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ABSTRACT

Background and objectives: Cerebral ischemia causes
irreversible structural and functional damage in certain areas of
the brain, especially the hippocampus. Evidence indicates that
physical exercise may reduce the damages caused by cerebral
ischemia. The purpose of this study was to examine effects of
eight weeks of exercise preconditioning on the expression of
neurotrophin-3 (NT-3) and tyrosine kinase receptor C (TrkC) in
the CA1 region of the hippocampus after cerebral ischemic-
reperfusion in male rats.

Methods: Twenty one male Wistar rats weighing 250-300 g
were randomly selected and divided into three groups (healthy
control, control+ischemia and exercise+ischemia). Rats in the
exercise group ran on a treadmill, five days per week for eight
weeks. Ischemia was induced by occlusion of both common
carotid arteries for 45 minutes. In order to evaluate gene
expression, real-time PCR was performed.

Results: The expression of NT-3 gene was significantly
higher in the exercise+ischemia and control+ischemia groups
than in the healthy control group (P<0.05). Moreover, TrkC gene
expression was significantly lower in the exercise+ischemia and
control+ischemia groups than in the healthy control group
(P<0.05).

Conclusion: Exercise before the induction of ischemic stroke
increases NT-3 expression but does not influence TrkC
expression.

Keywords: Exercise Preconditioning, Ischemia/Reperfusion,
NT-3, TrkC, Cell death
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INTRODUCTION

Stroke is a sudden neurological disorder
following which the blood supply to the
affected area of the brain becomes impaired
and therefore cannot function properly. After
ischemic stroke and capillary closure,
revascularization occurs in the ischemic tissue,
which is referred to as reperfusion.
Reperfusion is associated with damages
caused by the return of blood flow to the
ischemic tissue. The lack of oxygen and
nutrients, as a result of reperfusion, leads to
inflammation and oxidative stress (1). The
combination of initial and reperfusion injury
determines the severity and outcomes of
ischemic brain injury (2). On the other hand,
certain areas of the brain and neuron types are
more susceptible to cerebral ischemia, such as
the pyramidal neurons of the hippocampal
CAL1 region. The hippocampus is an important
area for learning and memory that consists of
several areas, including the CA1 region (3, 4).
Overexpression of some brain factors may
cause regeneration or improve post-stroke
brain functions. Two brain-derived
neurotrophic factors; NT-3 and NT-4, are
important for neurogenesis and survival of
new neurons in the brain following acute
ischemia (5). It is also believed that these
factors can exert anti-apoptotic effects and
enhance sensory recovery and neuronal
stimulation after stroke (6). It is thought that
the hippocampus is responsible for the
simultaneous  increase in  brain-derived
neurotrophic factor and NT-4 levels (7).
Among various neurotrophins, NT-3 is
considered as an important facilitator of the
survival and differentiation of neurons during
development (8). The specific activity of NT-3
depends on the activity of its receptor, tyrosine
kinase receptor C (TrkC) (9).
Evidence suggests that physical exercise may
protect neurons against ischemic injury and
reperfusion and improve neurological and
functional  rehabilitation  (10).  Exercise
preconditioning also creates a neuroprotective
effect that can increase neuronal survival
against ischemic injury (11) by increasing the
level of neurotrophins and strengthening the
neurovascular system (12). However, the
precise effect of exercise preconditioning on
cerebral ischemia is not well known.
Therefore, the aim of this study was to
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the effects of aerobic exercise on NT-3 and
TrK-C expression in the hippocampus of rats
before ischemia-reperfusion injury.

MATERIALS AND METHODS

Twenty one adult male rats (weighing 250-
300 g) were purchased from the Amol Pasteur
Institute. The rats were kept in standard cages
under 12:12 h light/dark cycle and at 22-24 ° C
with a free access to food and water. The rats
were randomly divided into three groups:
healthy control (n=7), control + ischemia
group (n=7) and ischemia + exercise group
(n=7). The study procedures were carried out
at the Semnan University of Medical Sciences
from 20™ of September to 30" of November
2018. The study was approved by the ethics
committee of the Semnan University of
Medical Sciences (code:
IR.SEMNAN.REC.1397.057) .Gene
expression measurements were performed at
the Pasargad Tissue and Gene Knowledge
Laboratory of Tehran (Histogenotech Co,
Iran).

Before the induction of ischemia, the exercise
group trained on a treadmill, five sessions a
week for eight weeks. In order to become
familiar with the workout environment, the
rats ran on a treadmill at 15 m/min and zero
incline for 10-15 minutes in the first two days.
The training protocol consisted of running at
18 m/min and zero slope for 20 minutes, five
sessions a week. The exercise intensity was
increased gradually until reaching the speed of
30 m/min, 10 degree incline, for 50 minutes in
the eighth week.

According to a pilot study, closing common
carotid arteries for 45 minutes leads to
ischemia. Cresyl violet staining was
performed to confirm ischemia and cell death.
Surgery was performed by a skilled laboratory
technician. First, the rats were anesthetized by
intraperitoneal injection of ketamine/xylazine
(40 mg/kg). Then, both common carotid
arteries were released from the carotid plate
and the vagus nerve was carefully removed
from the carotid artery. Next, both common
carotid arteries were blocked for 45 minutes
using surgical clamps. The carotid arteries
were released by removing the clamps and
immediate restoration of blood flow.
Reperfusion in the carotid arteries was
confirmed by observation. During the surgery,
the rectal temperature of the rats was
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controlled using a thermometer. After the
surgery, the animals were kept in separate
cages with free access to food and water for
four days. Forty eight hours after the last
training session, to eliminate the acute effects
of exercise, the rats were anesthetized by
intraperitoneal injection of ketamine (30-50
mg/kg) and xylazine (3-5 mg/kg). Head was
separated from the neck by special scissors.
The skull was ruptured using a razor and the
brain was carefully removed. The brain was
divided into two halves by a surgical razor.
The hippocampus was separated from the
limbic system, immediately frozen in liquid
nitrogen and stored at -80 °C.

Seventy two hours after the induction of
ischemia, the rats were anesthetized with
ketamine/xylazine (40 mg/kg). The brain
tissue was immediately removed, frozen in
liquid nitrogen and stored at -80 °C. Real-time
PCR was performed to evaluate gene
expression. About 50 mg of hippocampal
tissue were homogenized for total RNA
extraction using the QIAzol Lysis Reagent
(Qiagen, Japan). In order to remove protein
components, the mixture was centrifuged,
mixed with chloroform at a ratio of 1 to 0.5
and heavily stirred for 15 seconds. RNA
content was removed and mixed with
isopropanol at a ratio of 1 to 0.5 and left at
room temperature for 10 minutes.

Finally, the mixture was centrifuged at
12,000g for 10 minutes at 4 ° C. The resulting
pellet containing total RNA was washed with
ethanol. Concentration of total RNA was
determined by calculating the ratio of
absorbance at 260 and 280 nm (A260/280).

To confirm quantitative expression of the
desired genes, real-time PCR was carried out.
Reverse transcriptase enzyme (Fermentas) was
used to prepare a single-stranded cDNA using
oligo-dT primers (MWG Biotech,
Ebersberg, Germany).

The PCR reaction was carried out using
SYBER Green PCR master mix (Applied
Biosystems, Sequences Detection Systems,
Focter City, CA) according to the
manufacturer's protocol.
The sequence of primers is presented in table
1. GAPDH was used as a control gene.
The cycling conditions were as follows: 40
cycles of denaturation at 94 °C for 20 seconds,
58-60 °C for 30 seconds and 72 °C for 30
seconds.
The level of gene expression was measured
using the 2-AACT method. Gene expression
ratios were calculated by the comparative
threshold cycle method using the following
formula:

R = 2~ ACT)

AACT = (CTtarget - CTrefence)TimeX - (CTtarget - CTrefence)Time 0

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 level related to the
healthy control group was considered as the
calibrator.

(Etarget)ACTtarget
(Ereference) C reference

Ratio =

(ACtrefrence = thontrol'Cttreatment and ACttarget = thontrol'Cttreatment)

In the above formula, E represents the degree
of efficacy and is obtained by using the
standard curve for the gene.

Data were expressed as mean and standard
deviation. The Kolmogorov-Smirnov test was
used to evaluate normality of data distribution.
One-way ANOVA test was used for
comparison of groups. Inter-group differences
were evaluated using the Bonferroni post hoc
test. All statistical analyses were carried out in
the SPSS software (version 16) at significance
of 0.05.

Table 1. Sequence of primers used in this study

Genes Primer sequence
For: CTGTGGGTGACCGACAAGTC
NT-3
Rev: AAGTCAGTGCTCGGACGTAGG
For: ACTTGTAATGGCTCTGGCTCTCC
— Rev: TGTCTTCGCTCGTCACATTCAC
GAPHD For: TGAAGGTCGGAGTCAACGGATTTGGT

Rev: CATGTGGGCCATGAGGTCCACCA(
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Melting Curves

Melt Curve
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RESULTS

The level of NT-3 gene expression in the
exercise + ischemia group was significantly
higher than that in the healthy control group.
Moreover, NT-3 in the control + ischemia
group was significantly  overexpressed
compared to the healthy control group (P
<0.05, Figure 1). The TrKC gene expression in
the control + ischemia group was significantly
higher than in the healthy control group (P
<0.05, Figure 2).

DISCUSSION

Stroke is a leading cause of death
worldwide (13). Neurons in the CAL region of
hippocampus are the most sensitive to
ischemia and hypoxia-induced damage. In this
region, complete ischemia occurs five minutes
after common carotid artery occlusion (14).
Thus, this region is often used to assess brain
tissue damage in both in vitro and in vivo
investigations (15). Furthermore, following
ischemic stroke and the subsequent cell death,
a cascade of early molecular events begins,
which  aggravates the ischemic-induced
damage (16). Stroke-induced cell death can be

Melt Curve

Trkc

Meilt Curve

GapDH

confirmed by the release of glutamate, which
is a major pathway involved in cell death. The
excessive activation of glutamate and its
receptor may increase brain injury, especially
in the hippocampal neurons (17-19). Other
possible factors associated with increased
neuronal cell damage following ischemic brain
injury are inflammatory factors (20) and
oxidative stress, which can exacerbate the
damage caused by ischemia in the reperfusion
phase (21).

There are contradictory results regarding the
effect of different rehabilitation approaches for
stroke patients (22). The low success rate of
some stroke prevention approaches may be
due to the fact that some inflammatory factors
are produced after ischemic stroke (11, 23).
However, exercise can have neuroprotective
effects against ischemic injury and reperfusion
by reducing the risk factors. Studies revealed
that exercise preconditioning can decrease the
release of glutamate and the overexpression of
glutamate receptors, thus alleviating brain
injury after stroke (24, 25).

Medical Laboratory Journal, Sep-Oct, 2020; Vol 14: No 5



39/ Yazdanian and colleagues

The protective effects of physical activity may
be related to upregulation of some
neurotrophins. Neurotrophins are widely found
in the brain due to their essential role in the
growth and differentiation of neuronal cells
(26). In this regard, Chan et al. demonstrated
that increasing the volume of neurotrophins
reduces infarction in mice with cerebral
ischemia (27). Moreover, it has been stated
that the expression of blood and brain
neurotrophins increases in human and animal
subjects following different sports activities
(28, 29). In line with our findings, a study
reported an increase in NT-3 gene expression
after acute running one day and five days on
the treadmill in rats (30). On the other hand,

another study reported no change in NT-3 and
TrKC expression in the soleus muscle
following three days of exercise (31).

Exercise enhances neuronal activity and
secretion of neurotrophic factors, which
subsequently creates more neuroprotection
against ischemic damage (11, 32). In this
regard, Jia et al. demonstrated that exercise
preconditioning can protect the neuronal
branches in the striatum against ischemic
injury (33). In a study carried out on rats,
Schébitz et al. indicated that exercise
preconditioning significantly increased
neurotrophic endogenous levels, providing
more neuroprotection against ischemic injury

(6).

Figure 1. Effect of exercise preconditioning on NT-3 gene expression after induction of ischemia in different groups

0.12

o
[=]
®

0.0638588

NT-3 mRNA fold changes
o
[=]
(0]

o
(=}
&

0.02

Control

Control + Ischemia

0.098742514

0.084648182

Exercise + ischemia

Group

Figure 2. Effect of aerobic exercise on TrKC gene expression after induction of ischemia in different groups
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CONCLUSION

Overall, our findings suggest that exercise
preconditioning increases the expression of
NT3, which contributes to neuroprotection
against the harmful effects of ischemic stroke
and to faster recovery of the hippocampal cells
after ischemic stroke. In addition, exercise
before induction of ischemia has no positive
effect on TrkC expression. However, further
studies are needed to understand the effect of
aerobic exercise training before induction of
ischemia on the expression of neurotrophic
factors.
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