
231

Memory is mediated by a complex network that comprises the 
ventral and dorsal regions of the striatum, cingulate cortex, 
mesolimbic, and front parietal cortex, which is a crucial 

component of cognitive flexibility. The brain's ability to retain 
and store learned information, as well as to perform appropriate 
behavior based on lifelong experience, is known as memory. Any 
memory retrieval deficiencies could have a significant influence 
on a person's everyday activities and health.1 Some of the leading 
causes of memory impairment include neurodegenerative diseases 
(Parkinson's disease and dementia), strokes, brain aneurysms, 
traumatic brain injuries, primitive or metastatic neoplasms, and 
infectious disorders such as encephalitis are examples of clinical 
situations, and other conditions (drug abuse like marijuana and 
benzodiazepines, antiepileptic medications, opioids, tricyclic 
antidepressants, heavy smoking, excessive stress,  sleep deprivation, 
and vitamin B12 deficiency).2 A number of behavioral and non-
behavioral techniques have been put forth to improve memory 
tests. The elaborative rehearsal and cognitive training are the two 
primary components of behavioral methods or cognitive training, 
which concentrates on associating newly learned material with 
previously stored knowledge and analyzing newly learned material 
to make it memorable, and the maintenance rehearsal, which aids 
memory processing by presenting repetitive stimuli. Numerous 
behavioral strategies have been suggested, some of which include 
exercise training.2 

The World Health Organization (WHO) defines exercise training as planned, systematic, 
and repetitive physical activity that preserves cognitive function in the brain, especially 
working memory. Exercise-induced memory improvement is mediated by both indirect and 
direct supramolecular and molecular pathways.3 The term "supermolecular level" describes 
modifications to an organ's structure or physiological functions, such as increased blood flow, 
increased gray matter integrity, or increased hippocampus volume.4 The hippocampus, a region 
crucial to memory and learning, has improved cerebral circulation when people engage in regular 
physical activity.5 During contraction, the skeletal muscles release lactate, which is absorbed by 
the brain and causes the primary motor cortex to become excitable. It also increases the density 
of cerebellar cortex vessels and brain vascular endothelial growth factor.6 Enough blood flow to 
the brain allows waste products like amyloid-beta and aberrant proteins in the hippocampus and 
frontal cortex to be eliminated, protecting brain tissue and enhancing memory acquisition and 
retrieval.7

Physical activity and cardiorespiratory fitness levels that are higher increase the volume and 
integrity of brain structures, especially the hippocampus and the entorhinal cortex, and improve 
memory performance.8 Intense exercise training also produces lactate, which increases the 
proliferation of glial cells and neurons, especially in the hippocampus;9 it also induces the expression 
of brain-derived neurotrophic factor (BDNF) in the hippocampus, which in turn stimulates 
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neurogenesis.10 Skeletal muscle contraction results in the release of proteins into the bloodstream 
known as myokines.2 These proteins increase neurotrophic factors, including insulin-like growth 
factor (IGF-1), BDNF, and irisin, which are important for long-term memory and hippocampal 
plasticity.11 

Serum BDNF levels are raised by exercise training in tandem with improvements in memory.12 
According to cellular and molecular mechanisms, lactate produced by contraction of  skeletal muscles, 
crosses the blood-brain barrier, causes BDNF expression, and plays a significant role in cognition 
by promoting synaptic regeneration, long-term potentiation, protein phosphorylation, and memory 
enhancement.13 Considering the significance of BDNF levels for memory and neuroplasticity, these 
findings support the idea that physical activity ought to be incorporated into rehabilitation regimens 
for various neurodegenerative conditions. Exercise training also results in an increase in IGF-1 levels 
(centrally and peripherally),  increases the expression of BDNF and synaptic plasticity markers in 
the hippocampus, including postsynaptic density protein-95 and synaptophysin, and has positive 
effects on both aversive and spatial memories.14

Exercise training has been demonstrated to raise circulating catecholamine levels, which 
improves intermediate and long-term memory retention.15 Noradrenaline levels raised by exercise 
have a potentiating effect on memory and learning. Regular aerobic exercise and physical activity 
increase levels of endocannabinoid (EC), a system of biological lipids that basically modulates the 
endocrine, nervous, and immune systems.16  This has been linked to long-term positive effects on 
neural plasticity and memory.17 After exercise, contracted skeletal muscles increase the release of 
several paracrine factors known as myokines, such as irisin, which is linked to BDNF secretion and 
improves memory retrieval.18 Both short and long-term epigenetic regulations are induced by acute 
and regular exercise training, which results in the creation of a "functional genome" and adaptation 
throughout an individual's active life span. For instance, DNA methylation, histone acetylation, and 
up- and down-regulation of microRNA may all play a role in the memory-boosting benefits of exercise 
training.19 Recently, following aerobic exercise, plasticity and memory consolidation, storage, and 
retrieval in senescence-accelerated mice have been linked to an increase in BDNF histone acetylation 
and the expression of the immediate early genes of c-fos and Arc.20

Exercise improves neuronal reserve by increasing BDNF expression, which promotes synaptic 
plasticity and neurogenesis, lowering oxidative stress and inflammation, and improves peripheral 
and cerebral blood flow. This, in turn, angiogenic factors are stimulated, resulting in favorable 
changes in the morphology and structure of the brain vasculature. It's still unclear how variables 
for exercise, like duration, length, frequency, and intensity, affect cognitive health, and how much 
exercise is necessary to see benefits is also unknown.2

The conclusion is that the neuroprotective mechanisms of exercise training may be related to 
the finding that regular moderate aerobic exercise is associated with improved neurocognitive 
performance. Regular exercise improves brain circulation, mitochondrial biogenesis, neurotrophic 
factors, and the release of numerous signaling molecules, including myokines and adipokines. At the 
moment, it appears that irisin/BDNF signaling is the primary mechanism underlying the facilitative 
effects of exercise on memory and learning.
 
LIST OF ABBREVIATIONS
BDNF: brain-derived neurotropic factor, IGF-1: insulin-like growth factor-1, EC: endocannabinoid, DNA: 
Deoxyribonucleid acid, RNA: Ribonucleid acid, WHO: World Health Organization
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