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INTRODUCTION

 Ischemic stroke is a clinically common cerebral 
circulatory disorder in the middle-aged and elderly,1 
with high incidence, disability rate and mortality. 
Ischemic stroke leads to a variety of pathophysiological 
abnormalities, including brain inflammation, neuronal 
loss, cognitive impairment and depression.2 Post-stroke 
depression (PSD) is a common complication in stroke 
patients, which seriously affects the rehabilitation of 
neurological function and the quality of life. Clinically, 
it is also called vascular depression, which causes 
great harm to patients. Patients will present physical 
discomfort, insomnia, dreaminess and depression, 
and some will have suicidal thoughts, even leading to 
suicide.3 Therefore, actively treating patients with PSD 
and effectively controlling their depressive symptoms 
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ABSTRACT
Objectives: To	evaluate	the	effects	of	paroxetine	hydrochloride	combined	with	idebenone	on	inflammatory	factors	
and antioxidant molecules in the treatment of depression after ischemic stroke.
Methods: Randomized controlled trial was adopted on 80 patients with depression after ischemic stroke were randomly 
divided into two groups, with 40 patients in each group at Xingtai Sanli Health Quannan Clinic from March 17, 2019 
to December 20, 2021. Both groups were given basic treatment. On this basis, the control group was treated with 
paroxetine hydrochloride, while the study group was treated with paroxetine hydrochloride combined with idebenone. 
The	clinical	efficacy	was	evaluated	using	the	Hamilton	Rating	Scale	for	Depression	(HRSD)	before	and	after	treatment.	
Additionally,	the	difference	in	HRSD	score	after	treatment	and	the	improvement	in	inflammatory	factors	and	antioxidant	
molecules were compared and analyzed between the two groups. 
Results:	After	treatment,	the	HRSD	score	of	the	study	group	was	significantly	improved	compared	with	that	of	the	
control	group	(p=	0.00).	The	effective	rate	was	82.5%	in	the	study	group,	which	was	significantly	higher	than	62.5%	
in	the	control	group	(p=	0.04).	After	treatment,	TNF-a,	CRP	and	IL-6	in	the	study	group	were	significantly	lower	than	
those	in	the	control	group	(p=	0.00).	Serum	SOD,	TAC	and	CAT	levels	in	the	study	group	were	significantly	higher	than	
those	in	the	control	group	after	treatment	(SOD	and	TAC, p= 0.00; CAT, p=	0.01).	The	incidence	of	adverse	reactions	
was	37.5%	in	the	study	group	and	25%	in	the	control	group.	Although	the	incidence	of	adverse	reactions	in	the	study	
group	was	higher	than	that	in	the	control	group,	the	difference	was	not	statistically	significant	(p=	0.23).	
Conclusion: Paroxetine hydrochloride combined with idebenone in the treatment of depression after ischemic stroke 
can	significantly	improve	HRSD	score,	enhance	clinical	efficacy,	reduce	the	levels	of	inflammatory	factors,	and	increase	
the	 levels	 of	 antioxidant	 factors,	 without	 a	 significant	 increase	 in	 adverse	 reactions.	 Therefore,	 it	 is	 a	 safe	 and	
effective treatment method.
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are of great clinical significance to promote their physical 
and mental health and improve their quality of life.4 At 
present, PSD is mainly treated with antidepressants in 
clinic. However, in long-term clinical practice, it is found 
that antidepressant therapy alone in the treatment of 
PSD can not achieve ideal clinical efficacy.5 A current 
study has reported that for patients with PSD, on the 
basis of routine antidepressant therapy, the combined 
use of brain-protective agents can significantly 
improve the clinical efficacy.6 In this study, depression 
after ischemic stroke was treated using paroxetine 
hydrochloride combined with idebenone, and good 
results were achieved.

METHODS

 This randomized controlled trial was adopted on 80 
patients with depression after ischemic stroke were 
randomly divided into two groups, with 40 patients 
in each group at Xingtai Sanli Health Quannan Clinic 
from March 17, 2019 to December 20, 2021. There were 
24 males and 16 females in the study group, aged 
56~75 years (average, 67.58 ± 5.47 years), and 23 males 
and 17 females in the control group, aged 55~74 years 
(average, 66.75 ± 5.84). No significant differences were 
found in the general data between the two groups, 
suggesting comparability (Table-I).
Inclusion criteria:
• Patients below 75 years old;
• All patients with initial onset meeting the diagnostic 

criteria of ischemic stroke7;
• vPatients with ischemic stroke confirmed by head CT 

and/or MRI;
• Patients with the Hamilton Rating Scale for 

Depression-24 item (HRSD-24) score ≥ 20;8

• Patient with no obvious disturbance of consciousness 
and ability to cooperate with the research work;

• Patients without recent use of drugs affecting the 
study, such as immunosuppressants and hormone 
drugs;

• Patients and their families signing the consent form 
and having the ability to cooperate with the research 
work.

Exclusion criteria:
• Patients with severe dementia, aphasia, disturbance 

of consciousness, cognitive impairment, or inability 
to cooperate with the researcher;

• Patients with depression before stroke;
• Patients with metabolic diseases or chronic 

consumptive diseases, such as tumors and chronic 
inflammatory diseases;

• Patients complicated with other mental diseases; 
• Patients with allergy, intolerance or contraindications 

to the relevant drugs involved in the study;
• Patients with infectious diseases such as 

tuberculosis and hepatitis or complicated with 
important organ dysfunction, such as hepatic and 
renal dysfunction.

 Both groups were given basic treatment, such as 
reducing blood lipid, controlling blood pressure, 
controlling blood glucose level, scavenging oxygen free 
radicals, nutritional support, nourishing brain cells and 
other symptomatic treatment. Additionally, the control 
group was treated with paroxetine hydrochloride alone, 
20 mg/time, once a day. After administration for 2-3 
weeks, it was increased by 10mg every week according 
to the patients’ response, with the maximum daily 
dose reaching 50mg. The study group was treated with 
paroxetine hydrochloride combined with Idebenone. The 
specific scheme: the usage of paroxetine hydrochloride 
was the same as that in the control group, and Idebenone 
30mg, three times/day. The hepatic and renal functions 
of the two groups were reexamined every month.

Table-I: Comparison of general data between study group and control group ( ) n = 40.

Index Study group Control group t/χ2 P

Age (year) 67.58 ± 5.47 66.75 ± 5.84 0.66 0.51

Male (n %) 24 (60%) 23 (57.5%) 0.05 0.82

Educational level

    Primary school 14 (35%) 15 (37.5%) 0.05 0.82

    Middle school 15 (37.5%) 11 (27.5%) 0.91 0.34

    University and above 11 (27.5%) 14 (35%) 0.52 0.47

Past medical history

Hypertension 22 (55%) 26 (65%) 0.83 0.36

    Diabetes 13 (32.5%) 17 (42.5%) 0.85 0.36

    Smoking history 19 (47.5%) 16 (40%) 0.45 0.50

    History of alcoholism 12 (30%) 14 (35%) 0.23 0.67

HRSD score 28.72 ± 3.08 29.10 ± 3.74 0.50 0.62

P > 0.05
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Observation Indexes: (1) The improvement in 
depressive symptoms was evaluated using the HRSD 
score, and the score 12 weeks after treatment was 
compared and analyzed between the two groups. (2) 
Evaluation of clinical efficacy: After treatment for 12 
weeks, the reduction rate of the HRSD score was used 
as the evaluation criterion.9 It was evaluated as cured: 
The HRSD score reduced by > 75% compared with 
that before treatment; significantly improved: HRSD 
score reduced by 50%~75% compared with that before 
treatment; improved: HRSD score reduced by 25%~50% 
compared with that before treatment; ineffective: HRSD 
score reduced by < 25%. Total effective rate = cured 
rate + significantly improved rate + improved rate. 
(3) Improvement in inflammatory factors: Peripheral 
venous blood (5ml) was collected from all patients 
in the morning before treatment and four weeks after 
treatment. The levels of inflammatory factors such as 
tumor necrosis factor-a (TNF-a), C-reactive protein 
(CRP) and interleukin-6 (IL-6) were detected using 
enzyme-linked immunosorbent assay (ELISA). (4) 
Improvement in antioxidant molecules: Peripheral 
venous blood (5 ml) was collected in the morning 
before treatment and four weeks after treatment, 
respectively. The changes in antioxidant molecules such 
as superoxide dismutase (SOD), glutathione peroxidase 
(GSH-Px), total antioxidant capacity (TAC), catalase 
(CAT) and glutathione reductase (GR) were determined 
by radioimmunoassay. (5) Evaluation of adverse drug 
reactions: Adverse drug reactions were recorded 
within four weeks after treatment, including rashes, 
gastrointestinal reactions, oral mucositis, white blood 
cell (WBC) reduction, neuritis and hepatic injury.

Ethics Approval: The study was approved by the 
Institutional Ethics Committee of Xingtai Sanli Health 
Quannan Clinic (No.:2020ZC282; Date: May 10, 2021), 
and written informed consent was obtained from all 
participants.
Statistical Analysis: All data were statistically 
analyzed using SPSS 20.0. The measurement data were 
expressed as ( ). Inter-group data were analyzed by 
the two independent sample t-test, intra-group data 
were analyzed with the repeated measurement analysis 
of variance, and rates were compared using the χ2 test. 
P < 0.05 was considered as statistically significant.

RESULTS

 The improvement of depressive symptoms in the 
two groups is shown in Table-II. The HRSD scores of 
the study group and the control group were > 20 before 
treatment, without statistically significant difference (p= 
0.62). After treatment, the HRSD score of the study group 
was significantly improved than that of the control group 
(p= 0.00).
 The analysis of the two groups showed that the 
effective rate was 82.5% in the study group and 62.5% in 
the control group. The effective rate in the study group 
was significantly higher than that in the control group (p= 
0.04, Table-III).
 Before treatment, no significant differences were found 
in TNF-a, CRP and IL-6 between the study group and the 
control group (P > 0.05). After treatment, TNF-a, CRP 
and IL-6 in the study group were significantly lower than 
those in the control group (p= 0.00) (Table-IV). 
 The comparative analysis of antioxidant molecules 
between the study group and the control group (Table-V) 
suggested that serum SOD, TAC and CAT levels in the 
study group were significantly higher than those in the 
control group after treatment (SOD and TAC, p= 0.00; 
CAT, p= 0.01). However, GSH-Px and GR levels presented 
no significant differences between the two groups (P > 
0.05).
 Comparative analysis of adverse drug reactions 
between the two groups after treatment demonstrated 
that the incidence of adverse reactions was 37.5% in the 
study group and 25% in the control group. Although the 
incidence of adverse reactions in the study group was 
higher than that in the control group, the difference was 
not statistically significant (p= 0.23) (Table-VI).

Treatment of Depression after Ischemic Stroke

Table-II: Comparison of improvement in depressive 
symptoms between the two groups ( ) n = 40.

Group Before treatment After treatment*

Study group 28.72 ± 3.08 11.29 ± 5.47

Control group 29.10 ± 3.74 18.76 ± 6.34

t 0.50 5.64

P 0.62 0.00

*P < 0.05.

Table-III: Comparison of clinical efficacy between the two groups ( ) n=40.

Group Cured Significantly improved Improved Ineffective Effective rate

Study group 10 11 12 7 33 (82.5%)

Control group 7 10 8 15 25 (62.5%)

χ2 4.01

P 0.04

P < 0.05.
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DISCUSSION

 Our study finally confirmed that the HRSD score 
of patients with depression after ischemic stroke 
treated with paroxetine hydrochloride combined with 
Idebenone was significantly improved compared with 
that of patients treated with paroxetine hydrochloride 
alone (p= 0.00), and the effective rate was significantly 

improved (p= 0.04). After treatment, TNF-a, CRP and 
IL-6 in the study group were significantly lower than 
those in the control group (p= 0.00), and the levels of 
serum SOD, TAC and CAT in the study group were 
significantly higher than those in the control group 
(SOD and TAC, p= 0.00; CAT, p= 0.01). The incidence of 
adverse reactions was 37.5% in the study group and 25% 
in the control group. Although the incidence of adverse 
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Table-V: Comparison of antioxidant molecules between study group and control group (U/ml, n=40, ).

Index Study group Control group t P

SOD
Before treatment 63.27 ± 7.52 63.62 ± 7.76 0.20 0.84

After treatment* 68.92 ± 7.63 64.17 ± 6.85 2.93 0.00

GSH-Px
Before treatment 321.18 ± 22.15 325.64 ± 23.43 0.79 0.43

After treatment 335.32 ± 25.57 334.63 ± 26.25 0.18 0.86

TAC
Before treatment 10.83 ± 2.01 10.77 ± 2.13 0.13 0.90

After treatment* 15.74 ± 2.25 13.07 ± 3.12 4.38 0.00

CAT
Before treatment 8.46 ± 2.12 8.41 ± 2.39 0.09 0.92

After treatment* 12.92 ± 4.16 10.58 ± 3.87 2.60 0.01

GR
Before treatment 122.35 ± 22.82 123.63 ± 21.07 0.21 0.84

After treatment 127.71 ± 17.36 125.63 ± 16.12 0.54 0.58

* P < 0.05.

Table-VI: Comparative analysis of adverse drug reactions between the two groups after treatment ( ) n = 40.

Group Rashes Gastrointestinal 
reactions

WBC 
reduction

Neural 
response

Hepatic 
injury Incidence

Study group 2 4 3 3 3 15 (37.5%)

Control group 1 3 2 1 3 10 (25%)

χ2 1.45

P 0.23

P > 0.05.

Table-IV: Comparison of changes in inflammatory factors between
the two groups before and after treatment ( ) n=40.

Index Study group Control group t P

TNF-α (ng/L)
Before treatment 43.75 ± 12.53 43.62 ± 12.74 0.05 0.96

After treatment* 7.49 ± 2.08 10.41 ± 2.37 5.86 0.00

CRP (mg/L)
Before treatment 42.85 ± 8.62 43.51 ± 7.57 0.36 0.72

After treatment* 6.97 ± 2.01 9.70 ± 2.24 5.74 0.00

IL-6 (ng/L)
Before treatment 9.28 ± 1.76 9.35 ± 1.65 0.18 0.85

After treatment* 3.25 ± 0.59 5.71 ± 1.06 12.82 0.00

* P < 0.05.
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reactions in the study group was higher than that in 
the control group, the difference was not statistically 
significant (p= 0.23).
 Relevant clinical data10 show that patients with 
ischemic stroke are very prone to depression after onset, 
characterized by low spirits, lack of interest and sense of 
worthlessness, which are mostly accompanied by sleep 
disorders, cognitive defects and physical symptoms. The 
meta-analysis found that the incidence of depression two 
weeks - seven years after stroke was as high as 33%.11 PSD 
can not only lead to the disorders of neurological recovery 
and the loss of independent living ability, but also induce 
the recurrence of stroke and increase mortality. Generally 
speaking, patients with mild PSD mostly present reduced 
interest, insomnia, inattention, irritability, etc. With the 
aggravation of the disease, patients may have a loss of 
appetite and even hallucinations and suicidal tendencies. 
In addition, some patients may also be accompanied by 
atypical characteristics such as dizziness, chest tightness, 
nausea, vomiting and fatigue. Most patients do not 
present depressive symptoms immediately after stroke, 
but several months or even 2~3 years after stroke. Due to 
its occult onset, PSD is difficult to be diagnosed early and 
intervened timely.12

 At present, the main pathogenesis of stroke complicated 
with depression are as follows: (1) Cytokines in the 
brain mainly affect the concentration and renewal of 
monoamine neurotransmitters in synapses, or affect the 
number and function of monoamine receptors through 
monoamine neurotransmitters (such as norepinephrine 
and 5-serotonin), thus reducing the function of 
monoamine transmitters.13 (2) Cytokines may activate 
the hypothalamic-pituitary-adrenal axis, corticotropin-
releasing hormone and sympathetic hyperactivity, 
resulting in corresponding emotional and behavioral 
changes.14 Antidepressants are widely used in the 
treatment of this disease.15 Paroxetine hydrochloride is a 
selective norepinephrine reuptake inhibitor, which plays 
an important role in the clinical treatment of depression.16 
Paroxetine hydrochloride plays an antidepressant 
role mainly through the following mechanisms. On 
the one hand, it can selectively inhibit the reuptake of 
5-serotonin by presynaptic neurons, so as to improve 
the concentration of 5-serotonin in the synaptic space. 
Moreover, the information transmission and motor 
improvement of 5-serotonin can improve the brain injury 
of patients.17 On the other hand, paroxetine hydrochloride 
can improve patients’ depression, and plays an important 
role in improving patients’ subjective initiative.18

 For patients with PSD, the simple application of 
antidepressants cannot obtain ideal efficacy. Studies19 
have demonstrated that abnormal levels of inflammatory 
factors and antioxidant molecules play a very important 
role in the occurrence and progression of PSD. Waisman 
et al.20 Believe that a high IL-17 level is related to the 
degree of depression. PSD is a common complication 
of several inflammatory diseases and different types of 
central nervous system infection. The animal experiment 
results of Chen et al.21 Showed that the level of IL-6 was 

positively correlated with the increase of depression and 
anxiety-like behaviors after stroke in mice. Swardfager et 
al.22 Believe that the abnormalities of the central nervous 
system such as major depression (MDD) and bipolar 
disorder (BD) are related to inflammatios. The study by 
Verma suggested that the abnormalities of inflammatory 
factors, antioxidant molecules and immune cells could 
lead to neuronal loss, infiltration of microglia and 
infiltrating monocytes/macrophages in the intercellular 
matrix, and aggravate or induce PSD. Ułamek et al24 
study confirmed that the potential mechanisms of tau 
protein in the brain after ischemia, including a series of 
pathophysiological reactions such as oxidative stress, 
apoptosis, autophagy, excitotoxicity, neuroinflammation, 
endothelium, angiogenesis and mitochondrial 
dysfunction, were involved in the progression of PSD. 
Additionally, the study of Carboni et al.25 Confirmed that 
TNF-α, IL-6, IL-10 and CRP levels were correlated with 
reduced severity of depression. The potentials of IL-10, 
IL-6 and TNF-α, as biomarkers of broader antidepressant 
response deserve further study. Idebenone is an effective 
antioxidant and CoQ10 analogue.26 It has been shown 
that the anti-inflammatory effect of NLRP3-mediated 
injury in I/R can be improved by inhibiting the 
activation of NLRP3, which may provide new insights 
into the treatment strategy of ischemic stroke.27 Reducing 
oxidative stress and improving brain inflammation can 
play a neuroprotective role and treat PSD.28

Limitations: It includes small sample size and short 
follow-up time. In our future work, we will enlarge 
the sample size and increase follow-up time, with the 
expectation of elaborating the long-term effect and 
benefit of this treatment scheme to patients.

CONCLUSION

 In conclusion, paroxetine hydrochloride combined 
with Idebenone in the treatment of depression after 
ischemic stroke can significantly improve HRSD 
score, enhance clinical efficacy, reduce the levels 
of inflammatory factors, and increase the levels of 
antioxidant factors, without a significant increase in 
adverse reactions. Therefore, it is a safe and effective 
treatment method.

Source of funding: The study is supported by Key R&D 
Projects in Xingtai City (No.:2020ZC282).
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