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Physical activity is an important component in daily life which become more important
when comes to health-related complications. Physical activity regardless the type and
intensity, can bring beneficial effect for general health and can improve skills in several
aspects including learning tasks and response to stimuli along with other health benefits.
By recruiting regular physical activity and exercise, which happened for athletes, some
structural and functional changes may occur in some regions of brain including increase
in network connection, increase the speed of message transformation, increase in gray
matter, synaptic plasticity and brain plasticity. There are several suggested mechanisms
for physical activity-induced brain plasticity including increase in gene expression, BDNF,
IGF-1, VEGF and activation of cellular cascade. Although the beneficial effects of physical
activity on brain flexibility is well known which is reviled in athletes, the most effective
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Introduction

Physical activity is considered as a component of healthy life style
which can play a preventative role in prevention of many diseases.
The importance and beneficial effects of regular physical activity for
public in all age groups with various of biological characteristics and
differences, has made public health authorities to provide and publish
guidelines for physical activity for different individuals in order to
improve public health status, as a result of physical activity status
modification as a part health lifestyle along with healthy dietary
pattern. Although researchers have approved the beneficial effect of
physical activity on general health and chronic disease prevention
and/or management, physical activity seems to have more beneficial
effect than what can be perceived. Physical activity may affect central
nervous. System along with other systems in the body and can
highlight the connection between different systems including central
nervous system and cardiovascular system. The purpose of this study
is to highlight some possible mechanisms that physical activity can
help brain health and brain plasticity and discus which type of physical
activity can affect brain plasticity and synaptic plasticity more.

Physical activity can affect brain plasticity in several pathways.
It has been suggested that physical activity cab affect methylation
status and as a result, affect gene expression. Physical activity
can demethylate the gene promotor which can activate the gene
expression.'

Studies have suggested that physical activity can improve BDNF
level which can increase neural and brain plasticity, as a result of
increase in BDNF and N-methyl- aspartic acid receptor, activity of
regulated cytoskelekton associated protein- Arc will increase which
increase brain plasticity especially after recruiting aerobic exercise
in childhood and adolescent.®® Although the effect of aerobic
studies on aerobic endurance and capacity and brain health has been
indicated in previous research, the results are in consistent. This
has made researcher to investigate more about the mechanisms and
underlying pathways that physical activity can affect brain plasticity.
Another method to assess , is PCR enzyme reaction time which can
be considered as a suitable indicator for assessing brain activity.
Results on the study which evaluate the effect of high intensity

interval training and moderate continuous activity, has suggested that
even physical activities in higher intensities can affect PCR reaction
time, increase in angiogenesis and myokines involved in brain and
neural plasticity.®'? According to the results derived from previous
studies, it can be concluded that the exact type of physical activity
which seems to be the most effective, is not clear yet. Although, it
has been approved that physical activity, regardless its characteristics,
can increase NPY, IL-6, angiogenesis related factors including VEGF,
histone acetylation, cellular cascade activation (AMPK, PI3K,
GTPase) and mRNA involved in BDNF expression, which can lead to
neurogenesis and increase in brain plasticity. Histone modification is
one of the principal factors in gene expression regulation via histone-
acetyl transferase (activates transcription) and histone deacetylase
(inhibits gene expression). Physical activity can induce histone acetyl
transferase in hippocampus and suppress deacetylase activity which
can be related to neuron apoptosis and brain plasticity.”*!> On the
other hand, physical activity can affect DNA methylation which is
related to gene expression. Studies have indicated that both short term
and long-term physical activity can increase BDNF gene expression
and decrease the activity of neurotrophic factor p75 receptor, which is
responsible for neural cell necrosis and death.

Chromatin repair, is another mechanism which physical activity
can affect brain plasticity via epigenetic pathways. It seems that
chromatin recovery and reconstruction can increase BDNF gene
expression and transcription and enhance phosphorylation of proteins
involve in expression and activation of calcium-calmodulin complex
dependent protein kinase, which can be result in brain plasticity.'®!”

Other mechanisms for the effect of physical activity on brain
plasticity

IGF-1 and VEGF

IGF-1 is a factor produced mainly in the liver, despite cartilage,
muscles and other organs can also produce IGF-1. IGF-1 induce
mitosis and differentiation, on the opposite side, supress apoptosis.
Physical activity can increase IGF-1 gene expression which can be
associated with BDNF, protein kinases and calcium-calmodulin
complex. It has been indicated that the inhibition in IGF-1 receptors,
may eliminate the effect of the above mentioned factors.
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VEGF is a homodynamic glycoprotein which can be produced in
response to hypoxia and can induce angiogenesis. Moreover, it can
help vascular recovery. Physical activity can induce angiogenesis
due to increase in VEGF expression. In the brain, this angiogenesis
in regions especially hippocampus which can lead to neurogenesis
and brain plasticity along with its effect on adiponectin level, Irisin,
lactate, beta-hydroxy-butyric acid.'®

Which physical activity type, is the most effective?

There is still remained unknown that which type of physical
activity may have more effect on brain plasticity. Some studies, have
suggested that physical activities with higher intensities are the most
effective type for improving brain plasticity, despite other studies
indicated that activities with moderate intensities are the best type. It is
well known that physical activities with moderate to higher intensities
can improve cardio-vascular endurance and capacity, manifested as
VO2max, although it seems that activities with moderate intensities on
brain plasticity. Aerobic activities with intensity below the voluntary
threshold, can bring beneficial effect on hippocampus, whereas, acute
activities in higher intensities, may not have the similar effect on the
hippocampus. Physical activities with higher intensities, can increase
the risk of physiological stress and cortisol hormone with can have
detrimental effect on brain plasticity.'*?!

It is approved that adaptation is a result of regular exercise, so it
can be concluded that brain plasticity resulted from physical activity,
require time and can be considered as an adaptation. Studies have
suggested that the beneficial effects on brain plasticity, can be about
6 weeks with the intensity of 70-80% of rest heart rate.”> According
to the in consistent result from studies, researchers have assessed
the athletes’ brain in function and structure using fMRI and have
suggested that in response to regular training, adaption will occur
and performance will improve which can be associated with brain
plasticity. These changes seems to be accompanied by changes in
different regions of brain and improvement in network connection
in brain, as, different regions in brain, will change in response to
different tasks which make athletes able to predict and meke better
decisions in response to unpredicted events along with better and
faster information transfer and improvement in gray matter in some
especial regions in the brain.>*

Discussion and conclusion

Physical activity can improve brain plasticity. There are several
suggested mechanisms which physical activity can improve brain
plasticity including increase in BDNF, IGF-1, VEGF, Irisin and
acetylation of histones.

Cellular cascade will be activated in response to physical activity
and increase in mentioned factors which can lead to brain plasticity.
There are several hypotheses regarding the most effective type of
physical activity on brain plasticity and it is not clear yet which type of
activity is more effective than other. Although, the beneficial effects of
physical activity on health such as mental health, has been approved.
Further research is needed to investigate the effect of physical activity
and the most effective type on brain flexibility.

Acknowledgments

None.

Conflicts of interest

The authors declare no conflicts of interest.

Copyright:
©2023 Moiniafshari ecal. 13

References

1. De Miguel Z, Khoury N, Betley MJ, et al. Exercise plasma boosts
memory and dampens brain inflammation via clusterin. Nature.
2021;600(7889):494-499.

2. Ra M, Demontis F. Muscle-to-brain signaling via myokines and
myometabolites. Brain Plasticity. 2022;8(1):43-63.

3. Lu T Ake, Xue L, Salfati EL, et al. GWAS of epige-netic aging rates
in blood reveals a critical role for TERT. Nat Commun. 2018;9(1):387.

4. Jachim SK, Sakamoto AE, Zhang Xu, et al. Harnessing the effects of
endurance exercise to optimize cognitive health: fundamental insights
from Dr. Mark P. Mattson. Ageing Res Rev. 2020;64:101147.

S. Xu M, Zhu J, Liu XD, et al. Roles of physical exercise in
neurodegeneration: reversal of epigenetic clock. Translational
Neurodegeneration. 2021;10(1):30.

6. Voss MW, Heo S, Prakash RS, et al. The influence of aerobic fitness
on cerebral white matter integrity and cognitive function in older
adults: Results of a one-year exercise intervention. Hum Brain Mapp.
2013;34(11):2972-2985.

7. BestJR, Chiu BK, Hsu CL, et al. Long-term effects of resistance exercise
training on cognition and brain volume in older women: Results from a
randomized controlled trial. J Int Neuropsychol Soc. 2015;21(10):745—
756.

8. Schmitt A, Upadhyay N, Martin JA, et al. Affective modulation after
high-intensity exercise is associated with prolonged amygdalar-insular
functional connectivity increase. Neural Plast. 2020;7905387.

9. Bruemmer V, Schneider S, Abel T, et al. Brain cortical activity is
influenced by exercise mode and intensity. Med Sci Sports Exerc.
2011;43(10):1863-1872.

10. Schmitt A, Upadhyay N, Martin JA, et al. Modulation of distinct
intrinsic resting state brain networks by acute exercise bouts of differing
intensity. Brain Plast. 2019;5(1):39-55.

11. Zhang K, Jan YK, Liu Y, et al. Exercise Intensity and Brain Plasticity:
What’s the Difference of Brain Structural and Functional Plasticity
Characteristics Between Elite Aerobic and Anaerobic Athletes? Front
hum neurosci. 2022;16:757522.

12. Marin Bosch B, Bringard A, Logrieco MG, et al. A single session of
moderate intensity exercise influences memory, endocannabinoids
and brain derived neurotrophic factor levels in men. Scientific reports.
2021;11(1):1-14.

13. Yogev-Seligmann G, Eisenstein T, Ash E, et al. Neurocognitive Plasticity
Is Associated with Cardiorespiratory Fitness Following Physical
Exercise in Older Adults with Amnestic Mild Cognitive Impairment. J
Alzheimers Dis. 2021;81(1):91-112.

14. Colmenares AM, Voss MW, Fanning J, et al. White matter plasticity
in healthy older adults: the effects of aerobic exercise. Neuroimage.
2021;239:118305.

15. Pi YL, Wu XH, Wang FJ, et al. Motor skill learning induces brain
network plasticity: a diffusion-tensor imaging study. PLoS One.
2019;74(2):¢0210015.

16. Niewczas M, Krol P, Czarny W, etal. Association Analysis of Polymorphic
Variants of the BDNF Gene in Athletes. Genes. 2021;12(9):1340.

17. QiY, Wang Y, Zhu H, et al. Effects associated with long-term training in
sports requiring high levels of strategy on brain white matter structure in
expert athletes: A DTI study. Acta Psychologica Sinica.2021;53(7):798—
806.

18. Sun GC, Lee Y, Lee YC, et al. Exercise prevents the impairment of
learning and memory in prenatally phthalate-exposed male rats by
improving the expression of plasticity-related proteins. Behavioural
Brain Research. 2021;413:113444.

Citation: Moiniafshari K, kalantari F, Nezhad HB. Underlying mechanisms for physical activity-induced brain plasticity. Adv Obes Weight Manag Control.

2023;13(1):12-14. DOI: 10.15406/aowmc.2023.13.00384


https://doi.org/10.15406/aowmc.2023.13.00384
https://pubmed.ncbi.nlm.nih.gov/34880498/
https://pubmed.ncbi.nlm.nih.gov/34880498/
https://pubmed.ncbi.nlm.nih.gov/34880498/
https://pubmed.ncbi.nlm.nih.gov/36448045/
https://pubmed.ncbi.nlm.nih.gov/36448045/
https://pubmed.ncbi.nlm.nih.gov/29374233/
https://pubmed.ncbi.nlm.nih.gov/29374233/
https://pubmed.ncbi.nlm.nih.gov/32814127/
https://pubmed.ncbi.nlm.nih.gov/32814127/
https://pubmed.ncbi.nlm.nih.gov/32814127/
https://pubmed.ncbi.nlm.nih.gov/34389067/
https://pubmed.ncbi.nlm.nih.gov/34389067/
https://pubmed.ncbi.nlm.nih.gov/34389067/
https://pubmed.ncbi.nlm.nih.gov/22674729/
https://pubmed.ncbi.nlm.nih.gov/22674729/
https://pubmed.ncbi.nlm.nih.gov/22674729/
https://pubmed.ncbi.nlm.nih.gov/22674729/
https://pubmed.ncbi.nlm.nih.gov/26581787/
https://pubmed.ncbi.nlm.nih.gov/26581787/
https://pubmed.ncbi.nlm.nih.gov/26581787/
https://pubmed.ncbi.nlm.nih.gov/26581787/
https://pubmed.ncbi.nlm.nih.gov/32300362/
https://pubmed.ncbi.nlm.nih.gov/32300362/
https://pubmed.ncbi.nlm.nih.gov/32300362/
https://pubmed.ncbi.nlm.nih.gov/21364475/
https://pubmed.ncbi.nlm.nih.gov/21364475/
https://pubmed.ncbi.nlm.nih.gov/21364475/
https://pubmed.ncbi.nlm.nih.gov/31970059/
https://pubmed.ncbi.nlm.nih.gov/31970059/
https://pubmed.ncbi.nlm.nih.gov/31970059/
https://pubmed.ncbi.nlm.nih.gov/35273485/
https://pubmed.ncbi.nlm.nih.gov/35273485/
https://pubmed.ncbi.nlm.nih.gov/35273485/
https://pubmed.ncbi.nlm.nih.gov/35273485/
https://pubmed.ncbi.nlm.nih.gov/34257382/
https://pubmed.ncbi.nlm.nih.gov/34257382/
https://pubmed.ncbi.nlm.nih.gov/34257382/
https://pubmed.ncbi.nlm.nih.gov/34257382/
https://pubmed.ncbi.nlm.nih.gov/33720893/
https://pubmed.ncbi.nlm.nih.gov/33720893/
https://pubmed.ncbi.nlm.nih.gov/33720893/
https://pubmed.ncbi.nlm.nih.gov/33720893/
https://pubmed.ncbi.nlm.nih.gov/34174392/
https://pubmed.ncbi.nlm.nih.gov/34174392/
https://pubmed.ncbi.nlm.nih.gov/34174392/
https://pubmed.ncbi.nlm.nih.gov/30726222/
https://pubmed.ncbi.nlm.nih.gov/30726222/
https://pubmed.ncbi.nlm.nih.gov/30726222/
https://pubmed.ncbi.nlm.nih.gov/34573321/
https://pubmed.ncbi.nlm.nih.gov/34573321/
https://journal.psych.ac.cn/acps/EN/10.3724/SP.J.1041.2021.00798
https://journal.psych.ac.cn/acps/EN/10.3724/SP.J.1041.2021.00798
https://journal.psych.ac.cn/acps/EN/10.3724/SP.J.1041.2021.00798
https://journal.psych.ac.cn/acps/EN/10.3724/SP.J.1041.2021.00798
https://pubmed.ncbi.nlm.nih.gov/34245761/
https://pubmed.ncbi.nlm.nih.gov/34245761/
https://pubmed.ncbi.nlm.nih.gov/34245761/
https://pubmed.ncbi.nlm.nih.gov/34245761/

Underlying mechanisms for physical activity-induced brain plasticity

19.

20.

21.

Constans A, Pin-Barre C, Molinari F, et al. High-intensity interval
training is superior to moderate intensity training on aerobic capacity
in rats: Impact on hippocampal plasticity markers. Behav Brain Res.
2021;398:112977.

Gubert C, Hannan AJ. Exercise mimetics: harnessing the therapeutic
effects of physical activity. Nat Rev Drug Disco. 2021;20(11):862-879.

Liang J, Wang H, Zeng Y, et al. Physical exercise promotes
brain remodeling by regulating epigenetics, neuroplasticity and
neurotrophins. Rev Neurosci. 2021;32(6):615-629.

22.

23.

24.

Copyright:
©2023 Moiniafshari et al. 4

Lehmann N, Villringer A, Taubert M. Priming cardiovascular exercise
improves complex motor skill learning by affecting the trajectory of
learning-related brain plasticity. Sci rep. 2022;12(1):1-16.

Arida RM, Teixeira-Machado L. The contribution of physical exercise to
brain resilience. Front Behav Neurosci. 2021;14:626769.

Kitahara M, Inoue T, Mani H, et al. Exercise and pharmacological
inhibition of histone deacetylase improves cognitive function
accompanied by an increase of gene expressions crucial for neuronal
plasticity in the hippocampus. Neurosci Lett. 2021;749:135749.

Citation: Moiniafshari K, kalantari F, Nezhad HB. Underlying mechanisms for physical activity-induced brain plasticity. Adv Obes Weight Manag Control.
2023;13(1):12—-14.DOI: 10.15406/aowmc.2023.13.00384


https://doi.org/10.15406/aowmc.2023.13.00384
https://pubmed.ncbi.nlm.nih.gov/33141075/
https://pubmed.ncbi.nlm.nih.gov/33141075/
https://pubmed.ncbi.nlm.nih.gov/33141075/
https://pubmed.ncbi.nlm.nih.gov/33141075/
https://pubmed.ncbi.nlm.nih.gov/34103713/
https://pubmed.ncbi.nlm.nih.gov/34103713/
https://pubmed.ncbi.nlm.nih.gov/33583156/
https://pubmed.ncbi.nlm.nih.gov/33583156/
https://pubmed.ncbi.nlm.nih.gov/33583156/
https://pubmed.ncbi.nlm.nih.gov/35064175/
https://pubmed.ncbi.nlm.nih.gov/35064175/
https://pubmed.ncbi.nlm.nih.gov/35064175/
https://pubmed.ncbi.nlm.nih.gov/33584215/
https://pubmed.ncbi.nlm.nih.gov/33584215/
https://pubmed.ncbi.nlm.nih.gov/33610667/
https://pubmed.ncbi.nlm.nih.gov/33610667/
https://pubmed.ncbi.nlm.nih.gov/33610667/
https://pubmed.ncbi.nlm.nih.gov/33610667/

	Title
	Abstract 
	Keywords
	Introduction
	Discussion and conclusion
	Acknowledgments 
	Conflicts of interest
	References

