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Study on the drug rule of prescriptions and molecular mechanism of high
frequency drug pairs in the treatment of ankylosing spondylitis
based on data mining and network pharmacology
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Abstract : Based on the methods of data mining and network pharmacological analysis,the medication rule of rheumatism im-
munology physicians of Guanghua Hospital affiliated to Shanghai University of Traditional Chinese Medicine (TCM) in the
treatment of ankylosing spondylitis was summarized. To explain the pharmacological mechanism,network pharmacology of the
drug pairs with the highest frequency was analyzed,so as to provide some reference for the treatment of AS with TCM. This
study took Guanghua Hospital affiliated to Shanghai University of TCM as the main research center,and adopted the method of
cross-sectional investigation to collect the information of AS patients in the rheumatic immunology clinic and inpatient depart-

ment of Guanghua Hospital. The basic information of the patients and the treatment prescription of TCM was collected. Relying
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on modern computer information technology,the data were analyzed by data mining. The obtained high-frequency drug pairs
were analyzed by network pharmacology. 200 prescriptions of TCM were collected, and 236 kinds of herbs were collected.
There were 28 herbs with frequency = 1% ,such as Rhizoma Cibotii, Rhizoma Atractylodis Macrocephalae and Radix Angeli-
cae Pubescentis, mainly tonifying deficiency, clearing heat, activating blood stasis and dispelling wind and dampness. After as-
sociation rules,33 drug combinations with frequency = 40 were obtained , of which Rhizoma Cibotii-Radix Dipsaci (RC-RD)
ranked the highest. The results of network pharmacological analysis showed that there were 12 active components and 430 cor-
responding proteins, and the main genes included TNF,EGFR, VEGFA ,STAT3 ,HSP90AA1,PTGS2 ,MMP2 ,MMP9 , and 11.2.
Gene Ontology (GO) biological process analysis and Kyoto Encyclopedia of Gene and Genome ( KEGG) pathway analysis
showed that it was mainly involved in many processes such as inflammatory regulation and ligand-activated transcription factor
activity ,and acts on AS through pathways in cancer, toll-like receptor signaling pathway , neurotrophin signaling pathway and T
cell receptor signaling pathway. Guanghua Hospital affiliated to Shanghai University of TCM mainly adopts the methods of ton-
ifying deficiency and strengthening spine, clearing heat, promoting blood circulation and removing blood stasis , dispelling wind
and removing dampness in the treatment of AS,so as to provide reference for the further application of TCM in the treatment
of AS. Network pharmacology analysis showed that B-sitosterol and kaempferol may act on TNF, VEGFA  STAT3, PTGS2,
MMP9 ,IL2 and other targets. And they can regulate multiple pathways such as cancer signaling pathway, toll-like receptor sig-

naling pathway and T cell receptor signaling pathway. It indicates that TCM has the characteristics of multi-components , multi-
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targets and multi-pathways, which provides a theoretical basis for follow-up clinical application.

Key words : data mining;cluster analysis;factor analysis;network pharmacology ; ankylosing spondylitis
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Table 1  Statistical table of TCM with frequency =1%
4%, W 4%, s .
Drug name Count  Frequency (% ) Drug name Count  Frequency(% )

ii/ﬂhfoma Cibotii (RC) 121 374 Pericarpium Citri% f)fiticulatae( PCR) 33 170
Eh?;ma Atractylodis Macrocephalae(RAM) 118 3.65 Radix Cl)ijzritﬁjijis( RCI) 53 L4
?iﬁx Angelicae Pubescentis (RAP) 104 3.22 Herba J;hjfiii( HL) 46 1.42
;‘;?ix Angelicae Sinensis( RAS) %8 3.03 Rhizoma }(Tmo?j(i{lis( RCo) = 1.39
R Dipsaci( RD) - 28 Rhizoma et Radiﬁﬁopterygm ReRN) 4 1.36
R gt Chusnsons(RLC) 52 24 Radix clycynhﬁr ropaia(RGP) “ 1.36
?’Er/i Cocos Wolf( PCW) L 244 Rhizoma Cffcfmae( RCu) = 1.33
Ey%yrrhizae Radix et Rhizoma( GReR) ” 244 Caulis Sxpgall]jﬁogl%)bi( CS) 43 1.33
E}ﬁaﬁi Astragali seu Hedysari (RAsH) 7 >4 Fructus Chi,r{[imelis( FC) 2 1.30
iﬁmmhm Bidentatae Radix( ABR) 68 10 Rhizoma Af;ilndis( RA) 36 11
iﬂicoias( sC) 63 1.93 Cortex Phiﬁindrx cp) 36 1
Eﬁx Paconiae Alba( RPA) 77 1761 Rhizoma Dioscnri?iﬁtemlohae( RDS) 34 105
i Salviae Miltiorrhizae ( RSM) > 176 Rhizoma D;(I)Lireae( RDi) 34 1.05
i 57 1.76 Ffp 33 1.02

Viscum Angulatum Heyne( VAH)

Cortex Eucommiae( CE)
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Table 2 Statistical table of TCM% taste, property and channel tropism

" " 2y’ . 12 " -
v s B It o e I i
Taste Count Frequency (% ) & Counts Frequency (% ) . Count Frequency (% )
property tropism
|7 Bitter 112 30.27 . Warm 63 26.69 A Liver 131 22.74
H- Sweet 106 28.65 3 Calm 59 25.00 fiti Lung 82 14.24
2% Pungent 99 26.76 € Cold 51 21.61 % Spleen 81 14.06
fig Sour 17 4.59 . % 31 13.14 B Stomach 78 13.54
Slightly cold
P
o Salty 14 3.78 Bl 17 7.20 % Kidney 71 12.33
Slightly warm
R Tasteless 12 3.24 5 Cool 8 3.39 > Heart 52 9.03
W Astringent 10 2.70 4 Hot 5 2.12 j(% . 27 4.69
Large intestine
DR Great heat 1 0.42 2t Bladder 26 4.51
RRFE Great cold 1 0.42 fIH Biliary 17 2.95
7
Small intestine 8 1.39
— 2 0.35
Triple warmer ’
IPN)
Pericardium ! 0-17
®3 HHEHBSEGITER
Table 3 Statistical table of TCM with efficacy
B P B ik B Bi%
Function Count Frequency( % ) Function Count Frequency (% )
o TR 2,
A2 TR
. 40 16.95 CHMs for calming the liver and 10 4.24
Restorative CHMs . .
stopping endogenous wind
EZG ]
T LY
CHMs for clearing interior heat 2 13.56 Tranquillizers 7 2.97
¥ PRZE .
EALRS iy
CHMs for invigorating circulation 23 9.75 i 7 2.97
. . CHMs for removing dampness
and removing blood stasis
12 X3 24 Wz
B 23 9.75 R . 6 2.54
CHMs for dispelling wind and dampness CHMs for relieving food retention
1ok 30 25 s
HKBBE 2 9.32 BB 4 1.69
CHMs for promoting water and dampness Warming interior CHMs
fzy 1k 1 25
CHMs for relieving exterior syndromes 18 7.63 Hemostatic CHMs 4 1.69
S 2 VER N7
s . 13 5.51 EFH 2 0.85
CHMs for regulating qi Cathartic CHMs
AP 11 WP Hig 24 Bue T | E ]
Phlegm resolving, antitussive and 12 5.08 CHMs for attacking poison, killing 1 0.42
antiasthmatic CHMs insects and relieving itching
W2y szl
Astringent CHMs i 4.66 Resuscitative CHMs ! 0.42

2.3 HHRESH PEREAT R GE R, A AR R I (L 1)
IR =1% 179 28 IR 251z Ji] SPSS Statis-  fEFPERHEUEHE & &, LIS 21, K 25873 6
tics 20. 0 KR FF- 40K 42 (4H 18] ) Al Pearson AHOC 28, 1 28 AR B (A0 BEAR S0 25 D26
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Fig. 1  Clustering diagram of TCM
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Table 4 Drug combinations with count=40

B EiLEiNe LI F 7Ny LTk
No. Drug combination Count No. Drug combination Count
1 RC-RD 89 19 RC-VAH 47
2 RAP-RC 85 20 RCI-RD 44
3 RAM-RC 82 21 RAS-RAsH 44
4 RAP-RD 70 22 RAS-GReR 44
5 RAM-RAP 69 23 RAM-VAH 43
6 RAM-RAsH 67 24 RAM-RLC 42
7 RAM-RD 65 25 RAP-RAsH 42
8 RLC-RAS 65 26 GReR-ABR 42
9 RAM-RAS 62 27 RAM-GReR 42
10 RAS-RC 56 28 RC-SC 42
11 RC-RAsH 54 29 RAsH-RD 41

12 RAM-PCW 50 30 RAS-PCW 41
13 RAS-RAP 49 31 PCW-GReR 41
14 RC-RCI 48 32 RAM-PCR 41
15 RAS-RD 47 33 PCW-RC 40

16 RAP-VAH 47
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Fig. 2 Drug association of network diagram
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Table 5  Analysis of association rules of TCM

Jre SRIRRLI] SCREHE BIRE T

No. Association rule Support degree( % ) Confidence degree( % ) Upgrade degree
1 RAP-RC 52.00 81.73 1.35
2 RD-RC 46.00 96.74 1.60
3 RAP RC-RD 42.50 80.00 1.74
4 RAsH-RAM 39.50 84.81 1.45
5 RD ,RAP-RC 35.00 97.14 1.61
6 RAP . RAM-RC 34.50 89.86 1.49
7 RD ,RAM-RAP 32.50 81.54 1.57
8 RD ,RAM-RC 32.50 98. 46 1.63
9 RD ,RC .RAM-RAP 32.00 81.25 1.56
10 RAP RC .RAM-RD 31.00 83.87 1.82

2.5 HFHEFHH

1 FH SPSS Statistics 20. 0 &5 {4 Xt 15 45 i 25 (fdi
IR = 1% ) #E47 K573 B, 4520 7R KMO {6
0.692 >0.5,Bartlett BRI FEFI{H N 378, H P 1A <
0.01 , R IAK G BA BUF LM C R, AT
3Nt o AETT I IR AR R TT 22 K e i o, 45 R A5
3 8 NARH T, H BTy 22 5Tk H 65.302% . H
A (LB 3) AT LA o, NS 8 25, & ok i
P T2, Gid T34, 8 s 3t v 25 19 Jie e
BUATFERER (LR 6) o Z SRR e o7 B 3R 4E
WA oA (WER T) e A W F 4

KK 4) .
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%4} ¥ Component number

3 HHEFATEAE
Fig. 3 Lithotripsy by factor analysis of TCM
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Table 6  Rotational component matrix of high frequency TCM
24 J&43 Component
Drug 1 2 3 4 5 6 7 8
RC 0.212 0.387 0.631 0.247 -0.097 0.025 0.217 0.062
RAM 0.326 0.192 0.228 0.581 0.092 0.129 -0.206 0.056
RAP 0.066 0.049 0.807 0.031 -0.045 -0.037 -0.002 0.124
RAS -0.260 0.387 0.015 0.082 -0.089 0.118 0.678 -0.003
RD 0.178 0.468 0.537 0.270 0.315 -0.216 -0.098 -0.105
RLC -0.103 -0.102 0.163 0.075 -0.099 0.000 0.852 0.154
PCW -0.068 -0. 066 -0.228 0.169 0.735 0.132 0.143 0.068
GReR 0.147 -0.022 -0.429 0.086 0.014 0.560 0.178 -0.277
RAsH 0.120 0.118 0.026 0.736 0.102 0.117 0.013 0.114
ABR 0.412 -0.167 0.099 -0.202 0.108 0.455 0.408 -0.092
SC 0.536 -0.004 -0.057 0.015 0.314 0.247 0.183 0.127
RPA 0.147 0.167 0.035 0.174 0.224 0.737 0.070 0. 146
RSM 0.644 0.263 0.236 0.119 0.038 -0.090 -0.010 0.074
VAH 0. 155 -0.385 0.559 0.254 -0.269 0.032 0.117 0.249
PCR 0.016 -0.036 0.049 0.271 0.417 0.483 0.178 0.041
RCI 0.306 0.737 0.185 -0.003 0.107 -0.007 -0.002 0.125
HL -0.239 -0.209 -0.030 0.127 0.636 0.270 0.192 0.075
RCo 0.040 0.119 0.131 0.576 -0.026 0.151 0.081 0.196
ReRN -0.309 -0.401 0.454 0.313 0.123 -0.341 0.175 0.282
RGP -0.351 0.516 0.022 -0.217 0.277 -0.284 -0.005 0.308
RCu 0. 154 0.767 0.000 0.049 0.093 -0. 145 0.088 0.012
CS 0.007 -0.083 0.059 0.59%4 0.058 -0.138 0.129 0.177
FC -0.247 -0.283 0.110 0.159 0.710 0.116 0. 160 -0.055
RA 0.730 0.132 0.260 -0.325 0.148 0.030 0.076 -0.083
Cp 0.700 -0.090 0.305 -0.336 0.112 0.123 -0.089 0.016
RDS 0.785 0.051 0.010 0.024 -0.059 -0.131 -0.071 0.011
RDi -0.041 0.315 -0.288 0.381 0.264 0.066 0.172 0.117
CE 0.016 -0.021 -0.055 0. 166 0.041 0.038 0.133 0.857
=7 HEFSWASE
Table 7 Combination of factor analysis 10 Jo
RGP O
AWT Tl ‘o
Common factor Combination of factor analysis Raw o m;«;w
CFI SC.RSM.RA CP RDS E S e
. \RA [CP, g e 05 o
CF2 RCI RGP .RCu ; 05 VAH
CF3 RC .RAP RD ,VAH
CF4 RAM RAsH RCo,CS ’ wjmﬁ
CF5 PCW fkojy o :a ° foxs °° c::w“‘““”
ompone | )
CF6 GReR .RPA
oF7 RAS RLC 4 RBEFAHEREERNE
CF8 CE

Fig. 4 Rotation space component diagram of factor analysis
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Table 8 Active components of RC-RD

stz Y /4
S;(')if/fe MOL 1D Corff)ﬁem

RC MOL003389 3-0-H J A Hi v 17T 3'-0-Methylorobol
RC MOL002608 43 4 Aspidinol
RC MOL001945 1#F-+H N g Bergapten
RC MOLO000448 SHME G 2 Isobavachin
RC MOL000422 11 Z5 1 Kaempferol
RC MOL004328 Hli iz 2 Naringenin
RC MOL003673 PR Wighteone
RD MOL003152 JENHAREZE Gentisin
RD MOL000358 B-4 5 B-Sitosterol
RD MOL009312 (-)-3,5-"0MEREZE 72 (E,E)-3,5-Di-O-caffeoylquinic acid
RD MOL008188 B 2EAK Japonine
RD MO1009322 AR SEWTEE TIT Sylvestroside TIT

4 3

Drug Disease

2340

Bs Z&EEEA

Fig. 5 Intersection genes



Vol. 34 VS T RIS I 25 25 BT S0 AR A A T2 U B s A 2 W 4 5 B4 40 AR LR

1955

HSD11B2  GPR35

MAPSKS GPBAR1
MAPKAPK2 GGER
F3 ERN'  ppop
HDACT CcYP2sA1
FAP
HSD1181 CYP1B1
MAPK9 JAK3  jaky
MMP1 IGFBP3

NRIH2  HTR2A
MMP3 HSPATA

CYPI7A1  EPHB2

KOR JAK2
LRRK2  pups Fité  CXCRt

PDE4A MET IGFIR DHER?
Nos2 SIRT1 PPARG. P2
L wPO HNF4A B
PFKFB3 ciso1
PIK3CB 7 Fmy cvpace
7 STAT3 VEGF/ cTsk
NFKB1 b GSKaB
i PIK3CD cYP2c19 N
PGF CFTR

PIKacG NRICT pypz  HSPOOAAT EGFR  mmps CYP3A4 Cypiaz

PTGDR2 PLA2GZA cD38  CONT
PLAU CYP1A1
PIK3CA CYP19A1

PON1 MAPK14 ESR1 BoL2
PTGER1 PRKCD CXCR2 CA3
PPARA fE= AR
PTGS1  RPSBKB1 CTsB BCHE
RELA AHR
B SNCA ABCB1 CDKé Ls
SHBG ADORA2B
TLR9
SERPINAS  SLCBA4 YOR  Aecep: ABLY ADORAZA oM
TR ADORA1
TAGR! UGT2B7 poue  ADAMIT AL
vep AloHz

XOH ABoct  AKRIBT0

6 E{ESH

Fig. 6 Interaction analysis
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