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Abstract: In this study, we evaluated the effects of Biochanin
A on glucose uptake in C2C12 myotube. We found that
Biochanin A significantly stimulated 2-[N-(7-nitrobenz-2-
oxa-1,3-diazol-4-yl)amino]-2-deoxy-d-glucose (2-NBDG)
uptake in a dose-dependent manner. In addition, AMPK and
PPAR-gamma activities were markedly increased by Biochanin
A in a dose-dependent manner. However, Akt, an insulin
dependent signaling molecule, did not change by Biochanin
A. These results suggest that Biochanin A stimulates glucose
uptake via AMPK and PPAR-gamma pathways.

Keywords: Biochanin A, Anti-diabetes, C2C12 myotube,
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2.1. N2 9 7]7]

H] 27 A+= Sigma-Aldrich (St. Louis, MO, USA)oi|A]
TABFA AL, C2C12 ZSAH|3EE American Type Culture
Collection (ATCC; Manassas, VA, USA)Z5E T3},
Mok $135E AEjold (FBS)Z} Dulbecco’s modified
Eagle’s medium (DMEM)-> €% (Daegu, South Korea)
of| 4 915} t}. Phospho-AMPK Thr172 A, W Akt
Cell Signaling Technology (Danvers, MA, USA)Z5FE] 73]
31911, p- ¥l S| Sigma-Aldrich (St. Louis, Mo, USA)
ZHE 79J3F3ltt. Horseradish peroxidase-conjugated 2%F
%A= Santa Cruz Biotechnology (Santa Cruz, CA, USA)
2 HE] 81T 2-[N~(7-nitrobenz-2-oxa-1,3-diazol-4-yl)
amino]-2-deoxy-d-glucose(2-NBDG)+= Invitrogen (Carlsbad,
CA, USA) S 2R E 31830t}

22.3SAZ 2319 €9 55 871

C2C12 cello] 100% confluent3l| §lS w AI3ZE Normal
DMEM medium®]| 1% horse serum®] 371 medium 0%
WASE F 6 FF Ul HiFITE ¢8| LH o R g}
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7 2] s3I} 1 ¥ 2-NBDG uptake assay = fluorometer
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M3EE PBSE + ¥ A|&3}aL, lysis buffer (50 mM Tris-
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orthovanadate, | mM NaF, 1 pg/mL aprotinin, 1 pg/mL
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S 7KL, rlela2Zo|E 2]t (LMax 11384; Molecular
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Fig. 1. The effects of Biochanin A on AMPK and Akt phosphorylations
in C2C12 myotube. The structure of Biochanin A (a). Cells were
treated with Biochanin A for 3 h in a dose-dependent manner, and
then, western blot analysis was performed with phospho-specific
AMPK and Akt antibodies (b, c).

U 2 Biochanin A9] QIEHUA TG R v|X|&=
QRS IRy fletod, e o4 Aledd A1 Akt
o] I3 A EEERE Bolo] S48 Fig. 1(c)
oA B 4 Sl A3} 29| Biochanin AT Akt®] QSIS
S7INZIA] Beks Ao 2 1% ST} Glucose uptake s
S7M7IE A Aledg Aol 34 F 7RPF B
H=d], shi= Q153 receptor 2] A|2HE©] Pl3kinase/
AktE A glucose transporter®] ©]Fol 2J3)] S 79
he 271 9o, ol9hs 532 0% AMPKY) ASI60S &
3] glucose transporter®] ©] 5= 24 FHoslal, XS
T8 A=E7F Qlck [11]. 2 A7l Biochanin A+ 1
A AsAY Ax o= FetAl, AMPKE] Qlikske AEi]
o% STWA E5F S TTHAE F S A ow |
| }it). 18|22 Biochanin A2 ZE7]HL Ql&dl A5
A} 55202 AMPKE EPIC®E sh= A& & 4 3l
Att. 124 Biochanin A 2] #-g-of Sloj4 AMPK 273
7Fs < HreldlSel s Eatstar, o9l AMPK7F €43}
H=A], 1739] 83k upstream F-i= downstream EFIO|
FOIIA] WA Pt 9 AFtellA] WAYES] A+
7b % 43 Aol

3.2. Biochanin A 2] PPAR-gamma A} o] )X &= 9§
Biochanin A2l AMPK&457} a3} tl&Eo] tj24 &
G oFm 2ASYEEAL ] EPIEARR] PPAR-gamma
o] Al mXl= e Bkl ] 218te] HEK293 cell
< ©]83}] PPAR¥ genes-S transfection$- luciferase
assay = AAISISIT}. Fig. 294 Hoi5=% PPAR-gamma 2]
Axre/dell tist Biochanin AS] 3} A] positive control
2R ZAGEERE o E s APl A T
= SISt PPAR-gammai= A3ES] & S=g-AJo]m 2] &)
A GUARE 2ok genes e HHE SUHAITIE A
o= Z A et [12]. SEERE ALY & FeA
ARl ePlo R 2 oA Sl o5 AlSslio] HAt
o] Rl Qlo] g A7 A= vl A bdsirtar &
%l HAAE AAZ5E PPAR-gamma] agonistE %

slo] Gaed a5 7kl Uk, & A4 Biochanin
A AMPK 9} T950] PPAR-gamma®] o] thah Qe
Hojdk 2102 1o, o]= Biochanin A= PPAR-gamma
9] agonist’} 2 F AUs= & F AAUTE 1Y 2 AT
o 4] PPAR-gamma®} AMPK 9] 7 7ke] Zdef tfjst 1
3t WAYFE FohiA] FFi). 35 AellA] Biochanin
A #2] A] PPAR-gamma$} AMPK7} &3} =)= 28711
4! PPAR-gamma$} AMPK 9}2] “JZtatA ol tjsto] A+

g st
25 50 100

Rosi
BiochaninA (uM)

30

(Fold induction)
= — IS o
(=] o [ o

PPAR-vy transcriptional activity
j=]
o

0.0 ‘
0

Fig. 2. The effect of Biochanin A on PPAR-gamma transcriptional
activity. PPAR-gamma expression vector and PPRE-luc vectors were
co-transfected as described in material and methods. PPAR-gamma
transcriptional activity was measured by luciferease assay system.
Data are expressed as mean + SD. *p < 0.05 vs. Control (0).
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Fig. 3. The effect of Biochanin A on glucose uptake in C2C12 myotube.
Cells were treated with Biochanin A in a dose-dependent manner,
and the glucose uptake ability was evaluated using 2-NBDG uptake
assay. Data are expressed as mean + SD. *p < 0.05 vs. Control (0).
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