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A B S T R A C T

Polydatin is a glucoside of resveratrol with lots of functional properties in the central nervous system, such as
anti-edema, anti-oxidation and anti-inflammation. The purpose of this study was to evaluate the effects of
polydatin on traumatic spinal cord injury (SCI) and explore the relative mechanisms. SCI models were estab-
lished using the weight-drop method in rats, additionally, single polydatin administration (20, 40mg/kg body
weight) remarkably improved motor function of SCI rat, along with decreased nitric oxide (NO) generation and
inflammatory factor (IL-1β, IL-6 and TNF-α) production in spinal cord tissues. Similar to the results of in vivo
experiments, the inflammatory response was aggravated with the intervention of lipopolysaccharide (LPS) in
BV2 microglia. However, polydatin treatment (1, 2 and 4 μM) inhibited iNOS expression, decreased NLRP3
inflammasome activation, which subsequently relieved microglial inflammation. Above all, our data indicated
that polydatin possessed neuroprotective effects in SCI rats, possibly by suppressing iNOS expression and NLRP3
inflammasome activation in microglia.

1. Introduction

Traumatic spinal cord injury (SCI), a terrible incident, is chiefly
caused by motor vehicle accidents, violence and falls [1]. Not surpris-
ingly, the epidemiological studies found that SCI mainly occurred
among young men and caused permanent neurological deficits that
dramatically degraded their life quality [2]. Since there is no standar-
dized cross-regional assessment method, it is difficult to calculate the
accurate prevalence of SCI in the worldwide at present. However, it is
roughly estimated that the incidence of reported SCI events varies in the
range of 12 to 65 cases/million depending on area [3]. The re-
presentative features of SCI are relatively extensive, including limb
paralysis, sensation loss in lower extremity and uracratia or uroschesis
[4,5]. The occurrence of SCI triggers a series of complex events at the
cellular and molecular levels and the neurological impairments are
composed of two related injury phases, namely primary and secondary
damage [6]. The primary impairments to spinal cord result in severe
neuron necrosis, which is unable to be recovered by all applicable
means so far [7]. In the secondary involves spinal cord edema,
ischaemia, axon demyelination and neuron loss [8,9]. For the

secondary injury, abnormal mitochondrial activity, hyperactive mi-
croglia as well as inflammatory response also lead to permanent neu-
rological impairments [10,11].

Increasing evidences suggest that the accumulation of inflammatory
cytokines around the damaged spinal cord is one of the important
harmful factors for SCI pathological manifestations [12,13]. Recent
experiments have shown that a variety of pro-inflammatory cytokine,
such as macrophage migration inhibitory factor (MIF), interleukin-1β
(IL-1β), IL-6 and tumor necrosis factor-α, were consistently increased
after compression-induced spinal cord injury [14,15]. Administration of
anti-inflammatory medications modulated microglia polarization with
M1/M2 phenotype shifts, reduced neuroinflammatory response, and
subsequently inhibiting the generation and expansion of SCI-induced
secondary tissue damages [16–18]. Currently, cellular transplantation
has emerged as an available treatment option for SCI. However, the
principle of cell transplantation is still focused on attenuating microglia
activation, inhibiting the associated cytokine production and reducing
inflammation and spinal cord damages [19,20]. Hence, we believe that
modulating the inflammatory disturbance that is mainly induced by
hyperactive microglia has been recognized as a promising therapeutic
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strategy for prevention of SCI.
Nitric oxide (NO), the gaseous chemical messenger, is the smallest

molecule with known biological activity. It is well understood that NO
at low concentrations is closely related to the physiological process of
the central nervous system (CNS), such as synaptic plasticity, receptor
function and neurotransmitter release [21]. Under pathological condi-
tions, including SCI, NO is largely synthesized by inducible nitric oxide
synthase (iNOS) that is abundantly expressed in microglia, astrocytes
and vascular smooth muscle cells [22].Whereas, large amounts of NO
contribute to oxidative stress and inflammation, forming neurological
disorders [23]. For another, NOD-like receptor protein 3 (NLRP3) in-
flammasomes, consisted of NLRP3, apoptosis-associated speck-like
protein containing (ASC) and caspase-1, promote the cleavage of cas-
pase-1, and thereby improving the immature inflammatory factors to
become mature inflammatory factors [24,25]. Moreover, treatment
with the pharmacologic inhibitor of NLRP3 inflammasome, BAY
11–7082 or A438079, improved neurological recovery after SCI surgery
in the mouse SCI models [26]. These findings indicate that NO mole-
cules and NLRP3 inflammasomes are the possible targets for SCI
treatment.

Nowadays, high-dose methylprednisolone, possessing strong anti-
oxidant and anti-inflammatory properties, is commonly used in the
treatment of acute SCI. However, considering the adverse effects of
methylprednisolone, the therapeutic effect is often unsatisfactory.
Therefore, it is necessary to develop effective medications for SCI. In the
present study, we detected the possible effects of polydatin on in-
flammatory response after traumatic SCI in rats and investigated the
potential molecular mechanism by using lipopolysaccharide (LPS)-sti-
mulated BV2 microglia.

2. Materials and methods

2.1. Drugs and reagents

Polydatin (purity≥ 95%, No: P109978) was purchased from
Shanghai Aladdin biochemical technology Co., Ltd. (Shanghai, China).
Pyrrolidine dithiocarbamate (PDTC) was obtained from
MedChemExpress (USA). NO and BCA protein assay kits were respec-
tively obtained from Nanjing Jiancheng Institute of Biological
Engineering (Nanjing, China) and Beyotime Institute of Biotechnology
Co., Ltd. (Shanghai, China). Enzyme-linked immunosorbent assay
(ELISA) kits for IL-1β, IL-6 and TNF-α (for mouse and rat) were all from
Hangzhou Lianke Biotechnology Co., Ltd. (Hangzhou, China).

2.2. Animals and surgical treatment

Adult male Sprague-Dawley (SD) rats (220–250 g, License number:
SCXK (Liaoning, China) 2015-0001) were used to establish SCI model.
The rats were maintained in suitable cages under standard laboratory
condition before any animal experiments. All the experimental proce-
dures were strictly adhered to the Guide for Care and Use of Laboratory
Animals and approved by Shengjing Hospital of China Medical
University. A total of 176 rats were randomly assigned into the fol-
lowing four groups of 44 rats each: I. Control (Rats only received T8
laminectomy); II. SCI (Rats received SCI surgery); III. SCI+ 20mg/kg
ploydatin (Rats received SCI surgery and 20mg/kg ploydatin treat-
ment); IV. SCI+ 40mg/kg ploydatin (Rats received SCI surgery and
40mg/kg ploydatin treatment). After the rats were anesthetized with
30mg/kg pentobarbital sodium solution, T8 laminectomy was con-
ducted and the collision injury on the spinal cord was formed by a 10 g
impactor falling from a height of 5 cm. The control rats only underwent
T8 laminectomy. The rats received a single intraperitoneal injection of
polydatin (20, 40mg/kg) or equal volume of saline 30min after the SCI
surgery. In each group, eight rats were randomly selected to evaluate
the motor function on day 0, 1, 4, 7, 10 and 14 post-SCI surgery and the
remaining rats were sacrificed 24 h after the SCI surgery (Fig. 1). In the

remaining, eight rats for measuring wet and dry weight of the spinal
cord, eight rats for analyzing pathological changes, eight rats for de-
tecting biochemical indicators, six rats for evaluating mRNA and total
protein expression and six rats for testing nucleoprotein expression.

2.3. Behavioral assessment

The open-field test was carried out to assess motor recovery of SCI
rats following the SCI surgery. According to the Basso-Beattie-
Bresnahan (BBB) locomotion scale, the score graded from 0 to 21 re-
presented the motor capacity of SCI rats [27]. Score 21 indicated
normal athletic ability and score 0 represented severe nerve damage.
Behavioral evaluations were performed by trained personnel who were
blinded to grouping.

2.4. Edema evaluation

Spinal cord edema as a consequence of SCI was detected utilizing
the wet to dry weight mode [28]. The separated spinal cord tissues near
the lesion site were instantly weighed on an electronic balance, and
then the wet weight was recorded. Afterwards, the samples were dried
at 80 °C for 48 h to the constant weight (dry weight). Spinal cord edema
degree in each sample was calculated as the wet weight to dry weight
ratio.

2.5. Histological and immunohistochemical analysis

After perfusion with ice-cold saline and 4% paraformaldehyde, the
obtained spinal cord tissues around the lesion epicenter were fixed in
4% paraformaldehyde, embedded in paraffin blocks and cut (thickness:
5 μm) along the cross section. Simply, the spinal cord slices were
stained with hematoxylin solution and counterstained with eosin as
previously described [29], and then the morphological alterations were
examined with a light microscopy at 200× magnification. For the im-
munohistochemical analysis, all the sections were subjected to the si-
milar immunohistochemical staining procedures [30]. Generally, the
spinal cord sections blocked by goat serum were incubated with rabbit
anti-iNOS primary antibody (Bioss, China; dilution 1:100) overnight at
4 °C and biotin-labeled Goat Anti-Rabbit IgG (H+L) (Beyotime In-
stitute of Biotechnology, China; dilution 1:200) for another 30min at
37 °C in sequence. Finally, diaminobenzidine (DAB, Solarbio, China) as
the chromogen was used to visualize the immunocomplex that were
observed under a light microscopy at 400× magnification.

2.6. Cell culture and treatment

BV2 mouse microglia were grown in DMEM medium (Gibco, USA)
with 10% fetal bovine serum (FBS; BI, USA) in a humidified 5% CO2

incubator at 37 °C. When the BV2 microglia reached 70% confluency,
the cells were randomly divided into the following five groups: I. Blank
(BV2 microglia without LPS stimulation); II. LPS (BV2 microglia only
treated with 100 ng/ml LPS for 24 h); III. 1 μM polydatin (BV2 micro-
glia co-treated with 100 ng/ml LPS and 1 μM polydatin for 24 h); IV.
2 μM polydatin (BV2 microglia co-treated with 100 ng/ml LPS and 2 μM
polydatin for 24 h); V. 4 μM polydatin (BV2 microglia co-treated with
100 ng/ml LPS and 4 μM polydatin for 24 h). VI. PDTC (BV2 microglia
pre-incubated with 10 μM PDTC for 1 h and treated with 100 ng/ml LPS
for 24 h). After the incubation, the cells and culture medium were re-
spectively collected for the subsequent study.

2.7. Inflammatory cytokine and NO detection

The obtained spinal cord tissues were homogenized in PBS on ice
and the supernatants were separated by centrifugation at 2500 rpm for
10min. In addition, the cell medium was harvested after completing the
above intervention and centrifuged at 1000 rpm for 10min to obtain
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the supernatants. According to the required protocols, the concentra-
tions of IL-1β, IL-6, and TNF-α were quantified by the corresponding
ELISA kits. The levels of NO in the spinal cord tissues and the cell su-
pernatant were measured by commercial NO assay kit according to
manufacturer's instructions.

2.8. NF-κB immunofluorescence

Paraformaldehyde-fixed BV2 cells were permeabilized with 0.1%
TritonX-100 and blocked by goat serum. In turn, the cells were in-
cubated overnight at 4 °C with NF-κB primary antibody (Proteintech,
China; dilution 1:50) and Cy3-labeled goat anti-rabbit IgG (H+L)
(Beyotime Institute of Biotechnology, China; dilution 1:400) for 1 h at
room temperature. Afterwards, the BV2 microglia were incubated with
4′, 6-diamidino-2-phenylindole (DAPI) to stain cell nuclei. Finally, im-
mune-positive cells were visualized under fluorescence microscope at
400× magnification.

2.9. Real-time polymerase chain reaction (RT-PCR)

Total RNA of the spinal cord tissues and BV2 cells was isolated by
Trizol reagent to synthesize cDNA with super M-MLV reverse tran-
scriptase (BioTeke, China) and the primers. Quantitative Fluorescence
Analysis was performed in Exicycler 96 System (Bioneer, Korea) and
2−△△CT method was used to calculate the data. The primers sequences
were showed in Table 1.

2.10. Western blotting

Western blotting was performed as previously described [31],
simply, the total proteins of rat spinal cord and intervened BV2 mi-
croglia were extracted, separated by SDS-PAGE gels, and then electro-
phoretically transferred to polyvinylidene difluoride (PVDF) mem-
branes that were blocked with 5% skimmed milk for 2 h at the room
temperature. Subsequently, the PVDF membranes were treated with the
following primary antibodies overnight at 4 °C and HRP-conjugated
secondary antibody (Beyotime Institute of Biotechnology, China; dilu-
tion 1:5000) for 45min at 37 °C. Ultimately, enhanced chemilumines-
cent (ECL) reaction was used to visualize the target protein bands and

their density were digitized by Gel-Pro-Analyzer.
The primary antibodies were listed as followed: iNOS (BOSTER,

China; dilution 1:500), p-NF-κB (KeyGen, China; dilution 1:500), p-IκB
(Bioss, China; dilution 1:500), NLRP3 (Abcam, USA; dilution 1:300),
ASC (Proteintech, China; dilution 1:300), caspase-1 (Abcam, USA; di-
lution 1:1000), cleaved caspase-1 (Cell Signaling Technology, USA;
dilution 1:1000), IL-1β (BOSTER, China; dilution 1:300) and β-actin
(KeyGen, China; dilution1:500).

2.11. Statistical analysis

Data were presented as the mean ± S.D. Values were compared
using One-way analysis of variance (ANOVA) followed by Newman-
Keuls test and p<0.05 was considered statistically significant.

3. Results

3.1. Effects of polydatin on results of SCI

As shown in Fig. 2A, SCI elicited the impairments of motor function
in rats within 14 days (p<0.05 versus Sham) and polydatin treatment
(20, 40mg/kg, p<0.05 versus SCI) improved locomotor activity that
was represented by BBB scores. Besides, the administration of polydatin
(20, 40mg/kg, p<0.05 versus SCI) significantly alleviated the edema
in spinal cord and inhibited the morphological changes(Fig. 2B and C).
The data indicated that polydatin possessed the ability of alleviating
SCI-related symptoms.

3.2. Effects of polydatin on NO generation in SCI rats

As shown in Fig. 3A–C, the procedure of SCI increased iNOS ex-
pressions at protein and mRNA levels (p<0.05 versus Sham), which
could be observably down-regulated by polydatin treatment (20,
40mg/kg, p<0.05 versus SCI). Consistent with the trend of iNOS ex-
pression, the elevated NO contents in the spinal cord tissues of SCI rats
were distinctly decreased by polydatin (20, 40mg/kg, p<0.05 versus
SCI; Fig. 3D). The data indicated that polydatin could diminished iNOS
expressions, and thereby reducing NO generation in the spinal cord
tissues of SCI rats.

Fig. 1. Timeline for the experimental procedure.

Table 1
The primers used in the present study.

Forward (5′-3′) Reverse (5′-3′)

Rat iNOS CTTGGAGCGAGTTGTGGATTG ACCTCTGCCTGTGCGTCTCTT
β-Actin GGAGATTACTGCCCTGGCTCCTAGC GGCCGGACTCATCGTACTCCTGCTT

Mouse iNOS GCAGGGAATCTTGGAGCGAGTTG GTAGGTGAGGGCTTGGCTGAGTG
β-Actin CTGTGCCCATCTACGAGGGCTAT TTTGATGTCACGCACGATTTCC
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3.3. Effects of polydatin on IL-1β, IL-6 and TNF-α production in SCI rats

As shown in Fig. 4A–C, the levels of pro-inflammatory factors, such
as IL-1β, IL-6 and TNF-α, were visibly elevated in the spinal cord of
model SCI rats compared to the control ones (p<0.05). The single
injection of polydatin (20, 40 mg/kg, p<0.05 versus SCI) significantly
decreased IL-1β, IL-6 and TNF-α concentrations. The data indicated
that polydatin suppressed inflammatory cytokine generation in the
spinal cord tissues post-SCI.

3.4. Effects of polydatin on IL-1β，IL-6 and TNF-α generation in LPS-
stimulated BV2 microglia

As shown in Fig. 5A–C, the stimulation of LPS (100 ng/ml) ac-
celerated the release of IL-1β, IL-6 and TNF-α in BV2 microglia
(p<0.05 versus Blank). Whereas, after the incubation with polydatin
(1, 2 and 4 μM, p<0.05 versus LPS), the productions of IL-1β, IL-6 and
TNF-α were clearly restrained. The data indicated that polydatin miti-
gated inflammation induced in activated microglia.

3.5. Effects of polydatin on NF-κB activation in LPS-stimulated BV2
microglia

As shown in Fig. 6A, 100 ng/ml LPS stimulation significantly in-
creased NF-κB p65 fluorescence strength (p<0.05 versus Blank),
which could be reversed by polydatin treatment (1, 2 and 4 μM,
p<0.05 versus LPS). Additionally, the phosphorylated levels of NF-κB
p65 were also declined, along with down-regulated phosphorylated IκB
after polydatin incubation (1, 2 and 4 μM, p<0.05 versus LPS, Fig. 6B
and C). Importantly, the effects of polydatin were the same as the ad-
ministration of PDTC (10 μM). The data indicated that polydatin

inhibited LPS-induced NF-κB activation in BV2 microglia.

3.6. Effects of polydatin on NO production in LPS-stimulated BV2 microglia

As shown in Fig. 7A and B, the administration of 100 ng/ml LPS
promoted the expressions of iNOS at both protein and mRNA levels
(p<0.05 versus Blank) in BV2 cells and polydatin treatment (1, 2 and
4 μM, p<0.05 versus LPS) could reverse these changes. Similar to the
results of in vivo experiments, LPS-induced increase of NO release was
also reduced by polydatin (1, 2 and 4 μM, p<0.05; Fig. 7C). The data
indicated that polydatin adjusted NO productions that were triggered
by microglia activation.

3.7. Effects of polydatin on NLPR3 inflammasome pathway in LPS-
stimulated BV2 microglia

As shown in Fig. 8A, the expressions of NLPR3 inflammasome-re-
lated proteins were detected in LPS-induced BV2 microglia in present or
absent of polydatin. The stimulation of 100 ng/ml LPS accelerated the
expression of NLPR3 and its associated proteins, including ASC, cleaved
caspase-1 and IL-1β (p<0.05 versus Blank) in BV2 microglia. In ad-
dition, polydatin treatment (1, 2 and 4 μM, p<0.05 versus LPS) pro-
minently inhibited these protein expressions. The data indicated that
polydatin suppressed the activation of NLPR3 inflammasomes in LPS-
treated BV2 microglia.

4. Discussion

Polydatin, 3,4′,5-trihydroxystilbene-3-β-D-glucoside, is also known
as piceid and mainly existed in the root of Polygonum cuspidatum that is
widely used as one of the folk medicines in Asia [32]. Polydatin has

Fig. 2. Effects of polydatin on results of SCI. (A) The average Basso-Beattie-Bresnahan (BBB) scores were shown on 0, 1, 4, 7, 10 and 14 day post-SCI. (B) Ratio of wet
to dry spinal cord weight 24 h post-SCI. (C) H&E staining results in spinal cord 24 h post-SCI (Scale bar= 100 μm). SCI: spinal cord injury group. Data are reported as
means± S.D. (n= 8). # p < 0.05 and ## p < 0.01 versus Sham; ⁎ p < 0.05 and ⁎⁎ p < 0.01 versus SCI.
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numerous activities, such as promising anti-oxidant and anti-in-
flammatory capacity [33]. In the study, we have investigated the effects
of polydatin on neuroinflammation in trauma-induced SCI rats and
explored the underlying mechanisms in LPS-treated BV2 microglia.
Here, the data showed that the motor dysfunction in SCI model rats,
which was accompanied by increased NO generations and elevated
inflammatory cytokines (IL-1β, IL-6 and TNF-α). Polydatin treatment

was able to alleviate SCI-induced locomotor loss and normalize neu-
roinflammation by inhibiting iNOS and NLRP3 inflammasome signaling
in microglia.

SCI was induced by a modified weight-drop method in rats, which
were thought to be the appropriate models employed in our study. In
our trials, the open field test based on Basso-Beattie-Bresnahan (BBB)
scoring system was used to assess the recovery of limb motor capacity

Fig. 3. Effects of polydatin on NO generation in SCI rats. (A) Immunohistochemistry of iNOS in the spinal cord tissues 24 h post-SCI (Scale bar= 50 μm). (B) Western
blotting and relative protein levels for iNOS in spinal cord 24 h post-SCI. (C) RT-PCR and relative mRNA levels for iNOS in spinal cord 24 h post-SCI. (D) NO contents
in spinal cord 24 h post-SCI. SCI: spinal cord injury group. Data are reported as means± S.D. (n=8). # p < 0.05 and ## p < 0.01 versus Sham; ⁎ p < 0.05 and ⁎⁎

p < 0.01 versus SCI.

Fig. 4. Effects of polydatin on IL-1β, IL-6 and TNF-α production in SCI rats. (A) IL-1β levels in spinal cord 24 h post-SCI. (B) IL-6 levels in spinal cord 24 h post-SCI.
(C) TNF-α levels in spinal cord 24 h post-SCI. SCI: spinal cord injury group. Data are reported as means± S.D. (n= 8). # p < 0.05 and ## p < 0.01 versus Sham; ⁎

p < 0.05 and ⁎⁎ p < 0.01 versus SCI.
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on day 0, 1, 4, 7, 10 and 14 post-SCI surgery. The behavioral perfor-
mance was gradually improved during the process and poor motor
ability was also observed in model SCI rats, which was consistent with
the previous experiments [34]. In addition, our results supported that
the BBB scores of polydatin-treated SCI rats were significantly up-
regulated since the fourth day post-SCI. With the improvement of motor
ability in lower limbs, the degrees of edema and the morphological

changes in the traumatized spinal cord tissues were also reversed after
polydatin administration in SCI rats, indicating that polydatin could
ameliorate SCI-related neurological dysfunction.

It has been noted that increased inflammatory response, the distinct
hallmark of the secondary spinal injury, is mediated by resident mi-
croglia and the infiltrated immune cells, such as blood-borne monocytes
[35,36]. It has been shown that trauma-induced inflammatory response

Fig. 5. Effects of polydatin on IL-1β, IL-6 and TNF-α generation in LPS-stimulated BV2 microglia. (A) IL-1β production in LPS-induced BV2 microglia. (B) IL-6
production in LPS-induced BV2 microglia. (C) TNF-α production in LPS-induced BV2 microglia. Data are reported as means± S.D. (n=3). # p < 0.05 and ##

p < 0.01 versus Blank; ⁎ p < 0.05 and ⁎⁎ p < 0.01 versus LPS.

Fig. 6. Effects of polydatin on NF-κB activation in LPS-stimulated BV2 microglia. (A) Immunofluorescence of NF-κB p65 in LPS-induced BV2 microglia (Scale
bar= 50 μm). (B) Western blotting and relative protein levels for p-NF-κB p65 in LPS-induced BV2 microglia. (C) Western blotting and relative protein levels for p-
IκB in LPS-induced BV2 microglia. Data are reported as means± S.D. (n=3). # p < 0.05 and ## p < 0.01 versus Blank; ⁎ p < 0.05 and ⁎⁎ p < 0.01 versus LPS.
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was closely related to the pathogenesis of the secondary injury process
[37,38]. NO at low concentration plays an important role in physiolo-
gical processes of neurons, whereas, high levels of NO that were pro-
duced by increased iNOS in lesion sits possess neurotoxicity [22]. NO at
low concentration plays an important role in physiological processes of
neurons, whereas, high levels of NO that were produced by increased
iNOS in lesion sits possess neurotoxicity [39]. We showed that the
concentrations of NO were down-regulated with decreased iNOS ex-
pressions after polydatin treatment. Since multiple inflammatory fac-
tors were involved in the injury process of SCI, we next examined spinal
IL-1β, IL-6 and TNF-α levels after SCI surgery, which could be

normalized by polydatin administration. Prominently enhanced anti-
inflammatory capacity of spinal cord tissues might contribute to the
neuroprotection of polydatin.

Following SCI, the primary injury triggers the secondary cascade
through biochemical and inflammatory event, in addition, the spinal
cord tissues around the mechanical trauma were extremely vulnerable
to the secondary injury on account of microglial products [40]. Mi-
croglia, the primary resident macrophages in the central nervous
system, are the key elements in maintaining the normal function of
neurons [41]. Given that microglia exert their physiological effects via
the modulation of synaptic pruning. Their functions alters with the

Fig. 7. Effects of polydatin on NO production in LPS-stimulated BV2 microglia. (A) Western blotting and relative protein levels for iNOS in LPS-induced BV2
microglia. (B) RT-PCR and relative mRNA levels for iNOS in LPS-induced microglia. (C) NO production in LPS-induced microglia. Data are reported as means± S.D.
(n=3). # p < 0.05 and ## p < 0.01 versus Blank; ⁎ p < 0.05 and ⁎⁎ p < 0.01 versus LPS.

Fig. 8. Effects of polydatin on NLPR3 inflammasome pathway in LPS-stimulated BV2 microglia. (A) Western blotting for NLRP3-related proteins in LPS-induced BV2
microglia. (B) Relative protein levels for NLRP3. (C) Relative protein levels for ASC. (D) Relative protein levels for cleaved caspase-1. (E) Relative protein levels for
caspase-1. (F) Relative protein levels for IL-1β. Data are reported as means± S.D. (n=3). # p < 0.05 and ## p < 0.01 versus Blank; ⁎ p < 0.05 and ⁎⁎ p < 0.01
versus LPS.

R. Lv, et al. International Immunopharmacology 70 (2019) 28–36

34



changes of microenvironment, microglia are hyper-activated and re-
lease multiple inflammatory factors in response to injury. The over-
produced inflammatory cytokines not only directly impair neuronal
function, but also recruit more inflammatory cells to infiltrate the lesion
site, thereby deteriorating the secondary injury and disturbing beha-
vioral development after SCI [42]. Based on the above, we attempted to
sort out the associated mechanisms of polydatin in alleviating the nerve
damage caused by SCI. It is generally accepted that exposing neurons to
inflammatory factors contributed to their abnormity, apoptosis and
death during activation of microglia [43]. Additionally, it is also well
understood that the production of inflammatory cytokine is regulated
by nuclear factor-kappa B (NF-κB) and its downstream molecules [44].
Therefore, we used a NF-κB specific inhibitor PDTC to examine the
influence of polydatin on NF-κB activation in LPS-treated BV2 micro-
glia. In our study, polydatin treatment inhibited inflammatory factor IL-
1β, IL-6 and TNF-α generation in LPS-treated BV2 microglia. Besides,
there was a decrease in NF-κB activation after polydatin administration,
which was consistent with the effects of PDTC. Next, iNOS expression
and NO production were both measured in LPS-treated BV2 microglia
and the results suggested that polydatin could restore these up-reg-
ulations. Recently, it was found that activation of NLRP3 inflamma-
somes in activated microglia cells in vitro or in vivo was an important
signaling leading to progression of neurodegeneration [45]. NLRP3
inflammasome has emerged as a critical element of inflammatory pro-
cess and is regarded as a potential target in SCI [46]. The present data
demonstrated that the expressions of NLRP3 inflammasome-related
protein, including NLRP3, ASC, cleaved caspase-1 and IL-1β, were ob-
servably decreased with polydatin treatment in LPS-stimulated BV2
microglia. Our study elucidated that polydatin treatment could inhibit
the activation of iNOS and NLRP3 inflammasome in microglia.

In conclusion, our results demonstrate that polydatin improved SCI-
induced motor dysfunction in rats. Due to the effective anti-in-
flammatory property, polydatin reduced inflammation of the spinal
cord tissues, blocked NF-κB regulating iNOS and NLRP3 inflammasome
expression in microglia, and eventually improved behavior perfor-
mance post-SCI. Although more studies are required to confirm the
direct regulation of polydatin on inflammation via NF-κB regulating
iNOS and NLRP3 inflammasome pathway, this study indicates that
polydatin possesses therapeutic potential for SCI-related motor dys-
function.
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