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Abstract: Objective: The aim of this study was to examine the effects of dexmedetomidine on apoptosis of hippo-
campal neurons in rats with cerebral ischemia-reperfusion injury (IRI). Methods: A total of 45 mice were randomly 
and equally (n = 15/each) divided into the sham (S) group, model (M) group, and dexmedetomidine (D) group. Nerve 
injuries were evaluated using Purdy scores and cerebral infarct area was detected by 2,3,5-triphenyltetrazolium 
chloride (TTC) staining. The content of water and glutamate and γ-aminobutyric acid was detected using the wet-
dry weighting method and HPLC-mass spectrometer, respectively. In addition, apoptosis of hippocampal neurons 
was detected by TUNEL staining and flow cytometry. Moreover, mRNA and protein expression of cleaved caspase-3, 
Bcl-2, and Bax was detected via real-time quantitative PCR and Western blotting, respectively. Results: Compared 
with Group S, Group M displayed significantly increased Purdy scores, cerebral infarct area, and water content (P < 
0.01). These were significantly lower or smaller in Group D than those in Group M (P < 0.01). However, the content 
of γ-aminobutyric acid in Group M was significantly lower than that in Group S (P < 0.01), but significantly higher 
in Group D than in Group M (P < 0.01). In addition, apoptosis of hippocampal neurons in Group M was obviously 
increased (P < 0.01), lower in Group D than in Group M (P < 0.01). Furthermore, cleaved caspase-3 protein levels 
in hippocampal tissues in Group M were significantly increased (P < 0.01), with decreased Bcl-2/Bax mRNA and 
protein levels (P < 0.01). However, cleaved caspase-3 protein levels in Group D were obviously lower than those 
in Group M (P < 0.01), with higher Bcl-2/Bax mRNA and protein levels (P < 0.01). Conclusion: Dexmedetomidine 
improves nerve function after cerebral IRI in rats, reduces cerebral infarct area, and decreases apoptosis of hippo-
campal neurons. These effects may be through upregulation of γ-aminobutyric acid, decrease of caspase-3 levels, 
and increase of Bcl-2/Bax ratios.
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Introduction

Cerebrovascular disease can lead to disability 
and even death, seriously affecting the life 
quality of patients [1, 2]. After cerebral isch-
emia, insufficient blood and oxygen supply in 
brain tissues may lead to brain cell death, caus-
ing a series of serious nerve function impair-
ment disorders [2]. A lot of research evidence 
has shown that the reperfusion process after 
ischemia can further lead to neuronal cell 
death, resulting in severe impairment of learn-
ing, memory, and motor function [3, 4]. A previ-
ous study [5] showed that nerve function 
impairment in patients is caused by the signifi-
cant increase of neuronal apoptosis. Protecting 

nerves can significantly improve the nerve and 
motor function of patients with cerebral isch-
emia-reperfusion injury (IRI). Cerebrovascular 
thrombosis is a contributing factor to cerebral 
ischemia. Thrombolytic drugs are widely used 
in the treatment of cerebral ischemia, currently, 
but patients often miss the best thrombolytic 
treatment opportunity [6]. Therefore, identifica-
tion of novel therapeutic drugs for treatment of 
IRI is required.

There are two general pathways of apoptosis. 
These are the intrinsic, which is originated from 
mitochondrial release of cytochrome c and 
associated with activation of caspase-3, and 
the extrinsic, which is originated from the acti-
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vation of cell surface death receptors, resulting 
in the activation of caspase-8 [7]. Over the last 
decade, experimental studies have provided 
considerable new information characterizing 
apoptotic processes occurring after cerebral 
ischemia, showing that both intrinsic and ex- 
trinsic pathways are involved in neuronal cell 
death [8, 9]. 

Dexmedetomidine is a selective agonist of epi-
nephrine α2 receptor with strong sedative, 
analgesic, and anti-anxiety effects. Combined 
application of dexmedetomidine in clinic can 
reduce doses of anesthetics or analgesics. 
Moreover, its respiratory depression effects 
are very low, compared with the commonly-
used epinephrine α2 receptor [10]. Samantha 
et al. [11] showed that dexmedetomidine is 
widely distributed in brain tissues through the 
blood brain barrier, thereby exerting a potent 
therapeutic effect. Administration of dexme-
detomidine in advance can significantly de- 
crease serum catecholamine levels and im- 
prove neuropathological changes [12]. In recent 
years, dexmedetomidine has been demonstrat-
ed to have potential neuroprotective effects. 
Douglas et al. [13] found that dexmedetomi-
dine can significantly improve hippocampal 
neuron damage induced by hypoxia and reoxy-
genation. This might be through inhibition of 
calcium overload-mediated mitochondrial fis-
sion and mitochondrial apoptosis pathways. 
However, there are few in vivo studies investi-
gating the correlation between dexmedetomi-
dine and IRI.

In the current study, a rat model of middle cere-
bral artery occlusion (MCAO) was established 
to simulate the IRI of nerve cells in rats, aiming 
to study the effects of dexmedetomidine on 
neuronal apoptosis in rats with IRI, as well as 
explore possible mechanisms. The current 
study further aimed to provide a theoretical 
basis for the further development of dexme- 
detomidine.

Materials and methods

Animals and grouping

A total of 45 Sprague-Dawley (SD) rats, weigh-
ing 250-280 g, were purchased from the 
Laboratory Animal Center of Guangdong Pro- 
vince (Laboratory Animal Production License 
Number: SCXK2015-0012). Rats were fed in 
specific pathogen-free (SPF) cages for 1 week 

prior to experiments under a temperature of 
(25 ± 1)°C, humidity of (45 ± 2)%, and sunshine 
duration of 12 hours. They were given free ac- 
cess to food and water. Rats were randomly 
divided into the sham (S) group (n = 15), model 
(M) group (n = 15), and dexmedetomidine (D) 
group (n = 15). Rats in Group D were injected 
intraperitoneally with 60 μg/kg dexmedetomi-
dine at 2 hours before the operation, while rats 
in Group S and Group M were intraperitoneally 
injected with 2 mL normal saline at 2 hours 
before the operation. All operations and proto-
cols were approved by the Ethics Committee of 
Laboratory Animals, complying with relevant 
regulations in the International Laboratory 
Animal Protection Law.

Establishment of ischemia-reperfusion injury 
model

Rats in each group fasted for solids and liquids 
for 12 hours before modeling. During modeling, 
4% chloral hydrate was injected intraperitone-
ally for anesthesia. The surface of skin was cut 
using surgical scissors along the neck midline. 
Muscle tissues of the neck were bluntly sepa-
rated to find the common carotid artery and the 
internal carotid artery and external carotid 
artery were further separated. After the exter-
nal carotid artery was ligated using the suture 
line, the internal carotid artery was clamped 
using the artery clamp. An incision was made in 
the proximal part of internal carotid artery using 
the syringe needle and the occlusion wire 
(Shenzhen RWD Life Science Co., Ltd., Sh- 
enzhen, China) matching the weight of rats was 
inserted. The occlusive effect was achieved 
when the black spot of occlusion wire reached 
the Y-shaped crotch. The internal carotid artery 
and common carotid artery were ligated to fix 
the occlusion wire, the neck skin was sutured, 
and about 0.5 cm-long occlusion wire was 
exposed outside the skin. At 2 hours after isch-
emia of rats, the occlusion wire was removed. 
This was followed by reperfusion for 24 hours. 
Considering the mortality rate during the mod-
eling process, the number of model rats could 
be appropriately increased to ensure that there 
were 15 rats each group.

Nerve function evaluation and determination 
of cerebral infarct area

Nerve function was scored using the Zea-Longa 
scoring criteria at 24 hours after modeling: 0 
points (No neurological impairment symptoms 
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and normal activity), 1 point (The contralateral 
forepaws cannot stretch freely), 2 points (Con- 
tralateral circles when walking), 3 points (The 
body inclines to the opposite side when walk-
ing), 4 points (Unable to walk spontaneously 
and loss of consciousness), and 5 points 
(death). After rats were sacrificed via cervical 
dislocation, the brains were isolated. This was 
followed by washing the blood from the brain 
surface. The brains were frozen in a refrigerator 
at -20°C for 20 minutes. Coronal sections of 
the brains were prepared (6 sections per bra- 
in). Brain sections of rats in each group were 
stained with 2% 2,3,5-triphenyltetrazolium ch- 
loride (TTC) (Sigma) solution in an incubator 
under dark at 37°C for 30 minutes. Sections 
were gently flipped during staining, ensuring 
ample staining. After staining, TTC staining 
solution was removed and 4% paraformalde-
hyde was added to the sections for fixation in 
the refrigerator at 4°C overnight. Normal brain 
tissues showed red, while infarct regions sh- 
owed white. The infarct region was analyzed 
and the cerebral infarct area of rats was 
calculated.

Determination of water content and amino 
acid content in brain tissues

Rats in each group were sacrificed at 24 hours 
after reperfusion and brains were taken. The 
ischemic hemisphere was then cut off and 
weighed using a one-ten-thousandth balance 
(Shanghai Yitai Electronic Science and Tech- 
nology Co., Ltd., Shanghai, China). Wet weights 
were recorded. The hemisphere was dried in a 
drying oven at 110°C to constant weight (The 
deviation of weight measured for 3 times was 
not more than 0.2 mg), then dry weights were 
recorded. Water content in brain tissues in the 
ischemic area of rats in each group was calcu-
lated using the following formula: water con- 
tent = (wet weight - dry weight)/wet weight * 
100%. The content of glutamate and γ-amino- 
butyric acid in brain tissues of rats in each 
group was detected via liquid chromatography-
mass spectrometry [14]. Changes in amino 
acid content in brain tissues of rats in each 
group were calculated using measurement 
methods of amino acids found in the literature.

Detection of cell apoptosis by flow cytometry

At 24 hours after reperfusion, the brains were 
extracted. Hippocampal tissues were isolated, 
cut into tissue fragments using surgical scis-

sors, digested with collagenase, and dispersed 
into single cells, as previously described [15]. 
After cells were rinsed with pre-cooled phos-
phate buffered saline (PBS) 3 times, the single-
cell suspension was collected. Apoptosis was 
detected using the apoptosis assay kit (BD 
Bioscience, San Jose, CA, USA), strictly accord-
ing to manufacturer instructions. All samples 
were detected within 1 hour and apoptosis in 
the hippocampal tissues was statistically an- 
alyzed.

Detection of cell apoptosis levels via TUNEL 
staining

At 24 hours after reperfusion, paraffin sections 
of hippocampal tissues of rats were prepared. 
Apoptosis of hippocampal tissues was detect-
ed using the TUNEL apoptosis kit (Wuhan 
Boster Biological Technology Co., Ltd., Wuhan, 
China). Paraffin sections were dewaxed, wa- 
shed with PBS, dropwise added with 50 μL 
mixed solution of TdT, and DIG-d-UTP for label-
ing at 4°C for 2 hours (in a wet box to avoid 
volatilization). They were washed again with 
cleaning solution. Sections were sealed using 
40 μL blocking solution at room temperature 
for 30 minutes, added dropwise with the biotin-
labeled antibody (1:100) for incubation at 37°C 
for 40 minutes (in the wet box to avoid volatil-
ization), and washed with cleaning solution. 
Next, streptavidin-biotin complex-fluorescein 
isothiocyanate (SABC-FITC) secondary antibody 
(1:100) was added dropwise for reaction at 
37°C for 40 minutes. Sections were then 
washed with cleaning solution. Finally, sections 
were sealed using the anti-fluorescence qu- 
enching sealing agent, observed, and photo-
graphed under a confocal fluorescence micro-
scope (Nikon). The number of TUNEL-positive 
cells (green fluorescence) in hippocampal tis-
sues of rats in each group was calculated.

Detection of mRNA levels via quantitative 
qPCR

Total RNA was extracted from hippocampal tis-
sues of rats in each group using TRIzol (Invi- 
trogen, Waltham, Massachusetts, USA). Optical 
density (OD) values were detected. Isolated 
RNA was reversely transcribed into cDNA using 
the reverse transcription kit (TaKaRa) (42°C for 
15 minutes and 95°C for 2 minutes). Primers 
were synthesized by Sangon (Shanghai) and 
sequences are shown in Table 1. The qPCR sys-
tem was prepared with glyceraldehyde-3-phos-
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phate dehydrogenase (GAPDH) as an internal 
reference. Reaction conditions were as follows: 
pre-denaturation at 95°C for 5 minutes, dena-
turation at 95°C for 30 seconds, annealing at 
60°C for 30 seconds, extension at 72°C for 1 
minute, for a total of 30 cycles, with extension 
at 72°C for 5 minutes. Relative gene expres-
sion levels were calculated using 2-ΔΔCt.

Detection of protein levels by Western blotting

At 24 hours after reperfusion, hippocampal tis-
sues were isolated and radioimmunoprecipita-
tion assay (RIPA) lysis solution (100 mg/1 mL) 
was added. This was followed by ultrasonic 
homogenization on an ice box and subsequent 
centrifugation at 12,000 rpm and 4°C for 10 
minutes. The supernatant was collected. OD 
values of protein were detected using the bicin-
choninic acid (BCA) protein assay kit (PIERCE, 
Thermo Fisher Scientific, Waltham, MA USA) 
and a microplate reader. Protein concentra-
tions were also calculated. The protein loading 
system in an equal concentration was prepared 
and inactivated via heating at 95°C for 15 min-
utes. Protein was separated in sodium dodecyl 
sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) and transferred onto a polyvinyli-
dene fluoride (PVDF) membrane (IPVH00010, 
Millipore, USA) at 100 V for 90 minutes. After- 
ward, the membrane was blocked using 5% 
skim milk powder for 2 hours and incubated 
with cleaved caspase-3, Bcl-2, Bax, and GAP- 
DH (CST) (diluted at 1:1000) monoclonal anti-
bodies (Cell Signaling Technology, Danvers, 
Massachusetts, USA) at 4°C overnight. Next, 
the membrane was washed with tris-buffered 
saline with Tween-20 (TBST) 3 times (5 min/
time), incubated with horseradish peroxidase-
conjugated secondary antibody (Beyotime Bio- 
technology Co., Ltd., Haimen, China) at room 
temperature for 1 hour, and washed with TBST 

Data are presented as mean ± standard devia-
tion (SD) and were processed using Statistical 
Product and Service Solutions (SPSS) 19.0 
software (SPSS Inc., Chicago, IL, USA). Chi-squ- 
ared test was used for comparisons of enu- 
meration data and one-way ANOVA with Bon- 
ferroni’s post hoc test was used for compari-
sons among multiple groups. P < 0.05 indicates 
statistical significance.

Results

Nerve function scores and determination of 
cerebral infarct area

Zea-Longa scores were used to evaluate behav-
ioral changes of rats in each group after IRI. 
Results showed that the nerve function score 
of rats in Group M was significantly increased, 
compared with that in Group S (P < 0.01), but 
was significantly lower in Group D than in Group 
M (P < 0.01) (Figure 1A). The cerebral infarct 
area of rats in each group was determined via 
TTC staining. Results showed that the cerebral 
infarct area of rats in Group M was significantly 
larger than that in Group S (P < 0.01). However, 
it was significantly smaller in Group D, after 
treatment with dexmedetomidine, than that in 
Group M (P < 0.01) (Figure 1B, 1C).

Changes in water content and amino acid 
content in brain tissues

Changes in water content in brain tissues of 
rats in each group after IRI were calculated. 
Results revealed that the water content in isch-
emic brain tissues of rats in Group M was obvi-
ously higher than that in Group S (P < 0.01). The 
content was obviously lower in Group D than in 
Group M (P < 0.05) (Figure 2A). Amino acid con-
tent in brain tissues of rats in each group was 
detected via liquid chromatography-mass spec-
trometry, revealing no statistically significant 

Table 1. Primer sequences
Gene Sequence of PCR primer
B-cell lymphoma-2 (Bcl-2) Sense GGTGGGGTCATGTGTGTGG

Antisense CGGTTCAGGTACTCAGTCATCC
Bcl-2 associated X protein (Bax) Sense CCCGAGAGGTCTTTTTCCGAG

Antisense CCAGCCCATGATGGTTCTGAT
GAPDH Sense TATCGGACGCCTGGTTAC

Antisense TTCCCATTCTCAGCCTTG

again 3 times (5 minutes/time). 
Enhanced chemiluminescence 
(ECL) solution (Thermo Fisher 
Scientific, Waltham, MA USA) 
was then added. This was fol-
lowed by image development of 
each protein on the developing 
machine and analysis.

Statistical analysis
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differences among the three groups (P > 0.05). 
However, the content of γ-aminobutyric acid in 
brain tissues of rats in Group M was significant-
ly lower than that in Group S (P < 0.01), but was 

than those in Group M after treatment with  
dexmedetomidine (P < 0.01), with increased 
Bcl-2/Bax mRNA and protein levels (P < 0.01) 
(Figure 5B and 5D).

Figure 1. Nerve function scores and determination of cerebral infarct area. 
(A) Nerve function scores of rats, (B) TTC staining graph of brain sections 
of rats in each group, (C) statistical graph of cerebral infarct area. Nerve 
function scores and cerebral infarct area of rats in Group M are significantly 
higher and larger than those in Group S. Compared with those in Group M, 
nerve function scores and cerebral infarct area of rats in Group D are signifi-
cantly decreased (**P < 0.01 vs. Group M, ##P < 0.01 vs. Group S).

Figure 2. Changes in water content and amino acid content in brain tissues 
of rats. (A) Water content in brain tissues, (B) Changes in amino acid con-
tent. The water content in ischemic brain tissues of rats in Group M is signifi-
cantly higher than that in Group S and it is significantly lower in Group D than 
that in Group M. The content of γ-aminobutyric acid in brain tissues of rats in 
Group M is significantly lower than that in Group S and it is higher in Group D 
than that in Group M (**P < 0.01 vs. Group M, ##P < 0.01 vs. Group S).

significantly higher in Group D 
than in Group M (P < 0.01) 
(Figure 2B).

Neuronal apoptosis in hip-
pocampal tissues

Flow cytometry and TUNEL 
staining were used to detect 
neuronal apoptosis in hippo-
campal tissues of rats. Results 
of flow cytometry showed that 
the apoptosis of hippocampal 
neurons of rats in Group M 
was significantly higher than 
that in Group S (P < 0.01) and 
was significantly decreased in 
Group D after treatment with 
dexmedetomidine (P < 0.01) 
(Figure 3). Results of TUNEL 
staining showed no obvious 
TUNEL-positive cells in hippo-
campal tissues of rats in 
Group S. However, the number 
of TUNEL-positive cells in hip-
pocampal tissues of rats in 
Group M was significantly larg-
er than that in Group S (P < 
0.01) and significantly smaller 
in Group D than in Group M (P 
< 0.01) (Figure 4).

Detection of expression of 
apoptosis-related molecules 

Changes in apoptotic mole-
cule genes and protein levels 
in hippocampal tissues of rats 
in each group after IRI were 
detected via qPCR and We- 
stern blotting, respectively. 
Results of qPCR and Western 
blotting showed that, com-
pared with Group S, Group M 
showed obviously decreased 
Bcl-2/Bax mRNA and protein 
levels (P < 0.01) (Figure 5A-C). 
Cleaved caspase-3 protein le- 
vels in hippocampal tissues of 
rats in Group D were lower 
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Discussion

Dexmedetomidine can act on the epinephrine 
α2 receptor, exerting strong sedative and anal-
gesic effects. It has, therefore, been widely 

the apoptosis of hippocampal neurons in rats 
and dexmedetomidine could significantly re- 
duce neuronal apoptosis caused by IRI; (4) IRI 
could significantly increase levels of apoptosis 
protein and mRNA in hippocampal tissues and 

Figure 3. Detection of apoptosis levels of hippocampal neurons of rats via flow cytometry. A. Results of flow cytom-
etry. B. Statistical graph. The apoptosis level of hippocampal neurons of rats in Group M is significantly higher than 
that in Group S and it is significantly lower in Group D than that in Group M (**P < 0.01 vs. Group M, ##P < 0.01 vs. 
Group S).

Figure 4. Detection of apop-
tosis levels of hippocampal 
neurons of rats via TUNEL 
staining. A. Micrographs. B. 
Statistical graph of TUNEL-
positive cells. The number of 
TUNEL-positive cells in Group 
M is significantly larger than 
that in Group S and it is signifi-
cantly smaller in Group D than 
that in Group M (**P < 0.01 vs. 
Group M, ##P < 0.01 vs. Group 
S).

used in clinic [16]. Many stud-
ies have shown that dexme-
detomidine can protect the 
myocardium, liver, and lung 
tissues from IRI. In this experi-
ment, the protective effects of 
dexmedetomidine on hippo-
campal neurons of rats with 
IRI were investigated. Results 
showed that: (1) 60 μg/kg 
dexmedetomidine could effec-
tively protect the behavior of 
rats from damage caused by 
IRI and reduce cerebral infarct 
size; (2) IRI could significantly 
increase the water content in 
ischemic brain tissues of rats 
and reduce the content of 
γ-aminobutyric acid, which 
could be significantly amelio-
rated by intraperitoneal injec-
tions of dexmedetomidine; (3) 
IRI could significantly increase 
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dexmedetomidine could reduce changes of re- 
lated proteins and mRNA. The above results 
suggest that dexmedetomidine can significant-
ly improve damage to hippocampal neurons of 
rats caused by IRI. It can also reduce the water 
content in the ischemic area. Mechanisms may 
be related to the increase of γ-aminobutyric 
acid content in brain tissues, decrease of cle- 
aved caspase-3 levels, and increase of Bcl-2/
Bax ratios.

Ischemic strokes are a kind of acute cerebro-
vascular disease. They can lead to sudden 
weakness in the face, hands, or legs on the 
ischemic side and sudden fainting, even death 
in severe cases [17]. Reperfusion after throm-
bolysis will cause further damage to nerve 
cells. Thus, combined application of neuropro-
tective drugs is particularly important for pa- 

tients with cerebral ischemia based on throm-
bolytic therapy. Zhang et al. [18] found that dex-
medetomidine can activate mitogen-activated 
protein kinase (MAPK), thereby protecting brain 
injuries caused by subarachnoid hemorrhag-
ing. Ischemia will cause brain tissue necrosis in 
the ischemic area, significantly increase the 
number of apoptotic neuronal cells, and lead to 
severe cell edema. At the same time, aggrega-
tion of many leukocytes will further lead to the 
increased release of oxygen free radicals, pro-
tein derivatives, pro-inflammatory factors, and 
other toxic substances, aggravating neuronal 
cell damage [19]. Moreover, γ-aminobutyric 
acid plays a neuroprotective role in the body, 
helping to repair injured cells. After cerebral IRI, 
the content of γ-aminobutyric acid in brain tis-
sues of rats is significantly decreased and the 
number of apoptotic neuronal cells is further 

Figure 5. Detection of expression of apoptosis-related molecules in rats in each group via qPCR or Western blot-
ting. (A) Bcl-2/Bax mRNA expression levels. Compared with those in Group S, Bcl-2/Bax mRNA expression level is 
significantly decreased and Bcl-2/Bax mRNA expression level is significantly increased (**P < 0.01 vs. Group M, ##P 
< 0.01 vs. Group S). (B): Band graph, (C) statistical graph of Bcl-2/Bax, (D) statistical graph of cleaved caspase-3. 
Compared with those in Group S, Bcl-2/Bax protein expression level in Group M is significantly decreased, but 
cleaved caspase-3 protein expression level is significantly increased. Bcl-2/Bax protein expression level in Group 
D is significantly higher than those in Group M, but cleaved caspase-3 protein expression level is significantly de-
creased (**P < 0.01 vs. Group M, ##P < 0.01 vs. Group S).
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increased [20]. Consistent with this, the current 
study demonstrated significantly reduced lev-
els of γ-aminobutyric acid in brain tissues after 
IRI. These were significantly increased after 
dexmedetomidine treatment, suggesting that 
dexmedetomidine ameliorates damage to neu-
ral cells, possibly through increasing the con-
tent of γ-aminobutyric acid. However, future 
studies are required to confirm this hypothe- 
sis. 

Caspase-3 is a member of the caspase family, 
involved in the regulation of apoptosis process 
in vivo as an apoptosis executioner [21]. Cas- 
pase-3 is also the most important substrate  
of DNA repair enzyme poly-ADP-ribose poly-
merase (PARP), involved in the regulation of 
DNA damage repair and apoptosis process 
[22]. After cerebral IRI, expression of anti-apop-
totic proteins (Bcl-2 and Bcl-xL) in the ischemic 
area is decreased, but expression of pro-apop-
totic proteins (Bax and Bak) is increased, there-
by mediating the apoptosis process [23]. In this 
study, neuronal apoptosis was observed in hip-
pocampal tissues after IRI, as demonstrated by 
significantly decreased ratios of Bcl/Bak and 
increased cleaved caspase-3 expression. In- 
terestingly, after dexmedetomidine treatment, 
apoptosis was reduced, as showed by increa- 
sed ratios of Bcl/Bak and reduced expression 
of cleaved caspase-3, indicating that dexme-
detomidine inhibits caspase-3-mediated neu-
ronal apoptosis after IRI. However, whether 
dexmedetomidine affects other caspase-3-in-
dependent apoptosis was not investigated in 
the present study. This is the main study limita-
tion, requiring further investigation.

Conclusion

In conclusion, dexmedetomidine improves ner- 
ve function after cerebral IRI in rats, reduces 
cerebral infarct area, and decreases apopto- 
sis of hippocampal neurons. Mechanisms may 
be through the upregulation of γ-aminobutyric 
acid, decrease of caspase-3 levels, and incre- 
ase of Bcl-2/Bax ratios. However, whether the 
dose of dexmedetomidine can be transferred 
to humans remains unclear. Further research is 
necessary.
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