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* In cerebral ischemia, there is no
enough blood flow for the metabolism
of brain tissue.

» Apoptosis has a major role in cell
death following cerebral ischemia.

» Apoptosis occurs through two
general pathways of intrinsic and
extrinsic following cerebral ischemia.
* Calpain, caspases, and JNK are
among the most important molecules
involved in cerebral ischemic-induced
apoptosis.
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Cerebral ischemia is a disease in which there is no enough blood flow to provide
essential nutrients for brain activity and metabolism. Following the stroke, the
occurrence of two types of disorders is probable, including ischemia (85%) and
haemorrhage (15%). In cerebral ischemia conditions, various mechanisms cause
neural death, including increased extracellular glutamate amino acid concentration,
inflammation, oxidative stress, apoptosis, and necrosis-induced cell death. Each of
these mechanisms can potentially spread into the adjacent cells and tissues through
distinct molecular cascades. Although several mechanisms are involved in cerebral
ischemia pathogenesis, apoptosis plays a major role in cell death following cerebral
ischemia. After the onset of focal cerebral ischemia, the core region in the ischemic
brain with severe blood flow is lethally damaged, leading to cell death. Following
cerebral ischemia, apoptosis occurs through two general pathways of intrinsic and
extrinsic. The role of mitochondria and the released cytochrome C leading to
stimulation of caspase-3 is prominent in the intrinsic pathway. But, the extrinsic
pathway initiates with the activity of death receptors located on the cell surfaces of
neurons, causing stimulation of caspase-8. Calpain, caspases, and c-Jun N-terminal
kinases are considered key molecules involved in the cell apoptosis molecular
pathway. This study aimed to describe the apoptosis process in cerebral ischemia by
the use of key apoptotic molecules.
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Introduction
Cerebral ischemia is a disease in which there is not enough blood flow to the brain to respond to metabolism

(1). Stroke includes two types of ischemic stroke with a frequency of approximately 85% and hemorrhagic
stroke with a frequency of approximately 15% (2). Stroke is the second most common cause of death and the
leading cause of long-term disability (3). Stroke is a common and risky event that leads to death in about 25% of
cases (4). The treatments that have been proposed for ischemic stroke so far have not been effective (5), so
patients with this type of stroke face treatment problems.

The core of brain tissue that is exposed to decreased blood flow undergoes necrotic cell death. While in the
infarct area or penumbra, apoptotic cell death occurs, where the lateral blood flow provides some degree of
hypoxia (6). The penumbra area accounts for half of the total volume of injury during the early stages of
ischemia, which is affected by apoptosis and efforts, are being made to prevent the spread of injury in this area
(7, 8). Due to stroke, various mechanisms cause neuronal death in central nervous system ischemia, including
excitotoxicity, increased extracellular glutamate amino acid concentration, oxidative stress, apoptosis, and
necrosis-induced cell death. Each of these mechanisms appears to extend through distinct molecular cascades
(9). The phenomenon of apoptosis or programmed cell death plays a major role in neuronal death after stroke in
and around ischemic areas (10-12).

Following an ischemic stroke, apoptosis begins in two general ways. One is the intrinsic pathway that occurs
primarily in the mitochondria, releases cytochrome C, and is associated with caspase-3 stimulation. Another is
the extrinsic pathway that begins with the activity of death receptors on the surface of neurons and leads to the
stimulation of caspase-8 (7). The caspase family of proteases is important in inducing apoptosis in neurons after
stroke. Recent studies have shown that in addition to caspase-3, another protease is involved in apoptosis.
Studies show that by removing caspase-3, calpains play a prominent role in the process of apoptosis (13).
Calpains are active proteolytic enzymes of calcium that are located in the cell cytoplasm. Calpain in the
cytoplasm is an inactive proenzyme that is activated in the presence of high levels of calcium (14). The studies
also show that this cysteine protease is involved in neuronal cell death (15).

Other evidence to elucidate the role of calpains suggests that the apoptosis-inducing factor (AIF) is known as
one of the calpain substrates (16). This evidence suggests an interaction between calpain and mitochondria, in
which calpain activity regulates the release of proteins from the inner membrane of mitochondria to the
cytoplasm. These proteases play a unique role in the regulation of caspase-independent apoptosis (17). On the
other hand, studies have shown that calpain is activated by DNA damage and activates P53. Calpain inhibitors
reduce the activity of P53, indicating that calpain regulates apoptosis due to DNA damage (18, 19). Another
mechanism that leads to cell death by activated calpain is the cleavage of several proteins in the axonal
cytoskeleton of neurons (20). This cysteine protease is secreted by leukocytes, endothelial cells, and parathyroid
cells and plays a vital role in inflammation/immunity. Few studies have shown that calpain is present partially
outside the cell, but the secretion and function of external calpain are less known (21). However, in addition to
calpains, some other proteins such as caspases and c-Jun N-terminal kinases play key roles in the apoptosis
process. These molecules are also involved in the pathophysiology of stroke.

This study aimed to describe the intrinsic and extrinsic apoptotic pathways involved in stroke and the

corresponding molecules in each of these pathways.

Stroke disorder

Stroke is the second leading cause of death after a heart attack, accounting for 9% of worldwide deaths (22).
Stroke includes two main types of ischemia and haemorrhage (23). Ischemic stroke has a complex nature,
multiple causes and variable clinical manifestations. The cause of cerebral ischemia is approximately 45% of
small or large vascular thrombosis cases, 20% of embolic and other cases unknown. When cerebral ischemia
occurs, blood flow to the brain is disrupted, and brain cells are deprived of the glucose and oxygen they need to

function (24). Neurons are vulnerable to glial and vascular cells and, when exposed to ischemic hypoxia,
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rapidly lose their function and die (25). Cerebral ischemia is divided into three categories: focal and global, and
multifocal ischemia. Global ischemia occurs when cerebral blood flow (CBF) is reduced in most or all parts of
the brain. Following complete global ischemia, blood flow is completely cut off, while with incomplete global
ischemia, blood flow is severely reduced to the point where it is not sufficient to maintain metabolism and brain
structure. In global cerebral ischemia, there is not enough CBF in any brain area, which initially leads to
neuronal damage to the brain, and if it continues, all neurons will be destroyed. In multifocal ischemia, which is

limited to a specific brain area, there is an irregular pattern of reduced CBF in most or all parts of the brain (26).

Molecular mechanisms of stroke

In cerebral ischemia, various mechanisms cause neuronal death, including increased extracellular glutamate
amino acid concentration, inflammation, oxidative stress, apoptosis, and necrosis-induced cell death. Each of
these mechanisms appears to extend through distinct molecular cascades (27). In cerebral ischemia, hypoxia
occurs due to the temporary cessation of blood flow, and hypoxia has devastating effects on brain tissue. For
example, in these areas, there is a wave of depolarization that leads to the release of neurotransmitters, weak
ion pumps, leukocytes activate and start to the secretion of inflammatory mediators and free radicals, and

finally, lead to inflammation of neurons, neuronal damage, and apoptosis (28).

Apoptosis and its role in stroke

The word apoptosis was first introduced by researchers in 1972. Apoptosis, the Greek word for leaf fall from
a tree, signified a new type of cell death in the liver and, because of its characteristics, distinguished it from
other types of cell death (29). Apoptosis is a systematic process of cell death dependent on energy that destroys
excess cells (6). Apoptosis is involved in the pathogenesis of many disorders such as cancer, AIDS and other
immune disorders, cardiovascular disease and many neurodegenerative diseases, including Alzheimer's,
Parkinson's and stroke (29, 30). Although several mechanisms are involved in the pathogenesis of cerebral
ischemia, apoptosis plays a major role in cell death after cerebral ischemia (31, 32). Some minutes after the onset
of focal cerebral ischemia, brain tissue in the core region under severe blood flow is fatally damaged, leading to
cell death. An area surrounds the core with less severely affected tissue (penumbra), which is functionally
marginal due to reduced blood flow but is metabolically active. It is known as ischemia penumbra and
represents an area for which there is a chance of salvation through post-stroke treatment. Therefore, preventing
and targeting apoptosis in the penumbra is essential as a rational therapeutic target to limit the volume of
cerebral infarction after stroke. Following cerebral ischemia, apoptosis begins through two general pathways.
One is the internal pathway that occurs mainly in the mitochondria, releases cytochrome C, and is involved in
stimulating caspase-3. The other is the external pathway that begins with the activity of death receptors on the

surface of neurons and leads to the stimulation of caspase-8.

The intrinsic pathway of apoptosis

The onset of cerebral ischemia limits the delivery of substrates, primarily oxygen and glucose, and disrupts
the energy required to maintain a neuronal ion gradient. Rapid depletion of energy after cerebral ischemia leads
to loss of membrane potential and neuronal depolarization. In the intrinsic pathway, increasing the level of
extracellular concentration of the glutamate amino acid leads to excessive activity of the NMDA glutamate
receptor subset, which leads to the accumulation of intracellular Ca?. Thus, Ca* dependent enzymes are
activated, including calpain protease, caspases, nitric oxide-producing enzymes, free radicals, and arachidonic
acid metabolites (33). By increasing Ca?" through the internal pathway of apoptosis and stimulating caspase-8
through the external pathway of apoptosis, the activity of calpain leads to the breakdown of BID into its active
form, tBID. BID is a cytosolic member of the Bcl-2 family of pro-apoptotic proteins, which is transmitted to the
mitochondria when it receives a lethal signal (34). BID is an essential mediator of ischemia-induced cell death

within neurons (35). The tBID targets the outer membrane of the mitochondria and induces structural changes
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in other pre-apoptotic proteins such as Bax, BAD, Bak, and caspases. These pro-apoptotic proteins can react
with tBID and anti-apoptotic proteins. The mechanism that induces the release of apoptotic factors from the
periplasmic space by pre-apoptotic proteins has not been established; however, it is believed that this
mechanism occurs through the opening of mitochondrial transport pores. After the mitochondrial transporter
pores open, two groups of pre-apoptotic protein are released from the periplasmic space into the cytosol. The
first group contains cytochrome C and serine protease, and the second group contains apoptosis-inducing
factors (AIF) and endonuclease G (36). When the first group of proteins is released, they activate the caspase-
dependent mitochondrial pathway. After release from the inner mitochondrial membrane, cytochrome C forms
the apoptosome complex with the cytosolic protein Apaf-1 and the precursor caspase-9, followed by activating
caspase-9, a primer of the caspase cascade dependent on cytochrome C, and then caspase-3. Caspase 3 breaks

down many substrate proteins, leading to DNA damage and cell death through apoptosis (37).

Calcium influx in the apoptosis

Alteration of Ca* concentration stimulates and regulates many important cellular functions, including
muscle contraction and secretion of neurotransmitters. Ca? also plays an important role in regulating
mitochondrial physiology and cell death. Regulation of stable endoplasmic calcium levels seems an important
regulator of Ca?* dependent apoptotic cell death (38). The concentration of free Ca?* in the cytoplasm of resting
neurons is deficient (100 nM), while its extracellular concentration is estimated to be 1-2 mM. Neural levels of
Ca? are maintained by: 1) Extracellular Ca? entry through ligand-dependent receptors or voltage-dependent
Ca? channels. 2) Release of Ca? from the endoplasmic reticulum by stimulation of InsP3R receptors or the
mitochondria via Ca**Na* exchange. 3) Extraction of Ca? via Ca?*-ATPase or Ca*-Na* exchange in the plasma
membrane. 4) Binding of Ca? to target proteins. 5) Transfer of Ca* to the endoplasmic reticulum via
Ca?_ATPase or through electrophoretic mechanisms. Thus, energy loss in hypoxic ischemia leads to neuronal
accumulation of free Ca? by increasing the entry and release of Ca?". The Ca? entry via NMDA receptors affects
a large proportion of Ca? uptake after hypoxic ischemia. The continued increase in intracellular Ca* leads to the
catabolic process of vital molecules and neuronal cell death through various mechanisms involving the activity
of Ca Ca*- dependent influencing proteins (9). Calcium accumulation activates catabolic processes mediated by
proteases, lipases, nucleases, and other Ca?- dependent enzymes, leading to NO, arachidonic acid metabolites,

and superoxides, which ultimately lead to cell death (39).

The extrinsicpathway of apoptosis induced by cell death receptors

Death receptors on the cell's plasma membrane are involved in the extrinsic mechanism of apoptosis, also
known as the "death receptor pathway". Death receptors on the cell membrane belong to the TNFR receptor
superfamily and include TNFR-1, FAS, and p75NTR.Forkheadl is a member of the Fork head family and is a
transcription factor that stimulates the expression of target genes such as FasL used in the extracellular receptor
pathway. FasL initiates apoptosis by binding to the Fas receptor, leading to the invocation of the FADD adapter
protein. FADD has an effective death region in its N-terminal region that interacts with a similar region in the
caspase-8 precursor. This FasL-Fas-FADD-procaspase-8 complex is referred to as the death-inducing signalling
complex. This signal complex catalyzes the proteolytic breakdown and activation of caspase-8 precursor to
produce caspase-8, thereby converting procaspase-8 to activated caspase-8. When caspase-8 is activated, it is
released from the complex into the cytosol and initiates the downstream breakdown of caspase-3 directly or
through a mitochondrial-dependent mechanism (40). The differences of extrinsic and intrinsic apoptosis

pathways are shown in Figure 1.
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Figure 1. Difference between intrinsic and extrinsic apoptosis pathways. The surface receptors of the cell

membrane are involved in the extrinsic pathway while the mitochondria are involved in the intrinsic pathway.

Calpain apoptotic protease

After global cerebral ischemia, neuronal death often occurs hours or days late. This interval indicates the
best time for treatment. Research shows that disruption of Ca? neuronal homeostasis plays an essential role in
this process. The increase in cytosolic Ca?* during ischemia is often reversible and occurs in neurons that have
been destroyed and those that are alive (41). However, a secondary increase in intracellular Ca? in neurons
causes them to be destroyed. Research also suggests that this secondary increase in Ca?* accelerates neuronal
death. Elevation of cytosolic Ca?* causes the activity of calpain, a family of rare nonlysosomal cysteine proteases
(41). Calpain is a calcium-dependent neutral cysteine protease with two iso-enzyme forms: m-calpain and
calpain-p. Calpain is present as a proenzyme in an inactive form in the cytosol, in the normal range of 50-100
nM concentration of Ca? in resting cells. An increase in free cytoplasmic Ca? leads to calpain activity, which
depends on the amount of calcium and its activity site. The calpain-p needs millimolar levels of Ca?* to activate
it. Thus, calpain is a major protease of apoptosis involved in neurodegenerative diseases. Calpains are activated
in apoptotic and necrotic conditions, while caspase-3 is activated only in apoptotic neurons (42). Physiological
roles of clumps in the brain including regulating neurite outcomes and long-term amplification and synaptic
regeneration. After focal and global ischemia, brain calpain activity increases and calpain inhibitors provide
varying levels of neuroprotective activity in animal models. However, the mechanisms involved by calpain in
neuronal death after ischemia have been estimated. Calpains often break down a large number of the
cytoskeleton and regulatory proteins, leading to alterations and loss of function. Thus, calpain activity
contributes to the apoptotic death of neurons (41). The effect of increasing calcium on calpain function is

illustrated in Figure 2.

Caspases enzymes

Caspases are proteases that are synthesized as inactive zymogenes and undergo proteolytic breakdowns
during apoptosis. These active proteases are responsible for the coordinated, non-inflammatory, and efficient
destruction of cells. Efficient removal of apoptotic cells plays an important role in the formation of three-
dimensional structures, homeostasis, and abnormal, harmful, and dysfunctional cells. Inefficient removal of
apoptotic cells has been associated with many autoimmune and chronic inflammatory diseases. As a result of
these fractures, small and large subunits are produced from them, and finally, the active form of the enzyme is
obtained. Family members of caspases have been categorized in different ways, for example, Marie Mancini and
colleagues during their research in 1998 (43) have divided them into three groups based on the specificity of the

substrate but usually divide them into two general groups; 1) initiator/signalling caspases: whose primary
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function is to activate members of the second group. This group includes caspases 2, 8, 9, and 10. 2)
Executor/effective caspases are responsible for the proteolytic breakdown of specific target proteins in the cell
and are caspases 3, 6, 7. Caspase enzymes were first identified as the cause of programmed cell death or
apoptosis in a study of Caenorhabditis elegans worms. This study found that a death agent called CED had to
be expressed during the embryonic development of these worms for apoptosis to occur (44). It has also been

suggested that the structure of CED is very similar to that of humans in ICE, now called caspase-1.

Increasing Ca?*
-

Cell death

Figure 2. Cell death mechanisms. The calcium-calpain pathway has a main role in the apoptosis procedure.
Increasing calcium incytoplasm trigger calpainproteases which, by acting on AIF, result in the cell death via
activation of BAX.

This study led to the recognition of other members of this family of proteases called caspases and their role
in causing inflammation and apoptosis. So far, 14 members of this family have been identified (45). Caspases are
very similar in terms of amino acid sequence and structure. They are all single-chain protostomes with three
regions of the N segment, a large subunit and a small subunit. Caspases are divided into two groups based on
their function in apoptosis. It is believed that the first group, called an activator, upstream or apical (caspases 2,
8, 9, and 10) is responsible for the onset of apoptotic activator cascades, while the second group, called final,
downstream, or practical (caspases 3, 6, and 7) is responsible for the final destruction of the cell (46).

This destruction includes the destruction of cellular structures, disruption of cell metabolism, inactivation of
proteins that inhibit cell death, and other destructive enzymes (47). According to a study by Zheng et al., in 2003
(48), it can be concluded that in most forms of apoptosis in mammals, the expression and activity of caspases
occur. The exact mechanism of action of caspases is not yet known. However, most stimuli that lead to
apoptosis appear to activate caspases in three ways (48); 1) death receptor pathway, 2) cytotoxic T lymphocyte
pathway (CTL)/natural killer (CTL/NK-derived gr-anzyme B), and 3) Mitochondrial stress pathway/apoptosis.

We will study this enzyme further, considering the role of caspase-3 as the main destroying enzyme in all
three possible pathways. Other names for Caspase 3 are CPP32 / YAMA / APOPAIN. This enzyme is
responsible for breaking down many essential proteins such as PARP. Using the DNA sequencing technique, it
was found that the human caspase-3 sequence encodes a 32 kDa cysteine protease called CPP32 (49). Two other
research groups independently identified it as YAMA (Hindi word meaning "god of death") and Apopain (50).
Caspase 3 is highly expressed in cells of lymphocytic origin. As mentioned, the enzyme caspase 3 breaks down
polyribosome polymerases or PARP. A substance similar to PARP was made as a substrate based on the
fracture site of this polymerase called Asp-Glu-Val-Asp (DEVD). The name of this substrate is p-nitroanilide,

199



Cent Asian J Med Pharm Sci Innov 1(4): 194-204 (2021) Mohtasham et al.,

and the enzyme caspase breaks it down like PARP. This phenomenon is the basis of testing the activity of
caspase-3. Another substance is called Ac-DEVD. CHO was developed as a specific inhibitor of PARP, which
could be used to purify caspase-3 protease or as a caspase-3 inhibitor for use in the negative control of caspase-3
assay. The active enzyme caspase-3 has two subunits of 17 and 12 kDa (51). During the destruction phase in
apoptosis, caspase-3 is responsible for the proteolysis of all or most substrates that have an Asp-Xaa-Xaa-Asp

motif, and their breaking mechanism is similar to that described for PARP (52).

c-Jun N-terminal Kinase

The c-Jun N-terminal kinases (JNKs) are a subset of MAP kinases. Kinases are a family of signal proteins and
are mainly activated by cytokines such as TNF-a and IL-1, and JNK is activated by exposure to environmental
stresses such as radiation and oxidative stress. Also known as stress-activated protein kinase (SAPK), it is
activated by several environmental stresses. There are three genes for JNK: JNK1, JNK2, JNK3 (53-55). It also
contains 10 isoforms derived from three genes JNKI: four isoforms, JNK2 has four isoforms, and JNK3 has two
isoforms. JNK1, 2 are expressed everywhere, but JNK3 is mainly expressed in cardiac, neuronal, and testis
tissues (56). Each JNK is expressed as two subunits (46 kDa) and (54 kDa) (57). The JNK pathway plays a major
role in apoptosis. The signal pathways that initiate apoptosis are divided into two groups: 1) external pathways
initiated by death receptors. 2) internal pathways initiated by mitochondrial events. JNK has been shown to
play a central role in both directions. JNK was first identified as a protein kinase that phosphorylates the c-Jun
transcription factor at the N-terminal activation site in serins 63 and 73 (57, 53).

JNK induces apoptosis through transcription-dependent and non-transcriptional mechanisms. In addition,
mitochondria are a primary target for JNK pre-apoptotic signalling (58). JNK is activated by a kinase cascade.
Dual phosphorylation is involved in the JNK activation mechanism. This phosphorylation is carried out by two
specific MAPK kinases or MKK. JNK is phosphorylated and activated by mkk4 and mkk?7 at the residue site of
tyrosine and threonine. The diversity of the upstream mediators mkk4 and mkk7 may activate the JNK pathway
by a range of external stimuli (59). These upstream kinases are activated by the MAPKKKS5 family, including
MLK1, and MEKK? (60).

Upon activation by upstream kinases, phosphorylated JNK is transported to the nucleus, where it activates
cjun at serine residues 13 and 73 and induces the transcription-dependent signal pathway JNK. It also
phosphorylates several other transcription factors, including JunD, ATF82, and ATF3. Thus, JNK nuclear
activity could potentially increase the expression of pre-apoptotic genes or decrease the expression of pro-
survival genes (61). In addition to nuclear signalling, which leads to the upregulation of pre-apoptotic genes
and the down-regulation of anti-apoptotic genes, JNK plays an essential role in modulating the function of pro-
apoptotic proteins located in the mitochondria through separate phosphorylation events. Accordingly,
following activation by an apoptotic stimulus, JNK is readily transported to the mitochondria. Several studies
have shown that JNK can both phosphorylate and regulate their precursor and anti-apoptotic proteins. For
example, JNK can phosphorylate Bcl-2 and Bcl-xL and reduce their anti-apoptotic activity, and it can also
phosphorylate Bim and Bmf pre-apoptotic proteins and increase their pre-apoptotic effect.

Phosphorylation of Bim and Bmf by JNK releases them (most pre-apoptotic proteins are inactivated and
bound to their binding protein in the cytoplasm. However, after ischemia or other stress stimuli) Are activated
and distributed from the cytoplasm to the mitochondria). Released Bim and Bmf can activate Bax. Activated Bax
forms membrane channels for the release of apoptotic proteins such as cytochrome C. Another protein targeted
by the JNK to increase apoptosis is bad. JNK phosphorylates explicitly Bad at Ser128. Bad increases cell death
by interacting and inhibiting Bcl-2 proteins (54, 61).

Recently, the JNK signalling pathway has been considered in studies of neuronal apoptosis in cerebral
ischemia. Studies show that the JNK pathway plays a vital role in the pathogenesis of many neurological
disorders, including ischemic stroke, Parkinson, and Alzheimer (54). The JNK signalling pathway is a potential

cascade that mediates neuronal apoptosis induced by focal and global ischemia. Inhibition of JNK reduces
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neuronal apoptosis in the ischemic region. Several neuroprotectants, including SP600125, Edaravone, and
Emodin, exert their protective effect by inhibiting the JNK pathway. D-JNKI1 is a JNK inhibitor that prevents
neuronal loss in both transient and permanent middle cerebral artery occlusion models and has a strong
neuroprotective effect even when given 1 to 12 hours after ischemia. This is the first drug that provides such
strong protection with delayed administration. JNK is, therefore an important therapeutic target for the
prevention of ischemic neuronal death (62). However, some papers are investigating the role of apoptosis in the

pathology of stroke, which can help better understand these contents (63, 64).

Conclusion

Stroke is a major health threat with a high mortality rate. Various mechanisms cause neuronal death in
ischemia of the central nervous system due to stroke. The phenomenon of apoptosis or programmed cell death
plays a major role in neuronal death after stroke in and around ischemic areas. Apoptosis occurs through the
intrinsic and extrinsic pathways. Calpains are calcium-active proteolytic enzymes located in the cell cytoplasm
and lead to apoptotic cell death through the intrinsic pathway. Caspases are divided into two categories:
initiator and effector. The exact mechanism of action of caspases is not yet known. However, most stimuli that
lead to apoptosis appear to activate caspases in three ways: 1) death receptor pathway, 2) cytotoxic T
lymphocyte pathway (CTL)/natural killer (CTL/NK-derived granzyme B), and 3) mitochondrial/apoptosome
pathway. The c-Jun N-terminal kinases are a subset of MAP kinases. MAP kinases are a family of signal
proteins and are mainly activated by cytokines such as TNF-a and IL-1, and JNK is activated by exposure to
environmental stresses such as radiation and oxidative stress. Also known as stress-activated protein kinase
(SAPK)), it is activated by several environmental stresses. Identifying the cellular and molecular mechanisms

involved in stroke, such as apoptosis, will significantly aid in therapeutic approaches to this disorder.

References

1. Haramati O, Mane R, Molczadzki G, Perez-Polo JR, Chalifa-Caspi V, Golan HM. Magnesium sulfate
treatment alters fetal cerebellar gene expression responses to hypoxia. Int ] Develop Neurosci 2010; 28(2):
207-216. https://doi.org/10.1016/j.ijdevneu.2009.11.001

2. Lakhan SE, Kirchgessner A, Hofer M. Inflammatory mechanisms in ischemic stroke: therapeutic
approaches. ] Transl Med 2009; 7(1): 97-107. https://doi.org/10.1186/1479-5876-7-97

3. Macrez R, Ali C, Toutirais O, Le Mauff B, Defer G, Dirnagl U, Vivien D. Stroke and the immune system:
from pathophysiology to new therapeutic strategies. Lancet Neurol 2011; 10(5): 471-480.
https://doi.org/10.1016/S1474-4422(11)70066-7

4. Azarpazhooh MR, Mobarra N, Parizadeh SM, Tavallaie S, Bagheri M, Rahsepar AA, Ghayour-Mobarhan
M, Sahebkar A, Ferns GA. Serum high-sensitivity C-reactive protein and heat shock protein 27 antibody
titers in patients with stroke and 6-month prognosis. Angiology 2010; 61(6): 607-612.
https://doi.org/10.1177/0003319709360524

5. SunY, Jiang ], Zhang Z, Yu P, Wang L, Xu C, Liu W, Wang Y. Antioxidative and thrombolytic TMP nitrone
for  treatment of ischemic stroke. Bioorg Med Chem 2008, 16(19): 8868-8874.
https://doi.org/10.1016/j.bmc.2008.08.075

6. Taylor RC, Cullen SP, Martin SJ. Apoptosis: controlled demolition at the cellular level. Nat Rev Mol Cell
Biol 2008; 9(3): 231-241. https://doi.org/10.1038/nrm2312

7. Zhu], Shen W, Gao L, Gu H, Shen S, Wang Y, Wu H, Guo J. PI3K/Akt-independent negative regulation of
JNK signaling by MKP-7 after cerebral ischemia in rat hippocampus. BMC Neurosci 2013; 14(1): 1-11.
https://doi.org/10.1186/1471-2202-14-1

8. Davies C, Tournier C. Exploring the function of the JNK (c-Jun N-terminal kinase) signalling pathway in
physiological and pathological processes to design novel therapeutic strategies. Biochem Soc Trans 2012;
40(1): 85-89. https://doi.org/10.1042/BST20110641

9.  Won §], Kim DY, Gwag BJ. Cellular and molecular pathways of ischemic neuronal death. ] Biochem Mol
Biol 2002; 35(1): 67-86. https://doi.org/10.5483/bmbrep.2002.35.1.067

201


https://d1wqtxts1xzle7.cloudfront.net/61316295/j.ijdevneu.2009.11.00120191124-22234-f7wc74.pdf?1574597683=&response-content-disposition=inline%3B+filename%3DMagnesium_sulfate_treatment_alters_fetal.pdf&Expires=1631081090&Signature=ARDwv~9aA7Z4t7VQ9-mU-45tBGJKh9c7uGbUGPViDtbFKFS66ygmvWsyllatjPW8tqM62jqElU7~xwQids3ruy9NYfY4IJGuztvQY41NJcSBZk4OYrDUpxPB9CYXI~SDUylTF8Fg6sT7iadGBhJAu08fA5ET224OtG8LFXmuua57TQDQJd4E1EHyutHibiyyeaq0QsWsNjct7UpY5arbL7jdmaPl1xrvn6HZcvRCAsdwQXAX76XVkS5xmFb6U-jTL7l~~ue8BRGe~zTEuZPvk0frH4rb9DjD3ygFREpgp98JTNh9b2a0O5Sa2ALHQpSZXtPsX1rqis5awwAaL2Tm~A__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/61316295/j.ijdevneu.2009.11.00120191124-22234-f7wc74.pdf?1574597683=&response-content-disposition=inline%3B+filename%3DMagnesium_sulfate_treatment_alters_fetal.pdf&Expires=1631081090&Signature=ARDwv~9aA7Z4t7VQ9-mU-45tBGJKh9c7uGbUGPViDtbFKFS66ygmvWsyllatjPW8tqM62jqElU7~xwQids3ruy9NYfY4IJGuztvQY41NJcSBZk4OYrDUpxPB9CYXI~SDUylTF8Fg6sT7iadGBhJAu08fA5ET224OtG8LFXmuua57TQDQJd4E1EHyutHibiyyeaq0QsWsNjct7UpY5arbL7jdmaPl1xrvn6HZcvRCAsdwQXAX76XVkS5xmFb6U-jTL7l~~ue8BRGe~zTEuZPvk0frH4rb9DjD3ygFREpgp98JTNh9b2a0O5Sa2ALHQpSZXtPsX1rqis5awwAaL2Tm~A__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1016/j.ijdevneu.2009.11.001
https://cyberleninka.org/article/n/6051.pdf
https://cyberleninka.org/article/n/6051.pdf
https://doi.org/10.1186/1479-5876-7-97
https://srv2.freepaper.me/n/2gnl5WU4VTJfTP-2AHQRjA/PDF/48/4855fa62755cbbdb8a1c8ee0647dc120.pdf
https://srv2.freepaper.me/n/2gnl5WU4VTJfTP-2AHQRjA/PDF/48/4855fa62755cbbdb8a1c8ee0647dc120.pdf
https://doi.org/10.1016/S1474-4422(11)70066-7
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.972.4921&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.972.4921&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.972.4921&rep=rep1&type=pdf
https://doi.org/10.1177%2F0003319709360524
https://www.sciencedirect.com/science/article/pii/S0968089608008109?casa_token=gctKQjM1xkwAAAAA:7CmPWLeYdYNy4TIW2-kNKf2I3YiCkL2_GkjwtbmVQIE0woucmB7VyKbhanme48eXtzvv38Kr
https://www.sciencedirect.com/science/article/pii/S0968089608008109?casa_token=gctKQjM1xkwAAAAA:7CmPWLeYdYNy4TIW2-kNKf2I3YiCkL2_GkjwtbmVQIE0woucmB7VyKbhanme48eXtzvv38Kr
https://doi.org/10.1016/j.bmc.2008.08.075
https://eclass.uoa.gr/modules/document/file.php/BIOL177/%CE%A3%CE%95%CE%9C%CE%99%CE%9D%CE%91%CE%A1%CE%99%CE%91%202011-2012/Papazafiri%205.pdf
https://doi.org/10.1038/nrm2312
https://bmcneurosci.biomedcentral.com/track/pdf/10.1186/1471-2202-14-1.pdf
https://bmcneurosci.biomedcentral.com/track/pdf/10.1186/1471-2202-14-1.pdf
https://doi.org/10.1186/1471-2202-14-1
https://www.researchgate.net/profile/Clare-Davies-7/publication/221762250_Exploring_the_function_of_the_JNK_c-Jun_N-terminal_kinase_signaling_pathway_in_physiological_and_pathological_processes_to_design_novel_therapeutic_strategies/links/0f317533bff4a7bc35000000/Exploring-the-function-of-the-JNK-c-Jun-N-terminal-kinase-signaling-pathway-in-physiological-and-pathological-processes-to-design-novel-therapeutic-strategies.pdf
https://www.researchgate.net/profile/Clare-Davies-7/publication/221762250_Exploring_the_function_of_the_JNK_c-Jun_N-terminal_kinase_signaling_pathway_in_physiological_and_pathological_processes_to_design_novel_therapeutic_strategies/links/0f317533bff4a7bc35000000/Exploring-the-function-of-the-JNK-c-Jun-N-terminal-kinase-signaling-pathway-in-physiological-and-pathological-processes-to-design-novel-therapeutic-strategies.pdf
https://doi.org/10.1042/BST20110641
http://www.ndsl.kr/soc_img/society/ksbmb/E1MBB7/2002/v35n1/E1MBB7_2002_v35n1_67.pdf
https://doi.org/10.5483/bmbrep.2002.35.1.067

Cent Asian J Med Pharm Sci Innov 1(4): 194-204 (2021) Mohtasham et al.,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Yang M, Abdalrahman H, Sonia U, Mohammed A, Vestine U, Wang M, Ebadi AG, Toughani M. The
application of DNA molecular markers in the study of Codonopsis species genetic variation, a review. Cell
Mol Biol 2020; 2: 23-30. https://doi.org/10.14715/cmb/2020.66.2.3

Liu N, Chen R, Du H, Wang J, Zhang Y, Wen ]. Expression of IL-10 and TNF-alpha in rats with cerebral
infarction after transplantation with mesenchymal stem cells. Cell Mol Immunol 2009; 6(3): 207-213.
https://doi.org/10.1038/cmi.2009.28

Repici M, Centeno C, Tomasi S, Forloni G, Bonny C, Vercelli A, Borsello T. Time-course of c-Jun N-terminal
kinase activation after cerebral ischemia and effect of D-JNKI1 on c-Jun and caspase-3 activation.
Neuroscience 2007; 150(1): 40-49. https://doi.org/10.1016/j.neuroscience.2007.08.021

Liu T, Perry G, Chan HW, Verdile G, Martins RN, Smith MA, Atwood CS. Amyloid-beta-induced toxicity
of primary neurons is dependent upon differentiation-associated increases in tau and cyclin-dependent
kinase 5 expression. ] Neurochem 2004; 88(3): 554-563. https://doi.org/10.1046/j.1471-4159.2003.02196.x
Neumar RW, Xu YA, Gada H, Guttmann RP, Siman R. Cross-talk between calpain and caspase proteolytic
systems  during  neuronal apoptosis. ] Biol Chem = 2003; @ 278(16):  14162-14167.
https://doi.org/10.1074/jbc.M212255200

Sharma AK, Rohrer B. Calcium-induced calpain mediates apoptosis via caspase-3 in a mouse
photoreceptor cell line. ] Biol Chem 2004; 279(34): 35564-35572. https://doi.org/10.1074/jbc.M401037200

Pike BR, Flint ], Dutta S, Johnson E, Wang KK, Hayes RL. Accumulation of non-erythroid alpha II-spectrin
and calpain-cleaved alpha IlI-spectrin breakdown products in cerebrospinal fluid after traumatic brain
injury in rats. ] Neurochem 2001; 78(6): 1297-1306. https://doi.org/10.1046/j.1471-4159.2001.00510.x

Li J, Nixon R, Messer A, Berman S, Bursztajn S. Altered gene expression for calpain/calpastatin system in
motor neuron degeneration (Mnd) mutant mouse brain and spinal cord. Brain Res Mol Brain Res 1998;
53(1-2): 174-186. https://doi.org/10.1016/50169-328X(97)00295-7

Saulle E, Gubellini P, Picconi B, Centonze D, Tropepi D, Pisani A, Morari M, Marti M, Rossi L, Papa M,
Bernardi G. Neuronal vulnerability following inhibition of mitochondrial complex II: a possible ionic
mechanism for Huntington's disease. Mol Cell Neurosci 2004; 25(1): 9-20.
https://doi.org/10.1016/j.mcn.2003.09.013

Smith MA, Casadesus G, Joseph JA, Perry G. Amyloid-beta and tau serve antioxidant functions in the
aging and Alzheimer brain. Free Radical Biol Med 2002; 33(9): 1194-1199. https://doi.org/10.1016/S0891-
5849(02)01021-3

Kieran D, Greensmith L. Inhibition of calpains, by treatment with leupeptin, improves motoneuron
survival and muscle function in models of motoneuron degeneration. Neuroscience 2004; 125(2): 427-439.
https://doi.org/10.1016/j.neuroscience.2004.01.046

Perez ], Dansou B, Hervé R, Levi C, Tamouza H, Vandermeersch S, Demey-Thomas E, Haymann JP,
Zafrani L, Klatzmann D, Boissier MC. Calpains Released by T Lymphocytes Cleave TLR2 To Control IL-17
Expression. ] Immunol 2016; 196(1): 168-181. https://doi.org/10.4049/jimmunol.1500749

Rodrigo R, Fernandez-Gajardo R, Gutiérrez R, Manuel Matamala ], Carrasco R, Miranda-Merchak A,
Feuerhake W. Oxidative stress and pathophysiology of ischemic stroke: novel therapeutic opportunities.
CNS Neurol Disord Drug Targets 2013; 12(5): 698-714. https://doi.org/10.2174/1871527311312050015

Bao S, Ebadi A, Toughani M, Dalle ], Maseleno A, Yildizbas1 A. A new method for optimal parameters
identification of a PEMFC using an improved version of Monarch Butterfly Optimization Algorithm. Int |
Hydrogen Energy 2020; 45(35): 17882-17892. https://doi.org/10.1016/j.ijjhydene.2020.04.256

Wang Y, Dou S, Zhang Q, Ebadi AG, Chen ], Toughani M. Bacterial Separation and Community Diversity
Analysis of Petroleum Contaminated Soil in Yumen Oilfield. Rev Chim 2020; 71(3): 595-607.
https://doi.org/10.37358/RC.20.3.8035

McCullough LD, Blizzard K, Simpson ER, Oz OK, Hurn PD. Aromatase cytochrome P450 and extragonadal
estrogen play a 7role in ischemic neuroprotection. J Neurosci 2003; 23(25): 8701-8705.
https://doi.org/10.1523/jneurosci.23-25-08701.2003

Lowry OH, Passonneau JV, Hasselberger FX, Schulz DW. Effect of Ischemia on Known Substrates and
Cofactors of the Glycolytic Pathway in Brain. ] Biol Chem 1964; 239: 18-30. https://doi.org/10.1016/S0021-
9258(18)51740-3

Yang M, Efehi N, Jin Y, Zhang Q, Ebadi AG, Toughani M. Hot Water Extraction of Crude Polysaccharide
from Codonopsis pilosula and Determination of the Rheological Properties. Rev Chim 2020; 71(5): 441-449.
https://doi.org/10.37358/RC.20.5.8155

202


https://cellmolbiol.org/index.php/CMB/article/download/3477/1549
https://cellmolbiol.org/index.php/CMB/article/download/3477/1549
https://doi.org/10.14715/cmb/2020.66.2.3
https://www.nature.com/articles/cmi200928.pdf?origin=ppub
https://www.nature.com/articles/cmi200928.pdf?origin=ppub
https://doi.org/10.1038/cmi.2009.28
https://d1wqtxts1xzle7.cloudfront.net/44314756/Time-course_of_c-Jun_N-terminal_kinase_a20160401-7193-10jhtek.pdf?1459569835=&response-content-disposition=inline%3B+filename%3DTime_course_of_c_Jun_N_terminal_kinase_a.pdf&Expires=1631274089&Signature=DoD6olXg3fjISgz-uJfLYbo5lqfg8hOWu0uKJ7LkABi8etMskntZ9vE-p7nemjILkulE0yhT1ic~eYIRCZAMuyCM5YmBD37R~CuLzT4Tu~~G~A2c2~PHH2xbdti-uUJQ6xZoB4R1lOHRwAPgKh5LmCd6idrXFH4Y4rBnW5rPXbUscF~zKYYYzyFUSsqZoK2SQwy8AZ1svsOQ7pD9Z9byJ-IWeHFfNE2pSgJ3WPkr2LEuZ-3po-aOlPWwh3IZFti6aeoXBXClGRqgr02VIPA7zq9rUHN8TmAyd~tqKLNSSJrbKg6F8hfpVpHA9vlezM-Gh-A-pTyWAoTmt8VolHyKbw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/44314756/Time-course_of_c-Jun_N-terminal_kinase_a20160401-7193-10jhtek.pdf?1459569835=&response-content-disposition=inline%3B+filename%3DTime_course_of_c_Jun_N_terminal_kinase_a.pdf&Expires=1631274089&Signature=DoD6olXg3fjISgz-uJfLYbo5lqfg8hOWu0uKJ7LkABi8etMskntZ9vE-p7nemjILkulE0yhT1ic~eYIRCZAMuyCM5YmBD37R~CuLzT4Tu~~G~A2c2~PHH2xbdti-uUJQ6xZoB4R1lOHRwAPgKh5LmCd6idrXFH4Y4rBnW5rPXbUscF~zKYYYzyFUSsqZoK2SQwy8AZ1svsOQ7pD9Z9byJ-IWeHFfNE2pSgJ3WPkr2LEuZ-3po-aOlPWwh3IZFti6aeoXBXClGRqgr02VIPA7zq9rUHN8TmAyd~tqKLNSSJrbKg6F8hfpVpHA9vlezM-Gh-A-pTyWAoTmt8VolHyKbw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1016/j.neuroscience.2007.08.021
https://onlinelibrary.wiley.com/doi/pdf/10.1046/j.1471-4159.2003.02196.x
https://onlinelibrary.wiley.com/doi/pdf/10.1046/j.1471-4159.2003.02196.x
https://onlinelibrary.wiley.com/doi/pdf/10.1046/j.1471-4159.2003.02196.x
https://doi.org/10.1046/j.1471-4159.2003.02196.x
https://www.researchgate.net/profile/Robert-Siman/publication/10910571_Cross-talk_between_Calpain_and_Caspase_Proteolytic_Systems_During_Neuronal_Apoptosis/links/0deec5255b58d0e778000000/Cross-talk-between-Calpain-and-Caspase-Proteolytic-Systems-During-Neuronal-Apoptosis.pdf
https://www.researchgate.net/profile/Robert-Siman/publication/10910571_Cross-talk_between_Calpain_and_Caspase_Proteolytic_Systems_During_Neuronal_Apoptosis/links/0deec5255b58d0e778000000/Cross-talk-between-Calpain-and-Caspase-Proteolytic-Systems-During-Neuronal-Apoptosis.pdf
https://doi.org/10.1074/jbc.M212255200
http://www.jbc.org/content/292/32/13186.full.pdf
http://www.jbc.org/content/292/32/13186.full.pdf
https://doi.org/10.1074/jbc.M401037200
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1046/j.1471-4159.2001.00510.x
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1046/j.1471-4159.2001.00510.x
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1046/j.1471-4159.2001.00510.x
https://doi.org/10.1046/j.1471-4159.2001.00510.x
https://www.sciencedirect.com/science/article/pii/S0169328X97002957?casa_token=OniVQBIZJ60AAAAA:h8W-oi-naw5hhAoHDkUGUqOyP9abn7VMGDd0sy3UamI44vNKtrEQqUf04g5_IwCIk0QANPoW
https://www.sciencedirect.com/science/article/pii/S0169328X97002957?casa_token=OniVQBIZJ60AAAAA:h8W-oi-naw5hhAoHDkUGUqOyP9abn7VMGDd0sy3UamI44vNKtrEQqUf04g5_IwCIk0QANPoW
https://doi.org/10.1016/S0169-328X(97)00295-7
https://d1wqtxts1xzle7.cloudfront.net/45793221/j.mcn.2003.09.01320160519-16558-ceggli.pdf?1463720317=&response-content-disposition=inline%3B+filename%3DNeuronal_vulnerability_following_inhibit.pdf&Expires=1631275286&Signature=R5xoG8KW9~DiYx1ual6QMz~MKBybangApHj7QZ69XyH~NN1QYwd-Tw8lP-jkTvJVfDWao-cxEz-6dfd5vAqkA1WjqDEUqnX4z-oGfBHLTRKECrdZPGpBxtaClkWC2Y6qKodAfDxz-CxPw~Wl6ygxdgC6nvlz4IZbTWg09lYBkM6qe26msVx5xNtvilyt3AO~eeWs~5jm4hYjj5q0~o0iXFxH43Uis-s~WsJwS2fPsLcWQHazhraTHFnAfxgR4p4IkpUdcTk14b6epnoPmz5aKZjO6udivkbF0FiCZr~88BL2ne2fMo8ISqmhLkbFKqbEGHrWHs7Zkkb7sSnDFK4yRA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/45793221/j.mcn.2003.09.01320160519-16558-ceggli.pdf?1463720317=&response-content-disposition=inline%3B+filename%3DNeuronal_vulnerability_following_inhibit.pdf&Expires=1631275286&Signature=R5xoG8KW9~DiYx1ual6QMz~MKBybangApHj7QZ69XyH~NN1QYwd-Tw8lP-jkTvJVfDWao-cxEz-6dfd5vAqkA1WjqDEUqnX4z-oGfBHLTRKECrdZPGpBxtaClkWC2Y6qKodAfDxz-CxPw~Wl6ygxdgC6nvlz4IZbTWg09lYBkM6qe26msVx5xNtvilyt3AO~eeWs~5jm4hYjj5q0~o0iXFxH43Uis-s~WsJwS2fPsLcWQHazhraTHFnAfxgR4p4IkpUdcTk14b6epnoPmz5aKZjO6udivkbF0FiCZr~88BL2ne2fMo8ISqmhLkbFKqbEGHrWHs7Zkkb7sSnDFK4yRA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1016/j.mcn.2003.09.013
https://d1wqtxts1xzle7.cloudfront.net/42597403/Amyloid-_and__serve_antioxidant_function20160211-16240-1n4m02k.pdf?1455246974=&response-content-disposition=inline%3B+filename%3DAmyloid__and__serve_antioxidant_functi.pdf&Expires=1631275438&Signature=EsQQXd0nni9aDDyPCIxB3ul0hq94w6Sj~D2h13~iljVYJcu6zEIrQ5a4zmwVfINS9ig0f9WLuP2zZuXTJpV9HR0~15uvXwbW9dAyqaSkpxPV6DKhL5xsEo5kejLHG3xsTCYbdzrO3Nzi5wG5GTnGQ2yoPKUxZNqyTJmaaR6Z1q4Qru4dKzRcjnlDkuIHJ-oN9pu3v0J~h-QEAHlUtPI3W9CX8kJiYr8XY0zqZEqx3zIBZDtx9ypsgDcJHcbFmyivEOwtNOlWxjBolvQxuTqcssnBoOvAYNBqVcmWZnpvfyzy6w3yDmUXdFW-J10r5qu4~2YGzVpcCxgbE-EZRIVdaQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/42597403/Amyloid-_and__serve_antioxidant_function20160211-16240-1n4m02k.pdf?1455246974=&response-content-disposition=inline%3B+filename%3DAmyloid__and__serve_antioxidant_functi.pdf&Expires=1631275438&Signature=EsQQXd0nni9aDDyPCIxB3ul0hq94w6Sj~D2h13~iljVYJcu6zEIrQ5a4zmwVfINS9ig0f9WLuP2zZuXTJpV9HR0~15uvXwbW9dAyqaSkpxPV6DKhL5xsEo5kejLHG3xsTCYbdzrO3Nzi5wG5GTnGQ2yoPKUxZNqyTJmaaR6Z1q4Qru4dKzRcjnlDkuIHJ-oN9pu3v0J~h-QEAHlUtPI3W9CX8kJiYr8XY0zqZEqx3zIBZDtx9ypsgDcJHcbFmyivEOwtNOlWxjBolvQxuTqcssnBoOvAYNBqVcmWZnpvfyzy6w3yDmUXdFW-J10r5qu4~2YGzVpcCxgbE-EZRIVdaQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1016/S0891-5849(02)01021-3
https://doi.org/10.1016/S0891-5849(02)01021-3
https://www.sciencedirect.com/science/article/pii/S030645220400096X?casa_token=IqLGdy0__sgAAAAA:1kyTtQ8CTKc1Lr-ynW0vc3PKCtrEMdHrODCffP-i1b7wt0blaiYKrCotzi5yLfLXUPCz1Zc4
https://www.sciencedirect.com/science/article/pii/S030645220400096X?casa_token=IqLGdy0__sgAAAAA:1kyTtQ8CTKc1Lr-ynW0vc3PKCtrEMdHrODCffP-i1b7wt0blaiYKrCotzi5yLfLXUPCz1Zc4
https://doi.org/10.1016/j.neuroscience.2004.01.046
https://www.jimmunol.org/content/jimmunol/196/1/168.full.pdf
https://www.jimmunol.org/content/jimmunol/196/1/168.full.pdf
https://doi.org/10.4049/jimmunol.1500749
https://www.researchgate.net/profile/Ramon-Rodrigo/publication/235884233_Oxidative_Stress_and_Pathophysiology_of_Ischemic_Stroke_Novel_Therapeutic_Opportunities/links/551a81570cf244e9a4587e5e/Oxidative-Stress-and-Pathophysiology-of-Ischemic-Stroke-Novel-Therapeutic-Opportunities.pdf
https://doi.org/10.2174/1871527311312050015
https://www.researchgate.net/profile/Mohsen-Toughani-2/publication/341608261_A_new_method_for_optimal_parameters_identification_of_a_PEMFC_using_an_improved_version_of_Monarch_Butterfly_Optimization_Algorithm/links/5f1c404d299bf1720d62dc0f/A-new-method-for-optimal-parameters-identification-of-a-PEMFC-using-an-improved-version-of-Monarch-Butterfly-Optimization-Algorithm.pdf
https://www.researchgate.net/profile/Mohsen-Toughani-2/publication/341608261_A_new_method_for_optimal_parameters_identification_of_a_PEMFC_using_an_improved_version_of_Monarch_Butterfly_Optimization_Algorithm/links/5f1c404d299bf1720d62dc0f/A-new-method-for-optimal-parameters-identification-of-a-PEMFC-using-an-improved-version-of-Monarch-Butterfly-Optimization-Algorithm.pdf
https://doi.org/10.1016/j.ijhydene.2020.04.256
https://www.researchgate.net/profile/Mohsen-Toughani-2/publication/340544269_Bacterial_Separation_and_Community_Diversity_Analysis_of_Petroleum_Contaminated_Soil_in_Yumen_Oilfield/links/5eb9a3c34585152169c82248/Bacterial-Separation-and-Community-Diversity-Analysis-of-Petroleum-Contaminated-Soil-in-Yumen-Oilfield.pdf
https://www.researchgate.net/profile/Mohsen-Toughani-2/publication/340544269_Bacterial_Separation_and_Community_Diversity_Analysis_of_Petroleum_Contaminated_Soil_in_Yumen_Oilfield/links/5eb9a3c34585152169c82248/Bacterial-Separation-and-Community-Diversity-Analysis-of-Petroleum-Contaminated-Soil-in-Yumen-Oilfield.pdf
https://doi.org/10.37358/RC.20.3.8035
https://www.jneurosci.org/content/jneuro/23/25/8701.full.pdf
https://www.jneurosci.org/content/jneuro/23/25/8701.full.pdf
https://doi.org/10.1523/jneurosci.23-25-08701.2003
https://pdf.sciencedirectassets.com/778417/1-s2.0-S0021925818X50297/1-s2.0-S0021925818517403/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEIz%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJGMEQCIEWuy1tV8JeXXxpIdyZE7zBqm%2BOeOsGmhMLzNJ7MpeUzAiBQfucsoXjDDpIIHg8LV1n3%2BtUaEfi%2BpE%2B97BvOVLtI%2BCqDBAjU%2F%2F%2F%2F%2F%2F%2F%2F%2F%2F8BEAQaDDA1OTAwMzU0Njg2NSIM9FmlmZKq3vliFmFuKtcDdIerG6tzwz9ID5xHZjiG9YBcmkFcmiFL6MsQH07XggBhm5UTz5gzpAri0A42U%2BiL403BpxoLAkE7b1zKFXGt3Ycrv%2Bl174eAErcZUvI0zvGdDbuFcbXvv4xXfNTs7j9psAXCAoosxl3amKx7U%2BmlOH6MR64XUkvRf87YrGl1G4wW2KFejdzT9lymeOIKPe4OEwalF3DC7uLmzH9RfsUEDBWeAGcLW6uK2%2FajQtTFJjROfGIYUrVmZE29AMU4Mnoqxlit0GsJsfawp2h5SBf62ZfJsgPFkBNQxaZ2Mz2G6AlNxQC%2BY%2BcIjYHgN2PW2LLKPoFT%2FKDOI%2FsISdX%2FuSxl8H7%2FtL%2BDRHg9W%2Ft%2F6DTFrfqwJXYvtYPZAnukMJIKDsvD3WlIhApvx%2FDIKWdUyHEqtRNZEtsZzNZP%2Fi6HsrIS8F22VleYshDw9aJ8eqY5DcJmaD8R9bPRgVjYYITI%2FIDuEHrS9Mr0YGogZZypbyy65aaMpM92O3e5N7A2vp%2B9g05h%2FkikwqEcS1L6KVNlVoxwPgju6377XWGq75B1%2FlX2nj2cIxafCMDlDEq8%2BhUzExiOoSRB1DBuiZen4hLMNuqKDRkOwFdVgzzFO04XCkjqG1acgMs8c0%2FBMLP37IkGOqYBa7gTp45tNyR4I7lNSsI1IDVei2O2SiQR%2BdEyLH%2FNQq59ampgqhmgH9G5kcmTQVFPMKChR8EUuS6f6rVzftCLP4Gs0nF%2F34S8g0TBBeipcH%2BUhKNp0MZJ2%2BLOg6tGUMjetcFZOLqI0WYHtF1HhMarmngK73sCjvFNoW0S0%2F%2BzD5aupgjRM0q2P0MZT5f8vwe9OJmfVkH3xbvyDT%2Fg2wolnuxOq7dV7g%3D%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20210910T112932Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYXOLSIZG7%2F20210910%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=c04ace42b3a816143352ae2cc70a87e5f868c26e9e3f719aa1b808673636e07b&hash=e1025b46f9ef9ca91f34ce456870e0cdf5c230cb41d8946ff7ee7d91db2ba052&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0021925818517403&tid=spdf-ec29fbb0-b158-4a6b-97aa-b38d1926490e&sid=96c2ae3d730892498c8aee9647fa0f2b8835gxrqb&type=client
https://pdf.sciencedirectassets.com/778417/1-s2.0-S0021925818X50297/1-s2.0-S0021925818517403/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEIz%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJGMEQCIEWuy1tV8JeXXxpIdyZE7zBqm%2BOeOsGmhMLzNJ7MpeUzAiBQfucsoXjDDpIIHg8LV1n3%2BtUaEfi%2BpE%2B97BvOVLtI%2BCqDBAjU%2F%2F%2F%2F%2F%2F%2F%2F%2F%2F8BEAQaDDA1OTAwMzU0Njg2NSIM9FmlmZKq3vliFmFuKtcDdIerG6tzwz9ID5xHZjiG9YBcmkFcmiFL6MsQH07XggBhm5UTz5gzpAri0A42U%2BiL403BpxoLAkE7b1zKFXGt3Ycrv%2Bl174eAErcZUvI0zvGdDbuFcbXvv4xXfNTs7j9psAXCAoosxl3amKx7U%2BmlOH6MR64XUkvRf87YrGl1G4wW2KFejdzT9lymeOIKPe4OEwalF3DC7uLmzH9RfsUEDBWeAGcLW6uK2%2FajQtTFJjROfGIYUrVmZE29AMU4Mnoqxlit0GsJsfawp2h5SBf62ZfJsgPFkBNQxaZ2Mz2G6AlNxQC%2BY%2BcIjYHgN2PW2LLKPoFT%2FKDOI%2FsISdX%2FuSxl8H7%2FtL%2BDRHg9W%2Ft%2F6DTFrfqwJXYvtYPZAnukMJIKDsvD3WlIhApvx%2FDIKWdUyHEqtRNZEtsZzNZP%2Fi6HsrIS8F22VleYshDw9aJ8eqY5DcJmaD8R9bPRgVjYYITI%2FIDuEHrS9Mr0YGogZZypbyy65aaMpM92O3e5N7A2vp%2B9g05h%2FkikwqEcS1L6KVNlVoxwPgju6377XWGq75B1%2FlX2nj2cIxafCMDlDEq8%2BhUzExiOoSRB1DBuiZen4hLMNuqKDRkOwFdVgzzFO04XCkjqG1acgMs8c0%2FBMLP37IkGOqYBa7gTp45tNyR4I7lNSsI1IDVei2O2SiQR%2BdEyLH%2FNQq59ampgqhmgH9G5kcmTQVFPMKChR8EUuS6f6rVzftCLP4Gs0nF%2F34S8g0TBBeipcH%2BUhKNp0MZJ2%2BLOg6tGUMjetcFZOLqI0WYHtF1HhMarmngK73sCjvFNoW0S0%2F%2BzD5aupgjRM0q2P0MZT5f8vwe9OJmfVkH3xbvyDT%2Fg2wolnuxOq7dV7g%3D%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20210910T112932Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYXOLSIZG7%2F20210910%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=c04ace42b3a816143352ae2cc70a87e5f868c26e9e3f719aa1b808673636e07b&hash=e1025b46f9ef9ca91f34ce456870e0cdf5c230cb41d8946ff7ee7d91db2ba052&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0021925818517403&tid=spdf-ec29fbb0-b158-4a6b-97aa-b38d1926490e&sid=96c2ae3d730892498c8aee9647fa0f2b8835gxrqb&type=client
https://doi.org/10.1016/S0021-9258(18)51740-3
https://doi.org/10.1016/S0021-9258(18)51740-3
https://www.researchgate.net/profile/Mohsen-Toughani-2/publication/341752879_Hot_Water_Extraction_of_Crude_Polysaccharide_from_Codonopsis_pilosula_and_Determination_of_the_Rheological_Properties/links/5eda5fe1299bf1c67d41d6c9/Hot-Water-Extraction-of-Crude-Polysaccharide-from-Codonopsis-pilosula-and-Determination-of-the-Rheological-Properties.pdf
https://www.researchgate.net/profile/Mohsen-Toughani-2/publication/341752879_Hot_Water_Extraction_of_Crude_Polysaccharide_from_Codonopsis_pilosula_and_Determination_of_the_Rheological_Properties/links/5eda5fe1299bf1c67d41d6c9/Hot-Water-Extraction-of-Crude-Polysaccharide-from-Codonopsis-pilosula-and-Determination-of-the-Rheological-Properties.pdf
https://doi.org/10.37358/RC.20.5.8155

Mohtasham et al., Cent Asian J Med Pharm Sci Innov 1(4): 194-204 (2021)

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

203

Brott T, Bogousslavsky J. Treatment of acute ischemic stroke. New England ] Med 2000; 343(10): 710-722.
https://doi.org/10.1212/CON.0000000000000420

Cho SG, Choi EJ. Apoptotic signaling pathways: caspases and stress-activated protein kinases. ] Biochem
Mol Biol 2002; 35(1): 24-27. https://doi.org/10.5483/bmbrep.2002.35.1.024

Yang M, Mercy AOQO, Efehi N, Venera M, Liu X, Ebadi AG, Toughani M. Evaluation of Physicochemical and
DPPH- Cleaning Activity of Ultrasonic Assisted Extraction of Polysaccharide from Leonurus japonicas. Rev
Chim 2020; 71(4): 601-614. https://doi.org/10.37358/RC.20.4.8101

Chen SD, Yang DI, Lin TK, Shaw FZ, Liou CW, Chuang YC. Roles of Oxidative Stress, Apoptosis, PGC-
lalpha and Mitochondrial Biogenesis in Cerebral Ischemia. Int J Mol Sci 2011; 12(10): 7199-7215.
https://doi.org/10.3390/ijms12107199

Sairanen T, Szepesi R, Karjalainen-Lindsberg ML, Saksi ], Paetau A, Lindsberg PJ. Neuronal caspase-3 and
PARP-1 correlate differentially with apoptosis and necrosis in ischemic human stroke. Acta Neuropathol
2009; 118(4): 541-552. https://doi.org/10.1007/s00401-009-0559-3

Lipton P. Ischemic cell death in brain neurons. Physiol Rev 1999; 79(4): 1431-1568.
https://doi.org/10.1152/physrev.1999.79.4.1431

Culmsee C, Zhu C, Landshamer S, Becattini B, Wagner E, Pellecchia M, Blomgren K, Plesnila N. Apoptosis-
inducing factor triggered by poly(ADP-ribose) polymerase and Bid mediates neuronal cell death after
oxygen-glucose deprivation and focal cerebral ischemia. ] Neurosci 2005; 25(44): 10262-10272.
https://doi.org/10.1523/ITNEUROSCI.2818-05.2005

Graham SH, Chen J. Programmed cell death in cerebral ischemia. ] Cereb Blood Flow Metab 2001; 21(2): 99-
109. https://doi.org/10.1097/00004647-200102000-00001

Elmore S. Apoptosis: a review of programmed cell death. Toxicol Pathol 2007; 35(4): 495-516.
https://doi.org/10.1080/01926230701320337

Cho BB, Toledo-Pereyra LH. Caspase-independent programmed cell death following ischemic stroke. ]
Invest Surg 2008; 21(3): 141-147. https://doi.org/10.1080/08941930802029945

Kim R, Emi M, Tanabe K. Role of mitochondria as the gardens of cell death. Cancer Chemother Pharmacol
2006; 57(5): 545-553. https://doi.org/10.1007/s00280-005-0111-7

Moskowitz MA, Lo EH, Iadecola C. The science of stroke: mechanisms in search of treatments. Neuron
2010; 67(2): 181-198. https://doi.org/10.1016/j.neuron.2010.07.002

Broughton BR, Reutens DC, Sobey CG. Apoptotic mechanisms after cerebral ischemia. Stroke 2009; 40(5):
€331-e339. https://doi.org/10.1161/STROKEAHA.108.531632

Neumar RW, Meng FH, Mills AM, Xu YA, Zhang C, Welsh FA, Siman R. Calpain activity in the rat brain
after transient forebrain ischemia. Experiment Neurol 2001; 170(1): 27-35.
https://doi.org/10.1006/exnr.2001.7708

Zhang Y, Bhavnani BR. Glutamate-induced apoptosis in neuronal cells is mediated via caspase-dependent
and independent mechanisms involving calpain and caspase-3 proteases as well as apoptosis inducing
factor (AIF) and this process is inhibited by equine estrogens. BMC Neurosci 2006; 7(1): 1-22.
https://doi.org/10.1186/1471-2202-7-49

Mancini M, Nicholson DW, Roy S, Thornberry NA, Peterson EP, Casciola-Rosen LA, Rosen A. The caspase-
3 precursor has a cytosolic and mitochondrial distribution: implications for apoptotic signaling. ] Cell Biol
1998; 140(6): 1485-1495. https://doi.org/10.1083/jcb.140.6.1485

Liang H, Khan ZI, Ahmad K, Nisar A, Mahmood Q, Ebadi AG, Toughani M. Assessment of Zinc and
Nickel Profile of Vegetables Grown in Soil Irrigated with Sewage Water. Rev Chim 2020; 71(4): 500-511.
https://doi.org/10.37358/RC.20.4.8092

Fan TJ, Han LH, Cong RS, Liang J. Caspase family proteases and apoptosis. Acta Biochim Biophys Sinica
2005; 37(11): 719-727. https://doi.org/10.1111/j.1745-7270.2005.00108.x

Creagh EM, Conroy H, Martin SJ. Caspase-activation pathways in apoptosis and immunity. Immunol Rev
2003; 193: 10-21. https://doi.org/10.1034/j.1600-065X.2003.00048.x

Adrain C, Martin S]. The mitochondrial apoptosome: a killer unleashed by the cytochrome seas. Trends
Biochem Sci 2001; 26(6): 390-397. https://doi.org/10.1016/S0968-0004(01)01844-8

Wen L, Zhang Y, Yang B, Han F, Ebadi AG, Toughani M. Knockdown of Angiopoietin-like protein 4
suppresses the development of colorectal «cancer. Cell Mol Biol 2020; 66(5): 117-124.
https://doi.org/10.14715/cmb/2020.66.5.21


http://www.jvsmedicscorner.com/Medicine_files/CVA.pdf
https://doi.org/10.1212/CON.0000000000000420
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.471.923&rep=rep1&type=pdf
https://doi.org/10.5483/bmbrep.2002.35.1.024
https://pdfs.semanticscholar.org/f864/d935e0e4488f6361d826b177a4aef4f9c212.pdf
https://pdfs.semanticscholar.org/f864/d935e0e4488f6361d826b177a4aef4f9c212.pdf
https://doi.org/10.37358/RC.20.4.8101
https://www.mdpi.com/1422-0067/12/10/7199/pdf
https://www.mdpi.com/1422-0067/12/10/7199/pdf
https://doi.org/10.3390/ijms12107199
https://link.springer.com/article/10.1007%2Fs00401-009-0559-3#citeas
https://link.springer.com/article/10.1007%2Fs00401-009-0559-3#citeas
https://doi.org/10.1007/s00401-009-0559-3
https://journals.physiology.org/doi/pdf/10.1152/physrev.1999.79.4.1431
https://doi.org/10.1152/physrev.1999.79.4.1431
https://www.jneurosci.org/content/jneuro/25/44/10262.full.pdf
https://www.jneurosci.org/content/jneuro/25/44/10262.full.pdf
https://www.jneurosci.org/content/jneuro/25/44/10262.full.pdf
https://doi.org/10.1523/JNEUROSCI.2818-05.2005
https://journals.sagepub.com/doi/pdf/10.1097/00004647-200102000-00001
https://doi.org/10.1097%2F00004647-200102000-00001
https://journals.sagepub.com/doi/pdf/10.1080/01926230701320337
https://doi.org/10.1080%2F01926230701320337
https://www.tandfonline.com/doi/abs/10.1080/08941930802029945
https://doi.org/10.1080/08941930802029945
https://link.springer.com/article/10.1007%2Fs00280-005-0111-7
https://doi.org/10.1007/s00280-005-0111-7
http://icnapedia.org/ezproxy.online.journal/20670828.pdf
https://doi.org/10.1016/j.neuron.2010.07.002
https://srv2.freepaper.me/n/XgtqWsIi49dxq6sTDiOoNg/PDF/77/779ffec3a255af4c15ca4211ea041737.pdf
https://doi.org/10.1161/STROKEAHA.108.531632
https://d1wqtxts1xzle7.cloudfront.net/41219428/Calpain_activity_in_the_rat_brain_after_20160113-25699-4eck5g.pdf20160115-19908-1xmm3ta.pdf?1452879985=&response-content-disposition=inline%3B+filename%3DCalpain_Activity_in_the_Rat_Brain_after.pdf&Expires=1631279768&Signature=gXzTUio3WTKW8YU4JF0LuGIy6FpTtHVoaX8tsiI13xEve0bBaqwh2r0fAG~bl3u-P2zuicOakygHBj3w-Lu2Jt47q6GSqUMCQ5y5f6hcCm-mfGroc8rz4kLcRAAzWE9VOJGPjMUEN-3rB2y04-Cm-b3PPMIEdQcJrsg5DMrVm7xZHRM0GsmGo62rv7t0YxSGe0enyKtrrnkp8njKUEBDRI2Czl3iYKBZvdkV8A6sWcvcEOlA4dSpXOYscYLOp3gxZ34cukOLB2u6l94lvI7IeMSxqpn2SOLu1H9ZpSGP3Y2NPkOe3DWPy9dPxjh4AcQnhzQQo-DWHoUsNXSK7SK5Mw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/41219428/Calpain_activity_in_the_rat_brain_after_20160113-25699-4eck5g.pdf20160115-19908-1xmm3ta.pdf?1452879985=&response-content-disposition=inline%3B+filename%3DCalpain_Activity_in_the_Rat_Brain_after.pdf&Expires=1631279768&Signature=gXzTUio3WTKW8YU4JF0LuGIy6FpTtHVoaX8tsiI13xEve0bBaqwh2r0fAG~bl3u-P2zuicOakygHBj3w-Lu2Jt47q6GSqUMCQ5y5f6hcCm-mfGroc8rz4kLcRAAzWE9VOJGPjMUEN-3rB2y04-Cm-b3PPMIEdQcJrsg5DMrVm7xZHRM0GsmGo62rv7t0YxSGe0enyKtrrnkp8njKUEBDRI2Czl3iYKBZvdkV8A6sWcvcEOlA4dSpXOYscYLOp3gxZ34cukOLB2u6l94lvI7IeMSxqpn2SOLu1H9ZpSGP3Y2NPkOe3DWPy9dPxjh4AcQnhzQQo-DWHoUsNXSK7SK5Mw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1006/exnr.2001.7708
https://core.ac.uk/download/pdf/4011758.pdf
https://core.ac.uk/download/pdf/4011758.pdf
https://core.ac.uk/download/pdf/4011758.pdf
https://doi.org/10.1186/1471-2202-7-49
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.320.1814&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.320.1814&rep=rep1&type=pdf
https://doi.org/10.1083/jcb.140.6.1485
https://www.revistadechimie.ro/pdf/54%20HAO%20LIANG%204%2020.pdf
https://www.revistadechimie.ro/pdf/54%20HAO%20LIANG%204%2020.pdf
https://doi.org/10.37358/RC.20.4.8092
http://www.abbs.org.cn/pdf/37-11/1-719-727-05165.pdf
https://doi.org/10.1111/j.1745-7270.2005.00108.x
https://onlinelibrary.wiley.com/doi/abs/10.1034/j.1600-065X.2003.00048.x
https://doi.org/10.1034/j.1600-065X.2003.00048.x
https://www.sciencedirect.com/science/article/pii/S0968000401018448?casa_token=89LACPic_B8AAAAA:lVtO3W1osSB_8RpJKyk6U9NsczQPkOhgYKfdvcdRHETUu3h560QesQJHhS0D7AJypcYQIgHq
https://doi.org/10.1016/S0968-0004(01)01844-8
https://cellmolbiol.org/index.php/CMB/article/download/3598/1682
https://cellmolbiol.org/index.php/CMB/article/download/3598/1682
https://doi.org/10.14715/cmb/2020.66.5.21

Cent Asian J Med Pharm Sci Innov 1(4): 194-204 (2021) Mohtasham et al.,

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Fernandes-Alnemri T, Litwack G, Alnemri ES. CPP32, a novel human apoptotic protein with homology to
Caenorhabditis elegans cell death protein Ced-3 and mammalian interleukin-1 beta-converting enzyme. J
Biol Chem 1994; 269(49): 30761-30764. https://doi.org/10.1016/50021-9258(18)47344-9

Tewari M, Quan LT, O'Rourke K, Desnoyers S, Zeng Z, Beidler DR, Poirier GG, Salvesen GS, Dixit VM.
Yama/CPP32 beta, a mammalian homolog of CED-3, is a CrmA-inhibitable protease that cleaves the death
substrate poly(ADP-ribose) polymerase. Cell 1995; 81(5): 801-809. https://doi.org/10.1016/0092-
8674(95)90541-3

Nicholson DW, Ali A, Thornberry NA, Vaillancourt JP, Ding CK, Gallant M, Gareau Y, Griffin PR, Labelle
M, Lazebnik YA, Munday NA. Identification and inhibition of the ICE/CED-3 protease necessary for
mammalian apoptosis. Nat 1995; 376(6535): 37-43. https://doi.org/10.1038/376037a0

Lazebnik YA, Kaufmann SH, Desnoyers S, Poirier GG, Earnshaw WC. Cleavage of poly (ADP-ribose)
polymerase by a proteinase with properties like ICE. Nat 1994; 371(6495): 346-347.
https://doi.org/10.1038/371346a0

Cui J, Zhang M, Zhang YQ, Xu ZH. JNK pathway: diseases and therapeutic potential. Acta Pharmacol
Sinica 2007; 28(5): 601-608. https://doi.org/10.1111/j.1745-7254.2007.00579.x

Johnson GL, Nakamura K. The c-jun kinase/stress-activated pathway: regulation, function and role in
human disease. Biochim Biophys Acta 2007; 1773(8): 1341-1348. https://doi.org/10.1016/j.bbamcr.2006.12.009
Tarantino G, Caputi A. JNKs, insulin resistance and inflammation: A possible link between NAFLD and
coronary artery disease. World ] Gastroenterol 2011; 17(33): 3785. https://doi.org/10.3748/wjg.v17.i33.3785
Jing LI, Anning LI. Role of JNK activation in apoptosis: a double-edged sword. Cell Res 2005; 15(1): 36-42.
https://doi.org/10.1038/sj.cr.7290262

Fan J, Xu G, Nagel D], Hua Z, Zhang N, Yin G. A model of ischemia and reperfusion increases JNK
activity, inhibits the association of BAD and 14-3-3, and induces apoptosis of rabbit spinal neurocytes.
Neurosci Lett 2010; 473(3): 196-201. https://doi.org/10.1016/j.neulet.2010.02.045

Bogoyevitch MA, Kobe B. Uses for JNK: the many and varied substrates of the c-Jun N-terminal kinases.
Microbiol Mol Biol Rev 2006; 70(4): 1061-1095. https://doi.org/10.1128/mmbr.00025-06

Davis R]. Signal transduction by the JNK group of MAP kinases. Cell 2000; 103(2): 239-252.
https://doi.org/10.1016/S0092-8674(00)00116-1

Dhanasekaran DN, Reddy EP. JNK signaling in apoptosis. Oncogene 2008; 27(48): 6245-6251.
https://doi.org/10.1038/0onc.2008.301

LiJ, Zhu H, Liu Y, Li Q, Lu S, Feng M, Xu Y, Huang L, Ma C, An Y, Zhao RC. Human mesenchymal stem
cell transplantation protects against cerebral ischemic injury and upregulates interleukin-10 expression in
Macacafascicularis. Brain Res 2010; 1334: 65-72. https://doi.org/10.1016/j.brainres.2010.03.080

Vahidinia Z, Alipour N, Atlasi MA, Naderian H, Beyer C, AzamiTameh A. Gonadal steroids block the
calpain-1-dependent intrinsic pathway of apoptosis in an experimental rat stroke model. Neurol Res 2017;
39(1): 54-64. https://doi.org/10.1080/01616412.2016.1250459

Chen B, Wang G, Li W, Liu W, Lin R, Tao ], Jiang M, Chen L, Wang Y. Memantine attenuates cell apoptosis
by suppressing the calpain-caspase-3 pathway in an experimental model of ischemic stroke. Exp Cell Res
2017; 351(2): 163-172. https://doi.org/10.1016/j.yexcr.2016.12.028

Bissoyi A, Pramanik K. Role of the apoptosis pathway in cryopreservation-induced cell death in
mesenchymal stem cells derived from umbilical cord blood. Biopreserv Biobank 2014; 12(4): 246-254.
https://doi.org/10.1089/bio.2014.0005

Copyright © 2021 by CAS Press (Central Asian Scientific Press) + is an open access article distributed under the
Creative Commons Attribution License (CC BY) license (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

How to cite this paper:
Mohtasham N, Zare Mahmoudabadi R, Mohajertehran F. Extrinsic and intrinsic pathways of apoptosis and
related molecules in ischemic stroke. Cent Asian ] Med Pharm Sci Innov 2021; 1(4): 194-204.

204


https://www.researchgate.net/profile/Emad-Alnemri/publication/15216243_CPP32_a_novel_human_apoptotic_protein_with_homology_to_Caenorhabditis_elegans_cell_death_protein_Ced-3_and_mammalian_interleukin-1-converting_enzyme/links/0f31752d7d3b1400aa000000/CPP32-a-novel-human-apoptotic-protein-with-homology-to-Caenorhabditis-elegans-cell-death-protein-Ced-3-and-mammalian-interleukin-1-converting-enzyme.pdf
https://www.researchgate.net/profile/Emad-Alnemri/publication/15216243_CPP32_a_novel_human_apoptotic_protein_with_homology_to_Caenorhabditis_elegans_cell_death_protein_Ced-3_and_mammalian_interleukin-1-converting_enzyme/links/0f31752d7d3b1400aa000000/CPP32-a-novel-human-apoptotic-protein-with-homology-to-Caenorhabditis-elegans-cell-death-protein-Ced-3-and-mammalian-interleukin-1-converting-enzyme.pdf
https://doi.org/10.1016/S0021-9258(18)47344-9
https://pdf.sciencedirectassets.com/272196/1-s2.0-S0092867400X06289/1-s2.0-0092867495905413/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEIz%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJIMEYCIQD5i%2BbWsLEHb4%2BvdosBQ6Y6K%2Be4rM2mkJ8%2BTBIlYpex4AIhAPuoQNIzz70MFK0OKgFVjblanjxTnmZ4jzp%2BuuFgWVL1KoMECNX%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEQBBoMMDU5MDAzNTQ2ODY1IgwobImO%2FSal%2FjUNWAEq1wOW%2F0AOoA%2B2xqySTnHwbzPpxWMbJwHK5940u7CTh9tKNxi0k05m%2FyhIgxNrzTgcvyqlMhDItuTieQ8u3KbRyrWeYBjQ9qhUCutybuukTEj7qBhKwsNsU%2FDOUiJROEpLS%2FMA%2F0WQmhoy5FMJoJ5KaKbGJkV2XPF8101USp%2FIopY5K%2BqsmNWBNtu6SQYMSijL78Lq3l5pcFpElDwRcwQspAi%2FcWEFi80jzo9PhE4K%2BnPq6BuSquOjHA23di0WBQ43ae8W28qMvhQrrwUJy%2BxyODQhrGKwm7C5YQaGHxsjVrUK0h2RhZ1JSWurhp489vzy8rMEr8GKbwOWznV6jHx%2FgO332I%2B17FaItixgmpLaqvwTliSIsUAwa62PSVosI29fwYZEM%2F%2FHtR10ASLvHuCsy5wfPfqCNsL%2BIbC8x5%2F9eC3cTcnpUg%2FXphNxeB5gNeYkIj5eocNh5AMUN6LYqLY6crxiBpspcEEsrAknRrCKe2u%2F%2FCFm076Jn2bapLxtxGjnlGnNq822A208iGdB2yPYCoEWS6WOS5cm%2F0TKgbwIonEEhFOd599P0J6B5%2BrK%2BzyxXAMg6G2BBWF0DQk2%2FOvTITschpQnw5QLH2oj7cSA0ksptKKdpHAiUOYw6YvtiQY6pAHh97VCUQkWRZcPF29FUvqeF8FRo5sXWR70DnNoFAiCNCxXmURuQgH72T3XshyGqpndxqRzupjczjDp3mRYCSBwJbNw9tKPLyrQhQjcz2GMJZ05fSyMKZAItLpcQQm7z0IfvQVUBoLC40HqmbbWoyWaSzW1nfARUmL%2BPmka6UC7xrrY%2F1vKf58zhKMv9Q5RtyXMgH8qRqDFhYgHY3lUCHylk6W6Dw%3D%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20210910T123814Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYUNJJTIX2%2F20210910%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=5d3070a8852445cb049d70d4c8f6b96deb0755849882d6fd76a400647369bc69&hash=ffb031b26fa355c0e6e5a30e8c3e634101158344e57b4e5a3615f2a0de6060b5&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=0092867495905413&tid=spdf-b1d8d543-2365-4469-a449-b5e8a344b7f9&sid=96c2ae3d730892498c8aee9647fa0f2b8835gxrqb&type=client
https://pdf.sciencedirectassets.com/272196/1-s2.0-S0092867400X06289/1-s2.0-0092867495905413/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEIz%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJIMEYCIQD5i%2BbWsLEHb4%2BvdosBQ6Y6K%2Be4rM2mkJ8%2BTBIlYpex4AIhAPuoQNIzz70MFK0OKgFVjblanjxTnmZ4jzp%2BuuFgWVL1KoMECNX%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEQBBoMMDU5MDAzNTQ2ODY1IgwobImO%2FSal%2FjUNWAEq1wOW%2F0AOoA%2B2xqySTnHwbzPpxWMbJwHK5940u7CTh9tKNxi0k05m%2FyhIgxNrzTgcvyqlMhDItuTieQ8u3KbRyrWeYBjQ9qhUCutybuukTEj7qBhKwsNsU%2FDOUiJROEpLS%2FMA%2F0WQmhoy5FMJoJ5KaKbGJkV2XPF8101USp%2FIopY5K%2BqsmNWBNtu6SQYMSijL78Lq3l5pcFpElDwRcwQspAi%2FcWEFi80jzo9PhE4K%2BnPq6BuSquOjHA23di0WBQ43ae8W28qMvhQrrwUJy%2BxyODQhrGKwm7C5YQaGHxsjVrUK0h2RhZ1JSWurhp489vzy8rMEr8GKbwOWznV6jHx%2FgO332I%2B17FaItixgmpLaqvwTliSIsUAwa62PSVosI29fwYZEM%2F%2FHtR10ASLvHuCsy5wfPfqCNsL%2BIbC8x5%2F9eC3cTcnpUg%2FXphNxeB5gNeYkIj5eocNh5AMUN6LYqLY6crxiBpspcEEsrAknRrCKe2u%2F%2FCFm076Jn2bapLxtxGjnlGnNq822A208iGdB2yPYCoEWS6WOS5cm%2F0TKgbwIonEEhFOd599P0J6B5%2BrK%2BzyxXAMg6G2BBWF0DQk2%2FOvTITschpQnw5QLH2oj7cSA0ksptKKdpHAiUOYw6YvtiQY6pAHh97VCUQkWRZcPF29FUvqeF8FRo5sXWR70DnNoFAiCNCxXmURuQgH72T3XshyGqpndxqRzupjczjDp3mRYCSBwJbNw9tKPLyrQhQjcz2GMJZ05fSyMKZAItLpcQQm7z0IfvQVUBoLC40HqmbbWoyWaSzW1nfARUmL%2BPmka6UC7xrrY%2F1vKf58zhKMv9Q5RtyXMgH8qRqDFhYgHY3lUCHylk6W6Dw%3D%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20210910T123814Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYUNJJTIX2%2F20210910%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=5d3070a8852445cb049d70d4c8f6b96deb0755849882d6fd76a400647369bc69&hash=ffb031b26fa355c0e6e5a30e8c3e634101158344e57b4e5a3615f2a0de6060b5&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=0092867495905413&tid=spdf-b1d8d543-2365-4469-a449-b5e8a344b7f9&sid=96c2ae3d730892498c8aee9647fa0f2b8835gxrqb&type=client
https://doi.org/10.1016/0092-8674(95)90541-3
https://doi.org/10.1016/0092-8674(95)90541-3
https://d1wqtxts1xzle7.cloudfront.net/43726397/Nicholson_DW_Ali_A_Thornberry_NA_Vaillan20160314-14867-hc7a8u.pdf?1457988819=&response-content-disposition=inline%3B+filename%3DIdentification_and_inhibition_of_the_ICE.pdf&Expires=1631281261&Signature=TXPUKkiUlgGiciKHkRopxyYzNpf9busps71FycqgUjAm59ISW5QHJ46dzQ2FzJE1wCGVjdmHEElcsCR6LJaNWuwpu-qV5Fk87RtNnFav2ersdTDgGqJSLWARl4BvViPAmSGUJc~jndnJf6kHQBVFOblLKZd~k509eS1zkmjg83xa~7xFDd~iiosft2OvLwaO4BmCPcrEqKOSdxCeLNpBDoZdYFWlVp3o4X0FyEYWTotUa0VltgkUZRpLOb3vJ64PCSZTc7xYTIsvi0YMh~UXwtGGXqLaZKmcN76nUxM26j1K1OI-iv1PZsdOmXScge~dvr61bxAxSDwjNFiI~6qdwQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/43726397/Nicholson_DW_Ali_A_Thornberry_NA_Vaillan20160314-14867-hc7a8u.pdf?1457988819=&response-content-disposition=inline%3B+filename%3DIdentification_and_inhibition_of_the_ICE.pdf&Expires=1631281261&Signature=TXPUKkiUlgGiciKHkRopxyYzNpf9busps71FycqgUjAm59ISW5QHJ46dzQ2FzJE1wCGVjdmHEElcsCR6LJaNWuwpu-qV5Fk87RtNnFav2ersdTDgGqJSLWARl4BvViPAmSGUJc~jndnJf6kHQBVFOblLKZd~k509eS1zkmjg83xa~7xFDd~iiosft2OvLwaO4BmCPcrEqKOSdxCeLNpBDoZdYFWlVp3o4X0FyEYWTotUa0VltgkUZRpLOb3vJ64PCSZTc7xYTIsvi0YMh~UXwtGGXqLaZKmcN76nUxM26j1K1OI-iv1PZsdOmXScge~dvr61bxAxSDwjNFiI~6qdwQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1038/376037a0
https://www.nature.com/articles/371346a0#citeas
https://www.nature.com/articles/371346a0#citeas
https://doi.org/10.1038/371346a0
https://www.nature.com/articles/aps200777.pdf?origin=ppub
https://doi.org/10.1111/j.1745-7254.2007.00579.x
https://cdr.lib.unc.edu/downloads/00000559q
https://cdr.lib.unc.edu/downloads/00000559q
https://doi.org/10.1016/j.bbamcr.2006.12.009
https://www.wjgnet.com/1007-9327/full/v17/i33/3785.htm
https://www.wjgnet.com/1007-9327/full/v17/i33/3785.htm
https://doi.org/10.3748/wjg.v17.i33.3785
https://www.nature.com/articles/7290262.pdf
https://doi.org/10.1038/sj.cr.7290262
https://www.sciencedirect.com/science/article/pii/S0304394010002296?casa_token=0EmujSP4uvQAAAAA:lefqfBf2hDQFa_sPQ2-yvMajlehFPzW_KtvFbA9TRIomUwDpHnhphXHRVNGY1PzGDhsu3rOB
https://www.sciencedirect.com/science/article/pii/S0304394010002296?casa_token=0EmujSP4uvQAAAAA:lefqfBf2hDQFa_sPQ2-yvMajlehFPzW_KtvFbA9TRIomUwDpHnhphXHRVNGY1PzGDhsu3rOB
https://doi.org/10.1016/j.neulet.2010.02.045
https://journals.asm.org/doi/pdf/10.1128/mmbr.00025-06
https://doi.org/10.1128/mmbr.00025-06
http://www.stem-art.com/Library/Science/Signal%20Transduction%20by%20the%20JNK%20Group%20of%20MAP%20Kinases.pdf
https://doi.org/10.1016/S0092-8674(00)00116-1
https://www.researchgate.net/profile/E-Premkumar-Reddy/publication/23395282_JNK_Signaling_in_Apoptosis/links/0deec5255c7e85d112000000/JNK-Signaling-in-Apoptosis.pdf
https://doi.org/10.1038/onc.2008.301
https://www.sciencedirect.com/science/article/abs/pii/S0006899310007171
https://www.sciencedirect.com/science/article/abs/pii/S0006899310007171
https://www.sciencedirect.com/science/article/abs/pii/S0006899310007171
https://doi.org/10.1016/j.brainres.2010.03.080
https://www.researchgate.net/profile/Abolfazl-Azami-Tameh/publication/309964644_Gonadal_steroids_block_the_calpain-1-dependent_intrinsic_pathway_of_apoptosis_in_an_experimental_rat_stroke_model/links/5e1ead6d45851536bfe64b6c/Gonadal-steroids-block-the-calpain-1-dependent-intrinsic-pathway-of-apoptosis-in-an-experimental-rat-stroke-model.pdf
https://www.researchgate.net/profile/Abolfazl-Azami-Tameh/publication/309964644_Gonadal_steroids_block_the_calpain-1-dependent_intrinsic_pathway_of_apoptosis_in_an_experimental_rat_stroke_model/links/5e1ead6d45851536bfe64b6c/Gonadal-steroids-block-the-calpain-1-dependent-intrinsic-pathway-of-apoptosis-in-an-experimental-rat-stroke-model.pdf
https://doi.org/10.1080/01616412.2016.1250459
https://srv2.freepaper.me/n/oPBvztyOGBOJb3dtvEeoRQ/PDF/b1/b1860aa6d8f4c83e6caccd579c36b271.pdf
https://srv2.freepaper.me/n/oPBvztyOGBOJb3dtvEeoRQ/PDF/b1/b1860aa6d8f4c83e6caccd579c36b271.pdf
https://doi.org/10.1016/j.yexcr.2016.12.028
https://www.liebertpub.com/doi/abs/10.1089/bio.2014.0005
https://www.liebertpub.com/doi/abs/10.1089/bio.2014.0005
https://doi.org/10.1089/bio.2014.0005
https://creativecommons.org/licenses/by/4.0/
https://www.cajmpsi.com/article_136178.html
https://www.cajmpsi.com/article_136178.html

