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Xueshuantong improves cerebral microcirculation disorder:
action mechanism based on network pharmacology and
experimental validation
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Abstract: This study is to explore the mechanism of Xueshuantong improving cerebral microcirculation
disorder through the combination of network pharmacology and experimental validation in vivo. Structural
formulas of main Panax notoginseng saponins, including notoginsenoside R1, and ginsenoside Rgl, Re, Rbl and
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Rd were obtained from Pubchem website and their potential targets were predicted by Swiss Target Prediction
database. Potential molecular targets of brain microcirculation disorder were acquired from OMIM and GeneCards
database. The overlapped molecular targets between the drug and disease were analyzed. Protein interaction
analysis and topology maps were constructed through the STRING online analysis platform and Cytoscape
software. Core action targets were selected. GO function and KEGG pathway were analyzed by DAVID database.
Immunohistochemical method was used to examine the expression of platelet endothelial cell adhesion molecule-1
(CD31) in the ischemic cortex of middle cerebral artery occlusion and reperfusion (MCAO/R) rats. The levels of
mMRNA and protein expressions of core action targets in MCAO/R model rats’ brain microvessels were verified by
RT-gPCR and Western blot. Based on network pharmacology, 242 targets of Xueshuantong, 425 targets of brain
microcirculation disorder, and 35 overlapped targets were obtained. The potential key targets of Xueshuantong,
protein kinase B (AKT1), vascular endothelial growth factor A (VEGFA), caspase 3 (CASP3), matrix metallopeptidase
9 (MMP-9), phosphatidylinositol-4, 5-bisphosphate 3-kinase catalytic subunit alpha (PIK3CA), signal transducer
and activator of transcription 3 (STAT3) involved in the alleviation of cerebral microcirculation disorder were
obtained by setting degree and betweenness centrality as screening parameters. Xueshuantong at the dose of
48 mg-kg™ was shown to significantly improve the injury of neurological behaviors, as well as the density and
morphology of microvessels of MCAO/R model rats. Xueshuantong could down-regulate the mRNA levels
of AKT1, MMP-9, and STAT3, increase the protein expression levels of CD31, phosphorylated AKT and
phosphatidylinositol-4, 5-bisphosphate 3-kinase (PI3K), and the ratio of B-cell lymphoma 2/Bcl-2-associated X
(Bcl-2/Bax), but decrease the protein expression levels of MMP-9, cleaved caspase-3 and phosphorylated STAT3.
In summary, Xueshuantong could improve ischemic cerebral microcirculation disorder and thereby reduce nerve
damage in ischemia-reperfusion rats by regulating signaling pathways related with PI3K, AKT, MMP-9, STAT3
and caspase-3 in microvessels. The study strictly adhered to all ethical protocols that experimental animals should
follow in the course of medical research.

Key words: network pharmacology; Xueshuantong; notoginsenoside; cerebral ischemia; brain microcirculation
disorder
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Table 1 RT-gPCR primer sequence table. AKT1: Protein kinase B;
SRC: Sarcoma oncogene; FGF2: Fibroblast growth factor 2; CASP3:
Caspase 3; STAT3: Signal transducer and activator of transcription
3; F2: Coagulation factor Il; VEGFA: Vascular endothelial growth
factor A; MMP-9: Matrix metallopeptidase 9

Gene Sequence (5'-3")
AKT1 Forward: GTCACCTCTGAGACCGACAC
Reverse: TCCGTTCACTGTCCACACAC
SRC Forward: TTCAGGCATGGCCTATGTGG
Reverse: TTGCCGAGCTGTGTATTCGT
FGF2 Forward: ATCAAGGGAGTGTGTGCGAA

Reverse: CTTAGAAGCCAGCAGCCGT

CASP3 Forward: TCTACCGCACCCGGTTACTA
Reverse: CGTACAGTTTCAGCATGGCG
STAT3 Forward: ACGTGCAGAAGACACTGACC
Reverse: TTTGTTGGCGGGTCTGAAGT
F2 Forward: GGACGCTGAGAAGGGTATCG
Reverse: TTCTTGTCCCAGGGTGGGTA
VEGFA Forward: CAAACCTCACCAAAGCCAGC
Reverse: ACGCGAGTCTGTGTTTTTGC
MMP-9 Forward: GATCCCCAGAGCGTTACTCG

Reverse: GTTGTGGAAACTCACACGCC
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Figure 1 Xueshuantong component-target topological map. The five surrounding blue nodes are the main components of Xueshuantong:

notoginsenoside R1, ginsenside Rgl, Re, Rb1, Rd. Intermediate squares are the predictive targets of the five main components. The darker

the color, the more associated nodes
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Table 2  Protein-protein interaction (PPI) topology network property table

Average shortest . . Clustering
Number Name Degree Betweenness centrality Closeness centrality -
path length coefficient
1 AKT1 31 1.088 235 29 0.131 670 89 0.918 918 92 0.445 161 29
2 VEGFA 27 1.205 882 35 0.049 712 11 0.829 268 29 0.538 461 54
3 SRC 25 1.264 705 88 0.043 7909 0.790 697 67 0.56
4 FGF2 25 1.264 705 88 0.040 377 88 0.790 697 67 0.566 666 67
5 EGFR 25 1.264 705 88 0.039 631 08 0.790 697 67 0.566 666 67
6 CASP3 24 1.294 117 65 0.049 630 97 0.772 727 27 0.550 724 64
7 MMP-9 22 1.352 941 18 0.023 408 43 0.739 130 43 0.623 376 62
8 PIK3CA 22 1.352 941 18 0.045 763 53 0.739 130 43 0.515 151 52
9 STAT3 21 1.382 352 94 0.022 865 41 0.723 404 26 0.623 809 52
10 F2 18 1.470 588 24 0.041 860 42 0.68 0.594 771 24
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Figure 3  Xueshuantong-brain microcirculation disorder-target-pathway-GO topological map. The rectangular dark blue nodes in the
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Xueshuantong, light blue circle is 35 intersection targets, including the concentric circle is the core target, and the left yellow circle is the
corresponding KEGG signaling pathway, orange circle is the corresponding biological process
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Figure 4 Effect of Xueshuantong (48 mg-kg™) on nerve injury in
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Figure 5 Effect of Xueshuantong (48 mg-kg™) on density and morphology of the microvessels in MCAO/R rats. Arrows are shown as the
microvessels. n = 3, mean = SEM. P < 0.01 vs Sham group; P < 0.01 vs MCAO/R group
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Figure 6 Effect of Xueshuantong (48 mg-kg™) on transcription level of cerebrovascular transcription factor on ischemic side of rats. n = 6,
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