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Polydatin, one of the natural active small molecules, was commonly applied in protecting and treating liver disorders in preclinical
studies. Oxidative stress plays vital roles in liver injury caused by various factors, such as alcohol, viral infections, dietary
components, drugs, and other chemical reagents. It is reported that oxidative stress might be one of the main reasons in the
progressive development of alcohol liver diseases (ALDs), nonalcoholic liver diseases (NAFLDs), liver injury, fibrosis, hepatic
failure (HF), and hepatocellular carcinoma (HCC). In this paper, we comprehensively summarized the pharmacological effects
and potential molecular mechanisms of polydatin for protecting and treating liver disorders via regulation of oxidative stress.
According to the previous studies, polydatin is a versatile natural compound and exerts significantly protective and curative
effects on oxidative stress-associated liver diseases via various molecular mechanisms, including amelioration of liver function
and insulin resistance, inhibition of proinflammatory cytokines, lipid accumulation, endoplasmic reticulum stress and
autophagy, regulation of PI3K/Akt/mTOR, and activation of hepatic stellate cells (HSCs), as well as increase of antioxidant
enzymes (such as catalase (CAT), glutathione peroxidase (GPx), glutathione (GSH), superoxide dismutase (SOD), glutathione
reductase (GR), and heme oxygenase-1 (HO-1)). In addition, polydatin acts as a free radical scavenger against reactive oxygen
species (ROS) by its phenolic and ethylenic bond structure. However, further clinical investigations are still needed to explore
the comprehensive molecular mechanisms and confirm the clinical treatment effect of polydatin in liver diseases related to

regulation of oxidative stress.

1. Introduction

Increasing epidemic investigations have suggested that liver
diseases remain one of the leading causes of deaths globally,
and millions of people are suffering from acute or chronic
liver disorders nowadays [1]. Currently, the morbidity of
metabolic liver diseases including nonalcoholic fatty liver
disease (NAFLD) and alcohol liver disease (ALD) are rising
rapidly due to the continuous improving living standards,
and it is reported that more than 10% of the world popula-
tion were affected by liver diseases. Furthermore, the
NAFLD and ALD are the very serious factors for ultimately
leading to more cases of end-stage liver diseases, including
hepatic failure (HF), cirrhosis, and hepatocellular carcinoma
(HCC) [2].

Oxidative stress is a state due to the imbalance of free
radicals and antioxidative enzymes. The imbalance tends to
be oxidized, which leads to inflammatory infiltration of neu-
trophils, increasing the secretion of proteases and large
amounts of oxidative intermediate products. Oxidative stress
is produced by the excessive free radicals in the body which
is considered as one of the most important factors to aging
and various diseases. Redox state constitutes a necessary
background of multiple liver diseases [3]. Oxidative stress
is an important factor for development of liver diseases,
especially in chronic liver diseases [4], and oxidative stress-
associated liver diseases could also result in kidney injury
and brain impairment [5, 6]. Reactive oxygen species
(ROS), a highly reactive species of free radical, plays dual
roles in living systems [7]. At physiological concentration,
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ROS plays essential roles in physiological process such as
gene expression, signal transduction, and redox regulation.
However, during some pathological conditions, the excessive
ROS production has harmful effects for human body, such
as damages of proteins, DNA, and lipids [8]. In addition,
many etiological factors associated with liver disease are
commonly highly productive under excessive ROS. It is
reported that mitochondrial ROS levels could be highly
increased by ROS, reactive nitrogen species (RNS), and
excessive alcohol consumption in hepatocytes [9, 10]. Oxi-
dative stress might be one of the main reasons in the pro-
gressive development of alcohol liver diseases (ALDs),
nonalcoholic liver diseases (NAFLDs), liver injury, fibrosis,
hepatic failure (HF), and hepatocellular carcinoma (HCC).
Detection redox biomarkers may help diagnose liver dis-
eases. For example, Swiderska et al. found that advanced gly-
cation end products (AGEs), an oxidative damage product,
maybe a potential biomarker in NAFLD diagnostics [11].
Accumulating researches have shown that natural
activity compounds such as paeoniflorin, taraxasterol, and
oxymatrine possess versatile advantages for treating liver
diseases with low toxicity and reliable pharmacological activ-
ities. Therefore, in the Europe and United States, approxi-
mately 65% of patients would like to use herbal medicines
to treat liver diseases [12-15]. Polydatin (3,5,4-trihydroxys-
tilbene-3-O-3-D-glucopyranoside, PD), commonly isolated
from the roots of Polygonum cuspidatum, can be also
obtained from many dietary supplements like grapes, pea-
nuts, cocoa products, hop flowers (Humulus lupulus), and
other plants (Figure 1 and Table 1) [16-21]. Preclinical trials
revealed that PD has various pharmacological activities, such
as anti-inflammatory [22-24], antiapoptotic [25], antitumor
[26], lipid-lowering [27], and cardiovascular protection
effects [28-30], especially exhibited strengthened pharmaco-
logical activities in antioxidant. The antioxidant activities
were involved in immune system, osteoarthritis, endometri-
osis, pain, and intestinal inflammation and reported to be
effective in treating liver disorders [31-35]. In the present
review, we summarized and discussed the versatile effects
of PD against liver diseases via regulation of oxidative stress.

2. Effects of Polydatin on Liver Diseases via
Regulating Oxidative Stress

By collecting relevant literatures in the past decades regard-
ing the protection and treatment of PD against liver dis-
eases, it has been found that PD has marked effects on
liver-related conditions, including nonalcoholic fatty liver
disease (NAFLD), alcohol liver disease (ALD), liver fibrosis,
and HCC. The specific molecular mechanisms of protective
and therapeutic effects of PD are concluded in Figure 2 and
Table 2.

2.1. Polydatin and Alcoholic Liver Diseases. In the past 30
years, alcohol consumption has a dramatically increased ten-
dency due to the booming economy in China, leading to the
highly incidence of alcohol liver disease (ALD) at 4.5% [36].
Nowadays, ALD has become one of the leading causes of
chronic diseases and death in the world. Therefore, previous
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researchers paid much attention to ALD due to the molecu-
lar mechanism of ALD not completely clear [37]. ALD
covers a wide spectrum of histological features, ranging from
lipid accumulation in liver cells (fatty liver or steatosis) with
minimal parenchymal damage to more severe liver injury,
including steatohepatitis fibrosis/cirrhosis [38]. It was widely
accepted that ALD pathogens are related to lipid accumula-
tion, oxidative stress, inflammation, and mitochondrial
dysfunction (Figure 3). Among the pathogenesis of ALD,
oxidative stress and inflammation were considered as the
fundamental mechanisms [39]. Alcohol-induced liver dam-
age is related to excessive production of ROS and the pres-
ence of oxidative stress in liver cells. About 90% of alcohol
was metabolized in the liver. Some metabolic enzymes in
the liver, including alcohol dehydrogenase (ADH) and
cytochrome P4502E1 (CYP2E1), converted alcohol to acetal-
dehyde. Then, acetaldehyde was oxidized to acetate by alde-
hyde dehydrogenase (ALDH) and converted to carbon
dioxide through the citric acid cycle [40]. The main resource
of ROS in the liver is related to the cytochrome P450
enzymes. Using the liver-injured male rats induced by etha-
nol, pretreatment with PD could improve the liver injury via
suppressing oxidative stress by upregulation of ADH and
ALDH and downregulating CYP2E1 [41]. Hepatic steatosis
model was established in zebrafish induced by ethanol lar-
vae, and it is found that PD treatment could improve ethanol
metabolism by decreasing the gene expressions of CYP2Y3
and CYP3A [42]. Furthermore, the capacity of alcohol could
stimulate the production of free radicals, which impaired
liver antioxidant defense capability and greatly promoted
the oxidative stress damage of ALD [38]. PD could improve
the activities of glutathione peroxidase (GSH-Px), superox-
ide dismutase (SOD), and upregulated nuclear factor ery-
throid 2-related factor 2 (Nrf2) and its target gene heme
oxygenase-1 (HO-1) [41]. Besides, oxidative stress might
contribute to the pathogenesis of alcoholic steatosis through
actions on transcription factors regulating mitochondrial
injury, lipid metabolism, DNA damage, and endoplasmic
reticulum (ER) stress. PD treatment could decrease the
mRNA levels of fatty acid synthase (FASN), HMGCRa,
and HMGCRD to attenuate hepatic fat accumulation [42].
Moreover, DNA damage and ER stress play a key role in
the disruption of lipid homeostasis, metabolism, and liver
function [43]. PD could improve ethanol-induced DNA
damage and ER stress by decreasing the mRNA levels of
C/EBP homologous protein (CHOP) and growth arrest
and DNA damage-inducible gene, 45aa (GADD45aa) in
zebrafish larvae [42]. Acetaldehyde is a vital metabolite of
alcohol and ROS, which can stimulate the secretion of
matrix metalloproteinase (MMP). MMP promotes the deg-
radation of extracellular matrix (ECM) components while
distorting liver tissue structure [45]. Pretreatment with PD
at the doses 50 and 100 mg/kg, respectively, can significantly
prevent the rise in MMP activities in the liver tissue [46].
Furthermore, mitochondria are highly sensitive to oxidative
stress. ROS accumulation in the mitochondrial membrane
will deplete the mitochondrial complexes and cause mito-
chondrial dysfunctions including deterioration of respira-
tory enzymes, enhanced mitochondrial stress, and loss of
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FiGure 1: The plant sources of PD.

TaBLE 1: The contents of PD in different plants.

Plant Content ( u g/g) References
Polygonum cuspidatum 14430 [17]
Grape peel 11.22-11.65 [18]
Peanuts 0.22-1.44 [19]
Polygoni Multiflori 33.74 [20]
Mulberry 39.7-133.8 [21]
Cocoa products Not mentioned

Hop flowers Not mentioned

Soybeans Not mentioned

functioning in mitochondria. Mitochondrial dysfunctions
may eventually lead to apoptosis or necrotic cell death in
liver tissue [44, 47]. Pretreatment with PD could ameliorate
the activities of redox and mitochondrial respiratory
enzyme, such as succinate dehydrogenase, NADH dehydro-
genase, and cytochrome c (Cyt-C) oxidase. It is reported that
PD could restore the mitochondrial respiratory complexes
and ameliorate their functioning, providing evidence for its
hepatoprotective potential through the mitochondrial oxida-
tive stress inhibitory activity [46].

There is increasing evidence that long-term excessive
alcohol intaking can increase the release of inflammatory
cytokines [48]. PD treatment decreased the levels of proin-
flammatory cytokines including interleukin-6 (IL-6), inter-
leukin-1 (IL-1f3), and tumor necrosis factor-a (TNF-a)
through downregulating toll-like receptor 4 (TLR4) and
nuclear factor kappa B (NF-«B) p65 [41]. Besides, PD could
improve the liver function by decreasing the levels of lactate
dehydrogenase (LDH), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), and alkaline phosphatase
(ALP) in the serum [41, 46].

To conclude, previous studies indicated that pretreat-
ment of PD could alleviate liver diseases induced by alcohol.
PD exerts its protective activity by resisting the oxidative
stress induced by alcohol and restoring the antioxidant bal-
ance and the MMP/TIMP ratio of hepatic tissue.

2.2. Polydatin and Nonalcoholic Fatty Liver Diseases. Nowa-
days, nonalcoholic fatty liver disease (NAFLD) is emerging
as one of the most common causes of chronic liver disease
due to the increasing incidence of obesity, diabetes, and met-
abolic syndrome in the general population [49, 50]. NAFLD
had affected about 173 million to 338 million people in
China, and its prevalence was estimated by 25.2% in the
world [36]. NAFLD encompasses a broad spectrum of liver
injury ranging from simple triglyceride (TG) accumulation
in the liver (steatosis) to mnonalcoholic steatohepatitis
(NASH), which may lead to fibrosis and cirrhosis [51]. The
pathogens of NAFLD involve in lipid accumulation, oxida-
tive stress, and inflammation (Figure 4). It was reported that
the first stage of NAFLD was lipid accumulation in the hepa-
tocytes [52]. In normal circumstances, insulin inhibits adi-
pose tissues releasing free fatty acid (FFA). However, with
the development of insulin resistance, the increased plasma
concentrations of glucose and fatty acids promote hepatic
fatty acid synthesis and damage fB-oxidation, leading to
hepatic steatosis. Hepatic steatosis conversely exacerbates
the degree of insulin resistance and accelerates the subse-
quent transition to steatohepatitis and fibrosis [53, 54]. Sup-
plemented with PD for 12 weeks in methionine- and
choline-deficient- (MCD-) induced model rats can alleviate
the insulin resistance and improve basal insulin resistance
values and glucose tolerance test in homeostasis model
assessment. Besides, abnormal adiponectin and leptin levels
were also corrected by PD supplementation. Additionally,
PD could enhance insulin sensitivity via upregulating
expression levels of insulin receptor substrate 2 and Akt
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phosphorylation in the rat liver induced by a high-fat diet
(HFD) [55]. Besides, PD abrogated slight liver steatosis,
increased carnitine palmitoyl transferase-1 (CPT-1) and per-
oxisome proliferator-activated receptor-a (PPAR-«) protein
levels, decreased stearoyl-CoA desaturase-1 (SCD-1) and
sterol regulatory element binding protein 1 (SREBP-1) pro-
tein levels, and reduced total cholesterol (TC) and TG levels
in the fructose-fed liver of rats [56]. These results demon-
strated that PD could inhibit hepatosteatosis via the reduc-
tion of the lipid accumulation.

In NAFLD pathogenesis, oxidative stress is considered as
a vital factor [57]. It is reported that PD could alleviate liver
oxidative stress in vivo and in vitro. In vivo, PD reduced the
levels of malondialdehyde (MDA), ROS, and hydrogen
peroxide (H,O,) and decreased thioredoxin-interacting
protein (TXNIP) at concentrations of 7.5-30 mg/kg. In vitro,
PD could reduce the levels of ROS and TXNIP and enhance
miR-200a targeting Keapl/Nrf2 pathway in fructose-
induced HepG2 and BRL-3A cells [56]. In pathological
conditions, ROS overproduction was induced by nicotin-
amide adenine dinucleotide phosphate (NADPH) oxidative
(NOX). In the NOX family, abnormal expression of NOX4
has been implicated in mice with diet-induced steatohepati-
tis and patients with NASH related to oxidative stress [58].
Intraperitoneally injected with 5mg/kg PD reduced oxida-

tive stress by decreasing the levels of NOX4, ROS, and 4-
hydroxynonenal (4-HNE) in MCD-induced NASH C57BL/
6 mice [59].

Apart from lipid accumulation and oxidative stress,
inflammation also plays a crucial role in the development
of NAFLD. Excessive fructose and HFD consumption cause
NAFLD pathogenesis. PD could downregulate apoptosis-
associated speck-like protein (ASC), and the NOD-like
receptor family, pyrin domain containing 3 (NLRP3) protein
levels and IL-18 were released in the liver of fructose-
induced rats [56]. In another study, it was reported that
PD treatment for 4 weeks can remarkably reduce Gr-1" cells
and alleviate hepatocyte steatosis and decrease expressions
of proinflammatory factors including S100A8, S100A9, and
monocyte chemoattractant protein-1 (MCP-1) in the liver
tissues of HFD mice [60, 61]. Besides, treatment with PD
reduced mRNA levels of proinflammatory cytokines such
as IL-6, TNF-a, and CD68 macrophage activation related
to the suppression of toll-like receptor (TLR) 4/NF-«B p65
signaling pathway [58, 60].

Autophagy is a system which could regulate intracellular
degradation. The development of NASH is considered to be
related to impaired autophagic degradation of intracellular
lipids. Autophagy regulates lipid metabolism and insulin
resistance in the liver and protects hepatocytes from injury
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FiGure 3: Cellular and molecular mechanisms of PD in the prevention of oxidative-associated alcoholic liver disease.

and cell death [62]. In vivo, oral administration of 100 mg/kg
PD decreased hepatic lipid accumulation and alleviated
inflammation and hepatocyte injury in MCD-induced db/
db mice. In vitro, PD reduced palmitic acid-induced lipid
accumulation in cultured hepatocytes. Both in vivo and
in vitro, PD could restore lysosomal function and autophagic
flux which was damaged by steatosis or NASH. In conclu-
sion, PD inhibited PI3K/Akt/mTOR signaling pathway and
increased the expression and activity of transcription factor
EB (TFEB), a known master regulator of lysosomal func-
tion [63].

2.3. Polydatin and Liver Injury and Fulminant Hepatic
Failure. Currently, lots of the commonly used drugs, includ-
ing analgesic, anticancer drugs, agent antiphlogistic, and
antidepressant, might be hepatotoxicity for human being
[64]. Acetaminophen (APAP), a commonly used drug in
clinical, was applied for ameliorating fever and pain. At stan-
dard doses, APAP exerts remarkable healing effects; how-
ever, when taken in overdose amounts, it could initiate
acute hepatotoxicity and hepatic injury [65]. In addition,
PD was found to show protective effect against APAP-
induced hepatotoxicity via improving liver functions, allevi-
ating oxidative stress, and suppressing apoptosis. Pretreat-
ment of PD for 7 days at the doses of 25-100 mg/kg could
effectively increase the survival rate of APAP-treated mice,
significantly relieve histopathologic alterations in liver, and
decrease the levels of AST and ALT in serum. Besides, PD
treatment markedly and dose-dependently decreased oxida-

tive stress by decreasing the levels of ROS, MDA, nitric oxide
(NO), and GSSG and increasing the liver activities of GSH-
Px, GSH, and the GSH/GSSG. Meanwhile, iNOS and
NOX2 were also inhibited by PD treatment. Additionally,
it is reported that PD significantly inhibited apoptosis of
hepatocytes via increasing Bcl-2 and decreasing Bax, Apaf-
1, Cyt-C, cleaved- (C-) caspase-9, and C-caspase-3 [66]. In
another study, treatment with PD at the doses of 25-
100 mg/kg/day has significant protective effect against
cisplatin-induced oxidative stress and enhances antioxidant
defense enzymes in mice [67].

Sulfur mustard (SM), a chemical warfare agent applied
in a series of military conflicts, possesses serious threat to
civilians and military soldiers [68]. Although the molecular
mechanisms of SM induced hepatotoxicity were still unclear,
it is recognized that oxidative stress plays predominant roles
in the SM-induced liver damage [69]. PD treatment could
dramatically increase the survival rate of mice with subcuta-
neously injection of SM. Additionally, PD treatment
decreased the serum aminotransferase and alleviated SM-
induced liver damage in mice. What is more, PD can also
remarkably upregulate sirtuin-1 (Sirtl), NAD(P)H, quinone
oxidoreductase-1 (NQO1), and Nrf2 and HO-1 in L02 cells
and liver tissues of mice [70]. CCl, can cause severe hepato-
cellular injury due to its highly toxic metabolite trichloro-
methyl free radical via the action of the cytochrome P450
system [71]. Intraperitoneal injection of CCl, (50 uL/kg)
markedly induced liver injury in mice with increased serum
levels of AST and ALT and upregulated IL-1j3, TNF-q,
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iNOS, COX-2, and NF-«B in hepatic tissues. Besides, CCl,
increased the MDA and decreased the GSH, SOD, GST,
CAT, and GPx in liver tissues. Interestingly, pretreatment
with PD (25-100 mg/kg/day) for 5 days before CCl, injection
can improve the liver injury via upregulation of transform-
ing growth factor-betal (TGF-f1) in the liver tissues [72].

Almost all organ systems including humans and animals
could be affected by arsenic (As), as could cause several haz-
ardous effects on animals and humans via inducing oxida-
tive stress [73, 74]. Previous researches have shown that
PD treatment could ameliorate the As-induced histopathol-
ogical damage in tissues, lipid peroxidation, and DNA dam-
age in rats [75]. Another heavy metal named Cd also has a
high toxic potential for humans and animals, and long-
term exposure in Cd would result in serious damage in liver
[76]. Treatment with PD (120 mg/kg) significantly increased
the liver total oxidant status (TOS) and decreased the MDA
in liver tissue of mice exposed in Cd [77].

Cholestasis might be induced by intrahepatic and sys-
temic retention of toxic hydrophobic bile salts. Cholestatic
liver diseases can develop into periportal inflammation, liver
fibrosis, cirrhosis, and even hepatic failure [78, 79]. The tox-
icity of hydrophobic bile salt exposure in the liver can induce
oxidative stress, subsequently leading to apoptosis and
inflammatory necrosis [80]. PD could improve SOD activity,
reduce MDA and serum AST, ALT, ALP, total bile acid
(TBA), and total bilirubin (TBIL) levels, and inhibit ER

stress, p-elf2a, CHOP, and hepatocellular apoptosis in the
cholestatic mice induced by alpha-naphthylisothiocyanate
(ANIT) and bile duct ligation (BDL). The results suggest
that PD may alleviate cholestatic liver damage by inhibition
of oxidative stress, ER stress, and apoptosis [81].

Fulminant hepatic failure (FHF) is characterized by
overwhelming hepatic injury with failure of hepatocyte func-
tion, resulting in a devastating clinical syndrome of hepatic
encephalopathy, severe coagulopathy, jaundice, and hydro-
peritoneum [82, 83]. Pretreatment with PD (10-100 mg/kg)
could decrease the mortality of lipopolysaccharide/D-galac-
tosamine- (LPS/D-GalN-) induced FHF mice by alleviating
liver damage and reducing AST and ALT. Furthermore,
PD could also inhibit the TNF-a, endothelial cell adhesion
molecule-1 (ECAM-I), intercellular cell adhesion molecule-
1 (ICAM-]), NF-«B, and myeloperoxidase (MPO) activities
induced by LPS [84].

2.4. Polydatin and Liver Fibrosis. It is reported that uncon-
trolled simple steatosis might develop to some serious liver
diseases such as hepatitis, fibrosis, and cirrhosis [64, 85].
During liver fibrosis, a mass of cellular and molecular events
participates in the complex pathological process (Figure 5).
Hepatocyte injury is the initial event in response to continu-
ous wounding stimulation [86]. Besides, hepatic stellate cells
(HSCs) have been considered playing a vital role in course of
liver fibrosis [87, 88]. After a chronic liver damage, HSCs are
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FIGURrE 5: Cellular and molecular mechanisms of PD in the prevention of oxidative-associated liver fibrosis.

activated and proliferated and then developed to a myofibro-
blastic phenotype with upregulated a-smooth muscle actin
(a-SMA) that synthesizes ECM proteins, such as type I
collagen [89]. However, PD treatment for 3-6 weeks could
remarkably downregulate the a-SMA and suppress the
increased collagen I and hydroxyproline, an amino acid con-
tained in collagen in liver of mice [91]. Sphingosine kinase 1
(SphK1) plays critical roles in the activation of HSCs and
liver fibrosis [92], and SphK1 was strongly induced in mice
exposed to CCl,. It is reported that PD could attenuate the
proliferation and activation of HSCs via inhibiting SphK1
signaling pathway in CCl,-induced mice, contributing to
the suppression of liver fibrosis [95]. Using human immor-
talized HSC line of LX-2 induced by the platelet-derived
growth factor-BB (PDGEF-BB) or adenovirus-SphK1, it is
reported that PD attenuated the collagen synthesis and apo-
ptosis of hepatocyte and showed significantly antiprolifera-
tive effect against HSCs induced by PDGF-BB. Epithelial-
mesenchymal transition (EMT) is a crucial biological pro-
cess for development of fibrosis, and TGF-f1 signaling is
one of the most critical profibrotic pathways [97, 98]. Zhao
et al. reported that PD treatment (7.5, 15, and 30 mg/kg)
for 11 weeks antagonized the nuclear translocation of the

Zinc finger E-box binding homeobox 1 (ZEB1) and inhibit
survivin-activated TGF-f1/Smad signaling, which was con-
sistent with its protective effect on fructose-induced EMT
and liver fibrosis. Inhibiting the nuclear translocation of
ZEBI1 by PD may be a new strategy to ameliorate EMT of
liver fibrosis associated with high-fructose diet [99].
However, liver fibrosis was a complex pathophysiological
process. If therapeutic methods are only aimed at decreasing
the activation of HSCs, it often leads to undesirable out-
comes [97]. Liver fibrosis is involving the mutual interaction
between parenchymal hepatocytes and nonparenchymal
liver cells, including HSCs, Kupfter cells (KCs), and macro-
phages [94, 95]. The activated KCs constitute a central com-
ponent of the inflammatory response in liver fibrosis by
producing amount proinflammatory cytokines such as
MCP-1, TNF-«, and TGF-f1 and mediators related to oxi-
dative stress that induce quiescent HSCs to differentiate into
activated myofibroblasts, the principle ECM-synthesizing
cells which play as the vital executor in hepatic fibrogenesis.
In return, the activated HSCs promote the recruitment of
macrophages from the bone marrow to augment the
already-large number of KCs, further aggravating the deteri-
oration of inflammation and fibrogenesis [90, 96]. Both
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in vivo and in vitro results suggested that polydatin-loaded-
micelle (PD-MC) could remarkably decrease liver cell apo-
ptosis and avoid HSCs and macrophage activation and
inhibit inflammatory response by suppressing the activation
of TLR4/NF-xB p65 signaling and proinflammatory cyto-
kines secretion in macrophages and oxidative stress [97].

2.5. Polydatin and Hepatocellular Carcinoma. Cancers are
the leading killers for human being in the world, especially
for aged people over than 55 years old. Besides surgery, che-
motherapy remains the best choice for treating various can-
cers. In recent years, increasing scientific evidences have
suggested that natural agents are precious resources for find-
ing more novel and safe candidate drugs for treating cancers,
including hepatocellular carcinoma (HCC), lung cancer, and
breast cancer [100, 101]. Patients with chronic liver diseases
and cirrhosis might result in HCC, a common primary malig-
nancy in the liver. HCC is the third leading cause of cancer-
related deaths in the world [94]. Unfortunately, the currently
available chemotherapeutic agents are not practical for the
treatment of advanced HCC [101-103]. In this regard, it is
necessary to develop more effective compounds, which may
provide a novel therapy for HCC treatment, especially in the
advanced stage. PD can promote SMMC-7721 and HepG2 cell
apoptosis via upregulating Bax/Bcl-2 ratio and suppressing
proliferation by decreasing the Wnt/f-catenin signaling in
hepatocellular carcinoma. The invasion and migration of
cancer cells are believed to promote the metastasis of cancer
to a large extent. HCC cell invasion and migration invasion
assay and wound healing assay were suppressed by treatment
with PD [104]. Therefore, PD might be a promising natural
small molecule drug for early liver cancer treatment.

3. Clinical Reports and Toxicity Studies

In clinical practice, there was no research published on PD
single used for treating liver diseases. However, lots of Chi-
nese patent medicines, such as Yi-du-Tiao-gan mixture, liver
Corelle tablet, and Hu-gan-ning capsule, have been used in
clinical practice for the treatment of liver disease in China.
In these Chinese patent medicines, P. cuspidatum was one
of the primary medicinal materials and PD was one of the
main active ingredients [105-107]. Only one team studied
the clinical efficacy of PD in treating coronary heart disease
in the elderly. The results illustrated that the effective of
experimental group treatment rate was 91.67%, dramatically
higher than that of the control group, 76.67%. The effective-
ness of PD to treat elderly coronary heart disease was
definite [108]. Besides, PD injection, applied in treating
myocardial ischemia, cerebral ischemia, shock, and other
cardiovascular and cerebrovascular diseases, has been
approved to enter phase II clinical trials by the US Food
and Drug Administration [109].

PD has a favorable safety profile in animals (up to a dose
of 200 mg/kg) and was well tolerated in humans (40 mg
twice a day for 90 days in phase II clinical trial). The safe
evaluation was completed by the New Drugs Safety Evalua-
tion and Research Center in the Chinese Academy of Medi-
cal Sciences, which demonstrated that no significant toxic

effect existed after intravenous injection of PD for 30 days
[110]. Another research reported that the LDy, of PD was
(1000 + 57.3) mg/kg injected intraperitoneally [111]. How-
ever, few researches are assessing the adverse reactions of
PD in liver diseases. Only in one randomized clinical trial
PD has been shown to exert a marked effect on abdominal
pain in patients with irritable bowel syndrome through die-
tary supplementation. Peritonitis, some liver cell necrosis,
and bone marrow fat hyperplasia would occur in varying
degrees when intraperitoneal injection concentrations of
50, 150, and 700 mg/kg of PD for 42 days [112]. Gavaged
with the maximum concentration and the maximum gavage
volume of PD to mice, the survival rate of mice was 100%,
and the accumulated maximum tolerable dose (MTD)
amount per day is 75.5 g/kg. The IC,, of PD for human nor-
mal liver cells L02 is 263.05 ug/mL [113].

4. Conclusion and Perspectives

Collectively, according to the abovementioned effects and
mechanisms of polydatin (PD) on liver diseases, it is highly
suggested PD is an effective natural product for treating oxi-
dative stress-associated liver diseases, including alcoholic
liver diseases, nonalcoholic liver diseases, liver injury, liver
fibrosis, and hepatocellular carcinoma. Experimental evi-
dence indicated that PD exhibits curative effect against liver
diseases through various signaling pathways, such as PI3K/
Akt/Nrf2/HO-1 and Sirt1/Nrf2, PI3K/Akt/mTOR. Overall,
this review highlights the potential application of PD as a
potential agent against liver diseases.

In past decades, lots of researches have focused on the
preclinical therapeutical effects of PD against various liver
diseases. However, the detail molecular mechanisms were
not thoroughly explored. Modern research methods such
as genomics, metabolomics, proteomics, and metagenomics
can be used to conduct more in-depth investigations on
the corresponding mechanisms of PD on liver diseases,
which provide strong support and theoretical basis for the
subsequent clinical research and ultimately developed this
natural compound to a new drug for liver disorders
[114-116]. Secondly, although researchers have concen-
trated on LD., of PD, the study of reproductive, carcino-
genic, and teratogenic toxicity was not involved. PD has a
higher bioavailability than resveratrol, but its concentration
in liver tissue was relatively low; intravenous injection of
20 mg/kg of PD, the maximum concentration in liver is
5.22 g +0.46 ug/kg; for oral administration of 50 mg/kg of
PD, the maximum concentration in liver is 4.47 + 2.51 ug/
kg [117, 118]. Recently, it is suggested that the targeted drug
delivery systems based on microenvironment sensitive poly-
meric nanocarriers had great potentials to increase the
drugs’ bioavailability, improving the therapeutic efficacy
and minimizing the drug side effects [119]. It is necessary
to find or synthesize related biopharmaceutical materials
corresponding the characteristics of liver diseases to prepare
new dosage forms of PD to ameliorate the therapeutic
efficacy [120]. Therefore, potential safety hazard and
restricted efficacy of PD remain to conquer for further clin-
ical practices [96]. Finally, PD and curcumin have similar
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pharmacological effects on oxidative stress associated with
liver disorders [4]. Will combination of PD and curcumin
shows a more substantial therapeutic effect on liver diseases?
It is worth to be further studied.
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