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Background: Hachimijiogan (HJG), Ba-Wei-Di-Huang-Wan in Chinese, is one of the most 

popular herbal medicines in Japanese Kampo. HJG is often prescribed for the prevention and 

treatment of age-related diseases. Muscle atrophy plays an important role in aging-related 

disabilities such as sarcopenia. The purpose of this study was to investigate the possible beneficial 

effect of HJG on skeletal muscle.

Methods: Cells of murine skeletal muscle myoblast cell line C2C12 were used as an in 

vitro model of muscle cell proliferation and differentiation. The effect of HJG on C2C12 

cell proliferation and differentiation was assessed. We counted the number of myotubes 

morphologically to assess the degree of differentiation.

Results: HJG treatment (200 µg/mL) for 3 days significantly increased C2C12 cell number 

by 1.23-fold compared with that of the control. HJG promoted the proliferation of C2C12 

cells through activation of the ERK1/2 signaling pathway without affecting the Akt signaling 

pathway. HJG did not affect the differentiation of C2C12 cells. 

Conclusion: HJG had beneficial effects on skeletal muscle myoblast proliferation. These find-

ings may provide a useful intervention for the prevention and treatment of sarcopenia.

Keywords: ERK1/2 signaling pathway, herbal medicine, myoblast, proliferation, sarcopenia

Introduction
Muscle atrophy plays an important role in aging-related disabilities.1 Sarcopenia, a term 

originally used to describe the deficiency of muscle tissue observed in older age,2 is 

now used to describe low muscle mass as well as low muscle strength and function.3 

It has been reported that the estimated direct health care cost due to sarcopenia was  

18.5 billion dollars per year in the United States.4 Because the population is aging glob-

ally, the economic costs of sarcopenia are expected to escalate significantly. However, in 

spite of its clinical importance, no drug therapy for this condition is currently available. 

Protein nutrition and exercise are recommended for maintaining muscle function.5 

Hachimijiogan (HJG), which is also called Ba-Wei-Di-Huang-Wan in Chinese, is 

one of the most popular herbal medicines in Japanese Kampo. HJG is prescribed for 

the treatment of “kidney deficiency”, which is a concept in traditional Chinese medi-

cine. This concept refers to aging pathophysiology, such as lack of energy, eyesight, 

hearing, and muscle/skeletal function. HJG is often prescribed for the prevention 

and treatment of age-related diseases. It has been reported that HJG stimulates the 

production of testosterone in rats.6 HJG could also be effective in the treatment and 

prevention of osteoporosis in ovariectomized rats.7

The purpose of this study was to investigate the possible beneficial effect of HJG 

on skeletal muscle. Specifically, we studied the effect of HJG on the proliferation and 

the differentiation of C2C12 myoblasts.
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Materials and methods
Chemicals and antibodies
HJG TJ-7 (Tsumura Co., Tokyo, Japan) is an extract from 

a mixture of Rehmanniae radix, Corni fructus, Dioscoreae 

rhizome, Alismatis rhizome, Hoelen, Moutan cortex, Cin-

namomi cortex, and Aconiti tuber (27.3%, 13.6%, 13.6%, 

13.6%, 13.6%, 11.4%, 4.5%, and 2.3% by weight). HJG was 

provided as a dried extract powder by Tsumura Co (Tokyo, 

Japan). Dulbecco’s Modified Eagle’s Medium (DMEM), fetal 

bovine serum, horse serum and other culture reagents were 

from Thermo Fisher Scientific (Waltham, MA, USA). The 

following antibodies were purchased: anti-phospho-ERK1/2, 

anti-ERK1/2, anti-Akt, and anti-phospho-Akt (Thr308) 

antibodies from Cell Signaling Technology (Danvers, MA, 

USA) and an anti-β-actin antibody from Sigma-Aldrich Co. 

(St Louis, MO, USA). PD98059 was purchased from Cayman 

Chemical (Ann Arbor, MI, USA) and dissolved in dimethyl 

sulfoxide (DMSO). The resultant stock solutions (0.1% vol/

vol) were added to the culture medium at the concentrations 

indicated in the results section. Control cells were treated 

with an equal amount of DMSO (0.1% vol/vol) to control 

for the cytotoxic effects of DMSO itself.

Cell and cell culture
Cells of the murine skeletal muscle myoblast cell line C2C12 

were obtained from RIKEN Cell Bank (Ibaraki, Japan). 

C2C12 cells were cultured in growth medium (GM) consist-

ing of DMEM with 10% fetal bovine serum, at 5% CO
2
 and 

37°C. To induce differentiation, the cells were grown to 80% 

confluence in GM and then the medium was replaced with 

differentiation medium (DM) consisting of DMEM with 

2% heat-inactivated horse serum. HJG was resuspended and 

diluted with double-distilled water to obtain final concentra-

tions of 1–200 µg/mL.

Cell counting
C2C12 cells were seeded at 3,000 cells/well in 24-well plates 

for 24 hours. Subsequently, HJG was added at the concen-

trations indicated in the Results section and the cells were 

further cultured for 3 days. For morphology analysis, cells 

were fixed with methanol/acetone as described previously.8 

The cells were counted using a hemocytometer by light 

microscopy. Three wells were counted for each condition. 

All experiments were repeated at least three times with 

essentially similar results. Data are shown as averages of 

triplicate samples of a representative experiment, with stan-

dard deviation indicated by bars.

Cell proliferation assay
Cell proliferation was evaluated using a CellTiter 96 

Aqueous One Solution Cell Proliferation Assay system 

3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-

2-(4-sulfophenyl)-2H-tetrazolium, inner salt (MTS assay) 

(Promega Corporation, Fitchburg, WI, USA). C2C12 cells 

were seeded at 300 cells/well in 96-well plates with GM 

for 24 hours. Subsequently, HJG was added at the concen-

trations indicated in the Results section and the cells were 

cultured for a further 3 days. Then, one fifth of the volume 

of CellTiter 96 Aqueous One Solution was added to each 

well and incubated for an additional 3 hours. Absorbance 

at 490 nm was determined using a microplate reader as 

recommended by the manufacturer. All experiments were 

performed in triplicate and repeated at least three times 

with essentially similar results. Results are expressed as 

the light absorbance at 490 nm.

Protein extraction and Western 
blotting analysis
Cells at 70%–80% confluence cultured for 24 hours in a 

100 mm dish containing GM were exposed to different doses 

of HJG as indicated. The cells were harvested and lysed in 

buffer containing 20 mM HEPES (pH 7.9), 400 mM sodium 

chloride, 1 mM EDTA (ethylenediaminetetraacetic acid), 

1 mM ethylene glycol tetraacetic acid, 1.5 mM magnesium 

chloride, 1 mM dithiothreitol, 0.1% protease inhibitor cock-

tail, and 0.5% Nonidet P-40. Cell lysates (40 µg per well) 

were fractionated by sodium dodecyl sulfate polyacrylam-

ide gel electrophoresis and blotted onto a polyvinylidene 

fluoride membrane (Bio-Rad Laboratories Inc., Hercules, 

CA, USA). Immunoreactive proteins were detected using a 

Western blotting kit in accordance with the manufacturer’s 

protocol (EMD Millipore, Billerica, MA, USA). The rela-

tive density of the specific bands was quantified using the 

image detection software, Image Lab 5.0 (Bio-Rad Labora-

tories Inc.). To calculate normalized density, the density of 

phospho-ERK1/2 or phospho-Akt was dived by the value 

of total ERK or total Akt, respectively.

Myotube counting
C2C12 cells were seeded at 1×104 cells/well in 24-well plates 

in GM and were grown to 80% confluence. The medium was 

then switched to DM with the indicated doses of HJG for  

3 days. By growing with DM, C2C12 cells differentiate into 

multinucleated myotubes. For morphology analysis, cells 

were fixed with methanol/acetone as described previously.8 
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A myotube was defined as containing more than three 

nuclei within cellular structures, so as not to count the cells 

undergoing mitosis. The numbers of multinucleated myo-

tubes present in a field (1 µm2 ×100) were counted using a 

phase-contrast microscope 3 days after switching to DM. 

Data are shown as averages of five fields, with standard 

deviation indicated by bars.

statistical analysis
Statistical analysis was performed using Excel 2007 (Micro-

soft Corporation, Redmond, WA, USA) with add-in software 

Excel Statistic 2006 (SSRI, Tokyo, Japan). The significance 

of differences between means was evaluated by analysis of 

variance (ANOVA), followed by Dunnett’s test. Data are 

expressed as means ± standard deviation. Statistical signifi-

cance was set at P0.05.

Results
hJg promotes C2C12 cell proliferation
We analyzed the effect of HJG on C2C12 cell proliferation. 

C2C12 cells were incubated with various concentrations of HJG 

(1–200 µg/mL) for 3 days, and the cell number was counted 

(Figure 1A and B). We found that C2C12 cell proliferation was 

significantly promoted by 1.16-, 1.18-, 1.15-, and 1.23-fold com-

pared with that of the control by HJG treatment at 1, 10, 100, and 

200 µg/mL, respectively (CON 1±0.056 versus [vs] HJG 1 µg/

mL 1.16±0.085, P=0.041; 10 µg/mL 1.18±0.062, P=0.024; 100 

µg/mL 1.15±0.063, P=0.030; 200 µg/mL 1.23±0.060, P=0.022; 

Figure 1B). We further studied the stimulatory effect of HJG 

on C2C12 cell growth using an MTS assay. We confirmed that 

HJG treatment resulted in a statistically significant promotion of 

C2C12 cell proliferation (CON 0.764±0.026 vs HJG 1 µg/mL  

0.912±0.049, P=0.034; 10 µg/mL 0.967±0.023, P=0.012; 

100 µg/mL 0.996±0.023, P=0.012; 200 µg/mL 0.980±0.021, 

P=0.021; Figure 1C).

hJg-induced C2C12 cell proliferation  
via the erK1/2 signaling pathway
The ERK1/2 signaling pathway is known to be involved in 

myoblast proliferation.9,10 On the other hand, myoblast dif-

ferentiation is promoted by the phosphatidylinositol 3-kinase 

(PI3K)/Akt pathway.11 Next, we analyzed whether these 

signaling pathways play a role in HJG-induced C2C12 cell 

proliferation. First, we measured ERK1/2 activity and Akt 

Figure 1 effects of hachimijiogan (hJg) on C2C12 cell proliferation.
Notes: C2C12 cells were treated with various concentrations (1–200 µg/ml) of hJg and counted on Day 3. (A) Images showing C2C12 cells exposed to the indicated 
concentrations of hJg for 3 days. (B) Cell numbers were counted using a hemocytometer by light microscopy, and data are expressed as the percentage of the untreated 
control. *P0.05 versus untreated control. (C) Cells were treated with various concentrations (1–200 µg/ml) of hJg, and an MTs assay was performed on Day 3. *P0.05 
versus untreated control.
Abbreviations: MTs, 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2h-tetrazolium, inner salt; OD, optical density.
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activity by Western blotting analysis. ERK1/2 activity was 

significantly increased at 15 minutes by 2.89-fold compared 

with that of the control by 200 µg/mL HJG treatment (HJG  

0 µg/mL vs 200 µg/mL 2.89±0.22, P0.0001; Figure 2A and 

B) and at 30 minutes by 2.19- and 2.14-fold compared with 

that of the control by 50 µg/mL and 200 µg/mL HJG treatment, 

respectively (HJG 0 µg/mL vs 50 µg/mL 2.19±0.133, P0.0001;  

200 µg/mL 2.14±0.061, P0.0001; Figure 2A and B). HJG 

did not affect the activity of Akt (15 minutes HJG 0 µg/mL 

vs 50 µg/mL 0.886±0.066, P=0.636; 200 µg/mL 1.01±0.127, 

P=0.999; 30 minutes HJG 0 µg/mL vs 50 µg/mL 0.988±0.135, 

P=0.997; 200 µg/mL 1.025±0.122, P=0.987; Figure 2A and C). 

In order to evaluate the necessity of ERK1/2 in HJG-induced 

cell proliferation, we used an MEK1 inhibitor, PD98059. We 

found that pretreatment with PD98059 abolished the effect of 

HJG on C2C12 cell proliferation (CON 0.864±0.026 vs HJG 

0.5 µg/mL 1.025±0.049, P=0.028; 1 µg/mL 1.084±0.054, 

P=0.024; 10 µg/mL 1.146±0.036, P=0.012; 100 µg/mL  

1.154±0.023, P=0.011; HJG 0.5 µg/mL + PD98059 0.846±0.037, 

P=0.994; 1 µg/mL 0.905±0.025, P=0.863; 10 µg/mL 0.915±0.035, 

P=0.888; 100 µg/mL 0.936±0.046, P=0.765; Figure 2D).

hJg did not change C2C12 cell 
differentiation
The C2C12 cell line is a good in vitro model system for the 

differentiation of myoblasts to myotubes. Next, we analyzed 

the effect of HJG on C2C12 cell differentiation. After 

switching to DM, we could detect myotubes having more 

than three nuclei (Figure 3A). The addition of HJG to the 

DM did not change the numbers of differentiated myotubes 

(DM HJG 0 µg/mL 22.3±0.875 cells/field vs HJG 1 µg/mL 

22.7±1.146 cells/field, P=0.999; 10 µg/mL 24.6±1.25 cells/

field, P=0.926; 100 µg/mL 24.0±1.27 cells/field, P=0.983; 

200 µg/mL 24.6±1.06 cells/field, P=0.925; Figure 3B).
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Figure 2 hachimijiogan (hJg) promotes C2C12 cell proliferation via the erK1/2 signaling pathway.
Notes: hJg induced erK1/2 phosphorylation in C2C12 cells. C2C12 cells were exposed to the indicated concentrations of hJg for the indicated times. After harvesting, cells 
were lysed and prepared for Western blotting with anti-phospho-erK1/2, anti-erK1/2, anti-phospho-Akt, anti-Akt, and anti-β-actin antibodies (A). The quantification of the results 
obtained by densitometric analysis are shown in (B) (erK activity) and (C) (Akt activity). Values are expressed relative to the control (hJg 0). The mean of four independent 
experiments is presented. ****P0.0001, ####P0.0001 versus untreated control (B). (D) PD98059 inhibited hJg-induced C2C12 cell proliferation. C2C12 cells were pretreated 
with PD98059 (50 µM) for 1 hour and then exposed to hJg with or without PD98059. MTs assays were performed on Day 3. *P0.05 versus untreated control.
Abbreviations: min, minutes; NS, not significant; MTS, 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt; OD, optical 
density.
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Figure 3 effects of hachimijiogan (hJg) on C2C12 cell differentiation.
Notes: C2C12 cells were induced to differentiate and treated with various concentrations (1–200 µg/mL) of HJG. To induce differentiation, the cells were grown to 80% confluence 
in gM and then the medium was replaced with DM consisting of DMeM with 2% heat-inactivated horse serum. (A) Cells were observed using a phase-contrast microscope. The 
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Discussion
This is the first report about the effect of herbal medicine 

on skeletal muscle cells. In this study, we showed that HJG 

stimulated the proliferation of C2C12 cells by activating 

ERK1/2 signaling.

Skeletal muscle formation/myogenesis involves  

a complex process of myogenic satellite cell proliferation 

and differentiation. After muscle tissue damage, quiescent 

myogenic satellite cells become activated and proliferate.12 

After that, these cells express myogenic markers and fuse to 

form myofibers. Our data show that HJG stimulated undif-

ferentiated myoblast cell proliferation and did not affect 

the differentiation process. On the whole, HJG may help to 

induce the repair of damage to muscle tissue.

A prospective, population-based study showed that 

lower vitamin D and higher parathyroid hormone (PTH) 

levels increased the risk of sarcopenia.13 It has been reported 

previously that HJG suppresses age-related PTH elevation 
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in aged rats.14 In this study, we showed that HJG has a direct 

favorable effect on muscle cells and it is also possible that 

the suppressive effect of HJG on PTH elevation has a role 

in preventing sarcopenia indirectly.

Japanese herbal medicine (Kampo) is derived from 

traditional Chinese medicine starting from the 5th to 6th 

century, followed by major modifications over a long period 

in Japan. Kampo formulas are available as powdered extracts 

produced by drug manufacturers, so they can be prescribed 

conveniently just like Western-style powders. These drugs 

are authorized by the Japanese government and their quality 

is regulated, similarly to that of Western medicines.15 Because 

Kampo formulas are of high quality and contain standardized 

ingredients, recently, their pharmacologic actions have begun 

to be studied at the molecular level.16–20

The underlying mechanisms of the proliferative effect 

of HJG on C2C12 cells and the active ingredient(s) for 

this effect are currently unknown. Because HJG consists 

of eight herbs and contains many ingredients, further stud-

ies are necessary to clarify the active components at the 

molecular level. Among them, Rehmanniae radix could 

activate ERK1/2 signaling in vascular endothelial cells.21 

HJG and Cinnamomi cortex could activate peroxisome 

proliferator-activated receptor alpha (PPARα) in kidney 

cells.22 Considering that PPARα agonist WY-14,643 

could activate ERK1/2 signaling in C2C12 cells,23 it may 

be possible that such a PPARα and ERK signaling path-

way may be involved in the proliferative effect of HJG in 

C2C12 cells.

Recently, an aging muscle model using C2C12 cells 

following multiple population doublings was reported.8,24,25 

These cells showed impaired differentiation compared with 

parental control cells. Moreover, these cells had similar 

morphology and signaling properties to those observed in 

aged human muscle cells. Analysis of the anti-aging effect 

of HJG using this aging muscle model will give new insights 

into sarcopenia research.

HJG has a history of centuries of use for the treatment 

for age-related degenerative disease. This long history of the 

drug supports its safety. However, it is important to show its 

efficacy by evidence from clinical trials.

Conclusion
Our results indicate that the Japanese herbal medicine HJG 

promotes the proliferation of C2C12 cells via the ERK1/2 

signaling pathway. This may explain one of the anti-

aging effects of HJG at the molecular and cellular levels. 

We propose HJG as a candidate drug for the prevention and 

treatment of sarcopenia.
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