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 Background: This study assessed the effects and underlying molecular mechanisms of b-asarone on ischemic stroke model 
rats.

 Material/Methods: Ischemic stroke was induced by middle cerebral artery occlusion (MCAO) in rats. Before and after modeling, 
cognitive function was evaluated via fear conditioning test and neurological deficit was determined via Longa 
and Bederson scores. Following treatment with b-asarone or nuclear factor erythroid 2-related factor 2 (Nrf2) 
inhibitor for 20 consecutive days, the cerebral infarction was detected via TTC staining and Cresyl Violet stain-
ing in brain tissues. TUNEL staining and western blot analysis for apoptosis-related proteins were performed 
to assess the apoptosis of neurons. Nrf2-antioxidant response elements (ARE) pathway-related proteins were 
examined by RT-qPCR or western blot.

 Results: The cognitive and neurological function was defective in MCAO rats. The infarction volumes and the apopto-
sis of cortical neurons were significantly increased in brain tissues of model rats, which were ameliorated after 
treatment with b-asarone. Meanwhile, the increase in pro-apoptotic proteins and decrease in anti-apoptotic 
proteins were found in brain tissues of model rats, which were markedly ameliorated by b-asarone treatment. 
However, Nrf2 inhibitor worsened the cerebral infarction and the apoptosis of neurons. Western blot results 
showed that b-asarone treatment activated the Nrf2-ARE pathway-related proteins in model rats, which was 
inhibited by Nrf2 inhibitor.

 Conclusions: Our findings suggest that b-asarone treatment ameliorated the cerebral infarction in MCAO rats, which could 
be related to activation of the Nrf2-ARE pathway.
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Background

Stroke is a life-threatening cerebrovascular thrombotic dis-
ease globally. Ischemic stroke is mainly characterized by in-
sufficient blood flow to the brain; £4.5 h for thrombolytic and 
£6 h for thrombectomy is the main therapeutic strategy for 
ischemic stroke [1]. The endovascular treatment time can vary 
from 6 to 12 h, depending on the artery and the patient. Due 
to the narrow therapeutic time window and many complicat-
ed factors, most patients cannot get timely treatment, espe-
cially in underdeveloped countries. There is still a lack of effec-
tive drugs for treating ischemic stroke patients. Recombinant 
tissue plasminogen activator targeting the occlusion to in-
duce reperfusion has gained FDA approval as the only drug 
for treating ischemic stroke [2]. Nevertheless, oxidative dam-
age and neuronal apoptosis after ischemia contribute to neu-
rological function deficits [2]. Despite much progress in recent 
years, effective treatment strategies are still lacking for target-
ing neurological deficits induced by ischemic stroke. Hence, 
it is clinically important to discover novel drugs and targets 
for ischemic stroke.

Oxidative stress plays a critical role in the pathophysiology of 
ischemic stroke [3]. The Nrf2-ARE pathway may mediate the 
transcription of many antioxidant genes, thereby preserving 
cellular homeostasis [4]. Nrf2, as a transcription factor, is made 
up of 7 functional domains that are named Neh1-7 [5]. It is 
involved in mediating cellular defense mechanisms against 
endogenous and exogenous stresses [6]. Increasing evidence 
suggests that Nrf2 activation and its downstream genes are 
a promising therapeutic strategy for preventing and treating 
ischemic stroke [7]. For example, activation of Nrf2 alleviates 
neuroinflammation [8], cerebral ischemia/reperfusion dam-
age [9], and neurological deficits [10] for ischemic stroke rats. 
Thus, Nrf2 is an available therapeutic target for ischemic stroke.

b-asarone (1,2,4-trimethoxy-5-[(Z)-prop-1-enyl]benzene) is 
primarily extracted from Acorus species and Guatteria gau-
meri Greenman [11]. It possesses a variety of pharmacologi-
cal properties such as anti-glioma [12], anti-inflammation [13], 
and neuroprotection [14]. Recent studies have suggested that 
b-asarone exhibits neuroprotective effects in central nervous 
system diseases via the blood-brain barrier [15]. Furthermore, 
it has been found that b-asarone produces favorable effects for 
enhancing cognitive functions and social interactions in MK-
801-treated mice [16]. However, the effects of b-asarone on 
ischemic stroke remain unclear. In this study, we showed that 
b-asarone could ameliorate the cerebral infarction in middle 
cerebral artery occlusion (MCAO) rats via an Nrf2-dependent 
mechanism.

Material and Methods

Animals

Twenty healthy male Sprague-Dawley rats aged 6-7 weeks and 
weighing 250-280 g were purchased from Hangzhou Scientific 
Cloud Biotechnology Co., Ltd. (China). All rats were adaptively 
fed for 1 week. Then, these animals were randomly separated 
into 4 groups (n=5 each group): control, ischemic stroke model, 
model+b-asarone, and model+b-asarone+Nrf2 inhibitor groups. 
These animals were housed at 21±2°C, 30-70% relative humid-
ity, and 12/12-h light cycle. This study was approved by the 
Ethics Committee of the Medical College, Jinhua Polytechnic 
(2019011), in line with the guidance of the National Institutes 
of Health Guide for the Care and Use of Laboratory Animals.

MCAO Model

The MCAO models were established according to the following 
steps: rats were intraperitoneally injected with 3% sodium pento-
barbital (30 mg/kg). The center of the neck was incised for expo-
sure of the right common, internal, and external carotid arteries. 
We used 6-0 silk thread to ligate the distal end of the external 
carotid artery 4 mm from the bifurcation of the common carot-
id artery. Another 6-0 silk thread was threaded into the external 
carotid artery. The common carotid artery was clamped by the 
arterial clamp. A small opening was cut on the external carotid 
artery 3 mm from the bifurcation of the common carotid artery, 
and a 0.3-mm-diameter nylon thread through the small open-
ing was inserted into the internal carotid artery and the middle 
cerebral artery inward. The insertion depth of the nylon thread 
was about 16±1 mm from the bifurcation of the common carot-
id artery. After 90 min of ischemia, the thread plug was pulled 
out. We used a 6-0 silk thread to ligate the proximal end of the 
external artery, and the neck wound was sutured with 3-0 silk 
thread. For the control (sham-operation) rats, the common ca-
rotid artery and the right external carotid artery were occlud-
ed. The wound was by disinfected by iodine, and the rats were 
put on a heating pad in a constant-temperature nursing box af-
ter waking up. After 24 h, the rats were scored for neurological 
function. The rats in the b-asarone group were administered 
with b-asarone (10 ml/kg) once a day for 20 consecutive days. 
The model group and the normal control group were given the 
same amount of saline intragastrically. After being intraperito-
neally injected with 3% sodium pentobarbital, the brain tissues 
were taken for subsequence experiments.

Neurological Deficit Assessment

Neurological deficit was assessed in line with Longa score and 
Bederson score [17]. The rats were scored before the opera-
tion and 24 h after the rats awoke from anesthesia. The high-
er the score, the more serious the animal behavior disorder. 
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The scoring criteria were 0 points: without neurological dam-
age symptom; 1 point: inability to completely extend the con-
tralateral front paw; 2 points: turning to the opposite side in 
a circle; 3 points: slumping to the opposite side; 4 points: in-
ability to walk spontaneously; 5 points: without consciousness.

Fear Conditioning Test

The fear conditioning test was used for evaluation of cogni-
tive function. The rats were placed in a fear box 1 day in ad-
vance to adapt autonomously for 3 min. Then, the rats were 
given 3 consecutive single-tone stimulation (2000 Hz, 90 dB, 
30 s)+electrical stimulation (1 mA, 2 s), that is, a single tone of 
90 dB lasted for 30 s, and the last 2 s were given 1 mA electri-
cal stimulation at the same time, with a 60-s interval between 
each stimulation. At 24 h before modeling and after drug treat-
ment 1 day after modeling, the rats were placed in the previ-
ous cages for 3 min, during which no stimulation was given. 
The time that the rat stayed still during this period was record-
ed as an index to measure the scene fear memory of the rats.

2,3,5-Triphenyltetrazolium	Chloride	(TTC)	Staining

We prepared 1% TTC (T8877-25G; Sigma, USA; W/V) with PBS, 
and dissolved the mixture at 37°C. The brain tissue section 
was incubated with 10 ml TTC solution at 37°C for 10 min to 
stain the tissue evenly. The normal brain tissue was stained 
bright red while the infarct area was stained pale white. The 
whole-infarct volumes and whole-brain volumes were deter-
mined via Image-Pro Plus 6.0 analysis software. The infarct 
volumes were calculated according to the ratio of the whole-
infarct volumes to the whole-brain volumes.

Cresyl Violet Staining

Paraffin sections were treated by a series of xylene (10023418; 
Macklin, Wuhan, China). Afterwards, the sections were stained 
by Toluidine Blue Dye solution (G1032; Servicebio, Wuhan) last-
ing 5 min. After washing, the sections were differentiated by 1% 
glacial acetic acid (G10000218; Servicebio), and the reaction was 
terminated by washing with tap water. The degree of differentia-
tion was controlled under a microscope (BX53; Olympus, Japan). 
After washing with tap water, the slices were put into the oven 
to dry. The slices were transparentized with clean xylene for 5 
min, and covered with neutral gum, followed by microscope 
inspection, image acquisition, and analysis. The Nissl body of 
the brain tissue was dark blue around a light blue background.

Terminal-deoxynucleotidyl Transferase Mediated Nick-end 
Labeling (TUNEL) Staining

The paraffin tissue sections were deparaffinized in xylene for 
10-20 min at room temperature. Then, the sections were soaked 

in gradient ethanol (100%, 100%, 95%, 80%, 70%) for 5 min 
at room temperature and were permeated by the Proteinase 
K solution with a final concentration of 0.02 μg/μl for 15-20 
min. TUNEL test solution (ATK00001; Atagenix; Wuhan, China) 
was used for incubation of the sections for 60 min in the dark. 
We added 0.05 μg/μl 4’, 6-diamidino-2-phenylindole (DAPI) so-
lution to the sections, followed by incubation for 10 min in a 
humid chamber at room temperature in the dark. The slices 
were immersed in PBS solution at room temperature 3 times. 
The slides were mounted with anti-fluorescence quenching 
mounting tablet. The results were observed and pictures were 
taken under a fluorescence microscope.

Real-time Quantitative Polymerase Chain Reaction 
(RT-qPCR)

Total RNA was extracted from brain tissues via TRIzol reagent 
(Takara, Japan), which was then reverse-transcribed into cDNA 
according to the procedures as follows: 25°C for 5 min, 42°C 
for 30 min, and 85°C for 5 min. The reverse transcription re-
action system included 10 μL RNase free ddH2O, 2 μL 5×gDNA 
digester buffer, 1 μL gDNA digester, 1 μg total RNA, and 10 
μL 2×Hifair® II SuperMix plus. In the reaction system of 1 μL 
primer (forward), 1 μL primer (reverse), 10 μL 2×mix, 7 μL H2O, 
and 1 μL cDNA, RT-qPCR was presented to detect the mRNA 
expression levels of target genes on the 12K fluorescenceRT-
qPCR instrument (ABI, USA). The primer sequences are listed 
in Table 1. GAPDH served as a reference control. Data were 
calculated with the 2–DDCt method.

Western Blot

The tissue samples were lysed on ice for 30 min with RIPA ly-
sis solution (P0013B; Beyotime, Shanghai, China), ultrasonicat-
ed in the ice bath for 3 min, and centrifuged at 4°C at 12 000 
rpm for 10 min. Then, the supernatant was transferred to a 
new EP tube. The protein concentration was assessed via BCA 
method (P0009; Beyotime). We added 5×SDS loading buffer 
according to the volume of the lysate, and boiled it at 100°C 
for 5 min. The glass plate (1.0 mm or 1.5 mm) filled with poly-
acrylamide gel was clamped, and the currently configured SDS 
polyacrylamide gel (8%, 10% or 12%) was quickly added into 
the gap of the glass plate, and isopropanol was used to seal 
the glue. After the separation gel was solidified, the isopro-
panol was poured out and the remaining liquid was removed 
with filter paper. We added 5% of the laminated glue to the 
separating glue and the comb was inserted immediately. After 
the glue was completely solidified, the comb was pulled out 
and the sample hole was rinsed with water. After fixing the 
electrophoresis device, Tris-glycine electrophoresis buffer and 
pre-stained markers (#26616; Thermo scientific) were added 
as required. The electrophoresis device was connected to the 
power supply, and the voltage was adjusted to 80 V. When the 
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bromophenol blue reached the separation gel, the voltage was 
adjusted to 120 V until the bromophenol blue reached the bot-
tom of the separation gel. After removing the gel, samples were 
moved to PVDF membranes and were sealed with a 5% milk/
TBST at room temperature for 1 h. After rinsing with TBST for 
2 min, the membranes were incubated with primary antibod-
ies against NQO1 (11451-1-AP; Proteintech, Wuhan; 1: 1000), 
Nrf2 (16396-1-AP; Proteintech; 1: 1000), BAX (60267-1-Ig; 
Proteintech; 1: 3000), BCL2 (12789-1-AP; Proteintech; 1: 1000), 
CASP3 (19677-1-AP; Proteintech; 1: 1000), CASP9 (66169-1-Ig; 
Proteintech; 1: 1000), HO-1 (10701-1-AP; Proteintech; 1: 1000), 
GCLM (14241-1-AP; Proteintech; 1: 1000), GCLC (12601-1-AP; 
Proteintech; 1: 2000), and GAPDH (ATA00013Rb; Atagenix; 
Wuhan; 1: 5000). The primary antibody was diluted with 1% 
BSA/PBST according to the recommended dilution ratio. The 
membrane was sealed with a hybridization bag, and refriger-
ated overnight at 4°C. Following washing with PBST 3 times, 
PVDF membrane was put into the horseradish peroxidase-la-
beled secondary antibody (SA00001-2; Proteintech; 1: 5000) di-
luted with 5% milk/PBST, and incubated at room temperature 
for 1 h. The same amounts of Enhanced Luminol Reagent and 
Oxidizing Reagent were mixed and diluted with an appropriate 
amount of ddH2O, which was then added dropwise to the seal-
ing film. The front side of the PVDF membrane was exposed 
to the luminescent reagent, and the color was developed for 
2 min. The images were observed with a gel imaging system.

Statistical Analysis

Statistical analysis was performed via SPSS 21.0 software (SPSS, 
Inc., Chicago, IL, USA). Data are presented as the mean ± stan-
dard deviation. One-way ANOVA followed by Tukey’s post 
hoc test was performed for comparisons between groups. 
Contextual fear conditioning test scores were compared before 

and after the intervention in each group by two-way ANOVA 
followed by Sidak’s multiple comparisons test. Differences with 
P<0.05 were significant.

Results

b-asarone Ameliorates Ischemic Brain Injury in MCAO Rat 
Models

To observe whether b-asarone could improve the ischemic 
brain injury, we first established the MCAO rat models. We com-
pared the cognitive function of rats 24 h before modeling and 
24 h after modeling via contextual fear conditioning test. Our 
data showed that in the control group, the rigid time was dis-
tinctly prolonged after modeling compared to before model-
ing (p<0.05; Figure 1A). For the model rats, the rigid time was 
significantly shorter 24 h after modeling than before model-
ing (p<0.01), suggesting the defective cognitive function of the 
rat models. No significant differences were found between 24 
h after modeling and before modeling for model rats treated 
with b-asarone and/or Nrf2 inhibitor, indicating that b-asarone 
could protect model rats from the cognitive function defect. 
Furthermore, we assessed the neurological function deficits 
of rats for each group. Before modeling, the neurological func-
tion scores were all zero for each group, suggesting good neu-
rological function. MCAO rat models were then constructed 
with neurological function scores of 4, which were randomly 
divided into a model group, a model+b-asarone group, and a 
model+b-asarone+Nrf2 inhibitor group. Following 24 h of mod-
eling, the neurological function scores were still zero for con-
trol rats. However, the neurological function scores of MCAO 
rats were 4, suggesting that the model rats had severe neu-
rological function deficits. However, for the model rats treated 

Gene name 5’-3’	sequence Product	size

Rat GAPDH
Forward ACTCCCATTCTTCCACCTTTG

105 bp
Reverse CCCTGTTGCTGTAGCCATATT

Rat Nrf2
Forward CCCATTGAGGGCTGTGAT

247 bp
Reverse TTGGCTGTGCTTTAGGTC

Rat NQO1
Forward GAACTTTAACCCCCTCATTTCC

237 bp
Reverse CCTGCTACAAGCACTCTCTCAA

Rat GCLM
Forward CCACCAGATTTGACTGCATTT

178 bp
Reverse TTTTCACGATGACCGAGTACC

Rat HO-1
Forward GCATGTCCCAGGATTTGTCC

192 bp
Reverse GGTTCTGCTTGTTTCGCTCT

Rat GCLC
Forward ACAGTGGAGGACAACATGAGG

232 bp
Reverse GATGCCGGATGTTTCTTGTTA

Table 1. The primer sequence information for RT-qPCR.
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Figure 1.  b-asarone ameliorates ischemic brain injury in MCAO rat models. (A) Contextual fear conditioning test for rats 24 h before 
modeling and 24 h after modeling. (B, C) TTC staining for assessment of the infarct volumes in brain tissues for control, 
model, and model rats treated with b-asarone and/or Nrf2 inhibitor for consecutive 20 days. Ns – not significant; * p<0.05, 
** p<0.01, **** p<0.0001.
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Figure 2.  Cresyl Violet staining for the pathologic changes in Nissl bodies brain tissues of control, model, model treated with b-asarone 
and/or Nrf2 inhibitor groups. Bar=50 or 20 μm. Magnification: 20×; 40×.
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with b-asarone and/or Nrf2 inhibitor, the neurological function 
scores were 1 and 2, respectively. After treatment with b-asa-
rone and/or Nrf2 inhibitor for 20 days, the neurological func-
tion scores were 0 for MCAO rats, but the neurological func-
tion scores were 2 in the model group. These data suggested 
that b-asarone treatment could improve the neurological func-
tion of the model rats. Following treatment with b-asarone for 
consecutive 20 days, the infarct volumes were determined in 
brain tissues via TTC staining. The data showed that the in-
farct volumes were distinctly higher in the model rats than in 
controls (p<0.0001; Figure 1B, 1C). b-asarone treatment signif-
icantly lowered the infarct volumes of MCAO rats (p<0.0001). 

However, co-treatment with Nrf2 inhibitor significantly dete-
riorated the infarct volumes for the models compared to the 
model+b-asarone group (p<0.0001). Thus, the ischemic brain 
injury was ameliorated by b-asarone treatment, which was de-
teriorated following treatment with Nrf2 inhibitor.

b-asarone Improves Cerebral Infarct in MCAO Rat Models

To investigate the effects of b-asarone on the cerebral in-
farct for in MCAO rat models in detail, we performed Cresyl 
Violet staining in brain tissue sections. Compared to the con-
trol group, we found that cytoplasmic Nissl body disappeared 
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Figure 3.  TUNEL staining for the apoptosis of neurons in brain tissues from control, model, model treated with b-asarone, and/or Nrf2 
inhibitor. Bar=20 μm.
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and nucleus was pyknotic in brain tissues of MCAO rats. After 
treatment with b-asarone, there were Nissl body in brain tis-
sues. Our data showed that b-asarone distinctly ameliorat-
ed the cerebral infarct in MCAO rats (Figure 2). Nevertheless, 
Nrf2 inhibitor weakened the therapeutic effects of b-asarone 
on cerebral infarct.

b-asarone Suppresses Neuronal Apoptosis in MCAO Rat 
Models

The neuronal apoptosis in rats was detected via TUNEL stain-
ing. Compared to the control group, apoptosis of cortical neu-
rons was enhanced for the model group (Figure 3). Following 
treatment with b-asarone for 20 days, the apoptosis of corti-
cal neurons was significantly ameliorated in brain tissues of 
the model rats. However, Nrf2 inhibitor weakened the thera-
peutic effects of b-asarone the protection of cortical neurons. 
Hence, our data suggest that b-asarone suppressed apopto-
sis of cortical neurons in MCAO model rats.

b-asarone Treatment Activates the Nrf2-ARE Pathway in 
Brain Tissues of MCAO Model Rats

During ischemic stroke, oxidative stress produces and aggra-
vates brain damage [18]. Targeting Nrf2-ARE pathway activa-
tion could alleviate oxidative stress damage in ischemic stroke 
[19-21]. As a neuroprotective pathway, the Nrf2-ARE pathway 
regulates complex neuroprotection against stroke, which has 
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Figure 4.  RT-qPCR assay for detection of the mRNA expression of Nrf2-ARE pathway-related proteins in brain tissues of MCAO rat 
models. (A) Nrf2; (B) NQO1; (C) GCLM; (D) HO-1 and (E) GCLC. Ns – not significant; * p<0.05, ** p<0.01, *** p<0.001.

become a promising therapeutic strategy in ischemic stroke 
[22]. Therefore, we further detected whether b-asarone treat-
ment could affect the activation of the Nrf2-ARE pathway 
in brain tissues of MCAO model rats. Our RT-qPCR results 
showed Nrf2 (p<0.001; Figure 4A), NQO1 (p<0.01; Figure 4B), 
GCLM (p<0.01; Figure 4C), HO-1 (p<0.05; Figure 4D), and GCLC 
(p<0.001; Figure 4E) expression were distinctly higher in the 
model group than in controls. After treatment with b-asarone 
for 20 days, the expression of Nrf2 (p<0.001), NQO1 (p<0.01), 
GCLM (p<0.05), HO-1 (p<0.05), and GCLC (p<0.001) was signif-
icantly higher than in the model group. There was no signif-
icant difference in Nrf2, NQO1, GCLM, and HO-1 in the mod-
el rats treated with b-asarone and/or Nrf2 inhibitor. However, 
compared to the model rats treated with b-asarone, GCLC ex-
pression was markedly lowered after co-treatment with b-asa-
rone and Nrf2 inhibitor (p<0.001). Furthermore, the expression 
of these proteins was examined by western blot (Figure 5A). 
Consistent with the RT-qPCR results, Nrf2 (p<0.001; Figure 5B), 
NQO1 (p<0.001; Figure 5C), GCLM (p<0.0001; Figure 5D), 
HO-1 (p<0.0001; Figure 5E), and GCLC (p<0.0001; Figure 5F) 
expression was distinctly elevated in brain tissues from the 
model group than in the control group. The treatment with 
b-asarone for 20 days significantly increased the expression 
of Nrf2 (p<0.001), NQO1 (p<0.001), GCLM (p<0.0001), HO-1 
(p<0.0001), and GCLC (p<0.0001) in brain tissues of the mod-
el rats. Collectively, b-asarone treatment could enhance the 
Nrf2-ARE pathway activation in brain tissues of MCAO mod-
el rats. However, we found that Nrf2 inhibitor significantly 
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Figure 5.  Western blot for detecting Nrf2-ARE pathway- and apoptosis-related protein expression in brain tissues of MCAO rat models. 
(A) Representative images for western blot results. The expression of Nrf2-ARE pathway-related proteins including (B) Nrf2 
(C) NQO1, (D) GCLM, (E) HO-1, (F) GCLC and apoptosis-related proteins including (G) BAX, (H) CASP3, (I) CASP9, and (J) Bcl-2 
was quantified according to the western blots. * p<0.01, *** p<0.001, ****p<0.0001.
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weakened the effects of b-asarone treatment on Nrf2 (p<0.001), 
NQO1 (p<0.001), GCLM (p<0.0001), HO-1 (p<0.0001), and GCLC 
(p<0.0001) in brain tissues of the model rats. Hence, b-asa-
rone treatment may elevate the Nrf2-ARE pathway activation 
in brain specimens from MCAO model rats.

b-asarone Treatment Suppressed Pro-apoptotic Protein 
Expression and Increases Anti-apoptotic Protein Expression 
in Brain Tissues of MCAO Rat Models

Our further study assessed whether b-asarone could atten-
uate neuronal apoptosis in brain tissues from MCAO rats. 
Western blot was utilized for assessment of the expression of 
pro- (Bax, CASP3 and CASP9) and anti-apoptotic (Bcl2) mark-
ers in brain tissues of MCAO model rats. Our results showed 
that compared to the control group, the expression of pro-
apoptotic proteins including BAX (p<0.001; Figure 5G), CASP3 
(p<0.001; Figure 5H), and CASP9 (p<0.001; Figure 5I) was sig-
nificantly elevated in brain tissues of the model group. On the 
contrary, b-asarone treatment markedly lowered the expres-
sion of BAX (p<0.001), CASP3 (p<0.001), and CASP9 (p<0.001) 
in brain tissues of the model group. The inhibitory functions 
of b-asarone on BAX (p<0.001), CASP3 (p<0.001) and CASP9 
(p<0.001) expression were weakened by Nrf2 inhibitor in brain 
tissues of MCAO rats. We also found that anti-apoptotic pro-
tein Bcl2 had a significantly lower expression in brain speci-
mens from the model rats than controls (p<0.001; Figure 5J). 
Its high expression in the model rats was markedly elevated 
after treatment with b-asarone (p<0.001). However, Nrf2 in-
hibitor weakened the effects of b-asarone treatment on Bcl2 
expression in brain tissues from MCAO rats.

Discussion

In this study, our results demonstrated that b-asarone im-
proved the cognitive functions and cerebral infarct and sup-
pressed apoptosis of neurons in MCAO model rats, which was 
closely linked with activation of the Nrf2-ARE pathway. b-asa-
rone exerts an excellent therapeutic effect on ischemic stroke.

b-asarone has been found to readily pass through the blood-
brain barrier [23]. Herein, this study suggested that b-asarone 
treatment significantly improved the cognitive functions for 
MCAO rats. Consistently, a previous study has reported that b-
asarone could significantly improve the neurological outcome 
after cerebral ischemia and reperfusion in rats; however, the 
mechanism of b-asarone in protection of cerebral ischemia was 
not further studied [24]. It has been reported that b-asarone 
can improve social interaction and cognitive function deficits 
for MK-801-induced mice [16]. Moreover, b-asarone ameliorates 
cognitive functions via suppression of neuronal apoptosis for 
Alzheimer disease rats [25]. A previous study has found that 

b-asarone can prevent autophagy as well as synaptic loss via 
decreasing ROCK expression for Alzheimer disease mice [16]. 
Additionally, b-asarone improves spatial working memory in 
rats with long-term exposure to corticosterone [26]. Combining 
these findings, b-asarone could be used for improvement of 
the cognitive effects of ischemic stroke. Following administra-
tion of b-asarone for 20 consecutive days, TTC staining demon-
strated that b-asarone distinctly decreased the infarct volume 
in MCAO model rats. Furthermore, our Cresyl Violet staining 
demonstrated that b-asarone improved cerebral infarct in brain 
tissues of MCAO rats. A previous study found that b-asarone 
ameliorated neuronal damage through weakening Beclin-1-
dependent autophagy in an in vitro ischemic stroke model [27]. 
Hence, b-asarone could be a promising drug for treatment of 
cerebral infarct. However, further studies on this are needed.

It has been confirmed that b-asarone exerts distinct pharma-
cological effects on central system diseases [28]. Herein, we 
found that b-asarone attenuated neuronal apoptosis in brain 
tissues from MCAO rats. It significantly lowered the expression 
of pro-apoptotic proteins including Bax, CASP3, and CASP9, and 
elevated the expression of anti-apoptotic protein Bcl2 in brain 
tissues of MCAO rats. Consistently, b-asarone treatment sup-
presses neuronal apoptosis through CaMKII/CREB/Bcl-2 path-
way in Alzheimer disease models [29]. Moreover, it can induce 
apoptosis of glioma cells [30]. Thus, b-asarone could attenu-
ate neuronal apoptosis in ischemic stroke.

Our findings suggest that b-asarone can activate the expres-
sion of Nrf2 and its downstream genes in brain tissues of 
MCAO rats. Following co-treatment with Nrf2 inhibitor, b-asa-
rone treatment had therapeutic effects on cognitive function, 
infarct volume, and neuronal apoptosis in MCAO rats. The ac-
tivation of Nrf2 can reduce brain inflammatory responses fol-
lowing ischemic stroke via enhancement of microglia M2 po-
larization [31]. Furthermore, the Nrf2/ARE pathway alleviated 
nerve cell apoptosis and improved cognition function in isch-
emic stroke rat models [32]. These findings indicate that b-
asarone exerts a therapeutic effect on ischemic stroke via ac-
tivation of the Nrf2-ARE pathway. The present study confirmed 
the therapeutic efficacy of b-asarone on ischemic brain injury 
via an Nrf2-dependent mechanism. Our findings propose an 
innovative potential drug for treating ischemic stroke.

Conclusions

This study demonstrated that b-asarone could alleviate cog-
nitive functions, infarct volume, and neuronal apoptosis in 
MCAO rats, which was closely related to the Nrf2-ARE signal-
ing pathway. Taken together, these results show that b-asa-
rone could be a novel drug for treating ischemic stroke via an 
Nrf2-dependent mechanism.
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