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Abstract: OBJECTIVE: Si-Wu-Tang (SWT) is a traditional Chinese medicine formula applied for 

treating gynecological disorders for centuries. Recent studies have revealed potential applications 

in various diseases fields such as bone diseases. Here we aim to elucidate the effects of SWT on the 

differentiation of bone cells, such as osteoblastogenesis and osteoclastogenesis, and the expression 

of effector genes involved in bone formation and bone resorption. Our results will provide 

important mechanistic background about the application of SWT in bone disease treatment. 

METHODS: RANKL-stimulated RAW254.7 macrophages and β‑glycerol phosphate and L‑ascorbic 

acid-stimulated MC3T3‑E1 cells were used as the late stage of differentiation of osteoclasts and 

osteoblasts separately. MTT assay widely used to detect cell proliferation and cytotoxicity. Real time 

PCR is well-established method for the detection and quantification of gene expression. RESULTS: 

SWT enhanced cell viability of differentiating preosteoblasts, and promoted the expression of 

essential effectors of osteoblastogenesis, including opn and bmp2. Curiously, the expression of alp 

is downregulated by SWT. In contrast, high concentration of SWT decrease cell viability of 

differentiating preosteclasts after 48-hours of treatment. Additionally, high concentration of SWT 

inhibited the expression of osteoclast differentiation markers, such as Trap and Ctsk. 

CONCLUSIONS: Our results demonstrated that SWT stimulates osteoblastogenesis and increase 

the cell number of osteoblasts, suggesting positive regulatory effects on osteoblast differentiation. 

However, the effect of SWT on bone formation need further examination, since the expression of 

alp gene is downregulated. On the other hand, SWT appears to negatively regulate osteoclast 

differentiation and bone resorption, as number of osteoclasts and the expression of critical bone 

resorptive genes are all downregulated. Collectively, SWT might change the equilibrium of bone 

remodeling and increase the bone mass. Our data provided supportive evidences that this medicine 

formulation can be applied to treat osteoporosis or bone destructive diseases. 
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1. Introduction 

Si-Wu-Tang (SWT) is one of the widely applied Traditional Chinese Medicine (TCM) formula 

[1]. The formula contains a combination of 4 herbs: Radix Paeoniae Alba, Angelica siniensis, Rhizoma 

Chuanxiong, and Rehmannia glutinosa, and has been considered having the actions of blood-

tonifying (buxie) decoction [2]. SWT has been applied for the treatment of women’s diseases such as 

cutaneous pruritus and chronic inflammation [3]. Aqueous extract of SWT was reported to have 

antipruritic and anti-inflammatory effects in mice [4]. Additionally, this formula is also used for 

treating other gynecological diseases, such as relief of menstrual irregularity, dysmenorrhea, uterine 

bleeding, climacteric syndrome, and other estrogen-related diseases, in China and East Asia [5–10]. 

SWT has also been beneficial to other physiological or pathological conditions. It has been shown to 

improve the antioxidant level and positively regulate the lipid profile, liver function, and skin 

integrity and texture in healthy adults [11]. The main function of SWT applied in gynecology is 

nourishing blood and activating the blood circulation for menoxenia, dysmenorrhea, and 

amenorrhea. 

Indirect evidences have suggested the beneficial effects of SWT on bone health. Pharmacological 

studies have shown that SWT extract protects against radiation-induced bone marrow damage in an 

animal model [12,13]. Additionally, since SWT revealed anti-inflammatory and anti-oxidant effects 

in several different clinical and biological studies [14,15], these results suggest the potential 

application of this medicine on treating osteoporosis possibly through increasing bone formation 

and/or suppressing bone resorption. A more recent study provided some direct evidences about SWT 

effects on bone cells. Wu et al. reported that SWT extract increased alkaline phosphatase (ALP), bone 

morphogenic protein-2 (BMP-2), and osteopontin (OPN) expression and bone mineralization in the 

differentiated osteoblast culture16. Phosphatidylinositol 3-kinase (PI3K), Akt, and NF-κB signaling 

pathways were involved in the SWT-mediated increase in gene expression and bone mineralization 

[16]. Moreover, oral administration of SWT extract every two days for four weeks prevented bone 

loss induced by ovariectomy in mice [16]. Those data, provide preliminary evidences that SWT may 

be used to stimulate bone formation for the treatment of osteoporosis. However, the effects of SWT 

on cellular and systemic levels in bone systems still remained mostly elusive. 

In this study, we investigated the effects of SWT on the in vitro models of bone resorption and 

bone formation. We employed the -glycerol phosphate induced pre-osteoblast MC3T3-E1 

osteogenic differentiation as a cell model of bone formation, while Receptor activator of nuclear factor 

kappa-B ligand (RANKL)-induced RAW267.4 cell osteoclast differentiation as a cell model of bone 

resorption. Our results implied that SWT impaired osteoclast differentiation and bone resorption, yet 

upregulated cell proliferation and osteoblast functions or bone formation. 

2. Materials and Methods 

2.1. The preparation of SWT extract 

The ingredients of SWT included 11.25 g of Rehmannia glutinosa, 11.25 g of Angelica sinensis, 

11.25 g of Radix Paeoniae Alba and 11.25 g of Rhizoma Chuanxiong. An extract of SWT was prepared 

by decocting the dried prescription of herbs with boiling water (1300 ml) for 50 minutes. The obtained 

suspension was separated by filtration and condensed to the concentration of 360 ml (1 g/ ml) solution 

and then stored at 4C before use. 

2.2. Cell culture and treatment 

The murine preosteoblastic calvarial cell line MC3T3‑E1 subclone 4 was obtained from ATCC 

(ATCC®, USA, CRL-2593™). Cells were cultured in α-Minimum Essential Medium (α-MEM) (10490-

01, Gibco, Thermo Fisher Scientific, Inc.) supplemented with 10% (v/v) fetal bovine serum (FBS) 

(10437-028, Gibco) and 1% (v/v) penicillin-streptomycin (P/S) (15140-122, Gibco) at 37°C in a 

humidified atmosphere containing 5% CO2. To obtain osteoblasts, MC3T3‑E1 cells were grown for 7 
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days in α‑MEM containing 1% FBS, 1% P/S, 10 mM β‑glycerol phosphate (G9422, Sigma Aldrich, 

USA), and 50 μg/ml L‑ascorbic acid (A5960, Sigma Aldrich) [17] (differentiated medium). 

The murine macrophage cell line RAW264.7 subclone 2 was obtained from ATCC (ATCC® 

TIB‑71™). Cells were grown in DMEM (Gibco, Thermo Fisher Scientific Inc.) supplemented with 10% 

FBS and 1% P/S, and incubated at 37ºC in 5% CO2 humidified air. The medium was changed every 3 

days. To obtain osteoclasts, RAW264.7 cells were grown for 6 days in DMEM containing 10% FBS, 

1% P/S, and 50 ng/ml mRANKL (PeproTech, Rocky Hill, NJ, USA) [18]. 

2.3. Cell viability MTT assay 

MC3T3‑E1 and RAW264.7 were plated into 96‑well plates and grown in differentiation medium 

for the indicated days. Cells were treated with different concentrations of SWT for 24 or 48 h 

according to the experimental design. Subsequently, the medium was removed, and cells were 

cultured in 100 μL fresh medium containing 10% 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) for 4 h at 37°C. The supernatant was removed, and the formazan 

crystals were dissolved in 100 μL of dimethyl sulfoxide (DMSO). Absorbance was recorded at 595 

nm using a microplate reader. 

2.4. Reverse transcription‑quantitative polymerase chain reaction assay 

Total RNA was extracted using RNAzol®RT reagent (RN190, MRC, Molecular Research Center, 

Inc., USA), according to the manufacturer’s protocol. cDNA was synthesized using a IQ2 MMLV 

RT‑Script kit (Bio‑Genesis Technologies Inc., TW). Quantitative polymerase chain reaction (qPCR) 

was performed using SYBR‑Green (Applied Biosystems™, Thermo Fisher Scientific Inc., USA), and 

data collection was conducted using an ABI 7300 (Applied Biosystems; Thermo Fisher Scientific Inc.). 

The PCR cycling conditions were as follows: 95ºC for 2 min, followed by 40 cycles at 95ºC for 20 s, 

58ºC or 53ºC for 20 s, and 72ºC for 40 s, and a final extension step of 95ºC for 15 s, 60ºC for 1 min, 95ºC 

for 15 s, and 60ºC for 15 s. Primer sequences were as follow (see Table 1): Relative fold changes of 

gene expression were normalized using gapdh and results were plotted and analyzed using Prism 9 

software (GraphPad Software Inc.). GAPDH was used as an internal control for normalization. Gene 

expression was calculated using the delta‑delta Ct method. 

Table 1. RT-qPCR primers. 

Name Sequence (5’-3’) 

Gapdh-Forward 

Gapdh-Reverse 

GCACAGTCAAGGCCGAGAAT 

GCCTTCTCCATGGTGGTGAA 

Alp-forward 

Alp-reverse 

Opn-forward 

Opn-reverse 

Bmp-2-forward 

Bmp-2-reverse 

Ctsk-forward 

Ctsk-reverse 

Trap-forward 

Trap-reverse 

ATCTTTGGTCTGGCTCCCATG 

TTCCCGTTCACCGTCCAC 

AGCAAGAAACTCTTCCAAGCAA 

GTGAGATTCGTCAGATTCATCCG 

GGGACCCGCTGTCTTCTAGT 

TCAACTCAAATTCGCTGAGGAC 

CTTCCAATACGTGCAGCAGA 

TCTTCAGGGCTTTCTCGTTC 

GCTGGAAACCATGATCACCT 

GAGTTGCCACACAGCATCAC 

2.5. Statistical analysis 

Statistical analysis was performed using Prism 9 software (GraphPad Software Inc., San Diego, 

CA, USA). The values given are means ± standard errors of the mean (SEM) of at least three 

independent experiments. Statistical analysis was performed using one‑way ANOVA test followed 

by Tukey’s multiple comparison test, or Student’s t‑test. p < 0.05 was considered statistically 

significant. 
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3. Results 

3.1. SWT promoted cell viability during osteoblast differentiation 

MTT cell viability assay was performed to examine whether SWT stimulates cell proliferation or 

affect cell survival of the bone cells. BGP induced osteogenic differentiation of pre-osteoblast MC3T3-

E1 cells as a cell model of osteoblast differentiation. After 7 days incubation in differentiation 

medium, a significant percentage of the pre-osteoblasts switch into late stage of osteoblastogenesis, 

expressing osteogenic markers, including ALP and OPN, and starting to execute bone formation. 

SWT was added at this stage, and its effects on cell proliferation or cell survival of differentiating 

osteoblast were first examined. Three different concentrations of SWT were used to treat for 24 or 48 

hours. The MTT results revealed that SWT stimulated the increase of cell number at all treatment 

conditions, including different dosages and incubation times (Figure 1). Differences dosages or 

incubation times did not generate different degrees of impacts on cell viability in differentiating 

osteoblasts.  

 

Figure 1. Proliferation of differentiated osteoblast cells were slightly increased upon SWT low 

concentration stimulation. MTT assay was used to detect the cell viability with or without different 

concentrations of SWT treated with differentiated osteoblast cells for 24 hrs or 48 hrs. Each bar 

represents the mean ± SEM of the mean of at least three independent experiments. *Significant 

difference from the control groups (** where p < 0.002, *** where p < 0.0002). 

3.2. SWT altered the expression of essential bone formation genes in the differentiating osteoblast 

SWT also affected the differentiation of osteoblast and bone formation. The expression of 

essential genes for osteoblast differentiation were measured in different dosages, including 12, 60, 

300 ug/ml, of SWT treatment starting from the eighth day of the differentiation induction for 24 hours. 

BMP-2 is a critical transcription factor driving osteoblstogenesis, and promote cell proliferation of 

pre-osteoblasts. ALP is a key enzyme for matrix maturation and mineralization, while OPN is 

expressed in mineralizing tissue and functions as a mineralization regulator. Thus, those two genes 

were considered as markers for matrix maturation and mineralization stages of osteoblastogenesis, 

respectively. Interestingly, the expression of both bmp2 and opn genes showed a trend of increase 

with higher dosage, as shown in Figure 2. The treatment with 300 ug/ml SWT significantly 

upregulated the expression of those two genes. Curiously, SWT induced inhibitory effects on alp 

gene expression. Our results suggested that SWT alters osteoblast differentiation and bone formation.  
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Figure 2. Bone mineralization effectors alp, opn and bmp-2 were altered at late stage of osteoblast 

differentiation. Quantitative levels of osteoblast mineralization markers alp, ocn bmp-2 were 

measured by qPCR in late stage of osteoblast cells after exposure to three different concentrations of 

SWT for 24 hrs. Abbreviations: alp: alkaline phosphatase; opn: osteopontin; bmp-2: bone 

morphogenetic protein 2. Each column represents the mean ± SEM of at three or more independent 

experiments (** where p < 0.002, *** where p < 0.0002). 

3.3. SWT decreased cell number during osteoclast differentiation 

The influence of SWT on cell viability in osteoclast was also determined. RANKL-induced 

osteoclastogenesis from macrophage RAW264.7 cells were employed as a cell model for osteoclast 

differentiation and bone resorption. After 6 days of differentiation induction, the differentiating 

osteoclasts were treated with different concentrations of SWT for 24 or 48 hours. Figure 3 reported 

the cell numbers determined by MTT assay. Lower concentration of SWT (12 or 60 ug/ml) did not 

change the cell viability. Only high concentration of SWT (300 ug/ml) significantly decreased the cell 

number. Different duration of treatment did not affect the results. As this differentiation process does 

not involve cell proliferation, our data suggested that SWT suppress cell survival in differentiating 

osteoclasts. 

 

Figure 3. Proliferation of differentiated osteoclast cells were slightly decreased upon SWT high 

concentration stimulation for 48 hrs. MTT assay was used to detect the cell viability with or without 

different concentrations of SWT treated with differentiated osteoclast cells for 24 hrs or 48 hrs. Each 

bar represents the mean ± SEM of the mean of at least three independent experiments. *Significant 

difference from the control groups (** where p < 0.002). 

3.4. The expression of critical bone resorptive genes were disrupted by SWT in differentiating osteoclasts 

Cathepsin K (ctsk) and Tartrate-resistant acid phosphatase (TRAP) are critical effectors of bone 

resorption. The expression of those two genes were measured to determine the influence of SWT on 

osteoclast differentiation and bone resorption. The results were demonstrated as Figure 4. Consistent 
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with the MTT results, only high concentration (300 ug/ml) of SWT impaired the expression of both 

genes. Combining the MTT and qPCR results, the decrease of cell survival and downregulating the 

bone resorptive genes strongly indicates that SWT negatively regulates osteoclast differentiation and 

bone resorption. 

 

Figure 4. Bone resorption gene ctsk and osteoclast marker Trap were altered at late stage of 

osteoclast differentiation. Quantitative levels of osteoclast marker trap and bone resorption gene ctsk 

were measured by qPCR in differentiated osteoclast cells after exposure to three different 

concentrations of SWT for 24 hours. Abbreviations: ctsk: cathepsin K; Trap: tartrate-resistant acid 

phosphatase. Each column represents the mean ± SEM of at three or more independent experiments 

(*** where p < 0.0002, **** where p < 0.0001). 

4. Discussion 

SWT has multiple applications in various clinical conditions. Although the application of this 

medicine in bone diseases, such as osteoporosis, has been previously suggested, cellular and 

biochemical basis of this potential application were not fully understood. Previous study has reported 

a supportive role on bone formation in differentiated osteoblasts. In this study we examined the effects 

of SWT on differentiation and cellular functions in both osteoblast and osteoclast in vitro differentiation 

models. Our data showed that SWT promoted the cell viability in differentiating pre-osteoblasts, 

possibly attributed to promotion of cell proliferation or enhancing cell survival. The culture was 

composed of pre-osteoblasts in different stages, including proliferation, matrix maturation and 

mineralization. The upregulation of bmp2 gene by SWT suggested that cell proliferation was promoted. 

The increase of bmp2 gene expression generally followed by the upregulation of alp gene. Previous 

study also showed the upregulation of alp gene by SWT treatment. However, our data revealed the 

decrease of alp gene expression, suggesting that SWT also influence alternative signaling pathways that 

regulate alp gene expression, such as Wnt/PI3K/Akt/β-catenin pathway. The differences between our 

results and previous study suggested different cell properties of osteoblast in different differentiation 

status. Additionally, our results suggested that SWT regulated osteoblast differentiation in a stage-

dependent manner. Although alp gene was downregulated by SWT, the other 2 essential bone 

formation genes that were tested, including bmp2 and opn genes, all transcriptionally activated by SWT 

treatment. Combining the results, SWT appeared to be a positive regulator of osteoblast differentiation 

and bone formation. 

Our data also demonstrated that cell viability and the expression of critical bone resorptive genes 

were all downregulated by SWT. The results suggested that SWT decrease osteoclast number and 

inhibit osteoclast differentiation and bone resorption. Collectively, our results implied that SWT 

positive regulates osteoblastogenesis and bone formation, yet negatively regulates osteoclastogenesis 

and bone resorption. The results provide supportive evidences for SWT applications for treating 

osteoporosis and other destructive bone diseases. 
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