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Abstract: Background:  Due to the special nature of Chinese Herbal medicine and the complexity of its clinical use, 
it is difficult to identify and evaluate its toxicity and resulting herb induced liver injury (HILI).   

Methods: First, the database would provide full profile of HILI from the basic ingredients to clinical outcomes by the 
most advanced algorithms of artificial intelligence, and it is also possible that we can predict possibilities of HILI 
after patients taking Chinese herbs by individual patient evaluation and prediction. Second, the database would solve 
the chaos and lack of the relevant data faced by the current basic research and clinical practice of Chinese Herbal 
Medicine. Third, we can also screen the susceptible patients from the database and thus prevent the accidents of HILI 
from the very beginning.  

Results: The Roussel Uclaf Causality Assessment Method (RUCAM) is the most accepted method to evaluate DILI, 
but at present before using the RUCAM evaluation method, data resource collection and analysis are yet to be per-
fected. Based on existing research on drug-metabolizing enzymes mediating reactive metabolites (RMs), the aim of 
this study is to explore the possibilities and methods of building multidimensional hierarchical database composing 
of RMs evidence library, Chinese herbal evidence library, and individualized reports evidence library of herb in-
duced liver injury HILI.  

Conclusion: The potential benefits lie in its ability to organize, use vast amounts of evidence and use big data mining 
techniques at the center for Chinese herbal medicine liver toxicity research, which is the most difficult key point of 
scientific research to be investigated in the next few years. 

Keywords: Drug-induced Liver Injury (DILI), Herb-induced Liver Injury (HILI), Evidence-based Medicine, Reactive Metabolites (RMs), 
evidence library, hepatotoxicity individualized, clinical study, Chinese herbal recognition evidence library, RUCAM. 

1. INTRODUCTION 
 The liver is an important metabolic organ in the human body 
and is an important component throughout the human lifecycle. The 
decomposition and metabolism of any drug need to be carried out 
with the aid of liver function in order to develop smoothly [1]. 
Therefore, diseases arising from the liver as the primary metabolic 
organ have been a focal point throughout the medical world. Drug-
induced Liver Injury (DILI) refers to toxic damage or an allergic 
reaction caused by the drug itself or its metabolites [2]. Drug hepa-
totoxicity refers to liver injury induced by all manner of prescrip-
tions, over-the-counter drugs (e.g., chemical drugs, biological 
agents, traditional Chinese medicine, natural medicine, health care 
products, dietary supplements) and their metabolites [3-5]. In recent 
years, the global pharmaceutical industry has continued to expand, 
in addition to the aging of society and the increase in concomitant 
drug usage has also caused a sharp rise in the incidence of DILI 
worldwide. With a clinical incidence of approximately 
10~15/100,000 annually [6], it has become one of the most difficult 
critical diseases to combat throughout the world. According to a 
report by the World Health Organization (WHO), DILI is the top 
cause of death among liver diseases worldwide. In 2002, France 
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reported an annual incidence of approximately 13.9/100,000 and in 
2013, Iceland reported an annual incidence of 19.1/100,000 [7]. The 
DILIs reported in China mainly originate from the outpatients, 
emergencies and inpatients of medical institutions. Due to the lack 
of DILI epidemiological data for large populations, the exact inci-
dence of DILI in our population is as yet undetermined [8-10]. At 
present, the clinical diagnosis of DILI primarily employs the Rous-
sel Uclaf Causality Assessment Method (RUCAM) scoring system 
and the recommended use of Structured Expert Opinion Process 
(SEOP) for hepatotoxicity assessment [11]. At present, RUCAM is 
the primary method by which Drug-induced Liver Injury (DILI) is 
evaluated.  
 Herb-induced Liver Injury (HILI) is an important aspect of 
hepatotoxicity, which refers to liver damage caused by Chinese 
herbal medicine, natural drugs and related preparations for disease 
treatment [12]. In recent years, with the widespread use of Chinese 
herbal medicine and related products across the world, adverse 
reactions caused by Chinese herbal medicines have also attracted 
worldwide attention [13]. Due to the complexity of Chinese herbal 
medicine, when RUCAM is used to evaluate DILI, the input data’s 
quality is much lower when compared with Western medicine, 
thereby giving significantly different diagnostic outcomes for HILI. 
Meanwhile, in regards to clinical diagnostics, there are very few 
medical records pertaining to the composition and dosage of Chi-
nese Herbal Medicine, which results in a HILI diagnostic bias [14].  
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2. DRUG-METABOLIZING ENZYMES MEDIATING RE-
ACTIVE METABOLITES (RMS) ARE ONE OF THE MOST 
IMPORTANT ROUTES TO LIVER INJURY 
2.1. The Electrophilic RMs of Drugs Produced by CYP450 En-
zymes are an Important Mechanism Leading to Liver Injury 
 Drugs mediated by metabolizing enzymes causing hepatotoxic-
ity mainly do so through two mechanisms: (1) Direct toxic effects 
of prototype drugs on the liver. Most of the drug-induced damages 
are associated with drug-accumulation in the liver and depend on 
the concentration, duration, as well as the susceptibility and toler-
ance of the liver towards the drug [15]. (2) The toxic effects of 
active intermediates (RMs) on liver [16, 17]. When exogenous sub-
stances (including drugs) enter organisms (including humans, ani-
mals, microorganisms, and plants), they may give rise to different 
biological reactions; the body's defense system works to dispose of 
such foreign substances, which in turn causes a series of reactions. 
Some exogenous substances are eliminated in their original form, 
but others are modified before they can be removed. For drugs, this 
bio-transformation process is called drug metabolism [18]. 
CYP450s are the most important metabolizing enzyme, accounts 
for the highest ratio of all the drug-metabolizing enzymes and is the 
most extensively studied [19-23]. Drugs are metabolized by 
CYP450s to produce electrophilic RMs and lipid peroxidation is 
stimulated by binding to the unsaturated fatty acids of cell mem-
brane phospholipids, causing damage to the organelle membrane 
and thereby leading to mitochondrial damage and necrosis [24, 25]. 
Electrophilic RMs can also covalently bind to nucleophilic groups 
such as cellular cysteine residues, amino groups of lysine and lysine 
residues, triggering actin condensation and cytoskeletal destruction, 
causing the cell membrane to ultimately lose its chemical and 
physiological properties, resulting in cell stress or apoptosis [26]. 

2.2. Components of Certain Active Functional Groups in Chi-
nese Herbal Medicine May be Potential Risk Factors for HILI 
 From the study of 207 commonly used oral drugs, Lammert  
et al. found that approximately 62-69% of the drugs producing RMs 
resulting in hepatotoxicity [27]. Fontana et al. [28] summarized the 
common reactive functional groups that may potentially produce 
RMs, and these functional groups are mainly comprised of: (1) 
terminal (ɷ) and ɷ-1 acetylenes; (2) furans and thiophenes; (3) 
epoxides; (4) dichloro- and trichloro-ethylenes; (5) secondary 
amines; (6) benzodioxoles (methylene dioxyphenyl compounds); 
(7) isothiocyanates; (8) thioamides; (9) dithiocarbamates; (10) con-
jugated structures; and (11) terminal alkenes. On this basis, the 
present research concluded that [29]: drugs (e.g., fluothane) con-
taining dichloro- and trichloro-ethylenes reactive groups usually 
formed free radicals by oxidation-reduction reactions. The free 
radicals produced by the reduction reaction of fluothane can bind 
with CYP450s, destroy the enzyme’s structure and cause the cyto-
chrome’s accumulation toxicity. Oxides produced from the oxida-
tion reaction bind with CYP450s and produce antibodies based on 
the Mechanism-based Inhibition (MBI) and immunogenicity, 
thereby inducing idiosyncratic hepatotoxicity; furthermore, the 
oxide also binds to intracellular macromolecular proteins, leading to 
stress toxicity and ultimately resulting in hepatotoxicity. Drugs 
containing secondary amine functional groups produce quinones 
RMs by CYP450s. The RMs combine with CYP450s to produce an 
MBI effect; binding with mitochondrial/lysosomal membranes 
disrupts their function, resulting in increased activity of reactive 
oxygen species (ROS); binding with GSH and further depletion of 
GSH results in hepatotoxicity, which is characterized by elevated 
aminotransferase levels and hepatitis. To summarize, the common 
route for DILI is based on: Drugs which produce RMs by metabo-
lizing enzymes, and RMs combine with GSH to deplete GSH; bind-
ing with large molecular proteins in cells, resulting in the formation 
of antibodies which cause autoimmune reactions, thereby inducing 
idiosyncratic hepatotoxicity; binding to cell membrane/organelle, 
leading to cell stress toxicity and ultimately liver damage. 

 Chinese Herbal medicines contain a large number of ingredients 
that may eventually lead to potentially dangerous HILI which could 
lead to fatal clinical outcomes. Such components also bind to the 
cytochrome P450 enzyme and form RMs. In our experiments, the 
traditional Chinese Herbal Medicine including psoralen, Polygonum 
multiflorum Thunb, Tripterygium wilfordii, asarum, xanthate, cory-
dalis, and evodia fruit were used as research carriers (as shown in Fig. 
1) to study the relationship between the production of active metabo-
lites and hepatotoxicity: (1) Taking the main coumarins of psoralen 
and isopsoralen in Chinese Herbal Medicine psoralen as the research 
object, the mechanism of hepatotoxicity based on RMs was system-
atically studied. The results showed that both psoralen and isop-
soralen could generate an MBI effect on CYP1A2, CYP2D6 and 
CYP3A4 activities; Psoralen and isopsoralen could generate the RMs 
of γ-ketoenal or furanoepoxide in HLM and MLM, and the produced 
RMs could then be captured by GSH or inactivated by hydrolysis; 
GSH’s BSO depletion agent could aggravate the hepatotoxicity of 
psoralen and isopsoralen in mice, but the hepatotoxicity could be 
relieved by CYP450’s ABT broad-spectrum inhibitor. The above 
research indicated that psoralen and isopsoralen could both cause 
hepatotoxicity through RMs. (2) Taking the main active ingredients 
of emodin and rhein in Polygonum multiflorum Thunb as the re-
search object, the mechanism of hepatotoxicity based on RMs was 
systematically studied [30]. Findings of the present study showed that 
rhein was metabolized to the active intermediate product of epoxy in 
the liver, which was subsequently hydrolyzed into two mono hydroxy 
rheins. Cellular tests with CYP2C19 inhibitors in the primary liver 
cells of rats showed that the hepatotoxicity of rhein after adding the 
inhibitors was significantly alleviated, thereby proving rhein may 
cause hepatotoxicity based on the activation of CYP2C19 to RM. (3). 
The main active ingredient in Traditional Chinese medicine’s evodia, 
including evodiamine, rutecarpine, synephrine, evodin, obacunone 
and nomolin, were the study object in systematic research in the 
mechanism of hepatotoxicity based on RMs [31]. The results showed 
that evodiamine possessed strong inhibitory effects on CYP2C19, 
obacunone on CYP1A2 and 2E1, evodin on CYP3A4 and 2E1, 
evodin on CYP3A4, and nomolin on CYP3A4 and 2E1. The inhibi-
tory effect of rutecarpine on CYP1A2 was an MBI, and rutecarpine 
was metabolized in the liver into an active intermediate of epoxy, 
RMs. In a cellular test plus CYP450 enzyme inhibitors in the primary 
liver cells of rats, it was found that the hepatotoxicity of rutecarpine 
was significantly alleviated after adding the inhibitor, which sug-
gested that the hepatotoxicity of rutecarpine was based on the RMs. 
On the basis of the above tests, we concluded that [32], some herbal 
ingredients are proven to induce hepatotoxicity through their RMs, 
and the possible mechanism for this hepatotoxicity is the reaction of 
RMs with cellular components such as proteins, DNA, and mem-
branes, resulting in ROS overproduction, respiratory chain dysfunc-
tion and cell stress. From the above research results, we found that the 
amine and furan heterocyclic groups might be the most potential 
substructures in mechanism-based inhibitors which cause hepatotox-
icity, and when phytomedicine derived mechanism-based inhibitors 
containing amine or furan heterocyclic moieties are used as a mono-
therapy or concomitantly with other drugs, in vivo hepatotoxicity 
screening or the clinical use of herbs may give rise to interactive 
risks.  

3. PROBLEMS RECOGNIZING AND EVALUATING THE 
CLINICAL HEPATOTOXICITY OF CHINESE HERBAL 
MEDICINES 
 The diagnosis of drug-induced liver injuries is a scientific prob-
lem that has puzzled clinicians in the medical field. Due to the lack 
of specific indicators, there is no specific technique to recognize, or 
method to diagnose, the hepatotoxicity of suspected drugs. At pre-
sent, clinicians can only rely on the "exclusion method" to deter-
mine the clinical symptoms of patients [33]. The diagnosis of drug 
hepatotoxicity mainly depends on the history of the disease and 
drug use, the time course and the clinical manifestation of the dis-
ease and excludes all other factors. So far, the primary methods 
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used clinically are based on the diagnostic criteria and classification 
of Western medicine. Amongst which, the establishment of the 
Roussel Uclaf Causality Assessment Method (RUCAM) scale in 
1993 to determine the relationship between a drug and its hepato-
toxicity is one of the commonly accepted and widely used methods 
for recognizing drug-induced liver damage [34, 35]. However, the 
information needed by the method to evaluate HILI is often inaccu-
rate and incomplete, and sometimes the methods and standards to 
acquire the information are not standardized. These two factors 
result in misleading evaluations through RUCAM. In 2010, studies 
published in the Journal of Hepatology revealed that [36, 37] the 
consensus rate of RUCAM scores for different clinicians was only 
19%, the reasons for such errors are attributable to the sources from 
which the data is acquired and the means by which data is collected. 
 It is eminently critical to reduce or prevent the toxicity of Chinese 
herbal medicines, to discover the clinical symptoms of hepatotoxicity, 
as well as adjusting and applying specific interventions in a timely 
manner. Nevertheless, the identification methods of Chinese herbal 
medicine hepatotoxicity have considerable limitations: (1) The clini-
cal manifestations of Chinese herbal medicine hepatotoxicity are 
diverse, complex and are often obscured the by underlying diseases. 
The clinical symptoms and biochemical tests often lack specific in-
dexes, and furthermore, considerations regarding the patient’s quality 
of life are difficult to implement when there is significant trauma 
from liver biopsies [38]. 2) Combinations of Traditional Chinese 
Medicine and Western Medicine is widely used in clinics, which 

makes the confirmation and further study of hepatotoxicity specifi-
cally in Chinese herbal medicine extremely complicated, thus causing 
the false impression that Chinese herbal medicine may lead to hepato-
toxicity. (3) The composition of Chinese herbal medicine is complex 
and there is a lack of reliable data on the hepatotoxic mechanism, and 
a lack of credible clinical data and toxic evaluation of these herbal 
medicines. The combination of all these factors amounts to signifi-
cant difficulties for the accurate clinical diagnosis and treatment of 
diseases. Research on methods for the early recognition of Chinese 
Herbal Medicine hepatotoxicity is therefore of upmost importance. 
Research is therefore based on more standardized, data-centric, pre-
emptive, sensitive and less invasive methods to identify hepatotoxic-
ity and innovative biomarkers to compensate for the limitations of 
liver biopsies and clinical biochemical examinations. This would 
provide doctors with timely warning and rational indication for drug 
usage, to reduce the occurrence of drug-induced hepatotoxicity as far 
as possible and improve the level of medical treatment and the pa-
tients’ quality of life (Fig. 2). 

4. ESTABLISHMENT OF THE RECOGNITION AND 
EVALUATION METHODS OF CHINESE HERBAL MEDI-
CINE HEPATOTOXICITY BASED ON LARGE-SCALE 
MULTIPLE DATABASES 
 From the information detailed above, the author proposes, on 
the basis of existing research results on drug metabolism enzyme-
mediated active metabolites, to identify basic biomarker informa-

 
Fig. (1). Multivariate evidence base of Chinese herbal medicine hepatotoxicity based on RMs. 
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tion, individualized clinical patient report information and informa-
tion pertaining to the characteristics of Traditional Chinese herbal 
medicine to identify Traditional Chinese medicine hepatoxicity, 
extract the relevant to form a library model structure of evidence 
sets, establish scientific assumptions based on evidence-based 
medicine for the evaluation and identification of Chinese herbal 
medicine hepatotoxicity and further produce and evaluate various 
joint evidence related to said hepatotoxicity from the perspective of 
evidence collection. Therefore, basic evidence will be introduced 
into clinical work to provide scientific research methods and meth-
odological references for the evaluation of Chinese herbal medicine 
hepatotoxicity (Fig. 3). 

Step 1: Establish Research Literature Database 
 Research technique: The design is based on the four sets of 
Traditional Chinese medicine theory diagnostic information com-
bined with patient hepatotoxicity. Included amongst the four sets of 
dialectical information are the corresponding dialectical informa-
tion for hepatotoxicity to ensure a comprehensive screening. At the 
same time, literature research, expert interviews and other methods 
were employed to enrich the content of literature screening. A 
BASE Database (BD) and Clinical Database (CD) for hepatotoxic-
ity were established respectively [39-48]. 
1) Literature research: Key words in English and Chinese were 

explored, including “RMs”, “Active functional group”, “Chi-
nese herbal medicine hepatotoxicity”, “Chinese herbal medi-
cine liver injury”, “HILI”, “DILI”, “Biomarkers”, “CYP450”, 
“Metabolic enzyme”, “Drug hepatotoxicity diagnosis” and 
“Hepatotoxicity diagnosis of Chinese herbal medicine” etc. in 
the Chinese biomedical database, Chinese hospital digital li-
brary, Chinese CNKI database, VIP database, Wanfang data-
base, PubMed/MEDLINE database, and Embase database. 

2) Database construction: The retrieved literature was incorpo-
rated into the established literature database and indexed ac-
cording to category, enabling researchers to trace the literature 
on hepatotoxicity. 

Step 2: Construction and Classification of Active Functional 
Group Database 
(1) Irreversible inhibition of CYP450 is the most common cause 

of clinical drug interaction. It is hoped that through summariz-
ing the structure-activity relationship of common factors, we 
can rapidly assist in the improvement and design of new drugs 
and rationally enhance the clinical use of drugs [49, 50]. 
Therefore, the database is used to find and classify the active 
functional groups reported in the literature. In addition, the 
MBI inhibitors of natural products and chemical drugs have 
been summarized and broadly classified into the following 
categories based on their structure: Alkyne, furane and thio-
phene, epoxide, dichloroethylene and chlorine, amine, benzo-
dioxoles (methylene dioxyphenyl), isothiocyanates, thioacid 
amide, ester, conjugated structure and terminal olefins. 

(2) Compound-related information includes the Chinese and Eng-
lish names, molecular formula, and the inhibition and inhibi-
tory capacity of structural CYP enzymes, including a quantita-
tive description of the inactivation response of the three pa-
rameters: KI, Kinact and partition ratio. Their values are re-
lated to the compounds’ ability as an inhibitor. KI and kinact 
are the kinetic parameters describing the inactivation process: 
KI is the inhibitor concentration required to reach half the 
maximum inactivation; kinact represents the maximum inacti-
vation rate constant. The partition coefficient represents the 
number of catalytic cycles a CYP must undergo before becom-
ing fully inactivated; it is the quantity required to diminish the 
inhibitor by one molecule in order to achieve total inactivation 
[51]; RMs structural information and related research statisti-
cal databases include three parts: basic research, cell research, 
and clinical research. In basic studies which take into consid-
eration the animal species, weight, number of animals, sex ra-
tio and age, a series of biochemical parameters [52-56] are 
tracked, including ALT, AST and total bilirubin. Additionally, 
morphological changes of liver tissues are considered, includ-
ing liver weight changes, liver index changes, cellular swel-

 
Fig. (2). Case reports included in the database for clinical hepatotoxicity from Chinese herbal medicines. 
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ling, cellular necrosis, inflammatory cell infiltration, fatty de-
generation and histological sections. In cell studies, cell type, 
transfer algebra, cell viability (%), biochemical parameters 
(ALT, AST, LDH, ROS), membrane potential changes, and 
cell growth status are often used as key indicators. Clinically, 
vital signs (gender, age, height, weight, disease history, medi-

cation history (drugs), clinically recommended dose, dosage, 
treatment period, concomitant medications), clinical manifes-
tations (clinical symptoms, liver function, routine examination, 
imaging examination and clinical diagnosis) are the two sets of 
data which are recorded. 

 

 

Fig. (3). Recognization method of Chinese herbal medicine hepatotoxicity based on evidence. 
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Step 3: Establishment of a Toxicity Database for Chinese 
Herbal Medicines Containing Toxic Enzymes after RM Enzyme 
Reaction 
1) Included in the Chinese Pharmacopoeia published in 2010 are 

2165 varieties of Chinese medicinal herbs and prepared decoc-
tions; amongst which are 83 kinds of poisonous drugs (10 
deadly poisonous medicinal materials, 42 poisonous herbs, 31 
slightly poisonous herbs). However, the toxicity mentioned in 
Pharmacopoeia refers to acute toxicity, and there is a lack of 
research and results regarding the chronic pathogenic toxicity 
of Chinese herbal medicine [57]. 

2) According to the standards of Method II, taking active func-
tional groups as the main indicator, Chinese herbal medicines 
which showed as toxic after enzymatic reactions were included 
in the database (referring to the standards of Chinese Pharma-
copoeia). The active functional groups, RMs and Chinese 
herbal medicines were linked together to form a shared Chi-
nese herbal medicine hepatotoxicity database as a multidimen-
sional and multi-level network [58]. Several RMs biological 
target groups were formed by different active functional 
groups and Chinese herbal medicines which may lead to toxic 
effects when the target effect was magnified. With reference to 
the standards of network toxicology, the composition and 
causal relationship of the toxic chain of Chinese herbal medi-
cine were illustrated from the point (active functional group) -
line and (pathway)-surface (Chinese herbal medicine variety) 
levels. The databased constructed can be used to analyze the 
toxicity of Chinese herbal medicine by means of network to-
pology mapping. 

3) The database can incorporate various names and relevant evi-
dence of Chinese herbal medicines caused by RMs, which 
have been confirmed clinically or in published literature, so as 
to provide data reference and evidence for follow-up toxicity 
studies and clinical applications. 

Step 4: Establish a Chinese Herbal Medicine Clinical Hepato-
toxicity Reporting Database 
1) A Chinese herbal medicine clinical case report database has 

been constructed by the author based on the DILI clinical 
guidelines published by the American Gastroenterological As-
sociation (ACG) in 2014 [15, 59] and used guidelines for 
clinical diagnosis and treatment of Chinese herbal medicine re-
lated liver injury formulated by the standards of the Chinese 
Herbal Medicine Association (T/CACM 005-2016) as a refer-
ence standard [60]. 

2) Following the collection of patient case reports with hepato-
toxicity in clinical studies, they were incorporated into the 
clinical case database and screened in the follow-up period. 

3) Case reports included in the database for clinical hepatotox-
icity from Chinese herbal medicines should all meet the uni-
fied standards [61-65], the content of which includes: ① 
Clinical classification of ILHL; ② Clinical manifestations of 
ILHL; ③ Clinical laboratory examinations; ④ Clinical imag-
ing examinations; ⑤ Biomarker examinations ⑥ Clinical di-
agnosis; ⑦ Medication; ⑧ Liver injury outcome indices. Un-
like clinical cases, clinical reports included in the database 
are focused primarily on the diagnosis and treatment of hepa-
totoxicity associated with Chinese herbal medicine [66, 67]. 
For example, in the collection of clinical symptoms, more 
specific symptoms of liver injury need to be described; In the 
collection of medical history, extra attention should be paid 
regarding the patient's past history (mainly related to the 
clinical history of liver damage) and medication history; In 
the laboratory results, more attention should be paid to the 
changes of transaminase in relation to the use of Chinese 
herbal medicines, in addition to concerns regarding the ab-

normal outcome of the patient's primary diseases; In clinical 
imaging examinations, the results of hepatobiliary and vascu-
lar examination should be emphasized; During diagnosis, the 
classification and grading of liver injury is the main indica-
tor, and the differential diagnosis of drug-induced liver in-
jury should be carefully considered. In addition to the above, 
the treatment options should be described in detail for all 
cases of drug-induced liver injury. The author will refer to 
the above guidelines, the format of the existing clinical 
medical records and related medical records reported to pro-
duce a database format that meets the database inclusion cri-
teria, so as to facilitate clinical researchers to record and 
submit relevant medical records reports. 

Step 5: Clinical Significance of RMs in the Recognition of Clini-
cal Hepatotoxicity and the Objective Evidence for Individual-
ized Diagnosis of Chinese Herbal Medicine Hepatotoxicity  
1) Extract RMs biomarker evidence from basic and cellular RMs 

research databases. 
2) Compare and correlate RM biomarkers with Chinese herbal 

medicine databases to identify Chinese herbal medicines that 
can produce toxic substances through RMs. 

3) Extract clinical case reports that are suspected of being consis-
tent with reported cases of hepatotoxicity associated with the 
same Chinese herbal medicine. After using RUCAM scores, 
investigations on the concomitant use of Chinese and Western 
medicines, and the identification of the qualities of Chinese 
herbal medicines etc., to recognize their hepatotoxicity, RMs 
were then used to predict whether the drugs patients have been 
taking would cause hepatotoxicity. Here, we take approaches 
of the deep learning frame work from the most advanced ma-
chine learning techniques such as neural networks and gradient 
boosting. These techniques can handle large scale data and 
find the most accurate patterns and interactions among RMS 
and patients’ profile. Such predictions will be the most reliable 
approaches available. If suspected recognition results are 
found, the RM biomarker library will be combined with the 
Chinese herbal database to identify suspected drugs that may 
cause hepatotoxicity. Subsequently, a joint analysis of sus-
pected drugs and data from individualized case reports were 
conducted to discover the final diagnostic results correspond-
ing to the hepatotoxicity of clinical medication [68-72]. 

4) The individual diagnostic results of Chinese Herbal Medicine 
will be incorporated into the clinical individualized recognition 
database for hepatotoxicity, so as to provide evidence for fol-
low-up clinical studies. 

5. DISCUSSION 
 In recent years, reports of adverse events in Chinese Herbal 
Medicine have been increasing. The problem of hepatotoxicity in 
traditional Chinese medicine has seriously affected its reputation 
and acceptance across the world and has become a bottleneck re-
stricting further development in the international medical field. Due 
to a lack of specific indicators for hepatotoxicity recognition, the 
factors which cause hepatotoxicity through the use of Chinese 
herbal medicines are very complicated. In addition to the ingredi-
ents of the medicine themselves and toxicity caused by different 
sources, the complexity of the medicine’s decoction, compatibility, 
dosage, and human individual differences are important factors in 
the Chinese herbal medicine hepatoxicity. At present, there are no 
specific methods and standards for inputting data into the Roussel 
Uclaf Causality Assessment Method (RUCAM) to recognize Chi-
nese herbal medicine hepatotoxicity, which makes it even more 
problematic for doctors to evaluate and identify, thereby resulting 
in an extremely high probability for misdiagnosis. At this stage, the 
study of Chinese herbal medicine hepatotoxicity is limited to a 
single study from pharmacological, chemical, toxicological, and 
clinical aspects etc., without close correlation with each other. Be-
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sides, there are insufficient standardized evaluation techniques and 
research methods under the guidance of traditional Chinese medi-
cine theory. In this regard, the determination of traditional Chinese 
medicine hepatotoxicity needs to be scientifically standardized 
through ① the formation of a research standard, and ② the inclusion 
of adequate basic and clinical studies. Furthermore, there are still 
some issues to be addressed in regards to identification methods of 
HILI: it would be very complicated to extract sets of core factors 
from all related hepatotoxicity indicators. Further effort is needed 
from experts across multiple fields to elucidate such indicators, 
which must be accepted and unified by both basic researchers and 
clinical experts. Furthermore, the establishment of a standardized 
information system would require the support of multiple informa-
tion sources such as hospitals, doctors, and patients. It requires the 
submission of evidential information provided to continuously im-
prove the evidence library for hepatotoxicity identification research. 
Problems related to the above may well arise during the construc-
tion of said methods. 
 With the rapid development of modern science and technology in 
conjunction with bioinformatic derivative methods becoming ac-
cepted as a powerful tool for drug evaluation, a variety of new 
evaluation techniques and methods continue to develop further both 
at home and abroad for traditional Chinese medicine hepatotoxicity 
research [73-75]. As a branch of bioinformatics, data mining plays an 
important role in the analysis and prediction of clinical hepatotoxic-
ity. Generally speaking, data mining refers to the process of searching 
for hidden information amongst a large quantity of data through the 
use of algorithms. In the future, the information for each drug can be 
correlated with the clinical reports of individual patients using big 
data mining techniques thereby allowing for an accurate prediction of 
hepatotoxicity. Hepatotoxicity biomarker techniques have made some 
progress. According to my team's latest findings，RM detection is 
considered the main mechanism for the prediction of hepatotoxicity, 
which can contribute to rapid detection and capture of drug metabo-
lizing enzymes deactivation in the human body, resulting in various 
clinical phenomena, including the formation of immunogenicity of 
autoantibodies, idiosyncratic liver injury, and severe side effects in 
the human body. In regards to current research on Chinese herbal 
medicine hepatoxicity: The evidence obtained from basic and clinical 
research is unclear, there is a lack of standardized and multidimen-
sional joint evidence between basic and clinical research.  

CONCLUSION 
 Modern medical models are changing from disease medicine to 
health medicine, and the medical models for predictive, preventive 
and individualized treatment is proposed accordingly. Amongst 
which, individualized therapy is the basis of precision medicine, 
and fully embodies the "people-oriented" medical concept, which 
has something in common with the individual dialectics of Chinese 
Herbal Medicine [76, 77]. There is a great deal of potential for this 
research to continue; the potential benefits lie in its ability to orga-
nize, summarize, use vast amounts of evidence and use big data 
mining techniques at the center for Chinese herbal medicine liver 
toxicity research, which is the most difficult key point of scientific 
research to be investigated in the next few years. The establishment 
of a multidimensional evidence library model and method in accor-
dance with evidence-based medicine for individual Chinese herbal 
medicine hepatotoxicity, RM biomarkers and a Chinese herbal evi-
dence database can evaluate hepatotoxicity effectively, scientifi-
cally, objectively, solve the toxic mechanism which was unable to 
be understood in former toxicity evaluation systems, find possible 
toxic biomarkers and predict the possible population with individ-
ual hepatotoxicity, thereby providing a new method for the early 
evaluation Chinese herbal medicine hepatotoxicity. 
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