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Abstract: The goal of this study is to evaluate and analyze
the effects of edaravone (EDV) dexborneol on neurological
function and serum inflammatory factor levels among
patients with acute anterior circulation big artery blockage
stroke. A total of 142 patients with acute anterior circula-
tion large vessel occlusion (LVO) were randomly allocated
to the study group (69 patients) or the control group (73
patients). In the study group, patients were treated with
37.5 mg EDV dexhorneol twice a day for 10-14 days, based
on the control group. The primary efficacy outcome was
the National Institutes of Health Stroke Scale score change
from baseline to 90 days and the proportion of modified
Rankin Scale (mRS)score <1 at 90 days after randomization.
The secondary outcome included the decrease in inflamma-
tory factors at 14 days. The primary safety outcome was the
incidence of hemorrhagic transformation assessed according
to Heidelberg bleeding classification within 7 days. A higher
percentage of patients with HIHSS score <5 at 90 days in the
EDV dexcamphorol group was observed than in the control
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group (75.36% vs 64.38%; P = 0.015). A higher percentage of
patients with mRS score <1 at 90 days in the EDV dexcam-
phorol group was observed than in the control group (63.77%
vs 50.68%; P = 0.012). After treatment, the levels of IL-6 and hs-
CRP were significantly lower following treatment and com-
pared to the control group (P < 0.05). In patients receiving the
EDV dexborneol group, a significantly decreased risk of radio-
graphic intracranial hemorrhage was found compared with
the control group (20.29% vs 39.73%; P = 0.0006). In conclu-
sion, EDV dexborneol can improve the clinical outcomes of
patients with acute anterior circulation LVO stroke, which
can be used as an effective supplement to thrombectomy
therapy.
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1 Introduction

Cerebrovascular disease is characterized by high incidence
rate, high mortality, high disability rate, and high recur-
rence rate. Since 2008, it has surpassed tumor and cardio-
vascular disease and became the first cause of death for
urban and rural residents in China. Large hemispheric
infarction (LHI) is a critical type of cerebral infarction
with higher disability and mortality. The incidence rates
of LHI account for 2-8% of all acute ischemic stroke (AIS).
Research shows that the mortality rate of large vessel
occlusion (LVO) in the anterior circulation is as high as
26% [1]. In patients with conservative treatment, the mor-
tality rate of LHI is as high as 40-80%, seriously endan-
gering human health. Within the time window of onset,
thrombolysis and thrombectomy, especially endovascular
thrombectomy, are currently the most effective treatments
for AIS with LVO [2,3]. However, meta-analysis shows
that the ineffective reperfusion rate after mechanical
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thrombectomy in patients with AIS with LVO is about 54%
[2]. Therefore, the Stroke Treatment Academic Industry
Roundtable (STAIR) X acknowledges that neuroprotective
agents can and should be developed in conjunction with
thrombolysis.

Edaravone (EDV), a free radical scavenger developed
in Japan, is widely used to treat AIS within 24 h of onset
[4-6]. Borneol, a terpene and bicyclic organic compound, has
shown anti-inflammatory activities and protective effects
against cerebral ischemia/reperfusion injury [7]. EDV dexbor-
neol is a national Class I innovative drug, which has been
launched in China in 2020. EDV dexborneol is a newer multi-
target neuroprotective agent, which has been designed and
implemented in accordance with the STAIR principle [8,9].

Previous preclinical studies have confirmed that EDV
dexborneol inhibits apoptosis of neurons, glial cells, and
vascular endothelial cells by clearing free radicals and
reducing inflammatory cascade reactions, showing a pro-
tective effect on the entire neurovascular unit, significantly
alleviating nerve damage in the reperfusion animal model.
In a phase II clinical trial involving over 400 patients with
ischemic stroke, the middle dose group of EDV dexborneol
(37.5 mg) showed better efficacy and safety [10]. The TASTE
trial (Treatment of Acute Ischemic Stroke with Edaravone
Dexborneol) was a phase III, randomized, double-blind,
parallel, comparative study that enrolled 1,200 patients
and showed that EDV dexborneol significantly increased
the proportion of functional independence at day 90 in
patients with AIS [11].

In the context of the above research, this study used
EDV dexborneol to cure sufferers with acute ischemic
stroke to explore the therapeutic effect of EDV dexborneol
on patients with anterior circulation macrovascular occlu-
sion. In this study, a total of 142 cases of acute anterior
circulation macrovascular occlusion were collected. On
the basis of standardized treatment (the control group), we
added EDV dexbhorneol (the treatment group) to observe the
decrease in inflammatory indicators (IL-6, CRP), bleeding
transformation, and clinical outcomes at 90 days. The results
are now reported as follows.

2 Methods and methods

2.1 Study design

A total of 142 patients with anterior circulation LVO stroke
admitted to our hospital from October 2021 to September 2022
were retrospectively analyzed and randomly divided into the
EDV dexborneol treatment group and the control group.
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Inclusion criteria: (1) patients with cerebral infarction
admitted to our hospital within 48 h of onset; (1) age 218
years old; (3) before the onset of this disease, modified
Rankin Scale (mRS) <2; (4) patients with anterior circula-
tion cerebral infarction who was diagnosed as cerebral
infarction through cranial computer tomography (CT) or mag-
netic resonance imaging (MRI) examination. All enrolled patients
underwent computer tomography angiography examination,
which indicated LVO. LVO was defined as an occlusion in the
internal carotid artery, the M1 or M2 branches of the middle
cerebral artery that correlated with the clinical symptoms [12].

Exclusion criteria were as follows: (1) cranial MRI or
CT examination of cerebral infarction area does not meet
the diagnosis of large area cerebral infarction; (2) patients
who are infected or using antibiotics during the admission;
(3) combined severe organ failure (heart, liver, and kidney
failure); (4) patients with moderate or above anemia, coa-
gulation dysfunction, or other serious blood system dis-
eases; (5) patients with severe endocrine disorders; (6)
patients with combined autoimmune system diseases;
(7) patients with concomitant malignant tumors; and (8)
patients or patient guardians who are unwilling to parti-
cipate in the project. Randomization was performed via a
web-based mobile phone app or computer. Patients were
assigned a random serial number according to the time
they were enrolled. All trial personnel and patients were
unaware of the treatment assignment.

2.2 Treatment procedures

All enrolled patients receive standardized diagnosis and
treatment in accordance with the “Guidelines for the Diagnosis
and Treatment of Acute Ischemic Stroke 2018” [13]. Patients
who are within the thrombolysis time window, have no
contraindications for treatment, and have the consent of
the patient or family members were received alteplase
thrombolysis treatment. The alteplase was administered
according to the dosage regimen approved in Japan (10%
of a dose [0.9mg/kg] of alteplase was given by rapid intra-
venous injection; the rest was given by intravenous infusion
for 1h) [14]; patients with arterial thrombectomy indications
are strictly evaluated and given thrombectomy treatment
with the consent of the patient or their family, while also
receiving standardized treatment such as antiplatelet aggre-
gation, lipid metabolism regulation, and bedside rehabilita-
tion. The treatment group was treated with a combination of
EDV dexborneol on the basis of the control group. The usage of
EDV dexborneol : EDV dexborneol for injection (Nanjing Xian-
sheng TECO Pharmaceutical Co., Ltd., specification: 5ml: 10 mg
(edaravone): 25mg (dexborneol), national drug approval
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number: H20200007) intravenous infusion treatment, 15 ml each
time (containing edaravone 30 mg, dexborneol 7.5 mg), 2 times
per day. When in use, add it to 100 ml of normal saline to dilute
it, and then infuse it intravenously.

2.3 Observational indicators

(1) The two groups were evaluated for neurological damage
using the National Institutes of Health Stroke Scale
(NIHSS) score on admission, 10-14 days of treatment,
30 days of treatment, and 90 days of treatment, with a
total score of 42 points. The higher the score, the more
severe the neurological damage. The degree of disability
was evaluated using the mRS on admission, 10-14 days,
30 days, and 90 days of treatment. The mRS score was
0-6 points, and the higher the score, the poorer the
patient’s quality of life. Compare the proportion and
95% confidence interval of patients with mRS ranging
from 0 to 1 at different time points between the EDV
dexacamphor treatment group and the control group.
The NIHSS score and mRS score were completed by
two neurologists who were not aware of the study. If
there were any objections to the score, it was evaluated
by a third experienced neurologist. The primary safety
outcome was the incidence of hemorrhagic transforma-
tion (HT) assessed according to the Heidelberg bleeding
classification within 7 days.

(2) Inflammatory factor monitoring: all patients were tested
for serum IL-6 and CRP on the day of admission, 5-7
days, and 10-14 days by abdominal blood sampling of
5mL x 2 of peripheral venous blood. Peripheral phlebo
blood was put in an anticoagulant tube for 1.5h and cen-
trifuged with a centrifuge (Hettich, Germany, Rotofifix 32A)
for 10 min at a velocity of 3,000 rpm; separate the super-
natant and save it for later use. The density of serum IL-6,
CRP, in the two groups of sufferers pretherapy and post-
therapy is tested by enzyme-linked-immunosorbent sero-
logic assay means to test plasma-specific viscosity before
and after treatment in the two groups. The kits are pur-
chased from Wuhan Boster Company, and the operating
routines are rigorously based on the specifications of the
reagents and instruments.

2.4 Statistical analysis

The data are calculated using the SPSS 20.0 system, and the
baseline characteristics between the groups were compared.
Categorical variables were presented as counts (percen-
tages) and compared using the chi-square test. Continuous
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variables were presented as mean * standard deviation if
normally distributed and as median and interquartile range
if non-normally distributed. P < 0.05 is considered statisti-
cally significant.

Ethical approval: The research related to human use has
been complied with all the relevant national regulations,
institutional policies and in accordance with the tenets of
the Helsinki Declaration, and has been approved by the
authors’ institutional review board or equivalent com-
mittee. This study has been reviewed and approved by the
Medical Ethics Association of our hospital (Ethics Review
Number: 2021-10-26).

Informed consent: Informed consent has been obtained
from all individuals included in this study.

3 Results

3.1 Clinical data

In the treatment group, there were 45 men and 24 women,
aged 65.8 + 11.0 years, 53 patients with hypertension, 17
patients with diabetes, 8 patients with coronary heart dis-
ease, 20 patients with atrial fibrillation, 22 patients with
smoking, 14 patients with alcohol consumption, and 11
patients with previous stroke history. There were 26 patients
with internal carotid artery occlusion, 39 patients with
middle cerebral artery occlusion, 4 patients with internal
carotid artery + middle cerebral artery occlusion, 22 patients
who underwent thrombolysis, and 39 patients who under-
went thrombectomy. The NIHSS score at admission was 10.0
+ 6.1, and the mRS score was 3.9 + 1.3; in the control group,
there were 44 males and 29 females, aged 66.6 + 12.7 years,
44 patients with hypertension, 20 patients with diabetes, 11
patients with coronary heart disease, 23 patients with atrial
fibrillation, 25 patients with smoking, 15 patients with
alcohol consumption, and 16 patients with previous stroke
history. There were 21 patients with internal carotid artery
occlusion, 48 patients with middle cerebral artery occlusion,
4 patients with internal carotid artery + middle cerebral
artery occlusion, 20 patients who underwent thrombolysis,
and 40 patients who underwent thrombectomy. The NIHSS
score at admission was 10.6 + 6.4, and the mRS score was 4.0
+1.2. The baseline data of age, gender, NIHSS score at admis-
sion, and mRS score at admission between the two groups
are shown in Table 1. There was no statistically significant
difference in various indicators between the two groups of
patients (P > 0.05).
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Table 1: Baseline characteristics
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Characteristics Treatment group (n = 69) Control group (n = 73) P value
Age 65.8 + 11.0 66.6 +12.7 0.857
Male, n (%) 45 (65.2%) 44 (60.2%) 0.741
Hypertension, n (%) 53 (76.8%) 44 (60.2%) 0.258
Diabetes, n (%) 19 (24.6%) 19 (27.3%) 0.894
Coronary heart disease, n (%) 8 (11.5%) 11 (15.1%) 0.815
Atrial fibrillation, n (%) 20 (28.9%) 23 (31.5%) 0.874
Smoking, n (%) 22 (31.9%) 25 (34.2%) 0.852
Alcohol consumption, n (%) 14 (20.2%) 15 (20.5%) 0.926
Stroke history, n (%) 11 (15.9%) 21 (28.7%) 0.512
Internal carotid artery occlusion, n (%) 26 (37.7%) 20 (27.4%) 0.428
Middle cerebral artery occlusion, n (%) 39 (56.5%) 48 (65.7%) 0.365
Internal carotid artery + middle cerebral artery occlusion, n (%) 4 (5.8%) 4 (5.5%) 0.999
Thrombolysis, n (%) 22 (31.9%) 20 (27.3%) 0.682
Thrombectomy, n (%) 39 (56.5%) 40 (54.8%) 0.903
NIHSS score at admission 10.0 £ 6.1 10.6 + 6.4 0.952
mRS score at admission 39+13 40+12 0.935

3.2 Comparison of admission test indicators
between two groups

The comparison of examination indicators between the treat-
ment group and the control group at admission is shown in
Table 2. There was no significant difference in blood WBC,
blood sugar, CHOL, LDL-C, HDL, UA, HCY, IL-6, CRP, and other
test indicators between the two groups of patients (P > 0.05).

3.3 Comparison of changes in NIHSS
between two groups

There was no significant difference in NTHSS scores between
the two groups of patients upon admission. As the treatment,

there was a significant difference in the magnitude of the

Table 2: Comparison table of inspection indicator

Project Treatment Control P value
group group

WBC (10 x 9/L) 9.725 + 3.289 10.157 + 3.884 0.776

GLU (mmol/L) 7.243 £ 3.095 8.055 +3.27 0.798

CHOL (mmol/L) 4.671 + 1.326 4.453 +1.137 0.882

LDL-C (mmol/L) 3.004 + 0.846 2.7866 + 0.699
0.8217

HDL (mmol/L) 1.1036 + 0.3124 1.0666 + 0.925
0.2409

UA (pmol/L) 350.7 £ 113.2 327.7 £125.6 0.941

HCY (umol/L) 10.25 £ 9.5 11.456 + 5.956 0.938

IL-6 at admission 33.6 +57.9 35.4 +99.5 0.868

(pg/mL)

CRP at admission 27.23 + 41.44 25.24 £ 37.27 0.839

(mg/L)

decrease in NIHSS scores between the study group and the
control group, with significant statistical significance (P <
0.05). Moreover, the magnitude of the decrease in NIHSS
scores between the treatment group was consistently higher
than that of the control group. The proportion of NIHSS scores
<5 in the treatment group and the control group continued to
increase with the progress of treatment, and the proportion
of NIHSS scores <5 in the study group was consistently higher
than that in the control group, with significant statistical sig-
nificance (P < 0.05).

Further analysis showed that, compared with the throm-
bolysis control group, the treatment group showed a greater
decrease in NIHSS, with significant statistical significance (P <
0.05). The proportion of patients with an NIHSS score of <5
reached 75%, indicating that EDV dexborneol can be used as an
effective supplementary treatment after thrombolysis. The
comparison between the thrombectomy treatment group and
the thrombectomy control group showed the greatest decrease
in NIHSS after treatment, with a proportion of 76.92% having
an NIHSS score of <5, indicating a statistically significant dif-
ference (P < 0.05). This indicates that EDV dexborneol can serve
as an effective supplement for thrombectomy treatment. The
results are shown in Table 3.

The proportion of NIHSS points between the treatment
group and the control group after 90 days is shown in Figure 1.

3.4 Comparison of changes in mRS between
two groups

As shown in Table 4, there was a statistically significant
difference in the proportion of mRS 0-1 points between the
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Table 3: Comparison table of the NIHSS scores

Effects of edaravone dexborneol on patients = 5

Group The magnitude of NIHSS score decrease Proportion of the NIHSS score of 5 points, n (%)
14 days 30 days 90 days 14 days 30 days 90 days
Treatment group (N = 69) 513 +5.29 6.62 + 5.57 8.22 +5.69 42 (60.87%) 46 (66.67%) 52 (75.36%)
Control group (N = 73) 3.26 + 4.00 4.34 + 4.00 5.83 + 4.17 38 (52.05%) 42 (57.53%) 47 (64.38%)
P value 0.005 0.036 0.001 0.028 0.031 0.015
Thrombolysis treatment group (N = 24) 7.55 + 5.52 9.48 +5.19 11.1 + 5.66 14 (58.33%) 17 (70.83%) 18 (75.00%)
Thrombolysis control group (N = 21) 2.57 +3.31 3.76 £ 3.50 4.90 + 3.80 11 (52.38%) 12 (57.14%) 13 (61.90%)
P value 0.0006 0.003 0.001 0.045 0.033 0.018
Thrombectomy treatment group (N 7331517 9.38 + 5.00 10.94 + 471 21 (53.85%) 26 (66.67%) 30 (76.92%)
=39)
Thrombectomy Control group (N = 40) 3.8 £ 4.20 5.25+4.10 7.05 + 4.48 19 (47.50%) 22 (55.00%) 25 (62.50%)
P value 0.013 0.0M 0.025 0.036 0.010 0.004

treatment group and the control group (P < 0.05). As the
treatment progressed, the proportion of mRS 0-1 points
between the treatment group and the control group gradu-
ally increased, but the proportion of 0-1 points in the
treatment group was consistently higher than that in the
control group. After treatment, the proportion of mRS 0-1
scores in the thrombolysis treatment group was signifi-
cantly higher than that in the thrombolysis control group,
and the difference was statistically significant (P < 0.05).
After treatment, the proportion of mRS 0-1 points in the
thrombolysis treatment group was significantly higher
than that in the thrombectomy control group, and the dif-
ference was statistically significant (P < 0.05), indicating
that EDV dexborneol can effectively improve the neurolo-
gical prognosis of patients with acute anterior circula-
tion LVO.

The proportion of mRS points between the treatment
group and the control group after 90 days is shown in
Figure 2.

3
1
0
Control group 12

10

Treatment group

0 10 20

Death >20 15-20

Figure 1: Contrast of NIHSS posttherapy on the two groups.

3.5 Comparison of changes in inflammatory
factors between two groups

Before treatment, there was no statistically significant dif-
ference in inflammatory factors between the two groups
(P > 0.05). After treatment, the average levels of IL-6 and
CRP in the treatment group were lower than those in the
control group, and the difference was statistically signifi-
cant (P < 0.05). The results are shown in Table 5.

3.6 Comparison of HT

In the study, the incidence of hemorrhagic transformation
was significantly reduced in patients who underwent EDV
dexborneol. Subgroup analyses for the thrombolysis group
and endovascular thrombectomy group, the incidence of HT
was also significantly reduced in study group with a statis-
tically significant difference (P < 0.05), as shown in Table 6.
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Table 4: Proportion of mRS 0-1 points
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Group N Proportion of the mRS score of 0-1, n (%)
14 days 30 days 90 days

Treatment group (n = 69) 69 24 (34.78%) 36 (52.17%) 44 (63.77%)
Control group (n = 73) 73 15 (20.55%) 20 (27.40%) 37 (50.68%)
P value / 0.008 0.004 0.012
Thrombolysis group (n = 24) 24 7 (29.17%) 12 (50.00%) 15 (62.50%)
Thrombolysis control group (n = 21) 21 7 (33.33%) 10 (47.62%) 10 (47.62%)
P value / 0.687 0.695 0.015

Thrombectomy treatment group (n = 39) 39
Thrombectomy control group (n = 40) 40
P value /

12 (30.77%)
12 (30.00%)
0.923

19 (48.72%)
19 (47.50%)
0.854

24 (61.54%)
18 (45.00%)
0.026

4 Discussion

Acute ischemic stroke is a neurological impairment caused
by sudden occlusion of both intracranial and extracranial
arteries. In the first few hours after an ischemic attack,
there is a salvageable ischemic penumbra around the
core infarct area. Therefore, time is the brain, and opening
blood vessels as soon as possible within the time window is
the key to treat AIS. Therefore, vascular recanalization has
become the standard treatment method for acute cerebral
infarction. Thrombolysis has proven to be a significant
advancement [15], but the recanalization rate of thrombo-
lysis in different central veins varies from 10 to 33% due to
the influence of thrombus location, thrombus load, etc.
[16], and there is a risk of bleeding conversion, which is
significantly time dependent and limits the beneficiary.

Control group

Treatment group

5 10 15

u 6 (Death)

Figure 2: Contrast of mRS posttherapy on the two groups.

m5

According to the 2011 study, less than 5% of stroke patients
received rt-PA thrombolysis treatment [17]. Intravascular
thrombectomy therapy can effectively improve the func-
tional prognosis of AIS patients caused by LVO and reduce
mortality. However, some patients’ neurological function
has not been effectively improved after good vascular reca-
nalization, which is mainly related to the aggravation
of neurological damage caused by ischemia-reperfusion
injury [18]. Currently, the pathological and physiological
processes of ischemia and reperfusion injury are complex
and the mechanisms are not clear. The main pathological
processes including energy metabolism disorders around
the infarction, excitatory amino acid toxicity, neuroinflam-
mation, oxidative stress, etc., ultimately mediate neuronal
death [19]. Research has confirmed that rebuilding blood
flow in ischemic tissue can lead to increased release of pro-

20 25 30 35 40 45 50

4 3 2 m01
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Table 5: Statistical table of inflammatory factors

Effects of edaravone dexborneol on patients == 7

Group On admission Days 5-7 On days 10-14
Treatment group (IL-6) 33.6 +57.9 21.16 + 29.25 5.864 + 4.758
Control group (IL-6) 35.4 +99.5 21.51 + 26.38 10.58 + 16.54

P value 0.897 0.940 0.022
Treatment group (CRP) 27.23 + 41.44 354+ 995 11.43 £ 14.38
Control group (CRP) 25.24 + 37.27 39.42 + 46.41 19.67 + 32.94

P value 0.868 0.839 0.044

Table 6: Statistical table of hemorrhagic transformation

Group N Hemorrhagic P value
transformation, n (%)

Treatment group 69 14 (20.29%) 0.0006

Control group 73 29 (39.73%)

The thrombolysis group 24 3 (12.50%) 0.0001

The thrombolysis 21 7 (33.33%)

control group

The thrombectomy 39 10 (25.64%) 0.0001

group

The thrombectomy 40 19 (47.50%)

control group

inflammatory cytokines [20], leading to a series of patho-
logical cascade reactions, directly or indirectly leading to
cell apoptosis, disruption of the blood-brain barrier (BBB),
brain edema, and HT. Meanwhile, oxidative stress is closely
related to the mechanism of neuroinflammation, ultimately
significantly promoting ischemia-reperfusion injury [21-23].
Early administration of antioxidants after stroke not only
increases cell survival but also inhibits the inflammatory
response induced by acute ischemia [24]. Interleukin-6, one
of the main cytokines produced by the central nervous
system [25], has been proven to have pro-inflammatory,
prooxidative, and thrombogenic effects [26,27]. Clinical stu-
dies have shown that plasma IL-6 levels increase in patients
with TIA or AIS, and plasma IL-6 concentration can predict
the severity and clinical prognosis of stroke [28]. Therefore, at
different stages of infarction, multiple pathological mechan-
isms are involved, and single treatment measures or drugs
targeting a single mechanism are difficult to effectively con-
trol the disease. Treatment measures that eliminate free
radicals and inhibit inflammatory reactions are suitable
supplements for reperfusion injury after thrombolysis or
intravascular treatment [8,9].

EDV dexborneol is a Class I innovative drug launched
in China in 2020. It is composed of EDV and dexborneol in a
4:1 ratio and can effectively improve the functional prog-
nosis of AIS patients [29]. To evaluate the efficacy of EDV

dexborneol in patients with acute anterior circulation LVO,
we enrolled 142 patients. The data of this study showed that
after treatment, the NIHSS score and mRS score of the
treatment group were significantly improved, better than
the control group, and had a higher overall effective rate.
Compared with the control group, the inflammatory fac-
tors IL-6 and CRP in the study group were lower than those
in the control group after treatment. In this randomized
clinical trial, EDV dexborneol can significantly improve the
distribution of 90-day disability among patients with AIS
due to anterior circulation LVO. To explore its mechanism,
previous studies have shown that EDV is an antioxidant
and free radical scavenger that can eliminate free radicals
and inhibit endothelial cell damage, brain edema, and
delayed neuronal death, thereby improving the functional
outcomes of acute cerebral infarction. Borneol has anti-
inflammatory effects and can inhibit the expression of
inflammatory cytokines. At the same time, borneol can
promote the penetration of EDV through the BBB and
enhance the distribution of the drug in brain tissue [30].
The two components synergistically enhance the effect,
blocking the mutual circulation between free radicals and
inflammation [7,31,32]. In addition, ischemia-reperfusion
injury can induce IL-6, increase iron overload, and induce
iron death, And borneol can inhibit the expression of IL-6
[33], thereby exerting effective neuroprotective effects.

HT is a complication that may cause neurological dete-
rioration in patients with AIS, particularly in LVO stroke.
The overall rate of radiographic intracranial hemorrhage
was 30% (42/142) in this trial, which was consistent with
those of previous studies, which reported rates of 22-49%
[34,35]. In patients receiving EDV dexborneol, a signifi-
cantly decreased risk of radiographic intracranial hemor-
rhage was found compared with the control group. In
subgroup analyses, patients in the thrombolysis group
and thrombectomy group also had a numerically lower
incidence of intracranial hemorrhage. The study’s finding
of the potential benefit of EDV dexborneol in patients with
ischemic stroke due to LVO may merit a future confirma-
tory trial confined to this population.
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5 Conclusion

In summary, EDV dexborneol can improve the neurolo-
gical prognosis of patients with acute anterior circulation
LVO, reduce the levels of inflammatory factors IL-6 and
CRP, and reduce bleeding conversion. It can be an effective
supplement to thrombolysis and thrombectomy treatment.
However, the data reported in this study require further
validation due to the small sample size and investigation of
a single-center study. Also, the follow-up was relatively
short. In the future, we will continue to conduct relevant
research to clarify the medium to long-term efficacy of EDV
dexborneol therapy in patients with acute anterior circula-
tion LVO.
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Stroke Association Whole Course Management of Cerebrovascular
Disease (Grant No. 202001).

Conflict of interest: Authors state no conflict of interest.

Data availability statement: The datasets generated during
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References

[11 Karamchandani RR, Rhoten JB, Strong D, Chang B, Asimos AW.
Mortality after large artery occlusion acute ischemic stroke. Sci
Rep. 2021;11(1):10033.

[21 Goyal M, Menon BK, van Zwam WH, Dippel DW, Mitchell PJ,
Demchuk AM, et al. Endovascular thrombectomy after large-vessel
ischaemic stroke: a meta-analysis of individual patient data from
five randomised trials. Lancet. 2016;387(10029):1723-31.

[3] Jovin TG, Nogueira RG, Lansberg MG, Demchuk AM, Martins SO,
Mocco J, et al. Thrombectomy for anterior circulation stroke
beyond 6 h from time last known well (AURORA): A systematic
review and individual patient data meta-analysis. Lancet.
2022;399(10321):249-58.

[4] Shinohara Y, Yamaguchi T. Outline of the Japanese guidelines for
the management of stroke 2004 and subsequent revision. Int |
Stroke. 2008;3(1):55-62.

[5] Shinohara Y, Saito I, Kobayashi S, Uchiyama S. Edaravone (radical
scavenger) versus sodium ozagrel (antiplatelet agent) in acute
noncardioembolic ischemic stroke (EDO trial). Cerebrovasc Dis.
2009;27(5):485-92.

[6] Toyoda K, Fujii K, Kamouchi M, Nakane H, Arihiro S, Okada Y, et al.
Free radical scavenger, edaravone, in stroke with internal carotid
artery occlusion. J Neurol Sci. 2004;221(1-2):11-7.

[71 LiuR, Zhang L, Lan X, Li L, Zhang TT, Sun JH, et al. Protectio by
borneol on cortical neurons against oxygen-glucose deprivation/
reperfusion: involvement of anti-oxidation and anti-inflammation
through nuclear transcription factor kappaB signaling pathway.
Neuroscience. 2011;176:408-19.

(8]

[9

(0]

]

2]

N3]

4]

(3]

[16]

7

(8]

(9]

[20]

[21]

[22]

[23]

[24]

[25]

DE GRUYTER

Lees KR, Khatri P. Stroke treatment academic industry roundtable
recommendations for individual data pooling analyses in stroke.
Stroke. 2016;47(8):2154-9.

Savitz SI, Baron JC, Fisher M. Stroke treatment academic industry
roundtable X: Brain cytoprotection therapies in the reperfusion era.
Stroke. 2019;50(4):1026-31.

Xu J, Wang Y, Wang A, Gao Z, Gao X, Chen H, et al. Safety and
efficacy of Edaravone Dexborneol versus edaravone for patients
with acute ischaemic stroke: a phase II, multicentre, randomised,
double-blind, multiple-dose, active-controlled clinical trial. Stroke
Vasc Neurol. 2019;4(3):109-14.

Huang Y, Zhang X, Zhang C, Xu W, Li W, Feng Z, et al. Edaravone
dexborneol downregulates neutrophil extracellular trap expres-
sion and ameliorates blood-brain barrier permeability in acute
ischemic stroke. Mediators Inflamm. 2022;2022:3855698.

Sipila JOT. Anterior circulation large vessel occlusion outcomes in
patients transferred from a peripheral primary stroke centre.
Neurol Res. 2022;44(6):554-9.

Chinese Society of Neurology, Chinese Stroke Society. Chinese
guidelines for diagnosis and treatment of acute ischemic stroke
2018. Chin J Neurol. 2018;51(9):666-82.

Hacke W, Kaste M, Bluhmki E, Brozman M, Déavalos A, Guidetti D,
et al. Thrombolysis with alteplase 3 to 4.5 hours after acute
ischemic stroke. N Engl ] Med. 2008;359(13):1317-29.

Donnan GA, Fisher M, Macleod M, Davis SM. Stroke. Lancet.
2008;371(9624):1612-23.

Chandra RV, Leslie-Mazwi TM, Mehta BP, Derdeyn CP,

Demchuk AM, Menon BK, et al. Does the use of IV tPA in the
current era of rapid and predictable recanalization by mechanical
embolectomy represent good value. ] Neurointerv Surg.
2016;8(5):443-6.

Fonarow GC, Smith EE, Saver JL, Reeves M), Bhatt DL, Grau-
Sepulveda MV, et al. Timeliness of tissue-type plasminogen acti-
vator therapy in acute ischemic stroke: Patient characteristics,
hospital factors, and outcomes associated with door-to-needle
times within 60 minutes. Circulation. 2011;123(7):750-8.
Chamorro A, Lo EH, Rendi A, van Leyen K, Lyden PD. The future of
neuroprotection in stroke. ] Neurol Neurosurg Psychiatry.
2021;92(2):129-35.

White BC, Sullivan JM, DeGracia D), O'Neil B), Neumar RW,
Grossman LI et al. Brain ischemia and reperfusion:

Molecular mechanisms of neuronal injury. ] Neurol Sci.
2000;179(51-2):1-33.

Jurcau A, Ardelean IA. Molecular pathophysiological mechanisms of
ischemia/reperfusion injuries after recanalization therapy for acute
ischemic stroke. | Integr Neurosci. 2021;20(3):727-44.

Wong CH, Crack PJ. Modulation of neuro-inflammation and vas-
cular response by oxidative stress following cerebral ischemia-
reperfusion injury. Curr Med Chem. 2008;15(1):1-14.

Xiong XY, Liu L, Yang QW. Refocusing neuroprotection in cerebral
reperfusion era: New challenges and strategies. Front Neurol.
2018;9:249.

Wu L, Xiong X, Wu X, Ye Y, Jian Z, Zhi Z, et al. Targeting oxidative
stress and inflammation to prevent ischemia-reperfusion injury.
Front Mol Neurosci. 2020;13:28.

Aurel Simion AJ. The role of antioxidant treatment in acute
ischemic stroke: Past, present and future. Neurol Res Surg.
2019;2(2):1-7.

Erta M, Quintana A, Hidalgo ). Interleukin-6, a major cytokine in the
central nervous system. Int ] Biol Sci. 2012;8(9):1254-66.



DE GRUYTER

[26]

[27]

[28]

[29]

[30]

Spychalowicz A, Wilk G, Sliwa T, Ludew D, Guzik T). Novel thera-
peutic approaches in limiting oxidative stress and inflammation.
Curr Pharm Biotechnol. 2012;13(13):2456-66.

Senchenkova EY, Komoto S, Russell J, Aimeida-Paula LD, Yan LS,
Zhang S, et al. Interleukin-6 mediates the platelet abnormalities
and thrombogenesis associated with experimental colitis. Am |
Pathol. 2013;183(1):173-81.

Lambertsen KL, Biber K, Finsen B. Inflammatory cytokines in
experimental and human stroke. | Cereb Blood Flow Metab.
2012;32(9):1677-98.

Xu J, Wang A, Meng X, Yalkun G, Xu A, Gao Z, et al. Edaravone
dexborneol versus edaravone alone for the treatment of acute
ischemic stroke: A phase 111, randomized, double-blind, compara-
tive trial. Stroke. 2021;52(3):772-80.

Zhu QY, Tang S, Yang XQ, Ding H, Liu XD, Zeng XB, et al. Borneol
enhances the protective effect against cerebral ischemia/reperfu-

31

B2]

Effects of edaravone dexborneol on patients == 9

sion injury by promoting the access of astragaloside IV and the
components of Panax notoginseng saponins into the brain.
Phytomedicine. 2022;94:153822.

Watanabe T, Tahara M, Todo S. The novel antioxidant edaravone:
From bench to bedside. Cardiovasc Ther. 2008;26(2):101-14.
Gauberti M, De Lizarrondo SM, Vivien D. The “inflammatory
penumbra” in ischemic stroke: From clinical data to experimental
evidence. Eur Stroke J. 2016;1(1):20-7.

[33] Ji), Zhang R, Li H, Zhu J, Pan Y, Guo Q. Analgesic and anti-inflam-

341

[35]

matory effects and mechanism of action of borneol on photo-
dynamic therapy of acne. Environ Toxicol Pharmacol. 2020;75:103329.
Wu'Y, Yin C, Yang J, Jiang L, Parsons MW, Lin L. Endovascular
thrombectomy. Stroke. 2018;49(11):2783-5.

Zhao W, Che R, Shang S, Wu C, Li C, Wu L, et al. Low-dose tirofiban
improves functional outcome in acute ischemic stroke patients treated
with endovascular thrombectomy. Stroke. 2017;48(12):3289-94.



	1 Introduction
	2 Methods and methods
	2.1 Study design
	2.2 Treatment procedures
	2.3 Observational indicators
	2.4 Statistical analysis

	3 Results
	3.1 Clinical data
	3.2 Comparison of admission test indicators between two groups
	3.3 Comparison of changes in NIHSS between two groups
	3.4 Comparison of changes in mRS between two groups
	3.5 Comparison of changes in inflammatory factors between two groups
	3.6 Comparison of HT

	4 Discussion
	5 Conclusion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


