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Systems Biology Analysis of Synergistic Mechanisms Between Salviae Miltiorrhizae Radix et Rhizoma and
Carthami Flos LYU Yan-ni, FU Long-sheng, WEI Xiao-hua” ( The First Affiliated Hospital of Nanchang
University Pharmacy, Nanchang 330046, China)
[ Abstract ] Objective; To simulate and explore the synergistic mechanisms between Salviae Miltiorrhizae
Radix et Rhizoma and Carthami Flos of Danhong injection using computer systems biology approach. Method: The
combined TCMGeneDIT database and Agilent literature search ( ALS) system was used to dig the protein
information of Salviae Miltiorrhizae Radix et Rhizoma and Carthami Flos. The protein interaction networks were
respectively built based on the protein-protein interaction extracted from the BIND, BioGRID database. The
differences and similarities of the networks were compared via difference and intersection module of the Merge
programme. Result: There were 934 proteins contained in the common highly-connected protein network of Salviae
Miltiorrhizae Radix et Rhizoma and Carthami Flos. Four subnetworks were extracted from the common highly-
connected protein network with significant difference (P <0.05) using clusterONE. Gene ontology cluster analysis
demonstrated the functions of common highly-connected protein network were associated with 4 biological processes,
including RNA metabolic process, nuclear factor kappa B (NF-kB) cascade, lipid homeostasis, Rho protein, Rho
protein and small GTPase mediated signal transduction. The 1 431 difference protein networks extracted from the
difference module analysis between Danhong injection protein and common highly-connected protein network had
the relationship with the cell proliferation, migration and autophagy. Conclusion: The computer system biology
approach simulated and explored the synergistic mechanisms between Salviae Miltiorrhizae Radix et Rhizoma and
Carthami Flos of Danhong injection. The mechanisms might be related to the RNA metabolic process, NF-«xB
cascade, cell proliferation, migration and autophagy.
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Fig.1 Protein interaction networks
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Fig.2 Common and difference protein interaction network
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Table 1 GO analysis of common highly-connected protein network between Salviae Miltiorrhizae Radix et Rhizoma and Carthami Flos
A EEX .
R D 15 = 3 %
E TR %
1 2. 118 x 10° CLP1, DX23, DHX9, EFTUD2, 8380  RNA splicing
FUS, GTF2F2, HNRNPAO, 6396 RNA processing
HNRNPA1, HNRNPU, HNRPF, .
16071  mRNA metabolic process
HNRPM, MAGOH, NHP2LI,
PABPN1, PTBP1, U2AF2, YBXI 6397 mRNA processing
16070  RNA metabolic process
2 0. 001 CDI14, ILIR1, ILIRAP, IRAKI, 45087  innate immune response
IRAK4, LY96, MYD8S, TIRAP, 7249  I-kappaB kinase/NF-kappaB cascade
TLR1, TLR10, TLR2, TLR4,
6955  immune response
TLR6, TLR7, TLR8, TLR9,
- 6952  defense response
TOLLIP
2376  immune system process
3 0.001 APOAl, APOA2, APOA4, 34368  protein-lipid complex remodeling
APOB, APOCZ, APOC3, APOE, 34369  plasma lipoprotein particle remodeling
HSPG2, LPL, PLTP, SDC1 .
34367  macromolecular complex remodeling
33700  phospholipid efflux
55088  lipid homeostasis
4 0.038 A2M, AKAP13, ARHGAP29, 35023  regulation of Rho protein signal transduction
ARHGDIB, ARHGEF11, ARHGEF12, 46578  regulation of Ras protein signal transduction
BCR, CDC42, CHN2, DLCI, G3BP2,
51056  regulation of small GTPase mediated signal transduction
ITSN1, PIK3R2, RACI, RALBPI,
SOSI.STARDI3, TIAMI ,VAVI,VAV3 8624  induction of apoptosis by extracellular signals
7264  small GTPase mediated signal transduction
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Table 2 Difference protein network related with synergistic mechanism between Salviae Miltiorrhizae Radix et Rhizoma and Carthami Flos

28 v 1R M %% D p 17 5 3
1 65007 4.40E-75 biological regulation
2 50789 1. 16E-73 regulation of biological process
3 50794 7. 13E-69 regulation of cellular process
4 48522 1.30E-58 positive regulation of cellular process
5 23052 1. 28E-57 signaling
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