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Abstract: More and more attention has been paid to the toxicity study of traditional
Chinese medicine. With the accumulation of toxicity knowledge of a large number of
compounds, it provides a reliable basis for toxicity prediction. The method of
computational toxicology will be more widely used in elucidating the material basis and
mechanism of toxicity of traditional Chinese medicine. In order to understand and master
the application of computer prediction model in toxicology research and toxicity
component prediction of traditional Chinese medicine, the concept of computer toxicology
was introduced briefly, the challenges faced by computer prediction model in toxicity
component prediction of traditional Chinese medicine were analyzed, and the application
of computer prediction model in toxicity component prediction of traditional Chinese
medicine was also discussed.

1. Introduction

Each herbal medicine contains many chemical components, so it is time-consuming and heavy
workload to find potential toxic components of traditional Chinese medicine by traditional methods.
Moreover, due to the low content of chemical components, it is difficult to obtain enough quantities
for in vivo and in vitro experiments to explore the application of computer prediction model in the
prediction of toxic components of traditional Chinese medicine [1-3]. The computer prediction
model only predicts the toxicity based on the molecular structure of compounds. When determining
the chemical structure of traditional Chinese medicine components, the early toxic components can
be screened, which provides guidance for further in vivo and in vitro experiments [4-7]. However,
with the further study of toxicity mechanism, molecular mechanism model can not only discover
the potential toxic components of traditional Chinese medicine, but also explore the possible toxic
mechanism of traditional Chinese medicine components [7-10]. Moreover, each Chinese herbal
medicine contains many chemical components, and the toxicity of a single compound cannot
represent the toxicity of the mixture. Prediction of combined toxicity of various compounds is also a
difficult problem in computational toxicology [11-12]. Therefore, to apply the prediction model to
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risk assessment of traditional Chinese medicine, it is necessary to establish a model to predict the
combined toxicity of mixtures.

2. Computer Toxicology
2.1. Development of Computational Toxicology

Computational toxicology is a discipline that studies the relationship between chemical structure
and toxicity. Its method can be used to predict the toxicity of compounds. The EPA defines
computational toxicology as the application of mathematical and computer models to predict and
elucidate the toxic and side effects of compounds and their mechanisms of action. Computational
toxicology began in the early 1980s. The main reason for its emergence is the high cost of animal
toxicity testing and social opposition, and the number of compounds to be screened has increased
dramatically. At the same time, the rapid growth of chemical toxicology research provides a large
number of chemical structure and toxicity data, which provides a reliable basis for the calculation
and prediction of drug toxicity. That is to say, at present, many compounds have been tested
toxicologically, and the relationship between structure and toxicity of compounds has been studied
extensively. A large amount of data has been accumulated. Based on these data, data mining has
been carried out through computer science and artificial intelligence technology to find out certain
rules, establish computer prediction model of toxicity, and then, according to the model under study
or the possible toxicity and toxic target organs of new compounds were predicted.

2.2. Current Status of Computational Toxicology

At present, computational toxicology is widely used in toxicity evaluation of new drugs. In
foreign countries, toxicity of drugs is one of the main reasons for clinical failure of newly
developed drugs. Computational toxicology is used to predict the possible metabolites and toxicity
of drugs in human body. Even in the early stage of drug screening, computational toxicology is used
to evaluate or predict the toxicity of lead compounds and candidate drugs, eliminate toxic
compounds from lead compounds as early as possible, help shorten the development cycle, reduce
development costs and improve the success rate of new drug development. The importance of
toxicity identification in the early stage of compound design has been recognized, and computer
toxicity prediction is considered to be one of the effective ways to shorten the time of drug and
pesticide development and reduce the cost. In recent years, computational toxicology has been used
more and more in toxicity prediction of new drugs and safety evaluation of environmental
compounds. Some studies abroad show that quantitative structure-activity relationship can be used
to predict toxicity of natural chemical components, which provides a basis for computational
toxicology research of traditional Chinese medicine. However, the application of computational
toxicology in the field of traditional Chinese medicine has not been carried out in China. Because of
the complex chemical composition of traditional Chinese medicine, it is difficult to extract and
separate most of its components. Traditional toxicological methods in vitro and in vivo have their
limitations in evaluating the toxicity of traditional Chinese medicine. Computational toxicological
methods can be used to study and predict the toxicity of traditional Chinese medicine quickly and
effectively. However, it is also the complexity of the components of traditional Chinese medicine
that makes the toxicity prediction of traditional Chinese medicine more challenging. Therefore,
domestic toxicity prediction is still in its infancy, and computational toxicology has not been used
in the study of traditional Chinese medicine and its compounds.
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2.3. Challenges in Computational Toxicology of Traditional Chinese Medicine

The study of computational toxicology has been gradually carried out in China. For example, the
Institute of Organic Chemistry has developed a Carcinogenic Toxicity Prediction System for
Compounds (PSCT). PSCT can predict the carcinogenic toxicity of compounds provided by users,
and provide information on carcinogenic toxicity of new drugs or new materials for users. For
example, the biological and ecological effects produced by the mixture are different from the
biological activities of each single component. Even when the single component of the mixture
system is at an invalid concentration, the component still contributes to the total toxicity effect of
the mixture. Therefore, extrapolating the risk assessment criteria of a single compound to the
assessment of the actual environment may lead to unreliable conclusions. Establishing an effective
method for evaluating and predicting the combined toxicity of mixtures is of great significance for
risk management of organic pollutants. Despite the rapid development of computational toxicology
and its preliminary success in predicting the toxicity of natural products, the toxicity prediction of
traditional Chinese medicine still faces many challenges.

3. Theory of Toxicity Prediction
3.1. Toxicity Prediction Tool

In the research of traditional Chinese medicine, it is often necessary to analyze the toxicity of
traditional Chinese medicine. The traditional toxicity prediction method needs a lot of time,
material resources and complicated steps. The computer prediction model provides a simple, fast
and reliable tool for preliminary screening of toxic substances. The development and application of
related databases and new bioinformatics tools of computer prediction model is one of the most
important aspects of toxicology research. It will help to explain and study the large amount of
bioinformatics produced in the field of toxicology of traditional Chinese medicine. At present,
many toxicity prediction tools have been developed and used in different situations, such as the
development of Virtual ToxLab. In order to predict a toxicity prediction tool based on molecular
docking, virtual ToxLab was validated by estrogen receptor effect and CYP isoenzyme inhibition.
Or the development of ToxSYS to predict the mutagenicity and acute toxicity of exogenous
substances. In addition, in the detection of organophosphorus pesticides, biosensors based on
nanotechnology are used to detect organophosphorus pesticides, and combined with computer
technology, computational models (such as Auto Dock software) are used to predict receptor-ligand
interactions. The computer software INVDOCK can be used to automatically identify the potential
toxicity of several bioactive substances separated from traditional Chinese medicine.

3.2. Fundamental

The gray prediction model first identifies the difference degree of the development trends among
the system factors, then generates the raw data, explores the change law of each system factors and
generates a strong regular data sequence, and finally establishes a differential equation model for
the sequence to predict the future development trend and amplitude of the sequence.Among them,
the core model of the grey prediction method is the GM(1,1) model, which essentially consists of a
first order differential equation containing an univariate, a gray model of first order one variable.
Among the influencing factors of CPI total CPI, some information is known, some information is
unknown, and it has developed exponentially to meet the modeling conditions of the gray model.
For which, the gray model GM(1,1) can be selected for description.
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Assuming x® :(X(O)(l)’X(O)(Z)’L), the original data of an index to be predicted, in most
cases the sequence is a non-stationary random sequence. If such a random sequence fluctuates too
much, it would be impossible to explore the regularity of its development trend. The random
original sequence can be generated, namely:

The first step, to construct the cumulative generation sequence:

X®=(X®@),X?(2),LXY(N)) (1)

k
X(l)(K)ZZX(O)(i)
Its i=2 , Xn is the 1-AGO sequence of x(0). Through this evolution, a new
sequence can be obtained, and the change trend of the new sequence can be approximately
described by the following differential equation:

dx®

+ax® =b
dt (2)

The above formula can be fitted using the following least squares method to obtain the values of

aand b:
a:{a}:(b,c)—l

b )

3.3. Establishment of Toxicity Prediction and Calculation Model of Traditional Chinese
Medicine

When dealing with computational toxicity models, methods for solving general toxicity
phenomena can be distinguished, such as carcinogenicity and methods, which involve factors that
contribute to the process of toxicity manifestations. Therefore, some models address systemic
toxicity, while others focus on organ-specific toxicity. There are a lot of computational models for
toxicity phenomena. Although these genotoxicity and carcinogenicity are very complex, they are
the most widely studied. However, the availability of the model is different from the reliability of
the model prediction. In addition, the possibility of applying the model satisfactorily to interested
drugs depends on the availability of molecular toxicological data related to the solid chemistry. In
contrast, models of developmental or reproductive toxicity are lacking. Comparing with the above
models, the calculation models of organ-specific effects usually focus on drugs, because data
availability is the most abundant for drug-like compounds. Among them, hepatotoxicity is often
studied, and now more and more interest is focused on cardiotoxicity and nephrotoxicity. Limited
models can be used for neurotoxicity or other effects. Some studies involve the use of adverse
impact databases or the use of comprehensive risk indices to assess the impact combinations of
several receptor targets.

3.4. Computer Prediction of Toxicity of Traditional Chinese Medicine

Computational studies are more time-saving and cheaper than experiments, so a large number of
computational methods can be evaluated to predict toxicity, including quantitative structure-activity
relationship (QSAR) model, expert system, 3D-QSAR and molecular docking. The QSAR method
is used to find a mathematical relationship between a set of molecular descriptors describing each
molecule in a group of chemicals and their toxicity values. It is very important to verify the
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predictive performance of the model by using appropriate statistical methods. These methods
include internal and external validation. In the case of external validation, a set of new chemicals
was applied that had never been used in model development. A recent book describes the theory
and application of computer models, focusing on "expert systems", where software programs
compile a series of rules that experts determine in areas of interest. A typical example is when there
is a known set of toxic debris, the software identifies their presence in the target chemical. A
problem associated with this method is that the toxic fragments may not be complete, which may
lead to false negativity, i.e. false predictions of chemical safety. However, 3D-QSAR is based on
the concept of "molecular interaction field". The changes in the space and electrostatic interaction
energy calculated by this technique between each molecule and probe are related to the changes in
the properties studied. 3D-QSAR usually concentrates on a group of compounds with similar
structures with relevant toxicity data, while docking simulation combines with biological
macromolecules. In general, docking is not often used for toxicity estimation, because most
common toxicity phenomena involve complex sequence of events, and binding to specific receptors
is only a possible component of the sequence. On the contrary, docking research is more often used
in drug design processes, where therapeutic targets are known, and the reasons for toxicological
phenomena are often not clarified at the biochemical level. Estimate a large number of compounds.

4. Application of Computer Prediction Model in Prediction of Toxic Components of
Traditional Chinese Medicine

4.1. Application of Computer Prediction Model in Prediction of Hepatotoxic Components of
Traditional Chinese Medicine

The liver is mainly responsible for biosynthesis, metabolism and excretion. Drug metabolism
mainly occurs in the liver. Therefore, the liver is one of the main target organs of drug-induced
injury, and most of the drug-induced liver injury is caused by Chinese herbal medicine.

Table 1. Information on TCM toxic target organs

Common evaluation model of liver toxicity Representative of liver toxicity plants
Primary hepatocyte Pseudo-ginseng
Human embryonic stem cell model Polygonum multiflorum
Subcell model Semen psoraleae
Zebra ish Model Rheum officinale
3 D training model Folium sennae

After research, Panax notoginseng, Polygonum multiflorum, Psoralea corylifolia, Rhubarb,
Senna leaf and other traditional Chinese medicines have been proved to have certain hepatotoxicity
by clinical practice, so the study of hepatotoxicity is essential. Common hepatotoxicity assessment
models include primary hepatocytes, human embryonic stem cell models, subcellular models,
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zebrafish models, three-dimensional culture models, etc. The complex mechanism of multi-target
and multi-channel of TCM hepatotoxicity fits well with the advantages of computer prediction
model. The computer prediction model can extract the information of toxic target organs of TCM
from the database and construct a toxic TCM-target network with the help of relevant tools.
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Figure 1. Refer to the precision test grade

The grey prediction model established based on the above steps must perform a series of grey
prediction tests to verify that it has high accuracy for predicting the commonly used accuracy level
Figure given below, this data is for reference only.

4.2 Application of Computer Prediction Model in Prediction of Nephrotoxic Components of
Traditional Chinese Medicine

Kidney is an important excretory organ of human body, which is used to maintain the balance of
water and electrolyte. It is also the most common target organ of drug toxicity, second only to liver.
In the study of kidney, there are many reports of nephrotoxicity caused by traditional Chinese
medicine. It is difficult to detect the damage of renal function caused by drugs in the early stage of
taking drugs. Therefore, predicting drug nephrotoxicity has become an important part of the safety
evaluation of traditional Chinese medicine, and can also promote the development of new drugs.
Traditional Chinese medicine nephrotoxicity research methods generally use in vivo and in vitro
test models, which have the advantages of reliable and comprehensive results. However, cell
line-based nephrotoxicity evaluation model in vitro lacks the specificity of target organ toxicity, and
cannot distinguish the cytotoxic effects and nephrotoxicity of compounds. When using this method
for high-throughput screening, it usually costs a lot of money and takes a long time. When using
computer prediction model to study nephrotoxicity, the application of quantitative structure-activity
relationship can help optimize animal experimental design, reduce the use of experimental animals,
reduce experimental costs, and realize the prediction of toxicity of large quantities of compounds in
a short time.
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4.3 Application of Computer Prediction Model in Prediction of Cardiac Toxicity Components
of Traditional Chinese Medicine

Cardiac toxicity refers to drug reactions that affect cardiac function and myocardial damage in
relatively small doses and relatively short time. It is one of the main causes of adverse drug
reactions. Heart damage caused by drug toxicity is also a matter of great concern to the
pharmaceutical industry and drug regulatory agencies. Relevant reports indicate that aconitum,
Tripterygium wilfordii, oleander containing glycosides, traditional Chinese medicine containing
polypeptide amino acids and scorpion venom protein can cause cardiovascular toxicity. Traditional
animal experimental methods for screening cardiotoxic components of traditional Chinese
medicines are time-consuming and costly, while computer prediction model overcomes the above
shortcomings. Using computer-aided new drug screening method to construct quantitative
structure-activity relationship model and predict cardiotoxic components of traditional Chinese
medicines can not only predict the toxicity of chemicals, but also provide priority for subsequent
toxicity experiments. Guidance. For example, the toxic components and toxic mechanism of aconite
are well known. Strong cardiotoxicity and neurotoxicity are mainly attributed to hypertoxic diester
diterpenoid alkaloids and their effects on voltage-sensitive sodium channels in myocardium, nerve
and other cell membranes.

5. Conclusion

Toxicity of traditional Chinese medicine is an important part of modern research of traditional
Chinese medicine. Traditional methods of toxicity prediction often need a lot of energy and material
resources, and the steps are complex. The computer prediction model provides a simple, accurate
and reliable tool for preliminary screening of toxic substances, which plays an important role in the
prediction of toxic components of traditional Chinese medicine. Prediction models based on
synthetic compounds have limited applicability. In some studies, synthetic drugs and components of
traditional Chinese medicine are used as training sets to build models. The prediction performance
of these models is better than that of using synthetic drugs only as training sets. Establishing
prediction model of Chinese herbal components can be more suitable for toxicity prediction of
Chinese herbal components, but there are fewer studies on toxicity of Chinese herbal components,
and fewer data can be used to establish the model.
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