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Abstract

The recovery from injury or illness requires otherwise healthy individuals to undergo a period muscle
disuse that despite its clinical relevance, their physiological mechanisms during muscle disuse are
important and need be elucidated. Besides that, a regular consumption of meals, around 4 to 6 times a
day, approximately between 3 and 4 hours is interesting the periodization carbohydrate consumption that
can offer adaptations that prevent damage to lipid metabolism after meals, maintain insulin sensitivity,
control the accumulation of visceral adiposity and try mantain the muscle glycogen store acquired during
activities.
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The recovery from injury or illness requires otherwise healthy individuals to undergo a
period muscle disuse and/or physical inactivity, during which can be rapid skeletal muscle
atrophy and declines in functional and metabolic capacity occur [1]. Despite its clinical
relevance, the physiological mechanisms during muscle disuse when consuming carbohydrates
have not been fully elucidated. Currently, it is known that atrophy occurring after any injury
is different from the muscle atrophy from disuse [2]. The present work deals with the
physiological implications of disuse and it’s relationship with carbohydrate periodization to
propose nutritional prescriptions that help athletes during this type of situation.

The Effects of Muscle Disuse on Muscle Adaptations

A study evaluated the effect of 14 days of rest on skeletal muscle satellite cell content and
fiber-type atrophy in middle-aged adults founding percentage of type 2 fibers and satellite cell
content were reduced due rapid inadequate adaptation of skeletal muscle to applied inactivity
[3]. Another study with healthy young men, found in one week of disuse there were sharp
losses in muscle volume and a decline of approximately 36% daily rates of MPS (Muscle Protein
Synthesis) [4], which can impact suppression both in post-absorptive and post-prandial MPS
[5]. One more study with healthy young men found that by reducing daily steps to 1500
steps combined with overeating, these participants increased visceral adiposity by 49% and
decreased insulin sensitivity by 44% [6]. A other study also healthy young men, programmed
approximately 1300 steps per day for 21 days and found a attenuation of postprandial lipid
metabolism and insulin sensitivity, in addition to increases in intra-abdominal fat mass [7].
During disuse, the body loses adaptations built in training situations, attenuating myofibrillar
protein synthesis, muscle volume and lipid metabolism after meals and when in overeating
there is damage in sensitivity to insulin and increase visceral adiposity.

The Metabolic Influence of Carbohydrates and Muscle Glycogen on Adaptive
Responses to Disuse

Lack of physical performance can affect the glycogen particles located inside the myofibrils,
impairing volume of mitochondria plasticity in cells [8] and low availability of Carbohydrates
(CHO) for more than three consecutive weeks can reduces oxidation rate CHO during exercise
[9]. Several mechanisms seem to explain decrease in muscle fiber size during atrophy due to
disuse, including increased protein degradation and suppression of muscle protein synthesis
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[10]. Application of force generated by muscle contraction,
triggers a mechanical overload that is defined in the synthesis of
proteins by signaling mTOR (Mammalian Target of Rapamycin)
and phosphorylation of the ribosomal protein S6K (p70S6K) [11].
Thus, anabolic responses after exercise are regulated mainly by the
mTOR pathway [12] and responses related to generation of ATP
(Adenosine Triphosphate) will come mainly from the regulation
generated through the AMPK (AMP-Activated Protein Kinase)
pathway, in which it’s triggered by the decrease in muscle glycogen
content [9]. Therefore, AMPK activity is signaled in energy deficit
while inhibiting mTOR, in which it requires energy available for it’s
activity [13]. In addition AMPK pathway conserves ATP content by
inhibiting glycogen and protein biosynthesis pathways, reciprocally
activating catabolic signaling (fat oxidation and glucose transport/
uptake) to restore cellular energy status [14]. Therefore, AMPK
and mTOR integrate metabolic signals to regulate the function of
integrins [15]. The specific isoforms of integrins and their specific
functions are factors that can, depending on total amount or
phosphorylated amount, result in capillary refraction that occurs
with muscle atrophy due to disuse [16] and integrin signaling could
impact apoptotic cascades [17] through inhibition of FAK (Focal
Adhesion Kinase) and subsequent loss of mitochondrial membrane
potential, in addition to increased production of free radicals [18].
α5 integrin is involved in mitochondrial depolarization, indicating
control dependent on mitochondrial metabolism [15].

Thus, the molecular mechanisms of signal transduction
triggered by the involvement of integrins in relation to mitochondrial
metabolic response are linked to gene expression [19] for involve
AKT (Protein Kinase B) signaling and to contribute to anabolic
metabolism by interacting with the Glucose Transporter 1 (GLUT1)
by inhibiting the protein that promotes GLUT1 endocytosis,
resulting in increased glucose absorption [20], in which it’s a
substrate for glycolytic muscle fibers that co-express the α7 and
ILK integrins (Integrin-Linked Kinase) [21], providing support for
understanding the α7 integrin-ILK-AKT pro-survival pathway with
α7 integrin undergoing a 28% decrease in its mRNA after 5 days
of disuse [22], [23], being link of conditions of disuse and their
metabolic implications in skeletal muscle [24]. During disuse, the
changes in AMPK activity due to paradoxical hyperphosphorylation
of p70S6K it will induce proteolytic processes in muscle fiber [25],

such as dephosphorylation of FOXO3 (Forkhead Box Proteins) and
increased expression of main ubiquitin enzymes via proteasome
[26], decreasing level of phosphorylation and AMPK activity and
affecting nucleocytoplasmic traffic of class IIA (nuclear-cytoplasmic
traffic of class IIa histone deacetylases), resulting in decreased
expression of genes, such as MYH7 (slow isoform of MyHC), leading
to less signaling of muscle protein synthesis [25]. In other words,
some negative adaptations to disuse involve AMPK signaling turn is
balanced by the amount of muscle glycogen [9], directly influenced
by carbohydrates consumption in the diets as shown in Figure 1.

Figure 1: Skeletal muscle metabolism involving
disuse and carbohydrates consumption.

Carbohydrates Consumption in Disuse Situations
During disuse is most interesting thing would be a regular
consumption of meals, around 4 to 6 times a day, approximately
between 3 and 4 hours [27], [28] and one week of muscle disuse
induces decline in daily myofibrillar protein synthesis rates
mainly on skeletal muscle mRNA expression of genes involved
in carbohydrate metabolismo [4]. That’s why, carbohydrates
periodization proposal can be an alternative that benefits the
athlete. So, Table 1 shows a model of carbohydrate comsuption
periodization during one-week disuse with two days on high (7g/
kg of body weight (BW)/day), three days on moderate (5g/kg BW/
day) and two days on low carbohydrates consumption (3g/kg BW/
day).

Table 1: Example of CHO periodization during one week of disuse in g per kg of BW per.

Breakfast

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday

0.5 g/kg

0.5 g/kg

0.5 g/kg

0.5 g/kg

0.5 g/kg

0.5 g/kg

0.5 g/kg

0.5 g/kg

2.0 g/kg*

1.0 g/kg

0.5 g/kg

2.0 g/kg*

0.5 g/kg

1.0 g/kg

0.5 g/kg

1.5 g/kg

0.5 g/kg

1.5 g/kg

Lunch

2.0 g/kg*

Dinner

1.5 g/kg

Snack

Supper

1.0 g/kg

2.0 g/kg*

0.5 g/kg

2.0 g/kg*

0.5 g/kg

1.5 g/kg

0.5 g/kg

1.0 g/kg

2.0 g/kg*

2.0 g/kg*

1.5 g/kg
0.5 g/kg

0.5 g/kg
0.5 g/kg
0.5 g/kg

*During a higher carbohydrate’s consumption per meal (= 2.0g/kg of weight), sugar or low fiber carbohydrates can be
included.
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Conclusion
Adequate and periodized carbohydrates consumption can offer
adaptations that prevent damage to lipid metabolism after meals,
maintain insulin sensitivity and control the accumulation of visceral
adiposity. In addition to trying mantain the muscle glycogen store
acquired during activities.
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