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Effects of Agrimonia pilosa Ledeb. Water Extract on a -Glucosidase Inhibition and
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Abstract

Agrimonia pilosa Ledeb. is a medicinal plant with anti-tumor, anti-oxidant, anti-inflammatory and anti-hyperglycemic activities.
However, few studies of the anti-diabetic effect of 4. pilosa on insulin resistance status have been performed. In the present
study, the anti-diabetic effect of 4. pilosa water extract (AP) was determined by investigating its « -glucosidase inhibitory
property, glucose utilization, and uptake, as well as insulin resistance mechanism of action in C2C12 skeletal muscle cells.
Compared to positive control (acarbose), AP (10 mg/ml) showed a similar « -glucosidase inhibitory capacity. Glucose uptake
was significantly increased by 1 uM insulin treatment (p<0.05). However, palmitic acid (FFA, 1 mM) induced muscle insulin
resistance and glucose uptake dysfunction. On the other hand, AP (10 pg/m{) was capable of reversing the FFA-induced
insulin resistance in C2C12 myotubes. Compared to control, AP (100 pg/m¢ without insulin) significantly increased the
utilization of glucose (p<0.05) in C2CI12 myotubes cultured in normal glucose (7 mM). AP treatment significantly increased
the relative mRNA and protein expression levels of Akt. In particular, the effect of 4. pilosa on the insulin signaling system
is associated with the up-regulation of Akt genes and glucose uptake in C2CI2 myotubes. These results suggest that A.
pilosa is useful in the prevention of diabetes and the treatment of hyperglycemic disorders.
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B g5 FEE(0~100 pg/ml) E 1 uM insulin 3A|7F F<2F
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glucose S =2 A|(Ultra One touch, Korea)E AR5}
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RNAE E&|3lgcHTan & Yiap 2009). &3t 2 ug RNA=
High Capacity RNA-to-cDNA Kit(Applied Biosystems;Foster
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9452 TagMan analysisS ARE3}o] Step-One-Plus RT-PCR
System(Applied Biosystems)o]| 4] Al 333} th. Primer= IRS(Mm
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- mercaptoethanol S Z 35t sample bufferE &313t &, 90 C o
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ok WH A A blockingFATh. A|13} 34 Akte} Glutd(Abeam,
Cambridge, UK)7} Z+ZF 71 S-Hof| A AF2oA 14]17F 30
2 SoF &35 & TBST(0.1% Tween 20 333t TBS) = 55
7+ 39 AlRE ek 29 ThE membrane A23} G4 Goat anti-
rabbit IgG conjugates horseradish peroxidase(Abcam, Cambridge,
UK)7} H7He 84S A2ollA] 1A7E 308 52t 23/ A
99 o % TBSTR 52 59t 3l Al =a}ick. Uit wzehy)
A2 GAPDH(Abcam, Cambridge, UK)E ARSI, m4HE
29 ]38t W32 Molecular Imager software system(Bio-Rad
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Fig. 1. @ -Glucosidase inhibitory activities of Agrimonia
pilosa Ledeb. water extract. Concentration of Agrimonia pilosa
Ledeb. water extract (AP) and acabose (positive control)
are 1 and 10 mg/m{. Data are expressed as meantS.D. Statistical
significances of differences were determined by student's
t-test (*P<0.05).
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Fig. 2. Differentiation of mouse skeletal C2CI12 myotubes.
(A) C2CI2 myotubes were incubated with 2% horse serum
for 7 days to induce myotube differentiation, and repre-
sentative photographs are shown. (B) C2CI2 myoblats were
incubated with 2% horse serum to induce myotube diffe-
rentiation for different day periods, and total RNA was
used to assess the RNA was used to assess the mRNA
expression of myogenin and /3 -actin.
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3} 49 2}2] C2C12 A3z AH4H1 mM palmitic acid)2 =] 2]
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Fig. 3. Effect of Agrimonia pilosa Ledeb. water extract
on glucose uptake of palmitic acid induced insulin resistance
in C2C12 myotubes. Differentiated C2C12 myotubes were
incubacted with 1 mM palmitic acid (FFA) for 18h and
then treatment with Agrimonia pilosa Ledeb. (AP 10 pg/
ml) in the presence and absence of 10 min of 1 pM insulin
in stimulation. Data are presented as the mean+S.D. Mean
with different letters on the bar are significantly different
from each other at p<0.05 by Duncan's multiple range test.
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Fig. 4. Effect of Agrimonia pilosa Ledeb. on glucose
utilization in C2C12 myotubes. Differentiated C2C12 myotubes
were pretreated with 1 uM insulin or various concentrations
of Agrimonia pilosa Ledeb. (AP 10 or 100 ug/mf) for 3 h
and followed by normal glucose (7 mM glucose) exposure
for the next 18 h. Data are presented as the mean+S.D. Mean
with different letters on the bar are significantly different
from each other at p<0.05 by Duncan's multiple range test.
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Fig. 5. Effect of Agrimonia pilosa Ledeb. on the gene expressions of IRS, Akt, Pik3r and Glut 4 in C2C12 myotubes.
Differentiated C2C12 myotubes were treated with 1 uM insulin or various concentrations of Agrimonia pilosa Ledeb. (AP
10 or 100 pg/ml) for 3 h and then mRNA of IRS (A), Akt (B), Pik3r (C) and Glut 4 (D) expressions were detected using
Real time PCR (RT-PCR). Data are presented as the meantS.D. Mean with different letters on the bar are significantly
different from each other at p<(0.05 by Duncan's multiple range test.
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Fig. 6. Effect of Agrimonia pilosa Ledeb. the activation of
Akt and Glut4 in the insulin signaling pathway. Differentiated
C2C12 myotubes were treated with 1 uM insulin or various

AP 10 pg'ml

concentrations of Agrimonia pilosa Ledeb. (AP 1 or 10 pg/
ml) for 3 h. The lysates were analyzed by western blotting
for Akt and Glut4. Anti-GAPDH was used as a protein
loading control.
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