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Abstract Herbal medicines have recently been recognized as the second most common cause of drug-induced
liver injury (DILI) in the United States. However, reliable methods to identify the DILI causality of some herbs,
such as Heshouwu (dried root of Polygonum multiflorum), remain lacking. In this study, a total of 12 307 inpatients
with liver dysfunction and 147 literature-reported cases of Heshouwu DILI were screened. A general algorithm
indicated that only 22.5% (9/40) and 30.6% (45/147) of all hospitalization and literature case reports, respectively,
demonstrate the high probability of DILI causality of Heshouwu. By contrast, 95% (19/20) of all cases
prospectively investigated by pharmacognosy, phytochemistry, and metabolomic tests exhibited highly probable
causality, including a patient who was previously incorrectly attributed and a case that was excluded from
Heshouwu causality by pharmacognostic evidence. Toxin (heavy metals, pesticides, and mycotoxins) contamina-
tion was also excluded from Heshouwu DILI causality. The objectivity of these screening methods for Heshouwu
DILI diagnosis addresses safety concerns regarding stilbene-containing herbal medicines and dietary
supplements.

Keywords Polygonum multiflorum; Chinese herbal medicine; drug-induced liver injury; pharmacognosy; metabolomics;
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Introduction neglected because natural herbal medicines are typically

As the global consumption of traditional Chinese medi-
cines (TCM) and other herbal healthcare products has
recently and rapidly expanded, reports on TCM-induced
adverse reactions, especially drug-induced liver injury
(DILI), have also steadily increased. The potential toxicity
of TCMs and other herbal medicines is frequently
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believed to exhibit beneficial health effects, including the
ability to extend lifespans, promote good health, and cure
diseases. Thus, herbal medicines are typically considered
safe materials. However, cases of DILI attributed to TCMs
and other herbal medicines are increasingly being reported.
According to LiverTox, a website established by the
United States National Library of Medicine, DILI is
associated with over 30 types of herbal medicines,
including Heshouwu (Polygonum multiflorum Thunb.),
Leigongteng (Tripterygium wilfordii Hook. f.), Chaihu
(Bupleurum chinense DC., a constituent of Sho-saiko-to),
Yinyanghuo (Epimedium brevicornu Maxim.), milk thistle
(Silybum marianum), senna (Cassia acutifolio), and



458

Evidence chain-based causality assessment for herbal DILI

cascara (Rhamnus purshiana). According to the American
College of Gastroenterology (ACG) [1], herbal medicines
are recognized as the second most common cause of DILI
in the United States.

DILI diagnosis is challenged by the lack of a definitive
diagnostic test. The methods most commonly used to
quantify the strength of the association between liver
injury and the implicated medications include the Roussel
Uclaf Causality Assessment Method (RUCAM) [2], the
Maria and Victorino scale [3], and the structured expert
opinion process proposed by the US Drug-Induced Liver
Injury Network (DILIN) [4]. However, a retrospective
investigation by the DILIN revealed rather low reliabilities
when using the RUCAM scale, which features test-retest
and inter-rater scores of 0.54 and 0.45, respectively [5].
Complete identification of all medications is a fundamental
element in determining DILI causality. However, because
of the increasing polypharmacy contributed by multiple
providers, obtaining a high-level accuracy can be difficult
when solely relying on patient recall [6]. This problem is
compounded in cases of herbal medicine-related DILI
because herbal medicines are generally used in polyphar-
macy and sometimes combined with western medicines.
Even worse, according to the World Health Organization,
herbal products available to consumers in the marketplace
may be contaminated with hazardous materials (e.g., heavy
metals, mycotoxins, and pesticides) or substituted with
alternative plant species and fillers that are not listed on
their labels [7]. Without exclusion of these confounding
factors, misidentification of causality may occur and lead
to confounding of the scientific diagnosis of herbal DILI,
overdiagnosis, and overreporting [8]. Significant contro-
versy surrounds the confounding variables of suspected
hepatotoxicity of black cohosh [9,10] and Pelargonium
sidoides [11]. Causality assessment quality is more
important than the quantity of cases, as noted by Teschke
[12]. An exclusion algorithm is always included in
universal causality assessment methods (e.g., the
RUCAM scale and ACG clinical guideline) to exclude
other causes of liver injury. However, identification of the
real source of herbal DILI has been minimally addressed.

We present herein a typical example of DILI causality
determination of the popular herb Heshouwu (dried root of
P. multiflorum, family Polygonaceae), which has been used
for thousands of years in China as a tonic for liver and
kidney conditioning. This herb has also recently been used
to treat Alzheimer’s disease, Parkinson’s disease, hyperli-
pidemia, and liver injury. The most popular uses of
Heshouwu include prevention of hair loss and graying, and
its most attractive benefit is aging prevention and lifespan
extension. The major component in Heshouwu, 2,3,5,4'-
tetrahydroxy trans-stilbene-2-O-B-glucoside (TSG), is a
structural analog of resveratrol (3,5,4'-trihydroxy trans-
stilbene), which can prolong the lifespan of model
organisms by activating Sirtuin 1 (Sirtl) [13,14], thereby

resulting in autophagy stimulation [15]. However,
Heshouwu-related DILIs have been reported in Hong
Kong in 1996 and were announced by the Medicines and
Healthcare Products Regulatory Agency in 2006. The
increasing number of DILI reports related to Heshouwu
have led to doubts regarding the usefulness and safety of
the herb. Some researchers believe that Heshouwu is
effective and safe because it is traditionally considered to
exert liver-restorative effects on the TCM system and its
major component, TSG, has been proven to exhibit
hepatoprotective activity in modern experiments. Others
practitioners, however, doubt the herb’s safety based on
DILI case reports. Nevertheless, the published case reports
regarding Heshouwu leave room for debate because of the
absence of excluding confounding DILI causality factors
(e.g., heavy metals, pesticides, and fungal toxin contam-
ination in the herb) and the lack of pharmacognostic
identification of patients’ digested materials.

In this paper, we attempt to identify the causality of DILI
suspected to result from Heshouwu use by considering
additional translational laboratory tests, such as pharma-
cognosy, phytochemistry, and metabolomics, to complete
the evidence chain [16] based on general RUCAM
assessment (Fig. 1 and Table 1). We propose that this
translational research will dispel disputes regarding
Heshouwu-caused DILI and bring attention to the scientific
diagnosis and causality identification of herbal medicine-
induced liver injury.

Pharmacognosy A
In vivo
phytochemistry

Metabolomics

Confirmed causality
of herbal DILI

RUCAM scale

Suspected causality
/ \ of herbal DILI

Fig. 1 Stepwise strategy for causality assessment of herbal DILI based
on RUCAM.

Materials and methods
Patients

Patients (n = 20) diagnosed with Heshouwu-caused DILI
or known to be using hepatotoxic drugs were enrolled in
this study. Age- and sex-matched cases of autoimmune
hepatitis (AIH) (» = 12) and hepatitis B virus (HBV)
infection (n = 12) were enrolled in the study as control
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groups. Diagnosis of the enrolled patients with DILI, AIH,
and HBV was performed according to international
codified criteria. The study protocol was approved by the
ethics committee of the 302 Military Hospital, and written
informed consent was obtained from each subject. Blood
samples were collected from the patients during the first
routine clinical examination of their hospitalization.

Metabolomic analysis and in vivo chemical
identification

All of the blood plasma samples obtained from the patients
were stored at — 80 °C until analysis. Prior to analysis, the
samples were thawed, diluted with acetonitrile at a ratio of
1:3 (v/v), and then centrifuged at 10 000 rpm for 10 min at
4 °C. The supernatant was filtered through a syringe filter
(0.22 um), and 3 pl of the supernatant was injected into a
liquid chromatograph coupled with a high-resolution
hybrid quadrupole time-of-flight mass spectrometer (LC-
QTOF MS). The blood metabolomics of suspected
Heshouwu DILI patients was determined [17] and in
vivo metabolites were identified by LC-QTOF MS [18].

Pharmacognostic analyses

Microscopic powder characteristics were studied accord-
ing to standard methods [19]. DNA barcoding was
performed [20]. Phytochemistry analysis was performed
by using an Agilent iFunnel 6550 QTOF mass spectro-
meter [17,21].

Heavy metal, mycotoxin, and pesticide determination

Heavy metals (Cu, As, Cd, Hg, and Pb) in the patients’
ingested residual drugs were detected by inductively
coupled plasma mass spectrometry according to the
Chinese Pharmacopeia [22]. Mycotoxins (AFB1, AFB2,
AFG1, AFG2, and OTA) were detected by LC-MS (AB
SCIEX 5500 QTRAP mass spectrometer) according to the
Chinese Pharmacopeia [22]. Sixteen organophosphates
and 26 organochlorines were detected by a gas chromato-
graph in tandem with a mass spectrometer (Agilent 7890-
5977 GC-MS) [23].

Results
Literature research on Heshouwu DILI

Most of the literature-reported cases of Heshouwu DILI
were not assessed by using internationally adopted scaling
methods. Thus, we reassessed the causality of these cases
by using the RUCAM scale and found that only 30.6% of
the reported cases indicated highly probable (RUCAM
scale points > 8) causality by Heshouwu usage; another

58.5% of the reported cases showed a possible (RUCAM
points > 3 and < 5) level of confidence (Table S1). Over
half of the reported cases did not record details of the
diagnosis or exclusion process.

Clinical research on Heshouwu DILI

Hospitalization records of 302 Military Hospital for the
past 10 years showed 40 DILI cases suspected to have
resulted from Heshouwu usage, accounting for 1.67% of
the total 2391 DILI cases reported. Suspected cases were
assessed by using the RUCAM scale, and 22.5% of the
enrolled cases showed highly probable (RUCAM points >
8) causality by Heshouwu usage; another 40.0% of the
cases exhibited possible causality (Table S2). The most
common confounding factor in diagnosis was the con-
current positive results of autoimmune antibodies (Table
S3). The clinical features of Heshouwu-related DILI are
summarized in Table S3. The median intake period of
Heshouwu before liver injury was 1.5 months, and the
median dosage was 13.8 g/d. The average hospitalization
period of Heshouwu DILI cases was 35 days. After drug
withdrawal and continuous treatment, 38 cases (95.0%)
were healed by the time of the follow-up examination. One
case (2.5%) progressed to liver failure with subsequent
liver transplantation, and one patient (2.5%) died. Three
cases of rechallenge were recorded when the patients were
discharged from the hospital after recovery. In total, 13
cases were biopsied, and the most common pathological
features observed were hepatocellular necrosis, lobular
portal inflammation, enlargement and congestion in the
sinusoid, as well as pigment granules phagocytized by
Kupffer cells in the sinusoids (Table S3 and Fig. 2A).
Except for the incidence of Kupffer cell-phagocytized
pigment granules in the sinusoids, which was frequently
observed in Heshouwu DILI (9/13), no special features
with respect to sex, age, type of liver injury, or Heshouwu
DILI biochemistry or histopathology were noted that could
be used to discriminate the cause from other drugs.

Metabolomic analysis of Heshouwu DILI

Twenty cases of suspected Heshouwu DILI were prospec-
tively analyzed (Table S4). Using metabolomic analysis of
plasma, the suspected Heshouwu DILI cases were
differentially diagnosed from other liver diseases, such as
AIH and acute-on-chronic liver failure of HBV, and
clustered with other DILI cases induced by other known
drugs in the PLS-DA plot (Fig. 2B). Thus, the enrolled
Heshouwu cases exhibited metabolomic features more
similar to other DILI cases than to AIH and HBV. In these
enrolled Heshouwu cases, eight cases were previously
confounded by diagnosis as DILI or AIH because of a
positive autoimmune antibody test on routine clinical
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Table 1 Evidence Chain-based Causality Identification Algorithm (ECCIA) for herbal medicine-induced liver injury on the bases of RUCAM
Assessments Methods/items Score
RUCAM
1-7 Time of onset / Course / Risk factors / Concomitant drug(s) / Nondrug causes / Previous -9-10
information / Rechallenge
ECCIA
8 Metabolomics
Suggestive to DILI +3
Not suggestive to DILI 0
Suggestive to AIH -3
9 Pharmacognosy*
Authentic 3
Not applicable 0
Fraudulent or contaminated with toxins -3
10 In vivo phytochemistry
Presence of characteristic metabolites +3
None presence 0

* At least two methods are recommended in pharmacognostic identification because not all methods are applicable to the test samples. The recommended

methods include DNA barcoding, microscopy, and phytochemistry.

examination. Autoimmune liver disease was excluded for
these eight cases based on the results of metabolomic
differentiation. Reexamination after treatment indicated
negative results of autoimmune antibodies, which confirms
the diagnosis of DILI and the exclusion of AIH. The
screened metabolomic biomarkers of high relativity
comprised lysophosphatidylcholines, phosphatidylcho-
lines, prostaglandins, and fatty acids (Table S4).

In vivo phytochemistry identification for Heshouwu
DILI

Some metabolites derived from Heshouwu phytochemicals
were detected by LC-QTOF MS of some of the patients’
plasma and urine samples. The most commonly detected
metabolite was glucuronic acid-conjugated phase II
metabolite of TSG (Fig. 2C and 2D, [M—H] m/z = 581),
as well emodin glucuronide (Fig. 2E and 2F, [M—-H] m/z =
445). The identified metabolites are listed in Table S5.
Identification of the metabolites provides key information
to confirm digestion of Heshouwu in patients when the
drugs were administered as a powdered mixture of
unknown formulae and composition. Considering that
anthraquinone metabolites are also associated with rhubarb
and other herbs, TSG glucuronide is more informative than
other metabolites in terms of the in vivo phytochemistry
identification of Heshouwu DILI.

Pharmacognostic identification for Heshouwu DILI
Heshouwu pharmacognosy is historically unclear, and its

origin has been incorrectly recorded in the well-known
TCM classic, Compendium of Materia Medica ( {/<¥E4]

H) ), written by Shi-zhen Li in the Ming Dynasty of
China. This text describes two origins, a male and a female
Heshouwu (Fig. 3A). According to modern botany,
Heshouwu has only one origin, P. multiflorum Thunb.
(Fig. 3B), which is not a dioecious plant. The “male” form
is verified to be P. multiflorum, and the “female” form is
believed to be Cynanchum bungei or its affiliates. A
fraudulent substitute of Heshouwu, the humanoid
Heshouwu with male or female appearance, has frequently
appeared in China in recent years. These frauds are
identified as the root of Musa basjioo Sied. et Zucc. and are
sculptured or cultivated in molds to form a man’s or
woman’s appearance (Fig. 3C).

Using pharmacognosy to identify the six batches of drug
materials collected from patients with suspected
Heshouwu DILI, five batches were identified as authentic
Heshouwu, and one batch was determined to be the
fraudulent substitute. The patient who digested the
fraudulent drug was excluded from causality by Heshouwu
usage. The authentic Heshouwu samples were further
identified as three batches of crude herb and two batches of
processed herb by DNA barcoding (Fig. 3 D), microscopy
(Fig. 3E), and LC-MS (Fig. 3F). Both crude and processed
Heshouwu yielded three distinct characteristic components
(Fig. 3G): TSG (chromatographic peak 1), emodin 8-O
glucoside (peak 2), and emodin (peak 3). All chemicals
identified from the clinically collected Heshouwu samples
are listed in Table S6.

Exclusion of toxin contamination in Heshouwu

Determination of heavy metals, mycotoxins, and pesticides
in the clinically collected Heshouwu samples revealed no
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Fig. 2 Liver biopsy, metabolomic, and in vivo chemical identification analyses of Heshouwu-induced liver injury in patients. (A) Representative
liver biopsy of a Heshouwu DILI patient with hepatocellular necrosis, lobular portal inflammation, and enlargement and congestion in the sinusoid.
(B) PCA- and PLS-DA-based metabolomic differentiation of Heshouwu DILI from AIH and HBV. The Heshouwu DILI cases were separated clearly
from AIH and clustered with other DILI cases induced by other known drugs. Blue triangles represent “DILIL,” red circles represent “AIH,” and black
boxes represent “HBV.” (C) Background mass spectra of sera. (D) Chromatogram and mass spectra of emodin glucuronide in Heshouwu in patients’
sera. (E) Chromatogram and mass spectra of TSG glucuronide in Heshouwu in patients’ sera.

compounds exceeding the safety limits specified by the
Chinese Pharmacopeia or European Union standards
(Tables S7—S9). The possibility that toxin contamination
caused liver injury was excluded.

Evidence Chain-Based Causality Identification

An identification and exclusion flow diagram based on the
Evidence Chain-Based Causality Identification Algorithm
(ECCIA) is depicted in Fig. 4. In total, 12 307 patients who
were hospitalized for liver dysfunction cases and 147
literature-reported cases of Heshouwu DILI were investi-
gated. Forty cases of suspected Heshouwu DILI were
screened from 2391 hospitalized DILI cases. By using the
RUCAM general algorithm, only 22.5% (9/40) and 30.6%
(45/147) of the cases achieved highly probable causality
( > 8 points) among the hospitalization and literature case
reports, respectively. By contrast, 95% (19/20) of all

prospectively investigated cases showed highly probable
causality via ECCIA.

One of the most common confounding factors in
RUCAM and the current guidelines is the overlap between
DILI and autoimmune liver diseases. Approximately 40%
(8/20) of the cases studied exhibited positive serum
autoimmune antibodies, and 15.4% (2/13) of the cases
exhibited histological features common to both DILI and
AIH. Such overlaps restrict the valid diagnoses by
RUCAM, although they can be differentiated by using a
metabolomic biomarker assay.

Representative case of uncovering Heshouwu causality
and rechallenge

One representative DILI case was diagnosed by the
patient’s physician; however, the DILI was not ascribed
to a suspected drug because none of the drugs reported by
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Fig. 3 Pharmacognostic authentication of the digested materials of patients. (A) Photographs of ancient record and the plant and sliced root of P
multiflorum. The left photograph describes the “male” and “female” forms of Heshouwu in the Compendium of Materia Medica, which was written by
Shi-zhen Li in the Ming Dynasty of China. The top right photographs present the plant and sliced root of P. multiflorum used as authenticated
Heshouwu in China. The lower right photograph shows the plant and sculptured root of Musa basjioo Sied. et Zucc., which is misused as fraudulent
Heshouwu. (B) DNA barcoding authentication shows the P. multiflorum species in the patient’s digested material. (C) Representative microscopic
photographs of the patient’s digested material show the characteristic features of heat-prepared P. multiflorum, e.g., fiber cells, brown cells, and vessel
cells. (D) HPLC fingerprints show similar characteristic peaks between the patients’ digested materials and authenticated P. multiflorum. Characteristic
peaks were identified by the reference substances and mass spectrometry. (E) Mass spectra of the characteristic peaks.

the patient were known to cause livery injury. The patient’s
initial biochemical panel was as follows: ALT (282 U/L),
AST (189 U/L), GGT (95 U/L), AP (128 U/L), total bile
acids (68 pmol/L), direct bilirubin (10.7 umol/L), and total
bilirubin (22 pmol/L). Viral and autoimmune liver diseases
were excluded. Abdominal ultrasound, CT, and MRI
examinations revealed diffused liver parenchyma injury.
Liver biopsy demonstrated drug- or toxin-induced chronic
hepatitis. In vivo phytochemistry analysis identified
specific Heshouwu-derived metabolites in the patient’s
plasma and urine (Fig. 2C —2F). Thus, we inquired about

the patient’s use of Heshouwu medication. The patient
admitted this oversight and explained that he had always
thought of Heshouwu as a food rather than a drug. The
drug residue formerly ingested was identified as P
multiflorum by pharmacognostic analyses.

This patient was particularly noteworthy because he
developed liver injury upon rechallenge with P multi-
florum after discharge from the hospital. The patient
received an herbal patent medicine called Heluo Shugan,
which also includes Heshouwu, for one month. The patient
experienced fatigue throughout the treatment, had yellow
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urine, and showed increased ALT values exceeding 1000
U/L. After cessation of the TCM capsule and treatment in a
local hospital for one month, the patient’s liver enzymes
steadily decreased to normal levels.

Representative case of exclusion of Heshouwu DILI

A 59-year-old woman developed pruritus and yellow urine
followed by elevated liver enzymes and jaundice for over

one month. The patient’s initial biochemical panel was as
follows: ALT (355 U/L), AST (415 U/L), GGT (461 U/L),
AP (182 U/L), total bile acids (187 pmol/L), and direct
(160.9 pumol/L) and total bilirubin (198.4 umol/L). Viral
and autoimmune liver diseases were excluded. Abdominal
ultrasound, CT, and MRI examinations revealed diffused
liver parenchyma injury. A liver biopsy suggested drug- or
toxin-induced hepatitis with mixed inflammatory cell
infiltration in the sinusoid. The patient claimed that she
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received TCM powder named “Heshouwu” before hospi-
talization. Apparently, the direct cause of liver injury was
Heshouwu. We detected residual drug powder but did not
detect any P. multiflorum by DNA barcoding, microscopy,
or LC-MS. The patient admitted that the TCM powder was
not purchased from a legal medical institution. Therefore,
DILI causality by Heshouwu was excluded in this case.
The patient recalled taking antibiotics (amoxicillin and
spiramycin) and nonsteroidal anti-inflammatory drugs
(acetaminophen) to treat a “cold” for which she did not
seek a professional medical opinion before her sickness.
The patient recovered, and her liver enzymes normalized
after four weeks of hospitalization and five weeks of
follow-up medication.

Discussion

Heshouwu has been used for over 1000 years as a liver-
restorative drug to treat liver diseases. However, its
hepatotoxicity has always been argued by Chinese
ethnopharmacologists, who assert that poor evidence has
been published regarding DILI case reports. A major
argument point is the insufficient exclusion of viral
hepatitis E and AIH in the early literature. Acute hepatitis
E accounts for up to 13% of all suspected DILI cases
[24,25]. Confounding findings between DILI and AIH
have been addressed by the literature [26]. One of the most
confounding factors in RUCAM and current guidelines is
the overlap between DILI and autoimmune liver diseases,
which can be differentiated by a metabolomic biomarker
assay. Metabolomics can provide effective differentiation
between DILI and AIH [27]. We noted that a considerable
number of Heshouwu-related case reports did not record
the detailed process of exclusion, especially for hepatitis E
and AIH, thereby restricting the accuracy of the causality
assessment of Heshouwu DILI. In this paper, we evaluated
40 suspected Heshouwu DILI cases from 2391 hospita-
lized DILI patients. Twenty cases were prospectively
investigated by comprehensive exclusion and diagnosis
(Fig. 4), and 10 cases revealed only possible (RUCAM
scale 3—5 points) causality because of difficulties encoun-
tered in setting a clear Heshouwu DILI diagnosis. The
most common confounding factor was the concurrence of
autoimmune antibodies in eight patients, although hepatitis
E was excluded in all cases. Seven patients out of 20 cases
did not undergo biopsies to attain histopathological
evidence; two patients exhibited some AIH-like histo-
pathological characteristics, as well DILI features, and this
result probably indicates a tendency of progression from
DILI into AIH (Fig. 4). DILI diagnosis in these two cases
was difficult to perform because of the absence of biopsies
and the presence of positive autoimmune antibodies. A
metabolomic study was therefore performed and results
revealed that all 20 patients were clearly differentiated

from AIH and HBV (the control group) but clustered with
DILI controls induced by known drugs (Fig. 2B). This
result provides confirmative evidence of the diagnosis of
DILI in these patients, including those who failed to obtain
a clear diagnosis based on routine clinical tests alone.

Another point of argument is the insufficient pharma-
cognostic identification of the patients’ ingested drugs in
early reports of Heshouwu DILI. In a high-throughput
sequencing study, the common occurrence of non-declared
constituents or fraudulent species in the tested TCM
products in Australia was reported [28]. An insufficient
pharmacognostic identification example involves the
previously reported nephrotoxicity of the Chinese herbal
medicine Mutong, which was recognized later as the
incorrect substitution of Chuan Mutong (Clematidis
armandii) by Guan Mutong (Aristolochiae manshuriensis)
[29]. Thus, full identification of the real origin of suspected
herbs in a causality assessment is critical, even if the
diagnosis of DILI is confirmative. Patients may neglect to
report Heshouwu in their medication history because of
their lack of awareness regarding the risk of using this
herb, as the aforementioned example indicated, leading to
difficulties in clarifying causality. Microscopic authentica-
tion identified a sample of digested material from a patient
as a fraudulent form of P. multiflorum; another sample was
identified as the powder of the crude material of P.
multiflorum, and several other samples were identified as
heat-processed materials of P. multiflorum. Such crude
materials were confirmed as P multiflorum by DNA
barcoding (Fig. 3D), and the fraudulent sample was further
identified as Tribulus terrestris. The heat-processed
material of P. multiflorum produced no valid results in
the DNA barcoding test because of DNA degradation
attributed to the heat and steam applied in the process.
Through chemical identification, the fraudulent sample
was eventually differentiated from the other samples
(Fig. 4).

A third point of argument involves toxin contamination
(e.g., heavy metals, mycotoxins, and pesticides). Toxin
contamination is a serious concern in herbal DILI causality
assessment because high concentrations of these toxins
may also cause liver injury after prolonged exposure.
Researchers who doubt the hepatotoxicity of Heshouwu
often blame toxin contamination as the real cause of
Heshouwu-related DILI. In this paper, the results reveal
three samples with detected mycotoxins (AFB; and OTA),
although mycotoxin levels were less than the upper
European Union safe limit (Table S7). Heavy metals and
pesticides were detected in six and three samples,
respectively, but no samples exceed upper European
Union safe limits (Tables S8 and S9). Thus, toxin
contamination may be excluded from the causality of
Heshouwu DILI.

Hepatotoxic chemicals attributed to Heshouwu DILI
remain in dispute. Some scholars believe that
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anthraquinones, e.g., emodin, are the major hepatotoxins in
Heshouwu. However, other Polygonaceae family herbs, e.
g., Rheum palmatum and P. cuspidatum, contain the same
anthraquinones at 5- to 20-fold higher levels but are
seldom associated with DILI reports. A pharmacokinetic
report described the delayed elimination of emodin
influenced by TSG; however, no toxicity data to assess
such an interaction has been presented [30]. Although TSG
is a type of phytoalexin produced by plants to kill
pathogenic organisms, it is usually considered a safe
compound, and its analog, resveratrol, is a trendy chemical
with outstanding development prospects. Nevertheless, a
recent report named TSG as the major hepatotoxic
component in Heshouwu [31], and a known hepatotoxin,
diethylstilbestrol, has a frans-stilbene structure similar to
TSG. The cytotoxicity of trans-stilbene has been reported
[32]. trans-Stilbene can be transformed into cis-stilbene
[33], which seems to have a stronger cytotoxicity than
trans-stilbene. Combretastatin A-4 (CA-4), a natural cis-
stilbene, possesses intense cytotoxicity, which makes it one
of the strongest inhibitors of tubulin [34]. The derived
analog of CA-4 exhibits a very low half maximal
inhibitory concentration (ICsy) of 13.9 nmol/L to tumor
cells [35]. Because the trans-TSG in Heshouwu can also be
transformed into cis-TSG [36], the hepatotoxicity of cis-
TSG must be evaluated to clarify whether it is the major
toxin attributed to Heshouwu DILI.

DILI diagnosis requires careful investigation and a
comprehensive differential diagnosis to conclude a clear
causality [6]. Diagnosing herbal medicine-associated DILI
involves specific difficulties because of the complexity of
herbal products, toxin contamination, and unknown
formula compositions in some cases. No single causality
identification approach is perfectly suitable for herbal DILI
[37]. The most frequently used DILI causality analysis
tool, the RUCAM scale, is limited in general clinical
practice [4]. As an important RUCAM component, the
agent’s labeled reactions and previous publication of
hepatotoxicity are required. Unfortunately, the quality of
previous information regarding herbal medicines is usually
insufficient to fulfill this RUCAM component, which in
turn leads to causality underestimation. In addition, 30% —
40% of all patients do not disclose the use of herbal
medicines to their physicians [38], which can lead to
incomplete or incorrect diagnosis. The structured expert
opinion process proposed by the DILIN can provide higher
agreement rates and likelihood scores than RUCAM [4].
However, the five-grade scale system used by either the
RUCAM or DILIN leaves an uncertainty of diagnosis in
some cases with a low confidence of evidence (e.g.,
acquired probable or possible grade of causality). Under
these circumstances, the need to gather additional evidence
to complete the evidence chain is evident. In general,
metabolomics or other biomarkers assays can provide
additional exclusive evidence from confounding liver

diseases, pharmacognostic identification will be helpful
in discovering the fraudulent species or non-declared
constituents, and in vivo phytochemistry identification will
provide further confidence of evidence, which are
summarized in the ECCIA. Such additional analysis are
not always applicable because drug metabolites present a
specific life time in the circulation, and the patient’s
digested drug materials are sometimes unavailable. Never-
theless, more evidence acquired through ECCIA can yield
higher evidence confidence for diagnosing herbal DILI in
practice.

In summary, it is important in clinical practice when
physicians encounter low-confidence evidence during
herbal DILI assessment. In this study, we either excluded
the causality of fraudulent herbs or discovered the causality
of Heshouwu in some cases that had been previously
incorrectly attributed. Causality was determined using
laboratory tests, which highlights the importance of
microscopy, DNA barcoding, chemical identification, and
other pharmacognostic approaches in herbal DILI causality
assessment. We also affirmed the clinical and pharmacog-
nostic evidence of Heshouwu-induced liver injury and
excluded the causality of toxin (e.g., heavy metals,
mycotoxins, and pesticides) contamination for the first
time.

The risk of liver injury by Heshouwu has not been
stressed in the clinical community as much as other widely
recognized hepatotoxic herbs; thus, the herb requires
considerably more attention in clinical diagnosis and
regulatory administration. Historical TCM books accorded
great emphasis on the necessity of processing to reduce
Heshouwu toxicity, and the toxicity-attenuating effect of
processing has been proven [39]. However, the traditional
time-consuming processing method of steaming and
solarization repeated over nine cycles has not been
maintained and the current practice involves steaming for
only several hours. Insufficient processing may increase
the toxic risk of Heshouwu in clinical usage. In recent
years, toxicity concerns regarding stilbenes have increased
[40,41] especially when a phase 2 clinical trial of the
resveratrol-based drug, SRT501, was suspended because 5
of the 24 patients who participated in this trial developed
cast nephropathy and even renal failure [42]. The
objectivity of Heshouwu-induced liver injury raises new
concerns regarding the safety of stilbene-containing herbal
medicines and food supplements.
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