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Abstract

Polygonum multiflorum Thunb. is an important medicinal plant in North America
and East and Southeast Asia. Its tuberous roots contain numerous bioactive
compounds, including anthraquinones, stilbenes, tannin, and phospholipids with
pharmaceutical properties, and were used as a traditional folk for a thousand years.
The root extracts of this herb, as well as isolated compounds, have been demon-
strated to possess several medicinal properties which have been widely employed
such as coronary heart disease, hyperlipidemia, neurosis, other diseases, etc. In this
chapter, we presented the nutritional status, chemical compounds isolated from
tuberous roots, and pharmacological properties of this medicinal plant.

Keywords

Biological activities · Pharmacology · Phytochemicals · Polygonum multiflorum

1 Introduction

Polygonum multiflorum Thunb. (PM) belongs to the Polygonaceae family and is
commonly known as “Fo-ti” in North America, “Heshouwu” in China, “Jeok-Hasuo”
in Korea, and “Hà thủ ô đỏ” in Vietnam; it is also popular as tuber fleeceflower root or
Chinese knotweed (Fig. 1) [1, 2]. The tuberous roots of this plant are usually harvested
from 3- to 4-year-old plants and are used in the preparation of medicine after drying
[2, 3]. Numerous studies have demonstrated that the root extracts of this herb contain
an array of bioactive compounds, such as anthraquinones, stilbenes glycoside, phe-
nolics, phospholipids, etc. with pharmaceutical properties [4–7]. To date, more than
170 compounds in PM have been identified [5, 7].

In traditional Chinese medicine (TCM), the root extract of PM was used as a tonic
to strengthen liver and kidney functions, life longevity, hair dye, and detoxify the
body [3, 8]. In traditional Korean medicine (TKM), PM has been cleared to treat the
liver, kidney, blood, and hemorrhoids [9]. On the other hand, it has been widely
utilized in blood pressure lowering and potential ability to reduce arteriosclerosis,
cardioprotection, nerve strengthening, etc. [9–11]. Besides that, the root extract of
PM showed potent antioxidant activities, antiaging, antidiabetic, anticancer, anti-
inflammatory, and antimicrobial [2, 7]. Especially, the usefulness of PM has been
demonstrated in curing Alzheimer’s and Parkinson’s disease in recent studies
[2, 5]. Although PM-based products have been used for thousands of years and
were considered to be safe for human consumption [2, 12, 13], long-term usage of
PM products may cause liver and kidney toxicity [5, 7]. This chapter presents
botanical details, nutritional status, chemical compounds, pharmacological proper-
ties, and toxicity of this medicinal plant.
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2 Botanical Details

PM is widely distributed around the globe and is used in many herbal drugs. It was
found in North America and East and Southeast Asia like Korea, China, Japan, and
Viet Nam, where it has long been known as a traditional medicinal plant [9, 14]. PM
is a herbaceous perennial vine plant, with a maximum height of 3–4 m (Fig. 1a). This
plant has dark-brown, hypertrophic undergrowth tuberous root with 5–15 cm in
length and 3–10 cm in diameter (Fig. 1b–f) [2, 9]. The ovate or heart-shaped leaves
are 3–7 cm long and 2–5 cm broad (Fig. 1a). Inflorescences are dense panicles
bearing small flowers; fruits are small bearing achenes [5–7, 14]. PM grows in warm
and humid places with temperatures of 16 to 21 �C and 70–80% humidity. They can
be cultivated in farmlands or the edge of the forest and harvested after 3–4 years in
autumn and winter while the leaf turns yellow [7, 9, 15].

In TKM and TCM, many parts of PM such as stem, root, rhizome, leaves, and
tuberous roots were used as oriental medicine (Fig. 1b–f) [14, 16–18]. It was used
alone or in combination with other remedies in traditional medicine. Among
them, the tuberous roots were mainly important for their medicinal value
(Fig. 1) [7, 15].

Fig. 1 Polygonum multiflorum collected in Da Nang City, Viet Nam. (a) the aerial portion of the
plant; (b) the underground part and tuberous roots; (c) roots and rhizome part; (d) estimated
100-year-old tuber (collected in Chungbuk province, Korea); (e) crude tuberous root slices;
(f) process tuberous root slices. Scale bar: 5 cm

37 Bioactive Compounds and Biological Activities of Tuber Fleeceflower. . . 983



3 Nutritional Benefits

PM is not only well-known in traditional medicine but is also used as a popular
functional food and dietary supplement [19]. The tuberous root was rich in nutrients
including carbohydrates and starch (Table 1); which were more than 40% (in weight)
of starch and non-starch polysaccharide, and approximately 45% starch was
observed [9, 19, 20]. In addition, the crude root of PM also contains monosaccha-
rides such as D-glucose and D-fructose [15, 21]. Sucrose, the disaccharide, has also
been detected. The content of D-glucose gradually increased, but D-fructose,
sucrose, and the total sugars contents are reduced in 16 h of processing [15, 21]. Phos-
pholipids, such as lecithin, lipositol, and phostidic acid, were also obtained in the
root of PM with content of approximately 0.15–0.30%. Fatty acids, free amino acids,
and essential amino acids were also recorded in PM root processing [22]. In addition,
PM is a unique medicinal plant that shows completely different chemical compo-
nents and concentrations in the crude and processed roots [2, 6]; two major pro-
cessing methods were recorded in the early literature namely “the black bean
processing method” and “steaming method” [2, 6].

4 Bioactive Compounds

PM’s crude root and processing root extract contain more than 170 compounds.
Phenolics, anthraquinones, and stilbene glycosides are the three main types of
effective compounds [6, 7, 18].

Table 1 Nutritional
benefits of Polygonum
multiflorum

Components References

Starch [12, 19, 20]

Phospholipids

Squalene [15]

Lecithin [15, 21]

Lipositol [15, 21]

Phosphatidic [15, 21]

Ethyl oleate [15, 21]

Octadecanoic acid methyl ester [15, 21]

Octadecanoic acid ethyl ester [15, 21]

Carbohydrate compounds

Polysaccharides [19]

D-glucose [15, 21]

D-fructose [15, 21]

Sucrose [15, 21]

Fatty acid [22]

Amino acid [22]
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4.1 Anthraquinones

Anthraquinones compounds that were mainly isolated from PM were emodin,
physcion, and their derivatives (Table 2; Figs. 2 and 3). Various compounds such
as rhein, chrysophanol, and 2-methoxy-6-acethyl-7-methyliuglone were also
reported (Table 2; Fig. 2).

Table 2 Anthraquinones isolated from Polygonum multiflorum (Thunb.)

Compounds References

Emodin [2, 5, 23–27]

Aloe-emodin [24, 28]

Rhein [24, 26, 28]

Chrysophanol [23, 24, 28]

Physcion [1, 2, 4, 24, 25, 27–29]

Emodin-8-O-β-D-glucopyranoside [28, 30]

Physcion-8-O-β-D-glucopyranoside [28, 30]

Physcion-8-O-(60 -O-acetyl)-β-D-glucopyranoside [31]

Emodin-8-O-(60 -O-acetyl)- β-D-glucopyranoside [32]

2-Methoxy-6-acethyl-7-methyliuglone [33, 34]

Fig. 2 Anthraquinones isolated from Polygonum multiflorum roots [2]
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4.2 Stilbene Glycoside

Stilbenes glycoside was reported to be the chief constituent of PM. 2,3,5,
40-tetrahydroxystilbene-2-O-β-D-glucopyranoside (TSG) was reported as the most
important compound isolated from the root, which numerous pharmacological effects
(Table 3; Fig. 4) [2, 5–7]. Rhaponiticin, polydatin, resveratrol, and cis-TSG were also
major stilbenes isolated from roots of PM (Table 3, Fig. 4) [2, 5–7]. In addition, various
compound belonging to the stilbenes group was also recorded (Table 3, Fig. 4).

4.3 Phenolic Compounds

Phenolic compounds are the most abundant secondary metabolites in plants, espe-
cially medicinal plants, with more than 8000 structures ranging from sample mole-
cules (phenolic acids) to highly polymerize substances (tannins) [6, 27]. PM root
extracts were characterized for the content of various phenolic compounds. Flavo-
noids are reportedly the major compound in PM. Catechin, epicatechin, hypericin,

Fig. 3 Chromatogram of the standard mix of some bioactive compounds isolated from Polygonum
multiflorum by HPLC
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quercetin, kaempferol, etc. were observed as the major flavonoid compounds in PM
(Table 4, Figs. 3 and 5). Besides, various phenolic groups such as hydroxycinnamic
acids and hydroxybenzoic acids have also been reported (Table 4).

Table 3 Stilbene glycosides isolated from Polygonum multiflorum (Thunb.)

Compounds References

2,3,5,40-Tetrahydroxystilbene-2-O-β-D-glucopyranoside (TSG) [2, 5–7]

2,3,5,40-Tetrahydroxystilbene-2-O-β-D-(200-O-monogalloyl esters)-
glucopyranoside

[35]

2,3,5,40 -Tetrahydroxystilbene-2-O-β-D-(300-O-monogalloyl esters)-
glucopyranoside

[35]

2,3,5,40-Tetrahydroxystilbene-2,3-di-O-β-D-glucopyranoside [36]

Polygonumosides A-D [37]

Polygonumosides E [38]

2,3,5,40-Tetrahydroxystilbene-2-O-(200-O-p-hydroxybenzoyl)β -D-glucoside
(TSG)

[38]

Rhaponiticin [4, 5]

Polydatin [5, 26, 39]

Multiflorumiside A-G [40, 41]

Multiflorumiside H-L [40, 41]

Polygonibene A [37, 40]

Polygonibene B [37, 40]

Polygonibene B-2a (deglucoslated) [37, 40]

Polygonibene C [37, 40]

Polygonibene C-3a (deglucoslated) [37, 40]

Polygonibene D-G [37, 40]

Resveratrol [5, 6, 39]

Fig. 4 Stilbenes isolated from Polygonum multiflorum roots [2]
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Table 4 Phenolic
compounds isolated from
Polygonum multiflorum
(Thunb.)

Compounds References

Flavonoids

Myricetin [1, 2, 27, 42, 43]

Quercetin [1, 2, 27, 42, 43]

Kaempferol [1, 2, 27, 42, 43]

Catechin [26–28, 30]

Epicatechin [26, 28, 30, 44]

Polygonflavanol A [28, 45, 46]

3-O-Galloyl-(�)-catechin [35]

Tricin [33, 39]

Hydroxycinnamic acid

Chlorogenic acid [2, 27, 42, 43]

Caffeic acid [27, 28, 42, 43]

ρ-Coumaric acid [27, 28, 42, 43]

Ferulic acid [27, 28, 42, 43]

Cinnamic acid [27, 28, 42, 43]

Hydroxybenzoic acid

Gallic acid [27, 28, 30]

Protocatechuic acid [27, 28, 42, 43]

ρ-Hydroxybenzoic acid [27, 28, 42, 43]

Salicylic acid [2, 28, 42, 43]

Other phenolic compounds

Hesperidin [27, 28, 42, 43]

Naringenin [27, 28, 42, 43]

Biochanin [27, 28, 42, 43]

Proanthocyanidin [28, 30]

Fig. 5 Flavonoids isolated from Polygonum multiflorum roots [2]
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4.4 Other Compounds

In addition to the three main groups, PM contains numerous other compounds such
as chromone, quinine, xanthone glycoside, alkaloid, and tannin (Table 5).

5 Biological Activities

5.1 Antioxidant Activities

Free radicals are molecules containing at least one unpaired electron which can react
with the other molecules to induce different types of diseases. The free radicals are
released in the living system as by-products during biological oxidation processes.
To reduce the negative effect of free radicals, huge natural agents were screened to
eliminate them. The genus Polygonum with over 300 species, distributed mostly in
temperate areas, is an important genus of traditional herbal values [49, 50]. Different
important phytochemical compounds were isolated from Polygonum species such as
phenolcarboxylic acids, flavonoids, anthraquinones, and stilbenes [35, 51], and
some of them show free radical scavenging activity.

PM is a valuable herb in traditional medicine. In the early 1980s, Nonaka et al.
[35] isolated two novel stilbene glycoside gallates and proanthocyanidins from
PM by chromatography. Later on, Kimura et al. [52], for the first time, determined
the function of stilbenes from PM in reducing lipid peroxides, which are damaged
lipids due to the release of free radicals from oxidative stress and accumulation.
The study showed that 2, 3, 5, 40-tetrahydroxy stilbene-2-O-β-D-glucoside has
positive effects in controlling lipid peroxides. More importantly, these agents
could inhibit lipid peroxides by artificial induction. Similarly, the water extract
of PM also protects mitochondria from lipid peroxides. However, the active

Table 5 Other compounds isolated from PM Polygonum multiflorum

Compounds References

Chromone

2,5-Dimethyl-7-hydroxychromone (chromenone) [38]

2-(2-Hydroxylpropyl)-5-methylchromenone-7-O-β-D-glucopyranoside [38]

Trycin-7-O-β-D-glucopyranoside [38]

Quinine

7-Acetyl-6-methyl-2,3,8-trihydroxy-1,4-naphthoquinone [47]

Emodin-1-β-D-glucopyranosyl [47, 48]

Xanthone glycoside

Thunberginol C 6-O-β-D-glucopyranoside (polygonimitin D) [48]

Alkaloid

Trans-N-caffeoyltyramine [48]

Hypaphorine [30]

Tanin [2, 4, 7, 46]
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components of the plant have not been determined yet [53]. Thus, the primary data
about the antioxidant activity of PM is suggestive of the need for increased focus
on the isolation and purification of potentially bioactive compounds. Indeed, Siu
et al. [53] suggested that the total water extract of PM root can scavenge oxidants
[53]. Moreover, the fraction of the extract indicated that antioxidant components
were presented in the ethyl acetate, not in hexane or butanol fractions. However, in
this period, it was very rare information about pure compounds of PM involved in
antioxidant activity. Later on, ethyl acetate was used to extract the total crude of
PM and the crude was fractionated into two fractions, of which the anthraquinone-
containing fraction showed a promising effect on inhibiting lactate hydrogenase
leakage, whereas the non-anthraquinone-containing fraction had no effect
[11]. Similarly, Chen et al. [54] extracted cut-dried root of PM in 95% EtOH
and fraction in water, ethyl acetate, and hexane. The authors suggested that only
the ethyl acetate fraction showed strong radical scavenging potential. Moreover,
they also separated some components in the ethyl acetate fraction and found three
compounds that have strong antioxidant activity, including gallic acid, catechin,
and 2,3,5,40-tetrahydroxystilbene 2-O-β-D-glucopyranoside. The study of Lv
et al. [55] was the first time to identify pure components of the fraction that can
scavenge oxidants. Another study focused on the extraction of dried PM root in
water, at different concentrations of EtOH at 65 �C, while crude extract was fed to
experimental mice to determine antioxidant activity [53]. The results indicated
that the crude water extract was better than the EtOH extract in reducing the
accumulation of active peroxide in the hippocampus of treated mice. This leads to
protecting the hippocampus from free radicals. Stilbene glycosides are important
active compounds of PM, the antioxidant activity of the components in reducing
lipid peroxides has been identified and determined so far [52, 54], among the
stilbene 2,3,5,40-tetrahydroxystilbene 2-O-β-D-glucopyranoside has been
reported as a potential free radical scavenging. Previously, the pure 2,3,5,
40-tetrahydroxystilbene 2-O-β-D-glucopyranoside was isolated from ethyl acetate
fraction from PM root by chromatography (CC) on silica gel [54], and this stilbene
was later isolated, purified by polycaprolactam chromatography and was structur-
ally analyzed by high-performance liquid chromatography-mass spectrometry
(HPLC-MS) and Nuclear Magnetic Resonance (NMR) [55]. The result suggested
that 2,3,5,40-tetrahydroxystilbene 2-O-β-D-glucopyranoside was the major
stilbene in PM root and the pure 2,3,5,40-tetrahydroxystilbene 2-O-β-D-
glucopyranoside strongly scavenged free radical, such as DPPH, hydroxyl, super-
oxide anion, as well as inhibited lipid peroxide [55]. An interesting research using
water extract of PM to defend against the damage induced by ultraviolet B
irradiation was conducted [56]. In the research, Hwang et al. [56] showed that
2 weeks of repeated topical application of the water extract of PM on hairless mice
after exposure to ultraviolet B irradiation enhanced recovery, during which the
extract played an important role in maintaining the activity of SOD1 (Cu, Zn
superoxide dismutase), inhibited lipid peroxides and scavenged the free radicals.
Hence, PM extract contains different antioxidant compounds that should be used
in antioxidant therapy.
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5.2 Anticancer Activities

There are different bioactive compounds that have been isolated from PM so far,
however, anthraquinones played an important role in the anticancer effect (Table 6).
Anthraquinones in PM, including rhein, emodin, chrysophanol, and physcion and some
glycosides anthraquinones, were isolated by HPLC, of which emodin and physcion
were important anthraquinones in cancer treatment [1, 5, 57] (Table 6). Several cellular
pathways have been proposed involving the mechanism of action of anthraquinones
against cancer, particularly in apoptosis induction; cell cycle arrest; cancer cell migra-
tion, invasion, and metastasis inhibition [5, 57]. Bioactive compounds generally can
induce apoptosis through two main pathways mediated by death receptors or mito-
chondria apoptosomes [5, 58, 59]. In PM, emodin and its derivatives (emodin-8-O-β-D-
glucoside, aloe-emodin), chrysophanol, physcion and its glucoside-driven (physcion-8-
O-β-D-glucoside), and rhein play an important role in cancer apoptosis [57]. Emodin
was the most studied for cancer treatment among others, and it induced apoptosis in
various cancer cell types and animal models via different pathways (Table 6) [6, 60,
61]. Anticancer mechanisms of action of emodin were proposed to be direct/indirect,
targeting mitochondria to induce apoptosis, and regulating the signaling pathway to
repress tumor migration, invasion, metastasis, and angiogenesis such as GF-β signaling
[62–64]; Wnt/β-catenin and VEGFR2-AKT-ERK1/2 signaling [65, 66], upregulating
miR-34a (tumor-suppressing miR) expression, suppressing AKT, ERK1/2, SMAD2,
and SMAD4, or upregulating PI3K/Akt signaling pathways [61, 67]. Recently, several
groups tried to incorporate emodin with nanoparticles to enhance anticancer activity
[68, 69]. Importantly, the versatile function of emodin in cancer treatment in vitro and
in vivo has been summarized in different papers [60, 62].

Some other derivatives of emodin also play an important role in anticancer, of
which some of the derivatives were generated by modifying emodin structure [69],
or added amino acid sequences to emodin [70], or isolating new emodin-related
compounds such as β-DHA-emodin [71] and aloe-emodin [72]. Notably, most
emodin-derivatives show better anticancer activity than emodin [62, 68–71], partic-
ularly, aloe-emodin, considered a potential agent to repress cancer cells proliferation
and metastasis, induce cellular apoptosis, and act as an anticarcinogen by multiple
signaling pathways [72, 73]. To date, various human cancer cell types were
suppressed by aloe-emodin including bladder cancer, cervical cancer, colorectal
cancer, gastric carcinoma, pharyngeal squamous cell carcinoma, transformed glial
cell line, malignant glioma, monoblastic leukemia cells, lung nonsmall cell carci-
noma, hepatoma, nasopharyngeal carcinoma, neuroblastoma, oral cancer, and ovar-
ian carcinoma [73, 74]. Moreover, rhein, chrysophanol, and physcion also have
anticancer effects [75, 76].

5.3 Antiaging Activities

Many previous studies investigated that one of the main effects of PM is antiaging,
given that it can be used to treat Alzheimer’s and Parkinson’s disease [5–7, 88]. TSG
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isolated from PM tuberous roots have demonstrated an able effect to treat those
diseases through inhibition of acetylcholinesterase (AChE), neuroprotection, and
cognitive [5–7, 88]). On the other hand, Yang et al. [89] reported that ethanolic
extract of PM to SPFC57BL/6 male mice not only reduction of the activity of
malondialdehyde and alanine aminotransferase but also promoted the activity of
the enzymes SOD and GSH-Px in aging mice. In addition, TGS isolated from PM
should be developed as a potential antiaging drug [90].

5.4 Other Biological Activities

The root extract of PM has numerous biological activities such as depicted antifungal,
antibacterial, and antiviral activities [1, 5–7]. In addition, hair growth and hair coloring,
antilipidemic, anti-inflammatory, antitumor, neuroprotection, hepatoprotection, and
immunomodulation are the other pharmacological effect of PM [5–7, 28, 90]. More
detailed studies have also reported pharmacological activities of isolated compounds
from PM such as anti-high cholesterol levels, antiatherosclerosis, antilipidemic, liver
protection, and antifibrosis. PM has been used for the treatment of many diseases, such
as coronary heart, hyperlipidemia, and neurosis, as well as diseases commonly associ-
ated with aging [91].

6 Toxicity

PM-based products are supposed to be safe for humans; however, recent researches
show toxicity related to long-time use of PM products. Liver and kidney toxicity were
the major reports. The crude material was more toxic than the processed root. Yang
et al. [92] observed that the extract of PM with 70% ethanol considerably shows
higher liver toxicity than other solvent extracts (such as water, acetone, and methanol)
in Zebrafish. Anthraquinones, anthrones, and naphthols were alsomentioned to induce
severe liver damage while stilbenes didn’t show apparent toxicity [92]. Hepatotoxicity
and kidney toxicity in PM related to long-term use and overdose have been summa-
rized by several studies [5–7]. Direct effects of the drug on liver cells or through the
generation of toxic reactive metabolites (RMs) using cytochrome P450 enzymes were
reported as the two mechanisms causing liver toxicity [6, 7]. There are also other
possibly disordered mechanism pathways of hepatotoxicity of PM namely oxidative
phosphorylation and TCA cycle pathway, bile acid excretion pathway, different
metabolic pathways, genetic polymorphisms, etc.

7 Conclusions

PM is one of the most famous herbal medicinal plants. PM and its processed
products have been widely used in oriental medicine to treat numerous diseases. In
addition, many cosmetics and functional food products use PM for numerous health
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benefits, leading to its introduction to the market. On the other hand, some studies
have documented the hepatotoxicity of PM in recent years; however, the mecha-
nisms of the toxicity are still unknown. There are several reviews summarizing the
details of the chemical analysis, biological activities, pharmacology, and toxicity of
PM [2, 5–7]. Nevertheless, the following aspects still require more investigation.

PM-based products were initially prepared along with other herbs in folk medi-
cine; therefore, it is necessary to investigate the pharmacological effects and toxicity
of PM in combination with other herbs. Also, many studies suggest that the toxicity
of PM-based drugs in human health was due to long-term usage, higher dose levels,
and long-term delivery. So, determining the dose and time of PM treatment is
required. Moreover, the biosynthetic pathway for the synthesis of anthraquinones
and stilbenes should be studied and explored. In addition, the interaction of different
bioactive compounds such as TSG with physcion and emodin needs to be evaluated.

Acknowledgments This research is funded by the Vietnam National Foundation for Science and
Technology Development (NAFOSTED) under grant number 106.01-2021.34.

References

1. Thiruvengadam M, Nagella P, Kim EH, Kim SH, Chung IM (2014) Production of anthraqui-
nones, phenolic compounds and biological activities from hairy root cutlurs of Polygonum
multiflorum Thunb. Protoplasma 251:555–566

2. Ho TT, Murthy HN, Dalawai D, Bhat MA, Paek KY, Park SY (2019) Attributes of Polygonum
multiflorum to transfigure red biotechnology. App Microbiol Biotechnol 103:3317–3326

3. Han MN, Lu JM, Zhang GY, Yu J, Zhao RH (2015) Mechanistic studies on the use of
Polygonum multiflorum for the treatment of hair graying. Biomed Res Int 2015:1–8

4. Yi T, Leung KS, Lu GH, Zhang H, Chan K (2007) Identification and determination of the major
constituents in traditional Chinese medicinal plant Polygonum multiflorum thunb by HPLC
coupled with PAD and ESI/MS. Phytochem Anal 18:181–187

5. Lin L, Ni B, Lin H, Zhang M, Li X, Yin X, Qu C, Ni J (2015) Traditional usages, botany,
phytochemistry, pharmacology and toxicology of Polygonum multiflorum Thunb.: a review.
J Ethnopharmacol 159:158–183

6. Liu Y, Wang Q, Yang J, Guo X, Liu W, Ma S, Li S (2018) Polygonum multiflorum Thunb.: a
review on chemical analysis, processing mechanism, quality evaluation, and hepatotoxicity.
Front Pharmacol 9:1–16

7. Teka T, Wang L, Gao J, Mou J, Pan G, Yu H, Gao X, Han L (2021) Polygonum multiflorum:
recent updates on newly isolated compounds, potential hepatotoxic compounds and their
mechanisms. J Ethnopharmacol 271:113864

8. Chen Z (2015) Heshouwu. In: Chen Z (ed) Commission of Chinese Pharmacopeia 2015. Pharma-
copeia of People’s Republic of China. 1. Zongguo Yiyao Keji Chubanshe, Beijing, pp 175–177

9. Kim GY, Komakech R, Jeong DH, Jeon K, Park Y, Lee TK, Kim KH, Moon BC, Kang Y (2020)
Verification of the field productivity and bioequivalence of a medicinal plant (Polygonum
multiflorum) developed using an in vitro culture method. Plant 9:1280

10. Choi JW, Lee HS, Kim YE, Kim BM, Kim IH, Lee CH (2012) Effect of Polygoni multiflori
Thunberg extract on lipid metabolism in rats fed high-cholesterol diet. J Korean Soc Food Sci
Nutr 41:957–962

11. Yim TK, Wu WK, Mak DH, Ko MW (1998) Myocardial protective effect of an anthraquinone-
containing extract of Polygonum multiflorum ex vivo. Planta Med 64:607–611

996 T.-T. Ho et al.



12. Song HB, Du XX, Guo XX, Ren JT, Yang L Pang Y (2015) Safety and risk factor analysis of
Polygonum mutiflori Radix base on ancient traditional Chinese medicine literatures. Zhongguo
Zhong Yao Za Zhi 40: 985–988

13. Zhang L, Yang X, Deng Y (2009) Evaluation and consideration on safety information abroad of
Polygonum multiflorum and its preparations. Chin J Chin Mater Med 34:2414–2418

14. Kang Y, Lee K, Choi J, Komakech R, Min J, Ju S, Kim S, Youn C, Kim YG, Moon BC (2018)
Maximizing seedling and root tuber production in Polygonummultiflorum for use in ethnomed-
icine. S Afr J Bot 119:119–131

15. Li R, Gao H (2015) Polygonum multiflorum Thunb. (Heshouwu, Tuber fleeceflower root). In:
Liu Y, Wang Z, Zhang J (eds) Dietary Chinese herbs 2015. Springer, Vienna, pp 227–234

16. Sun QX, Bai MM, Yao H, Guo LJ, Li MM, Hang YY (2013) DNA barcoding of populations of
Fallopia multiflora, an indigenous herb in China. Genet Mol Biol 12:4078–4089

17. Thang DN, Diep NP, Lien HTP, Lien TL (2017) Polygonum multiflorum root extract as a
potential candidate for treatment of early graying hair. J Adv Pharm Technol Res 8:8–13

18. Bounda GA, Feng YU (2015) Review of clinical studies of Polygonum multiflorum Thunb. and
its isolated bioactive compounds. Pharm Res 7:225–236

19. Lv L, Cheng Y, Zheng T, Xiao L, Zhai R (2014) Purification, antioxidant activity and
antiglycation of polysaccharides from Polygonum multiflorum Thunb. Carbohydr Polym 99:
765–773

20. Na MK, Park JY, An RB, Lee SM, Kim YH, Lee JP, Seong RS, Lee KS, Bae KH (2000) Quality
evaluation of Polygonum multiflorum Radix. Kor J Pharmacogn 31:335–339

21. Liu Z, Zhong G, Yan S, Xue F, Zha Z (2008) Study on the change of content of mono-
saccharides and disaccharides in the process of processing of Polygoni multiflori Radix by
HPLC–ELSD. Chin J Exp Tradit Med Form 14(5):6–8

22. Lee HY, Hwang CE, Hwa KF, Cho DY, Jung JG, Kim MJ, Jeong JB, Jang MY, Cho KM (2022)
Comprehensive comparison of the primary and secondary metabolites and antioxidant activity
of Polygoni multiflori Radix by processing methods. J App Biol Chem 65:287–298

23. Huang B, Lin H, Yan C, Qiu H, Qiu L, Yu R (2014) Optimal inductive and cultural conditions of
Polygonum multiflorum transgenic hairy roots mediated with Agrobacterium rhizogenes R1601
and analysis of their anthraquinone constituents. Phrmacog Mag 10:77–82

24. Jiao Y, Zuo Y (2009) Ultrasonic extraction and HPLC determination of anthraquinones, aloe-
emodine, emodine, rheine, chrysophanol and physcion, in roots of Polygoni multiflori.
Phytochem Anal 20:272–278

25. Liang ZT, Shi YX, Chen HB, Zhao ZZ (2011) Histochemical analysis of the root tuber of
Polygonum multiflorum Thunb. (Fam. Polygonaceae). Microsc Res Tech 74:488–49523

26. Zhu ZW, Li J, Gao XM, Amponsem E, Kang L, Hu L, Zhang B, Chang Y (2012) Simultaneous
determination of stilbenes, phenolic acids, flavonoids and anthraquinones in radix Polygoni
multiflori by LC-MS/MS. J Pharm Biomed Anal 62:162–166

27. Ho TT, Lee JD, Jeong CS, Paek KY, Park SY (2018) Improvement of biosynthesis and
accumulation of bioactive compounds by elicitation in adventitious root cultures of Polygonum
multiflorum. Appl Microbiol Biotechnol 102:199–209

28. Qiu XH, Zhang J, Huang ZH, Zhu DY, Xu W (2013) Profiling of phenolic constituents in
Polygonum multiflorum Thunb by combination of ultra-high pressure liquid chromatography
with linear ion trap-Orbitrap mass spectrometry. J Chromatogr A 1292:121–131

29. Han LF, Wu B, Pan GX, Wang YF, Song XB, Gao XM (2009) UPLC-PDA analysis for
simultaneous quantification of four active compounds in crude and processed rhizome of
Polygonum multiflorum Thunb. Chromatographia 70:657–659

30. Han DQ, Zhao J, Xu J, Peng HS, Chen XJ, Li SP (2013) Quality evaluation of Polygonum
multiflorum in China based on HPLC analysis of hydrophilic bioactive compounds and
chemometrics. J Pharmaceut Biomed 72:223–230

31. Sun JL, Huang XL, Wu HQ, Huang F (2009) Determination of content and light stability of cis-
and trans-2,3,5,40-tetrahydroxystilbene-2-O-b-glucoside in radix Polygoni multiflori by HPLC/
DAD/MS. Chin Pharm J 44:541–544

37 Bioactive Compounds and Biological Activities of Tuber Fleeceflower. . . 997



32. Zhang ZG, Lv TS, Yao QQ (2006) Studies on the anthraquinone chemical constituents of radix
Polygoni multiflori. Chin Trad Herb Drug 37:1311–1313

33. Li JB, Lin M (1993) Study on the chemical constituents of Polygonum multiflorum Thunb. Chin
Trad Herb Drug 3:115–118

34. Zhang JX, Cui YM (2016) Chemical constituents from Polygonum multiflorum. Zhongguo
Zhongyao Zazhi 41:3252–3255

35. Nonaka GI, Miwa N, Nishioka I (1982) Stilbene glycoside gallates and proantho-cyanidins
from Polygonum multiflorum. Phytochemistry 21:429–432

36. Zhou LX, Lin M, Li JB, Li SZ (1994) Chemical studies on the ethyl acetate insoluble fraction of
the roots of Polygonum mutifloum Thunb. Acta Pharma Sin 29:107–110

37. Yan SL, Su YF, Chen L, Que M, Gao XM, Chang JB (2014) Polygonumosides A-D, stilbene
derivatives from processed roots of Polygonum multiflorum. J Nat Prod 77:397–401

38. Zhao ZQ, Su YF, Yan SL, Li TX, Li J, Gao XM (2016) Chromenone derivatives from processed
roots of Polygonum multiflorum. Chem Nat Compd 52:838–840

39. Xu YL, Dong Q, Hu FZ (2009) Simultaneous quantitative determination of eight active
components in Polygonum multiflorum Thunb by RPHPLC. J Chin Pharm Sci 18:358–361

40. Li SG, Huang XJ, Li MM, Liu Q, Liu H, Wang Y (2018) Multiflorumisides A-G, dimeric
stilbene glucosides with rare coupling patterns from the roots of Polygonum multiflorum. J Nat
Prod 81:254–263

41. Nguyen TTA, Ha MT, Park SE, Choi JS, Min BS, Kim JA (2020) Stilbenes with potent protein
tyrosine phosphatase-1B inhibitory activity from the roots of Polygonum multiflorum. J Nat
Prod 83:323–332

42. Xu ML, Zheng MS, Lee YK, Moon DC, Lee CS, Woo MH, Jeong BS, Lee ES, Jahng Y, Chang
HW, Lee SH, Son JK (2006) A new stilbene glucoside from the roots of Polygonum multiflorum
Thunb. Arch Pharm Res 29:946–951

43. Chen WS, Zhang WD, Qiao C (2001) Analysis of the constituents of essential oil from radix
Polygoni multiflori preparata. J Chin Med Mater 23:684–685

44. Luo YY, Liu JX, Liu T, Liu XH, Lan CW, Wang SN (2016) Simultaneous determination of
stilbenes, anthraquinones, flavonoids and phenolic acids in Polygoni multiflori radix by UPLC-
MS/MS. Zhipu Xuebao 37:327–335

45. Lee BJ, Lee KJ (2015) Discrimination and proper use of Polygoni multiflori radix, Cynanchi
wilfordii radix, and Cynanchi auriculati radix in Korea: a descriptive review. Roy Soc Med Int
Cong 2015:1–7

46. Chen LL, Huang XJ, Li MM, Ou GM, Zhao BX, Chen MF, Zhang QW, Wang Y, Ye WC (2012)
Polygonflavanol A, a novel flavonostilbene glycoside from the roots of Polygonum multiflorum.
Phytochem Lett 5:756–760

47. Reddy MVB (2016) A new naphthoquinone isolated from Polygonum multiflorum (Poly-
gonaceae). Int J Pharm Pharmaceut Sci 8:387–389

48. Yuan W, Gao ZP, Yan JB, Wang AG (2017) Chemical constituents from Polygonum multi-
florum. Chin Tradit Herb Drug 48:631–634

49. Dong X, Fu J, Yin X, Li X, Wang B, Cao S, Ni J (2014) Pharmacological and other bioactivities
of the genus Polygonum-A review. Trop J Pharm Res 13(10):1749–1759

50. Narasimhulu G, Reddy K, Mohamed J (2014) The genus Polygonum (Polygonaceae): an
ethnopharmacological and phytochemical perspectives – review. Int J Pharm Pharmaceut Sci
6(2):21–45

51. Shen BB, Yang YP, Yasamin S, Liang N, Su W, Chen SH, Wang XJ, Wang W (2018) Analysis
of the phytochemistry and bioactivity of the genus Polygonum of Polygonaceae. Digit Chin
Med 1(1):19–36

52. Kimura Y, Ohminami H, Okuda H, Baba K, Kozawa M, Arichi S (1983) Effects of stilbene
components of roots of Polygonum ssp. on liver injury in peroxidized oil-fed rats. Planta Med
49(9):51–54

53. Siu PI, Tse ASM, Poon MKT, Ko KM, Ma CY (1997) Antioxidant activities of Polygonum
multiflorum Thunb, in vivo and in vitro. Phytother Res 11:42–44

998 T.-T. Ho et al.



54. Chen Y, Wang M, Rosen RT, Ho CT (1999) 2,2-Diphenyl-1-picrylhydrazyl radical-scavenging
active components from Polygonum multiflorum Thunb. J Agric Food Chem 47:2226–2228

55. Lv L, Gu X, Ho CT, Tang J (2005) Stilbene glycoside from the roots of Polygonum multiflorum
Thunb and their in vitro antioxidant activities. J Food Lipids 13:131–144

56. Hwang IK, Yoo KY, Kim DW, Jeong SJ, Won CK, Moon WK, Kim YS, Kwon DY, Won MH,
Kim DW (2006) An extract of Polygonum multiflorum protects against free radical damage
induced by ultraviolet B irradiation of the skin. Braz J Med Biol Res 39(9):1181–1188

57. Zhu Y, Li C, Li H, Wang X (2019) Anti-cancer effect of anthraquinones in Polygoni multiflori
Radix. Chin J Exp Tradit Med Form 24:196–205

58. Cavalcante GC, Schaan AP, Cabral GF, Santana-da-Silva MN, Pinto P, Vidal AF, Ribeiro-Dos-
Santos A (2019) A cell’s fate: an overview of the molecular biology and genetics of apoptosis.
Int J Mol Sci 20(17):4133

59. Chan YC, Cheng FC, Wang MF (2002) Beneficial effects of different Polygonum multiflorum
Thunb. extracts on memory and hippocampus morphology. J Nutr Sci Vitaminol (Tokyo) 48(6):
491–497

60. Akkol EK, Tatlı II, Karatoprak GŞ, Ağar OT, Yücel Ç, Sobarzo-Sánchez E, Capasso R (2021) Is
emodin with anticancer effects completely innocent? Two sides of the coin. Cancers 13(11):2733

61. Yang X, Qin J (2021) Progress on the study of the anti-tumor effect of emodin. J Biosci Med 9:
207–218

62. McDonald SJ, VanderVeen BN, Velazquez KT, Enos RT, Fairman CM, Cardaci TD, Fan D,
Murphy EA (2022) Therapeutic potential of emodin for gastrointestinal cancers. Integr Cancer
Ther 21:15347354211067469

63. Lin SZ, Xu JB, Ji X (2015) Emodin inhibits angiogenesis in pancreatic cancer by regulating the
transforming growth factor-β/drosophila mothers against decapentaplegic path-way and
angiogenesis-associated microRNAs. Mol Med Rep 12:5865–5871

64. Carver W, Fix E, Fix C, Fan D, Chakrabarti M, Azhar M (2021) Effects of emodin, a plant-
derived anthraquinone, on TGF-β1-induced cardiac fibroblast activation and function. J Cell
Physiol 236:7440–7449

65. Bai J, Wu J, Tang R et al (2020) Emodin, a natural anthraquinone, suppresses liver cancer
in vitro and in vivo by regulating VEGFR2 and miR-34a. Investig New Drugs 38:229–245

66. Gu J, Cui CF, Yang L, Wang L, Jiang XH (2019) Emodin inhib-its colon cancer cell invasion
and migration by suppressing epithelial-mesenchymal transition via the Wnt/β-Catenin path-
way. Oncol Res 27:193–202

67. Yang N, Li C, Li H, Liu M, Cai X, Cao F, Feng Y, Li M, Wang X (2019) Emodin induced
SREBP1-dependent and SREBP1-independent apoptosis in hepatocellular carcinoma cells.
Front Pharmacol 10:709

68. Dong H, Wu G, Xu H (2018) N-acetylaminogalactosyl-decorated biodegradable PLGA-TPGS
copolymer nanoparticles containing emodin for the active targeting therapy of liver cancer. Artif
Cells Nanomed Biotechnol 46:260–272

69. Khan H, Jia W, Yu Z, Zaib T, Feng J, Jiang Y, Song H, Bai Y, Yang B, Feng H (2020) Emodin
succinyl ester inhibits malignant proliferation and migration of hepatocellular carcinoma by
suppressing the interaction of AR and EZH2. Biomed Pharmacother 128:110244

70. Yang K, Jin MJ, Quan ZS, Piao HR (2019) Design and synthesis of novel anti-proliferative
emodin derivatives and studies on their cell cycle arrest, apoptosis pathway and migration.
Molecules 24:E884

71. Li C, Gao S, Yang WS, Jin GZ, Sun S (2019) β-Dihydroartemisinin-Emodin promotes apoptosis
by activating extrinsic and intrinsic pathways in human liver cancer cells. Ann Clin Lab Sci 49:
281–290

72. Sanders B, Ray AM, Goldberg S, Clark T,McDaniel HR, Atlas SE, Farooqi A, Konefal J, Lages
LC, Lopez J, Rasul A, Tiozzo E, Woolger JM, Lewis JE (2017) Anti-cancer effects of aloe-
emodin: a systematic review. J Clin Transl Res 3(3):283–296

73. Chen YY, Chiang SY, Lin JG, Ma YS, Liao CL, Weng SW, Lai TY, Chung JG (2010) Emodin,
aloe-emodin and rhein inhibit migration and invasion in human tongue cancer scc-4 cells through
the inhibition of gene expression of matrix metalloproteinase-9. Int J Oncol 36:1113–1120

37 Bioactive Compounds and Biological Activities of Tuber Fleeceflower. . . 999



74. Radovic J, Maksimovic-Ivanic D, Timotijevic G, Popadic S, Ramic Z, Trajkovic V,
Miljkovic D, Stosic-Grujicic S, Mija-tovic S (2012) Cell-type dependent response of melanoma
cells to aloe emodin. Food Chem Toxicol 50:3181–3189

75. Henamayee S, Banik K, Sailo BL, Shabnam B, Harsha C, Srilakshmi S, Vgm N, Baek SH, Ahn
KS, Kunnumakkara AB (2020) Therapeutic emergence of rhein as a potential anticancer drug: a
review of its molecular targets and anticancer properties. Molecules 25(10):2278

76. Long X, Tang H, Song J, Zhang L, Li X (2019) Chrysophanol: a review of its pharmacology,
toxicity and pharmacokinetics. J Pharm Pharmacol 71(10):1475–1487

77. Shi GH, Zhou L (2018) Emodin suppresses angiogenesis and metastasis in anaplastic
thyroid cancer by affecting TRAF6-mediated pathways in vivo and in vitro. Mol Med Rep
18(6):5191–5197

78. Song X, Zhou X, Qin Y, Yang J, Wang Y, Sun Z, Yu K, Zhang S, Liu S (2018) Emodin inhibits
epithelial-mesenchymal transition and metastasis of triple negative breast cancer via antagonism
of CC-chemokine ligand 5 secreted from adipocytes. Int J Mol Med 42(1):579–588

79. Zhang Y, Pu W, Bousquenaud M, Cattin S, Zaric J, Sun LK, Rüegg C (2021) Emodin inhibits
inflammation, carcinogenesis, and cancer progression in the AOM/DSS model of colitis-
associated intestinal tumorigenesis. Front Oncol 10:564674

80. Lee KH, Lee MS, Cha EY, Sul JY, Lee JS, Kim JS, Park JB, Kim JY (2017) Inhibitory effect of
emodin on fatty acid synthase, colon cancer proliferation and apoptosis. Mol Med Rep 15(4):
2163–2173

81. Sougiannis AT, VanderVeen B, Chatzistamou I, Kubinak JL, Nagarkatti M, Fan D, Murphy EA
(2022) Emodin reduces tumor burden by diminishing M2-like macrophages in colorectal
cancer. Am J Physiol Gastrointest Liver Physiol 322(3):G383–G395

82. Saunders IT, Mir H, Kapur N, Singh S (2019) Emodin inhibits colon cancer by altering BCL-2
family proteins and cell survival pathways. Cancer Cell Int 98

83. Li Z, Lin Y, Zhang S, Zhou L, Yan G, Wang Y, Zhang M, Wang M, Lin H, Tong Q, Duan Y, Du
G (2019) Emodin regulates neutrophil phenotypes to prevent hypercoagulation and lung
carcinogenesis. J Transl Med 17(1):90

84. Su J, Yan Y, Qu J, Xue X, Liu Z, Cai H (2017) Emodin induces apoptosis of lung cancer cells
through ER stress and the TRIB3/NF-κB pathway. Oncol Rep 37(3):1565–1572

85. Wang X, Li L, Guan R, Zhu D, Song N, Shen L (2017) Emodin inhibits ATP-induced
proliferation and migration by suppressing P2Y receptors in human lung adenocarcinoma
cells. Cell Physiol Biochem 44(4):1337–1351

86. Lin W, Zhong M, Yin H, Chen Y, Cao Q, Wang C, Ling C (2016) Emodin induces hepatocel-
lular carcinoma cell apoptosis through MAPK and PI3K/AKT signaling pathways in vitro and
in vivo. Oncol Rep 36(2):961–967

87. Qin B, Zeng Z, Xu J, Shangwen J, Ye ZJ, Wang S, Wu Y, Peng G, Wang Q, Gu W, Tang Y
(2022) Emodin inhibits invasion and migration of hepatocellular carcinoma cells via regulating
autophagy-mediated degradation of snail and β-catenin. BMC Cancer 22(1):671

88. Su Y, Wang QH, Wang CF, Chan K, Sun YP, Kuang HX (2014) The treatment of Alzheimer’s
disease using Chinese medicinal plants: from disease models to potential clinical applications.
J Ethnopharmacol 52:403–423

89. Yang J, He Y, Zou J, Xu L, Fan F, Ge Z (2019) Effect of Polygonum multiflorum Thunb on liver
fatty acid content in aging mice induced by D-galactose. Lipids Health Dis 18:128

90. Zhou X, Yang Q, Xie Y, Sun J, Hu J, Qiu P, Cao W, Wang S (2015) Tetrahydroxystilbene
glucoside extends mouse life span via upregulating neural klotho and downregulating neural
insulin or insulin-like growth factor 1. Neurobiol Aging 36:1462–1470

91. Wu XQ, Chen XZ, Huang QC, Fang DM, Li GY, Zhang GL (2012) Toxicity of raw and
processed roots of Polygonum multiflorum. Fitoterapia 83(3):469–475

92. Yang JB, Li WF, Liu Y, Wang Q, Cheng XL, Wei F, Wang AG, Jin HT, Ma SC (2018) Acute
toxicity screening of different extractions, components and constituents of Polygonum multi-
florum Thunb. on zebrafish (Danio rerio) embryos in vivo. Biomed Pharmacother 99:205–213

1000 T.-T. Ho et al.


