
  

 
 

 
 
 
 
 
 
 
 

ABSTRACT 
 

Effects of Successive Periods of Detraining and Retraining in Males with Whey Protein 
or Carbohydrate Supplementation on Body Composition, Muscle Performance, and 

mTOR and ERK 1/2 Intracellular Signaling Responses to Resistance Exercise 
 

Paul S. Hwang, M.S. 
 

Thesis Chairperson: Darryn S. Willoughby, Ph.D. 
 
 

Resistance exercise and nutritional strategies involving carbohydrate (CHO) and 

whey protein (WP) can stimulate muscle protein synthesis (MPS) via the mammalian 

target of rapamycin (mTOR) pathway. Currently, it’s unknown if short-term detraining 

(DT) can restore blunted anabolic responses to induce robust effects during a subsequent 

retraining period. Twenty resistance-trained males were randomized to consume 

25grams/day of WP or CHO. Both groups followed a 4-week weight-training program, 

detrained 2 weeks, and retrained for 4 weeks. Body composition, muscular strength and 

endurance, and MPS markers were measured throughout the study. Leg press strength 

(LPS) increased (p < .05), and both groups retained lean mass and LPS following DT. 

Greater group and time differences for PRO were observed for total protein content. 

Phosphorylation levels of MPS markers exhibited significant group by time interactions, 

with higher levels in the CHO group. It’s concluded that resistance-trained males can 

retain muscle following 2 weeks of DT.  
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CHAPTER ONE 

Introduction 

It is widely established that the process of skeletal muscle protein synthesis 

(MPS) is stimulated following an acute bout of resistance exercise (Bodine et al., 2001; 

Koopman et al., 2006; Ogasawara et al., 2013a). The implementation of resistance 

training carries forth a strong stimulus through which the induction of muscle 

hypertrophy during the post-exercise recovery period allows for adaptive anabolic 

responses following successive bouts of resistance exercise (Bodine et al., 2001; 

Ogasawara et al., 2013b). In response to mechanical overloading of skeletal muscle, it 

has been observed that the regulation of MPS is driven by the intracellular signaling 

pathway known as the PI3K-Akt-mammalian target of rapamycin (mTOR) (Ogasawara 

et. al., 2013a; Sandri, 2008). This signaling pathway is known as a key regulatory factor 

in protein translation initiation that can lead to processes of MPS (Ogasawara et. al., 

2013b; Sandri, 2008; Schiaffino et. al., 2013; Zanchi et. al., 2008). The cumulative 

effects of increased MPS over time may lead to muscular hypertrophic adaptations. 

According to the literature, it is well known that mTOR interacts with many proteins to 

form two distinct multi-protein complexes such as mTOR complex 1 (mTORC1) and 

mTOR complex 2 (mTORC2) (Laplante & Sabatini, 2011; Schiaffino et. al., 2013). 

These two complexes have differences within their protein compositions, sensitivity 

levels to rapamycin, upstream integrative patterns, regulation of substrates, as well as the 

control of biological process (Laplante & Sabatini, 2011; Liu et. al., 2013; Schiaffino et. 

al., 2013). Nevertheless, the contributions from various factors such as mechanical 
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overload stimulation, amino acid levels, and nutritional substrate intake is known to 

induce the regulatory action of these complexes and promote MPS alongside other 

necessary biological functions (Laplante & Sabatini, 2011). Furthermore, studies have 

shown that mechanical stimulation of skeletal muscle leads to the activation of mTOR 

signaling (specifically the mTORC 1 complex), which appears to be sufficient for 

mechanically-induced increases in MPS as well as a concomitant hypertrophic response 

(Bodine et. al., 2001; Goodman et. al., 2011; Jacobs et. al., 2013). In addition, it has 

recently been observed that bouts of resistance exercise can activate the extracellular 

signal-regulated kinase 1/2 (ERK 1/2), which is a mitogen-activating protein kinase 

(MAPK) signaling pathway that functions independent of the PI3K-Akt-mTOR signaling 

cascade (Ogasawara et. al., 2013a/b; Williamson et. al., 2003; Winter et. al., 2010). A 

recent study found that resistance exercise at a moderate to high intensity (65% and 85% 

of 1-RM) prompted significant increases in the phosphorylation activity of signaling 

intermediates within the ERK 1/2 pathway with peak activity observed at 2 hours post-

exercise (Taylor et. al., 2012).  

The presence of resistance training-induced muscle anabolism and concomitant 

hypertrophic adaptations is known to occur rapidly during the early phases of exercise 

training with the attenuation of these responses as time progressed (Ogasawara et. al., 

2013a). These anabolic responses have been known to have an association with changes 

in the phosphorylation statuses of signaling proteins such as mTOR. It is generally agreed 

that the activation of mTOR is based on phosphorylation levels of its upstream signaling 

factors such as phosphatidylinositol 3 kinase (PI3K) as well as Akt (otherwise known as 

phosphatidylinositol regulated protein kinase or PKB) (Ogasawara et. al., 2013a; Zanchi 
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et. al., 2008). Due to mechanical overload conditions, this phosphorylating signaling 

cascade eventually leads to the activation of mTOR as well as its downstream target 

ribosomal protein kinase S6 (p70S6k) and the eukaryotic initiation factor 4-binding 

protein 1 (4E-BP1) leading to increased MPS (Ogasawara et. al., 2013a; Sakamoto et. al., 

2002; Terzis et. al., 2008; Zanchi et. al., 2008). When p70S6k is activated by mTORC1, 

it functions by acting on various substrates such as transcription factors, the downstream 

target ribosomal protein S6 (rpS6), and RNA helicases that are highly involved with 

protein translation initiation and elongation (Deldicque et. al., 2008; Mendoza et. al., 

2011). The phosphorylation of 4E-BP1 leads to events that further promote ribosome 

biogenesis as well as the translation of cell growth and division proteins (Bodine et. al., 

2001; Deldicque et. al., 2008; Mendoza et. al., 2011). Furthermore, the phosphorylation 

of 4E-BP1 inhibits its ability to repress the activity of the eIF4E mRNA cap-binding 

protein, thus allowing for the assembly of the cap-binding complex to begin protein 

translation initiation (Deldicque et. al., 2008; Mendoza et. al., 2011). Therefore, the 

continued phosphorylation of these effector targets within the mTOR signaling pathway 

would be crucial for the implementation of MPS and concurrent hypertrophic responses 

following mechanical stimulation.  

The activated ERK 1/2 pathway phosphorylates cytoplasmic signaling proteins 

such as its effector p90 ribosomal S6 kinase (p90RSK) as well as end-point effector 

transcription factors (Mendoza et. al., 2011; Roux et. al., 2007; Widegren et. al., 2001). 

One recent study has presented information showing that the activation of the Akt and 

ERK 1/2 signaling pathways led to a synergistic parallel pattern through which the 

upregulation of mTORC1 signaling was observed (Winter et. al., 2011). Specifically, this 



 

       
 
4 

 

was seen through the promotion of mTORC1 signaling by the phosphorylation of a 

repressor of mTORC1 activity, which is known as the tuberous sclerosis complex (TSC), 

comprised of TSC1 and TSC2 (Winter et. al., 2011). Another study has shown that the 

mediation of exercise-induced adaptations within skeletal muscle may have an 

association with the ERK 1/2 pathway within the MAPK signaling cascade (Widegren et. 

al., 2001). Thus, further elucidation of the phosphorylated levels of the downstream 

targets within both the PI3k-Akt-mTOR and ERK 1/2 signaling pathways following 

bouts of resistance exercise may shed light on the significance of these pathways towards 

the optimization of MPS. 

Alongside the stimulation of MPS by acute bouts of resistance exercise, amino 

acid and insulin availability are also important factors that play a role in translation 

initiation (Koopman et. al., 2007). The administration of essential amino acids following 

an overnight fast increases the phosphorylation levels of 4E-BP1, mTOR, and p70S6k 

(Koopman et. al., 2007). Furthermore, branched chain amino acids (BCAAs), such as 

leucine, have been shown to present anabolic effects through increases in the 

phosphorylation levels of mTOR, p70S6k, and 4E-BP1 post-exercise following one 

session of quadriceps muscle resistance exercise (Blomstrand et. al., 2006). The ingestion 

of CHO enriched with leucine also induces rapid increases in MPS alongside subsequent 

activation of the mTOR signaling pathway (Fujita et. al., 2008). Additionally, leucine 

ingestion following resistance exercise has been associated with further enhanced 

translation initiation through the activation of mTORC1 and its effectors p70S6K and 4E-

BP1 (Blomstrand et. al., 2006; Karlsson et. al., 2004). mTOR can be activated through 

two separate signaling pathways: an insulin-induced activation of the PI3K-Akt 
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intracellular signaling pathway or an Akt-independent pathway that is stimulated by the 

presence of amino acids, such as leucine (Greiwe et. al., 2001). Thus, the presence of 

amino acids, insulin, and mechanical stimulation is presumed to further amplify the 

activation of mTOR through which MPS can then be implemented. 

Resistance exercise training is known to accelerate muscle anabolic responses 

with increases in myofibrillar protein accumulation due to continual repetition of this 

strong stimulus. However, the dynamic nature of skeletal muscle to respond with 

hypertrophic adaptations is known to decrease with chronically repeated stimulation. 

Thus a reduction in both anabolic responses and rate of MPS can occur with chronic 

continuous training in comparison to the early phases of resistance training (Ogasawara 

et. al., 2013b). One study showed that the relative percent change within the existing 

cross-sectional area (CSA) of the thigh muscles decreased by .06% in the transition from 

the early phases of training (3 months with a 0.11% increase per day) to a long-term 

resistance training cycle (5-6 months with a .05% increase per day) (Wernbom et. al., 

2007). However, the utilization of a short-term cessation of training (otherwise known as 

detraining) caused the muscle anabolic adaptation responses to return to their initial 

levels as the effects of contiguous retraining following this short-term detraining period 

presented comparable results similar to adaptive responses during the early phases of 

training (Ogasawara et. al., 2011).  

Another recent study observed that chronic maximal isometric contraction 

training with rats every other day for 12 and 18 bouts eventually led to a suppression of 

phosphorylation levels of p70S6k, rpS6, and p90RSK (Ogasawara et. al., 2013a). This 

particular study found that these phosphorylation levels were restored following 12 days 
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of detraining without muscle atrophy, which suggests potential recovery of attenuated 

specific anabolic responses following this short-term detraining period. Interestingly, no 

experimental studies to date have investigated the intracellular signaling responses within 

both the mTOR and ERK 1/2 signaling pathways during both detraining and subsequent 

retraining sessions in humans. Therefore, investigations into the adaptive molecular 

anabolic responses during a successive cycle of both detraining and retraining with an 

additional emphasis on amino acid supplementation can further illuminate the importance 

of recovery between exercise cycles for optimal muscle protein synthesis. Furthermore, 

gaining a better comprehensive understanding behind the intracellular signaling 

responses during both detraining and retraining periods can bolster the optimization of 

training cycles for greater potential MPS activity and long-term hypertrophic adaptations.  

 
Purpose of the Study 

 
The purpose of this study was to investigate the effects of a four-week resistance-

training program followed by a successive two-week period of detraining and then a four-

week period of retraining on body composition, muscle performance, and markers of 

MPS and hypertrophy in muscle. The specific aims of the study were three fold and 

attempted to assess the effects of detraining and subsequent retraining on:   

1. Body composition, muscle mass, and muscle strength and endurance.  

2. The levels of total muscle protein content, a marker of muscle hypertrophy. 

3. The phosphorylated levels of p70S6K and ERK 1/2, markers of MPS. 
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Hypotheses 

H1: At baseline, no significant differences in body composition will exist between 

the protein and carbohydrate supplement groups.  

H2: Four weeks of resistance training will result in significant improvements in 

body composition that will not differ between the protein and carbohydrate supplement 

groups.  

H3: Two weeks of detraining will result in significant decreases to the increases 

in the improvements incurred during the previous four-week resistance training program 

relative to body composition that will not differ between the protein and carbohydrate 

supplement groups.  

H4: Four weeks of retraining will result in significant improvements in body 

composition that will not differ between the protein and carbohydrate supplement groups.  

H5: At baseline, no significant differences in muscle performance will exist 

between the protein and carbohydrate supplement groups.  

H6: Four weeks of resistance training will result in significant improvements in 

muscle performance that will not differ between the protein and carbohydrate supplement 

groups.  

H7: Two weeks of detraining will result in significant decreases to the increases 

in the improvements incurred during the previous four-week resistance training program 

relative to muscle performance that will not differ between the protein and carbohydrate 

supplement groups.  

H8: Four weeks of retraining will result in significant improvements in muscle 

performance that will not differ between the protein and carbohydrate supplement groups. 
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H9: At baseline, no significant differences will exist in the phosphorylated content 

of p70S6K between the protein and carbohydrate supplement groups.  

H10: Four weeks of resistance training will result in significant increases in the 

phosphorylated content of p70S6K that will not differ between the protein and 

carbohydrate supplement groups. 

H11:  Two weeks of detraining will result in significant decreases to the increases 

incurred during the previous four-week resistance training program relative to the 

phosphorylated content of p70S6K that will not differ between the protein and 

carbohydrate supplement groups.  

H12: Four weeks of retraining will result in significant increases in the 

phosphorylated content of p70S6K that will not differ between the protein and 

carbohydrate supplement groups. 

H13: At baseline, no significant differences will exist in the phosphorylated 

content of ERK 1/2 between the protein and carbohydrate supplement groups.  

H14: Four weeks of resistance training will result in significant increases in the 

phosphorylated content of ERK 1/2 that will not differ between the protein and 

carbohydrate supplement groups. 

H15: Two weeks of detraining will result in significant decreases to the increases 

incurred during the previous four-week resistance training program relative to the 

phosphorylated content of ERK 1/2 that will not differ between the protein and 

carbohydrate supplement groups.  
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H16: Four weeks of retraining will result in significant increases in the 

phosphorylated content of ERK 1/2 that will not differ between the protein and 

carbohydrate supplement groups. 

H17: At baseline, no significant differences in total protein content will exist 

between the protein and carbohydrate supplement groups.  

H18: Four weeks of resistance training will result in significant increases in total 

protein content that will not differ between the protein and carbohydrate supplement 

groups. 

H19:  Two weeks of detraining will result in significant decreases to the increases 

that incurred during the previous four-week resistance training program relative to total 

protein content that will not differ between the protein and carbohydrate supplement 

groups.  

H20: Four weeks of retraining will result in significant increases in total protein 

content that will not differ between the protein and carbohydrate supplement groups. 

 
Delimitations 

 
1. Twenty apparently healthy males between the ages of 18 to 30 were resistance-

trained [individuals who carried out resistance training for general health and body 

composition purposes (i.e. 3 to 6 days per week for at least 1 year prior to the onset 

of this study), yet did not perform, with consistency, the volume of resistance 

training normally required in order to compete in professional strength or 

bodybuilding competitions or competitive athletic events]. 

2. Participants were recruited from Baylor University and within the surrounding 

Waco, TX area by flyers and online advertisements. 
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3. Participants were excluded from the study if they have consumed any dietary 

supplement (except a multivitamin) or any pharmaceutical that was used as a 

potential ergogenic aid for three months prior to the study. 

4. All participants were considered low risk for cardiovascular disease, with no 

contraindication to exercise as outlined by the American College of Sports 

Medicine (ACSM). 

5. All participants were tested at the Baylor Laboratory for Exercise Science and 

Technology (BLEST), Exercise Nutritional Biochemical Laboratory (EBNL), and 

at the appropriate resistance training gym location under the supervision of the 

investigator or a licensed personal trainer in accordance with Helsinki Code after 

signed university approved informed consent documents.  

 
Limitations 

 
1. Inferences were limited to the time points at which samples are collected. Total 

protein content and phosphorylated levels of signaling proteins were possibly 

affected by time intervals of collection. 

2. Each participant’s difference in inherent circadian rhythm due to sleep schedule and 

additional daily stresses such as workload, oscillating nutritional intake may have 

affected criterion variables as well as the results of the study. 

3. Even with the usage of both a dietary analysis software and the subject’s notation of 

their food intake, the overall dietary intake of each respective subject may have had 

variability, which could affect criterion variables as well as the results of the study.  
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4. The psychological factors surrounding each participant such as the motivation to

finish each workout to the best of their ability may have potentially affected the

results of the training study.

5. The results of this training study may have possibly carried external validity to only

male participants within the age group of 18-30.

Assumptions 

1. All laboratory equipment was functioning properly to produce valid and reliable

measurements. Proper calibration and the use of trained research staff minimized

any potential for error.

2. Participants had put forth maximal effort during the maximal strength testing

session of both upper body and lower body exercises.

3. All participants complied to carry out the respective workouts throughout the study

in accordance with the specific workout program given as well at the intensity level

provided relative to the individual.

4. All participants followed the specific guidelines provided for completion of the

study.

5. All participants maintained their normal dietary habits throughout the study and

logged their nutrition in a dietary log.

6. All participants had taken their respective supplement given by the investigator

everyday throughout the training program.

7. All participants did not miss any of the workouts throughout the training cycle.

8. All participants did not undergo any resistance training and abstained from aerobic

activity during the detraining cycle (2 weeks).
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9. All participants had adequate sleep (approximately 6 to 8 hours) before each of the 

laboratory testing sessions. 

10. Participants accurately and honestly answered all relevant questions regarding 

medical history, supplement/ergogenic aid intake history, and resistance training 

experience. 

 
Definitions 

 
1-repetition maximum: (1-RM) the maximum amount of weight able to be lifted 

for one repetition (Brooks et al., 2005). 

Biomarker: A biological term that is used to characterize and measure the 

presence, progress, or effect of a treatment as well as a variable of interest within an 

organism (Brooks et al., 2005). 

Cofactor: Characterizing an additional inorganic or organic substance that is 

highly necessary for functional enzymatic activity (Brooks et. al., 2005).  

Concentric contraction: Defined as a shortening contraction (Brooks et al., 2005) 

Detraining: In accordance with this thesis, this term refers to the cessation of 

regular fitness related training (primarily resistance training), which can induce partial to 

significant decreases in fitness level and muscle mass (Brooks et. al., 2005) 

Eccentric contraction: Defined as a lengthening contraction (Brooks et al., 2005) 

Hypertrophy: The growth, development and increase in the size of existing 

muscle cells (Brooks et al., 2005).  

Insulin-like growth factor-1 (IGF-1): Also known as somatomedin C, this protein 

is a growth factor/hormone primarily produced by the liver and target tissues. Stimulated 

by growth hormone (GH), this protein binds to the IGF-1 Receptor and can initiate 
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intracellular signaling within the PI3K/Akt/mTOR signaling pathway (Brooks et. al., 

2005).  

Messenger ribonucleic acid (mRNA): Classified as a family of RNA molecules 

synthesized from a DNA template during the process of transcription that is translocated 

to ribosome sites with specific amino acid sequences as a template for protein synthesis   

Muscle Protein Synthesis (MPS): Mechanistic process through which the 

synthesis of muscle protein (anabolism) is greater than the breakdown of muscle fibers 

(catabolism), resulting in an adaptive drive of muscle building activity.  

Resistance-Trained: Individuals who carry out resistance training for general 

health and body composition purposes (i.e. 3 to 6 days per week for at least 1 year prior 

to the onset of this study), yet do not perform, with consistency, the volume of resistance 

training normally required in order to compete in professional strength or bodybuilding 

competitions or competitive athletic events. Trained status also includes the integration of 

aerobic activity or sports (pick up athletic games) for the purpose of not remaining in a 

sedentary state.  

Retraining: Implementation of a training protocol cycle following a period of 

detraining.  

Time under tension: The cumulative time that the muscles are held under tension 

during a resistance exercise session (based upon volume load per set). 

Transcription: Known as the first step of gene expression, in which a particular 

segment of DNA is copied into RNA. 

Transcription factor (TF): Classified as proteins that function to regulate gene 

transcription by binding to specific DNA sequences. 
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Translation: The process in which proteins are created from RNA templates 

within the ribosome.  

Volume load: Known as the amount of work performed during a resistance 

exercise session quantified by multiplying the load (weight) and the number of 

repetitions.  
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CHAPTER TWO 
 

Literature Review 
 
 

Introduction 
 

The implementation of resistance exercise is known to incur the process of 

skeletal MPS, which can carry forth hypertrophic adaptations and subsequent increases in 

muscular strength (Bodine et. al., 2001; Koopman et. al., 2006). The acute resistance 

exercise sessions can instigate a major intracellular stimulus through the PI3K-Akt-

mTOR pathway, which triggers the anabolic response for MPS activity. The investigation 

into the phosphorylated activity within this intracellular signaling pathway through 

downstream effector targets such as p70S6K or 4E-BP1 can assist researchers in 

unraveling the significance behind observed hypertrophic adaptations following 

mechanical overload stimulation (Ogasawara et. al., 2013a; Terzis et. al., 2008). Previous 

investigations into the activity within upstream intermediates of mTOR, (specifically the 

mTORC1 complex), such as ERK 1/2 of the signaling MAPK family following resistance 

exercise, has widened the mysteries behind the intracellular activity of MPS (Taylor et. 

al., 2012; Williamson et. al., 2003). Therefore, the presence of increases in the 

phosphorylation of ERK 1/2 and the downstream targets of mTORC1 may optimize the 

augmentations of MPS activity.  

The bolstered stimulation of MPS can also be observed through increases in 

myofibrillar protein accumulation and transitional changes in MHC protein isoforms, 

which are indicative of muscle hypertrophy. However, the induction of chronic 

mechanical overload has been shown to attenuate both the phosphorylated and total 
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protein content of signaling intermediates within the mTOR pathway (Ogasawara et. al., 

2011; Ogasawara et. al., 2013a). This is suggested through the observed suppression of 

phosphorylation levels in p70S6K, rps6 and p90RSK following chronic maximal 

isometric contractions of 12 or 18 bouts within rats (Ogasawara et. al., 2013a). Due to the 

dynamic and malleable nature of skeletal muscle, chronic repeated stimulations can lead 

to decreases in hypertrophic activity, which would reduce the phosphorylation of 

intermediates and consequently down-regulate MPS activity. However, Ogasawara et al. 

(2013a) has also observed that an acute period of detraining for 12 days within rats has 

recovered the attenuated intracellular adaptive responses back to the initial heightened 

rate of phosphorylation within the signaling proteins during the early bouts of acute 

resistance exercise. Ogasawara et al. (2011) has identified similar responses of repletion 

in the muscle anabolic responses following short-term detraining through which 

subsequent retraining presented comparable rates of phosphorylation to the acute phases 

of resistance training within humans. However, there is still a paucity of studies 

addressing these anabolic responses during both detraining and subsequent retraining 

cycles of resistance exercise within humans.  

Additionally, there have been equivocal findings over the optimal time at which 

to integrate nutrient feeding with respect to resistance exercise. The ingestion of high 

quality protein or a mixture with carbohydrates can provide an additive effect upon 

stimulating MPS and aggrandized hypertrophic adaptations. However, the type, dosage 

and quality of nutrient timing still carry considerable debate within researchers today. 

Nevertheless, there are increases in the acute stimulations of MPS following high quality 

protein intake with essential amino acid supplementation as demonstrated by the 
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heightened activation of intermediates within the mTOR pathway (Blomstrand et. al., 

2006; Karlsson et. al., 2004; Koopman et. al., 2007). The intake of whey protein and 

amino acid supplementation can thus play a role in translation initiation for enhanced 

MPS activity. The strategically administrated dose of carbohydrate close to the exercise 

session can also indirectly assist in bolstering MPS through increases in glycogen 

synthase activity, repletion of muscle glycogen, heightened stimulation of insulin as well 

as the inhibition of protein degradation with respect to net protein turnover.  

Furthermore, an investigation into the intracellular signaling responses during 

periods of resistance training, short-term detraining and subsequent retraining alongside 

strategic nutrient timing of whey protein or carbohydrate supplementation could 

demonstrate practical significance in optimizing both training protocols and benefits from 

nutrient timing, while further comprehending the underlying molecular responses 

attributing to MPS and muscular hypertrophy. Therefore, this literature review will focus 

upon various topics that will help to both build a solid foundation behind concepts 

attributing to the purpose behind this study and provide a comparative analysis from the 

literature to further ratify the practical significance of this study. 

The subsections will be broken down into (1) PI3k/Akt/mTOR Pathway for 

Muscle Protein Synthesis, (2) Phosphorylation of intermediates within the 

PI3k/Akt/mTOR Pathway, (3) MAPK/ERK 1/2 Signal Transduction Pathway, (4) Role of 

Carbohydrates (CHO) on Nutrient Timing: Effects on MPS, (5) Amino Acid and Whey 

Protein Intake on Nutrient Timing: Effects on mTOR Signaling Pathway and MPS, (6) 

Detraining and Retraining Adaptations in Skeletal Muscle, and (7) Conclusion and Future 

Perspectives. 
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PI3k/Akt/mTOR Pathway for Muscle Protein Synthesis 
 

The favorable increase within dynamic muscle is based upon the systematic 

difference between rates of muscle protein synthesis (MPS) and muscle protein 

breakdown (MPB), which would culminate into a positive net protein balance (NPB). 

This continual accruing of the positive NPB would subsequently be translated as adaptive 

increases in skeletal muscle mass. In accordance with this equation, the rate of MPS can 

be elevated by the induction of resistance exercise and proper nutritional strategy. 

Moreover, repeated bouts of resistance exercise in a fed state can eventually lead to 

hypertrophic adaptations through which the overall rate of protein synthesis exceeds the 

rates of protein degradation. It is widely established in the literature that a major 

signaling pathway directly controls this process of MPS, which is known as the 

phosphatidylinositol-3-kinase (PI3K)-protein kinase B (Akt)-mammalian target of 

rapamycin (mTOR) pathway (Figure 1). The activation of the biomarkers within this 

intracellular signaling pathway can positively regulate MPS through additional factors 

such as increased protein synthesis in response to exercise, muscle contractions, load-

induced stretching, elevated insulin levels, as well as the ingestion of specific amino 

acids (Richmond et. al., 2009). Studies with rapamycin, an inhibitor of mTOR, confirmed 

that signaling through the mTOR pathway can have a role in regulating MPS and 

hypertrophic adaptations that are induced by mechanical progressive loads (Bodine et. al., 

2001; Bodine et. al., 2006; Goodman et. al., 2011). Therefore, this mTOR pathway is 

known to function as a major instigator in cell growth regulation, proliferation, ribosomal 

biogenesis and induction of protein synthesis through regulatory means of gene 

transcription and translation through signal transduction (Sarbassov et. al., 2005).   
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mTOR is known to interact with several proteins to form two distinct multi-

protein complexes including mTOR complex 1 (mTORC1) and mTOR complex 2 

(mTORC2). These two complexes both contain mTOR and mLST8 but are different in 

that mTORC1 contains raptor (regulatory-associated protein of mTOR) and mTORC2 

contains rictor (rapamycin-associated protein of mTOR) (Figure 1) (Winter et. al., 2010). 

mTORC1 activity is regulated by the modulation of the tumor suppressor tuberous 

sclerosis complex 1/2 activity (TSC 1/2) (Laplante & Sabatini, 2011; Winter et. al., 

2010). This TSC 1/2 complex negatively regulates mTORC1 activity by converting Rheb 

(Ras homolog enriched in brain) into its inactive GDP-bound state (Jacobs et. al., 2013; 

Laplante & Sabatini, 2011). Rheb is a GTP-binding protein that possesses GTPase 

activity, which is highly regulated by the GTPase activating protein (GAP) TSC2 (Jacobs 

et. al., 2013). Therefore, when Rheb is in its active GTP-bound state, it translocates to 

mTORC1 in order to activate it. Thus, the GTPase activity of Rheb is highly governed by 

the TSC 1/2 (Figure 1) (Winter et. al., 2010). Growth factors, such as insulin or IGF-1, 

are known to repress TSC 1/2 complex activity and allow for the activation of mTORC1 

(Jacobs et. al., 2013).  

Within this intracellular signaling pathway, insulin as well as IGF-1, is known to 

bind to its respective receptor, which then triggers the activation of various kinases such 

as PI3K (Stitt et. al., 2004). The activated PI3K then phosphorylates the membrane 

phospholipid phosphatidylinositol-4,5-biphosphate into phosphatidylinositol-3,4,5-

triphosphate (PIP3), which opens a lipid binding membrane site for Akt (Stitt et. al., 

2004). Akt functions as a critical signaling mediator of cell growth and metabolism 
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within skeletal muscle by phosphorylating the Thr308 and Ser473 residues (Bodine, 

2006; Katta et. al., 2009; Nader, 2005). 

 

 

Figure 1.The comprehensive mTOR pathway, all credits of figure goes to Laplante & 
Sabatini, 2011.  
 
 

Once Akt is phosphorylated in the signal transduction cascade by the kinase PDK-

1, it will then be translocated to the cell membrane where it will phosphorylate and 

inhibit the downstream factor glycogen synthase kinase 3-β (GSK-3β) (Bodine et. al., 

2001, Stitt et. al., 2004). This activated biomarker, GSK-3-β, will then trigger the process 
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of upregulation for MPS (Bodine et. al., 2001). GSK-3-β acts as a repressor of the 

eukaryotic initiation factor 2B (eIF-2B) by lowering its ability to induce ribosome 

cycling, which can repress protein synthesis from initiating (Nader, 2005). Also, Akt can 

activate p70S6K and PHAS-1/4E-BP1 through the phosphorylation of the mTOR 

complex (Bodine et. al., 2001; Bodine, 2006). Akt signaling also has a wider range of 

cellular functions such as the modulation of glycolysis and the regulation of both 

phosphofructokinase activity and gene transcription through the inactivation of the 

FOXOs transcription factors, which function within a signaling cascade pathway 

inducing muscle atrophy (Bodine et. al., 2001; Nader, 2005).  

 The phosphorylation of the biomarker mTOR by Akt may be implemented 

through indirect methods in which activated Akt can lead to the inhibition of TSC2 

(Sandri, 2008). When Akt phosphorylates TSC2 at threonine residue 1462 and both 

serine residue 939/981, it leads into the recruitment of the cytosolic anchoring protein 14-

3-3 towards TSC2, breaking apart the TSC 1/2 complex (Sandri, 2008). This would 

inactivate TSC2’s GAP activity and repress the hydrolysis of Rheb-GTP, allowing 

mTORC1 activity to continue (Sandri, 2008).  Interestingly, it has been observed that the 

activation of mTORC2 can further enhance Akt activity (Sandri, 2008). According to the 

literature, Akt can also phosphorylate proline-rich Akt substrate of 40 kDa (PRAS40), 

which would then translocate away from the Raptor protein located within the mTORC1 

complex (Wang et. al., 2012). PRAS40 functions to prevent Raptor from recruiting the 

downstream effectors of mTORC1 thus repressing their activation (Wang et. al., 2012).  

In contrast, there is also an abundance of studies that have shown acute 

stimulation and activation of mTOR/p70S6K even when Akt was inactivated 
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(Blomstrand et. al., 2006; Eliasson et. al., 2006; Fujita et. al., 2007; Hornberger, 2006; 

Zanchi et. al., 2008). The manipulation in the intensity levels of the mechanical stimuli, 

such as higher intensity stimulation, has shown activated levels of Akt (Dreyer et. al., 

2006; Sakamoto et. al., 2002; Zanchi et. al., 2008). However, in stark contrast, there were 

studies that presented no changes in Akt phosphorylation after high intensity resistance 

training (Coffey et. al., 2006; Eliasson et. al., 2006; Zanchi et. al., 2008). Mascher et al. 

(2007) observed within humans that a reduced level of insulin following bouts of cycling 

sessions was associated with a lesser activation of Akt. This finding may elucidate an 

understanding that growth factors such as IGF-1 or insulin may directly activate Akt 

within the PI3K/Akt/mTOR pathway. Nevertheless, Akt is known as a significant 

mechanistic mediator in which the balance between protein synthesis and degradation 

through downstream signal cascades are implemented and coordinated (Bodine et. al., 

2001; Nader, 2005).  

The activation of mTOR results in the phosphorylation of other downstream 

intermediates such as p70S6K and 4E-BP1 (Bolster et. al., 2004; Zanchi et. al., 2008). 

4E-BP1, otherwise known as eukaryotic initiation factor 4E-binding protein 1 is an 

inhibitor of the mRNA cap-binding protein eIF4E (Bolster et. al., 2004; Deldicque et. al., 

2008; Kubica et. al., 2005; Zanchi et. al., 2008). The phosphorylation of 4E-BP1 induces 

the release of eIF4E and consequently enables the binding with a second initiation factor 

eIF4G (Koopman et. al., 2006; Kubica et. al., 2005; You et. al., 2012). The mTOR-

mediated phosphorylation of 4E-BP1, leading to the recruitment of the eIF4G scaffold 

onto the 5’ strand end of mRNA transcripts, is significant towards the initiation of protein 

synthesis (Koopman et. al., 2006; Liu et. al., 2013; Long et. al., 2005; You et. al., 2012). 
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This multi-protein complex known as the eIF4F complex, functions to assist in the 

binding of mRNA towards the 40S ribosomal subunit (Bolster et. al., 2004; Deldicque et. 

al., 2008). The enhanced assembly of this eIF4F complex is a significant step for the 

promotion of cap-dependent protein initiation to continue (Bodine et. al., 2001; Bolster 

et. al., 2004; Deldicque et. al., 2008).  

The mTOR pathway also activates p70S6K, which then phosphorylates its 

effector ribosomal protein S6 (rpS6) that can assist in the enhancement of the protein 

translation of mRNA (Bolster et. al., 2004; Katta et. al., 2009; Kubica et. al., 2005; 

Zanchi et. al., 2008). The p70S6K signaling pathway is known to play a role in cell 

growth control specifically by allowing a cell to press through the G1 checkpoint 

(Hornberger, 2006). Therefore, the inhibiting signal to this kinase with rapamycin within 

the mTOR pathway would cause a reduction in cell size, thus making this kinase 

significant towards the mediation of muscle hypertrophy (Hornberger, 2006). The 

activation of p70S6K and the subsequent phosphorylation of rpS6 can induce enhanced 

translation of mRNAs containing the 5’ terminal oligopyrimidine tract (5’-TOP) 

(encoding elongation factors as well as ribosomal proteins), thus increasing protein 

translation capacity (Koopman et. al., 2006; Kubica et. al., 2005; Zanchi et. al., 2008). In 

addition, the activation of p70S6K assists in bringing rpS6 in closer proximity towards 

the eIFs (eukaryotic initiation factors) and mRNA (Koopman et. al., 2006). The active 

p70S6K can also target eIF4B at Ser422, which favors its binding onto eIF4A, which 

would further increase the helicase activity of eIF4A and provide an additional stimulus 

for the initiation of protein synthesis to occur (Liu et. al., 2013; You et. al., 2012). The 
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co-expression of eIF4E and p70S6K are also significant by its focus on increasing cell 

size through the modulation of cell growth (Bolster et. al., 2004). 

Interestingly, the ability of mTOR to phosphorylate the downstream targets 

p70S6K and 4E-BP1 may also highly be contingent on the association with the raptor 

protein (Long et. al., 2005). A study observed that the removal of raptor in vitro 

minimized the phosphorylation levels of these downstream targets (Long et. al., 2005). 

Furthermore, the raptor protein may be significant in mediating the binding of the 

substrates 4E-BP1 and p70S6K to the mTORC1 complex (Long et. al., 2005).  

 
Phosphorylation of Intermediates in the PI3K/Akt/mTOR Pathway 

 
A single bout of resistance exercise has been shown to increase the 

phosphorylation levels of mTOR as well as its downstream targets p70S6K and rpS6 

(Deldicque et. al., 2005; Dreyer et. al., 2006; Terzis et. al., 2008; Terzis et. al., 2010). A 

study manipulating different training volumes (1, 3, 5 sets of 6 RM) found that the 

phosphorylation of Akt was not altered in stark contrast to mTOR, which was enhanced 

post-exercise in each respective training volume (Terzis et. al., 2010). They also found 

that the phosphorylation of both p70S6K and rpS6 was elevated with each increase in 

training volume. Burd et al. (2010) also investigated whether anabolic signaling was 

significantly different following 1 or 3 sets of resistance exercise. They observed a 

greater increase in the amplitude and duration of exercise induced MPS at the 3 set group 

specifically through heightened expressions of phosphorylated p70S6k at 5 and 29 hours 

post-exercise (Burd et. al., 2010). Interestingly, Burd et al. (2010) found that 

phosphorylated levels of p90RSK and rpS6 were similar between 1 and 3 sets of 

resistance exercise.  
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Deldicque et. al (2008) explored the effects of resistance exercise on the 

phosphorylation state of proteins at rest, the first 30 seconds after exercise and at 24-hour 

post-exercise analysis within fasted individuals. They observed that the immediate post-

exercise data presented a decrease in the phosphorylation states of Akt/PKB on Thr308 

and Ser473 as well as 4E-BP1 on Thr37/46 (-60 to -90% respectively). However, 

phosphorylated levels of p70S6K, p38, and ERK 1/2 were significantly elevated 

immediately post-exercise (Deldicque et. al., 2008). The final analysis at 24 hours post-

exercise also presented similar results as the observed immediate post-exercise elevations 

on the respective biomarkers. Terzis et al. (2008) observed that the increase in Thr389 

phosphorylation of biomarker p70S6K following a resistance exercise training session 

was highly associated with percentage increases within whole body fat-free mass, 

muscular strength adaptations, and type IIA muscle fiber cross-sectional area (CSA). 

Similarly, Koopman et al. (2006) observed increased phosphorylated activity of p70S6K 

specifically within type II muscle fibers following a single bout of heavy resistance 

exercise. However, during the fasting condition, the phosphorylation status of p70S6K on 

Thr421/Ser424 was not followed by significantly increased activation of rpS6. This 

finding is consistent with other studies presenting evidence of hypertrophic adaptations 

being highly associated with signaling activity in the PI3K/Akt/mTOR pathway.  

Presently, one particular variable that piques continual interest amongst 

researchers includes the investigation into the peak activation levels of signaling proteins. 

Some studies found that the peak activation of p70S6K was seen approximately 3 hours 

post-exercise (Baar & Esser, 1999; Mackenzie et. al., 2009; O’Neil et. al., 2009; Philp et. 

al., 2011). However, many studies have observed that certain signaling proteins of 
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interest have shown even more varied yet prolonged activation levels during a post-

exercise recovery period (Mackenzie et. al., 2009; Ogasawara et. al., 2013a; O’Neil et. 

al., 2009; Philp et. al., 2011). Therefore, it may be necessary to analyze the acute 

resistance exercise-induced anabolic responses within these signaling pathways at various 

time points (some extending beyond 24 hours) to gain a comprehensive understanding of 

the anabolic responses attributing towards the acute stimulation of MPS.  

As mTOR is known to be the primary mediator for the integration of signals 

downstream from Akt towards the regulation of MPS, an implementation of varied 

exercise modalities on the activation of this pathway would warrant further investigation. 

In addition, the up-regulation of insulin, insulin-like growth factor (IGF-1) or amino acid 

availability (leucine) may be highly significant in the activation of this transduction 

cascade for MPS (Figure 2). Since regular resistance exercise can induce an accumulative 

increase in muscle mass and MPS stimulation, an investigation into the mediation of 

these changes by molecular signal transduction is of cardinal importance (Figure 2).  

 
MAPK/ERK 1/2 Signal Transduction Pathway 

 
The extracellular signal-regulated kinase (ERK) is known as a mitogen-activated 

protein kinase (MAPK) signal transduction pathway that is known to play a role in 

exercise signaling (Mendoza et. al., 2011; Sakamoto & Goodyear, 2002; Widegren et. al., 

2001; Williamson et. al., 2003). The MAPK pathway is stimulated by various 

environmental stressors and growth factors, cytokines, hypoxia, mechanical stress, 

changes in intracellular calcium and also function to regulate cell proliferation, 

differentiation, hypertrophy, inflammation, apoptosis, carbohydrate metabolism, and gene 

transcription (Sakamoto & Goodyear, 2002; Widegren et. al., 2001). These MAPK 
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pathways consist of an initial GTPase-regulated kinase (MAPKKK) that function to 

activate an intermediate kinase (MAPKK) that will follow the signal cascade and activate 

an effector kinase (Mendoza et. al., 2011; Sakamoto & Goodyear, 2002). These MAPK 

activated pathways can not just only phosphorylate sarcoplasmic proteins, but also 

translocate to the nucleus where they will function to phosphorylate muscle-specific 

transcription end factors that may have a role in muscle remodeling (Figure 2) (Deldicque 

et. al., 2008).  

Specifically, the ERK/MAPK pathway is known to include the Ras GTPase and 

the protein kinases Raf, MEK and ERK (Figure 2) (Mendoza et. al., 2011; Taylor et. al., 

2012; Williamson et. al., 2003). The Ras protein and the ERK-MAPK pathway can be 

activated by growth factors (insulin, epidermal growth factor, nerve growth factor), 

polypeptide hormones, neurotransmitters, chemokines, as well as phorbol esters, which 

then signal through their respective receptor tyrosine kinases and G protein-coupled 

receptors or by direct activation of protein kinase C (PKC) (Mendoza et. al., 2011; 

Widegren et. al., 2001). The Raf protein is known as a MAPKKK signal protein upstream 

of the ERK 1/2 signaling cascade. Following the activation of a GTP binding protein, Raf 

is able to phosphorylate MEK 1/2 (MAPKKs), which would then lead into the 

phosphorylation of ERK 1/2 (Sakamoto & Goodyear, 2002; Taylor et. al., 2012; 

Widegren et. al., 2001). This activated biomarker will then phosphorylate downstream 

targets such as the p90 ribosomal S6 kinase (p90RSK) as well as the mitogen and stress-

activated kinase 1/2 (MSK 1/2) (Sakamoto & Goodyear, 2002; Widegren et. al., 2001). 

MEK 1/2 activation is important for ERK 1/2 activation to be implemented since the 

MEK 1/2 inhibitor protein, PD-98059, is known to inhibit muscle contract-induced ERK 
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1/2 phosphorylation (Hayashi et. al., 1999; Ryder et. al., 2000; Wojtaszewski et. al., 

2002) as well as its respective effectors p90RSK and MSK1 (Sakamoto & Goodyear, 

2002). Activated p90RSK can phosphorylate various cytoplasmic targets, transcriptional 

regulators as well as the ribosomal subunit S6 (Mendoza et. al., 2011; Williamson et. al., 

2003). This signaling pathway can also activate kinases involved in protein translation 

such as MAPK-interacting kinase 1 (Mnk 1) and its respective downstream biomarker, 

eIF4E (Williamson et. al., 2003). Moreover, in contrast to insulin or IGF-1 (strong 

activators for PI3K/Akt/mTOR pathway), phorbol 12-myristate 13-acetate (PMA) is 

known as a strong activator for the Ras-ERK/MAPK pathway (Mendoza et. al., 2011; 

Winter et. al., 2011).  

 

 

Figure 2.Review of the signaling pathways including the role of insulin and the IGF 
receptors within the PI3K/Akt and Ras/MAPK pathways. All credits of this figure goes to 
Siddle, 2011. 
 
 

Numerous studies examined the activation of ERK 1/2 signaling within rat 

skeletal muscle through many types of manipulated variables such as in vitro contraction, 

muscle overload, and treadmill running (Goodyear et. al., 1996; Nader and Esser, 2001; 
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Hayashi et. al., 1999, Ryder et. al., 2000; Sakamoto & Goodyear, 2002; Wojtaszewski et. 

al., 1999; Wretman et. al., 2000; Wretman et. al., 2001). The induction of exercise has 

presented increased activation of both upstream targets (MEK 1/2, and Raf) and 

downstream biomarkers such as p90RSK and MSK 1/2 (Krook et. al., 2000; Ryder et. al., 

2000; Sakamoto & Goodyear, 2002; Yu et. al., 2001). Also, ERK 1/2 and another 

member of the MAPK family, p38, have been known to be involved in exercise-induced 

signaling within human skeletal muscle (Deldicque et. al., 2008; Long et. al., 2005; 

Mendoza et. al., 2011; Yu et. al., 2001). The ERK 1/2 pathway is known to be involved 

in the differentiation of slow muscle fibers (Williamson et. al., 2003). In addition, studies 

have observed influential activation of the biomarker ERK 1/2 and p38 by resistance 

exercise (Karlsson et. al., 2004; Taylor et. al., 2012).  

It has also been observed that MAPK activity is dependent on the mode and 

intensity of contractions, including the co-activation of p38 and ERK 1/2, which required 

a higher-intensity eccentric contraction session (Wretman et. al., 2001). Williamson et al. 

(2003) observed that knee extensor resistance exercise of 29 contractions at 70% of the 

subject’s 1 RM induced an increase solely in the ERK 1/2 pathway. Deldicque et. al 

(2008) also observed that eccentric-based resistance exercise during the fasting state may 

inhibit the Akt/PKB signaling pathway while eliciting further activation of both the ERK 

1/2 signaling pathway and biomarker p70S6K, which may explicate a potential crosstalk 

between these two pathways. Furthermore, the phosphorylation of p90RSK by serum, 

growth factors as well as oncogenic Ras may be necessary for rpS6 phosphorylation by 

the Ras/ERK 1/2 MAPK signaling pathway (Roux et. al., 2007). The mutation of the 

biomarker rpS6 at the Ser 235/236 residue (site at which p90RSK exclusively 
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phosphorylates rpS6) showed that the phosphorylation at these particular sites allowed 

for the recruitment of a 7-methylguanosine cap complex, through which the Ras/ERK 1/2 

pathway modulated the assembly of this important protein translation pre-initiation 

complex (Roux et. al., 2007). Interestingly, p90RSK1 can also regulate cap-dependent 

mRNA translation by phosphorylating and inactivating TSC2, which is a negative 

regulator of mTOR signaling (Roux et. al., 2007; Winter et. al., 2011; You et. al., 2012).  

It has been suggested that an elevation in levels of phosphorylated ERK 1/2 

immediately following a session of resistance exercise by human subjects can rapidly 

decline over time (Terzis et. al., 2010). Studies have suggested that ERK signaling may 

also be deeply involved with the later phase of anabolic responses following bouts of 

resistance exercise (Ogasawara et. al., 2013b; Taylor et. al., 2012). Nevertheless, a single 

bout of resistance exercise of high intensity (70-80% of 1 RM) is suggested to potentially 

increase the ERK 1/2 activity within 30 minutes post exercise (Creer et. al., 2005; 

Karlsson et. al., 2004; Williamson et. al., 2003). Therefore, ERK 1/2 phosphorylation 

following bouts of exercise is suggested to be generally intensity-dependent with 

complete repletion of signaling activity noted after 60 minutes of exercise (Widegren et. 

al., 2001). However, a recent study found that varying resistance exercise intensities 

(65% and 85% 1 RM) did not present a significant differential response in the activation 

of ERK 1/2  (Taylor et. al., 2012). This study found that peak activation of ERK 1/2 was 

noted at 2 hours post-exercise with prolonged elevated levels up to 6 hours post-exercise.  

 
Role of CHO on Nutrient Timing: Effects on MPS 

 
Nutrient timing is known as the strategic manipulation of nutritional feeding in 

order to maximize the benefits following exercise for optimal performance. Variations in 
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nutrient timing can be exemplified by periodization of nutrients based on the 

amalgamation of both specificity in one’s training goals and the energy demand required 

for peak performance. Strategic intervention of nutrient timing can enhance work 

capacity, improve body composition, delay fatigue, assist in post-exercise recovery as 

well as bolster the anabolic training responses. With relation to the Akt/mTOR pathway’s 

function of up-regulating MPS, it is of cardinal importance to explore concepts regarding 

amino acid availability and smart nutrient ingestion within modalities of exercise for 

positive stimulation of MPS. As mentioned earlier, insulin is known as the model growth 

factor through which the signal transduction pathway can be initiated. Insulin functions 

through the activation of its receptor IRS-1, which can then activate PI3K, and then the 

significant downstream substrate p70S6K (Hornberger, 2006). Therefore, the stimulation 

of cells through the utilization of nutrients like amino acids (leucine) or carbohydrates 

can further assist in the signaling effects towards p70S6k (Hornberger, 2006).  

According to the literature, the sole intake of carbohydrate before, during or after 

resistance exercise may not directly affect the MPS response through the anabolic mTOR 

signaling pathway (Borsheim et al., 2004; Roy et al., 1997; Staples et. al., 2011). 

However, the consumption of CHO close to the resistance exercise session may reduce 

myofibrillar degradation and circulating cortisol, which may indirectly assist with 

increases in MPS and subsequent hypertrophic adaptations (Bird et al., 2006; Tarpenning 

et al., 2001). The strategic intake of CHO within the anabolic window of one hour may 

both promote muscle glycogen synthesis for the repletion of muscle glycogen levels 

within muscle and increase insulin secretion. Hargreaves et al. (2004) suggested that 

strategic CHO ingestion 3 to 4 hours before exercise may increase muscle glycogen and 
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exercise performance. This is possibly due to the increased pre-exercise muscle glycogen, 

which can improve both the maintenance of blood glucose concentration and the 

performance of the exercise (Hargreaves et. al., 2004).  This study conjectured that the 

ingestion of CHO hours before exercise might cause a transient fall within glucose levels 

when exercise begins, but also an increase in CHO oxidation alongside the delay in the 

free fatty acid mobilization. CHO ingestion within an hour of the resistance exercise 

protocol may cause an increase within plasma glucose and insulin concentrations through 

which quickened uptake and oxidation of the blood glucose in the skeletal muscle may 

occur due to the increased pre-CHO ingestion (Hargreaves et. al., 2004). Also, the 

potential positive effects of pre-CHO ingestion may cause stimulatory effects of insulin 

and contractile activity towards muscle glucose uptake, which can also balance the 

catecholamine levels (Hargreaves et. al., 2004). CHO availability prior to an hour of the 

resistance exercise protocol may assist in improving endurance capacity, preventing 

exercise-induced immune system suppression, and consequently raise glycogen stores 

(Ivy & Ferguson, 2010; Zoorob et. al., 2013). 

The concept of nutrient availability and timing of protein combined with 

carbohydrates (CHO) is of constant debate throughout the literature towards recovery and 

MPS. According to the literature, it is known that the majority of the protein synthetic 

response (within the mTOR pathway) is at its peak when amino acids are co-ingested 

with CHO before exercise (Bolster et. al., 2004; Hornberger, 2006). The utilization of 

combined amino acid-CHO ingestion post-exercise is significant for positive adaptations 

and recovery to occur at an optimal rate following the exercised induced catabolic state 

with elevated cortisol levels (Ivy & Ferguson, 2010). Enhancing muscle glycogen storage 



33 

in conjunction with resistance training can aggrandize the process of recovery, induce 

MPS, and increase strength (Coyle et. al., 2012; Ivy & Ferguson, 2010). Barazzoni et al. 

(2012) confirmed an important relationship between amino acids and insulin towards 

MPS by observing that insulin infusion without amino acid replacement was unable to 

stimulate muscle mitochondrial protein synthesis and affect enzymatic activity for ATP 

production. This study found that insulin was able to enhance Akt activity, but have no 

effect on the phosphorylation of the downstream regulators for protein translation within 

this pathway such as mTOR, p70S6K, 4EBP1, and EIF2α (Barazzoni et. al., 2012). This 

study showed that the maintenance of amino acid availability is known to be a limiting 

factor for the activation effect of insulin towards muscle function (Barazzoni et. al., 

2012). Therefore, the elevations of plasma insulin following the co-ingestion of amino 

acids and CHO may provide insight into the need for adequate amino acid supply by 

maintaining the effects of insulin towards MPS and metabolism while monitoring amino 

acid availability status (Barazzoni et. al., 2012). Furthermore, the Akt-mTOR signaling 

pathway seems to mediate this relationship between insulin and amino acids through the 

stimulation of Akt phosphorylation from insulin, which may cause mTOR 

phosphorylation with amino acid availability (such as leucine) (Barazzoni et. al., 2012). 

In conjunction to the mTOR-signaling pathway, the ingestion of CHO 

immediately after exercise is known to shunt the decline in insulin sensitivity, thus 

maximizing the protein hypertrophic synthesis-signaling pathway at an optimal rate (Ivy 

and Ferguson, 2010). Similarly, the goal of elevating plasma levels due to the ingestion 

of amino acids can positively affect MPS due to the amino acid-induced additive effect 

on plasma insulin responses (Coyle et. al., 2012; Zawadzki et. al., 1992). The ingestion of 
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protein post-exercise is known to signal components within the PI3K/Akt/mTOR 

pathway. In addition, the ingestion of CHO causes an increase in blood glucose and 

consequently insulin secretion. This insulin secretion causes the activation of the 

Akt/PKB pathway through which the phosphorylation of Akt can also then cause the 

activation of the mTOR pathway (Ivy and Ferguson, 2010). Howarth et al. (2009) used 

stable isotope methodology and muscle biopsy techniques to find the effect of three 

different CHO or CHO-protein treatments towards the mixed skeletal muscle fractional 

synthetic rate and whole body protein balance after an endurance exercise modality. They 

found that the muscle fractional synthetic rate was higher with a post ingestion of CHO 

and protein compared to CHO alone (Howarth et. al., 2009). Esmarck et al. (2001) also 

found that the administration of a CHO-protein supplement immediately after resistance 

exercise or by a delay of 2 hours within elderly men had substantial differences. They 

found an increase in muscle mass and strength when a CHO and protein supplement was 

co-administered immediately after exercise compared to the smaller increases by a post-

exercise delay of up to 2 hours (Esmarck et. al., 2001). In contrast, Willoughby et al. 

(2007) observed that a combination of resistance exercise and a blended whey 

protein/amino acid supplement was more effective than a carbohydrate placebo 

supplement in raising the stimulus for muscle mass and strength gain. Ferreira et al. 

(2014) investigated the effects of peri-exercise co-ingestion of CHO and BCAA on the 

phosphorylation status of biomarkers within the PI3K/Akt/mTOR pathway following a 

single bout of resistance exercise. This study observed significant increases in 

phosphorylation levels of insulin receptor substrate 1 (IRS-1) in both the CHO and 

CHO+BCAA group in comparison to the placebo (Ferreira et. al., 2014). The 
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investigators noticed that the peri-exercise co-ingestion of CHO+BCAA did not 

significantly augment signaling markers IRS-1, PKB, mTOR and p70S6K in comparison 

to CHO supplementation alone (Ferreira et. al., 2014). Nevertheless, amino acid 

availability alongside adequate CHO intake may be significant towards the repletion 

process of empty glycogen stores following resistance exercise, promote insulin secretion 

and lower circulating cortisol levels for probable enhancement in performance and MPS 

stimulation (Cribb & Hayes, 2006; Bird et al., 2006; Ivy et al., 2002; Roy & Tarnopolsky 

1998; Tarpenning et al., 2001).  

 
Amino Acid and Whey Protein Intake on Nutrient Timing: Effects on MPS 

 
The ingestion of amino acids such as leucine is known to carry anabolic effects on 

skeletal muscle through a rapamycin-sensitive pathway that involves p70S6K and 4E-

BP1 (Greiwe et. al., 2001). Since the rate-limiting step of MPS is translation initiation, 

amino acid availability can stimulate MPS independently by directly activating the 

mTOR complex. Therefore, increasing amino acid availability by feeding through protein 

intake can augment mRNA translation through the alteration of the biomarkers within the 

mTOR signaling cascade than resistance exercise alone (Fujita et. al., 2007; Moore et. al., 

2011). Since the acute post-exercise MPS response can be attributed to positive changes 

noted for hypertrophic adaptations, the implementation of protein feeding during the 

“anabolic window” after resistance exercise may amplify the stimulation of MPS (Biolo 

et al., 1997; Deldicque et al., 2005; Dreyer et al., 2008; Farnfield et al., 2012; Karlsson et 

al., 2004; Moore et. al., 2011; Rennie, 2001). Moore et al. (2011) found that resistance 

exercise with protein ingestion amplified the anabolic signaling response of key proteins 

within the mTOR pathway such as p70S6K and eEF2 as well as MAPK based proteins 
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such as ERK 1/2 and p90RSK for mRNA translation. The phosphorylation of p70S6K 

was elevated up to 5 hours post-exercise with protein ingestion in stark contrast to 

feeding alone (Moore et. al., 2011). In addition, several studies have observed that a 

combination of resistance exercise with dietary amino acids can significantly elevate 

MPS during the post exercise window (Biolo et. al., 1997; Moore et. al., 2011; 

Willoughby et. al., 2007).  

 Studies have found that increases in both the phosphorylation of p70S6K and 4E-

BP1 are noted with protein ingestion alone, which confirms nutrient sensitivity to MPS 

(Cuthbertson et. al., 2006; Fujita et. al., 2007; Greiwe et. al., 2001; Moore et. al., 2011). 

Greiwe et al. (2001) found that the phosphorylation of p70S6K was increased four fold 

following infusion of leucine alone in comparison to an 18-fold elevated level of this 

biomarker within the infusion of both leucine and insulin. These results suggest that 

leucine and insulin may activate p70S6K through distinctively different pathways within 

muscle for MPS (Figure 3) (Greiwe et. al., 2001).  

Resistance exercise combined with the ingestion of branched-chain amino acids 

(BCAAs) such as leucine can induce a robust increase in the phosphorylation of 

biomarkers such as p70S6K, 4E-BP1 and rpS6 (Blomstrand et. al., 2006; Dreyer et. al., 

2008; Fujita et. al., 2007; Glover et. al., 2008; Karlsson et. al., 2004). However, the 

ingestion of BCAA’s following resistance exercise did not show any change in activity 

levels of glycogen synthase kinase 3 (GSK3) in human subjects (Blomstrand et. al., 2006; 

Liu et. al., 2013). The phosphorylation of GSK-3 leads to the phosphorylation and 

inactivation of glycogen synthase, which is a rate-limiting enzyme for skeletal muscle 

glycogen biosynthesis (Liu et. al., 2013). Karlsson et al. (2004) found that BCAA 
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ingestion significantly enhanced p70S6K and rpS6 during the recovery period (1-2 hours) 

after resistance exercise. Interestingly, although exercise increased ERK 1/2 and p38 

MAPK phosphorylation, these biomarkers were suppressed during the recovery period 

with minimal effect following BCAA ingestion (Karlsson et. al., 2004).  

Protein synthesis is an energy consuming process through which the lack in 

availability of amino acids issues forth cellular responses to conserve energy. During the 

process of protein translation elongation, up to four ATP equivalents are utilized for each 

amino acid added towards the growing peptide chain (Browne & Proud, 2002). So, the 

availability of amino acids raises the cell’s rate of protein translation to drive the cellular 

growth response (Deldicque et. al., 2005). Amino acids may activate mTOR through the 

insulin-signaling pathway in accordance to the stimulation of the PI3K/Akt/mTOR 

pathway (Figure 3) (Deldicque et. al., 2005).  However, according to the literature, it is 

suggested that the mechanisms involved with amino acid regulation towards MPS may 

not require the activation of Akt (Jefferson & Kimball, 2003).  

The presence of amino acids may also help facilitate the dissociation of the TSC 

1/2 complex from mTOR, which may further raise its activity level (Deldicque et. al., 

2005). In addition, amino acid feeding may also induce increases with Akt 

phosphorylation, through which this response may be insulin mediated (Glover et. al., 

2008). Similarly, supplementation of free amino acids and protein may result in an 

increase in IGF-1 through which the hypertrophic adaptations of skeletal muscle to 

resistance training can be prolonged due to the upstream regulation of the mTOR 

pathway by IGF-1 (Glover et. al., 2008; Willoughby et. al., 2007). According to the 

literature, there was also some evidence showing that amino acids such as leucine may 
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work through a class 3 PI3K receptor (known as hVps34), which may represent another 

point of convergence for mTOR activation in contrast to the well established 

PI3K/Akt/mTOR pathway (Dreyer et. al., 2008). 

 

 

Figure 3. Comprehensive molecular signaling pathway activity and regulation of protein 
synthesis by amino acids and insulin. All credits of this figure goes to Suryawan & Davis, 
2011. 
 
 

Furthermore, essential amino acids such as leucine can up-regulate the activity of 

mTOR as well as its downstream effectors p70S6K and 4E-BP1 in order to maximize 

intracellular anabolic responses within skeletal muscle. However, the exact mechanism 

behind how amino acid supplementation affects mTOR-signaling regulation for optimal 
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MPS is still currently under considerable debate. According to the literature, 

supplementation of BCAAs, such as leucine, has been shown to augment the activation of 

mTOR, its downstream target p70S6K, the phosphorylation of residue Ser-1011 within 

IRS-1 and a decrease in insulin-induced PI3K activity in the skeletal muscle of humans 

(Tremblay et. al., 2005). It is also known that amino acids may mediate mTORC1 

signaling through the association with the Rag GTPases, which function to bind the 

raptor subunit of mTORC1 in an amino acid stimulated manner to further promote 

mTORC1 interaction with activated Rheb-GTP (Oshiro et. al., 2014). The Rag GTPases 

(novel family of four small GTPases, A-D) are known as constitutive heterodimers 

through which depletion of any Rag heterodimer can inhibit mTORC1 signaling (Oshiro 

et. al., 2014). Furthermore, evidence seems to show that amino acid ingestion can also 

mechanistically promote the binding of raptor to the Rag heterodimer and assist in the 

translocation of mTORC1 towards Rheb, through which this association can augment 

mTORC1 signaling (Oshiro et. al., 2014). Nevertheless, the exact mechanisms in which 

amino acids mediate Rag function with regards to raptor/mTORC1 signaling necessitate 

further elucidation.  

Based on the significance of amino acid availability towards the amplification of 

MPS stimulation, nutrient timing with high quality protein (such as whey) close to 

resistance exercise may promote greater molecular activity in the mTOR pathway. Whey 

protein is known to contain the highest percentage of leucine content (9%), which are fast 

digesting and able to promote robust hyperaminoacidemia for maximal MPS in contrast 

to other types of dietary proteins (Miller et al., 2003; Tarpenning et al., 2001). The 

consumption of whey protein isolate immediately after resistance exercise led to 
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increases in mTOR activity within both young and old subjects following 12 weeks of 

resistance training (Farnfield et al., 2012). Hulmi et al. (2009) observed that strategic 

ingestion of whey protein before and after a bout of resistance exercise increased acute 

p70S6K activity and inhibited decreases in 4E-BP1 phosphorylation. However, the 

anabolic window for protein consumption is equivocal due to data suggesting that other 

time points of nutrient timing may still bolster resistance exercise-induced MPS (Tipton, 

2007; Witard et al., 2009). Nevertheless, the consumption of protein with high leucine 

content close to the resistance exercise session is suggested to promote an additive effect 

on translation initiation of MPS alongside mechanical-induced anabolic signaling 

activity. 

 
Detraining and Retraining Adaptations in Skeletal Muscle 

 
Resistance training is a strong stimulus for inducing muscle hypertrophic 

adaptations, however, this exercise-induced muscle anabolism and concomitant 

hypertrophy is known to occur rapidly during the early phases of resistance training. 

However, chronic stages of resistance training with continual muscle contraction may 

start to attenuate the hypertrophic adaptations (Coffey et. al., 2006; Ogasawara et. al., 

2013b; Wernbom et. al., 2007). It is widely known that cessation of regular physical 

training can potentially reduce athletic performance and invoke progressive atrophy 

(Mujika & Padilla, 2000). Various outside variables such as illness, injury and a lack of 

proper recovery between bouts of resistance exercise can further welcome the state of 

detraining. With regards to detraining, short-term reductions in training with proper 

tapering strategies may assist in eliminating negative consequences associated with 

chronic training while maintaining the positively gained physiological adaptations 
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(Henwood & Taaffe, 2008; Mujika & Padilla, 2000). Detraining is defined as the “partial 

or complete loss of training-induced anatomical, physiological, and performance 

adaptations as a consequence of training reduction or cessation” (Mujika & Padilla, 

2000). A period of short-term detraining may potentially assist in maintaining the 

anabolic response and removing potential negative consequences accrued with chronic 

continual training periods. Presently, there seems to be a relatively low number of studies 

in the literature that have explored the intracellular signaling responses associated with 

MPS and periods of detraining within human skeletal muscle (Ogasawara et. al., 2013a). 

Therefore, future studies examining the molecular anabolic responses within a successive 

cycle incorporating short-term detraining may be significant towards gaining a wider 

comprehensive understanding of optimal periodization training.  

Also, a reduction in both anabolic responses and rate of MPS may occur 

following chronic continuous training in comparison to the early phases of resistance 

training (Ogasawara et. al., 2013a/b). The maintenance of physiological adaptations may 

be attained if proper cycling of short-term detraining is implemented. Wernbom et al. 

(2007) observed that the relative percent change within the existing cross-sectional area 

(CSA) of the thigh muscles decreased by .06% within the transition from the early phases 

of training (3 months with a 0.11% increase per day) to a long-term resistance training 

cycle (5-6 months with a .05% increase per day). However, a short-term period of 

detraining caused the muscle anabolic adaptation responses to return to their initial levels 

as contiguous retraining following short-term detraining presented results similar to the 

higher adaptive responses during the early phases of training (Ogasawara et. al., 2011). A 

study observed that chronic maximal isometric contraction training within rats eventually 
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led to a suppression of phosphorylation levels of p70s6k, rpS6, and p90RSK (Ogasawara 

et. al., 2013a). Investigators found that these phosphorylation levels were restored 

following 12 days of detraining without significant muscle atrophy, which suggests 

potential recovery of attenuated specific anabolic responses following a short-term 

detraining period.  

Tokmakidis et al. (2009) observed that even if there were significant decreases in 

strength and muscle mass following a short period of detraining (12 weeks), older adults 

who carried out a 12 week training program of moderate to high intensity were able to 

still retain a higher level of maximum knee extension, flexion strength and CSA of the 

active muscles in comparison to pre-training levels. Leger et. al. (2006) also found that 

muscle adaptations following 8 weeks of hypertrophic resistance training and atrophy-

stimulated detraining still allowed half of the training-induced muscle hypertrophic 

adaptations to remain even after the detraining session. Lovell et al. (2010) found that 

strength gains alongside maximum force and rate of force development (RFD) within 

sedentary yet healthy older men were decreased following 4 weeks of detraining, 

however, these values remained significantly higher than the pre-training levels (strength 

training, maximum force) besides the RFD. They also noted that the short period of 

detraining (4 weeks) still reduced neuromuscular variables, maximum force production, 

and strength gains significantly in comparison to the 16-week training cycle of resistance 

exercise. Ogasawara et al. (2013b) observed similar improvements in muscle cross-

sectional area and strength in bench press exercise training between a periodic resistance 

training group (PTR) (3 cycles of 6 week training and 3 week detraining) and a 

continuous resistance training group (CTR) (train over 24 week period). Interestingly, the 
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PTR group had significantly higher increases in muscle CSA and strength during the 

second full 3-week detraining/6 week training cycle compared to the same time period of 

the CTR group. This finding may suggest attenuations in the rate of strength and 

hypertrophy over chronic training periods. Furthermore, the relative improvements in the 

rate of muscle CSA and strength within the PTR group may suggest benefits of detraining 

and re-sensitization of signaling proteins for positive strength and hypertrophic 

adaptations. With respect to the aforementioned studies associated with augmentation or 

maintenance of hypertrophic adaptations in resistance training following periods of 

detraining, the degree of detraining-induced muscle atrophy necessitates further research.  

It is known that trained individuals with a prior history of resistance training can 

regain force quickly through periods of retraining, which has been associated with the 

term “muscle memory” (Bruusgaard et. al., 2010; Staron et. al., 1991; Taaffe & Marcus, 

1997). These prolonged effects may be associated with the motor learning represented 

within the central nervous system. Smith et al. (2003) observed that elderly individuals 

with previous resistance training experience still retained hypertrophic adaptations with 

force that was 9-14% higher following two years of detraining. In addition, Staron et al. 

(1991) found that following 30 to 32 weeks of detraining, a group of women were able to 

regain the strength of a prior 20-week training program with 6 weeks of retraining. In 

contrast, Henwood & Taaffe (2008) observed that older adults (65-84 years) who entered 

into a 24 weeks detraining period with subsequent 24 weeks of retraining did not gain 

significantly higher values for muscle strength, power, and movement velocity compared 

to the pretraining values. However, it is wise to note that relative gains in muscle function 

and functional performance were preserved during the sessions of detraining in contrast 
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to the modest loss in muscle strength and power (Henwood & Taaffe, 2008). 

Interestingly, this study states that an exercise prescription of high-intensity resistance 

exercise with a strength or power training protocol towards older adults prior to a cycle of 

detraining may significantly assist in augmenting and maintaining physical function. All 

of these studies show how the central nervous system activity and physiological 

adaptations gained with retraining sessions can assist in regaining atrophied muscle or 

lost force production due to detraining. However, to our knowledge, no experimental 

studies at present have investigated the intracellular signaling responses within the 

mTOR-signaling pathway during both detraining and subsequent retraining sessions.  

 
Conclusion and Future Perspectives 

 
With respect to the significance behind maximizing MPS, further investigation 

into the intracellular signaling responses alongside the muscular hypertrophic adaptations 

within periods of detraining and subsequent retraining may shed light upon the sensitivity 

of muscles to training stimuli. Furthermore, future studies into the muscle adaptation 

responses comparing detraining and retraining sessions can assist in creating cycles of 

optimal training for athletes and the general population with respect to the balance 

between hypertrophy and atrophy. In summary, the implementation of a short detraining 

cycle followed by a subsequent retraining period may assist in re-sensitizing crucial 

signaling proteins within the mTOR pathway through which muscle mass can be 

maintained as the process of MPS can effectively continue.  
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CHAPTER THREE 
 

Methods 
 
 

Experimental Approach 
 

In a randomized, double-blind, experimental design, participants visited the 

laboratory on 5 separate occasions in the following manner: visit 1 = entry/familiarization 

session, visit 2 = baseline testing/supplement distribution, visit 3 = testing protocol 

following 4-week resistance training session, visit 4 = testing protocol following 2-week 

detraining session, visit 5 = testing protocol following 4-week retraining session. Relative 

to the testing sessions (visits 2 through 5), participants performed a resistance exercise 

session involving the angled leg press, and bench press exercises in order to collect 

measurements on muscular strength and muscular endurance throughout this training 

study (Figure 4). Each session involved the gathering of data for the analysis of muscular 

strength, muscular endurance, body composition, and markers of both muscle 

hypertrophy and muscle protein synthesis. This experimental approach was based on the 

premise that since resistance exercise is known to increase muscle protein synthesis, the 

proposed experimental model would allow for the determination of whether a cycle of 

detraining and retraining would significantly affect the molecular adaptive response from 

the chronic resistance training stimuli (4 weeks) with whey protein or carbohydrate 

supplementation.  
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Figure 4. An illustration of the experimental protocol for the testing sessions in the lab 
during visits 2-5. Lab session protocol was noted in the box above that was implemented 
each respective lab session or visit. Study utilized 20 randomly selected participants in 2 
groups (whey and carbohydrate supplement) that trained for each respective cycle of 
study for a frequency of 4 days a week as shown in figure. Each visit was associated with 
the particular week of the total 10-week training study. Note: UB = Upper Body; LB = 
Lower Body 
 
 

Participants 
 

Twenty apparently healthy, resistance-trained [regular, consistent resistance 

training (i.e. thrice weekly) for at least 1 year prior to the onset of the study], men 

between the ages of 18 and 30 volunteered to serve as participants in this study. 

Enrollment was open to men of all ethnicities. Only participants considered as low risk 

for cardiovascular disease and with no contraindications to exercise as outlined by the 

American College of Sports Medicine (ACSM), and who have not consumed any 

nutritional supplements (excluding multi-vitamins) one month prior to the study was 

allowed to participate. All eligible participants signed university-approved informed 



47 

consent documents and approval was granted by the Institutional Review Board for 

Human Subjects. Additionally, all experimental procedures involved in the study 

conformed to the ethical consideration of the Helsinki Code. 

Study Site 

All supervised testing and supplement assignment was conducted in the 

Resistance Training and Assessment Laboratory (RTAL) at Baylor University. All 

sample analyses were completed in the Exercise and Biochemical Nutrition Laboratory 

(EBNL) at Baylor University. 

Independent and Dependent Variables 

The independent variable was the resistance training/supplementation protocol 

(carbohydrate, whey protein). Dependent variables included those involving body 

composition (fat mass, fat-free mass, thigh volume and mass), markers of MPS in skeletal 

muscle (phosphorylated p70S6k and phosphorylated ERK 1/2) and total muscle protein 

content.   

Entry and Familiarization Session 

Participants expressing interest in participating in this study was interviewed on 

the phone or through e-mail to determine whether they appeared to qualify to participate 

in this study. Participants believed to meet eligibility criteria were invited to attend an 

entry/familiarization session. Once reporting to the laboratory, participants were 

familiarized to the study protocol via a verbal and written explanation outlining the study 

design and then read and signed a university-approved informed consent document. 

Participants then completed a medical history questionnaire and underwent a general 
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physical examination to determine whether they further met eligibility criteria. At the 

conclusion of the familiarization session, participants were given an appointment in 

which to attend their first testing session. In addition, each participant was instructed to 

refrain from exercise for 24 hours prior to each testing session, eat a light breakfast two 

hours prior to reporting for each testing session, and record their dietary intake for four 

days (including the light breakfast the morning of testing) prior to each of the four testing 

sessions involved in the study. They were also informed that when they report to the 

laboratory for their testing sessions (visits 2-5), they would undergo assessments for body 

composition and muscle strength assessments for the upper- and lower-body, and then 

perform a lower-body resistance exercise protocol involving the angled leg press and 

knee extension exercises, respectively. 

 
Dietary Analysis 

 
Participants were required to record their dietary intake for four days prior to each 

of the four testing sessions. The participants’ diets were not standardized and participants 

were asked not to change their dietary habits during the course of the study. The dietary 

recalls were evaluated with the Food Processor dietary assessment software program 

(ESHA Research, Salem, OR) to determine the average daily macronutrient consumption 

of fat, carbohydrate, and protein in the diet for the duration of the study.  

 
Muscle Biopsies 

 
 Percutaneous muscle biopsies (~30 mg) were obtained from the middle portion of 

the vastus lateralis muscle of the dominant leg at the midpoint between the patella and the 

greater trochanter of the femur at a depth between 1 and 2 cm. After the initial biopsy, the 
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remaining biopsies attempts were made to extract tissue from approximately the same 

location as the initial biopsy by using the pre-biopsy scar, depth markings on the needle, 

and a successive incision that was made approximately 0.5 cm to the former from medial 

to lateral. After removal, adipose tissue was trimmed from the muscle specimens and was 

immediately frozen in liquid nitrogen and subsequently stored at -80°C for later analysis. 

Two muscle samples were obtained at visit 2 and one muscle sample was obtained at 

visits 3-5, for a total of 5 muscle biopsies performed during the course of the study. 

 
Body Composition Testing 

 
 At each of the four testing sessions, total body mass (kg) was determined on a 

standard dual beam balance scale (Detecto). Total body water was determined with 

bioelectrical impedance [(BIA) Tanita SC-331S]. Fat mass and fat-free mass was 

determined using a calibrated Hologic 4500W dual-energy x-ray absorptiometry 

(DEXA). The DEXA segmented regions of the body (right arm, left arm, trunk, right leg, 

and left leg) into three compartments. 

 
Assessments of Upper-Leg Muscle Mass 

 
 An assessment of upper-leg muscle mass involved determining the rectus femoris 

cross-sectional area (CSA) and circumference (cm) using ultrasonography (Sonosite M-

Turbo, Milwaukee, WI, USA) based on previously-established guidelines (Bemben, 

2002; Menon et al., 2012). Scanning was performed in the supine position with a rolled-

up towel placed in the popliteal fossa to relax the upper-thigh. The scanning site was 

identified as the mid-point of the distance from the greater trochanter to the knee joint 

line. A 13.5 MHz linear array transducer was placed perpendicular to the long axis of the 
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thigh to obtain a frozen real-time cross-sectional image of the rectus femoris muscle in 

order to determine CSA and circumference. 

 
Muscle Strength and Endurance Assessments 

 
 In order to determine muscular strength at each of the four testing sessions, 

participants performed one-repetition maximum (1-RM) tests in accordance with the 

NSCA recommendations on the angled leg press and bench press exercises. Participants 

warmed up by completing 5 to 10 repetitions at approximately 50% of the estimated 1-

RM. The participant rested for 1 minute, and then completed 3 to 5 repetitions at 

approximately 70% of the estimated 1-RM. The weight was increased conservatively, 

and the participant then attempted to lift the weight for one repetition. If the lift was 

successful, the participant rested for 2 minutes before attempting the next weight 

increment. This procedure was continued until the participant failed to complete the lift.  

The 1-RM was recorded as the maximum weight that the participant was able to lift for 

one repetition. In order to assess muscle endurance, using the bench press and angled leg 

press exercises, participants performed as many repetitions as possible with %75 of their 

1-RM (Spillane et. al., 2012). 

 
Resistance Exercise Protocol 

 
During each of the four testing sessions at visits 2-5 following strength and 

endurance assessments, participants performed 4 sets of 8-10 repetitions with 75% of the 

1-RM on the angled leg press and knee extension exercises, respectively. If muscle 

fatigue/failure occurred during a set, study personnel provided assistance until the 
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participant completed the remaining repetitions and resistance was then reduced for 

subsequent sets. In all cases, 2 minutes of rest occurred between sets and exercises.  

Resistance Training and Retraining Protocol 

Based on our previous studies (Willoughby et al., 2014; Willoughby & Leutholtz, 

2013), participants completed a periodized 28-day resistance-training program split into 2 

upper-extremity and 2 lower-extremity exercise sessions each week. This constituted a 

total of 16 exercise sessions, with 8 upper-body and 8 lower-body exercise sessions. Each 

exercise session was supervised by study personnel, and prior to each exercise session 

participants performed a standardized series of stretching exercises. The participants then 

performed an upper-extremity resistance-training program consisting of 9 exercises 

(bench press, lat pull-down, shoulder press, seated rows, shoulder shrugs, chest flies, 

biceps curls, triceps press downs, and abdominal curls) twice per week and also a 

program consisting of 7 lower-extremity exercises (leg press or squat, back extensions, 

step ups, leg curls, leg extensions, heel raises, and abdominal crunches) twice per 

week. Participants performed three sets of 10 repetitions at 75% 1-RM.  Rest periods 

were 2 minutes between exercises and between sets.  

Volume Load 

Volume load (weight x sets x reps) was set to three sets of 10 repetitions at 70% 

of 1-RM for the workout sessions throughout the resistance-training program. Volume 

load was recorded for each exercise in both upper body (UB) and lower body (LB) 

workouts in both groups.  
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Detraining Protocol 
 
 Immediately following the 28-day resistance training period, and immediately 

prior to the 28-day retraining period, a 14-day detraining period occurred in which all 

participants engaged in no formal resistance training or structured physical activity. 

 
Nutrient Supplementation Protocol 

 
 Throughout the duration of the resistance training, detraining, and retraining 

protocol, in a randomized, doubled-blind fashion participants were assigned to either a 

CHO or whey protein group. Immediately following each resistance exercise session, 

either 25 grams of maltodextrin carbohydrate supplement (Pure Karbolyn, Pro 

Supplements, Inc., Allen, TX) or 25 grams of whey protein (PS Whey, Pro Supplements, 

Inc., Allen, TX) was orally ingested.  Neither supplement was ingested on non-exercise 

days.  

 However, during the 14-day detraining period, the 25 grams of each respective 

supplement was ingested every day in the morning upon waking. Each participant was 

provided with enough of their respective supplement for the entire duration of the study. 

A plastic scoop was provided with each supplement that, when completely filled with 

supplement powder, yielded 25 grams. One scoop of supplement was mixed with 12 

ounces of water and orally ingested. Participants were required to complete a daily 

supplement compliance questionnaire to assist them in their compliance, which would 

also assist research personnel in establishing compliance to the supplementation protocol 

throughout the course of the study.  
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Table 1 

Study Design Overview of Lab Sessions  

Familiarization Entry 
Session (Visit 1) 

Testing Session (Visit 2) Testing Session (Visit 3-5) 

1. Explanation of Research Study
Procedure 

1. Collection of Dietary Intake
Forms 

1. Collection of Dietary Intake
Forms 

2. Informed Consent Document
Signed 

2. Body Composition
Measurements  

2. Analyze Workout Log Forms
for Training Cycle 

3. Medical History Questionnaire 3. Assessment of Upper-Leg
Muscle Mass 

3. Body Composition
Measurements 

4. General Physical Examination
for Eligibility Criteria 

4. Absolute Baseline Muscle
Biopsy 

4. Assessment of Upper-Leg
Muscle Mass 

5. Appointment Set-Up for First
Testing Session (Visit 2) 

5. Max 1RM Bench Press and
Endurance Session 

5. Max 1RM Bench Press and
Endurance Session 

6. Max 1RM Angled Leg Press
and Endurance Session 

6. Max 1RM Angled Leg Press
and Endurance Session 

7. Resistance Exercise Workout 7. Resistance Exercise Workout

8. 1 Hour Post Exercise Muscle
Biopsy 

8. 1 Hour Post Exercise Muscle
Biopsy 

9. Distribution of Nutritional
Supplement and Workout Log 
Forms 

Skeletal Muscle Cellular Extraction 

Based on our previous approach (Shelmadine et al 2009; Spillane et al. 2011), 

approximately 20 mg of each muscle sample was weighed and subsequently 

homogenized using a commercial cell extraction buffer (Biosource, Camarillo, CA) and a 

tissue homogenizer. The cell extraction buffer was supplemented with 1mM 

phenylmethanesulphonylfluoride (PMSF) and a protease inhibitor cocktail (Sigma 

Chemical Company, St. Louis, MO) with broad specificity for the inhibition of serine, 

cysteine, and metallo-proteases.   
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Assessment of Skeletal Muscle p70S6k and ERK 1/2 Signaling Proteins 
 
  From the muscle tissue samples obtained at the four testing sessions, the 

phosphorylated levels of p70S6k, and ERK 1/2 was determined by commercially-

available phospho-protein ELISA kits (Active Motif, Carlsbad, CA). All samples were 

run in duplicate and the assays were performed at 450 nm wavelength with a microplate 

reader (iMark, Bio-Rad, Hercules, CA). Protein concentrations were determined using 

data reduction software (Microplate Manager, Bio-Rad, Hercules, CA), and the final 

concentration expressed relative to muscle total protein content. 

 
Assessment of Skeletal Muscle Total Protein Content 

 
 From the muscle tissue sample obtained at the four testing sessions, myofibrillar 

protein was further isolated from the skeletal muscle cellular extracts with the protein 

content being determined spectrophotometrically based on the DC protein assay method 

at a wavelength of 750 nm (Bio-Rad Hercules, CA, USA). The protein assay is a 

colorimetric assay for protein concentration following detergent solubilization. The assay 

is based upon the Lowry assay (Lowry, Rosebrough, Farr, & Randall, 1951) in which the 

reaction reaches 90% of the maximal color development within 15 minutes. The reaction 

of protein with an alkaline copper tartrate solution (Reagent A) and a Folin reagent 

(Reagent B) produces a blue color. The color development is primarily due to the amino 

acids tyrosine and tryptophan, in addition to cystine, cysteine, and histidine. The 

microplate assay protocol was utilized in order determine the protein concentration for 

skeletal muscle. DC protein reagent S (20 µl) was added to each ml of reagent A making 

working reagent A. Standards and samples (5 µl) were pipetted into a dry microtiter 

plate. Reagent A (25 µl) was then added into each well, followed by reagent B (200 µl). 
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The plate was allowed to mix for five seconds. Any bubbles that formed were removed 

with a clean, dry pipet tip. After 15 minutes, the absorbances were read at 750 nm. A 

standard curve was generated using bovine serum albumin (Bio-Rad, Hercules, CA, 

USA), and based on our previous approach; myofibrillar protein content was expressed 

relative to muscle wet-weight (Shelmadine et al., 2009; Spillane et al., 2001). 

Statistical Analyses 

An independent t-test was performed to determine significant differences in the 

overall training volume between groups. Moreover, statistical analyses were also 

performed by utilizing separate 2 x 4 [Group (placebo, whey protein) x Test (pre-training, 

post-training, post-detraining, post-retraining)] factorial analyses of variance (ANOVA) 

with repeated measures for all other variables of interest.  Further analysis of the main 

effects was performed by separate one-way ANOVAs. Significant between-group 

differences were then determined involving the Tukey’s Post Hoc Test. An a-priori 

power calculation showed that 10 participants per group was adequate to detect a 

significant difference between groups in the marker of muscle strength in response to 

resistance training, given a type I error rate of 0.05 and a power of 0.80.  The index of 

effect size utilized was partial Eta squared (η2), which estimated the proportion of 

variance in the dependent variable that would be explained by the independent variable. 

Partial Eta squared effect sizes were determined to be: weak = 0.17, medium = 0.24, 

strong = 0.51, very strong = 0.70 (O'Connor K, Stip E, Pelissier M, Aardema F, Guay S, 

Gaudette G., Van Haaster I,  Robillard S,  Grenier S, Careau Y, Doucet P, Leblanc V. 

Treating delusional disorder: a comparison of cognitive-behavioural therapy and attention 

placebo control. Can J Psychiatry 2007; 52:182-90). All statistical procedures were 
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performed using SPSS 20.0 software (Chicago, IL) and a probability level of ≤ 0.05 was  

adopted throughout. All data are presented as mean ± standard deviation (SD).  
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CHAPTER FOUR 

Results 

Anthropometric Baseline Data 

The baseline anthropometric and muscle performance data describing the 20 

participants who completed the study were expressed in Table 2 and 3. During the course 

of the study, 3 participants were dropped from the study due to compliance conflicts.  

Table 2 

Participant Baseline Characteristics (n=20) 

Participant Baseline Characteristics Mean Values ± SD 

Age (years) 20.95 ± 1.23 

Height (in) 70.25 ± 2.62 

Body Weight (kg) 79.21 ± 9.22 

Total Body Water (kg) 48.13 ± 3.15 

Lean Mass (kg) 58.53 ± 5.25 

Fat Mass (kg) 11.60 ± 5.68 

Leg Press 1-RM (kg) 326.47 ± 62.33 

Leg Press Endurance @ 75%1RM (Reps) 15.00 ± 5.10 

Bench Press 1-RM (kg) 90.15 ± 19.48 

Bench Press Endurance @ 75%1RM (Reps) 10.65 ± 3.09 

Note: SD = standard deviation; in = inches; kg = kilograms; 1-RM = one 
repetition maximum. 
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Table 3 

 Group Specific Participant Baseline Characteristics.  

Participant Baseline 
Characteristics 

Mean Values ± SD 
CHO PRO 

p-value 
(≤.05) 

Sample Size (n) 9 11 n/a 

Age (years) 21.00±1.12 20.91±1.38 0.693 

Height (in) 70.19±2.76 70.45±2.66 0.638 

Body Weight (kg) 77.72±7.80 80.45±10.44 0.354 

Total Body Water (kg) 47.5±2.61 48.73±3.72 0.677 

Lean Mass (kg) 58.0±4.53 59.0±6.02 0.644 

Fat Mass (kg)  10.89±3.43 12.09±7.26 0.132 

Leg Press 1-RM (kg) 324.82±57.24 327.82±68.96 0.508 

Leg Press Endurance  
@ 75%1RM (Reps) 

15.89±5.18 14.27±5.16 0.878 

Bench Press 1-RM (kg) 91.98±21.43 88.65±18.66 0.331 

Bench Press Endurance  
@ 75%1RM (Reps) 

11.0±2.11 10.45±3.78 0.221 

Note: SD = standard deviation; in = inches; kg = kilograms; 1-RM = one 
repetition maximum; Significant differences are investigated by an 
independent groups t-test 

Dietary Intake 

All 20 participants recorded their food intake four days prior to each laboratory 

visit throughout the training study. Moreover, statistical analyses were completed on food 

intakes for every 4 consecutive day food log prior to each lab visit for each participant 

and revealed no significant differences for kilocalories, fat, carbohydrate, or protein 

intake between PRO and CHO groups (p > .05). The data for kilocalorie, fat, 

carbohydrate, and protein intake for both groups are presented in Table 4.   
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Table 4 

Dietary Intake of Participants 

Nutrients Carbohydrate Protein p-value (≤.05) 

Kilocalories (kcal/day) 2122.50±508.62 2001.89±465.98 .918 

Protein (g/day) 117.49±40.60 104.54±26.27 .786 

Carbohydrate (g/day) 217.30±61.22 215.82±70.99 .958 

Fat (g/day) 86.95±24.00 78.87±24.19 .662 

Note: All data are presented as mean ± standard deviation (SD); g = grams.  

Training Compliance and Volume Load of Training Study 

Three participants were unable to complete every workout session for the 4-week 

training and retraining periods. One participant was only able to complete 93.75% of the 

total lower-body workouts due to temporary muscular injury. Another participant was 

also only able to complete 93.75% for both the upper and lower body workout sessions 

due to temporary illness. Lastly, one other participant suffered a minor muscular injury 

and was only able to complete 93.75% of the total lower body sessions in this training 

study.  

In regard to training volume load, statistical analyses were performed on the 

training volume load between groups for the 10-week training program to ascertain if any 

significant differences were present in the overall upper body (UB) and lower body (LB) 

volume load. No significant differences between groups for volume load (defined as reps 

x sets x weight) in both UB and LB cumulative exercise sessions. Respective data for the 

overall volume load between groups are presented in Table 5.  
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Table 5

 Overall Volume Load in Upper and Lower Body Sessions between Groups 

Group Variable Lower Body 
(LB) 

p-value (LB) 
(≤.05) 

Upper Body (UB) p-value  (UB) 
(≤.05) 

Carbohydrate 
(n=9) 

Volume 
load (kg) 

231251.01± 
37540.43 

.548 129696.88 ± 
29523.69 

.949 

Protein 
(n=11) 

Volume 
load (kg) 

220363.01± 
41653.30 

.548 130652.54 ± 
34809.80 

.949 

Note: kg = kilograms; All data presented as means ± SD.   

Body Composition Assessment 

It is important to mention that 19 out of the 20 subjects fully completed body 

composition assessments to accurately measure both lean and fat mass changes. One 

subject was unable to carry out the DEXA protocol at appropriate time-points [post-4-

weeks weight training (WT) and post 2-weeks detraining (DT)] due to temporary 

machine malfunction. Nevertheless, statistical analyses were implemented on both lean 

and fat mass variables with this factor in consideration. 

Lean Mass Changes 

The changes in lean muscle mass from baseline to each appropriate time-point 

(post 4-weeks weight training (WT); post 2-weeks detraining (DT); post 4-weeks 

retraining (RT) are presented in Figure 5. There were no statistically significant 

interactions between group and time for lean mass changes [p = .988; partial η2 = .002]. 

The main effect of group revealed no statistically significant differences in lean mass 

changes throughout the training study [p = .308; partial η2 = .015]. The main effect of 

time also revealed no statistically significant differences in lean mass between time-

points [p = .901; partial η2 = .008].  
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Figure 5. Total lean mass changes. Kg= kilograms; Session Visits: BL (baseline), WT 
(post-4 weeks weight training), DT (post 2-weeks detraining), RT (post 4-weeks 
retraining). No statistically significant differences were found between groups and 
session visits (p ≤ .05). 

Fat Mass Changes 

The changes in fat mass from baseline to each appropriate time-point throughout 

the 10-week training study are presented in Figure 6. There was no statistically 

significant interaction between group and time for fat mass changes [p = .999; partial η2 = 

< .001]. The main effect of group did not reveal statistically significant differences in fat 

mass throughout the study [p = .315; partial η2 = .014]. The main effect of time also did 

not present statistically significant differences in fat mas between time points [p = 1.000; 

partial η2 = < .001].  
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Figure 6. Total fat mass changes. Kg= kilograms; Session Visits: BL (baseline), WT 
(post-4 weeks weight training), DT (post 2-weeks detraining), RT (post 4-weeks 
retraining). No statistically significant differences were found between groups and 
session visits (p ≤ .05). 

 
Total Body Water Changes 
 
 Total body water (TBW) changes between baseline and appropriate time-points 

throughout the training study are presented in Figure 7. There was no statistically 

significant interaction between group and time for TBW changes [p =. 999; partial η2 = < 

.001].  The main effect of group revealed no statistically significant difference in TBW 

changes throughout the study [p = .180; partial η2 =.025]. The main effect of time had no 

statistically significant differences between time points [p = .897; partial η2 = .008].  
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Figure 7. Total body water changes. Kg= kilograms; BL (baseline), WT (post-4 weeks 
weight training), DT (post 2-weeks detraining), RT (post 4-weeks retraining). No 
statistically significant differences were found between groups and session visits (p ≤ 
.05). 

Rectus Femoris Cross-sectional Area 

With respect to muscle mass of the rectus femoris, cross-sectional area (CSA) 

changes between baseline and appropriate time-points throughout the training study are 

presented in Figure 8. There was no statistically significant interaction between group 

and time for CSA changes [p = .966; partial η2 = .004]. The main effect of group revealed 

no statistically significant difference in CSA changes throughout the study [p = .504; 

partial η2 =.006]. The main effect of time had no statistically significant differences 

between time points [p = .491; partial η2 = .033].  
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Figure 8. Rectus femoris CSA changes. cm2 = centimeters squared; Session Visits: BL 
(baseline), WT (post-4 weeks weight training), DT (post 2-weeks detraining), RT (post 4-
weeks retraining). No statistically significant differences were found between groups and 
session visits. (p > .05). 

 
Rectus Femoris Circumference 
 

With respect to muscle mass of the rectus femoris, circumference changes 

between baseline and appropriate time-points throughout the training study are presented 

in Figure 9. There was no statistically significant interaction between group and time for 

circumference changes [p = .904; partial η2 = .008].  The main effect of group revealed no 

statistically significant difference in circumference changes throughout the study [p = 

.088; partial η2 = .040]. The main effect of time had no statistically significant differences 

between time points [p = .518; partial η2 = .031].  
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Figure 9. Rectus femoris circumference changes. cm = centimeters; Session Visits: BL 
(baseline), WT (post-4 weeks weight training), DT (post 2-weeks detraining), RT (post 4-
weeks retraining). No statistically significant differences were found between groups and 
session visits. (p > .05). 

Body Composition Hypotheses Conclusions 

H1: At baseline, no significant differences in body composition will exist between 

the protein and carbohydrate supplement groups. No significant differences occurred 

between groups for all measures of body composition. Therefore, the H1 hypothesis was 

not rejected.  

H2: Four weeks of resistance training will result in significant improvements in body 

composition that will not differ between the protein and carbohydrate supplement groups. 

No significant improvements occurred for all measures of body composition after four 

weeks of resistance training. These changes also did not differ between groups. 

Therefore, the H2 hypothesis was rejected.  
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H3: Two weeks of detraining will result in significant decreases to the increases in 

the improvements incurred during the previous four-week resistance training program 

relative to body composition that will not differ between the protein and carbohydrate 

supplement groups. No significant decreases to any increases in the body composition 

improvements during the previous four-week resistance training program occurred after 

two weeks of detraining. These changes also did not differ between groups. Therefore, 

the H3 hypothesis was rejected.  

H4: Four weeks of retraining will result in significant improvements in body 

composition that will not differ between the protein and carbohydrate supplement groups. 

No significant improvements occurred for all measures of body composition after four 

weeks of re-training. These changes also did not differ between groups. Therefore, the H4 

hypothesis was rejected.  

 
Muscle Performance Measurements 

 
 
Leg Press Strength 
 

With respect to leg press strength, changes at baseline and subsequent time points 

between groups are presented in Figure 10. There was no statistically significant 

interaction between group and time for leg press strength [p = .706; partial η2  = .020]. 

The main effect of group revealed no statistically significant differences in leg press 

strength throughout the study [p = .158; partial η2 = .182]. The main effect of time 

demonstrated a statistically significant difference in leg press strength between time 

points [p = .003; partial η2 = .182]. Post-hoc analyses revealed that leg press strength 

significantly increased at the DT time point (post 2-weeks detraining) compared with 
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baseline [p = .040]. In addition, leg press strength was significantly greater at the RT time 

point (post 4-weeks retraining) compared with baseline [p = .001]. 

Figure 10: Leg press strength. Kg= kilograms; Session Visits: BL (baseline), WT (post-4 
weeks weight training), DT (post 2-weeks detraining), RT (post 4-weeks retraining). * = 
carbohydrate and protein both significantly different from baseline (p > .05). 

Leg Press Endurance 

With respect to leg press endurance, changes at baseline and subsequent time 

points between groups are presented in Figure 11. There was no statistically significant 

interaction between group and time for leg press endurance [p = .688; partial η2 = .021]. 

The main effect of group did not reveal statistically significant differences in leg press 

endurance throughout the study [p = .068; partial η2 = .047]. Furthermore, the main effect 
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of time also did not reveal a statistically significant difference in leg press endurance 

between time points [p = .878; partial η2 = .010].  

 

 

Figure 11. Leg press endurance. Session Visits: BL (baseline), WT (post-4 weeks weight 
training), DT (post 2-weeks detraining), RT (post 4-weeks retraining). No statistically 
significant differences were found between groups and session visits (p > .05). 

 
Bench Press Strength 
 

In relation to muscular strength, bench press strength changes at baseline and 

other time points between groups are presented in Figure 12. There was no statistically 

significant interaction between group and time for changes in bench press strength [p = 

.999; partial η2  = < .001].  The main effect of group did not reveal statistically significant 

differences in bench press strength throughout the study [p = .531; partial η2 = .006]. The 
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main effect of time also did not demonstrate statistically significant differences between 

time points in bench press strength [p = .572; partial η2 = .028]. 

Figure 12. Bench press strength. Kg= kilograms; Session Visits: BL (baseline), WT 
(post-4 weeks weight training), DT (post 2-weeks detraining), RT (post 4-weeks 
retraining). No statistically significant differences were found between groups and 
session visits (p > .05). 

Bench Press Endurance 

With respect to bench press endurance, changes at baseline and other time points 

between groups are presented in Figure 13. There was no statistically significant 

interaction between group and time for changes in bench press endurance [p = .429; 

partial η2  = .038]. The main effect of group demonstrated no statistically significant 

differences in bench press endurance changes throughout the study [p = .484; partial η2  = 

.007]. The main effect of time also did not present any statistically significant differences 

between time points in bench press endurance [p = .855; partial η2  = .011].  
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Figure 13. Bench press endurance. Session Visits: BL (baseline), WT (post-4 weeks 
weight training), DT (post 2-weeks detraining), RT (post 4-weeks retraining). No 
statistically significant differences were found between groups and session visits (p > 
.05). 
 
 
Muscle Performance Hypotheses Conclusions 
 

H5: At baseline, no significant differences in muscle performance will exist between 

the protein and carbohydrate supplement groups. No significant differences occurred 

between groups for all measures of muscle performance. Therefore, the H5 hypothesis 

was not rejected.  

H6: Four weeks of resistance training will result in significant improvements in 

muscle performance that will not differ between the protein and carbohydrate supplement 

groups. No significant improvements occurred for all measures of muscle performance 

after four weeks of resistance training. These changes also did not differ between groups. 

Therefore, the H6 hypothesis was rejected.  
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H7: Two weeks of detraining will result in significant decreases to the increases in 

the improvements incurred during the previous four-week resistance training program 

relative to muscle performance that will not differ between the protein and carbohydrate 

supplement groups. No significant decreases to any increases in the muscle performance 

improvements during the previous four-week resistance training program occurred after 

two weeks of detraining. These changes also did not differ between groups. However, leg 

press strength was significantly different from baseline in both groups. Nevertheless, the 

H7 hypothesis was rejected.  

H8: Four weeks of retraining will result in significant improvements in muscle 

performance that will not differ between the protein and carbohydrate supplement groups. 

No significant improvements occurred for all measures of muscle performance after four 

weeks of re-training. These changes also did not differ between groups. However, leg 

press strength was significantly different from baseline in both groups. Nevertheless, the 

H8 hypothesis was rejected.  

Muscle Variable Assessments 

Skeletal Muscle p70S6k Phosphorylation 

Phosphorylated p70S6k at baseline and in response to subsequent time points 

between groups is presented in Figure 14. A statistically significant interaction between 

groups and time in the phosphorylated expression of p70S6k was observed [p = < .001; 

partial η2  = .272]. The main effect of group revealed a statistically significant difference 

for p70S6k phosphorylation [p = <.001; partial η2 = .171]. Pairwise comparisons between 

groups revealed that the phosphorylation of p70S6k in the CHO group was significantly 
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greater than the PRO group [p = < .001]. The main effect for time also revealed a 

statistically significant difference between time points for the activity of p70S6k [p = 

<.001; partial η2  = .232]. Post-Hoc analyses demonstrate that the phosphorylated activity 

of p70S6k was significantly greater at time point BL (absolute baseline) compared to the 

RT time point (post 4-weeks retraining) [p = .025]. Additionally, the PE time point [one 

hour post resistance exercise (RE)] that occurred during the initial RE session was also 

significantly greater than time the RT point in the phosphorylated activity of p70S6k [p = 

.012]. In a similar fashion, the WT time point (post 4-weeks weight training) revealed a 

greater phosphorylation of p70S6k in comparison to time point 5 [p = <.001]. Pairwise 

comparisons also revealed that the WT time point was significantly greater for p70S6k 

phosphorylation in comparison to the DT time point (post 2-weeks detraining) [p = .006]. 

  

 

Figure 14. Phosphorylation activity of p70S6k. Session Visits: BL (absolute baseline), PE 
(one hour post resistance exercise), WT (post-4 weeks weight training), DT (post 2-
weeks detraining), RT (post 4-weeks retraining), † = significantly different from session 
RT (p ≤ .05). ǂ = significantly different from DT (p ≤ .05). 
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P70S6K Signaling Hypotheses Conclusions 

H9: At baseline, no significant differences will exist in the phosphorylated content 

of p70S6K between the protein and carbohydrate supplement groups. At baseline, there 

was a significant difference between groups for the phosphorylated content of p70S6K. 

Therefore, the H9 hypothesis was rejected.   

H10: Four weeks of resistance training will result in significant increases in the 

phosphorylated content of p70S6K that will not differ between the protein and 

carbohydrate supplement groups. No significant increases occurred that differed between 

groups for the phosphorylated content of p70S6K. Therefore, the H10 hypothesis was 

rejected.  

H11: Two weeks of detraining will result in significant decreases to the increases 

incurred during the previous four-week resistance training program relative to the 

phosphorylated content of p70S6K that will not differ between the protein and 

carbohydrate supplement groups. Two weeks of detraining demonstrated a significant 

decrease in the increases incurred during the previous WT time point in only the CHO 

group. The PRO group had an increase in the phosphorylated content of p70S6K. 

Therefore, the H11 hypothesis was rejected.  

H12: Four weeks of retraining will result in significant increases in the 

phosphorylated content of p70S6K that will not differ between the protein and 

carbohydrate supplement groups. Four weeks of retraining demonstrated a decrease in the 

phosphorylated content of p70S6K in both groups. Therefore, the H12 hypothesis was 

rejected.  



 

       
 

74 
 

Skeletal Muscle ERK 1/2 Phosphorylation 
 

The phosphorylation of ERK 1/2 at baseline and subsequent time points between 

groups is presented in Figure 15. There was a statistically significant interaction between 

groups and time in the phosphorylated expression of ERK 1/2 [p = .002; partial η2 = 

.165]. The main effect of group revealed a statistically significant difference in the 

phosphorylated expression of ERK 1/2 [p = < .001; partial η2 = .256]. Pairwise 

comparisons between groups revealed that the CHO group was significantly greater than 

the PRO group in the phosphorylation of ERK 1/2 [p = <.001]. The main effect for time 

demonstrated a statistically significant difference between time points in the 

phosphorylation of ERK 1/2 [p = < .001; partial η2  = .290]. Post-hoc analyses revealed 

that the phosphorylated activity of ERK 1/2 was significantly greater at the PE time point 

compared to the BL time point 1 [p = .037]. Moreover, the WT time point also revealed a 

greater ERK 1/2 phosphorylation in comparison to the BL time point [p < .001]. 

Similarly, the DT time point 4 also revealed a significantly greater phosphorylation of 

ERK 1/2 in comparison to the BL time point [p = <.001]. Pairwise comparisons with 

relation to statistically significant differences in time also revealed that the WT time point 

had a greater ERK 1/2 phosphorylation compared to the PE and RT time points [PE time 

point: p = .016; RT time point: p = .014]. The DT time point was also significantly 

greater in comparison to both the PE and RT time points [PE time point: p = .047; RT 

time point: p = .043]. In addition, the RT time point was revealed to be significantly 

greater than the BL time point [p = .005].  
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Figure 15. Phosphorylation activity of ERK 1/2. Session Visits: BL (absolute baseline), 
PE (one hour post resistance exercise), WT (post-4 weeks weight training), DT (post 2-
weeks detraining), RT (post 4-weeks retraining), * = significantly different from baseline 
(p ≤ .05). † = significantly different from RT (p ≤ .05). # = significantly different from 
session PE (p ≤ .05). 

ERK 1/2 Signaling Hypotheses Conclusions 

H13: At baseline, no significant differences will exist in the phosphorylated 

content of ERK 1/2 between the protein and carbohydrate supplement groups. At 

baseline, there was no significant difference between groups for the phosphorylated 

content of ERK 1/2. Therefore, the H13 hypothesis was not rejected.   
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H14: Four weeks of resistance training will result in significant increases in the 

phosphorylated content of ERK 1/2 that will not differ between the protein and 

carbohydrate supplement groups. Significant increases occurred that differed between 

groups for the phosphorylated content of ERK 1/2. Therefore, the H14 hypothesis was 

rejected.  

H15: Two weeks of detraining will result in significant decreases to the increases 

incurred during the previous four-week resistance training program relative to the 

phosphorylated content of ERK 1/2 that will not differ between the protein and 

carbohydrate supplement groups. Two weeks of detraining did not result in a significant 

decrease in both groups towards the phosphorylation of ERK 1/2. Therefore, the H15 

hypothesis was rejected.  

H16: Four weeks of retraining will result in significant increases in the 

phosphorylated content of ERK 1/2 that will not differ between the protein and 

carbohydrate supplement groups. Four weeks of retraining did not result in a significant 

increase in the phosphorylated content of ERK 1/2 for both groups. Therefore, the H16 

hypothesis was rejected.  

 
Total Protein Content 
 

Total protein content at baseline and at subsequent time points between groups is 

presented in Figure 16. There was no statistically significant interaction between groups 

and time in the total protein content [p = .529; partial η2  = .034]. The main effect of 

groups revealed a statistically significant difference in total protein content [p = <.001; 

partial η2  = .318]. Pairwise comparisons revealed that the PRO group was significantly 

greater in total protein content in comparison to the CHO group [p = < .001]. The main 
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effect of time did not overall reveal a statistically significant difference between time 

points in total protein content [p = .080; partial η2  = .088]. However, further pairwise 

comparisons on the main effect of time did reveal that the PE time point 2 was 

significantly greater than the DT time point [p = .006].  

Figure 16. Total relative protein content. Data is expressed as absolute concentration over 
muscle weight (in milligrams (mg)). Session Visits: BL (absolute baseline), PE (one hour 
post resistance exercise), WT (post-4 weeks weight training), DT (post 2-weeks 
detraining), RT (post 4-weeks retraining), $ = significantly different from session 4. (p ≤ 
.05). 

Total Protein Content Hypotheses Conclusions:  

H17: At baseline, no significant differences in total protein content will exist 

between the protein and carbohydrate supplement groups. There was a significant 
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difference between groups for total protein content at baseline. Therefore, the H17 

hypothesis was rejected.  

H18: Four weeks of resistance training will result in significant increases in total 

protein content that will not differ between the protein and carbohydrate supplement 

groups. There were no significant increases in total protein content in both groups after 4 

weeks of weight training. Therefore, the H18 hypothesis was rejected.  

H19: Two weeks of detraining will result in significant decreases to the increases 

incurred during the previous four-week resistance training program relative to total 

protein content that will not differ between the protein and carbohydrate supplement 

groups. There were no significant decreases in total protein content in both groups after 4 

weeks of weight training. Therefore, the H19 hypothesis was rejected.  

H20: Four weeks of retraining will result in significant increases in total protein 

content that will not differ between the protein and carbohydrate supplement groups. 

There were no significant increases in total protein content in both groups during the 

retraining cycle. Therefore, the H20 hypothesis was rejected.  
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CHAPTER FIVE 

Discussion 

Introduction 

The purpose of this current study was to examine the effects of a four-week 

resistance training program followed by a successive cycle of a short-term detraining 

(DT) and subsequent four-week retraining (RT) periods upon body composition and 

muscle performance, as well as markers of muscle protein synthesis (MPS) and total 

protein content within resistance trained men. Skeletal muscle mass is tightly regulated 

by the balance between the rates of muscle protein synthesis (MPS) and muscle protein 

breakdown (MPB) (Damas et al., 2015; D’Souza et al., 2014; Hulmi et al., 2009). 

Furthermore, an acute bout of resistance exercise (RE) can instigate an accelerated 

response in the muscular anabolic responses (Burd et al., 2010; Ogasawara et al., 2013b). 

The implementation of RE up-regulates the intracellular anabolic signaling responses in 

the mammalian target of rapamycin (mTOR) signaling pathway in order to mediate 

translation initiation and be pivotal in elevating processes of MPS and incur subsequent 

hypertrophy (Baar et al., 2006; Hulmi et al., 2009; Ogasawara et al., 2013a). The 

synergistic addition of mechanistic overload and proper nutritional supplementation can 

up-regulate the process of MPS and hypertrophy (Guimaraes-Ferreira et al., 2014; 

Ogasawara et al., 2013b). However, chronic repetitive muscle contractions can reduce the 

robust plasticity of skeletal muscle and attenuate the molecular responses over time. A 

recent study in untrained males has shown that the implementation of periodic detraining 

with subsequent retraining enabled similar hypertrophic responses in bench press strength 
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as well as muscle mass cross-sectional area gains in comparison to participants 

undergoing continuous training (Ogasawara et al., 2013b). Another study with rats 

observed a recovery in attenuated muscle signaling proteins following a short-term 

detraining period (Ogasawara et al., 2013a). However, no experimental study to date has 

combined the aforementioned studies’ findings to investigate the effects that a short-term 

detraining and subsequent retraining period can have on the acute MPS and long-term 

hypertrophic responses in resistance-trained males.  

Therefore, the primary purpose of the current study explored whether a short-term 

detraining period can re-sensitize the molecular responses to be able to respond robustly 

during a retraining period and elicit improvements in body composition, muscle 

performance and elevations in total protein content. A secondary purpose of this study 

was to elucidate whether the supplementation of carbohydrate (CHO) or whey protein 

(WP) can provide an additive differential response on all of the aforementioned variables.  

 
Participants 

 
The participants of this current study were identified as resistance-trained men 

with a mean ±SD training age of 2.8 ±1.6 years. It is interesting to note that acute 

elevations in MPS following a heavy resistance exercise session can be mediated by 

one’s training status (Damas et al., 2015; Kim et al., 2005; Phillips et al., 2002; Tang et 

al., 2008; Wilkinson et al., 2008). Moreover, additional factors such as types of muscle 

groups exercised, time points at which to assess MPS can complicate interpretations of 

findings. Nevertheless, Phillips et al (2002) observed that untrained participants had a 

higher mixed MPS rate in comparison to trained participants 4 hours after a session of 

RE. Another study by Tang et al (2008) observed that irrespective of training status, there 
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was an elevation in mixed MPS 4 hours post-resistance exercise with a greater elevation 

noted in the trained participants. These studies provide evidence to suggest that the 

overall MPS response may be lower in magnitude, yet prolonged within untrained 

subjects compared to trained subjects. Therefore, it can be reasoned that following an 

acute bout of resistance exercise, MPS can be differentially mediated due to training 

status.  

There is considerable debate regarding whether resistance-training variables such 

as exercise volume load or varied sets can ascertain a differential response in MPS over 

time (Mitchell et al., 2012; Terzis et al., 2010). Nevertheless, it is generally understood 

that a higher volume load (load x reps x sets) can potentiate a dose-response relationship 

with resistance training-induced hypertrophic adaptations. With respect to training status, 

studies have presented evidence that elevations in training status can attenuate post-

exercise intramuscular anabolic signaling responses that are conducive to MPS (Coffey et 

al., 2006; Damas et al., 2015; Nader et al., 2014; Phillips, 2014; Tang et al., 2008). These 

intramuscular anabolic responses are also highly variable between individuals due to a 

multitude of factors such as volume load, nutritional intake, age, training status, as well 

as genetic predisposition (Gonzalez et al., 2015; Mitchell et al., 2012; Phillips, 2014). In 

response, our present study served to best control these factors by recruiting resistance-

trained individuals, implementing a standardized training program and monitoring 

nutritional intake by dietary records. To date, there are no experimental studies 

investigating both the intracellular anabolic and applied variable (body composition and 

muscle performance) responses following a detraining period, specifically within young, 
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resistance-trained males. This serves to heighten the rationale behind the recruitment of 

young resistance-trained males for the current study.  

 
Body Composition 

 
The current study explored whether a periodic training program with short-term 

DT can affect overall fat and lean mass changes. It is well established in the literature that 

training studies with a minimum of 6 weeks of resistance training and protein 

supplementation can induce measureable increases in muscle cross-sectional area (CSA) 

(Cermak et al., 2012; Guimaraes-Ferreira et al., 2014; Phillips et al., 2005). Moreover, 

the synergistic interaction between resistance training and high quality protein intake can 

instill a mechanistic overload response with rapid aminoacidemia post-RE to result in a 

positive net protein balance for accretions in protein content (Guimaraes-Ferreira et al., 

2014). In the present study, although statistical analyses revealed no significant effect of 

group or time on positive lean mass changes, we observed a steady increase in lean mass 

throughout the entire 10-week training study. Interestingly, two weeks of detraining in 

both groups did not culminate in reductions towards the lean mass gains accrued 

following four weeks of resistance training (Figure 5). Since we observed no significant 

changes in total both in either group over the course of the study, this suggests that the 

short-term cessation of activity allowed for a retention of lean mass, which highlights the 

importance of intermittent recovery period during a resistance-training program. 

Although there was no statistical significance, the WP group continued to increase lean 

mass during the period of retraining following the two-week detraining period. An 

explanation behind a lack of statistical significance in lean mass gains throughout the 

training study may be due to a low daily dietary intake of protein between both groups 
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(Table 4). Studies have shown evidence that an adequate daily protein intake is essential 

to elicit lean mass gains (Antonio et al., 2014; Campbell et al., 2007). It is possible that 

the overall protein intake between groups may not have reached an adequate threshold to 

induce elevations in lean mass during the study. 

The present study also did not observe any differential significant reductions in fat 

mass throughout the entire training study. Moreover, a potential limitation as well as an 

explanation behind this finding may be whether or not participants were forthcoming 

about their participation in athletic or cardiovascular activities outside of the training 

study. However, it is noteworthy to mention that all participants, with the exception of 

one, verbally mentioned that they did not participate in any activity during the two-week 

detraining period. One subject within the CHO group did participate in two full days of 

snow skiing during the detraining period. Interestingly, in contrast to Ogasawara et al 

(2013b), the present study did not observe statistical significance in the rectus femoris 

CSA or circumference changes throughout the entire study. Ogasawara et al (2013b) was 

able to observe significant elevations in muscle CSA following the second 3-week 

detraining/6-week retraining cycle. However, it is important to mention that the 

aforementioned training study investigated only elevations in the CSA of the triceps 

brachii and pectoralis major muscles and followed a different training regime consisting 

of three cycles of 6-week training with 3-week detraining periods to summate a total 24-

week period. In contrast to our present study, Ogasawara et al. (2013b) recruited 

untrained (did not participate in regular resistance-exercise for 2 years) males that 

performed one free-weight bench press exercise three days per week as the assigned 

training load. Various other studies have presented evidence that a short-term detraining 
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period followed by a longer retraining period can allow for improvements in muscle CSA 

(Andersen et al., 2005; Leger et al., 2006; Narici et al., 1989; Ogasawara et al., 2011).  

Interestingly, although not statistically significant, our present study observed no 

decrease in the mean rectus femoris CSA changes after two weeks of detraining. This is 

in stark contrast to other studies that presented a decreased rate in muscle CSA followed 

by a short-term period of detraining (Narici et al., 1989). Although our current study did 

not quantitatively report the percent changes at each time point, an overall retention of 

lean mass was evident, irrespective of WP or CHO supplementation. Andersen et al 

(2005) observed a significant elevation in the quadriceps CSA following 3 months of 

resistance training. However, these resistance-training induced gains were returned to 

pre-training levels after 3 months of detraining (Andersen et al., 2005). Leger et al (2006) 

observed that after 8 weeks of resistance training and atrophy-stimulated detraining, half 

of the training-induced adaptations were retained following the detraining period. Our 

present study did not observe a decrease in the rectus femoris CSA and circumference 

following two weeks of detraining (Figures 8 and 9). These findings further complicate 

the optimal degree at which detraining can properly retain muscle mass. Nevertheless, to 

our knowledge, the present study was the first experimental investigation to date that 

observed a retention of lean mass following a short two-week period of detraining, even 

if it was not statistically significant.  

 
Muscle Performance 

 
 Our present study has investigated muscle performance through the assessment of 

muscular strength and endurance in both the upper- and lower-body. Muscular strength 

was assessed through one-repetition maximum (1-RM) testing on the bench press and 
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angled leg press for upper- and lower-body, respectively. Muscular endurance was 

assessed through maximal repetitions with proper rhythm completed at 75% of the 1-RM 

for both the bench press and angled leg press. Although there was no significant 

interaction for group or time for lower-body muscular strength, it is noteworthy to 

mention that there was no reduction in leg press strength after two weeks of detraining 

(Figure 10). Moreover, the main finding was a statistically significant time effect for both 

detraining and retraining leg press strength compared to baseline. In simple terms, this 

means that irrespective of a short-term detraining period, leg press strength continued to 

increase throughout the entire 10-week training study. Although not statistically 

significant, our current study also observed an increase in absolute leg press strength 

irrespective of group after two weeks of detraining. The CHO group experienced a mean 

increase from 366.4±60.1 kg (post 4-weeks of WT) to 369.4±61.6 kg (post 2-weeks of 

DT). Interestingly, the WP group observed a mean increase from 373.1kg±65.2 kg (post 

4-weeks of WT) to 402.25±83.0 kg (post 2-weeks of DT).  

It is important to mention that other studies have also reported no significant 

decreases in muscle strength following short-term periods of detraining, which varied 

from 2 to 6 weeks (Hortobagyi et al., 1993; Kraemer et al., 2002; Ogasawara et al., 

2013b). Henwood & Taaffe (2008) observed moderate losses in muscle power and 

strength within older adults (65-84 years) after a 24-week detraining period, which was 

followed after a 24-week training period. The investigators observed a preservation of 

training-induced gains within functional performance during detraining and also observed 

comparable accrued improvements after 12 weeks of retraining. Correa et al (2012) also 

reported partial maintenance of knee extensor strength that was 12% superior to baseline 
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values within elderly women following 12 weeks of training and subsequent 12 weeks of 

detraining. Nevertheless, our present study was the first experimental investigation to 

date that reported maintenance of 4-week resistance-trained gains after a two-week 

detraining period in lower body strength in young, resistance-trained males.  

Although it was also not statistically significant, bench press strength was nearly 

maintained in both groups. Interestingly, the CHO group observed a positive change from 

96.5±21.3 kg (post 4-weeks of WT) to 97.0±19.6 kg (post 2-weeks of DT). The WP 

group observed a change from 94.0±19.0 kg (post 4-weeks of WT) to 93.8±14.6 kg (post 

2-weeks of DT). These respective findings in relation to muscular strength suggest that a 

potential recovery of anabolic responses occurred following a short-detraining period to 

incur maintenance and further elevations in muscular strength. With respect to muscular 

endurance, there was no statistical significance in relation to group or time for both bench 

press and leg press throughout the study. In spite of being supervised by study personnel, 

one potential explanation behind a lack of convergence in observed findings could be the 

limitation of a participant not demonstrating a maximum effort during the assessments of 

endurance. However, it is noteworthy to mention that if muscular endurance was tested 

with the same loaded intensity from a previous time point, the number of repetitions 

completed may serve to be a stronger indicator of muscular endurance for relative 

comparison. Nevertheless, with respect to muscular performance, the novelty of our study 

is reporting that muscular strength was retained following a short-term period of 

detraining, which suggests that intermittent recovery periods incorporated within a 

periodized resistance training program still allow strength gains to be incurred.  
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Muscle Protein Synthesis and Hypertrophy 

Two important factors play a major role in mediating muscle mass and function, 

which include the synergistic effects of amino acid provision and resistance exercise 

(Adegoke et al., 2012; Churchward-Venne et al., 2012). Skeletal MPS is regulated by the 

mTORC1 complex, which plays an important role towards the process of muscular 

hypertrophy by also meticulously regulating MPS and cellular growth processes 

(Adegoke et al., 2012; Bodine et al., 2001; Mitchell et al., 2014; Phillips, 2014). As such, 

stimuli such as resistance exercise can stimulate the increase in the rate of skeletal MPS, 

which is known to occur within the first hour post-exercise and potentially remain 

elevated up to 48 hours (Gil & Kim, 2015; Phillips et al., 1997). Furthermore, there is 

substantial evidence categorizing mTOR as a “master switch” that mediates the balance 

between cellular anabolic and catabolic processes due to its complex ability to sense 

mitogens, energy, and nutrient levels (Hulmi et al., 2009; Zhou & Huang, 2010). Based 

on this rationale, the phosphorylation of downstream effectors of this complex would 

readily elevate the translation machinery to initiate MPS. Therefore, the activation of 

mTORC1 would result in the phosphorylation of its effector, p70S6k, which has been 

understood as an important mediator for MPS (Bodine et al., 2001; Gran and Cameron-

Smith, 2011; Hornberger, 2006; Mitchell et al., 2013).  

With respect to muscle hypertrophy, there also seemed to be no relationship 

between the phosphorylation results of both p70S6k (Figure 14) and ERK 1/2 (Figure 15) 

to the total protein content results (Figure 16). Although there was no significant group 

by time interaction, there was a significant group difference with WP values higher than 

CHO. However, an independent t-test revealed that the baseline (BL) differences were 
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significant, which may explain this significance. Interestingly, a short-term period of DT 

decreased both the WP and CHO total protein content values, which were also 

significantly lower in comparison to the PE time point. It could be suggested that these 

reductions in the total protein content following DT may be due to varied changes in fiber 

type composition between type II and type I fibers (Adams & Bamman, 2012; Gonzalez 

et al., 2015; Staron et al., 1990). Moreover, it is possible that the rate of MPS is 

associated with the rate of myosin heavy chain (MHC) protein synthesis in the context of 

post-resistance exercise (Hasten et al., 2000). As such, the changes in our current study 

may be attributed to the up-regulation in MHC protein isoform expression within the 

vastus lateralis muscle samples following 2 weeks of DT (Andersen et al., 2005; Wilborn 

et al., 2009). A study by Andersen & Aagaard (2000) observed non-significant reductions 

in fiber size within the vastus lateralis muscle following a 1:1 ratio of 3 months of 

training and subsequent detraining. These investigators found that the period of 

detraining induced significant elevations in the MHC IIx expression relative to MHC IIa 

that were robustly higher than those observed prior to resistance training. Gjovaag & 

Dahl (2009) observed only partial restoration in the training-induced changes in the MHC 

IIx an IIa content following 8 weeks of detraining. Therefore, it is possible that transitive 

changes within the MHC isoform expression may contribute to the reductions noted in 

the total protein content within the vastus lateralis muscle samples following DT. 

However, further research is needed to support these claims with examinations into the 

fiber type compositions and MHC isoform expression.  
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P70S6k Signaling Activity 

The magnitude of p70S6k phosphorylation following resistance exercise has been 

suggested to be correlated with muscular hypertrophy (Gonzalez et al., 2015; Kumar et 

al., 2009; Mitchell et al., 2013; Terzis et al., 2008). Furthermore, the additional strategic 

nutritional ingestion of a high-quality protein has been known to elevate p70S6k 

phosphorylation (Burd et al., 2010; D’Souza et al., 2014; Kakigi et al., 2014; Koopman et 

al., 2007). However, our current study has demonstrated conflicting results as the 

phosphorylation activity of p70S6k was significantly blunted within the WP group 

compared to CHO at BL, PE (one hour post-RE) and WT (post-4 weeks weight training) 

(Figure 14). The significant group and time interaction may be accounted due to the 

heightened activity within the CHO group in the first three time points. It is noteworthy 

to mention that two weeks of detraining did, however, continue to result in elevated 

phosphorylated levels within the WP group. This finding is in contrast to Ogasawara et al 

(2013a), who observed a significant recovery of p70S6k-phosphorylated activity in rats 

after 14 days of DT. Additional studies have also demonstrated that the administration of 

whey protein post-exercise elevated p70S6k signaling activity (Tang et al., 2008; 

Wilkinson et al., 2008).  

Moreover, in relation to our current study, it has also been recently proposed that 

measures of protein phosphorylation in multiple signaling proteins may not be directly 

related to the phenotypic hypertrophic response seen following resistance training 

(Mitchell et al., 2014). One very recent study has observed that there was no relationship 

between intra-individual measurements of the acute response of MPS to changes in lean 

mass in untrained men (Mitchell et al., 2014). This was also evidenced in a study by 
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Mayhew et al (2009) who also reported no significant relationship between mixed muscle 

FSR and hypertrophy in a mixed group of young and old men. Mitchell et al (2014) 

proposed that the lack of significant correlation between acute measure of MPS and 

chronic hypertrophy may be multifaceted, which may include subject-specific variations 

in the magnitude of MPS responses throughout the training program, training status 

effects upon the duration of MPS, genetic predispositions and potential variations in net 

muscle protein balance due to varied responses in muscle proteolytic processes.  

In a similar fashion, Tang et al (2008) also reported that the mixed muscle protein 

FSR was slightly higher in fed, trained individuals when comparing pre-post differences 

to resistance exercise at relative intensities. However, these investigators observed a 

reduction in the duration of this response. It could be collectively understood that 

resistance training may only reduce the duration of the myofibrillar protein synthesis 

response, but not the amplitude. Furthermore, additional studies have shown similar 

conflicting findings with respect to p70S6k phosphorylation and correlation upon the 

determinant of muscle hypertrophy (Mitchell et al., 2012/2013; Terzis et al., 2008).  

Therefore, it is highly plausible that our current findings on the significant group 

by time interactions may support Mitchell et al (2014)’s conclusions that the acute 

measurements of a single time point cannot provide a major correlation with hypertrophy. 

It is noteworthy to mention that other studies have found that the peak activation of 

p70S6K was seen approximately 3 hours post-exercise (Baar & Esser, 1999; Mackenzie 

et al., 2009; O’Neil et al., 2009; Philp et al., 2011). Our current data is based off of only 

one-hour post-exercise time points, which may complicate such justifications for positive 

correlational relationships towards hypertrophy. Moreover, there are many other studies 
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that have also observed certain signaling proteins of interest to show even longer 

prolonged activation levels during a post-exercise recovery period (Mackenzie et al., 

2009; Ogasawara et al., 2013a; O’Neil et al., 2009; Philp et al., 2011).  

It is also interesting to observe that, in the present study, the phosphorylated 

activity of p70S6k was reduced in both groups after four weeks of retraining. A potential 

explanation for this observation may be due to the understanding that resistance-trained 

individuals are known to have an attenuated response in intracellular signaling activity in 

comparison to untrained males (Mitchell et al., 2014). Nevertheless, it can be concluded 

that since anabolic signaling is transient and typically measured at only discrete time 

points, the degree of phosphorylation for a single protein may not be able to fully 

explicate the large variance in determining muscle hypertrophy (Mitchell et al., 2014). 

Therefore, future research should either investigate additional extended time-points on 

signaling proteins of interest or utilize overall mixed-MPS rate procedures to yield a 

comprehensive understanding on potential relationships towards hypertrophy.  

With respect to the significant difference between groups at BL, PE and WT time-

points between CHO and WP in our current study, another potential explanation may be 

due to a dose-response effect between 25 grams of WP and CHO. In contrast to our 

current findings, Hulmi et al (2009) have shown that whey protein intake of 15 grams 

before and after a bout of RE can significantly elevate p70S6k levels at 1 hour post-RE 

compared to a non-energetic drink. Other studies have reported that the ingestion of WP 

either with CHO or just branched chain amino acids (BCAAs) following a bout of RE 

can elevate the phosphorylation of p70S6k in a higher amplitude at 0-4 hours post-

exercise within humans (Hulmi et al., 2009; Karlsson et al., 2004; Koopman et al., 2007). 



 

       
 

92 
 

However, it is important to mention that these aforementioned studies have recruited 

untrained or recreationally active individuals, consumed a higher dosage of WP or 

BCAAs, or investigated additional time points beyond 1-hour post RE. Therefore, these 

variations in methodology may explain why our current study presented conflicting 

results. 

 It has been heavily reported that the BCAA leucine, which is found within whey 

protein, is known as the trigger that can stimulate mTORC1 in an Akt-independent 

manner (Churchward-Venne et al., 2012; Gil & Kim, 2015; Liu et al., 2014; Norton et al., 

2012; Stipanuk, 2007). Furthermore, it has been suggested that there is an optimal leucine 

threshold that can significantly trigger a phosphorylated response for elevated MPS 

during post-prandial conditions (Churchward-Venne et al., 2012; Norton et al., 2012; 

Pennings et al., 2011; Tang et al., 2008). To this respect, it has been suggested that 

maximal MPS as well as the leucine threshold can be reached with the ingestion of 15 

grams of essential amino acids (EAA), which contains about 3.2 grams of leucine 

(Norton & Layman, 2006; Norton et al., 2012) In contrast, other studies have not 

witnessed a differential leucine threshold effect on MPS (Debras et al., 2007; Gil & Kim, 

2015; Tipton et al., 2009). Nevertheless, in concordance with our present findings, it is 

plausible that a leucine threshold was not reached in our resistance-trained participants to 

induce a heightened elevation in p70S6k activity. 

  Also, 25 grams of CHO may have effectively triggered an insulinogenic 

response, which would activate the insulin receptor, and subsequently, the PI3K-Akt-

mTOR pathway (Greiwe et al., 2001). This may have also consequently led to the 

phosphorylation of p70S6k for translation initiation to occur. However, several studies 
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demonstrated that adding CHO to a protein dose versus protein alone did not induce an 

additive or synergistic effect upon MPS (Figueiredo & Cameron-Smith, 2013; Koopman 

et al., 2007; Staples et al., 2011). Nevertheless, irrespective of differences in insulinemia, 

CHO is known to indirectly promote MPS by up-regulating glycogen resynthesis and 

attenuating muscle protein degradation (Borsheim et al., 2004; Figueiredo & Cameron-

Smith, 2013).  

Interestingly, a recent study found that leucine could function in improving 

insulin sensitivity by facilitating insulin-induced glucose uptake within skeletal muscle 

(Bernard et al., 2011; Liu et al., 2014). Other studies have reported that elevations in 

serum levels of leucine, isoleucine, valine, lysine, and threonine following WP intake 

may play a role in mediating an insulinogenic effect (Nilsson et al., 2007; Salehi et al., 

2012). Moreover, the incretin hormone, glucose-dependent insulinotropic polypeptide 

(GIP), has also been reported to be elevated after WP intake (Salehi et al., 2012). Based 

on this rationale, it could be suggested in our current study that the intake of 25 grams of 

WP may have prioritized an insulinogenic response over the activation of p70S6k to 

incur processes of MPS. It is also possible that transient elevations in serum insulin 

facilitated the leucine-induced processes of MPS and the elevations in p70S6k 

phosphorylation (Anthony et al., 2002). However, this remains speculative and 

necessitates further research on additional factors such as serum insulin or other 

insulinogenic amino acids. The robust significant group difference seen in our current 

study with respect to phosphorylated levels of p70S6k may also be due to the inter-

subject varied dose-response to reach the leucine threshold in comparison to the high 

carbohydrate dosage.  
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ERK 1/2 Signaling Activity 
 

In our current study, there was a significant group by time interaction for the 

signaling protein ERK 1/2 (Figure 15). Interestingly, we observed an elevation in 

signaling activity within the CHO group at time points WT, DT and RT (4-weeks post 

retraining) in comparison to WP.  Research has shown that resistance exercise was able 

to activate ERK 1/2 robustly post-exercise (Creer et al., 2005; Deldicque et al., 2008; 

Karlsson et al., 2004; Taylor et al., 2012). Although some studies present findings that 

ERK 1/2 activation is dependent upon the mode and intensity of contractions (Deldicque 

et al., 2008; Karlsson et al., 2004; Widegren et al., 2001; Williamson et al., 2003), one 

study has presented no difference in phosphorylation of ERK 1/2 due to variations in 

exercise-intensity (Taylor et al., 2012). The current study demonstrates that a training 

program comprised of 3 sets of 10 repetitions at 70-80% 1RM divided into 2 upper-body 

and 2 lower-body sessions per week was able to elicit an elevated response for ERK 1/2 

phosphorylation one hour post-RE. However, it is noteworthy to mention that the CHO 

group generated a differential significant response in comparison to WP. The lack of 

greater activation within WP may be supported by studies that have also observed non-

phosphorylation in ERK 1/2 due to the presence of leucine supplementation (Karlsson et 

al., 2004; Winter et al., 2011). Thus, the current study may suggests that ERK 1/2 

operates through a leucine-independent mechanism upon the mTORC1 pathway.  

To this respect, the Ras/ERK signaling cascade is well known to be linked to the 

“translational machinery” of the mTOR pathway through which serum growth factors, as 

well as oncogenic Ras, can consequently promote the phosphorylation of the downstream 

effector rpS6 (Roux et al., 2007). Therefore, the MAPK signaling cascade and p70S6K 
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can both collaboratively modulate protein synthesis through this established “crosstalk” 

by the effector rps6 between both pathways (Mendoza et al., 2011; Roux et al., 2007; 

Winter et al., 2010). Winter et al (2011) observed that the ERK-signaling pathway was 

also able to activate mTORC1 independent of the presence of insulin. This suggests a 

potential model through which the Akt and ERK signaling pathways may phosphorylate 

distinct residue sites upon tuberous sclerosis complex 2 (TSC2), which is known as a 

negative upstream inhibitor of mTORC1 (Mendoza et al., 2011; Winter et al., 2011).  The 

phosphorylation of this GTPase-activating protein (GAP) TSC2 can consequently release 

its inhibition upon the important upstream biomarker Rheb (ras homolog enriched in 

brain) within the Akt-mTOR pathway, which can then activate mTORC1 (Long et al., 

2005; Mendoza et al., 2011). As such, a stronger stimulation of mTORC1 could then be 

potentiated in a synergistic manner between the Akt and ERK pathways, independent 

from the leucine-sensing mechanistic pathway (Bar-Peled & Sabatini, 2014; Jewell et al., 

2013). Based on this rationale, the current findings demonstrating a significant elevation 

in ERK 1/2 phosphorylation within the CHO group may be attributed to the synergistic 

manner at which the Akt and ERK pathways respond to mediate mTORC1 activation.  

To this respect, the differential elevation in signaling activity within the CHO 

group may be explained by the role that the MAPK may play in glucose uptake and the 

synergistic activation of the growth-factor mediated Akt-mTOR pathway (Liu et al., 

2004; Winter et al., 2011). In other words, the dosage of 25 grams of CHO may be 

adequate to instigate an insulin response that would possibly activate both the Akt-mTOR 

and MAPK pathway, thus elevating the expression of ERK 1/2 as evidenced within this 

current study. Insulin is also known to enhance the dephosphorylation and activation of 
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glycogen synthase (GS) through an Akt-dependent manner (Liu et al., 2004). Akt can 

phosphorylate and inactivate the downstream effector, glycogen synthase kinase 3 (GSK-

3), in order to elevate GS activity (Liu et al., 2004; Sutherland et al., 1993). Moreover, 

ERK1/2’s downstream effector, p90RSK, can also phosphorylate GSK-3, which presents 

another point of crosstalk between the MAPK and mTOR pathways (Liu et al., 2004). 

Therefore, it is possible that our current study displayed higher ERK1/2 phosphorylation 

within the CHO group due to the combined factors of RE and elevated circulation of 

serum insulin. However, this is speculative since both WP and CHO conditions 

underwent the similar RE protocol and entered the lab each time in fed conditions.  

Nevertheless, further research is necessary to investigate downstream effects of the 

Ras/ERK pathway such as p90RSK, or the crosstalk effector rpS6, which may be helpful 

in elucidating further connections between these pathways. Lastly, it must still be 

addressed that the degree of phosphorylation for a single protein may not be able to fully 

depict the larger picture in delineating muscle hypertrophy (Mitchell et al., 2014). 

 
Conclusion and Future Perspectives 

 
 Our current study is the first experimental investigation to date exploring the 

intracellular signaling responses of MPS and total protein content upon successive cycles 

of detraining and retraining towards applied variables such as body composition and 

muscle performance within resistance-trained males. The implementation of a 2-week 

period of detraining seemed to retain lean mass irrespective of a supplemental 25-gram 

intake per day of WP or CHO. We observed a retention or an increase of lower body 

strength within the CHO and WP group following detraining. These findings highlight 

the importance of recovery as well as the efficacy of periodization to garner elevations in 
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strength and muscle mass. Also, in agreement with Ogasawara et al (2013b), these 

findings present data that suggests that the periodic incorporation of short-term detraining 

may not attenuate the resistance training-induced anabolic/ergogenic adaptations and 

provide an effective means for furthering adaptations during a subsequent period of 

retraining.  

Although there seemed to be no direct correlation between the acute one-hour 

post RE measurements of the p70S6k and ERK 1/2 to the total protein content, this study 

supported previous findings that there may be a potential attenuated early signaling 

response within resistance trained individuals (Coffey et al., 2006; Damas et al., 2015). 

Additionally, the significant group by time interactions between p70S6k and ERK 1/2 

phosphorylation may be attributed to the inability to capture the larger picture in 

delineating muscle hypertrophy due to the limitations of a single measured time point 

(Mitchell et al., 2014). Due to the inter-individual hypertrophic variability based upon 

inherited genetic predisposition, epigenetic influence, age, time-based habitual physical 

activity, sleep, and training status (Mitchell et al., 2015), it is reasonable to deduce that 

future research investigating these aforementioned variables is necessary to gain a 

broader understanding of our current findings.  

The implications of this study towards the general population can be of value with 

respect to the importance of recovery. Our data presents evidence that a short-term period 

of detraining can potentially retain previous training-induced muscle mass and strength 

gains in young, resistance-trained males. To this respect, individuals undergoing a 

resistance-training program may benefit from utilizing short-term cycles of detraining to 

“recover” and even train for a lesser period of time while still potentially garnering a 
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similar maintenance of strength and muscle mass. Furthermore, these findings can also 

potentially be translated to athletes through whom short-term periods of detraining due to 

overtraining or temporary muscular injuries may not negatively debilitate prior 

resistance-training adaptations. However, it is important to note that these findings should 

be taken with precaution as an optimal time-period at which to undergo detraining has not 

been fully elucidated. Our findings observed that a 2:1:2 ratio of training: detraining: 

retraining did not result in a loss of lean mass or lower body strength within resistance-

trained young males.  

As such, future research should be implemented to ascertain optimal ratios of 

training, detraining, and retraining to maximize body composition and muscle 

performance. Secondly, additional investigations into delineating whether acute markers 

of MPS can correlate to hypertrophy may be pivotal in formulating a greater 

understanding behind chronic adaptations. Thirdly, further elucidations into whether a 

differential graded dose of WP, or strictly leucine, may be efficacious in substantiating 

the validity of the leucine threshold hypothesis in optimizing processes of MPS. Lastly, 

investigations into additional signaling proteins downstream of p70S6k and the 

MAPK/ERK pathway such as rpS6 or p90RSK, respectively, as well as the expression of 

MHC protein isoforms may also assist in elucidating the biochemical picture associated 

with stimuli such as resistance-exercise and strategic nutritional interventions.  
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APPENDIX A 
 
 

BAYLOR UNIVERSITY 
 

Department of Health, Human Performance, & Recreation 
Informed Consent Form 

 
Title of Investigation: Effects of Successive Periods of Detraining and Retraining in 
Males With Whey Protein or Carbohydrate Supplementation on Body Composition, 
Muscle Performance, and mTOR and ERK 1/2 Signaling Responses to Resistance 
Exercise 
 
Principal Investigator:   Darryn S. Willoughby, Ph.D.  
                                          Department of HHPR, Baylor University  
 
Co-Investigators:            Brian Leutholtz, Ph.D. 
         Department of HHPR, Baylor University 

 
      Sarah McKinley, M.S.Ed. 

         Department of HHPR, Baylor University 
 
         Tom Andre, M.S.  
         Department of HHPR, Baylor University  
 
         Paul Hwang, B.S.  
         Department of HHPR, Baylor University  
 
Sponsors:        Exercise and Biochemical Nutrition Lab (Baylor University) 
 
Rationale: 
 
It is widely established that the process of muscle protein synthesis (MPS) is stimulated 
following an acute bout of resistance exercise. The implementation of resistance training 
carries forth a strong stimulus for muscle growth (hypertrophy) during the post-exercise 
recovery period allowing for adaptive responses. In response to muscle contraction 
resulting from resistance exercise, it has been observed that the regulation of MPS is 
driven inside the muscle cell by a signaling pathway known as the PI3K-Akt-mammalian 
target of rapamycin (mTOR). The cumulative effects of increased MPS over time can 
lead to increases in muscle mass and strength. Numerous studies have shown that 
resistance exercise leads to the activation of mTOR signaling. Also, it has recently been 
observed that bouts of resistance exercise can activate the extracellular signal-regulated 
kinase 1/2 (ERK 1/2), which is a mitogen-activating protein kinase (MAPK) signaling 
pathway that functions to also increase MPS and muscle mass. 
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In addition to resistance exercise, nutrients such as milk proteins and branched-chain 
amino acids have been shown to be able to increase MPS. If these nutrients are provided 
routinely over time in conjunction with a program of resistance training, these nutrients 
are also known to increase muscle strength and mass. Therefore, the contributions from 
various factors such as resistance exercise, amino acid levels, and nutritional protein 
intake is known to induce the regulatory action of these signaling pathways and promote 
MPS alongside other necessary biological functions. 

A recent study observed that chronic maximal isometric contraction training with rats 
every other day for 12 and 18 bouts eventually led to suppressed activity of cellular 
markers indicative of MPS. This particular study found that the activity of these markers 
of MPS was regained after 12 days of detraining, and that this period of detraining 
resulted in no muscle loss (atrophy). This suggests potential recovery of attenuated 
specific anabolic responses following this short-term detraining period. Interestingly, no 
experimental studies to date have investigated the intracellular activity of these markers 
indicative of MPS during both detraining and subsequent retraining sessions in humans. 
Therefore, investigations into the adaptive molecular anabolic responses during a 
successive cycle of both detraining and retraining with an additional emphasis on whey 
protein or carbohydrate supplementation can further illuminate the importance of 
recovery between exercise cycles for optimal muscle protein synthesis. 

Therefore, the purpose of this study is to investigate the effects of whey protein and 
carbohydrate supplementation in conjunction with a four-week resistance training 
program followed by a successive two-week period of detraining and then a four-week 
period of retraining on body composition, muscle performance, and markers of MPS and 
hypertrophy in both blood and muscle. 

Description of the Study: 

You will be one of 20 apparently healthy, resistance-trained males between the ages 18 to 
30 who will participate in this study. You will be required to visit the laboratory on 5 
separate occasions in the following manner: visit 1 = entry/familiarization session, visit 2 
= baseline testing/supplement distribution 1, visit 3 = testing protocol following 4-week 
resistance training session, visit 4 = testing protocol following 2-week detraining session, 
visit 5 = testing protocol following 4-week retraining session. Relative to the testing 
sessions (visits 2 through 5), you will perform a resistance exercise session involving the 
angled leg press and bench press exercises in order to collect measurements on muscular 
strength and muscular endurance throughout this training study. Each session will involve 
the gathering of data for the analysis of muscular strength, muscular endurance, body 
composition, and markers of both muscle hypertrophy and muscle protein synthesis. At 
visits 2-5, you will also have blood and muscle samples obtained. 

During an initial familiarization session (visit 1), you will be informed of the 
requirements of the study and sign an informed consent statement approved by the 
Institutional Review Board for the Protection of Humans in Research Baylor University. 
You will then be examined by trained study personnel and will complete health history 
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questionnaires to determine if you are qualified to participate in this study. If you are 
cleared to participate in the study, you will be familiarized to the methods and procedures 
involved in the study. Once the familiarization session is completed, you will be 
scheduled for the first testing session (visit 2) and instructed to refrain from exercise for 
24 hours prior to each testing session (visits 2-5). You will also be informed to eat a light 
breakfast two hours before each testing session. You will be provided with a dietary 
analysis form to complete for 4 days prior to each testing session (including the light 
breakfast on the morning prior to the testing session). 
 
Once you report to the lab for each of the four testing sessions (visits 2-5), you will turn 
in the completed dietary analysis form. Body composition (body fat and muscle mass) 
will be determined using dual energy x ray absorptiometry (DEXA). The DEXA body 
composition test will involve you lying down on your back in a comfortable position in a 
pair of shorts/t-shirt. A low dose of radiation will then scan your entire body for 
approximately 6 minutes. Radiation exposure from the DEXA is approximately 1.5 mR 
per scan. This is similar to the amount of natural background radiation you would receive 
in one month while living in Waco, TX. The maximal permissible x-ray dose for non-
occupational exposure is 500 mR per year. Total radiation dose will be less than 5 mR for 
the entire study. You will also undergo the body impedance analysis test (BIA) to 
determine the total body water (total, intracellular, and extracellular) with bioelectrical 
impedence. Also, an assessment of your upper-leg muscle mass will be done using 
Doppler ultrasound. You will be placed in a supine position with a rolled-up towel under 
both knees. Thigh area of both legs will be scanned with a hand- held transducer. This 
process will take approximately 15 minutes to complete and there is no pain or 
discomfort associated with the procedure. 
 
In addition, at each of the four testing sessions (visits 2-5) you will also donate about 20 
milliliters (4 teaspoons) of venous blood from a vein in the arm using sterile techniques 
by an experienced phlebotomist involving standard procedures, just as if you were to 
have blood drawn by your physician. This procedure may cause a small amount of pain 
when the needle is inserted into the vein as well as some bleeding and bruising. However, 
proper pressure will be applied upon removal to reduce bruising. You may also 
experience some dizziness, nausea, and/or faint if unaccustomed to having blood drawn. 
The personnel who will be performing the blood draws are experienced in phlebotomy 
(procedures to take blood samples) and are qualified to do so under guidelines established 
by the Texas Department of Health and Human Services. At visit 2, you will have two 
samples of blood obtained. The first sample will be taken directly after the body 
composition tests as an absolute baseline control sample. The second blood sample in 
visit 2 will be taken one hour following resistance exercise in a similar time fashion as 
future visits 3 through 5 (each respective future testing sessions will have one sample of 
blood obtained), which will lead into a total of 5 samples of blood obtained by the end of 
the study. 
 
In addition to the blood draws at each testing session (visits 2-5), you will undergo the 
muscle biopsy. The biopsy location will be identified on the thigh and the area will be 
shaved clean of leg hair, washed with antiseptic soap, and cleaned with rubbing alcohol. 
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In addition, the biopsy site will be further cleansed by swabbing the area with Betadine 
(fluid antiseptic). A small area of the cleaned skin approximately 2 cm in diameter will 
then be anesthetized with a 1.0 mL subcutaneous (under the skin) injection of the topical 
anesthetic Lidocaine. Once the local anesthesia has taken effect (approximately 2-3 
minutes) the biopsy procedure will only take 15- 20 seconds. Complications resulting 
from the muscle biopsy are rare, especially in this case with the fine-needle biopsy 
technique, where the biopsy is similar to receiving a routine intramuscular injection as 
there is no open incision. However, there is a risk of infection if you do not adequately 
cleanse the area for approximately 24 hours post-biopsy. You will be instructed to 
remove the band-aid and cleanse the biopsy puncture site with soap and water every 4-6 
hours, pat the area dry and reapply a fresh adhesive band-aid. You will be instructed to 
leave the band- aid on for 24 hours (unless unexpected bleeding). You will also be further 
advised to refrain from vigorous physical activity with the affected leg for 24 hours after 
the biopsy. There is a potential risk of an allergic reaction to the Lidocaine. You will be 
asked by study personnel about any such known allergies to local anesthetics (e.g. 
Lidocaine, Xylocaine, etc.) that they may have been previously given during dental or 
hospital visits. If you do have a known allergy to anesthesia medications you will not be 
allowed to participate in the study. The biopsy procedure may cause a small amount of 
pain when the needle is inserted to subcutaneously inject the Lidocaine and you may also 
experience some dizziness, nausea, and/or faint if unaccustomed to needles. However, 
due to the localized effects of the anesthetic, you should feel no pain during this process. 
However, the biopsy procedure may cause some slight bleeding and bruising. If needed, 
you may take non-prescription analgesic medication such as acetaminophen to relieve 
pain if needed. However, medications such as aspirin, Advil, Nuprin, Bufferin, or 
Ibuprophen are discouraged as these medications may lead to bruising at the biopsy site. 
Soreness of the area may occur for about 24 hours post-biopsy. Darryn Willoughby, 
Ph.D., Sarah McKinley, M.S.Ed., and Tom Andre, M.S. are trained in blood draws and 
muscle biopsies and will be the only study personnel to perform these two procedures. In 
a similar fashion of obtaining blood samples throughout this research study, visit 2 will 
comprise of 2 muscle biopsy samples. The first sample will be taken directly after the 
body composition tests and blood draw as an absolute baseline control sample. The 
second muscle biopsy sample in visit 2 will be taken one hour after resistance exercise in 
a similar time fashion as future visits 3 through 5 (each respective future testing sessions 
will have one sample of muscle obtained), which will lead into a total of 5 samples of 
muscle obtained by the end of the study. 

During the four testing sessions (visits 2-5), your body composition (body fat and muscle 
mass) will be determined using dual energy x-ray absorptiometry (DEXA). The DEXA 
body composition test will involve lying down on your back in a comfortable position in 
a pair of shorts/t-shirt. A low dose of radiation will then scan your entire body for 
approximately 6 minutes. Radiation exposure from the DEXA is approximately 1.5 mR 
per scan. This is similar to the amount of natural background radiation you would receive 
in one month while living in Waco, TX. The maximal permissible x-ray dose for non-
occupational exposure is 500 mR per year. Total radiation dose will be less than 5 mR for 
the entire study. Even though the DEXA scan only provides minimal radiation, there is an 
accumulative effect over a lifetime. Thus, if you have had had numerous x-rays over the 
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course of the last year, or years, etc. then you should take this into account when deciding 
whether or not to participate in the study. 
 
During the testing sessions, your maximum upper- and lower-body muscle strength and 
endurance will be determined on the bench press and angled leg press exercises, 
respectively. You will warm up by completing 5 to 10 repetitions with a very light weight 
and then complete 3 to 5 repetitions with a heavier weight. The weight will then be 
increased conservatively, and you will attempt to lift the weight for one repetition. If the 
lift is successful, you will rest for two minutes before attempting the next weight 
increment. This procedure will be continued until you fail to complete the lift. Your 
maximum strength on each exercise will be recorded as the maximum weight lifted for 
one repetition. Muscular endurance will be assessed by you performing as many 
repetitions as possible with 75% of your maximum strength on both the bench press and 
angled leg press exercises. Immediately following each of the four testing sessions at 
visits 2-5 for muscle strength and endurance assessment, you will perform 4 sets of 8-10 
repetitions with 75% of the 1-RM on the angled leg press and knee extension exercises, 
respectively. If muscle fatigue or failure occurs during a set, study personnel will provide 
assistance until you complete the remaining repetitions. The resistance load will then be 
reduced for subsequent sets. In all cases, 2 minutes of rest will occur between sets and 
exercises.  
 
At the conclusion of visit 2, you will begin a 28-day resistance-training program, split 
into 2 upper-extremity and 2 lower-extremity exercise sessions each week. This will 
constitute a total of 16 exercise sessions, with 8 upper-body and 8 lower-body exercise 
sessions. After the 28 days, you will immediately begin a 14-day detraining period in 
which you will engage in no resistance training or structured physical activity. 
Immediately following the detraining period, you will resume another 28-day resistance 
training program identical to the one you previously completed. During both 28-day 
resistance training programs, you will perform an upper- extremity resistance-training 
program consisting of 9 exercises (bench press, lat pull-down, shoulder press, seated row, 
shoulder shrug, chest fly, biceps curl, triceps press down, and abdominal crunch) twice 
per week and also a program consisting of 7 lower-extremity exercises (leg press or 
squat, back extension, step up, leg curl, leg extension, heel raise, and abdominal crunch) 
twice per week. Participants will perform 3 sets of 10 repetitions at 70 – 80% of your 
maximum strength. 
 
At the conclusion of visit 2, and prior to beginning the first 28-day resistance training 
program, you will be randomly assigned based on a “pulled from the hat” procedure to a 
nutritional supplement group consisting of either carbohydrate (placebo) or whey protein. 
The supplementation will be double-blind, meaning you or study personnel will not know 
which supplement you are being given. During both of the 28-day resistance training 
programs, immediately following each resistance exercise session, participants will ingest 
either 24 grams of your respective supplement. You will not ingest your supplement on 
non-exercise days. However, during the 14-day detraining period (in which you are not 
exercising), the 24 grams of your respective supplement will be ingested every day in the 
morning upon waking. You will be provided with enough supplement for the entire 
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duration of the study. A plastic scoop will be provided with that, when completely filled 
with supplement powder, will yield 24 grams. One scoop of supplement will be mixed 
with 12 ounces of water and orally ingested. You will be required to complete a daily 
supplement compliance questionnaire to assist in your compliance, which will also assist 
research personnel in establishing compliance to the supplementation protocol throughout 
the course of the study. 

If clinically significant side effects are reported from participation in the study, you 
should report them to study personnel and you will be referred to discuss the problem 
with Darryn Willoughby, Ph.D. Upon his discretion, you may be referred to discuss the 
matter with the Baylor Health Center and/or your primary care physician to determine 
whether any medical treatment is needed and/or whether you can continue in the study. 
Failure to report your progress and health status to study personnel may result in you 
being removed from the study. 

To the best of your abilities, you agree to: 1) follow the instructions outline by the 
investigators; 2) show up to all scheduled testing times; and 3) put forth your best effort 
as instructed. You agree not to take any other nutritional supplements or performance 
enhancing aids during this study (i.e. vitamins/minerals, creatine, HMB, androstenedione, 
DHEA, etc). In addition, you agree not to take any non-medically prescribed medications 
and to report any medication that is prescribed for you to take during this study. If you 
take any non-approved nutritional supplements or medications during the course of the 
study, you will be removed from the study. 

Exclusionary Criteria 

You understand that in order to participate in the study, trained research personnel will 
examine you to determine whether you are qualified to participate. You also understand 
that you will not be allowed to participate in this study if you: 1.) have any known 
metabolic disorder including heart disease, arrhythmias, diabetes, thyroid disease, or 
hypogonadism; 2.) have a history of pulmonary disease, hypertension, liver or kidney 
disease, musculoskeletal disorders, neuromuscular or neurological diseases, autoimmune 
disease, cancer, peptic ulcers, or anemia; 3.) are taking any heart, pulmonary, thyroid, 
anti-hyperlipidemic, hypoglycemic, anti-hypertensive, endocrinologic (ie, thyroid, 
insulin, etc), psychotropic, neuromuscular/neurological, or androgenic medications; 4.) 
have any bleeding disorders; 5.) have any chronic infections (e.g., HIV); 6) have a known 
allergic reaction to topical anesthetics; 7) have a known food allergy to dairy/milk 
products and/or soy products.  

You will be asked on the medical history questionnaire to report all nutritional 
supplements, medically prescribed drugs, and non-medically prescribed drugs that you 
may be presently taking.  

You will also be asked to report if you have any known allergies to local anesthetics and 
if you have had any prior allergic reactions to topical anesthetics. You will also be asked 
if you have any known food allergies to milk, soy, or corn. The most common allergy-
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related symptoms after consuming whey protein are vomiting, hives and wheezing. Other 
symptoms that may develop alongside these primary ones are diarrhea, abdominal 
cramping, runny nose, watery eyes, loose stools, itchy skin, tingling around the mouth, 
chest tightness and coughing. The whey protein supplement to be used in the study also 
contains soy. The carbohydrate supplement contains both soy and corn. Symptoms of a 
soy and corm allergy may be limited to one area of the body or may involve many areas. 
They can include flushing and/or itching skin, swelling lips and/or tongue, wheezing, 
shortness of breath, hoarseness or tightness in the throat, nausea and vomiting, colic, 
abdominal cramps and diarrhea. By a medical history questionnaire, you will be asked to 
report whether you have any additional medical problems that would prevent you from 
participating in this study. You must agree to report all changes in medical status, 
nutritional and/or pharmacological agents (drugs) that you take during the course of the 
investigation to Darryn Willoughby, Ph.D. (254-710-3504). If you experience any 
unexpected problems or adverse events from participating in this study you may be 
referred to discuss the problem with your primary care physician, or if you are a Baylor 
student, the student health center to determine whether any medical treatment is needed 
and/or whether you can continue in the study. 
  
Risks and Benefits 
 
There are minor risks of muscular pain and soreness associated with the resistance 
training protocol required in this study which are not uncommon to any exercise program 
especially for individuals who do not resistance train on a regular basis. On 4 separate 
occasions during this study, you will have approximately four teaspoons (20 milliliters) 
of blood drawn from a forearm vein using standard procedures. All blood sampling will 
be performed by an experienced phlebotomist. This procedure may cause a small amount 
of pain when the needle is inserted into as well as some bleeding and bruising. You may 
also experience some dizziness, nausea, and/or faint if unaccustomed to having blood 
drawn. On 4 separate occasions during this study (visits 2-5), you will undergo a muscle 
biopsy in which a small sample of muscle will be obtained from the thigh of your 
exercised leg. Darryn Willoughby, Ph.D., Sarah McKinley, M.S.Ed., or Tom Andre, M.S. 
will perform all blood draws and muscle biopsies and that a local anesthetic (Lidocaine) 
will be injected into the skin of your thigh prior to the biopsy, which will help prevent 
any pain and discomfort during the procedure. A small puncture will be made in your 
skin and a biopsy needle introduced 1 cm into the muscle. The puncture is so small that it 
will be simply covered with an adhesive bandage (band-aid). After the anesthetic wears 
off within 2-3 hours, the sensation at the biopsy site is comparable to that of a bruise and 
may persist for up to 24 hours after the procedure. You are required to inform study 
personnel if you have had any prior allergic reactions to anesthesia (e.g. while in the 
hospital or during a dental visit). 
 
What should you do if injured as a result of being in this study? If you become ill or 
injured as a result of your participation in the study, you should seek medical treatment 
through your doctor or treatment center of choice. You should promptly tell the 
researcher about any illness or injury. There are no plans for Baylor University to pay 
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you or give you other compensation for your injury or illness. You do not give up any of 
your legal rights to seek compensation by signing this form. 

The primary benefit obtained from participating in this study is to gain insight about your 
health and fitness status from the body composition, exercise, and nutritional assessments 
to be performed. In addition, you may also gain insight into how your body responds to 
resistance exercise in response to a short period of detraining. 

Alternative Treatments 

This is not a medical treatment. Therefore, if medical treatment is needed, you must 
obtain treatment for any medical problem that may arise from your personal physician. 

Costs and Payments 

If a Baylor University student, you will not receive any academic credit for participating 
in this study. If an intercollegiate scholarship athlete, you will not be eligible to receive 
payment to participate in this study. You will be paid $150 for completing the study. 
However, if you withdraw during the resistance training period, you will receive $25. If 
you complete the resistance training period before withdrawing, you will receive $50. If 
you withdraw during the detraining period, you will receive $75. If you withdraw after 
completing the detraining period, you will receive $100. If you withdraw during the 
retraining period, you will receive $125. If you complete the retraining period, you will 
receive the full $150. You will be given free nutrition, and strength assessments during 
the course of the study as described above and may receive information regarding results 
of these tests if you desire. Please check the appropriate space indicating whether or not 
you would like a copy of your results for being a participant in the study. 

I would like to receive a copy of my study results.  

I would NOT like to receive a copy of my study results.  

New Information 

Any new information obtained during the course of this research that may affect your 
willingness to continue participation in this study will be provided to you. In addition, 
you will be informed of any unusual/abnormal clinical findings in which medical referral 
to your personal physician may be warranted. If desired, you may request that this 
information be provided to your physician. 

Confidentiality 

Any information obtained about you in this research, including medical history, 
laboratory findings, or physical examination will be kept confidential to the extent 
permitted by law. However, in order to ensure that FDA regulations are being followed, it 
may be necessary for a representative of the FDA to review your records from this study, 
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which may include medical history, laboratory findings/reports, statistical data, and/or 
notes taken about your participation in this study. In addition, records of this research 
may be subpoenaed by court order or may be inspected by federal regulatory authorities. 
The data derived from your participation in this study may be used in reports, 
presentations, and publications. However, you will not be individually identified unless 
your consent is granted in writing. Additionally, confidentiality will be maintained by 
assigning code numbers to your files, limiting access to data to research assistants, 
locking cabinets that store data, and providing passwords to limit access to computer files 
to authorized personnel only. Once blood and muscle samples are analyzed, they will be 
discarded. 
 
Right to Withdrawal 
 
You are not required to participate in this study and are free to refuse to participate or to 
withdraw from the study at any time. Further, your decision to withdraw from the study 
will not affect your care at this institution or cause a loss of benefits to which you might 
be otherwise entitled. If there is concern about your medical safety, you may be referred 
to seek medical attention. 
 
Compensation for Illness or Injury 
 
If you become ill or injured as a result of your participation in the study, you should seek 
medical treatment through your doctor or treatment center of choice. You should 
promptly tell the researcher about any illness or injury. 
 
There are no plans for Baylor University to pay you or give you other compensation for 
your injury or illness. You do not give up any of your legal rights to seek compensation 
by signing this form. 
 
Statement on Conflict of Interest  
 
This study is funded by the Exercise and Biochemical Nutrition Laboratory at Baylor 
University, and that the researchers involved in collecting data in this study have no 
financial or personal interest in the outcome of results or sponsors. 
 
Voluntary Consent 
 
You certify that you have read this consent form or it has been read to you and 
understand the contents, and that any questions that you have pertaining to the research 
have been, or will be, answered by Darryn Willoughby, Ph.D. (principal investigator, 
Department of Health, Human Performance & Recreation, 120 Marrs McLean 
Gymnasium, Baylor University, phone: 254- 710-3504) or one of the research associates. 
Your signature below means that you are at least 18 years of age and that you freely 
agree to participate in this investigation. You will be given a copy of this consent form 
for your records. If you have any questions regarding your rights as a participant, or any 
other aspect of the research as it relates to you as a participant, please contact the Baylor 
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University Committee for Protection of Human Subjects in Research, Dr. David W. 
Schlueter, Ph.D., Chair Baylor IRB, Baylor University, One Bear Place #97368 Waco, 
TX 76798-7368. Dr. Schlueter may also be reached at (254) 710-6920 or (254) 710-3708. 

Date Participant's Signature 

I certify that I have explained to the above individual the nature and purpose of the 
potential benefits and possible risks associated with participation in this study. I have 
answered any questions that have been raised and have witnessed the above signature. I 
have explained the above to the volunteer on the date stated on this consent form. 

Date Investigator's Signature 
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APPENDIX B 
 
 

Application to the Baylor IRB 
 

For Review of Research/Activity Proposal 
 

Part 1: Signature Page 
 

1.  Name            Darryn S. Willoughby, Ph.D., FACSM, FISSN, FACN                                 
 
2.  Email Address (optional)         Darryn_Willoughby@baylor.edu     
 
3.  Complete Mailing Address      P.O. Box 97313        
 
4.  Position                               Associate Professor                     
 
5.  Faculty Advisor (if researcher is Graduate Student)                             
 
6.  Department/School                  HHPR/SOE & Biomedical Science Institute     
 
7.  Telephone #    x3504                             FAX #     x3527       
 
8.  Are you using participants in research (Y or N) or in teaching exercises (Y or N)? 
 
9.  Title of the research project/teaching exercise: 
 
Effects of Successive Periods of Detraining and Retraining in Males With or Without Whey 
Protein Supplementation on Body Composition, Muscle Performance, and mTOR and ERK 
1/2 Intracellular Signaling Responses to Resistance Exercise 
 
10. Please return this signed form along with all the other parts of the application and 

other documentation to the University Committee for Protection of Human Subjects 
in Research: Dr. David Schlueter, Department of Communication, P.O. Box 97368, 
Waco, Texas 76798, phone number (254) 710-6920. 

 
          06/03/14 
__________________________________________  __________________ 
Signature of Principal Investigator      Date 
 
 
________________________________________________________________________ 
Signature of Faculty Advisor (required if researcher is a Graduate Student) 
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Departmental Review: _____________________________________________________ 
Department Chair or the Chair's Designate 

Part 2:  Introduction & Rationale 

It is widely established that the process of skeletal muscle protein synthesis (MPS) is 
stimulated following an acute bout of resistance exercise (Bodine et al., 2001; Koopman 
et al., 2006; Ogasawara et al., 2013a). The implementation of resistance training carries 
forth a strong stimulus through which the induction of muscle hypertrophy during the 
post-exercise recovery period allows for adaptive anabolic responses (Bodine et al., 2001; 
Ogasawara et al., 2013b). In response to mechanical overloading, it has been observed 
that the regulation of MPS is driven by the intracellular signaling pathway known as the 
PI3K-Akt-mammalian target of rapamycin (mTOR) (Ogasawara et. al., 2013a; Sandri, 
2008). The cumulative effects of increased MPS over time can lead to muscular 
hypertrophic adaptations. Numerous studies have shown that mechanical stimulation 
leads to the activation of mTOR signaling (specifically the mTORC 1 complex), which 
appears to be sufficient for mechanically-induced increases in MPS as well as a 
concomitant hypertrophic response (Bodine et. al., 2001; Goodman et. al., 2011; Jacobs 
et. al., 2013). Also, it has recently been observed that bouts of resistance exercise can 
activate the extracellular signal-regulated kinase 1/2 (ERK 1/2), which is a mitogen-
activating protein kinase (MAPK) signaling pathway that functions independent of 
traditional PI3K-Akt-mTOR activity (Ogasawara et. al., 2013a/b; Williamson et. al., 
2003; Winter et. al., 2010).  

Resistance exercise training is known to accelerate muscle anabolic responses with 
increases in myofibrillar protein accumulation due to continual repetition of this strong 
stimulus. These anabolic responses have been known to have an association with changes 
in phosphorylation statuses of signaling proteins within signaling pathways such as 
mTOR. Due to mechanical overload conditions, this signaling cascade eventually leads to 
the activation of mTOR, which can then lead to the activation of its downstream targets 
p70s6k (ribosomal protein kinase S6) and the eukaryotic initiation factor 4-binding 
protein 1 (4E-BP1) leading to increased MPS (Ogasawara et. al., 2013a; Sakamoto et. al., 
2002; Terzis et. al., 2008; Zanchi et. al., 2008). In addition, the activated ERK 1/2 
pathway phosphorylates cytoplasmic signaling proteins such as its effector p90 ribosomal 
S6 kinase (p90RSK) as well as end-point effector transcription factors (Mendoza et. al., 
2011; Roux et. al., 2007; Widegren et. al., 2001).  

However, the dynamic and plastic nature of skeletal muscle to respond with hypertrophic 
adaptations is known to decrease with chronically repeated stimulation. Thus a reduction 
in both anabolic responses and rate of MPS can occur with chronic continuous training in 
comparison to the early phases of resistance training (Ogasawara et. al., 2013b). One 
study showed that the relative percent change within the existing cross-sectional area 
(CSA) of the thigh muscles in humans decreased by .06% in the transition from the early 
phases of training (3 months with a 0.11% increase per day) to a long-term resistance 
training cycle (5-6 months with a .05% increase per day) (Wernbom et. al., 2007). 
However, the utilization of a short-term period of a cessation of training (otherwise 
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known as detraining) caused the muscle anabolic adaptation responses to return to their 
initial levels as the effects of contiguous retraining following this short-term detraining 
period presented similar adaptive responses noted during the early phases of training 
(Ogasawara et. al., 2013b).  

 
Another recent study observed that chronic maximal isometric contraction training with 
rats every other day for 12 and 18 bouts eventually led to a suppression of 
phosphorylation levels of p70s6k, rpS6, and p90RSK (Ogasawara et. al., 2013a). This 
particular study found that these phosphorylation levels were restored following 12 days 
of detraining without muscle atrophy, which suggests potential recovery of attenuated 
specific anabolic responses following this short-term detraining period. Interestingly, no 
experimental studies to date have investigated the intracellular signaling responses within 
both the mTOR and ERK 1/2 signaling pathways during both detraining and subsequent 
retraining sessions in humans.  

 
Therefore, the purpose of this study is to investigate the effects of whey protein 
supplementation in conjunction with a four-week resistance training program followed by 
a successive two-week period of detraining and then a four-week period of retraining on 
body composition, muscle performance, and markers of MPS and hypertrophy in both 
blood and muscle.  
 

Part 3:  Methodology 
 
Methods 
 
Experimental Approach 
 
In a randomized, double-blind, placebo-controlled experimental design, participants will 
visit the laboratory on 5 separate occasions in the following manner: visit 1 = 
entry/familiarization session, visit 2 = baseline testing/supplement distribution, visit 3 = 
testing protocol following 4-week resistance training session, visit 4 = testing protocol 
following 2-week detraining session, visit 5 = testing protocol following 4-week 
retraining session. Relative to the testing sessions (visits 2 through 5), participants will 
provide a blood and muscle biopsy sample, have their body composition assessed, and 
perform a resistance exercise session involving the angled leg press and bench press 
exercises in order to collect measurements on muscular strength and muscular endurance. 
Each session will involve the gathering of data for the analysis of muscular strength, 
muscular endurance, body composition, and markers of both muscle hypertrophy and 
muscle protein synthesis. This experimental approach is based on the premise that since 
resistance exercise is known to increase muscle protein synthesis, the proposed 
experimental model will allow for the determination of whether a cycle of detraining and 
retraining will significantly affect the molecular adaptive response from the chronic 
resistance training stimuli (4 weeks) with or without whey protein supplementation.  
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Figure 1. An illustration of the experimental protocol for the testing sessions in the lab 
during visits 2-5. Lab session protocol is noted in the box above that is implemented each 
respective lab session or visit. Study utilizes 20 randomly selected participants in 2 
groups (whey and placebo supplement) that will train for each respective cycle of study 
for a frequency of 4 days a week as shown in figure. Each visit is associated with the 
particular week of the total 10 week training study. Note: UB = Upper Body; LB = Lower 
Body 

Participants 

Twenty apparently healthy, recreationally-active and resistance-trained [regular, 
consistent resistance training (i.e. thrice weekly) for at least 1 year prior to the onset of 
the study], men between the ages of 18 and 30 will volunteer to serve as participants in 
this study. Enrollment will be open to men of all ethnicities. Only participants considered 
as low risk for cardiovascular disease and with no contraindications to exercise as 
outlined by the American College of Sports Medicine (ACSM), and who have not 
consumed any nutritional supplements (excluding multi-vitamins) one month prior to the 
study will be allowed to participate. All eligible participants will sign university-
approved informed consent documents and approval will be granted by the Institutional 
Review Board for Human Subjects. Additionally, all experimental procedures involved in 
the study will conform to the ethical consideration of the Helsinki Code. 

Study Site 

All supervised testing and supplement assignment will be conducted in the Resistance 
Training and Assessment Laboratory (RTAL) at Baylor University. All sample analyses 
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will be completed in the Exercise and Biochemical Nutrition Laboratory (EBNL) at 
Baylor University. 
 
Independent and Dependent Variables 
 
The independent variable will be the resistance training/supplementation protocol 
(placebo, whey protein). Dependent variables will include those involving body 
composition (fat mass, fat-free mass, thigh volume and mass), serum level of IGF-1, and 
in skeletal muscle total mTOR, p70S6k, and ERK 1/2, and MHC isoform protein and 
myofibrillar protein content.   
 
Entry and Familiarization Session (Visit 1) 
 
Participants expressing interest in participating in this study will be interviewed on the 
phone or through e-mail to determine whether they appear to qualify to participate in this 
study.  Participants believed to meet eligibility criteria will then be invited to attend an 
entry/familiarization session (visit 1). Once reporting to the laboratory, participants will 
read and then sign an informed consent form approved by the Institutional Review Board 
for the Protection of Human Subjects of Baylor University. Upon signing the consent 
form, participants will complete a medical history questionnaire and undergo a general 
physical examination to determine whether they meet eligibility criteria. Participants 
meeting entry criteria will be familiarized to the study protocol via a verbal and written 
explanation outlining the study design and will undergo assessments for body 
composition and muscle strength assessments for the upper- and lower-body. At the 
conclusion of the familiarization session, participants will be given an appointment in 
which to attend their first testing session (visit 2). In addition, each participant will be 
instructed to refrain from exercise for 24 hours prior to each testing session, eat a light 
breakfast two hours prior to reporting for each testing session, and record their dietary 
intake for four days (including the light breakfast the morning of testing) immediately 
prior to each of the four testing sessions (visits 2-5) involved in the study.  
 
Muscle Biopsies (Visits 2-5)  
 
Using a 14-gauge fine needle aspiration procedure, percutaneous muscle biopsies (~30 
mg) will be obtained from the middle portion of the vastus lateralis muscle of the leg at 
the midpoint between the patella and the greater trochanter of the femur at a depth 
between 1 and 2 cm under local anesthesia with 1% Lidocaine based on our standard 
laboratory protocol [Schwarz et al., 2013]. The leg used for the baseline initial biopsy and 
one hour post-exercise at Visit 2 will be randomly selected using the “pulled from a hat” 
procedure. The next biopsy at Visit 3 will involve the opposite leg, biopsy for Visit 4 will 
be the initial leg, and the last biopsy for Visit 5 will involve the same leg from Visit 3.  
For both biopsies on each leg, attempts will be made to extract the tissue from the same 
location by using the pre-biopsy scar, depth markings on the needle, and a successive 
puncture that will be made approximately 0.5 cm to the former from medial to lateral. 
Following removal, muscle samples will be immediately frozen in liquid nitrogen and 
stored at -80°C for later analysis.  
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Blood Sampling (Visits 2-5) 

Standardized to the same time of day for each sample, venous blood samples will be 
obtained from the antecubital vein into a 10 ml collection tube using a standard 
vacutainer apparatus based on our standard laboratory protocol [Willoughby & Leutholtz, 
2013; Willoughby et al., 2014]. Blood samples will be obtained at the same time in which 
muscle biopsies are obtained and will be allowed to stand at room temperature for 10 min 
and then centrifuged. The serum will be removed and frozen at -80C for later analysis.   

Body Composition Testing (Visit 2-5) 

At each of the four testing sessions, total body mass (kg) will be determined on a 
standard dual beam balance scale (Detecto). Total body water (total, intracellular, and 
extracellular) will be determined with bioelectrical impedance [(BIA) Xitron 4200, San 
Diego, CA].  Percent body fat, fat mass, and fat-free mass, will be determined using a 
calibrated Hologic 4500W dual-energy x-ray absorptiometry (DEXA). The DEXA will 
segment regions of the body (right arm, left arm, trunk, right leg, and left leg) into three 
compartments.   

Assessments of Upper-Leg Muscle Mass (Visits 2-5) 

Thigh volume (m3) and mass (kg) will be estimated from an equation and guidelines 
previously established [Andersen & Saltin, 1985; Willoughby & Rosene, 2001] taking 
into account surface measurements of the length, circumference, and skin fold thickness 
of each participant's right and left thigh.  Femur length will be determined from the 
greater trochanter to the knee joint line. The skinfold determination site will be identified 
as the mid-point of the distance from the greater trochanter to the knee joint line.   Upper-
leg circumference sites will be proximal (at gluteal fold), middle (at skinfold site), and 
distal (just proximal to knee joint line). The measurements will be performed in the 
supine position, and always prior to exercise, to avoid the influence of possible exercise-
induced muscle swelling.   

An additional assessment of upper-leg muscle mass will be involve determining rectus 
femoris cross-sectional area (CSA) and thickness (mm) using ultrasonography (Sonosite 
M-Turbo, Milwaukee, WI, USA) based on previously-established guidelines [Bemben, 
2002; Menon et al., 2012]. Scanning will be performed in the supine position with a 
rolled-up towel placed in the popliteal fossa to relax the upper-thigh. The scanning site 
will be identified as the mid-point of the distance from the greater trochanter to the knee 
joint line. A 13.5 MHz linear array transducer will be placed perpendicular to the long 
axis of the thigh to obtain a frozen real-time cross-sectional image of the rectus femoris 
muscle in order to determine CSA and thickness. 

Dietary Analysis (Visits 2-5) 

Participants will be required to record their dietary intake for four days immediately prior 
to each of the four testing sessions at visits 2-5. The participants’ diets will not be 
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standardized and participants will be asked not to change their dietary habits during the 
course of the study. The dietary recalls will be evaluated with the Food Processor dietary 
assessment software program (ESHA Research, Salem, OR) to determine the average 
daily macronutrient consumption of fat, carbohydrate, and protein in the diet for the 
duration of the study. 
 
Muscle Strength Assessments (Visit 2-5) 
 
In order to determine muscular strength, at each of the four testing sessions, participants 
will perform one-repetition maximum (1-RM) tests in accordance with our previous 
guidelines on the angled leg press and bench press exercises [Spillane et al., 2012; 
Willoughby & Leutholtz, 2013; Willoughby et al., 2014]. Participants will warm up by 
completing 5 to 10 repetitions at approximately 50% of the estimated 1-RM. The 
participant will rest for 1 minute, and then complete 3 to 5 repetitions at approximately 
70% of the estimated 1-RM. The weight will then be increased conservatively, and the 
participant will attempt to lift the weight for one repetition. If the lift is successful, the 
participant will rest for 2 minutes before attempting the next weight increment. This 
procedure will be continued until the participant fails to complete the lift. The 1-RM will 
be recorded as the maximum weight that the participant is able to lift for one repetition. 
In order to assess muscle endurance, using the bench press and angled leg press exercises, 
participants will perform as many repetitions as possible with 75% of their 1-RM 
[Spillane et al., 2012]. 
 
Resistance Training and Retraining Protocol 
 
Based on our previous studies [Willoughby et al., 2014; Willoughby & Leutholtz, 2013], 
participants will complete two separate (one for training and one for retraining), 
periodized 28-day resistance-training programs, each split into 2 upper-extremity and 2 
lower-extremity exercise sessions each week. This will constitute a total of 16 exercise 
sessions, with 8 upper-body and 8 lower-body exercise sessions during the training and 
retraining periods. Each exercise session will be supervised by study personnel, and prior 
to each exercise session participants will perform a standardized series of stretching 
exercises. The participants will then perform an upper-extremity resistance-training 
program consisting of 9 exercises (bench press, lat pull-down, shoulder press, seated row, 
shoulder shrug, chest fly, biceps curl, triceps press down, and abdominal curl) twice per 
week and also a program consisting of 7 lower-extremity exercises (leg press or squat, 
back extension, step up, leg curl, leg extension, heel raise, and abdominal crunch) twice 
per week. Participants will perform 3 sets of 10 repetitions at 70 – 80% 1-RM.  Rest 
periods will be 2 minutes between exercises and between sets.  
 
Detraining Protocol 
 
Immediately following the 28-day resistance training period, and immediately prior to the 
28-day retraining period, a 14-day detraining period will occur in which all participants 
will engage in no formal resistance training or structured physical activity. 
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Nutrient Supplementation Protocol 

Throughout the duration of the resistance training, detraining, and retraining protocol, in 
a randomized, doubled-blind fashion, based on the “pull from the hat” procedure, 
participants will be randomly assigned to either a placebo or whey protein group. 
Immediately following each resistance exercise session, participants will ingest either 24 
grams cellulose placebo (Nutricology, Alameda, CA) or 24 grams of whey protein (PS 
Whey, Pro Supplements, Inc., Allen, TX).  Neither supplement will be ingested on non-
exercise days.  However, during the 14-day detraining period, the 24 grams of each 
respective supplement will be ingested every day in the morning upon waking. Each 
participant will be provided with enough of their respective supplement for the entire 
duration of the study. A plastic scoop will be provided with each supplement that, when 
completely filled with supplement powder, will yield 24 grams. One scoop of supplement 
will be mixed with 12 ounces of water and orally ingested. Participants will be required 
to complete a daily supplement compliance questionnaire to assist them in their 
compliance, and that will also assist research personnel in establishing compliance to the 
supplementation protocol throughout the course of the study. 

Reported Side Effects from Supplements (Visits 3-5) 

Upon reporting to the lab for the testing session at visits 3-5, participants will report by 
questionnaire whether they tolerated each supplement, as well as report any side effects, 
medical problems/ symptoms they may have encountered from ingesting their respective 
supplement throughout the duration. However, if symptoms/complications do arise prior 
to arrive at the testing session and completing the questionnaire, participants will be 
encouraged to report them as they occur to the principal investigator, Darryn Willoughby, 
Ph.D. 

Serum IGF-1 Assessment 

From the blood samples obtained at the four testing sessions, IGF-1 levels will be 
determined using a commercially available enzyme-linked immunoabsorbent assay 
(ELISA) kit (Alpha Diagnostic Laboratories, San Antonio, TX). All samples will be run 
in duplicate and the assays will be performed at 450 nm wavelength with a microplate 
reader (iMark, Bio-Rad, Hercules, CA). Hormone concentrations will be determined 
using data reduction software (Microplate Manager, Bio-Rad, Hercules, CA).   

Skeletal Muscle Cellular Extraction  

Based on our previous approach [Shelmadine et al., 2009; Spillane et al., 2011], 
approximately 20 mg of each muscle sample will be weighed and subsequently 
homogenized using a commercial cell extraction buffer (Biosource, Camarillo, CA) and a 
tissue homogenizer. The cell extraction buffer will be supplemented with 1mM 
phenylmethanesulphonylfluoride (PMSF) and a protease inhibitor cocktail (Sigma 
Chemical Company, St. Louis, MO) with broad specificity for the inhibition of serine, 
cysteine, and metallo-proteases. 
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Assessment of Skeletal Muscle mTOR, p70S6k, and ERK 1/2 Signaling Proteins 
 
From the muscle tissue samples obtained at the four testing sessions, the total protein 
levels of mTOR and p70S6 kinase, and ERK 1/2 will be determined by commercially-
available phospho-protein ELISA kits (Active Motif, Carlsbad, CA). All samples will be 
run in duplicate and the assays will be performed at 450 nm wavelength with a 
microplate reader (iMark, Bio-Rad, Hercules, CA). Protein concentrations will be 
determined using data reduction software (Microplate Manager, Bio-Rad, Hercules, CA), 
and the final concentration expressed relative to muscle wet-weight.  
 
Assessment of Skeletal Muscle Myofibrillar Protein Content 
 
From the muscle tissue sample obtained at the four testing sessions, myofibrillar protein 
will be further isolated from the skeletal muscle cellular extracts with repeated 
incubations in 0.1% SDS at 50˚C and separated by centrifugation, and protein content 
will be determined spectrophotometrically based on the Bradford method at a wavelength 
of 595 nm (Bradford, 1976). A standard curve will be generated using bovine serum 
albumin (Bio-Rad, Hercules, CA, USA), and based on our previous approach, 
myofibrillar protein content will be expressed relative to muscle wet-weight [Shelmadine 
et al., 2009; Spillane et al., 2001].  
 
Assessment of MHC Isoform Proteins 
 
The MHC protein isoform composition will be determined under denaturing conditions 
using an Experion Pro260 automated electrophoresis system (Bio-Rad, Hercules, CA, 
USA) using the principles of SDS-PAGE and LabChip (Caliper Life Sciences, 
Hopkinton, MA, USA) technology [Willoughby, Stout, & Wilborn, 2007]. The Experion 
Pro260 analysis kit has a resolution and quantitation of 10-260 kDa proteins while also 
separating and detecting 2.5–2,000 ng/µl protein. The Experion Pro260 system combines 
electrophoresis, staining, de-staining, imaging, band detection, and basic data analysis 
into a single, automated step. Gel images will then be processed and displayed on a 
computer monitor and MHC bands identified by migration elative to the molecular 
weight marker. The density of the MHC bands will be determined using Experion 
Imaging software (Bio-Rad, Hercules, CA, USA), expressed in arbitrary density units.   
 
Statistical Analyses 
 
Statistical analyses will be performed by utilizing separate 2 x 4 [Group (placebo, whey 
protein) x Test (pre-training, post-training, post-detraining, post-retraining)] factorial 
analyses of variance (ANOVA) with repeated measures for blood variables.  Further analysis 
of the main effects will be performed by separate one-way ANOVAs. Significant between-
group differences will then be determined involving the Tukey’s Post Hoc Test. An a-priori 
power calculation showed that 10 participants per group is adequate to detect a significant 
difference between groups in the marker of muscle strength in response to resistance training, 
given a type I error rate of 0.05 and a power of 0.80. The index of effect size utilized will be 
partial Eta squared (η2), which estimates the proportion of variance in the dependent variable 
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that can be explained by the independent variable. Partial Eta squared effect sizes will be 
determined to be: weak = 0.17, medium = 0.24, strong = 0.51, very strong = 0.70 (O'Connor 
K, Stip E, Pelissier M, Aardema F, Guay S, Gaudette G., Van Haaster I,  Robillard S, 
Grenier S, Careau Y, Doucet P, Leblanc V. Treating delusional disorder: a comparison of 
cognitive-behavioural therapy and attention placebo control. Can J Physchiatry 2007; 
52:182-90). All statistical procedures will performed using SPSS 20.0 software (Chicago, IL) 
and a probability level of ≤ 0.05 will be adopted throughout.  
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areas involved in the project. 
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Paul Hwang, B.S. Mr. Hwang is a Master’s student in exercise physiology and serves as 
a research assistant in the EBNL. He will assist in all areas involved in the project. 
 
 
Participants 
 
Recruitment   
 
Twenty apparently healthy and resistance-trained [regular, consistent resistance training 
(i.e. thrice weekly) for at least 1 year prior to the onset of the study], men between the 
ages of 18 and 30 will volunteer to serve as participants in this study. Enrollment will be 
open to men of all ethnicities. A recruitment flyer that will be posted on campus and at 
area fitness centers is attached.  

 
Selection Criteria   
 
Participants will not be allowed to participate in the study if they:  

1. have not been involved in a habitual resistance training program (minimum of 3 
hours/week for at least 1 year);  

2. use tobacco products; 

3. have orthopedic limitations that would limit participation in resistance training; 

4. have a known allergy to topical anesthetics; 

5. have a known food allergy to dairy and/or soy products; 

6. have any known metabolic disorder including heart disease, arrhythmias, diabetes, 
thyroid disease, or hypogonadism;  

7. have a bleeding disorder, history of pulmonary disease, hypertension, hepatorenal 
disease, musculoskeletal disorders, neuromuscular/neurological diseases, 
autoimmune disease, cancer, peptic ulcers, anemia, or chronic infection (e.g., 
HIV);  

8. are taking any heart, pulmonary, thyroid, anti-hyperlipidemic, hypoglycemic, 
anti-hypertensive, endocrinologic (e.g,thyroid, insulin, etc), 
emotional/psychotropic (e.g., Prednisone, Ritalin, Adderall), 
neuromuscular/neurological, or androgenic  medications (anabolic steroids);  
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9. have taken ergogenic levels of nutritional supplements that may affect muscle
mass (e.g., creatine, HMB) or anabolic/catabolic hormone levels (e.g.,
androstenedione, DHEA, etc) within one month prior to the start of the study.

10. have any absolute or relative contraindication for exercise testing or prescription
as outlined by the American College of Sports Medicine;

11. report any unusual adverse events associated with this study that in consultation
with the supervising physician recommends removal from the study.

Procedures  

All participants will have their risk of cardiopulmonary disease and their possible 
contraindications to exercise assessed by Certified Exercise Physiologists in accordance 
to the standard procedures described by the American College of Sports Medicine 
(ACSM’s Guidelines for Exercise Testing and Prescription, 9th ed. Williams & Wilkins 
Publishers, 2013).  Only those participants considered as low to moderate risk for 
cardiovascular disease with no contraindications to exercise will be considered eligible: 

ACSM Risk Stratification Criteria for Cardiovascular Disease (page 28) 

Low Risk 
Younger individuals (men < 45 years of age; women < 55 years of age) who are 
asymptomatic for cardiovascular disease and possess no more than two positive 
cardiovascular disease risk factor. 

Moderate Risk 
Older individuals and/or those who are asymptomatic for cardiovascular disease and 
possess two or more cardiovascular disease risk factors. 

High Risk 
Symptomatic patients or with known cardiovascular, pulmonary, renal or metabolic 
disease. 

ACSM Criteria for Signs and Symptoms Suggestive of Cardiovascular Disease 

1. Pain, discomfort in the chest, neck, jaw, arms, or other areas that may be due to
myocardial ischemia. 
2. Shortness of breath at rest or with mild exertion.
3. Dizziness or syncope.
4. Orthopnea or paroxysmal nocturnal dyspnea.
5. Ankle edema.
6. Palpitations or tachycardia.
7. Intermittent claudication.
8. Known heart murmur.
9. Unusual fatigue or shortness of breath with usual activities.
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ACSM Absolute and Relative Contraindications to Exercise 
 
Absolute Contraindications 
1.  Unstable angina. 
2.  Uncontrolled dysrhythmias. 
3.  Recent ECG changes and cardiac events. 
4.  Symptomatic severe aortic stenosis 
5. Uncontrolled symptomatic heart failure. 
 
6. Acute myocarditis or pericarditis. 
7.  Acute pulmonary embolism or acute myocardial infarction. 
8.  Dissecting aneurysm. 
9.  Acute infections. 
 
Relative Contraindications 
1.  Left main coronary stenosis. 
2.  Moderate stenotic valvular heart disease 
3.  Electrolyte abnormalities 
4.  Severe arterial hypertension (> 200/115). 
5.  Tachycardia or bradycardia. 
6.  Neuromotor or rheumatoid disorders that are exacerbated by exercise. 
7.  Uncontrolled metabolic disease. 
8.  High-degree AV block. 
9.  Chronic infectious disease. 
10. Hypertrophic cardiomyopahty and outflow obstructions. 
11. Ventricular aneurysm. 
12. Mental or physical impairment leading to inability to exercise adequately.  

  
Compensation or Incentives   
 
Participants who successfully complete all requirements of the study will be paid $150. 
However, participants who withdraw during the resistance training period will receive 
$25; if they complete the resistance training period before withdrawing they will receive 
$50. If participants withdraw during the detraining period they will receive $75; if they 
withdraw after completing the detraining period, they will receive $100. If participants 
withdraw during the retraining period, they will receive $125; if they complete the 
retraining period, they will receive the full $150. Participants may receive information 
regarding results of these tests if they desire.  If participants are Baylor students, they will 
not receive any academic credit for participating in this study.   
 

Potential Risks   
 
Whey protein has been extensively studied exercise nutrition-related research and seems 
to be well-tolerated by most individuals. However, whey is a milk-based protein and 
some people may have a food allergy to milk proteins. In addition, some people are 
lactose intolerant to dairy products. However, unlike milk or casein protein, the whey 
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fraction contains little to no β-galactosidase, the enzyme responsible for lactose 
intolerance; therefore, this should not be an issue in this study. The whey protein to be 
used in this study also contains a small amount of soy (as soy lecithin). Some people have 
food allergies to soy as well. During the initial screening process, potential participants 
will be asked if they are aware of having any food allergies to dairy products/milk and/or 
soy. If so, they will not be eligible to participate. If any participants who are unaware of 
food allergies to milk and/or soy that begin the study develop symptoms suggestive of 
having food allergies (nausea, gastrointestinal discomfort, etc.), they will be removed 
from the study. Aside to being a potential allergen, clinical research has demonstrated 
that oral administration of whey protein is not associated with any significant medical 
side effects. Even though whey protein is currently available in over-the-counter 
nutritional supplements sold in United States, as with the vast majority of nutritional 
supplements, however, the FDA may not have evaluated the safety or marketing claims 
of whey protein. 

Participants who meet eligibility criteria will be subjected to strength testing sessions 
involving dynamic muscle contractions. Even though the participants in this study will be 
experienced resistance trainers, and will be instructed to only perform the prescribed 
resistance exercise protocol throughout the duration of the study, as a result of the 
exercise protocol, participants will most likely experience short-term muscle fatigue. In 
addition, they will likely experience muscle soreness in their upper- and lower-body for 
up to 24 to 48 hours after exercise. This soreness is normal and as experienced resistance 
trainers, a sensation in which they should be familiar. Muscle strains/pulls resulting from 
1-RM testing and the dynamic exercise protocol are possible. During the familiarization 
session, participants will be informed of the resistance training program and correct 
lifting technique for each exercise demonstrated. Therefore, potential injury due to 
exercise will be minimized since all participants will be instructed on how to adhere to 
correct lifting technique. In addition, only Darryn Willoughby, Ph.D., Brian Leutholtz, 
Ph.D., Sarah McKinley, M.S.Ed., Tom Andre, M.S., and Paul Hwang, B.S., all with 
expertise in resistance training, will conduct the testing and exercise procedures.   

Total body water will then be estimated using a Xitron 4200 Bioelectrical Impedance 
Analyzer (San Diego, CA) which measures bio resistance of water and body tissues based 
on a minute low energy, high frequency current (500 micro amps at a frequency of 50 
kHz) transmitted through the body. After the unit has measured the resistance, which 
takes approximately 10 seconds, the unit then calculates total body water and body water 
percent. This analyzer is commercially available and has been used in the health 
care/fitness industry as a means to assess body composition and body water for over 20 
years. The use of this device has been approved by the Food and Drug Administration 
(FDA) to assess total body water and the current to be used has been deemed safe.  

Body composition/bone density will then be determined using a calibrated Hologic 
4500W dual energy x-ray absorptiometry (DEXA) by study personnel who have all 
received training on radiation safety from Baylor’s Department of Risk Management.  In 
addition, Dr. Willoughby has a certification in limited x-ray technology training for 
DEXA. The DEXA body composition test will involve having the participant lie down on 
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their back in a standardized position in a pair of shorts/t-shirt or a gown. A low dose of 
radiation will then scan their entire body for approximately six (6) minutes. The DEXA 
segments regions of the body (right arm, left arm, trunk, right leg, and left leg) into three 
compartments for determination of fat, soft tissue (muscle), and bone mass. Radiation 
exposure from DEXA for the whole body scan is approximately 1.5 mR per scan. This is 
similar to the amount of natural background radiation a person would receive in one 
month while living in Waco, TX. The maximal permissible x-ray dose for non-
occupational exposure is 500 mR per year. Total radiation dose will be less than 5 mR for 
the entire study. 
 
Participants will donate about approximately 20 milliliters of venous blood and 
approximately 30 mg of muscle a total of 5 times during the study. Blood samples will be 
obtained by an experience phlebotomist using standard procedures and sterile techniques. 
These procedures may cause a small amount of pain when the needle is inserted into the 
vein as well as some bleeding and bruising. However, proper pressure will be applied 
upon removal to reduce bruising. The particpant may also experience some dizziness, 
nausea, and/or faint if they are unaccustomed to having blood drawn.  Complications 
resulting from the muscle biopsy are rare, especially in this case where the fine needle 
biopsy procedure is similar to receiving a routine intramuscular injection.  As with the 
blood draw, however, there is a risk of infection if the participant does not adequately 
cleanse the area for approximately 24 hours post-biopsy.  Participants will be instructed 
to remove the band-aid and cleanse the biopsy puncture site with soap and water every 4-
6 hours, pat the area dry, and reapply a fresh adhesive band-aid. The participant will be 
instructed to leave the band-aid on for 24 hours.  The participant will be further advised 
to refrain from vigorous physical activity with the affected leg for 24 hours after the 
biopsy.  There is a potential risk of an allergic reaction to the Lidocaine.  All participants 
will be asked if they have known allergies to local anesthetics (e.g. Lidocaine, Xylocaine, 
etc.) that they may have been previously given during dental or hospital visits.  
Participants with known allergies to anesthesia medications will not be allowed to 
participate in the study. This procedure may cause a small amount of pain when the 
needle is inserted to subcutaneously inject the Lidocaine and participants may also 
experience some dizziness, nausea, and/or faint if unaccustomed to needles.  However, 
due to the localized effects of the anesthetic, the participant should feel no pain during 
this process.  In addition, the biopsy procedure may cause some bleeding and bruising.  If 
needed, the subject may take non-prescription analgesic medication such as 
acetominophen to relieve pain if needed. However, medications such as aspirin, Advil, 
Nuprin, Bufferin, or Ibuprophen will be discouraged as these medications may lead to 
ecchymosis at the biopsy site. Soreness of the area may occur for about 24 hours post-
biopsy.  Darryn Willoughby, Ph.D., Sarah McKinley, M.S.Ed., and Tom Andre, M.S. are 
trained in muscle biopsy techniques and will be the only study personnel performing all 
blood sampling and muscle biopsies.   
 
Trained, non-physician exercise physiologists certified in CPR will supervise participants 
undergoing testing and assessments. A telephone is in the laboratory in case of any 
emergencies, and there will be no less than two researchers working with each participant 
during testing sessions. In the event of any unlikely emergency one researcher will check 
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for vital signs and begin any necessary interventions while the other researcher contacts 
Baylor’s campus police at extension 2222. Instructions for emergencies are posted above 
the phone in the event that any other research investigators are available for assistance. 
Participants will be informed to report any unexpected problems or adverse events they 
may encounter during the course of the study to Darryn S. Willoughby, Ph.D. If clinically 
significant side effects are reported, the participants will be referred to their physician for 
medical follow-up.  New findings and/or medical referrals of unexpected problems and/or 
adverse events will be documented, placed in the participants research file, and reported 
to the Baylor IRB committee.    

Potential Benefits   

The main benefit that participants may obtain from this study is gaining insight into how 
the body may adapt to periods of chronic resistance training, detraining and subsequent 
retraining, and the role that whey protein may play in trying to better understand the 
effects on body composition, muscle mass and performance. In addition, participants may 
also gain insight into how they can enhance muscle mass and performance that typically 
occurs in conjunction with resistance training and whey protein supplementation, as well 
as improved health profiles. Participants may also gain insight about their health and 
fitness status from the assessments to be performed.   

Assessment of Risk   

While there are risks associated with the muscle biopsy and blood sampling, both of these 
procedures are done so often in the EBNL, that they are considered routine. Dr. 
Willoughby, Sarah McKinley, and Tom Andre have performed countless numbers of 
both procedures and they are skilled and competent. To date, there have been hundreds of 
both procedures performed in the EBNL with no untoward events. The two supplements 
are naturally-occurring in many foods that humans consume daily. The greatest risk 
associated with participating in this study will likely be from the muscle soreness 
participants will experience from participating in the resistance exercise protocol. 
However, the intensity of the exercise protocol will be no more than when individuals 
engaged heavily in a new or different form of physical activity. Therefore, the potential 
benefits of participating in this study outweigh the potential risks.     

Compensation for Illness or Injury 

Each participant will agree to indemnify and hold harmless Baylor University, its 
officers, directors, faculty, employees, and students for any and all claims for any injury, 
damage or loss suffered as a result of participation in this study regardless of the cause of 
injury, damage, or loss. 

Confidentiality   

Information obtained from this research (including questionnaires, medical history, 
laboratory findings, or physical examination) will be kept confidential to the extent 
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permitted by law.  However, according to FDA regulations, records will be open to FDA 
representatives to review if necessary. This may include questionnaires, medical history, 
laboratory findings/reports, statistical data, and/or notes taken throughout this study. 
Records of the research may also be subpoenaed by court order or may be inspected by 
federal regulatory authorities. Data derived from this study may be used in reports, 
presentations and publications. Participants in this study will not be individually 
identified unless they give their written consent. All participants will have a number to 
identify their results. Only the study personnel will know the subject numbers. Only 
study personnel will have access to the data. All data will be stored in a locked cabinet in 
the Exercise and Biochemistry Laboratory and only Darryn Willoughby, Ph.D. will have 
access to the key. All evidence of primary data will be stored for exactly three years after 
the completion of the study. At this time data will be destroyed in a manner that instills 
complete privacy to all participants of the study. Analyzed blood and muscle samples will 
be discarded in an appropriately-labeled biohazard waste disposal container. However, 
unused blood and muscle samples will be kept in a locked freezer for no longer than one 
year. If any subsequent analysis occurs with the samples, they will be re-coded to further 
instill confidentiality. 
 
 
Data Presentation & Publication 
 
Data will be presented at an appropriate scientific conference (e.g., American College of 
Sports Medicine, International Society of Sports Nutrition, Experimental Biology, etc.) 
and published in a peer reviewed scientific journal (e.g., Nutrition Research, Journal of 
Sport Science and Medicine, Nutrition and Metabolism, International Journal of Sport 
Nutrition and Exercise Metabolism, etc.).    
 
Statement on Conflict of Interest  
 
Funding for this study will be provided by the Exercise and Biochemical Nutrition 
Laboratory of Baylor University. Researchers involved in collecting data in this study 
have no financial or personal interest in the outcome of results or sponsors.   
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BAYLOR UNIVERSITY 

Department of Health, Human Performance, & Recreation 
Informed Consent Form 

Title of Investigation: Effects of Successive Periods of Detraining and Retraining in Males 
With Whey Protein or Carbohydrate Supplementation on Body Composition, Muscle 
Performance, and mTOR and ERK 1/2 Signaling Responses to Resistance Exercise 

Principal Investigator:   Darryn S. Willoughby, Ph.D.  
Department of HHPR, Baylor University  

Co-Investigators:            Brian Leutholtz, Ph.D. 
      Department of HHPR, Baylor University 

      Sarah McKinley, M.S.Ed. 
      Department of HHPR, Baylor University 

      Tom Andre, M.S.  
      Department of HHPR, Baylor University  

      Paul Hwang, B.S.  
      Department of HHPR, Baylor University  

Sponsors:       Exercise and Biochemical Nutrition Lab (Baylor University) 

Rationale: 

It is widely established that the process of muscle protein synthesis (MPS) is stimulated 
following an acute bout of resistance exercise. The implementation of resistance training 
carries forth a strong stimulus for muscle growth (hypertrophy) during the post-exercise 
recovery period allowing for adaptive responses. In response to muscle contraction 
resulting from resistance exercise, it has been observed that the regulation of MPS is 
driven inside the muscle cell by a signaling pathway known as the PI3K-Akt-mammalian 
target of rapamycin (mTOR). The cumulative effects of increased MPS over time can 
lead to increases in muscle mass and strength. Numerous studies have shown that 
resistance exercise leads to the activation of mTOR signaling. Also, it has recently been 
observed that bouts of resistance exercise can activate the extracellular signal-regulated 
kinase 1/2 (ERK 1/2), which is a mitogen-activating protein kinase (MAPK) signaling 
pathway that functions to also increase MPS and muscle mass. 

In addition to resistance exercise, nutrients such as milk proteins and branched-chain 
amino acids have been shown to be able to increase MPS. If these nutrients are provided 
routinely over time in conjunction with a program of resistance training, these nutrients 
are also known to increase muscle strength and mass. Therefore, the contributions from 
various factors such as resistance exercise, amino acid levels, and nutritional protein 
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intake is known to induce the regulatory action of these signaling pathways and promote 
MPS alongside other necessary biological functions. 
 
A recent study observed that chronic maximal isometric contraction training with rats 
every other day for 12 and 18 bouts eventually led to suppressed activity of cellular 
markers indicative of MPS. This particular study found that the activity of these markers 
of MPS was regained after 12 days of detraining, and that this period of detraining 
resulted in no muscle loss (atrophy). This suggests potential recovery of attenuated 
specific anabolic responses following this short-term detraining period. Interestingly, no 
experimental studies to date have investigated the intracellular activity of these markers 
indicative of MPS during both detraining and subsequent retraining sessions in humans. 
Therefore, investigations into the adaptive molecular anabolic responses during a 
successive cycle of both detraining and retraining with an additional emphasis on whey 
protein or carbohydrate supplementation can further illuminate the importance of 
recovery between exercise cycles for optimal muscle protein synthesis. 
 
Therefore, the purpose of this study is to investigate the effects of whey protein and 
carbohydrate supplementation in conjunction with a four-week resistance training 
program followed by a successive two-week period of detraining and then a four-week 
period of retraining on body composition, muscle performance, and markers of MPS and 
hypertrophy in both blood and muscle. 
 
Description of the Study: 
 
You will be one of 20 apparently healthy, resistance-trained males between the ages 18 to 
30 who will participate in this study. You will be required to visit the laboratory on 5 
separate occasions in the following manner: visit 1 = entry/familiarization session, visit 2 
= baseline testing/supplement distribution 1, visit 3 = testing protocol following 4-week 
resistance training session, visit 4 = testing protocol following 2-week detraining session, 
visit 5 = testing protocol following 4-week retraining session. Relative to the testing 
sessions (visits 2 through 5), you will perform a resistance exercise session involving the 
angled leg press and bench press exercises in order to collect measurements on muscular 
strength and muscular endurance throughout this training study. Each session will involve 
the gathering of data for the analysis of muscular strength, muscular endurance, body 
composition, and markers of both muscle hypertrophy and muscle protein synthesis. At 
visits 2-5, you will also have blood and muscle samples obtained. 
 
During an initial familiarization session (visit 1), you will be informed of the 
requirements of the study and sign an informed consent statement approved by the 
Institutional Review Board for the Protection of Humans in Research Baylor University. 
You will then be examined by trained study personnel and will complete health history 
questionnaires to determine if you are qualified to participate in this study. If you are 
cleared to participate in the study, you will be familiarized to the methods and procedures 
involved in the study. Once the familiarization session is completed, you will be 
scheduled for the first testing session (visit 2) and instructed to refrain from exercise for 
24 hours prior to each testing session (visits 2-5). You will also be informed to eat a light 
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breakfast two hours before each testing session. You will be provided with a dietary 
analysis form to complete for 4 days prior to each testing session (including the light 
breakfast on the morning prior to the testing session). 

Once you report to the lab for each of the four testing sessions (visits 2-5), you will turn 
in the completed dietary analysis form. Body composition (body fat and muscle mass) 
will be determined using dual energy x ray absorptiometry (DEXA). The DEXA body 
composition test will involve you lying down on your back in a comfortable position in a 
pair of shorts/t-shirt. A low dose of radiation will then scan your entire body for 
approximately 6 minutes. Radiation exposure from the DEXA is approximately 1.5 mR 
per scan. This is similar to the amount of natural background radiation you would receive 
in one month while living in Waco, TX. The maximal permissible x-ray dose for non-
occupational exposure is 500 mR per year. Total radiation dose will be less than 5 mR for 
the entire study. You will also undergo the body impedance analysis test (BIA) to 
determine the total body water (total, intracellular, and extracellular) with bioelectrical 
impedence. Also, an assessment of your upper-leg muscle mass will be done using 
Doppler ultrasound. You will be placed in a supine position with a rolled-up towel under 
both knees. Thigh area of both legs will be scanned with a hand- held transducer. This 
process will take approximately 15 minutes to complete and there is no pain or 
discomfort associated with the procedure. 

In addition, at each of the four testing sessions (visits 2-5) you will also donate about 20 
milliliters (4 teaspoons) of venous blood from a vein in the arm using sterile techniques 
by an experienced phlebotomist involving standard procedures, just as if you were to 
have blood drawn by your physician. This procedure may cause a small amount of pain 
when the needle is inserted into the vein as well as some bleeding and bruising. However, 
proper pressure will be applied upon removal to reduce bruising. You may also 
experience some dizziness, nausea, and/or faint if unaccustomed to having blood drawn. 
The personnel who will be performing the blood draws are experienced in phlebotomy 
(procedures to take blood samples) and are qualified to do so under guidelines established 
by the Texas Department of Health and Human Services. At visit 2, you will have two 
samples of blood obtained. The first sample will be taken directly after the body 
composition tests as an absolute baseline control sample. The second blood sample in 
visit 2 will be taken one hour following resistance exercise in a similar time fashion as 
future visits 3 through 5 (each respective future testing sessions will have one sample of 
blood obtained), which will lead into a total of 5 samples of blood obtained by the end of 
the study. 

In addition to the blood draws at each testing session (visits 2-5), you will undergo the 
muscle biopsy. The biopsy location will be identified on the thigh and the area will be 
shaved clean of leg hair, washed with antiseptic soap, and cleaned with rubbing alcohol. 
In addition, the biopsy site will be further cleansed by swabbing the area with Betadine 
(fluid antiseptic). A small area of the cleaned skin approximately 2 cm in diameter will 
then be anesthetized with a 1.0 mL subcutaneous (under the skin) injection of the topical 
anesthetic Lidocaine. Once the local anesthesia has taken effect (approximately 2-3 
minutes) the biopsy procedure will only take 15- 20 seconds. Complications resulting 
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from the muscle biopsy are rare, especially in this case with the fine-needle biopsy 
technique, where the biopsy is similar to receiving a routine intramuscular injection as 
there is no open incision. However, there is a risk of infection if you do not adequately 
cleanse the area for approximately 24 hours post-biopsy. You will be instructed to 
remove the band-aid and cleanse the biopsy puncture site with soap and water every 4-6 
hours, pat the area dry and reapply a fresh adhesive band-aid. You will be instructed to 
leave the band- aid on for 24 hours (unless unexpected bleeding). You will also be further 
advised to refrain from vigorous physical activity with the affected leg for 24 hours after 
the biopsy. There is a potential risk of an allergic reaction to the Lidocaine. You will be 
asked by study personnel about any such known allergies to local anesthetics (e.g. 
Lidocaine, Xylocaine, etc.) that they may have been previously given during dental or 
hospital visits. If you do have a known allergy to anesthesia medications you will not be 
allowed to participate in the study. The biopsy procedure may cause a small amount of 
pain when the needle is inserted to subcutaneously inject the Lidocaine and you may also 
experience some dizziness, nausea, and/or faint if unaccustomed to needles. However, 
due to the localized effects of the anesthetic, you should feel no pain during this process. 
However, the biopsy procedure may cause some slight bleeding and bruising. If needed, 
you may take non-prescription analgesic medication such as acetaminophen to relieve 
pain if needed. However, medications such as aspirin, Advil, Nuprin, Bufferin, or 
Ibuprophen are discouraged as these medications may lead to bruising at the biopsy site. 
Soreness of the area may occur for about 24 hours post-biopsy. Darryn Willoughby, 
Ph.D., Sarah McKinley, M.S.Ed., and Tom Andre, M.S. are trained in blood draws and 
muscle biopsies and will be the only study personnel to perform these two procedures. In 
a similar fashion of obtaining blood samples throughout this research study, visit 2 will 
comprise of 2 muscle biopsy samples. The first sample will be taken directly after the 
body composition tests and blood draw as an absolute baseline control sample. The 
second muscle biopsy sample in visit 2 will be taken one hour after resistance exercise in 
a similar time fashion as future visits 3 through 5 (each respective future testing sessions 
will have one sample of muscle obtained), which will lead into a total of 5 samples of 
muscle obtained by the end of the study. 
 
During the four testing sessions (visits 2-5), your body composition (body fat and muscle 
mass) will be determined using dual energy x-ray absorptiometry (DEXA). The DEXA 
body composition test will involve lying down on your back in a comfortable position in 
a pair of shorts/t-shirt. A low dose of radiation will then scan your entire body for 
approximately 6 minutes. Radiation exposure from the DEXA is approximately 1.5 mR 
per scan. This is similar to the amount of natural background radiation you would receive 
in one month while living in Waco, TX. The maximal permissible x-ray dose for non-
occupational exposure is 500 mR per year. Total radiation dose will be less than 5 mR for 
the entire study. Even though the DEXA scan only provides minimal radiation, there is an 
accumulative effect over a lifetime. Thus, if you have had had numerous x-rays over the 
course of the last year, or years, etc. then you should take this into account when deciding 
whether or not to participate in the study. 
 
During the testing sessions, your maximum upper- and lower-body muscle strength and 
endurance will be determined on the bench press and angled leg press exercises, 
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respectively. You will warm up by completing 5 to 10 repetitions with a very light weight 
and then complete 3 to 5 repetitions with a heavier weight. The weight will then be 
increased conservatively, and you will attempt to lift the weight for one repetition. If the 
lift is successful, you will rest for two minutes before attempting the next weight 
increment. This procedure will be continued until you fail to complete the lift. Your 
maximum strength on each exercise will be recorded as the maximum weight lifted for 
one repetition. Muscular endurance will be assessed by you performing as many 
repetitions as possible with 75% of your maximum strength on both the bench press and 
angled leg press exercises. Immediately following each of the four testing sessions at 
visits 2-5 for muscle strength and endurance assessment, you will perform 4 sets of 8-10 
repetitions with 75% of the 1-RM on the angled leg press and knee extension exercises, 
respectively. If muscle fatigue or failure occurs during a set, study personnel will provide 
assistance until you complete the remaining repetitions. The resistance load will then be 
reduced for subsequent sets. In all cases, 2 minutes of rest will occur between sets and 
exercises.  

At the conclusion of visit 2, you will begin a 28-day resistance-training program, split 
into 2 upper-extremity and 2 lower-extremity exercise sessions each week. This will 
constitute a total of 16 exercise sessions, with 8 upper-body and 8 lower-body exercise 
sessions. After the 28 days, you will immediately begin a 14-day detraining period in 
which you will engage in no resistance training or structured physical activity. 
Immediately following the detraining period, you will resume another 28-day resistance 
training program identical to the one you previously completed. During both 28-day 
resistance training programs, you will perform an upper- extremity resistance-training 
program consisting of 9 exercises (bench press, lat pull-down, shoulder press, seated row, 
shoulder shrug, chest fly, biceps curl, triceps press down, and abdominal crunch) twice 
per week and also a program consisting of 7 lower-extremity exercises (leg press or 
squat, back extension, step up, leg curl, leg extension, heel raise, and abdominal crunch) 
twice per week. Participants will perform 3 sets of 10 repetitions at 70 – 80% of your 
maximum strength. 

At the conclusion of visit 2, and prior to beginning the first 28-day resistance training 
program, you will be randomly assigned based on a “pulled from the hat” procedure to a 
nutritional supplement group consisting of either carbohydrate (placebo) or whey protein. 
The supplementation will be double-blind, meaning you or study personnel will not know 
which supplement you are being given. During both of the 28-day resistance training 
programs, immediately following each resistance exercise session, participants will ingest 
either 24 grams of your respective supplement. You will not ingest your supplement on 
non-exercise days. However, during the 14-day detraining period (in which you are not 
exercising), the 24 grams of your respective supplement will be ingested every day in the 
morning upon waking. You will be provided with enough supplement for the entire 
duration of the study. A plastic scoop will be provided with that, when completely filled 
with supplement powder, will yield 24 grams. One scoop of supplement will be mixed 
with 12 ounces of water and orally ingested. You will be required to complete a daily 
supplement compliance questionnaire to assist in your compliance, which will also assist 



 

       
 

134 
 

research personnel in establishing compliance to the supplementation protocol throughout 
the course of the study. 
 

 If clinically significant side effects are reported from participation in the study, you 
should report them to study personnel and you will be referred to discuss the problem 
with Darryn Willoughby, Ph.D. Upon his discretion, you may be referred to discuss the 
matter with the Baylor Health Center and/or your primary care physician to determine 
whether any medical treatment is needed and/or whether you can continue in the study. 
Failure to report your progress and health status to study personnel may result in you 
being removed from the study. 
 
To the best of your abilities, you agree to: 1) follow the instructions outline by the 
investigators; 2) show up to all scheduled testing times; and 3) put forth your best effort 
as instructed. You agree not to take any other nutritional supplements or performance 
enhancing aids during this study (i.e. vitamins/minerals, creatine, HMB, androstenedione, 
DHEA, etc). In addition, you agree not to take any non-medically prescribed medications 
and to report any medication that is prescribed for you to take during this study. If you 
take any non-approved nutritional supplements or medications during the course of the 
study, you will be removed from the study. 
 
Exclusionary Criteria 
 
You understand that in order to participate in the study, trained research personnel will 
examine you to determine whether you are qualified to participate. You also understand 
that you will not be allowed to participate in this study if you: 1.) have any known 
metabolic disorder including heart disease, arrhythmias, diabetes, thyroid disease, or 
hypogonadism; 2.) have a history of pulmonary disease, hypertension, liver or kidney 
disease, musculoskeletal disorders, neuromuscular or neurological diseases, autoimmune 
disease, cancer, peptic ulcers, or anemia; 3.) are taking any heart, pulmonary, thyroid, 
anti-hyperlipidemic, hypoglycemic, anti-hypertensive, endocrinologic (ie, thyroid, 
insulin, etc), psychotropic, neuromuscular/neurological, or androgenic medications; 4.) 
have any bleeding disorders; 5.) have any chronic infections (e.g., HIV); 6) have a known 
allergic reaction to topical anesthetics; 7) have a known food allergy to dairy/milk 
products and/or soy products.  
 
You will be asked on the medical history questionnaire to report all nutritional 
supplements, medically prescribed drugs, and non-medically prescribed drugs that you 
may be presently taking.  
 
You will also be asked to report if you have any known allergies to local anesthetics and 
if you have had any prior allergic reactions to topical anesthetics. You will also be asked 
if you have any known food allergies to milk, soy, or corn. The most common allergy-
related symptoms after consuming whey protein are vomiting, hives and wheezing. Other 
symptoms that may develop alongside these primary ones are diarrhea, abdominal 
cramping, runny nose, watery eyes, loose stools, itchy skin, tingling around the mouth, 
chest tightness and coughing. The whey protein supplement to be used in the study also 
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contains soy. The carbohydrate supplement contains both soy and corn. Symptoms of a 
soy and corm allergy may be limited to one area of the body or may involve many areas. 
They can include flushing and/or itching skin, swelling lips and/or tongue, wheezing, 
shortness of breath, hoarseness or tightness in the throat, nausea and vomiting, colic, 
abdominal cramps and diarrhea. By a medical history questionnaire, you will be asked to 
report whether you have any additional medical problems that would prevent you from 
participating in this study. You must agree to report all changes in medical status, 
nutritional and/or pharmacological agents (drugs) that you take during the course of the 
investigation to Darryn Willoughby, Ph.D. (254-710-3504). If you experience any 
unexpected problems or adverse events from participating in this study you may be 
referred to discuss the problem with your primary care physician, or if you are a Baylor 
student, the student health center to determine whether any medical treatment is needed 
and/or whether you can continue in the study. 

Risks and Benefits 

There are minor risks of muscular pain and soreness associated with the resistance 
training protocol required in this study which are not uncommon to any exercise program 
especially for individuals who do not resistance train on a regular basis. On 4 separate 
occasions during this study, you will have approximately four teaspoons (20 milliliters) 
of blood drawn from a forearm vein using standard procedures. All blood sampling will 
be performed by an experienced phlebotomist. This procedure may cause a small amount 
of pain when the needle is inserted into as well as some bleeding and bruising. You may 
also experience some dizziness, nausea, and/or faint if unaccustomed to having blood 
drawn. On 4 separate occasions during this study (visits 2-5), you will undergo a muscle 
biopsy in which a small sample of muscle will be obtained from the thigh of your 
exercised leg. Darryn Willoughby, Ph.D., Sarah McKinley, M.S.Ed., or Tom Andre, M.S. 
will perform all blood draws and muscle biopsies and that a local anesthetic (Lidocaine) 
will be injected into the skin of your thigh prior to the biopsy, which will help prevent 
any pain and discomfort during the procedure. A small puncture will be made in your 
skin and a biopsy needle introduced 1 cm into the muscle. The puncture is so small that it 
will be simply covered with an adhesive bandage (band-aid). After the anesthetic wears 
off within 2-3 hours, the sensation at the biopsy site is comparable to that of a bruise and 
may persist for up to 24 hours after the procedure. You are required to inform study 
personnel if you have had any prior allergic reactions to anesthesia (e.g. while in the 
hospital or during a dental visit). 

What should you do if injured as a result of being in this study? If you become ill or 
injured as a result of your participation in the study, you should seek medical treatment 
through your doctor or treatment center of choice. You should promptly tell the 
researcher about any illness or injury. There are no plans for Baylor University to pay 
you or give you other compensation for your injury or illness. You do not give up any of 
your legal rights to seek compensation by signing this form. 

The primary benefit obtained from participating in this study is to gain insight about your 
health and fitness status from the body composition, exercise, and nutritional assessments 
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to be performed. In addition, you may also gain insight into how your body responds to 
resistance exercise in response to a short period of detraining. 
 
Alternative Treatments 
 
This is not a medical treatment. Therefore, if medical treatment is needed, you must 
obtain treatment for any medical problem that may arise from your personal physician. 
 
Costs and Payments 
 
If a Baylor University student, you will not receive any academic credit for participating 
in this study. If an intercollegiate scholarship athlete, you will not be eligible to receive 
payment to participate in this study. You will be paid $150 for completing the study. 
However, if you withdraw during the resistance training period, you will receive $25. If 
you complete the resistance training period before withdrawing, you will receive $50. If 
you withdraw during the detraining period, you will receive $75. If you withdraw after 
completing the detraining period, you will receive $100. If you withdraw during the 
retraining period, you will receive $125. If you complete the retraining period, you will 
receive the full $150. You will be given free nutrition, and strength assessments during 
the course of the study as described above and may receive information regarding results 
of these tests if you desire. Please check the appropriate space indicating whether or not 
you would like a copy of your results for being a participant in the study. 
 
                  I would like to receive a copy of my study results.  
 
                  I would NOT like to receive a copy of my study results.  
 
New Information 
 
Any new information obtained during the course of this research that may affect your 
willingness to continue participation in this study will be provided to you. In addition, 
you will be informed of any unusual/abnormal clinical findings in which medical referral 
to your personal physician may be warranted. If desired, you may request that this 
information be provided to your physician. 
 
Confidentiality 
 
Any information obtained about you in this research, including medical history, 
laboratory findings, or physical examination will be kept confidential to the extent 
permitted by law. However, in order to ensure that FDA regulations are being followed, it 
may be necessary for a representative of the FDA to review your records from this study, 
which may include medical history, laboratory findings/reports, statistical data, and/or 
notes taken about your participation in this study. In addition, records of this research 
may be subpoenaed by court order or may be inspected by federal regulatory authorities. 
The data derived from your participation in this study may be used in reports, 
presentations, and publications. However, you will not be individually identified unless 
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your consent is granted in writing. Additionally, confidentiality will be maintained by 
assigning code numbers to your files, limiting access to data to research assistants, 
locking cabinets that store data, and providing passwords to limit access to computer files 
to authorized personnel only. Once blood and muscle samples are analyzed, they will be 
discarded. 

Right to Withdrawal 

You are not required to participate in this study and are free to refuse to participate or to 
withdraw from the study at any time. Further, your decision to withdraw from the study 
will not affect your care at this institution or cause a loss of benefits to which you might 
be otherwise entitled. If there is concern about your medical safety, you may be referred 
to seek medical attention. 

Compensation for Illness or Injury 

If you become ill or injured as a result of your participation in the study, you should seek 
medical treatment through your doctor or treatment center of choice. You should 
promptly tell the researcher about any illness or injury. 

There are no plans for Baylor University to pay you or give you other compensation for 
your injury or illness. You do not give up any of your legal rights to seek compensation 
by signing this form. 

Statement on Conflict of Interest  

This study is funded by the Exercise and Biochemical Nutrition Laboratory at Baylor 
University, and that the researchers involved in collecting data in this study have no 
financial or personal interest in the outcome of results or sponsors. 

Voluntary Consent 

You certify that you have read this consent form or it has been read to you and 
understand the contents, and that any questions that you have pertaining to the research 
have been, or will be, answered by Darryn Willoughby, Ph.D. (principal investigator, 
Department of Health, Human Performance & Recreation, 120 Marrs McLean 
Gymnasium, Baylor University, phone: 254- 710-3504) or one of the research associates. 
Your signature below means that you are at least 18 years of age and that you freely 
agree to participate in this investigation. You will be given a copy of this consent form 
for your records. If you have any questions regarding your rights as a participant, or any 
other aspect of the research as it relates to you as a participant, please contact the Baylor 
University Committee for Protection of Human Subjects in Research, Dr. David W. 
Schlueter, Ph.D., Chair Baylor IRB, Baylor University, One Bear Place #97368 Waco, 
TX 76798-7368. Dr. Schlueter may also be reached at (254) 710-6920 or (254) 710-3708. 

Date Participant's Signature 
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I certify that I have explained to the above individual the nature and purpose of the 
potential benefits and possible risks associated with participation in this study. I have 
answered any questions that have been raised and have witnessed the above signature. I 
have explained the above to the volunteer on the date stated on this consent form. 
 
Date    Investigator's Signature       
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Part 5: Informed Consent Form Checklist 

When using humans as subjects in research you must obtain their informed consent. Check 
each of the following items as they appear on your Informed Consent Form and include this 
checklist with your protocol: 

__x_(a) A statement explaining the purpose of the research. 

__x_(b) A statement of the expected duration of the subject's participation. 

__x_(c) A description of the procedures to be followed. 

__x_(d) A description of any reasonable foreseeable risks or discomforts to the subject, 
including  
       invasion of privacy. 

__x_(e) A description of any benefits resulting from the research, either to the subject or to 
others. 

__x_(f) A statement that informs subject of his/her right not to be a subject in a research 
project that 
      is also a teaching exercise. 

__x_(g) A statement informing subject about how his/her anonymity will be guarded; i.e., that 
their 

            confidentiality will be protected by assigned code numbers, by limitations of who  has 
access to 

            data, by data storage in locked cabinets, by locked computer files, etc. 

__x_(h) A statement that the subject's participation is voluntary, and that his/her refusal to 
participate 

            will involve no penalty or loss of benefits to which the subject is otherwise entitled, and 
that the 

            subject may discontinue participation at any time without penalty or loss of benefits to 
which the 

            subject is otherwise entitled. 

_na _(i) A disclaimer, if applicable, regarding the use of the Internet to collect data. 

__x_(j) For research involving more than minimal risk, an explanation regarding the 
availability of any 

            compensation or any medical treatments if injury occurs (if applicable, see OHRP 
Reports). 

__x_(k) If written informed consent is required, a place for the subject to sign and date the 
form and a 
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             statement that a copy of the signed consent form will be given to the subject for his/her 
records. 

 
_na_(l) If the subject is a minor, a statement of parental responsibility in consenting to the 

child's 
           participation in the study with a place for the parent to sign and date the form in addition 

to the 
           participant's signature. 

 
__x_(m) Include a short summary of your expertise related to this research proposal. 

 
__x_(n) The name, address, and telephone number of the principal investigator of the research 

project, 
             and his/her affiliation with Baylor University. If the principal investigator is a graduate 

student, 
             the name and telephone number of the faculty advisor is also required. 

 
__x_(o) A statement informing subject that inquiries regarding his/her rights as a subject, or 

any  
             other aspect of the research as it relates to his/her participation as a subject, can be 

      directed to Baylor's University Committee for Protection of Human Subjects in 
      Research. The chairman is Dr. Matt Stanford, Professor Psychology and Neuroscience, 
PO Box 
      97334, Waco, Texas 76798-7334, phone number 254-710-2236. 
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APPENDIX C  

GUYS, WE NEED YOU!  

Resistance-Trained Men Needed for a 
Weight Lifting/Supplement Study 

Researchers in the Exercise & Biochemical Nutrition Lab at 
Baylor University are recruiting 20 healthy, resistance-trained 
men between the ages of 18-30 to participate in a study designed to 
evaluate and compare the effects of detraining and subsequent 
retraining on body composition, muscle performance, and both 
markers of muscle protein synthesis and muscle growth. 
Participants will be required to engage in 4 weeks of resistance 
training, 2 weeks of detraining and 4 weeks of retraining. 
Participants will be also required to undergo muscular strength, 
muscular endurance and body composition testing, and to also 
submit to providing blood samples and muscle biopsies.  Eligible 
subjects will receive $150 for completing the study and free 
nutritional analyses, muscle strength, muscle endurance, and body 
fat testing. 

For more information contact: 

Exercise & Biochemical Nutrition Lab 
Department of HHPR 

Rena Marrs McLean Gymnasium Room 123 
254-710-3504 

Darryn_Willoughby@baylor.edu  
P_hwang@baylor.edu  
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APPENDIX D 
 

BAYLOR UNIVERSITY 
EBNL 

 
Medical History Inventory 

 
Directions.  The purpose of this questionnaire is to enable the staff of the Exercise and 
Sport Sciences Laboratory to evaluate your health and fitness status.  Please answer the 
following questions to the best of your knowledge.  All information given is 
CONFIDENTIAL as described in the Informed Consent Statement. 
  
Name:__________________________________ Age: _____Date of Birth: ___________ 
 
Name and Address of Your Physician: 
_____________________________________________________      
 
MEDICAL HISTORY 
 
Do you have or have you ever had any of the following conditions? (Please write the date 
when you had the condition in blank). 
 
___ Heart murmur, clicks, or other cardiac findings?  ___ Asthma/breathing difficulty?  
___ Frequent extra, skipped, or rapid heartbeats?        ___ Bronchitis/Chest Cold? 
___ Chest Pain (with or without exertion)?               ___ Melanoma/Skin Lesions? 
___ High cholesterol?                  ___ Stroke or Blood Clots? 
___ Diagnosed high blood pressure?                ___ Emphysema/lung disease? 
___ Heart attack or any cardiac surgery?    ___ Epilepsy/seizures? 
___ Leg cramps (during exercise)?                ___ Rheumatic fever? 

 ___ Chronic swollen ankles?                 ___ Scarlet fever? 
___ Varicose veins?                  ___ Ulcers? 
___ Frequent dizziness/fainting?     ___ Pneumonia? 
___ Muscle or joint problems?     ___ Anemias? 
___ High blood sugar/diabetes?     ___ Liver or kidney disease? 
___ Thyroid Disease?                  ___ Autoimmune disease? 
___ Low testosterone/hypogonadism?    ___ Nerve disease? 
___ Glaucoma?       ___ Psychological Disorders? 
 
Do you have or have you been diagnosed with any other medical condition not listed?  
________________________________________________________________________
____________           
________________________________________________________________________
____________           
 
Please provide any additional comments/explanations of your current or past medical 
history.  
________________________________________________________________________
____________           
Please list any recent surgery (i.e., type, dates etc.).  
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________________________________________________________________________
____________           
________________________________________________________________________ 

List all prescribed/non-prescription medications and nutritional supplements you have 
taken in the last 3 months.  

What was the date of your last complete medical exam?  

Do you know of any medical problem that might make it dangerous or unwise for you to 
participate in this study (including strength and maximal exercise tests)  ____ If yes, 
please explain:  

Recommendation for Participation 

____ No exclusion criteria presented. Subject is cleared to participate in the study. 

____ Exclusion criteria is/are present. Subject is not cleared to participate in the study. 

Signed: ___________________________________ Date: ________________________ 
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APPENDIX E 
 
 

Exercise and Biochemical Nutrition Laboratory 
Detraining and Retraining Study 

  
  Personal Information 

 
Name:                                                                                       
 
Address:                                                                           
 
City:                                        State:                Zip Code               
 
Home Phone:     (      )                      Work Phone: (      )                                                      
 
Cellular (      )                                 Fax: (      )                              
  
 
Email address: ___________________ 
 
Birth date:            /            /              Age:                  Height:                 Weight:                   
 
Exercise & Supplement History/Activity Questionnaire 
 
1. Describe your typical occupational activities. 

 
 

2. Describe your typical recreational activities 

 
 

3. Describe any exercise training that you routinely participate.  

 
4. How many days per week do you exercise/participate in these activities? 

 
5. How many hours per week do you exercise? 

 
6. How long (years/months) have you been consistently exercising/training? 
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7. When was the last time you ANY nutritional supplement ?

8. If applicable, list the nutritional supplement(s) that you most recently ingested.
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APPENDIX F 
 
 

Exercise & Biochemical Nutrition Laboratory 
 
 
Participant Code_________________________________ Date  _________________ 
 
INSTRUCTIONS 
 
1.     Record everything you eat for 4 days (including one weekend day).  If you eat 
pretzels, 
        record how many.  If you eat a bag of chips, record the number of ounces.  For 
drinks,   
        record the number of cups or ounces. Record everything you drink except water. 
2.     Record the Food, Amount, Brand Name, and Preparation Methods. For 

example:  baked vs. fried chicken; 1 cup of rice; 2 teaspoons of margarine; 1 
cup of 2% milk; McDonald’s, Healthy Choice, or Frosted Flakes.   

3.     Record immediately after eating.  Waiting until that night may make it difficult to  
        remember all foods and quantities. 
 
Food (include brand)  Method of Preparation Quantity (cups, oz., no.)  
 

BREAKFAST: 

                                                                                           _________________________                                                      

                                                                                            _________________________                                             

                                                                                            _________________________                                             

                                                                                            _________________________                                                      

 

LUNCH: 

                                                                                            _________________________                                             

                                                                                           _________________________                                             

                                                                                            _________________________                                             

                                                                                            _________________________                                             

                                                                                            _________________________                                             

                                                                                            _________________________                                             

 

DINNER: 

                                                                                            _________________________                                             

                                                                                            _________________________                                             

                                                                                            _________________________                                             

                                                                                            _________________________                                             
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_________________________ 

SNACKS: 

_________________________ 
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APPENDIX G 
 
 

Follow-up Assessment (Detraining and Retraining Study) 
 

Participant Code:  _________________  Date/Visit:__________ 
 

Testing Session (Week) Visit 2 Visit 3 Visit 4 
Are you exercising outside the confines 
of the study? 

   

Are you adhering to the 
supplementation protocol? 

   

Rate the frequency of the following 
symptoms according to the scale where: 
0 = none 
1 = minimal (1-2 per/wk) 
2 = slight (3-4 per/wk) 
3 = occasional (5-6 per/wk) 
4 = frequent (7-8 per/wk)  
5 = severe (9 or more per/wk) 

   

Dizziness?    
Nausea?    
Upset Stomach?    
Vomiting?    
Gas/Bloating?    
Diarrhea?    
Headache?    
Fast or racing heart rate?    
Heart skipping or palpitations?    
Shortness of breath?    
Nervousness?    
Blurred Vision?    
Any other unusual or adverse effects?    
Rate the severity of the following symptoms 
according to the scale where: 

0 = none 
1 = minimal  
2 = slight 
3 = moderate 
4 = severe  
5 = very severe  

   

Dizziness?    
Nausea?    
Upset Stomach?    
Vomiting?    
Gas/Bloating?    
Diarrhea?    
Headache?    
Fast or racing heart rate?    
Heart skipping or palpitations?    
Shortness of breath?    
Nervousness?    
Blurred Vision?    
Any other unusual or adverse effects? If 
so, what are they? 
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PLEASE REMEMBER TO REPORT ANY SIDE EFFECTS IMMEDIATELY.   
If necessary, please contact either Darryn Willoughby, Ph.D. at 254-710-3504. You may 

also mail Dr. Willoughby at Darryn_Willoughby@baylor.edu. 

Thanks for your participation! 
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APPENDIX H 
 
 

Supplement Compliance Log  
Detraining and Retraining Study Participant Code:____________ 

*Remember, you must  ingest 1 scoop  (25 grams) per day  immediately after exercise 
only on exercise days  (4 days/week) during weeks 1‐4  and 7‐10. During weeks 5‐6, 
ingest 1 scoop (25 grams) every day in the morning. 

 

 
 

 

 
 
 

 
 
 
 
 

Week 1 
Day 

Grams 
Consumed 

1   

2   

3   

4   

Week 2 
Day 

Grams 
Consumed 

1   

2   

3   

4   

Week 3 
Day 

Grams 
Consumed 

1   

2   

3   

4   

Week 4 
Day 

Grams 
Consumed 

1   

2   

3   

4   

Week 5 
Day 

Grams 
Consumed 

1   

2   

3   

4   

5   

6   

7   

Week 6 
Day 

Grams 
Consumed 

1   

2   

3   

4   

5   

6   

7   

Week 7 
Day 

Grams 
Consumed 

1   

2   

3   

4   

Week 9 
Day 

Grams 
Consumed

1   

2   

3   

4   

Week 8 
Day 

Grams 
Consumed 

1   

2   

3   

4   
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Week 10 
Day 

Grams 
Consumed 

1

2

3

4
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APPENDIX I 
 
 
Detraining Acquisition Form Visit:  _______ 

Name/Subject ID: _______________________________ Date: _________________ 
 
Age _______________   Nutritional Supplement Code: 
______________ 
 
Resting BP _____________  Resting HR _______________ 
 
1. Body Compositional Measurements 
 

 Weight: (Pounds): __________   (Kilograms): ____________________ 
 

 Height: (Inches): ___________   (Centimeters): ____________________ 
 

 DEXA Procedure: ______ BIA Procedure: ______  
 

 Ultrasound Procedure:  
 

o RL Distance: ____  RL: Area: ______   RL: Circumference: 
________ 

 
 LL Distance: ____  LL: Area: ______    LL: Circumference: 

________ 
 

2. Baseline Muscle Biopsy and Blood Sample ______________ 
 
3. Max Weight Testing 
 
 Bench Press Max 1RM: ________      Bench Press Endurance (75%) _________ 
 
 Angled Leg Press Max 1RM: ________  Angled Leg Press Endurance (75%) 

_________ 
 
4. Resistance Exercise Workout 
 
 Angled Leg Press (4x8-10 @ 75% 1RM)    _____   _____  _____   ______ 
 

o Angled Leg Position: _________ 
 



153 

 Knee Extension (4x8-10 @75% 1RM)  _____     ______       ______     _______

5. 1 Hour Post Muscle Biopsy and Blood Draw ________________

6. Distribute Supplement, Forms, Training Log, Dietary Sheets ___________
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