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Effects of American wild ginseng and Korean cultivated
wild ginseng pharmacopuncture extracts on the
regulation of C2C12 myoblasts differentiation through
AMPK and PI3K/Akt/mTOR signaling pathway
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Abstract. Targeting impaired myogenesis and mitochondrial
biogenesis offers a potential alternative strategy for balancing
energy to fight muscle disorders such as sarcopenia. In
traditional Korean medicine, it is believed that the herb wild
ginseng can help restore energy to the elderly. The present
study investigated whether American wild ginseng phar-
macopuncture (AWGP) and Korean cultivated wild ginseng
pharmacopuncture (KCWGP) regulate energy metabolism in
skeletal muscle cells. C2C12 mouse myoblasts were differenti-
ated into myotubes using horse serum for 5 days. An MTT
colorimetric assay verified cell viability. AWGP, KCWGP (0.5,
1, or 2 mg/ml), or metformin (2.5 mM) for reference were used
to treat the C2C12 myotubes. The expressions of differentia-
tion and mitochondrial biogenetic factors were measured by
western blotting in C2C12 myotubes. Treatment of C2C12
cells stimulated with AWGP and KCWGP at a concentration
of 10 mg/ml did not affect cell viability. AWGP and KCWGP
treatments resulted in significant increases in the myogenesis
proteins, myosin heavy chain, myostatin, myoblast determi-
nation protein 1 and myogenin, as well as increases to the
biogenic regulatory factors, peroxisome proliferator-activated
receptor-y coactivator-1-a, nuclear respiratory factor 1, mito-
chondrial transcription factor A and Sirtuin 1, in the myotubes
through AMPK and PI3K/AKT/mTOR signaling pathway
activation. These results suggest that AWGP and KCWGP may
be beneficial to muscle function by improving muscle differ-
entiation and energy metabolism.
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Introduction

The world is experiencing aging populations regardless of
development level (1). Projections suggest twice as a number
of individuals >60 years by 2050, fueled by annual increases
to this population (2). Population aging is a major issue with
extensive consequences for society as a whole (1). As the
elderly population increases, sarcopenia, the gradual reduction
of muscle mass, strength and function with age (3-5), arises as
a major risk factor (6).

The root of Panax ginseng (Ginseng Radix, Ginseng)
is a promising herb with a number of active ingredients.
Ginsenosides, or saponins, are the main active ingredients
of Ginseng. These gensenosides are further categorized as
protopanaxadiols and protopanaxatriols,represented by ginsen-
oside Rbl and ginsenoside Rgl, respectively. Along with these
ginsenosides, P. ginseng also contains alkaloids, polysac-
charides, essential oil components and phenol and nitrogen
compounds (7).

In traditional Korean medicine, it is believed that the
herb wild ginseng can help restore energy to the elderly (8).
Cultivated ginseng can also be used but wild ginseng is
considered an improved option for several reasons. It has both
higher ginsenoside Rbl and Rgl content (9) and, according
to proteomic analysis, higher amino acid, amino acid-related
enzyme and protein and derivative content (10). Reports
also indicate that wild ginseng may be an antioxidant, an
anti-inflammatory and an anticancer agent while also having
antidiabetic properties (11,12). Due to its diverse biological
properties, it may play a key role in treating diseases that
develop later in life such as sarcopenia with muscle atrophy.

There are several different methods for administering
ginseng in TKM. P. Ginseng has traditionally been made
into a beverage by boiling its decoction in water for several
hours (13), but solvents, such as water and alcohol, have
recently been employed to concentrate the ginseng extract (14).
These oral intake methods for ginseng have been proven to
be clinically effective and safe (15,16). A new method for
administering ginseng in TKM is through intramuscular
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or intravenous injection at acupoints or non-acupoints using
pharmacopuncture, a combination of acupuncture and herbal
medicine. This acupuncture technique uses filtered and steril-
ized injections of herbal extracts obtained through various
herbal medicine-dependent extraction methods, such as distil-
lation, alcohol immersion and compression (17).

Wild ginseng pharmacopuncture (WGP) is a common
clinical practice in TKM to cure fatigue and poor functionality
of organs associated with disease (17). There are American
wild ginseng pharmacopuncture (AWGP) and Korean culti-
vated wild ginseng pharmacopuncture (KCWGP) types. There
have been reports confirming the effectiveness and safety of
pharmacopuncture with KCWG. A review of an animal model
injected with hydrocortisone acetate reported that ginseng
pharmacopuncture may help prevent disease and enhance
immune responses (18). In addition, there have been several
studies on P. ginseng pharmacopuncture toxicity and animal
safety (19,20). In a review of P. ginseng pharmacopuncture (7),
it has been reported to affect the cardiovascular system and
protein synthesis in humans, to be non-toxic in animals and
humans in 25 case reports, to significantly improve the clinical
outcomes of patients with serious conditions, including cancer
and amyotrophic lateral sclerosis, to minor conditions, such as
skin wrinkles and allergic rhinitis. Previous studies have also
reported that muscle injuries and inflammation are affected
by Panax ginseng extract (21,22). In a previous case study
involving two elderly individuals, a combination acupuncture
containing wild ginseng increased muscle-related metrics,
such as muscle/fat ratio and body metabolic rate (23). However,
studies on the muscle-related uses of WGP are rare. Moreover,
the evidence for AWGP is lacking.

Therefore, to further evaluate how AWGP and KCWGP
may be beneficial to muscle function, the present study inves-
tigated the regulation of myogenic and mitochondrial biogenic
factors in C2C12 mouse skeletal muscle cells via activation
of the AMPK and PI3K/Akt/mTOR signaling pathways
post-AWGP and KCWGP treatment.

Materials and methods

Preparation of AWGP and KCWGP. Wild ginseng extract was
prepared by external herbal dispensaries (EHDs) adhering
to Korean Good Manufacturing Practice (K-GMP) stan-
dards (24). The AWGP extract was prepared from American
wild ginseng (AWG; Woominnongsan, Chungbuk, Korea) at
Namsangcheon EHD, and the KCWGP extract was prepared
from EHD (Yongin, Korea) with Korean cultivated wild
ginseng (KCWG; Cheonbangnongsan, Seocheon, Korea).
A small piece of ~100 g (for AWG) or 120 g (for KCWG) of
wild ginsengs was extracted in a distillation extractor with
1,000 ml of distilled water, filtered through a two-layer mesh
and dissolved by stirring with 0.9% NaCl, titrated to pH 7.4.
Each extract was re-filtered through a 0.45 pm syringe filters,
sterilized and sealed in a vial (1 mg/ml).

AWGP and KCWGP extracts in vials were stored at 4°C
until use in the study.

Cell culture and treatments. Dulbecco's modified Eagle's
medium (DMEM; Gibco; Thermo Fisher Scientific, Inc.) with
10% fetal bovine serum (FBS) and a penicillin/streptomycin

mix (Invitrogen; Thermo Fisher Scientific, Inc.) as supple-
ments were used to maintain mouse C2C12 myoblasts
(CRL-1772; ATCC) in 5% CO, incubator at 37°C. Upon
becoming confluent, the cells were transferred to a differen-
tiation medium (DMEM supplemented with 2% horse serum;
Invitrogen; Thermo Fisher Scientific, Inc.) for 5 days to induce
myotube differentiation. The C2C12 myotubes underwent
several possible treatments. They were either treated with
AWGP extract or KCWGP extract at concentrations of 0.5,
1, or 2 mg/ml, with no treatment at all, or with 2.5 mM of
metformin as a reference drug.

Cell viability assay. A 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyl tetrazolium bromide (MTT) colorimetric assay was
used to verify cell viability. C2C12 myoblasts were cultured
in 96-well plates (1x10* cells/well) overnight in 5% CO, incu-
bator at 37°C. Then over a period of 24 h in 5% CO, incubator
at 37°C myoblasts received varying concentrations of either
AWGP or KCWGP extract. The medium of each well was
discarded after treatment and replaced with a 0.5 mg/ml MTT
containing medium followed by a 4 h incubation at 37°C. The
formazan crystals were dissolved by replacing the culture
medium with DMSO in equal volumes and shaking at room
temperature (RT) for 15 min. Finally, a microplate reader
(Asys) was used to determine well absorbance at 570 nm.

Western blot. Ice-cold lysis buffer (0.1 ml of 50 mM Tris-HCI
(pH 7.2) containing 1% sodium deoxycholate, 0.1% sodium
dodecyl sulfate (SDS), 0.15 M NaCl and 1% NP-40) was used
to lyse the cells, which were then centrifuged at 12,000 x g for
20 min at 4°C. A bicinchoninic acid (BCA) assay was used to
determine the protein content. Electrophoresis through 10%
SDS-acrylamide gels was used to separate equal amounts of
protein (20 pg/ml). An electrical transfer system was then
used to relocate the proteins to nitrocellulose membranes.
The membranes received a treatment of 3% skimmed milk
in TBST buffer (5 mM Tris-HCI, pH 7.6, 136 mM NaCl and
0.1% Tween-20) for 1 h at RT to block non-specific binding.
The membranes underwent incubation with primary
antibodies anti-peroxisome proliferator-activated receptor-y
coactivator-1-a. (PGC-1a, 1:1,000; cat. no. NBP1-04676;
Bioss Antibodies), anti-mitochondrial transcription factor A
(TFAM, 1:1,000; cat. no. PA5-68789; Thermo Fisher
Scientific, Inc.), anti-nuclear respiratory factor-1 (NRF-1,
1:1,000; cat. no. 69432s; Cell Signaling Technology, Inc.),
anti-phospho-AMPK (1:500; cat. no. 44-11509; Thermo
Fisher Scientific, Inc.), anti-AMPK (1:500; cat. no. AHO1332;
Thermo Fisher Scientific, Inc.), anti-Sirtuin 1 (SIRT1, 1:1,000;
cat. no. 69432s; Cell Signaling Technology, Inc.), anti-myosin
heavy chain (MyHC, 1:1,000; cat. no. sc-376157; Santa Cruz
Biotechnology, Inc.), anti-myoblast determination protein 1
(1:1,000; MyoD; cat. no. sc-377460; Santa Cruz Biotechnology,
Inc.), anti-Myostatin (1:1,000; cat. no. PA5-11936, Invitrogen),
anti-Myogenin (1:1,000; cat. no. sc-377460; Santa Cruz
Biotechnology, Inc.), anti-phospho-AKT (1:500; cat.
no. AF887; R&D Systems, Inc.), anti-AKT (1:500; cat.
no. 9272s; Cell Signaling Technology, Inc.), anti-mTOR
(1:500; cat. no. 29725; Cell Signaling Technology, Inc.) and
anti-B-Actin (1:1,000; MilliporeSigma) overnight at 4°C. The
membranes then underwent incubation at RT for 1 h with
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Figure 1. Cytotoxic effect of AWGP and KCWGP in C2C12 myotubes. C2C12 myoblasts received AWGP and KCWGP treatments ranging from 0.1 to
10 mg/ml for 24 h. MTT assay determined cell viability. The values from the triplicate of experiments are given as the mean =+ standard error of mean.
(A) AWGP. (B) KCWGP. AWGP, American wild ginseng pharmacopuncture; KCWGP, Korean cultivated wild ginseng pharmacopuncture.

horseradish peroxidase-labeled anti-mouse immunoglobulin G
(IgG, 1:1,000; cat no. sc-2005; Santa Cruz Biotechnology, Inc.).
Following incubation, the blots were washed in 1X TBST three
times. Then ECL western detection reagents (cat no. 1705061,
Bio-Rad Laboratories, Inc.) were used for development and
densitometry was used to compare the protein bands in ImageJ
software (1.47J, National Institutes of Health).

Immunocytochemistry. C2C12 myoblasts were cultured in
DMEM with 10% FBS in 5% CO, at 37°C and was performed
to differentiate the C2C12 myoblasts for 5 days by first seeding
them onto Thermanox plastic coverslips (Nunc; Thermo
Fisher Scientific, Inc.). Following drug treatment, 1X PBS was
used to wash the samples on coverslips. Then 10 min treat-
ment of 4% paraformaldehyde was used to fix them and a
20 min treatment of 0.1% Triton X-100 (MilliporeSigma) was
used to permeabilize them at RT. Another rinse with 1X PBS
was performed and a 30 min treatment at RT with 5% bovine
serum albumin (BSA) was performed to block the coverslips
followed by an overnight incubation with anti-MyHC antibody
(1:200; cat. no. sc-376157; Santa Cruz Biotechnology, Inc.) at
4°C. Next, a 1 h treatment with Alexa Fluor 488-conjugated
goat anti-rabbit antibody (1:500; cat. No. A11011; Thermo
Fisher Scientific. Inc.) at RT was used to label the coverslips
and then a 5 min DAPI treatment was used to counterstain at
RT. Lastly, observation of MyHC expression was performed
24 h after drug treatment with a fluorescence microscope
(Leica DM2500; Leica Microsystems GmbH).

High-performance liquid chromatography (HPLC). The
AWGP and KCWGP constituents were identified via HPLC
with standard compounds, rgl, rbl, rg3 and rh2. HPLC analysis
was performed at a wavelength of 203 nm and a flow rate of
0.6 ml/min using Waters HPLC (Waters Corporation) as an
instrument and YMC 3 ym, 4.6x150 mm (AQ; YMC Korea
Co., Ltd.) as a column.

An acetonitrile (B) and water (A) gradient solvent system
was used for chromatographic separation using the following
gradient solvent system procedure at RT: 0 min, 20% B; 4 min,
22% B; 20 min, 33% B; 26 min, 38% B; 40 min, 38% B; 58 min,
50% B; 68 min, 50% B; 70 min, 60% B; 75 min, 60% B;

80 min, 20% B and 90 min, 20% B. The standards mixture
(rgl, rbl, rg3 and rh2) was injected at a volume of 10 pl and
a concentration of 0.5 mg/ml and the AWGP and KCWGP
medicinal solutions were injected at a volume of 100 pl.

Data analysis. For consistency, each experiment was repeated
three times with results given as mean + standard error of
mean. One-way ANOVA and a Tukey's test were performed
with GraphPad Prism (GraphPad Software, Inc.). P<0.05 was
considered to indicate a statistically significant difference.

Results

Cytotoxic effect of AWGP and KCWGP in C2C12 cells. A cell
viability assay was performed to determine the cytotoxicity
of AWGP and KCWGP. The results showed that treatment of
C2C12 cells stimulated with AWGP and KCWGP at a concen-
tration of 10 mg/ml did not affect cell viability (Fig. 1). In the
present study, AWGP and KCWGP were used at concentra-
tions of 0.5, 1 and 2 mg/ml in C2C12 myotubes.

Effects of AWGP and KCWGP on myogenesis-regulating
protein expression in C2C12 myotubes. AWGP and KCWGP's
influence on myoblast differentiation into myotubes was
observed using western blotting to detect myogenesis-regu-
lating proteins, such as MyHC, myostatin, MyoD and
myogenin, in C2C12 myotubes.

The C2C12 myotubes treated with AWGP had higher
MyHC, myostatin, MyoD and myogenin protein expression
compared with the untreated cells. Furthermore, the increases
were proportional to the concentrations of AWGP. The C2C12
myotubes treated with KCWGP also showed significant
increases in MyHC, myostatin, MyoD and myogenin protein
expression compared with the untreated cells, but only the
increases in MyHC and myostatin protein expression were
dose-dependent.

MyHC expression increased significantly in samples treated
with 1 and 2 mg/ml AWGP (P<0.05, respectively), 2 mg/ml
KCWGP (P<0.05) and metformin (P<0.001). MyoD expres-
sion increased significantly in samples treated with 2 mg/ml
AWGP (P<0.05), 0.5 mg/ml AWGP (P<0.01) and 0.5 mg/ml
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Figure 2. Effect of AWGP and KCWGP on differentiation in C2C12 myotubes. C2C12 myoblasts were differentiated into myotubes for 5 days and then treated
with AWGP or KCWGP (0.1, 1 or 2 mg/ml) or with metformin (2.5 mM) for 24 h. The expression of MyHC protein was determined by (A) western blotting
and (B) the density of each target was calculated with the expression of f-actin. (C) Immunocytochemical staining; fluorescence microscopy images were
captured at x200 (scale bar=25 pM) with MyHC-positive cells (green) and DAPI (blue). The values from the triplicate of experiments are given as the mean +
standard error of mean. "P<0.05, “P<0.01 and "“P<0.001 vs. N. AWGP, American wild ginseng pharmacopuncture; KCWGP, Korean cultivated wild ginseng
pharmacopuncture; MyHC, myosin heavy chain; M, metformin-treated cells; N, untreated cells.

KCWGP (P<0.05) (Fig. 2A). Myostatin expression increased
significantly in samples treated with all concentrations of
AWGP (P<0.05) and 1 and 2 mg/ml KCWGP (P<0.05 and
P<0.01, respectively). Lastly, myogenin expression increased
significantly in the samples treated with 2 mg/ml AWGP
(P<0.01) and 1 mg/ml KCWGP (P<0.05) (Fig. 2B).

The immunocytochemical staining (Fig. 2C) showed that
C2C12 myotubes differentiated into long, wide cylinders
with multiple nuclei due to an increase in MyHC expression
following treatment with AWGP or KCWGP. This change
occurred in a dose-dependent manner. Metformin-treated
cells showed an increase in MyHC expression, but less than
in the treatment of AWGP and KCWGP. Therefore, it appears
that muscle differentiation stimulation may be aided by AWGP
and KCWGP (Fig. 20).

Effects of AWGP and KCWGP on mitochondrial biogenesis-
regulating protein expression in C2CI12 myotubes. The
influence of AWGP and KCWGP on muscle cell biogenesis
in C2C12 myotubes was confirmed using western blotting to
observe the expression of the mitochondrial biogenesis regu-
lators, PGC-la, NRF-1, TFAM and Sirt-1. C2C12 myotubes
samples that were treated with either AWGP or KCWGP had
higher expression of all four regulatory proteins compared
with the untreated cells. PGC-1la expression increased signifi-
cantly in samples treated with every experimental dosage of
both AWGP (P<0.05) and KCWGP (P<0.05). Sirt-1 expression
increased significantly in samples treated with 2 mg/ml AWGP

(P<0.05) and 1 mg/ml KCWGP (P<0.05). NRF-1 expres-
sion increased significantly only in samples treated with 0.5
and 1 mg/ml KCWGP (P<0.05). Finally, TFAM expression
increased significantly in samples treated with 1 mg/ml AWGP
(P<0.05) and all experimental dosages of KCWGP (P<0.05).
As these four regulatory proteins all showed increased expres-
sion with AWGP and KCWGP treatments, these treatments
may be involved in upregulating transcription factors to
improve mitochondrial biogenesis (Fig. 3).

Effects of AWGP and KCWGP on the AMPK and
PI3K/AKT/mTOR pathways in C2C12 myotubes. The influence
of AWGP and KCWGP on the AMPK and PI3K/Akt/mTOR
signaling pathways, which activate mitochondrial biogenesis
in C2C12 myotubes, was investigated.

Myotubes treated with AWGP increased the expression of
PI3K (Fig. 4B) and phosphorylation of AMPK (Fig. 4A), Akt
(Fig. 4B) and mTOR (Fig. 4C) compared with the untreated
cells in a dose-dependent manner. The treatment of KCWGP
treatment increased the expression of PI3K (Fig. 4B) and
phosphorylation of AMPK (Fig. 4A), Akt (Fig. 4B) and mTOR
(Fig. 4C) compared with the untreated cells and there was
little difference between the KCWGP concentrations.

AMPK phosphorylation increased significantly in samples
treated with 1 mg/ml AWGP (P<0.01), 2 mg/ml AWGP
(P<0.001), 0.5 mg/ml KCWGP (P<0.01), 1 mg/ml KCWGP
(P<0.05), 2 mg/ml KCWGP (P<0.01) and metformin (P<0.01).
Akt phosphorylation increased significantly when samples
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Figure 3. Effect of AWGP and KCWGP on mitochondrial biogenesis in C2C12 myotubes. C2C12 myoblasts were differentiated into myotubes for 5 days and
then treated with AWGP or KCWGP (0.1, 1 or 2 mg/ml) or with metformin (2.5 mM) for 45 min. (A) The expressions of PGCla, Sirt-1, NRF-1 and TFAM
proteins were analyzed by western blotting. (B) The density of each target was calculated with the expression of B-actin. The values from the triplicate of
experiments are given as the mean + standard error of mean. "P<0.05 vs. untreated cells (N). AWGP, American wild ginseng pharmacopuncture; KCWGP,
Korean cultivated wild ginseng pharmacopuncture; PGCla, peroxisome proliferator-activated receptor-y coactivator-1-a; Sirt-1, Sirtuin 1; NRF-1, nuclear
respiratory factor-1; TFAM, mitochondrial transcription factor A; M, metformin-treated cells; N, untreated cells.

were treated with 0.5 mg/ml AWGP (P<0.05), 1 mg/ml
AWGP (P<0.01), 2 mg/ml AWGP (P<0.01), all concentrations
of KCWGP (P<0.05) and metformin (P<0.01). PI3K expres-
sion increased significantly when samples were treated with
all experimental concentrated of both AWGP and KCWGP
(P<0.05) as well as when treated with metformin (P<0.01).
mTOR phosphorylation increased significantly when samples
were treated with all experimental concentrations of AWGP
(P<0.01) and KCWGP (P<0.05). These increases in phos-
phorylation imply AWGP and KCWGP may aid in activating
the AMPK and PI3K/AKT/mTOR pathways and enhancing
mitochondrial biogenesis in C2C12 myotubes.

HPLC analysis of AWGP and KCWGP. To identify the constit-
uents of AWGP and KCWGP, HPLC analysis was performed
with standard compounds, rgl, rbl, rg3 and rh2 (Fig. 5A).

In AWGP (Fig. 5B) and KCWGP (Fig. 5C), the expected
peaks from rbl, rgl and rg3 were found, but not the expected
peak from rh2. In the case of KCWGP, a small peak, which
was considered to be an rg3 component, was observed and the
rg3 component is expected to be contained in a trace amount.

Discussion

The regulation of carbohydrate metabolism and the balancing
of energy in the body given proper nutrition is achieved in
skeletal muscles (25). Within these muscles are mitochondria,
which not only supply ATP as cellular energy (26), but also
can aid in the metabolism of amino acid and the homeostasis
of ions (27). As mitochondria have diverse roles in moving
the myoblasts from the glycolytic state in muscles (28), the
upregulation of mitochondrial functions appear to promote
myoblast differentiation and muscle functions (29).

The C2C12 myoblast cell line is often used for investigating
skeletal muscle atrophy through in vitro modeling (30,31).
This cell line can easily differentiate into myotubes in
low-serum medium through the regulation of the myogenic
differentiation gene (MyoD) transcription factor family (32),
which includes the myogenic regulatory factors (MRFs),
myogenic factor 5 (Myf5), MyoD and myogenin (32). MRF
activation causes myoblasts to fuse into myotubes (32). Below
the basal membrane of muscle tissue are the inactive skeletal
muscle-derived stem cells required for myogenesis (33). Upon
activation, they begin myogenic differentiation and proceed
through a cascade of MRFs and structural muscle proteins,
including MyHC, which is a muscle thick filament motor protein
that can be used to indicate maturation (34,35). Thus, MRFs
activation causes myoblasts to fuse into myotubes. First, Myf5
is initially expressed after satellite cells are activated and then
MyoD and myogenin are sequentially expressed in the newly
formed fibers (33). However, in the present study, treatments of
AWGP and KCWGP extracts to C2C12 myotubes significantly
increased MyHC, myostatin, MyoD and myogenin expression
resulting in changes in myotube morphology. This increased
expression implies that myoblast differentiation into myotubes
in muscles can be stimulated with AWGP and KCWGP. Since
the expression of MyoD, myogenin, MyHC and myostatin
increased after treatment with AWGP and KCWGP, these
treatments may help stimulate myoblast differentiation into
myotubes in muscle cells.

Metformin, one of the biguanide drugs, is a well-known medi-
cine for the treatment of type 2 diabetes as an anti-hyperglycemic
and insulin sensitizing agent. It has been reported that metformin
treatment in C2CI12 cells increases the myotube diameter at
48 h during differentiation (36). In the present study, metformin
decreased MyHC expression in C2C12 myotubes and showed
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are given as the mean + standard error of mean. "P<0.05, “P<0.01 and ““P<0.001 vs. untreated cells (N). AWGP, American wild ginseng pharmacopuncture;
KCWGP, Korean cultivated wild ginseng pharmacopuncture; and M, metformin-treated cells; N, untreated cells.

differentially altered morphology with a longer and thinner
myotube compared with AWGP and KCWGP-treated cells.
However, further study is needed on the differences between
AWGP or KCWGP and metformin to myoblast differentiation.
The PGCla/SIRTI/AMPK pathways are integral to mito-
chondrial biogenesis and the metabolism of glucose in skeletal
muscle (37-39). A number of natural compounds have been

reported to increase mitochondrial biosynthesis and oxida-
tive phosphorylation through activation of PGCla, AMPK
and SIRT]1, thereby increasing energy expenditure in skeletal
muscle (40,41). PGCla increases the rate of skeletal muscle
respiration and mitochondrial biogenesis, thereby increasing
the consumption of energy (42) and it also interacts with
NRF-1, a transcription factor for a number of mitochondrial
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genes, including TFAM, a direct regulator of mitochondrial
DNA replication and transcription (43). In the present study,
PGCla, NRF-1 and TFAM increased according to the AWGP
and KCWGP treatment concentrations in C2C12 myotubes,
but the change of mitochondrial quantity such as mitochon-
drial DNA levels by treatment of AWGP and KCWGP should
be further identified to advance the understanding of the role
of drugs on energy metabolism in muscle.

By providing energy as ATP to cells, mitochondrial
biogenesis ultimately promotes AMPK activation (44). It has
been reported that in skeletal muscle, AMPK, p38 MAPK
and AKT activate PGC-1a by changing the phosphorylation
status of residues at distinct sites in the protein (45). AMPK
is excessively involved in the metabolic condition of skeletal
muscle through its regulation of a number of downstream
targets such as the PI3K/AKT pathway (46). Due to their
effects on anabolic and catabolic cellular processes, AMPK
serves a major role in controlling skeletal muscle develop-
ment and growth (46) and in regulating muscle mass and
regeneration (47). AKT has been known to be an important
regulator of both glucose transport (48,49) and activation
of glycogen synthesis in skeletal muscle (50). mTOR is the
main regulator in maintaining muscle mass through protein
synthesis as it controls the balance between metabolic and
catabolic processes. Therefore, the PI3K/Akt/mTOR pathway
is important for muscle maintenance in aged muscles (51). In
aging-associated conditions, it has been reported that ginseng
and its bioactive compounds, ginsenoside Rbl and Rg3, have
anti-aging effects with the molecular mechanisms such as
PPAR-a, GLUTs, FOXOI, caspase-3 and Bcl-2 along with
SIRT1/AMPK, PI3K/Akt, NF-xB and insulin/insulin-like
growth factor-1 pathways as preferential targets (52). Since
the AWGP and KCWGP treatments activated the AMPK and
PI3K/Akt/mTOR signaling pathways, they may increase mito-
chondrial biogenesis in skeletal muscle cells, thereby aiding in
muscle maintenance in aged muscles.

In the present study, peaks predicted to be rbl, rgl and
rg3 were found in AWGP and KCWGP, but peaks predicted
to be rh2 were not found. KCWGP was reported to contain
both ginsenoside Rgl and ginsenoside Rb2 as well as phenolic
compounds while having extraction-dependent variance
in the amounts of each substance (53). American ginseng
(P. quinquefolium) is reported to have the most ginsenoside
Rbl overall, followed by Rgl and Re (54). Tanaka (55) found
that the difference in ginsenoside content in wild and culti-
vated Asian ginseng was insignificant, but Mizuno et al (56)
reported that wild ginseng had higher ginsenoside Rgl,
Re and Rd content and lower ginsenoside Rc, Rb2 and Rbl
content compared with the cultivated roots of Asian ginseng
(P. ginseng). Other studies report positive effects of rgl, rbl,
rg3 and/or rh2 on myogenic differentiation and myotubes
formation by activating the Akt signaling pathway that has
a protective function in muscle weakness and atrophy with
chronic diseases and cancers (57-60). The HPLC analysis
identified rgl, rbl and rg3 in AWGP and KCWGP. However,
because there is a large diversity of ginsenosides in AWGP,
analysis of various compounds will need to be further studied.

In the present study, AWGP and KCWGP were investigated
for their regulation of muscle differentiation and mitochondrial
biogenesis via the AMPK and PI3K/AKT/mTOR signaling

pathways in C2C12 myotubes. AWGP and KCWGP signifi-
cantly increased the expression of MyoD, myogenin, MyHC and
myostatin and increased the expression of the PGC-1a, NRF-1,
TFAM and SIRT1 in the myotubes through activation of the
AMPK and PI3K/Akt/mTOR signaling pathway. The results
suggested that AWGP and KCWGP may aid muscle function
through muscle differentiation and energy metabolism enhance-
ment. However, to clearly understand the mechanisms of AWGP
and KCWGP for the regulation of muscle differentiation and
mitochondrial biogenesis, further studies on the pathological
conditions such as energy metabolism imbalance will be needed.
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