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ABSTRACT. This study aims to investigate the effects of andrographolide 
(AGP) on osteoclast formation in RAW 264.7 murine macrophage cells. 
The effects of AGP on cell viability were determined in RAW 264.7 cells 
using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) assay. The effects of AGP on osteoclast formation were tested 
by osteoclast staining with tartrate-resistant acid phosphatase (TRAP). 
The effects of AGP on receptor activator of nuclear factor-kappaB (NF-
kappaB) ligand (RANKL)-induced, NF-kappaB-dependent transcription 
in RAW 264.7 cells were assessed using luciferase reporter assays. 
The results demonstrated that the viability of osteoclast precursor RAW 
264.7 cells was not affected by AGP treatment at a concentration of 0.4 
to 10 μM. Additionally, the number of TRAP-positive osteoclasts was 
significantly reduced by the same concentrations of AGP treatment. AGP 
also inhibited RANKL-induced NF-kappaB activation in a dose-dependent 
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fashion as evidenced by luciferase reporter assays. In summary, this 
study demonstrates that AGP inhibits osteoclastogenesis in RAW 264.7 
murine macrophage cells through downregulation of the NF-kappaB 
signaling pathway.
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INTRODUCTION

Osteoporosis, also known as low bone mineral density, is an important risk factor for 
fracture in elderly women (Gallagher and Levine, 2011). Osteoclasts, originate from hematopoietic 
progenitors, are essential for bone homeostasis, and play a vital role in both the development of 
osteoporosis and the metastasis of tumors to bone. The formation of osteoclasts involves several 
factors such as receptor activator of nuclear factor-kappaB (NF-kappaB) ligand (RANKL) and 
macrophage colony-stimulating factor (Novack, 2011). Many researchers have shown that RANKL 
is directly involved in the differentiation of macrophages into osteoclasts (Wang et al., 2003; Kukita 
and Kukita, 2013). RANKL is able to activate mature osteoclasts (Burgess et al., 1999), and induce 
osteoclast polarization and hypercalcemia (Xu et al., 2000). During stimulation with RANKL, the 
receptor RANK binds to signaling adaptor molecules such as tumor necrosis factor receptor-
associated factor adapter proteins (Keating et al., 2007), which leads to the activation of the NF-
kappaB and c-Jun N-terminal kinase signaling pathways (Darnay et al., 1998).

Andrographolide (AGP) is a diterpenoid lactone component found in the herbal medicine 
Andrographis paniculata, which is widely used in Asia (Zhao et al., 2002). Several studies have 
demonstrated that AGP exhibits various biological activities, including antitumor (Yang et al., 2014), 
anti-inflammatory (Ku and Lin, 2013), antiviral (Wen et al., 2014), and hepatoprotective effects (Lee 
et al., 2014). It has been demonstrated that AGP can attenuate inflammation by inhibiting NF-kappaB 
activation through covalent modification of the reduced cys62 residue of p50 (Xia et al., 2004). 
Furthermore, AGP was also shown to suppress tumor growth by inhibiting NF-kappaB signaling 
activation (Zhang et al., 2014). We examined the effects of AGP on osteoclast differentiation and on 
RANKL-induced NF-kappaB-dependent transcription in RAW 264.7 murine macrophages.

MATERIAL AND METHODS

Cell culture and cell viability assay

RAW 264.7 murine monocytes/macrophage cells were purchased from the Cell 
Storehouse of the Chinese Academy of Science (Shanghai, China) and cultured in Dulbecco’s 
modified Eagle’s medium (Life Technologies, USA) containing 10% fetal bovine serum (FBS; 
Life Technologies), penicillin (100 U/mL, Life Technologies) and streptomycin (100 μg/ml, Life 
Technologies) in a humidified incubator with 5% CO2 at 37°C. Cell viability was determined using 
the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay after 5 days of 
treatment with various concentrations of AGP. RAW 264.7 cells were seeded on 96-well plates at 
a density of 5 x 102 cells/well. Then, the cells were treated with AGP at concentrations of 0 to 10 
μM for 5 days. The relative amount of viable cells was calculated by measuring the absorbance at 
570 nm.
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Osteoclastic differentiation activity

Cells were treated with different concentrations of AGP (0 to 10 μM). The differentiation of 
osteoclasts from RAW 264.7 cells was induced by adding 50 ng/mL recombinant murine RANKL 
in alpha-minimal essential medium (Life Technologies) with 10% FBS for 5 days. After treatments, 
the cells were fixed with 4% paraformaldehyde and stained for the osteoclast enzyme marker, 
tartrate-resistant acid phosphatase (TRAP) using an acid phosphatase kit (Life Technologies). In 
our study, TRAP-positive, multinucleated cells were counted as osteoclasts only if the cells showed 
more than three nuclei.

Quantitative real time-polymerase chain reaction (qPCR) to evaluate TRAP mRNA 
expression

After treatment with RANKL and AGP for 5 days, total RNA was extracted with 
RNeasy mini kit (Qiagen, USA). The reverse transcription reaction for cDNA was synthesized 
from about 1 μg total RNA. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) mRNA 
was used as an internal control for each sample. The specific primers used in our study were 
purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA): mouse GAPDH: forward, 
5'-AACGGGAAGCTTGTCATCAATGGAAA-3'; reverse, 5'-GCATCAGCAGAGGGGGCAGAG-3'; 
mouse TRAP: forward, 5'-CTGGAGTGCACGATGCCAGCGACA-3'; reverse, 5'-TCCGTGCTCGG
CGATGGACCAGA-3'. qPCR experiments were performed in triplicate using the SYBR Green 
PCR Master Mix using a 7900HT qPCR system thermal cycler (Applied Biosystems, USA). The Ct 
values of samples were normalized to GAPDH mRNA.

NF-kappaB luciferase reporter gene activity assay

RAW 264.7 cells were seeded on 48-well plates and cultured for 24 h. Cells were then 
pretreated for 1 h with AGP or vehicle as a control, followed by addition of RANKL (50 ng/mL) for 
8 h. Luciferase activity was measured using the Promega Luciferase Assay System (Promega, 
USA). The data were normalized to that of the vehicle control.

Statistical analysis

The differences between the treatment and control groups were analyzed using one-way 
analysis of variance (ANOVA) followed by Dunnett’s multiple comparison. All statistical analyses 
were performed using the GraphPad PRISM software (GraphPad PRISM version 5.0, USA). P < 
0.05 was considered to be significant. Data are reported as means ± standard error of the mean (SE).

RESULTS

AGP inhibits RANKL-induced osteoclast differentiation of RAW 264.7 cells

In order to test the cytotoxic effect of AGP on murine RAW 264.7 cells, the MTT assay 
was employed. The results demonstrated that the viability of RAW 264.7 osteoclast precursor 
cells was not affected by AGP treatment at concentrations up to 10 μM (Figure 1). At the same 
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concentrations, the number of TRAP-positive osteoclasts was significantly decreased by AGP 
treatment in a dose-dependent manner (Figure 2).

Figure 2. Andrographolide inhibition of receptor activator of nuclear factor kappa B ligand-induced osteoclastogenesis 
from RAW 264.7 murine macrophage cells after 5 days. Data are reported as means ± standard errors of the mean (error 
bars) from three independent experiments. **P < 0.01, ***P < 0.001 versus the dimethyl sulfoxide treatment control.

Figure 1. Effect of andrographolide on cell viability of RAW 264.7 murine macrophage cells. Data are reported as 
means ± SE from three independent experiments.

AGP inhibited TRAP mRNA expression in RANKL-induced osteoclast differentiation 
of RAW 264.7 cells

The data from qPCR analysis indicated that AGP could significantly downregulate TRAP 
mRNA expression in a dose-dependent manner at concentrations of 0.4 to 10 μM after 5 days of 
treatment (Figure 3).
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AGP inhibited NF-kappaB activity in RANKL-induced osteoclast differentiation of 
RAW 264.7 cells

The results showed that the transcriptional activity of NF-kappaB was dramatically 
increased by RANKL treatment. However, NF-kappaB activity was significantly inhibited by AGP 
treatment in a dose-dependent manner (Figure 4).

Figure 3. Effects of andrographolide on tartrate-resistant acid phosphatase mRNA expression in receptor activator of 
nuclear factor kappa B ligand-treated RAW 264.7 murine macrophage cells. Data are reported as means ± standard 
errors of the mean (error bars) from three independent experiments. ***P < 0.001 versus the dimethyl sulfoxide 
treatment control.

Figure 4. Effects of AGP on NF-kappaB activity in receptor activator of nuclear factor kappa B ligand (RANKL)-treated 
RAW 264.7 murine macrophage cells. Data are reported as means ± standard errors of the mean (error bars) from 
three independent experiments. ###P < 0.001 versus no RANKL treatment control; ***P < 0.001 versus the dimethyl 
sulfoxide treatment control.
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DISCUSSION

AGP, the major active ingredient of the herbal medicine A. paniculata, has been shown 
to exert various biological activities, including antitumor (Yang et al., 2014), anti-inflammatory (Ku 
and Lin, 2013), antiviral (Wen et al., 2014), and hepatoprotective effects (Lee et al., 2014). In this 
study, we showed that AGP significantly inhibited RANKL-induced osteoclast differentiation from 
RAW 264.7 murine macrophage cells and decreased the number of osteoclasts and the mRNA 
expression of TRAP. These observations were similar to those that have recently been reported in 
the context of bone metabolism (Zhai et al., 2014).

In addition, AGP also blocked RANKL signaling by significantly reducing RANKL-induced 
NF-kappaB transcriptional activity. The interaction of RANKL with RANK results in the activation 
of NF-kappaB and other proteins, and this process plays an important role in osteoclastogenesis 
(Boyce et al., 1999). NF-kappaB is activated by RANKL in RAW 264.7 cells and is required for 
osteoclast formation (Franzoso et al., 1997; Wang et al., 2003). Several studies have suggested 
that p50 and p52 expression are crucial for RANK-expressing osteoclast precursors to differentiate 
into osteoclasts in response to osteoclastogenic molecules such as RANKL (Xing et al., 2002; Wang 
et al., 2003). Therefore, suppression of NF-kappaB activation would be an effective approach to 
inhibit osteoclast formation. Interestingly, in our current study, AGP was shown to be able to reduce 
RANKL-induced NF-kappaB activity and inhibit RANKL-induced differentiation of RAW 264.7 cells 
into osteoclasts. These observations indicate that AGP is a potent herbal ingredient that is able to 
regulate bone metabolism.

In summary, our study has provided important evidence for the effects of AGP on bone 
metabolism as evidenced by the inhibition of osteoclast formation. Our observations also highlight 
that AGP can effectively inhibit osteoclastogenesis and that the mechanism of action of AGP is 
related to the NF-kappaB pathway. However, more studies are required to explore the detailed 
signaling pathways involved in in vitro systems and to establish the effect of AGP on bone 
metabolism in vivo.
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