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Abstract

Aging and increased debility are treated as medicative, socialistic as well as economic problems. At
the age of about 45, muscle robustness/strength are meant to be well conserved but after the specified
age performance reduces about 5-6% per decade. Nowadays, as aging comes earlier, it is important to
raise resistance power in elderly people, so that they can do their to do list easily. In search of quality life,
it is also important to maintain the storage of muscle protein and amino acids as we age. Observations
led in model organisms exhibit that sarcopenia i.e., ameliorative and summed up loss of muscle mass and
quality is carried out by fusion of muscle tissues foreign (extrinsic) and innate (intrinsic) factors and this
change is very surprising from quick decay of muscles saw during disuse and fasting. As aging occurs,
body composition goes into several changes which result in many metabolic disorders like hypertension,
type-2 diabetes, insulin resistance and hyperlipidemia (means blood has too many fats or lipids) which
causes increased cardiovascular death. Decrease in myosin heavy chain and mitochondrial proteins as a
result of decreased synthesis of muscle proteins, occurs with age.
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The advancement in fields of health and nutrition is leading to an increase in lifespan,
and thus demonstration of an ageing probability. Ageing population leads to many incurable
diseases like diabetes, cardiovascular disease, cancers and even arthritis as a result of a
sequential aging population [1]. In spite of the fact that it isn’t acknowledged as a clinically
diagnosable thing because of an absence of agreement premise, muscle mass decays with
propelling age in a cycle named sarcopenia, it has also been reported that people aged 75
years and greater lost their muscle at the rate of approx. 0.64-0.7% per year in women and
around 0.8-0.98 % in men, additionally they also concluded that a person of age around 75
years is mostly targeted by Sarcopenia [2].
For diagnosing sarcopenia, the use of the presence of both low function (strength and
execution) and mass of muscle has been specified by EWGSOP (European Working Group on
Sarcopenia in Older People). EWGSOP antagonistically applies these attributes in addition
characterizing the reasonable stages as ‘pre sarcopenia’, ‘sarcopenia’ and ‘extreme sarcopenia’.
Reduced muscle mass without effect on muscle mass or physical activity is defined by the
‘presarcopenia’ process. Just strategies that measure muscle mass precisely, in contrast
with standard populaces can characterize this cycle. Both low mass and capacity of muscle
is portrayed by the sarcopenia cycle. The stage which is portrayed when every one of the
three prerequisites i.e., low muscle mass, low muscle quality and low actual execution are
met is extreme sarcopenia [3]. Glycolytic type IIb muscle filaments are more modest in both
sarcopenia and cancer cachexia and are thus lost, while oxidative type I strands are regularly
lost in stout people. Sarcopenia is corresponded with a few livings being wide changes in
relation to morphological changes in the muscle, comprising an expansion for the measure of
adipose tissue [4].

Metabolic changes in ageing were identified as a contributory factor to sarcopenia by
Evans [5]. The impacts of muscle squandering and exhaustion offers ascend to different
physical and psycho-social effects for example unfit to autonomously perform exercises of
everyday life, shortcoming and more serious danger of falls, loss of free living and related
burdensome side effects/social estrangement, absence of physical movement, higher danger
of creating incurable sicknesses and higher danger of all-cause mortality [6]. The factors
interact with lack of physical activity, decreased excretion of hormones, dietary deficiencies,
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and likely chronic inflammation, leading to a dynamic change in the
structure of the body [7]. Other aging-related causes are systemic.
There are enzymatic contrasts in the creation of energy with age;
anaerobic compounds/enzymes will in general stay predictable
with age, while the creation of aerobic/vigorous energy diminishes
with age [8].
Cachexia is another multi-organ disorder that is associated with
cancer and other chronic diseases that is frequently associated with
anorexia and is identified by decrease of body weight, decrease of
muscle and adipose tissue, and inflammation. Skeletal muscle tissue
accounts for over 40 percent of body weight and tends to be one of
the key tissues involved in the loss of cachexia. While Sarcopenia is
an incurable loss of skeletal bulk, healthy ageing-related capacity
and strength. The processes involved in controlling the loss of
skeletal bulk with age are still unknown; nevertheless, they must
be due to chronic imbalances between MPS and MPB with the
deformation of any organ (other than necrosis) [9].

Sarcopenia is a long-term process in which, every year after
maturity, some muscle mass is lost, and this cycle is clear in people
more established than 60 years. Thus, muscle mass and robustness
are independently controlled and muscle quality during maturing
is a superior indicator of mortality. The age-related decrease of
muscle quality can along these lines not be deciphered completely
by the loss of bulk: in matured creatures, both muscle ‘amount’
and ‘quality’ decline. The entirety of this analysis will concentrate
on the basic concept of ageing, mechanism of muscle mass behind
it, atrophy & loss of muscle fibre & basic knowledge of metabolic
consequences & potential interventions to minimize ageing [10].

Concept of Muscle Mass and Aging

As we grow older our muscle tissues undergo modifications,
mostly related to loss of muscle mass and power. Before the age of
30, muscles tend to grow larger and stronger. However, eventually,
in our 30s, we begin to lose bulk and muscle performances. The
reason is age-associated sarcopenia. Muscle strength determines
the physical performance which gait speed, in old, aged people
[11]. Muscle mass is linearly correlated with muscle strength.
The relationship between physical performance and muscle mass
is the same as the relation between muscle strength and physical
performance [12].
Sarcopenia isn’t always a disease rather refers particularly to
the usual, involuntary decline in lean body mass that happens with
age. At first, it was meant to decrease in lean mass and moreover
it was also referred to rapid decrease in both muscle performance
and size [13]. Sarcopenia brings about lop-sidedness between
signals for muscle cell development and it additionally prompts for
teardown. This leads to “Anabolism” which is the cell growth process
and “catabolism” which is the cell teardown process [14]. Early
symptoms of sarcopenia consist of feeling physically more fragile
throughout the long term and having a larger number of issues
than steady lifting familiar things. If a person easily becomes more
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exhausted, walks slowly and is less active then these symptoms
might be showing decreased strength in a person. Dropping weight
without attempting likewise can be a sign of sarcopenia [15].
Approx. 3-8 % muscle mass are meant to decrease per decade
after the age of 30, but when we reach the age of 60 or greater,
rapid decline in muscle mass is seen [16]. Sarcopenia leads to
functional dependence and disability as it expands the danger of
falls and weakness to injury. When there is loss in muscle mass then
there is gain in fat mass and therefore changes the body structure
which leads to an increase in insulin resistance at the old age
people [17]. Moreover, when there is a decrease in bone density
then joint stiffness increases, and there may be a small reduction
in stature (kyphosis). These types of modifications have probable
implications for several conditions, consisting of type 2 diabetes,
weight problems, heart sickness, and osteoporosis [18].
The etiology of sarcopenia is multifactorial and complex.
Decreased in physical activity level, declining androgen fixations,
explicit wholesome lacks, persistent aggravation, insulin resistance
are the main factor that results in sarcopenia and cachexia may
likewise add to sarcopenia. Diagnosis of sarcopenia has to be taken
into consideration at all old age sufferers who have decreases in
actual capacity, quality and wellbeing. Sarcopenia must be taken
into consideration for patients who are confined to bed by sickness
or old age, experience issues in standing up from a seat, or who
have a deliberate walk speed <1.0 m · s-1 [19].
Eating enough calories and top-notch protein can hinder
the pace of muscle waste. Omega-3 and creatine enhancements
may likewise help battle sarcopenia [20]. The most effective way
to prevent and reverse sarcopenia is exercising. Indeed, even
straightforward activities like strolling can slow your pace of
muscle mass loss and being active is the most important thing to
prevent muscle loss [21].

Mechanism Behind Skeletal Muscle Aging-Case Study
from Drosophila and Mammalian Models

Drosophila as a rising version of muscle getting old
(muscle aging)
The intrinsic and extrinsic modifications that usually control
muscle ageing in humans were also observed in rodents, suggesting
that rodents are immediate replica of human sarcopenia. However,
as regularly performed in invertebrates, the high costs associated
with storing rodents over their lifetime, the modest number
of creatures that can be considered per condition, and the
powerlessness to direct enormous scope in vitro hereditary screens
demonstrate that reviews in basic model life forms could give
significant extra knowledge into the etiology of sarcopenia. Genetic
studies in the fruit fly (Drosophila melanogaster) have enhanced
our interpretation of the ageing-regulating evolutionary retained
signaling pathways, finding many mutants with extended or
shortened life spans [22]. The association and digestion of skeletal
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muscle strands in Drosophila melanogaster is near that of warmblooded creatures. Imperfections in flight, climbing and velocity
are progressively observable during the transitory life expectancy
of natural fruit flies, i.e., roughly 2-3 months. Drosophila ‘s decrease
in muscle mass most likely represents a reduced muscle strength;
in adult flies, neither an age-associated reduction in absolute bulk
nor loss of muscle atrophy/decay or different types of wastage have
been recognized [23].
Studies are needed to confirm if there is a gradual decline in
muscle mass during Drosophila ageing or if endocrine changes
affect Drosophila muscle ageing like they do in mammals. The
accessibility of a hereditary variety structure that permits genomewide, muscle-explicit examination of quality capacity during
the maturing cycle and because of drug, nourishing and natural
intercessions is supported by studies in Drosophila. Drosophila
can give significant experiences into the inherent instruments
controlling age-related muscle brokenness, despite its current
lack of studies on mentioned qualities of sarcopenia and likely
disparities with mammalian framework [10].

Foreign factors influencing sarcopenia

Sarcopenia evolves by different pathways in humans. Social
and environmental conditions include extrinsic factors, such as:
lighting; rough surfaces; carpets and rugs; various items on the
ground; handrail-free stairs and unbound animals. In combination
with age and the amount of risk factors present, the probability of
falling increases [24]. A meta-examination of the impact of external
factors on the likelihood of falls among the older people stated that
residential approaches should be part of fall prevention planning
strategies [25]. For example, in addition to showing neuronal loss
and diminished regenerative ability, elderly individuals usually have
lower supplement consumption, actual movement and anabolic
hormone levels than young individuals. Sarcopenia often raises
the susceptibility of the elderly to numerous extremely catabolic
disorders, such as cancer, heart failure (chronic obstructive
pulmonary disease), and spinal injury [10]. Pharmaceutical drugs
for malignancy and any age-associated illnesses, in particular, also
cause muscle pain as a side effect, making sarcopenia worse [10].
A portion of the endocrine changes and outer variables affecting
the advancement of sarcopenia in warm blooded creatures and
Drosophila are portrayed.

Endocrine regulation of sarcopenia
Skeletal muscle is known to atrophy in the middle or old age,
the mechanism of muscle mass reduction is not understood. For
regulating muscle growth, several studies found growth factors
and cytokines play a major role [26]. During aging, changes in the
endocrine environment led to succession and limited reversibility
to sarcopenia. Doing so during aging, production of IGF-1 and other
anabolic cytokines in tissues of muscle is inhibited resulting in
reduced synthesis of mitochondrial proteins and myofibrillar (also
known as muscle fibril) with increasing age [27]. Muscle-particular
IGF-1 overexpression constricts the age-associated decrease of
muscular tissues [28]. IGF-1 circulating level steadily rejected
from early adulthood into progressive old age [29]. Insulin IGF-1
has been proven to aid cancers and shortens lifespan; however,
long term management of IGF-1 probably won’t be suitable
therapeutics of sarcopenia and cachexia [30]. More youthful
muscles are more receptive to catabolic and anabolic stimuli than
are matured muscles. In young age, protein synthesis in human
muscles is normally stimulated by ingesting amino acids and by
doing exercises, but not effective doing this at elderly stage, this
event introduces a term “anabolic resistance” which may result in
sarcopenia [31]. Glucocorticoids (a catabolic hormone synthesized
in the adrenal cortex) inhibit protein synthesis and enhance
proteolysis which affect muscle protein turnover (MPT) [32]. In
response to glucocorticoids, protein degradation is increased,
which has only been noticed in starved rats. This indicates that,
in catabolic conditions, glucocorticoids can be a prime proteolytic
pathway in response to acute stress [33]. They (glucocorticoids)
help in inducing MuRF-1 and atrogin-1 (both are the key molecules
involved in muscle atrophy) resulting ubiquitin proteasome system
(UPS) to accelerate protein turnover [23]. Many studies have
conflicting data regarding this, so cell affectability to catabolic and
anabolic improvements in maturing and physiological impacts to
these diminished affectabilities for unfamiliar components stay
muddled [10].

Innate (intrinsic) malfunctioning causing loss of muscle
function during aging

A numerous age associated innate malfunctioning/defects are
detected in mammalian muscles and skeletal muscles of drosophila
and other insects which decreases functional ability together with
extrinsic factors [34].

Table 1: The common old age-related intrinsic defects/changes are noted in mammalian and Drosophila.

Some similar morphological defects/changes
observed in mammals and Drosophila
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Common Defects (seen in mammals and Drosophila)

Reference

increased Apoptosis (cellular suicide) is seen.

[35]

Age related decline in autophagic degradation

[37]

DNA damage or DNA deletion mutation is observed
Reduced muscle protein synthesis (MPS)

[36]
[38]
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Some of the common old age-related intrinsic defects/changes
are noted in mammalian and Drosophila (Table 1).
These similar defects in both Drosophila and mammals at old
age suggest similarity in mechanism resulting in muscle functional
decay at cellular level [10].

Variation in sarcomeres during aging

Sarcomere is the simple repeating of the basic rod-like unit of a
muscle cell which is called Myofibrils; these filaments are organized
into repeated subunits along the length of the myofibril in skeletal
muscles. The sliding filament theory explains how muscles contract
to produce force, the actin and myosin filaments within the
sarcomeres of muscle fibres bind to create cross-bridges and slide
past one another, creating a contraction, these cross-bridges are
formed and the subsequent contraction of muscle [10].

In human beings and mice, age-associated structural and
functional changes in sarcomeric proteins explains the decline in
force generation which happens when a person grows old [35-39].
Research with permeabilized fibers and in vitro motility assays
certainly highlight age-related intrinsic defects in the function of
contractile proteins during old age, which includes reduction in
actomyosin ATPase activity [40]. Study revealed that myosin (a
superfamily of motor proteins) taken from young muscles have
higher ability to move actin than the myosin taken from aged
rodents and homosapiens [41].
In Drosophila, it has been reported that the sarcomere goes
into several variations, affecting the consumption and functions of
Myofibrillar protein [42]. It also includes increased disorganization
and decreased length of the sarcomeres [43]. In contrast to
Drosophila, mammalian models (mice) have numerous transcription
factors (which includes serum response factor (SRF) and the
autophagy adaptor proteins p62 (SQSTM1)) and NBR1(protein
coding gene) localize to sarcomeres [44] probably to permit
those factors to respond to modifications in contractile activity.
Similarly, to influence muscle contraction, the age-associated
disuse of sarcomeres may trigger changes inside the localization,
it may also damage activity of sarcomere-related signaling factors
which in turn resulting into some possible variations in cellular
compartments [10].

Muscle Fibre Atrophy in Humans

Muscle Protein Synthesis (MPS) and Muscle Protein
Breakdown (MPB) in human aging as an evidence of
muscle fibre atrophy in humans
Muscle mass is regulated via the dynamic balance between MPS
and MPB, with the major environmental effects on those methods
being food consumption and physical interest. These regulations
involve proteostasis also called as protein metabolism strictly
happening at macroscopic level [45]. The intake of nutritional/
dietary protein impacts MPS by using the stimulation of MPS
[46]. These anabolic responses are dose-based and saturable; at a
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maximal stimulus, rates of MPS increase ~200–300% for a duration
of ~2 h following ~20 g protein [47]. Study revealed that excessive
gain in MPS in response to AA infusion or following the proteostasis,
this situation/condition is termed as anabolic resistance [48],
they also concluded, the two factors which are responsible for
the regulation of MPS i.e., postabsorptive and postprandial, are
decreased under different muscle atrophy disuse conditions. The
major chronic level reduction in MPS will result in skeletal muscle
atrophy during disuse.

At the same time insulin suppresses MPB (mediated by using
insulinogenic AA/or carbohydrate. Reflecting this, the anti-catabolic
outcomes of insulin upon MPB was not recapitulated through AA
infusions when insulin concentration had been clamped at 5μU.
ml-1 post absorptive. Instead, insulin concentrations of simply 15
IU/ml (three × post absorptive) are enough to maximally suppress
MPB [49]. This anti-catabolic effect of insulin acting on MPB become
confirmed in a current systematic evaluate and meta-analysis of 44
human research, which concluded insulin did no longer notably
have an effect on MPS however has an important role in lowering
MPB [50]. Consequently, even as EAA’s stimulate MPS, insulin
suppresses MPB (and stimulates muscle glucose uptake). On the
basis, EAA and insulin are so critical in retaining muscle metabolic
homeostasis, failure of these mechanisms unavoidably leads to
skeletal muscle atrophy and IR [51]. This act to fill up muscle protein
misplaced in the course of catabolism in the fasted state [52] e.g.,
due to efflux of muscle AA to assist hepatic gluconeogenesis. It’s
been acknowledged for over 30 years that AA represent the primary
nutrient driver behind feeding induced increases in MPS with this
stimulation almost completely pushed by means of the important
AA’s (EAA), mainly leucine [53]. Thus, uptake of leucine in excessive
amounts (greater than that of defined saturable dose) may lead to
unlikely increase in stimulation and duration of MPS.

Quantification of MPS and MPB in humans

In order to measure whole body muscle protein turnover
(MPT) in humans to elaborate the effect of aging on skeletal
muscle homeostasis, several isotopically labelled amino acids (AA;
using 2H, 13C, 15 N, and 18O) tracers have been used to quantify
the MPS [54]. Substantially, biopsy muscle sampling, extracting
the tracer bound product (a product), typically the tracer in the
plasma, into and out of tissues and proteins are used to determine
Muscle Protein Synthesis (MPS) [45]. Comparing quantification of
MPS, MPB is generally evaluated by using tracers across the organs,
limbs and tissues. This is achieved at steady state by tracking the
concentration of tracers in tissue arteriovenous. An elevation in
MPB was seen when AA are released in muscle resulting into an
increased venous dilution of tracer, also an elevation in MPB is
termed as rate of appearance (Ra). They also coined the term
net protein balance (NB) which is determined by the result of
the balance between MPS and MPB at a steady state. By applying
the measurement of Ra (rate of appearance) and NB (net protein
balance), rate of disappearance (MPS) can be evaluated [53].
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Mechanism of molecular regulation muscle protein
turnover (MPT) and atrophy in humans
Muscle protein synthesis and its degradation is mainly governed
by hormonal and some nutritional factors [55], by acting on specific
receptors and effectors activates the translational initiation of
protein synthesis [56]. Insulin, IGF-1(Insulin like Growth Factor-1),
GH and testosterone are the basic hormones acting as a major
effector for protein metabolism in the body [57]. In this regard
[58] anticipated that anabolic hormone intervention within the
variation of MPS after resistance exercise is more likely to be
“chasing a hormonal ghost”. Thus, different local intramuscular
mechanisms seem to screen the intense impact of the MPS reaction
after resistance exercising.

The most abundant muscle AA mainly leucine and glutamine
[59] act on different kinases to activate the stimulation of the
initiation of translational synthesis of protein. An outstanding
signaling pathway that controls the regulatory technique of protein
synthesis entails the phosphorylation state of numerous regulatory
proteins (AMPK, mTORC1, S6K1, MAPK) leading to improved
myofibrillar protein synthesis after resistance exercising training
and regulatory oxidative enzymes for the duration of persistence
training [56]. Signaling thru mTORC1(mammalian or mechanistic
target of rapamycin complex 1 an associated protein) is modulated
via adjustments in activation of a couple of upstream pathways,
a lot of which converge on the tuberous sclerosis complex (TSC)
proteins TSC1 and TSC2 [60]. Also, a signal transduction network
hub involved in the regulatory translation of mRNA [61]. Together
these tuberous sclerosis complexes (TSC) 1 and 2 function to
promote hydrolysis of GTP by the help of small GTPase (family of
hydrolase enzyme) referred to as RHEB (ras homolog enrichment
in brain) (Inoki et al. 2003). As Rheb is linked with GTP, it activates
the mTORC1, whereas Rheb GDP does not activate the mTORC1
[62]. Thus, mTORC1 signaling is activated by the hormone such
as insulin, IGF-1, testosterone and GH, also AA mainly leucine
helps to stimulate mTORC1 signaling [63]. Mitogenic, exercise
and nutrient- induced stimulation of protein synthesis in skeletal
muscle is mediated by mTORC1 signaling. Although postabsorptive
signaling through mTORC1 does now not appear to be attenuated
in human disuse atrophy [64], mTORC1 signaling to p70S6K1
is repressed underneath postabsorptive situations in animal
models of hindlimb immobilization. Mechanism for attenuated
mTORC1 signaling is unknown, but researchers said that it may
be a consequence of upregulated expression of mTORC1 such as
regulated in DNA damage and development of 1 and 2 (REDDI1/2)
proteins [65]. Few studies on miRNA also found that persistence/
endurance training down regulates numerous miRNAs focused on
DNA sequences concerned in muscle differentiation [66]. Adding to
it [67] concluded that numerous myomiRs (special class of miRNAs
that regulate the gene expression in muscles) are down regulated
at the end of the training period and in between the two months of
cessation.
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Muscle Fibre Loss in Human
Quantification of muscle fibre number (hypoplasia) in
older humans
Beyond muscle atrophy, the second, and probable inter-related
mechanism of complete muscle atrophy is that of muscle fibre
loss (hypoplasia). The measurement of gold-standard is direct
anatomical estimates acquired from cadaveric studies, despite
the fact that for apparent motives those researches are rare. Some
of the first human research of this nature came from Lexell who
compared facts from 12 cross-sections of autopsied vastus lateralis
(VL) of ∼30 and ∼72-year antique men [68]. The suggested general
muscle size of the VL becomes 18% smaller in the old-aged people.
The difference in general muscle size to be accounted for showed
a marked discount in the quantity of myofibres within the older
muscle (478,000 vs. 364,000). This same group later verified this
proof with a similar forty-three full cross sections of VL, from
elderly men aged 15–83 years, and noted a decrease in total muscle
length from 20-80 years of age of about 40%, largely associated
with a 39% decrease within the range of fibres throughout the
same age group. It’s worth noting that muscle fibre loss now did
not account for the whole lot of total muscle loss, as smaller (i.e.,
atrophic) fibres have been also located in older muscle groups, in
addition to the truth that there was a ∼20% more amount of noncontractile material inside the older muscle, which could artificially
inflate total muscle CSA [68].
The nature of such specific anatomical counts and estimates
explains why they are so uncommon; however further studies have
made estimates by dividing mean fibre CSA into overall muscle CSA.
In a 12-year longitudinal study of nine men, prepared reports that
suggested an average 14.7% decrease in quadriceps CSA (from 65
to 77 years) with no decrease in individual fibre CSA, suggesting
fibre loss was responsible for the complete muscle atrophy [69].
In relation to muscle loss and force generating potential, Jubrias et
al suggested a 21% decline in general muscle size between 65–80
years, with a 39% decrease in force, equating to a 21% decline
in specific force (i.e., force normalized to muscle size) [70]. Thus,
the age-associated decreases in force generating potential cannot
be defined completely by a decrease in muscle size - probably
suggesting deleterious neuromuscular remodeling.

In a study estimating VL fibre, the quantity from biopsy and
general muscle CSA, data from 31 young (∼22 y) and 40 old (∼72 y)
men and women showed the age-associated difference in total
muscle size was due, in almost equal quantities, to fibre atrophy and
a reduction in the quantity of fibres in the old [71]. But this evidence is
not always equivocal, as the same techniques showed the difference
in fibre number in bicep brachii (BB) between young (21±2 years)
and old (82±2 years) to be minimal (253,000 vs 234,000) [72].
This discrepancy may be explained via the differential response to
ageing observed in exclusive muscle tissues [73], and the minimal
age-associated loss of CSA in BB. Moreover, [45] showed that up

Copyright © Upadhyay AK

NRS.000620. 5(4).2021

to 100% of age-associated entire muscle atrophy in the VL may be
explained by fibre atrophy without the need for fibre loss-primarily
based on MRI of thigh muscles and determining fibre area of related
muscle biopsies [74], although older fibre CSA suggested here were
around 25% larger than formerly reported areas [75]. As such, it
remains debatable as to the contributions of atrophy and fibre loss
in complete muscle atrophy. We propose it is highly likely taking all
together that both of them are key elements at play in sarcopenia,
and that existing facts are compromised via both methodological
and physiological variations. Further indirect evidence of ageassociated fibre loss comes from the maximal compound muscle
action potentials (CMAP) of old and young muscles, wherein motor
neurons serving the muscle of interest are electrically stimulated in
order to elicit a maximal contraction. The electrical activity of this
contraction can be estimated through electromyography (EMG) to
provide an estimate of the amount of contractile material contained
within the recording limits of the EMG electrode. Although not
without its limitations, this approach continuously depicts that
older muscle has a smaller CMAP than younger muscles in a variety
of muscles, along with tibialis anterior (TA), soleus, BB, and VL [76],
with a further study revealing no age-associated difference in TA
[77]. The assumption made here is that the relatively small volume
of muscle recorded from is steady, then the older muscle contains
a relatively reduced amount of contractile material, probably due
to fewer and smaller muscle fibres, combined with an extended
variety of denervated fibres.

Truly, variations in experimental design, technical challenges
of methodologies, variant between man or woman muscle tissues,
and environmental impacts among topics are all considerations
leading to the apparent discrepancies between studies. However, all
over again, it would commonly seem that each muscle fibre atrophy
and the loss of fibres are notably likely to be factors in age-related
atrophy of entire muscle groups.

Quantification of motor unit number in older humans

Loss of muscle fibres is associated with the age-associated
decrease in the number of motor units (MU) [78]. Defined as the last
functional unit of the motor system, the human MU consists of a cell
body in the ventral horn of the spinal cord, the alpha motor neuron
[79] including all the muscle fibres it innervates. Again, postmortem
anatomical studies have furnished a wealth of informative facts
on the effects of age; with there being a subsequent progressive
decrease in the number of cell bodies in spinal cord sections of
people aged over 60 years, and those aged over 75 years having
30% fewer serving the lower limbs than younger [80].
Human in vivo studies using EMG strategies have also proven
an age-associated decline in MU quantity, in small, and larger
muscle tissues [78]. The loss of a MU will leave a muscle fibre
denervated and more susceptible to atrophy and ultimate loss.
But many fibres will be re-innervated through a close by surviving
axon. These axonal sprouts originate from non-myelinated regions
of the axon and can ‘rescue’ a denervated fibre in an attempt to
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preserve muscle mass, termed MU remodeling [75]. Even though
the proof strongly indicates an association between age related
MU remodeling and fibre loss, the proposed mechanisms are
not absolutely in settlement. The problem begins to occur in the
cellular body inside the spinal twine, somewhere alongside the
axon, or it originates within the myofibre, inflicting denervation
and propagating along the alpha motor neuron in a retrograde way.
It is uncertain if denervation is a cause or a consequence of fibre
loss or not.

Putative mechanisms of neuromuscular remodeling in
older humans

Majority of the more precisely detailed mechanistic data
has been generated from rodent models and has focused on the
neuromuscular junction (NMJ); the synapse between motor neuron
and muscle fibre. The relationship of the NMJ and muscle fibre in
this regard can be explained in 3 stages. First of all, with whole
innervation, myonuclei close to the synapse express genes involved
in NMJ maintenance and renovation (MuSK), that are suppressed
in non-synaptic myonuclei. Secondly, the initial denervation
proteasomal pathways are up regulated in all myonuclei. Thirdly,
after prolonged denervation, there may be an inhibition of
autophagy and an increase in the rate of protein synthesis (via
mTORC1) [81]. Therefore, a denervated fibre will instantly begin
to atrophy, but will continue to exist for an undefined amount of
time, and these have been observed in a large number of human
biopsies [82]. Similarly, associations of age-related denervation
and impaired reinnervation have been developed in animal models,
inclusive of alterations in oxidative stress [83], dysregulation of
sterol metabolism in the nervous system, conversion of voltagegated sodium channels on fibre membranes and a decrease in the
number of key maintenance proteins such as PGC1-a [84].
The quantity of SCs gets reduced with age [85], and their
involvement extends beyond the maintenance of the fibre; they
act as a source of postsynaptic myonuclei and reduction in their
quantity results in reduced maintenance of this area and ultimately
degeneration of the NMJ [86], and poor or negative fibre regeneration
following reinnervation [87]. In addition to this, terminal Schwann
cells are implicated within the remodeling of MUs by starting and
guiding axonal sprouts and are regarded to develop and expand
impairments with increasing age [88]. However, it is not entirely
clear in all instances if these associations result from a cause or a
consequence of denervation. Moreover, in many animal studies of
this nature the measured response to denervation has followed
nerve sectioning or ligation, therefore caution must be employed
for the reason that entire muscle denervation may promote the
onset of various pathological pathways to that following repeated
cycles of de/reinnervation of individual fibres. In human studies,
lifelong exercise has been recommended to minimise muscle
loss [89] and prevent the age-associated lack of MU number, and
presumably fibre number in the TA of old (64 years) but not too
old (79 years) athletes [90]. However, a further detailed study
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found masters athletes (69 years) had a similar number of MUs
in the TA as age matched controls [78]. Although it is unlikely
that exercise and workouts preserve the number of MU, it could
enhance the capacity to reinnervate denervated fibres with a view
to preserve muscle fibre number, however this mainly comes from
biopsy studies which show increased fibre type grouping in master
athletes [91]. Although interesting, this grouping is indicative of a
shift in fibre type composition (type I/II; an unbalanced ratio of
fibre kind composition would boom the probability of observing
increased fibre type groupings) and does not directly prove the
grouped fibres belong to the similar MU. It is clear that the notion of
motor unit plasticity regarding the prevention of muscle fibre loss
in human beings is disproportionately underexplored and possible
therapeutic targets in ageing (and diseases) and healing agents
warrants further investigation.

Metabolic consequences of aging

The series of changes in the physiology of a person over time
is correlated with aging. The aging rates differ between organisms
and are genetically dependent [92]. While researchers have already
shown that calorie reduction improves lifespan, ageing is still
by far the greatest major risk factor for cardiovascular attacks,
strokes, cancers, diabetes or most chronic diseases [93]. Evans
identified ageing’s metabolic changes as a major contributor to
sarcopenia [5]. The age-related changes inherent to the skeletal
muscle tend to lead to a reduction in muscle mass and strength,
however, extrinsic factors are also significant. Aging species usually
have lower levels of food consumption, physical activity, and
anabolic hormones (including sex hormones, growth hormones
and Insulin-like Growth Factor 1 or IGF1) than younger species,
as well as neuronal loss (i.e., fibre denervation) and reduced
regenerative ability (i.e., satellite stem cell dysfunction). Increase
of the susceptibility to a variety of highly catabolic diseases (e.g.,
cancer, heart failure, spinal cord injury) that are also more common
in the elderly population can also be identified. Failure in regulation
of whole-body metabolic health, removal of post-prandial glucose
and hepatic gluconeogenesis [94] processes can cause disruption
in homeostasis, e.g., hyperglycemia or muscle catabolism. Insulin
sensitivity, which is shown to be normal in older individuals, is a
key component of metabolic syndrome [95].
Basically, metabolic consequences lead to certain disorders.
Cachexia is long known as a disorder associated with a variety
of chronic diseases and acute medical conditions. Cachexia was
described as a complex metabolic syndrome correlated with
underlying disease and described by muscle loss even without
any loss of fat mass. Sarcopenia is the age-related weakening of
skeletal muscle and function with a life-long process of dynamic
and multifactorial etiology [5]. Aging is related to higher levels
of pro-inflammatory cytokines believed to change the function
of insulin. Here, evidence defining age-related changes in obesity
and metabolism are important factors in a destructive cycle that
can intensify the ageing process and the initiation of age-related
diseases [96].
Nov Res Sci

7

Possible Interventions to Minimize Age Related Muscle
Loss
Treating somatopause
Aging is a dynamic process characterized by the aspects of time,
society and psychophysiology. While the temporal one is common
and instinctively obvious, representing the passage of time, the
other two dimensions are intertwined and have some particularities
related to gender [97]. It has been proposed that the decline in lean
body weight and growth of adipose tissue that occurs with ageing
is due in part to the age-related decline in growth hormone (GH)
secretion and insulin-like growth factor-1 (IGF-1), also known as
somatomedin C, which is developed in response to GH by the liver
and other tissues. This drop in the GH-IGF-1 axis’s secretory activity
has been called somatopause or ageing hyposomatotropism.
In collaborative efforts with Professor Kjaer ‘s group in
Copenhagen, experiments with the author’s group found that
strength enhanced with growth hormone administration, which
apparently increases the rate of the primary IGF-I transcript,
and there was a link between increased MGF levels and muscle
mass measured by MRI scanning. A research by showed that the
expression of IGF-I splice variants was more affected by mechanical
factors than endocrine activity in hypophysectomized rat muscles
[98]. This reconfirmed a study conducted by Goldberg [99], who
used hypophysectomized rats and demonstrated that they still
underwent hypertrophy when muscles are under mechanical
pressure, suggesting that muscle mass and strength control are
regulated at the cellular muscle level. As IGF-I is carcinogenic at
relatively high concentrations, elevated GH levels are associated
with increased IGF-I and increased cancer risk, even if it has been
reported as suppressing protein breakdown. Acromegalic patients
whose pituitary gland is hyperactive are at greater risk of cancer.

It can be seen that ageing-caused (patho) physiological changes
within the human body are close to those found in GH deficiency,
whereas GH treatment was found effective in terms of optimum
consumption of oxygen and overall quality of life [100]. This may
be an issue for young athletes and bodybuilders and this type
of violence is becoming a problem for the antidoping agencies.
Therefore, there are major risks associated with trying to elevate
serum GH levels beyond what is normal for an artificial elevation
of GH or IGF in a specific age group. The levels of many hormones
that are involved in muscle mass maintenance are known to drop
significantly with age, including testosterone as well as GH [101].
In addition to hormone supplementation techniques in a
somatopausal symptom recovery service, a certain number of
pharmaceuticals are produced for this reason. Cerebral selective
cholinesterase inhibitors such as rivastigmine and donepezil, have
therefore been shown to be helpful in enhancing GH release and
IGF-1 levels in elderly humans, but their long-term effectiveness
and safety have remained uncertain [102]. In addition, alfacalcidol
(1-hydroxycholecalciferol), a vitamin D analogue, has had multi factorial effects on the familiar somatopausal symptoms [103].
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These compounds activate various androgen receptors, in particular
the testosterone receptor, as the endocrine system is complex and
the risks of causing unintended side effects are the concerns why
the pharmaceutical industry is trying to improve SARMS and have
already made their way into doping in some sports matches [101].

Blocking negative regulation of muscle mass

A TGF- beta family member (Transforming growth factor beta
/ TGF-β) named myostatin acts as a negative regulatory factor for
skeletal muscle mass. As the name suggests, this negative regulation
factor is mainly responsible for reducing muscle growth. Certain
breeds of cattle like Belgian blue (which show considerable muscle
hypertrophy) goes into an allelic series of mutations which in
result causes loss of functions of myostatin gene known as “Double
muscling”, a few double muscled human subjects are also seen. In
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myostatin knockout mouse, it is reported that the “extra nuclei’’ is
needed in order to increase in size or to repair myofibres of skeletal
muscle i.e., postmitotic tissue [104]. Inactivation of postnatal
myostatin by gene targeting results in myostatin knockout. Either
by deletion of mstn gene (which provides instructions for making
myostatin, a protein) [105] or by medicative inhibition of myostatin
activity results in picky postnatal loss of myostatin signaling which
cause significant muscle fibre hypertrophy, demonstrating, in adult
mice, for the regulation of muscle homeostasis, myostatin plays a
key role [106]. Partially knocking down/knocking out myostatin is
also concluded as not a good strategy for therapy of muscle loss as it
hinders respiratory and cardiovascular function as well as it is also
associated with loss of oxidative capacity of muscle [107]. Taking a
case study (Figure 1) [108].

Figure 1: A study on aging weightlifters reported that when they resume their exercises.
Appealingly, a study on aging weightlifters reported that when
they resume their exercises, myostatin level decreases. Plainly if
the use of anti-myostatin results in increase of mass without an
increase in strength then it would handicap rather than helping
elder individuals.

Exercise and decreasing ability to respond to active
muscle stretch during aging

In an experiment involving rats and human subjects, a major
intrinsic effect is increased load, but this effect becomes dulled
during aging. Also, in studies on older human subjects, it was
found to be associated with reduced MGF and IGF-1Ea which will
be improved by administration of GH which would increase the
expression of the IGF-I gene [109]. We understand more about
the endocrine aspects than the physical signaling and signaling
molecules involved in muscle adaptation involved in maintaining
and repairing our muscles as we grow older.

The detection of mechanical strain is believed to involve focal
adhesion kinases (FAKs) that are activated by means of mechano
Nov Res Sci

transducers systems that connect the extremely long titin molecules
which run through the myofibrils to the tendons. These also
connect in 3 dimensions as the myofibrillar system is connected to
the encompassing basal lamina and response elements, and when
these are absent, for example, dystrophin or defective is responsible
for the muscle wasting conditions. The connective tissue of the
tendons and ligaments additionally transmits the forces generated
by the use of sarcomeres of the muscles to tendons, bones,
and ligaments. These mechanical forces generated by skeletal
musculature are as a consequence also involved in maintaining the
complete musculoskeletal system. Evidently as we grow older this
mechano transduction system will become less sensitive because of
the reduced compliance of the connective tissue because of crosslinking of the collagen which appears to occur in all tissues [110].
The experiments that preceded the discovery of MGF now
offer good prospects and accurate potentialities for its use as a
therapeutic agent for treating age-associated muscle loss as well
as muscle cachexia in a variety of diseases. Despite the fact that
there seems to be more interest in its use as a doping agent as
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it is available over the internet, it is now being produced using
recombinant E. coli methods. Consequently, it will become pretty
cheaper. Unfortunately, at some stage in getting old the muscle
tissue grows to be less compliant and emerges as much less
capable of producing MGF [109]. As with different tissues muscle
mass end up being much less compliant which apparently occurs
because of cross-linking within the connective tissues and probably
other factors, and in a long running mouse experiments, it was
confirmed that regular exercise advanced muscle compliance while
growing older however it was still not as exact as in younger mouse
muscle groups [110]. Also, in diseases like muscular dystrophies,
the impairment is often the absence or wrong conformation of
the certain linking molecules like dystrophin that most probably
results due to incapability to produce MGF. From a physiological
point of view this is of substantial interest as the initiation of the
activation of the IGF-I gene and the switch in splicing to produce
MGF ought to contain a mechano transduction system.
The detection of mechanical strain is believed to involve
focal adhesion kinases (FAKs) which alter conformation when
stretched which phosphorylate other signal molecules [111]. The
impairment of mechano signaling seems to be faulty in diseases
like the muscular dystrophies wherein splicing of the IGF-I gene is
deficient but transfer of normal mesenchymal stem cells into the
dystrophic mouse restored its potential to produce MGF [112].
Therefore, there is probably good potential in using therapeutic
compounds such as MGF for treating age-associated muscle loss in
addition to muscle cachexia in a variety of diseases. Sadly, at the
present it appears to be of more interest in its use as a doping agent.
Therefore, it can become incredibly less expensive.

Resistance and endurance training

The reduction in muscle strength is subordinate to the
development of reduced muscle mass and protein. The reduced
number of mitochondria and the corresponding reduction in
mitochondrial-based aerobic enzymes could lead to a significant
reduction in endurance [113]. Specific neuromuscular and
cardiovascular modifications are facilitated by strength and
endurance training. Muscle hypertrophy, improved recruitment
capacity of the motor unit and motor unit firing rate [114] are the
modifications caused by strength training. These neuromuscular
changes contribute to enhanced muscle strength and development
of control [115]. Endurance training, on the other hand, produces
central and peripheral adaptations that enhance cardiovascular
functioning and the ability of skeletal muscles through oxidative
metabolism to generate energy.

Muscles are entirely capable of adapting to training in resistance.
For example, men over 66 years of age who trained for 12 weeks
by lifting 80 % of their 1 RM (repetition maximum) encountered
strength gains of about 5 percent per day, which is close to what is
recorded in many young males. A resistance training programme in
a group of individuals where the eligibility criteria were 90 years
of age did show that strength as well as the cross-sectional area
of the thigh muscles could be enhanced even at this advanced age,
Nov Res Sci
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both contributing to progress in functional mobility [116]. The
clinical significance of the neuromuscular adaptations produced by
resistance training is their effect on daily living activities, especially
when high-speed activity training is performed in the concentric
phase [117].
Increased mitochondrial biogenesis, myoglobin content,
capillary density, substrate stocks, oxidative enzyme activities and
increased maximum cardiac production are included in endurance
training adaptations [118] In fact, endurance training can cause
minor increases in muscle strength, particularly when practiced
on the ergometer cycle [119]. Although the loss of resistance and
endurance is expected to occur across the period of life, keeping
older individuals healthy remains significant. With greater exercise,
cardiovascular health is significantly enhanced and, in exchange,
increased weakness and death are correlated with less physical
activity. Through increased enzymatic protein output and capillary
density for higher muscle metabolic demand, as well as improved
contractile protein production, training will help muscles meet
the complex demands of increased activity to allow for higher
contracting stress. The age-related impacts on skeletal muscle are
generally reversible for many patients [120].

Beyond physical activity

Sarcopenia is a complicated method that includes a lot more
than just simply age-associated decreases in physical activity. When
a person grows old, the physiology of the system works together
to achieve the principal function of the musculoskeletal system. As
a consequence, age-related modifications in those systems, mainly
people who have an effect on neurological, inflammatory, and
hormonal behavior is directly related to Sarcopenia [121].
Nutrition is one of the most difficult components of muscle
physiology that includes eating behavior, diet, and digestion
[121]. The main anabolic stimuli for muscle protein synthesis are
protein consumption and physical activity. The optimal dietary
protein should be 1.0-1.2 g/kg (body weight)/day with an optimal
repartition over each daily meal or 25-30 g of excessive fine quality
protein per meal is recommended to prevent sarcopenia [20]. The
role of sex hormones in muscle physiology is a crucial subject matter
associated with adaptation with age. Androgen, any of a group of
hormones that primarily influence the growth and development of
the male reproductive system. The predominant and most active
androgen is testosterone, which is produced by the male testes it
contributes to the growth in youth which maintains the muscle
mass and other tissue and includes bones. Androgen levels decline
with age in both male and female [121].
The anabolic actions of testosterone on muscle have been
known for over 60 years, and alternative research in younger
hypogonadal guys have proven that testosterone can enhance
energy and muscular tissues. The supraphysiological substitute
of testosterone in younger eugonadal men has additionally
been proven to increase muscular tissues and enhance power.
Studies of testosterone replacement in healthy older men with
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relative testosterone deficiency have demonstrated some modest
enhancement in muscular tissues and power. In women, lower
levels of estrogen lead to increasingly fragile bones and decreased
muscle mass; this contributes to decreased activity level and this
leads to hormone replacement therapy. Increased rates of prostate
cancer, erythrocytosis, adverse cardiovascular events, and a host
of other hormonal and emotional adverse events in men, has been
associated with testosterone replacement therapy [122]. There are
higher rates of cancer and venous thromboembolism when women
are treated with estrogen replacement [121].

Conclusion

Term aging describes the frailty in muscle mass or the loss of
muscle mass and strength. Also known by the term sarcopenia. In
mammals (including humans) and Drosophila, aging in muscle is
influenced by muscle regrowth via many responsible extrinsic and
intrinsic factors while no growth capacity has been seen in adult
Drosophila because of their postmitotic origin, respectively. As loss
of muscle mass and muscle functions occur with age, two major
influences i.e., muscle fibre atrophy and muscle fibre loss take
place. These two influences play a key role in maintaining muscle
atrophy and if any dysfunction at the level of the whole muscle. As
we age our body goes into several metabolic changes like muscle
synthesize less protein and muscle degradation is also seen and
hence, we concluded in this review that muscle protein turnover
and their repairing ability get affected with age. In this respect, some
possible interventions to minimize loss of muscle mass are taken,
like by treating somatopause one can maintain their muscle mass
balance because GH is markedly dropped during somatopause, and
also one can improve their muscle mass production by blocking
myostatin that is treated as negative regulation of muscle mass.
Only by continuing resistance and endurance type of training one
can ameliorate a rapid decline in muscle mass and strength. Aging
may cause individuals medical and economic crises, so in that
respect, many pharmaceutical industries have taken some serious
steps toward increasing muscle mass production and strength in
elderly people.
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