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Abstract  
The sarcopenia, charaterised by a decrease in muscle mass associated with reduced physical 
activity, is a direct cause of the age-related loss of muscle strength. Studies previously 
performed in our laboratory show, in human vastus lateralis muscle, a direct correlation 
between age and oxidative damage to biological molecules. The reactive oxygen species are 
involved not only in muscle damage but are also able to modulate skeletal muscle 
contraction. In fact, the Sarcoplasmic Reticulum (SR) Ca2+ channel may be in an high 
oxidation status, due to oxidative stress, that decreases the channel opening status. 
Furthermore, the CFS patients usually suffering by fatigue and muscle pain, symptoms that 
are common to muscle aging. In the skeletal muscles of these patients, which may be 
identified with an old muscle in the young subject and take as model of ageing muscle, we 
have shown that exists a correlation between oxidative damage and alteration of SR 
membranes. We hypothesise that the oxidative damage that accumulates in the muscle 
affects different structures and is also located in the SR membranes and that all its 
alterations can affect the functional capacity of skeletal muscle.  
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Ageing has been the subject of scientific research for 
several years; however, its primary cause and a unitary 
theory describing its molecular basis have proven to be 
elusive. In the 1950’s, D.Harman proposed a correlation 
between aerobic metabolism, the oxidative damage due 
to the accumulation reactive oxygen species (ROS), and 
ageing [13]. A possible cause may be the utilising 
oxygen enzyme activities, as those that contain iron. 
This theory pertains mainly to the tissues of  skeletal 
and nervous systems, in which ROS generation is very 
important. 

Senescence is associated with a loss of skeletal muscle 
mass, also known as sarcopenia [4]. Sarcopenia, 
therefore, is a consequence of normal ageing and is not 
a result of any specific pathology; however, the 
presence of sarcopenia does make the body more 
vulnerable to possible disease. The onset of sarcopenia 
may begin as early as 40-50 years of ages with a 20-
30% loss in muscle mass by the age of 80. The decrease 
in muscle mass associated with reduced physical 
activity is a direct cause of the age-related loss of 
muscle strength. For this reason, inactivity in the elderly 
is the primary cause of increased invalidity. However, a 
loss of muscle mass can only explain part of this 

decline, as it is possible that alterations also occur in the 
quality of the muscle tissue [23]. The considerable 
variability of features found in fiber architecture, fiber 
type, and, in the distribution and size of motor units, 
reflects the difference between the various skeletal 
muscles. These differences are a result of the different 
contractile quality and quantity of each muscle during 
its lifetime [8]. Reduction in activity, immobility, or 
lack of use rapidly leads to atrophy as a result of disuse, 
thus expressing a strong dependence on daily activity 
for the structural preservation of muscle [1]. On the 
other hand the ability of skeletal muscle to produce 
strength and to make movement can also be 
compromised by incomplete activity of the motor units 
(central motor drive), periferic nerve dysfunction, loss 
of response to trophic and/or hormonal factors, changes 
of excitation-contraction coupling mechanism, or by 
alteration of contractile elements [25]. Furthermore, 
ageing may also involve the satellite cells which play a 
primary role in muscle tissue repair. For this reason, 
physical activity and exercise have several beneficial 
effects on the physical and mental health of both young 
and old subjects. The balance between beneficial and 
potentially dangerous effects could fundamentally be 
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important in the elderly, in which nutritional deficiency, 
sedentary life style, and the synergism of these factors 
contribute to the depletion of the antioxidant supplies 
and to increased oversensitivity to oxidative stress [14].  

In reality, the reactive oxygen species (ROS) are 
involved not only in muscle damage but are also able to 
modulate skeletal muscle contraction. Contraction is 
activated by a cascade of events, named excitation-
contraction coupling (e-c), that originate from electric 
signal transduction at the muscle surface membrane and, 
through Ca2+ release from the Sarcoplasmic Reticulum 
(SR), causes the formation of cross-bridges. The e-c 
coupling process is bound to specific structures in adult 
skeletal muscle known as calcium release units (CRU) 
or triads. These units are formed by a protein system 
complex that is able to modulate the Ca2+ release from 
SR [7]. Among these proteins, dihydropiridine receptors 
(DHPR), L-type Ca2+ voltage-operate channels found in 
the external membrane and Ryanodine receptors (RyR) 
that in the skeletal muscle are mainly present as the 
RyR1 isoform, are the most important. The RyRs are 
considered ion channels whose activity is dependent 
upon several factors, in addition to the redox state of the 
channel. In particular RyR1 contains a considerable 
amount of free thiols: approx. 50 for every 100 
cysteines on each subunit [3]. Channel activity is altered 
by changes in the redox state of these “critical thiols”, in 
fact a considerable increase of thiol oxidation decreases 
the opening channel probability [24].  

Studies previously performed in our laboratory show 
that, in human vastus lateralis muscle, a direct 
correlation exists between age and oxidative damage to 
biological molecules. The molecules found to be most 
affected were DNA and lipids. This is more evident in 
male subjects, in which a correlation between age and 
an increase in oxidative damage has been observed (ca. 
four-fold in the DNA), as opposed to female subjects 
[16]. During a woman’s reproductive years when 
estrogen levels are highest, there is likely less 
accumulation of oxidative damage thus establishing a 
more favourable condition in the ageing process. 
Therefore, this difference between male and female 
subjects may be due to the higher estrogen levels found 
in females, since this hormone may contribute to the 
reinforcement of the antioxidant defences in female 
muscle. In fact, it has been demonstrated that the 
estrogens have direct antioxidant effects and can protect 
against experimental oxidative stress conditions [11]. 
Also other causes, such as a different muscle activity 
based on the sexes (males > females) can have a role. 
The GSH-dependent antioxidant enzymatic pathway 
(except a decreased activity of glutathione transferase – 
GST) doesn’t seem to undergo age-related 
modifications. On the other hand, the GSH-independent 
enzymatic system, constituted by Catalase (Cat) and 
superoxide dismutase (SOD), seems to be only depress 
the Cat activity, while the SOD activity doesn’t show 

significant differences related to age or sex [5]. The last 
result is apparently conflicting with recent observations 
obtained from Pansarasa et al. [18] that, in human 
muscles have found a little but significant SOD activity 
increase. However, in more recent work, these 
researchers  found that in subjects with loss of type II 
fibres, the SOD activity is lower [19]. The differences in 
these results may derive from different analysed 
subjects with different activity and training. However, 
the decreased Cat activity can determine H2O2 
accumulation that represents the main ROS source 
during the muscle contraction.  

In humans and other animals ageing is associated with 
striking morphological and physiological alterations. 
These modifications include the loss of muscle mass, 
strength and a decrease in the contraction velocity  with 
the consequent shortening of twitch duration. This fact 
seems to be a general phenomenon, but there also exist 
qualitative and quantitative differences between fast and 
slow motor units. In theory, at least three different 
causes may work together to decide twitch duration: 
excitation-Ca2+ release uncoupling, changes in the 
number and/or gating properties of Ca2+ channels, and 
alterations of the Ca2+ transport system [21]. However, 
this possibility is not generally accepted since there 
exist contrasting results in the Ca2+ channels activity 
and the active transport of this ion in skeletal muscle, 
due to differences in  muscle type, age and species 
[15,17]. The ryanodine binding decrease seen in elderly 
muscle does not necessarily  indicate a decrease in the 
number of receptors present in individual skeletal 
muscle fibres. Studies performed by Renganathan et al. 
[22] on young and old mice show that the level of RyR1 
doesn’t change significantly with age; consequently the 
cause of a decrease in binding could be in the 
modification of the opening status of these channels due 
to the oxidation of the thiols. 

The ROS increase due to changes in antioxidant 
enzyme activity may also be at the root of the observed 
modifications in membrane fluidity [2] and may affect 
the functional capacity of muscle by determining fatigue 
and weakness [5]. It should be kept in mind that  
patients suffering from Chronic Fatigue Syndrome 
(CFS) also show an increase in oxidative damage and 
alterations of the anti-oxidant system and membrane 
fluidity [10], such as that seen in elderly muscle. It is 
feasible that those modifications could cause alterations 
of the Ca2+ movement "in and out" of the sarcoplasmic 
reticulum (SR) [9]. In fact, the results obtained in our 
laboratory also show that in these muscles there are 
ryanodine binding and Ca2+-ATPase activity decreases 
despite it doesn’t seem to exist a difference in the 
expression of RyR1 between the muscle sample of CFS 
patients and controls. Furthermore, the CFS patients 
usually suffer from fatigue and muscle pain, symptoms 
that are common to muscle aging [6]. For these reasons 
this syndrome may be identified with an old muscle in 
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the young subject and considered as model of ageing 
muscle. In these muscles we have also noted that Na+-
ATPase activity is increased; this fact could be due to an 
alteration of redox status of K+ channels that could be in 
an opening status by releasing more amount of this ion 
[20]. On the basis of this information, we hypothesise 
that the oxidative damage that accumulates in the 
muscle affects different structures and is also located in 
the SR membranes. This important structure is deputed 
to transfer the electric signal that is conducted along the 
sarcolemma, to transversal bridges determining their 
functional mobilisation; therefore, all its alterations can 
affect the functional capacity of skeletal muscle.   

Address correspondence to: 
Prof. Stefania Fulle, Istituto Interuniversitario di 

Miologia – Università “G. d’Annunzio”, Via dei 
Vestini, 29, 66013 Chieti, Italy, Tel:  +39 0871-3554036 

Email:  s.fulle@unich.it 

References 
[1] Carmeli E, Coleman R & Reznick AZ:  The 

biochemistry of aging muscle.  Exp Gerontol. 
2002; 37(4): 477-489. 

[2] Chatteryee SN and Agarwal S: Liposomes as 
membrane model for study of lipid peroxidation. 
Free Radic Biol Med. 1988; 4:51-72. 

[3] Eu JP, Sun J, Xu L, Stamler JS, Meissner G: The 
skeletal muscle calcium release channel: coupled 
O2 sensor and NO signaling functions. Cell 
2000; 102:499-509. 

[4] Evans WJ: What is sarcopenia? J Gerontol Med 
Sci 1995; 50A: 5-8. 

[5] Fanò G, Mecocci P, Vecchiet J, Belia S, Fulle S, 
Polidori MC, Felzani G, Senin U, Vecchiet L, 
Beal MF: Age and sex influence on oxidative 
damage and functional status in human skeletal 
muscle.  J Muscle Res and Cell Motility 2001; 
22:345-351.  

[6] Fischler B, Dendale P, Michiels V, Cluydts R, 
Kaufman L and De Meirleir K: Physical 
fatigability and exercise capacity in chronic 
fatigue syndrome: association with disability, 
somatization and psychopathology. J Psychosom 
Res. 1997; 42:369-378. 

[7] Franzini-Armstrong C and Protasi F: The 
ryanodine receptor of striated muscles, a 
complex capable of multiple interactions. Physiol 
Rev. 1997; 77:699-729. 

[8] Frontera WR, Suh D, Krivickas LS, Hughes VA, 
Goldstein R, Roubenoff R: Skeletal muscle fiber 
quality in older men and women. Am J Physiol 
Cell Physiol. 2000; 279:C611-C618. 

[9] Fulle S, Belia S, Vecchiet J, Morabito C, 
Vecchiet L and Fanò G: Modification of the 
functional capacity of sarcoplasmic reticulum 
membranes in patients suffering from chronic 

fatigue syndrome. Neuromuscular Disorders 
2003; 13(6):479-484. 

[10] Fulle S, Mecocci P, Fanò G, Vecchini A, 
Racciotti D, Pizzigallo E, Vecchiet L, Senin U 
and Beal M F: Specific oxidative alterations in 
vastus lateralis mucle of patients with the 
diagnosis of chronic fatigue syndrome. Free 
Radic Biol Med. 2000; 29:1252-1259. 

[11] Green PS and Simpkins JW: Neuroprotective 
effects of estrogens: potential mechanisms of 
action. Int J Devl Neurosci 2000; 18:347–358. 

[12] Hall ED, Pazara KL and Linseman KL: Sex 
differences in postischemic neuronal necrosis in 
gerbils. J Cerebral Blood Flow Metab. 1991; 11: 
292–298. 

[13] Harman, D: Aging: a theory based on free radical 
and radiation chemistry. J Gerontol.  1956; 
2:298-300. 

[14] Ji, LL: Exercise-induced Modulation of 
Antioxidant Defense. Annals of the New York 
Academy of Sciences. 2002; 959:82-92. 

[15] Margreth A, Damiani E and Bortoloso E: 
Sarcoplasmic reticulum in aged skeletal muscle. 
Acta Physiol Scand. 1999; 167:331–338. 

[16] Mecocci P, Fano G, Fulle S, MacGarvey U, 
Shinobu L, Polidori MC, Cherubini A, Vecchiet 
J, Senin U, Beal MF: Age-dependent increases in 
oxidative damage to DNA, lipids, and proteins in 
human skeletal muscle. Free Radic Biol Med. 
1999; 26:303-308. 

[17] Narayanan N, Jones DL, Xu A and Yu JC: 
Effects of aging on sarcoplasmic reticulum 
function and contraction duration in skeletal 
muscles of the rat. Am J Physiol. 1996; 
271:C1032–C100. 

[18] Pansarasa O, Bertorelli L, Vecchiet J, Felzani G 
and Marzatico F: Age-dependent changes of 
antioxidant activities and markers of free radical 
damage in human skeletal muscle. Free Radic 
Biol Med. 1999; 27:617–622. 

[19] Pansarasa O, Felzani G, Vecchiet J, Marzatico F: 
Antioxidant pathways in human aged skeletal 
muscle: relationship with the distribution of type 
II fibers. Exp Gerontol. 2002; 37:1069-1075. 

[20] Park MK, Bae YM, Lee SH, Ho WK, Earm YE. 
Modulation of voltage-dependent K+ channel by 
redox potential in pulmonary and ear arterial 
smooth muscle cells of the rabbit. Pflugers Arch. 
1997; 434(6):764-771 

[21] Renganathan M, Messi ML and Delbono O: 
Dihydropyridine receptor-ryanodine receptor 
uncoupling in aged skeletal muscle. J Membr 
Biol. 1997; 157:247–253. 

[22] Renganathan M, Messi M, Delbono O: 
Overexpression of IGF-1 exclusively in skeletal 
muscle prevents age related decline in the 



Oxidative Stress and Skeletal Muscle 

 - 36 -

number of dihydropyridine receptors. JBC 1998; 
273:28845-28851. 

[23] Staron, RS: Human skeletal muscle fiber types: 
delineation, development, and distribution. Can J 
Appl Physiol. 1997; 22:307-327. 

[24] Sun J, Xu L, Eu JP, Stamler JS, Meissner G: 
Classes of Thiols That Influence the Activity of 

the Skeletal Muscle Calcium Release Channel. 
JBC 2001; 276:15625.  

[25] Vandervoort  AA:  Aging of the human 
neuromuscular system. Nerve & Muscle 2002; 
25:17-25. 

 

 


