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Abstract  
Acacetin (5,7-dihydroxy-4′-methoxyflavone), a potential neuroprotective agent, has an inhibitory effect on lipopolysaccharide-in-
duced neuroinflammatory reactions. However, whether acacetin has an effect on inflammatory corpuscle 3 (NLRP3) after cerebral 
ischemia-reperfusion injury has not been fully determined. This study used an improved suture method to establish a cerebral isch-
emia-reperfusion injury model in C57BL/6 mice. After ischemia with middle cerebral artery occlusion for 1 hour, reperfusion with 
intraperitoneal injection of 25 mg/kg of acacetin (acacetin group) or an equal volume of saline (0.1 mL/10 g, middle cerebral artery occlu-
sion group) was used to investigate the effect of acacetin on cerebral ischemia-reperfusion injury. Infarct volume and neurological function 
scores were determined by 2,3,5-triphenyltetrazolium chloride staining and the Zea-Longa scoring method. Compared with the middle 
cerebral artery occlusion group, neurological function scores and cerebral infarction volumes were significantly reduced in the acacetin 
group. To understand the effect of acacetin on microglia-mediated inflammatory response after cerebral ischemia-reperfusion injury, im-
munohistochemistry for the microglia marker calcium adapter protein ionized calcium-binding adaptor molecule 1 (Iba1) was examined 
in the hippocampus of ischemic brain tissue. In addition, tumor necrosis factor-α, interleukin-1β, and interleukin-6 expression in ischemic 
brain tissue of mice was quantified by enzyme-linked immunosorbent assay. Expression of Iba1, tumor necrosis factor-α, interleukin-1β 
and interleukin-6 was significantly lower in the acacetin group compared with the middle cerebral artery occlusion group. Western blot 
assay results showed that expression of Toll-like receptor 4, nuclear factor kappa B, NLRP3, procaspase-1, caspase-1, pro-interleukin-1β, 
and interleukin-1β were significantly lower in the acacetin group compared with the middle cerebral artery occlusion group. Our findings 
indicate that acacetin has a protective effect on cerebral ischemia-reperfusion injury, and its mechanism of action is associated with inhibi-
tion of microglia-mediated inflammation and the NLRP3 signaling pathway. 
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Graphical Abstract   

Acacetin alleviates cerebral ischemia-reperfusion injury via the NLRP3 signaling pathway mediated by 
microglia
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Introduction 
Stroke, including ischemic and hemorrhagic forms, is 
characterized by high morbidity, high mortality, and high 
disability, resulting in a heavy burden for patients, families, 
and society (Demaerschalk et al., 2010; Radu et al., 2017). 
Globally, stroke has become the fourth most common cause 
of death and the most common cause of disability. Indeed, 
there are more than 11 million stroke patients in China, 
with 2.5 million new stroke cases each year, of which about 
78% are ischemic (Wang et al., 2017). Although progress has 
been made to determine pathological mechanisms of stroke, 
effective conversion of this information to clinical appli-
cations has not been successful. Therefore, examining the 
pathogenesis of stroke continues to be of great significance 
to identify effective biological targets for the development of 
safe and effective therapeutic drugs for ischemic cerebrovas-
cular disease.

Cerebral ischemia-reperfusion injury is the main pathophys-
iological mechanism of ischemic stroke (Fu et al., 2015). Rap-
id decline in blood flow during the early stage causes energy 
depletion and energy synthesis disorders, leading to depo-
larization of neuronal cell membranes and imbalances of ion 
homeostasis inside and outside the cell. This rapidly initiates 
a post-ischemic cascade that induces a series of biochemical 
events, such as excitotoxicity, oxidative stress, inflammation, 
edema, apoptosis, necrosis, nerve repair, and regeneration (Lo, 
2009; Wang et al., 2016; Wu et al., 2017; Cruz et al., 2018). An 
increasing number of studies have shown that microglia-me-
diated inflammation plays an important role in cerebral isch-
emia-reperfusion injury (Iadecola and Anrather, 2011; Lee 
et al., 2014; Xiang et al., 2016; Xiong et al., 2016; Cruz et al., 
2017). Therefore, inhibition of microglial activation and sub-
sequent release of pro-inflammatory factors is an important 
strategy for the treatment of ischemic cerebrovascular disease. 

Acacetin (5,7-dihydroxy-4-methoxyflavone), a flavonoid 
with antioxidant and anti-inflammatory properties (Pan 
et al., 2006; Chien et al., 2011; Lin et al., 2014), reportedly 
exerts anti-tumor effects (Pan et al., 2006; Kim et al., 2015; 
Punia et al., 2017; Wu et al., 2018). Recent studies have 
shown that acacetin plays a protective role in the brain (Ha 
et al., 2012; Lin et al., 2014; Wang et al., 2015b; Kim et al., 
2017), whereby it can inhibit lipopolysaccharide-induced 
nuclear factor kappa B (NF-κB) and mitogen-activated 
protein kinase (p38MAPK) inflammatory signal pathways, 
as well as inflammatory factors mediated by microglia, 
thereby reducing inflammatory damage (Ha et al., 2012). 
Microglia-mediated inflammatory response is an important 
mechanism of cerebral ischemia-reperfusion injury. Thus, 
we hypothesized that acacetin may protect against cerebral 
ischemia-reperfusion injury by inhibiting microglia-mediat-
ed inflammation.

Nucleotide-binding oligomerization domain-like receptors 
(NLRs), including NLRP3, NLRP1, NLRC4, and AIM2, have 
been increasingly studied in recent years (Yang et al., 2014). 
Among them, NLRP3 is the best characterized, and is widely 
expressed in glial and peripheral immune cells in the brain 
(Walsh et al., 2014; Thakkar et al., 2016). As an important 

pattern recognition receptor in innate immunity, NLRP3 is 
involved in the inflammatory response after ischemia and 
has attracted attention for its involvement in ischemic cere-
brovascular diseases (Ma et al., 2018). Inhibition of NLRP3 
can protect against cerebral ischemia-reperfusion injury. 
However, no previous report describes the effects of acacetin 
on NLRP3-mediated inflammatory response after cerebral 
ischemia-reperfusion injury or, accordingly, any therapeutic 
effects. 

Herein, C57BL/6 mice were used to establish a focal isch-
emia-reperfusion injury model. Subsequently, the effects 
of acacetin on cerebral ischemia-reperfusion injury and 
inflammatory response were investigated. The volume of 
cerebral infarction, neurological function, and activation 
and proliferation of microglia, as well as expression of in-
flammatory factors and key nodes of the Toll-like receptor 4 
(TLR4)/NF-κB/NLRP3 signaling pathway were detected and 
analyzed. This study aimed to reveal the mechanism of aca-
cetin-mediated neuroprotection in cerebral ischemia-reper-
fusion injury.

Materials and Methods
Animals
A total of 72 adult male C57BL/6 mice aged 8–12 weeks and 
weighing 25–30 g were obtained from the Experimental An-
imal Research Center in Xinjiang [China, License No. SCXK 
(Xin) 2011-0001]. All animal experiments were conducted 
according to the ethical guidelines of People’s Hospital of 
Xinjiang Uygur Autonomous Region of China (Approval 
No. 2015078) on March 11, 2015. All experimental proce-
dures described herein were in accordance with the National 
Institutes of Health Guide for the Care and Use of Laborato-
ry Animals (NIH Publication No. 85-23, revised 1996).

Establishment of middle cerebral artery occlusion 
(MCAO) model
An improved suture method was used to establish the 
MCAO model as previously reported (Li et al., 2014, 2016; 
Morris et al., 2016). Briefly, mice were intraperitoneally 
anesthetized with 1.5% sodium pentobarbital anesthesia 
(Beijing Chemical Reagent, Beijing, China). Body tempera-
ture was maintained at 37.0 ± 0.5°C using a heating lamp. A 
silicone-coated nylon filament (0.22-mm diameter, 6023PK; 
Doccol, Redlands, CA, USA) was inserted into the origin of 
the right middle cerebral artery. Mice were subjected to 1 
hour of MCAO and then the suture was withdrawn to allow 
24 hours of reperfusion.

Drug administration
Mice were randomly divided into sham, MCAO, and aca-
cetin groups (MACO + acacetin) (n = 24 per group). In the 
acacetin group, mice received a single intraperitoneal injec-
tion of 25 mg/kg acacetin (powder, Lot No. BCBP4411V, 
dissolved in normal saline; Sigma-Aldrich, St. Louis, MO, 
USA) after MCAO for 1 hour (Ha et al., 2012; Bu et al., 
2013). An equal volume of saline (0.1 mL/10 g body weight) 
was injected into mice in the sham and MCAO groups. For 
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subsequent infarct volume measurements, immunochemical 
analysis, western blot assay, and enzyme-linked immuno-
sorbent assay were employed (six mice per group). 

Neurological deficit score
Neurological deficit scores were assessed according to a five-
point scale 24 hours after reperfusion (Longa et al., 1989). 
Grade 0, no deficit; grade 1, failure to fully extend right fore-
paw; grade 2, circling to the left; grade 3, falling to the left; 
and grade 4, no spontaneous walking and with a depressed 
level of consciousness or death. Mice scored grade 1–3 were 
considered a successful model. Mice with grades 0 and 4, 
seizures, or cerebral hemorrhage were excluded from the 
study; remaining mice were assigned to each group as re-
quired. All evaluations were performed by researchers who 
were blinded to treatment groups.

Infarct volume measurement
Infarct volume was assessed after 24 hours of reperfusion. 
Mice were sacrificed and quickly decapitated to obtain brain 
tissues. Brains were quickly frozen at −20°C and rapidly cut 
into 1-mm-thick coronal sections. Brain slices were stained 
with 1.5% 2,3,5-triphenyltetrazolium chloride (Sigma-Al-
drich) at 37°C for 20 minutes, then fixed in 4% paraformal-
dehyde (Gibco, Grand Island, NY, USA) for 2 hours. Nor-
mal brain areas were stained deep red, while infarct areas 
were stained white. Coronal slices were photographed and 
total infarct volume was calculated with Image Pro Plus 5.0 
software (Media Cybernetics, Rockville, MD, USA). To ad-
just for edema and shrinkage, areas of ischemic lesions were 
calculated as contralateral hemisphere volume × measured 
injury volume/ipsilateral hemisphere volume, while infarct 
volumes were quantified (in mm3) by multiplying summed 
infarct areas of sections by section thickness (Li et al., 2014; 
Kim et al., 2016).

Immunohistochemical analysis
Mice were intraperitoneally anesthetized with 1.5% pento-
barbital sodium after 24 hours of reperfusion. The heart was 
exposed and transcardially perfused with cold 0.9% saline 
solution, followed by 4% paraformaldehyde. The brain was 
removed, fixed in 4% paraformaldehyde overnight, cut into 
5-mm-thick coronal sections at the 2–5-mm area behind the 
anterior fontanelle, and then coated with poly-lysine plates. 
After routine dewaxing, hydration, and microwave anti-
gen retrieval of sections, ionized calcium-binding adaptor 
molecule 1 (Iba1) (rabbit monoclonal antibody; ab178846, 
1:500; Abcam, Cambridge, UK) was immunohistochemi-
cally stained by diaminobenzidine using an SP immunohis-
tochemistry Kit (rabbit; Beijing Zhongshan Golden Bridge 
Biotechnology, Beijing, China). Instead of primary antibody, 
phosphate-buffered saline solution was used as the negative 
control. An Eclipse Ci-L microscope (Nikon, Tokyo, Japan) 
was used for observation. Five high magnification fields 
(400×) in the hippocampus on the ischemic side were ran-
domly selected in each mouse. Image pro plus 5.0 software 
(Media Cybernetics) was used to count Iba1-positive cells. 

Western blot assay
After 24 hours of MCAO, mice were sacrificed by cervical 
dislocation. Ischemic brain tissue was rapidly separated 
on ice, weighed, and lysed in radioimmunoprecipitation 
assay lysing solution (Shanghai Beyotime Biotechnology 
Research Institute, Shanghai, China). Protein amounts were 
quantified using a bicinchoninic acid protein assay kit (Be-
yotime Institute of Biotechnology, Haimen, China). After 
electrophoresis on a 12% sodium dodecyl sulphate-poly-
acrylamide gel, proteins were transferred to polyvinylidene 
fluoride membranes. Membranes were incubated overnight 
at 4°C with antibodies against TLR4 (rabbit polyclonal; 
1:500, ab13556; Abcam), P65 (rabbit monoclonal; 1:1000, 
Cat. No. 8242; Cell Signaling Technology, Danvers, MA, 
USA), NLRP3 (rabbit monoclonal; 1:1000, Cat. No. 15101; 
Cell Signaling Technology), caspase-1 (rabbit monoclonal; 
1:1000, ab179515; Abcam), mouse anti-IL-1β (mouse mono-
clonal; 1:1000, Cat. No. 12242; Cell Signaling Technology), 
and β-actin (rabbit monoclonal; 1:1000; 13E5, Cell Signaling 
Technology). After rinsing three times, membranes were in-
cubated with anti-rabbit IgG horseradish peroxidase-linked 
or anti-mouse IgG horseradish peroxidase-linked antibodies 
(Cat No.7071 and 7072, respectively; 1:5000; Cell Signaling 
Technology) for 1 hour at room temperature. Blots were vi-
sualized using an enhanced chemiluminescence luminescent 
substrate (Thermo Fisher Scientific, Waltham, MA, USA) 
and exposed to X-ray film. The optical density of bands was 
determined with a Quantity-One gel image analysis system 
(Bio-Rad, Hercules, CA, USA). Gray values were quantified 
by densitometry using β-actin as a loading control. Relative 
expression levels were calculated using the gray value ratio 
of the target gene to that of β-actin.

Enzyme-linked immunosorbent assay
Brain tissue from the anterior pole to the suprachiasmatic 
nucleus on the surgical side was removed and ground into 
homogenate in phosphate-buffered saline solution (pH 7.4). 
The homogenate was centrifuged for 20 minutes at 12,000 
× g and the supernatant was collected. Levels of tumor ne-
crosis factor-α, interleukin-1 beta (IL-1β), and interleukin-6 
were measured using mouse enzyme-linked immunosorbent 
assay kits (Boster Biotechnology, Wuhan, China) according 
to the manufacturer’s protocol.

Statistical analysis
Graphpad Prism 5 for Windows (Graphpad, San Diego, CA, 
USA) was used for statistical analysis. Data are expressed as 
the mean ± SD and analyzed with one-way analysis of vari-
ance and Tukey’s multiple comparison test. A P value < 0.05 
was considered statistically significant.

Results
Effect of acacetin on infarct volume in MCAO mice
Neurological deficit score and cerebral infarct volume were 
measured after 24 hours of reperfusion. No neurological 
deficit was observed in sham-operated mice. Acacetin treat-
ment significantly improved neurological deficit scores com-
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pared with the MCAO group (P < 0.01; Figure 1A). There 
was no infarcted area in sham-operated mice (Figure 1B). 
Infarct volume in the acacetin group was significantly smaller 
compared with the MCAO group (Figure 1C). These results 
suggest that acacetin can decrease the infarct volume and im-
prove neurological scores to exert a neuroprotective effect.

Effect of acacetin on microglial activation in the 
hippocampus on the ischemic side of MCAO mice  
To confirm whether acacetin confers a neuroprotective effect 
by inhibiting microglial activation, immunohistochemical 
staining of Iba1, a marker of activated microglia, was per-
formed. Resting microglia are defined as having a small 
amount of cytoplasm with long thin extensions, whereas 
activated microglia have hypertrophied cytoplasm with 
short thick extensions (Ma et al., 2015). In the sham group, 
most microglia appeared with a small amount of cytoplasm 
and long thin extensions (Figure 2A). In the MCAO group, 
Iba1-immunoreactive microglia showed hypertrophied cy-
toplasm, as well as short and thick extensions (Figure 2A). 
However, in MCAO mice with acacetin treatment, only a few 
Iba1-immunoreactive microglia exhibited a similar morphol-
ogy to those observed in the MCAO group (Figure 2A). The 

number of Iba1-immunoreactive microglia was significantly 
increased in the hippocampus after cerebral ischemia (P < 
0.001; Figure 2B), but was significantly reduced with acacetin 
treatment (P < 0.01; Figure 2B). These results demonstrate 
that acacetin has the ability to regulate microglial activation.

Effects of acacetin on TLR4 and NF-κB p65 expression in 
ischemic brain tissue of MCAO mice
To investigate the effects of acacetin on TLR4 and NF-κB, 
a western blot assay was performed. As shown in Figure 
3A and B, expression of TLR4 and NF-κB p65 in the brain 
tissue of mice was significantly increased in the MCAO 
group compared with the sham group (P < 0.001). Expres-
sion of TLR4 and NF-κB p65 was significantly reduced in 
the acacetin group compared with the MCAO group (P < 
0.01; Figure 3A and C). This indicates that acacetin can in-
hibit the expression of TLR4 and NF-κB after cerebral isch-
emia-reperfusion injury.

Effect of acacetin on NLRP3 inflammatory signaling 
pathway in ischemic brain tissue of MCAO mice
After 24-hour ischemia-reperfusion, expression of NLRP3, 
procaspase-1, caspase-1, proIL-1β, and IL-1β in brain tissues 
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Figure 1 Neuroprotective effects of acacetin on middle cerebral artery occlusion (MCAO) mice. 
Mice received 1 hour of MCAO followed by 24 hours of reperfusion or sham operation. Mice were divided into sham, MCAO, and acacetin 
groups. (A) Neurological deficit scores. (B) Brain coronal sections were stained with 2,3,5-triphenyltetrazolium chloride. The ischemic area re-
mained white, while the intact area was stained red. (C) Analysis of brain infarct volumes. Data are expressed as the mean ± SD (n = 6; one-way 
analysis of variance followed by Tukey’s multiple comparison test). ***P < 0.001, vs. sham group; ###P < 0.001, vs. MCAO group. 
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Figure 2 Acacetin decreases microglial activation in ischemic hippocampus after cerebral ischemia-reperfusion injury. 
Mice received 1 hour of middle cerebral artery occlusion (MCAO) followed by 24 hours of reperfusion or sham operation. Mice were divided into 
sham, MCAO, and acacetin groups (25 mg/kg acacetin). (A) Immunohistochemical staining for Iba1 in ischemic hippocampus (400×). Eclipse 
Ci-L microscope (Nikon) was used for observation. Iba1-immunoreactive microglia were observed as brown-stained nuclei (arrows). Scale bars: 20 
μm. (B) Number of Iba1-immunoreactive microglia. Data are expressed as the mean ± SD (n = 6; one-way analysis of variance followed by Tukey’s 
multiple comparison test). ***P < 0.001, vs. sham group; ##P < 0.01, vs. MCAO group. 
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was measured by western blot assay (Figure 4A). Levels of 
these proteins in the MCAO group were significantly high-
er compared with the sham group (P < 0.001; Figure 4B–
F). However, levels were much lower in the acacetin group 
compared with the MCAO group (P < 0.01). These results 
indicate that acacetin can exert neuroprotective effects by 
downregulating expression of inflammatory factors via the 
NLRP3 pathway.

Effect of acacetin on secretion of inflammatory factors in 
ischemic brain tissue of MCAO mice
Enzyme-linked immunosorbent assay results showed that 
levels of tumor necrosis factor-α (Figure 5A), IL-1β (Figure 
5B), and IL-6 (Figure 5C) were significantly higher in the 
MCAO group compared with the sham group. However, 
these levels were reduced in the acacetin group compared 
with the MCAO group (P < 0.05). This indicates that acace-
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Figure 3 Acacetin inhibits expression of Toll-like receptor 4 (TLR4) and nuclear factor-kappa B (NF-κB)/p65 in ischemic brain tissues after 
cerebral ischemia-reperfusion injury. 
Mice received 1 hour of middle cerebral artery occlusion (MCAO) followed by 24 hours of reperfusion or sham operation. Mice were divided into 
sham, MCAO, and acacetin groups. Relative protein expression of TLR4 and p65 was determined by western blot assay. Protein levels were nor-
malized to β-actin. (A) Representative western blot assay results. (B, C) Quantification of TLR4 and p65 expression, respectively. The gray value of 
each protein was used for quantification. Data are expressed as the mean ± SD (n = 6; one-way analysis of variance followed by Tukey’s multiple 
comparison test). ***P < 0.001, vs. sham group; ##P < 0.01, vs. MCAO group.

Figure 4 Acacetin suppresses activation of the NOD-like receptor pyrin domain containing three (NLRP3) inflammasome in ischemic brain 
tissues after cerebral ischemia-reperfusion injury. 
Mice received 1 hour of middle cerebral artery occlusion (MCAO) followed by 24 hours of reperfusion or sham operation. Mice were divided into 
sham, MCAO, and acacetin groups. Relative protein expression of NLRP3, procaspase-1, caspase-1, pro-interleukin-1 beta (IL-1β), and IL-1β were 
determined by western blot assay. (A) Representative western blot assay results. Protein levels were normalized to β-actin. (B–F) Quantification of 
NLRP3, procaspase-1, caspase-1, pro-IL-1β, and IL-1β expression. The gray value of each protein was used for quantification. Data are expressed as 
the mean ± SD (n = 6; one-way analysis of variance followed by Tukey’s multiple comparison test). ***P < 0.001, vs. sham group; ##P < 0.01, ###P 
< 0.001, vs. MCAO group. 
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tin can decrease the release of inflammatory factors tumor 
necrosis factor-α, IL-1β, and IL-6.

Discussion
Results of the present study showed that acacetin effective-
ly reduced the volume of cerebral infarction after cerebral 
ischemia-reperfusion injury, thereby improving neurologi-
cal deficits. Acacetin treatment could reduce the number of 
Iba1-immunoreactive cells; inhibit expression of TLR4, NF-
κB, NLRP3, procaspase-1, caspase-1, pro-IL-1β, and IL-1β; 
and decrease release of inflammatory factors tumor necrosis 
factor-α, IL-1β, and IL-6 in the brain tissues of MCAO mice. 
These results provide reliable evidence that acacetin can be 
used as a neuroprotective drug for treating ischemic brain 
injury.

The effect of acacetin on cerebral ischemia has only been 
reported by Ha et al. (2012), who found that acacetin could 
reduce neuronal cell death in an animal model of bilateral 
common carotid artery occlusion. Our previous study in-
vestigated the dose-dependent effect of acacetin on cerebral 
ischemia-reperfusion injury and found that acacetin im-
proved the survival rate of SH-SY5Y cells after oxygen-glu-
cose deprivation, decreased rates of apoptotic cells, reduced 
infarct volume, and improved the neurological deficit score 
of ischemia-reperfusion mice (Bu et al., 2013). The present 
study further confirmed the protective effect of acacetin on 
cerebral ischemia-reperfusion injury.

Microglia are activated after cerebral ischemia-reperfusion 
injury, whereby they transform into a ramified amoeboid 
morphology (Chen et al., 2011; Wang and Cao, 2013; Xiong 
et al., 2016; Wang and Wang, 2018). Ha et al. (2012) found 
that acacetin inhibited microglial activation. Consistently, 
in the present study, Iba1-immunoreactive microglia had 
the following phenotypes in the sham group: tan-colored, 
small cell volume, low cellular quantity, and ramified slen-
der enations. In the MCAO group, an increased number of 
Iba1-immunoreactivecells was observed to be enlarged and 
strongly stained, with amoeboid morphologies and an in-
creased number of shortened enations. However, in the aca-
cetin group, Iba1 staining was reduced and cells were small-
er with fewer slender enations. These results indicate that 

microglia are activated after cerebral ischemia-reperfusion 
injury, and acacetin inhibits this activation, thus protecting 
neurons.

Previous studies have shown that TLR4 plays an essential 
role in cerebral ischemia-reperfusion injury (Liao and Tsai, 
2016; Ji et al., 2017; Zheng et al., 2017). TLR4 is widely ex-
pressed in the brain, especially in microglia and endothelial 
cells (Wang et al., 2011, 2015a; Shukla et al., 2017). Once 
activated, TLR4 activates NF-κB and MAPK to promote the 
release of pro-inflammatory factors (such as tumor necrosis 
factor-α and IL-1β), thus inducing the innate immune re-
sponse (Yenari et al., 2010; Zhao et al., 2014). Knockout of 
TLR4 in mice inhibits microglia proliferation and NF-κB ac-
tivation, thus reducing infarct volumes after ischemia-reper-
fusion to produce a neuroprotective effect in ischemic brain 
injury models (Hyakkoku et al., 2010). Baicalin has been 
shown to play a neuroprotective role by reducing cerebral 
infarct volume, decreasing TLR2/4 and NF-κB expression, 
and attenuating tumor necrosis factor-α and IL-1β serum 
contents (Tu et al., 2011) after cerebral ischemia-reperfusion 
injury. This study found that acacetin could also inhibit the 
activation of TLR4 and NF-κB, and reduce the release of 
inflammatory cytokines (tumor necrosis factor-α, IL-1β and 
IL-6) in ischemic brain tissues of mice after cerebral isch-
emia-reperfusion injury.

The role of NLRP3 in the development of cerebral isch-
emia-reperfusion injury has gained prominence (Gao et al., 
2017; Ye et al., 2017). Yang et al. (2014) found that NLRP3 
deficiency ameliorated ischemic cerebral injury in mice by re-
ducing infarct volume and blood-brain barrier damage. Yu et 
al. (2017) found that sulforaphane exerted a neuroprotective 
effect against cerebral ischemia-reperfusion injury by inhibit-
ing NLRP3 inflammasome activation. The present study also 
demonstrated that the NLRP3 inflammasome might be a ben-
eficial target for pharmacological inhibition in cerebral isch-
emia-reperfusion injury, as NLRP3 was evidently enhanced in 
ischemic brain tissue after cerebral ischemia-reperfusion in-
jury, and acacetin obviously reduced cerebral ischemia-reper-
fusion injury-induced NLRP3 expression.

A priming signal ensures adequate gene/protein ex-
pression of NLRP3, pro-IL-1β, and pro-IL-18 for efficient 
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Figure 5 Acacetin inhibits release of tumor necrosis factor-alpha (TNF-α), interleukin-1 beta (IL-1β), and interleukin-6 (IL-6) in ischemic 
brain tissues after cerebral ischemia-reperfusion injury. 
Mice received 1 hour of middle cerebral artery occlusion (MCAO) followed by 24 hours of reperfusion or sham operation. Mice were divided into 
sham, MCAO, and acacetin groups. Levels of (A) TNF-α, (B) IL-1β, and (C) IL-6 were determined by enzyme-linked immunosorbent assay after 
24 hours of reperfusion. Data are expressed as the mean ± SD (n = 6; one-way analysis of variance followed by Tukey’s multiple comparison test). 
***P < 0.001, vs. sham group; #P < 0.05, ##P < 0.01, ### P < 0.001, vs. MCAO group. 
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inflammasome formation. The transcription of NLRP3 in-
flammasome components (i.e., NLRP3) activates the TLR/
NF-κB signaling pathway (Elliott and Sutterwala, 2015; Song 
et al., 2017). In this study, expression of NLRP3-related sig-
naling genes, including TLR4, NF-κB, NLRP3, procaspase-1, 
caspase-1, proIL-1β. and IL-1β, were dramatically upreg-
ulated in the brain tissues of MCAO mice, and reduced by 
treatment with acacetin. In future studies, the long-term 
effects of acacetin should be investigated. 

This study has some limitations. First, acacetin was given 
immediately after reperfusion. As such, the timing of admin-
istration was not investigated in detail, which may further 
limit the clinical application of acacetin. Second, we only 
investigated the short-term effect of acacetin. Thus, further 
studies are warranted. 

In summary, acacetin plays a neuroprotective role by 
reducing infarct volumes and improving neurological func-
tion. The mechanism may be related to its inhibitory effect 
on activated microglia, thereby decreasing the expression 
of TLR4/NF-κB/NLRP3 and subsequent secretion of tumor 
necrosis factor-α, IL-1β. and IL-6. This study preliminarily 
determined mechanisms by which acacetin protects against 
cerebral ischemia-reperfusion injury and inhibits neuronal 
inflammation, thus providing experimental evidence for 
the development of acacetin as a stroke therapeutic in the 
future.
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      CORRIGENDUM 
 
Corrigendum: Analgesic effect of AG490, a Janus kinase inhibitor, on 
oxaliplatin-induced acute neuropathic pain 

doi: 10.4103/1673-5374.248518 
In the article titled “Analgesic effect of AG490, a Janus kinase inhibitor, on 
oxaliplatin-induced acute neuropathic pain”, published on pages 1471–1476, 
Issue 8, Volume 13 of Neural Regeneration Research (Li et al., 2018), the 
information at the top of pages 1472–1476 was written incorrectly as “Neural 
Regen Res 13(6):1471-1476” instead of “Neural Regen Res 13(8):1471-1476”. 
The online version of the original article can be found under 
doi:10.4103/1673-5374.235305. 
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