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Abstract: Objective To investigate the drug compatibility rules of Chinese patent medicines (CPMs) against stomach diseases in

volume 1 of Chinese Pharmacopoeia (2020 edition) based on correlation analysis and mutual information entropy. Methods
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Focusing on “stomach” “epigastrium” “eliminating flatulence” “anorexia” “nausea and vomiting”, and “dyspepsia” as keywords in
Chinese Pharmacopoeia were collected to find CPMs against stomach diseases and the relevant information of the Chinese medicinal
materials was retrieved by combining Yaozhidata.com, Pubiao website and China National Knowledge Infrastructure (CNKI), and the

database was established using Microsoft Excel 2019 software. The Apriori algorithm of SPSS Modeler 18.0 was used to analyze the
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association rules of high-frequency traditional Chinese medicine (TCM), and Cytoscape 3.9.1 was used to complete the network
visualization. Mutual information entropy (MIE) was used to quantify the correlation degree of drug pairs. Drug pairs with high MIE
were selected to construct a drug compatibility network in Cytoscape 3.9.1, and Glay algorithm was used to perform cluster analysis
on the network nodes. The above two methods were combined and analyzed. Apriori algorithm was used to collect all the core TCM
combinations, and then high MIE value drug pairs were calculated and screened. Results A total of 263 CPMs were included in
volume 1 of Chinese Pharmacopoeia (2020 edition), most of which were pills, capsules and tablets. A total of 352 kinds of medicinal
materials were involved, mainly including heat-clearing herbs, tonifying deficiency herbs and dispelling wind-dampness herbs, etc.
These herbs tended to be bitter, pungent and sweet in flavor but warm and cold in nature. A total of 13 rare TCMs and 34 poisonous
TCMs were included. In all these herbs, Gancao (Glycyrrhizae Radix et Rhizoma), Chenpi (Citri Reticulatae Pericarpium), Muxiang
(Aucklandiae Radix), Fuling (Poria) and Baizhu (Atractylodis Macrocephalae Rhizoma) were identified as key TCMs with high
frequency. A total of 40 strong association rules were obtained by association analysis and screening of TCMs with frequency > 4%.
MIE analysis showed that the drug pairs with strong correlation were Liushenqu (Massa Medicata Fermentata)-Maiya (Hordei Fructus
Germinatus), Shanzha (Crataegi Fructus)-Hordei Fructus Germinatus and Crataegi Fructus-Massa Medicata Fermentata, etc. A total
of 12 network clusters were obtained by cluster analysis, and each network cluster contained different CPMs. The new important
association rules of Houpo (Magnoliae Officinalis Cortex) + Fuling (Poria) — Guanghuoxiang (Pogostemonis Herba) were obtained
by Apriori-MIE combination analysis. Conclusion Crataegi Fructus-Massa Medicata Fermentata-Hordei Fructus Germinatus was
an important potential drug pair for clinical treatment of gastric diseases. Through Apriori association analysis, MIE analysis and
combination association analysis, the compatibility of CPMs related to gastric diseases was explored comprehensively and deeply,
providing reference for the clinical treatment of gastric diseases and the development of related CPMs.

Key words: Chinese Pharmacopoeia; stomach disease; drug compatibility; association rules; mutual information entropy; Crataegi

Fructus; Massa Medicata Fermentata; Hordei Fructus Germinatus
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Table 1 Dose analysis of precious Chinese medicinal materials related to treatment of stomach diseases

F) 2kt 77U /g 7 & 1t /g 2y R/

T2 iy 8 0.002~0.273 0.084 0.15~0.30
KA 2 0.063~0.213 0.137 3~9
bk 10 0.022~0.629 0.245 1~5
R 2 0.202~0.945 0.573 3~9
=t 10 0.063~2.322 0.646 3~9
A& 10 0.057~3.484 0.706 3~9
RZ 4 0.780~3.000 2.363 6~12

kY] LTS 1 0.023 0.023 0.015~0.030
B 2 0.001~0.156 0.040 0.03~0.10
4 6 0.005~0.270 0.069 0.15~0.35
BEALE 1 0.720~1.080 0.900 10~25
BBk 3 0.003~2.700 0.923 0.1~0.3
i 1 1.800 1.800 3~9

x2 BT BRBAXFHERATES N

Table 2 Dose analysis of toxic Chinese medicinal materials related to treatment of stomach diseases

el HEHY il 554 iy /g FE /g 2y /g
K BEE 1 0.001~0.010 0.004 0.1~0.3
RAl¥ 1 0.019 0.019 0.06~0.60
LT 2 0.026~0.052 0.035 0.3~0.6
N 1 0.023~0.058 0.039 — MM 5 A
EES¥ 1 0.290~0.870 0.543 0.6~1.5
JUEE 1 G G — ) fE A
fH [N 1 0.009 0.009 3~5
E TR 1 0.023 0.023 0.015~0.030
Sl 1 0.051~0.160 0.099 3~6
R 9 0.005~0.346 0.105 0.1~0.5
iy 1 0.104~0.213 0.159 0.05~0.10
il B 1 0.023~0.456 0.188 1.5~3.0
TR 7 1 0.203~0.213 0.208 3~6
I AR 3 0.014~0.531 0.231 3~6
L 1 0.456~0.570 0.513 3~6
% 2 0.202~0.945 0.573 3~9
AL 12 0.113~5.878 1.131 3~6
T 2 0.402~2.077 1.296 3~15
HIN 1 1.548~1.935 1.742 3~6
FE 5 0.780~4.995 2.084 3~9
NS 1 ¥ o 0.9~1.2
N KA 1 0.029~0.173 0.101 1.0~15
By 1 0.098~0.147 0.122 1~3
PEHD 2 0.101~0.204 0.152 6~10
+# 1 0.240 0.240 3~10
45 1 0.149~0.447 0.298 3~9
A 7 0.085~0.784 0316 5~10
xR 5 0.122~0.735 0.356 1.0~1.5
K 1 0.408 0.408 1~3
R 9 0.120~1.714 0.718 2~5
)15 7 0.322~7.545 1.334 5~10
LR 1 1.304~1.429 1.374 3~9
P T T 3 4.000~15.384 9.692 5~10
LB 2 7.692~15.384 12.820 6~12
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Table 3 Distribution of traditional Chinese medicines with frequency > 4% in CPMs in treatment of stomach diseases

izl AE/ IR ARZR 1% g ARER/IR ARZR L% gy AE/ IR SRR %%

B 81 4133 RS 20 10.20 UK 10 5.10
7954 65 33.16 wAR 19 9.69 EVE| 10 5.10
RAF 49 25.00 T 19 9.69 AL 10 5.10
R 45 22.96 W 18 9.18 SRAE 10 5.10
HA 41 20.92 7y 18 9.18 H 10 5.10
K 37 18.88 St 17 8.67 UiE 9 4.59
[Elev] 35 17.86 1 14 7.14 & 9 4.59
i 35 17.86 KA 14 7.14 Hh#E 9 4.59
JEFR 34 17.35 TR 14 7.14 EEE 9 4.59
W5 30 15.31 X 4 14 7.14 AW 9 4.59
WA= 30 15.31 WiE 13 6.63 4T 9 4.59
B 29 14.80 FA 13 6.63 Bi A 8 4.08
& 29 14.80 R 13 6.63 T 8 4.08
A 28 14.29 BET 13 6.63 = 8 4.08
aYdiii 27 13.78 F4& 12 6.12 = 8 4.08
wH 26 13.27 G5k 11 5.61 B5 8 4.08
g0 26 13.27 pusi] 11 5.61 ER7 8 4.08
TR 26 13.27 A% 11 5.61 Konnt 8 4.08
5% 23 11.73 A 10 5.10
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Table 4 Association rules analysis of traditional Chinese medicines (frequency > 4%) related to treatment of stomach diseases
RERFI TR BERE% RIE SRR TR BRI RIE
JEAN+ H B SPRRE 9.69 90.48 2.73 | EHEH ISR 7.65 71.43 2.15
W+ KRESBRE 8.67 85.00 256 | EAM+KRESBRE 7.65 71.43 2.15
FHE-7 10.71 80.77 586 | EA-HE 12.24 70.59 2.13
FH—Ih 10.71 80.77 4.52 AR+ HEHE RS 9.18 69.23 3.02
WA+ H R SPRRE 8.16 80.00 2.41 TR 15.82 68.89 2.08
JEA R —H 9.69 79.17 1.92 | IiiE—BRE 12.24 68.57 2.07
RE+HESPRE 9.18 78.26 236 | WM HFRE— B 7.65 68.18 3.93
AN 2 10.71 77.78 586 | TREAHE->HE 10.71 67.74 1.64
RE+HESPRE 10.71 77.78 235 | ANt 1IAE 9.18 66.67 3.73
N Y N 8.67 77.27 3.09 | ANt ME 9.18 66.67 2.01
Z 5+ — 8.16 76.19 427 | W oARE 10.20 66.67 2.67
FH+ -7 8.16 76.19 553 | WMo HEE 10.20 66.67 1.61
W+ ARE-HE 7.65 75.00 1.81 EHAR KL IR 8.16 66.67 2.01
W=+ HEHESKE 7.65 75.00 3.00 EAR 4B % 8.16 66.67 2.90
HAR+HRE-HE 9.18 75.00 1.81 | RE+HESAHR 9.18 66.67 3.19
WA= B 11.22 73.33 221 EHAR+MRE—HE 8.16 66.67 1.61
FH R 9.69 73.08 220 | RE+HBRE>HH 9.18 66.67 1.61
WA=+ R e — IR % 8.16 72.73 317 | EHE-EE 8.67 65.38 1.58
WA+ R~ 5 8.16 72.73 1.76 | KE+HE S 7.65 65.22 4.26
F A+ i — B 7.65 71.43 215 | B+ ARESEA 6.63 65.00 3.75

Bl AT BmEXPE nE=4%) KEARN WL E
Fig. 1 Network diagram of association rules of traditional
Chinese medicine (frequency > 4%) related to treatment of

stomach diseases
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Table 5 Top 20 drug pairs with high MIE value in treatment of stomach diseases

e 2t 1 24 2 250
2 AR BRZ /%% Zitf BRE IR LB et AR E Ik AR /Y% MIE
1 aYidiiil 27 13.78 FIE 26 13.27 21 10.71 0.082
2 A& 35 17.86 I 26 13.27 21 10.71 0.070
3 L 35 17.86 VaYidiil 27 13.78 18 9.18 0.053
4 % 65 33.16 REE 45 22.96 31 15.82 0.050
5 REE 45 22.96 BAR 41 20.92 24 12.24 0.050
6 Ekb 34 17.35 TREE 19 9.69 14 7.14 0.045
7 KE 49 25.00 W= 30 15.31 20 10.20 0.043
8 K7 49 25.00 J=9 N 34 17.35 21 10.71 0.042
9 JUER 19 9.69 gt 8 4.08 8 4.08 0.041
10 % 65 33.16 JE kb 34 17.35 24 12.24 0.040
11 JE AR 34 17.35 W 30 15.31 16 8.16 0.040
12 Ekb 34 17.35 HEAR 19 9.69 13 6.63 0.040
13 i 9 4.59 CawR s 7 3.57 6 3.06 0.039
14 S 14 7.14 B X, 8 4.08 7 3.57 0.039
15 % 65 33.16 W 30 15.31 22 11.22 0.039
16 % 65 33.16 i 35 17.86 24 12.24 0.039
17 SN 41 20.92 5 30 15.31 17 8.67 0.038
18 =8 6 3.06 BN 13 6.63 6 3.06 0.036
19 T 29 14.80 5 30 15.31 14 7.14 0.036
20 aYidiil 27 13.78 AR 19 9.69 11 5.61 0.035
A
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Fig. 2 Compatibility network of Chinese medicinal material in Chinese patent medicines in treatment of stomach disease
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Table 6 Cluster analysis of Chinese medicinal materials compatibility network in treatment of stomach diseases

S LR N rh 24 B 7 i R B A AR 245 7 il ) D
1 71 86 RIS RESFESHI S B 5
2 58 27 FRA B EEOEA T ARBE A TRL RS
3 44 5 MAA AL 7SR 22T B IR T 55
4 40 4 HEMN FER B RO S
5 35 1 ZERBERUEIHET
6 22 2 SHhh g gL, ETE
7 22 1 B A T BOkL
8 10 1 JEFAA R
9 9 1 ¥ B iR T
10 6 1 B R WM A
11 5 2 o 98 7 Fr B
12 5 1 JIH o R B

D 27 IR 60% K ZiM TR Z AR

D60% of traditional Chinese medicine formulations are in this cluster

Fz 7 ET Apriori-MIE H5 KBS HTRIBT 20 &5 MIE BB N

Table 7 Top 20 association rules with high MIE value based on Apriori-MIE combination association analysis

SR SRR/ % BIREE% RIS MIE
7S i & 22 4 10.71 80.77 5.86 0.082
F &I 10.71 60.00 4.52 0.070
FSpt+ I — 2 2 8.16 88.89 6.70 0.067
FN A+ R e — 2 2 7.65 83.33 6.28 0.061
-7 8.16 76.19 5.53 0.061
F PR — 7Pl 7.65 78.95 5.73 0.058
JEAN IR - B 6.12 75.00 7.74 0.054
RE + B -0 8.67 62.96 4.11 0.053
FH+H S Pl 6.12 100.00 7.26 0.053
F B+ H R pith 6.12 100.00 7.26 0.053
payiiifeaniyyc 9.18 66.67 3.73 0.053
Ll + B e — 22 2F 7.65 62.50 471 0.052
Bz waviiliEiibi 8.16 76.19 427 0.051
KRE+BR R+ 7.14 77.78 5.08 0.050
IRE &I B 15.82 68.89 2.08 0.050
JEAN R B+ H BT AR 6.12 63.16 6.52 0.050
aYulii RaE RS 6.12 85.71 6.46 0.050
NP+ BR R+ RS A 6.12 85.71 6.46 0.050
FH PR — L 7.65 78.95 4.42 0.049
JEAN IR+ R — T 5.61 73.33 7.56 0.049

ARG MRS, WIRASE. OME RS, B8 WILERZFESEREE. HATS a1 2
K, AR SR T RIS, ST A 205 RENSHE. AR, TR
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Table 8 Comparison of Apriori correlation analysis and
MIE analysis
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