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Abstract: Objective To construct a machine learning model for predicting anti-radiation effects using the medicinal properties of
traditional Chinese medicine (TCM) as feature descriptors, and elucidate the significant medicinal properties of anti-radiation TCM to
guide clinical practice and daily radiation prevention and control. Methods Research literature on TCM with reported anti-radiation
effects was collected from databases such as the Medicinal Herb Database, CNKI, and PubMed. The SymMap database was utilized to
obtain the medicinal properties of TCM, such as taste, attributed meridians, etc., as recorded in authoritative texts like the Chinese
Pharmacopoeia. These properties were used as feature descriptors to construct a database, which was then processed into a format suitable
for machine learning. Five machine learning models-random forest, support vector machine, gradient elevator, logistic regression, and fully
connected neural network-were employed to perform five-fold cross-validation on the dataset and assess performance. An external
validation set, comprising 10 TCMs with reported anti-radiation effects and 10 TCMs without such reports, was used to test the models.
Finally, the SHapley Additive exPlanations (SHAP) interpreter was used to visualize and interpret the significant medicinal properties that
contribute to the anti-radiation effects. Results A total of 136 TCMs with reported anti-radiation effects were collected, including single
herbs, health food registrations, and compound formulations, with a total frequency of 447 occurrences. The top three most frequently used
TCMs were Lingzhi (Ganoderma), Hongjingtian (Rhodiolae Crenulatae Radix et Rhizoma), and Gougqizi (Lycii Fructus), with each being
used more than 10 times. Among the five machine learning models, the random forest exhibited the best performance, with an accuracy
rate, F1 score, and area under urve (AUC) of 0.804 4, 0.773 2, and 0.879 8, respectively. The random forest model also demonstrated a
good ability to correctly predict TCMs with reported anti-radiation effects in the external validation. The SHAP interpreter for the best-
performing random forest model identified the functions of “tonifying deficiency, clearing heat”, the attributed meridians of “heart, liver,
spleen, lung”, the tastes of “sour, sweet, bitter”, and the properties of “cold” as the most contributive to the anti-radiation effects.
Conclusions This study is the first to apply the medicinal properties of TCM as feature descriptors in machine learning, achieving good
predictive model performance. It provides guidance for the prevention and treatment of radiation sickness with TCM, suggesting that
principles such as reinforcing healthy gi and eliminating pathogen, nourishing yin and reducing fire, and focusing on the heart, liver, spleen,
and lung should be followed. Furthermore, the satisfactory performance of the machine learning models reflects the good interpretability
and reproducibility of TCM theory in disease prevention and treatment.
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Table 1 Properties of predicted 20 kinds of traditional Chinese medicines with radiation resistance effect
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Table 2 Frequency distribution of traditional Chinese medicines with radiation resistance effect (frequency > 10)

] R AR A/ Y% e B/ AR A%
1 RZ 36 8.05 6 W 11 2.46
2 AB=SN 30 6.71 7 B 11 2.46
3 ik 24 5.37 8 EYE 16 3.58
4 W 24 5.37 9 A& 15 3.36
5 el awi 12 2.68 10 i e 10 2.24
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Table 3 Preliminary treatment of property characters of traditional Chinese medicines with radiation resistance effect (example)

Name Frequency Tastel... Character Nature... Attribution label
RZ 36 H F I HhEEZ 1
A5 30 H ES Jii HhREZ 1
A ¥ 24 H i JF HhHEZ 1
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Table 4 Property characteristics data set of traditional Chinese medicines for machine learning (example)

Name Frequency xinwei... han... Xin... buxuyao... label
RZ 0.060 2 0 0 1 1 1
LR 0.050 2 0 1 1 1 1
iy 0.040 1 0 0 0 1 1
I 0.001 7 0 0 0 0 0
BEr & 226k 0.001 7 1 0 0 0 0
ZHA= 0.001 7 0 0 0 0 0

R5 5MHLRE IR EREITA

Table S Performance evaluation of five machine learning

models

eit] HERHZR F1 /3% AUC
BEALAR K 0.804 4 0.773 2 0.879 8
SRR 0.685 7 0.447 8 0.871 4
BRI 0.766 4 0.760 7 0.860 5
oA NS 0.526 1 0.327 4 0.824 4
Eeu T 0.5612 0.1195 0.820 2
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Fig. 1 Cross-validation of accuracy of five machine

learning models
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Fig. 2 ROC curves for five machine learning models
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Table 6 Prediction and verification of with radiation resistance effect of 20 traditional Chinese medicines

P AR PURSTSE SEGR mleRE | PSS AR PUESSE SE G TN et
1 K& 2 20 0.940 0 11 LT ] RARIE 0.950 0
2 RiEHEE = 21 0.950 0 12 AR ] RARIE 0.650 0
3 4Ry 2 22 0.770 0 13 B A RARIE 0.640 0
4 TitREMHk = 23 1.000 0 14 A B A RARIE 0.950 0
5 REH = 24 0.920 0 15 HHTE ] RARIE 0.780 0
6 WE 2 25 0.983 3 16 N A RARIE 0.930 0
7 MR 2 26 0.980 0 17 Wit% A RARIE 0.870 0
8 WIT 2 27 0.987 5 18 AT A RARIE 0.990 0
9 =¥ s 28 0.980 0 19 LR ANH RARIE 0.780 0
10 fREKW = 29 0.700 0 20 R ANH RARIE 0.960 0
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