
Florida State University Libraries

Electronic Theses, Treatises and Dissertations  The Graduate School

2005

Effect of Carbohydrate-Protein Supplement
Timing on Exerciseinduced Muscle Damage
James P. White Jr.

Follow this and additional works at the FSU Digital Library. For more information, please contact lib-ir@fsu.edu

http://fsu.digital.flvc.org/
mailto:lib-ir@fsu.edu


 

 
THE FLORIDA STATE UNIVERSITY 

 
COLLEGE OF HUMAN SCIENCES 

 
 
 

EFFECT OF CARBOHYDRATE-PROTEIN SUPPLEMENT TIMING ON EXERCISE-
INDUCED MUSCLE DAMAGE 

 
 

By 
 

James P. White Jr. 
 
 
 

A Thesis submitted to the 
Department of Nutrition, Food, and Exercise Sciences 

in partial fulfillment of the 
requirements for the degree of 

Master of Science  
 
 
 

Degree Awarded: 
Summer Semester, 2005  

 
 
 

 
 
 
 
 
 
 
 
 
 
 



 ii 
 

 

 

The members of the Committee approve the Thesis of James P. White Jr. on 
July 8, 2005. 

 
                                              
 Lynn Panton  

 Professor Directing Thesis 
 

                                              
 Tim Moerland 
 Outside Committee Member 
 
   
 Emily Haymes 
 Committee Member 
 
   
 

 
 
 
 
Approved:  

 
 
 

             
Emily Haymes Chair, Department of Nutrition, Food, and Exercise 

Sciences 
 
 
 
    

Penny Ralston, Dean, College of Human Sciences 
 
 
 
 
 
The Office of Graduate Studies has verified and approved the above named 
committee members. 

 



 iii 
 

 

 

 
 

     This thesis is dedicated to my parents Jim and Carol White.  You both have 
been at my side through this turbulent link in my academic career.  You were a 
guiding light in times of doubt and the first to give praise to a job well done.  My 
passion and curiosity for this field has made it easy for me to realize my hopes 
and dreams as a professional.  Without you two the road to make those dreams 
a reality would be torturous and filled with uncertainty.   
     They say a person will fight to hold onto something that they have struggled to 
obtain.  I am not sure why I choose the hard route for much of what I do, 
however, for every hardship I encounter the fire inside me burns stronger to 
succeed.  The fact that I know you will be there gives me the confidence I need 
to continue through the odyssey of life.  I am forever grateful for the opportunity 
you have given me to fulfill my dreams.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 iv 
 

 

 

ACKNOWLEDGEMENTS 
 

 
 
I would like to start by thanking my major professor Dr. Lynn Panton.  Your 
patience and willingness to work with me until the last hour has made this thesis 
a reality.  To my committee members, Dr. Haymes and Dr. Moerland, your added 
expertise has enabled me to grow as a researcher. 
 
I would also like to express my gratitude to a fellow colleague Krista Austin.  I 
could not have done this without your help in the lab and overall guidance 
through this project. 
 
Finally, I would like to thank my subjects for their participation in my study.  For 
most of you, you were just helping out a friend in need and I appreciate your 
sacrifice to science. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 v 
 

 

 

TABLE OF CONTENTS 
 
List of Tables  ....................................................................................  Page vii 
List of Figures  ....................................................................................  Page viii 
Abstract  ..........................................................................................  Page ix 
    
 
 
1.  INTRODUCTION...............................................................................  Page 1 
 
 Statement of Problem.....................................................................  Page 3 
 Significance of Study......................................................................  Page 4 
 Hypothesis ....................................................................................  Page 4 
 Assumptions...................................................................................  Page 4 
 Limitations  ....................................................................................  Page 5 
 Delimitations...................................................................................  Page 5 
 Definition of Terms .........................................................................  Page 5 
  
 
2.  REVIEW OF LITERATURE ..............................................................  Page 8 
    
 Resistance Exercise and Muscle Damage .....................................  Page 8 
 Carbohydrate Intake Following Resistance Exercise .....................  Page 9 
 Amino Acid Intake Following Resistance Exercise.........................  Page 11 
 Mixed Nutrient Intake After an Acute Bout of Resistance Exercise  Page 13 
 Nutrient Intake Before Resistance Exercise ...................................  Page 18 
 Conclusion ....................................................................................  Page 20 
 
3.  METHODS    ....................................................................................  Page 21 
    
 Subjects ....................................................................................  Page 21 
 Design   ....................................................................................   Page 21 
 Resistance Exercise Protocol.........................................................  Page 23 
 Creatine Kinase .............................................................................  Page 24 
 Experimental Drink.........................................................................  Page 25 
 Statistical Analysis .........................................................................  Page 26 
 
4.  RESULTS    ....................................................................................  Page 28 
    
 Subject Characteristics...................................................................  Page 28 
 Strength  ...................................................................................  Page 28 



 vi 
 

 

 

 Damage  ....................................................................................  Page 30 
 Muscle Soreness ...........................................................................  Page 31 
 
5.  DISCUSSION   .................................................................................  Page 33 
    
 Effect of Resistance Exercise Protocol...........................................  Page 33 
 Effect of Nutrition Intervention .......................................................  Page 34 
 Future Research ............................................................................  Page 37 
 Conclusion ....................................................................................  Page 39 
  
 
APPENDICES ....................................................................................  Page 40 
  
 A Institutional Review Board Approval .........................................  Page 40 
 B Informed Consent ....................................................................  Page 42 
 C Health History Form..................................................................  Page 46 
  
 
REFERENCES  ....................................................................................  Page 48 
 
BIOGRAPHICAL SKETCH ....................................................................  Page 52 
 
 
 
 
 
 



 vii 
 

 

 

LIST OF TABLES 
 
 
  
 
Table 1: Drink Composition.....................................................................  Page 25 
 
Table 2: Subject Characteristics .............................................................  Page 28 
 
Table 3: Means of Groups and Time......................................................  Page 29 
 

 



 viii 
 

 

 

 LIST OF FIGURES 
 
 
 
Figure 1: Experiment Protocol ...............................................................  Page 23 
 
Figure 2: MVC  ....................................................................................          Page 29 
 
Figure 3: % MVC Reduction ..................................................................  Page 30 
 
Figure 4: Log CK Activity .......................................................................  Page 31 
 
Figure 5: Muscle Soreness ....................................................................  Page 32 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 



 ix 
 

 

 

ABSTRACT 

 

Purpose: The purpose of this study was to examine if the timing of a 

carbohydrate/protein supplement would have an effect on post resistance exercise 

muscle damage, function and soreness. Methods: Twenty one untrained male subjects 

were given a supplement before or after a bout of resistance exercise. Subjects were 

randomly assigned to three groups.  The pre exercise group (Pre, n=7) received a 

carbohydrate/protein drink immediately before the exercise bout and a placebo drink 

immediately after.  The post exercise group (Post, n=7) received a placebo drink 

immediately before the exercise bout and a carbohydrate/protein drink after.  The 

control group (Con, n=7) received a placebo drink before and after the bout of exercise.  

Subjects performed 50 eccentric quadriceps contractions on an isokinetic 

dynamometer.  Tests for serum creatine kinase (CK), maximal voluntary contraction 

(MVC) and muscle soreness scores were recorded before the exercise bout then again 

at six, 24, 48, 72, and 96 hours post exercise.  Repeated measures ANOVA (3 x 6 

group x time) were used to analyze dependent measures.  Significance was accepted at 

P≤0.05.  Results:  There were no group by time interactions for any of the measured 

parameters; however, there were time main effects.  Serum CK increased for all groups 

(P<0.01) when compared to pre exercise values (103±45U/L) reaching its peak at 72 

(1156±1990U/L) and 96 hours (1047±1438U/L) post exercise.  Maximal voluntary 

contraction (MVC) was significantly reduced (P<0.01) on average for all groups by 

29.5±12% at six hours then dropped to 31.3±15% at 24 hours before gradually returning 

to pre exercise values.  Muscle soreness scores were also significantly increased 

(P<0.01) from pre exercise values peaking at 48 hours post exercise.  Conclusion:   

These findings suggest that the eccentric resistance exercise protocol caused 

significant muscle damage, soreness and loss of strength in all groups.  However, the 

timing or ingestion of the carbohydrate/protein supplement had no effect on those 

variables. 
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CHAPTER 1 
 

INTRODUCTION 
 

 

The adaptive properties of skeletal muscle have investigators constantly 

seeking new ways to improve contractile function or physical attributes i.e. cross 

sectional area and fiber size. Resistance exercise has been an accepted 

approach in order to gain lean body mass.  The increase in skeletal muscle 

protein accretion, or muscle hypertrophy, is the mechanism for this increase in 

lean body mass (Hasten et al, 2000).  For this reason, the anabolic response to 

resistance exercise has received most of the research attention.  Consequently, 

the catabolic component of resistance exercise has received minimal exploration 

especially in the field of sport nutrition.    

Most people who have been through a moderate to heavy bout of 

resistance exercise have felt the effects of muscle damage.  Delayed onset 

muscle soreness, commonly referred to as DOMS, is a consequence that occurs 

24 to 48 hours after resistance training or exercise that has an eccentric 

component such as downhill running.  This phenomenon is a down stream result 

of the damage caused by the exercise bout.  Muscle damage occurs during a 

bout of resistance exercise as well as in the time following exercise (Clarkson 

and Sayers, 1999; Proske and Morgan, 2001).  The tension on the muscle during 

an exercise bout will result in micro tears within the muscle fiber.  Structural 

proteins such as actin, myosin, titin, and desmin are some of the common 

myofibrillar proteins that are damaged during a bout of resistance exercise.  The 

disruption of the muscle fiber triggers inflammation along with protease activity 

causing further damage within the fiber, ultimately resulting in regeneration of 

muscle fibers a few days after the exercise bout.  During this inflammation 

period, pain is common 24-72 hours post exercise, depending on the training 

status of the individual. 
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In the grand scheme of protein metabolism, nutrition plays a vital role in 

regulating both protein synthesis and breakdown.  Different macronutrients have 

different effects on overall protein balance at rest and in relation to resistance 

exercise.  An attempt to create a synergistic effect on protein balance using 

resistance exercise and nutrient intake has been the main focus for several 

current research groups.  Investigators have used a variety of macronutrient 

combinations as well as varying times of ingestion in order to alter protein 

balance (Miller et al, 2003; Roy et al, 2000; Tipton et al., 2002).  

The two primary macronutrients that have been studied for improving 

protein balance have been carbohydrate and protein, and/or a combination of the 

two (Miller et al, 2003; Rasmussen et al, 2000; Tipton et al, 2002).  Carbohydrate 

intake alone has been shown to inhibit protein breakdown, yet it has little effect 

on protein synthesis.  It is thought that the increase in carbohydrate intake 

increases insulin, which, in turn, is able to suppress post resistance exercise 

muscle damage (Borsheim et al, 2003).  The exact mechanism of this theory is 

unknown.  Research on protein intake has shown that when amino acids are 

given after a bout of resistance exercise protein synthesis is enhanced.  In fact, it 

seems that during transient peaks in protein synthesis after resistance exercise 

an increase in protein breakdown occurs along with synthesis in a proportional 

manner (Tipton et al, 2000).  It seems that carbohydrate and amino acid 

ingestion each improves protein balance from different pathways after a bout of 

resistance exercise.  If combined, they can further affect post exercise muscle 

protein balance, primarily by increasing protein synthesis (Miller et al, 2003).  

Researchers using the arterial-venous (A-V) difference model and stable 

isotopes have found that protein breakdown does not significantly change with 

post exercise carbohydrate/amino acid intake (Miller et al, 2003).  The anabolic 

effects of amino acids may cancel the inhibitory effects of muscle breakdown that 

is seen with carbohydrate ingestion. 

Another manipulation of nutrient intake is the timing of ingestion in relation 

to the bout of resistance exercise.  The majority of researchers use post exercise 

intake (Miller et al., 2000; Roy et al., 2003), however, there is one acute bout 



 3

resistance exercise study done by Tipton et al. (2001) that compared pre vs. post 

ingestion of a carbohydrate/protein supplement.  This study found a greater 

anabolic response when consuming the supplement immediately before a bout of 

resistance exercise. 

With all the focus on the nutritional effects on protein metabolism, there 

are only two studies which have examined muscle damage with a nutritional 

intervention.  Wojcik et al. (2001) gave a milk-based carbohydrate/protein 

beverage after a bout of resistance exercise.  The study found no effect on post-

exercise muscle damage, inflammation, or function when compared to a placebo.  

The other experiment was done by Dalton et al. (1999) who gave a carbohydrate 

beverage before a bout of resistance exercise and saw no effect on muscle 

damage or performance when compared to a placebo.  Both studies that 

measured in-vitro muscle damage failed to see a significant change in damage or 

performance.  Perhaps with different combinations of macronutrients and altered 

timing of ingestion the outcome will be different.  The purpose of the present 

study was to determine whether there is a change in muscle damage, function, 

and/or soreness throughout 96 hours post resistance exercise if a 

carbohydrate/protein supplement is given immediately before the bout of 

exercise compared to immediate post consumption.  

 

Statement of Problem 

An acute bout of resistance exercise is highly correlated with an increase 

in protein synthesis as well as an increase in breakdown.  Without proper nutrient 

intake, protein balance will remain negative or at best stay at baseline values.  

Considering there is a post resistance exercise potential to increase protein 

balance, specific nutrient intake as well as timing of intake could play a vital role 

in maximizing the effects of exercise induced protein accretion.  A recent study 

done by Tipton et al. (2001) has shown that ingestion of a carbohydrate/protein 

supplement immediately before a bout of resistance exercise is best for 

improving post-exercise protein balance.  Upon analyzing the post-exercise 
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protein kinetics, one can conclude that protein breakdown in the group that 

received the supplement before exercise was greater than those who consumed 

the supplement after exercise.  However, because of the increase in synthesis 

rates net protein balance was improved over the latter group.  Considering there 

has only been one study completed which has compared a carbohydrate/protein 

supplement before and after resistance exercise, more research is needed to find 

consistency between different methods of measuring post-exercise protein 

breakdown and different resistance exercise protocols. 

 

Significance of the Study 

This study isolated post-exercise muscle protein breakdown using an in 

vitro model of measurement.  The appearance of serum creatine kinase (CK), 

muscle soreness, and change in muscle function were used in this experiment to 

measure damage.  This study will give further insight to determine the effect of 

different supplementation times of a carbohydrate/protein supplement on post-

exercise protein damage, isometric strength, and exercise-induced pain.  

 

Hypothesis 

The hypothesis of this experiment was that the individuals who consume 

the carbohydrate/protein supplement immediately before the bout of resistance 

exercise will have significantly lower levels of post-exercise serum CK, less local 

exercise-induced pain, and an attenuated decrease in maximal voluntary 

contraction (MVC) compared to the individuals who consume the supplement 

after the bout of resistance exercise or the individuals who consume the placebo 

drink before and after exercise. 

 

Assumptions 

 The following assumptions were considered for this experiment.  The 

subjects accurately reported their prior exercise experiences along with any 
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dietary supplementation, i.e. creatine phosphate.  They performed throughout the 

exercise protocol to the best of their abilities as well as followed instructions for 

activity level after the training bout to ensure the validity of the experiment.  

Subjects were also asked to refrain from pain relief medications before and after 

the bout of exercise.  In addition, serum CK appearance was assumed to 

originate from damaged skeletal muscle and no other tissue source. 

 

Limitations 

 All subjects were volunteers.  Each subject must have followed the 

experimental guidelines in order to ensure the validity of the results. 

 

Delimitations 

 Twenty one Florida State University students ranging from 18 to 25 years 

of age were recruited for this experiment.  Each subject performed a single bout 

of resistance exercise involving unilateral eccentric contracts of the quadriceps.  

Subjects were randomized to one of three groups.  Group one consumed a 

carbohydrate/protein drink before the exercise bout followed with a placebo drink 

after the exercise bout.  Group two drank a placebo drink before the exercise 

bout and the carbohydrate/protein drink immediately after.  Group three was 

given a placebo drink before and after the bout of exercise.  Upon completion of 

the exercise bout, the subjects completed testing for muscle damage, function, 

and pain at six, 24, 48, 72, and 96 hours after exercise to compare to baseline 

values. 

 

Definition of Terms 

Creatine Kinase (CK):  Enzyme that catalyzes the breakdown of 

phosphocreatine to form ATP in the presence of ADP.  Its appearance in the 

plasma indicates muscle membrane damage because of its isolated origin in 

skeletal muscle (Foss et al., 1998). 
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Muscle biopsy: Extraction of a small amount of muscle tissue (~50 mg) in 

attempt to analyze intracellular protein metabolism (Foss et al., 1998).  

Stable Isotopes:  Materials such as amino acids, carbohydrates, lipids and 

nucleic acids in which the naturally abundant isotopes of hydrogen, carbon and 

nitrogen (1H, 12C and 14N) are replaced with stable isotopes of these elements 

(2H [deuterium], 13C and 15N, ect). Principle use for this research is to measure 

amino acid flux exploiting the increased amount of compounds labeled with 

stable isotopes (Murray et al., 2000).  

Hypertrophy: An increase in the cross sectional area of a muscle fiber, 

usually though an increase in protein accretion (Brooks et al., 2000). 

Protein Balance:  The difference of protein synthesis and protein 

breakdown.  An improved or increased protein balance indicates that the rate of 

synthesis is greater than that of breakdown.  This could come from an increase in 

synthesis, a decrease in breakdown, or a combination of both (Brooks et al., 

2000). 

3-methylhistidine (3MH):  A metabolite of myofilament degradation.  The 

compound is unusable to the body and therefore excreted in the urine.  Usually 

collected in a 24 hour urine collection and analyzed for total 3MH levels (Murray 

et al., 2000).  

Eccentric Contraction:  Any action in which the muscle is lengthening 

under an external load (Brooks et al., 2000). 

Protease: An enzyme responsible for protein degradation (Murray et al., 

2000). 

Concentric Contraction:  Any action in which the muscle is shortening 

under an external load (Brooks et al., 2000). 

Protein Synthesis:  Assembling of amino acids to make a particular 

skeletal muscle protein, i.e actin and myosin (Brooks et al., 2000).  

Protein Breakdown: A disruption of either the muscle fiber membrane or 

cytoskeletal architecture due to mechanical or proteolytic degradation (Brooks et 

al., 2000).  
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Maximal Voluntary Contraction (MVC):  The maximum force one can apply 

throughout a single contraction.  This experiment will use a unilateral isometric 

contraction to measure the MVC score. 

Visual Analogue Scale (VAS):  A 100mm line that represents one end to 

equal no pain and the other end to equal extreme pain.  The subject will mark a 

perpendicular line through the original line where they perceive their current pain 

level (Ohnhaus and Adler, 1975). 
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CHAPTER 2 

REVEIW OF LITERATURE 

 

Resistance Exercise and Muscle Damage 

Muscle damage is highly evident during and after a bout of resistance 

exercise.  The most apparent sign of muscle damage is the soreness felt in the 

exercised muscles 24 to 48 hours after exercising.  This however, is just one of 

the stages of post exercise muscle damage.  The chain of events starts during 

the contraction or lifting portion of the exercise bout.  As a person goes through 

the eccentric portion of the muscle contraction, microscopic muscle tears occur.  

With moderate to heavy opposing force, the eccentric or lengthening portion of 

the repetition causes the majority of the muscle damage during resistance 

exercise (Clarkson and Sayers, 1999).  After a bout of moderate to heavy 

resistance, one will have caused damage to the muscle fiber.  The damage 

ranges from broken myofibers (actin and myosin) to damage to the sarcomeres 

(titin and desmin) and sarcolemma.  The loss of contractile proteins is a major 

cause of the loss of muscular function after a heavy bout of resistance exercise 

(Friden and Lieber, 1992).  The extent of the damage is proportional to the 

intensity or percentage of maximal effort of the opposing force (Gibala et al., 

1995).     

In an untrained individual there is often evidence of a large percent of 

damage within the muscle fiber.  This includes damage to the myofilaments and 

sarcolemma.  The intracellular damage causes the disturbance of calcium 

homeostasis that triggers the release of the calcium dependent proteases.  

These particular proteases are the first to start the post exercise degradation 

process.  One of the key proteases involved in the degradation process is 

calpain.  Calpain is activated after acute damage and starts degrading 

cytostructural proteins such as desmin, vimentin, and titin (Williams et al, 1999).  

At this point intracellular proteins such as creatine kinase and myoglobin will be 

released from the muscle cell into the blood stream (Komulainen et al, 1994).  
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The damage caused by the initial proteases triggers the next set of lysosomal 

proteases.  Leukocytes will be the primary source of protease in the repair efforts 

from this point.   

Shortly after calpain activity increases, neutrophils begin to invade the cell 

to “clean up” the damaged proteins.  This also causes further collateral damage 

to surrounding healthy tissue.  Another leukocyte that invades the muscle cell 

after injury is monocytes that will become macrophages.  There are two 

subpopulations of macrophages, ED1 and ED2.  ED1 macrophages infiltrate the 

muscle within 12 hours of damage.  They are responsible for cleaning up 

damaged proteins and continuing cytokine production.  The ED2 macrophages 

come in 24-48 hours post damage.  The presence of the ED2 macrophages is 

vital to the regeneration process.  These cells activate satellite cells to proliferate 

and start the process for synthesizing new protein to rebuild the cell (Merly et al., 

1999).  The invasion of leukocytes, especially the ED2 are responsible for the 

DOMS effect of resistance exercise.  The inflammation and cytokine production 

are the final stage of muscle damage before regeneration starts. 

The influence of nutrition on muscle protein breakdown following 

resistance exercise remains uncertain.  Different macronutrients have been 

shown to alter the extent of muscle damage through different signaling 

mechanisms. (Borsheim et al., 2003; Tipton et al., 2002).  However, these 

mechanisms are not completely understood.  The following literature review will 

discuss the effect of carbohydrate, protein, and the combination of carbohydrate 

and protein on protein balance after a single bout of resistance exercise.  Timing 

of ingestion in relation to resistance exercise will also be discussed. 

 

Carbohydrate Intake Following Resistance Exercise 

 Carbohydrate intake has been suggested as one way to decrease the 

amount of protein degradation after an acute bout of resistance training.  

Although this theory is relatively new, there have been several studies that have 

shown that carbohydrate intake inhibits post exercise muscle protein breakdown 
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(Borsheim et al. 2003; Roy et al., 1997).  Carbohydrate ingestion may cause 

hormonal changes that play an important role in decreasing post resistance 

exercise protein breakdown (Biolo et al. 1999; Borsheim et al. 2003). 

 Roy et al. (1997) were the first to attempt to examine the effects of a 

carbohydrate supplement after a bout of resistance exercise.  Eight untrained 

men 20-25 years of age performed unilateral leg extensions on one leg and the 

other leg was used as a control.  The exercising leg performed eight sets of ten 

repetitions at 85% of the one repetition max (1RM).  For this experiment, L-[l -

13C] leucine was used to determine the changes in protein metabolism.  The 

subjects received either a carbohydrate drink (1g/kg) or placebo drink 

immediately and one-hour after exercise.  The carbohydrate group showed an 

insignificant increase (6%) in protein synthesis over the placebo group.  In 

addition, the carbohydrate group had a significant decrease in 3-methylhistidine 

and urea production, suggesting less muscle damage.  This study found that post 

exercise carbohydrate intake could minimize myofibril protein breakdown and 

amino acid oxidation.  It has been speculated that an increased level of insulin is 

the major factor in limiting the post exercise muscle damage.   

Biolo et al. (1999) performed a follow-up study to evaluate the speculation 

that insulin decreases post exercise muscle damage.  Five untrained men with a 

mean age of 29±5 years went through a single bout of leg resistance exercise.  

The subjects completed five sets of ten repetitions on the leg press at a 12-

repetition max, and four sets of eight repetitions of leg curls and leg extensions at 

a 10 repetition max.  At three hours post exercise, the subjects were infused with 

insulin through the femoral artery for localization to the exercised area.  L-[ring 

2H5] Phenylalanine among other amino acid tracers where used to measure 

protein metabolism at rest and post exercise.  Muscle biopsies were also taken at 

rest, immediately after the exercise bout, and three hours post exercise to 

determine intracellular amino acids uptake and release.  The results showed 

muscle protein breakdown was significantly decreased after the post exercise 

insulin infusion compared to the control group.  Protein synthesis was not 

elevated during the insulin infusion.  This experiment demonstrated that insulin 
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might be the key factor responsible for the inhibition of muscle protein breakdown 

when a carbohydrate supplement is given after a bout of resistance exercise.  In 

addition, the transient increases in insulin may only have an effect on protein 

balance by decreasing muscle breakdown not by increasing protein synthesis. 

The most recent publication dealing with carbohydrate intake and 

resistance exercise was done by Borsheim et al. (2004).  This study was similar 

to the study done by Roy et al. (1997).  However, this study directly measured 

protein metabolism by arterial and venous measurements of L-[ring 2H5] 

Phenylalanine.  Muscle biopsies were taken at rest and after exercise to further 

examine protein balance.  Borsheim et al. studied two groups of eight untrained 

men that took either a placebo (29±7yrs) or supplement drink (24±3yrs).  All 

subjects underwent a single bout of lower body resistance exercise.  The 

program consisted of ten sets of eight repetitions at 85% of the 1RM on the leg 

press.  One group received a drink containing 100g of carbohydrate and the 

other a placebo drink one hour after exercise.  As expected, insulin levels 

increased significantly in the carbohydrate group.  The results proved to be 

constant with previous findings (Roy et al., 1997).  Net protein balance was 

improved due to the attenuation in muscle protein breakdown.  Still, the overall 

post exercise protein balance remained negative throughout the four-hour 

infusion.  The carbohydrate group was closer to baseline values yet, remained 

negative along with the placebo group 

In summary, post resistance exercise carbohydrate intake can decrease 

muscle protein degradation (Biolo et al. 1999 and Roy et al. 1997).  However, the 

efficacy for improving net protein balance appears minimal.  Insulin’s role in 

inhibiting muscle protein breakdown is unknown and more research is needed to 

further explore the mechanisms involved in the process. 

 

Amino Acid Intake Following Resistance Exercise 

Tipton et al. (1999) were the first to consider the additive affects of amino 

acid availability and resistance exercise on protein synthesis and breakdown.  
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They first investigated the composition of an amino acid drink before examining 

the timing effects.  Six untrained subjects with a mean age of 22±2 years 

completed a heavy bout of resistance training.  This protocol included five sets of 

ten repetitions at 75% of the estimated 1RM on the leg press along with four sets 

of eight repetitions at 75% on the Nautilus™ squat, leg extension and leg curl.  

The exercise protocol was followed up with a drink consisting of either essential 

amino acids, mixed essential and non-essential amino acids, or a placebo.  Both 

essential and mixed amino acid drinks had 40 grams of amino acids.  The drinks 

were given roughly an hour after the exercise bout and the subjects were to 

slowly drink throughout the next three hours.  Each subject was given a primed 

constant infused with L-[ring 2H5] Phenylalanine to measure net muscle protein 

balance.  As predicted, both essential and mixed amino acid groups showed a 

significant increase in arterial levels of amino acids over the placebo.  In addition, 

net protein balance was negative in the placebo group where as both essential 

and mixed amino acid groups showed a significant increase in net protein 

balance.  Although not significant, net protein balance in the essential amino acid 

group was greater then the mixed amino acid group by 13 ml/min/100 ml leg 

volume (Tipton et al., 1999).  Muscle breakdown was reduced slightly within the 

essential amino acid group compared to the other two groups, yet not 

significantly different.  Due to this similar increase in protein balance, one can 

conclude that non-essential amino acids are not necessary to produce an 

anabolic response after resistance exercise. Otherwise, there would have been 

an increase synthesis effect from the various other amino acids that were in the 

mixed amino acid group.   

In another study, Borsheim et al. (2002) gave six grams of all eight 

essential amino acids after a bout of resistance exercise to see its effects 

compared to a placebo drink containing no amino acids.  The exercise protocol 

consisted of ten sets of ten repetitions of leg press and eight sets of eight 

repetitions at 80% of the subject’s 1RM.  Six untrained men ranging from 19-25 

years of age consumed either an amino acid or placebo drink at one and two 

hours after exercise.  The experiment showed a significant increase in net 
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phenylalanine uptake at one and two hours over the placebo.  In addition, 

synthesis rates were double that of an experiment done by Miller et al. (2003) 

that gave six grams of a mixed (essential and non-essential) amino acid solution.  

Miller’s experiment used an identical exercise protocol and amino acid 

percentage as Borsheim et al. (2002).  If the non-essential amino acids were 

effective in stimulating post exercise protein synthesis, then the effects would 

have been the same as the study by Borsheim et al. (2002).  Protein breakdown 

showed a slight decrease in the essential amino acid group yet, not significant.  

Through the results of these two studies, one can conclude that non-essential 

amino acids do not stimulate an anabolic response after resistance exercise. 

 

Mixed Nutrient Intake After an Acute Bout of Resistance Exercise 

 As previously mentioned, Tipton et al. (1999) were the first to measure 

acute changes in muscle protein metabolism immediately after a bout of 

resistance exercise.  With a 40g amino acid drink, containing essential or mixed 

amino acids, net protein balance was greatly increased over the placebo.  The 

drink was consumed one hour after an exercise bout and slowly taken in over the 

next three hours.  The continuous ingestion of both essential and mixed amino 

acid drinks provided a constant supply of amino acids to the muscle and aided in 

positive protein balance.  This study supported the idea that post exercise amino 

acid ingestion facilitates positive protein balance.  With regard to breakdown, 

there were no significant changes in muscle protein breakdown between the 

amino acid and the control groups.  

A compliment study to Tipton et al. (1999) was completed one year after 

by the same group of researchers (Rasmussen et. al. 2000).  The purpose of this 

study was to isolate two different time periods of nutrient intake after a bout of 

resistance exercise.  In contrast to the previous study, 35 grams of 

carbohydrates were added to the supplement of amino acids.  Six untrained 

subjects with a mean age of 34±3 years were used in the experiment.  The 

resistance training protocol consisted of ten sets of eight repetitions on the leg 
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press and eight sets of eight repetitions on the leg extension machine at 80% of 

the subject’s 1RM.  Once again, they used a constant infusion of L-[ring 2H5] 

Phenylalanine to measure protein balance.  They also gave an infusion of 15N2 

urea to indirectly measure muscle protein breakdown.  Subjects were given a 

supplement containing both carbohydrate and essential amino acids either one 

or three hours after the exercise bout.  The hour that the subject was not drinking 

the carbohydrate/amino acid drink they consumed a placebo drink.  The hour 

when the subjects consumed a carbohydrate/amino acid drink resulted in a 

significant increase in net protein balance over the hour where they consumed 

the placebo drink (P< 0.05).  There was no difference between the amount of 

synthesis or breakdown at one or three hours for the individuals who consumed 

the carbohydrate/amino acids drink.  Breakdown was elevated when both groups 

received the drinks, yet not significantly.  In that same time period, synthesis 

levels exceeded the breakdown levels enough to create a positive protein 

balance.  The authors concluded that a carbohydrate/amino acid drink can be 

given either one or three hours after resistance exercise resulting in the same 

anabolic affect.   

Miller et al. (2003) also considered the possible complimentary effects of 

carbohydrates with amino acids after a bout of resistance exercise.  This study is 

similar to that of Rasmussen et al. (2000), except Miller et al. (2003) measured 

the independent affect of carbohydrates and amino acids alone and in 

conjunction with the combined effects of both carbohydrates and amino acids.  L-

[ring 2H5] Phenylalanine as well as 15N urea were infused to measure muscle 

protein synthesis and breakdown.  After ten sets of ten repetitions on the leg 

press and eight sets of eight repetitions on the leg extension at 75% of the 1RM, 

each subject consumed either an amino acid (~6g), carbohydrate (~35g), or a  

combination carbohydrate/amino acid drink at one and two hours post exercise.  

Seven untrained subjects completed each treatment group.  The net 

phenylalanine uptake by the muscle over three hours post exercise was 

measured for each of the groups to get an indication of protein synthesis.  The 

drink containing a combination of carbohydrate and amino acids resulted in the 
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greatest net uptake of phenylalanine over carbohydrate and amino acid only 

groups.  The amino acid drink had a greater uptake than the carbohydrate drink 

but this was not significantly different.  The only significant finding was in the 

combination group vs. the carbohydrate group.  An interesting finding from this 

study was the net uptake of phenylalanine of the carbohydrate only and amino 

acid only groups equaled the net uptake of the mixed group (Miller et al. 2003).  

The researchers concluded that carbohydrates and amino acids have 

independent effects on amino acid uptake.  Once again, the increased insulin 

levels which were evident in both groups containing carbohydrates may be 

responsible for these results.  The only significant difference in muscle 

breakdown was seen between hours one and three of the carbohydrate group.  It 

appears once again that amino acids not only caused synthesis, but also 

overrode the protective effects of insulin on muscle protein breakdown.  

Otherwise, the combination of amino acids and carbohydrates should have 

produced the lowest amount of muscle breakdown. 

 Adequate amino acid levels or hyperaminoacidemia are proven to 

increase net protein balance after an acute bout of resistance exercise (Borsheim 

et al., 2002; Esmarck et al., 2001; Rasmussen et al., 2000; Roy et al., 2000; 

Tipton et al., 1999;2003).  In all cases, protein synthesis levels were significantly 

increased when amino acids were present, especially essential amino acids.  In 

these studies however, amino acid intake has not been shown to decrease 

protein degradation. With the addition of insulin due to carbohydrate intake, the 

majority of studies showed mixed results when measuring muscle protein 

breakdown.  However, in the previously discussed research, all consumption of 

nutrients was at least one-hour post exercise.  By this time, certain intercellular 

signaling mechanisms could have diminished (Tessari et al., 1996).  Ingesting 

the nutrient supplement immediately after the bout of exercise may have a 

greater effect on muscle protein metabolism. 

 Roy et al. (2000) were the first investigators to incorporate an immediate 

ingestion of a supplement following a bout of resistance exercise.  Ten trained 

male subjects who ranged from 19-21 years of age were used for the 
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experiment.  Subjects were given either a carbohydrate, 

carbohydrates/protein/fat, or placebo drink immediately and one hour after a bout 

of resistance exercise.  The resistance exercise protocol used a multi gym 

training station incorporating muscles in the entire body.  The exercises included 

the bench press, sit-ups, knee extension, latissimus dorsi pull down, biceps curls, 

leg press, triceps press, military press, and an additional set of knee extensions.  

The exercises were completed with three sets of ten repetitions at 80% of the 

individual’s 1RM.   After the completion of the exercise protocol, the subjects 

where given one of the three available isocaloric drinks.  Infusion of C13 leucine 

was used to measure whole body leucine turnover.  3-methylhistidine and urea 

were measured as markers of protein breakdown.  Both carbohydrate/protein/fat 

and carbohydrate groups had a significantly higher amount of muscle protein 

synthesis compared to placebo.  In addition, there were no changes in either 3-

methylhistidine or urea levels among the groups.  The muscle damage results 

contrast earlier results from the same group of researchers.  In their previous 

study (Roy et al., 1997), the same amount of carbohydrate was shown to have a 

significant reduction in both 3-methylhistine and urea production.  As for protein 

synthesis, the carbohydrate/protein/fat and carbohydrate groups were similar.  

The similarities in synthesis have not been seen in any of the previously 

discussed studies using a delayed supplementation of carbohydrates and/or 

amino acids.  However, the use of leucine to determine protein synthesis could 

have impacted the magnitude of the results.  One must consider that leucine is 

used to measure whole body protein synthesis and not localized skeletal muscle 

protein metabolism.   

 Another group of researchers giving a supplement immediately after a 

bout of resistance exercise was Wojcik et al. (2001).  The experiment studied 

similar nutritional groups as Roy et al. (2000) but looked at just muscle damage.  

Twenty-seven untrained males completed 100 eccentric quadriceps contractions 

on the knee extension machine.  Subjects were given either carbohydrate, milk 

based carbohydrate and protein, or a placebo immediately and two hours post 

exercise.  3-methylhistidine and CK were used to measure muscle protein 



 17

breakdown.  Muscle damage markers were taken before exercise, immediately 

post exercise, three hours post exercise, six hours post exercise, and on days 

two through six post exercise.  All measurements of CK were significantly 

increased in all groups as a result of exercise, excluding immediate post exercise 

measurements (Carbohydrate group: 1-day prior 86.4±25.9 U/L. Day 1-pre-ex 

165.4±57.5, Day 1-post ex 164.9±58.4 Day 1-3 hours post 199.1±55.3, Day 1-6 

hours post 236.2±61.2, Day 2 188.2±44.9, Day 3 151.3±44.9, Day 4 

400.7±207.5, Day 5 367.5±194.2, Day 6 361.1±201.4; Milk based carbohydrate 

and protein group: 1day prior 67.9±14.2 U/L. Day 1-pre-ex 84.8±23.9, Day 1-post 

ex 90.2±27.6 Day 1-3 hours post 94.1±22.1, Day 1-6 hours post 109.5±20.7, Day 

2 224.2±137, Day 3 854.7±778, Day 4 1693.9±1613.8, Day 5 1661.8±4431, Day 

6 1219.3±1131.9; Placebo group: 1day prior 47.2±9.6 U/L. Day 1-pre-ex 

92.1±19.4, Day 1-post ex 97.5±19.6 Day 1-3 hours post 102.1±17.5, Day 1-6 

hours post 131.2±27.6, Day 2 141.9±35.6, Day 3 336.0±228, Day 4 

1228.9±986.0, Day 5 1273.2±841.7, Day 6 1089.7±80.3).  Taking immediate post 

exercise measurements of CK have proven to be invalid since a longer time is 

needed before CK can enter circulation from the lymphatic system to be detected 

for analysis (Sayers and Clarkson, 2003).  3-methylhistidine did not differ among 

the groups after exercise.  There was only a slight decrease in CK levels (P<.08) 

for the milk based carbohydrate and protein group (109±20.7 U/L) at six hours 

compared to the carbohydrate (236.2±61.2 U/L) and placebo groups (131.2±27.6 

U/L).  In addition, at three hours post exercise the carbohydrate group 

(199.1±55.3 U/L) showed a significant increase (P≤0.05) in CK over the milk 

based carbohydrate and protein (94.1±22.1 U/L) and placebo (102.1±17.5 U/L) 

groups.  There were no other significant changes among the groups.  The results 

of this experiment are conflicting to other studies as well.  The carbohydrate 

group showed an increase in muscle breakdown at three hours whereas both 

Borsheim et al. (2003) and Roy et al. (1997) showed that carbohydrates have 

decreased post exercise protein breakdown.  In contrast, the milk based 

carbohydrate and protein supplement given in this study had a moderate 

decrease in CK at six hours.  A majority of other studies indicate an acute 
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increase in muscle breakdown with protein containing supplements (Borsheim et 

al., 2002; Tipton et al., 1999).  One would assume that the methodology used 

among the different studies is not compatible, direct vs. indirect measurements, 

and may create difficulty in obtaining similar results. 

 

Nutrient Intake Before Resistance Exercise 

To date, there is only one human study that compares the effects of 

nutrient intake before and after resistance exercise.  Tipton et al. (2001) 

supplemented with a single 500ml drink containing 35g sucrose and 6g of 

essential amino acid immediately before or immediately after a bout of resistance 

exercise.  Six untrained subjects with a mean age of 30±3 years were used for 

this experiment.  They performed ten sets of eight repetitions at 80% of 1RM on 

the leg press and eight sets of eight repetitions at 80% of 1RM on leg extension.  

An infusion of L-[ring 2H5] Phenylalanine was used to measure net protein 

balance.  The results of the study showed an increase in both serum and muscle 

phenylalanine concentrations in both groups.  After two hours post exercise, the 

group who consumed the supplement before the bout of exercise (PRE) had a 

significant increase in amino acid delivery to the leg compared with the group 

who consumed the supplement after the bout of exercise (POST; P=0.0002).  

The delivery of amino acids to the leg is indicative of an increased synthesis of 

muscle protein.  Net protein balance was also significantly higher in the PRE 

group (P=0.013) after two hours post exercise.  In this study, the net protein 

balance was influenced more by the increased rates in protein synthesis than the 

changes in protein breakdown (Tipton et al., 2001).  In fact, muscle breakdown 

values were higher in the PRE group than the POST.  The PRE group produced 

the highest phenylalanine uptake compared to most other studies done in this 

review (Tipton et al, 1999; Rasmussen et al, 2000; and Miller et al, 2003) as well 

as the highest rate of muscle breakdown.  This supports the theory that a 

transient increase in protein synthesis is correlated with a proportional increase 

in muscle protein breakdown.   
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Only one study has examined the effects of carbohydrate intake before an 

acute bout of resistance exercise (Dalton et al., 1999).  This study examined 22 

trained subjects with a mean age of roughly 22 years.  The subjects were split 

into two groups.  The first group received a drink containing one gram of 

carbohydrate per kilogram of body weight 30 minutes before a bout of resistance 

exercise and the second group received a placebo drink at the same time period.  

Subjects were to obtain a ten repetition maximum score (10RM) for the parallel 

squat, bench press, leg press, and single leg extension.  They did five sets of ten 

repetitions at 80, 80, 70, 60, and 80% of their 10RM.  Plasma CK was used as a 

marker of muscle damage.  Blood draws were taken just before exercise, ten 

minutes, six hours, and 24 hours post exercise.  The results of the experiment 

showed no significant differences between the carbohydrate and placebo groups 

throughout the experimental period.  These results conflict with the post exercise 

effects of carbohydrate intake that showed a decrease in muscle breakdown after 

resistance exercise, however there has been only one study dealing with pre 

resistance exercise carbohydrate intake.  Therefore, more research is needed in 

this area.  Furthermore, the trained status of the subjects could have blunted the 

CK response just enough to create statistical insignificance. 

 The exact anabolic and catabolic effects of the nutrient intake prior to a 

bout of resistance exercise are unknown.  One could speculate that the onset of 

resistance exercise may induce certain cellular mechanisms to increase 

synthesis after the first set of heavy contractions (Psilander et al., 2003; Welle et 

al., 1999).  Although there is no study to confirm this, one may speculate that the 

muscle responds to a single repetition with sufficient load and not the completion 

of a single set or an hour of multi-set training.  After the initial stimulus is placed 

upon the muscle cell, this anabolic reaction could remain throughout the entire 

bout of resistance exercise.  This may be why the availability of amino acids 

during the resistance exercise will promote more protein synthesis than post 

exercise nutrient ingestion.  This effect will be associated with an increased rate 

of protein degradation as seen with transient spikes in protein synthesis.  A pre 

exercise nutrient supplement could accentuate the acute anabolic signal for a 
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longer period of time compared to giving the supplement immediately post 

exercise. 

 

Conclusion 

The efficacy of amino acids on post exercise muscle protein synthesis are 

much more consistent then their effects on muscle protein breakdown (Tipton et 

al. 1999; 2000).  Protein breakdown appears to increase during times of acute 

synthesis due to hyperaminoacidemia (Levenhagen et al., 2001; Titpon et al., 

2000).  Most of the studies that compare a carbohydrate drink to a placebo see a 

significant decrease in protein breakdown, except for Wojcik et al. (2001) and 

Roy et al. (2000).  However, when combined with amino acids or compared to 

amino acid drinks, the results appear to be mixed (Levenhagen et al., 2001; 

Miller et al., 2003).  Post exercise carbohydrate drinks have been shown to alter 

protein balance when using both direct (A-V difference and muscle biopsies) and 

indirect methods (3-methylhistidine and CK) of measuring breakdown.  Studies 

dealing with post exercise amino acid ingestion have limited experiments using 

indirect methods of measuring breakdown.  Researchers who have used indirect 

methods of measuring muscle protein breakdown have found limited success in 

altering protein breakdown with supplementation. (Dalton et al., 1999; Wojcik et 

al., 2001).  The effects of different combinations of carbohydrates and amino 

acids on post resistance exercise protein balance gives uncertainty towards their 

effectiveness.  Amino acid supplementation produces consistent increases in 

post exercise protein synthesis.  However, both amino acid and carbohydrate 

supplementation deliver mixed results when dealing with muscle protein 

breakdown.  More research is needed to elucidate the mechanisms of post 

resistance exercise muscle damage and possible ways to inhibit the response. 
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CHAPTER 3 
 

METHODS 
 

 

Subjects 

Twenty one male subjects between 18-25 years of age were recruited for 

this study.  Subjects were untrained in either resistance or aerobic exercise for at 

least one year.  Each subject signed an informed consent approved by the 

Florida State University Institutional Review Board before participating in the 

study (Appendix A). 

 

Design 

Upon agreeing to participate in the study, all subjects were contacted by 

phone or by person and explained the design and given instructions for the 

study.  On the experimental day, the subjects reported to the Florida State 

University Exercise Physiology Laboratory after a 12-hour fast.  Upon arrival, the 

subjects were given the informed consent and medical history questionnaire 

(Appendix B) to complete.  Subject’s blood pressure, height, weight and body 

composition were taken before the exercise protocol.  A seven site (Chest, 

Abdominal, Thigh, Triceps, Subscapular, Midaxillary, and Suprailiac) skin fold 

technique using Lange skin fold calipers (Cambridge, MD) was used to measure 

percent body fat.  Subjects had to be healthy and have no contraindications to 

resistance exercise such as cardiovascular or orthopedic limitations.  After 

subjects understood the procedures and agreed to follow the experimental 

design, baseline muscle soreness scales were taken by the visual analogue 

scale (VAS, Appendix C) and blood was taken to measure serum creatine kinase 

(CK) levels.  The first drink was given after the first two tests were completed.  

The subjects had two minutes to consume the beverage.  Following ingestion of 

the drink, the last test of the baseline measurements was completed.  This 

included an isometric strength test using a maximal voluntary contraction (MVC) 
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of the quadriceps (Brown et al., 1997 and Evans et al., 2002).  The subjects then 

performed the exercise bout roughly 15 minutes after they consumed the 

supplement.  Immediately after the completion of the exercise period, the 

subjects consumed the remaining drink.  Again, two minutes were given to 

consume the drink.  Subjects repeated all the measurements used before the 

exercise at six, 24, 48, 72, and 96 hours after exercise.  Three hours and thirty 

minutes (210m) after the completion of the exercise, the subjects were given a 

meal consisting of Equate Plus©.  This meal was given to taper hunger levels 

while ensuring all subjects had taken in an equal amount of calories and 

macronutrient content.  They had two minutes to consume the liquid meal.  After 

the meal, the subjects were able to leave the laboratory if needed before the six-

hour measurements were taken.  No food was consumed between the Equate© 

meal and the six-hour measurements.  At 24, 48, 72, and 96 hours after the 

exercise bout all measurements were taken after 12 hours of fasting.  Figure 1 

illustrates the study design.  All subjects were instructed to consume their typical 

diet as well as keep daily activity to a minimum.  This attempted to control for 

unusual nutritional habits or physical activity.  In addition, subjects were taken off 

all vitamin supplementation or anti-prostaglandins to prevent any further 

nutritional or drug-related protection against the exercise-induced muscle 

damage. These restrictions were enforced before and during the testing period.  
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Figure 1. Experiment Protocol 

 

Resistance Exercise Protocol 

The resistance exercise protocol was completed on an isokinetic 

dynamometer (Biodex™, Shirley, New York). The subject’s upper and lower body 

were restricted with shoulder and leg straps to help isolate the exercising leg.  

Subjects completed ten sub-maximal concentric/concentric contractions of the 

quadriceps and hamstrings of the dominant leg for a warm up.  They were then 

tested for the MVC one minute after the completion of the warm up.  All testing 

for MVC was performed with the subject’s knee joint placed at a 90° angle.  For 

each measurement period the subject performed three maximal isometric 

contractions of the knee extensors for five seconds separated by a ten second 

rest.  The three MVC trials were averaged together to give the score for that 

particular measurement period.  A three-minute rest period was given before the 

subject completed 30 maximal isokinetic eccentric quadriceps contractions on 

the same leg that performed the warm up and MVC test.  The exercise bout was 

divided into five sets of six repetitions.  For all contractions the Biodex was set 

through a range of motion of 1.75 rad (100°).  Each contraction was performed at 

an angular velocity of 1.05 rad/s (60°/s).  This protocol was used in an 

experiment completed by Brown et al. (1997).  This group of researchers found 
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significant increases in CK along with significant increases in both the VRS and 

MVC as a result of the exercise protocol.  

 

Creatine Kinase 

 Creatine Kinase is critically involved in the energy producing reaction 

between PC + ADP   CK     ATP + Cr.  However, in terms of its use as a marker 

for muscle breakdown, the appearance of plasma CK provides a rough estimate 

of muscle cell disruption.  Considering that CK is most abundantly found in 

skeletal muscle, it is thought that an increase in serum CK can only come from 

cytoskeletal disruption.  During experiments involved with resistance exercise, 

CK levels have been shown to be significantly elevated after a few hours post 

exercise up to seven days post exercise (Dalton et al., 1999; Sayers and 

Clarkson, 2003).  Resting levels appear to be under 190 U/L (Dalton et al. 1999; 

Sorichter et al., 1997).  After a bout of resistance exercise, CK levels increase 

according to mode of exercise (Evans et al. 2002) or training status (Vincent and 

Vincent, 1997).  Post exercise CK levels can reach up as high as 5200 U/L 

(Evans et al., 2002).  Resistance trained athletes appear to have lower levels of 

serum CK after an acute bout of resistance exercise than do untrained subjects 

(Vincent and Vincent, 1997).  In addition, resistance exercises including eccentric 

contractions have been shown to produce the largest increase in serum CK 

levels (Evans et al. 2002).   

For this experiment, approximately 5 mL of blood were taken from an 

antecubital vein using sterile venipuncture techniques.  Blood was collected in 

EDTA coated tubes and centrifuged for 10 minutes.  Samples were separated 

and stored at -80 degrees C until analysis.  Serum CK activity was measured in 

duplicate using an enzymatic assay kit (StanBio Laboratories; Borne, Texas ) 

after all samples had been collected.  After each set of samples was collected, a 

standard amount of CK was frozen with the samples to measure the activity 

changes due to freezing.  Each sample in that set was corrected against an 

activity change of the frozen CK standard.  Samples were frozen for no longer 
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than five days before being analyzed.  The coefficient of variation for CK 

determination was within 4%. 

 

Experimental Drink 

  All subjects were randomly assigned to one of three groups.  The first 

group drank the carbohydrate/protein drink thirty minutes before the exercise and 

the placebo drink after the exercise.  The second group consumed the placebo 

drink thirty minutes before exercise and the carbohydrate/protein drink second.  

The third group consumed the placebo drink first followed with another placebo 

drink after the exercise.  The carbohydrate/protein drink consisted of 23 grams of 

whey protein and 75 grams of carbohydrate (392 kcals) mixed with 300 ml of 

water (Table 1).  The amino acid array was as follows (mg); histidine 

400, isoleucine 1520, leucine 2470, lysine 2120, methionine 440, phenylalanine 

670, threonine 1720, valine 1440, arginine 480, cystine 440, tyrosine 590, praline 

1540, glutamine 3870, serine 1240 glycine 530 alanine 1380 and aspartic acid 

2490.  The carbohydrate in the supplement was made up of dextrose, 

maltodexrin and fructose.  The placebo solution was composed of water and an 

artificial sweetener (Splenda© Ft. Washington, PA) containing aspartame to 

improve palatability.  To make certain the experimenters and subjects did not 

know which group they were working with or were in, aluminum foil was wrapped 

around each container to hide color and content of the drink.  

 

Table 1. Drink Composition 

Beverage Kcals Carbohydrate 

(g) 

Protein (g) Fat (g) 

Carbohydrate/Protein 392 75 23 0 

Placebo 0 0 0 0 
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Statistical Analysis 

 Sample size calculation was based on the study completed by Wojcik et 

al. (2001).  The data used for the calculations were the only occurrence of 

statistical significance comparing treatment groups at the same time period 

measuring CK.  The formula [Mean1 – Mean2/ SD = Delta] and appropriate 

sample size chart was used to measure sample size for this experiment (Marks, 

1982). 

199.1 - 94.1 = 105/55.3 = 1.898  

With delta equal to 1.898, seven subjects were needed to obtain 80% power 

with P≤0.05.  A one way analysis of variance (ANOVA) was used to compare 

groups on baseline values.  A 3 x 6 (group x time) repeated ANOVA was used to 

test for significance between CK values, MVC values, and VAS scores.  A 3 X 5 

(group x time) repeated ANOVA was used to test for significance when MVC 

values were normalized to a percentage.  If Mauchly’s Test of Sphericity was 

violated, the Greehouse-Geisser test was used to measure significance.  Paired 

T tests were used to find significance between time points if there was a main 

effect of time.  All significance was accepted at P≤0.05.  All statistical procedures 

were carried out on SPSS version 11.0. 

Serum CK activity was subjected to logarithmic transformation.  This 

forced positively skewed distributions to tend towards symmetry, since relatively 

large mean CK values had a large standard deviation and smaller CK values had 

a smaller standard deviation, logarithmic transformation helped reduce the 

standard deviation of the values with a high activity more than it reduced the 

standard deviation of the values with lower activity (Howell, 1992). 

To ensure randomization, all subjects were numbered before the experiment 

and an outside experimenter randomly placed the numbers into three groups.  

This experiment was a double blind design.  All supplement containers were 

covered with foil and selected by an outside experimenter to give to the subject.  
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Artificial sweetener was mixed into the placebo drink so subjects did not detect 

the placebo from the treatment drink. 
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CHAPTER 4 
 

RESULTS 
 
 

Subject Characteristics 

 There were no differences among groups for age, body weight, height, 

percent body fat or lean mass (Table 2).  Subjects were in generally good 

physical condition considering they had been sedentary for at least six months.  

Their body fat percentage and body weight were both better than what are 

typically seen in a sedentary population.  With 21 years being the mean age of 

the participants, their youthfulness could have contributed to tendency to appear 

like a more active group. 

 

Table 2. Subject Characteristics (N=21). 

Group Height 
(cm) 

Weight 
(kg) 

Age 
(yr) 

Lean Mass 
(kg)a 

% Body 
Fat a 

Control(n=7) 178.0±9.3 79.1±13.0 21.0±2.1 68.8±10.2 12.7±5.9 

Pre (n=7) 180.3±5.3 88.9±26.8 21.4±2.6 71.1±9.20 16.8±12.2 

Post (n=7) 175.7±10.1 85.1±12.5 21.0±2.3 70.6±9.0 16.2±10.2 

Values are means ± standard deviation.  Pre, received supplement before 
exercise; Post, received supplement after exercise; Control, received placebo 
before and after exercise.  a Percent body fat and lean mass were determined by 
a seven-site skin fold test. 
 
 
 

Strength 

 Baseline maximal voluntary contraction (MVC) scores were similar for all 

three groups (Table 3).  There was no group by time interaction for MVC values, 

however there was a significant time effect (F(5,90) = 28.579, p ≤ 0.05, ES = 

0.61).  After the exercise bout, MVC scores were significantly lower for all time 

points compared to the pre exercise values (Figure 2).  After the initial decrease 

in strength at 6h, the 24, 48, and 72h time points were not different from each 

other.  At 96h, the MVC scores began to rise back to baseline values.  The 96h 

time point was the only occurrence of significance compared to the initial 6h drop 
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off.  When the MVC scores were converted to percent decrease from the pre 

exercise values, the results were similar (F(4,72) = 7.095, p ≤ 0.05, ES = 0.28; 

Figure 3).  All time points were significantly lower from pre exercise values.  The 

supplement or timing of ingestion had no effect on MVC scores over time. 

 
 
Table 3. Means by group and variable 

  Pre 6 24 48 72 96 

 Control  214.1±31.5 136.8±31.5 132.4±31.6 136.5±44.6 144.4±42.8 166.4±56.7 

MVC Pre 259.8±72.2 198.4±47.9 186.0±29.4 212.8±52.9 203.2±55.8 237.2±65.4 

(Newton  
Meters) 

Post 202.2±31.1 143.5±45.5 143.2±51.7 141.8±53.2 155.2±53.5 154.5±44.0 

 Control 112.0±70.7 181.1±158.0 267.6±218.5 794.8±1331.1 970.1±1541.1 874.3±1117.6 

CK Pre 115.0±33.1 203.1±103.9 306.1±304.4 742.8±1236.7 1282.8±2470.1 1036.5±1704.6 

(U/L) Post 93.2±21.3 150.0±60.4 202.4±49.9 306.1±113.5 456.1±320.6 711.5±891.1 

        

 Control 0.14±0.18 1.21±1.59 1.61±0.93 3.54±1.79 2.62±1.38 1.18±1.14 

VAS Pre 0.04±0.07 0.52±0.48 2.18±1.44 3.77±1.81 2.88±1.50 1.80±1.54 

(cm) Post 0.02±0.04 0.65±1.09 1.14±1.22 2.11±1.79 1.20±1.07 0.64±0.54 

Values are means ± standard deviation.  Pre, received supplement before 
exercise; Post, received supplement after exercise; Control, received placebo 
before and after exercise; CK, creatine kinase; MVC, maximal voluntary 
contraction; VAS, visual analogue scale.   
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Figure 2. Maximal Voluntary Contraction (MVC).  No difference among groups. 
All time points significant from Pre values (P<.01).  *Significantly different from 
pre exercise values. # Significantly different from 6h value. 
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Figure 3. Percent reduction in MVC.  No difference among groups.  All time 
points significant from Pre values (P<.01).  *Significantly different from pre 
exercise values.  # Significantly different from 6h values. Values for % decrease 
in MVC= Pre - (time point) x 100 
  Pre 
 

Muscle Damage 

 There were no differences of serum CK values among the three groups at 

baseline.  There was no group by time interaction after the exercise bout.  

However, there was a significant time effect (F(1.123,20.205) = 5.766, p ≤ 0.05, 

ES = 0.24).  CK values significantly increased across time for all three groups 

from the baseline values (Table 3).  Peak CK appearance was at 72 and 96h.  

There were no significant differences (P=.504) comparing the 72 and 96h time 

points.  In addition, the 48 to 72h showed a borderline significance (P=.058) 

indicating overtime there was a transient increase at 24 hours and then a gradual 

increase for the subsequent time points.  Figure 4 illustrates the log 

transformation on the CK values.  Similar results were found in the 

transformation of CK as were seen with the raw values in that there was no 

group by time interaction only a time effect (F(1.511,27.201) = 24.020, p ≤ 0.05, 

ES = 0.57).    The supplement or timing of ingestion had no effect on serum CK 

at any time points. 

 *           *            *           *         *    

        # 
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Figure 4. Serum CK appearance.  No difference among groups.  All time points 
significantly increased compared to Pre values (P<.05).  *Significantly different 
from pre exercise values. 
 
 

Muscle Soreness 

 Pre exercise values were not different among groups for muscle soreness.  

There was no group x time interaction, but there was a main effect of time.  

Muscle soreness significantly increased above baseline levels for all groups at all 

time points (F(2.914,52.460) = 24.473, p ≤ 0.05, ES = 0.58; Figure 5).  Peak 

soreness occurred at 48h post exercise for all groups.  When comparing different 

time points to each other a few failed to reach significance.  These included 6h 

and 96h (P=.275), 24h and 72h (P=.075) and 24h and 96h (P=.190).  These data 

show the rate of increase in soreness to be reciprocal to the rate of recovery to 

baseline values.  Once again, the supplement or timing of ingestion had no effect 

on soreness scores.  

 

                                 *           *           * 

* *
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Figure 5.  Visual analogue scale (VAS).  There was no difference among groups. 
Muscle soreness was increased significantly (P<.01) for all time points compared 
to Pre scores.  * Significantly different from pre exercise values. 
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CHAPTER 5 
 

DISCUSSION 
 
 

Effect of Resistance Exercise Protocol 
 

 The eccentric exercise bout caused significant muscle damage indicated 

from the rise in CK, soreness, and a reduction in function measured by MVC.  

These effects where evident throughout the 96 hours of post exercise testing.  

These results are common after a bout of resistance exercise with an emphasis 

on eccentric contractions.  Additional experiments using a number of different 

resistance exercise protocols, muscle groups, and number of contractions found 

similar results to the present study (Brown et al. 1997; Evans et al. 2002; Sayers 

and Clarkson, 2003).  

  Serum CK levels all started within normal ranges for all groups 

(102±46U/L).  In accordance with many previous studies measuring CK, there 

was a large inter-subject variability through the later time points, yet still 

producing significant means compared to the pre exercise values.  Our data 

displayed a gradual climb at 6 and 24h with large increases from 24 to 48h.  After 

the 48h time period, a minimal increase was observed throughout the 96h 

(Figure 4).  Up until 24 hours post exercise it is common to see an attenuated 

release of CK into the blood stream.  Not necessarily because there is lack of 

damage, but because the CK must travel thought the lymphatic system before 

entering the blood due to the size of the molecule.  It is then common to see CK 

activity reach its peak from about four to six days post exercise.  Although it does 

seem that our CK values were slightly lower that that reported by Brown et al. 

(1997) using a similar exercise model, the CK response in this study maintained 

a normal response to eccentric exercise throughout the five days of testing.   

 The loss of muscle function that results from eccentric exercise was 

evident in this study.  All groups lost an average of 29±12% of their MVC six 

hours post exercise.  The loss in MVC increased to 31±14% for the 24h time 

period then slowly decreased ending up with a 17±19% reduction at 96h post 
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exercise.  Other studies have reported similar reductions in MVC after eccentric 

exercise (Evans et al. 2002; Brown et al. 1997).  Some reports have an initial 

drop in MVC and then a gradual increase, which was evident in this study, and 

some see the initial drop followed by a further reduction.  One would speculate 

this response would depend on the amount of damage and possibly the muscles 

involved in the exercise. 

 Muscle soreness was measured by scores reported on the visual analog 

scale (VAS).  All time points were significantly higher than the pre scores 

throughout the post exercise measurement period.  The scores peaked at 48h 

post exercise then started to return to baseline.  At 96h post exercise muscle 

soreness scores were still significantly higher then pre scores.  The resulting 

scores appear quite similar to Brown et al. (1997) using the same number of 

contractions as our study.  However, when the number of eccentric repetitions is 

doubled soreness scores seem to increase at earlier time points and stay 

elevated for a longer amount of time post exercise (Wojcik et al. 2001). 

The exercise protocol used in this study was effective for inducing muscle 

damage, soreness and loss of muscle function.  Furthermore, the data appear 

similar to other studies using similar muscle damage models (Brown et al 1997; 

Wojcik et al. 2001). 

 
 

Effect of Nutritional Intervention 
 
  The carbohydrate/protein supplement or timing of ingestion had no effect 

on post exercise muscle damage, soreness or function.  This study appears to be 

in accordance with the two other studies that examined resistance exercise and 

muscle damage using an immediate nutritional intervention.  All studies 

attempting to attenuate post resistance exercise muscle damage have failed to 

find any significant differences among groups (Wojcik et al. 2001; Dalton et al. 

1999).   

 Wojcik et al. (2001) gave a similar carbohydrate/protein supplement 

immediately and two hours post resistance exercise.  They found no significant 
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differences compared to a carbohydrate and placebo group.  Their subjects 

however, were glycogen depleted and performed double the eccentric 

contractions as the subjects in our study.  The investigators in this study 

theorized that the intensity of the exercise protocols negated all effects of the 

supplement due to the extreme mechanical damage caused to the muscle.  In an 

attempt to correct for this theory, our study used 50 contractions to minimize the 

damage caused by the exercise bout.  The change in the number of repetitions 

had no effect on the impact of the supplement or overall muscle damage.  The 

increase in appearance of CK, increase in muscle soreness and decrease in 

muscle strength were similar with both of the studies. 

 Our study was the first to compare a pre vs. post ingestion of a 

carbohydrate/protein supplement and measure muscle damage.  There are 

limited studies that examined a nutrient supplement before an acute bout of 

resistance exercise.  Tipton et al. (2001) found that pre ingestion of an amino 

acid/carbohydrate beverage resulted in a greater anabolic response in the hours 

following a resistance exercise bout compared to post ingestion.  In terms of 

muscle damage, there is only one study that gave a carbohydrate supplement 

before a resistance exercise bout and measured muscle damage up to 24h post 

exercise (Dalton et al. 1999).  Their results looked comparable to our study.  All 

groups displayed a rise in CK values as a result of the resistance exercise bout, 

however there were no differences between the group who consumed the pre 

exercise carbohydrate beverage and the placebo group.    

 These results give a confusing picture of the mechanisms of post 

resistance exercise muscle protein metabolism.  In several instances, 

carbohydrate has been shown to decrease muscle breakdown in the hours 

following resistance exercise (Roy et al.1997; Borsheim et al. 2004) which may 

be due to the release of insulin (Biolo et al. 1999).  One would assume that with 

the presence of insulin before or after a bout of resistance exercise there would 

be a protective effect, especially if insulin is present during the exercise bout 

which would be the case with the pre exercise supplement group in our study.  

The amount of carbohydrate in our supplement was similar to that used by other 
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studies that resulted in an attenuation of myofibular protein breakdown post 

exercise (Biolo et al. 1999; Roy et al. 1997).  Although this study did not measure 

insulin, one would assume the beverage produced a similar rise in insulin.  

However, with the addition of protein into a post exercise supplement it appears 

to cancel out the protective effect of a carbohydrate supplement (Miller et al. 

2003).  Containing 25g of protein, our pre and post exercise supplement could 

have negated the preserving effect of the carbohydrate component in the 

beverage.  

 In this study, the loss of strength, which some experts believe is the best 

in vitro marker of muscle damage (Clarkson and Sayers, 1999) was reduced 

similarly in all groups at 6h then had a slight decrease again at 24h before 

beginning to come back to pre exercise levels (Figure 2).  From these data, it 

seems that the initial damage is caused by the eccentric contractions then a 

secondary wave of damage appears to occur from the 6h time period to the 24h 

time period.  During that time span, there is a large influx of leukocytes invading 

the damaged muscle. These leukocytes produce cytokines and free radicals that 

have been shown to cause additional myofilament damage after exercise 

(Kendall and Eston, 2002).  This response could be responsible for the additional 

decrease in muscle strength at 24h post exercise.   

 If the carbohydrate/protein supplement could affect post exercise muscle 

damage it would have to affect one of the two components.  The first component 

would be the protection of the muscle cell during the eccentric contractions which 

would include the stability of the contractile and supporting proteins and or cell 

membrane permeability.  The other component would be to minimize the 

immune/protease activity in the early hours after the bout of exercise.  One of the 

earliest responding proteases to a damaged muscle cell is calpain (Belcastro, 

1993).  Calpain is a calcium-dependant protease that has been shown to cause 

additional damage to myofibular proteins such as desmin, vimentin and titin.  Its 

appearance in exercise-induced muscle damage is associated with the release of 

CK among other muscle specific proteins (Belcastro, 1993).  The activation of 

calpain is also believed to trigger many other resulting proteases that follow in 
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the later hours of recovery (Willaims et al. 1999).  With an attenuation of either of 

those two components of acute post exercise damage there would be a 

possibility of decreasing subsequent damage for the following days of recovery.  

Because, it appears that the amount of damage that occurs during the initial 

exercise or the immediate hours post exercise predicts the response of the 

subsequent recovery period.  According to the present study, the 

carbohydrate/protein supplement failed to significantly reduce any of the 

previously mentioned components of post exercise recovery because all groups 

had the same reduction in muscle function at 6h post exercise.  The results 

indicate that the supplement or resulting hormones could not help stabilize the 

myofilaments, decrease membrane permeability or subdue protease activity. 

 There is a chance that the supplement can provide protection to one or 

both of the components of post exercise recovery if the severity of damage is 

reduced.  It is possible that the physical stress of the exercise protocol is too 

much for the protective effects of the supplement to be detectable.  With a 

reduction in exercise intensity there might be more of a significant impact of the 

supplemental beverage.  Interestingly, if one were to look at the result from our 

study, although no statistical significance was reached among groups, there were 

some trends that point to the supplement groups having less damage than the 

control groups in several of the figures.   

 

Future Research 

 An exercise protocol needs to be designed to cause a minimal amount of 

damage so one could conceivably have a better chance of seeing an effect from 

a nutritional beverage.  As mentioned earlier, the mechanical stress from the 

eccentric exercise caused a considerable amount of disruption within the muscle 

fiber.  In a practical sense, reducing the exercise intensity would not be useful 

information considering a person attempting to add or maintain lean mass would 

not want to lessen the exercise intensity.  However, in a research viewpoint, it 

would lead to clearer mechanisms of the affects of a carbohydrate/protein 
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supplement on muscle damage and function after a bout of resistance exercise.  

An effective study for measuring the effect of a supplement would be to directly 

measure protease activity following the bout of exercise.  There are studies that 

show an attenuation in 3-methyhistidine and urea when a carbohydrate 

supplement is giving after a bout of resistance exercise (Roy et al. 1997).  This 

indicates that some degradation pathway or pathways are being suppressed in 

the immediate hours after exercise.  By targeting different proteases, one could 

possibly elucidate these pathways.   

 It would have been beneficial for our study to have measured an 

immediate post exercise MVC.  That measurement could have signified the 

damage caused by the exercise protocol.  Any additional decrease in strength 

occurring after that measurement could have been attributed to the collateral 

damage caused by the repair process.  This post exercise period would have the 

greatest potential for the supplement to decrease post exercise damage.  One 

could theorize that the insulin or amino acid signaling could possibly alter the 

activity of the transitory protease invasion.  In our study, the supplemental groups 

had no effect on the outcome of muscle damage.  However, it could have 

provided a good measuring tool to see the extent of damage that occurs in the 

immediate hours after a bout of resistance exercise. 

 The major question in dealing with resistance exercise and muscle 

damage is if we want to reduce muscle damage.  At this point, researchers do 

not know the exact link between muscle damage and muscle hypertrophy.  

Hypertrophy occurs when a muscle is placed in an overloaded state of tension.  

Along with hypertrophy, there is evidence of myofibrillar damage which is then 

repaired resulting in a more dense fiber.  What we do not know is whether the 

actual adaptive hypertrophy is the result of the added loading, resulting damage 

or a combination of both.  It has been shown that single skeletal muscle fibers 

are capable of hypertrophy in the absence of muscle damage (Nosaka et al. 

2003).  If damage is an unnecessary by product of resistance exercise then the 

prevention would enable someone to recover faster and preserve muscle protein.  

However, if damage is the major activator for muscle hypertrophy someone 
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looking to increase lean mass would not want to decrease damage, besides for 

some residual  soreness and functional loses.  If researchers can identify what 

the major signal is for a muscle to respond to resistance exercise, then future 

research emphasis can be placed on either reducing post exercise muscle 

damage or amplifying the immediate post exercise anabolic potential. 

 

Conclusion 

 In conclusion, our study has shown that 50 maximal eccentric repetitions 

of the quadriceps caused significant muscle damage, loss of strength, and 

delayed onset muscle soreness (DOMS).  A carbohydrate/protein supplement 

given either before or after the exercise bout had no effect on any of those 

variables.  These results along with additional studies indicate that acute 

nutritional supplementation around a bout of resistance exercise will not have an 

effect on post exercise muscle damage, performance, or soreness.     
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Health History Form 

Please indicate whether any of the following apply to you. If so, please place a check in 

the blank beside the appropriate item. Thank you. 

_____ Hypertension or high blood pressure 

_____ A personal OR family history of heart problems or heart disease 

_____ Diabetes 

_____ Orthopedic problems 

_____ Cigarette smoking or other regular use of tobacco products 

_____ Asthma or other chronic respiratory problems 

_____ Recent illness, fever or Gastrointestinal Disturbances (diarrhea, nausea, vomiting) 

_____ Any other medical or health problems not listed above. (Provide details below.) 

________________________________________________________________________

________________________________________________________________________ 

List any prescription medications, vitamin/nutritional supplements or over-the-counter 

medicines you routinely take or have taken in the last five days (including 

dietary/nutritional supplements, herbal remedies, cold or allergy medications, antibiotics, 

migraine/headache medicines, aspirin, ibuprofen, birth control pills, etc.) 

________________________________________________________________________

________________________________________________________________________ 

I certify that my responses to the foregoing questionnaire are true, accurate, and 

complete. 

Signature:________________________________________________________  

Date:_______________ 
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