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Abstract. Tumor necrosis factor‑α (TNF‑α) plays an 
important role in the abnormal metabolism of osteoblasts 
(OBs), which leads to subchondral bone (SB) alterations 
in osteoarthritis. In the present study, Tougu Xiaotong 
capsule (TXC), a traditional Chinese medicine, was used 
to treat TNF‑α‑injured OB‑like cells. The cellular viability, 
mortality and ultramicroscopic morphology were evaluated. 
Thereafter, the activity of alkaline phosphatase (ALP), secre-
tion of osteocalcin (OCN) and mineralization of nodules 
were analyzed. The results showed that TXC treatment 
significantly promoted cell proliferation, reduced cellular 
mortality and improved cellular ultrastructure, particularly 
that of the endoplasmic reticulum and nucleus. These data 
indicate that TXC is able to promote cell growth, as well 
as prevent inflammation in OB‑like cells. Furthermore, the 
activity of ALP, secretion of OCN and mineralization of 
nodules were accelerated, and the calcium content of the 
TNF‑α‑injured OB‑like cells was promoted by TXC treat-
ment. These results indicate that TXC protected the OB‑like 
cells from TNF‑α‑induced injuries. This may be a potential 
mechanism through which TXC regulates SB remodeling in 
the clinical treatment of osteoarthritis.

Introduction

Osteoarthritis (OA) is a chronic joint disease, which occurs 
most often among older people and affects the whole joint 

structure. Although the details of the pathogenesis of OA 
are unclear, pathological changes are mainly observed in 
cartilage, subchondral bone (SB), the articular capsule and 
synovial membrane (1). OA has traditionally been considered 
a disease of cartilage; however, studies have demonstrated 
that the SB plays an important role in the disease  (2‑6), 
through the strong effect it has on shock absorption and 
cartilage metabolism, for example  (7). Furthermore, the 
alterations in the SB, which are commonly involved in SB 
deterioration and sclerosis, may occur during or following 
cartilage changes, and can contribute to cartilage degradation 
in animal models (2,6,8). SB alterations are therefore closely 
associated with the pathogenesis, initiation and progression 
of OA.

In addition to SB alterations, cytokines are also involved 
in the pathogenesis of OA. Catabolic cytokine tumor necrosis 
factor‑α (TNF‑α) and interleukin‑1 (IL‑1), in particular, can 
modulate cartilage degradation and synovial inflammation. 
TNF‑α, as one of the major inflammatory mediators during 
the development of OA, has been found to be increased in 
osteoarthritic SB during the inflammatory process associ-
ated with the pathology of OA (9,10). Furthermore, TNF‑α 
has been demonstrated to injure osteoblasts (OBs) through 
the inhibition of cell proliferation and differentiation, as well 
as through the induction of apoptosis (11‑14). These studies 
indicate that TNF‑α may also be involved in the SB altera-
tions that occur during the pathogenesis of OA.

Under pathological conditions, abnormal SB remodeling 
is the main cause of SB alterations, and therefore, regulating 
SB metabolism could slow down the progress of OA. OBs, 
which form major parts of the SB framework, are responsible 
for bone formation in the process of SB remodeling. Notably, 
SB OBs in patients with OA exhibit abnormal metabolism 
(15,16), suggesting that the regulation of the osteogenic 
ability of OBs could contribute to SB metabolism. 

Tougu Xiaotong capsule (TXC), which consists of Radix 
Morindae Officinalis, Radix Paeoniae Alba, Rhizoma 
Ligusticum Wallichii and Herba Sarcandrae Glabrae (17), has 
been used to treat OA in the Second People's Hospital Affiliated 
to Fujian University of Traditional Chinese Medicine (Fujian, 
China) for more than two decades. In our previous studies we 
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found that TXC was able to reduce the rate and change the 
pattern of SB remodeling, leading to a reduction in SB scle-
rosis (18,19); however, the molecular mechanism of the effect of 
TXC on SB remodeling remains unknown. A TNF‑α‑injured 
OB‑like cell line was therefore used to evaluate the protective 
effects of TXC on cell proliferation and differentiation and 
investigate the underlying mechanisms by which TXC affects 
SB remodeling in OA.

Materials and methods

Reagents. Eagle's minimum essential medium, α modifica-
tion (α‑MEM), fetal bovine serum (FBS), phosphate‑buffered 
saline (PBS) and 0.25% trypsin ‑ 0.02% EDTA were HyClone 
products (GE Healthcare, Logan, UT, USA), 3‑(4,5‑dimethyl-
thiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide (MTT) from 
Sigma Group Inc. (Cream Ridge, NJ, USA) and rat TNF‑α 
was from PeproTech, Inc. (London, UK). Propidium iodide 
(PI), Hoechst 33258 and 4',6‑diamidino‑2‑phenylindole were 
purchased from MP Biomedicals (Santa Ana, CA, USA), 
alizarin red S from Shanghai Sangon Biological Engineering 
Technology & Services Co., Ltd. (Shanghai, China)., dimethyl 
sulfoxide (DMSO) from Shanghai Sinopharm Chemical 
Reagent Co., Ltd. (Shanghai, China) and tetracycline oint-
ment from Beijing Solarbio Science & Technology Co., Ltd. 
(Beijing, China). The alkaline phosphatase (ALP) test kit 
and osteocalcin (OCN) ELISA test kit were obtained from 
Nanjing Jiancheng Bioengineering Institute (Nanjing, China).

Cell culture. The OB‑like cell line (UMR‑106) was obtained 
from the type culture collection of the Chinese Academy of 
Sciences (Shanghai, China). Briefly, cells were cultured in 
α‑MEM containing 10% FBS supplemented with 1% peni-
cillin/streptomycin at 37˚C in a humidified atmosphere 
containing 5% CO2. Once the cells had reached ~80% conflu-
ence, they were detached using 0.25% trypsin ‑ 0.02% EDTA, 
and diluted at 1:3.

TXC testing. TXC was obtained from the Second People's 
Hospital Affiliated to Fujian University of Traditional 
Chinese Medicine (Approval no. Ming Zhizi Z20100006). A 
30 mg/ml stock solution of TXC was prepared by dissolving 
TXC power in PBS and storing it at ‑20˚C. The working 
concentrations of TXC were diluted in the cell culture 
medium.

Cell viability assay. Cells were seeded into 96‑well plates 
at a density of 1x104 cells/well in 0.1 ml medium, and then 
treated with 30 ng/ml TNF‑α as previously described (20,21) 
or 30 ng/ml TNF‑α plus various concentrations of TXC (0.625, 
1.25 and 2.5 mg/ml) for 24 h. Subsequently, 100 µl 0.5 mg/ml 
MTT solution was added to each well and the plates were 
incubated at 37˚C for 4 h; the purple‑blue MTT formazan 
precipitate was then dissolved in 150 µl DMSO. Finally, the 
absorbance was measured at 570 nm using an ELISA reader 
(ELX800; BioTek Instruments, Inc., Winooski, VT, USA).

Observation and analysis of cell death. A total of 1x105 cells 
were seeded into 35‑mm‑diameter Petri dishes in 1  ml 
medium, and treated with 30  ng/ml TNF‑α or 30  ng/ml 

TNF‑α plus 1.25 mg/ml TXC for 24 h; at the end of the treat-
ment, the live cells were stained by incubating with 10 µg/ml 
Hoechst 33258 solution at 37˚C for 30 min in the dark, while 
the dead cells were stained by incubating with 10 µg/ml PI 
at 37˚C for another 10 min. The staining solution was then 
discarded and, following supplementation with 0.1 mM PBS, 
the stained cells were examined under a fluorescence micro-
scope (EVOS™ FL; Life Technologies, Carlsbad, CA, USA) 
and further observed using a laser scanning confocal micro-
scope (LSCM; LSM 710; Zeiss, Oberkochen, Germany). All 
images were captured at a magnification of x200 and the 
cellular mortality was analyzed using the ZEN 2009 Light 
Edition imaging analysis system (Zeiss).

Cell ultrastructure evaluation. The cellular ultrastructure was 
observed using transmission electronic microscope (TEM; 
H‑7650; Hitachi, Ltd., Tokyo, Japan). Cells were seeded into 
6‑well plates at a density of 2x105 cells/well in 2 ml medium, 
and treated with 30 ng/ml TNF‑α or 30 ng/ml TNF‑α plus 
1.25 mg/ml TXC for 24 h; the cells were then scratched with 
200 µl 2.5% glutaraldehyde in 1 ml fresh medium, collected 
and adjusted to the concentration of 1x106 cells/ml. The cells 
were then pre‑fixed in 2.5% glutaraldehyde for 24 h at 4˚C, 
rinsed with 0.1 mM PBS 3  times, post‑fixed in 1% osmic 
acid and 1.5% potassium hexacyanoferrate(II) for 1.5 h and 
then rinsed with 0.1 mM PBS three more times. Next, the 
cells were stained with uranyl acetate‑saturated 70% ethanol 
overnight at 4˚C, dehydrated in ethanol and acetone solu-
tion of ascending concentrations and embedded in epoxide 
resin 618. Furthermore, the embedded blocks were ultrasec-
tioned into 90‑nm sections and stained with uranyl acetate 
and lead citrate for 10 min, respectively. Finally, the stained 
ultrasections were observed using TEM at 80 kV.

Assay of ALP activity and OCN secretion. Cells were seeded 
into 24‑well plates at a density of 1x105 cells/well in 1 ml 
medium, and then treated with 10 ng/ml TNF‑α as previ-
ously described (22) or 10 ng/ml TNF‑α plus 1.25 mg/ml 
TXC for 14 days. The supernatant was collected every 2 days 
and stored at ‑80˚C until it was finally analyzed using the 
ALP assay kit with colorimetric measurement using a 
semi‑automatic biochemical analyzer (BA‑88A; Mindray, 
Shenzhen, China). The secretion of OCN was evaluated 
using the ELISA kit, according to the manufacturer's instruc-
tions; briefly, the OCN standard and samples were added to 
the antibody‑coated 96 wells, and incubated at 37˚C for 1 h; 
following repeated washes, the substrate was added to each 
well at 37˚C for 15 min; finally the absorbance was measured 
at 450 nm using the ELISA reader (BioTek Instruments, Inc.).

Optical morphology of mineralized nodules. Two methods, 
alizarin red  S and tetracycline staining, were used to 
observe mineralized nodule formation. Cells were seeded 
into 6‑well plates at a density of 2x105 cells/well in 2 ml 
medium, or medium containing 50  µg/ml tetracycline. 
After treating with TNF‑α (10 ng/ml) or TNF‑α plus TXC 
(10 ng/ml + 1.25 mg/ml, respectively) for 14 days, the cells 
were fixed with 4% paraformaldehyde at room temperature 
for 15 min, rinsed with 0.1 mM PBS and stained with alizarin 
red S at 37˚C for 30 min. The stained cells were observed 
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using a phase contrast microscope (Eclipse TS‑100F; Nikon 
Corporation, Tokyo, Japan) and the images were captured at 
a magnification of x40. Tetracycline staining was observed 
using an LSCM (Zeiss) and the images were captured at a 
magnification of x100.

Calcium content of mineralized nodules. The calcium 
content was observed and analyzed using a scanning 
electron microscope (SEM; Hitachi TM3000; Hitachi, 
Ltd., Tokyo, Japan). A total of 2x105 cells were seeded into 
6‑well plates, and treated with TNF‑α (10 ng/ml) or TNF‑α 
(10 ng/ml + 1.25 mg/ml, respectively) plus TXC for 14 days. 
The treated cells were pre‑fixed in 2.5% glutaraldehyde for 
24 h at 4˚C, rinsed with 0.1 mM PBS three times and washed 
with distilled water for 30 sec, then immediately post‑fixed 
in 1% osmic acid and 1.5% potassium hexacyanoferrate(II) at 
4˚C for 1.5 h and rinsed with 0.1 mM PBS three more times. 
Subsequently, the rinsed cells were washed with distilled water 
for 30 sec, and then dehydrated in tert‑butyl alcohol solution 
of ascending concentrations. They were then subjected to 
vacuum drying and were sputter‑coated with platinum using 
IB‑5 ion sputtering equipment (Eiko, Co., Ltd., Hitachinaka, 
Japan). Finally, mineralized nodules were observed using the 
SEM and the images were captured at a magnification of x400. 
An energy dispersive spectroscopy (EDS; Quantax 70; Bruker, 
Berlin, Germany) analysis was performed in order to further 
examine the calcium content of mineralized nodules at a 
magnification of x5,000.

Statistical analysis. GraphPad Prism®  6 for Windows 
(GraphPad Software, Inc., La Jolla, CA, USA). was used for 
the statistical analysis. All quantitative data are expressed 
as the mean ± standard deviation. Statistical analysis among 
different groups was carried out with the paired t‑test. P<0.05 
was considered to indicate a statistically significant difference.

Results

TXC promotes cell proliferation. Following treatment with 
TXC for 24 h, the viability of the injured cells was determined 
using MTT assay. As shown in Fig. 1, the cellular viability 
of the TNF‑α group was significantly lower compared with 
that of the control group, indicating that TNF‑α inhibited the 
viability of OB‑like cells. The cell viability of the TXC groups 
was promoted when compared with that of the TNF‑α group 
(P<0.01), suggesting that TXC protected the OB‑like cells 
from TNF‑α‑induced injury. Notably, 1.25 mg/ml TXC had a 
markedly higher protective effect than the other concentra-
tions of TXC, further implying that the protective role of TXC 
was not dose‑dependent.

TXC reduces cell death. To further investigate the cell 
growth following TXC treatment, cellular mortality was 
examined using fluorescence microscopy and an LSCM. As 
shown in Fig. 2, the living cells (blue nuclei, stained with 
Hoechst 33258) were significantly fewer and the mean inten-
sity significantly lower in the TNF‑α group compared with 
those in the control group, but the number of dead cells (red 
nuclei, stained by PI) and mean intensity were significantly 
higher in the TNF‑α group than in the control group. This 

finding suggests that TNF‑α is able to inhibit OB‑like cell 
growth; however, the larger number of living cells and their 
higher mean intensity, as well as the smaller number of 
dead cells and their corresponding mean intensity that were 
observed in the TXC group when compared with the TNF‑α 
group, clearly demonstrated that TXC prevented the OB‑like 
cells from undergoing TNF‑α injuries.

TXC improves cellular ultrastructure. To reveal the protective 
effects of TXC on cellular ultrastructure, TEM was used to 
observe the ultrathin sections of OB‑like cells following treat-
ment with TNF‑α and TXC for 24 h. As shown in Fig. 3, the 
cells of the control group were adherent with a long‑fusiform 
shape, and the nucleus and chromatin were normal and had 
generally regular contours. By contrast, the TNF‑α‑injured 
cells exhibited typical apoptotic characteristics, such as 
round shape, nuclear chromatin condensation, mitochondrial 
pyknosis and expansion of the endoplasmic reticulum. By 
contrast, the nucleus and other organelles of the TXC‑treated 
cells appeared clearly improved following treatment, which 
indicated that TXC attenuated the TNF‑α‑induced injuries of 
the OB‑like cells.

TXC promotes ALP activity and OCN secretion. ALP is an 
early index and OCN a late‑stage marker of OB differentiation; 
therefore, to further evaluate the effects of TXC on the prog-
ress of OB‑like cell differentiation, the ALP activity and OCN 
secretion were determined once every 2 days, following the 
initial treatment for 14 days. As shown in Fig 4, ALP and OCN 
were significantly decreased in the TNF‑α group compared 
with the control group between days 2 and 14 of differentia-
tion, suggesting that TNF‑α inhibited the differentiation of the 
OB‑like cells. By contrast, the TXC group showed a significant 
increase in ALP activity and OCN secretion between days 2 

Figure 1. Effect of TXC on the viability of TNF‑α‑injured OB‑like cells. TXC 
treatment significantly promoted cell proliferation of the TNF‑α‑injured 
OB‑like cells compared with that of cells treated with TNF‑α alone. The data 
were normalized to the viability of the control group (100%) and gathered 
from at least three independent experiments. For all groups, n=6. **P<0.01; 
***P<0.001. TXC, Tougu Xiaotong capsule; TNF‑α, tumor necrosis factor‑α; 
OB, osteoblast.
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and 14 of differentiation compared with those in the TNF‑α 
group, suggesting that TXC promoted differentiation of the 
TNF‑α‑treated OB‑like cells, partly through the upregulation 
of ALP activity and OCN secretion. Furthermore, ALP activity 
and OCN secretion were not decreased as the treatment time 

was extended, which indicates that the cell injuries did not 
persist for a prolonged period of time.

TXC promotes mineralized nodule formation and calcium 
secretion. Mineralized nodules, which contain large amounts 

Figure 2. Effect of TXC on the death of TNF‑α‑injured OB‑like cells. Compared with the TNF‑α group, the TXC group exhibited a significantly decreased cell 
death rate of the injured OB‑like cells. (A) Images were taken from three independent experiments and captured at a magnification of x200. (B) Quantification 
of cell death analysis. For all groups, n=3. **P<0.01; ***P<0.001. TXC, Tougu Xiaotong capsule; TNF‑α, tumor necrosis factor‑α; OB, osteoblast; PI, propidium 
iodide.

Figure 3. Effect of TXC on the cell ultrastructure of TNF‑α‑injured OB‑like cells. (A and B) The normal cells mainly presented a long fusiform shape and the 
nucleus and chromatin were normal with generally regular contours. (C and D) TNF‑α‑injured OB‑like cells showed typical apoptotic characteristics, and the 
nuclear chromatin and mitochondria, as well as the endoplasmic reticulum presented an abnormal ultrastructure. (E and F) TXC‑treated OB‑like cells also 
mainly presented a long fusiform shape, however, many of their organelles, including the nucleus, mitochondria and endoplasmic reticulum, appeared clearly 
improved following treatment. TXC, Tougu Xiaotong capsule; TNF‑α, tumor necrosis factor‑α; OB, osteoblast.
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of calcium salt, are a marker of mature OB differentiation. In 
order to explore the protective effect of TXC on OB miner-
alization, specific staining (alizarin red S and tetracycline 
staining) was performed and the morphological features of 
the mineralized nodules were observed under an SEM. As 
shown in Fig. 5A, mineralized nodule formation was inhib-
ited in the TNF‑α group, indicating that TNF‑α inhibited the 
differentiation of the mature OB‑like cells, whereas there 
was a clear increase in the number and width of mineral-
ized nodules in the TXC group when compared with those 

in the TNF‑α group, suggesting that TXC promoted the 
differentiation of mature OB‑like cells. To further determine 
the effect of TXC on mineralized nodules, EDS analysis was 
used to quantify the calcium content. As shown in Fig. 5B, 
the calcium content (mass and atomic percentage) was 
significantly decreased in the TNF‑α group compared with 
that in the control group, while the calcium content of the 
TXC group was significantly increased compared with that 
in the TNF‑α group. This demonstrates the protective effect 
of TXC against TNF‑α‑injured OB‑like cell mineralization.

Figure 4. Effect of TXC on ALP activity and OCN levels in TNF‑α‑injured OB‑like cells. Compared with the TNF‑α group,  the TXC treatment significantly 
increased the (A) ALP activity and (B) OCN secretion of the injured OB‑like cells. Data were gathered from at least three independent experiments. For all 
groups, n=6. *P<0.05; **P<0.01; ***P<0.001. TXC, Tougu Xiaotong capsule; TNF‑α, tumor necrosis factor‑α; ALP, alkaline phosphatase; OCN, secretion of 
osteocalcin; OB, osteoblast.

Figure 5. Observation and quantification of mineralized nodules in TNF‑α‑injured OB‑like cells. Compared with the TNF‑α group, TXC treatment signifi-
cantly promoted the secretion of cell mineralized nodules and increased the calcium content, which was observed using a phase contrast microscope, LSCM 
and SEM, and measured by EDS. (Aa) Alizarin red S staining was observed using phase contrast microscopy and (Ab) tetracycline staining was observed 
using an LSCM. (Ac) The morphological changes of mineralized nodules were also observed using an SEM. (B) EDS analysis was used for the quantification 
of the calcium content. For all groups, n=10. *P<0.05. TXC, Tougu Xiaotong capsule; TNF‑α, tumor necrosis factor‑α; OB, osteoblast; LSCM, laser scanning 
confocal microscope; SEM, scanning electron microscope; EDS, energy dispersive spectroscopy.
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Discussion

TXC is a clinically effective drug in the treatment of OA, 
which is able to alleviate osteoarthritic symptoms such as 
pain, swelling and limited joint mobility (17,23,24). Previous 
studies have reported that the mechanisms underlying TXC 
treatment include the upregulation of Bcl‑2 and downregula-
tion of p53 and caspase‑3 and ‑9, as well as the regulation 
of Atg12/LC3 conjugation (17,25); however, the mechanisms 
through which TXC regulates osteoarthritic SB remodeling 
remain to be elucidated. The present study found that TXC 
was able to prevent TNF‑α‑induced injuries of OB‑like cells 
and promote cell proliferation and differentiation. This 
suggests that TXC may be able to protect bone osteogenesis 
from inflammation, which could be a molecular mechanism 
through which TXC regulates SB remodeling.

TNF‑α, as one of the key inflammatory factors, is 
generally considered to be responsible for the degeneration 
of articular cartilage and synovial membrane inflamma-
tion. TNF‑α has been observed to affect the SB during the 
inflammatory process (10). Data have also shown that TNF‑α 
can inhibit OB proliferation and differentiation and induce 
cellular apoptosis in vitro (13‑16,20‑22); therefore, TNF‑α 
could directly or indirectly inhibit OB metabolism, leading 
to osteoarthritic SB alterations. The present study confirmed 
that TNF‑α inhibited the viability of OB‑like cells, promoted 
cellular mortality and apoptosis and inhibited cell differ-
entiation by the downregulation of ALP activity, OCN 
secretion and nodule mineralization, in addition to reducing 
the calcium content of mineralized nodules, a finding that 
was consistent with a previous study (14). However, it was 
also found that ALP and OCN were not decreased as the 
treatment time was extended, which may have been due 
to the fact that the dose of TNF‑α was not able to entirely 
inhibit cellular activities during the differentiation process.

The UMR‑106 cell line is a clonal derivative of a trans-
plantable rat osteosarcoma that is considered to be an OB‑like 
cell line and has been used to study bone formation (26‑28). 
In the present study, the protective effects of TXC against 
injuries in an OB‑like cell line were investigated. Using MTT 
assay and LSCM analysis, it was found that TXC promoted the 
viability of the OB‑like cells and reduced cellular mortality. In 
addition, the cellular nucleus and other organelles were better 
developed in the TXC‑treated cells than in the untreated ones, 
which suggests that TXC promoted cell proliferation of the 
TNF‑α‑injured OB‑like cells. The results also demonstrated 
that TXC significantly upregulated the cellular activity of 
ALP, the secretion of OCN and the mineralization of nodules 
in TNF‑α‑injured OB‑like cells. Furthermore, the SEM 
observation and EDS analysis further confirmed that TXC 
promoted calcium secretion in TNF‑α‑exposed OB‑like cells. 
These findings indicate that TXC may be able to promote the 
differentiation and mineralization of OBs.

In conclusion, TXC protected an OB‑like cell line from 
TNF‑α‑induced injuries by promoting cell proliferation and 
differentiation. In agreement with our previous study (18,19), 
it was found that TXC has the potential to regulate inflamma-
tion‑induced alterations of SB. Further studies are required 
in order to investigate the mechanisms underlying the protec-
tive effects of TXC on OB injuries.
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