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Abstract. Endothelial progenitor cells (EPCs) can enhance 
the recanalization of thrombosis during the progression 
of cerebral infarction. Prazosin plays a therapeutic role in 
expanding the peripheral vasculature and regulating infarc-
tion cardiosclerosis by inhibiting phosphoinositide signaling. 
However, the possible mechanisms underlying the therapeutic 
effects of prazosin have not been fully explored. The purpose 
of the present study was to analyze the anti-apoptotic effects 
of prazosin on EPCs in a rat cerebral infarction model. The 
results showed that prazosin treatment decreased apoptosis 
of EPCs. Prazosin treatment decreased the serum expression 
levels of the inflammatory factors, interleukin‑1β and tumor 
necrosis factor-α in rats with cerebral infarctions as well as 
in EPCs in vitro. In addition, prazosin reduced the expression 
levels of Akt, NF‑κB, phosphorylated (p)‑Akt and p‑NF‑κB 
in EPCs and the middle cerebral artery of rats with cerebral 
infarction. These findings demonstrated that prazosin inhibited 
EPC apoptosis in the cerebral infarction rats through targeting 
the Akt/NF‑κB signaling pathway. In conclusion, these results 
indicated that prazosin has a preventive effect on cerebral 
infarction by inhibiting EPC apoptosis and by inhibiting the 
inflammatory response in vitro and in vivo through regulating 
the Akt/NF‑κB signaling pathway.

Introduction

Cerebrovascular diseases are characterized by systemic 
vascular disease and neuronal apoptosis (1‑3). Cardiovascular 
diseases are the most common cause of death in the adult 
population in economically developed countries, accounting 

for ~33% of deaths in 2017 (4). Cerebral infarction is a type 
of severe cerebrovascular disease, which often occurs due to 
brain hypoxic-ischemic necrosis, and leads to embolism and 
thrombosis (5,6). A previous study found that endothelial cells 
promote survival, proliferation and neuronal differentiation of 
transplanted adult ischemia‑induced neural stem/progenitor 
cells after cerebral infarction (7). Maintaining endothelial 
function and circulating endothelial progenitor cells (EPCs) is 
associated with a functional recovery for patients with cerebral 
infarctions (8). Therefore, understanding the molecular mech-
anisms of action behind cerebral infarction injuries to EPCs is 
essential for the prevention and treatment of cerebrovascular 
disease.

Prazosin (C19H21N5O4·HCl) is a α‑1 adrenergic receptor 
blocker which prevents the binding of postsynaptic adrenaline. 
Postsynaptic adrenaline plays an essential role in the progres-
sion of coronary artery diseases (9). Prazosin is widely used for 
treating mild and moderate hypertension (10). The long‑term 
effects of prazosin showed protective effects on blood pres-
sure, heart, carotid artery and acetylcholine in young Wistar 
rats (11). Furthermore, prazosin treatment causes enduring 
vulnerability to the transient reinstatement of hemiplegia after 
traumatic brain injury (12).

A previous study demonstrated that nuclear filament 
(NF)‑κB plays an important role in cerebral ischemia (13). In 
addition, a previous report indicated that inhibition of apop-
tosis and inflammation contributes to the recovery folliwng 
cerebral ischemia/reperfusion injury (14). Expression of Akt is 
correlated with the expression of apoptosis-related molecules 
caspase‑3 and p38 in acute cerebral ischemia (15). These find-
ings suggest that EPC mobilization following traumatic brain 
injury may take a different course compared to that associated 
with body or vascular injuries (16). Activating the Akt signaling 
pathway can protect rats against cerebral ischemia/reperfusion 
injury in rat hippocampal neurons (17). This also indicates that 
the Akt‑mediated JNK3/caspase‑3 signaling pathway protects 
rat hippocampal neurons against cerebral ischemia/reperfu-
sion injury in the CA1 region (18). Therefore, the present study 
hypothesized that prazosin may regulate cerebral ischemia 
injury through targeting the Akt/NF‑κB signaling pathway.

In the present study, the therapeutic efficacy of prazosin 
in a rat cerebral infarction model was analyzed. The present 

Prazosin blocks apoptosis of endothelial progenitor 
cells through downregulating the Akt/NF‑κB signaling 

pathway in a rat cerebral infarction model
SHUDONG LIU1,2  and  WENYAN LI1,2

1Department of Neurology; 2Chongqing Key Laboratory of Cerebrovascular Disease Research, 
Yongchuan Hospital of Chongqing Medical University, Chongqing 402160, P.R. China

Received March 7, 2019;  Accepted May 13, 2020

DOI: 10.3892/etm.2020.9009

Correspondence to: Professor Wenyan Li, Department of 
Neurology, Yongchuan Hospital of Chongqing Medical University, 
439 Xuanhua Road, Yongchuan, Chongqing 402160, P.R. China
E‑mail: wenyan_lisc@126.com

Key words: prazosin, cerebral infarction, apoptosis, inflammation, 
Akt, nuclear factor‑κB



LIU  and  LI:  PRAZOSIN BLOCKS APOPTOSIS OF EPCS BY DOWNREGULATING THE Akt/NF‑κB PATHWAY2578

study investigated the association between prazosin and the 
Akt/NF‑κB signal pathway in EPCs in rats with cerebral 
ischemia injury. The ameliorative effects of prazosin on the 
cerebral infarct volume, brain water content, cerebral edema, 
neurological deficits, inflammatory response and EPC apop-
tosis were also evaluated, which aimed to uncover the potential 
mechanisms of action of prazosin for the treatment of cerebral 
infarction in vitro and in vivo.

Materials and methods

Animal study. The protocols used in the present study were 
approved by the Animals Committee of Affiliated Hospital 
of North Sichuan Medical College (Nanchong City, China). A 
total of 30 male SD rats (8 weeks old, 320‑340 g body weight) 
were purchased from Chongqing Medical University. All rats 
were maintained at 22±2˚C, 50‑60% relative humidity and a 
12 h light/dark cycle with free access to diet and water. The 
cerebral ischemia injury model was developed in these rats 
as described previously (19). Briefly, cerebral ischemia in the 
area perfused by the middle cerebral artery was induced using 
an incision in the midline of the neck, where the right carotid 
bifurcation was observed. Rats were anesthetized using sodium 
pentobarbital [intraperitoneal (IP), 40 mg/kg]. The internal 
carotid artery was identified, ligated and then occluded, and 
the branches of the external carotid artery were dissected and 
divided. A 4-0 nylon suture with a silicone-coated tip was then 
advanced from the external carotid artery into the lumen of 
the internal carotid artery until it blocked the origin of the 
middle cerebral artery. Reperfusion was accomplished and 
rats underwent ischemia for 1 h and reperfusion for 4 h. The 
sham-operated animals were synchronously intragastrically 
administrated with equal volume of normal saline. Rat model 
was established and randomized into three groups: Vehicle, 
prazosin and sham (n=10 per group). The animals received 
prazosin (1 mg/kg; Sigma‑Aldrich; Merck KGaA) treatment 
once every day or the same volume of PBS by IP injection. The 
treatment continued for 30 days.

The modified neurological severity scores (mNSS) test. 
Neurological deficits were analyzed using the mNSS test in 
the prazosin and PBS group on day 30 (n=4) as previously 
reported (20). The mNSS test was scored on a 5-point scale: 
0, no neurological deficits; 1, failure to extend right forepaw 
fully; 2, circling to the right; 3, falling to the right; 4, inability 
to walk spontaneously combined with depressed levels of 
consciousness.

Infarct volume analysis. On day 30, after IP injection of pento-
barbital (40 mg/kg) for anesthesia, the brains were dissected 
and collected. Brain tissues were sliced into 1.0‑mm‑thick 
coronal sections and then frozen for 30 min at ‑80˚C. The 
tissue sections were incubated with 1% 2,3,5‑triphenyl tetra-
zolium chloride (Sigma‑Aldrich; KGaA) for 15 min at 25˚C 
and fixed in 4% paraformaldehyde for 12 h at 4˚C. The infarct 
region lacks staining and appears white, whereas the normal 
non‑infarct tissue appears red (14). The stained coronal slices 
were imaged using a fluorescent microscope (x200 magnifi-
cation), and the infarction was analyzed using Image J V4.6 
(National Institutes of Health). The percentage of infarct 

volume was measured as follows: (The total infarct volume 
of the ipsilateral structure/total volume of the contralateral 
structure) x100%.

Brain water content. Brains were carefully dissected and cut 
alongside the sagittal plane and the wet weight was measured. 
The hemispheres were dried for 24 h at 90˚C to determine the 
dry weight. Based on gravimetrical differences, water content 
was measured using the following calculation: Brain water 
content (%)=[(wet weight‑dry weight)/wet weight] x100.

Cells cultures. EPCs were isolated from the middle cerebral 
artery in experimental rats (the sham group) and cultured in 
DMEM (Invitrogen; Thermo Fisher Scientific, Inc.) medium 
with 10% fetal bovine serum (Invitrogen; Thermo Fisher 
Scientific, Inc.) and incubated overnight at 37˚C in a humidi-
fied atmosphere of 5% CO2. EPCs were treated with 5 mg/ml 
prazosin (Sigma‑Aldrich; Merck KGaA) and/or Akt inhibitor 
(AktIR; 1 mg/ml; cat. no. ab14088; Abcam) and/or NF‑κB 
inhibitor (NF‑κBIR; 1 mg/ml; cat. no. ab141588; Abcam) for 
24 h at 37˚C to analyze the therapeutic effects of prazosin.

Reverse transcription‑quantitative PCR (RT‑qPCR) analysis. 
Total RNA was obtained from EPCs using the RNAeasy 
Mini kit (QIAGEN, Inc.). RNA was reverse transcribed to 
cDNA using a reverse transcription kit (cat. no. AB4106C) 
with β-actin expression as an endogenous control (Invitrogen; 
Thermo Fisher Scientific, Inc.). The RT temperature protocol 
was as follows: 37˚C for 1 h and then 85˚C for 5 min to termi-
nate the reaction. Gene expression levels of Bcl-w, Bcl-2, Bax, 
Bad, interleukin (IL)‑1 and tumor necrosis factor (TNF)‑α in 
cells were measured on the iCycler thermal cycler (Bio-Rad 
Laboratories, Inc.) using iQ SYBR Green Supermix (Bio‑Rad 
Laboratories, Inc.). The following thermocycling conditions 
were used for the qPCR: Initial denaturation for 10 min at 94˚C; 
40 cycles of denaturation for 10 sec at 95˚C, annealing for 
20 sec at 56‑62˚C, extension for 10 sec at 72˚C; and melt curve 
analysis at 0.5˚C for 6 sec. All the forward and reverse primers 
were synthesized by Invitrogen; Thermo Fisher Scientific, Inc. 
(Table I). Relative mRNA expression level changes were calcu-
lated using the 2-ΔΔCq method (21). The results are expressed as 
the n-fold expression levels, normalized to β-actin expression.

Overexpression of Akt or NF‑κB. Expression plasmids 
pRK5‑Akt and pRK5‑NF‑κB, with a Flag tag at the C‑terminus, 
were constructed by Invitrogen; Thermo Fisher Scientific, Inc. 
EPCs (1x105) were seeded on six-well plates (Corning, Inc.) 
and transiently transfected with pRK5‑Akt, pRK5‑NF‑κB 
or pRK5‑vector by electrotransfection using Lipofectamine® 
2000 (Invitrogen; Thermo Fisher Scientific, Inc.) according to 
the manufacturer's protocol. After 72 h of transfection, mRNA 
expression levels of Akt and NF‑κB were analyzed. Cells were 
then treated with 5 mg/ml prazosin for 24 h at 37˚C for further 
analysis.

Activity of AKT and NF‑κB. TransFactor AKT kit (cat. no. 6
11437; BD Biosciences) and NF‑κB TransFactor NF‑κB kit 
(cat. no. 565446; BD Biosciences) were used to detect relative 
AKT and NF‑κB activity in the treated EPCs, respectively, 
according to the manufacturer's instructions. Subsequently, 
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the activity of AKT and NF‑κB was analyzed as previously 
described (22,23). Optical density was measured at 405 nm 
using a microplate reader.

Western blot analysis. EPCs were isolated from experimental 
rats as previously described (24) and homogenized using RIPA 
Lysis Buffer (Thermo Fisher Scientific, Inc.). Protein concen-
trations were measured using a BCA protein assay kit (Thermo 
Fisher Scientific, Inc.). Subsequently, protein samples (40 µg) 
were loaded and separated using 12% SDS‑PAGE. Protein 
were subsequently blotted on a nitrocellulose membrane and 
labelled using the following rabbit anti-rat primary antibodies 
at 4˚C overnight: Akt (1:2,000; cat. no. ab185633; Abcam), 
phosphorylated (p)Akt (1:2,000; cat. no. ab133458; Abcam), 
NF‑κB (1:1,000; cat. no. ab207297; Abcam), pNF‑κB (1:1,000; 
cat. no. ab222494; Abcam) and β‑actin (1:1,000; Cell Signaling 
Technology, Inc.) were added after blocking with 5% BSA 
for 1 h at 37˚C. The membranes were then incubated with 

horse radish peroxidase-conjugated goat anti-rabbit IgG mAb 
(1:5,000; cat. no. PV‑6001; OriGene Technologies, Inc.) at room 
temperature for 1 h. Protein bands were detected using an ECL 
detection system and the band intensities were analyzed using 
ImageJ software version 8.0 (National Institutes of Health).

TUNEL assay. EPCs were prepared and fixed with 10% 
paraformaldehyde for 10 min at room temperature. Apoptosis 
of EPCs as analyzed using TUNEL assays (DeadEnd™ 
Colorimetric Tunel System; Promega Corporation) according 
to the manufacturer's instructions. EPCs (1x105) were incu-
bated TUNEL solution at 37˚C for 1 h. Cells were washed with 
PBS three times for 5 min at 37˚C followed by incubated with 
5% DAPI (Sigma‑Aldrich; Merck KGaA) for 15 min at 37˚C 
in a dark wet box. Finally, images in three fields were captured 
using a ZEISS LSM 510 confocal microscope at 488 nm. 
The apoptosis rate was calculated using Developer XD 1.2 
(Definiens AG).

Table I. Primers for reverse transcription-quantitative PCR.

Gene  Forward (5'‑3') Reverse (5'‑3')

TNF‑α CCAGACCCTCACACTCAGATCA TCCGCTTGGTGGTTTGCTA
IL‑1β GGCTGCTTCCAAACCTTTGA GAAGACACGGATTCCATGGT
Bcl-w GCTGGTGGTTGACTTTCTCTCC GGCTTCAGTCCTGTTCTCTTCG
Bcl-2 GATGAAGTACATCCATTATAAGCTGTCACA GCGCTCAGCCCTGTGCCACCTGTGGTCCAC
Bad GGAGCATCGTTCAGCAGCAG CCATCCCTTCATCTTCCTCAGTC
Bax CTTCAGGGTTTCATCCAG CTCCATGTTACTGTCCAG
β-actin CGGAGTCAACGGATTTGGTC AGCCTTCTCCATGGTCGTGA

IL, interleukin; TNF, tumor necrosis factor.

Figure 1. Effects of prazosin on the infarct volume and functional recovery in cerebral ischemia injury rats. (A) Representative images of infarct volumes in 
the vehicle, prazosin and sham groups. (B) Quantification of the infarct volume in the vehicle, prazosin and sham groups. (C) Neurological score and (D) brain 
water content in the vehicle, prazosin and sham groups. *P<0.05, **P<0.01. ns, not significant.
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Statistical analysis. All data are reported as the mean and 
the SD. The mNSS test was analyzed using a Kruskal‑Wallis 
test with post hoc Dunn's tests for multiple comparisons. 
Statistical significances between two groups were analyzed 
using Student's t-tests. Other multiple groups were analyzed 
using one‑way ANOVAs followed by Tukey's test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Prazosin alleviates infarct volume and improves neurological 
deficits in cerebral ischemia injury rat. Infarct volume and 
functional recovery were analyzed in experimental rats with 
myocardial ischemia after treatment with prazosin. The results 
showed that the infarct volume was markedly decreased 
following prazosin treatment compared to the vehicle deter-
mined by the infarct volume analysis (Fig. 1A‑B). Prazosin was 
found to improve the neurological deficits, as determined by the 
mNSS test (Fig. 1C). Treatment of prazosin also decreased brain 
water content compared to the vehicle group, as determined by 
the brain water content assay (Fig. 1D). These results suggested 
that prazosin may attenuate ischemia-induced brain injury.

Prazosin treatment inhibits apoptosis of EPCs in vitro. The 
anti-apoptotic effects of prazosin were investigated in EPCs. 
The results demonstrated that prazosin treatment decreased the 
numbers of apoptotic EPCs induced by TNF‑α (Fig. 2A). The 
number of TUNEL-positive EPCs was higher in the control 
group compared with the prazosin group (Fig. 2B). RT‑qPCR 
showed that the gene expression levels of the anti-apoptotic 
genes, Bcl-w and Bcl-2, were upregulated in EPCs compared 
to the control (Fig. 2C). The expression levels of pro‑apoptotic 
genes, Bad and Bax, were downregulated in myocardial cells 
compared to that of the controls (Fig. 2C). Prazosin was also 

found to downregulate TNF‑α and IL‑1β gene expression 
levels in EPCs (Fig. 2D). These results suggested that prazosin 
treatment may inhibit apoptosis and inflammation in EPCs 
in vitro.

Prazosin treatment decreases apoptosis and inflammatory 
factors in vivo. TUNEL assays showed that the number of 
apoptotic EPCs significantly increased in the cerebral isch-
emia injury rats compared to the vehicle controls (Fig. 3A‑B). 
Prazosin treatment decreased the expression levels of 
pro-apoptotic genes, Bad and Bax, and increased Bcl-w and 
Bcl-2 gene expression levels in EPCs compared to the vehicle 
group (Fig. 3C). Gene expression levels of TNF‑α and IL‑1 
in EPCs were also decreased by prazosin treatment compared 
to the vehicle (Fig. 3D). These results suggested that prazosin 
treatment can decrease apoptosis and the expression of 
inflammatory factors in vivo.

Prazosin inhibits Akt/NF‑κB signal pathway and inflammation 
in vivo. The effect of prazosin on Akt and NF‑κB expression 
levels was analyzed in the middle cerebral artery in vivo. 
As shown in Fig. 4A, prazosin decreased the expression and 
phosphorylation levels of Akt and NF‑κB in in middle cerebral 
artery in experimental rats compared to that in the PBS-treated 
rats. Protein expression levels of TNF‑α and IL‑1 in the middle 
cerebral artery were also decreased by prazosin treatment 
compared to the vehicle in vivo (Fig. 4B). These data indicated 
that prazosin may inhibit the Akt/NF‑κB signaling pathway 
and inflammation in the middle cerebral artery in vivo.

Prazosin inhibits EPC apoptosis through targeting the 
Akt/NF‑κB signaling pathways. Cells were transiently 
transfected with pRK5‑Akt, pRK5‑NF‑κB or pRK5‑vector 
by electrotransfection. Fig. S1 shows that transfection was 

Figure 2. Effects of prazosin treatment on apoptosis inflammatory factors in EPCs in vitro. (A) Anti-apoptotic effects of prazosin treatment on EPCs induced 
by TNF‑α. (B) Quantification of apoptotic EPCs induced by TNF‑α. (C) Gene expression levels of Bcl-w, Bcl-2, Bad and Bax in EPCs after treatment with 
prazosin. (D) TNF‑α and IL‑1β gene expression levels in EPCs after treatment with prazosin. **P<0.01. EPC, endothelial progenitor cell; IL, interleukin; 
TNF, tumor necrosis factor.
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successfully performed. The mRNA expression level of 
Akt and NF‑κB in pRK5‑Akt and pRK5‑Akt groups were 
significantly compared with vector groups, respectively. The 
potential mechanism of action mediated by prazosin in EPCs 
was further analyzed. The expression and phosphorylation 
levels of Akt and NF‑κB were downregulated by prazosin 
treatment in EPCs (Fig. 5A). The results also demonstrated 
that the ratio of pAkt and pNF‑κB to total AKT and NF‑κB, 
respectively, was decreased by prazosin treatment in the EPCs 
(Fig. 5B). AktIR decreased NF‑κB activity, while Akt overex-
pression (AktOR) increased NF‑κB activity (Fig. 5C‑D). AktIR 

increased prazosin‑inhibited apoptosis of EPCs, while AktOR 
decreased prazosin‑inhibited apoptosis of EPCs (Fig. 5E‑F). 
These results suggested that prazosin inhibited EPC apoptosis 
through targeting the Akt/NF‑κB signaling pathway.

Prazosin inhibits inflammation in EPCs through targeting the 
NF‑κB signaling pathway. Finally, the relationship between 
the inhibition of inflammatory cytokine production and NF‑κB 
production in EPCs was investigated. As shown in Fig. 6A, 
NF‑κBIR decreased TNF‑α and IL‑1 in EPCs and NF‑κBIR 
increased prazosin‑inhibited TNF‑α and IL‑1 expression levels 

Figure 4. Prazosin inhibits the Akt/NF‑κB signaling pathway and inflammation in the middle cerebral artery in cerebral ischemia injury rats. (A) Prazosin 
decreased the expression and phosphorylation levels of Akt and NF‑κB in middle cerebral artery in experimental rats compared to that in vehicle-treated rat. 
(B) Relative protein expression levels of TNF‑α and IL‑1 in the middle cerebral artery of prazosin and vehicle‑treated cerebral ischemia injury rats. **P<0.01. 
EPC, endothelial progenitor cell; IL, interleukin; NF, nuclear factor; p, phosphorylated; TNF, tumor necrosis factor.

Figure 3. Effects of prazosin treatment on apoptosis and inflammatory factors in EPCs in vivo. (A) Representative images of apoptosis of EPCs in the cerebral 
ischemia injury rats in the vehicle, prazosin and sham groups. (B) Quantification of EPC apoptosis in the vehicle, prazosin and sham groups. (C) Gene expres-
sion levels of Bad, Bax, Bcl‑w and Bcl‑2 gene expression in EPCs in the vehicle, prazosin and sham groups. (D) Gene expression levels of TNF‑α and IL‑1 in 
EPCs in vehicle, prazosin and sham groups. **P<0.01. EPC, endothelial progenitor cell; IL, interleukin; ns, not significant; TNF, tumor necrosis factor.
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in EPCs. NF‑κB overexpression (NF‑κBOP) increased TNF‑α 
and IL‑1 expression levels in EPCs, and prazosin was able to 
prevent the NF‑κBOP mediated increase in the expression 
levels of these proteins (Fig. 6B). These data suggested that 
prazosin inhibited inflammation in EPCs through targeting 
the NF‑κB signaling pathway.

Discussion

Currently, ischemia-induced brain injury presents an 
extremely high mortality rate worldwide, that closely asso-
ciates with metabolic disorders of endogenous substances, 

such as acetylcholine and histamine (25-27). Prazosin 
can protect myocardial cells against anoxia-reoxygenation 
injury through the extracellular signal‑regulated kinase 
signaling pathway (28). However, the role of prazosin in 
EPCs has not reported previously. In the present study, the 
ameliorative effects of prazosin were investigated in a rat 
cerebral infarction model. The present study found that 
prazosin decreased infarct volume, brain water content 
and attenuated neurological deficits in ischemia‑induced 
brain injury. These findings indicated that prazosin inhib-
ited apoptosis of EPCs through targeting the Akt/NF‑κB 
signal pathway in EPCs.

Figure 5. Prazosin inhibits EPCs apoptosis through targeting the Akt/NF‑κB signaling pathway. (A) Expression and phosphorylation levels of Akt and NF‑κB 
in prazosin‑treated EPCs. (B) Activity of AKT and NF‑κB in prazosin‑treated EPCs. (C) Effects of AktIR on NF‑κB activity in EPCs. (D) NF‑κB activity in 
AktIR + prazosin EPCs. (E) Effects of AktIR on prazosin‑inhibited apoptosis of EPCs. (F) Effects of AktOR on prazosin‑inhibited apoptosis of EPCs. Control 
represents PBS-treated cells. *P<0.05, **P<0.01. AktIR, Akt inhibitor; AktOR, Akt overexpression; EPC, endothelial progenitor cell; NF, nuclear filament; 
ns, not significant; p, phosphorylated.
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Inflammation plays an essential role in the occurrence 
and development of cerebral infarction (29). A previous study 
reported that the levels of TNF‑α in the serum is associated 
with the severity of acute cerebral infarctions (30). It has 
also been found that IL‑1β expression is upregulated in the 
brain tissue and sera of focal cerebral ischemia/reperfusion 
injury model rats (31). The present study found that prazosin 
decreased TNF‑α and IL‑1β gene expression levels in EPCs, 
and also reduced serum levels of TNF‑α and IL‑1β in the rat 
cerebral infarction model. Administration of prazosin also 
decreased the brain water content and reduced neurological 
deficits in the cerebral infarction rat model compared to the 
control group, which suggested that prazosin may be a poten-
tial drug for the treatment of cerebral infarction.

Inhibition of apoptosis and proliferation of EPCs may 
repair the blood-brain barrier and improve the cognitive func-
tion of amyloid precursor protein/presenilin 1 in transgenic 
Alzheimer's disease mice following the development of 
cerebral infarction (32). To the best of our knowledge, this is 
the first study which has analyzed the anti‑apoptotic effects 
of prazosin in EPCs both in vitro and in vivo. Prazosin treat-
ment was found to decrease the pro-apoptotic gene expression 
levels of Bad and Bax, and increase Bcl-w and Bcl-2 gene 
expression levels in EPCs both in vitro and in vivo. Previously, 
it has been indicated that EPCs and neural progenitor cells 
synergistically protect cerebral endothelial cells from 
hypoxia/reoxygenation‑induced injury through activating the 
Akt pathway (33). Notably, inhibition of NF‑κB activation 
decreases TNF‑α‑induced inflammation and atherosclerotic 
activity in EPCs (34). Mechanistically, prazosin inhibited the 
Akt signaling cascade, which prevented the apoptosis of EPCs. 
The results demonstrated the protective effects of prazosin 
through inhibition of apoptosis mediated by the Akt/NF‑κB 
signaling pathway in animals with cerebral infarctions.

In conclusion, the present study indicated that prazosin 
protects EPCs against apoptosis by downregulating the 

activity of the Akt/NF‑κB signaling pathway in the rat cere-
bral infarction model. The present findings provided evidence 
of the anti‑apoptotic efficacy of prazosin in the progression of 
cerebral infarction, which illustrated a possible mechanistic 
pathway for the treatment of ischemia-induced brain injury.
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