
 

 

 

 

 

 

 

ABSTRACT 

              Background and Objectives: Cerebral ischemia causes irreversible structural 

and functional damage in certain areas of the brain, especially in the hippocampus. The aim 

of this study was to examine effects of exercise preconditioning on neuronal cell death and 

expression of neurotrophin-4 (NT-4) and tropomyosin receptor kinase B (TrkB) in the 

hippocampal CA1 region following transient global cerebral ischemia/reperfusion in rat. 

              Methods: Twenty-one male Wistar rats (weighing 250-300 g) were randomly 

divided into three groups (control+healthy, control+ischemia and exercise+ischemia). The 

rats in the exercise group ran on a treadmill five sessions a week for eight weeks. Ischemia 

was induced by occlusion of both common carotid arteries for 45 minutes. Cresyl violet 

staining was performed to assess cell death, and real-time PCR was carried out to evaluate 

expression of NT-4 and TrkB.  

              Results: Cerebral ischemia was associated with significant neuronal death in the 

hippocampal CA1 region (P<0.05). Exercise significantly decreased the ischemia-induced cell 

death (P<0.05). NT-4 expression was significantly lower in the control+ischemia group and 

in the exercise+ischemia group compared to the control+healthy group (P<0.05), but 

there was no significant difference between the control+ischemia group and the 

exercise+ischemia group in terms of NT-4 expression (P˃0.05). Moreover, TrkB expression 

did not differ significantly between the groups (P˃0.05). 

              Conclusion: When used as a preconditioning stimulant before the induction of 

cerebral ischemia, exercise could have neuroprotective effects against cerebral ischemia-

induced cell death, but it has no significant effect on NT-4 and TrkB expression. 

              Keywords: Exercise Preconditioning, Ischemia/Reperfusion, NT-4, TrkB, Cell 

death. 
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exercise and surgical procedures were 

performed from 20
th
 of September to 30

th
 of 

November 2018. The study received approval 

from the Ethics Committee of Semnan 

University of Medical Sciences (ethical code: 

IR.SEMNAN.REC.1397.057). Gene 

expression measurement experiments were 

performed at Pasargad Tissue and Gene 

Knowledge Laboratory in Tehran, Iran. 

Before the induction of ischemia, the rats in 

the exercise group trained on a treadmill (10-

lane animal-specific treadmill) five days a 

week for eight weeks. Initially, the rats 

became acquainted with the treadmill for 10-

15 minutes at speed of 15 m/min and zero 

incline. Two days later, the main exercise was 

performed five days a week at a speed of 18 

m/min for 20 minutes and zero incline. After 

one week, the duration and intensity of the 

exercise and the treadmill incline increased 

gradually, so that the rats ran on the treadmill 

for 50 minutes at 30 m/min with 10
o
 incline in 

the eighth week (10). 

To create transient cerebral ischemia (11), the 

rats were anesthetized via intraperitoneal 

injection of ketamine/xylazine (40 mg/kg). 

Then, both common carotid arteries were 

released from carotid plaque, after which the 

vagus nerve was carefully removed from the 

carotid artery. Then, both common carotid 

arteries were blocked for 45 minutes using 

surgical clamps. Afterwards, the blood flow 

was restored immediately by removing the 

clamps. Reperfusion blood flow in the carotid 

arteries was confirmed by observation. The 

rats’ rectal temperature during the surgery was 

at 36.5 ± 0.5 °C. After the surgery, the subjects 

were kept separately for four days with free 

access to food and water. 

The rats were sacrificed 72 hours after the 

induction of ischemia. The brain tissue was 

immediately removed and placed in liquid 

nitrogen. Paraffin blocks were prepared from 

the tissues and coronal sections with a 

thickness of 7 μm were prepared for staining 

using a microtome. Real-time PCR method 

was used in order to evaluate gene expression. 

The tissue samples were stored at -80 °C until 

analyses. 

Nissl staining is commonly used to 

identify the basic structure of healthy 

neurons from necrotic neurons in the brain 

and  spinal  cord tissue. The tissue sections 

INTRODUCTION 

          Stroke is an acute neurological disorder 

caused by cerebrovascular occlusion resulting 

from embolism, thrombosis or bleeding and 

cerebral vascular spasm (1). Secondary 

damage after acute stages of injury, such as in 

the reperfusion phase, usually exacerbates 

initial injury. The combination of the two 

stages determines the severity and outcomes of 

ischemic brain injury (2). Therefore, finding 

strategies that can increase neuronal resistance 

to the ischemia-induced neurodegenerative 

damage is of upmost importance. 

Neurotrophins are a family of proteins that 

play an important role in neural growth and 

differentiation (3). Neurotrophin-4 (NT-4) is 

an important member of this family, which 

serves as a nerve growth factor in the 

hippocampus and exerts specific, selective 

biological effects through interaction with its 

specific receptor, tropomyosin receptor kinase 

B (TrkB) (4). It has been shown that NT-4/5 

treatment reduces infarct size in rats with 

middle cerebral artery occlusion (5). Exercise 

can protect the neurons against 

ischemia/reperfusion injury by reducing some 

risk factors. In addition, exercise 

preconditioning generates an endogenous 

neuroprotective effect that will promote 

neuron survival after ischemic injury (6,7). 

Exercise preconditioning also improves the 

self-healing ability of the brain after ischemic 

injury through increased regulation of 

neurotrophic factors (8,9). Overall, exercise 

preconditioning can potentially reduce the 

extent of initial damage and increase neuronal 

survival after ischemic injury. However, the 

precise role of physical exercise prior to 

cerebral ischemia is not well understood. As a 

result, the aim of this study was to evaluate 

effects of exercise preconditioning on NT-4 

and TrkB expression in the hippocampus 

following cerebral ischemia reperfusion. 

 
MATERIALS AND METHODS 

          Twenty-one male adult Wistar rats 

(weighing 250-300 g) were purchased from the 

Pasteur Institute of Iran, Amol Branch. The 

rats were kept in standard cages under 

controlled conditions (temperature of 22-24 °C 

and light/dark cycle of 12:12 hours) with free 

access to food and water. The rats were 

randomly divided into three groups: control 

(n=7), ischemia (n=7) and exercise (n=7). This 

24/ Effects of Exercise Preconditioning. . . 

Medical Laboratory Journal , Nov-Dec, 2019; Vol 13: No 6 



dye using the ABI Step One thermocycler 

(Applied Biosystems, Sequences Detection 

Systems, Focter City, CA) according to the 

manufacturer's protocol. In addition, GAPDH 

was used as the housekeeping gene. Table 1 

shows the sequence of the primers used in the 

experiments.  

Forty cycles of real-time PCR were performed 

at 94 °C for 20 seconds, 58-60 °C for 30 

seconds and 72 °C for 30 seconds. The gene 

expression level was measured by the 2- 

CTΔΔ method. Gene expression ratios were 

evaluated by the threshold cycle comparative 

method using the following formula:  

            

                               

                           
 

 

Standard and specific curves of each gene 

were plotted using at least two logarithmic 

concentrations in dilution order. Target gene 

expression was normalized to the reference 

gene and the expression of the control group 

was considered as the calibrator. 

      
         

         

            
            

 

             

         و                      
                        

In the above formula, E represents efficacy 

and is obtained by using a standard curve for 

the gene. 

The results were reported as mean and 

standard deviation. Kolmogorov-Smirnov test 

was used to evaluate the normality of data. 

One-way ANOVA was used to compare the 

differences between the groups. In case of 

significant differences, Bonferroni post hoc 

test was performed. All statistical analyses 

were performed in SPSS software (version 16) 

at significance level of 0.05. 

 

 

 

 

 

 

 

 

 

 

 

 

 (three sections per animal) were transferred 

on silanized slides. Then, they were stained 

with 0.1% cresyl violet acetate solution. The 

slides were dried and covered with Entellan. 

The image of sections was taken using a light 

microscope equipped with an AX-70 Olympus 

camera under 400× magnification. 

Subsequently, using ImageJ software, cell 

count was performed along a 400 μm line 

drawn from the hippocampal CA1 region of 

rats. Irregular and dark cells with unknown 

nuclei and nucleoli were considered dead and 

were therefore counted. 

About 50 mg of hippocampal tissue were 

separately homogenized for the extraction of 

total RNA in QIAzol lysis reagent. In order to 

remove the protein components, the resulting 

product was centrifuged, mixed with 

chloroform (1:0.5 ratio) and stirred well for 15 

seconds. After centrifugation, the mixture 

containing RNA were removed and mixed 

with isopropanol at a ratio of 1 to 0.5, left at 

room temperature for 10 minutes, and then 

centrifuged at 12,000 g for 10 min. Pellet 

containing RNA was dissolved in ethanol. 

RNA concentration was determined by 

measuring optical density at 260/280 nm. 

Synthesis of cDNA was carried out using 1 μg 

of RNA and random hexamer primers and 

reverse transcriptase. 

To confirm gene expression studies, 

quantitative real-time PCR was carried out. 

For this purpose, RNA was extracted using 

Qiazol solution according to CinnaGen 

protocol. After treating the extracted RNA 

with DNase I (Fermentas) and determining 

RNA quality, a single-stranded cDNA was 

prepared using oligodt primers (MWG-

Biotech, Germany) and reverse transcriptase 

enzyme (Fermentas). For this purpose, PCR 

reactions were carried out with a PCR master 

mix  (Applied Biosystems) and SYBER Green  

 

 

 

 

 

 

 

 

Table 1- Sequence of the primers used in this study 
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the neurons of the hippocampus. Cell death 

rates were significantly higher in the control + 

ischemia group compared to the control + 

healthy (P<0.05).  

The number of necrotic neurons among rats in 

the exercise + ischemia group was 

significantly reduced compared to the 

ischemia group (P<0.05) (Table 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

+ ischemia group   and the  exercise + 

ischemia group  (P>0.05) (Figure 2). 

Moreover, TrkB expression  did   not differ  

significantly between  the  groups  (P>0.05)  

(Figure 3). 

  

 

 

 

 

RESULTS 

         Exercise preconditioning reduced 

ischemia/reperfusion-induced cell death in the 

hippocampal CA1 region. The results of the 

Nissl staining showed that cells in the 

hippocampal CA1 region of ischemic rats were 

irregular and dark, and their nuclei and 

nucleoli were undetectable (Figure 1). 

Transient  ischemia  caused  necrotic  death  in 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NT-4  expression was significantly  lower  in 

the control + ischemic and the exercise + 

ischemia  groups than  the control + healthy 

group  (P<0.05),  but  there  was no  

significant   difference   between   the   control  

 

 

 

 

 

 

Figure 1- Nissl staining of the hippocampal CA1 region. A) Control + Healthy group. B) Control + Ischemia 

group. C) Exercise + Ischemia group (400x magnification) 

 

Table 1- Comparison of the mean percentage of necrotic cell death in the hippocampal CA1 region of rats 

in different groups. *: significant difference compared to control + healthy group; #: significant difference 

compared to control + ischemia group 

 

Figure 2- Effect of  exercise preconditioning on NT-4 expression in different groups after induction 

of ischemia. *: significant difference compared with the healthy + control group (P<0.05) 

 

 

Figure 3- Effect of exercise preconditioning on TrkB expression in different groups after 

induction of ischemia  
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the expression of NT-4/TrkB. The results 

preconditioning did not have a positive impact 

on the NT-4 and TrkB expression, but it also 

reduced the expression of these genes 

compared to the control + healthy group. 

Exercise preconditioning also caused an 

increase in NT-4 and TrkB expression 

compared to the control + ischemia group, but 

this increase was not statistically significant. 

There are some uncertainties about the exact 

impact of exercise on brain injury. For 

example, it has been proposed that running on 

a treadmill can induce a chronic stress 

response that may have harmful effects in the 

event of a brain injury. Treadmill workout can 

cause stress and increase corticosterone level 

(21-23(. Since hippocampus is an important 

target for stress hormones, it can have a 

negative effect on the hippocampus's plasticity 

(24(. Therefore, the overall positive effect of 

forced treadmill exercise in experimental 

models could be affected by stress responses 

(23(. On the other hand, it has been shown that 

induction of ischemia by common carotid 

artery occlusion can cause substantial damage 

in the hippocampal CA1 region. In this regard, 

Li et al. reported that a considerable damage in 

the hippocampal CA1 region after 3 minutes 

of common carotid artery occlusion (25(. 

Another study also found that 5 minutes of 

occlusion would cause complete ischemia as 

well as neuronal death in the hippocampal 

CA1 region (26(. However, the method of 

inducing ischemia in the mentioned study 

could be involved in reduction of gene 

expression in the exercise + ischemia group 

and the control + ischemia group compared to 

the healthy + control group. Further studies 

should be conducted to clarify the effects of 

exercise before induction of ischemia on the 

expression of neurotrophic factors. 

 

CONCLUSION 

        Our findings suggest that pre-ischemia 

exercise could significantly reduce neuronal 

cell death in the hippocampal CA1 region. 

Remarkably, our results also indicated that 

exercise preconditioning can exert 

neuroprotective effects against ischemia, 

which provides a new perspective for finding 

an effective method to reduce the ischemia-

induced cerebral damage. 

 

 

DISCUSSION 

        Stroke is one the most common causes of 

death (11). As expected, our findings showed 

that ischemia increases neuronal cell death. 

This could be due to reduction of glutamate 

release and irritability. It has been 

demonstrated that the release of glutamate and 

overactivation of relevant receptors may be 

due to the cerebral ischemia-induced nerve 

damage, especially in the hippocampal 

neurons (12, 13). Inflammation also plays an 

important role in the pathogenesis of cerebral 

ischemia. Tumor necrosis factor-α is 

overexpressed as an inflammatory cytokine in 

certain conditions such as stroke and brain 

injury (14). 

It is well-demonstrated that exercise has 

neuroprotective effects against 

ischemia/reperfusion injury. Exercise 

preconditioning also creates an endogenous 

neuroprotective effect that promote neuronal 

survival against ischemia-induced damage (6, 

7). Jia et al. showed that pre-ischemic 

treadmill training could protect the splitting of 

striatal neurons in ischemic injury (15). 

Exercise before the induction of ischemia 

reduces cerebral damage against 

ischemia/reperfusion injury by preventing the 

release of glutamate (12). In addition, after 

exercise preconditioning, tumor necrosis 

factor-α can act as a neuroprotective factor and 

reduce ischemic injury (16). 

The neuroprotective effects of exercise are 

also exerted through up-regulation of 

neurotrophin expression. This important 

regulatory protein increases neurogenesis and 

nerve regeneration by providing a broad neural 

network (17), which play a protective role 

against the damage caused by 

ischemia/reperfusion (18). Moreover, in a 

study conducted by Schäbitz et al., the 

endogenous neurotrophic values and therefore 

neuroprotection against ischemic injury were 

significantly higher in rats that had performed 

exercise preconditioning (19). Meanwhile, 

Oyesiku et al. indicated that an increase in NT-

4/TrkB expression might be involved in the 

modulation of neural response after brain 

injury (20). In addition, Chan et al. 

demonstrated that the increase in NT-4 

expression ameliorates ischemic stroke 

damage (5). We assumed that exercise before 

the induction of ischemic stroke would change  
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