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Abstract: Objective Based on the content of chemical elements in traditional Chinese medicine (TCM), the classification accuracy of TCM
medicinal properties was obtained through decision tree and neural network, and the classification accuracy of different methods was
compared. Methods The target TCM was obtained from the Quantitative and Applied Research of TCM Theory. Excel was used to extract
the chemical element data of the target TCM, and two independent samples of non-parametric tests were performed on the medicinal properties
and chemical elements of a single TCM based on IBM SPSS Statistics 26 software, and statistically significant associated elements were taken
as independent variables. Binary logistic regression analysis, decision tree algorithm, artificial neural network and other methods were used to
classify and predict the dependent variable (medicinal properties). Such algorithms were used to obtain the relevant variables, classification
accuracy and model function coefficients of TCM medicinal properties, and the classification effects of different methods were compared.
Results A preliminary element database containing 105 TCMs and 42 chemical elements was established. The drug properties of TCM were
statistically analyzed, and the drug properties variables of four gi, five flavours and channel tropism were obtained. The correlation factors of
the medicinal properties were obtained by non-parametric tests. The cold nature related elements were Be, Sr, Ca, La. The bitter flavor related
elements were Mn, Ni, K, Ca, V, Si, Co, Zn; the spleen meridian related elements were Ni, Bi, Co, Be, Eu, Ce, Nd, V, Pr, Sm, La, Dy. Binary
logistic regression analysis was used to obtain regression models. The overall accuracies of classification were 87.6%, 91.4%, 81.4% for cold
nature, bitter flavor, spleen meridian, respectively. In the training samples of the decision tree model, the classification accuracies were 77.8%,
87.7%, 78.1% for cold nature, bitter flavor and spleen meridian, respectively. The accuracies of the classification of the samples tested were
69.7%, 65.0%, 62.5% for cold nature, bitter flavor and spleen meridian, respectively. In the training samples of the artificial neural network,
the classification accuracies were 74.1%, 73.7%, 74.0% for cold nature, bitter flavor and spleen meridian, respectively. In the tested samples,
the classification accuracies were 54.5%, 72.4%, 67.9% for cold nature, bitter flavor and spleen meridian, respectively. Conclusion Based
on the univariate analysis of the relevant factors of medicinal properties, binary logistic regression, decision tree and artificial neural network
analysis revealed that there is a certain relationship between the medicinal properties of TCM and chemical elements. From the perspective of
classification accuracy, the accuracy of the decision tree and neural network training set is higher than that of the test set. In the comparison of
the two methods, the average classification accuracy of the decision tree training set and the test set is higher than that of the neural network.
Although the accuracy of binary logistic regression classification is higher than that of neural network and decision tree, binary logistic
regression does not distinguish between the training set and the test set.

Key words: quantification of medicinal properties of traditional Chinese medicine; chemical elements; data mining; statistical analysis;
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F1 BMIHAESHEE HETE: E, n=105)
Table 1 Two independent samples nonparametric test (grouping variable: cold, n» = 105)

EES M (P25, P75) Z-HEE U Z P1E
Be 0.030 (0.020, 0.060) 955.000 —2.411 0.016
Sr 23.500 (11.400, 43.850) 950.000 -2.378 0.017
Ca 4 338.000 (1619.000, 7469.000) 981.500 -2.171 0.030
La 0.344 (0.132, 0.825) 1 013.500 —1.961 0.049

*2 FMIHAXIESHRE (DHETE: &, n=105)
Table 2 Two independent samples nonparametric test (grouping variable: bitter, n = 105)

HAE M (P25, P75) 2-H%E U z Pl
Mn 35.630 (19.750, 87.520) 857.500 —3.305 0.001
Ni 1.160 (0.530, 2.050) 906.000 —2.994 0.003
K 9 913.000 (6 405.000, 14 869.000) 958.500 —2.656 0.008
Ca 4 338.000 (1 619.000, 7 469.000) 984.000 —2.492 0.013
\Y% 0.630 (0.220, 1.270) 989.500 —2.467 0.014
Si 3 038.000 (1 752.500, 5 833.500) 989.500 —2.457 0.014
Co 0.300 (0.150, 0.585) 1 024.500 —2.264 0.024
Zn 21.800 (12.750, 39.050) 1 054.000 —2.043 0.041

R3 MMIHAESHGE (HETE: BEZ, n=105)

Table 3 Two independent samples nonparametric test (grouping variable: spleen meridian, » = 105)

HA & M (P25, P75) S-BAFE U Z P1E
Ni 1.160 (0.530, 2.050) 827.000 —3.186 0.001
Bi 0.016 (0.006, 0.034) 865.000 —2.942 0.003
Co 0.300 (0.150, 0.585) 920.500 —2.609 0.009
Be 0.030 (0.020, 0.060) 939.500 2515 0.012
Eu 0.012 (0.005, 0.024) 960.500 —2.312 0.021
Ce 0.591 (0.241, 1.335) 973.500 —2.223 0.026
Nd 0.264 (0.091, 0.582) 975.000 —2214 0.027
\Y% 0.630 (0.220, 1.270) 978.500 —2.200 0.028
Pr 0.095 (0.044, 0.178) 983.000 —2.161 0.031
Sm 0.056 (0.033, 0.144) 999.500 —2.053 0.040
La 0.344 (0.132, 0.825) 1012.000 -1.971 0.049
Dy 0.035 (0.017, 0.091) 1014.000 —1.958 0.050

R4 I Logistic BIAAEFHETE (B #5 It Logistic B35 EFN GE)

Table 4 Variables in binary Logistic regression equation

Table 5 Prediction of binary Logistic regression

(cold) classification (cold)*
A& SE  Waldy2MEH d P i
P “ i 5 i HET /%
Si —-0.001  0.001 4213 1 0.040 a 2
Co —-21.328  9.420 5.126 1 0024 ES A 59 5 922
) - = 8 33 80.5
RN 92.2%, “&7 MHIAHERE N 80.5%, PR 876
BVRHERA RN 87.6% SR BB A 0.500.

FETRSYET, SRR IR L 6.

2boundary value is 0.500.
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% 6 ZJT Logistic @37 EHRHETE (&)

Table 6 Variables in binary Logistic regression equation

F 9 T Logistic @AS LN (BEZ)?

Table 9 Prediction of binary Logistic regression

(bitter) classification (spleen meridian)*
HA B SE  WaldyfH df PAA iz )
R A HER 2%
p -0.001 0.001  4.380 1 0.036 4 =
v -14.082 6.130  5.276 1 0022 sz 75 61 3 953
Fe 0.036 0.016 5.152 1 0.023 A 6 35 85.4
Co -10.812 5473 3.902 1 0.048 TR % 014
B 1. ) .004 1 014
r 363 0.556  6.00 0.0 T 0.500.
Y 95746 46451  4.249 1 0039 “boundary valu is 0.500.
Dy  —862.897 342753  6.338 1 0012
Ho 5511590 2085435  6.985 1 0.008 TR EE 1 2% La #5743, B 281 2 w146

R P ] U AR 2 e R R B G R A Py V. Fe
Co~ Br. Y. Dy. Ho. HI3 7 oA, &K “%&K”7 1)
T HER RN 91.8%,  “& 7 IR T HE B R N
91.1%, SMAHERZEN 91.4%.
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g EasAh, BEPm AR ITERA Niv L
La. Ce. Pr. Dy. Ho. HIZ 9 A[%1, M& “&K”7 1)
T HER RN 95.3%, O T HE B RN
85.4%, JMAUHERIZR 91.4%.
323 MM ENSR LM, M 6 M
BAF&: Be. Sr. Ca. La. Si. Co. FEVER)WRFEHR

% 7 7t Logistic B3 EFM (F)*
Table 7 Prediction of binary Logistic regression

classification (bitter)*

e

[ 25 & = Gl 2 TERZ/%
i F 45 4 91.8
= 5 51 91.1
SERHER /% 91.4
a5 FHEN 0.500.

aboundary value is 0.500.

%X 8 T Logistic Bl/AAEFHNTE (BL)
Table 8 Variables in binary Logistic regression equation

(spleen meridian)

HA &= B SE  Waldy*{§ df Pl
Ni -6.907 3429 4.056 1 0.044

I -15.263 6.486  5.538 1 0.019
La -29.127  14.064  4.289 1 0.038
Ce -16.315 7.485  4.751 1 0.029
Pr 556.654 235.018  5.610 1 0.018
Dy 852.616 404.867  4.435 1 0.035

1

Ho —5507.149 2 811.855  3.836 0.050

XM — %, La B EAREAL I E R 100%.
Sr & AR RER R, LA E A
35.9%. Sifl La &= RN PRERZE, Si ZER
AL B2 38.0%. HARZEEZEMEME 1
Fi7m o BT (1) 73 2R IR 26 W3R 10, YISREEMIHER
RN 77.8%, FIIGEEMHEFE N 69.7%.
FRZitEd, EURIMRE AL B2 Mo, Niv K.
Ca. V. Si. Co. Zn. P. Fe. Dy. Ho. Br. Y.

La | 1000%
Be (ISR
Co [MNs207mm

0 iO 40 60 80 160
AR AR A/ %

1 FMPREMRE D ATEMELEREN
Fig. 1 Importance of standardization of independent

variables in cold nature decision tree model

R 10 REPHER S LN ()

Table 10 Prediction of decision tree model classification

(cold)
HEA izt il
o 2 HER2R/%
Nk K 37 10 78.7
b 6 19 76.0
RARHERI R/ % 59.7 40.3 77.8
DETA 12 5 70.6
b 5 11 68.8
SBHERZ/% 515 48.5 69.7
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324 ANTHAEMZEIHT KA AR,
PR NARRE, EHRS AN Z 2R
AR AT R A 0T PR B AR VRN
IEAAL, B WOE R B8O EYT, B BOE
B Softmax. fEPUSZGPEH, FEMEMA R4 6
MRANT R, LRSS EMETT, 2 M mb . B
A5 5 R SRR — 3, B KRB INEESIR I
#& C0(0.228). Be (0.204). Ca (0.185). La (0.180)-
Si(0.121).Sr(0.083), bkl H Z 4 43 i) 52 100.0% -
89.3%- 81.1%- 79.0%-+ 52.9%- 36.3%. FEM:ARTY
PRI AER R IR 11, YIRS TN 2 e % N
72.1%, KTIGHERITN A R RN 54.5%.
FRZ M, ER N AN A 14 M
B, S MRS EMZTT, 2 M . B REE
PEMKENHEFIH R Ky Mn, Ca. V. Siv Ni. Dy,
P. Co. Fe. Zn. Br. Y. Ho, &A&hrufbmEE 1
4392 100.0%- 85.1%- 83.5%- 64.4%- 60.1%- 42.3%-

F 11 ATHEMFER S LT (3E)
Table 11 Prediction of artificial neural network model

classification (cold)

. - gl

i itz = R’ R

N K 22 12 64.7
2 5 22 81.5
RARHERR/% 443 55.7 72.1

i & 14 12 53.8
2 8 10 55.6
RARHER R/ % 50.0 50.0 54.5

38.4%- 37.1%- 34.7%- 32.3%- 22.9%- 22.6%- 19.6%-
14.1% . w5 WA AL I ZRER (1) S AR T 73 SR HE R 2 Ry
73.7%, AIeAE ST o SEHERR RN 72.4%.

N 251, MAMEMNER 14 NN,
2T EMEATT, 2 M R AR E I
KEVNEFIHC KL Biv Niv 1. Dy. Co. V. Be.
Eu. Ce. Nd. La. Sm. Pr. Ho, &A&riflE
FPES 12 100.0%- 94.4%- 84.4%- 55.3%- 49.1%-
35.5%-33.4%426.7%-21.3%- 19.8%- 18.4%- 13.9%.
13.2%- 4.7%. PRI ZRAE 1S AR T 7SS 1A
N T4.0%, Faie AR SR TN 7 KA 2N 67.9%.
325 Aot FR AR M RITE, R
LA B DL, 6 AR L =3 283 2
FNZEA I 2 Te il AR A Fisher #5173
Wik, XTFEEZWREAT AN . R Fisher 205153 #7 &
T RH, SRR AR AT AR AL B, FRT
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FROIEER I R . BB 250 3 FoR, TERRER 1 FTfE
0] e g [ = o1 I RN SR S A 2 4
1 432858 BA B3EME. Fisher H M Hras Bans 12
Fros, ZARITRE R HR %4 K3 2 WREj 4y
AR 4 HA 6 2H, BRI 2 wRep 21 FE M R AR AU
SN 4 6, X 5ImKRH AR AT . Hix
FIR AT WG 7 H B 72.7% 08 84T T
E# K.
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Fig.2 Feature graph of discriminant function

-15 -10 -5 0 5 10 15
BRE 1
Fig.3 Function classification graph

F 12 E(4Z54 Fisher FIBI S LLER »

Table 12 Results of Fisher discriminate classification of cold drugs*

TUIZH R A

SRE| Paxi) &it
1 4 5 6 7 9

T 1 1 0 0 0 0 0 1
4 2 3 0 0 0 0 5

5 1 0 1 0 0 0 2

6 0 0 0 1 0 0 1

7 0 0 0 0 1 0 1

9 0 0 0 0 0 1 1

P ER] 0 1 0 1 0 0 2
ZIMNECER S /% 1 100.0 0 0 0 0 0 100.0
4 40.0 60.0 0 0 0 0 100.0

5 50.0 0 50.0 0 0 0 100.0

6 0 0 0 100.0 0 0 100.0

7 0 0 0 0 100.0 0 100.0

9 0 0 0 0 0 100.0 100.0

R EIEL]] 0 50.0 0 50.0 0 0 100.0

a- XA 7 2B A 72.7%3E47 T IERI 732K

a-72.7% of the initial grouping cases have been correctly classified.
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