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A brief physical activity protects 
against ischemic stroke
Henry Zhang, Jea-Young Lee, Cesar V. Borlongan, Naoki Tajiri1

Abstract:
With restricted therapeutic opportunities, stroke remains a relevant, critical disease necessitating 
study. Due to the unique aspect of ischemic strokes, finding approaches to maintain the vigor of 
the cerebral vasculature, such as increased angiogenesis, may protect against stroke. Ischemic 
strokes are caused by disruptions in blood movement in the brain, resulting in a torrent of harmful 
cerebrovasculature modifications. In an investigation by Pianta et al., Sprague‑Dawley rats have 
been separated into those that undergo exercise prior to middle cerebral artery occlusion (MCAO) 
and those that were not exposed to physical activity preceding MCAO. The outcomes and results of 
the current study gave new insights into the capacity of exercise to help prevent ischemic strokes or 
mitigate poststroke effects. The data collected from the study suggested that rats that went through 
a short bout of exercise before MCAO presented superior motor performance, more active cells 
in the peri‑infarct region, and reduced infarct sizes. When compared to the control group, the rats 
that went through exercise also had heightened angiogenesis and improved neuroprotection. Thus, 
a brief bout of physical activity preceding a stroke may provide neuroprotection by enhancing the 
strength of the cerebrovasculature in the brain. This notion that even an instant of physical exercise 
before a stroke is induced can help dampen the effects of ischemic stroke, which could lead to future 
techniques in preventing the ischemic stroke so that it never happens at all.
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Introduction: Novel Techniques to 
Counteract Ischemic Stroke

Stroke is one of the most harmful and 
dangerous diseases in the contemporary 

world, and the enigmatic nature of the 
disease has yet to be unraveled. There 
have been numerous scientific discoveries 
made by researchers, but the lack of 
substantial new information has caused 
strokes to continue to torment humans 
and to remain one of the leading causes 
of death in the world.[1] A vast monetary 
weight is dropped on the US annually due 
to strokes. In addition, the Food and Drug 
Administration (FDA) has solely permitted 

one type of medication for usage, tissue 
plasminogen activator (tPA), which has a 
restricted time frame due to the antagonistic 
effects out of this specific time frame.[2] 
Furthermore, tPA therapy assists merely 
5% of ischemic stroke patients who are 
treated within a 4.5‑h window.[3] Mechanical 
thrombectomy has some issues as well, due 
to the ineffectiveness of the method on most 
patients within a 6–24‑h time interval[4‑6] and 
the shortage of medical professionals who 
can administer this particular technique.[7,8] 
Due to the lack of effective treatments, 
studies on unique stroke treatments are 
justified.[9]

O n e  t r e a t m e n t  t h a t  m a y  p r e v e n t 
strokes in the elderly is constant bodily 
exercises or movement because aerobic 
activity increases cardiovascular ability, 
intel lectual  performance,  memory, 
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and mobility.[10,11] Moreover, physical activity has 
many neuroprotective mechanisms – including 
neuroprotective and regenerative processes – and 
helps stimulate and sustain cerebrovascular liveliness 
and structure and cerebral blood movement post 
stroke during reperfusion.[12] Vascularization is key to 
stroke rehabilitation.[13,14] The positive consequences 
of exercise on stroke have been evaluated in multiple 
animal models.[15] The severity of exercise can also 
help determine the size of the infarct post middle 
cerebral artery occlusion (MCAO).[16] Exercise can also 
promote cerebral vasculature angiogenesis due to the 
amplified amount of growth factors such as vascular 
endothelial growth factor (VEGF) and insulin‑like 
growth factor.[17‑20] Altogether, exercise prior to 
stroke advances functional effects of the body during 
poststroke recovery.

Some studies, however, negate the functional 
advantages of physical activity in stroke. Performing 
exercise early in the poststroke period can cause serious 
damage to brain tissue and induce cell apoptosis.[21] 
However, light‑to‑intermediate amounts of physical 
activity prior to stroke can in fact reduce stroke 
severity.[22‑24] Exercise can be thought as a minor 
stressor[25,26] and thus increases pathological function 
and exerts neuroprotection.[27,28] Therefore, discovering 
new ideas and ways to uphold the brain’s vasculature 
can help impede stroke.

The study by Pianta et al. aimed to find the connection 
between physical activity and stroke aftermath. 
Although long and intense physical exercise for patients 
at risk of stroke could be detrimental, short bouts of 
exercise may succor in neuroprotection of the patient. 
The investigators tested for the effects of exercise 
before stroke stimulation and portrayed cerebral blood 
flow (CBF) and associated motor functions in vivo.[9] This 
study aimed to observe disease‑preventing physical 
activity and how it may augment angiogenesis and 
reinforce cerebral vasculature. These effects may provide 
neuroprotection against stroke.

The Effects of a Short Bout of Physical 
Activity before Middle Cerebral Artery 

Occlusion

With restricted therapeutic opportunities, stroke 
remains a relevant, critical disease warranting study. 
Finding approaches to maintain the vigor of the cerebral 
vasculature, such as increased angiogenesis, may protect 
against stroke due to the unique aspect of ischemic 
strokes. Ischemic strokes are caused by disruptions in 
blood flow in the brain, resulting in a torrent of harmful 
cerebrovasculature modifications. The study portrayed 
CBF and associated motor functions in vivo and tested 

for the effects of exercise before stroke stimulation.[9] 
There were three groups of mature Sprague‑Dawley 
rats that were subjected to testing in this study. One 
group of rats was exposed to a lone short fit of physical 
activity (30–60 min on the exercise wheel), and then a 
stroke was induced on them using a temporary MCAO.[9] 
One group of rats was not exposed to exercise but still 
was subjected to MCAO which signified the control. 
Another group of rats was not subjected to MCAO at 
all. Blood movement in the brain was assessed at three 
different times during the study. CBF was measured 
using a laser Doppler prior to and during MCAO 
and during reperfusion. Behaviors of the groups of 
rats were then examined after the stroke using the 
elevated body swing test. Rats that went through 
exercise before being subjected to MCAO portrayed 
normal changes in CBF but presented superior motor 
performance when related to the rats in the control 
group.[9] Stroke rats that went through short bouts of 
exercise before MCAO also had more active cells in the 
peri‑infarct region and a decreasing infarct size.[9] When 
compared to the control group, heightened amounts 
of angiogenesis/endothelial markers such as Ang‑2, 
VEGF receptor‑2 (VEGER2), VEGF, and endothelial 
precursor cell indicator CD34+ were discovered in 
the exercise stroke rats, through the processes of 
immunofluorescence and Western blot analysis.[9] Thus, 
exercise before a stroke may provide neuroprotection by 
enhancing the strength of the network of blood vessels 
in the brain. In addition, some plausible future methods 
of enhancing neuroprotection and preventing ischemic 
strokes are the usage of cannabinoids, sirtuin proteins, 
and ischemic preconditioning (ICP).

Exercise Prior to Stroke Enhances 
Neuroprotection

The study results concluded that physical activity, 
such as using the exercise wheel before the stroke, 
allowed improved neuroprotection for the rats against 
the disease.[9] The enhanced neuroprotection may 
result from the augmented angiogenesis in the 
brain. Stroke animals that went through exercise 
presented heightened physical performance and less 
histopathological shortages.[9] Overall, heightened 
amounts of angiogenesis/endothelial markers such as 
VEGF, VEGFR‑2, and Ang‑2 were discovered in the 
exercise stroke rats near the infarct in their brains.[9]

The outcomes of this study complemented those of 
past studies that have shown how treadmill activity 
promotes angiogenesis in ischemic stroke animals.[29,30] 
Largely, these studies have all exhibited improvements 
in strengthening of cerebrovasculature, motor 
functioning, infarct volumes, and the number of extant 
neurons near the infarct. Enhanced angiogenesis, 
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psychological function, blood–brain barrier stability, 
and reduction of infarct sizes were caused by 8 weeks 
of medium‑to‑high magnitude treadmill exercise 
preceding MCAO.[31] This information reflects the 
rise in Ang‑2, VEGFR2, and VEGF in the corpus 
striatum and the decline in the peri‑infarct areas of 
the exercise stroke groups in the current study.[9] 
Treadmill exercise also portrayed considerably raised 
brain VEGF expression and diminished brain infarct 
size at 14‑day postischemic stroke.[32] Treadmill 
exercise has also been shown to induce neurogenesis, 
synaptogenesis, and neurotrophin signaling pathways, 
thus stimulating efforts at neuroprotection.[33] In 
addition, the high‑intensity physical activity groups in 
the treadmill studies demonstrated the most significant 
reduction in infarct size, and largest surge in the 
indicators of angiogenesis,[11] similar to the results of 
the exercise group that was exposed to the highest 
physical activity in the present study.

Brief Bouts of Exercise before Middle 
Cerebral Artery Occlusion May Improve 
Neuroprotection But Not Neurological 

Function

Despite these similarities, compared to the past studies, 
the exercise groups in the contemporary study did not 
display any advancements in neurological performance 
compared to the nonexercise stroke group.[9] The 
reasoning behind this discrepancy may be caused by 
the difference between the amount of exercise in the 
present study and the Rezaei’s study. This variation 
could suggest that short bouts of exercise before stroke 
induction may not be enough to avert neurological 
shortfalls post ischemic stroke. The explanation behind 
these inconsistencies could also be from the distinct 
functional metrics used to evaluate neurological 
function between the two studies. Moreover, 3 weeks 
of 30‑min periods of physical activity per day 
preceding ischemic stroke incites angiogenesis; 
raises brain‑derived neurotrophic factor and midkine 
expression; diminishes infarct sizes, neuronal 
apoptosis, and oxidative damage; and augments motor 
performance but not neurological function.[34] The same 
outcome was determined in the current study, and it 
is likely that the advantages brought upon by physical 
activity in the present study were also due to the same 
reasons as suggested by the Otsuka study.[9] The Otsuka 
study also implies that 3 weeks of physical activity 
per day previous to induced stroke is not adequate 
to stimulate neurological advancements and that a 
longer period could. However, a 30–60‑min bout of 
physical activity directly prior to MCAO may cause 
neurological improvements that could help against 
ischemic stroke.[9]

The Timing between the Start of Physical 
Activity and the Stroke Induction is Critical 

to Neuroprotection

While the discoveries in the current study are accordant 
with those of previous studies,[29‑31,34‑36] such as on 
angiogenesis and stroke, the study by Pianta et al. 
displays the unique idea that even an instance of 
physical activity preceding MCAO could be enough 
to enhance angiogenesis and increase neuroprotection. 
Nevertheless, lengthier and recurrent exercise 
before stroke may bestow more advantages such as 
enhanced neurological performance.[31] Nonetheless, 
the timing between the commencement of a recent 
spurt of physical activity and the generation of the 
ischemic stroke might be the most essential feature 
of exercise‑induced assistances against stroke. The 
present study spreads the range of the discoveries 
found in Rezaei’s and Terashi’s study (examined the 
consequences of regularity of exercise) and looks 
at the length and the difference between 30‑ and 
60‑min periods of exercise, therefore, illuminating 
the benefits of 60‑min exercise prior to MCAO.[9] 
Thus, the current investigation fortifies the position 
that preconditioning physical activity is helpful for 
stroke. Preconditioning physical activity‑stimulated 
neuroprotection in preclinical stroke models is most 
likely facilitated through its capability to augment 
cerebral vasculature and blood–brain barrier integrity 
and foster neurogenesis.[37] The present investigation 
is also the first to observe how exercise affects 
inflammation in the periphery succeeding stroke, given 
that stroke stimulates inflammation in the spleen.[38,39] 
The study results suggest that a lone period of physical 
activity prior to MCAO can decrease inflammation in 
the spleen post ischemic stroke.[9]

Exercise Preceding Middle Cerebral Artery 
Occlusion May Not Affect Cerebral Blood 

Flow

A few restrictions of the present study include 
the deficiency of physical activity‑induced effects 
on CBF and the lack of supplementary exercise 
limitations. Exercise did not produce any functional 
alterations in CBF during MCAO compared to 
the nonphysical activity stroke group despite the 
enhanced angiogenesis.[9] It is likely that changes in 
CBF by the mechanism of angiogenesis might not have 
been captured during the chosen times post‑MCAO, 
implying that acute and chronic evaluations of CBF 
might be necessary to completely expose the effects 
physical activity has on stroke. It is possible that the 
laser Doppler may not be perceptive enough to identify 
minute alterations in CBF and that the laser speckle 
technique may be necessary.
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Longer, Constant, and Moderate Exercise 
Can Optimally Improve Neuroprotection

In addition, lengthier or quicker amounts of physical 
activity, the application of both pre‑MCAO and 
post‑MCAO exercise routines, or the association 
between compulsory and spontaneous exercise 
sessions were all variables that were not examined.[9] 
The patterns in the data from the study advocate that 
the 60‑min exercise group received the most benefits 
and that longer periods of exercise before MCAO 
could improve neuroprotection.[9] Moreover, shortages 
of exercise could possibly hinder neurogenesis and 
improvements in cerebrovasculature.[40] It is likely that 
nonpermissive stem cell microenvironments could be 
produced by deficiencies in physical activity.[41] Although 
exercise stimulates neurogenesis, it may not be best to 
implicate physical activity regimens that are too high in 
intensity.[22‑24] Despite the support that physical activity 
post stroke revealed neuroprotective results,[29,30,35,36] 
exercise can also be dangerous contingent on the specific 
time.[21,42,43] The worth of these other exercise‑linked 
elements should be looked into further in order to 
develop more exercise‑based treatments for stroke.

Parameters for using physical activity to defend 
against stroke can be found from this study data. 
Longer periods of exercise are connected to improved 
neuroprotection, and small‑to‑medium amounts of 
physical activity preceding strokes in humans can lower 
stroke severity.[22,23] Due to the minimum of 40 min of 
aerobic physical activity for 3–4 days a week suggested 
by contemporary US standards to prevent stroke[44] and 
the current investigation’s data regarding the 60‑min 
exercise group, it is probable that shorter 20–30‑min 
exercise routines are less competent at decreasing stroke 
severity than lengthier periods of physical activity such 
as 40–60‑min moderate intensity sessions.[9] Although the 
data from the present study show that longer exercise 
durations prior to stroke diminish stroke severity, 
additional research must be made before the conclusions 
from these data can transit to humans. Frequent exercise 
is also suggested to protect against stroke alongside 
longer durations of physical activity prior to stroke. 
For example, one of the most effective ways to decrease 
the neuronal apoptosis following strokes in rats is 
exercising >3 times/week.[45] Furthermore, constant, 
long‑term physical activity preceding MCAO enhances 
the neuroprotection and maintenance of pathological 
function.[31] Thus, it is conjectured that physical activity 
every day can be vital to not only avoid a stroke,[44] 
but also maintain and augment neuroprotection if an 
ischemic stroke actually occurs.

Overall, the results from the current investigation 
displayed that physical activity can be used to prevent 

strokes and mitigate the effects of ischemic stokes.[9] 
The outcomes of the study also revealed that exercise 
can lessen the motor and histopathological deficiencies 
that supplement an ischemic stroke.[9] The perceived 
rise in angiogenesis was caused by exercise‑stimulated 
neuroprotection, and the current study has shown that 
a lone, short bout of physical activity can prompt these 
neuroprotective assistances. In the dangerous event of 
an ischemic stroke, even a moderate intensity period of 
physical activity may minimize cerebral tissue damage 
in total.

Alternative Treatments for Ischemic Stroke

The current investigation revealed that a short bout of 
exercise before stroke may be sufficient to limit the effects 
of the ischemic insult. New and distinctive techniques of 
how to prevent and control the severity of ischemic strokes 
have been warranted, as the FDA has only approved one 
drug, tPA, for ischemic strokes. The National Institute 
of Neurological Disorders and Stroke determined 
that a patient would attain improved neurological 
recuperation and have less signs of disadvantages if 
he/she was treated with tPA within a 3‑h window, after 
the beginning of indications of stroke.[46] Although tPA 
has saved many lives, it accompanies a large number of 
limitations and restrictions. Such limitations include that 
tPA had to be given early after the first sign of symptoms, 
could possibly trigger uninhibited bleeding in the brain, 
and frequently was unsuccessful in separating large 
blood clots.[46] Thus, new methods of thrombolysis or 
novel practices must be made to prevent or mitigate the 
effects of ischemic stroke because tPA has not completely 
solved the mystery. In the current study, we investigated 
the effects of exercise directly before the induction of 
stroke on animals. Other studies have also conducted 
research on ischemic stroke and have proposed other 
ideas on inhibiting or lessening the outcomes of stroke 
such as the use of cannabinoids, sirtuin proteins, and 
ICP. These studies have examined new techniques to 
enhance neuroprotection and neurogenesis to try to 
prevent ischemic stroke.

Uncomplicated therapeutic cannabis products can serve as 
effectual neuroprotectants as portrayed by contemporary 
investigations and inquiries.[47] For example, a remedial, 
mouth spray including both tetrahydrocannabinol 
and nonpsychoactive cannabidiol (CBD), Savitex®, 
has been discovered to reduce the spasms that 
accompany multiple sclerosis.[47] Another current 
study also revealed that Epidiolex®, a nonpsychoactive 
CBD formulation, is reliable and efficient in reducing 
seizures in Lennox–Gastaut syndrome.[47] The use 
of cannabinoids may be another novel treatment in 
lessening the effects of ischemic stroke, similar to the 
functions of the present study. CBD could provide 
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poststroke neuroprotection as displayed in a 2015 
meta‑analysis that inspected 34 preclinical studies 
investigating CBD.[47] According to their data, the 
authors were able to deduce that cannabinoids were 
capable of decreasing infarct size and enhancing 
practical effects in investigational stroke, with activity 
at both cannabinoid (CB) 1 and CB2 receptors linked 
with optimistic results.[47] This investigation and that 
of other studies have subsidized to the hopefulness 
relating to the conceivable applicability of cannabinoids 
in the handling of stroke patients.

Another study examined the function of the 
sirtuin proteins, Sirt1 in particular, in enhancing 
neuroprotection and preventing ischemic stroke. The 
results of ischemic damage can possibly be guided 
by the genetic control of Sirt1 expression.[48] When 
compared to their wild‑type equivalents, mice which 
did not display Sirt1 presented greater infarct sizes 
succeeding permanent MCAO (pMCAO).[48] In addition, 
the functional concentrations of Sirt1 are moderated by 
ischemic damage. For instance, up until 7 days after 
pMCAO, Sirt1 increased in the peri‑infarct zone in 
mice. In another line of support, ischemic stroke effects 
can be moderated by the stimulation or suppression 
of Sirt1 with pharmacological agents.[48] Treatment 
with the Sirt1 activator at different intervals of time 
succeeding pMCAO decreased infarct size, whereas the 
application of sirtuin inhibitor sirtinol enlarged infarct 
size.[48] Similar to the effects of angiogenesis on infarct 
size post stroke, this study had parallel results to the 
present investigation. The triggering and upregulation 
of Sirt1 were connected to several other endogenous or 
exogenous compounds that could possibly stimulate 
ischemic tolerance.[48] Systematically, multiple sources of 
evidence locate distinct signaling pathways, all controlled 
in some way by Sirt1, that prompt neuroprotection from 
ischemic strokes.[48] The applications of this study are 
mostly for poststroke benefits which are similar to the 
investigations of Tang et al.; Gao et al.; Chen et al., 2019; 
and Xie et al. that supported that exercise post stroke 
revealed neuroprotective results.

IPC is an area of exploration that continually displays 
potential in emerging treatments for ischemic strokes. 
The general concept of IPC can be described as 
resistance to possible future ischemic occurrences 
brought upon by exposures to nonsevere ischemic 
events that can stimulate adaptive alterations.[49] 
These sublethal ischemic insults stimulate adaptive 
modifications that supply resistance to potential 
ischemic events.[49] IPC normally results in amplified 
gene expression and cellular metabolism throughout 
either the activities of a preconditioning molecular 
mimetic or, temporary ischemic occurrences small in 
potency.[49] The mitochondrion is a critical focal point 

of such alterations in gene expression and metabolism. 
The activation of 5’ adenosine monophosphateactivated 
protein kinase (AMPK), a principal manager of cellular 
metabolism, can be caused by the consequences on 
mitochondria by IPC.[49] Through communication 
with mitochondria and the preservation of metabolic 
homeostasis, AMPK stimulation has been displayed 
to participate in IPC neuroprotection.[49] Resveratrol 
and metformin‑IPC mimetics have also been revealed 
to provide neuroprotection through mitochondrial 
outcomes and AMPK stimulation.[49] Both ICP and the 
present investigation of exercise have possibly found 
new ways to counteract the effects of ischemic stroke or 
prevent them altogether [Figure 1]. The studies reveal 
novel techniques to increase neuroprotection in the brain 
and thus, these methods will conceivably reduce the 
severity of ischemic strokes.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References

1. Sprick JD, Mallet RT, Przyklenk K, Rickards CA. Ischaemic and 
hypoxic conditioning: Potential for protection of vital organs. Exp 
Physiol 2019;104:278‑94.

2. Emberson J, Lees KR, Lyden P, Blackwell L, Albers G, Bluhmki E, 
et al. Effect of treatment delay, age, and stroke severity on the 
effects of intravenous thrombolysis with alteplase for acute 

Figure 1: Exercise and neuroprotection. A short bout of exercise may promote 
neuroprotection against stroke



Zhang, et al.: Physical activity and stroke

Brain Circulation ‑ Volume 5, Issue 3, July‑September 2019 117

ischaemic stroke: A meta‑analysis of individual patient data from 
randomised trials. Lancet 2014;384:1929‑35.

3. dela Peña IC, Yoo A, Tajiri N, Acosta SA, Ji X, Kaneko Y, et al. 
Granulocyte colony‑stimulating factor attenuates delayed 
tPA‑induced hemorrhagic transformation in ischemic stroke rats 
by enhancing angiogenesis and vasculogenesis. J Cereb Blood 
Flow Metab 2015;35:338‑46.

4. Campbell BC, Donnan GA, Lees KR, Hacke W, Khatri P, Hill MD, 
et al. Endovascular stent thrombectomy: The new standard of care 
for large vessel ischaemic stroke. Lancet Neurol 2015;14:846‑54.

5. Cohen DL, Kearney R, Griffiths M, Nadesalingam V, Bathula R. 
Around 9% of patients with ischaemic stroke are suitable for 
thrombectomy. BMJ 2015;351:h4607.

6. Furlan AJ. Endovascular therapy for stroke – it’s about time. 
N Engl J Med 2015;372:2347‑9.

7. Josephson SA, Kamel H. The acute stroke care revolution: 
Enhancing access to therapeutic advances. JAMA 2018;320:1239‑40.

8. Sheth SA, Jahan R, Gralla J, Pereira VM, Nogueira RG, Levy EI, 
et al. Time to endovascular reperfusion and degree of disability 
in acute stroke. Ann Neurol 2015;78:584‑93.

9. Pianta S, Lee JY, Tuazon JP, Castelli V, Mantohac LM, Tajiri N, 
et al. A short bout of exercise prior to stroke improves functional 
outcomes by enhancing angiogenesis. Neuromolecular Med 2019. 
[Epub ahead of print].

10. Billinger SA, Arena R, Bernhardt J, Eng JJ, Franklin BA, 
Johnson CM, et al. Physical activity and exercise recommendations 
for stroke survivors: A statement for healthcare professionals from 
the American Heart Association/American Stroke Association. 
Stroke 2014;45:2532‑53.

11. Oberlin LE, Waiwood AM, Cumming TB, Marsland AL, 
Bernhardt J, Erickson KI. Effects of physical activity on poststroke 
cognitive function: A meta‑analysis of randomized controlled 
trials. Stroke 2017;48:3093‑100.

12. Zwagerman N, Sprague S, Davis MD, Daniels B, Goel G, Ding Y. 
Pre‑ischemic exercise preserves cerebral blood flow during 
reperfusion in stroke. Neurol Res 2010;32:523‑9.

13. Ishikawa H, Tajiri N, Shinozuka K, Vasconcellos J, Kaneko Y, 
Lee HJ, et al. Vasculogenesis in experimental stroke after 
human cerebral endothelial cell transplantation. Stroke 
2013;44:3473‑81.

14. Shinozuka K, Dailey T, Tajiri N, Ishikawa H, Kaneko Y, 
Borlongan CV. Stem cell transplantation for neuroprotection in 
stroke. Brain Sci 2013;3:239‑61.

15. Zhang F, Wu Y, Jia J. Exercise preconditioning and brain ischemic 
tolerance. Neuroscience 2011;177:170‑6.

16. Arrick DM, Yang S, Li C, Cananzi S, Mayhan WG. Vigorous 
exercise training improves reactivity of cerebral arterioles 
and reduces brain injury following transient focal ischemia. 
Microcirculation 2014;21:516‑23.

17. Carro E, Nuñez A, Busiguina S, Torres‑Aleman I. Circulating 
insulin‑like growth factor I mediates effects of exercise on the 
brain. J Neurosci 2000;20:2926‑33.

18. Cotman CW, Berchtold NC, Christie LA. Exercise builds brain 
health: Key roles of growth factor cascades and inflammation. 
Trends Neurosci 2007;30:464‑72.

19. Dornbos D 3rd, Zwagerman N, Guo M, Ding JY, Peng C, Esmail F, 
et al. Preischemic exercise reduces brain damage by ameliorating 
metabolic disorder in ischemia/reperfusion injury. J Neurosci Res 
2013;91:818‑27.

20. Tang K, Xia FC, Wagner PD, Breen EC. Exercise‑induced VEGF 
transcriptional activation in brain, lung and skeletal muscle. 
Respir Physiol Neurobiol 2010;170:16‑22.

21. Shen J, Huber M, Zhao EY, Peng C, Li F, Li X, et al. Early 
rehabilitation aggravates brain damage after stroke via enhanced 
activation of nicotinamide adenine dinucleotide phosphate 
oxidase (NOX). Brain Res 2016;1648:266‑76.

22. Deplanque D, Masse I, Lefebvre C, Libersa C, Leys D, Bordet R. 

Prior TIA, lipid‑lowering drug use, and physical activity decrease 
ischemic stroke severity. Neurology 2006;67:1403‑10.

23. Deplanque D, Masse I, Libersa C, Leys D, Bordet R. Previous 
leisure‑time physical activity dose dependently decreases 
ischemic stroke severity. Stroke Res Treat 2012;2012:614925.

24. Krarup LH, Truelsen T, Gluud C, Andersen G, Zeng X, 
Kõrv J, et al. Prestroke physical activity is associated with severity 
and long‑term outcome from first‑ever stroke. Neurology 
2008;71:1313‑8.

25. Arumugam TV, Gleichmann M, Tang SC, Mattson MP. Hormesis/
preconditioning mechanisms, the nervous system and aging. 
Ageing Res Rev 2006;5:165‑78.

26. Morton JP, Kayani AC, McArdle A, Drust B. The exercise‑induced 
stress response of skeletal muscle, with specific emphasis on 
humans. Sports Med 2009;39:643‑62.

27. Mattson MP. Energy intake and exercise as determinants of 
brain health and vulnerability to injury and disease. Cell Metab 
2012;16:706‑22.

28. Voss MW, Vivar C, Kramer AF, van Praag H. Bridging animal 
and human models of exercise‑induced brain plasticity. Trends 
Cogn Sci 2013;17:525‑44.

29. Gao Y, Zhao Y, Pan J, Yang L, Huang T, Feng X, et al. Treadmill 
exercise promotes angiogenesis in the ischemic penumbra of rat 
brains through caveolin‑1/VEGF signaling pathways. Brain Res 
2014;1585:83‑90.

30. Tang Y, Zhang Y, Zheng M, Chen J, Chen H, Liu N. Effects 
of treadmill exercise on cerebral angiogenesis and MT1‑MMP 
expression after cerebral ischemia in rats. Brain Behav 
2018;8:e01079.

31. Rezaei R, Nasoohi S, Haghparast A, Khodagholi F, Bigdeli MR, 
Nourshahi M. High intensity exercise preconditioning provides 
differential protection against brain injury following experimental 
stroke. Life Sci 2018;207:30‑5.

32. Ke Z, Hu S, Cui W, Sun J, Zhang S, Mak S, et al. Bis (propyl)‑cognitin 
potentiates rehabilitation of treadmill exercise after a 
transient focal cerebral ischemia, possibly via inhibiting NMDA 
receptor and regulating VEGF expression. Neurochem Int 
2019;128:143‑53.

33. Palasz E, Niewiadomski W, Gasiorowska A, Mietelska‑Porowska A, 
Niewiadomska G. Neuroplasticity and neuroprotective effect of 
treadmill training in the chronic mouse model of Parkinson’s 
disease. Neural Plast 2019;2019:8215017.

34. Otsuka S, Sakakima H, Sumizono M, Takada S, Terashi T, 
Yoshida Y. The neuroprotective effects of preconditioning 
exercise on brain damage and neurotrophic factors after focal 
brain ischemia in rats. Behav Brain Res 2016;303:9‑18.

35. Chen Z, Hu Q, Xie Q, Wu S, Pang Q, Liu M, et al. Effects of 
treadmill exercise on motor and cognitive function recovery of 
MCAO mice through the caveolin‑1/VEGF signaling pathway in 
ischemic penumbra. Neurochem Res 2019;44:930‑46.

36. Xie Q, Cheng J, Pan G, Wu S, Hu Q, Jiang H, et al. Treadmill 
exercise ameliorates focal cerebral ischemia/reperfusion‑induced 
neurological deficit by promoting dendritic modification and 
synaptic plasticity via upregulating caveolin‑1/VEGF signaling 
pathways. Exp Neurol 2019;313:60‑78.

37. Islam MR, Young MF, Wrann CD. Neuroprotective potential of 
exercise preconditioning in stroke. Cond Med 2017;1:27‑34.

38. Acosta SA, Lee JY, Nguyen H, Kaneko Y, Borlongan CV. 
Endothelial progenitor cells modulate inflammation‑associated 
stroke vasculome. Stem Cell Rev Rep 2019;15:256‑75.

39. Xu K, Lee JY, Kaneko Y, Tuazon JP, Vale F, van Loveren H, 
et al. Human stem cells transplanted into the rat stroke brain 
migrate to the spleen via lymphatic and inflammation pathways. 
Haematologica 2019;104:1062‑73.

40. Lippert T, Watson N, Ji X, Yasuhara T, Date I, Kaneko Y, et al. 
Detrimental effects of physical inactivity on neurogenesis. Brain 
Circ 2016;2:80‑5.



Zhang, et al.: Physical activity and stroke

118 Brain Circulation ‑ Volume 5, Issue 3, July‑September 2019

41. Watson N, Ji X, Yasuhara T, Date I, Kaneko Y, Tajiri N. No pain, 
no gain: Lack of exercise obstructs neurogenesis. Cell Transplant 
2015;24:591‑7.

42. Li F, Geng X, Khan H, Pendy JT Jr., Peng C, Li X, et al. Exacerbation 
of brain injury by post‑stroke exercise is contingent upon exercise 
initiation timing. Front Cell Neurosci 2017;11:311.

43. Xing Y, Yang SD, Dong F, Wang MM, Feng YS, Zhang F. The 
beneficial role of early exercise training following stroke and 
possible mechanisms. Life Sci 2018;198:32‑7.

44. Howard VJ, McDonnell MN. Physical activity in primary stroke 
prevention: Just do it! Stroke 2015;46:1735‑9.

45. Terashi T, Otsuka S, Takada S, Nakanishi K, Ueda K, Sumizono M, 
et al. Neuroprotective effects of different frequency preconditioning 

exercise on neuronal apoptosis after focal brain ischemia in rats. 
Neurol Res 2019;41:510‑8.

46. Leng T, Xiong ZG. Treatment for ischemic stroke: From 
thrombolysis to thrombectomy and remaining challenges. Brain 
Circ 2019;5:8‑11.

47. Kolb B, Saber H, Fadel H, Rajah G. The endocannabinoid system 
and stroke: A focused review. Brain Circ 2019;5:1‑7.

48. Koronowski KB, Perez‑Pinzon MA. Sirt1 in cerebral ischemia. 
Brain Circ 2015;1:69‑78.

49. Jackson CW, Escobar I, Xu J, Perez‑Pinzon MA. Effects of ischemic 
preconditioning on mitochondrial and metabolic neruoprotection: 
5’ adenosine monophosphate‑activated protein kinase and 
sirtuins. Brain Circ 2018;4:54‑61.


