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Abstract
Introduction: Skeletal muscle tissue is a complex and very important organ for movement, metabolism and thermoregulation, but its
relevance to health is not always taken in consideration. The muscle is made by a set of syncital fusiform cells called myocytes, which contein
sarcomeres, the real protein contractile apparatus, composed of myofibrillar cytoskeleton proteins. Muscle tissue undergoes significant
remodeling with aging and it changes its contractile phenotype. Aging significantly influences the proteomic structure of the cell as well as
the nervous component. We assist to a physiopathological framework where the slowing of protein synthesis is accompanied by an axonal
atrophy essential for efficient muscle contraction. The result of those factors leads to a loss of volume of the muscle fibers, a lower strength and
performance.

Aim: The objective of this study is to analyze the modifications of muscle tissue in aging. The qualitative (strength), quantitative (section)
and the proteomics differences of the whole muscle and of the single fiber between young and old were studied.

Methods: A sample of muscle tissue from the m. vastus lateral quadriceps was taken with an open technique by eight volunteers, four
young donors (22-27 years) and four elderly (66-75 years). As regards in vivo analyzes, the measurements of maximum voluntary isometric
strength were evaluated. Finally, a magnetic resonance was performed to calculate the volume.
Results: The maximum isometric strength performed, the specific strength and the section of the individual fibers assessed in vitro tests
are significantly lower in the elderly (p <.05). Elderly subjects also present a modest decline in the number of type II fibers (p = .043). The
maximum voluntary contraction and the percentage of muscle recruitment assessed in vivo undergo a significant decrease (p <.005). The
proteomic analysis show an alteration of the sarcoplasmic reticulum (RS) and of the myofibrils (Line M).
Conclusion: In the aging process there is a negative modification of all the components of the contractile system and of the systems
connected to the translation of the force (Ca+2 ATP-asi and sarcolumenina) and to the stabilization of myofibers (proteins M).
Keywords: Muscle aging; Proteomics; Mechanical, Molecular and myofibrillar changes

Abbreviations: GPAQ: Global Physical Activity Questionnaire; SD: Standard Deviation; CSA: Cross Sectional Area; SR: Sarcoplasmic Reticulum

Introduction
Skeletal muscle tissue is a complex organ and plays a very
important role in the movement, the functioning of the metabolism
and thermoregulation. Its relevance to health, however, is not
always taken in consideration. The muscle is made by a set of
syncytial fusiform cells, called the myocytes; the myocytes contain
the sarcomeres, the real protein contractile apparatus, consisting of
so-called myofibrillar proteins of the cytoskeleton. The sarcomere
is composed of filaments of actin and myosin which flow actively

within each other to generate the force of muscle contraction. The
thin filaments of actin and the thick filaments of myosin are kept
parallel and ordered both at rest and during contraction phase,
respectively by the Z line and the M band, two protein structures
that are placed at fixed distances, determining the banded aspect
of the muscle fiber. The sarcomeres are kept in order both during
the rest phase and during contraction phase by the costameri and
the intermediate filaments, which are distributed uniformly all
along the muscle fiber [1-3]. Skeletal muscle is classified based on
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its contraction speed, determined by the preponderance of a given
isoform of myosin.

The myocyte can thus be defined as slow or fast, and the
phenotype can change over time, as happens with aging. In fact,
muscle tissue undergoes an important remodeling with aging:
changes its contractile phenotype, with a shift from fast to slow. As
a consequence, there is a relative decrease of fast fibers, with an
increase in slow fibers, which in time become predominant. The
aging process has an important influence both on the proteomic
structure of the cell, as well as on its nervous component. This
produces a pathophysiological framework where the slowdown of
protein synthesis is accompanied by axonal atrophy essential for
an efficient muscle contraction. This set of factors finally leads to
a loss in the volume of the muscle fibers, resulting in less strength
and performance [4].

Purpose of The Study

The aim of this study is to analyze the change in the aging muscle
tissue. The novelity of that research consists in an equal and equal
and parralel analysis of the differences from both: a qualitative
(force), a quantitative (section) and a molecular (proteomic)
point of view of individual muscle fibers. As for the entire muscle
is concerned, only the qualitative differences between young and
elderly subjects will be taken into account in this study. A further
aim of the study is to find the link between the decrease in strength
and the proteomic changes in the muscle fibers [5,6]. The study is
very original and relevant as we have not detected other studies that
use the same procedures to achieve the objectives set. Moreover,
the potential results would have important repercussions for the
population and in particular for a ‘successful aging’ of the elderly.

Materials and Methods

Population of the Study
Eight male volunteers: four young donors (22-27 years) and
four elderly donors (66-75 years) participated to the study. They
were all in a good state of health.

Procedure

A sample of muscle tissue from the vastus lateralis of the
quadriceps was analysed for both categories. All donors conduct
a moderate physical activity. We used the Global Physical Activity
Questionnaire (GPAQ) - proposed by World Health Organization [7]
- in order to assess the intensity of daily physical activity. The tissue
sample was dissected to obtain individual fibers. Those fibers have
been analyzed in two different ways: proteomic analysis at the Max
Planck Institute of Monaco of Bavaria, and biomechanical analysis
at the Physiology department of the University of Padua. As for the
in vivo analysis, the maximal isometric strength voluntary tests
were performed at the Department of Kinesiology of the University
of Verona.

Statistical Analysisi

All data were processed using the SPSS 22.0 program. Age and
anthropometric characteristics are expressed as mean ± standard
deviation (SD). Comparisons and differences between groups were
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analyzed by Analysis of variance (one-way ANOVA). The alpha-error
probability was set at p<0.05 (2-sided). The relatioships bettween
variable was carried out wit Pearson correlationsr. Effect size was
estimate by Cohen d.

Results

The anthropometric analyzes of all the subjects are reported in
below in Table 1.

Table 1.

Participants
Varibles

Young
donors

Elderly
donors

Means (SD)

Means (SD)

p-values

Effect
Sizes
Cohen’s d

Age (years)

23.60 (1.35)

70.25 (1.33)

<.0001*

35.07

Height (cm)

181 (4.34)

168 (3.82)

.043*

3.17

83.5 (1.94)

NS

/

Weight (kg)

77.50 (1.11)

71. (1.23)

NS

BMI

24.49 (1.11)

24.40 (1.95)

Hip
circumference
(cm)

98.01 (1,11)

97.55 (.93)

NS

/

Comorbidity

.86 (.008)
0.00

.87 (.005)

NS

/

Waist
circumference
(cm)

WAIST-TO-HIP O
RATIO

84.6 (1.7)

0.00

NS

/

NS

/

/

The overall section of the fibers in the elderly subjects is 20%
lower than the young subjects (p = .0004), the fibers taken into
consideration are the IIA, I, IIA IIX, IIA IIX and IIX, the latter are
present only in the young people. Regarding the cross section of
the Slow or ST and Fast or FT fibers: the elderly subjects have a
section of the fibers containing the myosin MHCI isoform (p < .05)
and MHCII (p < .01) of 20% lower than the young subjects. The
decrease in the section is attributable to a constant decline of both
pure myosin types. Elderly subjects show a significant decrease in
the maximum isometric strength (F0) of 45% (p < .001), taking all
fibers independently of the isoform into consideration. Both F0 of
type 1 fibers (p = .007) and type 2 fibers (p = .002) undergoes a
significant decrease. However, no significant differences were found
between the 2 morphotypes as the F0 decrease in Type I fibers and
Type II fibers is the same (ie 30%):
a) F0 MHC 1 Young = 0.7907 mN
0.5499 mN
b) F0 MHC 2 Young = 1.1596 mN
0.7889 mN

F0 MHC 1 Elderly =
F0 MHC 2 Elderly =

The specific strength is lower than the F0. The study of
proteomics through the study of costamers and of myosin isoforms
could highlight the reasons for this deficit. Compared to F0, the
specific force relative to all the fibers (P0) undergoes a significant
drop of 15% with a p value = .001. The difference between the
specific strength related exclusively to type I fibers and type II
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fibers was not significant (p = .138 for type I, p = .125 for type
II). The quantity of type I fibers is higher in the elderly. However,
the elderly also present a greater number of fibers of the IIA
type. The IIAIIX mixed isoform is visibly greater in young people.
No IIX myosin isoform has been found. Young people have more
type II fibers than older people. Both the F0 and the strength of
the quadriceps obtained through resting electrical stimulation
(QtW Pot) is significantly higher in young subjects than in elderly
subjects (p = .02 and p = .006, respectively) which show a decrease
in the maximum voluntary and stimulated contraction (51%). Both
the percentage of muscle recruitment (p < .05) and the rate of force
development (p < .05) are significantly higher in the young MFV% y
= 94 (+ - 3) compared to the elderly MFV% O = 86 (+ - 6).

The percentage of recruitment (% MFV) of the motor units
is greater in young subjects than in elderly subjects (p < .05) and
the overall fiber section in elderly subjects decreases by 20%
compared to young subjects (p = .0004), the fibers taken into
consideration are the IIA, I, IIA IIX, IIA IIX and IIX (the latter are
present only in young people). The values for the rate of strength
development are also significantly higher in the young MRFy =
1069 (+ - 331) compared to the elderly MRFo = 493 (+ - 315). The
rate of development was obtained by dividing the mean value of
the strength expressed during the electrical stimulation at rest
with the time taken to reach 90% of the peak of expectable strength
under stimulation. With regard to the speed of the degeneration of
resistance in the elderly, their decrease is related to the changes
that the aging process implements on the muscle fibers: in the
aging process there is a decrease in both the diameter and the
length of the muscle fibers (10/20%) with a consequent decrease
in the maximum speed of contraction and in the development of
the strength. Regarding the relaxation rate, there is an insufficient
significance difference between groups that can be traced back to
the scarce sample recruited.

Discussion

Concerning the in vitro tests, the maximum isometric strength,
the specific strength and the single fiber section is significantly
lower in the elderly which has a modest decline in type II fibers.
In the in vivo strength tests, both the maximum voluntary
contraction and the percentage of muscle recruitment undergo
a significant decrease in the elderly subjects. In proteomics test
there is a significant decrease of both the sarcoplasmic reticulum
(SR) proteins and miofibrillars proteins [8-10]. The morphological
findings reveal that in the elderly individuals there is a 20%
decrease in the cross sectional area (CSA) of both type II and type
I fibers. In that population, there is also a proportional increase in
type I fibers compared to type II fibers: this is due to the increased
susceptibility of type II fibers to oxidative stress. Thus, in elderly
people there is a shift that sees type I fibers prevail over type II
fibers. The fiber pool in young subjects is 33% for type I fibers and
67% for type II fibers. While in elderly subjects it is 44% for type I
fibers and 56% for type II fibers [1-3].
The results on the drop in strength of each individual fiber
show that in the elderly there is a decrease of 30% of the maximum
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isometric strength of the muscle fibers. That decrease is mainly due
to the reduction of the CSA, which also leads to the reduction of the
cross bridges indispensable for the generation of power. However,
also the specific strength undergoes a significant decrease (15%),
underlining how the modifications of the myosin chains, given by
the increase of the oxidative stress present in the elderly, can go to
negatively modify the link between the actins and the myosin heads
[1-3,11,12]. The results on in vivo force decline highlight the fact
that the results obtained in in vivo dynamometric tests show that
both the force of the maximum voluntary contraction and the force
developed as a result of the electric stimulation at rest (QtW Pot)
are significantly higher in young subjects than in elderly subjects
who have a decrease of the maximum voluntary and stimulated
contraction of 51%.

It is considered that the decrease in strength is very little
dependent on the decrease in muscle trophism and it should
instead be considered as a factor dependent on the degeneration
of the central nervous system. In the elderly there is a decrease
in the speed of development of the strength given by the lack of
inter-intramuscular coordination due to the altered Ca+ reuptake
by the sarcoplasmic reticulum, increase of synaptic terminals
by motoneurone, decrease of type II fibers [1-5,9-13]. Finally,
the results on proteomics show that sarcoplasmic reticulum
(SR) proteins undergo a significant decline in the elderly and
they are primarily those responsible for calcium reuptake from
myofibrillar sarcoplasm. Myomasin 1 and Myomasin 2 fall by 30%
and 20% respectively. Myomasin deficiency could justify both the
representative muscular fragility of the elderly subjects and their
lesser strength compared to the control subjects [1-6,9-12].

Conclusion

In the aging process all the components of the contractile
system are modified. The damage is not only about to the diameter
or length of the individual muscle fiber, but also going to affect the
re-uptake of calcium from the cytosol to the sarcoplasmic reticulum
(SR Ca2+ ATP-ase and sarcolumenina), the translation of force and
the stabilization of myofibers -proteins of M line- [14,15].
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