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Ssanghwa-tang (SHT) is a traditional Korean herbal medicine widely prescribed to decrease fatigue following an
illness. The purpose of this study was to investigate the effects of SHT on osteoclast differentiation in vitro, and on
bone loss in ovariectomized (OVX) rats in vivo. SHT significantly reduced the receptor activator for the nuclear
factor kB (NF-kB) ligand (RANKL)-induced tartrate-resistant acid phosphatase (TRAP) activity, and multi-
nucleated osteoclast formation in RAW264.7 cells without affecting cell viability. In addition, SHT significantly
attenuated RANKL-induced mRNA expression levels of c-Src and cathepsin K. To examine the in vivo effect of SHT
on OVX-induced bone loss in OVX rats, we administered SHT (0.6 g/kg BID) orally to OVX rats for 12 weeks. SHT
administration significantly blocked OVX-induced decrease of femoral bone mineral density (BMD) and femoral
trabeculae in OVX rats. In conclusion, these results suggest that SHT treatment effectively prevents OVX-induced
bone loss, and this effect may result from its inhibitory effect on osteoclast differentiation.
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Introduction

Bone constantly maintains its homeostasis state through

bone resorption by osteoclasts and bone formation by

osteoblasts, which is referred to as bone remodeling

(Teitelbaum 2000). When the rate of bone resorption is

increased compared to that of bone formation, it causes

an imbalance in bone remodeling, which results in

reduction of bone mass and weakness of bone micro-

structure. It eventually leads to several bone diseases

such as osteoporosis (Rodan and Martin 2000). There-

fore, bone research has focused on the regulation of

osteoclast differentiation and/or the bone resorptive

activityof osteoclasts, in the quest to develop therapeutic

treatment for osteoporosis (Boyle et al. 2003).

Traditional herbal medicines based on natural

ingredients have been investigated in bone research,

particularly for their beneficial effect on bone through

inhibition of osteoclast differentiation (Putnam et al.

2007). Ssanghwa-tang (SHT), a traditional herbal

medication, is known to relieve fatigue, boost energy

and help recuperation following an illness (Heo 1994).

Several pharmacological activities of SHT, including

anti-inflammatory, hepatoprotective and analgesic

effects have been reported (Kim and Hwang 1981;

Han et al. 1983; Han and Shim 1989). Recently, five

constituents (cinnamic acid, paeoniflorin, glycyrrhizic

acid, 6-gingerol and decursin) of SHT are simulta-

neously determined by HPLC analysis for the quality

analysis of SHT (Won et al. 2010). Interestingly, SHT

with Cervi cornu parvum increases osteoblast growth,
collagen generation and femoral bone mineral density

(BMD) in ovariectomized (OVX) rats, suggesting a

preventive effect of SHT containing Cervi cornu

parvum on OVX-induced bone loss by stimulating

bone formation (Lee and Lim 2003). However, no

research has been conducted until now to study the

effects of SHT on osteoclast differentiation and OVX-

induced bone loss.
RAW264.7 macrophage cells are derived from a

murine monocyte cell line that differentiates into

osteoclasts in response to the receptor activator for

the nuclear factor kB (NF-kB) ligand (RANKL).

Upon RANKL treatment, RAW264.7 cells express

osteoclast differentiation-related genes, including tar-

trate-resistant acid phosphatase (TRAP), c-Src and

cathepsin K (Hsu et al. 1999). OVX rats are a typical
osteoporosis animal model with increased bone resorp-

tion, increased bone loss and reduced bone mineral

density (BMD) (Kalu 1991; Lelovas et al. 2008). In this

study, we investigated the effects of SHT on osteoclast

differentiation using RAW264.7 cells, and on OVX-

induced bone loss in OVX rats.

Materials and methods

Preparation of SHT

SHT was prepared by using Paeoniae radix 468.5 g,

Rehmanniae radix et rhizoma preparata 187.5 g,
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Astragali radix 187.5 g, Angelicae gigantis radix 187.5 g,

Cnidii rhizoma 187.5 g, Cinnamon bark 140.5 g, Glycyr-

rhizae radix 140.5 g, Zingiber officinale 74.5 g and

Zizyphus jujuba 100 g. All medicinal herbs were pur-

chased from the Korea Medicine Herbs Association

(Youngcheon, Kyoungbook, Korea). All voucher speci-

mens were deposited in the herbal bank of the Center for

the Herbal Medicine Improvement Research, Korea
Institute of Oriental Medicine. The total quantity of

medicinal herbs was placed in 16.74 L of distilled water,

and then extracted by heating for 3 hr (Gyeongseo

Extractor Cosmos-600, Inchon, Korea). After extrac-

tion, SHT was filtered out using standard testing sieves

(150 mm) (Retsch, Haan, Germany), lyophilized and

stored at 48C before use.

Cell culture and induction of multinucleated osteoclasts

All materials for cell culture were purchased from

Gibco (Invitrogen Inc., NY, USA). RAW264.7 cells

were purchased from the American Type Culture
Collection (ATCC), and maintained in Dulbecco’s

Modified Eagle’s Medium (DMEM) supplemented

with 10% fetal bovine serum (FBS), 100 U/mL of

penicillin and 100 mg/mL streptomycin, with a change

of medium every 3 days in 5% CO2 at 378C. For

osteoclast differentiation, RAW264.7 cells (1�103

cells/well) were plated in a 96-well plate and cultured

in a-minimal essential medium (a-MEM), supplemen-
ted with 10% FBS and 100 ng/mL RANKL (R&D

Systems Inc., Minneapolis, MN, USA). After 3 to 4

days, multinucleated osteoclasts were observed.

Cell viability assay

RAW264.7 cells (1�103 cells/well) were plated in a 96-

well plate with a-MEM containing 10% FBS. After

24 hr, serially diluted SHT was treated and incubated

for 3 days. Cell viability was then measured by the Cell

Counting Kit-8 (CCK-8) (Dojindo Molecular Tech-

nologies, Sunnyvale, CA, USA) according to the
manufacturer’s protocol. Data represented the mean

9SD of three independent experiments.

TRAP staining and activity assay

Multinucleated osteoclasts were fixed with 10% for-

malin for 10 min and ethanol/acetone (1:1) for 1 min,

and then stained by the Leukocyte Acid Phosphatase

Kit 387-A (Sigma, St. Luis, MO, USA). The images

of TRAP-positive multinucleated cells were captured

under a microscope with DP Controller (Olympus

Optical Co. Ltd., Tokyo, Japan). To measure TRAP

activity, multinucleated osteoclasts were fixed with
10% formalin for 10 min and 95% ethanol for 1 min,

and then incubated with 100 mL of citrate buffer

(50 mM, pH 4.6) containing 10 mM sodium tartrate

and 5 mM p-nitrophenylphosphate (Sigma, St. Luis,

MO, USA). After incubation for 1 hr, the enzyme

reaction mixtures were transferred into a new plate

containing an equal volume of 0.1 N NaOH.

Absorbance was measured at 410 nm, and TRAP

activity was presented as a percentage (%) of control.

Data represented the mean9SD of three independent

experiments.

Primer design and real-time quantitative PCR (QPCR)

Primers were designed using an online primer design

program (Rozen and Skaletsky 2000). The following

primer sequences were used in this study: TRAP

forward, 5?-ACA CAG TGA TGC TGT GTG GCA

ACT C-3?; TRAP reverse, 5?-CCA GAG GCT TCC

ACA TAT ATG ATG G-3?; c-Src forward, 5?-CCA

GGC TGA GGA GTG GTA CT-3?; c-Src reverse, 5?-
CAG CTT GCG GAT CTT GTA GT-3?; Cathepsin K

forward, 5?-GGC CAA CTC AAG AAG AAA AC-3?;
Cathepsin K reverse, 5?-GTG CTT GCT TCC CTT

CTG G-3?; and glyceraldehyde-3-phosphate dehydro-

genase (GAPDH) forward, 5?-AAC CAT TGG GGG

TAG GAA CA-3?; GAPDH reverse, 5?-ACA CAT

TGG GGG TAG GAA CA-3?. Total RNA was

isolated with TRIzol reagent (Invitrogen Inc., Carls-

bad, CA, USA) according to the manufacturer’s

protocol. Subsequently, first-strand cDNA was

synthesized with 2 mg of total RNA, 1 mM of oligo-

dT18 primer and 10 units of RNase inhibitor RNasin

(Promega, WI, USA) using Omniscript Reverse Tran-

scriptase (Qiagen, Valencia, CA, USA), according to

the manufacturer’s protocol. Next, SYBR green-based

QPCR amplification was performed using the Brilli-

ant SYBR Green Master Mix (Stratagene, Santa

Clara, CA, USA) and the Stratagene Mx3000P

Real-Time PCR system with first-strand cDNA di-

luted 1:50 and 20 pmol of primers according to the

manufacturer’s protocol. The PCR reaction consisted

of three segments. The first segment at 958C for

10 min was conducted to activate the polymerase; the

second one corresponded to three-step cycling (40

cycles) at 958C for 40 sec (denaturation), 608C for 40

sec (annealing) and 728C for 1 min (extension). The

third segment was conducted to generate PCR pro-

duct temperature dissociation curves (melting curves)

at 958C for 1 min, 558C for 30 sec and 958C for 30

sec. All reactions were run in triplicate, and data were

analyzed by the 2-DDCT method as described pre-

viously (Livak and Schmittgen 2001). GAPDH was

used as the internal standard gene.
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Animal model of OVX rats

Ten-week-old female Sprague-Dawley rats (Orient Bio

Inc., Seoul, Korea) weighing 190�210 g were housed at
22918C and 55910% humidity on a 12 hr light/12 hr

dark cycle with free access to food and water. After

acclimatization for one week in the laboratory environ-

ment, they were either sham-operated (sham, n �9) or

underwent surgical OVX (OVX, n �18). One week

after surgery, OVX rats were randomly divided into two

groups of nine rats: (1) OVX: bilateral OVX; and (2)

SHT: bilateral OVX followed by SHT administration.
Measurement of the body weight as well as the

administration of SHT began one week after surgery.

SHT were orally administered at 0.6 g/kg BID based on

a daily clinical dose (15 mL/kg). The same amount of

saline was orally administered to the sham and OVX

groups. Animal experiments were carried out in

accordance with the National Institute of Health’s

Guidelines for the Care and Use of Laboratory
Animals. The experiments were approved by the

Institutional Animal Care and Use Committee at the

Korea Institute of Oriental Medicine.

Biochemical analysis of serum

A biochemical analyzer (Hitachi7080, Tokyo, Japan)

was used for measuring the serum concentrations of

alkaline phosphatase (ALP), triglyceride, phosphate

and calcium.

Measurement of BMD and histological analysis

Rats were sacrificed 12 weeks after SHT administra-

tion. Upon autopsy, the right femur of each animal was
extracted and fixed in 10% formalin for 7 days. After

removing the formalin, BMD was measured by dual-

energy X-ray absorption (DEXA) (LUNAR Co. Ltd.,

Madison, WI, USA). The removed femurs were

decalcified in formic acid, and then dehydrated pro-

gressively in 70% alcohol, 100% alcohol and acetone.

After dehydration, the bones were immersed in xylene

and treated for paraffin embedding. Paraffin-
embedded bone tissues were dissected into 3-mm slices,

and stained with hematoxylin & eosin (H&E). An

optical microscope (Nikon ECLIPSE 80i, Nikon,

Tokyo, Japan) was used for the analysis of trabeculae

bone matrix.

HPLC analysis

All HPLC reagents were purchased from J.T. Baker

(Phillipsburg, NJ, USA). The Ultimate-3000 HPLC

system (Dionex, Sunnyvale, CA, USA) consisted of a
pump (LPG 3X00), auto sampler (ACC-3000), column

oven (TCC-3000SD) and diode array UV/VIS detector

(DAD-3000(RS)). The column was a C18 column

(5 mm, 120 Å, 4.6 mm�150 mm) (Dionex, Sunnyvale,

CA, USA), and its temperature was maintained at

258C. The mobile phase consisted of water and

methanol with gradient elution at a flow rate of 1.0

mL/min. The column effluents were simultaneously

monitored at 230 nm (paeoniflorin, 6-gingerol, decur-
sin), 254 nm (glycyrrhizic acid) and 280 nm (cinnamic

acid). The authentic standards of cinnamic acid,

paeoniflorin, glycyrrhizic acid, 6-gingerol and decursin

were purchased from NPC Biotechnology (Seoul,

Korea). They were prepared for HPLC analysis at

concentrations of 250 mg/mL, 50 mg/mL, 100 mg/mL,

100 mg/mL and 400 mg/mL, respectively. They were

progressively diluted using 60% methanol. For the
analysis of SHT, 20 mg of SHT was mixed in 10 mL

of 60% methanol, and filtrated using a 0.45 mm syringe

filter. The injection volume of SHT was 20 mL.

Statistical analysis

SPSS software (SPSS Inc., Chicago, IL, USA) was

used to perform all statistical analyses. The signifi-

cance of TRAP activity was determined using the

Student t-test. The significance of the mRNA expres-
sion levels of osteoclast differentiation-related genes

was determined with the Student t-test using GAPDH-

normalized 2�DDCT values. For statistical analysis on

the results of the animal experiment, a parametric one-

way analysis of variance was used to test for differ-

ences among the three groups. Duncan multiple

comparison tests were used to confirm significant

differences in the mean value between the groups.
A P value of less than 0.05 was considered statistically

significant.

Results

Effect of SHT on RAW264.7 cell proliferation

Before investigating the effect of SHT on osteoclast

differentiation, the effect of SHT (25�200 mg/mL) on

RAW264.7 cell proliferation was examined. SHT up to a
concentration of 200 mg/mL did not adversely affect

RAW264.7 cell proliferation (Figure 1A). Therefore, the

following experiment was conducted using 200 mg/mL of

SHT as the maximum concentration.

Effect of SHT on osteoclast differentiation in RANKL-
induced RAW264.7 cells

TRAP is highly expressed in osteoclasts and widely

used as a phenotypic marker of osteoclast differentia-
tion. To investigate the effect of SHT on osteoclast
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differentiation, we measured TRAP activity, and mon-

itored multinucleated osteoclast formation by TRAP

staining. SHT dose-dependently and significantly de-

creased TRAP activity from 100 mg/mL (P B0.05)

(Figure 1B). In addition, multinucleated osteoclast

formation was decreased as the concentration of SHT

increased (Figure 1C). PI3K inhibitor (LY294002),

known to inhibit osteoclastogenesis, significantly

blocked RANKL-induced increase of TRAP activity

and multinucleated osteoclast formation.

Effect of SHT on mRNA expression levels of osteoclast
differentiation-related genes in RANKL-induced
RAW264.7 cells

TRAP, c-Src and cathepsin K genes are necessary for

osteoclast differentiation and bone resorptive activity

of osteoclasts. Therefore, the inhibitory effects of SHT

on mRNA expression levels of these genes were

investigated by real-time QPCR. The mRNA expres-

sion levels of these genes were dramatically increased

by RANKL treatment, while SHT (200 mg/mL) sig-

nificantly decreased the mRNA expression levels of c-

Src and cathepsin K (PB0.05). In addition, SHT

treatment decreased the mRNA expression level of

TRAP, although it was not statistically significant

(Table 1).

Effect of SHT on body weight and organ weight of OVX
rats

To investigate the effect of SHT on OVX rats, SHT was

administered orally to OVX rats for 12 weeks. When

compared to the body weight of the sham group, the

body weight of OVX rats was significantly increased one

week after administration. However, SHT administra-
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Figure 1. Effects of SHT on (A) cell growth, (B) RANKL-induced TRAP activity and (C) formation of TRAP-positive

multinucleated osteoclasts in RAW264.7 cells. RAW264.7 cells were placed in a 96-well plate at a density of 1�103 cells/well with

or without RANKL (100 ng/mL). The cells were incubated with different concentrations of SHT (25�200 mg/mL) for 3 days, and

multinucleated osteoclasts were observed under a microscope. Cell viability was tested with CCK-8 assay. TRAP activity and

staining were performed as described in Materials and methods. *PB0.05; **PB0.01.

Table 1. Effect of SHT on RANKL-included in mRNA

expression levels of osteoclast differentiation-related genes in

RAW264.7 cells.

Group TRAP c-Src Cathepsin K

Without

RANKL

1.0990.61 1.0190.08 1.1090.66

With

RANKL

1.9790.01* 3.1490.15* 19150.289281.57*

RANKL�
SHT(200

mg/ml)

1.6490.08* 1.7590.10** 4512.7492397.99**

Data was expressed as mean9S.D. *PB0.05, compared to group
without RANKL; **PB0.05, compared to group with RANKL.
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tion did not alter OVX-induced increase of body weight

(Figure 2). In addition, when compared to the sham

group, the uterine weight of OVX rats showed significant

reduction of about 84% (P B0.01), but SHT adminis-

tration did not affect this reduction (Table 2). When

comparing the weight of the other organs with that of the

sham group, no significant differences were found

between the groups (data not shown).

Biochemical analysis of serum samples

The OVX group showed a significant increase in serum

triglyceride levels compared to the sham group

(P B0.05) (Table 2). SHT administration reduced the

increase in serum triglyceride levels, although it was not

statistically significant. The SHT group showed no

differences in other biochemical parameters, when
compared to the OVX group.

Measurement of BMD and histological analysis

To investigate the effect of SHT on bone loss in OVX

rats, SHT was administered for 12 weeks, and BMD of

the sternum and femur was then measured. The OVX

group showed a significant decrease in sternal and

femoral BMD compared to the sham group (P B0.01).

However, when compared to the OVX group, the SHT

group showed prevention of OVX-induced decrease of

femoral BMD (Table 3). Femoral histological analysis

was conducted after SHT administration. The sham

group showed normal femoral trabeculae, but the OVX

group showed obvious reduction of femoral trabeculae
(Figure 3A). However, compared to the OVX group,

the SHT group showed prevention of OVX-induced

decrease of femoral trabeculae. Estrogen treatment

(50 mg/kg of body weight), known to suppress bone

loss, prevented the decrease of femoral BMD in OVX

rats (data not shown). Normal uterine histology was

observed in the sham group, whereas uterine atrophy

was observed in the OVX group. When compared to
the OVX group, SHT administration did not affect

OVX-induced uterine atrophy in OVX rats (Figure 3B).

HPLC analysis

To analyze the ingredients of SHT associated with the
inhibition of osteoclast differentiation and bone loss in

OVX rats, HPLC analysis was applied to simulta-

neously identify five marker components in SHT. The

five components in SHT were detected at the same

retention times obtained from HPLC analysis of

standard components reported previously (data not

shown). The major components in SHT were found to

be paeoniflorin and glycyrrhizic acid (Table 4).

Discussion

Osteoclast precursor cells are differentiated into mature

osteoclasts in the presence of RANKL. Osteoclasts

express osteoclast differentiation-related genes and

have bone resorptive activity on mineralized bone

(Teitelbaum 2000). Cathepsin K, the specific cysteine

protease frequently found within osteoclasts, is known

to play an important role in osteoclast differentiation
and bone resorption (Saftig et al. 2000). In addition,

c-Src knockout mice have a sufficient number of

osteoclasts incapable of bone resorptive activity, sug-

gesting that c-Src is necessary for the bone resorptive

activity of osteoclasts (Soriano et al. 1991; Lowe et al.
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Figure 2. Change in body weight of rats during SHT

administration for 12 weeks. The body weights of OVX and

SHT (0.6 g/kg BID) groups were significantly increased for

12 weeks when compared to the sham group (PB0.01).

Table 2. Effect of SHT on uterine weight and biochemical parameters in serum of OVX rats.

Group Uterine weight (g) ALP (U/L)

Triglyceride

(mg/dL) Phosphate (mg/dL) Calcium (mg/dL)

Sham 0.6990.21 171.11973.20 58.00921.33 8.7990.87 11.9890.81

OVX 0.1190.02* 176.88956.37 81.80919.74* 8.6691.04 11.5990.43

SHT 0.1090.02* 178.46935.85 77.71931.85 8.9791.12 11.6390.48

Data was expressed as mean9SD. *P B0.05, significantly different from Sham group.
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1993). Expression of these genes is regulated by

essential transcription factors, such as AP-1, NF-kB

or NFAT, during osteoclast differentiation (Takayanagi

et al. 2002; Asagiri and Takayanagi 2007; Pang et al.

2007). Therefore, the inhibitory effect of SHT on

osteoclast differentiation may result from inhibiting

the expression or function of transcription factors that

regulate the expression of osteoclast differentiation-

related genes.

Traditional herbal medicines are mixtures of active

ingredients affecting bone cells differently. They con-

tain stimulative ingredients on osteoblast differentia-

tion increasing bone formation and inhibitory

ingredients on osteoclast differentiation reducing

bone loss, which contribute together to the anti-

osteoporotic effect of herbal medicine (Qin et al.

2008). Extracts of medicinal herbs (Rehmannia gluti-

nosa Libosch and Angelicae gigantis radix) of which

SHT is composed stimulate osteoblast proliferation

and activity while inhibiting osteoclast differentiation

or bone loss in OVX rats (Oh et al. 2003; Kil et al.

2008). The anabolic effect of SHT on osteoblast

differentiation (Lee and Lim 2003) and the inhibitory

effect of SHT on osteoclast differentiation (Figure 1)

have been studied. In addition, a major marker

component (paeoniflorin, Table 4) in SHT stimulates

osteoblast differentiation (Yen et al. 2007) although its

effect on osteoclast differentiation is still unknown.

Therefore, different components affecting osteoclast or

osteoblast differentiation within SHT could cooperate

to suppress OVX-induced bone loss in OVX rats.

Phytoestrogens have estrogen-like activity and the

potential to prevent bone loss in OVX rats (Branca

2003). In addition, phytoestrogens are known to have a

suppressive effect on osteoclast differentiation, as well as

osteoclastic bone resorption. They inhibit RANKL-

induced osteoclast differentiation in RAW264.7 cells by

inhibiting NF-kB activation (Garcı́a Palacios et al.

2005). Phytoestrogens also inhibit the inward rectifier

K� channel in osteoclasts, leading to membrane depo-

larization, intracellular influx of Ca2� and inhibition of

osteoclast-mediated bone resorption (Okamoto et al.

2001). Thus, some SHT components with estrogenic

properties could inhibit osteoclastogenesis and bone

resorption activity, which prevent OVX-induced bone

loss in OVX rats.

In conclusion, we first demonstrated that SHT

inhibits RANKL-induced formation of multinucleated

osteoclasts, mRNA expression levels of osteoclast

differentiation-related genes, and OVX-induced bone

loss. These results suggested that the inhibitory effect

of SHT on osteoclast differentiation may consequently

contribute to prevent OVX-induced bone loss in OVX

rats. Further studies are required to identify the active

ingredients preventing bone loss in SHT, and to

determine the precise molecular mechanism of these

ingredients.

(B)

(A)

Sham OVX SHT

Sham OVX SHT

Figure 3. Histomorphological analysis of (A) femur (� 20) and (B) uterus (� 40). After SHT administration (0.6 g/kg BID) for

12 weeks, the femur and uterus of each animal were fixed and stained with H&E as described in Materials and methods.

Representative photomicrographs from the sham, OVX and SHT groups. Arrow, growth plate; arrow head, trabeculae.

Table 3. Effect of SHT on BMD of OVX rats.

Group Sternum (g/cm2) Femur (g/cm2)

Sham 0.06290.002 0.23890.015

OVX 0.05390.003** 0.20890.010**

SHT 0.05490.003** 0.22390.009*

Data was expressed as mean9SD. **P B0.01, significantly different
from Sham group; *P B0.05, significantly different from OVX
group.
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Table 4. Content of marker components in SHT.

Content in SHT(mg/mg)

Cinnamic acid 0.30

Paeoniflorin 3.82

Glycyrrhizic acid 4.36

6-Gingerol 0.00

Decursin 2.69
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