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Edaravone reduces depre
ssion severity in patients
with symptomatic intracranial stenosis and
is associated with the serum expression of
sex hormones
Zhaohong Kong, MDa,b, Jian Jiang, MDb, Ming Deng, MDb, Zhaohui Zhang, MD, PhDb,∗,
Gaohua Wang, MD, PhDa,∗

Abstract
Objective: To investigate the effect of edaravone on depression relief in symptomatic patients with intracranial stenosis and its
relationship with the expression of sex hormones.

Methods: We recruited 112 patients with symptomatic intracranial arterial stenosis from Renmin Hospital, Wuhan University,
between October 2014 and October 2017. All patients were divided into the traditional or experimental (traditional treatment +
intravenous infusion of edaravone 30mg twice a day for 14 days) treatment groups. The general clinical data were collected, and
neurological functional recovery using the Modified Rankin Scale (mRS) and National Institute of Health stroke scale (NIHSS) scores
were recorded. Symptom Checklist 90 (SCL-90) was used to assess the general psychological changes of the patient, followed by
the 24 Hamilton Depression Scale (HAMD) to examine the incidence of post-stroke depression (PSD). This divided the patients into
the mild, moderate, and severe depression groups. Next, we measured the serum protein expression of the sex hormones estradiol
(E2), testosterone (T), follicle stimulating hormone (FSH), prolactin (PRL), and luteinizing hormone (LH).

Results: The mRS and NIHSS scores were significantly lower in the experimental group than in the control group (P< .05). There
was no significant difference in SCL90 score before intervention (P> .05); the scores were significantly lower in the experimental
group after intervention (P< .05). There was a significant difference in SCL-90 and HAMD scores between groups before treatment
(P< .05), with significantly lower scores in the experimental group post-treatment (P< .05). The incidence of depression was
significantly reduced in the experimental group post-treatment. Furthermore, the expression of E2 and FSH was significantly higher
(P< .01) and lower (P< .001), respectively, in women than in men in the experimental group post-treatment. Interestingly, the
expression of T was significantly lower in men in the experimental group post-treatment (P< .001).

Conclusion: Edaravone significantly improved the clinical efficacy of stent implantation in intracranial artery stenosis treatment by
alleviating depression and reducing the incidence of PSD.

Abbreviations: 5-HT = 5-hydroxytryptamine, Apo-Al = apolipoprotein A1, Apo-B = apolipoprotein B, E2 = estradiol, FSH =
follicle stimulating hormone, HAMD = Hamilton Depression Rating Scale, HDL = high-density lipoprotein, LDL = low-density
lipoprotein, LH = luteinizing hormone, LP a = lipoprotein a, MDD =major depressive disorder, mRS =Modified Rankin Scale, NIHSS
=National Institute of Health stroke scale, PRL= prolactin, PSD= poststroke depression, RGSZl=G protein signaling Z1, SCL-90=
Symptom Checklist 90, T = testosterone, TG = triglyceride.
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1. Introduction
Intracranial artery stenosis or occlusion is a significant risk factor
for cerebral ischemic disease in Asian and African Americans.[1–3]
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Recent studies have suggested that stroke caused by middle
cerebral artery (MCA) stenosis accounts for 4% to 15% of all
patients per year.[4–7] Endovascular stent angioplasty is a novel
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treatment for intracranial artery stenosis when compared with
drug therapy.[8,9] Some studies have suggested that patients who
receive the cerebral artery angioplasty show improved functional
outcomes and reduced mortality.[9] However, complications,
such as post-stroke depression (PSD), can seriously affect the
clinical prognosis, and increase morbidity and mortality.[10]

Furthermore, the relationship between depressive status and the
expression of sex hormones in patients with intracranial artery
stenosis remains unknown.
Edaravone (3-methyl-1-phenyl-2-pyrazole Lin-5-ketone) is a

nerve protectant in ischemic stroke, and is domestically
recognized in China. Edaravone contains clear hydroxyl free
radicals that inhibit lipid peroxides and restrain the oxygen free
radicals, thereby attenuating inflammation in the body.[11]

Previous studies have assessed the neuroprotective effect of
edaravone on acute ischemia reperfusion injury; however, few
clinical studies have reported its protective effect following stent
implantation. This study sought to explore the effect of
edaravone administration on patients with depression following
symptomatic intracranial stenosis stent implantation.

2. Methods

2.1. Participants

G Power was used to perform the sample size calculation for this
study. According to a previous study,[12] the effect size for a
primary outcome was the occurrence of depression among
patients with stroke. A sample size of 56 in each group was
required to achieve a type I error of 0.05 with a power of 0.80 in
two group analyses of covariance (ANCOVA). Therefore, we
recruited 112 patients who underwent intracranial artery stenosis
and intracranial stenting in the Department of Neurology
between October 2014 and October 2017. Treatment was based
on the guidelines of the diagnosis and treatment of acute ischemic
stroke, as previously reported.[13]

Patients’ clinical data, including age, gender, cardiovascular,
and cerebrovascular risk factors, body mass index (BMI), clinical
manifestations, revascularization, and adjuvant drug treatment
were collected. Inclusion criteria were:
1.
 Symptomatic intracranial artery stenosis, aged 18 to 85 years
old, and intracranial angiography showing arterial stenosis
≥70%;
2.
 stenotic vascular normal diameter ≥2mm, normal distal
vascular diameter, posterior circulation vascular lesion length
<20mm, and length of the anterior circulation vascular lesion
<15mm;
3.
 no serious neurological dysfunction after stroke;

4.
 ≥1 risk factors for atherosclerosis, such as hypertension,

diabetes, abnormal lipid metabolism, smoking history,
obesity, and history of coronary heart disease;
5.
 no history of recent hemorrhagic disease or disease requiring
surgery in the near future;
6.
 clinical symptoms treated by anti-platelet aggregation for
>3 months without positive effect;
7.
 within 14 days of acute stroke, or ≥3 months after stroke/
transient ischemic attack (TIA), there is a stent placement pointer,
and the patients provide consent to receive stent placement.

Exclusion criteria were:
1.
 Other intracranial lesions (such as intracranial hemorrhage,
aneurysm, and arteriovenous malformation);
2

2.
 other causes of arterial stenosis (such as vascular dissection
and muscle fiber dysplasia);
3.
 extreme stenosis or stenosis with difficulty in surgery;

4.
 severe liver and kidney dysfunction or other serious systemic

diseases;

5.
 age, <18 or >85 years old;

6.
 previous mental disorders (such as history of anxiety and

depression or cognitive dysfunction) and unable to provide
consent.

This study was approved by the ethics committee of Renmin
Hospital, Wuhan University. We obtained written informed
consent from each patient or substitute decision maker.
2.2. Treatment

Patients were treated according to standard interventional
therapy.[13] Briefly, oral aspirin (300mg/day) and clopidogrel
(75mg/day) were administered 5 days before surgery. The
location, extent, and collateral circulation of the arteries were
confirmed based on the angiographic results. The diameter of the
stent was selected according to the diameter of the proximal and
distal normal vessels. All patients had been administered a
routine treatment of aspirin (100mg/day) and clopidogrel (75
mg/day), and Lipitor (20mg/day) for 3 months before surgery.
Blood pressure was controlled within 130/80mmHg and blood
glucose control was monitored every 2 weeks. The edaravone
group (experimental group) was administered an intravenous
infusion of edaravone (30mg), twice for 3 days after continuous
conventional therapy for 14 days.

2.3. Neurological function tests

A battery of neuropsychological tests was administered within
7 days before and 4 weeks after the surgery using the modified
Rankin Scale (mRS) and National Institutes of Health Stroke
Scale (NIHSS). Cognitive function evaluation was performed by
two independent clinical psychologists who were blinded to the
outcome of the intervention.

2.4. Depressed state evaluation

Symptom Checklist 9 (SCL90) was used to evaluate the general
psychological stress of patients. This is a common neuropsychol-
ogy screening scale divided into 5 grades. The composition of the
scale includes measurement factor scores for nine symptoms,
including somatization, depression, anxiety, interpersonal
relationship, obsessive-compulsive symptoms, hostility, terror,
and psychotic symptoms. A total score≥160,≥43 positive items,
or any factor that scores >3 points is considered positive. The
scale is suitable for domestic adults in China and has good
reliability and validity. A standardized instruction was used by
two trained professionals to conduct the self-assessment
questionnaires for participants independently. Following this,
blinded methods were used to ensure that the quality of each
response was valid.
The Hamilton Depression Rating Scale (HAMD)[15] was used

to evaluate patients’ depressive state before admission for
treatment and at 4 weeks after admission. The two neurological
factors were independently assessed by trained psychological
clinicians. In addition, the results were checked for consistency.
First, the patients were grouped according to education level,
including illiterate (uneducated), primary school (�6 years of
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education), or middle school and above (>6 years of education).
Patients that did not fully complete data collection or did not
show reliability were excluded. For patients who were included,
depression was scored as follows: mild, 8 to 20; moderate, 21 to
35; and severe, ≥36.
2.5. Assessing serum sex hormone expression

We collected 3mL of blood from the elbow vein with patients
who had fasted for. The blood samples were centrifuged
immediately. The serum was collected and stored in the
refrigerator at �20°C for further testing. Estradiol (E2),
testosterone (T), follicle stimulating hormone (FSH), prolactin
(PRL), and luteinizing hormone (LH) were measured using an
Access LH assay kit (chemiluminescence method), according to
the manufacturer’s instructions (Beckman Coulter Co., Ltd.,
USA), using an Access immunoassay system manufactured by
Beckman Coulter Co., Ltd., USA. The recovery rate of this
method is 99% to 102.2%; the intra-assay coefficient of variation
is 3.8% to 5.4%, and the coefficient of variation between batches
is 4.3% to 6.4%.
2.6. Statistical analysis

Data were collected using Excel software and the statistical
analysis was performed using SPSS 19.0 (IBM, New York).
Categorical variables were summarized by frequency and
percentage. Continuous variables were summarized by mean,
median, range, and standard deviation. The sampled popula-
tion was divided into diagnostic groups of individuals with and
without depression. The chi-square andMann–WhitneyU tests
were used analyze the categorical and continuous variables
(that were not normally distributed), respectively, between
groups. The paired t test was used to compare two groups, and
the one-way ANOVA and Kruskal–Wallis test, with post hoc
tests for two-group comparisons, was used to compare ≥3
groups. Differences were considered statistically significant
when P< .05.
Table 1

Baseline characteristics of the two groups.

Project/group Experimental group (n=56)

Age, mean±SD, year 63.16±11.83
Male sex (n, %) 37 (61.67%)
Hypertension (n, %) 38 (63.33%)
Diabetes mellitus (n, %) 23 (41.07%)
Hyperlipidemia (n, %) 22 (39.29%)
Coronary artery (n, %) 16 (28.57%)
BMI (kg/m2, x± s) 24.91±3.25
WC (cm, x± s)
Male 89.80±6.82
Female 85.23±5.16
MS (n, %) 21 (35.00%)
FBS (mmol/L, x± s) 5.61 (4.86,6.90)
TC (mmol/L, x± s) 4.57±1.02
TG (mmol/L, x± s) 1.43 (0.90,2.31)
LDL-C (mmol/L, x± s) 2.26±0.32
HDL-C (mmol/L, x± s) 1.20±0.19

The following table is the same. a uses x2 test, b data is skewed, expressed by M (Q1, Q3), logarithmic
BMI=body mass index (body weight/height 2), DBP =diastolic blood pressure, FBS= fasting blood gluco
systolic blood pressure, TC= total cholesterol, TG= triglyceride, UA=uric acid, WC= abdominal circum
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3. Results

3.1. Patients

The patients’ characteristics, including age, gender, cardiovascu-
lar, and cerebrovascular risk factors, clinical manifestations,
revascularization, and adjuvant drug therapy are presenting in
Table 1. There were no significant differences between groups
(P> .05). Hypertension refers to systolic blood pressure ≥140
mmHg or diastolic blood pressure ≥90mmHg. Hyperglycemia
refers to fasting blood glucose ≥6.9mmol/L after meals and/or
blood glucose ≥11.1mmol/1h. Dyslipidemia refers to total
cholesterol (TC) >5.2mmol/L, triglyceride (TG) >1.72mmol/L
lipoprotein a (LP a) >300mg/L, low-density lipoprotein (LDL)
>3.1Methyl/L, an increase in apolipoprotein B (Apo-B)>1.1g/L,
and a meaningful drop in high-density lipoprotein (HDL) <0.9
mmol/L and apolipoprotein A1 (Apo-Al) <1.0g/L.
3.2. Recovery of neurological function

There was no significant difference between groups in the mRS
and NIHSS scores before admission (P= .067 and .089,
respectively), indicating no clinical difference between the groups
of patients before treatment (Table 2, Fig. 1).
After treatment, there was significant recovery of neurological

function in both groups; however, neurological function scores in
the experimental group were significantly lower when compared
with the control group (P= .003 and .005, respectively; Table 2,
Fig. 1).
3.3. Evaluation of depression between groups

We collected 112 SCL-90 self-assessment questionnaires from
participants. This included 9 invalidated questionnaires (experi-
mental group, n=2; control group, n=7). There was no
significant difference in SCL-90 scores between groups before
treatment and (P> .05; Table 3).
At 4 weeks post-treatment, there was a significant reduction in

factor scores in both groups (P< .05), indicating that the
Control group (n=56) x2/t test value P

63.08±10.02 1.36 .063
38 (63.33%) 2.56 .489a

37 (61.67%) 2.12 .236
25 (44.64%) 1.89 .985
24 (42.86%) 0.86 .698
15 (26.79%) 0.36 .613
24.81±2.37 2.01 .099

87.93±7.05 1.62 .632
84.25±6.19 0.98 .136
22,36.67% 2.39 .695a

5.58 (4.73,6.77) 0.65 .723b

4.60±0.675 0.98 .835
1.41 (1.03,2.20) 1.02 .512b

2.16±0.32 1.68 .917
1.16±0.25 2.03 .822

ally converted to normal distribution and then statistically analyzed. The following table is the same.
se, HDL-C=high density lipoprotein cholesterol, LDL-C= low density Lipoprotein cholesterol, SBP=
ference.

http://www.md-journal.com


Table 2

Results of mRS and NIHSS scores in both groups (±s, n=60).

Before the treatment After the treatment

Group/project mRS score NIHSS score mRS score NIHSS score P

Control group 3.6±0.2a,1 15.6±2.2b,3 2.8±0.3c,1 12.2±2.6d,3 .005,.002
Experimental group 3.7±0.3a,2 15.9±2.5b,4 2.0±0.2c,2 9.6±1.5d,4 .033,.021
P .067 .089, .003 .005

Compared with the experiment group: aP= .067> .05, bP= .089> .05, cP= .003< .01, dP= .005< .01, 1P= .005< .01, 2P= .021< .05, 3P= .033< .05, 4P= .021< .05.

Figure 1. Results of mRS and NIHSS scores in both groups. There are no significant differences in neurological function scores between groups before the
treatment. At 4 weeks, there are significant reductions in neurological function scores in the experimental group when compared with the control group (P= .036
and .027, respectively).

Kong et al. Medicine (2020) 99:8 Medicine
intervention measures after admission were beneficial at
alleviating the psychological distress in patients. Further
statistical analysis showed that there was a significantly greater
reduction in scores in the experimental group when compared
with the control group (P< .05; Table 3).
Table 3

Scl-90 scores of the two groups before and after treatment (x±SD).

Before the treatment

Project/score Experiment group Cont

Somatization 2.42±1.36a,c 2.45
Obsessive symptoms 2.72±1.35a,c 2.78
Interpersonal relationship 1.98±1.17a,c 2.01
Depression 2.61±0.57a,c 2.60
Anxiety 2.78±0.85a,c 2.82
Horror 2.68±0.92a,c 2.69
Hostile 2.58±1.06a,c 2.69
Paranoia 1.63±1.01a,c 1.69
Psychotic 1.98±1.06a,c 1.99
Other 2.18±1.18a,c 2.28
Total score 79.92±11.23a,c 80.9
P All of the Pa and Pb >.05

Pa: Before treatment, the experimental group was compared with the control group; Pb: the experimental gr
Pd: before and after the control group.
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To further study the effects of the two treatment methods on
the psychological changes in the patients, we evaluated 24
candidates using the HAMD Depression Scale and measured the
incidence of mild, moderate, andmajor depression in both groups
(Table 4). Interestingly, there were differences in the incidence of
After the treatment

rol group Experiment group Control group

±1.92 1.75±0.35b 2.03±0.70d

±0.98 1.68±0.43b 2.17±0.52d

±0.53 1.06±0.76b 1.52±0.79d

±1.05 1.56±1.02b 1.72±0.63d

±1.52 1.62±0.87b 1.98±0.66d

±0.78 1.37±1.03b 1.77±0.57d

±1.02 1.78±1.32b 2.28±0.48d

±1.01 1.08±1.04b 1.39±0.50d

±1.06 1.02±0.19b 1.72±0.35d

±1.72 1.35±1.24b 1.67±0.42d

0±10.92 67.68±10.12b 68.92±9.68d

All of the Pc and Pd <.05

oup was compared with the control group after treatment; Pc: before and after the experimental group;



Table 4

Comparison of depression status before treatment (n [%]).

Depression Non Mild Moderate Severe

Control group 14 (25.00)a 20 (35.71)b 13 (23.22)c 9 (16.07)d

Experiment group 13 (23.21)a 18 (32.14)b 15 (26.79)c 10 (17.86)d

P .981 .697 .32 .98

Compared with the control group, Pa, Pb, Pc, and Pd> .05.

Table 5

Comparison of the depression status after treatment (n [%]).

Depression Non Mild Moderate Severe

Control group 15 (28.57)a 19 (30.95)b 16 (33.33)c 4 (7.14)d

Experiment group 14 (25.00)a 26 (46.43)b 13 (23.21)c 3 (5.36)d

P .308 .003 .035 .578

Compared with the control group, Pa, Pd> .05; Pb, Pc< .05.
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mild-to-moderate depression between groups before treatment;
however, this did not reach significance. After treatment, there
were significant differences in the incidence of depression
between groups (P< .05), with a reduction in the severity of
Table 6

The serum levels of sex hormone in female before the treatment (me

Female E2 (pg/mL) FSH (mIU/mL)

Experiment group 40.28±9.28a 41.56±9.15b
Control group 39.84±9.12a 42.08±10.32b
P .083 .892

Compared with the control group, Pa, Pb, Pc, Pd, and Pe< .05.

Table 7

The serum levels of sex hormone in female in 4 weeks (means±SD)

Female E2 (pg/mL) FSH (mIU/mL)

Experiment group 38.28±10.21a 31.78±9.85b

Control group 26.34±10.21a 40.31±12.52b

P 0.003 0.002

Compared with the control group, Pa, Pb< .05; Pc, Pd, Pe< .05.

Table 8

The serum levels of sex hormone in male before the treatment (mea

Female E2 (pg/mL) FSH (mIU/mL)

Experiment group 40.18±9.08a 7.28±2.37b

Control group 39.94±9.12a 7.37±2.36b

P .073 .209

Compared with the control group, Pa, Pb, PC, Pd, Pe> .05.

Table 9

The serum levels of sex hormone in male in 4 weeks (means±SD).

Female E2 (pg/mL) FSH (mIU/mL)

Experiment group 46.28±9.78a 7.36±2.05b

Control group 47.34±10.02a 7.32±1.52b

P .003 .892

Compared with the control group: Pc< .05; Pa, Pb, Pd, Pe> .05.
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depression in the experimental group when compared with the
control group (Tables 4 and 5).
3.4. Serum expression of sex hormones

Our results revealed significantly higher expression of E2 in
females in the experimental group at 4 weeks post-treatment
when compared with females in the control group (P< .01).
Furthermore, the expression of FSH was significantly lower in
females in the experimental group at 4 weeks post-treatment
when compared with the control group (P< .01). There were no
significant differences between the expression of T, PRL, and LH
in females between groups (P> .05; Tables 6 and 7).
In males, the serum expression of T was lower in the

experimental group when compared with the control group
(P< .001). There were no significant differences in E2, FSH, PRL,
and LH in males between groups (P> .05; Tables 8 and 9).
3.5. Safety and adverse reaction assessment

We enrolled 56 patients who were administered edaravone
sodium chloride in this study. The patient side effects at 4 weeks
post-treatment were reported as follows. One out of 56 patients
ans±SD).

T (ng/mL) PRL (pg/mL) LH (mIU/mL)

0.36±0.14c 13.26±2.35d 21.17±7.61e
0.37±0.18c 12.81±2.01d 21.72±7.79e

.983 .320 .786

.

T (ng/mL) PRL (pg/mL) LH (mIU/mL)

0.35±0.24c 13.06±3.34d 22.18±9.11e

0.36±0.20c 12.70±3.31d 21.72±9.80e

0.983 0.320 0.786

ns±SD).

T (ng/mL) PRL (pg/mL) LH (mIU/mL)

4.35±0.16c 13.06±2.35d 7.08±3.81e

4.35±0.19c 13.58±1.81d 7.71±2.60e

.896 .987 .805

T (ng/mL) PRL (pg/mL) LH (mIU/mL)

4.35±0.24c 12.58±3.04d 7.18±2.11e

3.76±0.21c 12.70±3.61d 7.52±2.81e

.033 .320 .786

http://www.md-journal.com
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experienced limb soreness. This appeared at 3 days after
treatment, disappeared after 1 day of application observation.
No others side effects were reported; therefore, the safety of
edaravone was relatively high.
4. Discussion

As we all know, there is a strong psychological stress response
when individuals suffer from acute trauma. The greater the
unpredictability of this event, the stronger the psychological
stress response it can cause. This can lead to serious physiological
dysfunction affects the prognosis of the patient’s physiological
function. Reducing this stress can help with disease prognosis and
improve the quality of life for patients. In this study, we found no
differences in the general clinical data between patients,
indicating that the groups of patients are comparable.
We explored the changes in psychological stress in patients

with symptomatic intracranial stenosis and the effect of
edaravone on their psychological function. First, we used the
SCL90 to assess changes in psychological stress. These results
showed that there was an increase in psychological assessment
scores in all patients, which indicated that stroke had a significant
psychological impact on the patients. There was no significant
difference between groups before treatment. Following a 4-week
period of recovery and treatment, the patient’s psychological
assessment scores were significantly reduced in both groups,
indicating that psychological stress can be improved in patients
after hospitalization. There are some possible reasons for this.
First, with the patients begin to slowly accept changes in their
physiological functions over time and adapt psychologically.
Second, recovery of function occurs with disease treatment,
which supports the recovery of the patients’ psychological
function.
A further depression scale test showed that mild and moderate

depression was more common in the two groups before
treatment, with no significant difference between groups.
However, following a period of hospitalization, the incidence
of depression in both groups was significantly reduced, with
significantly lower incidence in the group treated with edaravone
when compared with the control group, which is consistent with
previous results. Psychological changes after trauma may directly
or indirectly affect patient prognosis. Therefore, early detection
or effective psychological intervention can improve the clinical
prognosis of the patient.
PSD is common in patients who experience complications after

stroke and affects their clinical prognosis.[11] In this study, we
found that administration of edaravone can reduce the severity of
depression in patients. There are a number of possible causes
underlying this effect. First, edaravone can effectively cross the
blood–brain barrier and effectively inhibit the vascular endothe-
lium and cell damage. Edaravone is lipophilic and has a binding
rate of 90% to human serum protein and albumin,[16,17] which
can reach the brain faster and inhibit lipid peroxidation, thereby
inhibiting the delayed onset neuronal death.[10] Second, edar-
avone scavenges oxygen free radicals, which cause the oxidation
of unsaturated fatty acids in brain cell membranes, lysosomal
damage, and the aggravation of cognitive and psychological
functions.[18] Third, edaravone reduces the high and low shear
viscosity, and plasma specific viscosity of patients with
cerebrovascular disease, and improve intracranial blood supply
status.[19] Fourth, edaravone inhibits the expression of the
proapoptotic gene, caspase-3, reduces the degree of apoptosis,
6

and accelerates the recovery of neurological deficits.[20] Fifth,
PSD may be influenced by age, gender, stroke type, stroke site,
history of depression, and cognitive impairment.[21,22]

In addition, other unknown factors may reduce the severity of
depression in post-stroke patients. For example, previous studies
have shown that edaravone reduces inflammation in patients
with cerebral infarction via the Akt/mTOR signaling pathway, by
reducing the expression of IL-1b and TNF-a, and by reducing
damage to the blood–brain barrier.[23,24] Furthermore, chronic
low-grade inflammation contributes to the pathophysiological
changes associated with major depressive disorder (MDD).
Recently, studies have shown that psychological stress can induce
an inflammatory response; therefore, inflammation is linked to
physical and mental ill health.[25,26] Most of these studies focus
on individuals with depression people; therefore, there is little
relevant data for patients with ischemic brain damage.[25] The
importance of the inflammatory response in stroke patients
requires further study.
We analyzed the serum expression of sex hormones to explore

the underlying possible mechanism of edaravone. Previous
studies have demonstrated that the incidence of PSD in women
is higher than that of men.[27] In this study, the expression of E2
and FSH were significantly higher and lower, respectively, in
female patients the experimental group when compared with the
control group. Conversely, the expression of T in the
experimental group was significantly higher than in the control
group in male patients. These results indicated that edaravone
can improve the severity of depression in patients with
symptomatic intracranial stenosis, which may be related to sex
hormone expression. Previous studies have reported associations
between the expression of men and T, and associations in women
with E2 and FSH, which are in line with our results.[28,29]

Furthermore, sex hormones have been linked to the development
of depression.[30,31] Studies have shown that depression can be
improved in women via the administration of exogenous sex
hormones. In addition, the occurrence of depression in females is
associated with a dynamic decline in sex hormone levels.[32]

Estrogen exerts its antidepressant effect via the 5-hydroxytryp-
tamine (5-HT) system. Briefly, estrogen causes post-synaptic
desensitization of the 5-HT1A receptor by upregulating the G
protein signaling Z1 (RGSZl).[33,34] Therefore, the age-related
decline in E2 in women leads reduces the antidepressant effect.
Furthermore, a reduction in E2 leads to an increase in the
secretion of FSH, via the endocrine feedback mechanism. The
expression of T in the male patients with PSD decreased in both
groups in our study, in line with a previous byMolly et al.[35] This
may be linked to a reduction in T altering the function of 5-HT in
the central nervous system and reducing 5-HT2A. The density of
the receptor makes the elderly more susceptible to depression.
There are some limitations in this study, such as the lack of

long-term continuity, further clinical follow-up, and prospective
clinical data. In this study, we collected clinical data from patients
at 7 days and 4 weeks post-treatment. Further prospective studies
will be carried out to collect clinical data at baseline, and 3, 6, 12,
and 24 months after intervention to further evaluate the clinical
efficacy of edaravone and its relationship with the sex hormones.
In addition, the study lacked further clinical follow-up data, such
as sub-group analyses of the specific infarct location, degree of
arterial stenosis, and location of the symptomatic intracranial
arterial stenosis. Finally, there was a lack of prospective clinical
data. However, despite these limitations, edaravone is a
commonly used neuroprotective agent in Chinese clinical practice
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and has important application prospects in patients following
arterial stent implantation.
5. Conclusion

Edaravone can significantly improve the clinical efficacy of stent
implantation in the treatment of intracranial artery stenosis.
Treatment with edaravone alleviated depression in patients with
symptomatic intracranial artery stenosis and reduced the
incidence of PSD.
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