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Abstract

Resistance exercise coupled with nutritional influences has been viewed as driving force for dynamic
adaptations of skeletal muscles to hypertrophy. The authors reviewed how muscle repair occurs together
with essential role of nutrition particularly protein, that are interplaying in response to mechanical load
following exercise-induced damage. Adaptations of exerciseinduced muscle will be controlled via
mechanistic target of rapamycin while the nutrition would ensure the processes in muscle regeneration
and cell activation due to the de novo protein synthesis. We examine the effect of resistance exercise
protocols, nutrient timing, protein quality, and overall dietary strategies on maximizing skeletal muscle
growth. These mechanisms would provide valuable insights into effective training and nutritional
strategies for the augmentation of muscle hypertrophy.
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1. Introduction

Skeletal muscle growth, or hypertrophy, is an adaptive process that follows from the juxtaposition of
mechanical stimulation by exercise and adequate nutrient intake. The physiological mechanisms of muscle
hypertrophy are complex, involving signaling pathways that activate muscle satellite cells and regulate
protein synthesis. Resistance training causes muscle damage, which is repaired by the action of satellite
cells, and nutrients, especially proteins, are needed to support the repair process. The relationship between
exercise and nutrition is synergistic, and both factors are necessary for muscle growth.

It is well established that resistance training elicits muscle hypertrophy, primarily through mechanical
tension, muscle damage, and metabolic stress (Schoenfeld, 2010). Nutrition is supportive by providing the
necessary building blocks for protein synthesis. Therefore, the relationship between exercise and nutrition
in relation to the former's potential for inducing muscle growth can help athletes, fitness enthusiasts, and
those who are seeking to optimize muscle growth. This review aims to provide an in-depth understanding
of the mechanisms of skeletal muscle growth and the role of exercise and nutrition in this process.

2. Exercise-Induced Skeletal Muscle Growth:

Resistance training is the most effective form of exercise for stimulating skeletal muscle growth. The
primary mechanisms of muscle hypertrophy include mechanical tension, muscle damage, and metabolic
stress (Schoenfeld, 2010). Mechanical tension develops with the employment of force to the fibers as the
muscle is pulled or stretched, resulting in muscle strain, and finally, in muscle remodeling. It is thus caused
by muscle fiber microtrauma during intense resistance training, which subsequently leads to muscle repair
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through satellite cell activation. Metabolic stress ensues due to the build-up of metabolites like lactate
during exercise.

Some of these mechanical and metabolic stresses evoke several signaling pathways that regulate the
growth of the muscle. One of the key pathways involved is the mTOR pathway, which regulates protein
synthesis and muscle cell growth (Laplante & Sabatini, 2012). Resistance exercise has been shown to
activate the mTOR pathway, leading to an increase in protein synthesis, muscle fiber repair, and
hypertrophy. Additionally, the activation of satellite cells plays a significant role in muscle regeneration
and adaptation to resistance exercise (Kadi, 2004).

3. Contributions of Nutrition to Skeletal Muscle Growth:

Nutrition is one area contributing to the growth of muscles. While exercise triggers the molecular pathways
that contribute to muscle growth, nutrition is important in contributing to the sources that are repaired and
grown in muscle tissues. The two macronutrients contributing to muscle hypertrophy are protein and
carbohydrates (Phillips, 2014).

a. Protein and Muscle Hypertrophy:

Muscle tissues can be built with the help of amino acids, which are the building blocks of proteins. After
a workout, muscle protein breakdown takes place, and muscle protein synthesis increases with nutrient
intake. For maximization of muscle growth, the amount of high-quality protein should be sufficient
enough to stimulate the synthesis of proteins. As it is stated earlier, research found that protein consumed
after exercise maximally stimulates muscle protein synthesis and promotes recovery (Tipton et al., 1999).
b. Carbohydrates and Energy Availability:

Carbohydrates are an important source of energy for muscle contractions during exercise and to replenish
muscle glycogen stores. Carbohydrate intake following exercise replenishes glycogen stores, which may
improve subsequent exercise performance and recovery (lvy, 2004). In addition, post-exercise ingestion
of both protein and carbohydrates has been demonstrated to increase muscle protein synthesis and enhance
recovery (Jentjens & Jeukendrup, 2003).

4. Synergistic Effects of Exercise and Nutrition:

Combination of nutrition and exercise gives rise to a usual synergistic effect thereby increasing muscle
growth to the ultimate limit. Resistance training activates all those molecular pathways involved in muscle
growth while nutrition is needed as a support for muscle repair and regeneration. Nutritional timing-
Certainly in respect to postworkout protein intake-is highly important to optimize muscle hypertrophy
(Phillips 2007). If protein-rich meals are taken at intervals during the day then constantly amino acids are
supplied to protein synthesis to facilitate muscle repair.

Protein Timing and Muscle Growth:

The timing of protein ingestion has been reported to have an important effect on muscle protein synthesis.
Intake of protein immediately after exercise i.e. within 30 minutes to 1 hour increases muscle protein
synthesis compared with delayed protein ingestion (Tipton et al. 2001). Protein consumption at bedtime
has been proven to increase overnight muscle protein synthesis as well (Res et al. 2012).

5. Conclusion
This exercise and nutrition together make a strong combination for optimal skeletal muscle growth.
Resistance exercise activates the molecular signaling pathways that induce muscle hypertrophy, and
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nutrition provides substrates for the repair and regeneration of muscles. The synergistic effect of resistance
training and proper nutrition, especially protein timing, is essential to maximize muscle growth and
improve recovery. By understanding the mechanisms of skeletal muscle growth, individuals can
implement more effective exercise and nutrition strategies to achieve their muscle development goals.
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