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anterior cruciate ligament through phosphorylation of 
PI3K, AKT and ERK

Lu Yu1,2, Jingwei Xie1, Na Xin1, Zhanyou Wang1

1Department of Pathophysiology, College of Basic Medical Sciences, China Medical University, Shenyang 110001, 
People’s Republic of China; 2Department of Rehabilitation Medicine, First Affiliated Hospital of China Medical 
University, Shenyang 110001, People’s Republic of China

Received November 18, 2014; Accepted December 24, 2014; Epub January 1, 2015; Published January 15, 2015

Abstract: Panax notoginseng saponins (PNS) are components derived from Chinese herb panax notoginseng and 
play important roles in the cure of wounds. However, how PNS plays this function is still unclear. In this study, we 
used MTT assay, wound healing assay, western blot, quantitative real time PCR and enzyme-linked immunosorbent 
assay to detect the effects of PNS on the proliferation, migration and expression of collagen and fibronectin of 
anterior cruciate ligament (ACL) fibroblasts as well as the underlying mechanism. We found that PNS promoted 
the proliferation and migration of ACL fibroblasts and increased the expression levels of collagen and fibronectin. 
Further mechanism study indicates that PNS might play its function through the phosphorylation of PI3K, AKT and 
ERK. This study provides a possible mechanism for the function of PNS and lays foundation for further study on the 
function of panax notoginseng.
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Introduction 

Anterior cruciate ligament (ACL) injury is a com-
monly problem encountered in athletic individ-
uals. After ACL damage, the proliferation and 
migration of ACL fibroblasts towards injury part 
is very important for the healing of ligament. 
Large amounts of inflammatory factors are 
secreted in the injured portion and affect syn-
thesis of extracellular matrix impeding repair of 
injured tissues [1]. These inflammatory factors 
also inhibit migration of ACL fibroblasts thus 
affecting self-repairing of ACL injury. Current 
opinion for the treatment of ACL injury ranges 
from non-operative managements to multiple 
surgical options. As the poor self-healing capac-
ity of ACL, outcomes of these treatments of ACL 
injury are often unsatisfactory and this may 
limit career of athletes [2, 3]. 

Traditional Chinese medicinal herb panax 
notoginseng has been used as a hemostatic 
medicine promoting blood clotting, relieving 
swelling and alleviating pain for thousands of 

years [4, 5]. Panax notoginseng saponins (PNS) 
are important components derived from panax 
notoginseng. PNS plays important roles in dam-
age repairing. PNS can inhibit the aggregation 
of platelets and promote flow of blood [6]. PNS 
also promotes angiogenesis, helps the injured 
vessel to repair [7, 8]. PNS promotes prolifera-
tion and osteogenic differentiation of bone mar-
row stromal cells [9], helps the injured bones to 
repair. PNS can decrease the levels of serum 
lactate dehydrogenase, creatine kinase and 
normalize the activities of superoxide dis-
mutase, glutathione peroxidase and catalase 
[10], thus playing a protective role in cardiovas-
cular system. Moreover, PNS inhibits cell apop-
tosis of cardiomyocytes [11] and attenuates 
damage induced by oxidative stress [12]. PNS 
is a promising drug for the treatment of heart 
diseases. PNS has extensive anti-cancer activi-
ties, it can promote apoptosis of cancer cells 
and arrest the cell cycle [13-15]. In addition, 
PNS shows various activities including anti-
inflammatory effect [16], neuroprotective effect 
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Table 1. Primers for quantitative real time PCR
Gene names Forward Primer (5’-3’) Reverse Primer (5’-3’)
TNF-α TCTTCTGCCTGCTGCACTTC CTTGCGGGTTTGCTACTACG
IL-6 AAGAAGCCACCCTCAAGCC AGCAAGGACACCCGCACTC
IL-1β GTCTTGTCAGTCGTTGTGGCTCT GTAGTCATCCCAGGTGTTGCA
Collagen I CCGGCTCCTGCTCCTCTTA TCTGCACGCATGTGACTGG
Collagen III CTCTGCTTCATCCCACTGTTATT TTGGCACGGTTCGGGTTTC
Fibronectin CACAGAAGGGCGACAGGAT GCATAAGGCACCATTGGAATT
β-actin AAGTGCTTCTAGGCGGACTGT ATGCTCGCTCCAACGACTGCT

[17], immunologic adjuvant [16] and prevention 
of diabetes [18].

PNS plays an important role in the cure of 
wounds. Whereas, how PNS plays its function is 
not yet clear. In this study, we explored the 
effects of PNS on the proliferation, migration 
and expression of collagen and fibronectin in 
ACL fibroblasts as well as the underlying mech-
anism. We found that PNS promoted the prolif-
eration and migration of ACL and enhanced the 
expression of collagen and fibronectin through 
the phosphorylation of PI3K, AKT and ERK. 
These results provide a possible mechanism 
for the function of panax notoginseng and also 
suggest that PNS could be a promising drug for 
injury treatment.

Materials and methods

Isolation of ACL fibroblasts and cell culture

Ten weeks-old New Zealand white rabbits were 
purchased from China Medical University 
(Shenyang, China). The ACLs were harvested 
under sterile condition and cut into small piec-
es after removal of adipose tissues and con-
nective tissues. Tissue pieces were digested 
with 0.1% (w/v) collagenase I and 0.25% (w/v) 
trypsin and cultured in Dulbecco’s modified 
Eagle’s medium (DMEM, Gibco, Grand Island, 
NY, USA) with 10% (v/v) fetal bovine serum 
(FBS, HyClone, Logan, UT, USA) and maintained 
at 37°C and 5% (v/v) CO2 in a saturated humid-
ity. Cells were washed with phosphate-buffered 
saline (PBS) to remove cells non-attaching. The 
isolated ACL fibroblasts were cultured in DMEM 
with 10% FBS and maintained in 37°C incuba-
tor with 5% CO2. All of animal experiments were 
approved by Animal Care and Use Committee 
of China Medical University.

Immunohistochemistry

After isolation, cells were fixed with 4% parafor-
maldehyde and permeabilized with 0.5% Triton 

were incubated with 3,3’-diaminobenzidine 
(DAB) development reagent, stained with hema-
toxylin and observed in an inverted micro- 
scopy.

MTT assay

Cell viability was detected using 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT, Sigma, St. Louis, USA). ACL fibroblasts 
were harvested and seeded in 96-well plates at 
density of 2 × 103 cells/well. After attaching to 
the plates, cells were treated with 0, 0.05, 0.1, 
0.2 and 0.4 mg/ml of PNS (Melonepharma, 
Dalian, China). After incubation for 24 h, MTT at 
a final concentration of 0.2 mg/ml was added 
to each well and incubated for additional 4 h. 
The supernatant was removed subsequently 
and 200 μl dimethyl sulfoxide (DMSO, Sigma) 
was added to each well. The absorbance at 
490 nm was measured with a microplate 
reader.

Wound healing assay

Cells were harvested and seeded in 6-well 
plates at density of 1 × 105 cells/well. Scratches 
were made on the cell surface with pipette tips. 
Cells were subsequently washed with serum-
free medium and cultured in serum-free medi-
um. Images of each sample were captured at 0 
h, 8 h, 24 h, 48 h after treatment with different 
concentration of PNS and relative migration 
ratios were calculated according to the follow-
ing formula: relative migration ratio = (1-dis-
tance between edges of migrated scratch/dis-
tance between edges of initial scratch) × 100%.

Quantitative real time PCR (qPCR)

After different treatment, cells of each group 
were collected by centrifugation. Total RNA was 
extracted from each sample using Total RNA 
Extraction Kit (Tiangen, Beijing, China) accord-
ing to the manufacturer’s protocol. Total RNA 

X-100. Endogenous peroxidase 
was quenched with 3% H2O2 and 
unspecific sites were blocked by 
goat serum. Then cells were 
incubated with primary antibody 
against vimentin (1:200, Wan- 
leibio, Shenyang, China) at 4°C 
overnight, followed by incuba-
tion with Biotin conjugated sec-
ondary antibody and HRP conju-
gated streptavidin. Then cells 
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was then reverse transcribed to cDNA using 
M-MLV reverse transcriptase (BioTeke, Beijing, 
China). The mRNA expression levels of tumor 
necrosis factor-α (TNF-α), interleukin-6 (IL-6), 
interleukin-1β (IL-1β), collagen I, collagen III and 
fibronectin were detected by SYBR Green qPCR 
method. The mRNA expression levels were nor-
malized to β-actin and the relative mRNA 
expression levels were calculated using the 
2-∆∆Ct method [19]. qPCR program was as fol-

lows: 95°C 10 min; 95°C 10 s, 60°C 20 s, 72°C 
30 s, 40 cycles; 4°C 5 min. SYBR Green reagent 
was purchased from Solarbio (Beijing, China) 
and 2 × Power Taq PCR MasterMix was pur-
chased from BioTeke. The primers used were 
shown in Table 1.

Western blot

Cells were harvested and lysed with NP-40 
lysis buffer (Beyotime, Shanghai, China) on ice. 
The protein concentration was detected using 
Enhanced BCA Protein Assay Kit (Beyotime). 
Equal amount of protein was subjected to sodi-
um dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE). The separated proteins 
were then transferred to polyvinylidene difluo-
ride (PVDF) membranes. After blocking with 5% 
skim milk or 5% BSA, the PVDF membranes 
were incubated with primary antibody against 
MMP-2, MMP-9, collagen I, collagen III, PI3K, 
p-PI3K, AKT, p-AKT, ERK, and p-ERK (1:1000, 
Wanleibio) at 4°C overnight, followed by incu-
bating with horseradish peroxidase (HRP)-
conjugated secondary antibody (Beyotime). 
Proteins were detected with the ECL detection 
system and analyzed with Gel-Pro-Analyzer 
software using β-actin as reference.

Enzyme-linked immunosorbent assay (ELISA)

Levels of TNF-α, IL-6, IL-1β in the media were 
detected by ELISA. The cell media was collect-
ed and levels of TNF-α, IL-6, IL-1β were mea-
sured with Rabbit TNF-α ELISA Kit, Rabbit IL-6 
ELISA Kit and Rabbit IL-1β ELISA Kit (USCN, 
Wuhan, China) according to the manufacturer’s 
instruction. Briefly, test samples and standard 
specimens were added into individual wells, 
and the biotin-labeled secondary antibodies 
and HRP- labeled avidin were added and incu-
bated at 37°C for 60 min. Later, the color devel-
opment reagent was added and incubated for 
10 min at 37°C. Then the stop solution was 
added to stop the reaction. The absorbance 
was measured at 450 nm. Concentrations of 
TNF-α, IL-6, IL-1β were analyzed with curve 
expert 1.3 software.

Statistical analysis

All experiments were performed three times. 
The experimental results were presented as 
mean ± standard deviation (SD). Differences 

Figure 1. PNS relieves inflammatory response in ACL 
fibroblasts. A. Isolated ACL fibroblasts were identi-
fied by Immunohistochemistry. Cells were stained 
with antibody against Vimentin. Scale bar = 50 μm. 
B. The mRNA expression levels of TNF-α, IL-6 and IL-
1β were detected by qPCR after treatment with 0, 
0.05, 0.1, 0.2 and 0.4 mg/ml of PNS. The relative 
mRNA expression levels were calculated using the 
2-∆∆Ct method and β-actin was used as a reference. C. 
Concentrations of TNF-α, IL-6 and IL-1β in the media 
were measured by ELISA after treatment with differ-
ent concentration of PNS. Each experiment was re-
peated three times. Results were presented as mean 
± SD. *P < 0.05, **P < 0.01, ***P < 0.001.



PNS promotes wound repair of ACL

444	 Int J Clin Exp Pathol 2015;8(1):441-449

between two groups were analyzed using one-
way analysis of variance (ANOVA) and Bon- 
ferroni’s multiple comparison. P < 0.05 was 
considered to be significant.

Results

PNS relieves inflammatory response in ACL 
fibroblasts

The isolated ACL fibroblasts were identified by 
Immunohistochemistry (Figure 1A). TNF-α, IL-6 
and IL-1β are important inflammatory cytokines 
induced during ACL injury. Here qPCR was used 
to measure changes in the mRNA expression 

levels of TNF-α, IL-6 and IL-1β. Results of qPCR 
showed that after treatment with different con-
centration of PNS, the mRNA levels of TNF-α, 
IL-6 and IL-1β were decreased in a dose-depen-
dent manner (Figure 1B). Concentrations of 
TNF-α, IL-6 and IL-1β in media supernatant 
were also detected by ELISA. Consistent with 
qPCR, the results of ELISA showed that the con-
centrations of TNF-α, IL-6 and IL-1β were 
decreased in a dose-dependent manner after 
treatment with different concentration of PNS 
(Figure 1C). These results indicate that PNS 
can relieve inflammatory response in ACL 
fibroblasts.

Figure 2. PNS promotes the proliferation and migration of ACL fibroblasts. A, B. The migration capability of cells was 
detected by wound healing assay after treatment with 0, 0.05, 0.1, 0.2 and 0.4 mg/ml of PNS. C. The cell viability 
was detected by MTT assay after treatment with different concentration of PNS. All experiments were repeated three 
times and the results were presented as mean ± SD. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 3. PNS promotes the expression of collagen and fibronectin. A, B. Protein levels of MMP-2 and MMP-9 were 
measured by western blot after treatment with 0, 0.05, 0.1, 0.2 and 0.4 mg/ml of PNS. The relative expression lev-
els of MMP-2 and MMP-9 were calculated using β-actin as reference. C. The mRNA levels of collagen I and collagen 
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PNS promotes the proliferation and migration 
of ACL fibroblasts

Proliferation and migration of ACL fibroblasts 
are important for the healing of injured liga-
ment. Wound healing assay was performed to 
explore the function of PNS on migration of ACL 
fibroblasts. Results of wound healing assay 
showed that, after different treatment with 
PNS, the relative migration ratio of ACL fibro-
blasts was increased markedly (Figure 2A and 
2B, P < 0.05). MTT assay was used to detect 
the effect of PNS on proliferation of ACL fibro-
blasts. After treatment with different concen-
tration of PNS, cell viability of ACL fibroblasts 
was increased significantly (Figure 2C, P < 
0.05). These results demonstrate that PNS pro-
motes the proliferation and migration of ACL 
fibroblasts. 

PNS promotes the expression of collagen and 
fibronectin

Western blot was utilized to detect the expres-
sion levels of MMP-2 and MMP-9. Results of 
western blot showed that expression levels of 
MMP-2 and MMP-9 were decreased in a dose-
dependent manner after treatment with differ-
ent concentration of PNS (Figure 3A and 3B). 
Collagen is important for injury healing. 
Changes in levels of collagen I, collagen III were 
detected by qPCR and western blot. Results of 
qPCR showed that the mRNA levels of collagen 
I and collagen III were increased in a dose-
dependent manner after treatment with differ-
ent concentration of PNS (Figure 3C). Con- 
sistent with the results of qPCR, western blot 
also showed a promontory in the expression 
levels of collagen I and collagen III (Figure 3D 
and 3E). Fibronectin is another kind of extracel-
lular matrix that is important for the healing of 
damage. The expression of fibronectin was 
measured by qPCR and western blot. Results of 
qPCR showed that the mRNA level of fibronec-
tin was increased in a dose-dependent manner 
after different treatment (Figure 3F). There was 
a similar swell in the protein level of fibronectin 

detected by western blot (Figure 3G and 3H). 
Results of qPCR and western blot illustrate that 
PNS promotes the expression of collagen and 
fibronectin.

PNS promotes the phosphorylation of PI3K, 
AKT and ERK

To further study how PNS promotes the prolif-
eration and migration of ACL fibroblasts, the 
levels of PI3K, phosphorylated PI3K (p-PI3K), 
AKT, phosphorylated AKT (p-AKT), ERK and 
phosphorylated ERK (p-ERK) were detected by 
western blot. After treatment with different 
concentration of PNS, there were no changes in 
the protein level of PI3K. However, the level of 
p-PI3K showed a dose-dependent increase 
after treatment with PNS (Figure 4A and 4B). 
Similar results were also discovered in the lev-
els of AKT/p-AKT and ERK/p-ERK (Figure 4C-F). 
These results demonstrate that PNS promotes 
the phosphorylation of PI3K, AKT and ERK.

Discussion

PNS was the main component of panax notogin-
seng and plays important roles in the healing of 
ACL injury. In this study, we explored the mech-
anism how PNS played its functions. We found 
that PNS promoted the proliferation and migra-
tion of ACL fibroblast as well as the expression 
of collagen and fibronectin through the phos-
phorylation of PI3K, AKT and ERK.

ACL injury usually causes inflammatory res- 
ponses in the damaged part, and is usually 
accompanied with a large amount of inflamma-
tory cytokines such as TNF-α, IL-6, IL-1β [20]. In 
our study, we found that PNS attenuated inflam-
matory response, and decreased the levels of 
TNF-α, IL-6 and IL-1β. These results demon-
strate that PNS has a protective effect on ACL 
injury. Similar results are found in the report of 
He et al. PNS inhibits NF-κB activity and inhibits 
cyclooxygenase-2 (COX-2) and inducible nitric 
oxide synthase (iNOS) induced by TNF-α [15]. 
PNS is also found to protect hemorrhagic shock 

III were measured by qPCR after treatment with different concentration of PNS. The relative mRNA expression levels 
were calculated using the 2-∆∆Ct method with β-actin as reference. D, E. The protein levels of collagen I and collagen 
III were detected by western blot after treatment with different concentration of PNS. β-actin was used as refer-
ence when the relative expression levels of protein were calculated. F. The mRNA level of fibronectin was detected 
by qPCR using β-actin as reference. The relative mRNA expression levels were calculated using the 2-∆∆Ct method. 
G, H. The protein level of fibronectin was detected by western blot using β-actin as reference. All experiments were 
repeated three times and the results were presented as mean ± SD. *P < 0.05, **P < 0.01, ***P < 0.001.
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by increasing SOD activity, decreasing levels of 
MDA and MPO and reducing the expression lev-
els of TNF-α and IL-6 [16]. Also PNS protects 
lung injury induced by lipopolysaccharide (LPS) 
and decreases the inflammatory cytokines, 
such as TNF-α, IL-6 and IL-10 [21].

In our study, we found that PNS promoted the 
proliferation and migration of ACL fibroblasts. 
Similar to our study, PNS promotes the prolifer-
ation and differentiation of neural stem cells 
and mesenchymal stem cells as well as NIH3T3 
[17, 22]. In addition, PNS also attenuates H2O2 
induced cell death in primary rat cortical astro-

cytes by reduction of reactive oxygen species 
(ROS) [23]. However, in cancer cells, PNS plays 
opposite effects. PNS has been reported to 
inhibit the metastasis of breast cancer [14]. 
Wang et al also reported that 25-OCH (3)-PPD, 
which is a newly identified component of PNS, 
inhibits the migration of breast cancer cells and 
reduces the expression of epithelial-to-mesen-
chymal transition (EMT) markers [24]. Ft1, 
which is an ingredient of PNS, inhibits the prolif-
eration of human neuroblastoma cells, arrests 
the cell cycle, promotes cell apoptosis, actives 
caspase-3, p53 and p21, regulates the expres-
sion of proteins related to cell cycle and apop-

Figure 4. PNS promotes the phosphorylation of PI3K, AKT and ERK. A, B. The protein levels of PI3K and p-PI3K were 
detected by western blot after treatment with 0, 0.05, 0.1, 0.2 and 0.4 mg/ml of PNS. The relative protein levels 
were calculated using β-actin as reference. C, D. The protein levels of AKT and p-AKT were measured by western 
blot after treatment with different concentration of PNS. β-actin was used as reference when the relative protein 
levels were calculated. E, F. Western blot was used to detect the protein levels of ERK and p-ERK using β-actin as 
reference. Each experiment was repeated three times and the results were presented as mean ± SD. *P < 0.05, **P 
< 0.01, ***P < 0.001.
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tosis [13]. Other ingredients of PNS, such as 
GF4 and GRg6, inhibit the proliferation of 
human lymphoma and induce cell apoptosis 
[25, 26].

ACL injury was usually accompanied with an 
increase of matrix metalloproteinase (MMP) 
which was considered to be a main reason of 
the poor healing ability after ACL [27, 28]. A 
decrease in the protein levels of MMP-2 and 
MMP-9 was discovered after treatment with 
PNS. This result indicates that PNS may relieve 
the cause of the poor healing ability of ACL. 
Similar to our results, Jang et al reported that 
PNS can decrease MMP-2 induced by LPS [29]. 
Collagen and fibronectin are extracellular 
matrixes regulated by MMP and are also very 
important for the healing of wounded tissue. In 
our study, increase in the mRNA levels and pro-
tein levels of collagen I, collagen III and fibro-
nectin was discovered, which is consistent with 
the decrease of MMP. Along with the above 
results, it is suggested that PNS promotes 
repair of the injured ACL.

In the mechanism study, we found that the 
phosphorylation levels of PI3K, AKT and ERK 
were increased by PNS. This suggests that PNS 
promotes the activation of PI3K, AKT and ERK 
and PNS might promote the healing of injured 
ACL through PI3K/AKT and ERK signaling path-
way. PNS is shown to promote the proliferation 
and migration of human umbilical vein endo-
thelial cells (HUVECs) by regulating the PI3K/
AKT and Raf/MEK/ERK signaling pathways [8]. 
And in human neuroblastoma SHSY5Y cells, 
Ft1, an ingredient of PNS, enhances the phos-
phorylation of ERK1/2, JNK and p38 MAPK 
[13]. However, in the report of Sun et al, the 
expression levels of PI3K, AKT and ERK are 
increased by PNS in different blood corpuscles 
[30], which is a little bit different from our 
results. This may be because of the different 
contexts in different types of cells. Through the 
PI3K/Akt signaling pathway, PNS also attenu-
ates oxygen-glucose deprivation injury in PC12 
cells [31].

In our study, we explored function of PNS as 
well as the underlying mechanism. PNS was 
found to promote the proliferation and migra-
tion of ACL fibroblast as well as the expression 
of collagen I, collagen III and fibronectin to 
attenuate ACL injury. And PNS might perform 
this function through the phosphorylation of 
PI3K, AKT and ERK. This study provides a pos-
sible mechanism for the function of PNS and 

suggests that PNS may become a promising 
drug for injury treatment, and this study also 
lays foundation for further study of panax 
notoginseng.
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