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Abstract: Objective: To analyze the clinical efficacy and possible mechanism of butylphthalide in treatment of acute 
ischemic stroke. Methods: In this retrospective study, 127 patients with ischemic stroke, hospitalized during Jan. 
2019 to Jan. 2021, were enrolled and as assigned to observation group (n=65) and control group (n=62) accord-
ing to treatment methods. The control group received routine treatment, and the observation group was treated 
with butylphthalide injection in addition to conventional cure. The treatments lasted for 2 weeks in both groups. 
Subsequently, the recovery of neurological deficits (NIHSS) and Barthel index (BI) of the two groups of patients, 
cerebrovascular vascular reserve function (CVR) values and pulsation index (PI) before and after treatment, and 
the levels of brain-derived neurotrophic factor (BDNF), vascular endothelial growth factor (VEGF) and recombinant 
basic fibroblast growth factor (bFGF) were detected. The expression of Keap1-Nrf2/ARE signaling pathway related 
molecules was detected by ELISA. Results: The overall response rate (ORR) of observation group was remarkably 
superior to that of control group (P<0.05). NIHSS score obviously decreased while BI remarkably increased in both 
groups after treatment (all P<0.05); and the observation group showed an significantly higher BI score but signifi-
cantly lower NIHSS score compared with the control group (all P<0.05). The CVR of the two groups of patients after 
treatment was significantly higher than that before treatment (P<0.05), while PI was significantly lower than before 
treatment (P<0.05); The CVR of observation-group after treatment was substantially higher than that of control-
group (P<0.05), while PI was lower than control-group (P<0.05). Serum Keap1 levels of the two groups of patients 
after treatment were significantly higher than that before treatment (P<0.05), while serum levels of NQO1, Nrf2, and 
ARE were significantly lower than that before treatment (P<0.05). The serum level of Keap1 in the observation group 
was remarkably higher than that of the control group (P<0.05), while the serum levels of NQO1, Nrf2 and ARE were 
evidently lower than those in the control group (P<0.05). The two groups had insignificant difference in incidence 
of adverse reactions (P>0.05). Conclusion: The butylphthalide can effectively improve the clinical efficacy of acute 
ischemic stroke, and promote patients’ neurological function and activities of daily living. The mechanism may be 
that butylphthalide improves the CVR of patients, enhances the establishment of collateral compensatory vessels, 
and changes the expression of the Keap1-Nrf2/ARE signaling pathway, thereby exerting the neuroprotective effect. 
Clinically, butylphthalide may have good safety in adjuvant therapy of acute ischemic stroke.
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Introduction

Ischemic stroke accounts for about 60%-80% 
of all cerebrovascular accidents and is the 
most frequent in clinical practice. The occur-
rence of ischemic stroke severely impairs peo-
ple’s health of life and is the leading cause of 
mortality and disability in middle-aged and 
elderly people [1]. Early diagnosis, early treat-
ment and prevention should be emphasized in 
clinical practice. The guideline of diagnosis and 

treatment include thrombolysis, anticoagula-
tion, antiplatelet, neuroprotective agents, fibro-
sis reduction, and blood pressure control [2]. It 
has been demonstrated that early thrombolysis 
(within 6 hours after onset of stroke) is the most 
effective way to treat ischemic stroke. However, 
most people had already missed the best tim-
ing when they seek for medical treatment [3, 4]. 
Therefore, it is particularly important to protect 
neural function and actively intervene other 
pathological links of ischemic stroke so as to 
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improve the prognosis of patients [5]. 
Researchers have studied the effects of vari-
ous neuroprotective agents in numerous ani-
mal studies over the years, but most of the 
effects are still unsatisfactory.

Butylphthalide (racemic-3-n-butylphthalide) is 
a new anticerebral ischemia drug developed 
independently in China. It was first extracted 
from the volatile oil of rapeseed of southern 
watercress and can be synthesized via artifi- 
cial chemistry [6]. According to animal experi-
ments, butylphthalide is curative for ischemic 
stroke [7]. Studies have reported that butyl- 
phthalide can effectively improve cerebral vas-
cular microcirculation and cellular energy 
metabolism of patients with ischemic stroke, 
thus protecting the cognitive function of 
patients, and has better effect and are safe in 
clinical applications [8]. However, the specific 
mechanism of butylphthalide on patients with 
ischemic stroke has yet been elucidated. 
Current studies suggest that the process of 
pathological injury in patients with acute isch-
emic stroke is very complex, which includes  
oxidative stress injury, disorder of energy 
metabolism in brain tissue, inflammatory res- 
ponse and excitatory aminoacidosis. The 
Keap1-Nrf2/ARE oxidative stress pathway with 
nuclear factor e2-related factor 2 (Nrf2) as its 
core is considered to exert an important role in 
maintaining the REDOX equilibrium state in 
brain cells. Many downstream factors regulat-
ed by Nrf2, such as quinone oxidoreductase 1 
(NQO1), heme oxygenase-1 (HO-1), glutathione 
peroxidase (GSH-Px) etc., have multiple eff- 
ects such as antioxidant stress, alleviation of 
calcium overload, anti-inflammatory injury and 
anti-apoptosis [9]. Studies have shown [10] 
that butylphthalide in the treatment of ische- 
mic stroke may be related to the improvement 
of oxidative stress mechanism, but whether it 
is related to the KEAP1-NRF2/ARE pathway  
has not been reported in clinical studies. In 
order to further confirm its clinical efficacy and 
analyze its possible mechanism, this study 
explored the clinical curative effect of 
butylphthalide on acute ischemic stroke and its 
possible mechanism.

Materials and methods

Clinical data

In this retrospective study, 127 patients with 
ischemic stroke, who were hospitalized during 

Jan. 2019 to Jan. 2021, were enrolled and clas-
sified into observation group (n=65) and con-
trol group (n=62) according to the treatment 
methods. The study was approved by ethics 
committee of hospital.

Inclusion and exclusion criteria

Inclusion criteria: (1) The patients who met  
the diagnostic criteria of ischemic stroke in 
Chinese Guideline on Diagnosis and Treatment 
of Acute ischemic Stroke 2014 issued by 
Chinese Medical Association [10]; (2) The 
patients with age of 45-70 years old; (3) The 
patients with cerebral infarction of internal 
carotid artery system confirmed by cranial CT 
and MRI; (4) The patients with time window of 
stroke symptoms and signs from onset to treat-
ment within 48 h, and without indications of 
thrombolytic therapy; (5) The patients devel-
oped ischemic stroke for the first time; (6) The 
patients who cooperated with the treatment 
and signed the informed consent form.

Exclusion criteria: (1) Patients with acute insuf-
ficiency of vital organs, e.g., heart, liver, and 
kidneys, and those with hemorrhagic, metabol-
ic, immunological, neoplastic and systemic 
infectious diseases; (2) Patients with cerebral 
vascular diseases such as cerebral hemor-
rhage and cerebral vascular malformation; (3) 
Patients with a recent (within 4 weeks) history 
of trauma and surgery; (4) Patients with allergy 
to drugs used in this study; (5) Patients with 
severe mental disorders that cannot cooperate 
with this study; (6) Patients with incomplete 
clinical data.

Methods

The control group was executed with routine 
therapy, including anti-platelet aggregation 
(aspirin 150-300 mg/d) and neuroprotective 
agent (citicoline) according to the require- 
ments of Chinese Guideline on Diagnosis and 
Treatment of Acute Ischemic Stroke [10], and 
those with cerebral edema were given 20% 
mannitol or glycerol fructose dehydration treat-
ment to maintain water electrolyte balance. In 
addition, the high-risk factors of patients 
should be controlled, such as blood pressure 
control for patients with hypertension, blood 
lipid control for patients with hyperlipidemia, 
and blood glucose control for patients with dia-
betes, etc.
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In addition to the above-mentioned therapy,  
the observation group took 100 ml of 
butylphthalide (Shijiazhuang Pharmaceutical 
Group Enbipu Pharmaceutical Co., Ltd, H2010- 
0041) by intravenous drip. The infusion time 
was controlled within 1-2 h, and the next instil-
lation was performed at least 6 hours later. The 
patients received intravenous injection twice a 
day.

Observation of indicators

(1) Neurological deficits and recovery of daily 
activities: Neurological deficits and recovery of 
daily activities of the two groups were com-
pared before and after treatment. The degree 
of neurological impairment was assessed by 
National Institutes of Health Stroke Scale 
(NIHSS) score [11], which includes 11 dimen-
sions with a full score of 42 points. The higher 
score indicates a severer degree of the pa- 
tient’s neurological deficit. The daily living activ-
ity of patients was assessed by Barthel in- 
dex (BI) [12], which contains 10 aspects and 
scored 0-10 points in each aspect. The higher 
score indicates the superior ability of daily liv-
ing activities of patients.

(2) Cerebral Vascular Reserve Function (CVR): 
The CVR and Pulsatility Index (PI) of the two 
groups of patients were measured by tran- 
scranial doppler ultrasound diagnostic appara-
tus (German ENE) before and after treatment. 
The patients were examined in supine position, 
and two probes with a frequency of 2.0 MHz 
were placed in bilateral temporal window of 
them, with a sampling depth of 50-65 mm. The 
probe was fixed until the blood flow signal was 
stable. The mean flow rate (MFV) of middle 
cerebral artery (MCA) in fine state and after 
calm breathing with mixed gas (95% O2 and  
5% CO2) for 1 min was recorded as MFV1 and 
MFV2, respectively. At the same time, the  
systolic blood flow velocity (Vs), diastolic blood 
flow velocity (Vd), and average blood flow veloc-
ity (Vm) of the MCA were detected to calculate 
the CVR and PI. The calculation formula: CVR 
value = (MFV2-MFV1) ×100%; PI = (Vs-Vd) Vm.

(3) The levels of brain-derived neurotrophic fac-
tor (BDNF), vascular endothelial growth factor 
(VEGF), and recombinant basic fibroblast 
growth factor (bFGF): Early morning fasting 
venous blood (3 ml) was drawn from patients of 
the two groups before and after treatment, and 

the serum was separated after centrifugation. 
The expression of serum BDNF, VEGF and bFGF 
of the two groups of patients were detected  
by ELISA in strict accordance with kit instruc-
tions. Human BDNF ELISA Kit (Abcam Ameri- 
can, ab212166); Human VEGF ELISA Kit 
(Abcam American, ab222510); Human bFGF 
ELISA Kit (Abcam American, ab246531).

(4) Expression of KEAP1-NRF2/ARE signaling 
pathway related molecules: The morning fast-
ing venous blood of the two groups was ex- 
tracted before and after treatment, and the 
serum was separated after centrifugation. The 
expression of KEAP1-NrF2/ARE signaling path-
way related molecules was detected by ELISA. 
Human NQO1 ELISA kit, human Keap1 ELISA 
kit, human Nrf2 ELISA kit and human ARE  
kit were purchased from Shanghai Kexing 
Biotechnology Co., Ltd. and the operation was 
performed in strict accordance with kit 
instructions.

(5) Safety analysis: Incidence of adverse reac-
tions of the two groups during treatment was 
observed and compared. 

Clinical efficacy

The clinical efficacy was graded into 4 levels: 
recovery, markedly effective, effective and  
ineffective [13]. Recovery: the patient’s symp-
toms and signs disappeared completely after 
treatment, the ability of daily activities was 
restored, and NIHSS score was decreased by 
91% to 100% comparing to pre-treatment  
level. Markedly effective: patient’s symptoms 
and signs improved significantly after treat-
ment, the ability of daily activities was largely 
restored, and NIHSS score was decreased  
by 46% to 90% comparing to pre-treatment 
level. Effective: patient’s symptoms and signs 
improved after treatment, the ability of daily 
activities was partially restored, and NIHSS 
score decreased by 18% to 45% comparing  
to pre-treatment level. Ineffective: patient’s 
symptoms, signs and daily activities were not 
changed or even deteriorated after treatment, 
and the NIHSS scores decreased or increased 
by <18% comparing to pre-treatment level.

Statistical analysis

The statistical analysis was conducted by 
SPSS25.0. The measurement data were ex- 
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pressed by (
_
x±s) and the enumeration data 

were expressed by percentage; The compari-
son of measurement data between groups was 
performed by t-test, the comparison before and 
after treatment in the same group was per-
formed by paired t-test, and the comparison of 
count data was performed by χ2 test. P< 
0.05 was deemed as statistically significant 
difference.

Results

Clinical data

There was no significant difference in gender, 
BMI, TC, TG, LDL-C, basic diseases (hyperten-
sion, diabetes, hyperlipidemia), onset time, 
NIHSS score and BI between the two groups 
before treatment (P>0.05) (Table 1).

Clinical efficacy

In the observation group, 27 cases (41.54%) 
were cured after treatment, 19 cases were 
markedly effective (29.23%), 16 cases were 
effective (24.62%), and 3 cases were ineffec-
tive (4.62%), and the total effective rate was 
95.38%; In the control group, 21 cases were 
cured (33.87%), 15 cases were markedly  
effective (24.19%), 16 cases were effective 
(25.81%), 10 cases were ineffective (16.13%), 
and the total effective rate was 83.87%. The 
total effective rate of observation group was 

Comparison of CVR and PI

There was no significant difference in CVR or PI 
between the two groups before treatment  
(all P>0.05). After treatment, the CVR was sub-
stantially increased while PI was significantly 
decreased comparing with pre-treatment level 
(all P<0.05). The CVR in observation group  
after treatment was substantially higher than 
that the control group (P<0.05), while PI was 
significantly lower (all P<0.05) (as shown in 
Table 4).

Comparison of serum BDNF, VEGF and bFGF 
between the two groups before and after treat-
ment

There were no statistically significant differenc-
es in serum BDNF, VEGF and bFGF between  
the two groups before treatment (all P>0.05). 
After treatment, the serum levels of BDNF, 
VEGF, and bFGF of the two groups were remark-
ably higher than those before treatment 
(P<0.05), and the indicators of the observation 
group after treatment were obviously higher 
than those of the control group (all P<0.05) 
(Figure 1).

Comparison of Keap1-Nrf2/ARE signaling 
pathway related molecules

There were no significant differences in the lev-
els of NQO1, Keap1, Nrf2 and ARE between the 

Table 1. Comparison of clinical data between the two groups  
(
_
x±s)

index Observation 
group (n=65)

Control group 
(n=62) t/χ2 P

Gender (n)
    Male 39 40 0.275 0.600
    Female 26 22
BMI (kg/m2) 23.47±5.28 23.69±5.02 0.240 0.810
TC (mmol/L) 4.10±2.16 4.02±2.03 0.215 0.830
TG (mmol/L) 3.17±0.97 3.26±0.89 0.544 0.587
LDL-C (mmol/L) 2.93±0.69 2.87±0.77 0.463 0.644
Hypertension (n, %) 37 (56.92) 39 (62.90) 0.472 0.492
Diabetes mellitus (n, %) 19 (29.23) 16 (25.81) 0.186 0.666
Hyperlipidemia (n, %) 8 (12.31) 10 (16.13) 0.381 0.537
Onset time (h) 17.28±3.11 18.02±3.64 1.234 0.220
NIHSS score (scores) 12.37±2.15 12.45±2.03 0.215 0.830
BI 33.47±11.39 34.22±12.74 0.350 0.727
Note: BMI: body mass index; TC: total cholesterol; TG: Triglycerides; LDL-C: 
low-density lipoprotein cholesterol; NIHSS: National Institutes of Health Stroke 
Scale; BI: Barthel Index.

remarkably higher than that of 
the control group (P<0.05) (Table 
2).

Comparison of NIHSS score and 
BI

There was no significant differ-
ence in NIHSS score or BI 
between the two groups before 
treatment (all P>0.05). The NI- 
HSS score significantly decreas- 
ed while the BI significantly 
increased after treatment (all 
P<0.05). The NIHSS score after 
treatment in observation group 
was obviously lower than that in 
control-group (P<0.05), while BI 
after treatment in observation-
group was notably higher than 
that in control-group (P<0.05) 
(Table 3).
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two groups before treatment (all P>0.05). The 
levels of Keap1 after treatment were signifi-
cantly higher than those before treatment 
(P<0.05), while the levels of NQO1, Nrf2 and 
ARE were significantly lower than those before 
treatment (all P<0.05). The Keap1 of the obser-
vation group after treatment was significantly 
higher than that of the control group (P<0.05), 
while NQO1, Nrf2 and ARE were markedly lower 
than those of the control group (all P<0.05) 
(Figure 2).

Safety analysis

In the observation group, dizziness and head-
ache occurred in 2 cases (3.07%), nausea  

mal chance of thrombolytic therapy during 
treatment [13]. The symptoms of neuronal 
necrosis in acute ischemic stroke can appear in 
very short time after onset. Therefore, the key 
to treatment is to save the ischemic penumbra 
of cerebral infarction and improve or restore 
the blood perfusion of ischemic brain tissue 
[14]. The rapid establishment of collateral cir-
culation is an effective measure to improve 
blood circulation in the ischemic penumbra. 
Since the establishment of collateral compen-
satory vessels can ensure the supply of blood 
and oxygen supply of brain tissue, the volume 
of infarcts and the damage of nerve function 
can be reduced, thus promoting the recovery of 
brain tissue function [15, 16].

Table 2. Comparison of clinical efficacy between two groups [n (%)]

Group Number of 
cases Cured Markedly  

effective Effective Invalid Total effective 
rate (%)

Observation group 65 27 (41.54) 19 (29.23) 16 (24.62) 3 (4.62) 95.38
Control group 62 21 (33.87) 15 (24.19) 16 (25.81) 10 (16.13) 83.87
χ2 - - - - - 4.578
P - - - - - 0.032

Table 3. Comparison of NIHSS score and BI score between two 
groups before and after treatment (

_
x±s)

Group Time NIHSS (points) BI
Observation group (n=65) Before treatment 12.37±2.15 33.47±11.39

After treatment 4.58±1.20* 63.29±15.20*

t 25.508 12.658
P 0.000 0.000

Control group (n=62) Before treatment 12.45±2.03 34.22±12.74
After treatment 6.32±1.74 52.39±16.42

t 18.053 6.884
P 0.000 0.000

Note: Compared with the control group in the same period, t-test, *P<0.05.

Table 4. Comparison of CVR and PI between the two groups before 
and after treatment
Group Time CVR (%) PI
Observation group (n=65) Before treatment 19.34±3.25 0.93±0.15

After treatment 39.80±7.53* 0.70±0.09*

t 20.113 10.600
P 0.000 0.000

Control group (n=62) Before treatment 19.85±3.11 0.92±0.17
After treatment 30.32±6.57 0.80±0.11

t 11.342 4.666
P 0.000 0.000

Note: Compared with the control group in the same period, t-test, *P<0.05.

and vomiting in 5 cases  
(7.69%), abdominal pain 
and diarrhea in 3 cases 
(4.62%), bleeding in 2 
cases (3.07%), with an inci-
dence of 18.46%. In con- 
trol group, there were 4 
cases of dizziness and 
headache (6.45%), 6 cas- 
es of nausea and vomiting 
(9.68%), 2 cases of abdom-
inal pain and diarrhea 
(3.23%) and 1 case of 
bleeding (1.61%), with an 
incidence of 20.97%. There 
were no statistical differ-
ences in the incidence of 
adverse reactions between 
the two groups (P>0.05) 
(Table 5).

Discussion

At present, the most effec-
tive method for treating 
acute ischemic stroke is 
thrombolysis. However, th- 
rombolytic therapy has cer-
tain limitations, as most 
people have lost the opti-
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Butylphthalide is a new anti-cerebral ischemia 
drug extracted from celery seed. It has been 
confirmed that butylphthalide can intercept 
pathological links of irreversible cerebral dam-
age caused by acute ischemic stroke, thereby 
exerting a strong protective effect on the brain 
[17]. Some of the scholars suggest the follow-
ing mechanism of butylphthalide in acute isch-
emic stroke [18, 19]: (1) The establishment of 
collateral circulation is accelerated by preserv-
ing the integrity of the patient’s blood vessels 
and restoring or increasing blood perfusion to 
the ischemic area. (2) By maintaining stability 

in mitochondrial membrane and improving the 
activity of mitochondrial enzymes, it protects 
the mitochondrial structure of patients, enhanc-
es the energy metabolism of their body tissues 
and reduces the death of nerve cells. (3) The 
airway can enhance the activity of antioxidant 
enzymes, inhibit the apoptosis of nerve cells 
and help the recovery of nerve function by 
inhibiting the inflammatory reaction and the 
release of arachidonic acid and glutamate.

In order to further understand the effect of 
butylphthalide injection, we explored and ana-

Figure 1. Comparison of serum BDNF, VEGF, bFGF levels before and after treatment between the two groups. 
A. There were no statistically significant differences in serum BDNF, between the two groups before treatment 
(P>0.05). After treatment, the serum levels of BDNF, of the two groups were remarkably higher than those before 
treatment (P<0.05), and the BDNF of the observation group after treatment were obviously higher than those of the 
control group (P<0.05). B. There were no statistically significant differences in serum VEGF, between the two groups 
before treatment (P>0.05). After treatment, the serum levels of VEGF, of the two groups were remarkably higher 
than those before treatment (P<0.05), and the VEGF of the observation group after treatment were obviously higher 
than those of the control group (P<0.05). C. There were no statistically significant differences in serum bFGF, be-
tween the two groups before treatment (P>0.05). After treatment, the serum levels of bFGF of the two groups were 
remarkably higher than those before treatment (P<0.05), and the bFGF of the observation group after treatment 
were obviously higher than those of the control group (P<0.05). Note: The comparison of the same group before 
and after treatment was performed by paired t test, *P<0.05; The comparison with the same group of treatment 
was by t-test, #P<0.05.
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lyzed the clinical effect of butylphthalide injec-
tion in acute ischemic stroke and its possible 
mechanism. The results showed that NIHSS 
score decreased and BI index increased after 

treatment, and the amelioration of NIHSS and 
BI in observation-group was better than in con-
trol-group. It is consistent with the results of 
other researches [20, 21], that the adjuvant 

Figure 2. Expression of serum levels of Keap1-Nrf2/ARE signal pathway related molecules between two groups 
before and after treatment. A. There were no significant differences in the levels of NQO1 between the two groups 
before treatment (P>0.05). The the levels of NQO1 were significantly lower than those before treatment (P<0.05). 
The NQO1 were markedly lower than those of the control group (P<0.05). B. There were no significant differences 
in the levels of Keap1 between the two groups before treatment (P>0.05). The levels of Keap1 after treatment were 
significantly higher than those before treatment (P<0.05). The Keap1 of the observation group after treatment was 
significantly higher than that of the control group (P<0.05). C. There were no significant differences in the levels of 
Nrf2 between the two groups before treatment (P>0.05). The the levels of Nrf2 were significantly lower than those 
before treatment (P<0.05). The Nrf2 were markedly lower than those of the control group (P<0.05). D. There were 
no significant differences in the levels of ARE between the two groups before treatment (P>0.05). The the levels 
of ARE were significantly lower than those before treatment (P<0.05). The ARE were markedly lower than those of 
the control group (P<0.05). Note: The comparison of the same group before and after treatment was performed by 
paired t test, *P<0.05; The comparison with the same group of treatment was by t-test, #P<0.05.

Table 5. The incidence of adverse reactions in two groups during treatment [n (%)]

Group Number of 
cases

Dizziness/
headache

Nausea and 
vomiting

Abdominal pain 
and diarrhea Bleeding Total  

incidence
Observation group 65 2 (3.07) 5 (7.69) 3 (4.62) 2 (3.07) 12 (18.46)
Control group 62 4 (6.45) 6 (9.68) 2 (3.23) 1 (1.61) 13 (20.97)
χ2 - - - - - 0.126
P - - - - - 0.723
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therapy of butylphthalide injection can not only 
reduce the neurological impairment, exert its 
protective effect on nerves, but also effectively 
improve their quality of life. CVR refers to a 
compensatory effect that occurs in the brain to 
maintain the normal and stable blood flow 
under the pathological stimulation of ischemic 
stroke. The stable blood flow in the ischemic 
state is provided by the open collateral circula-
tion of cerebral blood vessels, and the estab-
lishment of collateral circulation depends on 
the compensatory contraction or expansion of 
cerebral capillaries and arterioles in brain [22, 
23]. Scholars reported that [24] CVR is benefi-
cial for assessing acute ischemic stroke, and is 
connected with neurological deficit. The re- 
sults of our study revealed that CVR increased 
and PI decreased in the two groups after treat-
ment, and the reduction of PI and the increase 
of CVR in observation group were substantially 
superior to those in control group. These sug-
gest that the adjuvant therapy with butyl- 
phthalide injection could effectively increase 
patient’s CVR, which is related to the uplifting 
of cerebral perfusion and the improvement of 
microcirculation and vascular compliance.

BDNF, bFGF and VEGF are substantially 
expressed in the nervous system. They are 
involved in multiple pathological processes of 
ischemic stroke and promote the establish-
ment of collateral circulation [25, 26]. BDNF, 
bFGF and VEGF can reduce the further damage 
of nerve tissue, save the ischemic penumbra, 
and promote the repair and regeneration of 
neurons and axons. Our results demonstrated 
that BDNF, bFGF and VEGF in the two groups 
were obviously increased after treatment, and 
the increase in observation group after treat-
ment was superior to that in control group. It is 
consistent with study of Rali P et al. [26],  
that butylphthalide promotes the expression of 
BDNF, bFGF and VEGF, thus improving angio-
genesis and cerebral microcirculation, and this 
may be one of the mechanisms of butylphthalide 
in treating ischemic stroke.

As an oxidative stress signaling pathway, 
Keap1-Nrf2/ARE signaling pathway may exert 
the anti-inflammatory, anti-oxidative stress  
and anti-apoptosis function by activating the 
expression of its downstream factors after 
acute ischemic stroke [27, 28]. Nrf2 and its 
cytoplasmic adaptor protein Keap1 are impor-

tant central regulators of antioxidant stress 
response. Nrf2 can induce the expression of 
phase II detoxifying enzymes and encode anti-
oxidant proteins by coordinating with antioxi-
dant response elements (ARE), which plays an 
important protective role in cell defense. When 
the body is stimulated by electrophiles or  
oxidative stress, the cysteine residue of Keap1 
is immediately modified, and the stability of 
Nrf2 is immediately reduced, causing the two 
to dissociate rapidly. Thus, nuclear metastasis 
is initiated and binds to the nuclear antioxidant 
response element ARE and the small Maf 
nuclear protein in vivo to form a dimer, which 
activates the expression of some downstream 
genes (such as HO-1, GSH, GCLC, etc.) and reg-
ulates the level of antioxidant enzymes. Keap1-
nrf2/ARE pathway is involved in neuroprotec-
tion, anti-oxidative stress, anti-apoptosis and 
regulation of GSH synthesis, etc. Animal stud-
ies have also confirmed that activation of 
KEAP1-NRF2/ARE pathway can effectively play 
an endogenous neuroprotection function to 
certain extent. The results in this study showed 
that the adjuvant therapy of butylphtha- 
lide could effectively inhibit the expression of 
Keap1, promote the expression of Nrf2, ARE 
and NQO1, and then activate the KEAP1- 
NRF2/ARE signaling pathway. These results 
suggest that butylphthalide may play an anti-
oxidative stress and neuroprotective role by 
activating the KEAP1-NrF2/ARE pathway. In 
addition, there were no statistically significant 
differences in the adverse reactions between 
the two groups during treatment, suggesting 
that the adjuvant treatment of butylphthalide 
does not increase the adverse reactions of 
patients, and the clinical treatment is safe.

However, due to the small sample size of this 
study, more animal and clinical studies are 
required to confirm the specific mechanism of 
action of butylphthalide in the treatment of 
ischemic stroke, thereby to provide a better 
basis for improving the clinical prognosis of 
patients. In future study, we will further expand 
the sample size, and at the same time, further 
clarify the mechanism of the effect of 
butylphthalide on acute ischemic stroke 
patients.

To conclude, butylphthalide can improve the 
clinical efficacy of patients with acute ischemic 
stroke, and promote neurological function and 
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activities of daily living. Its mechanism is likely 
that butylphthalide improves the CVR of pa- 
tients, enhances the establishment of collater-
al compensatory vessels, and changes the 
expression of Keap1-Nrf2/ARE signaling path-
way, thereby exerting the neuroprotective 
effect. It also has a good safety that is worth of 
clinical promotion.
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