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Abstract
Spinal cord injuries (SCI) are complex and cause complex neurological disorders with serious implications for the health 
of society. Excessive neuroinflammation is one of the pathogenesis of trauma-related central nervous system (CNS) 
dysfunction. The initiation of inflammatory response mainly stems from neuronal necrosis in the central nervous system. 
The therapeutic effects and underlying mechanisms of zinc targeting neurons were investigated in vivo and in vitro using 
protein chips, western blotting, reactive oxygen species (ROS) activity assays, ELISA, RT-qPCR, and immunostaining. In 
this study, we found that zinc promotes functional recovery. Specifically, we found that zinc increased neuronal survival 
and suppressed lesion size and focal apoptosis levels in vivo. Zinc administration confers neuroprotection by inhibiting 
NLRP3 inflammasome-associated cytokine levels probed with a protein chip. Furthermore, we found that zinc promoted 
SIRT3-mediated induction of autophagy, which abrogated inflammatory responses and mitochondrial ROS production in 
the injured spinal cord and cultured neurons. These findings suggest that zinc improves neuroinflammation and improves 
dyskinesia after SCI. In conclusion, zinc may be a potential therapeutic immunomodulatory challenge for the treatment of 
trauma-related CNS dysfunction.
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qRT-PCR	� Quantitative real-time PCR
RPS18	� Protein S18
MDA	� Malondialdehyde
SOD	� Superoxide dismutase
DMEM	� Dulbecco’s modified eagle medium
LPS	� Lipopolysaccharides
ATP	� Adneosine triphosphate

Introduction

Spinal cord injury (SCI) is one of the most prevalent traffic 
accident complications worldwide [1], characterized by sen-
sory and/or motor dysfunction [2]. Most clinical treatments 
are based on high-dose glucocorticoid shock and have many 
side effects [3]. Therefore, novel strategies are needed for 
the therapy of SCI. Although many recent strategies have 
focused on the molecular mechanisms of SCI, motor dys-
function remains a devastating outcome for patients and may 
be exacerbated by persistent neuronal necrosis. Our previous 
studies have shown that overproduction of reactive oxygen 
species (ROS) is associated with the development and pro-
gression of neuronal survival in the acute phase of SCI [4]. 
Moreover, we have demonstrated that NLRP3 inflammasome 
plays an important role in neuron death after SCI [5]. In addi-
tion, we found that the activation of neuronal autophagy is 
one of the pathophysiological processes of spinal cord injury 
[6]. Activation of the known NLRP3 inflammasome can 
amplify the accumulation of inflammatory cytokines at the 
injury and in turn, inflammatory cytokines induced by trauma 
can promote the NLRP3 inflammasome in SCI [7, 8]. In the 
animal SCI contusion model, IL-1 β overexpression suggests 
that NLRP3 inflammasome and related signaling pathways 
are the main mechanisms of the progression of SCI [9].

Mammalian sirtuin (SIRT) 3 is relevant to cell cycle, 
aging, cancer inhibition, mitochondrial function [10, 11], 
and metabolism [12]. Current evidence has proved the ben-
eficial effects of SIRT3 under the natural situation, which is 
mitochondrial NAD-dependent deacetylase [11]. Moreover, 
SIRT3 can inhibit IL-1β release and ROS production [13], 
and promote autophagy upregulation [14]. Therefore, SIRT3 
has a neuroprotective effect on the central nervous system 
(CNS) via targeting mitochondrial ROS and NLRP3 inflam-
masome [15]. Additionally, autophagy plays an integral role 
in cell steady state. [16] Autophagy has a protective effect 
at the initiation of damage and can downregulate inflamma-
tory cytokines, especially IL-1β production [17]. Moreover, 
SIRT3 participates in the mTOR nutrient-sensing pathway 
and relies on LC3B expression to regulate autophagy activity 
[18]. Current results have supported that autophagy inhibits 
the activation of NLRP3 inflammasome in immune-mediated 
diseases, including SCI [19].

Zinc (Zn) has been proved to involve in growth and devel-
opment, immune ability, and vitamin functions [20]. Zinc 
gluconate (ZnG) is an organic zinc supplement that has little 
stimulation to the gastric mucosa and is easily absorbed by 
the human body in vivo with a high absorption rate and good 
solubility [21]. The functional recovery in SCI is largely 
mediated by neuronal survival, and Zn can effectively modu-
late neuronal autophagy and neuroinflammation. However, 
the specific molecular mechanism of ZnG on SCI has not yet 
been determined. Previous studies have shown the therapeu-
tic effects of ZnG in a contusive SCI model and the mecha-
nism of action of this compound, including up-regulation of 
SIRT3-mediated autophagy and down-regulation of ROS-
mediated NLRP3 inflammasome. These results suggest that 
ZnG can be a novel drug for the treatment of acute SCI.

Materials and Methods

Mouse Contused SCI Model

Male 8-week-old C57BL/6 mice were placed with standard 
rodent chow and water in a controlled location. Animals 
were kept at 22 ± 1 °C with a 12 h light, 12 h dark cycle. 
Mice spinal cord contusion model was conducted by Allen’s 
method. Mice were anesthetized by the injection of uratan 
(30 mg/kg, i.p.) and placed in a prone position. Then, a T8/9 
spinal cord laminectomy was used. An impact device with 
a mass of 10 g and a diameter of 2 mm was dropped on 
the spinal cord from 25 mm height. The spinal cord was 
rinsed with 0.9% saline and sutured the incisions after 
surgery. The bladder was massaged twice a day until bladder 
function regained normally. Sham group only performed 
laminectomy. These mice were divided into three groups 
and administered daily either ZnG (various concentrations) 
or vehicle (saline) by intraperitoneal injection. The study 
was permitted by the Jinzhou Medical University Review 
Board for the care of animals.

Immunochemical Staining

Spinal cord tissues were soaked in 4% paraformaldehyde for 
3 days, added to 30% sucrose in 4% paraformaldehyde, and 
embedded in paraffin for hematoxylin and eosin staining, 
Nissl staining, and TUNEL staining. IL-1β (ab9722, Abcam) 
and LC3B (ab48394, Abcam) were used in spinal cord 
sections, followed by incubation with biotinylated secondary 
antibodies (Sigma-Aldrich).

Western Blot Analysis

Proteins were extracted from spinal cord tissues and 
cultured cells and used antibodies against mouse NLRP3 
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(15101S, Cell Signaling Technology), Caspase-1 (3866S, 
Cell Signaling Technology), IL-1β (ab9722, Abcam), 
Nrf2 (ab31163, Abcam), Atg5 (ab108327, Abcam), 
LC3B (ab48394, Abcam), SIRT3 (2627S, Cell Signaling 
Technology), and Goat per-oxidase (HRP)-conjugated 
IgG antibodies (SA0000-2, Proteintech). β-Tubulin 
(10094–1-1AP, Proteintech) was done as a control protein. 
The membranes were developed using ChemiDoc-
ItTMTS2Imager (UVP, LLC, Upland, CA, USA), and 
relative optical density was analyzed by ImageJ2x 
software(National Institute of Health, Bethesda, MD, USA).

Quantitative Real‑Time PCR Analysis

A 0.5 cm length of spinal cord tissue after the mice were 
sacrificed by the overdose of anesthetic, and primary 
astrocytes were taken from the injured point for an 
experiment of quantitative real-time PCR (qRT-PCR), 
as described [22]. Total RNA extracts were obtained using 
TRIzol Reagent (Ambion, Foster City, CA, USA), and 5 μg 
of total RNA was used to synthesize cDNA (Promega, 
Fitchburg, WI, USA). Samples were analyzed by real-time 
polymerase chain reaction (RT-PCR) and SYBR Green 
Supermix used primers in parallel for analysis. The primers 
for NLRP3 and RPS18 are given in Table 1.

MDA and SOD Activity Assay

To weight the spinal cord tissue including the injury point 
according to the manufacturer's instructions, add the extract, 
homogenize it in the ice bath, centrifuge 8000 g at 4 °C for 
10 min, and take the supernatant. The levels of SOD and 
MDA in the supernatant were measured using a commercial 
kit. The absorbance at 560 nm (SOD) and 532 nm (MDA) 
was measured with a microplate reader. The concentration 
was calculated according to the manufacturer's instructions 
and standardized as the total protein concentration.

Cell Injury Models

The murine neurons PC12 cells line was cultured in Dulbec-
co’s modified eagle medium (DMEM) supplemented with 
10% fetal bovine serum and 200 μL penicillin–streptomycin 
solution (Gibco) at 37 °C in a 5% CO2 incubator. Briefly, 
cells were incubated with lipopolysaccharides (LPS, 1 μg/

mL) and adenosine triphosphate (ATP, 5 mmol/L) for 6 h to 
serve as the priming signal of the NLRP3 inflammasome, 
and then treated with ZnG (100 μM) for 24 h. These cells 
were used to measure mitochondrial ROS activity.

Stable Expression of SIRT3 shRNA

Lentivirus transduction particles carrying shSIRT3 in PC12 
cells were constructed according to the manufacturer's 
instructions as described.[23] The cells were then infected 
with lentivirus-bearing specific shRNAs of SIRT3 to select 
stably infected cells for further experiments.

Data Analysis

Data were expressed as mean ± SD and analyzed by SPSS 
19.0. Student’s t-test and one-way ANOVA determined 
the data of two groups and more groups. In addition, the 
BMS tests were analyzed using the Mann–Whitney U-test. 
Differences were considered statistically significant with a 
value of p < 0.05.

Results

Appropriate Concentration of ZnG to Promote 
Functional Recovery After SCI

The administrations of ZnG were injected at various con-
centrations (10, 30, 50, 100 mg/kg) after SCI, and the mice 
were sacrificed four weeks post-injury. Based on the results 
of BMS scores, this concentration (30 mg/kg) of ZnG was 
beneficial to mice for a longer period of four weeks post-
injury (Fig. 1A, 1B). After four weeks following the treat-
ment of ZnG, the lesion size of hit points in the injured spi-
nal cord decreased significantly compared to the SCI group 
(Fig. 1C). Moreover, the staining results showed a decreased 
area of spared white matter in the injured lesion for the SCI 
group, substantially increased in the ZnG group (Fig. 1D). 
Four weeks after the treatment, the ventral neurons were sig-
nificantly reduced in the SCI group compared to the Sham 
group, the group treated with ZnG highly induced neurons 
survival in the ventral horn (Fig. 1E). The assessment of neu-
rons number revealed substantial improvement by the admin-
istration of ZnG (Fig. 1F). The images of TUNEL staining 

Table 1   Sequence for mouse 
quantitative real-time PCR 
(RT-PCR) primers

Primer name Forward sequence Reverse sequence

NLRP3 CTG​TGT​GTG​GGA​CTG​AAG​CAC​ GCA​GCC​CTG​CTG​TTT​CAG​CAC​
IL-1β CCA​GGA​TGA​GGA​CAT​GAG​CACC​ TTC​TCT​GCA​GAC​TCA​AAC​TCCAC​
Casepase-1 ACT​GTA​CAA​CCG​GAG​TAA​TACGG​ CAC​GGA​AGG​CCA​TGC​CAG​TGA​
RPS18 GCA​ATT​ATT​CCC​CAT​GAA​G GGC​CTC​ACT​AAA​CCA​TCC​AA
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revealed a significantly decreased apoptosis level after the 
treatment of ZnG (Fig. 1G, 1H). Based on these results, the 
proper concentrations of ZnG (at 30 mg/kg) were beneficial 
to SCI mice in vivo experiments.

Administration of ZnG to Decrease the Expressions 
of Proinflammatory Cytokines in Injured Spinal Cord 
Tissue

The pathological process of SCI involves the progression of 
inflammation. The main change during acute SCI is upregula-
tion in the expression of inflammation-related cytokines. We 
assessed cytokine expression by assessing protein chips using 
injured local spinal cord tissue from the SCI model treated 

with ZnG or vehicle (Figs. 2A). Moreover, we found that 
many pro-inflammation cytokines (including IL-1β, TNF-
α, IL-6) in the ZnG group were decreased on the first day 
compared to the SCI group, and anti-inflammatory cytokines 
(including IL-10, G-CSF) upregulated in one-day post-injury 
mice treated with ZnG (Fig. 2B). After being injected with 
ZnG for three days, anti-inflammatory cytokines display 
more significantly increased levels compared to the SCI 
group (Fig. 2C). According to previous studies [3], most of 
the changed profiles of cytokines were related to the activa-
tion or initiation of the NLRP3 inflammasome. Collectively, 
these results indicated that ZnG may be involved in the pro-
cess of NLRP3 inflammasome in acute SCI.

Fig. 1   Representative BMS scores of mice from various concen-
tration of ZnG groups at different time points (A) and 4  weeks 
post-injury (B) (n = 10–14/group). H&E staining of the spinal 
cord of three groups (C) and semiquantitative analysis (D) (n = 6 /
group). Scale bar = 25 μm. Nissl staining of the spinal cord of three 

groups (E) and semiquantitative analysis (F) (n = 6 /group). Scale 
bar = 100 μm. TUNEL staining of the spinal cord of three groups (G) 
and semiquantitative analysis (H) (n = 6 /group). Scale bar = 100 μm. 
*p < 0.1, **p < 0.01, ***p < 0.001, ****p < 0.0001. Data presented as 
mean ± SD
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Administration of ZnG to Inhibit NLRP3 
Inflammasome in Injured Spinal Cord

To examine whether ZnG specifically regulates the activity 
of NLRP3 inflammasome in 3-days post-injury, we stained 
the expression of IL-1β in injured spinal cord lesions. 
As shown in Fig. 3A, the immunohistochemical stain-
ing of IL-1β displayed significant production in the SCI 
group compared to the Sham group and could decrease 
the expression of IL-1β (Fig. 3A). Besides, the protein 
levels of inflammation-related factors via western blot 
(Fig. 3B), statistics showed that NLRP3 (Fig. 3C), Cas-
pase-1 (Fig. 3D), and IL-1β (Fig. 3E) were significantly 
reduced in the treatment group compared with SCI mice, 
although the former showed greatly increased protein lev-
els compared to Sham mice. Moreover, the treatment of 
ZnG exhibited significantly downregulated mRNA levels 
of these genes including NLRP3 (Fig. 3F), Caspase-1 
(Fig. 3G), and IL-1β (Fig. 3H) compared with SCI mice. 
These results showed that ZnG therapy inhibits the activa-
tion of NLRP3 inflammasome after SCI for 3 days.

Treatment of ZnG to Promote Autophagy in Injured 
Spinal Cord

Autophagy reduces NLRP3 inflammasome activation, 
whereas activated SIRT3 promotes autophagy. As shown 
in Fig. 4A, the levels of LC3B were significantly induced 
after treatment with ZnG. These results indicated that 
the expression of Atg5 (Fig. 4B), LC3B (Fig. 4C) pro-
teins were gradually upregulated until the third day after 
treatment with ZnG (Fig. 4D). Next, we assessed whether 
SIRT3 could be modulated by ZnG. As shown in Fig. 4E, 
the results showed that ZnG treatment significantly 
increased SIRT3 levels compared with SCI mice, and 
the statistical results were shown in Fig. 4F. In addition, 
the mRNA levels of SIRT3 confirmed the same results 
(Fig. 4G). These results suggest that downregulation of 
the NLRP3 inflammasome and activation of autophagy are 
temporally synchronized following treatment with ZnG.

Fig. 2   Heat map of protein chip clustering analysis (A). Mice were divided into two groups: SCI and ZnG group. The effects of ZnG on inflam-
mation-associated protein expression after 1-day (B) and 3-days (B) SCI (n = 3 /group)
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Injection of ZnG to Suppress ROS Production 
in Injured Spinal Cord

The production of mitochondrial ROS plays an essential 
role in the activation of the NLRP3 inflammasome. Both 
SCI mice from SCI and ZnG groups had significantly 

higher ROS levels compared to control and Sham mice, 
but this activation of ROS was significantly inhibited in 
the mice treated with ZnG (Fig. 5A, B). As shown in 
Fig. 3C, the levels of Nrf2, as an antioxidant-specific 
protein, were significantly increased in both ZnG and 
SCI mice compared with control and sham mice, but this 

Fig. 3   Immunohistochemically staining of mice in three groups (A). 
Scale bar = 100 μm. Western blot of the spinal cord in three groups 
(B) and semiquantitative analysis of NLRP3 (C), Caspase-1 (D) 
and IL-1β (E). Representative RT-qPCR analysis of NLRP3 (F), 

Caspase-1 (G) and IL-1β (H) in three groups *p < 0.1, **p < 0.01, 
***p < 0.001, ****p < 0.0001.Data presented as mean ± SD. (n = 6 /
group)
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effect was induced in ZnG mice (Fig. 5C, D). In con-
trast, MDA was greatly reduced in ZnG mice compared 
with SCI mice (Fig. 5E). Furthermore, a greatly increased 
SOD was observed in ZnG mice compared with SCI mice 
(Fig. 5F). These results suggest that ZnG downregulates 
ROS activity, which is the main initiating signal of the 
NLRP3 inflammasome.

Administration of ZnG to Induce 
Autophagy‑Mediated Inhibition of NLRP3 
Inflammasome in Cultured Neurons

Cell viability was tested by MTT assay, which showed 
100  μmol/L ZnG was the optimal dose for PC12 cells 
(Fig. 6A). It has been reported that activation of the NLRP3 

Fig. 4   Immunohistochemically staining of mice in three groups (A). 
Scale bar = 100 μm. Western blot of the spinal cord of groups in vari-
ous times (D) and semiquantitative analysis of Atg5 (B), and LC3B 
(C). Western blot of the spinal cord in three groups (E) and semi-

quantitative analysis of SIRT3 (F). Representative RT-qPCR analy-
sis of SIRT3 (G) in three groups *p < 0.1, ** p < 0.01, ***p < 0.001, 
****p < 0.0001.Data presented as mean ± SD. (n = 6 /group)
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inflammasome requires both priming signals such as LPS 
and activation signals such as ATP to produce mature IL-1β 
[9]. Next, to test whether ZnG could regulate neuron activ-
ity after treated LPS + ATP, we found that LDH release was 
significantly increased after culturing with LPS + ATP, com-
pared to the control group, ZnG downregulated LDH release 
(Fig. 6B) and reversed cell death induced by LPS + ATP 
stimulation (Fig. 6C).

Autophagy can inhibit priming and activation sig-
nals of the NLRP3 inflammasome [23], so we examined 
whether ZnG can suppress the activation of the NLRP3 

inflammasome in PC12 neurons. Rapamycin stimulates 
autophagy in mammals [24, 25]. As shown in Fig. 6D, 
IL-1β production was reduced in cells treated with rapa-
mycin or ZnG compared to LPS + ATP-induced cells. The 
production of LC3B (Fig. 6E–H and S3) and Atg5 (Fig. 6F, 
G) ​​was increased after incubation with rapamycin or ZnG 
compared to LPS + ATP-induced cells, but these effects 
were suppressed by 3 -MA reversal, an autophagy inhibitor. 
Furthermore, rapamycin or ZnG significantly downregu-
lated the expression of mature IL-1β by immunoprecipita-
tion (Fig. 6I). Furthermore, ZnG inhibited the production of 

Fig. 5   ROS staining of mice in four groups (A) and semiquantitative 
analysis (B). Scale bar = 100 μm. Western blot of the spinal cord in 
four groups (C) and semiquantitative analysis of Nrf2 (D). Repre-

sentative MDA (E) and SOD (F) analysis of the spinal cord in four 
groups *p < 0.1, **p < 0.01, ***p < 0.001, ****p < 0.0001.Data pre-
sented as mean ± SD. (n = 6/group)
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Fig. 6   Cell viability of ZnG to PC12 cells (A). LDH release of three 
groups to PC12 cells (B). BrdU percentage of three groups to PC12 
cells (C). Quantitative analysis of IL-1β of five groups in ELISA (D). 
Immunohistochemically staining of LC3B in five groups (E). Scale 
bar = 100 μm. Western blot of cells in five groups (F) and semiquan-

titative analysis of Atg5 (G) and LC3B (H). IP of IL-1β of cells in 
four groups. ZnG induced autophagy-mediated inhibition of NLRP3 
inflammasome in PC12 cells (I). *p < 0.1, **p < 0.01, ***p < 0.001, 
****p < 0.0001. Data presented as mean ± SD (n = 6/group)
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NLRP3 and mature IL-1β based on the western blot analysis, 
but this effect was altered by the addition of 3-MA (Fig-
ure S2A-2C). The results suggest that ZnG exerts its anti-
inflammatory effect by promoting autophagy activation and 
subsequently inhibiting NLRP3 inflammasome activity.

Application of ZnG to Downregulate IL‑1β 
Production Through Enhancing SIRT3‑Mediated 
Autophagy in Cultured Neurons

SIRT3 has been reported to enhance autophagy [26]. As 
shown in Fig. 7A, the treatment with ZnG or rapamycin 
significantly increased the protein expression of SIRT3, 
and that effect was reversed by 3-MA (Fig. 7B). To clar-
ify whether SIRT3 is involved in autophagy activation in 
cells treated with ZnG. As shown in Fig. 7C, ZnG treat-
ment significantly increased Atg5 expression in PC12 cells 
(Fig. 7D), but this effect was abolished in cells lacking 
SIRT3 (Fig. 7E). Furthermore, although ZnG decreased 
IL-1β secretion, this effect was reversed by the administra-
tion of shSIRT3 (Fig. S3). Taken together, the results suggest 
that ZnG blocks the activation of the NLRP3 inflammasome 

through SIRT3-mediated induction of autophagy, thereby 
promoting neuronal survival.

Discussion

In this learning process, we found the neuroprotective effect 
of ZnG in SCI mice and the molecular mechanism for sup-
pression of ROS-mediated NLRP3 inflammasome and activa-
tion of SIRT3-mediated NLRP3 inflammasome downregu-
lation. The previous study has put examples because of the 
over-producing of ROS activates the NLRP3 inflammasome 
involved in the progress of the mouse SCI model and cul-
tured neurons [4]. SIRT3 has been suggested to suppress the 
mitochondrial ROS producing and induce autophagy in CNS 
disorders [11]. Our finding of the molecular effects of ZnG 
on SIRT3 expression suggests that changes in these proteins 
are consistent with activation of autophagy. These observa-
tions are associated with the downregulation of the NLRP3 
inflammasome protein in the injured spinal cord and neurons 
after culture. Treated with ZnG process.

Fig. 7   Western blot of SIRT3 of four groups (A) and semiquantitative analysis (B). Western blot of four groups (C) and semiquantitative analy-
sis of Atg5 (D) and SIRT3 (E). *p < 0.1, **p < 0.01, ***p < 0.001, ****p < 0.0001.Data presented as mean ± SD. (n = 6 /group)
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To assess the role of ZnG in upstream conduction of the 
NLRP3 inflammasome, we evaluated the effect of this pure 
compound on SCI mice and LPS + ATP-treated cultured neu-
rons. We showed ZnG treatment-induced autophagy in neu-
rons within 1–3 days. Furthermore, these results indicated that 
ZnG-treated mice or neurons induced decreased expression 
of initiation and activation signals of the NLRP3 inflamma-
some, but induction of the NLRP3 inflammasome was again 
elevated after treatment with 3-MA. Moreover, the results 
showed that ZnG had a significant neuroprotective effect on 
SCI mice in vivo, and functional recovery was improved after 
ZnG injection. Consistent with the in vivo and in vitro experi-
ments, we found that the expression of autophagy-related 
proteins increased substantially as early as the first day after 
SCI and lasted for three days. Using saline-treated mice as a 
control, the effect of ZnG on autophagy induction in SCI mice 
and its potential therapeutic effect on SCI were confirmed.

Previous evidence has demonstrated that ATP was an 
important component involving the NLRP3 inflammasome-
mediated mature IL-1β release [23]. In this way, the priming 
signal and formation of NLRP3 inflammasome might need 
both ATP and LPS and trigger neuroinflammation in SCI. 
The death of spinal cord neurons is the main sign of SCI. In 
our previous study, we have indicated that ROS production 
and activation of the NLRP3 inflammasome triggered by 
LPS + ATP are major secondary lesions in the progression 
of SCI. However, whether other types of nerve cells, such as 
astrocytes, are present in the injured spinal cord, and whether 
their role in the mechanism warrants further investigation.

According to these results, ZnG therapy improved 
behavior and pathological recovery after SCI, possibly 
subsequently increasing the autophagic response and 
reducing the production of inflammation. While the exact 
mechanism of SCI warrants further investigation, the 
emergence of complex interactions during autophagy 
induction and the NLRP3 inflammasome remains unclear. 
Activation and response of the NLRP3 inflammasome occur 
in SCI mice. Our hypothesis is supported by the following 
results of this study. Application of an autophagy inhibitor 
(3-MA) ​​restored IL-1β cytokine release, indicating that 
ZnG induced autophagy in LPS + ATP-induced cultured 
neurons. Although enhanced induction of autophagy was 
observed in SCI mice, autophagy activation may be a 
protective mechanism during acute SCI. In the present study, 
ZnG mediated SIRT3-related autophagy induction and 
autophagy-related NLPR3 inflammasome downregulation.

Conclusions

In conclusion, ZnG effectively enhanced the recovery of 
SCI. This beneficial effect may include inactivation of 
the mitochondrial ROS-initiating NLRP3 inflammasome 

and differential regulation of the autophagy/NLRP3 
inflammasome axis by mediating SIRT3. Therefore, it is 
necessary to further develop ZnG therapy as a candidate 
for SCI recovery. Combining all the experimental results, 
we believe that zinc ions have anti-inflammatory and 
neuroprotective effects, which can shed light on the clinical 
treatment of spinal cord injury.
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