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The in vitro and in vivo anti-hypoxia activity of shenjiangsuoyangyiqi drug (SJSY, Chinese medicinal 
plant mixture) was investigated. The compounds ginsenoside rg1, icariin and peoniflorin were detected 
in mixture by HPLC-DAD. In vitro anti-hypoxia activity of the mixture was evaluated for MTT assay 
against two cell lines (Vero and BHK-21). Compared to the control group (Vero: 48.72% and BHK-21: 
35.41%), the survival rates of both cells were increased to 87.33% (Vero) and 83.03% (BHK-21) in high-
does group. Arresting of the G1 phase of the cell-cycle under hypoxic condition was inhibited by 
mixture which was analyzed by FCM. In vivo anti-hypoxia activity was studied in mice model. 
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INTRODUCTION 
 
Ginsenoside Rg1 belongs to the panaxatriol ginsenosides 
family, has been widely reported to exert neurotrophic 
and neuroprotective activities on central nervous system 
(CNS) (Liu et al., 2010). It can protect hippocampal 
neurons and alleviate neuronal injury induced by 
oxygen/glucose deprivation (Jiang et al., 2000, 2001; 
Jiang and Jiang, 2003) and has effect of excitotoxicity 
insults, traumatic brain injury and cerebral ischemia (Ji et 
al., 2005; Kim et al., 2007; Leung et al., 2007). Icariin, the 
main active flavonoid glucoside isolated from epimedium 
pubescens, has been proven to possess a wide range of 
efficacy, including antioxidative effect, immunoregulatory 
function, the function of neuroendocrine regulation and 
postmenopausal women. That icariin can regulate HIF-1 
which is essential for regulating the expression of a 
battery of hypoxia-responsive genes involved in the 
adaptive and cell death responses (Lee et al., 2007; 
Vengellur et al., 2005). Peoniflorin is the essential active 
ingredient of peony which has effects of spasmolysis, 
anti-irritation, calmness, cooling and anti-oxidation (Wang 
et al., 1994). The ginsenoside rg1, icariin and peoniflorin 
were all detective in mixure which had been used for anti-
hypoxia hundreds years. 
 
 
 

Abbreviations: SJSY, Shenjiangsuoyangyiqi; MTT, 3-(4,5-
Dimethylthiazol-2-yl) 2,5-diphenyltetrazolium bromide; FCM, 
flow cytometry; DAPI, 4', 6-diamidino-2-phenylindole. 

Hypoxia is defined as a decrease in available oxygen 
reaching the tissues of the body. It is linked to the 
pathology of cancer, cardiovascular disease, and stroke, 
the leading causes of death. Cells under hypoxic stress 
either induce an adaptive response that includes 
increasing the rates of glycolysis and angiogenesis or 
undergo cell death by promoting apoptosis or necrosis 
(Lee et al., 2007). The cell-cycle is usually divided into 
four phases: G1, S, G2 and M. In G1 (G = gap), the cell is 
not committed to division and the chromosomes do not 
replicate. Replication of nuclear DNA occurs during the S 
phase, whereas completion of mitosis occurs in the final 
M phase. The cell-cycle is the set of events whereby a 
cell duplicates most of its components, including its 
chromosomes, in order to undergo division. The interval 
between DNA replication and division is called the G2 
phase. The gap phases G1 and G2 give the cell 
additional time for growth. But the cell cycles of Vero and  
BHK-21 under hypoxia condition were not analyzed 
before (Alarcon et al., 2009). 

In the present study, to observe the protective 
mechanism of the mixture under hypoxia condition, 
cytotoxicity assays and anti-hypoxia activity of mixture 
were determined with MTT. Furthermore, flow cytometry 
(FCM) was used to test the cell cycle treated with the 
mixture. Additionally, a hypoxia model was set up to 
investigate anti-hypoxia activity of mixture in vivo. Using 
half death rate time and average survive time to detective  



 
 
 
 
the effect of mixture on mouse models. 
 
 

MATERIALS AND METHODS 
 

Animals 
 

Mice of Kunming species were housed in groups by 12 mice per 
cage with free access to standard rodent diet and tap water; they 
were kept at constant temperature (23 ± 1°C) and humidity (60 ± 
10%) under a 12-h light/dark cycle (light on 07:30 to 19:30 h). All 
animals were obtained from the Animal Service of Health Science 
Center, Peking University, and adapted to the animal facility for one 
week before treatment began and treatment protocols were strictly 
in accordance with the international ethical guide lines and the 
National Institute of Health Guide concerning the Care (Zu et al., 
2010). 
 
 

Chemicals and reagents 
 

MTT were obtained from Sigma–Aldrich Inc. (St. Louis, MO). 
Deionized water was used in all experiments. SJSY was provided 
by 211 Hospital. 
 
 
Cell culture conditions and mixture prepare 
 

Baby hamster kidney (BHK-21) and African green monkey kidney 
cells (Vero) were purchased from Harbin Medical University, China. 
These cell lines were grown and maintained in an incubator at 37°C 
and in 5% CO2 atmosphere. DMEM supplemented with 10% fetal 
bovine serum (FBS), 100 units/ml penicillin and 100 µg/ml 
streptomycin was used for cell cultures of Vero and BHK-21. The 
mixture was SJSY water soluble. 
 
 

In vitro hypoxia conditions 
 

The in vitro model of hypoxia was similar to that described by Yu et 
al. (1989), Yeon and Hack (1997). Vero and BHK-21were first 
incubated under hypoxia using a 95% N2 and 5% CO2 for 4 h at 
37°C in a water-jacketed N2 /CO2 incubator (NU-4950: NuAire, Inc.). 
Then the study of the effects of mixture on the hypoxic damage of 
Vero and BHK-21, solution of mixture was added directly to the 
culture medium before placing the culture into the modular 
incubator chamber. Rhodiola rosea was used as a positive control 
and negative control was incubated without solution of mixture. 
 
 

HPLC-DAD analysis 
 

The Chinese medicinal herbs mixture was analyzed by HPLC-DAD. 
The HPLC system consisted of Waters HPLC (Waters 600 Pump) 
 equipped with a diode array detector (DAD) (Model 2996) (Waters, 
USA). HPLC conditions were as follows: Solvent A, acetonitrile, and 
solvent B, 0.05% phosphoric acid in water (v/v), A: B = 20:80, 
detection was at 203 nm for ginsenoside rg1. Solvent A, methanol, 
solvent B, water and C, acetic acid, A: B: C = 54:45: 1, detection 
was at 270 nm for icariin. Solvent A, acetonitrile, and solvent B, 
0.1% phosphoric acid in water (v/v), A: B = 14:86, detection was at 
230 nm for peoniflorin. Flow rate was 1 ml/min, the concentration of 
mixture was 10 mg/ml and injection volume was 10 µl. 

 
 
Cytotoxicity assays and anti-hypoxia activity of mixture 

 
Inhibition of cell proliferation by mixture was measured by the MTT 
assay (Liu et al., 2009). Briefly, Vero and BHK-21 cells  were  plated  
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in 96-well culture plates (1 × 10

5
 cells/well) separately. After 24 h 

incubation, cells were treated with mixture (5 mg/ml and 500 µg/mL) 
for 4 h, MTT solution (5 mg/ml) was then added to each well. After 4 
h incubation, the formazan precipitate was dissolved in 100 µl 
dimethyl sulfoxide, and then the absorbance was measured in an 
ELISA reader (Thermo Molecular Devices Co., Union City, USA) at 
570 nm. The cell viability ratio was calculated by the following 
formula: 

 
Inhibitory ratio (%) = ((ODcontrol − ODtreated)/(ODcontrol)) × 100% 
(Vanzyl and Vilioen, 2002). 

 
 
Flow cytometric analysis of cell cycle 

 
Cell cycle was assayed with CyStain (Jiang et al., 2008). Briefly, 1 × 
10

6
 cells/well Vero and BHK-21 cells were seeded in six-well plate 

and left for 24 h in incubator to resume exponential growth. Cells 
were exposed to mixture (5 mg/l and 500 µg/l) and incubated for 48 
h. Then, the cells were harvested and washed with PBS. After 
suspension in 800 µL PBS, 200 µL CyStain (Partec GmbH, 
Germany). The cell cycle distribution of 10,000 cells was recorded 
by flow cytometry (Partec), and the percentage of cells at G0/G1, S, 
and G2/M phases was analyzed with FloMax software. 

 
 
Acute toxicity and anti-hypoxia activity testing on mice 
 
Acute toxicity 
 
48 female Kunming mice weighing 18 to 22 g (six weeks of age) 
were randomly divided into two groups. Each group was given 
different dosages with 24 and 12 g/kg, respectively. The mice were 
observed for 7 days and the death rate of each group was recorded 
(Cai et al., 2010). 

 
 
Anti-hypoxia activity of mixture under normal pressure 

 
A total of 60 female ICR mice weighing 18 to 22 g (six weeks of 
age) were used in the present study. A hypoxia model was set up 
according to Wu et al. (2008). The mixture were suspended in 
physiological saline and administered at the designed dosage (30, 
20 and 10 g/kg body weight/day). Animals were randomly assigned 
to five groups, that is negative control group, positive control group 
(treated with roseroot, 4 g/kg), mixture treatment group (with high-
dose, middle-does and low-dose mixture groups). Mixture was 
administered to mice intragastrically for one week. 

 
 
Anti-hypoxia activity of mixture under reduced pressure 

 
A total of 60 female ICR mice weighing 18 to 22 g (six weeks of 
age) were used in the present study. A hypoxia model was set up 
according to Chen (2000). The mixture were suspended in 
physiological saline and administered at the designed dosage (20, 
10 and 30 g/kg body weight/day). Animals were randomly assigned 
to five groups, that is negative control group, positive control group 
(treated with roseroot, 4 g/kg), mixture treatment group (with high-
dose, middle-does and low-dose mixture groups). Mixture was 
administered to mice intragastrically for one week. 
 
 
Statistical analyses 
 
All  results  are  expressed  as  F  of  SD.  Statistical  significance of  
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Figure 1. The HPLC-DAD chromatograms of mixture. Conditions were described in the text. a: ginsenoside rg1; b: icariin; c: peoniflorin. 

 
 
 
differences between sample populations was evaluated 
using one-way ANOVA followed by the Dunnet’s multiple 
comparison test for post hoc analysis. Statistical 
differences of p ≤ 0.05 were considered to be significant. 
Alternatively the paired two-tail distribution student t test 
was applied to compare results with a criterion for 
statistical significance of a p value of 0.05 or less. 

 
 
RESULTS 

 
HPLC-DAD analysis 

 
According to the HPLC-DAD analyses, the 
components of the mixture had weak polarity 
(Figure 1). In general, the components of mixture 
were ginsenoside, icariin and peoniflorin.  

Cytotoxicity assays Anti-hypoxia activity of 
mixture 
 
The   cytotoxicity   and   anti-hypoxia  activity   of 
mixture onVero and BHK-21 cells was determined 
by using the MTT reduction assay. The growth 
inhibitory effects of mixture on two cell lines after 
24 h exposure were examined. The cell inhibitory 
ratio values were shown in (Table 1 and Figure 1) 
shows the effects of 5 and 0.5 mg/mL mixture on 
viability of Vero and BHK-21 cell lines after 
exposure hypoxia for 2 h. The Vero cell survival 
rate value was 87.33% after high-does (5 mg/ml) 
mixture, 66.58% after low-does (0.5 mg/ml) 
mixture treatment compared with control group 
(48.72%). The BHK-21 cell survival rate value was 
83.03%  after  high-does  (5 mg/ml)  mixture, 

51.46% after low-does (0.5 mg/ml) mixture 
treatment compared with control group (35.41%). 
Cell survival rates of mixture towards hypoxia on 
Vero and BHK-21 cells in a dose-dependent 
manner. 
 
 
Flow cytometric analysis of cell cycle 
 
Based on the results of anti-hypoxia activity assay, 
we examined cell cycle to describe the 
mechanism of effect on hypoxia of mixture (Figure 
2). To evaluate the cell cycle distribution of Vero 
and BHK-21 cells with or without mixture 
treatment, the DNA content was measured by flow 
cytometry (Figure 3). Exposure Vero to hypoxia 
caused an increase of the G1/M phase population  
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Table 1. Cell survival rate of mixture towards hypoxia (mg/ml). 
 

 Survival rate (%) 

 Vero BHK-21 

Hypoxia damage group 48.72 ± 2.91 35.41 ± 1.89 

High-does group (5) 87.33 ± 3.98 83.03 ± 4.27 

Low-does group (0.5) 66.58 ± 1.84 51.46 ± 1.12 

 
 
 

 
 
Figure 2. Effect of the mixture on the hypoxic Vero and BHK-21.The concentrations used correspond to high-does (5 
mg/mL) and low-does (0.5 mg/mL); the hypoxia damage group did not contain mixture; p<0.05. 

 
 
 
to 83.81%, as compared to 64.34 and 69.85% of G1 
phase cells in mixture treated samples and 59.82% of G1 
phase cells in untreated control samples. Hence, mixture 
exerted anti-hypoxia effects via resume G1 phase 
arrested by hypoxia in a concentration-dependent 
manner. A similar objection applies to BHK-21, the G1 
phase population from 66.96 and 71.59% in mixture 
treated samples, as compared to 82.73% of G1 phase 
cells in hypoxia damage control. 
 
 
Anti-hypoxia activity testing on mice 
 
Results of mixture towards normal pressure and reduced 
pressure hypoxia survival time on mice are shown in 
(Tables 2 and 3). The mixture administrated beforehand 
could prolong survival time of mice under normal 
pressure and reduced pressure hypoxia. Mice were 
towards normal pressure and reduced pressure hypoxia 
and were either treated with the Rhodiola rosea (positive 
control) or mixture at three concentrations (intragastrically 
with 30, 20 or 10 mg/kg BW/day). Then the animal’s 
survival time were tested (Tables 2 and 3). The results 
had shown the effects of 5 and 0.5 mg/ml mixture on the 
mice after exposure hypoxia. Under normal pressure 
hypoxia (Table 2), the half death rate of time value was 
22.42 min in high-does group, 21.17 and 20.02 min in 
middle-does   group   and   low-does    group    compared  

with negative control (17.27 min). The effects of mixture 
on the half death rate of time were shown in a dose-
dependent manner. But average survival time was not 
shown in a dose-dependent manner. Under reduced 
pressure hypoxia (Table 3), the half death rate of time 
value was 17.08 min in high-does group, 11.98 and 15.17 
min in middle-does group and low-does group compared 
with negative control (16.25 min), high-does group and 
low-does group were better than positive control (13 min). 
The same situation was according to average survive 
time. The different results were found between in vitro 
and in vivo, accordingly, further studies are urgently 
needed for identification of the reason for it. 

In conclusion, results in the present study of Chinese 
medicinal herbs mixture have significant anti-hypoxia 
activities, both in vitro and in vivo. It is likely that mixture 
might also work on athletic hypoxia. However, further 
studies are urgently needed for identification of the active 
components in mixture with enhanced anti-hypoxia 
activity and for testing them against athletic hypoxia. 
 
 
ACKNOWLEDGEMENTS 
 
The authors gratefully acknowledge the financial supports 
by the National Natural Science Foundation of China 
(60871033), the medical and health scientific foundation 
of  whole  army  (2004-M123),  the  medical   and   health



2302          J. Med. Plant. Res. 
 
 
 

 

 
 
Figure 3. A: Flow cytometry histograms of Vero cell-cycle in the presence of mixture stained with 
DAPI. a: normal control; b: high-does group (5 mg/ml) treatment; c: low-does group (0.5 mg/ml) 
treatment; d: hypoxia damage group. B: Flow cytometry histograms of BHK-21 cell-cycle in the 
presence of mixture stained with DAPI. e: normal control; f: high-does group (5 mg/ml) treatment; g: 
low-does group (0.5 mg/ml) treatment; h: hypoxia damage group. 
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Table 2. The effects of mixture on survival time of normal pressure hypoxia mice (min) ( x  ± S.D., n = 10). 

 

Group Half death rate of time Average survive time 

Negative control 17.27 18.73±2.91 

High-does group 22.42 22.73±3.76 

Middle-does group 21.17 20.99±4.31 

Low-does group 20.02 21.24±2.43 

Positive control 22.22 23.24±1.77 
 

Data were presented as mean ± S.D. P < 0.05, significantly different compared with the model group. 
 
 
 

Table 3. The effects of mixture on survival time of reduced pressure hypoxia mice (min) ( x  ± S.D., n = 10). 

 

Group Half death rate of time Average survive time 

Negative control 16.25 16.43 ± 0.86 

High-does group 17.08 17.57 ± 1.72 

Middle-does group 11.98 12.20 ± 1.23 

Low-does group 15.17 15.42 ± 0.92 

Positive control 13 14.53 ± 3.70 
 

Data were presented as mean ± S.D. P < 0.05, significantly different compared with the model group. 

 
 
 
scientific foundation of whole army (2006012004) and 
Major National Science and Technology Special Projects 
(2008ZXJ09004-035). 
 
 
REFERENCES 

 
Alarcon T, Byrne HM, Maini PK (2009). A mathematical model of the 

effects of hypoxia on the cell-cycle of normal and cancer cells. Mode 
Tradit. Chin. Med. Mat. Med., 11(3): 382-387.  

Cai Y, Lu Y, Chen RH, Wei QL, Lu XH (2010). Anti-hypoxia activity and 
related components of Rhodobryumgiganteum 
Par.doi:10.1016/j.phymed.2010.0 6.015. 

Chen Q (2000). Research Methodology of Triditionary Chinese 
Medicine Pharmacology. People’s Health Publishing House, pp. 781-
781. 

Kim JH, Cho SY, Lee JH, Jeong SM, Yoon IS, Lee BH, Lee JH, Pyo MK, 
Lee SM, Chung JM, Kim S, Rhim H, Oh JW, Nah SY (2007). 

Neuroprotective effects of ginsenoside Rg 3 against homocysteine-
induced excitotoxicity in rat hippocampus. Brain Res., 1136: 190-199. 

Lee KA, Roth RA, LaPres JJ (2007). Hypoxia, drug therapy and toxicity. 
Pharmacol. Therapeut., 113: 229-246.  

Leung KW, Yung KKL, Mak NK, Chan YS, Fan TP, Wong RNS (2007). 
Neuroprotective effects of ginsenoside-Rg 1 in primary nigral neurons 
against rotenone toxicity. Neuropharmacol., 52: 827-835. 

Liu Q, Kou JP, Yu BY (2010). Ginsenoside Rg1 protects against 
hydrogen peroxide-induced cell death in PC12 cells via inhibiting NF-
kB activation. Neurochem. Int., doi:10.1016/j.neuint. 

Liu X, Zu YG, Fu YJ, Yao LP, Gu CB, Wang W, Efferth T (2009). 
Antimicrobial activity and cytotoxicity towards cancer cells of 
Melaleuca alternifolia (tea tree) oil. Eur. Food Res. Technol., 229: 
247-253. 

Jiang SG, Zu YG, Fu YJ, Zhang Y, Efferth T (2008). Activation of the 
mitochondria driven pathway of apoptosis in human PC-3 prostate 
cancer cells by a novel hydrophilic paclitaxel derivative, 7-xylosyl-10-
deacetylpaclitaxel, Int. J. Oncol., 33: 103-111. 

 
 
 

Jiang S, Jiang ZL (2003). Protective effect of ginsenoside Rb 1 on 
ischemic brain injury in rat. J. Apoplexy Nerv. Dis., 20(5): 415-417. 

Jiang ZL, Chen YR, Zhou C, Shi JS, Duan SM (2001). Glutamate-
related mechanisms of ginsenosides against hypoxic–ischemic brain 
damage. Chin. J. Appl. Physiol., 17: 105-108. 

Jiang ZL, Wu XM, Jin SY, Chen YP, Zhuang J (2000). Effect of 
ginsenosides on hypoxic brain injury in hippocampal slice. Chin. J. 
Naut. Med., 7: 28-32. 

Ji YC, Kim YB, Park SW, Hwang SN, Min BK, Hong HJ, Kwon JT, Suk 
JS (2005). Neuroprotective effect of ginseng total saponins in 
experimental traumatic brain injury. J. Korean Med. Sci., 20: 291-296. 

Vanzyl RL, Viljoen AM (2002). Rapid colorimetric assay for cellular 
growth and survival: Application to proliferation and cytotoxicity 
assays. J. Immunol. Methods, 65: 55-63.  

Vengellur A, Phillips JM, Hogenesch JB, LaPres JJ (2005). Gene 
expression profiling of hypoxia signaling in human hepatocellular 
carcinoma cells. Phys. Genom., 22: 308-318. 

Wang WP, Wang CJ, Gu S, Cao QC, Lv YP, Gao JJ, Wang SJ (1994). 
Pharmacokinetic Studies of the Significance of Herbaceous 
Compatibility of Peony Liquorice Decoction. J. Theoret. Biol., 229: 
395-411. 

Wu XZ, He YC, Liu HP, Tian DF, Wu XD (2008). Effects of compound 
Rohoodiola on immunity, anti- hypoxia and anti- tiredness in mice. J. 
TCM Univ. Hum., 28(1): 29-31.    

Yeon HS, Hack SK (1997). Inhibitory Effects of Ginseng Total Saponins 
on Hypoxia induced Dysfunction and Injuries of Cultured Astrocytes. 
Arch. Pharm. Res., 20(2): 103-109.   

Zu YG, Liu XL, Fu YJ, Wu N, Kong Y, Wink M (2010). Chemical 
composition of the SFE-CO2 extracts from Cajanus cajan (L.) Huth 
and their antimicrobial activity i n vitro and in vivo. 


