
 

 
 

 

 

 
 

 
 

ABSTRACT 
 

The Effects of Combined Creatine Monohydrate Supplementation and Resistance 
Training on Body Composition, Muscle Strength, and Markers of Satellite Cell 

Activity in Older Males 
 

Brian Brabham, Ph.D. 
 

Dissertation Chairperson:  Matthew Cooke, Ph.D. 
 
 

 Aging is associated with gradual loss of muscle mass, termed sarcopenia, which 

often leads to progressive disability and loss of independence. Though resistance exercise 

has shown to be an effective method at reducing the rate of age-related muscle loss and 

decline in force output; when combined with well known muscle building agents [such as 

creatine monohydrate (CrM)], these training-induced improvements are enhanced. To 

explore this idea further, a double-blind, randomized, controlled trial was conducted on 

20 males aged between 55-75 yrs at Baylor University, Waco TX. Particpants were 

randomly assigned to consume either CrM [20g/d CrM + 5g Carbohydrate (CHO) x 7 

days, then 5g/d CrM +5g CHO x 77 days] or carbohydrate placebo (20g/d CHO x 7 days, 

then 5g/d CHO x 77 days) while participating in a high intensity resistance training 

program (3 sets x 10 repetitions at 75% of 1RM), 3 days per week for 12 weeks. Testing 

sessions were complete prior to, 4 weeks, 8 weeks and 12 weeks post resistance training 

and supplementation. Each testing session included body composition measurement as 

determined by Dual Energy X-Ray Absorptiometry (DEXA), muscle strength 



 
 

 

measurement as determined by 1 repetition maximum (RM) on leg press and bench press, 

blood collection and vastus lateralis muscle biopsy. The blood serum was analyzed for 

insulin-like growth factor 1 (IGF-1), free testosterone and hepatocyte growth factor 

(HGF) and the muscle tissue for phophorylated mesenchymal-epithelial transition factor 

(c-Met), myogenic regulatory factors (MyoD, myogenin, Myf-5, MRF-4), and total 

myofibrillar protein. A significant time effect was observed for 1RM bench press 

(p=0.016), leg press (p<0.05), body mass (p=0.030) and fat free mass (p=0.005), HGF 

(p<0.001), phosphorylated c-Met concentration (p=0.008), myogenic regulatory factors 

Myf-5 (p<0.001) and myogenin (p<0.001), and total myofibrillar protein (p=0.005). A 

significant group (p=0.040) and group by time interaction (p=0.023) was revealed for 

MRF-4, suggesting CrM supplementation significantly increased MRF-4 following 12 

weeks of resistance training. Notwithstanding, results from the current study suggest that 

CrM supplementation, when combined with 12-weeks of high intensity resistance 

training does not enhance body composition, muscle strength, and biochemical 

mechanisms regulating skeletal muscle hypertrophy compared to resistance training 

alone.  
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CHAPTER ONE 

 
Introduction 

 
As a normal part of the aging process, individuals experience a loss of skeletal 

muscle. Loss of muscle is well documented in individuals over the age of 50(Chrusch, 

Chilibeck et al. 2001).   This loss of muscle tissue, with an associated loss of strength and 

mass, is referred to as sarcopenia (Bales 2002;Baumgartner,Waters et al. 1999; 

Beccafico, Puglielli et al. 2007; Borst 2004;Janssen, Heymsfield et al. 2002; Laurentani, 

Russo et al. 2003; Roth, Ferrell et al. 2000).  This is a state different from that termed 

cachexia, as cachexia is defined as muscle loss caused by inflammatory disease or weight 

loss as a result of starvation or an advanced disease state (Roubenoff 2000).  Not only is 

sarcopenia associated with loss of muscle tissue, but the quality of muscle diminishes as 

well, leading to a decrease in overall muscle strength (Harris 1997).  Furthermore, a 

decrease in muscle mass and strength leads to a decrease in the rate of force development. 

By the time an individual reaches the seventh and eighth decades of life, a decrease in the 

maximal contractile strength on the order of 20-40% for both men and women is 

observed (Doherty 2003).  Such weakness observed with sarcopenia is normally 

associated with difficulty in rising from a chair and getting out of bed, and may also be a 

contributing factor in increased fracture risk in older individuals (Castillo Goodman-

Gruen et al. 2003;Dhutta 1997) .   Loss of muscle mass seen in sarcopenia could be due 

to a number of factors: an imbalance between protein synthesis and degradation, serum 

testosterone levels below an optimal level, loss of muscle fibers and reduced cross-
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sectional area of the muscle itself (Goren 1996; Mackey, Esmarck et al Marcell 2007, 

Harman et al. 2001).  According to Roy and colleagues (2002), age associated decreases 

in serum levels of testosterone and free testosterone in males have been observed.  This 

decline has been shown to be related to decreases in both muscle mass and muscle 

quality, both common occurrences in aging individuals.   As a result of this loss of 

muscle mass and strength, older individuals experience a decreased quality of 

life.(Chrusch, Chilibeck et al. 2001)  According to Bunout, “the lack of physical exercise 

is one of the most important predictors of disability in elders” (Bunout, Barerra et al. 

2001). Strength is fundamental to the neuromuscular function that supports mobility.  

Loss of strength below critical levels has been associated with increased risk of falls in 

adults.  As such, interventions that increase muscle mass and muscle strength and power 

in the lower extremity have the potential to reduce the risk of falling (Bross, Javanbakht 

et al. 1999).  Decreasing the rate of muscle wasting, or even reversing the hormonal 

effects of aging associated with sarcopenia, is an area of science that cannot be ignored.  

As a larger percentage of the population become older, steps must be taken in the 

scientific arena to improve quality of life.  Resistance exercise has been shown to reduce 

the rate of age-related muscle atrophy and the decline in force output of the muscle that is 

often seen in the older population (Eijnde, Leemputte et al. 2003).  A study by 

McCartney and colleagues utilizing long-term resistance training in the elderly 

demonstrated that long-term resistance training in older individuals results in increases in 

dynamic strength, muscle size, and functional capacity (McCartney, Hicks et al. 1995).  

Frontera and colleagues (1991), in a study utilizing older males, showed that a 12 week 

resistance training program involving three sets of eight repetitions of the knee flexors 
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and extensors resulted in a doubling of extensor strength, and a tripling of flexor strength.  

Participants’ total muscle area increased by 11.4%, while increases in type I and type II 

fiber area were 33.5% and 27.6%, respectively. This can be accomplished utilizing 

nutritional supplementation and resistance training.  While resistance training has been 

shown to be extremely beneficial in the aging population, the beneficial results can be 

enhanced via the addition of nutritional supplementation.  Nutritional supplements, 

specifically CrM, have been shown to result in improvements in both strength and 

endurance in younger and older individuals.  Candow and colleagues (2007) state that 

while aging is associated with both a reduction in muscle mass and muscle protein 

turnover, there is also a reduction in high-energy phosphate metabolism.   Evidence from 

studies suggests that older individuals may have a reduction in phosphocreatine stores.  

The resynthesis rate of phosphocreatine decreases by approximately 8% every 10 years 

after the age of 30.   Brose and colleagues (2003) conducted a study which examined the 

effects of CrM supplementation on strength and fat free mass during resistance training in 

men and women over the age of 65.  When compared to placebo, individuals consuming 

CrM have greater increases in isometric strength, fat-free mass, and total body mass.  

Also, an important finding was that there were no significant side effects of 

supplementation or exercise training in the participants.  Similarly, Chrusch and 

colleagues (2001), showed that older individuals who ingested CrM increased training 

volume and both upper and lower body muscle strength.  In addition, participants in the 

study were found to have enhanced lean tissue mass when supplemented with CrM.  In 

contrast, Rawson and colleagues (1999) conducted a study utilizing oral CrM 

supplementation on males between the ages of 60 and 82.  Body composition, elbow and 
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knee flexor strength were analyzed.  The authors found that when supplemented for 10 

days with 20 g of CrM per day initially and 4 g of CrM per day for the remainder of the 

study that CrM supplementation did have an impact on fatigue.  Further, there were no 

significant differences in body composition or measures of strength. 

In human skeletal muscles, repair and regeneration is, in large, dependent on the 

activation of satellite cells.  Satellite cells are quiescent cells located on the surface of the 

myofiber but beneath the basal lamina (Zammit, Partridge et al. 2006).  Through the 

processes of activation and proliferation, satellite cells are able to differentiate into active 

myofibers.   Studies utilizing irradiation have shown that recruitment of satellite cells is 

possibly required during hypertrophy which results from exposure to loading (Petrella, 

Kim et al. 2006).  Methods to combat the issue of sarcopenia mentioned above have 

sought to determine if nutritional supplementation has an effect on satellite cell and 

myonuclei number, and thus, muscle regeneration and repair.  Specifically, 

supplementing with CrM has been investigated.  Supplementation with CrM has been 

shown to increase both satellite cell and myonuclei number in both young (Olsen, 

Aagaard et al. 2006) and older individuals (Chrusch, Chilibeck et al. 2001).  In older 

individuals, supplementation with CrM does indeed increase intramuscular total CrM.  

Brose and colleagues (2003) demonstrated that supplementation with CrM in older 

individuals resulted in significant increases in total CrM, strength, and lean tissue mass.  

These findings were also supported by Chrusch, et al. (2001) and Gotschalk, et al (2002). 

Therefore, the primary aim of this study is to determine whether supplementation with 

CrM in older males, when combined with a partially supervised resistance training 
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program will result in increases muscle mass, muscle strength, and markers of  satellite 

cell activation.   

Hypotheses 

H1:  Supplementation with CrM for 12 weeks, when combined with resistance exercise, 

will result in no significant differences in upper and lower body strength in older males 

when compared to placebo 

H2:  Supplementation with CrM for 12 weeks, when combined with resistance exercise, 

will result in no significant difference in lean body mass in older males when compared 

to placebo 

H3:  Supplementation with CrM for 12 weeks, when combined with resistance exercise, 

will result in no significant difference in fat mass in older males when compared to 

placebo. 

H4:  Supplementation with CrM for 12 weeks, when combined with resistance exercise, 

will result in no significant difference in HGF expression when compared to placebo. 

H5:  Supplementation with CrM for 12 weeks, when combined with resistance exercise, 

will result in no significant difference in IGF-1 expression when compared to placebo. 

H6:  Supplementation with CrM for 12 weeks, when combined with resistance exercise, 

will result in no significant difference in serum free testosterone levels when compared to 

placebo. 

H7:  Supplementation with CrM for 12 weeks, when combined with resistance exercise, 

will result in no significant difference in cMet receptor expression when compared to 

placebo. 
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H8:  Supplementation with CrM for 12 weeks, when combined with resistance exercise, 

will result in no significant difference in  myogenin protein expression when compared to 

placebo. 

H9:  Supplementation with CrM for 12 weeks, when combined with resistance exercise, 

will result in no significant difference in MRF-4 protein expression when compared to 

placebo. 

H10:  Supplementation with CrM for 12 weeks, when combined with resistance exercise, 

will result in no significant difference  in MyoD protein expression when compared to 

placebo. 

H11:  Supplementation with CrM for 12 weeks, when combined with resistance exercise, 

will result in no significant difference in myf5 protein expression when compared to 

placebo. 

H12:  Supplementation with CrM for 12 weeks, when combined with resistance exercise, 

will result in no significant difference in myofibrillar protein content when compared to 

placebo. 

Delimitations 

This study was completed using the following guidelines: 
 
1.) Approximately 20, recreationally active, but non-resistance-trained males (Eijnde, 

Leemputte et al.) participated in this study. 

2.) Participants were recruited from the staff population at Baylor University, local 

physicians’ offices and clinics, fitness centers and church senior groups in the Waco 

area.  
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3.) Muscle biopsies from the lateral thigh were collected prior to exercise testing at weeks 

0, 4, 8, and 12. 

4.) Fasting venous blood was collected prior to exercise. 

5.) Participants completed a 1 repetition max test on the bench press and leg press.  

Testing will begin at 80% of 1 RM and progress upon successful completion of 

subsequent efforts. 

6.) Participants were randomly assigned to one of two supplement groups: CrM  

monohydrate or Placebo 

7.) All participants in the study did not participate in any other forms of vigorous exercise 

during the duration of the study and did not modify their nutritional intake in any 

manner. 

8.) All testing took place in the Exercise and Biochemical Nutrition Lab and Exercise and 

Sport Nutrition Lab at Baylor University in the Marrs-McLean Gym according to all 

policies and procedures within each respective laboratory. 

 

Limitations 
 
1.) The sample size was limited to those who voluntarily come forward to participate in 

the study, which could limit the scope of conclusions that can be inferred to a larger 

population. 

2.) The motivation and willingness of each participant to maximally exert themselves 

during the familiarization session to establish 1 RM. 

3.) The sensitivity of the technologies and protocols utilized to identify quantifiable 

changes in the criterion variables. 
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4.) The daily schedules of each participant and the inherent circadian rhythms that exist 

for all humans as a result of slightly different testing times, stresses, etc. 

 

Assumptions 

1.) Participants fasted for eight hours prior to reporting for testing. 
 
2.) Participants were apparently healthy with no contraindications to any of the 

prescribed treatments involved with this protocol. 

3.) Participants were physically active, but not resistance trained. 
 
4.) All participants followed all instructions throughout the familiarization session, 

resistance training program, and exercise testing. 

5.) All assay reagents and equipment used in the sample analysis are accurate and reliable 

in quantification of the criterion variables. 

6.) All methods are previously established and are accurate and reliable methods for 

determination of the criterion variables. 

  
Definition of Terms 

1. MyoD- myogenic regulatory factor active during myogenesis 

2. Creatine-N-methyl-guanidinoacetic acid.  Phosphorylated to phosphocreatine.  

Energy store that can quickly rephosphorylate adenosine diphosphate to 

adenosine triphosphate. 

3. Myogenin-myogenic regulatory factor active during myogenesis 

4. MRF-4- myogenic regulatory factor 4.  Also known as Herculin or myf-6.  Basic 

helix-loop-helix (bHLH) proteins that are known to have vital roles in the 
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regulation of muscle gene transcription during the differentiation process of 

developing skeletal muscle . 

5. myf5- myogenic regulatory factor active during myogenesis 

6. Myosin Heavy Chain- large elongated protein consisting of a long tail extending 

to the carboxy terminal and a globular domain at the amino terminal. 

7. Satellite Cells- quiescent cells located on the surface of the myofiber but beneath 

the basal lamina. 

8. Myofibril-cylindrical structure within muscle that contains contractile proteins.  

Separated from other myofibrils by the sarcoplasmic reticulum and 

intermyofibrillar mitochondria. 

9. Hypertrophy- growth of a tissue or organ as a result of increased size of individual 

cells. 

10. Myonuclei- nucleus within a muscle fiber 

11. Sarcopenia- decreased muscle mass seen with advancing age due to decreased 

fiber size and number. 

12. Cachexia- muscle loss caused by inflammatory disease or weight  loss as a result 

of starvation or an advanced disease state. 

13. Atrophy- decreased tissue size or wasting.  Often results from lack of use or 

specific disease process. 

14. Phosphocreatine- phosphorylated form of CrM.  Provides immediate source of 

energy for replenishment of ATP.  Increase in free CrM concentration stimulates 

oxidative phosphorylation. 

15. Myonuclear domain-region of cytoplasm associated with individual myonuclei. 
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16. Apoptosis- cell death.  Also known as programmed cell death.  Occurs under 

normal physiological conditions. 

17. Basement membrane- glycoprotein complex surrounding muscle and nerve fibers.  

Located between the endomysium and plasmalemma. 

18. Pax7-paired box protein 7. Increased expression of Pax7 promotes satellite cell 

self-renewal 

19. Sarcolemma-plasmalemma and basement membrane of a muscle fiber. 

20. Basal lamina- portion of basement membrane that lies adjacent to muscle fiber 

membrane.  Made up of electron-lucent lamina lucida and electron-dense lamina 

densa. 

21. Heterochromatin-Chromosomal material that is darkly stained and tightly coiled 

throughout the cell cycle and that is, for the most part, genetically inactive. 

22. Myoblast- precursor cells that will become muscle cells by fusion to form 

myotubes that evolve into muscle cells. 

23. IGF-1-Insulin-like growth factor.   

24. cMET- Hepatocyte Growth factor receptor coded by MET (mesenchymal 

epithelial transition factor) 

25.  HGF- Hepatocyte Growth Factor. 
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CHAPTER TWO 
 

Literature Review 

 

Mechanism of Sarcopenia 
 

Sarcopenia is the age related loss of muscle mass that is observed in  older 

populations (Rosenberg 1997).  Proctor states that after the age of 50, there is a rapid rate 

of muscle loss and that males, in particular, have a greater loss of total muscle mass when 

compared to women (Proctor, Balagopal et al. 1998).  According to Gallegly (2004), 

changes in the size of skeletal muscles are typically associated with changes in the 

number of myofiber nuclei.  An emerging area of interest in the scientific literature is the 

regulation of myonuclear domains and the aging process. The myonuclear domain has 

been defined as the region of cytoplasm associated with individual myonuclei.  The size 

of the myonuclear domain has been shown to be correlated with both muscle fiber type 

and myosin heavy chain expression.  When compared to fast myosin heavy chain, the 

cytoplasmic volume per myonucleus is smaller in fibers expressing slow myosin heavy 

chain (Rosser, Dean et al. 2002; Moyes and LeMoine 2005); however, previous studies 

have revealed mixed results.  While some studies have shown that the myonuclear 

domain remained unchanged, others showed a decrease in the myonuclear domain.  

According to Petrella (2006), most studies utilizing older adults and resistance training 

have shown an expansion of the myonuclear domain during hypertrophy, but not a 

change in myonuclei per fiber.  Muscle atrophy, which is a common occurrence in older 

individuals, is associated with a loss of myofiber nuclei number, which usually occurs as 
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a result of apoptosis.  Conversely, skeletal muscle hypertrophy is associated with an 

increase in myofiber nuclei (Gallegly, Turesky et al. 2004).   

 

 

 
Figure 1:  Mechanisms of muscle atrophy and hypertrophy.  Adapted from:  (Voltarelli, de Mello et al. 
2007) 

 
 

Exercise, particularly that which participants an individual to increased 

mechanical loads, has been shown to increase both muscle mass and muscle strength in 

both young and older individuals (Morley, Baumgartner et al. 2001).  A hormonal 

influence has been identified as a contributing factor to sarcopenia.  Roubenoff and 

colleagues (2000) state that a loss of alpha motor units for the spinal cord is a key 

differentiator in the delineation between sarcopenia and cachexia.  Throughout the life of 

an individual, the loss of neurons is continuous.  Older adults have been shown to have 

larger motor units when compared to those of younger adults.  This is compensated for by 

an adoption of muscle fibers by those motor neurons which have survived during the life 

of the individual.  However, the motor units are less efficient and may result in tremor 

and muscle weakness.  Roubenoff (2000), also mentions that muscle atrophy is a result of 

neuronal death.  Associated with the aging process are decreases in testosterone and 

adrenal androgens.  Decreases in testosterone have been shown to lead to a decline in 
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muscle mass, muscle strength, and functional status.  Administration of testosterone and 

DHEA have been shown to lead to increase muscle strength, and muscle mass (Morley, 

Baumgartner et al. 2001)  

                      Figure 2:  Mechanisms of sarcopenia. Adapted from:  (Morley, Baumgartner et al. 2001) 

 

The ability of muscle to regenerate after injury or overload is a function of age.  

As an individual ages, their ability to regenerate muscle is decreased.  The ability of the 

muscle to regenerate and grow is dependent upon the activity of satellite cells.  These 

cells, which are stem cells committed to the myogenic lineage, have the ability to activate 

and become actual muscle cells.  However, in older individuals, the number of available 

satellite cells is greatly decreased along with a decrease in the ability of those satellite 

cells to activate. 
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Satellite Cells 

 Satellite cells were first identified through the use of electron microscopy in 1961.  

Use of this technique found quiescent cells on the surface of the myofiber but beneath the  

basement membrane. Evidence that satellite cells give rise to myoblasts was first shown 

using the isolated myofiber technique developed by Bischoff and Konigsberg.  Using this 

technique, myofibers were isolated from muscle via enzymatic digestion.  When placed 

in culture, satellite cells began to proliferate.  The proliferated satellite cells gave rise to 

myoblasts which differentiated resulting in multinucleated myotubes (Zammit, Partridge 

et al. 2006).  As an individual ages, the number of satellite cells in skeletal muscle 

decreases (Vella and Kravitz 2002).  In humans, the available pool of satellite cells 

remains relatively constant until approximately the seventh decade of life.  The 

proliferative period of satellite cells decreases during the first two decades of 

development but then remains stable during adult life.  A significant finding in regards to 

satellite cells is that these cells have demonstrated blunted activation and proliferation in 

response to injury and as a result of a decrease in activity that often accompanies aging 

(Petrella, Kim et al. 2006).  In mammals, skeletal muscles have the ability to adapt to 

stressors placed upon them.  Among these stressors are physiological demands such as 

training, growth, and injuries to the tissue.  The adaptations that are observed in skeletal 

muscles can often be attributed to cells residing on the periphery of the muscle cell.  

These cells are known as satellite cells.  First identified in 1961 by Maura, these cells are 

distinct from the myofiber.  Typically, satellite cells are in an inactive state, also known 

as the quiescent state (Olsen, Aagaard et al. 2006).  Identification of quiescent satellite 

cells is accomplished via the marker Pax7 (Zammit, Partridge et al. 2006).  However, 
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satellite cells can be stimulated during bouts of exercise and proliferate which provides 

added myonuclei to the active muscle (Olsen, Aagaard et al. 2006).  Satellite cells are 

located in the indentation between the sarcolemma and the basal lamina  (Hawke and 

Garry 2001; Olsen, Aagaard et al. 2006).  Satellite cells possess a relatively high nuclear-

to-cytoplasmic ratio, have few organelles, have a smaller nuclear size, and when 

compared to the myonucleus, have an increased amount of nuclear heterochromatin 

(Hawke and Garry 2001). 

 
Satellite Cell Activation and Proliferation 

 Mackey (2007) states that there are three main roles of satellite cells.  They are to: 

1) generate new fibers during myofiber development or to repair damaged segments of 

mature myofibers after inury, 2) to contribute new myonuclei to existing muscle fibers 

during hypertrophy, and 3) to generate new daughter cells in order to maintain or add to 

the satellite cell pool.  According to Bamman and colleagues (2004) satellite cell 

activation is vital to myofiber growth and repair.  This is especially true in those 

myofibers that have been participanted to increases in mechanical load.  Satellite cells 

must first be activated in order to provide maintenance, hypertrophy, and repair.  

Activation of quiescent satellite cells results in myoblast progeny.  Satellite cells, 

myogenic precursor (stem) cells, undergo proliferation and differentiation in order to 

serve as donor nuclei for growing postmitotic myofibers.  In fact, transplantation of 

single myofibers into muscle has shown that satellite cells do act as myogenic stem cells.  

As such, satellite cells give rise to new myofibers and new satellite cells.  That being the 

case, satellite cells meet the definition of a stem cell in that they are able to give rise to 

differentiated cell types and maintain themselves via self-reneweal (Zammit, Partridge et 
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al. 2006).  Injury or application of stress to muscle fibers induces satellite cells to 

proliferate and differentiate.  The process terminates with the incorporation into mature 

myofibers as myonuclei (Kosek, Kim et al. 2006).  Bamman also states that in older 

individuals, the possibility exists that an impairment of local stimuli for satellite cell 

activation may be found.   In young male participants, studies have demonstrated that 

significant increases in proportion of satellite cells are observed four and eight days after 

a single maximal exercise bout. Significant increases have also been observed 24 hours 

post eccentric exercise bout (Mackey, Esmarck et al. 2007).  Olsen and colleagues 

(2006),  demonstrated that CrM supplementation in conjunction with strength training 

increases the number of satellite cells and myonuclei in humans in college aged males.  

Results showed greater increases at weeks four and eight following CrM supplementation 

when compared to placebo.  An interesting finding was that CrM supplementation 

increased the number of myonuclei per muscle fiber and, as indicated by an increase in 

mean fiber area at weeks 4, 8, and 16, an amplification of the hypertrophy response.  

Here, mean fiber cross-sectional area was calculated as muscle fiber type area x % fiber 

type.  Roth and colleagues (2001) examined satellite cell proportions and morphology in 

healthy, sedentary young and older males and females after heavy resistance strength 

training.  The study involved fourteen young men and women between the ages of 20 and 

30 and 15 older men and women between the ages of 65 and 75.  The participants in the 

study completed 9 weeks of knee extension exercises.  Exercise sessions were conducted 

three times per week.  Muscle biopsies were taken before and after training.  Analysis 

revealed significant increases in satellite cell proportions in all 4 groups. Older women 

demonstrated the greatest increase in satellite cell proportions.  Satellite cell proliferation 
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occurs when myoblasts are committed to myogenic lineage.  Expression of myf5 and 

MyoD, which occur approximately 6 hours after activation, marks the beginning of 

proliferation (Wozniak, Kong et al. 2005).  Myoblasts continue the process of 

proliferation and expression of regulatory genes until the point of differentiation.  

Differentiation occurs when proliferating myoblasts leave the cell cycle and either fuse 

with existing fibers of damaged cells, or fuse together to form new fibers. The beginning 

of differentiation is marked by expression of myogenin and MRF4 (Willoughby and 

Rosene 2003; Wozniak, Kong et al. 2005).  If indeed fusion does take place, it occurs 

after the cell leaves the process of mitosis and enters the G1 phase of the cell cycle.  The 

cell cycle is a complex series of events which occur throughout the human body (fig. 3).  

Each phase of the cycle is characterized by differing cellular events.  The G1 phase of the 

cycle is characterized by rapid growth and metabolic activity.   It is during this phase that 

centriole replication is observed along with protein synthesis.  The G1 phase can vary in 

length.  Cells which have rapid rates of division may have a G1 phase which lasts only a 

few hours while those with slower division rates may be in this phase for days or in some 

instances years.  The next phase, the S phase is characterized by growth and replication 

of DNA.  This replication of DNA ensures that subsequent cells will have identical 

copies of necessary genetic material. During the G2 phase, the cell continues to grow and 

prepares for division. Enzymes and other proteins which are necessary for cell division 

are synthesized and transported to appropriate cellular locations for later utilization.   

Lastly, the cell enters the mitotic phase which consists of prophase, metaphase, anaphase, 

telophase and cytokinesis.  This phase typically lasts for only a few hours.  Prophase is 

the longest phase of the mitotic process and is initiated when chromatin threads condense 
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and form chromosomes.  As the chromosomes appear, nucleoli break down, the 

cytoplasmic cytoskeleton disappears and the centrioles separate.  In metaphase, 

chromosomes align themselves along the midline of the cell.  During anaphase the 

centromeres of the chromosomes split.  Microtubules pull the chromosomes toward the 

poles of the cell.  Lastly, telophase and cytokinesis occur.  Telophase begins upon 

cessation of movement of the chromosomes.  Chromosomes uncoil and assume the 

chromatin form.  A nuclear membrane then forms around each chromatin mass and the 

nucleoli reappear.  During cytokinesis the plasma membrane over the cell center is drawn 

inward.  A furrow is formed and deepens until the mass is pinched into two parts 

resulting in two daughter cells (Marieb 1989). 

  

 

Figure 3:  Cell Cycle.  Adapted from:(Hartwell, Hunt et al. 2001) 
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Satellite Cells: Role and Mechanisms of Activation 

In muscle tissue that is undergoing repair after damage, fiber degeneration is 

characterized by an influx of leukocytes into the damaged area.  The regenerative process 

begins when phagocytic inflammatory cells successfully eliminate necrotic tissue.  It is 

this phase of the remodeling process that is characterized by activation of satellite cells 

(Hill, Wernig et al. 2003). Activated satellite cells have been identified through the 

expression of cell adhesion molecules (CAMs).  Hill and colleagues (2003) utilized 

electrical stimulation of stretched rat muscles to replicate the type of damage that takes 

place during eccentric muscle contractions.  Both M-cad and MyoD were selected as 

marker genes to monitor genetic reprogramming of satellite cells.  M-cad mRNA 

expression was found to peak after 5 days following damage induction.  This was also 

identified as the time of maximal expression of M-cad mRNA expression.  Expression 

decreased rapidly once regeneration, or the fusion of myoblasts, had begun.  These results 

indicated that satellite cell activation occurs in a short period of time (Hill, Wernig et al. 

2003).   

Satellite Cell Markers 

 Typically,  satellite cells exist in the quiescent state.  Their entrance into the cell 

cycle is regulated by growth factors.  Two growth factors that are of significance are 

hepatocyte growth factor (HGF) and load-sensitive IGF-1 (Figure 4).  IGF-1 is expressed 

in muscle tissue (Bamman, Ragan et al. 2004).  
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Activation of satellite cells results in rapid MyoD expression.  Also, a CD 34 isoform 

switch is observed coupled with a coexpression of Pax7, M-cadherin, and Myf5.  

Myogenic differentiation is marked by myogenin (Zammit, Partridge et al. 2006).  During 

the early stages of differentiation or commitment of satellite cells to the myogenic 

lineage, myogenic regulatory factors (MRFs), specifically MyoD and myf-5 are active 

(Cooper, Tajbakhsh et al. 1999; Shefer, Lee et al. 2004).  Both MyoD and Myf5 are often 

called determination factors as they are expressed in the process of myoblast proliferation 

(Sun, Li et al. 2007).  According to Lindon (1998), Myf5 is the earliest factor expressed 

in mouse embryos.  Expression of Myf5 is necessary in order to maintain muscle 

precursor cells.  Beauchamp and colleagues (2000) in a study involving mice, found that 

CD34 satellite cells express β-galactosidase which has been shown to be a marker of  

Myf5 activation.  This demonstrated that quiescent satellite cells are committed to a 

myogenic fate.  During terminal differentiation of satellite cells, myogenin and MRF-4 

Figure 4: Satellite cell activity results in expression of MyoD, Myf-5, HGF, c-met, and IGF-
1Adapted from:  (Hameed, Harridge et al. 2002) 
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become active (Kosek, Kim et al. 2006).  In young adult humans and animals, MRF 

expression has been shown to increase as a result of increasing load (Bamman, Ragan et 

al. 2004).  In animal models, specifically those utilizing older animals, a blunted increase 

in each of the MRFs mentioned above is observed.  In humans, increases in MRF mRNA 

have been shown to peak from 6 to 24 hours after the participant experienced mechanical 

loading.  Expression of MyoD has been shown to increase almost immediately, while 

MRF-4 and myogenin have been shown to peak at two and six hours post-loading, 

respectively (Bamman, Ragan et al. 2004). 

 Satellite cells in the inactive, or quiescent state, do not demonstrate expression of 

myogenic regulatory factors of the MyoD or MEF2 families.  Also, satellite cells do not 

express any known markers of terminal differentiation (Hawke and Garry 2001).  

Quiescent satellite cells exhibit expression of myonuclear factors MNF or Foxk1.  Both 

are members of the winged helix transcription factor family and are localized in quiescent 

satellite cells (Hawke and Garry 2001).  Two spliced isoforms of MNF have been found.  

They have been identified as MNF-α and MNF-β.  These isoforms have been found to be 

reciprocally expressed during myogensis and muscle regeneration.  Hawke and 

colleagues (Hawke and Garry 2001) showed that MNF-β is the main form expressed in 

quiescent satellite cells while MNF-α is expressed post-injury in proliferating satellite 

cells.  Myostatin, a TGF-β member, has been shown to signal satellite cell quiescence and 

is a negative regulator of satellite cell self-renewal (McCroskery, Thomas et al. 2003; 

Wozniak, Kong et al. 2005).  When myostatin is added to myofiber cultures, an inhibition 

of satellite cell activation is observed.  As such, myostatin is a negative regulator of the 

G1 to S progression.  However, myostatin deficient cells show a higher number of 
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satellite cells that are activated.  According to Kosek (2006), experession of myf5 and 

MyoD commit somatic cells into the myogenic lineage.  Terminal differentiation and 

proliferation occur via MRF-4 and myogenin.  Terminally differentiated proliferative 

myoblasts either form multinucleated myotubes or nuclear donors for repair, 

regeneration, and growth.   As such, interventions, specifically those in the area of 

nutritional supplementation, have been shown to enhance satellite cell proliferation when 

combined with resistance training.  While this has been shown in younger populations, 

little data exists in regards to the effects of nutritional supplementation combined with 

resistance training on satellite cell proliferation in the elderly population.   

 
 

  

Figure 5:  Markers of satellite cell activity.  Adapted from:  (Zammit, Partridge et al. 2006) 
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Satellite Cell Activation and Proliferation in the Elderly 

In the elderly, there has been shown to be a decline in the total number of muscle 

fibers, specifically type II fibers.  Verdijk and colleagues (2007) suggest that specific 

type II fiber atrophy observed during aging may be associated with a fiber type specific 

decline in satellite cell content.  In order to investigate this, a study was conducted on 

eight elderly and eight young untrained males.  Muscle biopsy samples revealed 

significant differences in the percentage of Type II muscle fibers.  Specifically, the 

elderly had 42% less Type II fibers when compared to young participants.  Both young 

and older participants had a higher number of myonuclei in the Type I fibers when 

compared to Type II fibers.  An examination of satellite cells content in Type I fibers 

revealed no significant differences between the young and old.  However, satellite cell 

content in Type II fibers was significantly lower in the elderly participants when 

compared to young participants.  According to Mackey (2007) a majority of studies 

conducted on the effects of physical activity on satellite cell activity have shown a 

positive regulatory effect on satellite cell number.  Studies involving both older humans 

and animals show that older muscle, in the basal state, may experience elevated stress.  

As such, the muscle may be less responsive to stresses such as increased loading 

(Bamman, Ragan et al. 2004).  Charifi and colleagues (2003) utilized eleven active males 

with a mean age of 73 in a study on the effects of endurance training on satellite cell 

frequency.  Participants trained for 14 weeks on a mechanically braked Monarch cycle 

ergometer.  Training sessions were 45 minutes in length and occurred 4 days per week.  

Muscle biopsies were taken both before and after the training period.  Satellite cell 

frequency was found to be significantly increased at the end of the 14 week training 
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period.  Bamman and colleagues (2004) conducted a study which utilized 42 adults.  Two 

different age groups were utilized.  The older age group consisted of participants, both 

male and female, between the ages of 60 and 75.  The younger age group, also male and 

female, was comprised of participants between the ages of 20 and 35.  Overload of the 

vastus lateralis was accomplished via the use of the squat, leg press, and knee extension.  

Assessment of a one repetition maximum (1-RM) was followed by a single set of 8-12 

repetitions at 70% of the individual’s 1-RM.  A second bout was conducted which 

included two sets of 8-12 repetitions at 75% of 1-RM.  Lastly, a third bout was completed 

which included two sets of 8-12 repetitions at 80% of 1-RM.  Evaluation of transcription 

factors, myogenin, MRF-4, and MyoD protein expression revealed no significant changes 

24 hours after the exercise bout.  Higher levels of myogenin were found in muscles of 

older adults (Bamman, Ragan et al. 2004).  Petrella and colleagues (2006) demonstrated 

that hypertrophy of skeletal muscle fibers is dependent upon stem cell activation and 

subsequent ability to incorporate new myonuclei.  Mackey and colleagues (2007) 

conducted a study on 13 healthy elderly males and 16 healthy elderly women.  Each of 

the participants followed a resistance training program three times per week for 12 

weeks.  Exercises included the unilaterally horizontal seated leg press, unilateral seated 

knee extension, and unilateral prone lying knee flexion.  Three sets of 15 repetitions were 

utilized initially.  A reduction in repetitions coupled with an increase in resistance was 

observed during subsequent weeks.  A 27% increase in the NCAM-positive cells per fiber 

was observed during the training period.  These findings were similar to those observed 

by Kadi and colleagues (2004) who found a 31% increase in NCAM-positive cells per  
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fiber.  As such, the satellite cell pool is a main area of focus in regards to combating 

atrophy which results from either disuse or aging.   

   
Creatine Monohydrate Supplementation 

 CrM is a nitrogen containing compound which is naturally produced in the human 

body or consumed in the diet.  CrM is derived from reactions involving glycine, arginine, 

and methionine (Candow and Chilibeck 2007).  CrM supplementation has been shown to 

increase CrM and phophocreatine (Pcr) content in human skeletal muscle. To date, a 

significant amount of research has been conducted utilizing the supplement CrM.  In 

younger participants, such as those utilized by Kilduff and colleagues (2002) (mean age 

24.5 years), CrM supplementation of 22.8 grams per day, when combined with maximal 

isometric bench presses, has been shown to result in no significant differences between 

the CrM and placebo groups.  In those found to be “responders” to CrM, significant 

differences were found in peak isometric force and total force during repeated 20 second 

isometric bench presses.  In cell cultures, CrM supplementation has been shown to affect 

satellite cell proliferation and differentiation.  CrM supplementation, when combined 

with an increase in functional load, was shown  to increase satellite cell mitotic activity in 

the skeletal muscles of rats (Dangott, Schultz et al. 2000).  In this  study, the plantaris 

muscle of rats was removed after the rat had been supplemented with CrM and 

participated to overloading of the muscle.  Rats in the study consumed approximately 0.8 

to 0.9 mg CrM per gram of body mass. Prepared plantaris muscle fiber samples were 

spread onto slides and myofiber segments were analyzed.  Diameter was analyzed in 20 

samples.   Plantaris muscles from the overload and CrM-supplemented and control group 

had increased in mass.  A significantly higher index of satellite cell mitotic activity was 
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discovered in the myofibers of rats supplemented with CrM when compared to those in 

the control rats.  No differences in satellite cell mitotic activity were observed between 

non-overloaded muscles from the CrM-supplemented group and the control group 

(Dangott, Schultz et al. 2000).   In addition,  Olsen, et al (2006) attempted to determine 

the effects of CrM supplementation, when combined with strength training, on satellite 

cell content and myonuclear number in human skeletal muscle fibers.  In this study, 32 

males between the ages of 19 and 28 were provided either 6 g of CrM along with 14 g of 

carbohydrate, 20 g of protein, or 14 g of carbohydrate.  The CrM dosing utilized in this 

resistance training study was mixed with water for ingestion.  Prior to training sessions, 

participants also received 80 g of carbohydrate.  Resistance training sessions were 

conducted three days per week for 16 weeks.  The incline leg press, knee extension, and 

hamstring curl were utilized.  3-5 sets of 6-12 repetitions were utilized.  Initially, 10-12 

RM loads were utilized followed by 8-10 RM loads in the later stages and 6-8 RM loads 

in the final week of training.  Adults over the age of 50 who have been supplemented 

with CrM have been shown to have increased concentrations of intramuscular 

phosphocreatine after exercise as well as a faster rate of phosphocreatine resynthesis 

(Chrusch, Chilibeck et al. 2001).  Chrusch and colleagues showed that in males with a 

mean age of 70, CrM supplementation does indeed allow training at higher levels.  In 

fact, an increase of 31% in training volume was observed along with an enhancement of 

measures of muscular performance and lean tissue mass (Chrusch, Chilibeck et al. 2001). 

A study conducted by Becque and colleagues (2000) utilized 23 healthy males with a 

mean age of 21.5 years.  The purpose of the study was to evaluate the effects of six weeks 

of CrM supplementation on arm flexor 1-RM, upper arm muscle area, and body 
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composition.  CrM supplementation consisted of five grams of CrM dissolved in a 

sucrose drink four times per day for five days.  Upon completion of the five-day loading 

period, CrM supplementation was reduced to two grams per day.  Body composition was 

assessed utilizing hydrostatic weighing.  Training sessions involved training the arm 

flexors for six weeks.  A standard wide-grip preacher curl was used.  A periodized model 

was used which alternated heavy and light sessions.  Two nonconsecutive days per week 

were employed.  In this study, the major finding was that, when combined with CrM 

supplementation, resistance training of the arm flexors resulted in greater arm flexor 

muscular strength.  Increases in fat-free mass were also observed (Becque, Lochman et 

al. 2000).   

A study conducted by Willoughby and Rosene (2001, 2003) investigated the 

effects of oral CrM and resistance training on myosin heavy chain expression.  The study 

involved twenty-two untrained males with an average age of 20.41 years.  Participants 

were randomly assigned to either a control group which did not receive CrM and did not 

complete the resistance training program, a placebo + resistance training group, or a CrM 

(6 g/d) + resistance training group.  Those in the placebo group received dextrose.  Those 

who participated in resistance training completed three training sessions per week.  

Training sessions involved three sets of 6-8 repetitions at 85-90% of 1 RM.  Exercises 

utilized were the bilateral leg press, knee extension, and knee curl.  In regards to a CrM 

loading period, no such period was utilized as previous studies did not show 

improvements in strength measures after 10 weeks of resistance training. (Pearson, 

Hamby et al. 1999)  Testing sessions took place at weeks 2, 4, 6, 8, 10, and 12.  Analysis 

revealed no significant group x time interactions for Type I, IIa, and IIx myosin heavy 
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chain mRNA expression.  Significant group effects were revealed for MHC Type I, MHC 

Type IIa, and MHC Type IIx.  In regards to MHC protein isoform composition, no 

significant group x time interactions were found for Type I, IIa, and IIx MHC isoforms.  

The authors determined that 12 weeks of CrM supplementation, when combined with 

resistance training, may increase MHC synthesis.  MHC mRNA expression for Type I, 

IIa, and IIx isoforms were shown to increase by 32.65%, 30.53%, and 35.62% 

respectively (Willoughby and Rosene 2001).  In an extension of this study, Willoughby 

and Rosene (2003) investigated the expression of myogenic regulatory factors.  Samples 

from their previous study were utilized.  Analysis revealed significant group x test 

interactions for Myo-D, myogenin, MRF-4, and M-CK mRNA.  However, no significant 

interaction or main effects were discovered for Myf5.  In addition, significant group x test 

interactions were found for Myo-D, myogenin, and MRF-4 protein expression.  Again, no 

significant interactions or main effects were found for Myf5.  The authors stated that a 

notable outcome of the study was that significant increases in mRNA expression of both 

myogenin and MRF-4 were discovered.  Protein expression of myogenin and MRF-4 was 

significantly correlated to mRNA expression of M-CK.   

Both animal and human models utilizing CrM have shown good results in terms 

of CrM’s effect on muscle activity.  Specifically, increases in mRNA and protein 

expression of myogenic regulatory factors and other muscle specific markers.  What is 

not currently known is the effect of CrM supplementation on these markers in older 

individuals.   
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Resistance Training in the Elderly 

 While resistance training does have a positive impact on muscle accretion in the 

elderly, muscle loss occurs in older individuals despite the fact that they remain 

physically active.  However, in the elderly, high intensity resistance exercise has been 

shown to be an effective countermeasure and restorative method for restoring strength 

deficits (Bautmans, Njemini et al. 2005)  Suetta, et al (2004) states that a combination of 

power and strength training has been shown to induce increases in the rate of force 

development and muscle activation.  According to Candow and Chilibeck (2007), 

physical inactivity results in a 50% reduction in muscle mass as we age.  Morley and 

colleagues (2001) described sarcopenia as multifactorial in origin.  As such, several 

factors (fig.1), have been identified that can be attributed to the emergence of sarcopenia. 

Among these were increased homocysteine, increased atherosclerosis, decreased physical 

activity, decreased number and increased irregularity of muscle unit firing, decreased 

anabolic hormones (e.g., testosterone, DHEA, growth hormone, IGF-1(Baumgartner, 

Waters et al. 1999)), increased cytokine activity (e.g., Il-1, TNF-α, IL-6), and the 

anorexia of aging.  Intense forms of exercise have been shown to induce a significant 

release of both IL-6 and TNF-α.    Exercise, particularly resistance training, has been 

shown to induce changes in heat shock proteins which are responsible for cellular 

protection.  This is especially true during times of stress such as that seen during intense 

exercise.  As such, Bautmans and colleagues (2005) conducted a study to determine if 

strength training, particularly that of high intensity, in the elderly causes changes in the 

expression of heat shock protein 70 (Hsp70).  Heat shock proteins have been shown to 

operate as “chaperones” for intracellular proteins during times of increased cellular stress 
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(Bautmans, Njemini et al. 2005).  The study involved 31 elderly individuals with a mean 

age of 68.4 years.  Participants completed 6 weeks of high intensity strength training.  

Exercises completed were the leg press, leg abduction, leg adduction, vertical traction, 

chest press, and shoulder press.  A warm-up of 20 repetitions at 30% of the individual’s 

1-RM was completed prior to beginning the exercise protocol.  Exercise intensity was 

progressively increased by 10% of 1-RM every two sessions from 50% to 70-80%.  After 

completion of six exercise sessions, 1-RM was reassessed.  Training sessions 1-3 

consisted of 3 sets of 10 repetitions at 50% of 1-RM.  Sessions 4 and 5 required 3 sets of 

10 repetitions at 60% of 1-RM.  During sessions 6 and 7, participants completed 3 sets of 

10 repetitions at 70% and 80% of 1-RM, respectively (Bautmans, Njemini et al. 2005).  

Upon completion of exercise sessions, serum was assayed for IL-6, TNF-α, IL-10, and 

TGF-β using the ELISA method.  Results showed that upon completion of the training 

program, strength had increased significantly in all trained muscle groups.  In regards to 

Hsp-70, when compared to baseline values, heat shocked monocytes and lymphocytes 

produced significantly higher amounts of Hsp-70 at the end of the training period.  A 

trend for a decrease in the circulating levels of IL-6 was observed along with a trend for 

an increase in circulating concentrations of IL-10 and TGF-β.  Hsp-70 expression was 

found to be negatively related to circulating levels of TNF-α (Bautmans, Njemini et al. 

2005).  The study demonstrated that six weeks of intensive training did indeed induce 

changes in Hsp-70 expression. This was true in both monocytes and lymphocytes of 

elderly participants.  Production of Hsp-70 was found to be decreased both immediately 

after sampling and after an incubation period at 37 degrees Celsius.  This occurred in the 

absence of heat shock.  However, an increase was found after heat shock was applied at 
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42 degrees Celsius.  In regards to force production, the study found that upon completion 

of the six week training period, improvements in muscular force were found.  However, 

isokinetic leg extension showed no improvement at higher velocities.     

According to Morley, et al (2001), high intensity resistance training has been 

shown to increase both muscle fiber size and capillary density in vastus lateralis samples.  

An increase in the number of Type IIa fibers and a decrease in Type IIb fibers has been 

seen.  A study conducted by Yarasheki and colleagues (1999) showed that in men and 

women between the ages of 76 and 92, a three month resistance training program resulted 

in an increase in the synthesis of mixed muscle proteins.  A short-term study conducted 

by Hasten and colleagues (2000), which utilized a two week resistance exercise program 

in 74-84 year olds discovered increases in myosin heavy chain and synthesis of mixed 

proteins.  This was in the order of a 100% increase from baseline.   

Another study conducted by Mackey and colleagues (2007) involving both elderly 

males and females utilized a resistance training protocol which called  for three sets of 

the leg press, leg extension, and prone knee flexion.  An initial number of repetitions was 

set at 15 and was decreased every two weeks for the first six weeks of the study.  

Repetitions were decreased from 12, to 10, and eventually to 8 at the end of the study, in 

which 8 repetitions were utilized for the last six weeks of the study.  Intensity progressed 

from 62% to 70% to 75% and finally to 80% of 1 RM.  Muscle biopsies were taken to 

analyze satellite cell content.  Immunohistochemistry techniques were employed.  

Satellite cells were individually counted under a microscope based on NCAM-positive 

staining around the border, containing a nucleus at the periphery, and located at the 

periphery of the myofiber.  Results showed a 27% increase in the number of NCAM-
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positive cells per fiber over the course of the training period when compared to those 

found prior to the beginning of the training program.  Significant differences were found 

in both males and females.  A trend toward a larger relative change was found in males 

when compared to females.(Mackey, Esmarck et al. 2007)  

Resistance training has been shown to be beneficial in the elderly.  Not only does 

resistance training increase muscle strength and muscle mass, but resistance training also 

improves quality of life.  Nutritional intervention, specifically supplementation with 

CrM, may have the capacity to increase muscle strength and mass via effects on satellite 

cells.  As such, it is hoped that the combined CrM supplementation and resistance 

training utilized in this study, will have a beneficial impact on muscle function. 

 
Resistance Training in the Elderly with CrM Supplementation 

 Short term studies in individuals supplementing with CrM have shown increases 

in 1-RM, an increased number of repetitions per set, and an increase in peak power 

(Becque, Lochman et al. 2000).   Gotshalk and colleagues (2002) showed that as little as 

seven days of CrM supplementation in younger individuals is capable of increasing 

dynamic muscular strength and power.  In older individuals, eight weeks of CrM 

supplementation combined with resistance training was shown to have no significant 

impact on measures of muscular performance.  The authors theorized that the inability to 

find significant effects may have been attributed to insufficient reliability of the strength 

assessment protocols which had previously been utilized.  In order to combat this, several 

familiarization sessions were employed.  As such, the purpose of their study was to 

evaluate the effects of seven days of CrM supplementation on measures of body 

composition, dynamic and isometric muscular strength, and explosive power.  A final 
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measure, which the authors stated had not been previously evaluated, was a measure of 

lower-body functional living tasks.  Twenty males between the ages of 59 and 73 were 

utilized in the study.  Each participant in the study completed testing on three separate 

occasions, but only after completion of a three week familiarization period.     

Supplementation consisted of either a capsule containing CrM or a powdered cellulose 

placebo. Dosage was set at 0.3 g/kg body mass.  Participants consumed either the CrM or 

placebo three times per day with each meal for seven days.  Maximal dynamic and 

isometric strength was assessed using a leg press machine.  Upper and lower body 

anaerobic power was assessed using a modified 10-s Wingate test.  In order to assess 

neuromuscular control during stressful periods, lower-extremity functional performance 

was assessed using a sit-stand and tandem gait test.  Body composition was assessed 

using hydrostatic weighing.  Blood samples were analyzed for alanine aminotransferase 

(ALT), gamma glutamethyltransferase (GGT), aspartate aminotransferase (AST), CrM, 

and blood urea nitrogen (BUN).  In order to assess muscle CrM loading, muscle biopsies 

were obtained from the vastus lateralis.  Tissue samples were analyzed for ATP, 

phosphocreatine, and CrM.  Results showed no significant differences between T1 and 

T2 for both groups and from T2 to T3 in the placebo group.  The CrM-supplemented 

group showed significant improvements in both the bench press, leg press, left and right 

knee extension, and left knee maximum force with flexion.  Between T2 and T3, 

significant improvements were observed in the CrM group for lower-body peak and mean 

power.  Analysis of lower-body functional performance showed that the CrM 

supplemented group had significant improvements in both the sit-stand and tandem gait 

tests.  Analysis of blood samples showed no significant differences for hematocrit, 
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albumin, BUN, or liver enzymes.  A significant increase in serum creatinine was found in 

the CrM group (Gotshalk, Volek et al. 2002).     

While significant results have been achieved with CrM supplementation in 

younger individuals, little information is available in regards to the effects of CrM on 

muscle in older individuals.  Specifically, the effects of CrM supplementation in 

conjuction with resistance training on satellite cell activation, proliferation, and 

differentiation.  Therefore,  any intervention that has the ability to either slow down or 

even reverse the effects of aging on muscle mass and strength will not only improve the 

quality of life, but will also reduce the economic burden placed on older individuals as a 

result of the conditions associated sarcopenia. 

 
Serum Testosterone in Older Males 

Testosterone acts by directly binding to receptors found in skeletal muscle which 

stimulates protein synthesis. Numerous studies have shown that in aging men, a decrease 

in resting testosterone levels exists. This decrease begins at approximately 40 years of 

age and continues at a rate of 1% per year thereafter (Brill, Weltman et al. 2002).  The 

observed decreases in resting serum testosterone levels contribute to declines in both 

muscle mass, and muscle strength.    This age related decline in serum testosterone levels 

is referred to as “andropause”.  In the human body, approximately 98% of circulating 

testosterone is bound to serum proteins, in particular sex hormone-binding globulin 

(SHBG) and albumin.  The remaining 1%-2% is unbound or “free”.  Bound testosterone 

has a high affinity for SHBG and is not readily available to most tissues for actition.  As 

such, testosterone bound to albumin and free testosterone are bioavailable.  With aging, 

the concentration of SHBG increases which results in a decrease in serum free 
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testosterone and bioavailable testosterone (Matsumotoa 2002).  In regards to muscle 

function, high levels of testosterone have been shown to be positively related to both 

muscle strength, and muscle mass (Harman 2005).  Data from the Massachusetts Male 

Aging Study, which involved 1,709 men between the ages of 40 and 70, showed that total 

testosterone decreased by 0.8% per year.  Results also showed that both free and 

albumin-bound testosterone decreased by 2% per year (Feldman, Longcope et al. 2002).  

Results of the Baltimore Longitudinal Study of Aging, which involved 890 males, found 

an average decline of 0.124 nmol/yr in regards to free testosterone.  An interesting 

finding was that in those individuals taking beta blockers, was that use of the medication 

was associated with higher testosterone levels as well as a higher free testosterone index 

(Harman, Metter et al. 2001). 
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CHAPTER THREE 
 

Methods 

 
Participants 

 Approximately 20 male participants (10 per group) between the ages of 55 and 75 

were utilized for this study.  Participants did not have any diagnosed metabolic disease 

(diabetes, thyroid disease, etc), had no history of hepatorenal, musculoskeletal, 

autoimmune, cardiovascular, or neurological disease or impairment.  Participants were 

recruited from the staff population at Baylor University, local physicians’ offices and 

clinics, fitness centers and church senior groups in the Waco area.  All participants who 

met entrance criteria signed informed consent statements in compliance with the Human 

Participants Guidelines of Baylor University and the American College of Sports 

Medicine.   

 
Study 

 All supervised testing and analysis was conducted in the Exercise & Sport 

Nutrition Laboratory (ESNL) and/or the Exercise Physiology Biochemistry Lab (EBNL) 

in the Department of Health, Human Performance, and Recreation at Baylor University.  

Training sessions were completed either at local fitness centers or on the campus of 

Baylor University. 
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Independent and Dependent Variables 

 The independent variables were the nutritional supplement CrM combined with 

resistance training and the placebo combined with resistance training utilized for the 

control group.  Dependent variables included body composition measurement (whole 

body DEXA scans, body weight), fasting whole blood and serum analysis, markers of 

satellite cell activation and differentiation (myf5, MyoD, myogenin, MRF4), myofibrillar 

protein content, HGF, cMet, IGF-1, and muscle strength (bench press, leg press)  as 

determined via a one repetition maximal test. 

 
Familiarization and Entry 

 Participants who expressed interest in participating in this study were interviewed 

on the phone to determine whether they appeared to qualify to participate in this study.  

Participants who met eligibility criteria were invited to attend an entry/familiarization 

session. During this session, participants signed Informed Consent Statements and 

completed personal and medical histories. Participants then underwent a general physical 

examination to determine whether they met eligibility criteria.  Participants meeting entry 

criteria were then familiarized to the study protocol via a verbal and written explanation 

outlining the study design. This included describing the supplementation protocol, 

familiarizing the participants to the tests to be performed, and practicing the bench press, 

and leg press. Participants were then, in a double blind manner, randomly assigned to 

receive either the supplement or a Dextrose placebo that was similar in color and texture 

to the supplement of interest. 
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Muscle Biopsies and Venous Blood Sampling (Weeks 0, 4, 8, 12) 

 
Using a 5 mm Bergstrom needle, percutaneous muscle biopsies (~50 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. For the remaining three biopsies, attempts were made to extract the tissue from 

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. Following removal, muscle samples were immediately frozen in liquid 

nitrogen and stored at -80°C for later analysis. A total of four muscle biopsies will be 

obtained, one at each testing session. 

 Participants were required to fast for at least 8-hours prior to donating blood. 

Blood samples were obtained by standard/sterile procedures by personnel who were 

experienced in phlebotomy and are qualified to do so under guidelines established by the 

Texas Department of Health and Human Services. Venous blood samples were obtained 

from the antecubital vein into 10 mL collection tubes using a standard VacutainerTM 

apparatus. A total of four blood samples were obtained, one at each testing session. 

Whole blood samples were immediately ready for analysis, whereas serum was 

centrifuged for 15-minutes and then frozen at -80°C. 

 
Estimated Energy Intake/Dietary Inventories (Weeks 0, 4, 8, 12) 

Participants recorded their dietary intake for 4 days prior to each of the four 

testing sessions, in which total food consumed for three weekdays and one weekend day 

was recorded. The participants’ diets was not be standardized, but participants were 

instructed not to change their dietary habits during the course of the study.  The dietary 
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recalls were evaluated with Food Processor dietary assessment software (ESHA Nutrition 

Research, Salem, OR) to determine the average total Calorie consumption and 

macronutrient composition in their diet. 

 
Anthropometric and Body Composition Assessment (Weeks 0, 4, 8, 12) 

 Total body mass (kg) was determined on a calibrated electronic scale with a 

precision of ± 0.02 kg (Detecto, Webb City, MO). Total body water was 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. 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 water was measured 

through the placement of four electrodes on the body: one electrode was placed on the 

posterior surface of the right wrist, between the radial and ulna styloid processes (wrist 

bones); another electrode was placed on the posterior surface of the right hand at the 

distal base of the second metacarpal; the third electrode was placed on the anterior 

surface of the right foot; and the last electrode was placed at the distal end of the first 

metatarsal. Participants were asked to lie on a table in a supine position and electrode 

wires were connected to the analyzer. After the participant was connected, age, gender, 

weight, and height were entered into the unit. After the unit measured the resistance, 

which takes approximately 30 seconds, the unit calculated total body water, intracellular 

water content, and extracellular water content. 
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 Body composition was determined using a calibrated Discovery W dual-energy 

x-ray absorptiometry (DEXA) (Hologic, Waltham, MA) by licensed personnel with 

limited x-ray technology training. The DEXA body composition test involved having the 

participant lie in a supine position in a pair of shorts/t-shirt or a gown. A low dose of 

radiation scanned their entire body for approximately 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. Additionally, 

a subsection is generated to isolate the thigh region for the determination of thigh muscle 

mass; this region included the knee joint line to the head of the femur, and was extended 

medially to the pubic symphysis. Radiation exposure from DEXA for the whole body 

scan is approximately 1.5 mR per scan. The maximal permissible x-ray dose for non-

occupational exposure is 500 mR per year. Total radiation exposure was approximately 6 

mR for the entire study. 

 
Strength Testing (Weeks 0, 4, 8, 12) 

 Participants performed four 1-RM muscular strength tests using an isotonic 45° 

leg press (Nebula Fitness, Inc., Versailles, OH) and bench press (Nebula Fitness, Inc., 

Versailles, OH) to determine potential changes that occur throughout the study resulting 

from supplementation. These tests were performed at each of the four testing sessions. 

Participants began the 1-RM leg press and bench press test by first completing five to ten 

repetitions at approximately 50% of their previously established 1-RM.  Following a two 

minute rest, three to five repetitions were performed at approximately 70% of their 1-

RM. From this time forward, the weight was increased gradually, until an official 1-RM 

was reached. The rest period between each successful lift was two minutes. Test-retest 
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reliability for performing these strength assessments on participants within our laboratory 

has demonstrated low mean coefficients of variation and high reliability for the bench 

press (1.9%, intraclass r = 0.94) and leg press (0.7%, intraclass r = 0.91), respectively. 

 
Resistance Training Protocol 

Participants completed a partially supervised resistance training program.  

Participants utilized either local fitness centers of which they were a member or facilities 

on the Baylor University campus.  Participants participated in a partially supervised 

resistance training program three times per week for the duration of the study.  

Participants completed resistance exercises similar to those utilized by Chrusch (2001).  

Participants completed the bench press, lat pull-down, biceps curl, triceps press down, leg 

press, leg extension, leg curl, and leg press.  Three sets of 10 repetitions were completed 

for each exercise.  An intensity of 75% of 1 RM was utilized during training.  Upon 

successful completion of 3 sets of 10 repetitions, an increase of 5% of weight utilized 

took place (Kosek, Kim et al. 2006).  A rest period of 1 minute separated each set.  

Participants completed three training sessions per week for the duration of the study 

period (Chrusch, Chilibeck et al. 2001).  Participants were asked to keep training logs 

detailing amount of weight utilized, number of repetitions completed, and number of sets 

completed. 

 
Supplementation Protocol 

 Participants were randomly assigned to receive, in a double blind manner, either 

5g of CrM  (Alschem, Degussa Inc., Atlanta, GA) combined with 5g of a glucose (DGC 

AST Sport Science, Golden, CO) or 5g of a glucose mixture that was similar in color and 
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texture to the supplement.  Participants receiving CrM completed a 7-day loading period 

with 20g of CrM-CHO (5g) being ingested daily in 5g increments.  Participants in both 

the experimental group (CrM-CHO) and the placebo control group (CHO) began the 

designed supplementation protocol immediately after baseline testing which took place 

on Day 0.  Participants were instructed to ingest either the supplement or the placebo for 

the duration of the 12 week study period.    Compliance monitoring was accomplished by 

having participants return empty containers of the supplement or placebo at each testing 

session.  Compliance to the supplementation protocol was monitored by supplement logs 

and verbal confirmation. Compliance was also verified through the administration and 

collection of questionnaires from each participant regarding any noticeable side-effects.   

 
Serum IGF-1 

 
Serum free/bioactive IGF-1 concentration was determined using an ELISA kit 

[Active® free IGF-1 ELISA by Diagnostic Systems Laboratories Inc. (DSL-10-9400; 

Webster, TX)].  According to the manufacturer, the sensitivity for this assay was 0.015 

ng/ml, and does not cross-react with insulin growth factor binding proteins. This assay 

was an enzymatically amplified “two-step” sandwich-type immunoassay. In the first step 

of this assay, 50 μl of standards, controls (high and low), and serum samples were 

pipetted induplicate along with 20-μl sample buffer (a protein based BSA buffer with a 

non-mercury preservative) into the wells (which were coated with anti-free IGF-1). After 

a 1 hour incubation on the microplate shaker, the wells were washed five times with wash 

buffer (buffered saline with non-ionic detergent). Following the incubation and washing, 

the wells were treated with another anti-Free IGF-1 detection antibody labeled with the 

enzyme horseradish peroxidase. After a second 30-minute incubation and wash step (five 
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times), the wells were incubated with 100 μl of TMB solution for 10 minutes. Lastly, 100 

μl of an acidic stopping solution (0.2 M sulfuric acid) was added to each well and the 

degree of enzymatic turnover of the substrate was determined by a wavelength 

absorbance measurement at 450nm. The absorbance measured was directly proportional 

to the concentration of free IGF-1 present. A set of seven free IGF-1 standards ranging 

from 0 to 9 ng/ml were used to plot a standard curve of absorbances versus free IGF-1 

concentration from which the free IGF-1 in the unknown serum samples were calculated 

using a standard curve.  The overall intra-assay percent coefficient of variation was 4.9%. 

 
Hepatocyte Growth Factor (HGF) 

Serum hepatocyte growth factor concentration was determined using an ELISA 

kit [RayBio® Human HGF ELISA Kit, RayBiotech, Inc. (ELH-HGF-001), Norcross, 

GA].  According to the manufacturer, the sensitivity of this kit is typically less than 8 

pg/ml.  The assay utilizes an antibody specific for human HGF.  In the first step of this 

assay, 100 µl of samples and standards were added in duplicate to each well and allowed 

to incubate at 4°C for 2.5 hours on a microplate shaker.  Each well was then washed 4 

times with 300 µl wash buffer utilizing a multi-channel autowasher.   After the incubation 

period and wash step, 100 µl of prepared biotin antibody was added to each well.  Again, 

the plate was allowed to incubate at room temperature for 1 hour on a microplate shaker.  

This was followed by another wash step with 300 µl of wash solution.  The wash was 

repeated 4 times.   After this incubation and wash period, 100 µl of a prepared Stretavidin 

solution was added to each well and allowed to incubate on the microplate shaker for 45 

minutes.   Again, wells were washed 4 times with 300 µl of wash solution.  After 45 

minutes, 100 µl of TMB One-Step Substrate Reagent was added to each well.  This was 
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followed by a 30-minute incubation period at room temperature.  Immediately after the 

30-minute incubation period, 50 µl of a stop solution was added to each well.  Plates 

were then immediately read at 450 nm.  Concentrations of serum HGF were then 

calculated using a standard curve.  The overall intra-assay coefficient of variation was 

3.3%. 

 
cMET (STAR Met) 

The Upstate® colorimetric STAR kit [Upstate, Cat# 17-469, Billerica, MA] 

utilized for analysis of cMET receptor concentration is a solid phase sandwich enzyme 

linked immunoabsorbent assay for the detection of specific levels of signaling targets in 

whole cell extracts.  In the first step of this assay, 100 µl of standards were added in 

duplicate to wells 1-7 of the microplate.  Then, 100 µl of samples were added in duplicate 

to the remainder of the wells.  The plate was then covered and allowed to incubate for 2.5 

hours on a microplate shaker at 4°C.    After incubating, plates were washed 4 times with 

250 µl of wash solution using an automatic washer.  After washing, 100 µl of the 

detection antibody was added to each well.  Plates were then covered and allowed to 

incubate for 1 hour as previously described.  This was followed again by washing 4 times 

with 250 µl of wash solution.  After washing, 100 µl of a 1:100 dilution of anti-Rabbit 

IgG HRP Conjugate was added to each well.  Plates were then allowed to incubate on the 

microplate shaker for 45 minutes.  Once again, a wash step followed.  After washing, 100 

µl of TMB solution was added to each well and allowed to incubate for 10 minutes on the 

microplate shaker.  After the incubation, 100 µl of the stop solution was added to each 

well.  Plates were then read at 450 nm for determination of phosphorylated cMET 
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concentration.  Results were compared to the standard curve for analysis.  The overall 

intra-assay coefficient of variation was 6.89% 

 
Serum Free Testosterone 

Serum free testosterone was determined using an ELISA kit [Alpha Diagnostic 

International, (Cat# 1885), San Antonio, Tx)].  The testosterone ELISA kit is based on 

competitive binding of human free testosterone from serum samples and enzym-labeled 

testosterone.  According to the manufacturer, the sesitivity of the free testosterone ELISA 

kit is 0.17 pg/ml.  In the first step of this assay, 25 µl of standards, controls, and samples 

were added to each well in duplicate.  Second, 100 µl of a diluted enzyme conjugate were 

added to each well.  The plate was then covered and allowed to incubate for one hour on 

a microplate shaker.  After the one hour incubation period, each well of the plate was 

washed three times with 300 µl of wash solution using an automated plate washer.  After 

washing, 150 µl of TMB substrate was added to each well.  The plate was then covered 

and allowed to incubate for 15 minutes on the microplate shaker.  The shaker was 

covered to create a dark environment.  After 15 minutes of incubation, the plate was 

removed from the shaker and 50 µl of stop solution was added to each well.  The plate 

was then read at 450 nm using an ELISA reader for determination of free testosterone 

concentration.  Results were compared to the standard curve for analysis. The overall 

intra-assay coefficient of variation was 3.7%. 

 
Skeletal Muscle Preparation 

 
Muscle samples were collected, weighed, and placed in a separate 

microcentrifuge tube. Muscle samples were homogenized using a commercial cell 
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extraction buffer (Cat. FNN0011, Biosource International, Camarillo,CA) and a tissue 

homogenizer. The cell extraction buffer was supplemented with 1mM 

phenylmethanesulphonylfluoride (PMSF) and a protease inhibitor cocktail (Cat. 

P2714,Sigma, St. Louis, MO). A 0.3 M stock solution in dimethyl sulfoxide (DMSO) 

was made and 17μL of this stock was added to 5mL of cell extraction buffer to attain a 

final concentration of 1mM PMSF. The protease inhibitor cocktail was a mixture of water 

soluble protease inhibitors. After reconstitution, 500 μL of protease inhibitor was added 

to every 5 mL of cell extraction buffer.  The PMSF solution was both created and added 

to the cell extraction buffer just prior to use. Following the completion of the cell 

extraction buffer formulation, the buffer was added to each frozen muscle sample (500 

μL of cell extraction buffer to each frozen muscle sample). Following the addition of the 

cell extraction buffer formulation, the muscle tissue was homogenized by hand via pestle 

grinding in a microcentrifuge tube for 30 minutes. Samples were then placed into a 

centrifuge at 13,000 RPM for 20 minutes.  After centrifugation, the supernatant of each 

sample was separated from the pellet and placed into a new microcentrifuge tube.  

Samples were immediately frozen at -80 degree Celsius for later analysis. 

 
Myogenic Regulatory Factor (Myo-D, myogenin, MRF-4, myf5) Protein Expression 

The muscle protein expressions of Myo-D, myogenin, MRF-4, myf5 were 

assessed through the use of ELISAs. Polyclonal antibodies specific for each MRF were   

purchased from Santa Cruz Biotech (Santa Cruz, CA). Initially, one g/ml of each of the 

four antibodies was diluted in coating buffer (Na2CO3, NaHCO3, and ddH2O, pH 9.6) and 

added to their respective microtiter plates. The plates were then covered and allowed to 

incubate overnight at room temperature. The next day, the wells were washed four times 
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with approximately 300 μl wash buffer (1X phosphate buffered saline, Tween-20). Next, 

200 μl of a blocking buffer (10X phosphate buffered saline, bovine serum albumin, 

ddH2O) was added to every well. The blocking buffer was added to prevent non-specific 

binding of non-relevant proteins to the bottom of each well. Again, the plate was covered, 

allowed to incubate for one hour at room temperature and then washed four times. After 

the wash step, 50 μl of the samples were added to each well, allowed to incubate at room 

temperature for one hour, and followed by another wash cycle. Next, a secondary 

antibody (IgG conjugated to horse radish peroxidase) was diluted to five µg/ml in 

dilution buffer (10X phosphate buffered saline, Tween-20, bovine serum albumin, 

ddH2O), added to each well, and then incubated for one hour followed by another wash 

cycle. After plate washing was complete, 100 μl stabilized tetramethyl benzidine 

chromogen was added. The plates were then covered and placed in the dark for the last 

30-minute incubation. The final step required the addition of 100 μl of a stop solution 

(0.1 N hydrochloric acid) to every well. The subsequent absorbances, which are directly 

proportional to the concentration of the MRFs in the samples, were measured at a 

wavelength of 450 nm. There were no standards used in these ELISAs, thus no standard 

curve was created. Therefore, the absorbances relative to muscle weight were assessed 

and compared as percent changes.  The overall intra-assay coefficients of variation were 

7.12%, 6.47%, 8.03%, and 6.57% for MyoD, myogenin, MRF4, and myf5, respectively. 

 
Total Myofibrillar Protein 

Total cellular RNA was extracted from biopsy samples with a monophasic 

solution of phenol and guanidine isothiocyanate contained within the TRI-reagent (Sigma 

Chemical Co., St. Louis, MO), and then isolated with 100% isopropanol. The interphase 
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was removed and total (soluble + insoluble) muscle protein was then isolated from the 

organic phase with 100% isopropanol and washed with a 0.3 M guanidine HCl/95% 

ethanol solution. Myofibrillar (soluble) protein was isolated with repeated incubations in 

0.1% SDS at 50°C and separated by centrifugation.  Total and myofibrillar protein 

content were determined spectrophotometrically based on the Bradford method at a 

wavelength of 595 nm. A standard curve was generated (R = 0.96, p =0.014) using 

bovine serum albumin (Bio-Rad, Hercules, CA), and total and myofibrillar protein 

content was expressed relative to muscle wet-weight. 

 
Reported Side Effects from Supplementation (Weeks 0, 4, 8, 12) 

Participants were asked to report at the beginning of each testing session whether 

they tolerated the supplement, supplementation protocol, and any medical problems or 

symptoms experienced throughout the study period.  Prior to each testing session, 

participants were asked to turn in their daily journal which will include a record of any 

side effects. 

 
Statistical Analysis 

Data was analyzed by utilizing separate 2 x 4 [Group (PL, CR)] x Test (week 0, 

week 4, week 8, week 12) mixed design factorial multivariate analysis of variance 

(MANOVA).  Three sets of MANOVAs (one set for skeletal muscle variables, and one 

set for blood clinical chemistry variables, and one set for body composition, muscle 

strength, and dietary intake variables) were analyzed for this study based on dependent 

variables that are likely to be related to one another.  In addition, the use of a MANOVA 

analysis prevents the potential for increasing of Type I error rate that might result with 
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the use of repeated univariate procedures.   ANOVA on each dependent variable was 

conducted as a follow-up test to any significant MANOVA.  To control for alpha 

inflation of the ANOVA, the Bonferroni test was utilized as a follow-up test.  Post-hoc 

tests of any interaction effects demonstrated in the ANOVA were investigated via an 

independent samples t-test.  In addition to reporting probability values, an index of effect 

size was reported to reflect the magnitude of the observed effect.  The index of effect size 

utilized was the partial Eta squared (η2), which estimates the proportion of variance in the 

dependent variable that can be explained by the independent variable.  Partial Eta squared 

effects sizes were determined to be: weak = 0.17, medium = 0.24, strong = 0.51, very 

strong = > 0.70 as previously described by O’Connor, et al (2007).  All statistical 

procedures were performed using SPSS 16.0 software (Chicago, IL) and an alpha 

probability level of <0.05 was adopted throughout.  In addition, for all statistical analyses 

not meeting the sphericity assumption for the within-participants analyses, a Huynh-Feldt 

correction factor was applied to the degrees of freedom in order to adjust (increase) the 

critical F-value to a level that would prevent the likelihood of committing a type I error. 
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CHAPTER FOUR 
 

Results 

 
Twenty-eight apparently healthy male participants began this study. A total of 

eight participants were unable to complete the study for the following reasons:  time 

commitment (4), uncomfortable with muscle biopsy procedure (2), and non study related 

injury (2).   Baseline demographic data for the 20 participants who completed the study 

(10 per group) are presented in Table 1.  At baseline, there were no significant 

differences between groups with regards to age (p=0.762), body mass (p=0.332), and 

height (p=0.451). 

 
Table 1 Participant Demographics 

Physical 
Characteristics 

CrM-CHO CHO Significance 

Height (cm) 177.26 ± 7.38 175.09 ± 4.95 0.451 

Mass (kg) 65.68 ± 14.47 66.36 ± 18.95 0.332 

Age (years) 61.40 ± 4.77 60.70 ± 5.38 0.762 
Note:  Data are presented as means ± standard deviations 

 
 

Confounding Variables 

 Prior to data collection, certain variables were identified as potential confounding 

variables.  These variables included dietary intake and the resistance training (total 

training volume).  To account for these variables, prior to each testing session, 

participants were asked to complete four-day dietary food records and resistance training 

workout logs.  Individual variable results are presented in the following sections.  
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Nutritional Intake Analysis 

 All participants were instructed to consume their usual diet during the 12-week 

course of the study.  Dietary analysis does not include information related to the 

supplement ingested.  Independent sample t-tests were utilized to analyze all relevant 

dietary variables prior to commencement of supplementation and the resistance training 

program.  Table 2 illustrates that at baseline (T1), there were no significant differences 

observed between groups for total daily caloric intake, macronutrient intake of protein, or 

carbohydrate.  Following supplementation, a multivariate analysis revealed a trend 

towards significance for time (Wilk’s Lambda=0.057,F(4,12)=5.514, p=0.056, effect 

size(η2)=0.943, power=0.632).  Univariate analysis detected a significant time effect for 

dietary fat intake (p=0.025, η2=0.189, power=0.727), with subsequent post-hoc analysis 

revealing significant increases in dietary fat intake from T2 to T4 (p=0.009) and T3 to T4 

(p=0.013). In addition, dietary fat intake was significantly higher in the CHO group 

compared to the CrM-CHO group at T4 (p=0.04).  These results indicate that while both 

groups increased their dietary fat intake from T2 to T4, the CHO group was ingesting 

significantly higher intakes of dietary fat compared to the CrM-CHO group at T4.  No 

other significant main effects for time, group, or group by time interactions were detected 

for dietary protein and carbohydrate intake. 

 
 

Total Lifting Volume Analysis 

 All participants were instructed to record, for each exercise, the number of 

repetitions and weight lifted at each training session.  Total lifting volume for each group 
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reflects the total number of repetitions multiplied by the total weight lifted performed by 

each participant for each exercise (see Table 3).  Independent sample t-tests were utilized 

 
 

Table 2. Comparison of Nutritional Intake Variables between CrM-CHO  
and CHO Groups 

 
Variable Time CrM-CHO CHO Significance 

Energy Intake 
(kcal·d-1) 

T1 
T2 
T3 
T4 

2127 ± 423 
1834 ± 681 
1939 ± 454 
2024 ± 490 

1889 ± 374 
2006 ± 600 
1834 ± 528 
2432 ± 680 

Group=0.883 
Time=0.142 
GxT=0.167 

     

CHO Intake 
(g·d-1) 

T1 
T2 
T3 
T4 

232 ± 61 
223 ± 120 
237 ± 53 
228 ± 83 

208 ± 60 
241 ± 119 
211 ± 97 
241 ± 139 

Group=0.901 
Time=0.885 
GxT=0.603 

     

Protein Intake 
(g·d-1) 

T1 
T2 
T3 
T4 

98 ± 34 
84 ± 28 
75 ± 15 
91 ± 19 

83 ± 18 
78 ± 8 
73 ± 13 
108 ± 74 

Group=0.829 
Time=0.161 
GxT=0.449 

     

Fat Intake 
(g·d-1) 

T1 
T2 
T3 
T4 

95 ± 36 
68 ± 25 
76 ± 31 
83 ± 28 

81 ± 24 
84 ± 29 
80 ± 25 
116 ± 32¥†◊ 

Group=0.342 
Time=0.0.025 
GxT=0.048† 

 

 
 

to analyze the total lifting volume at baseline, and a repeated measures ANOVA was 

utilized to assess changes in total lifting volume over time.  A statistical trend for time 

[F(2,12)=3.414, p=0.067, effect size(η2)=0.363]  was detected.  Subsequent pairwise 

analysis revealed a trend towards significance between T2 and T4 (p=0.056), indicating 

both groups increased their training output following 12 weeks of resistance training.  

 

 

Data are presented as mean ± standard deviation. ¥ significantly different from T2 (p<0.05).  
†Significantly different from T3 (p<0.05).  ◊ significantly different between groups (p<0.05) 
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Table 3. Comparison of Total Lifting Volume for CrM-CHO and CHO Groups 

Variable CrM + CHO CHO Significance 
Total Volume-1 (kgs) 118,780 ±25,484 129,500 ±33,136 0.500 

Total Volume 2 (kgs) 130,060 ±38,312 147,000 ±40,384 0.422 

Total Volume 3 (kgs) 142,220 ±55,235 156,630 ±41,715 0.331 
Note:  Data are presented as means ± standard deviations 

 
  Muscle Strength Variables 

 
Upper and Lower Body Strength Analysis 

 Data for 1RM bench press and leg press are represented in figures 6 and 7.  

Mulitivariate analysis indicated a significant time effect (Wilk’s Lambda=0.289, 

F(6,13)=5.336, p=0.006, η2=0.71, power=0.941) with no significant group or group x 

time interactions.  Univariate analysis revealed a significant time effect for 1 RM bench 

press  [F(3,16)=0.016, p=0.016, effect size(η2)=0.468], with subsequent pairwise analysis 

displaying significant increases from baseline (T1) to T3 (p=0.022), and T4 (p=0.003),  

and T2 to T3 (p=0.022), and T4 (p=0.002).  Similarly, univariate analysis revealed a 

significant time effect for 1RM leg press [F(3,16)=10.543, p<0.05, effect size(η2)=0.664], 

with subsequent pairwise analysis revealing a significant increase from baseline (T1) to 

T2 (p<0.05),  T3 (p<0.01) and T4 (p<0.05).  These results demonstrate that both CrM-

CHO and CHO groups are increasing both upper body and lower body strength following 

12 weeks of the resistance training.  Therefore, in regards to hypothesis one which states 

that: “Supplementation with CrM for 12 weeks, when combined with resistance exercise, 

will result in no significant differences in upper and lower body strength in older males 

when compared to placebo”, the hypothesis was retained. 
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Body Composition Analysis 

Data for body mass (kg), body fat (%), fat free mass (kg) and fat mass (kg) are 

presented in figures 8, 9, 10, and 11 respectively.  Multivariate analysis revealed a 
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Figure 6:  Time Course of 1RM Bench Press.  Data (mean ± SD) represents 1RM bench press for both CrM-
CHO and CHO groups following 12 weeks of resistance training.  *Significantly different from baseline (T1)  
(p<0.05) . ¥Significantly different from T2 (p<0.05)

Figure 7:  Time Course of 1RM Leg Press.  Data (mean ± SD) represents 1RM  leg press for both CrM-CHO 
and CHO groups following 12 weeks of resistance training.  *Significantly different from baseline (T1) 
(p<0.05). 
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significant effect for time (Wilks’s Lambda= 0.046, F(4,15)=12.108, p=0.001, η2=0.954, 

power=0.998) and a trend towards significance for group effect (p=0.078).  No group x 

time interaction was found.  Univariate analysis indicated a significant time effect for 

body mass [F(3,16), p=0.030, η2=0419] with subsequent pairwise analysis revealing 

significant increases in body mass between baseline (T1) and T2 (p=0.008), T3 

(p=0.005),  and T4 (p=0.003) indicating both CrM-CHO and CHO significantly increased 

body mass following 12 weeks of resistance training.  A strong statistical trend for group 

was detected for body fat % (p=0.058), indicating higher body fat % in the CHO group 

compared to the CrM-CHO group throughout the study period.  A significant time effect 

was detected for fat free mass (p=0.005, η2=0.212, power=0.884) with subsequent 

pairwise analysis revealing significant increases between baseline (T1) and T2 (p=0.004), 

T3 (p=0.004), and T4 (p=0.018), indicating both CrM-CHO and CHO significantly 

increased body mass following 12 weeks of resistance training. 

Similar to body fat %, a trend towards significance for group was detected for fat 

mass (p=0.075), indicating higher body fat % in the CHO group compared to the CrM-

CHO group during the study period.  In regard to hypothesis two which states that: 

“Supplementation with CrM for 12 weeks, when combined with resistance exercise, will 

result in no significant difference in lean body mass in older males when compared to 

placebo”,  the hypothesis was retained. In regard to hypothesis three which states that:” 

Supplementation with CrM for 12 weeks, when combined with resistance exercise, will 

result in no significant difference in fat mass in older males when compared to placebo”, 

the hypothesis was retained. 
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Figure 8: Time Course of Body Mass.  Data (mean ± SD) represents body mass for both CrM-CHO and CHO groups 
following 12 weeks of resistance training.  *Significantly different from baseline  (T1)  (p<0.05) 
 
 
 
 
 

Figure 9:Time Course of Body Fat Percentage.  Data (mean ± SD) represents body fat for both CrM-CHO and CHO 
groups following 12 weeks of resistance training. 
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Figure 10:  Time Course of Fat Free Mass.  Data (mean ± SD) represents fat free mass for both CrM-CHO and CHO 
groups following 12 weeks of resistance training.  *Significantly different from baseline (T1) (p<0.05) 

 

 

 

Figure 11:  Time Course of Fat Mass.  Data (mean ± SD) represents fat mass for both CrM-CHO and CHO groups 
following 12 weeks of resistance training.   
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Serum Variables 

 Data for serum HGF, IGF-1, and free testosterone are represented in table 

4.  Multivariate analysis indicated a trend for time (Wilk’s Lambda=0.276, F(9,10), 

p=0.056, η2=0.724, power=0.703).  No significant group or group x time interactions was 

observed.  Univariate analysis revealed a significant time effect for HGF (p<0.001), with 

subsequent pairwise analysis revealing a significant decrease in serum HGF 

concentration from baseline (T1) to T2 (p=0.009) and T4 (p=0.001), from T2 to T3 

(p=0.026), and from T3 to T4 (p=0.003), indicating that serum HGF concentrations were 

decreasing in both the CrM-CHO and CHO groups following the 12 week resistance 

training program.  No other significant effects were observed for serum IGF-1 and free 

testosterone.   In regard to hypothesis four which states that: “Supplementation with CrM 

for 12 weeks, when combined with resistance exercise, will result in no significant 

difference in HGF expression when compared to placebo”, the hypothesis was retained.  

In regards to hypothesis five which states that:  “Supplementation with CrM for 12 

weeks, when combined with resistance exercise, will result in no significant difference in 

IGF-1 expression when compared to placebo”, the hypothesis was retained.    In regards 

to hypothesis six which states that: “Supplementation with CrM for 12 weeks, when 

combined with resistance exercise, will result in no significant difference in serum free 

testosterone levels when compared to placebo”, the hypothesis was retained. 
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Table 4: Serum Variables for CrM-CHO and CHO Groups  

Variable T1 T2 T3 T4 Significance 

IGF-1 (pg/mL) 
   CrM-CHO 
   CHO 

 
0.51±0.30 
0.28±0.26 

 
0.42±0.29 
0.28±0.26 

 
0.53±0.30 
0.30±0.21 

 
0.50±0.29 
0.28±0.28 

   
Group=0.093 
Time=0.261 
G x T=0.638 
 

HGF (pg/mL) 
   CrM-CHO 
   CHO  

 
186.78±63.07 
369.94±356.99 

 
130.36±43.96* 
273.88±356* 

 
193.96±79.50¥ 
349.64±418.16¥ 

 
123.68±41.38*† 
208.82±241.99*† 

Group=0.217 
Time=0.000 
G x T=0.289 
 

Testosterone(pg/mL) 
   CrM-CHO 
   CHO 

 
11.39±9.37 
15.92±10.94 

 
11.57±8.42 
15.81±17.59 

 
10.86±7.08 
12.62±6.87 

 
12.28±8.98 
14.76±16.45 

Group=0.516 
Time=0.531 
G x T=0.769 

Data are presented as mean ± standard deviation.*significantly different from baseline (T1) (p<0.05), ¥ 
significantly different from T2 (p<0.05), †significantly different from T3 (p<0.01) 

 

 
Skeletal Muscle Variables 

Data for skeletal muscle phosphorylated c-Met receptor concentration and 

myogenic regulatory factors, myogenin, MRF4, MyoD, Myf5 are represented in figures 

12, 13, 14, 15, and 16 respectively.  Multivariate analysis indicated a significant main 

effect for time (Wilk’s Lambda=0.007, F(4,15)=87.553, p<0.001, η2=0.993, power=1.0) 

and group (Wilk’s Lambda=0.529, F(4,15)=3.345, p=0.038, η2=0.471, power=0.707), 

with univariate analysis revealing a significant time effect for myogenin (p<0.001) and 

Myf5 (p<0.001). Subsequent pairwise analysis indicated a significant increase from 

baseline (T1) to T3 (p=0.003) and T4 (p<0.001) and from T2 to T3 ( p<0.001) and T4 

(p<0.001) for myogenin. Conversely, a significant decrease from baseline (T1) to T3 

(p<0.001) and T4 (p<0.001) and from T2 to T3 (p<0.001) and T4 ( p<0.001) was 

observed for Myf5.  A significant group by time interaction was found (Wilk’s 

Lambda=0.135, F(4,15)=3.724, p=0.045, η2=0.865, power=0.727) for MRF4.  In 
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addition, analysis revealed significant difference between groups for MRF-4 (p=0.023). 

Subsequent post-hoc analysis indicating significantly higher MRF-4 in the CrM-CHO 

compared to CHO group at T4 (p=0.047).  

In addition, a significant decrease in phosphorylated c-Met receptor concentration 

was observed from baseline to T3 (p=0.049) and T4 (p=0.004).   In regards to hypothesis 

seven which states that:  “Supplementation with CrM for 12 weeks, when combined with 

resistance exercise, will result in no significant difference in cMet receptor expression 

when compared to placebo,” the hypothesis was accepted.  In regards to hypothesis eight 

which states that:  “Supplementation with CrM for 12 weeks, when combined with 

resistance exercise, will result in no significant difference in myogenin protein expression 

when compared to placebo”, the hypothesis was retained.  In regards to hypothesis nine 

which states that: “Supplementation with CrM for 12 weeks, when combined with 

resistance exercise, will result in no significant difference in MRF-4 protein expression 

when compared to placebo”,  the hypothesis was rejected.  In regards to hypothesis ten 

which states that:  “Supplementation with CrM for 12 weeks, when combined with 

resistance exercise, will result in no significant difference in MyoD protein expression 

when compared to placebo”,  the hypothesis was retained.  In regard to hypothesis eleven 

which states that: “Supplementation with CrM for 12 weeks, when combined with 

resistance exercise, will result in no significant difference in myf5 protein expression 

when compared to placebo”, the hypothesis was retained. 

 



 
 

61 
 

 

Figure 12: Time Course of phosphorylated cMET Receptor Concentration.  Data (mean ± SD) represents 
phosphorylated cMET receptor concentration (ng/mL) for both CrM-CHO and CHO groups  *Significantly different 
from baseline (T1)   (p<0.05). 
 
 
 

 
 
Figure 13:  Time Course of Myogenin (expressed as a percentage change in absorbance units). Data (mean ± SD) 
represents both CrM-CHO and CHO groups following 12 weeks of resistance training. *Significantly different from 
baseline (T1) (p<0.05); ¥ Significantly different from T2 (p<0.05).  T2 represents percent difference from T2 to 
baseline (T1).  T3 represents percent difference from T3 to baseline (T1).  T4 represents percent difference from T4 to 
baseline (T1 
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Figure 14:Time Course of MRF-4 (expressed as a percentage change in absorbance units).  Data (mean ± SD) 
represents  for both CrM-CHO and CHO groups following 12 weeks of resistance training.  § represents significant 
difference between groups (p<0.05); T2 represents percent difference from T2 to baseline (T1).  T3 represents percent 
difference from T3 to baseline (T1).  T4 represents percent difference from T4 to baseline (T1) 

 

 

 
 
Figure 15:  Time Course of MyoD (expressed as a percentage change in absorbance units).  Data (mean ± SD) 
represents MyoD for both CrM-CHO and CHO groups following 12 weeks of resistance training.   T2 represents 
percent difference from T2 to baseline (T1).  T3 represents percent difference from T3 to baseline (T1).  T4 represents 
percent difference from T4 to baseline (T1) 
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Figure 16: Time Course of Myf5 (expressed as a percentage change in absorbance units).  Data (mean ± SD) represents 
Myf5 for both CrM-CHO and CHO groups following 12 weeks of resistance training.  *Significantly different from 
baseline(T1) (p<0.05); ¥ Significantly different from T2 (p<0.05).  T2 represents percent difference from T2 to baseline 
(T1).  T3 represents percent difference from T3 to baseline (T1).  T4 represents percent difference from T4 to baseline 
(T1). 
 
 

 
Total Myofibrillar Protein Concentration 

             Data for total myofibrillar protein content in skeletal muscle is presented in 

figure 17.  A repeated measures ANOVA revealed a significant time effect 

[F(3,15)=3.509, p=0.042, effect size(η2)=0.412] with no significant group or group x time  

interactions.  Subsequent pairwise analysis showed that total myofibrillar protein 

concentration was significantly lower at T4 compared to baseline (p=0.005).  In regards 

to hypothesis twelve which states that: “Supplementation with CrM for 12 weeks, when 

combined with resistance exercise, will result in no significant difference in myofibrillar 

protein content when compared to placebo,” the hypothesis was retained. 
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Figure 17:  Time Course of Total Myofibrillar Protein content.  Data (mean ± SD) represents total myofibrillar  protein 
content for both CrM-CHO and CHO groupsfollowing 12 weeks of resistance training.. *Significantly different from 
baseline  (T1) (p<0.05) 
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CHAPTER FIVE 

 
Discussion 

 
Introduction 

 The primary purpose of this study was to determine if the consumption of CrM-

CHO would result in greater enhancement of body composition, muscle strength, and 

biochemical mechanisms regulating skeletal muscle hypertrophy compared to CHO 

ingestion, when combined with a 12-week resistance training program in older males.     

In younger populations, CrM supplementation when combined with a resistance training 

program appears to promote muscle-specific gene expression, protein synthesis, and 

satellite cell proliferation, along with subsequent increases in muscle strength and mass 

(Kreider, Ferreira et al. 1998; Volek, Ratamess et al. 2004).  However, in older 

populations, the few studies that have examined the effects of CrM supplementation in 

conjunction with resistance training have shown inconsistent findings (Bermon, 

Venembre et al. 1998; Chrusch, Chilibeck et al. 2001; Brose, Parise et al. 2003). 

Furthermore, limited research has examined the chronic effects of CrM supplementation 

on myogenic regulatory factors within older individuals.  In the current study, 12 weeks 

of resistance training increased body mass, fat free mass, upper body and lower body 

strength; while decreasing HGF and phosphorylated C-Met concentrations within the 

serum and muscle, respectively.  In addition, higher levels of myogenin and lower levels 

of Myf5 and myofibrillar protein concentration were also observed following the 12-

week resistance training program. Interestingly, MRF-4 was significantly higher in the 
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CrM-CHO compared to CHO group following the 12 weeks of resistance training. In 

spite of this, it is evident that CrM supplementation was unable to enhance changes in 

body composition, muscle strength, and the biochemical mechanisms regulating skeletal 

muscle hypertrophy that occur with resistance training only.  Despite limited differences 

between treatment groups, the present study does provide further information to the small 

body of literature examining the chronic effects of CrM supplementation and resistance 

training on pathways involved in skeletal muscle cell growth and division in older 

individuals 

 
Body Composition and Muscular Strength 

 Numerous studies have confirmed that supplementation with CrM in conjunction 

with programmed resistance training is effective for augmenting gains in body and fat 

free mass, and muscular strength, in both men and women, compared to creatine 

supplementation alone (Becque, Lochman et al. 2000;Bermon, Venembre et al. 1998; ; 

Chrusch, Chilibeck et al. 2001;Earnest, Snell et al. 1995; Kreider, Ferreira et al. 

1998;Vandenberghe, Goris et al. 1997; Volek, Duncan et al. 1999; Willoughby and 

Rosene 2001).  Previous research has shown that creatine supplementation leads to 

weight gain within the first few days, likely due to water retention related to the creatine 

uptake by the muscle (Demant et al., 1999;Terjung et al., 2000;Zeigenfuss et al., 1998). 

While it has been shown that body mass and fat-free mass increases after creatine 

supplementation in conjunction with a programmed weight schedule (Volek, Duncan et 

al. 1999), it has also been demonstrated that creatine supplementation alone increases 

muscle mass, without the influence of weight training (Earnest, Snell et al. 1995; Mihic, 

MacDonald et al. 2000; Warber, Tharion et al. 2002)   
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 In the current study, both the CrM-CHO and CHO groups increased their body 

mass and fat free mass following the resistance training program, suggesting that CrM 

supplementation had no significant influence. Similarly, Rawson and colleagues (1999), 

whom only investigated the effects of CrM supplementation, demonstrated no significant 

differences in body mass, body density, or fat-free mass as assessed by hydrostatic 

weighing in 20 males aged 60–82 years after participants ingested 20g of creatine for 10 

days, followed by 4g of creatine for 20 days. Conversely, Chrusch and colleagues 

(Chrusch, Chilibeck et al. 2001) found a significant increase in body mass and fat free 

mass in the CrM-supplemented group compared to the CHO placebo group following a 

resistance exercise. Although intramuscular creatine levels were not measured in the 

Chrusch study, Rawson and colleagues (1999) however, reported small increases in total 

creatine concentration following supplementation. Since the level of intramuscular 

creatine has been shown to influence whether or not improved performance is observed  

(Casey, Constantin-Teodosiu et al. 1996; Greenhaff, Bodin et al. 1994; Snow, McKenna 

et al. 1998), it is reasonable to assume that a similar relationship might occur between 

creatine supplementation and body mass, with an effect from CrM supplementation on 

body mass normally associated with large increases in intramuscular creatine following 

supplementation.  A clear limitation to the current study is that total intramuscular CrM 

concentrations were not measured following the CrM supplementation protocol, and 

therefore we can only speculate that CrM loading was achieved.    

Similar to changes in body composition, the resistance training program utilized 

in the current study also had a significant effect on muscle strength, with 1-RM leg press 

and bench press increasing over time for both CrM-CHO and CHO groups.  However, no 



 
 

68 
 

differences were observed between groups.  These observations are in support of 

previous studies that have used equivalent (Eijnde, Leemputte et al. 2003) and older age 

groups (Bermon, Venembre et al. 1998).  Eijnde and colleagues examined 6 months of 

CrM supplementation in conjunction with a combined cardiorespiratory endurance and 

resistance training program in males aged 55-75 years.  Although the exercise 

intervention resulted in a moderate increase in fat free mass and a decrease in fat mass, it 

had no significant effect on maximal isometric strength as determined by an isokinetic 

dynamometer.  Furthermore, 5 g of CrM per day had no beneficial impact on any of these 

markers compared to CHO alone.  It could be suggested that the reason why Eijnde, et al 

(2003) were unable to find any beneficial effects from CrM supplementation was because 

the resistance training program was of low intensity (2 sets of 30 repetitions, 2-3 times 

per week), and thus, in order to unmask the anabolic effects of CrM supplementation, 

there needs to be some higher stimulus.  However, in the current study, a higher intensity 

workload was utilized (3 sets of 10 repetitions at 80% of 1RM, 3 times per week) and no 

beneficial effects of CrM supplementation were observed.  Similarly, Bermone, et al, 

(1998), utilized a higher intensity workload (3 sets of 8 repetitions at 80% of 1-RM, 3 

times per week) and was also unable to find any additional strength gains in the CrM 

supplemented group compared to placebo control.  The authors suggested that the 

supplementation protocol utilized (5 g CrM + 2 grams of glucose for the initial 5 days 

and 3 g of CrM + 2 g of glucose for the remaining 47 days) may not have been enough to 

achieve CrM loading within the muscle, and thus explain why no beneficial effects from 

CrM supplementation were observed.  Indeed, estimated CrM absorption from CrM and 

creatinine urinary excretion during high dose (20g/day) CrM loading amounted to 47 and 
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32% of the dose ingested during the first and fifth day respectively (Bermon, et al, 1998).  

This is lower than previously reported for young participants (60 and 40% of the dose 

ingested during the first and third day) using similar methodology (Vandenberghe, et al, 

1997).  Therefore, similar to the observed effects of CrM supplementation on body 

composition changes in the current study, it could be suggested that the reason why the 

current study did not show any beneficial effects from CrM supplementation on muscle 

strength was due to insufficient loading within the muscle.    Indeed, Brose and 

colleagues (2003) demonstrated significant increases in total body mass and fat free 

mass, and isometric dorsiflexion strength following CrM (5g/d + 2 g dextrose) and 

resistance training for 14 weeks. But more importantly, showed significant increases in 

intramuscular total creatine concentration following the CrM supplementation protocol. 

Therefore, further research is needed to examine responders versus non-responder groups 

with respect to CrM supplementation, but moreover, whether aging has any effect on 

such groups. 

 
IGF-1 and Serum Free Testosterone 

 Insulin-like Growth Factor 1 (IGF-1) is an anabolic hormone that is capable of 

stimulating muscle hypertrophy.  Increased transcriptional expression of IGF-1 can occur 

as a result of muscle stretch or overload as seen with resistance training(Borer 2003).  

Numerous studies have examined the acute responses of IGF-1 and GH in response to 

resistance exercise (Kraemer and Ratamess 2005).    However, few studies have 

examined the long term effects of resistance training on serum IGF-1 and furthermore, 

examined the effects of CrM supplementation on serum IGF-1 responses to exercise. 
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Results of the current study suggest that the resistance training program had no 

significant effect on serum IGF-1 levels over the course of the study, and moreover, no 

differences were observed between the CrM-CHO and CHO groups.  However, a trend 

towards significance for higher serum IGF-1 was observed between T2 and T3 for both 

groups (p=0.066).   The results of this study are in agreement with previous findings.       

(Brose, Parise et al. 2003;Nicklas, Ryan et al. 1995).  Nicklas and colleagues 

demonstrated that 16 weeks of progressive resistance training in males older than 55 

years of age had no significant influence on baseline serum IGF-1 concentration, in 

addition to serum testosterone concentration and growth hormone concentrations.  

Though serum growth hormone was increased following an acute bout of resistance 

exercise, serum concentrations of testosterone and IGF-1 were not affected by the 

resistance training program.  Likewise, Brose and colleagues (2003) showed no 

significant effect on serum IGF-1 concentration following 14 weeks of resistance training 

in males aged 65 years and above.  Moreover, CrM supplementation had no effect on 

such hormone level.  It could be suggested that since blood samples are obtained 48 hours 

following the last bout of exercise, it is likely that serum IGF-1 concentrations returned to 

baseline levels.  Indeed, previous studies examining the short term response to serum 

IGF-1 concentrations following an acute bout of resistance exercise have demonstrated 

an increase shortly within the recovery period (12-48 hrs), with serum IGF-1 levels 

normally returning to baseline within 48 hours (Florini, Ewton et al. 1996). With this in 

mind, given the significant increases in LBM and upper and lower body strength in the 

current study, it could be speculated that transient increases in serum IGF-1 shortly 
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following the resistance exercise session are still eliciting their anabolic effects within the 

muscle.     

 Similar to IGF-1, testosterone is also an anabolic hormone because of its role in 

increasing muscle mass through changes in muscle gene expression.  In fact, exogenous 

administration of testosterone to hypogonadal males has resulted in significant increases 

in muscle mass and decreases in fat mass as well as increases in muscle strength (Bhasin, 

Woodhouse et al. 2001).  Studies have shown that as males age, lower concentrations of 

circulating serum free testosterone are found (Mitchell, Harman et al. 2001). Free 

testosterone is defined as that which is not bound to sex hormone binding globulin 

(SHBG).  Total testosterone is that which is bound and unavailable.  As mentioned 

previously, testosterone levels decrease as an individual ages.  In the older population, 

this is a concern due to the fact that lower testosterone levels have been associated with 

decreases in bone mineral density, lean body and muscle mass, muscle strength, aerobic 

capacity, and increases in total and abdominal body fat (Mitchell, Harman et al. 2001).  

High resistance exercise stimulates the release of testosterone in addition to other growth 

factors including nerve growth factor, epidermal growth factor and fibroblast growth 

factor (FGF) which are involved in angiogenesis, wound healing, and embryonic 

development (Kraemer, Hakkinen et al. 1999).  Kraemer and colleagues (1999) showed 

that testosterone is acutely increased in serum within 5-15minutes following a bout of 

resistance exercise (Kraemer, Hakkinen et al, 1999).  This has been confirmed in other 

studies (Hakkinen, Pakarinen et al. 1988; Hakkinen and Pakarinen 1993; Schwab, 

Johnson et al. 1993). Cumming et al (1986) discovered that in response to acute exercise, 

serum free testosterone began to increase prior to exercise, peaked at 20 minutes after 



 
 

72 
 

beginning exercise, and returned to baseline within 10 minutes.   Hakkinen and Pakarinen 

(1993) found that after a bout of fatiguing resistance training, that serum free testosterone 

levels were significantly lowered on the first and second rest days after the testing 

session.  Similar to observations with serum IGF-1 concentration in the current study, 

serum free testosterone concentration was unaffected by the resistance training program.  

Furthermore, no differences were noted between groups.  These findings are in agreement 

with previous studies that have shown no change in serum free testosterone following 

chronic resistance exercise (Izquierdo, Hakkinen et al. 2001).  Izquierdo and colleagues 

(2001), utilized two groups of men; middle-aged group with a mean age of 46 and an 

older group with a mean age of 62.  Both groups participated in a 16 week resistance 

training program.  Results showed no significant change in serum free testosterone 

following the resistance training program in both groups.  Interestingly, similar to the 

current study, upper and lower body strength was increased over time.  Conversely,  

Hakkinen et al. (2000) demonstrated that following 6 months of heavy resistance training 

in both middle aged and elderly men, serum free testosterone was significantly increased 

at each testing session.  Moreover, unlike the current study and others (Izquierdo, at al 

2001), blood was sampled directly after the resistance training session and thus, serum 

free testosterone was measured within the acute (5-15 minute) window following 

resistance exercise.  Therefore, similar to observations with serum IGF-1 concentration, it 

is possible that by sampling at 48 hours post-exercise, we are missing the window in 

which these anabolic hormones are elevated.  But as mentioned previously, it can be 

speculated that these hormones are still exerting their effects within the muscle as 

evidenced by significant increases in LBM and upper and lower body strength. 
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Hepatocyte Growth Factor and Skeletal Muscle Phosphorylated c-Met 
 Receptor Concentration 

 
 Hepatocyte Growth Factor (HGF) is one of two factors that have been shown to 

activate quiescent satellite cells.  HGF is a heparin-binding growth factor found in the 

extracellular domain of both healthy and injured muscle fibers.  After injury to the 

muscle, HGF quickly associates with the injured muscle fibers.  Both HGF and its 

receptor, cMET are found in activated satellite cells in areas in which muscle damage has 

occurred and repair is taking place. Binding of HGF to its receptor, c-Met, 

phosphorylates c-Met which in turn leads to RAS activation and also prolonged activity 

of MAPK.  Binding of HGF to c-Met is also capable of activating the PI3K pathway.   

Tatsumi and colleagues (1998) showed that when HGF was directly injected into 

uninjured muscles of rats, that satellite cell activation occurred.  Another study conducted 

by Tatsumi and colleagues (2002), utilizing cultured rat muscle satellite cells, 

demonstrated a release of HGF and an accompanying entry into the cell cycle. The 

receptor for HGF, c-MET has been shown to be expressed in both quiescent and activated 

satellite cells.  It is the c-MET receptor that mediates the intracellular signaling response 

of HGF(Miller, Thaloor et al. 2000; Tatsumi, Hattori et al. 2002).  Results from the 

current study showed that both HGF and phosphorylated cMET receptor concentration in 

both the CrM-CHO and CHO groups decreased over time.  In fact, studies that have 

examined the role of resistance training in individuals with degenerative muscle 

conditions have shown that resistance training results in increases in HGF which is 

associated with increased satellite cell activation and subsequent muscle 

hypertrophy(Jejurikar and Kuzon 2003).  
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 No studies to the author’s knowledge have examined the chronic effects of 

resistance exercise on serum HGF and skeletal muscle phosphorylated c-Met 

concentration in older individuals.  Further, limited research has used human models, 

with a majority of research using animal or cell-culture models.  In contrast to older 

individuals utilized in the current study, previous unpublished research from our 

laboratory (Shelmadine et al, 2009) examined the effects of 28 days of high intensity 

resistance exercise on serum HGF and skeletal muscle phosphorylated c-Met 

concentration in younger males ages 18-35.  Results showed that following 28 days of 

resistance exercise, serum HGF was decreased (8.71%), whereas phosphorylated c-Met 

concentration was increased (8.55%).  It is unclear why serum HGF and skeletal muscle 

phosphorylated c-Met concentration was decreased over time in the current study.  It 

could be suggested that since HGF plays a prominent role in regulating the early stages of 

muscle  regeneration (Hayashi, Hisashi et al. 2000; Hayashi, Aso et al. 2004), obtaining 

blood samples at 48 hours could be too late to observe any significant increases.  Further, 

since there is an attenuation of exercise specific signaling responses that are normally 

involved in single mode adaptations to training following long term training, it could be 

speculated that serum HGF concentrations and the proto-oncogene receptor for HGF, c-

Met are down regulated due to exercise-induced adaptation.  However, this concept 

clearly warrants further investigation.  

 
Myogenic Regulatory Factors 

  The myogenic regulatory factors (MRFs), MyoD, Myf-5, myogenin, and MRF4  

have been found to control the specification and differentiation of the muscle cell lineage, 

specifically, the movement of muscle satellite cells from activation to proliferation 
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(Sabourlin and Rudnicki 2000).  In animal models, Myf5 has been shown to be the 

earliest factor expressed (Lindon, Montarras et al. 1998).  It is also during this time of 

proliferation that MyoD is expressed (Sun, Li et al. 2007).  Both myogenin and MRF4 

have been shown to peak in level of expression between 2 and 6 hours post-loading 

(Bamman, Ragan et al. 2004).   In the present study, we did not directly assess satellite 

cell or myonuclear number.  Rather we assessed markers that are considered to be valid 

indicators of increased satellite cell activation.  In doing so, both the CrM-CHO and CHO 

groups increased myogenin by ~10.6% and decreased Myf5 by ~15.2% from baseline 

(T1) to T4. Creatine supplementation did however result in significantly higher MRF-4 

following the 12 weeks of resistance training (p=0.023). Myf-5 and MyoD are believed to 

be involved in satellite cell proliferation, whereas myogenin and MRF4 are involved in 

satellite cell differentiation (Dedieu, Mazeres et al. 2002). Results from the current study 

suggest that the CrM group is undergoing greater satellite cell differentiation as indicated 

by elevated MRF-4. Previous research has shown that CrM supplementation increases 

myogenic regulatory factors (such as MRF-4) and MHC synthesis (mRNA expression 

and protein) following 12 weeks of resistance training in untrained participants compared 

to non-supplemented controls (Willoughby and Rosene, 2001; 2003). Furthermore, 

Hespel and colleagues(2001) also demonstrated that CrM supplementation when 

combined with 10 weeks of resistance training in individuals with disuse atrophy, in 

MRF-4 protein content was significantly increased.  In addition, neither training nor 

supplementation with CrM resulted in significant differences in Myf5 or MyoD protein 

expression. Thought the effects of creatine supplementation and resistance training seem 

to be positive in younger individuals; their effects (individual or combined) in older 
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individuals are a little less clear. Moreover, since we didn’t directly assess satellite cell or 

myonuclear number, we can only speculate on such findings, and thus, further research is 

needed to confirm these observations.  

 
Total Myofibrillar Protein Concentration 

 Total protein content of skeletal muscle increases over time when the fractional 

rate of protein synthesis is not exceeded by the fractional breakdown rate.  Results of the 

present study showed that total myofibrillar protein content was significantly decreased 

over time in both CrM-CHO and CHO groups following the resistance exercise program.  

Results of the present study are in disagreement to those of Willoughby and Rosene 

(Willoughby & Rosene 2001) who not only showed an increase in total myofibrillar 

protein concentration following 12 weeks of heavy resistance training, but CrM 

supplementation was also able to enhance these changes. Interestingly, Welle and 

colleagues (Welle, Thornton et al., 1993) conducted a study which assessed the rate of 

myofibrillar protein synthesis in younger (<35 yr old) and older (>60 yr old) men.  

Results showed that the fractional rate of myofibrillar protein synthesis was 28% slower 

in older men when compared to younger men.  Total myofibrillar protein synthesis was 

found to be 44% slower in older males, and thus could explain the results of the current 

study.  However, it is clear that a limitation to the current study is that we only examined 

myofibrillar protein content, and thus are unable to determine the effects of CrM 

supplementation in conjunction with resistance training on other proteins (i.e. 

mitochondrial, sarcoplasmic etc., ) within the skeletal muscle that are ultimately involved 

in muscle function and performance.  Thus, further research is needed to delineate which 
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of those proteins are changing in response to resistance training and/or CrM 

supplementation. 

  
Summary and Future Direction 

 In summary, the results of the present study indicate that supplementation with 

CrM combined with a 12 week high intensity resistance training program does not 

provide greater enhancement of body composition, muscle strength, and biochemical 

mechanisms regulating skeletal muscle hypertrophy compared to CHO ingestion alone.  

However, it is clear that high intensity resistance training can significantly enhance body 

composition and muscular strength, and thus be an effective method at combating muscle 

wasting (sarcopenia) and frailty, commonly seen in the elderly. 

This study significantly contributes to the scientific literature, as it is one of a few 

studies that have assessed how chronic CrM supplementation affects mechanisms 

regulating muscle hypertrophy in older populations. Further, no studies to the authors’ 

knowledge have examined changes in HGF and phosphorylated c-MET receptor content 

following chronic CrM supplementation and/or high intensity resistance training within 

this older population. 

Future studies should further examine the relationship between ‘responders’ 

versus ‘non-responders’ to CrM supplementation; especially since muscle fiber size and 

type change as we age, and hence, may influence creatine uptake within the muscle. 

Examining muscle protein synthesis/breakdown rates will help further elucidate 

creatine’s mechanism of action. Moreover, in addition to examining the total myofibrillar 

proteins, which may not necessarily reflect changes in structural proteins, investigating 

structurally bound proteins such as myosin heavy chains and skeletal troponins will 
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provide a more specific and better understanding of any changes occurring at the level of 

the contractile apparatus. 

In terms of significance to the wider community, research into promoting muscle 

hypertrophy, strength and functional capacity is also of considerable benefit to a variety 

of populations, including those suffering from muscle wasting conditions, neuromuscular 

disorders, acquired immunodeficiency syndrome, burn injury, cancer cachexia and 

prolonged sepsis. Further research on how to manipulate muscle mass and muscular 

strength in such a way as to minimize the detrimental effects of sarcopenia, or influence 

the conditions listed above is desirable and would provide subsequent financial and 

health benefits to the individual and/or community.  
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Application to the Baylor IRB 
For Review of Research/Activity Proposal 

 
Part 1: Signature Page 

 
1.  Name            Matthew Cooke, Ph.D., ____________________________                          
 
2.  Email Address (optional)         Matt_Cooke@baylor.edu     
 
3.  Complete Mailing Address      P.O. Box 97313        
 
4.  Position                               Assistant Professor                     
 
5.  Faculty Advisor (if researcher is Graduate Student)                             
 
6.  Department/School                  HHPR/SOE _______________________     
 
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: 
 
The Effects of Combining a CrM-Protein-Carbohydrate Supplement and Resistance Training 
on Body Composition, Muscle Strength, and Markers of Satellite Cell Activation in Older 
Males 
 
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 
Participants in Research; Dr. Matt Stanford, Chairman, Department of Psychology 
and Neuroscience, Baylor University, P.O. Box 97334, Waco, Texas 76798-7334. If 
you have questions, or if you would like to see a copy of the OHRP Report on 
protection of human participants in research, contact Dr. Stanford at extension 2961. 

 
          03/24/08 
__________________________________________  __________________ 
Signature of Principal Investigator      Date 
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________________________________________________________________________ 
Signature of Faculty Advisor (required if researcher is a Graduate Student) 
 
 
Departmental Review: _____________________________________________________ 
                                                   Department Chair or the Chair's Designate 

Part 2:  Introduction & Rationale 

Aging is associated with progressive loss of neuromuscular function that often leads to 

progressive disability and loss of independence. The term sarcopenia is now commonly used to 

describe the loss of skeletal muscle mass and strength that occurs in concert with biological aging 

(Roth, Ferrell et al. 2000; Bales and Ritchie 2002; Janssen, Heymsfield et al. 2002; Borst 2004; 

Beccafico, Puglielli et al. 2007). By the seventh and eighth decade of life, muscle strength can be 

decreased, on average, by 20-40% for both men and women (Doherty 2003). Although age-

associated decreases in strength per unit muscle mass, or muscle quality, may play a role, the 

majority of strength loss can be accounted for by decreased muscle mass (Doherty 2003). 

Multiple factors lead to the development of sarcopenia and the associated impact on function. 

Loss of skeletal muscle fibers secondary to decreased numbers of motor neurons appears to be a 

major contributing influence, but other factors, including decreased physical activity, altered 

hormonal status, decreased total caloric and protein intake, inflammatory mediators, and factors 

leading to altered protein synthesis, must also be considered (Thompson 2007). Given the link 

between sarcopenia and disability among elderly men and women and the expanding number of 

elderly people in the United States; sarcopenia is becoming an increasing health issue in the 

western world (Zacker 2006). Therefore, the need for continued research into the development of 

the most effective interventions to prevent or at least partially reverse sarcopenia, including the 

role of resistance exercise and other novel pharmacological and nutritional interventions is clearly 

needed. 

In the past decade strength training has been investigated extensively as a means of reversing the 

muscle mass loss that occurs with aging (McCartney, Hicks et al. 1995; Hunter, McCarthy et al. 

2004). High intensity resistance training (HIRT) has led to increased protein synthesis, along with 

muscle hypertrophy measured at the whole body, whole muscle, and muscle fiber levels, in older 

adults (Hunter, McCarthy et al. 2004). However, recent literature has demonstrated that muscle 

loss may still occur in older adults, even though weight bearing exercises are performed, 

suggesting nutrition is also an important component to combating sarcopenia (Campbell and 

Leidy 2007). Two nutritional ergogenic aids that have shown to enhance the effects of resistance 



 
 

82 
 

training in elderly populations are CrM (CrM) and protein (in particular branch chain amino 

acids). CrM (CrM) as a nutritional supplement and ergogenic aid for athletes has been extensively 

studied over the past 20 years, and its effects on high intensity, short term exercise are well 

documented (Williams and Branch 1998; Kreider 2003; Rawson and Volek 2003). In older 

populations, emerging literature suggests that CrM supplementation is capable of increasing 

muscle accretion during resistance training through the up-regulation of myogenic transcription 

factors and muscle specific-genes such as myosin heavy chain possibly leading to muscle 

hypertrophy (Candow and Chilibeck 2007). Indeed, Chrusch and colleagues (Chrusch, Chilibeck 

et al. 2001) showed greater increases in lean body mass, 1RM muscle strength and muscle 

endurance (leg press and isokinetic knee extension) following CrM supplementation when 

combined with 12 weeks of resistance training in older men (mean age 70yrs) compared to 

carbohydrate placebo. Recently, Olsen and colleagues (Olsen, Aagaard et al. 2006) demonstrated 

for the first time that CrM supplementation in combination with strength training amplifies the 

training-induced increase in satellite cell number and myonuclei concentration in human skeletal 

muscle fibers, thereby allowing an enhanced muscle fiber growth in response to strength training. 

Although this was observed in younger individuals, such effects in older populations need to be 

investigated.  

 

The consumption of diets that include sources of high-quality protein and total protein intakes 

that are moderately above the recommended dietary allowance of 0.8 g x kg(-1) x d(-1) while 

regularly performing resistance exercises can help older people retain or increase whole-body fat-

free mass and muscle mass (Campbell 2007; Campbell and Leidy 2007). However, recent 

literature suggests protein-enriched nutritional supplements do not influence training-induced 

improvements when adequate dietary protein is consumed (Timmerman and Volpi 2008). With 

such conflicting data, further research is needed to determine the effects of protein 

supplementation on training-induced adaptations in older populations. 

 

Though it is evident that both supplements are capable of exerting individual effects within the 

body; whether combining both supplements will have an additive effect is unclear. Recently, 

Cribb et al., (Cribb, Williams et al. 2007) in a double-blind, randomized protocol, examined the 

effects of 3 supplement groups; protein only (PRO; 1.5 g x kg(-1) body weight x d(-1), protein-

carbohydrate (PRO-CHO;1.5 g x kg(-1) body weight x d(-1) PRO, 1.5 g x kg(-1) body weight x 

d(-1) CHO), and a CrM-protein-carbohydrate (CrM-PRO-CHO; 1.5 g x kg(-1) body weight x d(-

1) PRO, 0.1 g x kg(-1) body weight x d(-1) CrM, 1.5 g x kg(-1) body weight x d(-1) CHO) on 
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body composition, muscle strength and hypertrophy in resistance trained males.  Assessments 

were completed one week prior to, and following a 10-wk structured, supervised resistance 

training program. Results showed that CrM-PRO-CHO provided greater improvements in 1RM 

strength, lean body mass, fiber cross-sectional area, and contractile protein compared with PRO 

and PRO-CHO groups (Cribb, Williams et al. 2007).  Similarly, Burke and colleagues (Burke, 

Chilibeck et al. 2001) examined the effects of whey protein (WP;1.2 g/kg/day), whey protein and 

CrM (W-CrM; 0.1 g/kg/day), and placebo (P; 1.2 g/kg/day maltodextrin) on body composition 

and muscle strength.  Results showed greater increases in lean tissue mass and bench press 

following W-CrM supplementation compared to those who supplemented with only WP or P 

(Burke, Chilibeck et al. 2001). 

 

Therefore, while it is evident that additive effects of combining CrM and PRO appear to be 

effective in young individuals; whether such additive effects occur in older populations is yet to 

be determined. Furthermore, the mechanisms by which such supplements (alone or combined) 

exert their effects within the muscle is also unclear. 

 
The primary purpose of this proposed clinically-controlled, double-blind study is to determine if  

a CrM-PRO-CHO supplement will provide greater benefits (i.e., lean body mass, muscle strength 

and hypertrophy) compared with a PRO-CHO, CrM-CHO  or placebo, when combined with a 

partially supervised resistance training program in older males. 

 

Part 3:  Methodology 
 
Methods 
 
Participants 

Sixty apparently healthy, recreationally active, but non-resistance trained [no regular, consistent 

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

between the ages of 55-75 will volunteer to participate in the double-

blind study.  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) 3 

months prior to the study will be allowed to participate.  All participants must provide written 

informed consent and be cleared for participation by passing a mandatory medical screening.  All 
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eligible participants will sign university-approved informed consent documents and approval will 

be granted by the Institutional Review Board for Human Participants.  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 Exercise & Sport 

Nutrition Laboratory (ESNL) at Baylor University.  All sample analyses will be completed in the 

Exercise and Biochemical Nutrition Laboratory (EBNL) at Baylor University. 

 

Independent and Dependent Variables 

The independent variables will be the supplement (CrM-PRO-CHO, CrM-CHO, PRO-CHO, 

Placebo), resistance exercise protocol, and number of blood sampling and muscle biopsy times 

during the course of the study. Dependent variables will include resistance training adaptations 

(body composition, muscle strength, muscle mass, myofibrillar protein content, myosin heavy 

chain protein expression and muscle fiber type and area), serum testosterone, IGF-1, and markers 

of satellite cell activation [hepatocyte growth factor (HGF), c-met tyrosine kinase (c-met)], 

proliferation (Myo-D, myf-5), and differentiation (myogenin, MRF-4, total DNA content). In 

addition, the safety profile of 12 weeks of supplementation will be assessed by way of evaluating 

various serum and urinary clinical chemistry markers.   

 

Entry and Familiarization Session 

Participants expressing interest in participating in this study will be interviewed on the phone 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.  Prior to 

entry/familiarization session, participants will be required to obtain written consent from their 

doctor to participate in the proposed study. Participants receiving confirmation from their doctor 

will report to the lab and also complete a medical history questionnaire and undergo a general 

physical examination to confirm their eligibility.  Participants meeting entry criteria will be 

familiarized to the study protocol via a verbal and written explanation outlining the study design 

and will then be given an appointment time to perform baseline/pre-supplementation assessments.  

At this time, participants will be instructed to refrain from exercise for 48 hours, fast for 8-hours, 
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and record their dietary intake for 4 days prior to each testing sessions occurring at weeks 0, 4, 8 

and 12 weeks.  

 

Muscle Biopsies and Venous Blood Sampling 

Percutaneous muscle biopsies (50-70 mg) will be 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.  For the remaining four biopsies, attempts will be 

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 will be made 

approximately 0.5 cm to the former from medial to lateral.  After removal, adipose tissue will be 

trimmed from the muscle specimens and will be immediately frozen in liquid nitrogen and then 

stored at -70C for later analysis.  A total of four muscle samples will be obtained. Muscle 

samples will be obtained prior to the first dose of supplement and beginning of the resistance-

training program (week 0) and then on day 29 (week 4), day 57 (week 8) and day 85 (week 12 of 

supplementation and resistance training program). 

 

Venous blood samples will be obtained from the antecubital vein into a 10 ml collection tube 

using a standard VacutainerTM apparatus.  Blood samples will be allowed to stand at room 

temperature for 10 min and then centrifuged.  The serum will be removed and frozen at -70C for 

later analysis.  A total of blood samples will be obtained. Blood samples will be obtained prior to 

the first dose of supplement and beginning of the resistance-training program (week 0) and then 

on day 29 (week 4), day 57 (week 8) and day 85 (week 12 of supplementation and resistance 

training program). 

 

Using commercially available enzyme-linked immunoabsorbent assay (ELISA) kits (Diagnostic 

Systems Laboratories, Webster, TX; Biosource, Camarillo, CA), the concentrations of serum  

testosterone, IGF-1 and HGF will be determined with a microplate reader (Wallac Victor 1420, 

Perkin Elmer, Boston MA).  Total DNA content, Myofibrillar protein concentration and total 

muscle CrM concentration will be determined spectrophotometrically.  Using ELISA analysis, 

muscle tissue samples will be analyzed to determine c-met, Myo-D, myogenin, MRF-4, and myf5 

expression.  Myosin heavy chain isoform protein expression will be determined using sodium 

dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE).   

 



 
 

86 
 

Using a Dade Dimension clinical chemistry analyzer and an Abbott Cell Dyne 3500 hematology 

analyzer, blood and serum samples will be assayed for general clinical chemistry markers (i.e., 

glucose, total protein, blood urea nitrogen, creatinine, BUN/creatinine ratio, uric acid, AST, ALT, 

CK, LDH, GGT, albumin, globulin, sodium, chloride, calcium, carbon dioxide, total bilirubin, 

alkaline phosphatase, triglycerides, cholesterol, HDL, LDL) while whole blood samples will be 

assayed for standard cell blood counts with percentage differentials (i.e., hemoglobin, hematocrit, 

red blood cell counts, MCV, MCH, MCHC, RDW, white blood cell counts (neutrophils, 

lymphocytes, monocytes, eosinophils, basophils).  These assays will help evaluate the effects of 

the various supplementation regimens on general markers of tissue degradation, immune 

function, and clinical safety. 

 

Anthropometric and Body Composition Testing Procedures 

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) while percent body fat, fat mass, and fat-free mass, will be determined using DEXA.  The 

participants will undergo total body mass, BIA, and DEXA at each testing session when blood 

and muscle samples are obtained, and these time points are prior to the first dose of supplement 

and beginning of the resistance-training program (week 0) and then on day 29 (week 4), day 57 

(week 8) and day 85 (week 12 of supplementation and resistance training program).  

 

Dietary Analysis 

Participants will be required to record their dietary intake for 4 days prior to each of the four 

testing sessions at weeks 0, 4, 8 and 12 where blood and muscle samples are obtained.  The 

participants’ diets will not be standardized and participants will be asked not to change their 

dietary habits during the course of the study.  The 4-day dietary recalls will be evaluated with the 

Food Processor dietary assessment software program to determine the average daily 

macronutrient consumption of fat, carbohydrate, and protein in the diet for the duration of the 

study.  

 

Supplementation Protocol 

Participants will be matched according to age and total muscle strength (both upper and 

lower body strength) and be assigned a 12-week supplementation protocol, in double-blind 

fashion, consisting of the oral ingestion of either a 1). CrM-Protein-Carbohydrate (10% CrM; 

43% Whey Protein and 47% Maltodextrose); 2). CrM-Carbohydrate (10% CrM; and 90% 



 
 

87 
 

Maltodextrose); 3). Protein-Carbohydrate (50% Whey Protein and 50% Maltodextrose) or 4). 

Isocaloric Placebo (Crsytal Light®, a flavored non-energetic beverage). Each supplement will be 

similar in caloric content. The participants will be asked to consume 1.5 grams per kilogram body 

weight of their supplement in three equal servings throughout the day (described with measuring 

scoops provided). For example, one serving will be consumed midmorning, another soon after the 

workout in the afternoon (or similar time on non-training days), and the final serving in the 

evening before sleep. Participants will return empty containers of their supplement and also 

complete a supplement compliance questionnaire. 

 

Training Protocol 

Participants will participate in a partially supervised, periodized 3-day per week resistance-

training program exercising both upper and lower extremity for a total of 12-weeks.   Prior to 

beginning the resistance-training program, participants will be familiarized with the exercise 

equipment and 1RM for each exercise equipment will be determined indirectly. An indirect 

method (i.e. using a specific calculation to estimate 1RM) will be used to determine 1RM for 

each exercise equipment (excluding bench press and leg press) to lessen the potential risk of 

injury when attempting a 1RM. Prior to the workout, participants will perform a standardized 

series of stretching exercises.  Participants will complete the bench press, lat pull-down, biceps 

curl, triceps press down, leg press, leg extension, leg curl, and leg press.  Three sets of 10 

repetitions will be completed for each exercise.  An intensity of 80% of 1 RM will be utilized 

during training. Upon successful completion of 3 sets of 10 repetitions, an increase of 5% of 

weight utilized will take place.  A rest period of one minute will separate each set.  Participants 

will complete three training sessions per week for the duration of the study period. Participants 

will keep training logs detailing amount of weight utilized, number of repetitions completed, and 

number of sets completed. Training will be conducted at the Student Life Center (SLC) at Baylor 

University. 

 

Strength Assessment 

In order to determine possible effects of the supplement on muscular strength, participants will 

perform four one-repetition maximum (1-RM) tests on the bench press and leg press sled 

exercises prior to the first dose of supplement and beginning of the resistance training program 

(week 0), on day 29 (week 4), on day 57 (week 8) and on day 85 (week 12 of supplementation 

and resistance training). Participants will perform a standardized series of stretching exercises.  

Participants will warm up by completing 5 to 10 repetitions at approximately 50% of the 
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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. 

 

Assessment of Serum Testosterone, IGF-1 and HGF (Growth Factor) Levels 

From the four blood samples obtained at weeks 0, 4, 8 and 12, serum testosterone, IGF-1 and 

HGF levels will be determined using enzyme linked immunoabsorbent assay (ELISA).   

 

Assessment of Skeletal Muscle Protein Expression 

From the four muscle tissue samples obtained at weeks 0, 4, 8, and 12, assessment of c-met, Myo-

D, myogenin, MRF-4, and myf5 expression will be determined using (ELISA).  The expression 

of MHC protein isoforms will be determined by SDS-PAGE, and the content of myofibrillar 

protein, total DNA and total muscle CrM concentration will be determined 

spectrophotometrically. 

 
Assessment of Skeletal Muscle Fiber Type and Area 

Transverse sections of muscle tissue obtained from weeks 0, 4, 8, and 12 will undergo 

histochemical analysis to classify muscle fiber types I, IIa, and IIx on the basis of the stability of 

their ATPase activity, as previously described [19]. Muscle cross sectional area and fiber type 

will be determined using an inverted microscope (VWR Vista Visia Microscope, Model 82026-

630) and analytical imaging package. 

Assessment of Hemodynamic Safety Markers (Heart Rate & Blood Pressure).   

At each of the four testing sessions where blood and muscle samples are obtained at weeks 0, 4, 

8, and 12, participants will undergo assessment of heart rate and blood pressure.  Heart rate will 

be determined by palpation of the radial artery using standard procedures.  Blood pressure will be 

assessed in the supine position after resting for 5-min using a mercurial sphygmomanometer 

using standard procedures. 
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Reported Side Effects from Supplements 

After weeks 4 and 12, participants will report by questionnaire whether they tolerated the 

supplement, supplementation protocol, as well as report any medical problems/symptoms they 

may have encountered throughout the protocol of the study.   

 

Statistical  Analyses   

Data will be analyzed by utilizing separate 4 x 4 [Group (CrM/PRO/CHO, CrM/CHO, 

PRO/CHO, Placebo)] x Test (week 0, week 4, week 8, week 12) mixed design factorial 

multivariate analysis of variance (MANOVA).  Three sets of MANOVAs (one set for skeletal 

muscle variables, and one set for blood clinical chemistry variables, and one set for body 

composition, muscle strength, and dietary intake variables) will be analyzed for this study based 

on dependent variables that are likely to be related to one another.  In addition, the use of a 

MANOVA analysis also prevents the increasing of Type I errors that would result with the use of 

repeated univariate procedures.  The MANOVA will be used to control for alpha inflation of the 

subsequent univariate analysis of variance (ANOVA).  ANOVA on each dependent variable will 

be conducted as follow-up tests to the MANOVA.  To control for alpha inflation of the ANOVA, 

the Bonferroni test will be utilized.  Post-hoc tests of any interaction effects demonstrated in the 

ANOVA will be investigated via an independent samples t-test.  In addition to reporting 

probability values, an index of effect size will be reported to reflect the magnitude of the 

observed effect.  All statistical procedures will be performed using SPSS 15.0 software (Chicago, 

IL) and a probability level of <0.05 adopted throughout.  However, to protect against Type I 

error, the conservative Hunyh-Feldt Epsilon correction factor will be used to evaluate observed 

within-group F-ratios. 

 
Research Team 
 
Matt Cooke, Ph.D.  Dr. Cooke is an Assistant Professor of Exercise Physiology and Nutrition in 

the Department of Health, Human Performance, & Recreation at Baylor University. Dr. Cooke 

will be the principal investigator of the project.  He will oversee all aspects of the study and be 

critically involved in quality assurance of the biochemical and clinical chemistry assays involved 

in the project. He will also assist in data collection and performing laboratory analyses.  

 

Paul LaBounty, Ph.D.  Dr. LaBounty is an Assistant Professor of Anatomy, Physiology and 

Nutrition in the Department of Health, Human Performance, & Recreation at Baylor University. 

Dr. LaBounty will assist in data collection and performing laboratory analyses.  
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Brian Brabham, M.S.  Mr. Brabham is an exercise physiologist pursuing his Ph.D. in Exercise, 

Nutrition, and Preventative Health.  His primary research focus is aging, nutrition and resistance 

training. He will provide assistance with participant recruitment, day-to-day scheduling and 

testing, data collection and analysis. 

 

Thomas Buford, M.S.  Mr. Buford is an exercise physiologist pursuing his Ph.D. in Exercise, 

Nutrition, and Preventative Health and serves as a research assistant in the EBNL.  His primary 

research focus is exercise immunology/inflammation and molecular signaling in skeletal muscle. 

He will provide assistance with participant recruitment, day-to-day scheduling and testing, data 

collection and analysis. 

 

Ronald Wilson, MD.  Dr. Wilson serves as medical supervisor for the ESNL, EBNL, and Center 

for Exercise, Nutrition & Preventive Health Research (CENPHR). 

 

Darryn S. Willoughby, PhD, FACSM, FISSN, CSCS, CISSN, CNC.  Dr. Willoughby is an 

Associate Professor of Exercise and Muscle Physiology and Biochemistry in the Department of 

Health, Human Performance, & Recreation at Baylor University. He is also an Associate 

Professor of Baylor’s Biomedical Science Institute.  Dr. Willoughby is an internationally 

recognized exercise biochemist and molecular physiologist, and a leader in his field based on 

work with molecular signaling and regulation in skeletal muscle in response to exercise.  He has 

conducted a vast amount of research focusing on the biochemical and molecular regulatory 

mechanisms regarding exercise performance and nutrition.  Dr. Willoughby will be the co-

principal investigator of the project.  He will oversee all aspects of the study and be critically 

involved in quality assurance of the biochemical and clinical chemistry assays involved in the 

project.  

 

Mike Greenwood, PhD, FACSM, FISSN, CSCS*D. Dr. Greenwood is a Professor and Research 

and Graduate Coordinator in the Department of Health, Human Performance, and Recreation at 

Baylor University.  Dr. Greenwood is internationally recognized in the field of strength and 

conditioning and has conducted a vast amount of research focusing on the role of exercise and 

nutrition.  Dr. Greenwood will provide direct administrative oversight for the study. 

 

Richard B. Kreider, PhD, FACSM.  Dr. Kreider is Professor and Chair of the Department of 

Health, Human Performance and Recreation at Baylor University.  Dr. Kreider is the director of 
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the Exercise and Sport Nutrition Laboratory and is an internationally recognized exercise 

scientist.  He has conducted a vast amount of research primarily in the areas of sport nutrition and 

the role of exercise and nutrition on health and disease.  Dr. Kreider will provide direct 

administrative oversight for the study. 

 
 
Procedures  

Medical Monitoring. Interested participants will first need to obtain medical clearance 
from their doctor. Once clearance is obtained, participants will be invited to a 
familiarization session.  During this time, participants will sign consent forms and 
complete medical history information.  Participants will then undergo a general exam by 
the research nurse to confirm eligibility obtained from their doctor.  This exam will 
include evaluating the medical and training history questionnaires and performing a 
general physical examination according to ACSM exercise testing guidelines.  Based on 
this examination, participants will be assessed for their risk of cardiovascular disease and 
contraindications to exercise and then a recommendation will be made on whether the 
participant meets entry criteria and may therefore participate in the study.  Trained, non-
physician exercise specialists 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 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., Dr. Matthew Cooke Ph.D., or Dr. Lori Greenwood.  If clinically significant side effects 
are reported, the participants will be referred to discuss the problem with Dr. Lori 
Greenwood, and if deemed necessary Dr. Greenwood will refer the participant to Ronald 
Wilson, MD for medical follow-up.  Dr. Wilson is one of the Sports Medicine physicians 
for Baylor University and is an adjunct Professor in the Department of HHPR. He has 
agreed to provide medical support and consultation for this study and to our lab.  Dr. 
Wilson will evaluate the complaint and make a recommendation whether any medical 
treatment is needed and/or whether the participant can continue in the study.  If Dr. 
Wilson feels medical follow-up is necessary, the participant will be referred to obtain 
medical treatment from their personal physician. This is a similar referral/medical follow-
up system that Baylor athletes are provided with the exception that participants in this 
study will not be provided medical care.  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.    

Screening for Cardiopulmonary Disease Risk and Exercise Contraindications.  All 
participants will have their risk of cardiopulmonary disease and their possible 
contraindications to exercise assessed by Certified Exercise Physiologists and the 
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laboratory nurse in accordance to standard procedures described by the American College 
of Sports Medicine (ACSM) (ACSM’s Guidelines for Exercise Testing and Prescription, 
6th ed. Williams & Wilkins Publishers, 2000).  Only those participants considered as low 
risk for cardiovascular disease with no contraindications to exercise will be considered as 
eligible to participate in the study.  These guidelines are outlined and presented below:   

ACSM Risk Stratification Criteria for Cardiovascular Disease 

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 one 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 
Individuals with one or more signs/symptoms suggestive or cardiovascular 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. 
 
 
ACSM Absolute and Relative Contraindications to Exercise 
 
Absolute Contraindications 
1.  Unstable angina. 
2.  Uncontrolled dysrhythmias. 
3.  Recent EKG changes and cardiac events. 
4.  Acute myocarditis or pericarditis. 
5.  Acute pulmonary embolism or acute myocardial infarction. 
6.  Severe aortic stenosis. 
 
7.  Dissecting aneurysm. 
8.  Acute infections. 
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Relative Contraindications 
1.  Left main coronary stenosis. 
2.  Severe hypertension (> 200/110). 
3.  Tachycardia or bradycardia. 
4.  Uncontrolled metabolic disease. 
5.  High-degree AV block. 
6.  Chronic infectious disease. 
7.  Cardiomyopahty and outflow obstructions. 
8.  Stenotic valve disease. 
9.  Ventricular aneurysm. 
 
Assessment of Hemodynamic Safety Markers (Heart Rate & Blood Pressure).  At the 
four testing sessions where blood and muscle samples are obtained at weeks 0, 4, 8, and 12, 
participants will undergo assessment of heart rate and blood pressure.  Heart rate will be 
determined by palpation of the radial artery using standard procedures.  Blood pressure 
will be assessed in the supine position after resting for 5-min using a mercurial 
sphygmomanometer using standard procedures. 
 
Reported Side Effects from Supplement Questionnaires. At weeks 4 and 12, participants 
will report by questionnaire whether they tolerated the supplement, supplementation 
protocol, as well as report any medical problems/symptoms they may have encountered 
throughout the protocol of the study.   
 
Estimated Energy Intake/Dietary Inventories.  For 4 days during weeks 0, 4, 8, and 12, 
participants will record all food and fluid intake on dietary record forms for dietary 
analysis in order to standardize nutritional intake.  Participants will brings these forms 
with them upon each visit to the laboratory for the two testing sessions. Dietary intake 
will be assessed using the Food Processor IV Nutrition Software. 
 
Body Composition Assessments.  At weeks 0, 4, 8, and 12, participants will undergo body 
composition tests in the ESNL.  Prior to each assessment, height will be measured using 
standard anthropometry and total body weight will be measured using a calibrated 
electronic scale with a precision of +/- 0.02 kg.  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. 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. This is measured through 
four electrodes placed on the body: one electrode will be placed on the posterior surface 
of the right wrist, in between the radial and ulna styloid processes (wrist bones), another 
electrode will be placed on the posterior surface of the right hand at the distal base of the 
second metacarpal; the third electrode will be placed on the anterior surface of the right 
foot at the distal end of the first metatarsal. Participants will lie on a table in the supine 
position and electrodes will be connected to the analyzer.  After the participant is 
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connected, age, gender, weight, height, and activity level are entered into the unit by the 
technician.  After the unit has measured the resistance, which takes approximately 30 
seconds, the unit then calculates total body water and body water percent. 

 
Body composition/bone density will then be determined using a calibrated Hologic 
4500W dual-energy x-ray absorptiometry (DEXA) by licensed personnel with limited x-
ray technology training under the supervision of Richard B. Kreider, PhD, MX. The 
DEXA body composition test will involve having the participant lie down on 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. 
 
Strength Assessments. At weeks 0, 4, 8, and 12, all strength/exercise tests will be 
supervised by certified lab assistants experienced in conducting strength/anaerobic 
exercise tests using standard procedures.  Strength testing will involve the participants 
performing one repetition maximum (1 RM) on the isotonic Nebula hip/leg sled and 
isotonic bench press.  Participants will warm-up (2 sets of 8–10 repetitions at 
approximately 50% of anticipated maximum) on the hip/leg sled and bench press. 
Participants will then perform successive 1 RM lifts starting at about 70% of anticipated 
1RM and increasing by 10 – 20 lbs until the participant reaches their 1RM.   
 
Serum Testosterone, IGF-1 and HGF Levels. Serum samples will be analyzed for 
testosterone, IGF-1 and HGF protein content using ELISA.  Samples will be processed 
and then placed into individual wells of a microtiter plate, previously coated with a 
primary antibody against each of the respective proteins, for incubation. The plates will 
then be washed and incubated with a conjugated secondary antibody that binds to the 
primary antibody.  The membrane will be washed again, and then exposed to a chemical 
substrate that produces color when exposed to the conjugated secondary antibody.  
Protein concentrations will be determined with a Wallac Victor-1420 micoplate reader 
(Perkin-Elmer Life Sciences, Boston, MA). The assays will be performed at either 405 or 
450 nm wavlength, each against a known standard curve.  
 
Myo-D, myogenin, MRF-4, myf5, and MHC Protein Expression. Muscle tissue samples 
will be analyzed for Myo-D, myogenin, MRF-4, and myf5 expression by ELISA.   
Samples will be processed and then placed into individual wells of a microtiter plate, 
previously coated with a primary antibody against each of the respective proteins, for 
incubation. The plates will then be washed and incubated with a conjugated secondary 
antibody that binds to the primary antibody.  The membrane will be washed again, and 
then exposed to a chemical substrate that produces color when exposed to the conjugated 
secondary antibody.  Protein concentrations will be determined with a Wallac Victor-



 
 

95 
 

1420 micoplate reader (Perkin-Elmer Life Sciences, Boston, MA). The assays will be 
performed at either 405 or 450 nm wavlength, each against a known standard curve. For 
MHC protein isoform expression, muscle tissue will be homogenized with Tri Reagent 
(Sigma), and the protein from the total homogenate will separated by sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) using a Criterion Blotter (Bio-
Rad, Hercules, CA).  Total DNA and total muscle CrM concentration will be determined 
spectrophotometrically. 
 
Blood Samples. Participants will donate approximately 3-4 teaspoons of fasting venous 
blood (6 – 12 milliliters) during each blood draw.  Blood samples will be obtained using 
standard phlebotomy procedures using standard sterile venipuncture of an antecubital 
vein by Darryn Willoughby, Ph.D., Dr. Matthew Cooke PhD., or laboratory technician’s 
trained in phlebotomy in compliance with guidelines established by the Texas 
Department of Health and Human Services. Up to this point in his professional career, 
Dr. Willoughby has successfully performed several thousand blood Draws without any 
complications. The phlebotomists and lab technicians will wear personal protective 
clothing gloves, lab coats, etc.) when handling blood samples.  Participants will be seated 
in a phlebotomy chair. Their arm will be cleaned with a sterile alcohol wipe and sterile 
gauze.  A standard rubber tourniquet will then be placed on the brachium.  An antecubital 
vein will be palpated and then a 21 gauge sterile needle attached to a plastic vacutainer 
holder will be inserted into the vein using standard procedures. Three serum separation 
vacutainer tubes (red tops) and one EDTA vacutainer tubes (purple top) will be inserted 
into the vacutainer holder for blood collection in succession using multiple sample 
phlebotomy techniques. Once samples are obtained, the vacutainer holder and needle will 
be removed.  The needle will be discarded as hazardous waste in an appropriately-labeled 
plastic sharps container.  The site of the blood draw will then be cleaned with a sterile 
alcohol wipe and gauze and a sterile Band-Aid will be placed on the site.  The alcohol 
wipe and gauze then will be discarded in an appropriately-labeled biohazard waste 
receptacle.  The blood collection tubes will be labeled and placed in a test tube rack.  
Laboratory technicians (who have received blood borne pathogen training and will be 
wearing personal protective clothing) will centrifuge the serum samples, transfer serum 
into labeled serum storage containers, and store at -20C for later analysis.  

  
 Muscle Biopsies. Percutaneous muscle biopsies (approximately 50-70 mg) will be 

obtained from the vastus lateralis of each participant’s thigh. Samples will be extracted 
under local anesthesia of 2% Xylocaine with epinephrine from the middle portion of the 
muscle at the midway between the patella and the greater trochanter of the femur.  For 
each biopsy, muscle tissue will be extracted from the same location by using the previous 
incision and depth markings on the needle. First, the participant will lie supine or assume 
a comfortable reclining position on a sterilized table. Once the extraction point is 
identified, the area will be shaved clean of leg hair, washed with an antiseptic soap and 
cleaned with rubbing alcohol. In addition, the biopsy site will further be cleansed by 
swabbing the area with Betadine (fluid antiseptic) and then draped. A small area of the 
skin approximately 2 cm in diameter will be anesthetized with a 1.0 mL subcutaneous 
injection of Xylocaine. Once anesthetized, a scalpel point will be used to produce the 
initial biopsy site by making an incision approximately 1 cm in length through the skin, 
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subcutaneous fat, and fascia lata. Due to the localized effects of the anesthetic, the 
participant should feel no pain during this process. The biopsy needle will be advanced 
into the incision approximately 1 cm and during this part of the procedure the participant 
may feel pressure to the thigh area.  Once the muscle sample has been obtained, pressure 
will be immediately applied and the wound will immediately be bandaged. With the 
incision being so small bleeding is slight; therefore, only a butterfly bandage is needed to 
close the incision, which is then covered with a pressure bandage.  The needle and scalpel 
blade will be discarded as hazardous waste in an appropriately-labeled plastic sharps 
container.  The site of the biopsy will be cleaned with a sterile alcohol wipe and gauze.  
The alcohol wipe and gauze then will be discarded in a appropriately labeled biohazard 
waste receptacle. The tissue sample will be stored at -70C for future analyses.  Once the 
local anesthesia has taken effect (approximately 2-3 minutes) the biopsy procedure will 
take approximately 15-20 seconds. Written instructions for post-biopsy care will be given 
to the participants. The participant will be instructed to leave the bandages on for 24 
hours (unless unexpected bleeding or pain occurs) and asked to report back to the lab 
within 24 hours to have the old bandages removed, the incision inspected and new 
bandages applied. The participant will be further advised to refrain from vigorous 
physical activity during the first 48 hours post-biopsy. These suggestions will minimize 
pain and possible bleeding of the area. If needed, the participant may take non-
prescription analgesic medication such as Ibuprofen to relieve pain if needed. However, 
medications such as aspirin, Nuprin, Bufferin, or Advil 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. 
 
 
 
 
 
 
Equipment 
 
Digital Scale.  Total body weight will be determined using a digital scale accurate to 
±0.02 kg.  The scale is calibrated by placing certified 25-kg weights and balancing the 
scale.  Other than general instructions, special skills are not required to measure body 
weight. 
 
Mercurial Sphygmomanometer.  Blood pressure will be assessed by auscultation of the 
brachial artery using a mercurial sphygmomanometer using standard clinical procedures.   
 
Bioelectrical Impedance Analyzer (BIA).  The Omron HBF-306 Bioelectrical Impedance 
Analyzer (Omron Healthcare Inc., Vernon Hills, IL) which measures bio-resistance and 
body composition based on a minute low energy, high frequency current transmitted 
through the body from surface electrodes embedded in the handles of the unit.  The 
analyzer is calibrated internally to a standard electrical current by pressing the calibration 
key located on the unit. A trained research assistant will perform this procedure.  
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Dual-Energy X-Ray Absorptiometer (DEXA).  Body composition measurements will be 
determined by qualified personnel (in compliance with State Regulations) using a 
Hologic Discovery W dual energy x-ray absorptiometer (Waltman, MA). This system 
segments regions of the body (right arm, left arm, trunk, right leg, and left leg) into three 
compartments (i.e., bone mass, fat mass, and fat-free/soft tissue mass). Quality control 
(QC) calibration procedures will be performed on a spine phantom (Hologic X-
CALIBER Model DPA/QDR-1 anthropometric spine phantom) prior to each testing 
session.  In addition, weekly calibration procedures will be performed on a density step 
calibration phantom. 
 
Resistance Exercise Machines.  Maximum strength (1-RM strength) tests will be 
performed on a isotonic leg/hip sled (Nebula Fitness, Inc., Versailles, OH) and a isotonic 
bench press (Body Masters, Inc., Rayne, LA).  Equipment and testing will be contained 
within the ESNL. 
 
Muscle Biopsy Needle.  The muscle biopsy technique will be performed with a 5-mm 
Bergstrom biopsy needle (shown in photos on previous page). 
 
Clinical Chemistry Analyzers. Blood and serum samples will be used to run clinical 
chemistry profiles [glucose, total protein, blood urea nitrogen, creatinine, BUN/creatinine 
ratio, uric acid, AST, ALT, CK, LDH, GGT, albumin, globulin, sodium, chloride, 
calcium, carbon dioxide, total bilirubin, alkaline phosphatase, triglycerides, cholesterol, 
(HDL, LDL), whole blood cell counts including hemoglobin, hematocrit, red blood cell 
counts, MCV, MCH, MCHC, RDW, white blood cell counts (neutrophils, lymphocytes, 
monocytes, eosinophils, baosphils), nitrate, and nitrite] photometrically by way of a 
DADE Dimension RXL clinical chemistry analyzer (Dade-Behring, Inc., Newark, DE), 
and an Abbott Cell Dyn 3500 hematology analyzer (Abbott Laboratories, Chicago, IL). 
Prior to use each system will be calibrated with standard quality assurance protocols.  
 
Serum and Muscle Protein and Metabolite Analyses. Blood and muscle samples will 
also be used to assess hormone profiles and muscle metabolites spectrophotometrically 
using either enzyme-linked immunoabsorbent assays (ELISA) or spectrophotometrically 
with a Wallac Victor-1420 micoplate reader Wallac Victor-1420 micoplate reader 
(Perkin-Elmer Life Sciences, Boston, MA). The assays will be performed at either 405 or 
450 nm wavlength against a known standard curve.  
 
Participants 
 
Recruitment   
 
Sixty non-resistance-trained (no regular, consistent resistance training for at least one 
year) male participants between the ages 55 to 75 will participate in this study.  A 
recruitment flyer that will be posted on campus, at area fitness centers, and on the 
Internet (http://www3.baylor.edu/HHPR/research/participants/) and sent via campus mail 
is attached.   

Selection Criteria   
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Participants will not be allowed to participate in the study if they:  

1. have been involved in a habitual resistance training program (minimum of 3 
hours/week for at least 1 year);  

2. have any known metabolic disorder including heart disease, arrhythmias, diabetes, 
thyroid disease, or hypogonadism;  

3. have a history of pulmonary disease, hypertension, hepatorenal disease, 
musculoskeletal disorders, neuromuscular/neurological diseases, autoimmune 
disease, cancer, peptic ulcers, anemia, or chronic infection (e.g., HIV);  

4. are taking any heart, pulmonary, thyroid, anti-hyperlipidemic, hypoglycemic, 
anti-hypertensive, endocrinologic (e.g, thyroid, insulin, etc), psychotropic, 
neuromuscular/neurological, or androgenic medications;  

5. have taken ergogenic levels of nutritional supplements that may affect muscle 
mass (e.g., CrM, HMB) or anabolic/catabolic hormone levels (e.g., 
androstenedione, DHEA, etc) within three months prior to the start of the study.    

6. have any absolute or relative contraindication for exercise testing or prescription 
as outlined by the American College of Sports Medicine;  

7. report any unusual adverse events associated with this study that in consultation 
with the supervising physician recommends removal from the study.   

 
Compensation or Incentives   
 
Participants completing all familiarization and testing sessions as well as turning in all 
required materials (i.e., dietary logs, reported side effects for supplement questionnaires, 
and unused supplements) in the study will be paid $150.  Participants may receive 
information regarding results of these tests if they desire.   

Potential Risks   
 
Participants who meet eligibility criteria will be exposed to a very low level of electrical 
current that will be passed through each participant’s body using a bioelectrical 
impedance analyzer. 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 the BIA analyzer has been shown to be safe methods of 
assessing body composition and total body water and is approved by the FDA. CrM and 
whey protein supplementation has been extensively studied for various uses, both 
medical and non-medical in humans. Initial research has demonstrated that oral 
administration of this compound is not associated with any significant medical side 
effects.  However, the CrM and amino acid formulation has yet to be studied, even 
though these supplements are 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 these 
supplements. 
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 Participants who meet eligibility criteria will be participanted to strength testing sessions 
involving dynamic muscle contractions.  Participants in this study will not be experienced 
resistance trainers, and will be instructed to only perform the prescribed resistance 
training 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 thigh area for up to 24 to 48 hours 
after exercise.  This soreness is normal and should be commensurate with the type of 
muscle soreness participants may have felt after doing unaccustomed physical activity. 
Muscle strains/pulls resulting from 1-RM testing and the dynamic exercise protocol are 
possible.  However, potential injury due to exercise will be minimized by ensuring that 
all participants adhere to correct lifting technique.  In addition, only Darryn Willoughby, 
Ph.D., Dr. Matthew Cooke Ph.D., and/or trained graduate student study personnel will 
conduct the testing and exercise procedures.  Participants will be made aware of the 
intensity and duration of the expected soreness due to the exercise sessions.  However, 
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. Participants will 
donate 3-4 teaspoons (6-12 milliliters) of venous blood four times during the study using 
standard phlebotomy procedures.  This procedure may cause a small amount of pain 
when the needle is inserted into the vein as well as some bleeding and bruising. The 
participant 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 

biopsy 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 48-72 hours post biopsy.  While leaving the butterfly bandage in place, 
participants will be instructed to cleanse the biopsy area with soap and water every 4-6 
hours, pat the area dry and reapply a fresh adhesive bandage. The participant will be 
instructed to leave the bandages on for 24 hours (unless unexpected bleeding or pain 
occurs) and asked to report back to the lab within 24 hours to have the old bandages 
removed, the incision inspected and new bandages applied. 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 Xylocaine. 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. Darryn Willoughby, Ph.D. or Dr. Matthew Cooke, 
Ph.D., will perform all muscle biopsies.  Up to this point in his professional career, Dr. 
Willoughby has successfully performed over 500 muscle biopsies on both male and 
female participants ranging from 18-85 years of age without any complications. 
Similarly, Dr. Matthew Cooke has performed over 200 muscle biopsies on both male and 
female participants ranging from 18-85 years of age without any complications. 
Researchers involved in collecting data represent trained, non-physician, certified 
exercise specialists (American Society of Exercise Physiologies Certified Exercise 
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Physiologist, Certified Strength & Conditioning Specialists, and/or American College of 
Sports Medicine Health Fitness InstructorSM, Exercise TechnologistSM, or Exercise 
SpecialistsSM). All personnel involved in collecting data will be certified in CPR, which is 
also a condition to holding these professional certifications.  A telephone and automated 
electronic defibrillator (AED) is located in the laboratory in case of any emergencies and 
there will be no less than two researchers working with each participant during testing.  
In the event of any unlikely emergency one researcher will check 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.   
 
Potential Benefits   
 
The main benefit that participants may obtain from this study is that if these CrM and 
whey protein-containing nutritional supplements are effective, there is a possibility that 
they may gain insight into how to enhance training-induced improvements from resistance 
exercise, but more importantly, reduce the rate of age-related muscle loss and the decline in force 
output often seen in the older population. Participants may also gain insight about their 
health and fitness status from the assessments to be performed.  However, even if no 
individual benefit is obtained, participating in this study will help to determine whether 
ingesting this nutritional supplement affects training adaptations and reduces age-related 
loss in muscle mass and strength.  This information will be helpful to older populations 
who suffer from the effects of sarcopenia. 

Assessment of Risk   
 
Even though clinical data are available outlining the safety effects of many CrM-
containing supplements, because they are still relatively new to the market the potential 
medical benefits of the different CrM supplement formulations are not yet well 
delineated.  Although, CrM is available in a number of over the counter nutritional 
supplements, initial results suggest that these supplements may provide benefit at 
increasing muscle CrM uptake, promoting muscle accretion, and enhancing training 
adaptations during training.  However, additional well-controlled research is necessary 
before conclusions can be drawn. This study will help determine whether ingesting CrM 
and whey protein may effectively increase muscle mass and satellite cell activation for 
active, untrained individuals.  Consequently, the risk of supplementation of these 
compounds at the levels to be evaluated in this study is low.  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, since 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 
participants 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, 
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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 
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 participant 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 muscle and blood samples will 
be discarded in an appropriately-labeled biohazard waste disposal container. However, 
unused muscle and blood 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., Medicine & Science in Sport 
and Exercise, Journal of Sport Science and Medicine, International Journal of Sport 
Nutrition and Exercise Metabolism, etc.).    

Statement on Conflict of Interest  
 
Partial support of this study was obtained from supplements donated by Vital 
Pharmaceuticals, Inc. (Davie, FL).  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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APPENDIX B 
 
 
 
“The Effects of Combining a CrM-Protein-Carbohydrate Supplement and 
Resistance Training on Body Composition, Muscle Strength, and Markers of 
Satellite Cell Activation in Older Males” 
 
Demographics     ESNL Staff Initials:  _____ 
 
Name:__________________________ Testing Session:  _____ 
 Group:  _____   
Date:  __________________________ D.O.B.:  ____________ 
 Age:  _______ 
 
Resting Measures    ESNL Staff Initials:_______   
 
Medical Clearance/Informed Consent 
 
Informed Consent:  _____    Food Log:  _____  
   
Reported Side-Effect Questionnaire: _____  Medical Clearance:_____  
 
Physiological Parameters:   
Height:   _____ in.     Baseline Resting H.R.:  _____bpm. 
Weight:   _____ lb.     Baseline RestingB.P._____/_____mmHg 

Time:   _____am   Last Meal:  _____am/pm   

Max Test:     _____ #1, #2, #3, #4  Hrs Fasted:_____hr  
 
Blood Collection/Hemodynamic Measures:        
T-Top x 2_______ 
P-Top x1 _______ 
 
Body Composition: 
DEXA:_______ 
BIA: ________ 
 
Strength Measures: 
Bench:  ______   ______   ______   ______     ______   ______   ______  
Leg Press: ______   ______   ______   ______   ______   ______   ______  
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APPENDIX C 
 
 
 

BAYLOR UNIVERSITY 
 

Department of Health, Human Performance, & Recreation 
Informed Consent Form 

 
Title of Investigation: The Effects of Combining a CrM-Protein-Carbohydrate  

Supplement and Resistance Training on Body Composition, 
Muscle Strength, and Markers of Satellite Cell Activation in 
Older Males 

   
Principal Investigator:    Matthew Cooke, PhD. 
    Department of HHPR, Baylor University 
  
Co-investigators:              Darryn S. Willoughby, PhD, FACSM, FISSN, CSCS, CISSN 
                                           Department of HHPR, Baylor University  
 
          Brian Brabham, MS 
          Department of HHPR, Baylor University 
 
    Paul La Bounty, PhD         
          Department of HHPR, Baylor University 
 
    Thomas Buford, PhD 
          Department of HHPR, Baylor University 
  

       Ronald Wilson, MD 
          Department of HHPR, Baylor University  
 

Mike Greenwood, Ph.D., FACSM, FISSN, CSCS*D 
                  Department of HHPR, Baylor University 
 

       Richard B. Kreider, PhD, FACSM, FISSN 
         Chair, Department of HHPR, Baylor University  
 
Sponsors:        Baylor University 
 
Rationale: 

Aging is associated with progressive loss of neuromuscular function that often leads to 
progressive disability and loss of independence. The term sarcopenia is now commonly 
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used to describe the loss of skeletal muscle mass and strength that occurs in concert with 
biological aging. By the seventh and eighth decade of life, muscle strength can be 
decreased, on average, by 20-40% for both men and women. Although age-associated 
decreases in strength per unit muscle mass, or muscle quality, may play a role, the 
majority of strength loss can be accounted for by decreased muscle mass. Multiple factors 
lead to the development of sarcopenia and the associated impact on function. Loss of 
skeletal muscle fibers secondary to decreased numbers of motor neurons appears to be a 
major contributing influence, but other factors, including decreased physical activity, 
altered hormonal status, decreased total caloric and protein intake, inflammatory 
mediators, and factors leading to altered protein synthesis, must also be considered. 
Given the link between sarcopenia and disability among elderly men and women and the 
expanding number of elderly people in the United States; sarcopenia is becoming an 
increasing health issue in the western world. Therefore, the need for continued research 
into the development of the most effective interventions to prevent or at least partially 
reverse sarcopenia, including the role of resistance exercise and other novel 
pharmacological and nutritional interventions is clearly needed. 

In the past decade strength training has been investigated extensively as a means of 
reversing the muscle mass loss that occurs with aging. High intensity resistance training 
(HIRT) has led to increased protein synthesis, along with muscle hypertrophy measured 
at the whole body, whole muscle, and muscle fiber levels, in older adults. However, 
recent literature has demonstrated that muscle loss may still occur in older adults, even 
though weight bearing exercises are performed, suggesting nutrition is also an important 
component to combating sarcopenia. Two nutritional ergogenic aids that have shown to 
enhance the effects of resistance training in elderly populations are CrM (CrM) and 
protein (in particular branch chain amino acids). CrM (CrM) as a nutritional supplement 
and ergogenic aid for athletes has been extensively studied over the past 20 years, and its 
effects on high intensity, short term exercise are well documented. In older populations, 
emerging literature suggests that CrM supplementation is capable of increasing muscle 
accretion during resistance training through the up-regulation of myogenic transcription 
factors and muscle specific-genes such as myosin heavy chain possibly leading to muscle 
hypertrophy. 
 
Similarly, the consumption of diets that include sources of high-quality protein and total 
protein intakes that are moderately above the recommended dietary allowance of 0.8 g x 
kg(-1) x d(-1) while regularly performing resistance exercises can also help older people 
retain or increase whole-body fat-free mass and muscle strength. However, recent 
literature suggests protein-enriched nutritional supplements do not influence training-
induced improvements when adequate dietary protein is consumed. With such conflicting 
data, further research is needed to determine the effects of protein supplementation on 
training-induced adaptations in older populations. 
 
Though few studies have examined the individual effects of CrM and/or protein 
supplementation in conjunction with resistance training in elderly populations; no studies 
have examined the combined effects of both supplements. Furthermore, how each 
supplement elicits its effects within the muscle is still also unclear. Therefore, the 



 
 

105 
 

primary purpose of this proposed clinically-controlled, double-blind study is to determine 
if  a CrM-PRO-CHO supplement will provide greater benefits (i.e., lean body mass, 
muscle strength and hypertrophy) compared with a PRO-CHO, CrM-CHO  or placebo, 
when combined with a partially supervised resistance training program in older males. 
 
 
Description of the Study: 
 
I will be one of 60 apparently healthy untrained males between the ages 55 to 75 who 
will participate in this study.  During an initial familiarization session, I will be informed 
of the requirements of the study and sign an informed consent statement in compliance 
with the Human Participants Guidelines of Baylor University and the American College 
of Sports Medicine. Prior to participating in this study, I also understand that I need to 
obtain written consent from my doctor clearing me to participate in the proposed study. If 
I am cleared to participate in the study, I will be familiarized to the testing procedures. 
This session will take approximately 30 minutes to complete. Once I complete the 
familiarization session, I will be scheduled for baseline testing.   

Following the familiarization session, I will be instructed to refrain from exercise for 48 
hours and fast for 8 hours prior to baseline testing.  I will be provided with a dietary 
analysis form that I am to complete for 4 days prior to testing.  Once I report to the lab 
for each testing session, I will turn in my dietary analysis form. 

I understand that I will then donate about 6-12 milliliters (3-4 teaspoons) of venous blood 
from a vein in my arm.  Blood samples will be obtained using standard/sterile procedures 
using a needle inserted into a vein in my arm.  I understand that personnel who will be 
taking my blood 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.  This will take about 5 minutes and I understand that I will be asked 
to donate the same volume of blood on four separate occasions throughout the study.   

 After the blood draw, I will then be prepared for the muscle biopsy.  I understand that I 
will have the biopsy location identified on the thigh of my dominant leg.  The biopsy 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).  I understand that a small area of the cleaned skin 
approximately 2 cm in diameter will be anesthetized with a 1.0 mL subcutaneous 
injection of the topical anesthetic Xylocaine. Once the local anesthesia has taken effect 
(approximately 2-3 minutes) the biopsy procedure will only take 15-20 seconds. Once 
anesthetized, I understand that a scalpel point will be used to make an incision 
approximately 1 cm in length through the skin.  Due to the localized effects of the 
anesthetic, however, I should feel no pain during this process. At this point, I understand 
that the biopsy needle will be advanced into the incision approximately 1 cm and during 
this part of the procedure I may feel pressure in my thigh area.  Once the muscle sample 
has been obtained, pressure will be immediately applied to the incision. With the incision 
being so small bleeding is slight; therefore, only a butterfly bandage is needed to close 
the incision, which will then be covered with a pressure bandage. I understand that I will 
be provided verbal and written instructions for post-biopsy care.  I understand that I will 
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be instructed to leave the butterfly bandage in place for 72 hours. However, I understand 
that I will be asked to report back to the lab 24 hours after the biopsy (unless unexpected 
bleeding or pain occurs) to have the old bandage removed, the incision inspected and new 
bandages applied, and that I will also report back to the lab for the same reason at 48 
hours after the biopsy. I will be further advised to refrain from vigorous physical activity 
with my leg during the first 24 hours post-biopsy.  I understand that if I feel it necessary I 
may take a non-prescription analgesic medication such as Tylenol to relieve pain if 
needed and that some soreness of the area may occur for about 24 hours after the biopsy. 
I will also be advised to avoid such medications such as aspirin, Advil, Bufferin, or 
Nuprin, as they may lead to bruising at the biopsy site.  I understand that I will be asked 
to undergo the muscle biopsy procedure on four separate occasions throughout the study.   
 

I will be matched by my age and total muscle strength (upper and lower body muscle 
strength) and then randomly assigned to ingest in a double blind manner a supplement 
containing either 1). CrM-Protein-Carbohydrate (10% CrM; 43% Whey Protein and 47% 
Maltodextrose); 2). CrM-Carbohydrate (10% CrM; and 90% Maltodextrose); 3). Protein-
Carbohydrate (50% Whey Protein and 50% Maltodextrose) or 4). Isocaloric Placebo 
(Crsytal Light®, a flavored non-energetic beverage). I will be asked to orally ingest my 
selected supplement at a daily dose of 1.5g/kg.bw/day in three equal servings throughout 
the day (described with measuring scoops provided). For example, one serving will be 
consumed midmorning, another soon after the workout in the afternoon (or similar time 
on non-training days), and the final serving in the evening before sleep. I will be 
instructed not to change my routine dietary intake.  Compliance to the supplementation 
protocol will be monitored by having me return the empty supplement container at each 
testing session, at which point I will be given the required supplement dosage for the 
following weeks.  I understand that if I do not take my supplements I will be removed 
from the study.   
 
I understand that I will be required to participate in a periodized 3-day per week 
resistance-training program that will exercise both upper and lower extremities.   Prior to 
the beginning the resistance training program,  

 

workout, I will perform a standardized series of stretching exercises and then perform the 
resistance-training program consisting of eight exercises (bench press, lat pull-down, 
biceps curl, triceps press down, leg press, leg extension, leg curl, and leg press). I 
understand that I will perform 3 sets of 10 repetitions at an intensity of 80% of 1 RM. 
Upon successful completion of 3 sets of 10 repetitions, an increase of 5% of weight 
utilized will take place.(Kosek, Kim et al. 2006)  A rest period of one minute will 
separate each set.  I will also keep a training log detailing amount of weight utilized, 
number of repetitions completed, and number of sets completed.   

I understand that I will be required to report to the laboratory on Day 0 (prior to 
beginning the supplementation and resistance training protocol) to have my heart rate and 
blood pressure determined, to turn in my 4-day dietary records, have my body 
composition and muscle strength determined, and to have a muscle and blood sample 
obtained.  I understand that I will report back to the laboratory at the end of week 4, 8 and 
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12 to undergo the same testing procedures as I went through prior to beginning the study; 
however, I will also complete a report of side effects from supplementation questionnaire 
to determine if I have experienced any unexpected problems or adverse events from 
participating in this study at the end of weeks 4 and 12.  I understand that at each testing 
session in the laboratory, I will turn in my 4-day dietary records. I understand that if 
clinically significant side effects are reported, I will be referred to discuss the problem 
with Melyn Galbreath, RN who is the research nurse for the ESNL at Baylor University.  
Upon her discretion, I may be referred to discuss the matter with the ESNL physician, Dr. 
Ronald Wilson to determine whether any medical treatment is needed and/or whether I 
can continue in the study.  I understand that if I fail to report my progress and health 
status to the research assistant I may be removed from the study. 
 
I agree to do my best to:  1) follow the instructions outline by the investigators; 2) show 
up to all scheduled testing times; and 3) take supplements as instructed.  I agree not to 
take any other nutritional supplements or performance enhancing aids during this study 
(i.e. vitamins/minerals, CrM, HMB, androstenedione, DHEA, etc).  In addition, I agree 
not to take any non-medically prescribed medications and to report any medication that is 
prescribed for me to take during this study.  I understand that if I take any other 
nutritional supplements or medications during the course of the study that I will be 
removed from the study.    
 
Exclusionary Criteria 
 

I understand that in order to participate in the study, a trained individual will examine me 
to determine whether I qualify to participate.  I understand that I will not be allowed to 
participate in this study if: 1.) I have any known metabolic disorder including heart 
disease, arrhythmias, diabetes, thyroid disease, or hypogonadism; 2.) I 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.) I am taking any heart, pulmonary, thyroid, anti-hyperlipidemic, 
hypoglycemic, anti-hypertensive, endocrinologic (ie, thyroid, insulin, etc), psychotropic, 
neuromuscular/neurological, or androgenic medications; 4.) I have any bleeding 
disorders; 5.) I have any chronic infections (e.g., HIV).  

 

I have reported all nutritional supplements, medically prescribed drugs, and 
non-medically prescribed drugs that I am presently taking. I have reported whether I have 
had any prior allergic reactions to topical anesthetics.  I have completed medical history 
questionnaires and am not aware of any additional medical problems that would prevent 
me from participating in this study. I agree to report all changes in medical status, 
nutritional and/or pharmacological agents (drugs) that I take during the course of the 
investigation to Darryn Willoughby, Ph.D. (254-710-3504) or Matthew Cooke, Ph.D. 
(254-710-4025).  I understand that if I experience any unexpected problems or adverse 
events from participating in this study I may be referred to discuss the problem with Dr. 
Lori Greenwood.   Upon her discretion, I may be referred to discuss the matter with Dr. 
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Ronald Wilson to determine whether any medical treatment is needed and/or whether I 
can continue in the study.   

 
Risks and Benefits 
 

I understand that even though clinical data are available outlining the safety effects of 
many CrM supplements, the one used in this study is still relatively new to the market.  
Therefore, the potential medical benefits of the involved CrM and whey protein 
formulation is not yet well delineated.  However, these compounds are currently available 
in over the counter nutritional supplements sold in United States and Europe.  As with 
any food or nutritional supplement, possible side effects may include stomach upset, 
gastrointestinal distress, allergic reactions, changes in mood and vigor, and/or changes in 
training adaptations.  However, as with the vast majority of nutritional supplements, I 
understand that the FDA may not have evaluated the safety or marketing claims of CrM. 
In addition, 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 four separate occasions during this study, I understand that I will have about 3-4 
teaspoons (6-12 milliliters) of blood drawn from a vein in my forearm using a sterile 
needle and blood tubes by an experienced phlebotomist following an 8-hour fast.  This 
procedure may cause a small amount of pain when the needle is inserted into my vein as 
well as some bleeding and bruising.  I may also experience some dizziness, nausea, 
and/or faint if I am unaccustomed to having blood drawn.    
 

On four separate occasions during this study, I understand that I will undergo a muscle 
biopsy in which a small sample of muscle will be obtained from the thigh of my 
dominant/exercised leg.  I understand that Darryn Willoughby, Ph.D., or Matthew Cooke, 
PhD., will perform all of the biopsies and that a local anesthetic (Xylocaine) will be 
injected into the skin of my thigh prior to the biopsy, which will help prevent any pain 
and discomfort during the procedure.  I understand that I will have a small incision made 
in my skin and a biopsy needle introduced 1 cm into the incision.  I also understand that 
the incision is so small that it will not require any stitches and will be simply closed with 
a butterfly bandage and then covered with an adhesive bandage (band-aid).  After the 
anesthetic wears off within 3-4 hours, I understand that the sensation at the biopsy site is 
comparable to that of a bruise and may persist for 24-36 hours after the procedure. I 
understand that I am required to inform the study investigators if I have had any prior 
allergic reactions to anesthesia (e.g. while in the hospital or during a dental visit). 

I understand that the main benefits that may be obtained from this study are the potential 
ergogenic benefits of CrM plus whey protein supplementation, which may include 
increased muscular strength, power, and reduced recovery time from resistance training.  
I also understand that all of my analyzed muscle and blood samples will be discarded in 
an appropriately-labeled biohazard waste disposal container.   
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Alternative Treatments 
 
This is not a medical treatment.  Therefore, if medical treatment is needed, I must 
continue to obtain treatment for any medical problem I might have from my personal 
physician. 

Costs and Payments 
 
If I am a Baylor University student, I will not receive any academic credit for 
participating in this study.  I understand that if I am an intercollegiate scholarship athlete 
I may not be eligible to receive payment to participate in this study.  Eligible participants 
will be paid $150 for completing the familiarization and experimental testing sessions.  I 
also understand that I will be given free blood assessments during the course of the study 
as described above and may receive information regarding results of these tests if I 
desire.  

 
New Information 
 
Any new information obtained during the course of this research that may affect my 
willingness to continue participation in this study will be provided to me. In addition, I 
will be informed of any unusual/abnormal clinical findings in which medical referral to 
my personal physician may be warranted. If I desire, I may request that this information 
be provided to my physician. 
 
Confidentiality 
 
I understand that any information obtained about me in this research, including medical 
history, laboratory findings, or physical examination will be kept confidential to the 
extent permitted by law.  However, I understand in order to ensure that FDA regulations 
are being followed, it may be necessary for a representative of the FDA to review my 
records from this study which may include medical history, laboratory findings/reports, 
statistical data, and/or notes taken about my participation in this study. In addition, I 
understand that my records of this research may be subpoenaed by court order or may be 
inspected by federal regulatory authorities. I understand that data derived may be used in 
reports, presentations, and publications.  However, I will not be individually identified 
unless my consent is granted in writing.  Additionally, that confidentiality will be 
maintained by assigning code numbers to my 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.   I understand that once blood and muscle 
samples are analyzed that they will be discarded. 
 
Right to Withdrawal 
 
I understand that I am not required to participate in this study and I am free to refuse to 
participate or to withdraw from the study at any time.  Further, that my decision to 
withdraw from the study will not affect my care at this institution or cause a loss of 
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benefits to which I might be otherwise entitled.  If there is concern about my medical 
safety, I may be referred to seek medical attention. 

 
Compensation for Illness or Injury 
 

I understand that if I am injured as a direct result of taking part in this study, I should 
consult my personal physician to obtain treatment.  I understand that the cost associated 
with the care and treatment of such injury will be the responsibility of me or my 
insurance carrier. In some cases, insurers may not reimburse claims submitted for a 
research-related injury resulting from medical procedures or treatments performed as part 
of a research study.  I understand that Baylor University, the investigator’s institutions, 
and the grant sponsor have not budgeted funds to compensate me for injury or illness that 
may result from my participation in this study and thus will not be accountable for illness 
or injury acquired during the course of this study.  However, I may be referred to my 
personal physician if any clinically significant medical/psychological findings are 
observed during the course of this study. 

I 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 I suffer as a 
result of my participation in this study regardless of the cause of my injury, damage or 
loss. 

Statement on Conflict of Interest  
 
I understand that researchers involved in collecting data in this study have no financial or 
personal interest in the outcome of results or sponsors.   
 
 
Voluntary Consent 
 
I certify that I have read this consent form or it has been read to me and that I understand 
the contents and that any questions that I have pertaining to the research have been, or 
will be answered by Matthew Cooke, Ph.D. (principal investigator, Department of 
Health, Human Performance & Recreation, 118 Marrs McLean Gymnasium, Baylor 
University, phone: 254-710-4025) or Darryn Willoughby, Ph.D. (co-investigator, 
Department of Health, Human Performance & Recreation, 120 Marrs McLean 
Gymnasium, Baylor University, phone: 254-710-3504) or one of the research associates.  
My signature below means that I am at least 18 years of age and that I freely agree to 
participate in this investigation.  I understand that I will be given a copy of this consent 
form for my records.   If I have any questions regarding my rights as a research 
participant in this study, I may contact Baylor's University Committee for Protection of 
Human Participants in Research. The chairman is Dr. Matt Stanford, Professor, 
Department of Psychology and Neuroscience, P.O. Box 97334, Waco, TX 76798-7334, 
phone number 254-710-2961. 
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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 D 

 
 
 
 

BAYLOR UNIVERSITY 
ESNL 

 
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?  
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________________________________________________________________________
____________           
________________________________________________________________________
____________           
 
Please provide any additional comments/explanations of your current or past medical 
history.  
________________________________________________________________________
____________           
Please list any recent surgery (i.e., type, dates etc.).  
________________________________________________________________________
____________           
________________________________________________________________________ 
 
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. Participant is cleared to participate in the study. 
 
____ Exclusion criteria is/are present. Participant is not cleared to participate in the 
study. 
 
Signed: ___________________________________ Date: ________________________ 
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APPENDIX E 
 
 

 
B A Y L O R 

U N I V E R S I T Y 

 
Dear Provider: 
One of your patients would like to participate in a study entitled “The Effects of Combining a 
CrM-Protein-Carbohydrate Supplement and Resistance Training on Body Composition, 
Muscle Strength, and Markers of Satellite Cell Activation in Older Males” that is being 
conducted by the Exercise & Sport Nutrition Lab at Baylor University.  In order to do so, he 
must meet the entrance criteria described below and have approval from his personal 
physician in order to participate in the study.  The study will involve men between the ages 
of 55-75 who will be randomized into one of two exercise and nutritional supplementation 
intervention groups for a period of 12 weeks.  Participants will have fasting blood, body 
composition and bone density, and maximal strength assessed periodically throughout the 
study.  In addition, participants will have a muscle biopsy (Bergstrom method) at each testing 
session.  Details of the study are described in the informed consent below.  If you feel that he 
meets the entrance criteria described below, or that any existing medical condition that he 
may have is under control and would not be a limitation for him to participate in the study, 
please sign the medical clearance below. 
Participants 
Sixty apparently healthy, recreationally active, but non-resistance trained [no regular, 
consistent resistance training (i.e. thrice weekly) for at least one year prior to the onset of 
the study], males between the ages of 55-75 will volunteer to participate in the double-
blind study.  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) 3 months prior to the study will be allowed to participate.  All participants must 
provide written informed consent and be cleared for participation by passing a mandatory 
medical screening.  All eligible participants will sign university-approved informed 
consent documents and approval will be granted by the Institutional Review Board for 
Human Participants.  Additionally, all experimental procedures involved in the study will 
conform to the ethical consideration of the Helsinki Code.   
 
Medical Clearance 
 
I medically clear __________________________ to participate in this study. 
 
 
Name _______________________________        Date_______________ 
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APPENDIX F 

 

 
Resistance Training Log 

 
Name___________________________________________ 

 
Week 1  2  3  4  5  6  7  8  9 10  11 12 

 
 

Workout 
 

 
1 

 
2 

 
3 

 
Bench Press 

 

1x10 @ _______
1x10@  _______
1x10@  _______

1x10 @ _______ 
1x10@  _______ 
1x10@  _______ 

1x10 @ _______
1x10@  _______
1x10@  _______

 
Leg Press 

 

1x10 @ _______
1x10@  _______
1x10@  _______

1x10 @ _______ 
1x10@  _______ 
1x10@  _______ 

1x10 @ _______
1x10@  _______
1x10@  _______ 

 
Bicep Curls 

 

1x10 @ _______
1x10@  _______
1x10@  _______

1x10 @ _______ 
1x10@  _______ 
1x10@  _______ 

1x10 @ _______
1x10@  _______
1x10@  _______

 
Triceps Press 

 

1x10 @ _______
1x10@  _______
1x10@  _______

1x10 @ _______ 
1x10@  _______ 
1x10@  _______ 

1x10 @ _______
1x10@  _______
1x10@  _______ 

 
Leg Curls 

 

1x10 @ _______
1x10@  _______
1x10@  _______ 

1x10 @ _______ 
1x10@  _______ 
1x10@  _______ 

1x10 @ _______
1x10@  _______
 1x10@ _______

 
Leg Extension 

 

1x10 @ _______
1x10@  _______ 
1x10@  _______

1x10 @ _______ 
1x10@  _______ 
1x10@  _______ 

1x10 @ _______
1x10@  _______
1x10@  _______ 

 
Lat Pulls 

 

1x10 @ _______
1x10@  _______
1x10@  _______

1x10 @ _______ 
1x10@  _______ 
1x10@  _______ 

1x10 @ _______
1x10@  _______
1x10@  _______
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