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Abstract: The phenomenon of cerebral ischemia-reperfusion is a cascade reaction process, and it is 

relatively complicated because the process can involve multiple mechanisms. In this process, the 

existence of oxidative stress is of great significance. According to related research, protein 

denaturation and lipid peroxidation can be used as the pathway for oxidative stress to induce 

necrosis of nerve cells. Moreover, oxidative stress can also promote neuronal apoptosis in 

mitochondria, death receptors, endoplasmic reticulum and the possibility of application. In this 

paper, the author mainly studied oxidative stress and cerebral ischemia-reperfusion injury. 

1. Introduction 

In ischemic cerebrovascular disease, cerebral ischemia-reperfusion injury is a relatively common 

phenomenon. Specifically, it refers to the patient's spontaneous recovery of perfusion after a period 

of cerebral ischemia, which can increase the area of cerebral infarction, leading to more severe 

brain dysfunction 
[1]

. According to relevant data and clinical research, the clinical symptoms of most 

patients significantly become more severe when blood supply restores, and the incidence of cerebral 

hemorrhage and cerebral edema also tends to increase. In general, patients may suffer from cerebral 

ischemia-reperfusion injury after thrombolysis and embolectomy, and there are no effective 

preventive and therapeutic measures for this situation. Cerebral ischemia-reperfusion can be 

involved in a variety of mechanisms, such as excitotoxicity, inflammatory injury, etc., but what 

plays the dominant role is oxidative stress 
[2]

. 

The so-called “oxidative stress” is the oxidative damage of tissue cells caused by the imbalance 

of oxidation and antioxidant substances and it is mediated by activated oxygen produced by the 

body. During the process of oxidative stress, the expression and activity of various enzymes can 

change and lead to the accumulation of ROS. In addition to the above factors, the emergence of 

oxidative stress can directly cause cell necrosis 
[3]

. 

2. Oxidative stress and neuronal cell necrosis 

2.1 Lipid peroxidation 

In the case of cerebral ischemia-reperfusion injury, phospholipase A2 can be activated to 

hydrolyze membrane phospholipids, followed by arachidonic acid and can generate a large amount 

of ROS by-products. During this process, the formation of biofilms is extremely susceptible to 

destruction, leading to cell collapse and death. At the same time, ROS can further react with lipids 

and form peroxidized lipids, which can then form toxic aldehyde products. 

2.2 Protein denaturation and DNA modification 

The emergence of ROS can lead to the inactivation of enzymes and the degeneration of proteins, 

leading to multiple blocking of cells in the process of vital activities. For example, if the 

mitochondrial respiratory chain is interrupted, it can lead to energy disorders, and then the cells will 

die due to energy failure. In this process, ROS can still achieve DNA fragmentation through 

oxidative modification and endonuclease, which effectively causes DNA damage and leads to the 

death of cells 
[4]

. 
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3. Oxidative stress and neuronal cell apoptosis 

If ROS are abundantly present, they can directly lead to the appearance of oxidative damage in 

cells and effectively cause cell death. When a patient is in the case of mild cerebral ischemia, 

moderate dose of ROS can cause neuronal apoptosis through multiple pathways such as 

mitochondria and endoplasmic reticulum, and it may involve several protein including caspase, 

apoptosis-inducing factors, etc. 

3.1 Mitochondrial pathway 

Under normal circumstances, it is believed that, when mitochondria cause cerebral 

ischemia-reperfusion in patients, the factors resulting in ROS mainly include glutamate 

excitotoxicity and hypoxia after ischemia. In the early stage of the patient's perfusion, there is a case 

where the neuronal cells initiate the mitochondrial apoptotic pathway, and the protein translation 

initiation also changes at this time; hydrolase activation occurs in the cell, and the endonuclease can 

also be activated at this time. 

According to the results of cerebral ischemia-reperfusion test in mice, hyperbaric oxygen 

preconditioning can effectively reduce brain damage and apoptosis rate; and while the activity of 

caspase enzymes is reduced, hyperbaric oxygen preconditioning can effectively protect against 

cerebral ischemia-reperfusion and inhibit the mitochondrial apoptotic pathway, which has been 

confirmed 
[5]

. 

Mitochondria have their own unique genetic system and their genes do not bind to histones. On 

this basis, because mitochondria are adjacent to the ROS production site, they are relatively less 

protected and less susceptible to free radical attack, resulting in ischemia and hypoxia; and thereby 

large-scale apoptosis occurs in the cells with the break of DNA strand and base disappearance 
[6]

. 

In addition, in the case of cerebral ischemia-reperfusion, a large number of oxygen free radicals 

can be produced by the respiratory chain complex, and they can directly attack the respiratory chain; 

after being attacked and damaged, the respiratory chain can release a certain amount of Cyt-C and 

further cause apoptosis of brain cells 
[7]

. 

3.2 Endoplasmic reticulum pathway 

The endoplasmic reticulum belongs to an important organelle, and it is an indispensable medium 

for cells to realize synthesis and protein processing at the same time, the calcium balance of cells 

and the biosynthesis of lipids are all related to the endoplasmic reticulum pathway. When a patient 

is in the case of cerebral ischemia-reperfusion, a large amount of protein inevitably gather in the 

endoplasmic reticulum of nerve cells, and the protein are presented in an unfolded or misfolded 

manner, that is, endoplasmic reticulum stress occurs.  

3.3 Death receptor pathway 

The death receptor pathway is an important mechanism for cerebral ischemia-reperfusion in 

patients, and it is an external pathway compared with the pathway of mitochondrial apoptosis. 

According to relevant research, in the model of cerebral ischemia-reperfusion in rats, 

pretreatment with silymarin can effectively improve the situation of ischemia-reperfusion injury; 

this is mainly because ischemia-reperfusion can effectively inhibit the production of ROS 
[8]

. 

4. Cerebral ischemia-reperfusion injury and anti-oxidation therapy 

The generation and release of oxygen free radicals have a decisive influence on the death of 

neurons, and the removal of oxygen free radicals is the main way to treat patients with 

ischemia-reperfusion injury. Theoretically, if the pathway or key molecules generating ROS can be 

blocked and acted upon, the damage of patients can also reduce. In recent years, relevant personnel 

have been studying anti-oxidation treatment methods for cerebral ischemia-reperfusion injury. And 

so far, some progress has been made: from the treatment of cerebral ischemia-reperfusion injury in 

mice, it can be seen that the application of alfalfa can play a significant therapeutic role, and the 

area of cerebral infarction in mice is smaller. Moreover, as the activity of the oxidase decreased, it 
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was found that the neuroprotective effect of the alfalfa extract is mainly attributed to its own 

antioxidant properties. At the same time, resveratrol can also have a good therapeutic effect on 

cerebral ischemia-reperfusion injury in mice, and its protective effects on mice is also closely 

related to its own antioxidant specificity 
[9]

. 

In addition to extracts from plants, it is also feasible to apply some clinically common 

cardiovascular drugs (such as simvastatin with lipid-lowering effects or trimetazidine with 

anti-angina) in the treatment of cerebral ischemia-perfusion injury; they all can play a protective 

role, and their effects are closely related to their antioxidant activity. It can be seen that the 

treatment of cerebral ischemia-reperfusion injury with drugs is very important to improve the 

permeability of the blood cerebrospinal fluid barrier 
[10]

. 

5. Conclusion 

For patients with cerebral ischemia-reperfusion injury, anti-oxidation therapy can achieve a 

certain therapeutic effect, but this method is currently not widely used in clinical practice. This is 

because the application effect is not very satisfactory; the oxidative stress mechanism is not 

completely clear, and the antioxidant lacks certain specificity. Based on the analysis above, the 

effective explanation of the molecular mechanism of oxidative stress and the search for new 

antioxidants with high specificity are of great significance. 
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