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Abstract
Skeletal muscle has a high plasticity in adapting to stressors such as contractive activity (strength training,
endurance training, electrical and neuromuscular stimulation), loading conditions (unloading, diseases, lack of
movement, and spaceflight), and interventions and environmental factors (hypoxia). Evidence shows that
skeletal muscle fibers have a unique ability to remember their previous chronic contractile activity and in
response to the training period, even after a prolonged lack of training, show faster growth. Scientists have
called this phenomenen mmnuslle memory.. Pmimry studies attributed this phenomenon to motor reamin.
through the central nervous system, but subsequent studies suggest that muscle memory be associated with the
content of skeletal muscle nuclei. Although the biological basis of muscle theory is not established correctly,
one of the possible mechanisms is that the primary period of exercise training leads to an increase in myonuclei
and these nuclei remain stable even after a long period of detraining in skeletal muscle. Therefore, following
the retraining period, a muscle whose nuclei have increased in the initial training period can grow more
efficiently and show a faster hypertrophy response. However, later studies showed that myonuclei might not be
stable and may be destroyed after periods of detraining. Therefore, recent studies investigated other mechanisms
such as epigenetics in justifying the theory of muscle memory. In general, the available evidence does not
support the stability of myonuclei in the theory of muscle memory, and it is suggested that other evidence such
as epigenetics be examined by researchers to justify this theory.
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Extended Abstract

Background and Purpose

Slel etal muscle oossesses the re. arkall e ability to ‘recall’ a previ us hppertrpphic state up
resumption ff trainigg fll .owigg a period ff detraining, a oheooo ennn that has been called ‘musll e
memory' (1). One aspect of skeletal muscle memory is the ability of a previously trained muscle to
hypertrophy more rapidly following a period of detraining. While the molecular basis of muscle
memory remains to be fully elucidated, one potential mechanism thought to mediate muscle memory
is the permanent retention of myonuclei acquired during the initial phase of hypertrophic growth.
Scientists first attributed the phenomenon of muscle memory to motor learning via the central nervous
system. The findings from more recent studies have proposed that muscle memory is related to the
abundance of myonuclei, with the new myonuclei added during the initial hypertrophy being
permanent, thereby providing enhanced transcriptional output in response to training following a bout
of detraining (1-2). It has been hypothesized that the retention of the hyper-nucleated condition might
be responsible for the accelerated regeneration and return of myofibre size and function even after a
prolonged period of inactivity in previously trained skeletal muscle (3). Current available evidence
regarding muscle memory is quite conflicting with some reports confirming myonuclear permanence,
although other studies showing myonuclei could be lost during detraining. Some studies have
reported that myonuclear content in skeletal muscle is not permanent and undergoes apoptosis with
atrophy in response to hindlimb suspension, denervation, exposure to microgravity, and
immobilization (1-5).

However, myonuclear permanence is debated and would benefit from a narrative review to clarify
the current state of the field for this important aspect of skeletal muscle plasticity. The objective of
this study was to perform a narrative review to assess the permanence of myonuclei associated with
changes in physical activity and aging. When available, the abundance of satellite cells (SCs) was
also considered given their potential influence on changes in myonuclear abundance. We included all
studies involving human and animal models independent of sex, age, and intervention (except steroid
administration) that evaluated satellite cell or myonuclear abundance. In the present review, we
sought to answer the following questions: (i) Is hypertrophy-induced myonuclear accretion
maintained after exercise cessation in either humans and/or rodents? (ii) Does myonuclear content
and/or SC abundance change during atrophy in either humans or rodents? (iii) Is there any difference
in myonuclear content and/or SC abundance between elderly and young adults?

Materials and Methods

A systematic literature search for relevant studies was carried out using the following databases:
CINAHL, MEDLINE, CENTRAL, PEDro, ProQuest, and Scopus, from the earliest record of each
database up to February 2023. Search terms included a combination of the following keywords related
to musll e memrr y: ‘muscle memrry’ and ‘memrr y’; related to muslle CSA: ‘muscle hyrer tryyhy’,

199 ¢ ¢

‘muscle atro’h’’ , ‘mnnnull ei’, ‘mnnnull ear domai satellite cell’, a‘d “ * uscle stem cell’; related
to trainigg: ‘resistacce erercise’, ‘resistacce traini’’’, ‘streggth traini’’’, .oower traini’’’
‘endurance exercise’, and ‘endurance trainin’’; related to atrpphy stimuli: ‘loadi’’’ , “unloadigg’,
>’ 0 ‘i mbbi.izatio’”, ‘step reductinn’,
>’ 5 and related to human ageigg:

1999

‘hindlimb suspensi’”’ , ‘suspensinn’, ‘leg immbbilizati
‘de*eryati’’” , ‘spinal oord ijjur’ and ‘silal rrrd transacti
‘sa rrr enia’, ‘human a i ng’ ‘agigg’, a‘d ‘ elderl’’ .
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Conclusion

The findiggs ff this study extend and add new iff ormatinn to the field s ooowledge aerar digg the
ccccept of ‘muscle memory’ based nn the idea that, nnce meccuc eeia e a quired, they are rer manent
In humans, myonuclear content is not stable as it was found to change in response to a bout of
detraining or atrophy. This finding suggests that other mechanisms are operative in mediating muscle
memory. In rodents, the stability of myonuclei is less clear because of the limited number of studies
and differences in experimental design across studies.
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