+ 1422 - #j 2424 3)  Acta Pharmaceutica Sinica 2018, 53 (9): 1422 -1428

BREBGFINBIEZE R A S B R H 7 T

(PR ERZy RS 1 KR ARG, 2.0 2GR, (v &9 030600; 3. A [E A AR B A 2 B AT, bt
100700; 4. WPk ZEZ R, b 100081; 5. mEA AT RIEI R A EAE 0, =8 B 650051)

THE: BT HIRIZHE TR0 & 565 mont 25 00 280, R 2% 24 B 22 7 vE T By 8 18 M B 16 4
ERMLE . TR S HA, R R T BN 7 6 77 317 SR 298, 0 1% [F] B % &2 support=0.3.
confidence=0.9 M &, FIA MR GAMEFE (TCMIP) TR ST 251 “ 2 —5m ” Bz LR,
M AL G- R EE T W, WA E S EIR ATENE B MR T o FERALG . J8id Systems
Dock Web Site % i 735 $E s HEAT 2 FATHEIGAIE . M\ 543 B 55 56 5 5 B o 07 45 B 185 AR 7, JREk Y
PR SR maNZidt 6 4, s 5H1 A, HE., AR, REF. B BEEVMHG, a5 555
(EZ. BH. HE. AR, BRE. WK, 285 THR) MR, BEAHEPERIL 6 H S mPin 2 5N
POMC. OPRM1. CCR9. HTR2C H %; Tl & 5 £ m it 21 6 B Wi A 5 (HTR2C. POMC. OPRM1,
CCR9. OPRD1) FHy&7E 2541k 4L 5 (GNB1. GCK. SDHD. SLC25A2. DHRS4). Gene Ontology (GO) & 4
SNTER, HAEMIhREE BEMALRAA. 5, 25 =ZRRIEA. /RIS RITERRCHE S AT RE;
KEGG & L4 ox, HEBARGRE FE 52 ERAN . RERW. NARRMEER. &Rsmix
ZitENT R B AP R AT E 2 A S SR A A0 B DA oG, HENIL AT BEIE I i - R AT I RER RIEIRIT

fEH.
KR WS, BN, RGN, A T L]
hEHHES: R285 HKFRIRED: A Y E RS 0513-4870 (2018) 09-1422-07

Data mining of the prescription containing Codonopsis and
study on the molecular mechanism of prevention and treatment
of gastrointestinal disease

ZHOU Rong-rong" 4, ZHANG Meng?, ZHU Yan®, ZHOU Wen-jing", LI Yan-wen®, LI Zhi-yong™**

(1. School of Basic Medicine, 2. College of Traditional Chinese Medicine, Shanxi University of Chinese Medicine,
Jinzhong 030600, China; 3. Institute of Information on Traditional Chinese Medicine of China Academy of Chinese Medical
Sciences, Beijing 100700, China; 4. School of Pharmacy, Minzu University of China , Beijing 100081, China; 5. Collaborative
Innovation Center for the Development of New Chinese Medicine Resources in Yunnan, Kunming 650051, China)

Abstract: The medication rules of high frequency herb-pairs containing Codonopsis pilosula (Dangshen)
were analyzed with data mining tools, and the molecular mechanisms of these herb-pairs on the gastrointestinal
diseases were predicted with the network pharmacology. The R language association rules were used to mine
the high frequency herb-pairs from TCM formulae containing Dangshen, and these herb-pairs would be screened
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out, which satisfied the following requirements with support = 0.3 and confidence = 0.9 at the same time.
Using the Integrated Pharmacology Platform of Traditional Chinese Medicine (TCMIP) to predict the key core
targets of the high frequency herb-pairs, the network of Chinese medicine-compound-target-pathway related to
Dangshen were built to explore the preventing and treating molecular mechanism on gastrointestinal diseases.
At last, the relation of the main active components from Dangshen and its herbal pairs with target proteins were
validated by Systems Dock Web Site.  The 185 formulae were selected from 543 formulae containing Dangshen,
and 6 herbal pairs with Dangshen, which includes Angelica (Danggui), Licorice (Gancao), Atractylodes
macrocephala (Baizhu), Poria cocos (Fuling), dried tangerine peel (Chenpi) and Astragalus membranaceus
(Huangqi), were discovered with Apriori algorithm. The combination of 6 herbal pairsis similar to Bu Zhong
Yi Qi Decoction; 6 herbal pairs with Dangshen were related to the target of POMC, OPRM1, CCR9 and HTR2C
in TCMIP. The known targets (HTR2C, POMC, OPRM1, CCR9, OPRD1) and potential drug-targets (GNB1,
GCK, SDHD, SLC25A2, DHR$4) for gastrointestinal diseases were predicted about the high frequency pairs
with Dangshen. The results of GO enrichment analysis showed that the biological function was mainly located
in the mitochondria and myelin sheath, and involved in the biological processes of three carboxylic acid cycle,
platelet activation, and aspartic acid metabolism. KEGG pathway enrichment analysis showed that the main
metabolic pathways related with Dangshen pairs involved amino acid metabolism, energy metabolism and
endocrine metabolism.  The prediction results showed many targets of the frequency herbal pairs with Dangshen
preventing and treating gastrointestinal diseases were related with nerve cells. These herbal pairs could prevent
and treat the gastrointestinal diseases through the neuroendocrine system and the brain gut axis.
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Tablel Frequency herbal pairs of Dangshen with Apriori agorithm
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Strong association rule

Rule Support (= 0.3) Confidence (= 0.9) (support = 0.5, confidence = 05)
{Angelica} => { Dangshen} 0.56 1 Yes
{Licorice} => { Dangshen} 0.56 1 Yes
{Dangshen} =>{ Angelica} 0.56 0.56 Yes
{Dangshen} =>{Licorice} 0.56 0.56 Yes
{ Atractylodes} => { Dangshen} 0.54 1 Yes
{Dangshen} => { Atractylodes} 0.54 0.54 Yes
{Poria cocos} => { Dangshen} 0.40 NO
{Dried tangerine peel} => { Dangshen} 0.30 NO
{ Astragalus membranaceus} => { Dangshen} 0.30 NO
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Table2 Theknown targets and potential drug-targets of herbal pairs of Dangshen for preventing and treating gastrointestina diseases

Rule

Known disease target

Putative ingredient target

{Angelica} => { Dangshen}

{Licorice} => { Dangshen}

{Atractylodes} => { Dangshen}

{ Astragalus membranaceus} => { Dangshen}
{Dried tangerine peel} =>{ Dangshen}
{Poriacocos} => { Dangshen}

POMC, OPRM1, CCR9, HTR2C

POMC, OPRM1, CCR9, HTR2C

POMC, OPRM1, CCR9, HTR2C

POMC, OPRM1, CCR9, HTR2C

POMC, OPRM1, CCR9, HTR2C, OPRD1

POMC, OPRM1, CCR9, HTR2C, UQCRC1, UQCRC2

SDHD, SDHC, GCK, UQCRC2, UQCR10
GCK, PLD2, PLA2G2D

GCK, PLD2, PLA2G2D

PLD1, PLA2G2D, PLD2

GNB1

UQCR10, UQCRFS1
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Table3 Analysis of common targets of the high frequency herbs

BN B AR A 54 HTR2C. POMC. OPRM 1.
CCR9. OPRD1; W{EZMAL 54 51 GNB1. GCK.
SDHD. SLC25A2. DHRS4.

23 DFFIEWIE ¥ degree (K AT 5 £ 2,
W P 5 6 IS 1 8 3 K BH P 6 R 25 AT 43 F 6 4R 56
iE, MG R WK 4. T REE R, TR
LR 25 oy B 45 G TEAR I, B 43 il 5 B At X R ZY
docking score {f # #£3 «

24 xPE¥5 GO, KEGG BBRE&ENH Xt K
RHEAT GO M KEGG 1l % & 540 Hr, 3% 5E A AE 4ok
. BEW, 25 ZRBIEH . I/UEK. RITER
AR IMP ARSI R, FESH5HERR
e BRACH . R EIR SRR ME RE. ME

Common taret number Dangshen Angelica Dried tangerine Poria cocos Astragalus mem- Atractylodes  Licorice
g (170) (100) peel (14) (44) branaceus (62) (92) ©
Dangshen (170) - 40 3 31 33 26 3
Angelica (100) 40 - 2 30 35 0 0
Dried tangerine peel (14) 3 2 - 0 0 0 3
Poria cocos (44) 31 30 0 - 30 0 3
Astragalus membranaceus (62) 33 35 0 30 - 0 0
Atractylodes (92) 26 0 - 0
Licorice (9) 3 3 0 -
PTGS1
PLA2G2D - NOS3 ARGY ARG2
MAPK3 - PTGS2 iy 4cv
3 o oS orc
RiCnerr——® 7 b Ry GAD2
WIS oA B oar .40 cori
RHOA K SLC2SMIZ Garn 7 02
SOKRDY PLEGT /PG e 3 2 ASNS
OPRD1 i | . ASPA 2
SSTR3 PRKCD &® ALAS2 g
9 %, ADCY2 % = spHD * abss "BXE uos
4 . SSTR] H @ ASS1 g y
DRnz A L\ Pk 0 yee X /i N
B
OPRMI._ Y o BSNKIGS ey UGG Go% S| TRAF6
& 1 GNBT: THApy MATIKS ® - MTHEDA i HUAB
*IPLCB3 . . SL ST, .
»-PEINIE YQCRC .
. - @ HRRT1AGP1
OCREX |\ IR § 7z (Ll AN
e R Sgoxzc Aot TYEIAAVA &1 o, WIRE2 APRT
POMC.~ GAK 2 ATR5G2 B
. MG.N..T? ) SUE..:LGZ ATIC
PRODH ATRSD A-'%chr-s: L
L J UQC‘RW UQ‘%RC? PF:IB

Figure 1 The key target network (red dots represent putative drug target, yellow dots represent known disease target, green dots repre-
sent common target, and gray dots represent others; the dot increases with the increase of degree)
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Table4 Molecular docking results of herbal compounds and potential targets

Compound ID Test compound Target PDB Docking Compound ID Test compound Target PDB Docking
ID score ID score
Positivedrugl  p-D-Glucose GNB1 4PNK 5.415 TCMIP100073 a-Farnesene (dried GNB1 4PNK 6.451
tangerine peel)
Positivedrugl  p-D-Glucose GCK 5vV4awW 5.408 TCMIP100073 a-Farnesene (dried GCK 4L3Q 6.302
tangerine peel)
Positivedrugl  S-D-Glucose GNB1 5HE2 5.407 TCMIP100073 a-Farnesene (dried GNB1 5HEO 6.222
tangerine peel)
Positivedrugl  p-D-Glucose GNB1 5HEO 5.406 TCMIP100073 a-Farnesene (dried GNB1 5HE3 6.167
tangerine peel)
Positivedrugl  S-D-Glucose GNB1 S5HE3 5.406 TCMIP100073 a-Farnesene (dried GNB1 5HE1 6.154
tangerine peel)
Positivedrugl ~ S-D-Glucose GNB1 5HE1 5.404 TCMIP100073 a-Farnesene (dried GNB1 5HE2 6.101
tangerine peel)
Positivedrugl  S-D-Glucose GCK 4ISF 5.386 TCMIP100073 a-Farnesene (dried GNB1 4KFM 4514
tangerine peel)
Positivedrugl  p-D-Glucose GCK 4DHY 5.384 TCMIP100566 Lysine (Atractylodes) DHRS4  304R 4.988
Positivedrugl ~ S-D-Glucose GCK AMLE 5.345 TCMIP100566 Lysine (Atractylodes) GCK AMLE 4.985
Positivedrugl ~ S-D-Glucose DHR4 304R 5.285 TCMIP100566 Lysine (Atractylodes) GNB1 4APNK 4.968
Positivedrugl  S-D-Glucose GNB1 4AKFM 5.214 TCMIP100566 Lysine (Atractylodes) GNB1 5UKM 4,943
Positivedrug2  Ornithine GCK 41SE 5.061 TCMIP100566 Lysine (Atractylodes) GNB1 5HE2 4.898
Positivedrug2  Ornithine GCK 41SG 5.043 TCMIP100566 Lysine (Atractylodes) GNB1 5HE1 4.881
Positivedrug2  Ornithine GNB1 5UKM 4.987 TCMIP100566 Lysine (Atractylodes) GNB1 5HEO 4.862
Positivedrug2 ~ Ornithine GCK 4ISF 4.943 TCMIP100566 Lysine (Atractylodes) GNB1 4KFM 4.276
Positivedrug2 ~ Ornithine GCK AMLE 4.938 TCMIP102005 Mannose (Dangshen)  GNB1 4PNK 5.423
Positivedrug2  Ornithine GNB1 5HEO 4.909 TCMIP102005 Mannose (Dangshen)  GNB1 5HEO 541
Positivedrug2  Ornithine GCK 4DCH 4.902 TCMIP102005 Mannose (Dangshen)  GCK 41SG 5.406
Positivedrug2  Ornithine GCK ADHY 4.893 TCMIP102005 Mannose (Dangshen)  GCK 4DCH 5.401
Positivedrug2 ~ Ornithine DHRS4  304R 4.89 TCMIP102005 Mannose (Dangshen)  GCK 5v4w 5.399
Positivedrug2  Ornithine GCK AMLH 4.883 TCMIP102005 Mannose (Dangshen)  GCK AWV 5.398
Positivedrug2  Ornithine GNB1 4PNK 4.876 TCMIP102005 Mannose (Dangshen)  GCK 41XC 5.389
Positivedrug2  Ornithine GNB1 5HE2 4.87 TCMIP102005 Mannose (Dangshen)  GCK 3VF6 5.388
Positivedrug2 ~ Ornithine GNB1 5HE1 4.864 TCMIP102005 Mannose (Dangshen)  GCK 4DHY 5.38
Positivedrug2 ~ Ornithine GCK 4RCH 4.807 TCMIP102005 Mannose (Dangshen)  GCK 5V4xX 5.372
Positivedrug2 ~ Ornithine GNB1 4KFM 4.208 TCMIP102005 Mannose (Dangshen)  GCK AMLE 5.361
TCMIP100073 a-Farnesene (dried  GNB1 5UKM 6.458 TCMIP102005 Mannose (Dangshen) DHRS4  304R 5.358
tangerine peel)
TCMIP100073 a-Farnesene (dried  GNB1 5UKK 6.452 TCMIP102005 Mannose (Dangshen)  GNB1 AKFM 5.235
tangerine peel)
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THEM LA 54 % . OPRDAIVE G & 1 BB Z 14
BT A FIEII LR, 5 OPRM1 &2k k7Y, &5
BT 7R IR UG BR B T AR BT RO S, B A B
PR R . R ASIER . GNBI 2 5 Lz
1K R A5 S S 2, GNBL 3245 ] 5| ™ 5 i el 28 1k
IR GCKIM 3 BEA7 75 F JB AN AT AT, A BT % b
WAL, 25 R B e S AR S R S R Th R i
2o SDHDMA I B2 45987 . W i 200 b0 T8 55 0 Fr) 5
LN 2 — . SLC25A2M N L kit Y I # B 1k, 51
QAIRFIEk 2 BmYIMHK, EES5CDK NS IR
A mRNA BHPE SRR, AT 6 m iR K .
DHRS4™  (dehydrogenase/reductase 4, fii & i/ ik J5
4) EES 5 E MENEFEEREE, TR
T AT B R R A o SRR LT A BE A S A R
G K, WS SEERNRE . e R
B i e — P XA A R G B A RGO E Ff
2 RAGILFES I RS BRI, i e 2 B
FNFNIEAE th X 5 2 N 2 L R 2 R GO G R
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