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Abstract: Objective: To explore clinical efficacy of acanthopanax injection for the treatment of acute cerebral infarction and its effect on the changes in endothelin-1 (ET-1), flow-mediated vasodilation (FMD) and nitric oxide (NO)
levels. Methods: A total of 120 patients with acute cerebral infarction were selected for prospective study. The
patients with conventional treatment regimen were the control group while the observation group was treated acanthopanax injection in addition to the treatment given to the control group. Both groups contained 60 patients. After
14 days of treatment, we observed the clinical effects and measured ET-1, NO, FMD, serum C-reactive protein (CRP),
tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), National Institute of Health stroke scale (NIHSS), Mini-mental
state examination (MMSE) and Montreal Cognitive Assessment (MoCA) in both groups. Results: The total effective
rate of the observation group was higher than that of the control group (P=0.020). The improvement of ET-1, FMD,
NO, CRP, TNF-α and IL-6 in the observation group was superior to that of the control group (P<0.05). The scores of
NIHSS, MMSE and MoCA in the observation group were better than those of the control group (P<0.05). Conclusion:
The treatment of acute cerebral infarction with acanthopanax injection may enhance the clinical efficacy, improve
vascular endothelial function, reduce inflammation and nerve damage, and improve cognitive function.
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Introduction
Acute cerebral infarct (ACI) is the stenosis or
occlusion of the craniocerebral arteries due to
various causes, resulting in insufficient blood
supply to the brain, and the occurrence of cerebral tissue ischemia and hypoxia, which ultimately leads to serious damage to the function
of the brain [1, 2]. There are approximately 2
million new cases of ACI in China each year, and
the annual incidence is on the rise. About 75%
of these patients have acute onset, and 30% of
ACI patients are elderly [3, 4]. ACI has a high
mortality and a disability rate, accounting for
approximately 11.4-14.5% of deaths occurring
in a year [5, 6]. ACI has become the leading
cause of death in China [7]. For the treatment
of ACI, the current clinical practice mainly uses
the basic therapeutic principles of anticoagulation, thrombolysis, antiplatelet aggregation,

and fibrinogen reduction [8]. However, the clinical efficacy was not significantly better after
applying the above treatment [9]. According to
past research, a series of pathophysiological
changes can occur during the development of
cerebral infarction, such as the aggravation of
oxidative stress, the damage of vascular endothelial cells, the increase of blood viscosity and
so on. Various factors are involved in the development of cerebral infarction, resulting in poor
clinical efficacy after conventional treatment
[10]. Acanthopanax injection is a Chinese patented medicine that benefits the liver, kidneys,
and bones. It has anti-inflammatory and antitumor properties and improves myocardial ischemia [11-13]. In recent years, studies have
found that it also has an effect on ACI treatment and may reduce brain tissue damage
[14]. The mechanism of acanthopanax injection for treatment for ACI is not yet clear.

Acanthopanax injection on the clinical symptoms of acute cerebral infarction
Previous studies have found that the inflammatory response is one of the important pathological alterations of ACI. Inflammation can induce
oxidative stress and is also an important factor
in promoting thrombosis and exacerbating neurological impairment [15]. Inflammation leads
to tissue ischemia and hypoxia, which leads to
vascular endothelial damage and accelerates
the occurrence of vascular remodeling [16]. Vascular endothelial function damage is the initiating factor leading to vascular remodeling.
With the aggravation of vascular endothelial
damage, vascular remodeling occurs. Vascular
remodeling is the basis for the occurrence of
cardiovascular and cerebrovascular diseases,
and it is also an important factor to promote its
further aggravation [17, 18]. Endothelial function can be reflected by endothelin-1 (ET-1) and
nitric oxide (NO) indicators [19]. Flow-mediated
vasodilation (FMD) is also an indicator of endothelial function assessed with ultrasound equipment [20]. Studies have found that the use of
acanthopanax injection can improve vascular
endothelial function in patients with ACI, and
inflammatory factors can aggravate endothelial
injury [16, 21]. This study further investigated
the effect of acanthopanax injection on vascular endothelial function along with its effect on
inflammatory factors and cognitive function.
This study has provided more clinical evidence
for the treatment of ACI with acanthopanax
injection.
Materials and methods
Clinical data
This study was approved by the Ethics Committee of The First People’s Hospital of Taizhou.
A prospective study was performed on 120
patients with ACI admitted to the Department
of Neurology in The First People’s Hospital
of Taizhou from January 2017 to June 2020.
According to a random number table, the patients were divided into groups with a conventional treatment regimen that were used as the
control group while the observation group was
treated acanthopanax injection. Both groups
contained 60 patients. The participants or their families included in this study signed an
informed consent form.
Inclusion criteria
(1) Patients who met the diagnostic criteria for
ACI in 2014 Chinese guidelines for the diagno3601

sis and treatment of acute ischemic stroke
[22]. (2) Patients whose age was between
18-76 years; (3) Patients who were diagnosed
with ACI at the beginning; (4) Patients with a
score of 5-15 in the National Institute of Health
stroke scale (NIHSS) upon admission [23]. (5)
Patients who had treatment time for ACI within
4.5 hours after onset; (6) Patients with scores of Mini-mental state examination (MMSE)
≥24 points and Montreal Cognitive Assessment
(MoCA) <26 points upon admission.
Exclusion criteria
(1) Patients who were allergic to acanthopanax
injection drugs; (2) patients who had a history
of craniocerebral trauma, epilepsy, or cerebrovascular disease; (3) patients who were unable
to cooperate with cognitive function assessment; (4) patients who had combined cardiopulmonary insufficiency; (5) patients who had
combination of malignant tumors; (6) patients
who had psychiatric disorders affecting cognition; (7) patients who were breastfeeding or
pregnant; (8) patients with recent onset of angina or myocardial infarction.
Methods
Control group: The treatment of both groups
of patients was based on the ACI treatment
plan in the 2014 Chinese Guidelines for the
Diagnosis and Treatment of Acute Ischemic
Stroke, which includes monitoring of vital signs,
regular oxygen inhalation, monitoring and control of blood pressure, blood sugar, anti-coagulation, thrombolysis, anti-platelet aggregation,
the fibrinogen reduction, stable plaque and so
on [22].
Observation group: In addition to controlling
treatment, the observation group received an
intravenous injection of acanthopanax injection
(Heilongjiang Baoqinglong Biotechnology Co.,
Ltd., China) of which the dosage was 400 mg
added to normal saline or 250 mL of 5% glucose, given once a day for 14 days.
Outcome measures
Main outcome measures: After treatment, the
clinical efficacy was assessed according to
NIHSS criteria: categorized as cured, significant
improvement, improvement and no change
[23]. Efficiency = (recovery + significant improvement + improvement)/total cases * 100%.
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At the time of admission and after 14 days of
treatment, the patients had 5 mL of venous
blood collected in two tubes for each patient at
8 o’clock in the morning. The content of ET-1,
inflammatory factors serum C-reactive protein
(CRP), tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6) were determined by serum ELISA
using a fully automatic multifunctional enzyme
lab (Thermo, USA). The above kits are all from
Shanghai Enzyme Bio Limited Company (China).
The content of NO was determined by the micro
colorimetric method using a kit from Beijing
Solable Technology Co., Ltd., China. FMD was
measured using color Doppler ultrasound
(Siemens Acuson S3000): the internal diameter of the brachial artery was measured at the
end of diastole, and three consecutive measurements were averaged and recorded as D.
The patient was then pressurized at the elbow
joint for about 300 mmHg for 4 minutes, after
which the pressure was quickly relieved. The
internal diameter of the brachial artery was
measured again at the end of diastole after
15 seconds, and three consecutive measurements were averaged and recorded as E. The
formula was calculated as FMD= (E-D)/D *
100%.
Secondary outcome measures: NIHSS standard was used to evaluate the degree of nerve
injury before and after treatment. The score
ranged from 0 to 42, and the higher the score,
the more serious the nerve injury. In this score
system, 0-1 points were normal, 2-4 points
were mild injury, 5-15 points were moderate
injury, 16-20 points were moderate-severe injury, and 21 points or more were severe injury
[23].
Before and after treatment, MMSE and MoCA
were used for cognitive assessment. The total
scores of the MMSE and MoCA scoring systems were both 30 points, the lower the score,
the worse the cognitive function [24].
Statistical indicators
SPSS 17.0 statistical software was used for
analysis. The continuous variables all conformed to a normal distribution,
_ expressed as
mean ± standard deviation ( x ± sd). The comparison between groups at the same time was
conducted by the independent-samples t test,
comparison within the group before and after
treatment was done with a paired-samples t
test. The count data was tested by Pearson’s
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chi-square, and expressed as chi-square. P<
0.05 was considered statistically significant.
Results
Comparison of general information
There was 1 case of sudden death in the observation group and 2 patients with myocardial
infarction in the control group. A total of 3
patients withdrew from the study. There is no
difference between the general information
and baseline data of the two groups of patients
(P>0.05), as shown in Table 1.
Comparison of the treatment efficacy
The total effective rate of the observation group
was significantly higher than that of the control
group (P<0.05), as shown in Table 2.
Comparison of ET-1, FMD and NO before and
after treatment
Compared to the pre-treatment period, the levels of ET-1, FMD and NO were improved in both
groups. The degree of improvement was better
in the observation group (P<0.05), as shown in
Table 3.
Comparison of inflammatory factors before
and after treatment
After treatment, the levels of CRP, TNF-α and
IL-6 of the two groups of patients were lower
than those before treatment, and the decrease
in the observation group was higher than that
in the control group (P<0.05), as shown in Table
4.
Comparison of NIHSS scores before and after
treatment
Compared with those before treatment, the
NIHSS scores of the two groups of patients
decreased after treatment, and the decrease
of the observation group was better than that
of the control group (P<0.05), as shown in Table
5.
Comparison of MMSE and MoCA scores before
and after treatment
The MMSE and MoCA of the observation group after treatment were significantly improved compared with those before treatment, and
the MMSE and MoCA of the observation group
Am J Transl Res 2021;13(4):3600-3608
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Table 1. Comparison of general information and baseline data
Items
Gender (Male/Female)
Age (years)
Education (years)
BMI (kg/m2)
Time from onset to admission (h)
Stroke site
Brain stem
Brain lobe
Cerebellum
Basal ganglia
Comorbid disease
Hyperlipidemia
Yes
No
Hypertension
Yes
No
Coronary heart disease
Yes
No
Obesity
Yes
No
Hyperhomocysteinemia
Yes
No
Hyperuricemia
Yes
No

Observation group (n=59)
33/26
68.3±7.3
12.7±3.8
24.92±3.45
3.15±0.79

Control group (n=58)
29/29
67.8±6.2
11.9±4.2
24.78±4.16
3.22±0.69

7
13
6
33

5
10
9
34

33
26

31
27

39
20

33
25

19
40

χ2/t
0.413
0.399
1.095
0.198
0.510
1.331

P
0.520
0.691
0.276
0.843
0.611
0.722

0.073

0.787

1.047

0.306

0.422

0.516

0.698

0.404

0.664

0.415

1.255

0.263

22
36

20
39

24
34

43
16

46
12

37
22

42
16

Note: BMI: body Mass Index.

Table 2. Comparison of the efficacy of the two groups of patients
Items
Cured
Significant improvement
Improvement
No change
Total efficiency (%)

Observation group (n=59)
6 (10.17)
28 (47.46)
14 (23.73)
11 (18.64)
48 (81.36)

were better than the control group after treatment (P<0.05), as shown in Table 6 and Figure
1.
Discussion
Vascular endothelial disorder is the initiating
factor of atherosclerosis, and it has a promoting effect on systemic inflammatory factors.
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Control group (n=58)
3 (5.17)
16 (27.59)
17 (29.31)
22 (37.93)
36 (62.07)

χ2
8.222

P
0.042

5.373

0.020

After the increase of inflammatory factors, it
can aggravate vascular endothelial damage
and produce a vicious circle [25]. Vascular
endothelial disorders exert a crucial part in the
occurrence and development of ACI. Some studies reveal that endothelial cell damage was
one of the most important factors to induce ACI
[26]. ET-1 can reflect the vascular endothelial
contractile function and promote the release of
Am J Transl Res 2021;13(4):3600-3608
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Table 3. Comparison of ET-1, FMD and NO between two groups of patients before and after treatment
Before treatment
After treatment
Observation group (n=59) Control Group (n=58) Observation group (n=59) Control Group (n=58)
ET-1 (pg/L)
9.65±3.46
9.59±3.76
3.76±1.31**,###
5.66±1.43*
***,###
FMD (%)
11.47±2.32
11.76±2.65
5.28±2.44
8.92±2.69***
NO (mmol/L)
1.78±0.84
1.76±0.89
3.97±1.65***,###
2.59±1.23***
Items

Note: Before and after treatment in the same group, *P<0.05, **P<0.01, ***P<0.001; compared with the control group after
treatment, ###P<0.001. ET-1: endothelin-1; NO: nitric oxide; FMD: flow-mediated vasodilation.

Table 4. Comparison of inflammatory factors between two groups of patients before and after treatment
Before treatment
After treatment
Observation group (n=59) Control Group (n=58) Observation group (n=59) Control Group (n=58)
CRP (mg/L)
6.67±1.98
6.82±1.73
4.79±1.55**,###
5.66±1.49*
***,###
TNF-α (μg/mL)
123.92±18.65
123.92±18.21
86.92±14.94
104.18±16.54***
IL-6 (μg/mL)
351.37±37.02
352.98±37.76
275.23±26.92***,###
318.92±31.45***
*
**
***
Note: Before and after treatment in the same group, P<0.05, P<0.01, P<0.001; compared with the control
group after treatment, ###P<0.001. CRP: C-reactive protein; TNF-α: tumor necrosis factor-α; IL-6: interleukin-6.
Items

Table 5. Comparison of NIHSS scores of two
groups of patients before and after treatment
Items
Before treatment
Observation group (n=59)
Control group (n=58)
T
P
After treatment
Observation group (n=59)
Control group (n=58)
T
P

NIHSS (points)
9.5±3.4
9.7±3.6
0.309
0.758
4.7±1.4#
5.6±1.6#
3.243
0.002

Note: #was the same group after treatment compared
with before treatment, with statistical difference P<0.05.
NIHSS: National Institute of Health stroke scale.

inflammatory factors [27]. Some studies have
found a large increase in ET-1 in patients with
acute myocardial infarction and high levels of
ET-1 are prone to thrombosis in the body [28,
29]. Reduced NO production can lead to endothelial cell damage, and studies have revealed
that increasing the NO content in the blood vessel wall is beneficial to improve endothelial
function [30, 31]. FMD is an indicator showing
the endothelial diastolic function of blood vessels. Its value is relevant to the content of NO
in the blood, which can indicate the degree of
endothelial cell damage [32, 33]. Previous
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studies revealed that the use of acanthopanax injection to treat ACI could improve vascular
endothelial function [21]. In this study, it was
found that treatment with acanthopanax injection reduced ET-1, FMD and increased NO levels, suggesting that acanthopanax injection
could reduce endothelial cell damage. Inflammation can increase endothelial cell damage,
whereas endothelial cell damage can also promote the production of inflammatory factors,
both of which form a vicious circle. Under the
mediation of various inflammatory factors, it
can induce the oxidative stress response and
result in oxidative stress damage for the brain
tissue. Previous studies have revealed that
monitoring CRP, TNF-α and IL-6 can reflect the
degree of neurological damage and brain tissue damage in patients with ACI to a certain
extent [34, 35]. Another study illustrated that
acanthopanax injection improved cerebral ischemia and perfusion injury in rats. It can improve
vascular endothelial function, inhibit inflammation and oxidative stress responses, and reduce
tissue cell apoptosis [36]. Acanthopanax polysaccharide can effectively regulate the production of various cytokines by inhibiting the
expression of chemokines and adhesion factors, as well as the inhibition of key enzyme
activities during the development of inflammation. Thereby it can affect the recruitment,
adhesion and exudation of leukocytes to the
site of inflammation, and subsequently achieve

Am J Transl Res 2021;13(4):3600-3608
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Table 6. Comparison of cognitive scores of two groups of patients before and after treatment
Items
Before treatment
Observation group (n=59)
Control group (n=58)
T
P
After treatment
Observation group (n=59)
Control group (n=58)
T
P

MMSE (points)

MoCA (points)

25.56±1.24
25.41±1.18
0.670
0.504

22.52±1.99
22.25±2.38
0.666
0.507

27.87±0.93#
25.74±1.82
7.991
<0.001

23.76±2.06#
22.25±2.17
3.861
0.002

Note: #was the comparison before and after treatment within the same group, and statistical difference was P<0.05. MMSE:
Mini-mental state examination; MoCA: Montreal Cognitive Assessment.

Figure 1. Comparison of cognitive scores after treatment. A. Comparison of MMSE scores; B. Comparison of MoCA
scores. MMSE: Mini-mental state examination; MoCA: Montreal Cognitive Assessment. Compared with control
group; **P<0.01; ***P<0.001; compared with before treatment, #P<0.05.

anti-inflammatory effects [37, 38]. This study
demonstrated that the level of inflammatory
factors in ACI patients after treatment with
acanthopanax injection is relevant to the antiinflammatory effect of the drug, while the
improvement of endothelial cell function by
acanthopanax injection was relevant to the
decrease of inflammatory cytokine release.
Studies have revealed that acanthopanax injection can alleviate the repair of ischemiareperfusion tissue, inhibit the production of
free radicals, inhibit the oxidation reaction to
produce NO, and reduce neurological damage
induced by cerebral ischemia and hypoxia.
Inflammation and vascular endothelial injury
can exasperate the nerve function injury of
patients, and the inflammatory factors released by endothelial injury can aggravate endothelial injury and make nerve injury worse [39].
3605

The NIHSS score was quantified by relevant
indicators to provide a reliable basis for the
degree of neurological impairment [21]. MMSE
and MoCA ae common evaluation tools reflecting patients’ cognitive function [24]. In the present study, differences were found in the observation group using acanthopanax injection to
reduce neurological damage and improve cognitive function compared to the control group,
which is consistent with the above findings.
The sample size of this study was small, ant it
can be expanded for a multicenter randomized
controlled study in future research. In the present study, the efficacy of different doses of
acanthopanax injection was not studied, and
the observation period was so short, so that
other rehabilitation indicators of cerebral
infarction could not be observed, thus longer
follow-up time is required in further studies.
Am J Transl Res 2021;13(4):3600-3608
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In summary, the treatment of ACI with acanthopanax injection can improve the clinical efficacy. It can improve vascular endothelial function, relieve inflammation, reduce nerve damage, and improve cognitive function, which is
worthy of further clinical application and research.
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