Sport. Physiol, 2024, 15(60): 87-106, Doi: 10.22089/spj.2024.15390.2274

Sport Physiology

Journal hompage: https://spj.ssrc.ac.ir

Original Article

Continuous Trainings with Varying Intensities and Effectiveness on BAX

/ BCL-2 / Caspase-3 Apoptotic Pathway during the Rehabilitation Period
after Stroke in Male Sprague-Dawley Rats

M. Fasihiyan', M. Nourshahi?*

1. Department of Biological Sciences in Sport and Health, Faculty of Sport Sciences and Health, Shahid Beheshti University,
Tehran, Iran
2. Department of Biological Sciences in Sport and Health, Faculty of Sport Sciences and Health, Shahid Beheshti University,
Tehran, Iran

Received: 04/05/2024, Revised: 06/06/2024, Accepted: 22/06/2024

Abstract

The aim of this study was to compare the effect of two types of continuous training with increasing
duration and intensity (CTID, CTII) on the apoptosis pathway of nerve cells in the penumbra region
during the rehabilitation period after stroke. 30 Sprague-Dawley rats (age 8 weeks, weight 265 + 15
grams) were selected and randomly divided into three groups: stroke, stroke+CTID exercises, and
stroke+CTII exercises. Stroke was induced using the t-dMCAO method. The CTID and CTII training
protocol was initiated 24 hours after stroke induction, starting with a speed of 10 m/min for duration
of 10 minutes. Subsequently, both the duration and intensity of the exercises were progressively
increased. MRI and behavioral tests were conducted during this period. Forty-eight hours after the
last session, the rats were euthanized. Following dissection of the penumbra area, the tissues were
evaluated for laboratory analysis. The results of the one-way ANOVA statistical test showed
significant differences in the changes in the ratio of BAX/BCL-2 and Caspase-3 among the groups.
Specifically, these changes were only observed in the CTID group compared to both the CTIl and the
stroke group. (P=0.042, P=0.028) and (P=0.036, P=0.021). Additionally, the results of the behavioral
tests showed significant differences between both training groups and the stroke group (P<0.05).
Conclusion: The findings of the present study suggest that CTID exercise during the acute phase
after stroke could be considered a beneficial approach for prescribing physical exercise in this phase.
Keywords: Sroke, Magnetic resonance imaging (MRI), Rehabilitation, apoptosis, Continuous
exercises, Cognitive-motor function.
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Extended Abstract

Background and Purpose

Following a stroke, apoptosis in nerve cells worsens damage in the ischemic region, contributing
toimpaired cognitive and motor functions in patients (1). Research suggests that apoptosis in the brain
is significantly influenced by the BCL-2 family, which comprises both pro-apoptotic (e.g., BAX and
Caspase-3) and anti-apoptotic factors (e.g., BCL-2) (2). Anti-apoptotic agents like BCL-2 can inhibit
apoptosis in ischemic nerve cells by blocking the activation of pro-apoptotic factors such as BAX and
the Caspase-3 pathway (2). Exercise-induced modifications in the apoptosis process, mediated by
apoptotic regulatory proteins, have been demonstrated to reduce the penumbra area and improve
cognitive and motor abilities post-stroke (3).Prior research underscores the pivotal role of the
BAX/BCL-2 pathway in exercise training, which positively influences cognitive and motor functions
by reducing pro-apoptotic proteins and increasing anti-apoptotic protein expression (4). Nevertheless,
despite existing evidence, investigations in this area have not extensively exploredhow different
types of exercises impact the anti-apoptotic BAX/BCL-2/Caspase-3 pathway and functional
outcomes post-stroke (4). Hence, this study aims to examine changes in apoptosis regulatory proteins
resulting from exercise regimes with varying intensity and duration following ischemia and
reperfusion injury post-stroke.

Materials and Methods

The animal procedures were carried out in accordance with ethical guidelines approved by Shahid
Beheshti University (IR.SBU.REC.1401.046). Thirty Sprague-Dawley rats, aged 8 with an average
weight of 26515 grams, were included in this study. They were housed individually for one week to
acclimate to the environment, maintaining a 12-hour light-dark cycle, temperature at 22+2°C, and
relative humidity at 5046. They had ad libitum access to food and water. Before the experiment, the
rats underwent a familiarization period with the treadmill, walking for three sessions of 10 minutes
at speeds ranging from 5 to 10 m/MIN. Subsequently, they were randomly assigned to three groups:
control group+stroke (N=10), endurance training with increasing duration+stroke (N=10) and
endurance training with increasing intensity+stroke (N=10). Stroke induction was performed using
the t-dMCAO method, involving temporary occlusion of the internal carotid artery with a silicone
threadTwenty-four h post-surgery, neurological deficit (NDS) and MRI tests were conducted.
Following surgery, rats underwent treadmill exercise for seven days (five sessions per week), while
the control group remained on the treadmill without exercising. Behavioral tests, including the Grid
Walk Test, Beam Balance Test, and assessment of weight changeswere conducted 24 hours after the
last training session. Finally, 48 hours after behavioral testing, data analysis was performed using
SPSS 22 software, utilizing one-way ANOVA with a significance level set at p < 0.05.
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Figure 1. MRI images after stroke, ischemic areas with lighter color can be seen in the right cerebral
hemisphere.

Findings

In the present study, the results of the one-way analysis of variance test showed that weight changes
from the fifth to seventh day were significantly different between the groups (P=0.043), and Tukey's
post hoc test revealed that the CTID group had a significant increase compared to both the CTII and
control groups (P = 0.03 and P = 0.012, respectively). In addition, the results of Tukey post hoc test
showed that BAX protein expression values in CTID group had a significant decrease compared to
both CTIlI (P=0.0096) and control (P=0.025) groups. While the changes in BAX protein levels
increased in the CTII group compared to the control group, this increase was not significant
(P=0.083). BCL-2 protein values were significantly different in the training groups compared to the
control group, with CTID (P=0.028) and CTII (P=0.035) showing significant differences. As well,
the ratio of BAX to BCL-2 values was significant between the groups (P<0.05), observed only in the
CTID group compared to the CTII and control groups, respectively (P=0.028, P=0.042).

Moreover, there is a significant difference in the values of caspase-3 protein between the CTID and
CTII groups and the control group (P=0.036) (P=0.021). However, the statistical results showed that
the values of Caspase-3 protein in the CTII group decreased compared to the control group, but these
changes were not significant (P=0.68).In the Grid Walk Test, the number of slips significantly
decreased after 3 and 7 days in the CTID training group compared to both the control group (P=0.013)
and the CTII group (P=0.006).Also, similar results were observed in the Beam Balance Test in the
CTID group after 7 days (P=0.0083), while in the CTII group, a significant difference was observed
compared to the control group only after 7 days (P=0.039).
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Conclusion

The results of the current research suggest that, in the acute phase (one week after stroke intervention),
exercise regimes with constant intensity and increasing duration are generally more effective than
those with constant duration and increasing intensity, despite both having the same volume of
exercise. By increasing the anti-apoptotic factor BCL-2 and decreasing the pro-apoptotic factors BAX
and Caspase-3 in neurons, our data suggest the potential benefits of apoptosis inhibition in improving
motor and cognitive function after stroke.

Article Message

In summary, this research demonstrated that aerobic exercises with increasing duration during the
acute phase (one week) after stroke enhance the regulation of apoptosis pathway factors such as BAX,
BCL-2, and Caspase-3, alongside improving motor performance in rat models. It is recommended to
further investigate this type of exercise regimen to identify optimal rehabilitation methods for stroke
recovery in future Ethical
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Figure 1- MRI images of ischemic areas with lighter color identified in the right cerebral hemisphere
after stroke.

285 Agw 99 55 oIl 9 89,59 lno

ot o plnil ol 5 b > (225 Sloos )T calslae g5 51 MBI (g SXtalojl S g rae slagl)]
Wl (NS08 Sl g 525 sl paraS 1 RS (8L Gladiged izren 9 Sl

S I Jol> 5,13y 235l 9 (NDS) 5919599 il

5 25kl 09 (VD) wd dcwlee Cels YT 5l o o jige j0 (So5eds,9 el Olyes &-AMCAO >y 51 e
Gazg b iegh ol jo aul Bds dslllas ol O L T o N laselas ol yhee .cowl oals ools lid Y Jgux

Dol Gialesl 019 Y 5 Y Su5glg,9 ks 0 slyls Slilg t-AMCAO (g ja0 aiSs als-lae g5

1. Neurologic Deficit Score
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Table 1- Score and neurological disorders in the NSD test
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Table 2- Protocol of continuous exercises with incremental duration and intensity
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1. Continuous Training with Incremental Duration
2. Continuous Training with Incremental Intensity
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Table 3- Score and neurological disorders in the Beam Balance Test

kel e
aleo Jols 905 D
75 89y ole sl B pae
! S s bl 25 59, onile sl I
v $39eb Ll 55l jgee sl 2O
¥ S)lge woyo B0 5l iy lie Bk e plail Gla 2330 b 5 5l jeee
i Ol woy0 B 5l oS )3 Jlie B)bo e pluil sla B30 b 5 Sl e
0 S o9 ales (59 5l Hgee

S ¢y pwg
ol e o) sl 5 g S 2l i 5 39230 B haa (s3] ot 5ol ol gz
Py 2 st p il Gl bawg g ol ools B3 wg a8 S 18 5 (55, 2 g o dame 0 a5 (e e U
598 6 slanr SonSaal 4l polove sliesty (s g Bl (5,88 aml )0 SeoSnl (5 0T 5l 5 285 el
Al gl Julls pbsgen ol b 55 508 | s 8 JEEke 5l B 5,0 4 1D oy e 3
S s3laliz st J5SDS L 3 5 (3 5m T) gl Lo 525 s 5 S slall 525
Bel-) as) slacoly (5T L 5 g 0o yd B ooy crge s b alid . (6,38 )L PVDF (glalii 4 o] JLis 4 5

1. Neurobehavioral Tests
2. Sensory motor
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Figure 2. illustrates alterations in apoptotic proteins including BAX (A), BCL-2 (B), and the BAX/BCL-

2 ratio (C) within the penumbra region, showing statistical significance (P < 0.05%*). Picture of Western
blotting blot (D).
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Figure 3- Changes in Caspase-3 protein levels in the penumbra region. (p<0.05*), and Picture of
Western blotting blot.
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Figure 4- Performance changes in grid walk and beam balance tests according to the days after stroke.
(P<0.05*, P<0.00 #).
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