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Abstract 
Notoginsenoside R1, the main active ingredient of Panax notoginseng sapo-
nins (PNS), has been proposed to play fatal roles in the development of hy-
poxic hypercapnia-induced pulmonary vasoconstriction (HHPV). Subse-
quently, pulmonary arterial smooth muscle cells (PASMCs) lead to pulmo-
nary vascular system remodeling and chronic pulmonary disease in the de-
velopment of HHPV. Despite considerable studies have contributed to pul-
monary disease, the mechanism of how Notoginsenoside R1 affects HHPV 
remains unclear. In this view, we will discuss the effect of notoginsenoside R1 
by investigating the expression of p38 mitogen-activated protein kinase (p38 
MAPK) signaling pathway in PASMCs under hypoxia and hypercapnia con-
dition. The third order PASMCs of Sprague Dawley (SD) rats were cultured 
with various concentrations (8, 40, 100 mg/L, respectively) of Notoginseno-
side R1. Our data showed that the protein and mRNA expression levels of p-38 
MAPK were higher in hypoxic hypercapnia group compared with hypoxic 
DMSO and normoxia control groups (p < 0.01). In R1 treatment groups, the 
level of p-p38 MAPK protein and p38 MAPK mRNA were significantly de-
creased with different degrees (p < 0.01, each). This study provides the evidence 
that Notoginsenoside R1 treatment may contribute to attenuate HHPV via de-
creasing the protein and mRNA expression levels of p-38 MAPK. 
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1. Introduction 

Hypoxia hypercapnia-induced pulmonary arterial hypertension (HHPH) is a 
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chronic and progressive disease with poor diagnosis and leads to right heart 
failure and eventually death due to lack of proper therapy. HHPH is featured 
with pulmonary vasoconstriction, elevated pulmonary vascular pressures and 
chronic right heart failure and leads to death [1] [2] [3] [4] [5]. Recently, the 
fifth World Symposium on PH updated the previous classification of pulmonary 
hypertension (PH), and indicated that HHPH belongs to Group 3: respiratory 
diseases lead to pulmonary hypertension like pulmonary fibrosis, COPD, lung 
emphysema or interstitial lung disease [6]. Of note, the median survival of un-
treated patients was limited to 3 years [7], but even in those receiving formal 
treatment, the results are still not optimistic. 

Recently, it has been accepted that pulmonary arterial hypertension (PAH) is 
a result of proliferative remodeling rather than pulmonary vasculature vasocon-
striction [8], therefore, the therapies that target vasoconstriction may not be 
beneficial. Another challenge is that PAH is associated with inflammatory dis-
ease like schistosomiasis and factors like tyrosine kinase [9], scleroderma, viral 
infections with HIV, Loss of Kv1.5,, or loss-of-function mutations in BMPR2. 
[9] [10] [11] [12]. In this study, we explored the effect of panax notoginseng sa-
ponins (PNS) attenuating pulmonary vascular remodeling that precedes PAH. 

PNS, a compound of various saponins, is extracted from traditional Chinese 
medicine Panax notoginseng [13]. Recent studies have shown that PNS has ef-
fects on the blood vessels dilation, the removal of free radicals and the specific 
inhibition of Ca2+ channels of vascular smooth muscle cells [14] [15]. The main 
bioactive components are ginsenoside Rg1, ginsenoside Rb1 and notoginseno-
side R1 [16] [17]. Literature shows that PNS has an effect on attenuating chronic 
hypoxia hypercapnia-induced experimental pulmonary hypertension in rats, and 
also inhibits HHPV rats [18]. However, the underlying mechanism of how noto-
ginsenoside R1 has effect on hypoxic hypercapnia-induced vasoconstriction has 
not been well understood. 

In addition, the p38 mitogen-activated protein kinase (P38 MAPK) signaling 
pathway has attracted to more investigators as it is crucial to fibroblast prolifera-
tion in the hypoxic model, and the inhibition of P38 MAPK can attenuate or 
block the pulmonary vascular proliferative response induced by hypoxic [19] 
[20]. In this study, we intended to clarify the effect of notoginsenoside R1 on at-
tenuating HHPH and explore the underlying mechanism though detecting the 
expression of p38 at mRNA and protein levels. 

2. Materials and Methods 
2.1. Animal Preparation  

The use of laboratory animals observed the international guidelines and ethnic. 
10 adult male Sprague-Dawley rats, weighing 200 - 220 g, were used in all expe-
riments and were provided by the Experimental Animal Center of Wenzhou 
Medical University, China, Animal license NO: SCXK (Zhejiang 2008-0156). 
The animals were allowed to drink and eat freely and housed at 21˚C to 23˚C. 
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2.2. Reagents and Antibodies 

Ginsenoside R1 (>98% pure, Figure 1) was purchased from the Department of 
Organic chemistry, College of Preclinical Medicine, Jilin University (Jilin, Chi-
na), High-glucose Dulbecco’s modified Eagle’s medium, fetal bovin serum 
(Gibco, US), acetycholine (sigma, USA), RT-PCR kit (Takara Biotechnology, 
China), monoclonal antibody to SM-alpha-actin, SABC-FITC (POD) kit (Takara 
Biotechnology, China), DAB staining kit (Takara Biotechnology, China), an-
ti-phospho-p38 (rabbit anti-mouse) and anti-p38 (rabbit anti- mouse) monoc-
lonal antibodies and goat anti-rabbit IgG/HRP (Cell Signal Technology), BCA 
protein assay kit, enhanced chemiluminescent kit (Pierce, US). 

2.3. Primary Cell Culture and Grouping 

Briefly, pulmonary vessels were dissected free from the muscular tissue and en-
dothelial cell layers were removed by gentle abrasion after killing rats by cervical 
dislocation. The third or fourth order branches were separated from pulmonary 
artery branch under the microscope and washed by Krebs buffer five times. 
Subsequently, wiped the medial artery was gently wiped with sterile swabs to 
remove the endothelial cells. The remaining tissue was incubated with collage-
nase I in 37˚C for 3 hours, then the solution was centrifuged at 1000 r/min for 7 
min, then the floccule was resuspended in DMEM containing 20% FBS. Cells 
were incubated in a humidified atmosphere of 5% CO2 in air at 37.0˚C. The 
PASMCs were identified with inverted phase contrast microscope or using fluo-
rescence microscopy after fluorescence staining. Cells (used between passage 2 
and 5) were subsequently maintained in DMEM containing 10% FBS with 5% 
CO2 at 37.0˚C. After reaching the concentration of 80%, the PASMCs were 
starved at least 24 h before medicine treatment to make the cells stop growth 
[20]. The cell groups were divided up into four groups: 1) normoxia group (N 
group, 5% CO2, 21% O2); 2) hypoxia and hypercapnia group (H group, 6% CO2, 
1% O2); 3) DESO control group with hypoxia and hypercapnia (HD group, 
0.05% DMSO with 6% CO2, 1%O2); 4) notoginsenoside R1 treatment group  

 

 
Figure 1. The chemical structure of R1. 
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(RgL, RgM, RgH with 6% CO2, 1% O2). Cells were grown in serum-free DMEM 
for 24 h at 37.0˚C. 

2.4. Western Blotting 

After washed by cold PBS three times, PASMCs were homogenized with Radio 
Immunoprecipitation Assay (RIPA) lysate (containing 1 mM Phenylmethane-
sulfonyl fluoride (PMSF) and 10 mM NaF). Then homogenates were centrifuged 
for 5 min at 4˚C, and the supernatants were collected and conserve at −80˚C if 
not required. The protein concentration was assessed by using a BCA technique 
as the standard. Then 40 ug protein samples were separated on the sample buffer 
for sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), 
Proteins were then transferred to polyvinylidene difluoride (PVDF) membranes 
and the blot was blocked at 25˚C - 27˚C for 1 h in 5% skim milk in Tris-buffered 
saline plus Tween 0.05%. PVDF membranes were then incubated overnight at 
4˚C with an anti-phosphospe-p38 MAPK antibody (1:1000). These were three 
times washed by Tris Buffered Saline, with Tween (TBST) and then incubated 
with anti-rabbit IgG antibodies (1:4000) at room temperature for 1 h. The bound 
antibodies were detected by using enhanced chemiluminscence (ECL). The test 
used p38 MAPK as an internal control and had been repeated for eight times. 

2.5. RT-PCR 

Gene expression of p38 MAPK was analyzed using semi-quantitative RT-PCR 
[21]. RNA was isolated from the cells using TRIzol (Beyotime, China). Then 
these were reverse transcribed to cDNA with the following gene primers: p38 
5’-TCC AAG GGC TAC ACC AAA TC-3’ (forward) and 5’-TGT TCC AGG 
TAA GGG TGA GC-3’ (reverse). The primers of β-actin: 5’-GAG ACC TTC 
AAC ACC CCA GCC-3’ (forward) and 5’-TCG GGG GAT CGG AAC CGC 
TCA-3’ (reverse). 

2.6. Statistical Analysis 

Data are reported as means ± SE and SPSS17.0 was used to analyze the data. Da-
ta between more than two groups were analyzed by one-way ANOVA. P < 0.05 
was considered as statistically significant. 

3. Results 
3.1. Effect of Ginsenoside R1 on the Level of p-p38 MAPK Protein  

under Hypoxia and Hypercapnia Condition 

According to the analysis of western blot (Figure 2), compared with PASMCs in 
N Group, H group and HD group had a higher the level of p-p38 MAPK protein. 
However, the level of p-p38 MAPK protein significantly decreased in ginseno-
side R1 treatment group compared with PASMCs in H group and HD group (p < 
0.05). We confirmed that ginsenoside R1 could reduce the level of p-p38 MAPK 
protein, and the concentration of 100 mg/L had the best effect. 

https://doi.org/10.4236/jbm.2017.58001


C. C. Zhang et al. 
 

 

DOI: 10.4236/jbm.2017.58001 5 Journal of Biosciences and Medicines 
 

 
Figure 2. The level of p-p38 MAPK protein in different groups. (a) The level of p-p38 
MAPK protein by the analysis of western blot; (b) Comparison of the level of p-p38 
MAPK protein in different groups. Data are expressed as means ± standard error of the 
mean. n = 8 per group. *P < 0.01 vs N group; △P < 0.01 vs H group; ▲P < 0.01 vs HD 
group; ☆P < 0.05 vs RL group. 

3.2. Effect of Ginsenoside R1 on the Level of p38 MAPK mRNA in  
PASMCs under Hypoxia and Hypercapnia Condition 

According to real-time PCR analysis (Figure 3), compared with N group, the 
expression level of p38 MAPK mRNA exhibited a significant increase in H group 
and HD group. The expression of p38 MAPK mRNA also significantly decreased 
in ginsenoside R1 treatment group compared with H group and HD group. We 
concluded that there was decreased the level of p38 MAPK mRNA in ginseno-
side R1 treatment group, suggesting down regulation of p38 MAPK mRNA by 
ginsenoside R1. 

4. Discussion 

Currently, there has been the evidence that persistent inflammation and vascular 
remodeling is a mark of HHPV. Furthermore, Pulmonary artery fibroblasts ex-
press all four isoforms of p38 MAPK; however, in HHPV, only p38 α- and 
β-isoforms are phosphorylated [22]. The p38 MAPK system is increasingly rec-
ognized as a crucial pathway of inflammatory response in pulmonary vascular 
disease but its specific role in this way is unclear. To facilitate this, previous 
study had investigated the role of the p38 MAPK pathway in both in vitro and in 
vivo models of HHPV, and the expression of phosphorylated p38 MAPK and 
p38 MAPKα had increased [23] [24] [25], indicating the activation of this path-  
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Figure 3. The level of p38 MAPK mRNA in different groups. (a) The level of p38 MAPK 
mRNA by the analysis of RT-PCR; (b) Comparison of the level of p38 MAPK mRNA in 
different groups. Data are expressed as means ± standard error of the mean. n = 8 per 
group.*P < 0.01 vs N group; △P < 0.01 vs H group; ▲P < 0.01 vs HD group. 

 
way in the PVremod A reduction of IL-6 levels and suggesting that the p38 
MAPK and the α-isoform plays a significantly role in pulmonary hypertension 
potentially mediated through IL-6 [26]. 

Hypoxic and hypercapnia pulmonary hypertension (HHPH) was a chronic 
pulmonary disease with poor prognosis and high mortality, its clinical symp-
toms was apparent, such as dyspnea, right-sided heart failure, and it was charac-
terized by an increase resistance in pulmonary artery [27]. Mechanisms asso-
ciated with HHPV in PASMCs was calcium, which released from the smooth 
muscle sarcoplasmic reticulum via ryanodine receptors pivotal [28] [29] [30], 
and consistent constriction though myofilament calcium sensitisation, which 
was because of the release of uncertain vasoconstrictor from the endothelium 
[29] [30]. Hypoxic and hypercapnia also modulated the activity of voltage-gated 
potassium channels (Kv) in the plasma membrane of PASMCs [31] [32] [33] 
[34]. 

It is generally agreed that PNS participates in the process of cell differentia-
tion, proliferation and in Ca2+ entry [35], regulates the balance of cell apoptosis 
and autophagy. Recently, compelling evidence has recently appeared that PNS 
has effect on pulmonary arterial hypertension and pulmonary heart disease. In 
our study, we confirmed that the expression level of p38 MAPK mRNA showed 
a significant higher under hypoxia and hypercapnia condition, and with the 
treatment of single ginsenoside R1 the level of p38 MAPK mRNA had decreased 
(p < 0.01). Our present data showed that single ginsenoside R1 at the concentra-
tion of 100 mg/L had the optimum efficiency to prevent the phosphorylation of 
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p38 MAPK in response to hypoxia and hypercapnia condition. 
It is possible that excessive proliferation of PASMCs is the major pathological 

mechanism of pulmonary arterial vascular remodeling and finally leads to pul-
monary hypertension under hypoxia and hypercapnia condition. Recent prec-
linical study suggested that the antiproliferative activity of notoginseng R1 ex-
tract is most probably linked to cell cycle arrest and the induction of cell apopto-
sis [36]. MAPK family is considered as the main mediators in cell proliferation 
and hypertrophy, furthermore, ERK signaling pathway also has effect on smooth 
muscle cell proliferation [37]. Since the increase of ERK under hypoxia and 
hypercapnia condition in previous study, further experiments should be devel-
oped to verify the contribution of ERK in the pathomechanism of HHPV. 

5. Conclusion 

In summary, the findings from this study extended evidence that p38 MAPK is a 
crucial intermediary in the functional consequences of acute hypoxia in pulmo-
nary hypertension. This provided that PNS can relieve the pulmonary vasocon-
strictions under hypoxia and hypercapnia condition though inhibiting the acti-
vation of p38 MAPK signaling pathway. Although our present research was per-
formed in isolate PASMCs, which does not directly perform an experiment on 
humans, it provides a novel therapeutic means for patients with pulmonary 
hypertension for ginsenoside Rg1 treatment. 
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