- 1660 - 242424 Acta Pharmaceutica Sinica 2018, 53 (10): 1660 —1669

E TR AEFHIPRA M HAA S B @RISR

MOENLMAKYLE OB H %D BETEL E RS
ALY REHLE EhA LY

(WPE K 1 P EGHACEF T G, 2. Hop= s 25 T it 0 5 R0 LU 76 48 2 A s 36 =
3. REZR, ivE KJE 030006; 4. LEZHBMAERAF, M Kb 410205)

THEE: AR DRI I SR TG P B 20— 1'F P B s D) 4% B A TELAE FH R 8, S B8 A0 R I T R R IR B AT 20
NEE R0 2R G0 AR P55 R 7 R I R0k T A L LA o Jdad TCMSP H5045 e /0 SCHR A2 3 077 24 7 Fse b 1fn
BE MRy, B DRAR-CPI IR%5 2% . GeneCards A1 Cool GeN 47 2 T A1 67 176 B Jie b I 50kE 37 12 R 23 T 19 £
YE FI#E 15 . SR Cytoscape B4 #8375 1 1 73— 1 FABE 5 kR 28, {3 Fl String $4f% )2 fll Cytoscape #fF 42 il &5 A AR
TEF M %%, Bt Systems Dock Web Site X il 73 5 58 s it 47 7 F X B0 IE . R DAVID i 2 6 #E i 4y A 3E 4T
GO 1 KEGG i #% 73 41, it DisGeNET H#i J22 % 4 s A IR R BY AT VA 8 o 9T 49 B 9P R b I k. 49 /N 1
ROy, W 89 MNMERIHE A . WL o gl TR, 3P AN ILAUR, 32 BL5 K RS M IZ T I A PRI AR i T
W KA B A )R8, i Id %Y metabolic. cancer. tuberculosis. PI3K-Akt signaling 2% 4% I8 % & 1% T i
EANMLAEFH o AT A 45 RO T 9P B b I JBURL 22 i 73— 22 38 5 — 2 38 A IO VE P MLARR 550, 9P B i ks 71 s &
1A F ML B VR NI FE 3452 T S

IR DPRAMILRRL, AR, LR 2GR Ay TR A BAEA

& 5% RI66 HKFRIRED: A N E RS 0513-4870 (2018) 10-1660-10

An exploration into mechanism of leukocyte elevation activity of
L vjiao Buxue granules based on networ k phar macology

YAN Lei*?, HE Xiao-yan"? GAO Yao"?, XIANG Huan®, XU Xiang-ping’, HUANG Sheng/,
YAN Dong-lan*, QIN Xue-mei*?, TIAN Jun-sheng™**

(1. Modern Research Center for Traditional Chinese Medicine, 2. Shanxi Key Laboratory of Active Constituents
Research and Utilization of TCM, 3. School of Physical Education, Shanxi University, Taiyuan 030006, China;
4. Jiuzhitang Co. Ltd. Hunan, Changsha 410205, China)

Abstract: The mechanism of leukocyte elevation activity of Lvjiao Buxue granules was studied by
establishing the active components-targets network and protein interactions network and analyzing the functions
and pathways of targets. The main active ingredients of Lvjiao Buxue granules were obtained by TCMSP
and literature excavation. Based on the DRAR-CPI, GeneCards and CoolGeN, the active components of
Lvjiao Buxue granules were predicted and screened. Cytoscape software was used to construct the drug-active
components-target network, and a protein database was constructed by using String database and Cytoscape
software. The relation of the main active ingredients and targets were validated by Systems Dock Web Site.
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The GO and KEGG pathways involved in the targets were analyzed by DAVID databases. Using DisGeENET
database to attribute the type of targets. The results showed that 49 active components and 89 targets of Lvjiao
Buxue granules were involved. The network results showed that the composition of purine ribonucleosides, the
regulation of cell death, especially the biological processes such as neutrophil and oxidative stress were mainly
involved in the regulation of metabolic, cancer, tuberculosis, PI3K-Akt signaling and many other pathways to
play its elevating leukocytes effect. This study reflects the characteristics of multi-components-multi-targets
and multi-pathways of Lvjiao Buxue granules, which laid the foundation for further research into the mechanism

of leukocyte elevation activity of Lvjiao Buxue granules.
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Table 1 Main active ingredients in Lvjiao Buxue granules. C1: 7-Methoxy-2-methyl-3-phenyl-4 H-chromen-4-one; C2: 3-Beta-
hydroxymethyllenetanshiquinone; C3: 1, 7-Dihydroxy-3, 9-dimethoxy pterocarpene; C4: 8S9S 10R 13R,14S17R)-17-[(E,2R,59)-5-Ethyl-
6-methyl hept-3-en-2-yl]-10, 13-dimethyl-1,2,4,7,8,9,11,12,14,15, 16, 17-dodecahydrocycl openta [ a] phenanthren-3-one; C5: (3R)-3-(2-
Hydroxy-3, 4-dimethoxyphenyl)chroman-7-ol; C6: Poriferasta-7, 22E-dien-3beta-ol; C7: 7- O-Methylisomucronul atol

No. Name Chemical formula OB/% DL No. Name Chemical formula  OB/% DL
1 Mairin C3oH4s03 55.38 0.78 26 Histidine CsHoN3O, 53.18 0.03
2 Jaranol C17H1406 50.83 0.29 27 Glutamate CsHgNO4 96.25 0.02
3 Isorhamnetin Ci6H1207 49.60 0.31 28 Alanine C3H/NO, 87.69 0.01
4 Bifendate C20H18010 31.10 0.67 29 Proline CsHgNO, 77.57 0.01
5 Formononetin C16H1204 69.67 0.21 30 Hydroxyproline CsHoNO3 99.25 0.02
6  Isoflavanone C15H1706 109.99 0.30 31 Threonine C4HgNOs 73.52 0.01
7 Calycosin Ci16H1205 47.75 0.24 32 Lysine CeH14N202 29.33 0.02
8  Kaempferol C15H1006 41.88 0.24 33 Astragaloside IV Ca1HegO14 - -
9 Folicacid C19H19N7Os 68.96 0.71 34 Atractylenolide 1 C15H150; 37.37 0.15

10 Quercetin C15H1007 46.43 0.28 35 Atractylenolide 11 C15H200, 47.50 0.15

11 Perlolyrine Ci6H12N202 65.95 0.27 36 Atractylenolide 111 Ci5H2003 31.15 0.17

12 ZINCO03978781 Ca9Hss0 43.83 0.76 37 Cis-Ligustilide C12H1402 51.30 0.07

13 Stigmasterol Ca9Hss0 43.83 0.76 38 Ferulic acid C10H1004 39.56 0.06

14 Spinasterol CagoHss0 42.98 0.76 39 Heriguard Ci6H1809 11.93 0.33

15 Frutinone A Ci16HgO4 65.90 0.34 40 Ononin C22H2209 11.52 0.78

16  Luteolin C15H1006 36.16 0.25 41 Tangshenoside I C17H2409 19.50 0.32

17 Taraxerol CgoHs00 38.40 0.77 42 Catalpol C15H22010 5.07 0.44

18 Stigmast-7-enol Ca9H500 37.42 0.75 43 Cc1 C17H1403 42.56 0.20

19 Glycitein Ci6H1205 50.48 0.24 44 c2 Ci8H1404 32.16 0.41

20  Spinoside A C39H56012 41.75 0.40 45 C3 C17H1406 - -

21 11-Hydroxyrankinidine C20H24N204 40.00 0.66 46 c4 Ca9H460 - -

22 a-Amyrin CsoHs00 39.51 0.76 47 C5 Ci17H1805 - -

23  Betasitosterol C7H4203 40.39 0.85 48 Cé Ca9Has0 - -

24 Glycine C,HsNO, 48.74 0.00 49 c7 Ci18H2005 74.69 0.30

25  Arginine CeH14N40, 47.64 0.03

Table2 Information of protein targets el evating leukocytes with Lvjiao Buxue granules

No. Target gene PDB ID No. Target gene PDB ID No. Target gene  PDB ID No. Targetgene  PDB ID
1 GSTP1 11GS 24 CASP3 1GFW 46 RAC2 1DS6 68 G6PD 2BH9
2 ELANE 1H1B 25 ALB 1BKE 47 RHOA 1A2B 69 MTHFD1 1DIA
3 EGFR 1C8P 26 TTR 1ETA 48 PNP 1RT9 70 CD1A 10NQ
4 PARP1 1WOK 27 CASP8 2C2z 49 GSS 2HGS 71 APRT 10RE
5 SYK 1XBA 28 TYMS 13UJ 50 CHEK1 2BRO 72 CBS 1IBQ
6 NR1I3 IXVP 29 MAPK1 1PME 51 ITPA 2M4E 73 CD81 1G8Q
7 ITGAL 1RD4 30 OAT 10AT 52 PROC 1AUT 74 ADH1B 1HSZ
8 ESR1 1GWQ 31 TNFRSF1A 1FT4 53 HRAS 5P21 75 PIK3R1 1PIC
9 JAK2 2B7A 32 MASP2 172K 54 BRAF 1UWJ 76 CIR 2QY0

10 ALPP 2GLQ 33 SERPINEL 1A7C 55 NQO2 1SGO 7 F13A1 1FIE

1 MIF 1GCz 34 TNF 27)C 56 ANXAS5 1HAK 78 GSK3B 11B

12 VDR 3C+4 35 HPRT1 1BZY 57 ESRRG 1vJiB 79 TREM1 1sMO

13 RXRA 2ACL 36 PKLR 2VGB 58 DHFR 1BOZ 80 SULT1E1 1G3M

14 SOD1 2C9V 37 IL1IR1 1GoY 59 AKT1 3CQW 81 ADHI1C 1HTO

15 GSTM1 IXWK 38 IL4 2CYK 60 SRC 1A07 82 THRB INAX

16 GBA 10GS 39 PLK1 1Q40 61 ABL1 10PL 83 BLVRB 1HE5

17 FGFR1 2FGI 40 GSTT1 2C3Q 62 MMP8 1JAP 84 AKR1C1 1IMRQ

18 C1s 1ELV 41 CFTR 1IXMI 63 PROCR 1LQV 85 DHODH 1D3H

19 JAK3 1YVJ 42 CTSG 1CGH 64 NOS2 INSI 86 SELE 1G1T

20 1L10 2ILK 43 OTC 10TH 65 CD2 1HNF 87 MTAP 1SD2

21 CDA 1IMQO 44 LPA 1171 66 ASS1 2NZ2 88 HEXA 2GK1

22 CASP1 1ICE 45 PLG 2PK4 67 NR1I2 INRL 89 ACE 1UZF

23 INS 1EV3




.+ 1664 - #j 2% 2#3)  Acta Pharmaceutica Sinica 2018, 53 (10): 1660 —1669

——
1 1-Hydroxgitaakinidine Tamxego!

- ATTiyrin Frutintng-A

Betassifosicrol

Asiragalosidely  Jasinol —=Er
Isothamnerin | asmplerel— "

Atractylénatidell! = : = o1
Atractylenolidel | Canglpol
Crs-liglistilide  Tangshiageidll
Feruligicid

Figure1l Herbs-components-targets network of Lvjiao Buxue granules. The green ellipse (
Buxue granules; the blue triangle () is the main active ingredients of Lvjiao Buxue granules; the pink rectangle (

targets elevating leukocytes with Lvjiao Buxue granules

Table 3 Important targets and ingredients with big degree of
Lvjiao Buxue granules

Active ingredient Degree Target name Degree
Glycine 36 EGFR 19
Alanine 35 JAK2 17
Glutamate 34 SYK 16
Threonine 33 GSTP1 15
Proline 31 IL4 15
Lysine 31 MIF 14
Histidine 29 SOD1 12
Hydroxyproline 27 GSTM1 12
Arginine 16 CASP3 12
Mairin 13 ALB 12
Bifendate 12 PLK1 12
Ferulic acid 11
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Figure2 Protein interaction network of Lvjiao Buxue granules
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Table4 Molecular docking of five important targets from Lvjiao Buxue granules

Target name PDB ID Ingredient Docking score Target name PDB ID Ingredient Docking score
ALB 1BKE Glycine 5.011 SRC 1A07 Lysine 4.712
TNF 2Z2)C Glycine 5.350 ALB 1BKE Hydroxyproline 4.977
INS 1EV3 Glycine 5.179 TNF 2Z2JC Hydroxyproline 5.886
ALB 1BKE Alanine 4,914 INS 1EV3 Hydroxyproline 4.438
TNF 273C Alanine 5.767 ALB 1BKE Arginine 5.158
INS 1EV3 Alanine 4.961 TNF 27JC Arginine 5.723
MAPK1 1PME Alanine 5.202 INS 1EV3 Arginine 4.726
SRC 1A07 Alanine 5.028 MAPK1 1PME Arginine 5.463
ALB 1BKE Glutamate 4.318 SRC 1A07 Arginine 4.954
TNF 2Z2)C Glutamate 4.998 ALB 1BKE Mairin 7.986
INS 1EV3 Glutamate 4.090 TNF 22JC Mairin 8.314
MAPK1 1IPME Glutamate 4.670 INS 1EV3 Mairin 5.000
SRC 1A07 Glutamate 4.193 ALB 1BKE Bifendate 4.156
ALB 1BKE Threonine 4.096 TNF 27JC Bifendate 4.611
TNF 273C Threonine 4735 INS 1EV3 Bifendate 4.011
INS 1EV3 Threonine 3.613 MAPK1 1PME Bifendate 5.232
MAPK1 1IPME Threonine 4.389 SRC 1A07 Bifendate 3.914
SRC 1A07 Threonine 3711 ALB 1BKE Ferulic acid 3.479
ALB 1BKE Lysine 4.802 TNF 2Z2JC Ferulic acid 4.207
TNF 2Z2)C Lysine 5.408 MAPK1 1PME Ferulic acid 3.911
INS 1EV3 Lysine 4.181 SRC 1A07 Ferulic acid 3.067
MAPK1 1PME Lysine 5.081
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Figure 3 Enriched gene ontology terms for biological process, cellular component and molecular function of potential targets elevating
leukocytes from main active ingredients of Lvjiao Buxue granules
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Figure4 Enriched KEGG pathways of potential targets elevating leukocytes with main active ingredients of Lvjiao Buxue granules

Table 5 Molecular docking of five important targets from
vitamin B4

Target name PDB ID Docking score
ALB 1BKE 5.820
TNF 273C 5.199
INS 1EV3 5.566
MAPK1 1PME 5.851
SRC 1A07 5.716
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Table6 The protein class of potential targets elevating leukocytes with main active ingredients of Lvjiao Buxue granules

Target name Protein class Target name Protein class

GSTP1 Null RAC2 Enzyme modulator

ELANE Protease; hydrolase RHOA Enzyme modulator

EGFR Null PNP Transferase

PARP1 Ligase; nucleic acid binding GSS Ligase

SYK Transferase; kinase CHEK1 Transferase; kinase

NR1I3 Transcription factor; receptor; nucleic acid binding ITPA Phosphatase; hydrolase

ITGAL Null PROC Defense/immunity protein; calcium-binding protein

ESR1 Transcription factor; receptor; nucleic acid binding HRAS Enzyme modulator

JAK2 Transferase; kinase BRAF Transferase; kinase

ALPP Hydrolase; phosphatase NQO2 Null

MIF Null ANXAS Null

VDR Transcription factor; receptor; nucleic acid binding ESRRG Transcription factor; receptor; nucleic acid binding

RXRA Transcription factor; receptor; nucleic acid binding DHFR Oxidoreductase

SOD1 Oxidoreductase AKT1 Transfer/carrier protein; transferase; calcium-binding
protein; kinase

GSTM1 Glutathione S-transferase mu 1 SRC Transferase; kinase

GBA Null ABL1 Transferase; kinase

FGFR1 Null MMP8 Null

Cis Defense/immunity protein; protease; hydrolase PROCR Enzyme modulator; receptor

JAK3 Transferase; kinase NOS2 Null

IL10 Signaling molecule CD2 Cell adhesion molecule; defense/immunity protein;
signaling molecule; transferase; kinase; receptor

CDA Hydrolase ASS1 Ligase

CASP1 Protease; enzyme modulator; hydrolase NR1I2 Transcription factor; receptor; nucleic acid binding

INS Null G6PD Oxidoreductase

CASP3 Protease; enzyme modulator; hydrolase MTHFD1 Ligase

ALB Transfer/carrier protein CD1A Defense/immunity protein; receptor

TTR Transfer/carrier protein; transporter APRT Null

CASP8 Protease; enzyme modulator; hydrolase CBS |somerase; lyase; hydrolase

TYMS Transferase CD81 Cell adhesion molecule; signaling molecule; receptor

MAPK1 Transferase; kinase ADH1B Oxidoreductase

OAT Transferase PIK3R1 Enzyme modulator

TNFRSF1A Receptor CIR Protease; enzyme modulator; hydrolase; signaling
molecule; calcium-binding protein; receptor

MASP2 Defense/immunity protein; protease; hydrolase F13A1 Transferase

SERPINE1 Enzyme modulator GSK3B Transferase; kinase

TNF Signaling molecule TREM1 Null

HPRT1 Transferase; isomerase SULT1E1 Transferase

PKLR Pyruvate kinase, liver and RBC ADHI1C Oxidoreductase

IL1IR1 Receptor THRB Transcription factor; receptor; nucleic acid binding

IL4 Signaling molecule BLVRB Oxidoreductase

PLK1 Null AKR1C1 Oxidoreductase

GSTT1 Oxidoreductase; signaling molecule; cytoskeletal DHODH Oxidoreductase

protein; transferase; isomerase; nucleic acid binding

CFTR Transporter SELE Null

CTSG Protease; hydrolase MTAP Transferase

oTC Transferase; ligase HEXA Hydrolase

LPA Protease; hydrolase ACE Null

PLG Protease; hydrolase

ARG . R AR I RRE . AL & A gl 2 . P o A SIC IS 3 A 2 T AR A S 0 T ik d e iR B
PI3K-Akt. Rapl. BT, MAPK %Z%fE 5@ 21 95/ o AR A, R I A R sk 2 AE TT R U % R
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