
fphar-08-00349 June 16, 2017 Time: 14:0 # 1

ORIGINAL RESEARCH
published: 20 June 2017

doi: 10.3389/fphar.2017.00349

Edited by:
Olavi R. Pelkonen,

University of Oulu, Finland

Reviewed by:
Jan Willem Van Der Laan,

College ter Beoordeling van
Geneesmiddelen, Netherlands

Rolf Teschke,
Klinikum Hanau, Germany

*Correspondence:
Jian Ni

njtcm@263.net

Specialty section:
This article was submitted to

Predictive Toxicology,
a section of the journal

Frontiers in Pharmacology

Received: 02 February 2017
Accepted: 22 May 2017

Published: 20 June 2017

Citation:
Lin L, Li H, Lin H, Zhang M, Qu C,
Yan L, Yin X and Ni J (2017) A New

Perspective on Liver Injury by
Traditional Chinese Herbs Such As

Polygonum multiflorum:
The Geographical Area of Harvest As

an Important Contributory Factor.
Front. Pharmacol. 8:349.

doi: 10.3389/fphar.2017.00349

A New Perspective on Liver Injury by
Traditional Chinese Herbs Such As
Polygonum multiflorum: The
Geographical Area of Harvest As an
Important Contributory Factor
Longfei Lin1, Hui Li1, Hongmei Lin2, Miao Zhang2, Changhai Qu2, Lei Yan3, Xingbin Yin2

and Jian Ni2*

1 Institute of Chinese Materia Medica, China Academy of Chinese Medical Sciences, Beijing, China, 2 School of Chinese
Materia Medica, Beijing University of Chinese Medicine, Beijing, China, 3 Fengtai District Community Health Center, Beijing,
China

Herbal medicine has been widely used in the treatment of various diseases; however,
the adverse reactions cannot be ignored. Most previous studies have ignored the
relationship between the factors of geographical areas/batches and toxicity. This study
used Polygonum multiflorum (PM) as an example to analyze the relationship between
the geographical areas/batches and toxicity and speculated on the hepatotoxicity-
inducing components in PM based on high content screening, UHPLC-Q-TOF/MS
and Progenesis QI software analysis. The results of the study show that the toxicity
of PM was obviously different among the different geographical areas, and the most
toxic PM was from the Sichuan province. To obtain more accurate results and to
reduce the false-positive rate, two methods were used to evaluate the speculative
results. It was noteworthy that emodin was not the main hepatocyte toxicity constituent
of PM. The analysis methods suggested that PM toxicity may be associated with
tetrahydroxystilbene-O-(galloyl)-hex and emodin-O-hex-sulfate. The toxicity of these two
components requires further study.

Keywords: Polygonum multiflorum, toxicity, geographical areas, PCA, UPLC-Q-TOF/MS

INTRODUCTION

Currently, there are many reports on the adverse reactions of Chinese herbal medicines (CHM)
including Polygonum multiflorum (PM) (Park et al., 2001; Dong et al., 2014), rhubarb (Wang
et al., 2011; Albersmeyer et al., 2012), Tripterygium wilfordii (Li et al., 2015), Fructus Aristolochiae
(Abdelgadir et al., 2011; Yuan et al., 2014; Wu et al., 2016), Radix aconiti carmichaeli (Murayama
et al., 1991; Zhang et al., 2016), Periploca sepium bunge, Nuces vomicae (Ng et al., 2013) and
others. Some of these toxic components are unambiguous; for example, aristolochic acid, which
is present in fructus aristolochi, has renal toxicity (Mengs and Stotzem, 1993; Okada et al., 2003),
and the cardiac glycosides in P. sepium bunge can induce arrhythmia (Demek and Sporni, 1969;
Kobinger et al., 1970). In general, these studies have ignored the relationship between the factors
of geographical areas/batches and toxicity. However, the batch and product variability of herbs
is an important factor for herbal hepatotoxicity assessments (Teschke et al., 2013). The Adverse
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Drug Reaction (ADR) monitoring system in China also considers
the place of origin of the herbs as an important factor in
their adverse reactions (Zhang et al., 2012). Furthermore, some
CHM ingredients that induce adverse reactions, such as PM, are
ambiguous.

Polygonum multiflorum consists of the roots of the
Polygonaceae plant Radix polygoni multiflori. PM can be
used in the treatment of hypertension (Ding and Zhu, 2009),
NAFLD (Yang et al., 2013), Alzheimer’s disease (Chen et al.,
2010) and other clinical diseases (Zhu, 2011; Lin et al., 2015b).
Currently, clinical reports on adverse reactions resulting
from PM and its preparations, especially liver injury, have
received wide attention. The Medicines and Healthcare Products
Regulatory Agency has issued relevant information about the
adverse reactions of PM. Currently, liver injuries (especially acute
injuries) caused by taking PM have been reported worldwide
(But et al., 1996; Mazzanti et al., 2004; Panis et al., 2005). These
include 66 herb-induced liver injury (HILI) cases reported by
302 Military Hospital in China, which were associated with
PM and preparations of its compounds (Zhu et al., 2016) using
the Roussel Uclaf Causality Assessment Method (RUCAM)
(Danan and Teschke, 2016). In the present study, PM was
used as an example to analyze the relationship between the
geographical areas/batches and toxicity and to speculate on
the hepatotoxicity-inducing components in PM. Although the
analytical procedure is consistent with the method we have
previously used (Lin et al., 2015a), more attention was paid to the
verification of the speculative results to reduce the false-positive
results in this study. The experimental procedure is shown in
Figure 1.

MATERIALS AND METHODS

Chemicals
Methanol (HPLC-grade) was purchased from Fisher (United
States). A CascadaTM IX-water Purification System (Pall
Co., United States) was used to provide high purity water.
The standard for emodin, 2,3,5,4′-tetrahydroxystilbene-2-O-
β-glucoside (TSG) was provided by Shanghai Standard Biotech
Co., Ltd (Shanghai, China). Emodin-8-O-β-D-glucopyranoside
(EDG) was provided by Shanghai Yuanye Bio-Technology Co.,
Ltd. (Shanghai, China). The different geographical areas/batches
of PM samples (21 batches) were purchased from Anguo
medicine market. Dulbecco’s modified Eagle’s medium (DMEM),
penicillin, streptomycin, and fetal bovine serum (FBS) were
obtained from Gibco-Life Technologies (United States). A Cell
Counting Kit (CCK-8) was obtained from Dojindo (Tokyo,
Japan).

Preparation of PM Samples from
Different Geographical Areas/Batches
and Constituent Analysis
The powdered samples (4.0 g crushed and passed through
a No. 4 sieve) were extracted with 20 volumes of methanol
for 60 min, after which the supernatants were cooled

FIGURE 1 | Schematic diagram of the experimental process.

to room temperature, filtered and evaporated to dryness.
The residue was dissolved in 5 mL of 50% dimethyl sulfoxide
(DMSO–water solution). The DMSO solutions were diluted
with 10% FBS (HyClone, Logan, UT, United States) and
antibiotics (100 U/mL penicillin and 100 µg/mL streptomycin)
in DMEM (DMEM, Gibco Invitrogen Corp., Grand Island,
NY, United States) to the concentrations shown in Table 1.
To facilitate the comparison of the toxicity of PM among
the various geographical areas/batches, the concentrations of
the samples that were used for the cell counting kit (CCK-8)
reduction assay were calculated on the quantity of crude
drug/mL.

The stock solutions in DMSO that were used for the cell assays
were diluted 100-fold with a 50% methanol–water solution,
vortexed for 30 s and then centrifuged at 14,000 rpm for
10 min. Then, the supernatants were centrifuged again at
14,000 rpm for 10 min and collected for UPLC-Q-TOF/MS
analysis. The analysis of the main constituents of the various
fractions in the PM from various sources was performed on
a Waters Xevo G2 Q-TOF/MS (Waters Corp., Milford, MA,
United States) using the negative detection mode. The mass
spectrometric parameters were as follows: Cone gas flow rate: 50
L/h; Source temperature: 120◦C; Capillary: 2.5 kV; Desolvation
temperature: 350◦C; Gas flow rate: 600 L/h; Full-scan range: 50
to 1200 m/z.

The Cytotoxicity and Hepatotoxic Assay
Culture Conditions
L02 cells (also called HL-7702 cells), a normal human liver
cell line, were purchased from the China Infrastructure of
Cell Line Resources. The L02 cells were cultured in DMEM
supplemented with 10% FBS in a humidified incubator with 5%
CO2 and 95% air at 37◦C. The cells were passaged at 80–90%
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TABLE 1 | Cell Counting Kit-8 assay results and IC50 for 21 batches of Polygonum multiflorum (means ± SD).

Batch NO. Concentration (mg crude drug/mL) IC50

2 1 0.5 0.25 0.125 0.0625

1 14.34 ± 0.06 20.46 ± 0.49 48.84 ± 2.16 79.89 ± 2.92 95.67 ± 0.88 99.1 ± 1.18 0.83

2 13.05 ± 0.42 15.21 ± 0.59 40.62 ± 0.67 79.63 ± 5.70 88.32 ± 2.15 95.15 ± 2.65 0.757

3 14.33 ± 2.42 14.64 ± 0.31 32.01 ± 1.56 73.14 ± 1.65 95.44 ± 3.34 99.81 ± 9.37 0.715

4 13.32 ± 0.92 17.62 ± 0.15 32.48 ± 1.95 60.4 ± 1.58 84.14 ± 1.14 98.53 ± 7.74 0.687

5 14.5 ± 0.33 16.1 ± 0.61 44.61 ± 2.04 73.85 ± 3.61 92.04 ± 6.45 95.35 ± 6.52 0.779

6 11.4 ± 2.08 15.08 ± 2.66 39.76 ± 2.14 69.53 ± 2.52 86.1 ± 3.56 94.36 ± 4.92 0.692

7 7.11 ± 0.42 41.2 ± 0.49 72.7 ± 2.28 86.2 ± 2.77 90.81 ± 2.34 93.58 ± 1.14 0.944

8 14.72 ± 0.32 54.74 ± 1.12 78.76 ± 4.42 86.69 ± 1.43 92.37 ± 2.86 93.15 ± 1.63 1.151

9 41.81 ± 1.25 74.14 ± 2.62 85.8 ± 2.74 88.12 ± 0.66 96.55 ± 6.47 98.87 ± 4.50 1.73

10 8.8 ± 0.60 59.68 ± 0.91 89.83 ± 0.43 91.27 ± 3.22 96.19 ± 7.60 98.45 ± 0.31 1.177

11 18.15 ± 3.69 70.09 ± 4.47 90.46 ± 3.62 97.28 ± 10.64 102.04 ± 7.52 102.41 ± 9.82 1.383

12 36.44 ± 1.56 71.8 ± 7.75 87.57 ± 8.66 93.19 ± 12.92 98.18 ± 7.86 101.24 ± 1.40 1.629

13 34.75 ± 2.43 75.57 ± 2.31 94.37 ± 1.55 97.56 ± 2.96 97.32 ± 1.85 101.17 ± 2.85 1.656

14 17.17 ± 2.24 51.62 ± 1.88 80.41 ± 3.36 90.95 ± 5.74 94.75 ± 4.52 98.98 ± 4.76 1.199

15 34.62 ± 4.39 70.94 ± 10.66 87.8 ± 5.36 93.14 ± 6.65 96.17 ± 11.97 100.06 ± 4.16 1.595

16 32.64 ± 3.44 67.14 ± 2.48 85.43 ± 6.43 93.94 ± 7.34 95.51 ± 13.55 98.95 ± 8.65 1.527

17 16.65 ± 0.52 51.36 ± 3.03 86.82 ± 2.35 92.07 ± 3.44 95.24 ± 6.59 96.27 ± 3.72 1.213

18 17.27 ± 2.33 54.25 ± 2.58 83.96 ± 1.94 88.16 ± 6.78 88.92 ± 1.83 90.44 ± 1.16 1.195

19 26.83 ± 1.45 72.48 ± 3.09 93.47 ± 5.56 94.69 ± 3.25 101.31 ± 4.30 101.2 ± 12.36 1.515

20 30.74 ± 1.42 67.48 ± 7.03 87.54 ± 3.40 93.71 ± 2.37 96.61 ± 3.79 100.36 ± 8.12 1.382

21 31.3 ± 2.39 71.67 ± 3.19 88.91 ± 5.47 98 ± 3.84 99.35 ± 2.90 99.95 ± 1.29 1.562

confluence using trypsin (0.5%, Sigma, St. Louis, MO, United
States) digestion.

Cell Viability Assay (CCK-8)
The CCK-8 reduction assay, which is based on WST-8
([2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5 -(2,4-
disulfophenyl)-2H-tetrazolium), was used to determine the
cell proliferation and cytotoxicity. WST-8 is reduced by
dehydrogenases in the cells to give a yellow-colored product
(formazan), which is soluble in the tissue culture medium.
The amount of the formazan dye generated by the activity
of dehydrogenases in cells is directly proportional to the
number of living cells. The L02 cells were plated at a density
of 5 × 103 cells/well in 96-well plates (Corning, NY, United
States) and incubated for 24 h. The cells were exposed to a
fresh medium that contained various concentrations of the
extracts for 36 h beginning after the 24 h incubation period
following plating. After the incubation with the extracts,
the medium was removed, and 100 µL of fresh DMEM
containing 10 µL of the CCK-8 solution was added to each
well of the 96-well plates, which were then incubated for
3.5 h. The absorbance of the samples was measured at 450 nm
using a microplate reader (Thermo, Multiskan, GO, United
States).

The Hepatotoxicity Assay by High Content Screening
High content screening (HCS) is used to identify the
hepatotoxicity of compounds and extracts by simultaneous
detection of cell loss, nuclear DNA, reduced glutathione
(GSH) level, intracellular reactive oxygen species (ROS) and

mitochondrial membrane potential (MMP) as multiplexed
targets of hepatotoxicity. The L02 cells were seeded into collagen-
I-coated clear-bottom 96-well plates (5 × 103 cells/well, BD
BioCoatTM Plate Product) and incubated for 24 h. The cells
were exposed to various concentrations of the extracts and
control drugs (negative: aspirin; positive: ticlopidine, which were
formulated according to the instructions of the drug-induced
liver injury assay cartridge) for 36 h. Following this incubation,
the medium was then removed and 100 µL well of the dye
mixture, which contained Hoechst 33342, mBCl dye, ROS dye
and Mito dye, was added to the 96-well plates, and the plates were
incubated for 45 min. The absorbance changes of the specimens
were measured using Thermo Scientific Cellomics ToxInsight
(Thermo Scientific Cellomics, United States).

Data Statistics and Analysis
The cytotoxicity results were expressed as the means ± S.D.,
which were calculated from the triplicate experiments. SPSS
17.0 was used to calculate the IC50 of each tested compound
or extract. The cytotoxicity of the various areas/batches PM
was difficult to distinguish using only the IC50 or inhibition
rate at one concentration. In the experiment, hierarchical
cluster analysis (HCA) and principal component analysis
(PCA) were used to identify and distinguish the relatively
homogeneous groups of cases based on the IC50 and the
inhibition rates on all concentrations. The fingerprint of the
chromatographic peaks from the UHPLC-Q-TOF/MS analysis
used Progenesis QI and Ezinfo software for PCA and OPLS-DA
analysis.
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RESULTS AND DISCUSSION

The Cytotoxicity of PM from Various
Geographical Areas and Batches
The changes in cell proliferation and the IC50 after exposure
to 21 batches of PM extracts are listed in Table 1. The results
showed that all 21 batches of the PM samples inhibited the cell
proliferation, and the variations of the cytotoxicity were obvious
in the samples from different geographical areas or even different
batches from the same geographical areas. For example, the IC50
values for batches 1–7 were less than 1.0 mg crude drug/mL
whereas the others were greater than this concentration. To
evaluate the differences in the toxicity of various geographical
areas/batches of PM, HCA was performed on the basis of the
characteristics of the different toxicity evaluation indices. The
toxic index in the 21 batches of PM samples formed a 21 × 7
matrix. The distances between the 21 samples were calculated
using the SPSS software. As shown in Figure 2A, samples 1–6
were from the Sichuan province, samples 7–12 were from the
Hunan province, samples 13–18 were from the Guzhou province,
and samples 19–21 were from the Guangdong province. The
HCA clearly indicated that the toxicity of PM from different
provinces, or even different batches from the same province, were
significantly different. The HCA results indicated that the toxicity
of 21 batches of PM was divided into two regions, and samples
1–6 were more potent than the other 15 batches. Figure 2B shows
the scores of the different toxicity evaluation indices for the 21
batches of PM after the dimensions were reduced by PCA. The
scatter was also divided into two regions in which a discrete
degree of scatter combined with good clustering was observed
in the PCA scores. This result was consistent with the results of
the HCA, which indicated that the PM samples from the Sichuan
province (batches 1–6) were more toxic than those from the other
provinces (batches 7–21), and the differences in the toxicity were
due to the differences in the composition.

Prediction of the Potentially Toxic
Constituents in PM
A total of 21 batches of PM were analyzed using UPLC-
QTOF/MS (three replicate samples for each batch), and the base
peak ion chromatogram is shown in Figure 3. In this study, the
analytical procedure was mainly performed using the Progenesis
QI software, which is consistent with the analytical method we
have previously used.

First, the TIC spectra of all samples that were collected
using UPLC-Q-TOF/MS were translated into a 2D ion intensity
map (Horizontal: retention time; vertical coordinates: m/z)
using the Progenesis QI software. Then, the alignment and
peak-picking procedures were run. The peaks that were observed
by peak-picking were exported into EZinfo (PCA analysis
software) for the next step of the analysis. Second, the outliers and
classification trends among these extracts were evaluated using
unsupervised PCA. Three clusters were observed in the score
plot, which clearly differentiated among these extracts. Batches
1–6 clustered together, batches 7, 10 and 11 were another cluster,
and the other batches (11–21) composed the last cluster, as shown
in Figure 4A. It was exciting that the results of the component
differences among the 21 batches of PM were consistent with the
toxicity results. Therefore, the component differences between
batches 1–6 and batches 7–21 may be the reason for the difference
in toxicity. The component differences between batches 1–6 and
batches 7–21 were obtained using scatter plots generated using
OPLS-DA as shown in Figure 4B. The characteristic components
with the highest credibility between groups (which were also
the significantly different variables) were located at both ends
of the S-curve and displayed a large absolute value of p(corr)[1]
and coefficients. A total of 28 compounds were found to differ
between batches 1–6 and batches 7–21. Correlation analysis was
adopted for these compounds through Progenesis QI software
as shown in Figure 4C. A description of these constituents is
shown in Table 2. The results showed that 16 compounds were

FIGURE 2 | Hierarchical cluster analysis and PCA results for the cytotoxicity of 21 batches PM (A) HCA result; (B) PCA result.
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FIGURE 3 | The base peak ion chromatogram for 21 batches of PM.

FIGURE 4 | (A) The PCA scores of the component difference among the 21 batches; (B) OPLS-DA scatter plots of the difference between batches 1–6 and batches
7–21; (C) The results of toxic components predicted by the correlation analysis.

abundant in batches 1–6 but were low in the other batches of
PM. These constituents may be the reason that the toxicity of the
PM provided by the Sichuan province was greater than that of
the samples from the other geographical areas. The identification
procedure for the 16 potentially toxic constituents is provided in
the “Supplementary Material.”

Validation of Potential Toxic Constituents
The speculative results assumed that the analysis results of this
research are similar to previous studies. However, there are some
differences, such as the fact that emodin was not present in

this speculative result. It is not clear whether emodin has no
toxic effect or the toxicity of emodin has a small contribution
to the toxicity of PM. This also indicates that there are some
false-positive results in the speculated results. To obtain more
accurate results, two methods were adopted to verify their
accuracy.

(I) The first method evaluated the cytotoxicity and
hepatotoxicity of the existing compounds (including
TSG, EDG and emodin) in PM through CCK-8 assay and
HCS to validate the speculated results.
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TABLE 2 | The potentially toxic compounds predicted by correlation analysis and peak areas in the various fractions of Polygonum multiflorum.

NO. m/z tR p[1]P p(corr)[1]P Factor of Change
(Batch1-6 vs. Batch7-21)

Identification

1 577.1347 3.09 −0.0673 −0.88966 2.3 Procyanidin B2

2 729.1462 6.34 −0.0995 −0.981456 220.8 Galloyl-procyanidin

3 405.1186 8.2 −0.3917 −0.637517 1.2 TSG

4 557.1295 10.39 −0.2456 −0.986749 76.7 Tetrahydroxystilbene-O-(galloyl)-hex

5 431.0973 11.46 −0.1249 −0.991541 7.9 Emodin-O-glc

6 511.0542 12.49 −0.0929 −0.954889 165.6 Emodin-O-hex-sulfate

7 407.1335 13.55 −0.1339 −0.961387 2.8 Torachrysone-glucoside

8 431.0975 13.98 −0.363 −0.981783 2.6 EDG

9 583.1088 14.47 −0.0666 −0.9842 153.2 Unknown

10 559.1449 14.58 −0.1004 −0.992625 10000 Torachrysone-O-glucogallin

11 473.108 14.81 −0.1589 −0.871941 2.9 Emodin-O-(acetyl)-hex

12 517.098 14.81 −0.1094 −0.903225 3.7 Emodin-O-(malonyl)-hex

13 449.1442 14.88 −0.0945 −0.954155 4.4 Pinostilbenoside

14 283.06 15.12 −0.135 −0.82364 1.8 Anthraquinone

15 445.1148 15.12 −0.0917 −0.970935 4.6 Glucoobtusifolin

16 283.06 16.1 −0.0857 −0.914172 3 Anthraquinone

(II) The second method was to separate the PM into different
extracted fractions according to the type of constituents
in PM, including the total, the dichloromethane
(DCM) fraction (the content of which was mainly free
anthraquinone), the water fraction (which consisted
mainly of tannins and polysaccharides), the 30% ethanol
fraction (mainly composed of polyhydroxystilbenes
such as TSG) and the 70% ethanol fraction (mainly
composed of conjugated anthraquinones such as EDG).
The extraction and separation procedures and the results
of the analysis of the main components of these five
extract fractions are provided in the “Supplementary
Material.” Finally, the speculative results were validated
by investigating the cytotoxicity and hepatotoxicity of
these extracts.

The Cytotoxic of Different Fractions of PM and Its
Three Major Components Using the CCK-8 Assay
To evaluate the toxicity of different fractions of PM and
three of its major components, the CCK-8 assay was used to
determine cell viability before performing HCS in vitro. The
changes in cell proliferation after exposure to the total fraction,
the water fraction, the 30% ethanol fraction, the 70% ethanol
fraction and the DCM fraction are listed in Table 3. The
total fraction showed significant cytotoxicity, with an 83.56%
inhibition of the cell growth at 1100 µg/mL. The cytotoxicity
of this extract was the highest of the five fractions tested. The
cytotoxicity of the 30% ethanol fraction was the second most
toxic as indicated by the 71.54% inhibition of the cell growth
at 220 µg/mL. The cytotoxicity of the 70% ethanol fraction was
weaker than the 30% ethanol fraction. The cell survival rates
after treatment with the 70% ethanol fraction were higher than
the rates for treatment with the 30% ethanol fraction in the
CCK-8 assay, with 26.33% inhibition at 70 µg/mL. The toxicities
of the water and DCM fractions were the weakest of these

five extracts, as indicated by markedly lower inhibition of the
growth.

The cytotoxicity of emodin, which inhibited cell growth
71.54% at 220 µg/mL, was stronger than that of TSG and EDG.
TSG and EDG did not obviously inhibit the cell proliferation at a
concentration of 100 µg/mL. The changes in cell proliferation are
listed in Table 4.

The Hepatotoxicity of the Various Fractions of PM
and Its Three Major Components by HCS
The HCS results for various concentrations of the five extracts
and the two control compounds (negative: aspirin; positive:
ticlopidine) are shown in Figure 5. The five indexes were positive
for ticlopidine and negative for aspirin. These results showed that
the positive drug was obviously toxic to the L02 cells whereas
aspirin was non-toxic.

The cell loss induced by the total extract and the 30%
ethanol fraction were more severe than that induced by the other
fractions. The DCM fraction and the water fraction also showed
a downward trend and decreased to below the toxicity threshold.
This result was similar to that of the CCK-8 assay. The Hoechst
33342 staining results showed that the nuclei of the cells in the
aspirin group were homogeneously fluorescent, whereas nuclear
shrinkage, chromatin condensation, a significantly reduced cell
number, and cell apoptosis were observed for the other fractions
and ticlopidine groups, as shown in Figures 5, 6. The GSH levels
of the total extract, the 30% ethanol fraction, the 70% ethanol
fraction and the DCM fraction decreased as the dose increased:
the effects of total extract and the 30% ethanol fraction were more
obvious compared with the other groups. However, the GSH
levels increased following exposure to the water fraction, and
at all concentrations, these levels remained above the threshold.
ROS, which have the potential to cause damage to cellular DNA,
RNA and proteins, were produced. The levels of ROS increased
as a function of the dose of the DCM fraction. A normal MMP is
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a prerequisite for maintaining oxidative phosphorylation, which
produces ATP in the mitochondria, and a stable MMP is needed
to maintain the normal physiological function of cells. The high
content fluorescence imaging system results showed that the level
of MMP increased significantly with increasing concentrations of
the total extract and ticlopidine, and exceeded the safety threshold
as defined by the negative control group.

The HCS result showed that emodin caused changes in the
cell loss, nuclear DNA, GSH, ROS and MMP levels, and it also
indicated that emodin is an important chemical constituent that
induces liver cell damage. This result was consistent with the
literature (Qu et al., 2013). However, whether emodin was the
main component caused liver cell damage in PM, it will be made
a detailed analysis in next section. Although there were changes
in the DNA and GSH levels following exposure to TSG and EDG,
there were no significant changes in the number of cells. This also
suggests that high concentrations of TSG and EDG might lead to
liver cell damage. These results are also shown in Figures 5, 6.

Speculative Result Verification by the Combination of
Two Methods
The cytotoxicity and hepatotoxicity results indicated that emodin
was more toxic than TSG and EDG, and the toxicity of total
extract was greater than that of the other fractions. However,
the concentration of emodin was only 2.45 µg/mL when the
concentration of the total extract was 1100 µg/mL. According
to the CCK-8 and HCS assay results, emodin did not inhibit
the cell proliferation or cause hepatotoxicity at a concentration
of 2.45 µg/mL. These results indicated that emodin was not
the major hepatotoxic constituent of PM. Meanwhile, the DCM
fraction, which mainly contains free anthraquinones, also did
not strongly inhibit the cell proliferation. These results also
indicated that the free anthraquinones (including emodin)
and pinostilbenoside were not the major hepatocyte toxicity
constituents of PM.

Similarly, although EDG could lead to liver cell damage at
a concentration of 100 µg/mL, the concentration of EDG was
only 11 µg/mL when the concentration of the total extract
was 1100 µg/mL. The 70% ethanol fraction, in which the
content was mainly a conjugated anthraquinones, also did not
strongly inhibit the cell proliferation. These results indicated
that the sum of the combined anthraquinones (such as EDG)

TABLE 4 | Cell Counting Kit-8 assay results for three major constituents of
Polygonum multiflorum.

µg/mL TSG Emodin EDG

Cell
proliferation

(%)

Cell
proliferation

(%)

Cell
proliferation

(%)

100 97.43 ± 2.38 23.12 ± 1.14 78.65 ± 2.69

50 101.27 ± 2.02 44 ± 1.79 81.93 ± 0.33

25 101.03 ± 1.98 55.66 ± 1.02 84.63 ± 2.83

12.5 100.48 ± 0.89 76.3 ± 1.42 92.06 ± 0.87

6.25 100.96 ± 2.56 81.74 ± 0.64 92.94 ± 4.99

3.125 99.73 ± 1.68 94.33 ± 4.53 97.54 ± 2.6
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FIGURE 5 | Various concentrations of the components and extracts inhibited cell proliferation, DNA damage, GSH levels, ROS levels, mitochondrial membrane
potential changes in proliferating cells. A, total extract; B, Water fraction; C, 30% ethanol fraction; D, 70% ethanol fraction; E, DCM fraction; F, TSG; G, EDG; H,
Emodin.

FIGURE 6 | Comparison of the components and extracts on the cell state and fluorescence intensity in L-02 cells.
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was not the primary constituent that causes hepatotoxicity
in PM.

In this study, the 30% ethanol fraction (which mainly
consisted of TSG) was strongly cytotoxic, and the cell loss, nuclear
DNA, GSH, ROS and MMP levels of L-02 cells induced by the
30% ethanol fraction were similar to those of the total extract
based on the CCK-8 and HCS assays. The water fraction, the 70%
ethanol fraction and the DCM fraction were weakly cytotoxic
and hepatotoxic compared with the 30% ethanol fraction in
the same samples of the crude herbs. Some components in the
30% ethanol fraction of PM had a strong toxic effect, suggesting
that these constituents were the main source of hepatotoxicity
induced by PM. The total extract and the 30% ethanol fraction
inhibited the cell growth by 83.56% at 1100 µg/mL and 71.54% at
220 µg/mL, respectively, which indicated significant cytotoxicity
and hepatotoxicity. According to the results of the TSG content
determination, this compound is mainly present in the 30%
ethanol fraction. The concentration of TSG was 105 µg/mL
when the concentration of the total extract was 1100 and
78 µg/mL when the concentration of the 30% ethanol fraction
was 1100 µg/mL. However, the CCK-8 and HCS assays indicated
that the TSG monomer did not show strong cytotoxicity and
hepatotoxicity at a concentration of 100 µg/mL. Therefore, TSG
was also a false-positive result, and there were other constituents
of the 30% ethanol fraction that are the main toxic component
in PM.

The correlation analysis results of toxicity and the relative
content of 16 potential toxic constituents of the various fractions
of PM using UHPLC-Q-TOF/MS and the Progenesis QI software
showed that the relative content of tetrahydroxystilbene-O-
(galloyl)-hex TSG and emodin-O-hex-sulfate were positively
correlated with toxicity of different fractions of PM, and the
content of these compounds were also high in the total extract
and 30% ethanol fraction. The analysis results are provided in
the “Supplementary Material.” Other constituents such as EDG,
emodin-O-glc, torachrysone-glucoside, galloyl-procyanidin, etc.,
might be false-positive results.

The above results illustrate that, although emodin has a
strong toxic effect (Wang et al., 2007), it might not be the
main constituent that causes hepatocyte toxicity in PM due to
its low content. TSG was a false-positive result, as indicated
by its weak toxic effect despite its high content in PM. EDG,
pinostilbenoside, emodin-O-glc, torachrysone-glucoside and free
anthraquinone also showed false-positive results. Combined
with correlation analysis results of the content of 16 potential
toxic constituents in the various fractions of PM, only two
components, tetrahydroxystilbene-O-(galloyl)-hex and emodin-
O-hex-sulfate, might be the main toxic components in PM.

CONCLUSION

Polygonum multiflorum is a widely used herbal medicine in China
and Japan, and there were 61 Chinese patent drugs collected
in Chinese Pharmacopoeia 2015 edition that contained PM or
its preparations. The reports and research on the hepatotoxicity
of PM and its preparations have increased (Cho et al., 2009).

Some studies have suggested that PM-induced liver injury is
idiosyncratic and have established a relevant animal model
(Fan et al., 2015; Li C. Y. et al., 2016). However, other studies
have also shown that PM induced liver injury with dose-toxicity
relationship (Ma et al., 2015; Li H. et al., 2016), and some reports
on the internet have also indicated that excessive consumption
of PM can cause liver failure. The China Food and Drug
Administration (CFDA) has limited the dose of raw PM to
1.5 g/day and processed PM to 3.0 g/day and added subjects with
“Liver dysfunction, family history of liver disease” as unsuitable
for the use of healthy food that contains PM. The CFDA has
also encouraged research on the mechanism of the liver injury
caused by PM, including identifying diagnostic biomarkers for
early warning and detection of the liver injury induced by PM in
clinical studies (Teschke et al., 2016).

However, the hepatotoxic components of PM that result in
liver injury have not been clearly shown despite the wide concerns
in recent years aroused by reports of PM-induced hepatotoxicity.
Some studies considered the toxic constituent to be emodin
whereas some considered it to be the combined anthraquinones.
Tannins, TSG and other components have also been considered
(Yu et al., 2011; Lv et al., 2015; Li et al., 2017; Wang et al.,
2017). There were substantial differences in the contents of the
constituents among the different geographical areas/batches of
PM (Lin et al., 2015c). The toxicity of PM obtained from different
geographical areas or batches should, therefore, be investigated.
The results of our study show that the toxicity of PM was clearly
different among the different geographical areas: in particular, the
most toxic PM was from the Sichuan province. The differences in
the composition of the PM obtained from the Sichuan province
compared to those from the other provinces were analyzed by
Progenesis QI software and UHPLC-Q-TOF/MS. To obtain more
accurate results and reduce the false-positive rate, two methods
were used to verify the speculative results. It was noteworthy
that emodin was not the main toxic constituent that caused
the hepatocyte toxicity of PM, and the toxicity of PM may
be related to tetrahydroxystilbene-O-(galloyl)-hex and emodin-
O-hex-sulfate. Further studies are warranted to investigate the
toxicity of these two components. The studies also should pay
attention to improving the processing technology to decrease the
content of these two components of PM, which could reduce
the liver toxicity and ensure the safety of clinical applications.
Furthermore, the quality of CHM should be strictly controlled,
and evidence-based clinical trials should be performed using
scientific methods such as RUCAM to assess causality for herbs
in suspected liver injury (Danan and Teschke, 2016). Then, a
positive risk/benefit profile should be confirmed to enhance its
globalization (Teschke et al., 2014; Teschke and Eickhoff, 2015).
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