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ABSTRACT

We previously reported that the soybean isoflavone genistein shows anti-diabetic
activity in type 2 diabetic model mice. To clarify the modes of action of genistein,
the effects of genistein on glucose metabolism and signal transduction were
investigated in rat L6 myotubes and muscle tissue of type 2 diabetic db/db mice.
DNA microarray analysis showed that 422 genes were up-regulated and 712 genes
were down-regulated by treatment with genistein in L6 myotubes cultured under
normal glucose medium. The results of pathway analysis suggested that genisitein
activates AMPK/PKQ\ -GLUT4 pathway by decreasing PARD3 expression and
increasing IL-6 expression. Signal inhibitors of AMPK and O-GlcNAcase canceled
genistein-induced increase of glucose consumption in L6 myotubes cultured both
under both normal and high glucose media. Genistein time-dependently promoted
AMPK phosphorylation and GLUT4 translocation to plasma membrane of L6
myotubes. In DNA microarray analysis of muscle tissue from db/db mice, up-
regulation of 637 genes and down-regulation of 610 genes were induced by
the administration of genistein. Genistein is indicated as changing the mRNA
expressions of many TNFa downstream genes in pathway analysis. In fact, the
serum TNFa protein level was decreased in genistein-treated db/db mice. These
results indicated that various pathways were concerned with the anti-diabetic
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action of genistein. Soy Protein Research, Japan 13, 23-29, 2010.
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Fig. 1. Elect of genistein on mMRNA expression of //6, Pard3 and Slc2a4 in L6 myotubes cultured under normal

glucose condition. Each value represents the mean +

SEM for 3 wells. Asterisks mean significant

diDerencesO " p<0.05, " ”p<0.010 by Student’ s t-test.

Table 1. Changes of expression of GLUT4 upstream genes in L6 myotubes.

Gene

Signal Fold

Symbol Gene Name Control Genistein Change FDR
16 interleukin 6 333 532 16 0.008
Pard3 partitioning defective 3 homolog 366 230 0.63 0.042
Egf epidermal growth factor 39 24 0.62 0.036
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Fig. 2. EQects of AMPK inhibitors on genistein-promoted glucose consumption in L6 myotubes cultured under

normal glucose condition. Each value represents the mean +

SEM for 6 wells. Values not sharing a

common letter are significantly dilerent at p<0.05 by Tukey-Kramer multiple comparisons test.
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Fig. 3. Effects of ERx antagonists and OGA inhibitor on genistein-promoted glucose consumption in L6
myotubes cultured under normal glucose condition. Each value represents the mean + SEM for 6 wells.
Values not sharing a common letter are significantly different at p<0.05 by Tukey-Kramer multiple

comparisons test.
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Fig. 4. Elects of genistein on the phosphorylation of AMPK in L6 myotubes cultured under normal glucose
condition. L6 myotubes were cultured with genistein( 50y MO or AICARO 1 mMO for the indicated
times. Cell lysates were separated by SDS-PAGE and immunoblotted with anti-phospho AMPK and anti-

AMPK antibodies.
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Fig. 5. Elect of genistein on GLUT4 translocation in L6 myotubes cultured under normal glucose condition.
L6 myotubes were incubated with genistein 50y MO or AICARO 1 mMO for the indicated times
and plasma membrane fractions were prepared. Protein samples were subjected to SDS-PAGE and
immunoblotted with anti-GLUT4 antibody and anti-Na*/K* ATPase antibody.
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Fig. 6. EDect of genistein on fasting blood glucose levels in db/db mice. Mice were kept on diets during blood
collection from tail vein. Each value represents the mean + SEM for 80 control or 600 others[J mice.
Asterisks mean statistical significance at *p<0.05 or *p<0.01 by Dunnet multiple comparisons test.
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Fig. 7. ECect of genistein on mMRNA expression in skeletal muscle Tnfaipl and adipose tissue Tnfa in db/db
mice. Each value represents the mean + SEM. NOR: normal micell n=600, CON: db/db control mice
0 n=80 GEN: db/db genistein0 0.1%0 micell n=60 Asterisk means significant dilerences at *v<0.05 by
Dunnet multiple comparisons test.
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Fig. 8. Elect of genistein on serum TNFea levels in db/db mice. Each value represents the mean + SEM.
NOR: normal miceld n=6] CON: db/db control mice(l n=8[] GEN: db/db genistein] 0.1%0 miced n=60
Asterisks mean significant diCerences at *p<0.01 evaluated by Dunnet multiple comparisons test.
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