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The Korean Traditional Medicine Gyeongshingangjeehwan Reduces 
Lipid Accumulation in Skeletal Muscle and C2C12 Cells 

Michung Yoon† 

Department of Life Sciences, Mokwon University, Daejon 302-729, Korea 

Our previous study demonstrated that the Korean traditional medicine Gyeongshingangjeehwan (GGEx) activates 
AMP-activated protein kinase (AMPK) and peroxisome proliferator-activated receptor α (PPARα) critical for fatty acid 
oxidation in skeletal muscle and C2C12 skeletal muscle cells. Thus, we examined whether GGEx can reduce lipid 
accumulation in these cells and tissues. After obese and type 2 diabetic Otsuka Long-Evans Tokushima Fatty (OLETF) 
rats were treated with GGEx, we studied the effects of GGEx on skeletal muscle lipid accumulation. The effects of 
GGEx and/or the AMPK inhibitor compound C on lipid accumulation and expression of AMPK and PPARα were 
measured in C2C12 skeletal muscle cells. Compared with lean Long-Evans Tokushima Otsuka rats, obese OLETF rats 
had increased triglyceride droplets. However, administration of GGEx to OLETF rats for 8 weeks significantly decreased 
triglyceride droplets in skeletal muscle. Consistent with the in vivo data, GGEx inhibited lipid accumulation, the degree 
of which was comparable to Wy14,643, the potent activator of PPARα. GGEx also increased skeletal muscle mRNA 
levels of AMPKα1, AMPKα2, and PPARα. However, compound C inhibited these effects in C2C12 cells. These results 
suggest that GGEx suppresses skeletal muscle lipid accumulation and this process may be mediated by AMPK and 
PPARα activation. 
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INTRODUCTION 

 

Gyeongshingangjeehwan (GGEx), which comprises 

Liriope platyphylla F.T. Wang & T. Tang (Liliaceae), Platy- 

codon grandiflorum A. DC. (Campanulaceae), Schisandra 

chinensis K. Koch (Magnoliaceae), and Ephedra sinica 

Stapf (Ephedraceae), is shown to exert beneficial pharmaco- 

logical effects on the endocrine, cardiovascular, and immune 

systems as practiced in Korean traditional medicine (Lee, 

1993; Kim, 1997; Eun et al., 2006). However, there is no 

evidence concerning the scientific analyses of its effects and 

mechanism of its action. Of the constituents of GGEx, Platy- 

codon grandiflorum, Schisandra chinensis, and Ephedra 

sinica are reported to have lipid-lowering, anti-obesity, and 

anti-diabetes effects (Park et al., 2007; Zheng et al., 2007; 

Yao et al., 2008), supporting that GGEx may efficiently 

regulate obesity, type 2 diabetes, and lipid disorders. 

Skeletal muscle plays an important role in lipid metabo- 

lism. In the rested state, skeletal muscle fatty acid oxidation 

comprises approximately 90% of the energy requirements 

for this tissue (Dagenais et al., 1976; Kelly et al., 1993). With 

obesity, skeletal muscle is faced with increasing amounts 

of lipid which it is unable to oxidize. As a consequence, 

lipids accumulate within the muscle cells; this stored intra- 

muscular lipid is hypothesized to play a role in the develop- 

ment of insulin resistance. Thus, metabolic alterations within 

muscle, such as fatty acid oxidation and intramuscular lipid 

accumulation, likely contribute to obesity and obesity-

induced insulin resistance (Consitt et al., 2009). In our pre- 

vious study, it was demonstrated that GGEx decreased body 

weight gain and fat mass, and inhibited insulin resistance in 

obese Otsuka Long-Evans Tokushima Fatty (OLETF) rats, 

an animal model of obesity and type 2 diabetes (Jeong et 

al., 2008; Shin et al., 2010). Moreover, we recently showed 
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that GGEx activates skeletal muscle AMP-activated protein 

kinase (AMPK) and peroxisome proliferator-activated re- 

ceptor α (PPARα) critical for fatty acid oxidation (in press). 

Based on the role of GGEx on obesity and insulin resistance 

as well as skeletal muscle AMPK and PPARα, it is plausible 

that GGEx inhibits lipid accumulation through AMPK-

dependent PPARα activation in skeletal muscle. 

We treated obese OLETF rats with GGEx. We also treated 

mouse muscle cell line C2C12 with combinations of GGEx 

or compound C, a selective inhibitor of AMPK. We show 

that skeletal muscle lipid accumulation is reduced in GGEx-

treated obese rats compared with obese control rats. Similar 

reduction of triglyceride droplets was observed in C2C12 

skeletal muscle cells. Concomitantly, it increased AMPK 

and PPARα gene expression in C2C12 cells. However, 

these effects in C2C12 cells were reversed by compound C. 

These studies suggest that GGEx regulates skeletal muscle 

lipid metabolism and that this event may be associated with 

skeletal muscle AMPK and PPARα activation. 

 

MATERIALS AND METHODS 

Preparation of GGEx 

GGEx was prepared from food-grade aqueous extracts 

of the four herbs (42.86% Liriope platyphylla, 28.57% 

Platycodon grandiflorum, 14.29% Schisandra chinensis, 

and 14.28% Ephedra sinica - expressed as % dry weight) 

(Hwalim, Busan, Korea). Briefly, four dried herbs with their 

contents weighed were boiled together in distilled water for 

22 h at 95℃. The aqueous extracts were then filtered 

through a membrane filter (6 μm) and freeze-dried under 

vacuum. 

Animal treatments 

Eight male OLETF and four Long-Evans Tokushima 

Otsuka (LETO) rats were provided as a generous gift from 

the Tokushima Research Institute (Otsuka Pharmaceutical, 

Tokushima, Japan). Ten-week old animals were housed at 

the Mokwon University under pathogen-free conditions 

using a standard 12-h light/dark cycle. Prior to treatment, 

rats were fed standard rodent chow and water ad libitum. 

Rats were then divided into 3 groups (n = 4/group): a lean 

LETO group given water (Normal), an obese OLETF 

control group given water (Control), and an OLETF group 

given GGEx (GGEx, 121.7 mg/kg/day) orally by gavage 

once a day for 8 weeks. At the end of the 8-week period, 

the animals were sacrificed under diethyl ether anesthesia, 

and gastrocnemius muscles were harvested, weighed, snap-

frozen in liquid nitrogen, and stored at -80℃ until use. 

Additional sections of muscles were prepared for histo- 

logical analyses. All animal experiments were approved by 

the Institutional Animal Care and Use Committee of 

Mokwon University and followed National Research Council 

Guidelines. 

Histological analysis 

Skeletal muscle tissues were embedded in a frozen section 

compound (Leica, Bannockburn, IL, USA) and frozen in 

liquid nitrogen. Transverse and longitudinal sections (7 μm) 

were cut using a cryostat at -20℃ and thawed onto slides. 

Lipid accumulation in muscle tissue was assessed by Oil red 

O staining. Briefly, the sections were incubated with 1,2-

propanediol for 1 min at room temperature and the solution 

was removed. The sections were stained with 0.5% Oil red 

O solution for 2 h at room temperature, incubated with 

85% 1,2-propanediol for 1 min, and rinsed with deionized 

water. Morphological measurements for lipid accumulation 

were made under light microscopic examination. 

Differentiation of C2C12 cells and analysis of lipid 

accumulation in C2C12 myotubes 

Mouse myogenic C2C12 cells were routinely cultured in 

DMEM containing 10% fetal bovine serum (FBS; In- 

vitrogen, Carlsbad, CA, USA), penicillin G (100 U/ml), 

streptomycin sulfate (100 μg/ml), amphotericin B (0.25 

μg/ml), and 2-mercaptoethanol (50 μM). To induce differ- 

entiation of skeletal muscle cell line C2C12, culture medium 

was changed to 2% horse serum (HS) instead of 10% FBS 

when cells reached 70% confluence (Fig. 1). The cells were 

differentiated into multinucleated myotubes for 5 days and 

then treated with chemicals for 24 h. The C2C12 myotubes 

were fixed in 10% phosphate-buffered formalin for 30 min 

and stained with Oil red O for 1 h for microscopic analysis. 
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RT-PCR 

Total cellular RNA from differentiated C2C12 cells 

(C2C12 myotubes) was prepared using the Trizol reagent 

(Invitrogen). After 2 μg total RNA was reverse-transcribed 

using Moloney murine leukemia virus reverse transcriptase 

(MMLV-RT; Promega, Madison, WI, USA) and an antisense 

primer, cDNA was generated. The RNA was denatured for 

5 min at 72℃ and immediately placed on ice for 5 min. 

Denatured RNA was mixed with MMLV-RT, MMLV-RT 

buffer, and a dNTP mixture, and incubated for 1 h at 42℃. 

Synthesized cDNA fragments were amplified by PCR in 

an MJ Research Thermocycler (Waltham, MA, USA). The 

PCR sequences for AMPKα1 are as follows: AMPKα1 

forward primer 5'-agagggccgcaataaaagat-3' and reverse 

primer 5'-tgttgtacaggcagctgagg-3'. The PCR sequences for 

AMPKα2 are as follows: AMPKα2 forward primer 5'- 

cgcctctagtcctccatcag-3' and reverse primer 5'-atgtcacacgct- 

ttgctctg-3'. The PCR sequences for PPARα are as follows: 

PPARα forward primer 5'-gcagctcgtacaggtcatca-3' and re- 

verse primer 5'-ctcttcatccccaagcgtag-3'. The PCR sequences 

for β-actin are as follows: β-actin forward primer 5'-tggaa- 

tcctgtggcatccatgaaa-3' and reverse primer 5'-taaaacgcagctc- 

agtaacagtcc-3'. The cDNA was mixed with PCR primers, 

Taq DNA polymerase (Nanohelix, Daejon, Korea), and a 

dNTP mixture. The reaction consisted of 30 cycles of 

denaturation for 1 min at 94℃, annealing for 1 min at 58~ 

60℃, and elongation for 1 min at 72℃. The PCR products 

were analyzed by electrophoresis on a 1% agarose gel. 

Relative expression levels are presented as a ratio of target 

gene cDNA vs. β-actin cDNA. PCR products were quan- 

tified from agarose gels using the GeneGenius (Syngene, 

Cambridge, UK). 

Statistical analysis 

Unless otherwise noted, all values are expressed as the 

mean ± standard deviation (SD). All data were analyzed 

by ANOVA and the unpaired Student's t-test for statistically 

significant differences between groups. 
Fig. 1. Schematic diagram of C2C12 differentiation. FBS, 

fetal bovine serum; HS, horse serum. 

Fig. 2. GGEx inhibits high fat diet-induced increases in lipid accumulation in skeletal muscle of obese OLETF rats. Adult male 
LETO and OLETF rats were treated with water or GGEx for 8 weeks. Shown are representative Oil red O-stained sections (7 μm thick) of 
skeletal muscle. The number and intensity of stained fibers in the GGEx group were much less than that in the control group. Normal, lean
LETO rats; Control, obese OLETF rats; GGEx, GGEx-treated obese OLETF rats. 

A B C 
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RESULTS AND DISCUSSION 

 

As skeletal muscle plays a crucial role in lipid metabo- 

lism, it is not surprising that the decrement in whole body 

lipid oxidation exhibited with obesity, is also observed in 

skeletal muscle. It is known that skeletal muscle fatty acid 

oxidation is reduced in extremely obese individuals under 

several experimental conditions (i.e. muscle stripes, muscle 

homogenate, and primary cell culture) (Kim et al., 2000; 

Hulver et al., 2003; Consitt et al., 2009). Our previous study 

demonstrated that GGEx inhibited obesity and obesity-

associated insulin resistance through increased expression 

of fatty acid oxidizing enzymes in liver and adipose tissue 

of obese OLETF rats (Jeong et al., 2008; Shin et al., 2010). 

It can thus be hypothesized that GGEx can reduce lipid 

droplets in skeletal muscle of obese animals. 

A B 

D C 

Fig. 3. GGEx decreases triglyceride droplets in C2C12 cells.
C2C12 cells were differentiated as described in the Materials and 
Methods and triglycerides were stained with Oil red O. (A) Non-
differentiated cells (ND). Differentiated control cells treated with 
(B) DMSO, (C) 1 μg/ml GGEx, and (D) 10 μM Wy14,643. 

Fig. 4. Compound C increases GGEx-regulated decreases in triglyceride droplets in C2C12 cells. C2C12 cells were differentiated 
as described in the Materials and Methods and triglycerides were stained with Oil red O. Differentiated cells treated with (A) DMSO, (B)
1 μg/ml GGEx, (C) 1 μg/ml GGEx plus 0.1 μM compound C, (D) 1 μg/ml GGEx plus 1 μM compound C, and (E) 1 μg/ml GGEx plus 10 
μM compound C. Comp C, compound C. 

GGEx + Comp C (0.1 μM) GGEx + Comp C (1 μM) GGEx + Comp C (10 μM) 

A B 

C D E 
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Effects of GGEx on lipid accumulation in skeletal muscle 

of OLETF rats 

To determine lipid accumulation in skeletal muscle, we 

examined cryostat sections of skeletal muscle by light 

microscopy after staining with Oil red O. Compared with 

lean LETO rats (Normal, Fig. 2A), obese OLETF rats 

(Control) had higher levels of triglyceride droplets in skeletal 

muscle (Fig. 2B). However, GGEx substantially reduced 

lipid accumulation in skeletal muscle tissue (Fig. 2C). The 

reductions in both the number of stained fibers and the 

intensity of staining of the positive fibers were observed in 

the GGEx-treated rats compared with controls, suggesting 

that GGEx stimulates lipid catabolism in skeletal muscle. 

These results are consistent with our data showing that 

GGEx activated skeletal muscle AMPK and PPARα re- 

sponsible for fatty acid oxidation (in press). 

 

Effects of GGEx on lipid accumulation in C2C12 skeletal 

muscle cells 

We also investigated the effects of GGEx on triglyceride 

accumulation in the C2C12 skeletal muscle cell culture 

model. In this system, proliferating C2C12 skeletal myo- 

blasts differentiated into postmiotic multinucleated myotubes 

that acquire a muscle-specific, contractile phenotype. C2C12 

cells were treated with GGEx, Wy14,643, and compound 

C at doses that did not show any cytotoxic effects as 

measured by trypan blue exclusion (data not shown). 

Accumulation of triglyceride droplets in differentiated 

C2C12 cells (Control; Fig. 3B) was evident compared with 

non-differentiated cells (ND; Fig. 3A), as shown by the 

increase in Oil red O staining. Treatment with 1 μg/ml 

GGEx, however, substantially decreased lipid accumulation 

(Fig. 3C). Similarly, the PPARα activator Wy14,643 also 

decreased triglyceride droplets in C2C12 cells (Fig. 3D). It 

is reported that lipid oxidation is reduced in obese human 
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Fig. 5. Compound C decreases GGEx18-induced increases in 
mRNA levels of AMPK and PPARα in C2C12 cells. Non-
differentiated C2C12 cells (ND) were differentiated as described in 
the Materials and Methods. Differentiated C2C12 cells (control) 
were treated with DMSO, 1 μg/ml GGEx, and 1 μg/ml GGEx plus 
1 μM compound C. Total cellular RNA was extracted from differ-
entiated cells and mRNA levels were measured using RT-PCR. All 
values are expressed as the mean ± SD of relative density units
(R.D.U.) using β-actin as a reference. #P<0.05 compared with ND 
group. *P<0.05 compared with control group. **P<0.05 compared 
with GGEx group. (B) Representative PCR bands from one of three
independent experiments are shown. 



- 288 - 

skeletal muscle (Kim et al., 2000) and that the capacity for 

lipid oxidation in myotubes was depressed in cells derived 

from extremely obese donors (Hulver et al., 2005). Since 

reduced skeletal muscle fatty acid oxidation and increased 

intramuscular lipid accumulation are, moreover, apparent 

with obesity, our results suggest that GGEx can be used as 

an anti-obesity herbal medicine through repression of intra- 

muscular lipid accumulation. 

Effects of compound C on GGEx-regulated lipid 

accumulation and mRNA expression of AMPK and 

PPARα in C2C12 skeletal muscle cells 

The AMPK pathway in skeletal muscle has been shown to 

have important effects on the regulation of lipid metabolism. 

The ability of AMPK to induce lipid oxidation can thus 

lower skeletal muscle lipid accumulation (Collier et al., 

2006; Long and Zierath, 2006), maybe contributing to 

alleviation of obesity. AMPK activation stimulates mRNA 

expression of PPARα (Lee et al., 2006; Suzuki et al., 2007), 

which regulates the expression of a number of genes critical 

for lipid metabolism. 

To demonstrate whether AMPK is involved in the GGEx-

mediated inhibition of lipid accumulation in differentiated 

C2C12 cells, cells were concomitantly treated with GGEx 

and the AMPK inhibitor compound C. Compound C (6-[4-

(2-piperidin-1-yl-etoxy)-phenyl]-3-pyridin-4-yl-pyrrazolo

[1,5-a]pyrimidine) is a potent and highly selective inhibitor 

of AMPK which does not display significant inhibition of 

several structurally related kinases, including ZAPK, SYK, 

PKCq, PKA, and JAK3 (Zhou et al., 2001). Compound C 

reversed the GGEx-mediated reduction in triglyceride 

droplets (Fig. 4C-E). Triglyceride droplets were almost 

completely recovered to the levels of the control group after 

1 or 10 μM compound C (Fig. 4D and E). 

Consistent with the effects of compound C on lipid 

accumulation in C2C12 cells, mRNA expression of 

AMPKα1, AMPKα2, and PPARα, which were significantly 

increased by GGEx, were decreased by concomitant treat- 

ment of GGEx and compound C (Fig. 5). These results 

suggest that GGEx may decrease skeletal muscle lipid 

deposition via a skeletal muscle AMPK-PPARα pathway, 

leading to improvement of obesity. 
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