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as damage to the blood–brain barrier (BBB), play a 
major role in causing these complications.[5] The main 
symptoms of cerebral reperfusion syndrome appear 
as unilateral headache, contralateral nerve deficits, 
and seizures. During acute ischemia, systemic blood 
pressure increases to compensate for the lack of 
cerebral blood flow (CBF), which is one of the most 
common symptoms observed in patients with cerebral 
ischemia. In this case, the blood pressure usually 
remains untreated and disrupts the BBB following 
reperfusion.[6] Ischemia has various complications 
that cause damage to cells, and these complications 
are aggravated during reperfusion and cause more 
damage. The production of free radicals is one of 

INTRODUCTION

Cerebral hyperperfusion or cerebral reperfusion 
syndrome is a serious complication of restoring 
blood flow to the brain, which is much higher than 
the metabolic needs of brain tissue.[1] It was first 
described by Sundt et al. in 1975[2] and occurs in carotid 
endarterectomy and intracranial stenting and after 
tissue plasminogen activator (tPA) application which 
leads to higher cerebral infarction.[3] Studies have 
shown that reperfusion injury is directly involved in 
amplifying stroke injury.[4] Various factors, including 
cytokine release and leukocyte adhesion, as well 
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ischemia‑reperfusion injuries. Materials and Methods: Articles were collected by searching for the terms: Ischemic postconditioning 
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the complications that increases during ischemia and 
causes brain damage during reperfusion.[7] Excessive 
production of reactive oxygen species (ROS) causes the 
opening of mitochondrial inner membrane channels 
called permeability transition pores (PTP) and reduces 
the endogenous antioxidant capacity and ultimately 
causes cell death [Figure 1].[8] Inflammation is another 
complication of ischemia in which leukocytes attach 
to endothelial cells due to the release of chemotactic 
signals, thereby disrupting the BBB and penetrating 
into brain tissue, releasing cytokines that mediate 
inflammation.[9] In addition, during reperfusion, the 
complement system [Figure 2] can be activated through 
classical antibody dependent or the lectin pathway.[10] 
Several methods have been proposed to minimize the 
deleterious effects of ischemia/reperfusion, such as the 
use of antihypertensive drugs such as labetalol and 
nicardipine,[11] hypothermia,[12] the use of antioxidants 
such as α‑lipoic acid and magnolol,[13] and the use of 
anti‑inflammatory agents.[14] Nevertheless, it seems that 
common methods are not sufficient in reducing the 
effects of hyperperfusion and finding new protocols is 
a subject that is still of interest to researchers. Ischemic 
postconditioning (IPostC) is emerging as a potentially 
effective strategy for the treatment of ischemic‑reperfusion 
injury. This method is a nonpharmacological method 
that has shown positive results in animal experiments 
in protecting the nervous system and dealing with the 
negative effects of reperfusion. So far, there have been 

many studies related to the neuroprotective effects of 
ischemia postconditioning, and it has been investigated 
from different aspects of this issue. IPostC can activate 
various endogenous mechanisms including rCBF, 
antioxidant system and local anti‑inflammatory factors 
and protect the nervous system by regulating the 
phosphorylation of multiple pathways such as PKC, 
mitogen‑activated protein kinase (MAPK) and PI3K/
Akt.[15] In several studies, the neuroprotective effects of 
IPostC against ischemia damage have been proven.[16,17] 
Cerebral ischemia may be caused by cardiac arrest, stroke, 
severe anemia, aging, systemic hypertension and hypoxia, 
and metabolic or regulatory disorders. Stroke is one of 
the severe conditions of ischemia that causes morbidity, 
cognitive decline, disability, and mortality of a large 
number of patients worldwide every year.[18] Currently, 
thrombolytic therapy is not an effective method in the 
treatment of ischemic stroke due to time limitations. 
On the other hand, hyperperfusion created after using 
thrombolytics such as tPA can cause damage to the brain 
tissue and the BBB. Fortunately, studies have shown that 
ischemia conditioning can both increase the time period of 
using thrombolytics and minimize the damage caused by 
reperfusion.[19] Therefore, neuroprotective effects can be 
used to reduce the harmful effects of reperfusion caused 
by the use of thrombolytic drugs. In this review article, 
an attempt is made to investigate the various aspects of 
IPostC and its neuroprotective mechanisms as well as 
prevent the harmful effects of reperfusion.

Figure 1: Schematic of the effect of reperfusion on the opening of mitochondrial membrane pores called permeability transition pore (PTP). During reperfusion 
following prolonged ischemic, the accumulation of Ca2 + in the mitochondrial matrix causes the matrix chaperones to move to the inner mitochondrial membrane, 
which in turn causes PTP to open

D
ow

nloaded from
 http://journals.lw

w
.com

/jrm
s by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dtw
nfK

Z
B

Y
tw

s=
 on 07/17/2024



Bagheri, et al.: Neuroprotective effect of ischemic postconditioning

Journal of Research in Medical Sciences | 2024 |3

METHODS

We reviewed articles without a time limit until the end 
of May 2022 by searching terms including “ischemic and 
ischemic preconditioning,” “ischemic preconditioning 
and reperfusion,” “ischemic preconditioning and 
neuroprotection,” and “ischemic preconditioning and 
stroke.” To investigate the mechanism of the effect of IPostC 
on neuroprotection, we searched the terms of “ischemic 
postconditioning” and “anti‑apoptotic,” “antioxidant,” 
“anti‑inflammatory,” and “intrinsic protection” effects. 
Information was collected through searches and studies 
in electronic databases, including ISI Web of Knowledge, 
Medline/PubMed, Science Direct, Embase, Scopus, 
Biological Abstract, Chemical Abstract, and Google Scholar. 
Duplicate and unrelated articles were removed from the 
obtained articles, and the abstracts of the articles were 
collected and sorted. Mendeley was used as a reference 
manager tool, and only the abstracts of the articles whose 
full text was available were examined and reported as a 
review article.

RESULTS

Ischemic postconditioning: A novel neuroprotective 
strategy
For the first time, Murry et al., in 1986, showed that short 
periods of ischemia with reperfusion before long‑term 
ischemia significantly reduced the size of the infarction in 
a dog’s heart.[20] They called the phenomenon as “ischemic 
preconditioning.” In 2003, Zhao et al. showed that 

comparable protection could be achieved by changing the 
conditions of reperfusion.[21] After induction of ischemia, 
they performed short cycles of ischemic‑reperfusion of 
blood flow. The intervention led to a significant reduction 
in the size of the infarct of the heart, which they called 
“IPostC.” IPostC is the application of a series of short 
ischemic periods and reperfusion to the ischemic organ 
after reperfusion which leads to a reduction in infarction 
in the target tissue, such as the heart and brain.[22] Later, 
studies showed that ischemia preconditioning, in addition 
to the heart and brain, can have protective effects on other 
organs, such as the kidney.[23] The most common use of 
postconditional ischemia is protection of the nervous 
system in strokes and subsequent reperfusion.[24] The 
molecular mechanism of IPostC is complex and includes 
the expression of various genes and the increase of mRNAs 
that cause the reduction of cell death. It has even been 
found that the amount of some microRNAs has increased, 
which can cause the reduction and destruction of proteins 
involved in cell death. Weng et al. showed that IPostC 
treatment reduces miR124 levels, indicating that IPostC 
exerts its brain protection by downregulating miR‑124 
and reduced neurobehavioral defects and infarct volume 
percentage significantly.[25] Examination of long‑term 
expression of noncoding RNA in adult rats with focal 
cerebral ischemia showed that IPostC strongly influenced 
the expression of noncoding RNAs and mRNAs that are 
associated with cellular response to ischemia, oxidative 
stress, and inflammation signals and apoptosis signaling 
pathways.[26] IPostC also increases protein and mRNA 
levels of SIRT1 and PGC‑1α in ischemic brain tissue, 

Figure 2: Triggers of complement activation after cerebral ischemia–reperfusion injury. Ischemic insult induces the expression of neoepitopes or danger‑associated 
molecular patterns (DAMPs) on the surface of stressed endothelial cells. The exposed DAMPs are recognized by circulating natural self‑reactive antibodies, principally 
immunoglobulin M (IgM), which triggers complement activation. Although IgM binds C1q, it appears to be the binding of mannose‑binding lectin and activation of 
the lectin pathway that drives ischemia and reperfusion injury in the organ systems examined, including the brain. Complement can be also activated through direct 
binding of C1q to apoptotic cells, as well as through C‑reactive protein‑induced complement activation
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regulates downstream protein NRF‑1, lowers cytochrome 
C (Cyto C) 1, and improves mitochondrial function, 
thereby protecting the brain.[27] In addition, it seems that 
IPostC exerts a neuroprotective effect against I/R injury 
by reducing the expression of GSK‑3β and increasing 
the level of CREB and BDNF.[28] Numerous studies have 
confirmed the protective effect of IPostC, as well as its 
mechanisms in ischemic‑reperfusion injury in the brain. A 
study on rats showed that the use of remote limb ischemia 
post‑conditioning by occluding and releasing the femoral 
artery 90 minutes after stroke induction, significantly 
reduced cerebral infarct volume, inflammation, and BBB 
leakage.[29] Pignataro et al. showed that postconditioning 
ischemia 30 min after reperfusion has a protective effect 
on the brain.[30] Mobini et al. investigated the protective 
effect of IPostC in female mice, and in five cycles, common 
carotid arteries were occluded and reopened for 30‑s 
periods. The results showed that the volume of infarction, 
cerebral edema, and neurological disorders in the 
postconditional ischemia group decreased significantly 
compared to the stroke group.[31] Studies have shown that 
the pattern and method of using IPostC is also important 
in preventing the harmful effects of Hyperperfusion. 
Using three different models of postconditioning therapy 
showed that blockage of the artery in three times 10, 30, 
and 60 s could reduce the volume of infarct, but only 10 
s of blockage reduced brain edema and nerve damage.[32] 
Typically, one of the most important treatment methods 
for relieving obstruction in stroke and restoring blood 
flow in humans is the use of tissue plasminogen activating 
drug. Applying tPA has a time limit and the maximum 
should be 4.5 h after ischemic. Concomitant use of IPostC 
may increase the therapeutic window of tPA. It has been 
shown that the rapid flow of blood due to the use of 
tPA increases the damage caused by ischemic, cerebral 
edema, inflammatory responses, and ultimately, a damage 
to the brain tissue and the BBB. Esmaeeli‑Nadimi et al. 
showed that concomitant use of IPostC with tPA caused 
a greater reduction in infarct volume, CBF, BBB leakage, 
inflammation, apoptosis, and improved brain function 
significantly compared to the tPA group alone.[3] Feng 
et al. showed that neuronal death in CA1 was reduced in 
the group with IPostC.[33] They found that these beneficial 
effects were related to improving the antioxidant 
conditions of the environment and reducing inflammatory 
factors. It has generally been proved that IPostC can have 
a protective effect on the nervous system and reduces 
the volume of infarction by reducing oxidative stress 
and free radicals or reducing the rate of apoptosis and 
inflammation.[34] Molecular mechanisms of IPostC are 
intricate and include stimuli (adenosine, bradykinin, 
opioids, or nitric oxide [NO]),[35] mediators (protein kinase 
G and protein kinase C), and end effectors such as PTP 
and mitochondrial ATP‑sensitive potassium channels.[36]

Antiapoptotic effects of ischemic postconditioning
Ischemia–reperfusion increases the rate of apoptosis of 
nerve cells and new data have shown that IPostC can 
reduce the rate of apoptosis due to reperfusion. IPostC 
increases antiapoptotic proteins by changing the factors 
involved in autophagy, such as LC3/Beclin‑1 and p62.[37] 
Ding et al. showed that both ischemic preconditioning and 
postconditioning reduced neuronal cell death and DNA 
fragmentation in the CA1 region of the hippocampus. 
Furthermore, caspase‑3, caspase‑6, caspase‑9, and Bax 
proteins were decreased but regulated Bcl‑2 protein.[38] 
Meng et al. showed that remote IPostC 90 min after occlusion 
can reduce the area of infarction of brain tissue and this 
effect is related to reducing Bax expression and increasing 
Bcl2.[39] IPostC may inhibit apoptosis by activating the 
TOPK (protein kinase/protein kinase protein‑kinase 
origin‑T‑LAK cell) pathway while potentiating Akt 
phosphorylation to protect nerve cells and reduce infarct 
volume.[40] MAPK signaling pathways are involved in 
ischemic damage to the brain and play an important role in 
regulating cell death and apoptosis. MAPKS includes three 
types of kinases: C‑Jun N‑terminal kinase, protein kinase 
mitogen P38 active protein (P38MAPK), and regulated 
extracellular signal‑related kinase (ERK).[41] Liu et al. 
proved that 1–24 h after stroke, ERK1/2 phosphorylation 
increased intermittently and IPostC could significantly 
inhibit ERK1/2 expression.[42] IPostC is able to reduce 
brain damage due to reperfusion ischemic by reducing the 
P38MAPK‑ATF2 pathway which plays a regulatory role for 
a variety of downstream molecules including ATF2 which 
may complicate the effects of MAPK on apoptosis and these 
changes potentially help inhibit apoptosis in neurons.[43] 
Another important factor in ischemic‑reperfusion injury 
is endoplasmic reticulum (ER) stress. In postconditional 
ischemia, the ER stress response increases the level 
of homologous protein C/EBP (CHOP) and releases 
Bim and Bcl‑2, which can disrupt the cell apoptosis 
pathway[44] [Figure 3]. The mitochondrial proteins Bax and 
p53 as well as the antiapoptotic proteins Bcl‑2 and Bcl XL are 
also involved in ischemic‑reperfusion‑induced apoptosis. 
Sun et al. showed that IPostC can protect mitochondria by 
reducing the synthesis of oxygen‑free radicals and increase 
the expression of Bcl‑2 protein, which is located throughout 
the mitochondrial membrane, thereby reducing cell 
apoptosis.[45] IPostC also rapidly increases GRP78 expression 
and EIF2 dephosphorylation, decreases caspase‑12 and Bim 
expression, and increases Bcl‑2 expression, all of which 
prevent cellular apoptosis.[46] IPostC reduces the release of 
Cyto C into the cytosol, Bax transfer to the mitochondria, 
and caspase‑3 activity, resulting in decreased apoptosis.[47] 
Nuclear factor‑κB (NF‑κB) is a known nuclear transcription 
factor that plays an important role in the regulation of 
ischemic‑induced neuronal apoptosis.[48] Heat shock 
proteins (Hsps) are also involved in the process of apoptosis 
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and the expression of these proteins increases during IPostC 
and knockdown Hsp70 reverses the beneficial effects of 
IPostC.[49] IPostC regulated the expression of Bcl‑2, Bax, 
and caspase‑3 to reduce neural apoptosis and inhibit 
autophagy via the PI3K/Akt/mTOR signaling pathway.[50] 
Cheng et al. showed that IPostC decreased the number of 
apoptotic cells and protein expression levels of Bcl‑2, Bax, 
NF‑κB, and TNF‑α and increased the expression of p‑STAT3 
protein, which indicates that IPostC exerts their protective 
effects through STAT3 activation.[51] Furthermore, the role 
of microRNAs in the occurrence of IPostC effects should 
not be ignored. MicroRNAs such as miR1 and miR133 are 
increased during IPostC and prevent apoptosis caused by 
ischemia‑reperfusion by decreasing CASP9 protein levels.[52] 
These observations show that IPostC exerts neuroprotective 
effects by reducing cellular apoptosis and inhibiting 
autophagy and protects against brain damage.

Antioxidant property of ischemic postconditioning
Ischemia–reperfusion increases free radicals and produces 
reactive oxygen mediators.[53] Important features of 
oxidative stress that cause damage to the lipid and protein 
compounds of the nerve membrane include overproduction 
or inadequate clearance of ROS.[54] Mitochondria are the 
main source of ROS production in neurons.[55] A large 
number of ROS are also produced during restoring blood 
flow, causing oxidative stress damage. Accordingly, the 
use of ascorbic acid can reduce the volume of infarction 

in the stroke model.[24] IPostC defense mechanisms are 
the same in the heart and brain, although the effects of 
postconditioning on ROS may be controversial.[56] IPostC 
can cause neuroprotective effects by reducing oxidative 
stress or increasing antioxidant enzymes. IPostC increases 
the enzyme superoxide dismutase (SOD)[57] and is also 
able to decrease malondialdehyde.[58] In addition, IPostC 
increases acetylcholine[59] and NO synthesis and inhibits 
oxidative stress.[60] It can also reduce ROS production after 
ischemia‑reperfusion and increase endogenous antioxidant 
activity and prevent lipid and protein oxidation and thus 
protect the nervous system.[61] IPostC could improve the 
activity of the antioxidant enzymes such as SOD and 
catalase.[62] The main source of these enzyms in ischemic 
injury conditions is nicotine amide‑adenine phosphate 
dinucleotide phosphate (NADPH) oxidase, especially in 
neutrophils.[63] IPostC can reduce the neutrophil activity of 
NADPH oxidase that they have protective effects against I/R 
brain damage.[64] This action may be related to the regulation 
of NADPH oxidase activity in neutrophils by the MyD88/
TRAF6/p38‑MAPK pathway.[65]

Anti‑inflammatory effects
There are plenty of evidence from clinical and animal 
studies that pro‑inflammatory cytokines increase 
during ischemia and can damage nerve cells during 
reperfusion.[66] Elevated levels of cytokines, including 
tumor necrosis factor‑alpha (TNF‑α), interleukin‑1 (IL‑1), 

Figure 3: Mechanism of anti‑apoptotic effects of ischemic postconditioning. Stress in the endoplasmic reticulum is closely related to mitochondrial function. In fact, 
ischemic postconditioning causes a kind of stress on the cell, thereby activating the endogenous defense mechanisms and thus protecting the mitochondria. This 
process reduces apoptosis in nerve cells. P‑eif2α: Phospho‑ eukaryotic initiation factor 2 alpha, GRP78: Glucose‑regulated protein78, CHOP: C/EBP homologous 
protein, ER: Endoplasmic reticulum, Bim: Bcl‑2‑like protein, Bcl‑2: B‑cell lymphoma 2, NF‑ҝB: Nuclear factor kappa‑light‑chain‑enhancer of activated B‑cells, JNK: c‑Jun 
N‑terminal kinase, pAKT: Phosphorylated protein kinase B, ERK: Extracellular signal‑related kinase, Bad: Bcl‑2‑associated death promoter, mitokATP: Mitochondrial 
ATP‑sensitive potassium channels, Cyto C: Cytochrome C
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interleukin‑6 (IL‑6), and interferon‑gamma, have been 
observed after the onset of ischemia.[67] Xing et al. showed 
that glutathione decreased and myeloperoxidase (MPO) 
as well as inflammatory markers increased during 
cerebral ischemic/reperfusion in mice.[68] Chemokines 
and intercellular adhesion molecules (ICAM‑1) cause 
leukocytes to attach to endothelial cells, enabling these 
cells to leave the bloodstream and enter the ischemic region 
of the brain. Numerous evidence and studies suggested 
that IPostC improves stroke damage and reperfusion 
by reducing inflammatory factors and chemokines. 
Tahamtan et al. investigated the effect of IPostC on the 
expression of CXCL1, CXCL10, and CXCL12. Results 
showed that IPostC reduced the expression of inflammatory 
chemokines CXCL1 and CXCL10 in the hippocampus of 
rats after reperfusion but had no effect on the expression 
of CXCL12.[69] Xing et al. demonstrated that rapid IPostC 
could reduce MPO activity and expression of IL‑1β, TNFα, 
and ICAM‑1 and prevent the accumulation of leukocytes in 
the cerebral cortex as well. These studies also confirm the 
positive role of IPostC, which may prevent the invasion of 
inflammatory agents and block the secretion of cytokines 
and pro‑inflammatory chemokines.[68] Li et al. found that 
IL‑1β and IL‑6 levels were reduced in both proximal and 
remote postconditioning.[70] Hwang et al. observed that 
IPostC improves the number of peripheral blood immune 
cells and reduces the number of microglia, macrophages, 
and T and B lymphocytes in the ischemic brain.[71] Although 
the number of immune cells in the peripheral blood and 
spleen was increased by IPostC, no change was observed 
in the bone marrow immune cell population by IPostC. 
Activation of NF‑κB during reperfusion ischemic causes 
the high release of downstream inflammatory cytokines, 
including IL‑1β, IL‑6, and TNF‑α.[72] IPostC significantly 
reduces NF‑κβ/p65. Toll‑like receptor (TLR) pathways are 
the main signaling pathways responsible for regulating 
endogenous or exogenous inflammation,[73] and the TLR4 
pathway has an important role in the pathology of stroke.[74] 
Wang et al. showed that the neuroprotective effect of IPostC 
was associated with the inhibition of neuroinflammation 
by inhibiting the TLR2 and TLR4 pathways, which 
reduce the production of the pro‑inflammatory cytokine 
IL‑1β.[75] The TLR4/NF‑κB pathway also plays a key role 
in the inflammatory response to ischemic‑reperfusion 
injury [Figure 4]. Qi et al. suggested that IPostC may 
protect the brain against the harmful effects of ischemic 
and stroke by suppressing the TLR4/NF‑κB pathway.[76] 
During inflammation, peripheral immune cells, including 
monocytes and lymphocytes, penetrate the ischemic region 
of the brain and contribute to further brain damage through 
the neurotoxic effects of glutamate. By activating NMDA 
receptors expressed by surrounding neurons, these cells 
can penetrate the brain and release glutamate and cause 
neurotoxicity;[77] however, the use of antagonists of NMDA 

receptors could have protective effects against ischemia.[78] 
Studies have shown that the protective effects of IPostC on 
ischemic and subsequent reperfusion may partly be due 
to the inhibition of macrophage accumulation in the brain, 
thereby reducing the adverse effects of glutamate on the 
nervous system through reduction of NMDA receptor.[79]

Innate protection
IPostC conventionally refers to a series of brief blood 
vessel occlusions and reperfusions, which can induce 
an endogenous neuroprotective effect and reduce 
cerebral ischemia/reperfusion injury.[80] Endogenous 
neuroprotective mechanisms in neurons can be classified 
into several categories. Neurotrophic factors and 
enzymatic and nonenzymatic mechanisms of ROS 
inhibition are major and well‑known factors in neuronal 
homeostasis. In addition, incorrect protein degradation 
systems (e.g., autophagy) and mechanisms of gene 
expression control are gaining increasing attention and 
are potentially interesting goals for the treatment and/or 
prevention of neurodegeneration.[81] The innate protection 
mechanism of IPostC is through improving brain blood 
flow, reducing oxidative stress, inhibiting apoptosis, 
reducing brain edema, improving mitochondrial function, 
regulating autophagy and also regulating Akt, MAPK and 
PKC signaling pathways[82] [Figure 5].  Naturally, nerve cells 
use the body’s immune systems to prevent cell death and 
damage. Numerous studies have shown that the brain can 
adapt to traumatic events such as ischemia. As a result, it 
improves cell resistance in the event of more serious damage 
in the future.[83] To achieve adaptation, a coordinated 
response must be established at the cell surface, and if the 
stimulus is beyond tolerance, the cells may be doomed 
to destroy. Establishing ischemic tolerance by exposure 
to stressors, which can be induced by preconditioned or 
postconditional ischemia, is a powerful mechanism for 
stimulating endogenous processes to protect neurons.[84] 
García‑Bonilla et al showed that reprogrammed monocytes 
can stimulate endogenous activity and protect the brain. 
They migrate from the spleen to the brain and suppress 
inflammation after ischemia and invasive of neutrophils into 
the brain parenchyma.[85] The PI3K/Akt pathway is one of 
the important intermediary pathways in signal transmission 
that causes endogenous protection in the cell by inhibiting 
apoptosis. In IPostC, many targets and processes are 
regulated by the PI3K/Akt pathway. Recently, downstream 
targets of Akt involved in IPostC‑induced neuroprotection 
have been reported. Animal studies propose that IPostC 
increases endothelial nitric oxide synthase synthesis and 
activates the PI3K/Akt signal transduction pathway, 
consequently protects vascular endothelial cells, and 
regenerates blood vessels.[86] Some studies have shown 
that IPostC can reduce cerebral ischemia injury through 
protective mechanisms that increase CBF after reperfusion. 
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The laser‑Doppler flow meter has shown that regional 
hippocampal blood flow increased after IPostC.[87] Lu 
et al. showed that the protective mechanism of IPostC 
may be associated with increased expression of vascular 
endothelial growth factor and rCBF.[88] Endothelial and 
astrocytes are two groups of cells in the nervous system 
that play a protective role by suppression of transcription 
of inflammatory mediators such as NF‑κB, inhibiting free 
radicals, glycogen storage, and erythropoietin production. 
By regulating the expression of P‑selectin, ICAM 1 and 
E‑selectin, IPostC increases the migration of white blood 
cells and leads to a decrease in inflammation and thus 
protects the brain against ischemia‑reperfusio.[66] Autophagy 
is a way to maintain intracellular homeostasis, which causes 
the destruction of macromolecules or cell organelles. In 
ischemia–reperfusion conditions, autophagy causes an 
increase in brain injury, which indicates that autophagy 
plays different roles in cerebral ischemia and subsequent 
reperfusion.[89] It has been reported that inhibition of 
autophagy by IPostC method can significantly induce 
neuroprotection by decreasing LC3 and Beclin‑1 and 
increasing p62.[37] Together, these studies suggest that 
organisms/cells have endogenous protective mechanisms, 
and boosting them may be an effective therapeutic strategy.

DISCUSSION

IPostC has been introduced as a promising neuroprotective 
strategy against stroke and ischemic/reperfusion. 
Experimental models have been used to successfully 

demonstrate the attenuation of organ damage, including 
heart, spinal cord, brain, kidney, liver, muscle, lung, and 
intestine. The mechanisms of postconditioning are not yet 
fully understood but appear to involve multiple signaling 
pathways and molecules, including protein kinases, ROS, 
pro‑inflammatory cytokines, and NO, as well as changes 
in mitochondrial function. On the other hand, IPostC 
relieves ischemia/reperfusion injury by reducing the size 
of cerebral infarction, neuropathic apoptosis, and nerve 
defects and increases SOD activity and decreases MDA 
content in brain tissue.[90] This phenomenon can effectively 
reduce nerve mortality cells and the size of cerebral 
infarction and maintain BBB integrity, improve cerebral 
circulation and metabolism, and increase cerebral ischemic 
tolerance.[80] In addition, postconditioning can be mimicked 
using anesthetics or other pharmacological agents as stimuli 
to protect against ischemia/reperfusion injury.[24] New 
evidence shows that ischemic preconditioning can exert its 
protective effects through the PI3K/Akt2 pathway, which 
plays an important role in regulating cell growth, apoptosis, 
and cell proliferation.[91] In addition, the PI3K/Akt2 pathway 
is an important regulator of antiapoptotic protection after 
ischemic conditioning.[92] Therefore, IPostC by activating 
intracellular mechanisms and expression of antiapoptotic 
genes, reduction of oxidative stress, and the prevention of 
the release of inflammatory factors minimizes long‑term 
damage to neurons and other parts of nerve tissue such 
as microglia. These interventions are suitable for not only 
acute ischemia treatment but also primary and secondary 
stroke prevention. However, there is still a long way to go 

Figure 4: Mechanism of anti‑inflammatory effects of post‑conditional ischemic. Ischemic postconditioning stimulates endogenous defense mechanisms. Decreased 
mitochondrial cytochrome C leads to suppression of the immune system, which in turn reduces the levels of inflammatory cytokines and chemokines. IL‑1β: 
Interleukin‑1 beta, TNF‑α: Tumor necrosis factor‑alpha, TLR‑2: Toll‑like receptor 2, TLR‑4: Toll‑like receptor 4, Cyto C: Cytochrome C, NF‑ҝB: Nuclear factor 
kappa‑light‑chain‑enhancer of activated B‑cells
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from basic research to the clinical application of IPostC. 
To use this method in the clinic, some points should be 
considered. Currently, there are many models and methods 
to study the mechanism of IPostC, and this method has not 
been standardized yet. Furthermore, most studies have 
investigated the acute effects of IPostC, whereas late animal 
experiments should be performed in older mice. Existing 
research on the treatment of IPostC is mostly focused on 
the acute stage of cerebral infarction, and there are few 
studies on the treatment process of IPostC. We hope that 
by studying the course of IPostC treatment, these studies 
will be useful and usable for clinical application.

CONCLUSION

Several studies have been conducted on the neuroprotective 
effects of ischemia post‑conditioning and most of them 
have confirmed the protective effects of this method. This 
method can be very helpful in the treatment of strokes and 
prevent further damage caused by reperfusion during the 
treatment process. This method is a non‑invasive and non‑
pharmacological method, so more additional studies should 
be done so that it can be used as a therapeutic method as 
soon as possible in the treatment of ischemia and strokes.
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