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Analysis of the compatibility laws of Jianghuang in blood-regulating
prescriptions and systemic pharmacological mechanism
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Abstract ; Jianghuang (JH) could be effective for the treatment of various diseases. The compatibility laws of blood-regulating
formulae containing JH from the Chinese Traditional Medicine Formula Dictionary were analyzed using a generalized rule in-
duction (GRI) algorithm implemented. System pharmacological mechanisms are traced by leveraging data mining of hioinfor-
matics databases and MTT cell proliferation assay, Elisa and Western blotting analysis. We found that the JH-CX-DG formula
(Jianghuang-Chuanxiong-Danggui) could represent a key formula containing JH in blood-regulating TCM formulae. The PPI
network and KEGG pathway enrichment analysis showed that the JH-CX-DG formula possess potential pharmacological effects
including anti-inflammatory , improving microcirculation,and anti-tumor through the regulation of multiple pathways including
PI3K/Akt, MAPK, Toll-like receptor,T cell receptor, EGFR, VEGFR, Apoptosis, HIF-1 (P <0.05). The MTT assay, Elisa
and Western blotting showed that the “JH-CX-DG” formula can inhibit human lung cancer A549 cells proliferation and down-
regulate the expression of p-EGFR, p-PI3K, p-Akt, VEGF and HIF-1a. The JH-CX-DG formula can exert beneficial pharma-
cological effects through multi-target and multi-pathway interactions. It maybe be effectively administered for the treatment of
inflammatory diseases , microcirculation disorders,cardiovascular disease,and cancer. We found a new effective drug formula
through analyzing the compatibility law and systemic pharmacological mechanism of JH. Our study provides a theoretical basis
and directions for subsequent research on the JH-CX-DG formula.
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Table 1  Frequency distribution of Jianghuang compatible drugs

P SRESEERT SFRE LI/
No. Combination of TCM Support (% ) Frequency
1 LY 61.70 29
2 S Sl 31.91 15
3 FHHRA 29.79 14
4 - 27.66 13
5 LR 25.53 12
6 S - 21.28 10
7 LW-LIAE 19.15 9
8 E-FAR 17.02 8
9 FH-KE 17.02 8
10 LW-AE 17.02 8
11 EH-HANG 17.02 8
12 L= 14.89 7
13 FW-dh 14. 89 7
14 EH- 12.77 6
15 Sy il 12.77 6
16 LRI 12.77 6
17 LW-HK 12.77 6
18 LB 12.77 6
19 FIE-A] 10. 64 5
20 LT 10. 64 5
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225% 1( Cotinued Tab.2)

= LRESE ey SRR LT/
No. Combination of TCM Support (% ) Frequency
21 EH-EH 10. 64 5
22 EE-HAR 8.51 4
23 TR 8.51 4
24 LUK 8.51 4
25 L -fnt 8.51 4
26 L F 8.51 4
27 LMool 8.51 4
K2 EHFMR 3 KA XBENME
Table 2 Key combination of formulae containing Jianghuang
b CRESEE RS EAEE SRR Tt
No. Combination of TCM Confidence (% ) Support( % ) Lift
1 ZE NESYH7 93.33 31.91 1.51
2 LW A4 92.86 29.79 1.50
3 BN i) 70 21.28 2.35
4 LW IR N 58.33 25.53 2.11
5 W HPHEE 100 12.77 3.13
6 RSB TR 62.5 17.02 2.45
7 LW AR 50 21.28 1.81
8 LW FAEWH 100 8.51 5.87
9 s 50 17.02 5.88
10 LU R 66.67 12.77 4.48
11 LU A 57.14 14.89 4.48
12 L SR 66.67 12.77 3.92
13 LW AF =R 50 17.02 3.36
14 ZW AR LA 50 17.02 2.61
15 B W AR 50 17.02 1.81
16 Z KMt 75 8.51 8.81
17 NS N 75 8.51 8.81
18 FEE AR 60 10. 64 7.05
19 ES- 1S 75 8.51 2.52
20 LW M- RAR 50 12.77 2.94
21 LW T E-T R 50 12.77 2.94
22 ZWm AF 50 8.51 3.92
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Table 3  Targets of the JH-CX-DG formula (score = 0.95)
e LYY B AR IR IR
No. Target Targets for the full name Gene family
1 AKT Prtein kinase B AKT1 AKT2 AKT3
2 TLR4 Toll like receptor 4 TLR4
3 caspase-3 caspase-3 CASP3
4 PI3K Phosphatidylinositol 3 kinase PIK3CA \PIK3CB PIK3CG ,PIK3CD
5 mTOR Mechanistic target of rapamycin kinase MTOR
6 p38 MAPK p38 Mitogen-activated protein kinases MAPK11 MAPK12 MAPK13 MAPK14
7 VEGF Vascular endothelial growth factor VEGFA VEGFB .VEGFC
8 iNOS Inducible nitric oxide synthase NOS2
9 Nif2 Nuclear factor E2 related factor 2 NFE2L2
10 BDNF Brain derived neurotrophic factor BDNF
11 NF-xB Nuclear factor-kB NFKB1 NFKB2 .REL .RELA RELB
12 Bel-2 B-cell lymphoma-2 BCI2
13 Bax Bel-2 Associated X Protein BAX
B4 51.03 x 107 3944 4.09 x 107, Hirft AKTI e
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x4 PPINEHT RS
Table 4 Node parameters in the PPI network

W FR EE B B i 24 53 A
Gene Type Degree Closeness Betweenness Main Subcellular location
AKT1 Protein kinases 20 81.25 x 107 40.25 x 102 Plasma membrane
PIK3CA Enzymes 12 61.90 x 102 8.08 x 107 Plasma membrane
MTOR Protein kinases 10 59.09 x 102 3.93 x107 Cytoplasm
RELA Transcription factors 10 60.47 x 102 12.02 x 102 Nucleus
AKT2 Protein kinases 10 56.52 x 102 3.31 x107 Plasma membrane
AKT3 Protein kinases 10 54.17 x 102 1.75 x 107 Plasma membrane
NFKBI1 Transcription factors 9 59.09 x 102 10.35 x 10 Nucleus
CASP3 Enzymes 8 55.32 x10% 3.83 x107 Cytoplasm
MAPK14 Protein kinases 8 57.78 x 102 12.91 x 107 Cytoplasm
VEGFA Growth factors 8 53.06 x 102 6.33 x107 Extracellular
PIK3CB Enzymes 7 50.98 x 102 0.05 x 102 Plasma membrane
PIK3CD Enzymes 7 50.98 x 102 0.05 x 107 Plasma membrane
PIK3CG Enzymes 6 50.00 x 102 0.00 x 107 Plasma membrane
BCI2 Apoptosis regulator 5 49.06 x 10 0.32 x107 Mitochondrion
NOS2 Enzymes 5 52.00 x 102 0.68 x 107 Cytoplasm
TLR4 Pattern recognition receptors 5 53.06 x 102 1.00 x 102 Plasma membrane
NFKB2 Transcription factors 4 40.00 x 10 0.00 x 107 Nucleus
RELB Transcription factors 4 40.00 x 10 0.00 x 107 Nucleus
REL Transcription factors 4 40.00 x 102 0.00 x 102 Nucleus
MAPK11 Protein kinases 4 50.00 x 102 3.24 x 107 Cytoplasm
VEGFC Growth factors 4 49.06 x 102 2.36 x107 Extracellular
BAX Apoptosis regulator 3 47.27 x 102 0.00 x 107 Mitochondrion
MAPK12 Protein kinases 3 38.24 x 102 0.00 x 107 Cytoplasm
MAPK13 Protein kinases 3 38.24 x 102 0.00 x 107 Cytoplasm
BDNF Growth factors 3 48.15 x 10 0.00 x 1072 Extracellular
VEGFB Growth factors 2 35.62 x 102 0.00 x 107 Extracellular
NFE212 Transcription factors 2 46.43 x 10 0.00 x 107 Nucleus

A, HP P-value <0.01 AYRTPY B BRERANIE 20 PUR GE BRI ORI IR 22 DL S BRhR B
5 7R 8 SRS AL A OG5 12 A0 B S L A R MR I A A TR AR 25 B
REAHSG ;8 ZRl i 0 5 5 5 Sl 5 ARl S e 2.6 ZA75 AS49 dRREAIN I

NGS5 KBS T — e e 04 2 FIS g 8,5 g NEFNS ¢ T BAAR  FF
1 5 AR AT G 300 mL ZKRTZ 150 mlL, i JEER L 5% B, SR 5 A

ZE b, DU AE BT R B IAA IK 6 ~8 Fras,  300mL KA B 5 W 4E & 150 mL (4524 T 24 100
PRI 2B 091 B 0] fE A A P4 PBK/ mg/mL) o FRATE MTT Il 5E 12 & 1 AS49 4 fiE
Akt MAPK ,Toll-like receptor.T cell receptor , EGFR | BOF R AEEE . X R KR AS49 d0iE 5 M oS
VEGFR | Apoptosis , HIF-1 2515 538 #% , KRR (A3 L) H1THBESH P 5B m100
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Table 5 Inhibition ratio of formula with different concentrations on the A549 cells(; +s,n=3)

20 531 24 h 5
Group ( mg/mL) 24 h inhibition ratio( % )

48 h il =
48 h inhibition ratio( % )

72 h il =
72 h inhibition ratio( % )

XFHt4H Control -

6.25 13.91 £0.42
12.50 22.87 +£1.30
25.00 38.29 +2.97
50.00 54.44 £2.41
100. 00 64.47 £0.91

21.33 £1.35 24.87 +£2.30
38.66 +0.56 43.55+1.26
66.22 +0.65 76.08 +0.77
74.64 £1.82 82.26 +0.86
75.48 £3.27 85.35+1.32

1% Inhibition ratio (%)

0 6.25 125

5 7 I (1]
Incubated time
72h
I48h
[24h

¥R Concentration (mg/mL)

9 FREIREBFHXT A549 40AaINE RS0

Fig. 9  Effect of formula with different concentrations on the inhibition ratio of A549 cells
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(C) The expression of EGFR in tumor and normal by Human Protein Atlas database
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Fig. 10 PI3K, Akt, EGFR is overexpressed in lung cancer tissues
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Table 6  Effect of formula on the expression of VEGF and HIF-1a in A549 cells(; +s,n = 3)
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Fig. 11  The expression of p-EGFR, p-PI3K
and p-Akt in A549 cells by Western blotting
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