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Regulation of ‘myogenic’ pathways by 
contraction and nutrient supplementation

Skeletal muscle growth
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Skeletal muscle hypertrophy: 
An increase in the rate of muscle protein synthesis over time

Rate of muscle protein synthesis >  Rate of muscle protein breakdown



Phillips SM. Nutrition 20: 689-695, 2004. 

Rates of skeletal muscle protein synthesis and breakdown 
fluctuate with feeding and fasting across the diurnal cycle



Resistance exercise in combination with protein feeding 
increases rates of MPS and reduces rates of MPB



Persistent and sustained exercise-induced increase in MPS
sensitizes the muscle to (protein) feeding

Burd NA et al. J Appl Physiol 106:1692-701, 2009. 



The ‘leucine trigger’ hypothesis underlying the enhanced 
muscle protein synthesis after ingestion of whey protein



Effect of different pre-exercise AA feeding patterns and 
resistance exercise on rates of protein synthesis



Effect of different amino acid feeding patterns on
plasma leucine concentration

Burke LM et al. Med Sci Sports Exerc 44:1968-77, 2012.



Effect of different amino acid feeding patterns on rates of
mixed muscle protein synthesis during five hours of recovery

Burke LM et al. Med Sci Sports Exerc 44:1968-77, 2012.



“The pattern of protein ingestion in
close proximity to a bout of resistance
exercise altered aminoacidemia and
intracellular signaling but not rates of
muscle protein synthesis post exercise.
Further investigations are needed to
determine how different patterns of
amino acid delivery after resistance
exercise affect the prolonged (up to 12
hr) time-course of anabolic signaling
and impact on subsequent rates of
muscle protein synthesis.”

Burke LM et al. Med Sci Sports Exerc 44:1968-77, 2012.

Effect of different amino acid feeding patterns and exercise
on intracellular signaling and muscle protein synthesis



The timing of nutrient intake is important for
optimising the environment for skeletal muscle growth
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Tracer infusion to determine rates of protein synthesis

Areta JA et al. (Unpublished observations)

The timing and distribution of protein ingestion during 
recovery alters rates of myofibrillar protein synthesis



Areta JA et al. (Unpublished observations)

Timing and distribution of protein ingestion during recovery 
from resistance exercise alters myofibrillar protein synthesis



Maximising the protein synthetic response:
Dose of protein to be ingested after resistance exercise

Moore DM et al. Am J Clin Nutr 89:161-8, 2009. 

Optimal range for MPS



The elite athletic phenotype:
A high muscle mass combined with a low fat mass



Everyone should aim to increase their lean muscle mass
and reduce their fat mass



The synergistic negative effects on health and functional
capacity from obesity and sarcopenia (sarcobesity)

Parr EB et al. Maturitas 74:109-13, 2013.



Ten days of moderate energy restriction 
reduces resting rates of skeletal muscle protein synthesis 

Pasiakos SM et al. J Nutr 140: 745-51, 2010.

Balance Restriction

*

~20% energy restriction

~20% mixed muscle 
fractional synthetic rate



Camera DM et al. J Appl Physiol 113: 206-14, 2012. 

Does low muscle glycogen effect intracellular signalling and 
muscle protein synthesis during recovery from REX



Camera DM et al. J Appl Physiol 113: 206-14, 2012. 

Low muscle glycogen availability does not impair rates of
myofibrillar protein synthesis after resistance exercise



“Commencing strenuous resistance
exercise with low muscle glycogen
availability did not attenuate anabolic
signalling or rates of myofibrillar
protein synthesis compared to when
the same bout was undertaken with
normal glycogen concentration. While
low glycogen availability promotes
the aerobic phenotype, reducing
glycogen concentration neither
promoted nor inhibited the acute
training response after a bout of
resistance exercise.”

Camera DM et al. J Appl Physiol 113: 206-14, 2012. 

Low muscle glycogen concentration does not suppress 
the anabolic response to resistance exercise



Effects of ‘cyclic’ energy restriction on body composition and
muscle protein synthesis in resistance/power-based athletes

N=15 (F=7, M=8)



Effects of cyclic energy restriction on body composition and
muscle protein synthesis in resistance/power-based athletes



Changes in DXA-measured body mass, lean mass and 
fat mass before and after energy restriction 

Areta JA et al. (Unpublished observations)

Body mass Lean mass Fat mass



Energy restriction reduces basal and contraction-stimulated 
MPS but only REX plus 30 g protein rescue this impairment
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Co-ingestion of protein and carbohydrate stimulates 
muscle protein synthesis after resistance exercise

Beelen M et al. Am J Physiol Endocrin Metab 295: E70-E77, 2008.



It’s never too early to start!
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Dietary protein digestion and absorption are impaired 
during acute post-exercise recovery in young men

van Wijck K et al. Am J Physiol Regul Integr Comp Physiol (accepted).

P<0.001



“Resistance-type exercise induces
small intestinal injury in healthy,
young men, causing impairments
in dietary protein digestion and
absorption kinetics during the
acute post-exercise recovery
phase. To the best of our
knowledge, this is first evidence
that shows that exercise attenuates
dietary protein digestion and
absorption kinetics during acute
post-exercise recovery.”

van Wijck K et al. Am J Physiol Regul Integr Comp Physiol (accepted).

Dietary protein digestion and absorption are impaired 
during acute post-exercise recovery in young men
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