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Abstract

Obijectives: The purpose of this study was to compare the effect of 4 weeks of high intensity interval training
(HIIT) and moderate intensity continuous training (MICT) on the angiogenesis pathway in nerve cells around
the stroke infarct area. Materials and Methods: Thirty-two adult male NMRI mice (age 8 weeks, weight 35 +
1 g) were selected and randomly divided into 4 groups of 8 including sham, stroke, stroke + HIIT and stroke +
MICT groups. The training protocols were implemented for 4 weeks and 5 sessions per week, where the HIIT
group performed an average of 7 bouts of 2 minutes (high intensity 95% Vmax and low intensity 45% Vmax)
and the MICT group with an average intensity of 60% Vmax for 55 minutes, they performed the training
protocol. 48 hours after the last training session, a stroke was induced by the t-d MCAO method, and after 24
and 48 hours, neurological deficits, behavioral tests, and penumbra area biopsy were performed. Results: The
results of the statistical test of the one-way analysis of variance showed a significant difference in the changes
of VEGF-R2, HIF-1a, Ang-2, FGF-2 and STAT3 between groups, and these changes were significant (P<0.05),
in the HIIT exercise group compared to the MICT group and other groups while the VEGF values in the MICT
group increased significantly compared to other groups (P<0.05). Conclusion: The findings of the present study
indicated that a period of 4 weeks of preconditioning high-intensity interval training can be considered as a
suitable strategy for the prevention and treatment of stroke.
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Background and Purpose

Stroke, the second leading cause of death globally, triggers pathophysiological changes, particularly
in ischemic areas (1). These changes facilitate the protection and potential repair of damaged nerve
cells post-stroke (2). Angiogenesis is the process of increased vessel formation in the central nervous
system, emerging as a crucial physiological mechanism for neuroprotection and neurogenesis (3).
The ischemic state after stroke reduces the transcription of neuroprotective genes, such as vascular
endothelial growth factor (VEGF), receptors (VEGFR-2), and hypoxia-inducible factor 1 alpha (HIF-
la), as well as the marker angiopoietin-2 (Ang-2), which is a marker of vascular sprouting and
fibroblast growth factors 2 (FGF-2) as a strong angiogenic factor (4). Studies have shown that the use
of pharmaceutical and exercise interventions can increase the expression of proteins related to
angiogenesis in the CNS (5).

Exercise is a well-known non-pharmacological method for vascular diseases and is recommended by
the American Heart Association (AHA) as a part of stroke prevention and treatment strategy (6).
Clinical data have shown that physical inactivity is associated with increased severity and prevalence
of stroke (7). However, this research investigated the effects of 4 weeks of high intensity interval
training (HIIT) and moderate intensity continuous training (MICT) before stroke on angiogenic
markers and sensorimotor function in td-MCAO stroke model of NMDR mice. In this study, it was
hypothesized that high-intensity exercise can preemptively increase angiogenesis in the central
nervous system and strengthen vessels due to more metabolic stress than moderate-intensity exercise,
resulting in neuroprotective effects of this type of intervention against stroke to a greater extent.

Materials and Methods

In this study, which was conducted experimentally, after evaluation based on G*Power software to
determine the sample size at the alpha level of 0.05 and effect size of 0.06, 32 adult male NMDR
mice (age: 8 weeks, weight: 35 £ 1 g), the animals were randomly divided into four groups: sham
(n=8), stroke (n=8), stroke+HIIT (n=8) and stroke+MICT (n=8). n=8). All experiments were
performed in accordance with the guidelines of the National Institute of Health and Use of Laboratory
Animals. All animals were housed under standard conditions (22°C, 55% relative humidity, and 12 h
light/dark cycle) and had free access to food and water (adlibidom). Schematic plan of the general
protocol and the number of animals tested in different research methods (Figure 1).
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sham td-MCAO td-MCAO+HIIT td-MCAO+MICT
Behavioral testing 8 8 8 8
Neurological deficit 8 8 8 8
Western blot 4 4 4 4

Fig. 1. Experimental protocols and schematic showing experimental group numbers for each
procedure. For behavioral testing, 8 animals were used for each group, for neurological deficit8
animals and for Western blot analyses, 4 animals were used for each group.

Findings

The results of one-way ANOVA showed a significant increase in the expression of VEGF, VEGF-
R2, and HIF-1 proteins (P<0.05), and the results of Tukey's post hoc test showed that the expression
values of VEGF-R2 and HIF-1 proteins in the group Stroke+HIIT had a significant increase compared
to stroke and MICT+stroke groups (P<0.01). While levels of VEGF protein in MICT + stroke group
increased significantly compared to other groups (P<0.05). Moreover, stroke animals had higher
levels of STAT1 protein compared to stroke+exercise animals (p<0.01, p<0.05), STAT3 and Ang-2
proteins were significantly increased in stroke+HIIT group compared to stroke animals (P<0.01) and
STAT3 and Ang-2 levels in stroke+MICT group were significantly increased compared to the control
group. (P <0.05 and P < 0.01).

Behavioral tests using the pole balance test were performed at baseline (24 hours before stroke), day
0 (day of stroke) and on days 1 and 2 after stroke, and the forelimb strength test on day 2 (day
dissection) was performed after stroke. The exercise group showed a significant improvement in
locomotor activity (p<0.01) on day 2 compared to the non-exercise + stroke group, as demonstrated
by the bar balance test. The results of the forelimb strength test showed a significant difference
between stroke + HIIT and other groups (p<0.01) in the left limb (opposite side of brain injury).

Conclusion

The results of the present study showed that preconditioning with high-intensity interval training and
moderate-intensity continuous training cause neuroprotective and cognitive effects through
increasing angiogenesis in the central nervous system after stroke. These physiological benefits are
created through the improvement of effective factors in angiogenesis. Stroke model animals that
performed HIIT and MICT exercises showed improvement in motor function and reduction in
neurological disorders. In this regard, it was found that high-intensity interval and continuous
moderate-intensity training in stroke groups increased the expression of VEGF, VEGF-R2, FGF-2,
TGF-B2, STAT-3 and HIF-1a proteins in the area around cerebral ischemic infarction is effective in
reducing the destruction of nerve cells.
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Article Message

In summary, the research findings indicate that preconditioning with both high-intensity interval
training (HIT) and moderate-intensity continuous training (MICT) prior to a stroke enhances
vascular conditions, leading to neuronal protection in the vicinity of the infarcted area. Overall, high-
intensity interval training appears promising as a preventive treatment strategy for reducing motor
and histopathological defects associated with ischemic stroke. Given the significance of this
intervention for stroke patients, the study results may serve as a basis for future practical
investigations aimed at preventing and treating stroke patients in medical centers.
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Table 1- Protocol of MICT group for 4 weeks

el ain Pow AD P90 Al Jol aian
%65 %60 %55 %50 (S yos iSloz) Codlad oy
70 60 50 40 (4839) cnped JS Sloj Do

61+ )5 05 o s ol Wy S L g5 05 IS S(HITT) Yl ks b 9 53150 (55 40l
el 03,5 0y 5 08 MICT 05,8 03,5 350 5 055 St b Gillas llse a5 350 03,5 350 5 ol (o8
e s ygods sl oy pad oyl g 15 sloalng St aSilie el (s yad ol iy iols alodl aids iy S
A boad b oiias pylez b gl cloazin jo ayas claalng 1o a5 55 ,badlsl ol 5 Sulgslie Lo yinsl Ll 5|
F Jelss Jgl axan a5 o 418,515 10 auoys FO (o G b slaalag 1o criomen 09 VMAX so o V1 g Ve e A
ol hol (nyos aiay 0o g,0nl5l e Lzl Jlg il Ve 5T ain po a8 0 00938l ey Jlg il ¥ aci o 9 J1g !
an 10 54280 VY pow aan Al 3o VT pgo aan (0 addo VP Jgl aan ;o ol ol b codled g YL cad b codled

gy a8 e oo

O o5l O 090 NPT 3ol (20559 65909 b aoliliad



Olyen g 52l yos

Yo ol b (29l3 (n pod SS90 -V Joua
Table 2- Protocol of HIIT group for 4 weeks
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Figure 2- The data were normalized to the control group and expressed as the mean + SEM
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Figure 3- The data were normalized to the control group and expressed as the mean + SEM
(n=4/group). ***P< 0.01, #P<0.05 vs. control group
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