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Abstract

In recent years, adverse reactions and events associated with traditional Chinese medicines (TCM) and herbal medicines (HM) have
frequently occurred. In particular, with regard to the safety of newly discovered TCM that have been deemed “toxic,” providing
a scientifically based answer and developing effective solutions is challenging. Owing to the complexity of TCM/HM products
and lack of systematic research, our understanding of the potential causes of TCM/HM-induced liver injury is limited. Therefore,
significant advancements in understanding the toxicity of TCM and preventing and managing safety risks are urgently needed to
address the safety concerns associated with TCM/HM. Using Polygoni Multiflori Radix (PMR) hepatotoxicity as a typical example,
we evaluated the “integrated evidence chain” based on the causality evaluation of TCM-induced liver injury, and confirmed the
objective authenticity of PMR hepatotoxicity. Furthermore, we first proposed and established a disease-syndrome-combined
toxicology model that was applied to the material basis and analysis of the mechanism of PMR-induced hepatotoxicity. The
mechanism hypothesis of “three-factor-induced toxicity” of idiosyncratic hepatotoxicity of TCM was proposed and confirmed.
Based on this, the disease characteristics of the population susceptible to PMR idiosyncratic hepatotoxicity were elucidated, and
various biomarkers were screened and identified, including the genetic marker HLA-B*35:01 and immunological and metabolomic
markers. Finally, the study explored and established a safe medication strategy and method for “host-drug-use” three-dimensional
risk prevention and control based on identifying susceptible individuals, controlling susceptible substances, and clinical precision
medication. This study provides a foundation for comprehensively understanding the scientific implications of TCM/HM toxic side
reactions and establishing scientific and effective risk prevention and control strategies.
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from 7% in 2005 to 19% in 20120', The LiverTox data-
base of the National Library of Medicine in the United
States contains >30 types of HM known to cause liver
injury'”l, The risk of liver damage may also increase
further in Asia, where traditional medicines are widely

Opportunities and difficulties in the development of
traditional medicine

For millennia, traditional medicines, including tradi-
tional Chinese medicines (TCM) and herbal medicines
(HM), have been widely used to prevent and treat var-

ious human diseases, especially in East Asia and other
regions!'*, However, despite the growing demand for
traditional medicine worldwide, the attention to these
products and research on their safety has lagged far
behind that of conventional drugs. In recent years, the
frequent occurrence of adverse drug reactions (ADR)
and events related to TCM/HM, particularly safety
reports represented by drug-induced liver injury (DILI),
has become a critical and challenging issue contributing
to global public health security® ', According to data
from the Drug-Induced Liver Injury Network in the
United States, herbal and dietary supplements (HDS)
rank second among the causes of DILI in the United
States, with their involvement percentage increasing

used!"®l, In a prospective study of 307 cases of DILI in
Japan, HDS and TCM accounted for 9% and 6% of
the cases, respectively!™. In 2019, a large-scale retro-
spective epidemiological study on DILI in mainland
China reported that DILI caused by HDS accounted for
26.81% of the cases®”l. The National Medical Products
Administration (NMPA) in China also reported the risk
of liver injury caused by several types of TCM, such as
Polygoni Multiflori Radix (PMR), Psoraleae Fructus, and
Epimedii Folium!*'-?3. Furthermore, the joint statement
issued by the Federation of European Medical Schools
and the Scientific Advisory Committee of the European
Academy of Sciences questioned the safety of traditional
medicine therapy, thereby sparking a global debate on
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the safety of traditional medicines. This issue has become
a matter of great concern, as it has negatively impacted
the healthy, sustainable development, and international-
ization of traditional medicines!**%°,

Complexity of the causes of liver injury caused by
traditional medicine

Herbal-induced liver injury (HILI) refers to liver injury
caused by TCM/HM and/or their metabolites, which can
lead to acute liver failure or even death in severe cases.
Owing to the complex nature of TCM/HM and the com-
plexity of the drug combinations used in clinical prac-
tice, numerous factors contribute to HILI. Moreover, the
substances responsible for the toxicity and their mecha-
nisms of action remain unclear. The toxic effect occurs
relatively slowly; thus, HILI is often undiagnosed and is
associated with a high misdiagnosis rate. Furthermore,
the lack of targeted theoretical guidance on TCM, irra-
tional drug use, including unjustified drugs, off-label
drugs, overcourse of treatment, drug overdose, and dif-
ferences in the regulatory measures for TCM/HM in
China and worldwide are obstacles to the accurate diag-
nosis of HILI (Figure 1).

The complex system of traditional medicine

There are instances of homonyms, synonyms, and
plants that originate from multiple sources resulting in
TCM/HM varieties. In some cases, the original plant
nomenclature has been misused because of incorrect
translations of names or aliases in different coun-
tries or regions. For example, Gynura Segetum is an
herb that is often misused as the TCM “Notoginseng
Radix et Rhizoma (San Qi).” The TCM contains
unsaturated pyrrolizidine alkaloids that have been
linked to hepatic sinusoidal obstruction syndrome/
hepatic veno-occlusive disease®*?”).  Aristolochiae
Manshuriensis Caulis can be confused with Akebiae
Caulis (Mu Tong) of the family Lardizabalaceae.
It contains aristolochic acid and aristolochic amide,
which can cause necrosis of renal tubular epithelial
cells and result in acute renal failure when used in clin-
ical practice®-1. TCM/HM products can become con-
taminated or deteriorate owing to interference related
to growth, fabrication, processing, transportation,
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storage, and other links, which may lead to excessive
pesticides, heavy metals, and microbial toxins in these
products. These harmful exogenous substances are
hepatotoxic, and long-term use of contaminated TCM/
HM products may cause liver injury!32-37),

Irrational use of traditional medicine in clinical practice

The widespread use of TCM/HM may cause liver injury
owing to various modes of use worldwide. These prod-
ucts are widely used as dietary supplements in foreign
countries and are considered weight-loss health prod-
ucts for long-term usel®**I. For example, Ephedrae
Herba has traditionally been used for weight loss in the
United States and has been reported to be related to
liver injury in Western literaturet***¢l. However, accord-
ing to theory, Ephedrae Herba (Ma Huang) does not
cause hepatotoxicity and can be used for short-term
treatment of influenzal*’*¥l. Green tea extract, which
is also used for weight loss in Western countries, has
recently emerged as a research hotspot for inducing
liver injury®!. HM is consumed as a daily drink in
China and Southeast Asian countries, with no concerns
regarding hepatotoxicity%!,

In addition, with the popularity of TCM and the
development of TCM industrialization, Chinese pat-
ent medicines have become one of the main forms of
clinical applications in TCM. However, owing to the
lack of targeted theoretical guidance for TCM, cases of
irrational drug use (misuse and abuse), such as unjus-
tified drug use, off-label drugs, treatment overcourse,
and drug overdoses, are common. Moreover, the prev-
alent traditional belief that TCM is pure and natural
and has no toxicity or side effects, as well as the belief
in the so-called “folk prescription” has led to cases of
disease-free abuse and overdose, inevitably increasing
the risk and preventing the safe use of TCM therapy in
clinical practice.

Differences between Eastern and Western regulatory
systems for traditional medicine

The most significant difference in the use of traditional
medicines in China and Western countries is reflected in
the drug regulatory systems®?. In China, the NMPA is
responsible for approving and overseeing the production
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Figure 1. Complexity of the causes of HILI. HILI: Herbal-induced liver injury; HM: Herbal medicine; WM: Western medicine.
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and use of new TCM, encompassing the entire process
including approval, application, and postmarketing eval-
uation to ensure that its lifecycle is supervised. However,
in Western countries, HM are not included in the drug
regulatory system, and are not subjected to the same rig-
orous supervision process as conventional drugs. HM
can be marketed without the need for preclinical and
clinical toxicological safety or effectiveness studies using
clinical trials®®¥ and approval from regulatory authorities
is not required. Consequently, the source, content, and
quality of HM are not guaranteed, which may result in

worse liver injury outcomes than those of conventional
drugs®-7,

Toxicity types and characteristics of liver injury caused by
traditional medicine

TCM places great importance on its safety, and sys-
tematic studies have been conducted to investigate the
acute and direct toxicity of TCM, resulting in a wealth
of knowledge and theoretical understanding of safe med-
ications in TCM. However, in recent years, safety con-
cerns associated with TCM/HM have become a growing
concern. Frequent reports of liver injury caused by tra-
ditional “non-toxic” TCM have raised global concern.
Currently, the global understanding of the types of drug
toxicity has evolved significantly and can be categorized
into three types: direct, idiosyncratic, and indirect!%$-62l,
It is recognized that the current cognitive theory and
research models of TCM toxicity present certain limita-
tions, and the existing “toxicity” research model is no
longer adequate to provide an objective, accurate, and
comprehensive understanding of “toxic” TCM. In terms
of the “toxicity” characteristics of TCM, most toxic
TCMs are related to direct toxicity, whereas the tradi-
tional “non-toxic” TCM are primarily associated with
idiosyncratic or indirect toxicity related to the body or
disease and syndrome factors. According to a study by
our research group based on data from the National
Center for ADR Monitoring, using DILI as an example,
the proportion of liver injury caused by TCM that is
known to cause hepatotoxicity was only 14.0%, whereas
the proportion of liver injury caused by newly discovered
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TCMs with hepatotoxicity was as high as 86.0%. This
indicates that the proportion of liver injury caused by
traditional “non-toxic” TCMs has significantly exceeded
that of traditional “toxic” TCM in clinical practicel®.
However, the types of liver injury caused by traditional
“non-toxic” TCM are mainly due to idiosyncratic and
indirect toxicity, which have not been previously recog-
nized. To summarize, the cognitive theory of “toxicity”
of TCM has proven inadequate in addressing new clin-
ical challenges. Hence, innovations and breakthroughs
are urgently needed in this area, particularly with respect
to the types of “toxicity” associated with TCM. It is
important to recognize that TCM has not only direct
toxicity but also idiosyncratic and indirect toxicities that
are increasingly common, yet often overlooked in clin-
ical practice. These idiosyncratic and indirect toxicities
are the primary causes of adverse reactions when TCM
is used in clinical practice (Figure 2).

Limitations of causality assessment on HILI

Currently, no normative standard for HILI diagnosis is
established®. The Roussel Uclaf Causality Assessment
Method (RUCAM) is currently the primary evaluation
method for DILI, with the score serving as the basis for
the evaluation of the correlation strength, which is pri-
marily used for correlation diagnosis. The complexity of
the composition of TCM/HM presents challenges that
limit their usage, and existing DILI diagnostic standards
in China and worldwide are often difficult to meet in
clinical practice, resulting in insufficient objective evi-
dence. Thus, accurately diagnosing diseases is challeng-
ing, leading to inaccurate diagnoses. For example, “drug
hepatotoxicity warning signs,” the hepatotoxicity from
the use of traditional “non-toxic” TCM such as PMR
and Psoraleae Fructus can be described as “it is easy to
dodge a spear in the open, but hard to guard against
an arrow shot from hiding.” A safety warning is usually
not presented on the TCM/HM label, and the total score
on the RUCAM scale may be reduced. Because only a
few studies have reported the hepatotoxicity of TCM,
the score for “known hepatotoxicity of drugs” in the
RUCAM scoring system is usually 0. Consequently, the

Direct Hepatotoxicity

Drug factor

Idiosyncratic Hepatotoxicity

Idiosyncratic host factor

Indirect Hepatotoxicity

I Third factor

Figure 2. Toxicity types and characteristics of TCM/HM hepatotoxicity. HM: Herbal medicine; TCM: Traditional Chinese medicine.
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RUCAM score has limited use in determining the causal-
ity of hepatotoxicity from TCM/HM. In addition, “qual-
ity problems” and “risk factors” (such as age and alcohol
consumption) have limitations in the diagnosis of HILI
and may not be consistent in practicel®-¢7l. Therefore, the
use of RUCAM to score HILI has certain limitations and
the diagnosis of HILI is more difficult than that of DILIL
Therefore, the RUCAM score, which is widely used in
clinical practice, does not accurately or objectively reflect
the association between TCM and liver injury. Hence,
developing a HILI-diagnostic system adapted to the
characteristics of TCM/HM is urgently needed.

Construction of safety evaluation guidelines of TCM/
HM-induced liver injury based on the integrated
evidence chain-based causality identification
algorithm

RUCAM scoring is commonly used to assess the causal-
ity of DILI; however, it is not well-suited for evaluating
the complexities of TCM/HM use and risks. The hepa-
totoxicity associated with TCM/HM differs from that of
Western medicines, as it is influenced by factors such as
the quality of TCM/HM, changes in compatibility, clin-
ical dosage and usage, syndrome differentiation, phys-
ical differences, genetics, and other factors, which can
make it difficult to diagnose HILI. Currently, no specific
causality evaluation scale is available for HILI. Subtle
differences related to TCM/HM may interfere with
causality assessment methods. Therefore, the RUCAM
score, which is widely used in clinical practice, does not
accurately or objectively reflect the relationship between
TCM and liver injury. Therefore, developing a diagnostic
system for HILI that is adapted to the characteristics of
TCM is an urgently needed.

To this end, in 2016, the China Association of Chinese
Medicine (CACM) issued the first diagnostic and thera-
peutic technical standard specific to HILI, namely the
Guidelines for diagnosis and management of herb-induced
liver injury'®®. This standard proposed a diagnostic pro-
cess based on an integrated evidence chain-based causal-
ity identification algorithm. Based on the possibility of a
RUCAM score of >3, links such as the investigation of the
combination of TCM and Western medicines, traceability
of Chinese crude drugs, and detection of biomarkers have
been introduced to emphasize the objectivity and accu-
racy of HILI diagnosis!®!. This approach transforms the
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subjective exclusion method of diagnosis into an objective
chain of evidence and further transforms the correlation
diagnosis into deterministic diagnosis. The HILI-integrated
evidence chain is divided into nine criteria, and the length
of the evidence chain is determined according to the num-
ber of criteria satisfied. The more complete the evidence
chain, the higher is the probative value and credibility
of the diagnosis. It is divided into three diagnostic levels:
“suspected, clinical, and confirmed” diagnosis.
Considering the complexity of liver injury caused
by TCM/HM, with the main focus on strengthening
risk management throughout the lifecycle of drugs, the
NMPA issued the Guidance for the clinical evaluation
of traditional Chinese medicine-induced liver injury in
20187 This guideline elaborates on the identification
and collection of risk signals for new Chinese medicine
drugs, as well as causal relationship assessment, which
can significantly reduce the failure rate and clinical use
risk of new Chinese medicine drugs. The primary goal of
this guidance is to assist relevant institutions and person-
nel in formulating targeted measures for the prevention
and control of DILI in TCM, and to promote the healthy
and sustainable development of China’s TCM industry.
Furthermore, HDS products are complex and lack
research; therefore, our understanding of the potential
causes of HDS-induced liver injury is limited”!. To pro-
vide a balanced and global perspective on HDS-DILI
detection, susceptibility factors, and outcomes, and advise
on causality assessment tools, monitoring, and manage-
ment during drug development and postmarketing phases,
the World Health Organization-Council for International
Organizations of Medical Sciences (WHO-CIOMS) work-
ing group drafted a consensus on drug induced liver injury
in 2020 (Chapter 8: liver injury attributed to herbal and
dietary supplements) (Figure 3). This international con-
sensus effectively addressed the issue of objective evalua-
tion and clinical diagnosis of liver injury caused by TCM/
HM and won the right to formulate the diagnosis and
prevention standards for HDS-induced liver injury.

Causality evaluation and research on the mechanism
of HILI based on the integrated evidence chain: a
case study of PMR

Current state of PMR-related liver injury

In recent years, the number of reports of adverse reactions
and events related to TCM has increased. In particular,

Core technology
* Integrated evidence chain-based causality identification algorithm
« Tertiary diagnostic criteria

(Guidelines for diagnosis and management of herb-
induced liver injury)) 2016

Group leader: Xiaohe Xiao, Xiuhui Li

China Association of Chinese Medicine (CACM)

(Guidance for the clinical evaluation of
traditional Chinese medicine-induced
liver injury}) 2018

Group leader: Xiaohe Xiao, Jianyuan Tang

National Medical Products Administration (NMPA)

({4 consensus on drug-induced liver injury.}) 2020

Chapter 8 : Liver injury attributed herbs and
dietary supplements

Chapter leader: Xiaohe Xiao, Jiabo Wang
(WHO-CIOMS)

Figure 3. The core technique for the clinical diagnosis of HILI applied to the “Association-National-International” guidelines for liver injury related to
TCM/HM. HILI: Herbal-induced liver injury; HM: Herbal medicine; TCM: Traditional Chinese medicine.
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some TCM (PMR, Psoraleae Fructus, Epimedii Folium,
etc) that are traditionally considered “non-toxic” have
also presented safety concerns, with those exhibited by
PMR being the most prominent’>74. Liver injury has
been reported in raw and processed PMR, compound
preparations containing PMR, and patented Chinese
medicines and health foods. It is also one of the most
common single varieties of TCM and is currently known
to cause liver injury in clinical practice. PMR-induced
liver injury has been reported previously and in other
countries”). To date, more than 30 countries, including
the United States, South Korea, and Japan, have reported
liver injuries caused by PMR and its preparations. The
LiverTox Hepatotoxic Drug Database, published by
the National Institutes of Health, has a special record
for PMR"L Drug regulatory authorities in the United
Kingdom, Australia, and Canada have successively
issued warnings related to PMR-induced liver injury!®l.
In China, reports of ADR related to PMR and related
preparations received by the National Center for ADR
Monitoring rank at the forefront of TCM categories,
with most being liver injury cases. The NMPA also
attaches great importance to the safety of PMR and has
repeatedly issued risk notifications of adverse reactions
related to liver injury, as well as notices revising drug
instructions and strengthening supervision for prepara-
tions, including Jingwu capsules, Qibao Meiran wan,
Xinyuan capsules, Yangxue Shengfa capsules, PMR pills
and tablets, and Shouwu Yanshou tablets/granules. The
scientific understanding of causality evaluation and the
possible mechanism of liver injury caused by traditional
“non-toxic” Chinese herbs such as PMR, and formulat-
ing risk control measures are challenging yet important
for the safety evaluation and supervision of TCM/HM.

Causality analysis of liver injury of PMR based on the
integrated evidence chain

Step 1

A patient exhibits abnormal liver function, meets the
biochemical standards for DILI recommended by the
integrated evidence chain, and has a history of using sus-
pected liver injury-causing drugs (PMR) before disease
onset. Further comprehensive screening for the possible
causes of liver injury should be conducted to confirm
that the patient has no history of other underlying health
conditions. After admission, laboratory examinations
should be performed to rule out liver injury caused by
viral infection, immunity, genetic metabolism, and blood
vessel damage. Alcohol consumption history can be
used to rule out the possibility of alcoholic liver injury.
Additionally, the patient has a RUCAM score of >3.
Therefore, liver injury related to PMR is suspected. In a
previous study, we collected data from 12,307 patients
with abnormal liver function between 2002 and 2013
at the Fifth Medical Center of the PLA General Hospital
and excluded other causes of liver injury (such as genetics,
metabolism, viral infections, alcohol use, and immunity).
Forty patients were suspected of having PMR-induced
liver injury. After diagnosis according to the RUCAM
score, only 22.5% (9/40) of the suspected cases of liver
injury caused by PMR were highly correlated with PMR
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(RUCAM score >8), and 13 cases were possibly cor-
related with PMR (RUCAM score of 3-5). These data
are insufficient in probative value to determine the cor-
relation with the diagnosis of TCM-related liver injury
based on the RUCAM score alonel””!,

Step 2

The patient consumed only PMR; thus, combinations
with other drugs known to cause liver injury can be
excluded. The remaining PMR drug, packaging mark,
place of origin, and batch number are collected and
sent to a laboratory for pharmacognostic testing. After
identification, if the original drug meets the pharma-
copeial quality standards, the possibility of TCM con-
tamination by adulterants and harmful substances can
be excluded. The characteristic fingerprints of PMR
(2,3,5,4-tetrahydroxy stilbene-2-O-f-D-glucoside [SG])
in the samples is analyzed, and if detected, these findings
are consistent with the clinical diagnosis of PMR-related
liver injury. In the early stages, our research group used
pharmacognostic methods to analyze the remaining six
batches of medicinal materials collected from patients
with liver injury suspected to be caused by PMR, of
which five batches were authentic and one was coun-
terfeit. In addition, heavy metal, mycotoxin, and pesti-
cide levels were determined in PMR samples collected
from clinical patients. None of the compounds exceeded
the safety limits stated in the Chinese Pharmacopoeia or
EU standards. Therefore, the possibility of liver injury
caused by toxin contamination was excluded. Plasma
and urine samples from some patients were analyzed.
The most frequently detected metabolites were the glu-
curonic acid-conjugated phase II metabolite of SG, and
emodin glucuronidel’”.

Step 3

It was determined that the patient had previously been
diagnosed with DILI after consuming preparations con-
taining PMR in the past. After taking the single-agent
PMR preparation again, the patient experienced a posi-
tive re-excitation event. Additionally, immune-metabolic
markers can be detected in patients susceptible to idio-
syncratic PMR DILI (IDILI). Thus, the diagnosis of
PMR-related liver injury is confirmed?!7%791,

Analysis of the causes and mechanisms of liver injury
caused by PMR

Scientifically determining the causes and mechanisms of
HILI is crucial for mitigating the safety hazards asso-
ciated with TCM. It also provides a vital foundation
for the formulation of traditional pharmacovigilance
strategies and measures. Recently, concerns over the
safety of TCM that have been traditionally considered
“non-toxic” have arisen, and many of these issues do
not appear to be related to factors such as drug dosage
and duration. Individual differences are occasionally or
rarely observed in clinical practice. Therefore, framing a
scientific answer or proposing an effective solution for
conventional toxicological evaluation is challenging. In
fact, DILI caused by most traditional “non-toxic” TCM
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is not due to the direct toxicity of TCM but is closely
related to physical factors, especially basic diseases and
syndromes. Most cases involve idiosyncratic toxicity;
however, studies on idiosyncratic toxicity are almost
nonexistent in the field of TCM. Evaluation and predic-
tion of idiosyncratic drug toxicity are challenging inter-
national problems. Therefore, we have proposed and
established a disease-syndrome-combined toxicology
model, which is a safety evaluation model and method
for associated clinical diseases and syndromes of TCM;
that is, the relativity, susceptibility, and controllability of
TCM/HM (Figure 4), which is scientifically recognized
and accurately evaluated by comparing and studying the
susceptibility and tolerance of drug toxicity in normal
and disease (pathological) states, as well as the laws on
their differences to identify the susceptible population
and disease syndrome basis of TCM toxicity!®"l. The tox-
icology of disease syndromes is a powerful research tool
for revealing the objectivity and cause of TCM-IDILI.
In view of the difficulties in elucidating the mechanism
of PMR-induced liver injury through large-scale clini-
cal retrospective and prospective case analyses, for the
first time, PMR-induced liver injuries were confirmed
to be rare in clinical practice and that their occurrence
had no significant dependence on dosage and treatment
course, suggesting that toxicity is idiosyncratic rather
than direct!”>#!. Further studies have shown that PMR-
induced liver injuries are closely related to factors such as
immune status and genetic background. Abnormal acti-
vation of immunity or syndrome differentiation of auto-
immune diseases in TCM belongs to yin deficiency, fire
excess, and damp heat, which constitute the main disease
and syndrome basis for individuals susceptible to PMR-
induced liver injuries®?. Using pharmacogenomics, we
identified the human leukocyte antigen HLA-B* 35:01 as
an important genetic marker for individuals susceptible
to PMR-induced liver injuries®. Using immunometab-
olomics, monocyte chemoattractant protein (MCP-1),
vascular endothelial growth factor (VEGF), tumor necro-
sis factor (TNF)-a, phenyllactic acid, crotonoyl-CoA,
and indole-5,6-quinone were identified as the immune-
metabolic markers for individuals susceptible to PMR-
induced liver injuries (Figure 5)2%7%7, Studies on the
characteristics of susceptible individuals and their bio-
markers have revealed that PMR poses a risk of liver
injury in only a few susceptible individuals and is safe
for the majority of populations. These findings provide a
solid scientific basis for formulating a targeted compre-
hensive prevention and control strategy for liver injury
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risk related to PMR and its related preparations and pro-
mote the safe and rational use of TCM to a new level
of precision medicine. This study is the first to identify
a genetic marker for individuals susceptible to IDILI in
traditional medicine, making it a successful example of
translational medicine research!4.

Based on the above studies, the susceptibility markers
and conditional mechanisms of idiosyncratic liver injury
by PMR were clarified using the disease syndrome-related
idiosyncratic DILI evaluation model in combination with
the pioneering “knock-out and knock-in” identification
strategy for toxic substances. The study found cis-SG and
emodin-8-O-B-D-glucoside (EmG) to be the main com-
ponents of PMR associated with immune-idiosyncratic
liver injury®%l, Moreover, the study reported that
trans-SG with immune-promoting effects can further syn-
ergistically aggravate the extent of liver injury!®”!. Based
on this, a hypothesis of the “three-factor-induced toxic-
ity” mechanism of immune-idiosyncratic liver injury in
TCM (PMR) (also known as the “Chai-Oil-Mars Seed”
theory) has been proposed, which scientifically reveals
the biological mechanisms of immune-idiosyncratic liver
injury by PMR induced by the immune activation state
of the body, immune-promoting substances of PMR, and
risk substances for liver injury (Figure 6). When the body
is in a state of immune stress, the immune-promoting
substances in the PMR (such as trans-SG) further aggra-
vate the immune-inflammatory reaction, increasing the
sensitivity of the liver to substances that are predisposed
to cause liver injury (such as ¢is-SG) and leading to the
overexpression of immune-inflammatory factors, thereby
inducing immune-idiosyncratic liver injury. In addition,
the “three-factor-induced toxicity” hypothesis has also
been successfully used to evaluate liver injury caused by
other TCM such as Psoraleae Fructus (Bu Gu Zhi) and
Epimedii Folium®?, (Yin Yang Huo Ye) revealing that the
targeted activation of NLRP3 inflammatory bodies is the
common mechanism of immune-idiosyncratic liver injury
induced by Psoraleae Fructus and Epimedii Folium, and
various chemicals®?*#-1. The above research enriches
and develops traditional medicine toxicology theory and
the toxicity cognitive model and provides new ideas and
a basis for the scientific prevention and control of HILI.

Risk prevention and control strategies to liver injury caused
by PMR

TCM containing toxic ingredients or those exerting
toxic side effects are not necessarily unsafe. A series of

Disease & Syndrome-combined Toxicology
(DST)

7~

Direct toxicity

Caused by the direct toxicity of
drugs

Disease (syndrome) - dose - time -
toxicity - effect relationship

Idiosyncratic toxicity

Related to physical constitution,
genetics and metabolism

Body-specific (health) screening

Indirect toxicity

Caused by the pharmacological
effects of drugs

Identification of third factors such
as disease and syndrome status

Figure 4. New model and method for safety evaluation of TCM/HM: Disease-syndrome-combined toxicology. HM: Herbal medicine; TCM:

Traditional Chinese medicine.
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Figure 5. Characteristics of the susceptible population to idiosyncratic liver injuries in PMR based on the “disease-syndrome-biomarker.” MCP-1:
Monocyte chemoattractant protein; PMR: Polygoni Multiflori Radix; TNF-a: Tumor necrosis factor-a; VEGF: Vascular endothelial growth factor.
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Figure 6. Hypothesis of the “three-factor-induced toxicity” mechanism of immune-idiosyncratic liver injury in PMR. PMR: Polygoni Multiflori Radix;
SG: 2,3,5,4’-tetrahydroxy stilbene-2-O-3-D-glucoside; TCM: Traditional Chinese medicine.

studies by our group showed that the safety risks of
TCM are relative, conditional, and highly adaptable, and
that the rational use of TCM can effectively avoid safety
risks. Considering the mechanism and characteristics
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of different types of liver injuries caused by TCM, the
diagnosis of this condition and prescription to avoid
toxicity can be achieved by screening susceptible indi-
viduals. The ability to reduce toxicity can be guided by
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analyzing the mechanism of toxicity. The processing of
TCM to reduce toxicity and achieve quality control can
be guided by identifying susceptible substances, thereby
reducing the risks of TCM from different perspectives
and ensuring safe drug use in clinical practice. Therefore,
we first proposed and established a “host-drug-use”
three-dimensional alert system to identify the safety risks
of TCM based on the identification of susceptible indi-
viduals, quality control of susceptible substances, and
clinical precision medication as comprehensive preven-
tion and control measures.

Risk prevention and control strategies and the methods of
TCM/HM-induced liver injury based on the identification of
susceptible individuals

A strategy and method for identification and risk
prevention in susceptible individuals and control
of TCM idiosyncratic liver injury based on disease-
syndrome-biomarker sequential screening has been
established. Considering the mechanism and char-
acteristics of PMR-induced idiosyncratic liver injury,
individuals experiencing inflammation or diagnosed
with autoimmune diseases such as yin deficiency, yang
excess, and damp heat accumulation by TCM syndrome
differentiation should be cautious when using PMR.
When required, biomarkers such as the HLA-B*35:01
allele and the inflammatory factors!®3 TNF-a, MCP-1,
VEGE, phenyllactic acid, crotonoyl-CoA, and indole-
5,6-quinonel?7%71 can be combined to accurately
identify susceptible individuals, and the characteristics
of “cautious use,” “taboo use,” and “alternative use”
populations and the application scope of PMR can
be determined. The above-mentioned prevention and
control measures and suggestions have been incorpo-
rated into the Guidelines for the Safe Use of Polygoni
Multiflori Radix"?, a group standard formulated by
the CACM, which provides strong support to ensure
the safe use of PMR and its related preparations and
to promote the healthy development of related TCM
industries.

Strategies and methods for the accurate evaluation and
control of quality and safety of TCM based on the control of
susceptible substances

Oriented toward safety and effectiveness, the strat-
egy and method of multidimensional accurate quality
assessment and control of TCM have been established
and applied, including high safety risk and complex and
unclear effective substances. Considering that cis-SG and
EmG, which are compounds in PMR capable of caus-
ing liver injury, processing technology has improved, and
limits for control standards and biological toxicity have
been established. Based on the traditional experience of
the Thunder God Processed Treatise, the “wine immer-
sion and water bleaching method” for the preparation
and detoxification of Psoraleae Fructus has been pro-
posed and established, and the content limit standards of
coumarin in Psoraleae Fructus that is capable of causing
liver injury has been established, thus effectively guar-
anteeing and improving its quality and safety levels®?.
The Guidelines for the Quality Evaluation Methods
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of Traditional Chinese Medicine issued by the Chinese
Society of Traditional Chinese Medicine have been for-
mulated with multidimensional evaluation and control
strategies and methods at the core. These provide tech-
nical support to solve the problems of disconnection
between the quality standards of TCM and clinical effi-
cacy and safety. Relevant technologies are transferred
to well-known enterprises to guide the re-evaluation of
their relevant products after marketing or to assist with
the development of new drug products.

Strategies and methods of the precise use of TCM for
detoxification are established based on the traditional theory
of detoxification and the mechanism of liver injury

Based on the understanding that immune regulation
affects the risk of PMR-induced liver injury, we first con-
firmed that the combination of Poria cocos and PMR
could significantly reduce PMR-induced liver injury. A
1:2 ratio of Poria cocos:PMR exerts the best detoxifica-
tion effect®. From the perspective of compatibility for
detoxification, the modern scientific value of “PMR is
used Poria cocos as its ingredient” recorded in the Materia
medica is explained, and the possible mechanism of
Poria cocos in attenuating PMR-induced liver injuries by
regulating eight biomarkers related to inflammation and
immune balance, including sphinganine-1-phosphate
and TNF-a, has been confirmed, which provides a sci-
entific basis for reducing PMR toxicity through rational
compatibility.

Based on the compounds originally discovered in
PMR that can cause idiosyncratic liver injury, the upper
limit of quality and safety content control of ¢is-SG and
EmG (substances capable of causing PMR-induced liver
injury) was established based on the strategy of ingredi-
ent knock-out and knock-in, which helps guide the pro-
cessing of PMR to avoid the risk of liver injury caused by
high levels of these harmful compounds!®!. The influence
of the processing method and particle size of the pieces
used to prepare the decoction on the risk of PMR-induced
liver injury has been studied and reported. A new tech-
nology for high-pressure steam processing of PMR for
detoxification has been established, which is equivalent
to the traditional processing of nine steaming and nine
drying processes for detoxification, but is simpler and
more economical®, For the first time, metal ions (espe-
cially Fe’* and Fe?*) were found to affect the stability of
stilbene glycosides in PMR, leading to an increased risk
of liver injury. The study revealed the scientific connota-
tion of PMR recorded in Materia medica as “The closer
to iron, the stronger the poison”7l,

Summary and outlook

In this study, we developed the first TCM-related liver
injury clinical diagnostic guidelines for HILI and demon-
strated that it can effectively reduce misdiagnosis and
misjudgment of liver injury related to TCM/HM and
can scientifically clarify problems related to TCM/
HM-induced liver injuries, such as that caused by PMR.
With the integration of the evidence chain as the technical
core, we have successfully taken the lead in studying and
formulating the “Association-National-International”
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guidelines for liver injury related to TCM/HM. These
guidelines help to effectively address the issue of objective
evaluation and clinical diagnosis of TCM/HM-induced
liver injury and facilitate the development of diagnostic,
preventive, and control standards for DILL

Drug-induced diseases, represented by DILI, can
cause secondary injury to patients, which not only
increases the medical burden on patients but also puts
a strain on medical resources. The cognitive innova-
tion theory and strategy method of TCM toxicity we
have proposed, taking liver injury caused by PMR as an
example, provides a solution to the concerns regarding
safety evaluation of TCM at home and abroad and dis-
pels the doubts of international public opinion and the
public regarding the safety issues of a series of TCM.
By comprehensively revealing the scientific connotation
of toxic and side effects of “toxic” TCM, it provides
important theoretical guidance and methodological
support for scientific evaluation and precise prevention
and control of TCM/HM safety risks. Furthermore,
the first shared and co-created on-line consulting ser-
vice platform for safe drug use, “Safe Drug Inquiry”
has been successfully developed and established. This
platform realizes the transformation and implementa-
tion of the integrated response mechanism of “clinical
monitoring-scientific evaluation-risk prevention and
control” for DILI resulting from the use of TCM. This
platform reduces the risk of ADRs among patients by
providing free educational and consultation services on
drug safety to the public, thereby reducing the medi-
cal burden on the public (economic benefits) and pro-
moting beneficial social outcomes by protecting and
enhancing public wellbeing.
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