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Background: Astragalus and Panax notoginseng are traditional Chinese Medicines used for the 
treatments of ischemic cerebrovascular disease, being often combined together in China and 
achieving a good effect. Objective: The objective of this study is to investigate the effects of 
astragaloside‑IV (AST‑IV) (the effective component of Astragalus) combined with ginsenoside Rg1, 
ginsenoside Rb1, notoginsenoside R1 (the effective components of P. notoginseng) on oxidative 
stress injury after cerebral ischemia‑reperfusion in mice, and to explore the mechanisms through 
nuclear factor‑erythroid 2‑related factor‑2/heme oxygenase‑1  (Nrf2/HO‑1) signaling pathway. 
Materials and Methods: C57BL/6 mice were randomly grouped after treated for 3 days, the model 
of cerebral ischemia‑reperfusion injury was established, and the brain tissues were detected. 
Results: AST‑IV combined with ginsenoside Rg1, ginsenoside Rb1, notoginsenoside R1 could 
increase significantly the survival rate of nerve cell; decrease the contents of malondialdehyde, 
nitric oxide, increase the activity of superoxide dismutase and the level of glutathione; Nrf2 was 
down‑regulated in the cytoplasm while up‑regulated in nucleus, nuclear translocation rate raised 
as well as HO‑1 messenger ribonucleic acid and protein expressions increased. The effects of 
four active components combination were better than those of the active components alone.
Conclusion: Active components of Astragalus and P. notoginseng had the effects against 
cerebral ischemia‑reperfusion injury, which were related to the antioxidative stress after cerebral 
ischemia‑reperfusion. AST‑IV combined with ginsenoside Rg1, ginsenoside Rb1, notoginsenoside 
R1 could strengthen the antagonism effects on ischemia‑reperfusion and oxidative stress injury, 
the mechanism underlying might be associated with jointly activating Nrf2/HO‑1 signaling pathway 
after cerebral ischemia‑reperfusion.
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INTRODUCTION

Pharmaceutical chemistry research shows that 
astragalosides  (AST) is the effective ingredient with 
cardio‑cerebrovascular pharmacological effect in Astragalus, 

and the main active component of  which is AST‑IV; Panax 
notoginseng saponins  (PNS) is the effective ingredient with 
cardio‑cerebrovascular pharmacological effect in P. notoginseng, 
containing mainly ginsenoside Rg1, ginsenoside Rb1 and 
notoginsenoside R1. Our previous studies showed that AST 
combined with PNS enhanced the protective effect against 
cerebral ischemia‑reperfusion injury, which was associated 
with the antioxidative stress injury.[1] Because AST‑IV and 
ginsenoside Rg1, ginsenoside Rb1, notoginsenoside R1 are 
the active components of  AST and PNS, we speculated that 
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the effect of  the combination between AST and PNS might 
come from the combination of  the active components.

Oxidative stress has important significance in 
cerebral ischemia‑reperfusion injury.[2] After cerebral 
ischemia‑reperfusion, a large amount of  free radicals 
generated by cerebral tissues have a severe injury effects 
on nerve cell, inhibiting oxidative stress reaction becomes 
an important means to prevent ischemic injury. Nuclear 
factor‑erythroid 2‑related factor 2 (Nrf2) is an important 
transcription factor regulating oxidative stress. Study 
showed that the activation of  Nrf2/anti‑oxidant response 
elements (ARE) pathway could increase nuclear localization 
of  Nrf2, and induce the expression of  the Nrf2/
ARE‑dependent genes such as heme oxygenase‑1 (HO‑1), 
lessen cerebral ischemic injury.[3,4] Hence, we supposed 
that AST combined with PNS enhanced the antioxidative 
stress action may be associated with activating Nrf2/HO‑1 
pathway. Hence, the work studied the effect of  AST‑IV 
combined with ginsenoside Rg1, ginsenoside Rb1, 
notoginsenoside R1 on antioxidative stress injury, and the 
mechanisms through Nrf2/HO‑1 signaling pathway.

MATERIALS AND METHODS

Experimental animal
C57BL/6 male mice, weighing 18-22 g, were provided by 
Hunan Vital River Laboratory Animal Technology Co. 
Limited (certificate of  conformity: SCXK 2009-0004). Animals 
were allowed food and water ad libitum, caged in specific 
pathogen free animal laboratory with room temperature 
of  20°C ~ 25°C and humidity of  50~60%. The animal 
protocols were approved by Animal Ethics Committee of  
Hunan University of  Chinese Medicine (approval number: 
HNCTCM 2011–085, date: June 17, 2011) and disposal of  
animals during the experiment accorded with “Guidance 
Suggestions for the Care and Use of  Laboratory Animals” 
from the Ministry of  Science and Technology of  the 
People’s Republic of  China.

Drugs
Astragaloside IV was provided by Chengdu MUST 
bio‑technology Co. Limited, extracted from the root 
of  leguminous plants Astragalus membranaceu  (Fisch.) 
Bunge, purity  ≥98%, voucher specimen number 
was A0070; ginsenoside Rg1, ginsenoside Rb1 and 
notoginsenoside R1 were purchased from Chengdu 
MUST bio‑technology Co. Limited, extracted from the 
dried roots of  araliaceae plant P. notoginseng, purity ≥98%, 
voucher specimen number was A0237, A0234, A0273, 
respectively; AST‑IV, ginsenoside Rg1, ginsenoside Rb1 
and notoginsenoside R1 were prepared into the suspension 
with 0.5% sodium carboxymethyl cellulose before use. 

Edaravone  (3‑Methyl‑1‑phenyl‑2‑pyrazolin‑5‑one) was 
provided by Nanjing Pharmaceutical Co. Limited (Batch 
number: 80-090104, Specs: 10 mg/5 mL), prepared into 
the solution of  0.4 mg/mL with normal saline.

Main reagents
Malondialdehyde  (MDA) kit  (Batch number: A003-2), 
nitric oxide  (NO) kit  (Batch number: A012) superoxide 
dismutase  (SOD) kit  (Batch number: A001-1) and 
glutathione  (GSH) kit  (Batch number: A006) were 
purchased from Nanjing Jiancheng Bioengineering Co., 
Limited; Total protein extraction kit  (Batch number: 
KGP2100) was purchased from Nanjing KeyGen 
Biotech Co., Limited; Nuclear and cytoplasmic protein 
extraction kit  (Batch number: BB‑3112-1), phosphatase 
inhibitor complex III (Batch number: PL019-1), modified 
bicinchoninic acid protein assay kit  (Batch number: 
SK3051) were purchased from Shanghai Sangon Biotech 
Co., Limited; Animal tissue total ribonucleic acid (RNA) 
extraction kit  (Batch number: Lo423) was purchased 
from Beijing TianGen Biotech Co., Limited; Reverse 
transcription kit (Batch number: ADA3500) was purchased 
from Promega; Rabbit antimouse β‑actin antibody (Batch 
number: sc‑130656), HO‑1 antibody  (Batch number: 
sc‑10789), Nrf2 antibody  (Batch number: sc‑722) were 
purchased from Santa Gruz Biotech Co., Limited.

Model of cerebral ischemia‑reperfusion
The mice were fixed in the supine position after mild 
anesthesia with ether, made 1 cm incision in the middle 
of  the neck, exposed and separated the common carotid 
artery  (CCA), and the accompanies vagus nerve, then, 
bilateral CCA were occluded with artery clip for 20 min 
followed by reperfusion for 24  h.[5,6] Mice of  the sham 
group were only exposed bilateral CCA. Sutured the skin, 
the mice continued to be fed and medicated as above 
while body temperature was maintained at 37-38°C. After 
reperfusion, the mice were decapitated, the brain stem and 
cerebellar cortex were removed, and the remaining brain 
tissues were detected.

Animal groups and administration
Our previous study showed that the effective combination 
dose of  AST‑IV, ginsenoside Rg1, ginsenoside Rb1, and 
notoginsenoside R1 antagonizing oxidative stress and 
improving energy metabolism was 40 mg/kg, 50 mg/kg, 
40 mg/kg and 10 mg/kg, respectively. Hence, the mice were 
randomly divided into eight groups: Sham, model, AST‑IV 
(40  mg/kg), ginsenoside Rg1  (50  mg/kg), ginsenoside 
Rb1 (40  mg/kg), notoginsenoside R1  (10  mg/kg), four 
active components combination (AST‑IV 40 mg/kg + 
ginsenoside Rg1  50  mg/kg  +  ginsenoside Rb1 40  mg/
kg  + notoginsenoside R1  10  mg/kg) and edaravone  
(4 mg/kg), with eight mice in each group. Edaravone group 
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were received intraperitoneal injection (10 ml/kg), twice 
daily for 3 days. Sham group and model group were gavaged 
with 0.5% sodium carboxymethyl cellulose  (10  ml/kg), 
the left were given the same volume/weight medicine by 
gavage at AM 8:00, once a day for 3 days. After treatment 
for 1 h on day 3, the cerebral ischemia‑reperfusion model 
was established. The same administration was carried out 
as above during reperfusion.

Detections of histomorphology in hippocampus CA1
After reperfusion for 24  h, 2  cm brain tissues were 
removed from the posterior of  the optic chiasm, fixed 
with paraformaldehyde, and embedded in paraffin. 
Pathological changes in hippocampus CA1 were observed 
with hematoxylin and eosin staining, and nerve cells 
were counted. In normal nerve cells, cell membrane was 
clear, cytoplasm was red, nucleus was blue, and nucleoli 
could be seen, hematoxylin was even; but damaged nerve 
cells appeared karyopyknosis, dissolution, acidophilic 
or vacuolar degeneration. Five nonoverlapping views 
were taken of  each section at high magnification (×400), 
percentage of  normal nerve cells among total nerve cells 
was the survival rate of  nerve cells. The mean of  five visual 
fields was used for statistical analysis.

Detections of oxidative stress parameters
Brain tissues were mixed with cold phosphate buffered 
saline  (PBS)  (brain tissue: PBS  =  1:9) to acquire 10% 
homogenate, which were centrifuged for 15  min at 
4°C  (3500  rpm) to obtain the supernatant to test. The 
activity of  SOD was detected by nitroblue tetrazolium,[7] the 
contents of  MDA and NO were detected using thiobarbituric 
acid reaction and nitrate reductase methods,[8,9] GSH 
examination adopted chemical chromometry method.[10]

Detections of nuclear factor‑erythroid 2 related factor 
2 messenger ribonucleic acid and heme oxygenase‑1 
messenger ribonucleic acid in brain tissues (reverse 
transcription polymerase chain reaction)
A total of  20 mg of  brain tissues were removed from the 
front of  the optic chiasm, total RNA was extracted by Trizol 
method, A260/A280 of  which was 1.8-2.0, purity >90%. 
Then RNA was transcripted reversely into complementary 
deoxyribonucleic acid (cDNA) by random primers, cDNA 
was used as the template for polymerase chain reaction (PCR) 
amplification. Nrf2 gene  (RS ID: NM‑010902.3): The 
upstream primer: 5’‑ATCAAAAAGCCCCATTCACA‑3’, the 
downstream primer: 5’‑CCGCCTTTTCAGTAGATGGA‑3’, 
the amplified fragment was 364  bp; HO‑1 gene  (RS 
I D :  N M ‑ 0 1 0 4 4 2 . 2 ) :  T h e  u p s t r e a m  p r i m e r : 
5’‑AGCCCCACCAAGTTCAAACA‑3’, the downstream 
primer :  5’‑TGCCAACAGGAAGCTGAGAG‑3’, 
the  ampl i f ied f ragment  was  321  bp;  β ‑act in 
gene  (RS ID: NM‑007393.3): The upstream primer: 

5’‑GAGACCTTCAACACCCCAGC‑3’, the downstream 
primer: 5’‑CCACAGGATTCCATACCCAA‑3’, the 
amplified fragment was 446  bp. Amplification system: 
10 × butter 2 μL, deoxynucleotide triphosphates  (all 2.5 
mmol/L) 1 μL, primer  (10 pmol/μL) l μL, Taq enzyme  
(5 U/μL) 2.5 U, Mg2+ (25 mmol/L) 1.0 μL, template DNA 
1 μL, ddH2O 13.5 μL, and the final volume was 20 μL; 
amplification conditions: 95°C for 2  min, 94°C for 45s, 
60°C for 30s and 72°C for 2 min, 35 cycles, and then 72°C 
for 10 min. To detect the products of  PCR amplification 
with 1% agarose gel electrophoresis, scan the target band 
with ChampGel5500 gel image system and mensurate the 
integral optical density (IOD) with pro‑plus image analysis 
software. The ratio of  the IOD values of  the objective gene 
band and β‑actin band was taken as relative expression of  
the objective gene.

Detections of nuclear factor‑erythroid 2‑related 
factor 2 protein in the cytoplasm and nucleus, 
heme oxygenase‑1 protein in whole cell of brain 
tissues (western‑blotting)
First, to take the remaining brain tissues to extract the 
whole cell, cytoplasm and nuclear protein according to 
the instructions of  the kits; to determine the protein 
concentration to ascertain the sample protein contents 
of  whole cell, cytoplasm and nucleus. Then, the protein 
sample was mixed with 4×  sodium dodecyl sulfate gel 
sample buffer, boiled and denatured for 5-10 min, separated 
for 2-3  h with 100 V electrophoresis, transferred into 
the 3 × 7 cm poly vinylidene fluoride membrane for 1 h 
with 300 mA constant current. Next, the membrane was 
closed for 3 h with Tris buffered saline solution, washed 
for 3  times with  TBST, incubated respectively with 
β‑actin antibody  (1:1000), Nrf2 antibody  (1:500), HO‑1 
antibody  (1:500), overnight at 4°C, washed for 3  times. 
Finally, the membrane was continued to incubate with the 
corresponding second antibodies labeled by horseradish 
peroxidase (1:1000) at room temperature for 1 h, washed 
for 3 times, developed with the enhanced diaminobenzidine 
chromogenic substrate kit to scan and test the IOD of  
protein band. To use the β‑actin expression of  the total 
protein as an internal reference, and the ratio of  the IOD 
values of  the objective protein band and β‑actin protein 
band as relative expression of  the target protein.

Statistical analysis
Statistical package SPSS16.0  (SPSS Inc., Chicago, IL, 
USA) was used for analyses; all data were expressed as 
mean  ±  standard deviation  (SD). One‑way analysis of  
variance was used for multigroup comparison, among 
every two groups, least significant difference test was used 
for analysis of  homogeneity of  variance  (heterogeneity 
of  variance was converted into homogeneity). Values of 
P < 0.05 were considered statistically significant.
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RESULTS

Comparison of nerve cells injury in hippocampus CA1 
among the groups
In the sham group, nerve cell injury hardly could be seen, cell 
hierarchical structure was clear, morphology was normal. In 
model group, pyramidal cells had lost their normal structure 
and were disorganized, partial cells presented edema, 
eosinophilic degeneration and karyopyknosis change, the 
survival rate of  nerve cells was far lower than that of  the 
sham group (P < 0.01). Compared with model group, nerve 
cell injury was alleviated significantly; the survival rate was 
increased significantly in treatment groups (all P < 0.01). 
The survival rate in four active components combination 
group was higher than that in four active components 
alone (P < 0.01 or P < 0.05), had no significant difference 
compared with edaravone (P > 0.05) [Figures 1 and 2].

Comparison of oxidative stress parameters in brain 
tissues among the groups
After cerebral ischemia‑reperfusion, the contents of  MDA 
and NO in brain tissues were increased significantly, while 
SOD activity and GSH level were decreased (P  <  0.01 

or P < 0.05). AST‑IV decreased significantly MDA and 
NO contents (all P < 0.01), ginsenoside Rg1 decreased 
significantly NO content (P < 0.01), ginsenoside Rb1 and 
notoginsenoside R1 had no effects on MDA, NO, SOD, 
GSH (all P > 0.05). Four active components combination 
decreased significantly MDA and NO contents, increased 
SOD activity and GSH level, furthermore, the effects were 
better than most of  active components alone (P < 0.01 or 
P < 0.05). There were no significant differences between 
four active components combination and edaravone (all 
P > 0.05) [Table 1].

Comparison of nuclear factor‑erythroid 2‑related factor 
2 messenger ribonucleic acid and protein expressions 
in brain tissues among the groups
Compared with sham group, Nrf2 messenger ribonucleic 
acid  (mRNA) was up‑regulated significantly in model 
group  (P  <  0.05). Compared with model group, there 
was no significant change in treatment groups  (all 
P > 0.05) [Figure 3, Table 2].

Compared with sham group, Nrf2 protein expression 
of  cytoplasm was up‑regulated significantly in model 

Figure 2: Comparison of neurocyte survival rate in hippocampus CA1 among the groups (1) Sham. (2) Model. (3) Astragaloside IV. (4) Ginsenoside 
Rg1. (5) Ginsenoside Rb1. (6) Notoginsenoside R1. (7) Four active components combination. (8) Edaravone. Values represent the mean ± 
standard deviation from the eight mice in each group; ººP < 0.01, versus sham; ∆∆P < 0.01, versus model; P < 0.05, P < 0.01, versus four 
active components combination

Figure 1: Pathological changes in hippocampus CA1 among the groups (H and E, ×400, ×400, bar = 20 μm). Hematoxylin and eosin sections 
of brain tissues showed normal morphology in sham group, edema, eosinophilic degeneration and karyopyknosis of nerve cells could be seen 
in model group and treatment groups (arrows). (1) Sham. (2) Model. (3) Astragaloside IV. (4) Ginsenoside Rg1. (5) Ginsenoside Rb1. (6) 
Notoginsenoside R1. (7) Four active components combination. (8) Edaravone
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group  (P  <  0.01), while down‑regulated significantly in 
treatment groups compared to model group  (P  <  0.05 
or P  <  0.01), and the fall of  four active components 
combination group on Nrf2 protein of  cytoplasm was more 
obvious than that of  four active components alone  (all 
P < 0.01), presented no significant difference compared 
to edaravone (P > 0.05) [Figure 3, Table 2].

Compared with sham group, Nrf2 protein expression of  
nucleus was increased obviously in model group (P < 0.01). 
Compared with model group, Nrf2 protein expression 
of  nucleus was further increased in AST‑IV, ginsenoside 
Rg1, notoginsenoside R1, four active components 
combination and edaravone (P < 0.05 or P < 0.01), had 
no significant change in Ginsenoside Rb1 (P > 0.05). The 
increase of  Nrf2 protein of  the nucleus in four active 
components combination was stronger than that in four 
active components alone (all P < 0.01), had no significant 
difference compared to edaravone (P > 0.05)  [Figure 3, 
Table 2].

Compared with sham group, Nrf2 nuclear translocation 
rate was raised significantly in model group  (P < 0.01), 
further increased in treatment groups compared to 
model group (P < 0.05 or P < 0.01). The effect on Nrf2 
nuclear translocation rate in four active components 
combination was above four active components 

alone (P < 0.05), had no significant difference compared 
to edaravone (P > 0.05) [Table 2].

Comparison of heme oxygenase‑1 messenger 
ribonucleic acid and protein expressions in brain 
tissues among the groups
Compared with sham group, HO‑1 mRNA and protein 
expressions were increased significantly in model 
group  (P  <  0.01 or P  <  0.05). Compared with model 
group, HO‑1 mRNA and protein expressions were 
further increased in AST‑IV, ginsenoside Rg1, four active 
components combination and edaravone  (P  <  0.01 or 
P  <  0.05), had no significant changes in ginsenoside 
Rb1 and notoginsenoside R1 alone  (all P > 0.05). The 
increases of  four active components combination on 
HO‑1 mRNA and protein expressions were better than 
those of  four active components alone  (all P  <  0.01), 
the differences were not statistical significances between 
four active components combination and edaravone (all 
P > 0.05) [Figures 4 and 5].

DISCUSSION AND CONCLUSION

About the toxicity of  the effective components of  
Astragalus and P. notoginseng, it was reported that the lethal 
dose 50  (LD50) of  ginsenoside Rg1 in mice by oral 

Table 1: Comparison of oxidative stress parameters among the groups
Group MDA (nmol/g tissue) NO (nmol/g tissue) SOD (U/g tissue) GSH (μg/g tissue)
Sham 303.4±19.0 645.1±100.8 234.3±29.8 141.0±17.0
Model 386.9±0.3◊◊ 857.6±87.9◊◊ 187.7±43.8◊ 66.0±11.2◊◊

Astragaloside IV 342.2±33.6∆∆▲▲ 692.9±99.8∆∆ 179.0±33.1▲▲ 78.6±18.2▲

Ginsenoside Rg1 359.1±54.6▲▲ 751.1±70.0∆∆▲▲ 223.4±50.7 67.0±17.9▲▲

Ginsenoside Rb1 393.8±29.0▲▲ 822.3±87.1▲▲ 182.1±19.3▲▲ 77.2±9.4▲

Notoginsenoside R1 391.2±27.2▲▲ 881.0±102.3▲▲ 201.1±20.7▲ 85.6±21.1
Four active components combination 302.6±16.2∆∆ 621.2±57.7∆∆ 249.1±88.2∆∆ 99.6±37.9∆∆

Edaravone 318.1±33.2∆∆ 732.6±53.1∆∆ 184.7±33.4 90.2±11.8∆

Values represent the mean±SD (n=8). ◊P<0.05; ◊◊P<0.01 versus Sham; ∆P<0.05; ∆∆P<0.01 versus model; ▲P<0.05;▲▲P<0.01 versus four active components combination.  
SD: Standard deviation; MDA: Malondialdehyde; NO: Nitric oxide; SOD: Superoxide dismutase; GSH: Glutathione

Table 2: Comparison of Nrf2 mRNA, protein expression and Nrf2 nuclear translocation rate among the 
groups in the brain tissues
Group Nrf2 mRNA Nrf2 (cytoplasm) Nrf2 (nucleus) Nrf2 nuclear translocation rate (%)
Sham 0.343±0.080 0.174±0.021 0.066±0.021 27.1±3.9
Model 0.440±0.114◊ 0.250±0.030◊◊ 0.138±0.013◊◊ 35.7±3.9◊◊

Astragaloside IV 0.398±0.079 0.220±0.027∆▲▲ 0.166±0.009∆▲▲ 43.1±2.7∆∆▲▲

Ginsenoside Rg1 0.470±0.086 0.218±0.011∆▲▲ 0.184±0.023∆∆▲▲ 45.7±2.8∆∆▲▲

Ginsenoside Rb1 0.368±0.071 0.222±0.016∆▲▲ 0.152±0.019▲▲ 40.5±2.3∆▲▲

Notoginsenoside R1 0.375±0.078 0.220±0.016∆▲▲ 0.166±0.021∆▲▲ 42.9±2.0∆∆▲▲

Four active components combination 0.530±0.087 0.166±0.011∆∆ 0.244±0.027∆∆ 59.4±2.7∆∆

Edaravone 0.512±0.059 0.166±0.018∆∆ 0.248±0.025∆∆ 59.9±4.0∆∆

Values represent the mean±SD (n=8). ◊P<0.05; ◊◊P<0.01 versus sham; ∆P<0.05; ∆∆P<0.01 versus model; ▲▲P<0.01 versus four active components combination. Nrf2: Nuclear 
factor‑erythroid 2; mRNA: Messenger ribonucleic acid; SD: Standard deviation
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administration was more than 5000 mg/kg, the LD50 of  
ginsenoside Rg1, ginsenoside Rb1, notoginsenoside R1 by 
intraperitoneal injection was 1250 mg/kg, 1208 mg/kg, 
688  mg/kg, respectively.[11,12] It was laid down in the 
Pharmacopoeia of  the People’s Republic of  China that 
the content of  AST‑IV in Astragalus was not  <0.04%, 
mice were given A. membranaceus 75 g/kg by gavage, no 
abnormal reaction was observed within 48 h, the LD50 of  
intraperitoneally injected Astragalus in mice was 40 g/kg. It 
suggested that the effective components of  Astragalus, P. 
notoginseng were scarcely toxicity, belongs to the nontoxic 
grade according to “Chemicals‑Test method of  acute oral 
toxicity for chemicals‑acute toxic class method  (GB/T 
21757-2008)”. So, we inferred that the toxicity of  AST‑IV 
combined with ginsenoside Rg1, ginsenoside Rb1 and 
notoginsenoside R1 was low.

After cerebral ischemia, especially reperfusion, a lot of  
free radicals are produced, resulting in oxidative damage 
of  brain tissues. Oxygen free radical (OFR) often attacks 
unsaturated fatty acid; causing lipid peroxidation to generate 
MDA, MDA level in tissues indirectly reflects the metabolic 
status of  OFR and the damaged degree of  tissues by free 
radicals. NO, also is a free radical, has neurotoxicity.[13,14] 
Normally, the body also has natural free radical scavenging 
systems, such as GSH peroxidase (GSH‑PX), SOD, GSH 
and so on.[15,16] The activity level of  SOD in tissues can 
reflect partly the body’s ability of  eliminating free radicals. 
GSH can integrate with peroxides and free radicals, 
reducing the damage to the proteins and enzymes. After 
cerebral ischemia, SOD, GSH‑PX, GSH are decreased 
significantly because of  free radical generated and 
antioxidant substances consumed.[17,18]

Our study showed that nerve cell in hippocampus CA1 
happened to degeneration and necrosis after cerebral 
ischemia‑reperfusion for 24  h, the survival rate was 
decreased; AST‑IV and ginsenoside Rg1, ginsenoside 
Rb1, notoginsenoside R1 could prevent the decrease 

Figure  4: Gene and protein expressions of heme oxygenase-1 
(HO-1) among the groups. (a) HO-1 messenger ribonucleic acid map.  
(b) Western-blotting pattern of HO-1. (1) Sham. (2) Model. (3) Astragaloside 
IV. (4) Ginsenoside Rg1. (5) Ginsenoside Rb1. (6) Notoginsenoside R1. 
(7) Four active components combination. (8) Edaravone

Figure 5: Comparison of heme oxygenase-1 messenger ribonucleic acid and protein expression in brain tissues among the groups: (1) Sham. 
(2) Model. (3) Astragaloside IV. (4) Ginsenoside Rg1. (5) Ginsenoside Rb1. (6) Notoginsenoside R1. (7) Four active components combination.  
(8) Edaravone. Values represent the mean ± standard deviation from the eight mice in each group; ◊P < 0.05, ◊◊P < 0.01, versus sham;  
∆P < 0.05, ∆∆P < 0.01, versus model; P < 0.01, versus four active components combination

Figure  3: Gene and protein expression of nuclear factor-erythroid 
2-related factor 2 among the groups: (a) Messenger ribonucleic 
acid map. (b) Western-blotting pattern in cytoplasm. (c) Western-
blotting pattern in nucleus. (1) Sham. (2) Model. (3) Astragaloside IV.  
(4) Ginsenoside Rg1. (5) Ginsenoside Rb1. (6) Notoginsenoside R1. 
(7) Four active components combination. (8) Edaravone
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of  nerve cell livability in hippocampus CA1, suggesting 
that AST‑IV and Ginsenoside Rg1, Ginsenoside Rb1, 
notoginsenoside R1 had an inhibitory effect on cerebral 
ischemia‑reperfusion injury. Furthermore, the effect of  
four active components combination was better than that 
of  four active components alone. The results proved that 
AST‑IV combined with ginsenoside Rg1, ginsenoside Rb1, 
notoginsenoside R1 could strengthen the effects against 
cerebral ischemia‑reperfusion injury, also confirmed that 
the effect of  AST combined with PNS on enhancing the 
anticerebral ischemia‑reperfusion injury mainly come from 
the combination of  the active components.

Our results also showed that MDA and NO contents 
in brain tissues were increased significantly while SOD 
activity and GSH content were decreased after cerebral 
ischemia‑reperfusion, suggesting that free radicals were 
produced, antioxidants were consumed, oxidative damage 
was occurred in brain tissues. AST‑IV could inhibit the 
increase of  MDA and the production of  NO; ginsenoside 
Rg1 could reduce NO generated; There were no effects 
on MDA, NO, SOD and GSH in ginsenoside Rb1 and 
notoginsenoside R1. However, four active components 
combination could decrease significantly the productions 
of  MDA and NO, increase SOD activity and GSH content, 
AST‑IV combined with ginsenoside Rg1, ginsenoside 
Rb1, notoginsenoside R1 had a stronger effect against 
oxidative stress injury after cerebral ischemia‑reperfusion. It 
indicated that the combination of  four active components 
could strengthen the anti‑oxidative stress injury, thus 
enhance the protective effect on ischemic brain tissues.

Normally, Kelch‑like ECH‑associated protein‑1 (Keap 1) in 
kytoplasm forms complexes with Nrf2 to inhibit the activity 
of  Nrf2. Under oxidative stress, Nrf2 is separated from 
Keap 1, translocating into the nucleus, combining with 
ARE, and activating the expressions of  anti‑oxidant genes, 
enhancing cells resistance on oxidative stress.[19] The mode 
of  transient middle cerebral artery occlusion and Nrf2 gene 
knockout experiments had confirmed that Nrf2 played 
an important endogenous neuroprotective response after 
ischemic stroke,[20,21] the activation of  Nrf2/ARE pathway 
could relieve cerebral ischemic injury.[3] HO‑1 is a major 
antioxidant gene regulated by ARE, expressed widely in the 
brain tissues as well as up‑regulated after transient cerebral 
ischemia.[22] The increase of  HO‑1 expression induced by 
HO‑1 inducer or transgenic technology can prompt the 
anti‑oxidant ability of  tissues, inhibit the inflammatory 
reaction, reduce cerebral ischemia‑reperfusion injury, have 
protective effects on ischemia‑reperfusion tissues.[23] Study 
showed that the neurons of  HO‑1 knockout increased 
susceptibility to oxidative stress injury while the increase 
of  HO‑1 expression enhanced neuronal tolerance to 
oxidative stress.[24,25]

Our results showed that Nrf2 mRNA expression in brain 
tissues was significantly up‑regulated, at the same time, 
Nrf2 protein content was increased in the cytoplasm 
and nucleus, nuclear translocation rate was raised, HO‑1 
mRNA and protein expressions were enhanced after 
cerebral ischemia‑reperfusion. It suggested that Nrf2/
HO‑1 pathway was activated to meet the stimulation of  
ischemia and hypoxia after cerebral ischemia, which was 
a protective response generated by the body. All active 
components could promote the activation of  Nrf2; 
moreover, AST‑IV and ginsenoside Rg1 could increase 
the expression of  HO‑1, suggesting that the inhibitory 
effect of  active components on oxidative damage after 
cerebral ischemia‑reperfusion was related to the activation 
of  Nrf2/HO‑1 pathway. Furthermore, the effects of  four 
active components combination promoting Nrf2 activation 
and HO‑1 expression were better than those of  the active 
components alone. It suggested that the combination of  
four active components could enhance the activation of  
Nrf2/HO‑1 signaling pathway, up‑regulated the expression 
and synthesis of  anti‑oxidant HO‑1, thereby played 
stronger effects than single components, which might 
be one of  the mechanisms that four active components 
combination enhanced the antagonism against oxidative 
stress injury after cerebral ischemia‑reperfusion. However, 
the enhancement of  the combination on antioxidative stress 
injury came from the joint effect of  four active components 
or some of  four active components were unclear in this 
work. In the future, there are important values to study 
the combination among the active components for further 
clarifying the synergistic mechanisms of  active components 
combination, promoting the rational combination of  active 
components.
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