
NEURAL REGENERATION RESEARCH  

Volume 8, Issue 22, August 2013 
 

doi:10.3969/j.issn.1673-5374.2013.22.002   [http://www.nrronline.org; http://www.sjzsyj.org] 

Yan CL, Zhang J, Wang S, Xue GP, Hou Y. Neuroprotective effects of rutaecarpine on cerebral ischemia reperfusion injury. Neural Regen 

Res. 2013;8(22):2030-2038. 
 

 

 2030 

www.nrronline.org 

Corresponding author: 

Chunlin Yan, Master, 

Lecturer, Department of 

Pharmacology, Hebei North 

University, Zhangjiakou 

075000, Hebei Province, 

China, yanchunlinycl@ 

163.com. 

 

Received: 2013-03-19 

Accepted: 2013-06-27 

(N201303040) 

 

Funding: This study was 

financially supported by 

Zhangjiakou Science and 

Technology Commission 

Foundation, No. 1021095D; 

and the Hebei North 

University Foundation, No. 

Q2010018.  

 

Author contributions: Yan 

CL was responsible for the 

study design, the course of 

experiments, manuscript 

authorization and obtained 

funding. Zhang J and Wang 

S participated in 

implementing the 

experiments and statistical 

analysis. Xue GP and Hou Y 

were responsible for the 

preparation of experimental 

apparatus and reagents. All 

authors approved the final 

version of the paper.   

 

Conflicts of interest: None 

declared.  

 

Ethical approval: The use of 

animals was approved by the 

Institutional Animal Care and 

Use Committee of Hebei 

North University in China. 

 

 
Neuroprotective effects of rutaecarpine on cerebral 
ischemia reperfusion injury

Chunlin Yan, Ji Zhang, Shu Wang, Guiping Xue, Yong Hou 
 
 

Department of Pharmacology, Hebei North University, Zhangjiakou 075000, Hebei Province, China 

 
 

 
Graphical Abstract  
 

 

 

 

 

 

 

 

 

 

 

 

 

Abstract  
Rutaecarpine, an active component of the traditional Chinese medicine Tetradium ruticarpum, has 

been shown to improve myocardial ischemia reperfusion injury. Because both cardiovascular and 

cerebrovascular diseases are forms of ischemic vascular disease, they are closely related. We 

hypothesized that rutaecarpine also has neuroprotective effects on cerebral ischemia reperfusion 

injury. A cerebral ischemia reperfusion model was established after 84, 252 and 504 µg/kg 

carpine were given to mice via intraperitoneal injection, daily for 7 days. Results of the step through 

test, 2,3,5-triphenyl tetrazolium chloride dyeing and oxidative stress indicators showed that rutae-

carpine could improve learning and memory ability, neurological symptoms and reduce infarction 

volume and cerebral water content in mice with cerebral ischemia reperfusion injury. Rutaecarpine 

could significantly decrease the malondialdehyde content and increase the activities of superoxide 

dismutase and glutathione peroxidase in mouse brain. Therefore, rutaecarpine could improve neu-

rological function following injury induced by cerebral ischemia reperfusion, and the mechanism of 

this improvement may be associated with oxidative stress. These results verify that rutaecarpine 

has neuroprotective effects on cerebral ischemia reperfusion in mice. 
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Rutaecarpine 

(intraperitoneal injection) 

Cerebral ischemia reperfusion mice 

Learning and memory ability ↑ 

 Activities of superoxide dismutase ↑, glutathione peroxidase ↓ 

Concentration of malondialdehyde ↓ in mice brain 

Inclined angle ↑ 

Infarct volume ↓ and brain water content ↓ 
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INTRODUCTION 

    

During rescue and treatment of ischemic 

disease, tissue injury was found not to be 

caused by ischemia itself, but after the res-

toration of blood supply. This phenomenon is 

called tissue ischemia reperfusion injury
[1-2]

. 

Cerebral ischemia reperfusion injury refers to 

severe brain dysfunction when blood supply 

returns to the tissue after a period of brain 

tissue ischemia
[3]

. There are a variety of fac-

tors involved in this pathological process, 

including excitatory amino acid poisoning, 

oxidative stress, intracellular calcium over-

load, inflammatory reaction and apoptosis. 

The free radical chain reaction is considered 

to be an important mechanism causing brain 

damage
[4]

. Therefore, scavenging free radi-

cals and preventing their secondary damage 

in cerebral ischemia has become one form of 

neuroprotective therapy
[5]

.  

 

At present, neuroprotective agents that have 

a neuroprotective effect on cerebral ischemia 

in animal models include calcium channel 

blockers, free radical scavengers, excitatory 

amino acid antagonists, and leukocyte adhe-

sion inhibitors
[6]

. Because of unsatisfactory 

effects or adverse reactions, drugs displaying 

strong developmental potential have been 

eliminated during clinical application. So far, 

no ideal neuroprotective agent has been 

discovered. Thus, finding an effective pre-

vention and treatment medication for cere-

bral ischemia reperfusion injury is a pressing 

issue in stroke research.  

 

Rutaecarpine is a component of the main 

alkaloid extracted from a Chinese medicine 

Evodia. Its structure is shown in Figure 1. 

 

 

 

 

 

 

 

 

 

Rutaecarpine protects the heart, relaxes 

blood vessels, decreases blood pressure, 

resists platelet aggregation and thrombosis, 

and also blocks tumor cell growth, inflam-

mation and ulcer formation
[7-8]

. Intravenous 

injection of rutaecarpine (100, 300 μg/kg) in 

rats has a protective effect on heart ische-

mia reperfusion injury
[9-10]

. Vascular lesions 

occur in both ischemic cardiovascular and 

cerebrovascular diseases. Therefore, they 

have common physiological and pathologi-

cal characteristics, and are very closely re-

lated
[11-12]

. Based on results from a study on 

the effects of rutaecarpine on myocardial 

damage
[9-10]

, active research concerning the 

effects of rutaecarpine on cerebral ischemic 

injury has vital significance and may develop 

the medicinal value of rutaecarpine.  

 

Free radical damage is a major mechanism 

underlying cerebral ischemia reperfusion 

injury. Could rutaecarpine reduce cerebral 

ischemia reperfusion injury by decreasing 

the free radical damage and increasing 

learning and memory ability? We performed 

the step through test, and measured the 

content of malondialdehyde and the activity 

of superoxide dismutase and glutathione 

peroxidase in mouse brain to investigate this 

hypothesis. At the same time, the inclined 

board test and the measurement of infarct 

volume and brain water content were also 

conducted. These studies investigated the 

protective effects and mechanism of action 

of rutaecarpine on cerebral ischemia reper-

fusion injury. 

 

The aims of this experiment included: (1) to 

establish a cerebral ischemia reperfusion 

injury model, (2) to study the protective ef-

fects and mechanism of action of rutaecar-

pine on nerve function and learning and 

memory in mice with cerebral ischemia re-

perfusion injury, and (3) to provide the expe-

rimental basis for rutaecarpine to become an 

ideal drug in the prevention and treatment of 

cerebral ischemia reperfusion injury.     

 

 

RESULTS 

 

Quantitative analysis of experimental 

animals 

The 150 mice were equally and randomly 

Author statements: The 

manuscript is original, has 

not been submitted to or is 

not under consideration by 

another publication, has not 

been previously published in 

any language or any form, 

including electronic, and 

contains no disclosure of 

confidential information or 

authorship/patent 

application/funding source 

disputations. 

 

Figure 1  The chemical structure of 
rutaecarpine. 
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assigned to five groups: the sham surgery group (the 

bilateral common carotid arteries were exposed, but not 

blocked), the model group (establishment of cerebral 

ischemia reperfusion injury), and the rutaecarpine    

84, 252 and 504 µg/kg groups (cerebral ischemia     

reperfusion injury + 84, 252 and 504 µg/kg rutaecarpine,  

respectively)
[13]

.  

 

A total of three, six, two and three mice died in the 

model, 84, 252 and 504 μg/kg rutaecarpine groups, 

respectively. The mortality rate (between 6.6% and 

20.0%) was less than that in a previous study
[14]

. Ac-

cording to the standard score system of Longa
[15]

, 

0-grade and dead mice (six, eight, four and four mice in 

the model group, 84, 252 and 504 μg/kg rutaecarpine 

groups, respectively) were removed at 48 hours after 

model induction. The mice graded 1 to 4 were consi-

dered as successful models of cerebral ischemia re-

perfusion injury. At 48 hours after cerebral ischemia 

reperfusion, 10 mice of the remaining mice in the sham 

surgery group (n = 30), model group (n = 24), 84 μg/kg 

rutaecarpine (n = 22), 252 μg/kg rutaecarpine (n = 26) 

and 504 μg/kg rutaecarpine (n = 26) groups were ran-

domly selected for the step through test as well as 

measurement of malondialdehyde content and activities 

of superoxide dismutase and glutathione peroxidase in 

mouse brain. Another 10 mice from each group were 

randomly selected for the inclined board test and the 

measurement of infarct volume and brain water content. 

The remaining mice were not included, so 100 mice 

were included in the final analysis.  

 

Influence of rutaecarpine on neurological function in 

mice following cerebral ischemia reperfusion injury  

After 48 hours of cerebral ischemia reperfusion injury, 

the mice from the model group experienced severe loss 

of neurological function. Neurological symptom scores 

of the model group were significantly higher than those 

in the sham surgery group (P < 0.01). Scores from the 

84, 252 and 504 μg/kg rutaecarpine groups were sig-

nificantly lower than those of the model group (P < 0.01; 

Figure 2).  

 

Influence of rutaecarpine on learning and memory in 

mice with cerebral ischemia reperfusion injury 

After 48 hours of cerebral ischemia reperfusion, mice 

were given step-through passive avoidance response 

training using a step through test, and 24 hours later, 

the test was repeated. The error count in 180 seconds 

and latency in the step through test are shown in Table 

1. In the model group, the latency was significantly 

shorter (P < 0.01) and the number of errors was greater 

(P < 0.01) than in the sham surgery group. This obser-

vation indicated that learning and memory in the model 

group mice was impaired and that the model of cerebral 

ischemia reperfusion was established. Compared with 

the model group, the latency was significantly longer 

and the number of errors was significantly lower in each 

rutaecarpine group (P < 0.01), suggesting that rutae-

carpine could significantly improve the learning and 

memory impairment caused by cerebral ischemia re-

perfusion injury.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Effects of rutaecarpine on the activities of 

superoxide dismutase, glutathione peroxidase and 

content of malondialdehyde in mice with cerebral 

ischemia reperfusion injury  

At 1 hour after the step through test, superoxide dis-

mutase, glutathione peroxidase activity and malondial-

Figure 2  Effects of rutaecarpine on Longa neurological 
severity scores in mice with cerebral ischemia reperfusion 
injury.  

Higher neurological function score indicates more severe 
cerebral ischemic reperfusion injury. aP < 0.01, vs. sham 
surgery group; bP < 0.01, vs. model group. Data are 
shown as mean ± SD (n = 30). Statistical analysis was 

determined by one-way analysis of variance and Dunnett’s 
t-test between groups. 1: Sham surgery group; 2: model 
group; 3, 4, 5: 84, 252 and 504 μg/kg rutaecarpine groups. 
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Table 1  The effects of rutaecarpine on error count in 180 

seconds and latency in mice with cerebral ischemia 
reperfusion injury in the step through test 

Group Error count in 180 seconds Latency (second) 

Sham surgery 

Model 

Rutaecarpine  

84 µg/kg 

252 µg/kg 

504 µg/kg 

0.81±0.53 

4.11±1.26 a 

 

2.83±0.44b 

2.45±0.68b 

2.14±1.21b 

152.00±48.88 

49.22±11.25a 

 

118.31±27.38b 

122.31±20.17b 

148.56±36.44b 

 
aP < 0.01, vs. sham surgery group; bP < 0.01, vs. model group. 

Data are shown as mean ± SD (n = 10). Statistical analysis was 

determined by one-way analysis of variance and Dunnett’s t-test 

between groups. The latency (maximum 180 seconds) is the 

interval between placement in the light box and entry into the dark 

box. The error count is the time that mice enter into the dark box 

within 180 seconds. 

a 

b b 
b 
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dehyde content in mouse brains were measured (Table 

2). Compared with the sham surgery group, malon-

dialdehyde content was significantly higher, but the 

activities of superoxide dismutase and glutathione pe-

roxidase were significantly lower in the model group (P 

< 0.01). Rutaecarpine doses of 84, 252 and 504 μg/kg 

significantly reduced malondialdehyde content, and 

significantly increased the activities of superoxide dis-

mutase and glutathione peroxidase (P < 0.05 and P < 

0.01, respectively). These findings suggested that ru-

taecarpine reduced free radical production in mice with 

cerebral ischemia reperfusion injury by increasing su-

peroxide dismutase and glutathione peroxidase activi-

ties in mouse brain.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Effects of rutaecarpine on motor function, infarct 

volume and brain water content in mice with cerebral 

ischemia reperfusion injury    

Motor function was measured using the inclined board 

test. Inclined angle was used as the major index. After 

the inclined board test, overdose of chloral hydrate was 

used for anesthesia, and mice were then sacrificed and 

brains quickly removed. The infarct volume and brain 

water content were determined (Table 3). In the inclined 

board test, inclined angle of the model group was sig-

nificantly lower than that of the sham surgery group (P < 

0.01). The inclined angles of the 252 and 504 µg/kg 

rutaecarpine groups were significantly higher than that 

of the model group (P < 0.01).  

 

Compared with the sham surgery group, infarct volume 

and brain water content were significantly greater in the 

model group (P < 0.01), showing that the model was 

successful. Compared with the model group, rutaecar-

pine could reduce infarct volume and brain water con-

tent of mice with cerebral ischemia reperfusion injury (P 

< 0.05 and P < 0.01, respectively), and the effect was 

enhanced with increased dose (P < 0.05 and P < 0.01, 

respectively). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

 

This experiment adopted a modified method from Himori 

et al 
[14]

 in mice under anesthesia, causing cerebral 

ischemia for 5 minutes then perfusion, resulting in 

learning and memory impairment. Thus, a model of ce-

rebral ischemia reperfusion injury was produced. This 

method can significantly improve the survival rate of mice, 

and ensures the smooth progress of future experiments.  

 

Rutaecarpine is insoluble in water. In preliminary expe-

Table 2  Effects of rutaecarpine on malondialdehyde 
content, superoxide dismutase (SOD) and glutathione 

peroxidase (GSH-Px) activities in the brain of mice with 
cerebral ischemia reperfusion injury 

Group 
Malondialdehyde 

(nmol/mg) 

SOD 

(U/mg) 

GSH-Px 

(U/mg) 

Sham surgery 

Model  

Rutaecarpine 

84 µg/kg 

252 µg/kg 

504 µg/kg 

2.17±0.12 

 3.16±0.19a 

 

2.88±0.14c 

2.21±0.16c 

1.97±0.19c 

192.41±8.77 

114.23±6.85a 

 

126.48±6.47c 

130.16±6.75c 

139.23±7.22c 

13.77±1.68 

7.23±1.29a 

 

8.77±1.44b 

9.97±1.74c 

11.23±1.81c 

 
aP < 0.01, vs. sham surgery group; bP < 0.05, cP < 0.01, vs. model 

group. Data are shown as mean ± SD (n = 10). Statistical analysis 

was determined by one-way analysis of variance and Dunnett’s   

t-test between groups. 

Table 3  Effects of rutaecarpine on motor function, infarct 
volume and brain water content in the brain of mice with 

cerebral ischemia reperfusion injury 

Group 
Inclined angle 

(°) 

Infarct volume 

(%) 

Brain water  

content (%) 

Sham surgery 

Model 

Rutaecarpine 

84 µg/kg 

252 µg/kg 

504 µg/kg 

78.6±6.5 

56.3±6.1a 

 

60.2±7.2 

64.1±5.7c 

67.4±5.2c 

0.0±0.0 

38.6±6.7a 

 

35.7±5.9 

31.4±5.7b 

29.1±5.7c 

64.1±5.6 

76.3±6.7a 

 

70.1±6.4b 

68.1±5.7c 

66.3±5.9c 

 
aP < 0.01, vs. sham surgery group; bP < 0.05, cP < 0.01, vs. model 

group. Data are shown as mean ± SD (n = 10). Statistical analysis 

was determined by one-way analysis of variance and Dunnett’s 

t-test between groups. A lower inclined angle indicates that loss of 

motor function in mice is more severe. Infarct volume (%) = infarct 

volume/total cerebral volume × 100%. Brain water content (%) = 

(wet weight–dry weight)/wet weight × 100%. 

Figure 3  Infarct volume at 48 hours after cerebral 
ischemia reperfusion injury.  

The white area represents the infarct area, and the red 

area represents non-infarcted area. The sham surgery 
group has no infarction. Rutaecarpine groups display less 
of an infarct area than that of the model group. 

 
  Sham 

  surgery 
  group 

Model  
   group 

84 µg/kg 
rutaecarpine 

group 

252 µg/kg 
rutaecarpine 

group 

504 µg/kg 
rutaecarpine 

group 
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riments, different proportions of dimethyl sulfoxide, 

twain-80, triple-distilled water and ethanol were used as 

the solvent to dissolve rutaecarpine, but the dissolving 

effect was not ideal. After exploration, rutaecarpine could 

be well dissolved in dimethyl sulfoxide. Because dimethyl 

sulfoxide is toxic, this experiment intraperitoneally in-

jected 0.02 mL/kg using a microinjector to ensure accu-

rate dose and medication safety. 

 

Results of the preliminary study showed that > 700 µg/kg 

rutaecarpine could cause death in 50% of (3/6) mice. 

The mice intraperitoneally injected with dimethyl sulfox-

ide alone could not die, which illustrated that the death of 

the mice was caused by excessive dose of rutaecarpine. 

The damage to the mice caused by rutaecarpine needs 

further research. According to previous studies and pre-

liminary experiments, doses of 84, 252, 504 μg/kg ru-

taecarpine were adopted
[8]

. 

 

Ischemic cardiovascular disease and cerebrovascular 

disease are similar vascular lesions. According to clinical 

occurrence and development of ischemic cardiovascular 

disease and cerebrovascular disease, the mechanism of 

ischemic cardiovascular disease is similar to that of ce-

rebrovascular disease
[16-18]

. Recent studies have found 

that rutaecarpine strengthened the function of the heart, 

dilation of blood vessels, and protected against myocar-

dial ischemia reperfusion injury
[19-20]

. Neurological func-

tion abnormality, brain edema, and brain tissue morpho-

logical changes all occur during cerebral injury caused by 

cerebral ischemia reperfusion
[21-22]

. Neurological symp-

tom scores, brain water content and cerebral infarction 

volume were measured in this experiment to explore 

whether the cerebral ischemia reperfusion injury model 

was successful. Learning and memory ability, superoxide 

dismutase, malondialdehyde and other indexes in mouse 

brain were measured to explore the mechanism of pro-

tective effects of rutaecarpine on cerebral ischemia re-

perfusion injury in mice. 

 

Brain tissue damage is also reflected in behavior disord-

ers. Ischemic animals often have convulsions, contrala-

teral falling, and rotary motion, to varying degrees. The 

severity of symptoms and signs is directly associated 

with the degree of cerebral tissue damage. Neurological 

scores, however, are strongly subjective, and the grades 

used are not very prescriptive. Using this system means 

it is sometimes difficult to exactly reflect the treatment 

effect, and so neurological scores may be considered a 

supplementary index
[23-25]

.  

 

In this experiment, comprehensive infarction volume and 

behavior evaluation results have shown that rutaecarpine 

had a neuroprotective effect, and could relieve brain 

tissue damage caused by ischemia reperfusion injury in 

mice. In the improvement of neurological symptoms, the 

therapeutic effects of rutaecarpine (84, 252 and      

504 µg/kg) were evident. In the inclined angle test, ru-

taecarpine (84 µg/kg) had no obvious effect. However, 

there was a significant difference between the model 

group and rutaecarpine (252 and 504 µg/kg) groups (P < 

0.01). In the analysis of brain morphology and water 

content, rutaecarpine significantly decreased cerebral 

infarct volume and brain water content, which indicated 

protective effects of rutaecarpine in ischemic brain injury. 

In the biochemical analysis of brain tissue, the oxidative 

reduction system of the mouse brain in the model group 

was obviously damaged, suggesting that cerebral 

ischemia reperfusion induced oxidative damage in the 

brain, which was consistent with a previous report
[22]

. 

When brain ischemia occurs, xanthine oxidase produc-

tion increases rapidly, and a lot of hypoxanthine is pro-

duced. When blood flow is restored, hypoxanthine and 

molecular oxygen generate a large amount of oxygen 

free radicals under the catalysis of xanthine oxidase, 

which causes lipid peroxidation of the cell membrane
[21]

. 

The increases in oxygen free radical and lipid peroxida-

tion are important mechanisms of cerebral ischemia re-

perfusion injury
[25-26]

. During cerebral ischemia reperfu-

sion, numerous free radicals cause biological membrane 

unsaturated fatty acid and lipid peroxidation, which 

damage the structure and the function of the cell mem-

brane
[27-29]

. This study found that rutaecarpine signifi-

cantly improved learning and memory of cerebral ische-

mia reperfusion mice in a dose-dependent manner. Ru-

taecarpine (84, 252 and 504 µg/kg) decreased the ma-

londialdehyde content significantly and increased the 

activities of superoxide dismutase and glutathione pe-

roxidase in mouse brain. In this experiment, the effects of 

rutaecarpine (84 µg/kg) on cerebral ischemia reperfusion 

injury in mice are not obvious, while the effects of ru-

taecarpine (252 and 504 µg/kg) are more obvious.   

 

A previous study indicated that rutaecarpine promoted 

the activation of the calcitonin gene to alleviate cerebral 

ischemia reperfusion injury in rats
[12]

, which further indi-

cated that the pathogenesis of cerebral ischemia reper-

fusion injury is diverse, and that rutaecarpine can im-

prove many aspects of cerebral ischemia reperfusion. 

Rutaecarpine was the first alkaloid drug used for treating 

cerebral ischemia reperfusion injury, and provides a new 

direction for the treatment of cerebral ischemia reperfu-

sion injury. Therefore, rutaecarpine may be developed to 

become a new drug for vascular dementia
[30-31]

. 
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MATERIALS AND METHODS 

 

Design 

A randomized, controlled, in vivo study.  

 

Time and setting 

Experiments were performed at the Department of 

Pharmacology of Hebei North University in China from 

November 2011 to June 2012. 

 

Materials 

Animals 

A total of 150 clean, healthy, male Kunming mice weigh-

ing 26–30 g were provided by the Animal Research 

Center of Chinese Academy of Medical Sciences in 

China (animal license No. SCXK (Jing) 2006-0008). The 

mice were raised in animal housing for 1 week, without 

exposure to strong light, at 22°C and 50% humidity under 

a 12-hour day/night cycle. Animals were fed normal diets 

and allowed free access to water.  

 

Drugs 

Rutaecarpine is extracted from the traditional Chinese 

medicine Tetradium ruticarpum. It is a white or pale yel-

low crystalline substance that has effects on cardiovas-

cular function, platelet aggregation and thrombosis. It is 

also anti-inflammatory, analgesic, antihypoxic, anticancer, 

and can influence body temperature regulation. Rutae-

carpine (98.5%, batch No. 20110611) was supplied by 

Nanjing Zelang Pharmaceutical Technology Co., Ltd., 

Nanjing, China.  

 

Methods 

Preparation of cerebral ischemia reperfusion model 

Each rutaecarpine group was intraperitoneally injected 

with 84, 252 or 504 µg/kg rutaecarpine supplemented 

with dimethyl sulfoxide
[9, 13]

. After drugs were adminis-

tered for 7 consecutive days, the cerebral ischemia re-

perfusion model was established as previously de-

scribed
[32]

.  

 

The sham surgery group and model group received 

intraperitoneal injection of 0.02 mL/10 g dimethyl sul-

foxide daily. Mice were anesthetized with an intraperi-

toneal injection of 3.5% chloral hydrate (10 mL/kg). A 5– 

8 mm incision was made in the middle of the neckline to 

separate both sides of the carotid artery. Liquid paraffin 

was used to soak black and white surgical lines, one 

black line was put above the trachea and passed through 

both sides of the carotid artery, and a pine backhand knot 

was tied. Two white lines were taken above and across 

the black line on each side of the common carotid artery, 

and then the black surgical line was pulled tightly to block 

both sides of the common carotid artery to cause ische-

mia. The thread was maintained for 5 minutes and sub-

sequently white lines were pulled on both sides to relax 

the black line and restore blood flow to the carotid artery. 

The incision was sutured. The sham surgery group re-

ceived identical treatment except blood flow was not 

blocked. Blood flow was blocked in the remaining groups 

for 5 minutes
[33]

.  

 

Longa neurological symptom scores and criteria of 

model success  

Neurological score was determined within 48 hours after 

cerebral ischemia reperfusion according to the method of 

Longa
[15]

. Neurological function was graded as previously 

described, grade 0: no symptoms; grade 1: when rats 

were suspended by the tail, at the time of injury, the con-

tralateral forelimb could not unbend; grade 2: rotation to 

the injured side; grade 3: falling to the side; grade 4: no 

spontaneous activity or unconsciousness; grade 5: death. 

Five points are a full mark. The higher the score, the 

more serious the animal behavior disorder was. Every 

mouse received a score, and then a mean and standard 

deviation was calculated for every group. Mice graded 0 

and dead mice were not included in the study. Mice 

graded 1 to 4 were considered a successfully established 

cerebral ischemia reperfusion model.   

 

Learning and memory ability of mice detected with 

the step through test  

At 48 hours after cerebral ischemia reperfusion, the step 

through test was measured with a SBA-2 programmed 

step through box (Institute of Materia Medica, Chinese 

Academy of Medical Sciences, Beijing, China), as pre-

viously described
[34]

. The SBA-2 programmed step 

through box has two boxes: a bright and a dark box. 

Each mouse was placed in the bright box. A 36V power 

source was connected to the dark box, which was also 

connected to a timer. This timer was used to induce an 

electric shock as soon as the mouse entered the dark 

room. The timer would simultaneously stop the clock
[35-36]

. 

A PCLab Biological Signal Acquisition System (Mi-

cro-channel StarTech Beijing Science and Technology 

Development Co., Ltd., Beijing, China) was used to col-

lect the signals. Twenty-four hours later, the test was 

conducted in the same way. The latency and error count 

of the animals entering the dark room within 180 seconds  

were recorded. The interval between entry into the light 

box and entry into the dark box represented the latency 

(maximum 180 seconds), and the time to enter the dark 

box represented the error count during 180 seconds.  
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Detection of biochemical indexes in mouse brain  

After the step through test, an overdose of chloral hy-

drate was administered to each mouse. The mice were 

sacrificed and the brains were removed. The cerebellum 

and olfactory bulb were quickly taken out and accurately 

weighed. The brains were rinsed in 4°C normal saline, 

and placed on filter paper to drain excess water. Sub-

sequently, a nine-fold volume of pre-cooled normal saline 

(weight/volume) was added, and brain tissue was ho-

mogenized using a high-speed homogenizer. The ho-

mogenate was centrifuged at a speed of 68.6 × g for 15 

minutes. The supernatant was then taken to an alternate 

0.5 mL tube. Superoxide dismutase and glutathione pe-

roxidase activity, as well as malondialdehyde content and 

total protein in brain tissues, were measured according to 

individual kit instructions
[37-38]

. All kits were purchased 

from Nanjing Jiancheng Bioengineering Institute, Nanjing, 

China. 

 

Detection of motor function of mice using the 

inclined board test 

Motor function was measured by inclined board test. The 

incline angle was the major index. After neurological 

scoring, mice were placed on a board (25 cm × 15 cm) in 

accordance with the Yonemori method
[39]

. The board was 

then slowly tilted from the flat to vertical, until mice 

dropped from the board. A lower inclined angle indicates 

that cerebral ischemic reperfusion injury is more severe 

(Figure 4).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Determination of infarct volume and brain water 

content  

Infarct volume was measured using the 2,3,5-triphenyl 

tetrazolium chloride method
[40-44]

. Briefly, after an over-

dose of chloral hydrate, mice were sacrificed and brains 

were quickly removed and accurately weighed. Each 

brain was cut into 2-mm coronal slices, giving five sec-

tions in total. Sections were incubated in 2% 

2,3,5-triphenyl tetrazolium chloride (Sigma, St Louis, MO, 

USA; Shanghai Chemical Reagent Company Import 

repacking, Shanghai, China, batch No. 110710) at 37°C 

for 30 minutes and then fixed with 10% formalin for 12 

hours. Changes in color of brain tissue were observed. 

Normal brain tissue was red, while infarcted brain tissue 

was pale.  

 

The image was scanned by Image J analysis software 

and the infarct volume was measured. The percentage of 

infarcted brain tissue was calculated by infarct vo-

lume/total cerebral volume × 100%
[45-47]

. After the mea-

surement of infarct volume, brain tissue was dried in an 

oven at 100°C for 24 hours and reweighed to obtain the 

dry weight. Brain water content was expressed as a per-

centage of the wet mass = (wet weight–dry weight)/wet 

weight × 100%
[48-50]

.  

 

Statistical analysis 

All data were statistically analyzed using SPSS 16.0 

software (SPSS, Chicago, IL, USA), and were expressed 

as mean ± SD. One-way analysis of variance and Dun-

nett’s t-test were used for comparison of the difference 

between groups. A value of P < 0.05 was considered 

statistically significant.   

 

Research background: Cerebral ischemia reperfusion injury is 

a common clinical pathological process. This type of injury often 

appears after recanalization, which is used in relieving tumor 

compression, cardiocerebral resuscitation, and cerebral em-

bolism. Cerebral ischemia reperfusion injury is a serious threat 

to the lives of patients. At present, there are no precise methods 

for treating cerebral ischemia reperfusion injury. Rutaecarpine is 

extracted from the traditional Chinese medicine Tetradium ruti-

carpum. It has effects on cardiovascular function, platelet ag-

gregation and thrombosis, and is also anti-inflammatory, anal-

gesic, antihypoxic, anticancer, and is involved in body temper-

ature regulation. 

Research frontiers: The pathological process of cerebral 

ischemia reperfusion injury is very complex and not yet clear. It 

is generally believed that the pathological process involves a 

number of aspects including disorder in brain tissue energy 

metabolism, toxicity of excitatory amino acids, intracellular cal-

cium overload, free radical injury, inflammatory reaction, the 

cytotoxicity of nitric oxide, and abnormal blood-brain barrier 

permeability. In recent years, nitric oxide-induced cell toxicity 

and abnormal blood-brain barrier permeability, free radical injury, 

and the inflammatory reaction have been areas of focus in 

Figure 4  A schematic view of the inclined angle.  

The maximum angle was the inclined angle. The vertical 
distance from the desktop to the highest point of the board 
was measured, and recorded as X. The length of the 
board is Y, which is 25 cm. The inclined angle was 

recorded as α, so sinα = X/Y; α can be calculated by the 
inverse function of sinα. This experiment was repeated 
three times in each mouse, and the average value of the 

inclined angle was calculated. A lower inclined angle 
indicates that the loss of motor function in mice is more 
severe. 
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research concerning the mechanisms of cerebral ischemia 

reperfusion injury.  

Clinical significance: This study provides a novel treatment of 

cerebral ischemia reperfusion injury, and has provided a theo-

retical basis for the application of rutaecarpine in the treatment 

of cerebrovascular diseases. 

Academic terminology: Cerebral ischemia reperfusion injury 

refers to severe brain dysfunction when blood supply returns to 

the tissue after a period of brain tissue ischemia.  

Peer review: The study investigates the neuroprotective effect 

of rutaecarpine on cerebral ischemia reperfusion injury in mice, 

focusing on the effects of rutaecarpine on free radical injury and 

pathological changes. This study is innovative and somewhat 

advanced. 
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