j Z|¢]| A 37C, 5% CO, &7
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Western blotting

Sl F-S 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE)Z 7719 &3+l nitrocellulose
membraned] &7 ¥ Ul ©ulde] Ax A pAMPK,
pACC, AMPKZ ] %F3}31. membrane -4 ¥ o]} A2
S A7 5QF WA 7131 chemiluminescence detection sys-
tem (FluoChem® FC2, Alphalnnotech, USA)S o] &3} 7}
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Glucose uptake £&

C2C12 AEE VN #9E(100 ng/ml) = AICAR(10 ng/
ml) 2.2 w2 wjkst & 10 uM (2-(N-(7-nitrobenz-2-oxa-1,3-
diazol-4-yl)amino)-2-deoxyglucose) (2-NBDG)< 37| #7}at
of 2 A7 O] W FE thE, AET LR F3YHE 2-NBDGES
Fgow 23540

RT-PCR

HlF ME9 F RNAE TRIzol (Invitrogen, CA, USA)&
AH8-8te &3 $ NanoVueplus spectrophotometer (GE
healthcare, W1, USA)E ©]&3}] A #atal SuperScriptTM
First-Strand Synthesis System (Invitrogen)s ©]-&3}]
cDNAE A3 =
glucose-6-phosphatase (G-6-Pase) 5°]2 Q] primerS ©]-8-3}
of PCRE sttt 242+l primer= PEPCK; F (5-
GGTTCCCAGGGTGCATGAAA-3), R (5-CACGTAGGGTG
AATCCGTCAG-3), G-6-Pase; F (5-GGGAATTACCAAGA
GCCC-3), R (5-GCCCATGGCATGGCCAGA-3'), carnitine
palmitoyltransferase-1 (CPT-1); F (5-AATCCGAACATTCC
GTACCC-3), R (5-GCAAATCTTCTGGCAAAC-3), Actin; F
(5-GCCCTGAGGCACTCTTCCA-3), R (5-GAAGGTAGT
TTCGTGGATGCC A-3).

phosphoenolpyruvate kinase (PEPCK),

SAAE|

A9 A7+ meantSEZ YEM G, 7 tlo]EH o FA
42 One-way ANONA, 33 Akl 9] ZFe]= Duncan’s
multiple-range test £ 538} p kol 0.05 7] %H(p<0.05)% -+
Tl Sle Ao FestATh

ERXET EYE, BT RYE 44 W06 g 422 g 3}
of Aol AHE-stdth
N 2220| AIF, 0] 0jxl= g
VN #3& ?@Mﬂ Fee AT WMstE AR 7] 935
S

=
F49 0, 5 10, 1544l Xﬂ'g . W
(c%/ébcontrol)JJr H]J.LOI'(;a UH 007 VN-W500 B
9=
OE]_

F A CHFig. 1). VN # g
7] ﬁo}oq Toq g 5 5y

f
U et o,
I 12 o

tlo nlo

0?4

=

PN

St

B

ofl

kr

=

PN

U

o

R
o,
-
o
&

kit= Z%O}Qit‘r
gzl FUA o] STEHATS
(p<0.001). ¥ dhZ=<] acarboses Fogh &
BhUA] A Gt z7ol HlEjA dge] BAES
9tk &2 FolF Foll= VN-C5003 VN-W50000 A
izl wls)] st g1l EJML 53] VN-C500*
oz HlE fode 2
2ZX VN 222X22 B %Ol 5% ¥

o &3} o 292 % % AichFg 2.

M g
ol
et
o
&

rlo off ot rlo

2
3

ClalsdaiA siz2tof| O|R|= st
A B Aoy A8L HH ko] F=w
e T_ZO’E}E-E] %og]_ Z]Ji ,&]__Q_Q ﬂﬁééﬂ_}?_(HbAlc)

% . AN
=] %D&ﬂ% VN- C500 VN- W500 —g— %8}04 =34
o AT vl Bt A B3 E ATt 94

40.0
380 |
36.0 —e—Lean
% 340 - —-Db-Cont
—4—Acarbose
= 320
z —2=VN-W300
=300 |
2 —&— VN-W500
@ 28.0
——-VN-0300
2tk |- —#— VN-0500
240 |
22_[] 1 1 1 ]
0 5 - 10 15 day

Fig. 1. Effects of V. nakasiimae fractions on body weight in
C57BL/KsJ-dbb Mice. Chloroform fraction (300 and
500 mg/kg, VN-C300, VN-C500) and water (300 and 500
mg/kg, VN-W300, VN-W500) fraction of V. nakashimae
and acarbose (50 mg/kg of body weight) were adminis-
trated daily to abh@b mice for 15 day. Body weight were
determined on the indicated days. Values are expressed
as meantSE, (n=7).
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Effects of V. nakashimae fractions on fasting blood glucose
level in C57BL/Ks]-dbtb Mice. Chloroform fraction (300
and 500 mg/kg, VN-C300, VN-C500) and water (300 and
500 mg/kg, VN-W300, VN-W500) fraction of V. naka-
shimae and acarbose (50 mg/kg of body weight) were
administrated daily to abb mice for 15 day. Blood glu-
cose levels of fasted mice were determined on the in-
dicated days. Values are expressed as meantSE, (n=7).
®Means not sharing a common letter are significantly dif-

ferent (2<0.05).

12

Effects of V. nakashimae fractions on glycated hemoglobin
Alc (HbAy) in C57BL/Ks]-dbéb Mice. After oral admin-
istration for 15 day, plasma glycated hemoglobin was
determined. Values are expressed as meantSE, (n=7).

®Means not sharing a common letter are significantly dif-
ferent (p<0.05).
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. 4. Effects of V. nakashimae fractions on the intraperitoneal
glucose tolerance test (IPGTT) in C57BL/Ks]-dbdb
Mice. One d before sacrifice, the mice were injected
intraperitoneally with glucose (0.5 g/kg BW) after a
12-h fast. The blood glucose concentration was meas-
ured at the indicated times, and is presented as a per-
centage of the glucose injection zero time. Values are
expressed as meanSE, (n=7). *Means not sharing a
common letter are significantly different (2<0.05). NS,
not significant.
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HepG2 cells were treated with the fractions (100 pg/ml) for 24 hr. Phospho-AMPK level was determined by western blot.
CPT-1 expression was measured by RT-PCR. (B) HepG2 cells were incubated with 100 pg/ml fractions in the presence
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as meantSE, (n=3).

300 T

200 A

100 A

CPT-1

Control yN_Wi100 VN-C100



Journal of Life Science 2013, Vol. 23. No. 4 583

& D

> Q -

& &L £ o0,

A ¢ & & < CPT-1
=}
300 + T

k)

. - Z 200 1
AMPK " k=
o
=

P-ACC S S ”

100 4 F_I;
AcCtin  om— —

Control VN-W100 VN-C100

1 AICAR - + - -
3.0 - W100 C100

m Actin

Glucose uptake (fold)

AICAR - + - _
VW - - W100 C100

Fig. 7. Chloroform fraction of V. nakashimae activated AMPK and increased glucose uptake in C2C12 cells. (A) C2C12 cells were
treated with 100 ug/ml fractions for 24 hr. Phospho-AMPK level was determined by western blot. CPT-1 expression was
measured by RT-PCR. (B) C2C12 cells were incubated with the fractions (100 ng/ml) or AICAR (10 pg/ml) in the presence
of 10 uM 2-NBDG for 2 hr, and then the fluorescence intensity was measured. Values are expressed as meanSE, (n=3).
(C) C2C12 cells were incubated with the fractions (100 ug/ml) or AICAR (10 pg/ml) for 12 hr. The membrane fraction
was isolated, and Glut-4 level was measured by western blot analysis.

VN E22=9| AMPK &=t GriAl Fet T F7F B 5 A< glucose transport-4 (Glut-4)©]
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