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Introduction: MicroRNAs (miRNAs or miRs) are non-coding RNAs. Studies have shown 
that miRNAs are expressed aberrantly in stroke. The miR1 enhances ischemic damage, and 
a previous study has demonstrated that reduction of miR1 level has a neuroprotective effect 
on the Middle Cerebral Artery Occlusion (MCAO). Since apoptosis is one of the important 
processes in neural protection, the possible effect of miR1 on this pathway has been tested in 
this study. Post-ischemic administration of miR1 antagomir reduces infarct volume via bcl-w 
and bad expression. 

Methods: Rats were divided into four experimental groups: sham, control, positive control, 
and antagomir treatment group. One hour after MCAO surgery, the rats were received 
intravenously (Tail vein) 0.1 mL Normal Saline (NS), 0.1 mL rapamycin, and 300 pmol/g 
miR1 antagomir (soluble in 0.1 mL normal saline) in control, positive control, and treatment 
group, respectively. Twenty-four hours after reperfusion infarct volume was measured. The 
expression of miR1, bcl-w, and bad were analyzed using real-time PCR in sham, control, and 
treated groups.

Results:  Our results indicate that administration of miR1 antagomir reduces infarct volume 
significantly, it also decreases miR1 and bad expression while increases bcl-w expression. 

Conclusion: Understanding the precise neuroprotective mechanism of miR1 antagomir can 
make it a proper treatment and an innovative approach for stroke therapy.
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1. Introduction

troke is one of the leading causes of death 
and long-term disability worldwide (Xua, 
Ouyanga, Xiong, Stary, & Giffard, 2015). 
Numerous studies have demonstrated that 
different genes, RNAs, and proteins are in-

volved in the development of stroke (Wang, Wang, & 
Yang, 2013). Although many clinical trials have been 
tried, the only clinically efficacious treatment to date is 
thrombolysis (Blakeley & Llinas, 2007). The complex 
interplay between multiple signaling pathways and in-
tracellular organelles, the interaction between different 
cell types, and the potentially short therapeutic window 
for neuroprotection after stroke are suggested reasons for 
failures (Xua et al., 2015).

MicroRNAs (miRs or miRNAs) are a type of small, and 
non-coding RNAs. Mature miRs are generated from pri-
mary miR transcripts by sequential endonucleolytic pro-
cessing and act as posttranscriptional regulators of gene 
expression, including in the setting of cerebral ischemia 
(Ouyang, Stary, Yang, & Giffard, 2013).

Many miRs exist in families (Bigdeli, Rahnema, & 
Khoshbaten, 2009). The miR1 microRNA precursor is a 
small miRNA that regulates its target protein’s expression 
in the cell. MicroRNAs are transcribed as ~70 nucleotide 
precursors and subsequently processed by the Dicer en-
zyme to give ~22 nucleotide products. In this case, the 
mature sequence comes from the 3’ arm of the precursor. 
The mature products are thought to have regulatory roles 

through complementarity to mRNA. Rno-miR-1 (special 
rat) has two mature products of rno-miR-1-3p and rno-
miR1-5p. In this research, rno-miR-1-3p was considered.

It has been predicted that 40% to 50% of mammalian 
mRNAs could be regulated at the translational level by 
miRNAs (Jeyaseelan, Lim, & Armugam, 2008). In mam-
mals, specific miRNAs have been recognized to control 
processes of differentiation, hematopoiesis, exocytosis, 
development, neuronal cell fate, apoptosis, proliferation 
as well as in diseases (Kloosterman & Plasterk, 2006) 
and possibly neuronal disorders (Kosik, 2006). MiR ex-
pression has been detected in stroke (Jeyaseelan et al., 
2008; Dharap, Bowen, Place, & Vemuganti, 2009), Al-
zheimer disease (Hebert et al., 2008), Parkinson disease 
(Kim et al., 2007), Down syndrome (Kuhn et al., 2008), 
and schizophrenia (Beveridge et al., 2008). Recent stud-
ies have identified stroke-induced miRNA in the brain 
and plasma from experimental models and patients 
(Dharap et al., 2009; Jeyaseelan et al., 2008).

It has been revealed that miR1 has a biological and path-
ological role in apoptosis, myocardial ischemic injures, 
contraction, myogenesis, and hypertrophy, on skeletal and 
heart muscles in particular (Xu et al., 2007). Recently, it 
has been demonstrated that miR1 controls brain growth, 
generation of synapses, brain learning, and memory by 
the expression of brain-derived neurotrophic factor (Va-
rendi, Kumar, Härma, & Andressoo, 2014). An increase 
of miR1 in CSF-derived profile of microRNAs in animal 
models of stroke and Parkinson disease has already been 
confirmed (Wang, Ji, Cheng, Chen, & Bai, 2014).

Highlights 

● Our results indicate that administration of miR1 antagomir reduces MiR1 signicantly.

● The administration of miR1 antagomir reduces infarct volume and stroke signicantly.

● The administration of miR1 antagomir also decreases bad expression while increases BCL-W expression. 

Plain Language Summary 

Sroke is the main cause of death and disability and different genes, RNAs, and proteins are involved in the development 
of stroke. MicroRNAs are a type of small and non-coding RNAs. Many miRs exist in families. The miR1 microRNA 
precursor is a small miRNA that regulates its target protein’s expression in the cell. In mammals, specific miRNAs 
have been recognized to control processes of differentiation, hematopoiesis, exocytosis, development, neuronal cell 
fate, apoptosis, and proliferation. MiR expression has been detected in stroke, Alzheimer disease, Parkinson disease, 
Down syndrome, and schizophrenia. It has been revealed that miR1 has a biological and pathological role in apoptosis, 
myocardial ischemic injures, contraction, myogenesis, and hypertrophy; also miR1related to skeletal and heart muscles 
in particular. Recently, it has been demonstrated that miR1 controls brain growth.
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The mature miRNA such as miR1 binds to specific re-
gions of target mRNA transcripts and either destabilize 
the target mRNA transcript or blocks its translation or 
both (Negrini, Nicoloso, & Calin, 2009; Ghilidiyal & 
Zamore, 2009; Brodersen & Voinnet, 2009). In 2012, 
Selvamani et al. reported that cortical infarct volume was 
significantly reduced by ICV injection of anti-miR1, as 
compared to the control group that received the scrambled 
oligonucleotides. It has been shown that anti-miR1 treat-
ment, as late as four hours following ischemia, signifi-
cantly reduces cortical infarct volume in adult female rats 
(Selvamani, Sathyan, Miranda, & Sohrabji, 2012). Chia-
Yu Ch et al. reported that miR1 can regulate gene ex-
pression which consequently mediates hypoxia-induced 
apoptotic insults to neurons in vitro (Chang et al., 2016).

Recent experiments have demonstrated that microR-
NAs regulate multiple BCL-2 family members, includ-
ing both pro-apoptotic and anti-apoptotic proteins, and 
influences the outcome of cerebral ischemia (Ouyang, 
Stary, White, & Giffard 2015; Blakeley & Llinas, 2007). 
Bcl-w and bad are anti-apoptotic and pro-apoptotic 
genes, respectively, which are regulated with rno-miR-
1-3p. Members of the bcl2 family can act either as anti-
apoptotic or pro-apoptotic molecules based on the pres-
ence of their conserved regions which are termed bcl2 
homology (BH) domains (Van Delft & Huang, 2006). 

Anti-apoptotic subtypes share up to the four regions 
of sequence homology (BH1-4) such as Bcl-2, Bcl-xL, 
and Bcl-w. The pro-apoptotic members of the Bcl-2 fam-
ily can be divided into two functionally and structurally 
distinct categories. The BH3-only proteins (e.g. Bim, 
Puma, Bid, and Bad) have only the BH3 region of ho-
mology which are activated in response to various cel-
lular stress (Puthalakath & Strasser, 2002), in contrast, 

Bax and Bak contain multiple BH domains (BH1, BH2, 
and BH3) and require downstream of BH3-only proteins 
to launch apoptosis (Cheng et al., 2001; Rathmell, Lind-
sten, Zong, Cinalli, & Thompson, 2002).

The pro-survival activity of BCL-2 has been illustrated 
in both overexpression and gene targeting studies. Over-
expression of pro-survival members induced by inter-
nal or external stimuli, protect cells against apoptosis 
(Cory, Huang, & Adams, 2003), which show the impor-
tant overlapping roles for these proteins. The BH3-only 
pro-apoptotic proteins can bind with high affinity to spe-
cial anti-apoptotic molecules and induce apoptosis when 
overexpressed (Huang & Strasser 2000). Bcl-w is highly 
expressed in the brain, colon, and testes (O’Reilly et al., 
2001). The level of bcl-w has been shown to increase dur-
ing neuronal development that shows it may play a crucial 
role in neural survival (Hamnér, Skoglösa, & Lindholm, 
1999). Bcl-w protects neurons against Ca2+ mediated in-
juries by inhibiting the release of cytochrome-c following 
MCAO (Yan, Chen, Chen, Minami, & Pei, 2000).

In vitro study of cerebellar granule neurons has re-
vealed that overexpression of the bad gene induces cell 
death, which can be partly blocked by insulin growth 
factor (Datta et al., 1997). Also, it has been shown that 
bad protein level increases in nerve growth factor (NGF) 
deprived sympathetic neurons (Aloyz et al., 1998).

A few miRNAs target multiple members of the BCL-2 
family. MiR-497 also targets BCL-W in addition to BCL-2 
in neuro-2A cells. Knockdown of miR-497, which targets 
both BCL-2 and BCL-W  (Yin et al., 2010), has a protective 
effect on MCAO-induced neural death. The bcl-w protein is 
also regulated by miR-29-a (Ouyang & Giffard, 2014). Bad, 
a downstream target of Akt, is greatly activated in miR-494 

 
 
Figure 1. Effects of rapamycin, miR1 antagomir, and temporary 
middle cerebral artery occlusion (tMCAO) on infarct volume (A) 
(*P<0.05) (# P<0.001); typical ischemic lesion induced by MCAO in 
rapamycin, miR1 antagomir and tMCAO groups (B). 
 
 
A 
 

 
 
 

B                   
 

0

50

100

150

200

250

300

Conntrol Rapamycin Antagomir

In
fra

ct
 v

ol
um

e 
(m

m
3)

Group

Total

Cortex

Subcortex

* *

*
* *

*
#

tMCAO antagomir Rapamycin 

 
 
Figure 1. Effects of rapamycin, miR1 antagomir, and temporary 
middle cerebral artery occlusion (tMCAO) on infarct volume (A) 
(*P<0.05) (# P<0.001); typical ischemic lesion induced by MCAO in 
rapamycin, miR1 antagomir and tMCAO groups (B). 
 
 
A 
 

 
 
 

B                   
 

0

50

100

150

200

250

300

Conntrol Rapamycin Antagomir

In
fra

ct
 v

ol
um

e 
(m

m
3)

Group

Total

Cortex

Subcortex

* *

*
* *

*
#

tMCAO antagomir Rapamycin 

Figure 1. Effects of miR1 antagomir on infarct volume

A: Effects of rapamycin, miR1 antagomir, and temporary middle cerebral artery occlusion (tMCAO) on infarct volume; B: 
Typical ischemic lesion induced by MCAO in rapamycin, miR1 antagomir and tMCAO groups; *P<0.05; # P<0.001.
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hearts, as evidenced by an 8 to 10 fold increase in levels of 
phosphorylated Bad (Wang et al., 2010). Although many 
in vitro research studies focus on diverse roles of miR1 
in neurons, its in vivo role in the brain and different 
diseases particularly stroke is still unknown. The exact 
mechanisms of miR1 which result in the improvement of 
stroke deficits are still unclear. While many studies have 
shown the role of different microRNAs on anti-apoptotic 
and pro-apoptotic proteins (Su, Yang, Xu, Chen, & Yu, 
2015), the effect of microRNAs on bad and bcl-w ex-
pression, especially in brain ischemia, is not clarified.  

In the current study, we investigated the possible effect of 
miR1 on bad and bcl-w gene expression in the rat model of 
brain ischemia. Our data suggest that miR1 ameliorates the 
outcome of ischemia by changing the expression of genes 
that are associated with the apoptosis pathway.

2. Methods

2.1. Animals

All experimental procedures were done with the ap-
proval of the Ethics Committee of Shahid Beheshti Uni-
versity of Iran.

All male rats (weighing 250–350 g) were purchased 
from Pasteur Institute and were provided with standard 
food and water. All animals were kept in a similar condi-
tion of 12:12 hours of a dark-light cycle at 25°C. 

2.2. Experimental protocol

Rats were divided into three experimental groups: con-
trol, positive control, and treatment. First, Middle Cerebral 
Artery Occlusion (MCAO) surgery was performed in all 
groups and one hour later, the rats received 0.1 mL normal 
saline (NS), 0.1 mL rapamycin and 300 pmol/g (soluble 
in 0.1 mL normal saline) miR1 (Guangzhou RiboBio Co. 
turkey, > rno‐miR‐1‐3p MIMAT0003125 5’-UGGAAU-
GUAAAGAAGUGUGUAU -3’) antagomir, in tail vein, 
respectively. About 24 hours after reperfusion, the infarct 
volume was assessed (Bigdeli et al., 2008).

2.3. Focal cerebral ischemia

MCAO surgery was done as described by longa et. 
Briefly rats were anesthetized with chloral hydrate (Mer-
ck, Germany) (28.5 mg/kg) and 3-0 silicone-coated ny-
lon suture was introduced through the external carotid 
artery under a microscopic surgery, and advanced into 
the internal carotid artery 20 to 22 mm beyond the ca-
rotid bifurcation. Mild resistance represented that the tip 

was lodged in the anterior cerebral artery so the blood 
flow to the MCA was blocked. After 60 minutes of 
ischemia, the suture was extracted and reperfusion was 
started. During surgery, the temperature was monitored 
and maintained at 37.0°C (Citizen-513w, CITIZEN) by 
surface heating and cooling.

2.4. Infarct volume assessment

Rats were decapitated and their brains were removed 
rapidly and kept in saline at 4°C for 15 minutes. Brains 
were cut from the frontal to temporal side with a thick-
ness of 2 mm. They were incubated in 2% of 2, 3, 5-tri-
phenyl tetrazolium chloride solution at 37°C in a water 
bath for 15 minutes. Then, the slices were photographed 
with a digital camera (Nokia 6630, Finland). 

Unstained areas were defined as damaged areas. The in-
farct volume of unstrained areas was measured by an im-
age analysis software (Image Tools, National Institutes of 
Health). Infarct volume was calculated according to the 
previously described method of Swanson et al. (Bigdeli 
et al., 2008) corrected infarct volume = left hemisphere 
volume – (right hemisphere volume - infarct volume). 

2.5. Positive control

As it has been proven, rapamycin ameliorates deficits of 
brain ischemia and has neuroprotective effects, it is used 
as a positive control (Wang et al., 2010; Su et al al., 2015; 
Sørensen, Nygaard, Nielsen, Jensen, & Christensen, 2014).

2.6. Primers design 

Primers were designed in the form of exon junction us-
ing allele ID software according to the sequence of genes 
archives in NCBI.

2.7. rno-miR-1-3p gene

2.7.1. Looped primer sequence

RT PRIMER: 5-GTCGTATCCAGTGCAGGGTCC-
GAGGTATTCGC

ACTGGATACGACATACAC-3

The primers forward: 5’ → 3’ GTGCAGGGTCC-
GAGGT

Reverse: 5’ → 3’ TGGAATGTAAAGAAGT

Talebi, A., et al. (2020). The Role of miR-1 in MCAO duo to Bcl-w and Bad Genes. BCN, 11(6), 811-820.
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2.7.2. Bad gene

The primers forward: 5’ → 3’ CGGAGTCGCCA-
CAGTTCG

Reverse: 5’ → 3’ ACCCTCAAATTCATCGCTCATTC

2.7.3. Bcl-w gene

The primers forward: 5’ → 3’ ACTGGGGGCCCTG-
GTAACTGTAG

Reverse: 5’ → 3’ CCACCCATCCACCAACTCCACT

2.7.4. Real-Time PCR 

The relative amount of the expression of miR1 gene in 
groups in comparison with GAPDH internal control was 
carried out using Corbet device.

2.8. Statistical analysis

Infarct volume was compared using 1-way ANOVA test 
(Newman-Keuls). Data were expressed as Means±SEM. 
P<0.05 was considered significant.

3. Results

3.1. Effects of miR1 antagomir on infarct volume

The putative beneficial effects of rapamycin and miR1 
antagomir were confirmed by a reduction in infarct vol-
ume when compared with the control group (Figure 1). The 
neuroprotection exerted by rapamycin and miR1 antagomir 
was mainly seen in the penumbra (cortex) and subcortex.

3.2. Real-time PCR 

To study the quantitative level of gene expression, first, 
the technical accuracy was evaluated using the melting 

Figure 3. The ratio of Bad gene expression in group 1 (sham) and group 2 (tMCAO) and group 4 (miR1 antagomir injection), 
24 hours after injection

Figure 2. The ratio of miR1 gene expression in group 1 (sham) and group 2 (tMCAO) and group 4 (miR1 antagomir injection), 
24 hours after injection
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curve. Then the amount of CT was determined using the 
amplification diagram. Based on the results of the REST 
program, from the statistical point of view, the level of 
miR1, bad and bcl-w gene expression in the right hemi-
sphere of experimental groups comes in Figures 2, 3, and 
4, respectively (P≤0.05). 

4. Discussion 

The main findings in this study are as follows: 1. Post-
stroke miR1 antagomir treatment has neuroprotective ef-
fects against ischemic neural damage compared to the 
control group in a rat model of MCAO; 2. In vivo  IV ad-
ministration of miR1 has a neuroprotective effect; 3. Ad-
ministration of miR1 antagomir shortly after stroke re-
sults in a significant reduction in infarct volume; 4. While 
miR1 expression increases after stroke, its expression de-
creases after intravenous injection of miR-1 antagomir; 
5. Bad expression increases after stroke which has been 
reduced after intravenous injection of miR1 antagomir; 
and 6. bcl-w expression decreases after stroke which in-
creased after intravenous injection of miR1 antagomir.

This study aims to investigate regulatory pathways that af-
fect infarct volume in an animal model of MCAO, by fo-
cusing on gene expression which is regulated by miRNAs. 
Many studies have proved that miRNAs have an important 
role in cerebral ischemia and reperfusion (Sørensen et al., 
2014). In 2010, Vemoganti and Pharap have shown that al-
most 9 miRNAs have been changed obviously during isch-
emia/reperfusion (IP) in the rat brain (Sørensen et al., 2014). 

Dong et al. (2015) have revealed that miR1 can block 
liver cancer. It has been indicated that overexpression of 
miR1 induces apoptosis in the liver hepatocellular carci-
noma (HepG2) via downregulation of apoptosis inhibi-
tor 5 (API5) (Tang et al., 2009). Yehua et al. have shown 
that miR1 increased significantly and facilitates apopto-

sis in response to H2O2 in rat cardiomyocytes. It has been 
revealed that administration of miR1 oligonucleotide in-
hibitors results in a resistance to H2O2 throughout down-
regulation of Bcl2 via miR1 which is connected to the 
3UTR special location on this gene (Tang et al., 2009). 

 In 2014, a review was published about the unregulated 
production of miRNAs and their roles in neurodegenera-
tive diseases. Overproduction of miR1 in stroke has been 
studied in reference 18. Anti-miR1 treatment, as late as 4 
hours following ischemia, significantly reduced cortical 
infarct volume in adult female rats (Wang et al., 2013).

As described before, the role of miR-R has been stud-
ied in various diseases, but its effect on stroke has not 
been investigated precisely. Therefore, to figure out the 
role of miR1, we evaluate the possible effect of IV ad-
ministration of miR1 antagomir in an animal model of 
brain ischemia.

We revealed that injection of miR1 antagomir after isch-
emia reduces infarct volume significantly. Many research 
studies show the effect of post-stroke treatment with other 
individual miRNAs, but, to our knowledge, we are the 
first who test post-stroke treatment or IV administration of 
miR1 antagomir. MiR1 has various mechanisms to pro-
tect neurons. It has been shown that apoptosis plays a key 
role in physiological neurogenesis in neural development 
(Okouchi, Ekshyyan, Maracine, & Aw, 2007). On the 
other hand, neural weakness to apoptotic insults can lead 
to neurodegenerative disorders (Jana, Hogan, & Pahan, 
2009). A variety of intrinsic and extrinsic signals regulate 
cell apoptosis (Goyal, 2001; Lin et al., 2012). Chia et al. 
reported that miR1 induces apoptosis via collaboration 
with Bax, mitochondria, and caspase protease, in hypox-
ia-induced apoptotic in neuro-2a cell (Chang et al., 2016).

Figure 4. The ratio of bcl-w gene expression in group 1 (sham) and group 2 (tMCAO) and group 4 (miR1 antagomir injection), 
24 hours after injection
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 Antagomir of miR1 and Let7f induce neuroprotection 
via binding to the 3 UTRs sites of multiple IGF signaling 
pathway components (Selvamani et al., 2012). Yehua et 
al. (2009) reported that the level of miR1 is inversely 
correlated with Bcl-2 protein expression in cardiomyo-
cytes of the I/R rat model. In vitro studies have revealed 
that administration of miR1 inhibitor, oligonucleotides, 
and results in remarkable resistance to H2O2. The poten-
tial binding site of miR1 in the Bcl-2 gene have been 
identified. MiR1 reduces Bcl-2 expression in the level of 
mRNA and protein. These data have proven that miR1 
plays an important role in the regulation of cardiomyo-
cyte apoptosis, which is involved in the post-transcrip-
tional expression of Bcl-2 (Tang et al., 2009).

MiRs bind to messenger RNAs (mRNAs), and accord-
ing to their sequence, results in a decrease or increase of 
their target genes translation (Ouyang & Giffard, 2014).

Bcl-w (antiapoptotic) and Bad (proapoptotic) are two 
important targets of miR1 that have a critical role in the 
regulation of apoptosis. MiR1 has a positive and nega-
tive effect on bad and bcl-w expression, respectively 
(www.mirbase.org).

An increase in BCL-w expression induces neural surviv-
al in NGF-dependent trigeminal neurons and BDNF-de-
pendent neurons in response to neurotrophin (Middleton, 
Wyatt, Ninkina, & Davies, 2001). It is notable that, BCL-
w expression has increased in mouse neurons up to 72 
hours after MCAO (Yan et al., 2000). These results show 
that BCL-w plays a critical role in different neurological 
conditions to protect neurons which makes it an attractive 
target for the development of new therapeutic agents.

Several studies have demonstrated that BCL-w in-
teracts with the pro-apoptotic protein BAD and blocks 
apoptosis in sympathetic neurons (Hamnér et al., 2001). 
An increase in bad expression causes cell death in cul-
tured cerebellar granule neurons which can be partially 
stopped by co-expression of an active form of the pro-
tein kinase B/Akt (Datta et al., 1997). Two isoforms of 
Bad can induce cell death of sympathetic neurons and 
Bcl-w has a protective role both in Bad induced and 
NGF-withdrawal-induced cell death of these neurons 
(Hamnér et al., 2001).

Bad and bcl-w are two important members of the BCL-2 
family which are regulated by different types of microR-
NAs. Recent studies have shown that miR-125-b (Gong 
et al., 2013), miR-29-a (Datta et al., 1997), miR-29b (Shi 
et al., 2012), and miR-497 regulate bcl-w (Yadav et al., 
2011). Studies have demonstrated that various neuropro-

tective treatments reduce the impact of stroke via increas-
ing the expression levels of either bcl-2 or bcl-xL (Dubal, 
Shughrue, Wilson, Merchenthaler, & Wise, 1999). Overall, 
these studies have indicated the importance of the anti-
apoptotic Bcl-2 family in ischemic cerebral injury, and thus 
make these proteins as possible neuroprotective substance 
against stroke (Broughton, Reutens, & Sobey, 2009).

Because micro-RNA has a well-known role in amelio-
rating stroke outcomes via apoptosis regulation and also 
its exact protection pathway is still unclear, this study 
can be a new step for detecting new treatment strategies 
by evaluation of the possible effect of miR1 on bad and 
bcl-w expression.  

Our real-time PCR data analysis of miR1 level revealed 
that miR1 expression decreased significantly in the miR1 
antagomir treated group compared to the control group 
24 hours after reperfusion by decreasing apoptosis in 
the rat model of MCAO. On the other hand, injection of 
miR1 antagomir increased and decreased mRNA level 
of bcl-w and bad, respectively at the same time.

MiR1 antagomir reduces infarct volume via changes in 
the expression of miR1 target genes. Our study focused 
on the biological function and pathways of miR1 target 
genes to understand their apoptotic or anti-apoptotic ef-
fects. Further investigation is needed to clarify the pre-
cise relationship between bad and bcl-w, as pro-apoptot-
ic and anti-apoptotic factors. 

According to the previous studies, microRNAs (miR-
NAs or miRs) are small, endogenous, single-stranded, 
and noncoding RNAs that have 18-25 nucleotides (Tang, 
2005; Giannakakis, Coukos, Hatzigeoriou, Sandaltzo-
poulos, & Zhang, 2007). They regulate gene expression 
by hybridization to mRNA post-transcriptionally, which 
lead to suppress or degrade target mRNA (Giannakakis et 
al., 2007; Van Rooij & Olson, 2007). Because apoptosis 
has an important role in the hypoxic condition, any gene 
which is regulated by miR1 affects apoptosis. Finding a 
new way to regulate the miR1 pathway can ameliorate 
neurodegenerative diseases such as ischemia via apopto-
sis regulation.

This study not only represented a new possible treat-
ment for brain ischemia (to salvage the ischemic penum-
bra) in vivo, but it also could help us to understand more 
about the pathology of this disease. 
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