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Abstract:    Objective: To study whether Tongxinluo (TXL) can induce angiogenesis in bone marrow mesenchymal 
stem cells (MSCs), and to investigate the underlying mechanism. Methods: Bone marrow MSCs were obtained from 
male Sprague-Dawley rats. We established an angiogenesis model in vitro via matrigel experiment. MSCs were 
seeded on matrigel coated 24-well plates, and treated by TXL 50 and 100 mg/L. After 24 h, we observed the tube 
formations of MSCs in the matrigel. Cell migration ability was examined by wound scratch test and transwell assay. 
Expressions of vascular endothelial growth factor (VEGF), fetal liver kinase-1 (Flk-1), matrix metalloproteinase-2 
(MMP-2), MMP-9, and tissue inhibitor of metalloproteinase-2 (TIMP-2) were analyzed at the protein level by Western 
blot. Gelatin zymography assay was applied to investigating the MSC paracrine abilities of pro-MMP-2 and activated 
MMP-2. Results: TXL promoted MSC tube formation in matrigel. The ratio of TXL 100 mg/L treated-MSC tubular length 
was increased 3.04-fold compared to the control group (P<0.05). Scratch test and transwell assay showed that TXL 
could improve the cell migration ability of MSCs. Western blot experiments showed that TXL promoted MSC synthesis 
of MMP-2, but it had no influence on the expressions of MMP-9 and TIMP-2. This effect was confirmed by gelatin 
zymography assay, which showed that TXL increased MSC secretion of pro-MMP-2 and activated MMP-2. VEGF 
expression of TXL treated-MSCs was increased compared to the control group. The expression of Flk-1 was not 
different among the groups. Conclusions: This study demonstrates that TXL can promote the tube formation of MSCs, 
and the underlying mechanisms are associated with increased migration ability of MSCs and the up-regulation of 
MMP-2 and VEGF expressions. 
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1  Introduction 
 

Stem cell transplantation for treatments of myo-
cardial infarction, ischemic cardiomyopathy, and 
heart failure has become a hot topic in recent years. 
Bone marrow mesenchymal stem cells (MSCs) can 
propagate themselves. Under appropriate culture 

conditions, MSCs are capable of multilineage dif-
ferentiation into osteocytes, lipocytes, endothelio-
cytes, cardiocytes, and so on (Baksh et al., 2004). 
Numerous basic and clinical studies have confirmed 
that MSC transplantation can increase the efficiency 
of heart function improvement in the myocardial 
ischemic patient (Abdallah and Kassem, 2008). Some 
transplanted cells can differentiate into cardiac 
myocytes or vascular endotheliocytes, and can pro-
mote angiogenesis in the ischemic area (Orlic et al., 
2003; Tse et al., 2007). 

Tongxinluo (TXL) is a Chinese herbal medicine 
mixture, and is widely used to treat cardiovascular 
and cerebrovascular diseases in China. TXL relieves 
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symptoms caused by the acute coronary syndrome. It 
has been demonstrated that pretreatment with TXL 
attenuates no-reflow and ischemia-reperfusion injury 
(Li et al., 2010; Zhang et al., 2010). In addition, TXL 
was found to protect the vascular endothelium (Wang 
et al., 2003) and modulate vascular endothelial func-
tion (Liang et al., 2011). These studies indicate that 
TXL could improve vascular functions. Furthermore, 
it has been found that TXL-facilitation results in a 
significant survival and differentiation potential of 
implanted MSCs in vivo (Qian et al., 2007). Previous 
studies have demonstrated that TXL has multiple 
effects, such as improvement of angiogenesis, 
modulation of vascular endothelial function, and 
protection of transplanted MSCs. 

Therefore, the purpose of this study is to inves-
tigate whether TXL is capable of improving angio-
genesis of MSCs in vitro, and to explore the under-
lying mechanism. 

 
 

2  Materials and methods 

2.1  Isolation and expansion of bone marrow MSCs 

Bone marrows were collected from femurs of 
Sprague-Dawley (SD) rats (male, weight 80 g) and 
MSCs were isolated by whole marrow method, as 
previous described (Wang et al., 2008). In brief, fe-
murs were aseptically harvested from SD rats. Whole 
bone marrow cells were collected by repeated wash-
ing the bone marrow cavity with low glucose Dul-
becco’s modified Eagle’s medium (DMEM) (Jinuo, 
Hangzhou, China). After being centrifuged at 900×g 
for 5 min, the cell mass was resuspended in DMEM 
with 10% (v/v) fetal calf serum (FBS) (Sijiqing, 
Hangzhou, China), 100 U/ml penicillin, and 100 g/L 
streptomycin, and then seeded into flasks. Non-  
adherent hematopoietic cells were flushed and removed 
after 24 h and culture media were replaced every 3–4 d. 
The 3–6 passage cells were used in our experiments. 

2.2  Preparation of TXL solution 

TXL (Yiling Pharmaceutical Co., Hebei, China) 
was dissolved in DMEM as a 1 g/L suspension. The 
suspension was high-speed oscillated for 1 h at 
90–100 °C, and then ultrasonic dissolved in ice box. 
Sterile TXL solution was obtained by using 0.22 μm 
filters under aseptic condition. 

2.3  Matrigel tubular assay 
 

Matrigel (Sigma, USA) was thawed at 4 °C and 
paved on a 24-well plate at 37 °C for 1 h to allow 
solidification. Then MSCs were seeded onto the ma-
trigel at 1×105 cells/well with or without TXL. After 
24 h, the tubular formation of MSCs was observed 
and photographed. The tubular length of MSCs was 
counted in five random fields for each sample and 
measured using Image-Pro Plus. 

2.4  Wound scratch test 

Wound scratch test was used to investigate MSC 
migration capability after TXL treatment. MSCs were 
seeded in six-well plates and cultured with low glu-
cose DMEM containing 10% FBS. After cells were 
grown to 90%–100% confluent monoplayers, the 
monoplayers were wounded by uniformly scratching 
the cell surface with a pipette tip. Then cells were 
flashed with phosphate buffered saline (PBS) in order 
to wash away cellular debris and floating cells, and 
cultured with low glucose DMEM containing 5% (v/v) 
FBS with or without TXL. The initial wounding and 
the migration of MSCs in the scratched area were 
observed and photographed under the inverted mi-
croscope for 24 h. Five different fields from each 
sample were quantitatively estimated and analyzed by 
counting the cell number between the borderlines.  

2.5  Transwell migration assay 

Transwell migration assay was used to study the 
migratory response of MSCs to TXL. Transwell with 
8 μm pore size (Corning Costar, Amsterdam, the 
Netherlands) was used. MSCs were seeded on the 
transwell inserts and cultured with low glucose 
DMEM plus 1% (v/v) FBS. To the lower chambers of 
the transwells were added 0.5 ml low glucose DMEM 
containing 1% FBS with or without TXL. After in-
cubation for 24 h, insert media were removed, and 
then the cells on the inserts upper membrane were 
carefully erased by a cotton swab. Inserts were 
flushed with PBS and then we fixed the MSCs that 
migrated onto the lower membrane with 40 g/L 
paraformaldehyde for 30 min. Migrated cell nuclei 
were stained with Hoechst 33258 (Invitrogen, Carls-
bad, CA, USA) for 15 min and photographed with a 
fluorescence microscope. Migrated cells were 
counted with Image-Pro Plus. 
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2.6  Western blot analysis 

Proteins were extracted from MSCs treated or 
untreated with TXL. Sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) was 
performed with samples normalized. Then proteins 
were transferred onto a nitrocellulose membrane, and 
blocked with 10 g/L bovine serum albumin (BSA). 
The membranes were probed with following anti-
bodies: anti-rabbit vascular endothelial growth factor 
(VEGF) (Santa Cruz, USA), anti-rabbit fetal liver 
kinase-1 (Flk-1) (Santa Cruz, USA), anti-rabbit ma-
trix metalloproteinase-2 (MMP-2) (Abcam, UK), 
anti-rabbit MMP-9 (Abcam, UK), anti-mouse tissue 
inhibitor of metalloproteinase-2 (TIMP-2) (Abcam, 
UK), and anti-rabbit β-actin (Santa Cruz, USA). Then 
membranes were incubated with related horseradish 
peroxidase (HRP)-conjugated secondary antibodies 
and exposed with enhanced chemiluminescence (ECL). 

2.7  Gelatin zymography 

Serum-free supernatants of MSCs treated with or 
without TXL were collected under sterile conditions. 
Gelatin zymography was performed in 7.5% (v/v) 
SDS-PAGE. Gelatins were washed with 2.5% (v/v) 
Triton X-100 for 30 min. After incubation for 24 h, 
gels were stained with 1 g/L Coomassie brilliant blue 
R250 and then destained until clear bands appeared. 

 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

2.8  Statistical analysis 

Data are represented as mean±standard deviation 
(SD) and analyzed with SPSS 16.0 statistical software. 
Statistical comparison of the data was performed using 
one-way analysis of variance (ANOVA), and a value 
of P<0.05 was considered statistically significant. 
 
 
3  Results 

3.1  Characterization of MSCs and TXL-enhanced 
angiogenesis in vitro 

Two critical characteristics of MSCs are the 
ability of differentiating into multiple cell lineages 
and self-renewal (Pittenger et al., 1999). The MSCs 
were spindle-shaped and adhered to the plastic cul-
ture flask (Fig. 1a). Our previous study indicated that 
MSCs were positive for CD90 and CD44, but nega-
tive for CD45 (Wang et al., 2008). MSCs can form 
tubular structures in matrigel and the effect was 
examined 24 h after seeded. Compared with the 
control group, MSCs treated with TXL 50 and  
100 mg/L were markedly increased in the formation 
of tubular structures (Figs. 1b–1d). Statistical 
analysis showed a 2- to 3-fold higher tubular length 
in the TXL-treated MSC groups compared with the 
controls (Fig. 1e). 
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Fig. 1  Tube formation of MSCs in matrigel 
TXL promote tube formation of MSCs in matrigel. (a) MSCs were spindle-shaped; (b) MSCs were cultured in matrigel for 
24 h; (c) MSCs were treated with TXL 50 mg/L for 24 h in matrigel; (d) MSCs were treated with TXL 100 mg/L for 24 h in 
matrigel; (e) TXL remarkably enhanced the tubular length of MSCs. * P<0.05 vs. the control. Data represent mean±SD of 
three replicates 
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3.2  Improved migration of MSCs 
 

Cell migration is a crucial step in the process of 
angiogenesis (Lamalice et al., 2007). Thus, we 
examined the migration ability of MSCs by wound 
scratch test and transwell assay. Wound scratch test  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

showed that, at 24 h, the migration of TXL-treated 
MSCs was markedly improved compared to control 
cells cultured without TXL (Fig. 2). This effect was 
also seen in the transwell assay. There was a 2- to 2.5- 
fold higher migrated cell number in the TXL-treated 
MSC groups compared with the controls (Fig. 3). 
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Fig. 2  Migration of MSCs by wound scratch test 
TXL improved the migration of MSCs. (a, b) Control 
group: MSC scratch wound microscopic images at 0 and 
24 h; (c, d) TXL 50 mg/L-treated MSC scratch wound at 0 
and 24 h; (e, f) TXL 100 mg/L-treated MSC scratch wound 
at 0 and 24 h; (g) The migrated cell number of TXL-treated 
MSCs was much higher than that of the control. All ex-
periments were performed in three replicates. * P<0.05 vs. 
the control 
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Fig. 3  Migration of MSCs by transwell assay 
TXL improved the migration of MSCs. (a) Control group; 
(b) TXL 50 mg/L-treated MSCs; (c) TXL 100 mg/L-treated 
MSCs. Migrated MSCs were visualized by Hoechst 33258 
staining and observed after culture for 24 h. Images were 
taken under UV light. (d) The ratios of migrated cell 
number treated by TXL 50 and 100 mg/L were increased 
above two-fold compared to the control. All experiments 
were performed in three replicates. * P<0.05 vs. the control
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3.3  MMP-2 and MMP-9 secretion of MSCs 
 

A vital step in the cell migration and tube for-
mation is the degradation of extracellular matrix, and 
MMPs play a central role in the process (Nagase and 
Woessner, 1999). We examined the MMP-2 and 
MMP-9 production of MSCs treated with or without 
TXL by semiquantitative analysis. The MMP-2 and 
MMP-9 concentrations in the supernatant of cultured 
media were determined by gelatin zymography assay 
and Western blot analysis. Gelatin zymography of 
serum-free cultured medium supernatant revealed that 
MSCs secrete MMP-2, and TXL increased the levels 
of pro-MMP-2 and activated MMP-2 (Fig. 4a). 
Western blot analysis confirmed an increase in 
MMP-2 expression of MSCs by TXL (Figs. 4b and 
4f). However, MMP-9 expression of MSCs was  
 

 
 

 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

barely detectable and not influenced by TXL (Figs. 4c 
and 4g). 

TIMP-2 is an endogenous inhibitor of MMP-2 
activity (Stetler-Stevenson, 2008). Western blot 
analysis showed that TXL had no influence on the 
ability of TIMP-2 expression (Figs. 4d and 4h). 

3.4  Enhanced VEGF expression 

VEGF is recognized to play a synergistic role in 
angiogenesis (Dai and Rabie, 2007). Thus, we ex-
amined VEGF expression of MSCs by Western blot 
experiments. As shown in Fig. 5, TXL remarkably 
promoted VEGF expression of MSCs. Flk-1 was 
VEGF receptor 2, and it mediated endothelial cell 
proliferation, migration, and angiogenesis (Dai and 
Rabie, 2007). However, Fig. 5c shows that TXL had 
no influence on Flk-1 expression of MSCs. 
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Fig. 4  Effects of TXL on MMP-2, MMP-9, and TIMP-2 expressions of MSCs 
TXL enhanced MMP-2 secretion and had no influence on the expressions of MMP-9 and TIMP-2. (a) Gelatin zymography 
image of pro-MMP-2 and activated MMP-2. Conditioned serum-free media were collected for analysis after 24 h. 
(b–e) Western blot analyses of MMP-2, MMP-9, TIMP-2, and β-actin, respectively. Proteins were extracted after MSCs 
were treated with TXL for 24 h. (f–h) Semiquantitative analyses of MMP-2/β-actin, MMP-9/β-actin, and TIMP-2/β-actin, 
respectively. All experiments were performed in three replicates. * P<0.05 vs. the control 
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4  Discussion 
 

In our study, we have demonstrated the follow-
ing effects of TXL on MSCs: (1) TXL induced MSC 
tube formation in matrigel in vitro; (2) TXL improved 
migration of MSCs; (3) TXL enhanced VEGF and 
MMP-2 expressions of MSCs; and, (4) TXL had no 
influence on the MMP-9, TIMP-2, and Flk-1 expres-
sions of MSCs. 

Many studies have shown that stem cell trans-
plantation is a complex and effective treatment in 
myocardial infarction (Tomita et al., 1999; Nguyen et 
al., 2010). Cell transplantation may enhance the car-
diac function after myocardial infarction, and its 
mechanisms related with paracrine cytokines, dif-
ferentiation into cardiomyocytes and vascular endo-
thelial cells, promoting angiogenesis, and so on 
(Shinji Tomita et al., 1999; Orlic et al., 2003; Behfar 
et al., 2010). Recent studies have demonstrated bone 
marrow MSCs are a potential transplantation cell line 
for myocardial diseases because of easy accessibility 
from patients for auto-transplantation and the ability 
of self-proliferative and multiple differentiations 
(Abdallah and Kassem, 2008). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TXL is a compound preparation in a traditional 

Chinese herbal medicine, and the main ingredients 
include ginseng, leech, gold scorpion, insect, centi-
pede, cicada, red peony root, borneol, etc. (Wu et al., 
2006). TXL capsule has been used for cardiovascular 
and cerebrovascular diseases in China and other 
Asian countries. Some experimental studies have 
demonstrated that TXL could promote angiogenesis. 
TXL could improve the endothelium-dependent 
vasodilation (Liang et al., 2011) and TXL pretreat-
ment before ischemia reduced myocardial no-reflow 
and ischemia-reperfusion injury (Li et al., 2010). Qian 
et al. (2007) showed that TXL-facilitation inhibited 
apoptosis and oxidative stress of autologous trans-
planted bone marrow MSCs. In our study, we ob-
served that TXL promoted tube formation of rat bone 
marrow MSCs in vitro, and it may be beneficial to the 
efficiency of cardiac function improvement after 
MSC transplantation. 

Cell migration plays an important role in the 
process of angiogenesis. This dynamic process is 
induced by cytokines, mechanical stimuli, and 
chemical substances, and is related to the degradation 
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Fig. 5  Effects of TXL on VEGF and Flk-1 expressions of MSCs 
TXL enhanced VEGF expression of MSCs and had no influence on Flk-1 expression. (a) Western blot analyses of VEGF 
and Flk-1; (b, c) Semiquantitative analyses of VEGF/β-actin and Flk-1/β-actin, respectively. All experiments were per-
formed in three replicates. * P<0.05 vs. the control 
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of extracellular matrix (Lamalice et al., 2007). Many 
cytokines can enhance the migration of MSCs, such 
as chemoattractant protein-1 and stromal cell-derived 
factor-1 α (Xu et al., 2010). In this study, wound 
scratch test and transwell assay showed that TXL 
could enhance the migration of MSCs in vitro, which 
is beneficial to the angiogenesis of MSCs and may 
increase the migrated cell number of ischemic area. 

MMP is a family that degrades most if not all of 
the constituents of the extracellular matrix (Birkedal- 
Hansen et al., 1993). The catalytic domains of 
MMP-2 and MMP-9 have three repeated fibronectin 
type II domains, which relate to hydrolyze collagen, 
laminin, and gelatin (Nagase and Woessner, 1999). 
Ohno-Matsui et al. (2003) showed that MMP-2 was 
essential in the regulation of retinal neovasculariza-
tion. Kim and Kim (1999) showed that MMP-2 and 
MMP-9 expressions positively correlated with an-
giogenesis. The above-mentioned results indicate that 
MMP-2 and MMP-9 play an important role in the 
regulation of angiogenesis. This study found that 
TXL could enhance MMP-2 expression of MSCs, and 
gelatin zymography demonstrated that the secretion 
of pro-MMP-2 and activated MMP-2 was increased 
(P<0.05). However, TXL did not significantly in-
crease the expression of MMP-9. TIMP-2 was an 
important endogenous inhibitor of MMPs. TIMP-2 
and membrane type 1-MMP could form a complex in 
the cell membrane, which regulates the proteolytic 
activity of MMP-2 (Raffetto and Khalil, 2008). Nev-
ertheless, Western blot analysis showed that TXL had 
no influence on TIMP-2 expression of MSCs. It is 
presumed the enhancement of activated MMP-2 se-
cretion was because of the increased expression of 
MMP-2, but not the reduced expression of TIMP-2. 

VEGF-transfected MSC transplantation re-
markably increased the mean capillary density in the 
infracted region and hemodynamic parameters com-
pared with the MSC group after myocardial infarction 
(Gao et al., 2007; Zhu et al., 2010). In addition, 
VEGF was found to be a key therapeutic trophic 
factor in MSC-mediated myocardial regeneration 
(Zisa et al., 2009), and transplantation of VEGF- 
expressing MSCs could provide enhanced cardio-
protection and angiogenic effects (Matsumoto et al., 
2005). Our study found that TXL could promote 
VEGF expression of MSCs, and it may be one of the 
mechanisms of the TXL promotion of angiogenesis. 

VEGF could bind with three receptors: VEGF-1, 
VEGF-2, and VEGF-3. VEGF-2, alias Flk-1, is the 
key signaling pathway involved in angiogenesis and 
many studies were designed by intervening or acti-
vating this receptor to induce the aimed biological 
effect (Olsson et al., 2006). However, we found TXL 
had no influence on Flk-1 expression of MSCs. 

It should be noted that this study has been ex-
amined only in vitro. Experiments in vivo should be 
performed in order to further confirm the effect of 
TXL on angiogenesis, and the underlying mecha-
nisms need to be further studied. Despite its pre-
liminary character, this study clearly indicates that 
TXL can promote tube formation of MSCs, and pos-
sibly enhance cell migration, VEGF expression, and 
MMP-2 secretion. 
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