ABSTRACT

The Effects of Creatine Monohydrate Supplementationr@atihe Transporter Activity
and Creatine Metabolism in Resistance Trained Males

Christopher J. Moulton, M.S.Ed.

Mentor: Darryn S. Willoughby, Ph.D.

Creatine is a nutritional supplement that is usedt$gpotential performance
enhancing (ergogenic) benefits. It constitutes an impoctamponent of the immediate
energy system, by which ATP is regenerated during intensécphgstivity. Oral
creatine supplementation has been shown to provide numbemefits, including
increases in lean muscle mass, muscular strength, aadasthperformance in various
athletic capacities. The creatine transporter isrestnambrane protein that mediates the
entry of creatine from the circulation into the meswell. Little is understood about the
importance of the creatine transporter in controltimguptake and regulation of creatine
within human skeletal muscle. This study attempts toacierize the specific variations
in creatine receptor activity and concurrent creatin@bwodism in human skeletal muscle
in response to a regimen of oral creatine supplementidtuding a one week loading
phase, a four week maintenance phase, and a four week wpbheeat Supplementation
induced significant increments in total body mass (p = Ga@8)lean body mass (p =
0.01). A moderate effect size (d = 0.51) was found for gtheincrease, which suggests

that the study was underpowered to detect a significaetelice in strength increase.



There appeared to be no effect of supplementation amuascular creatine; however,
these data were subject to large measurement error andtdileely accurate. There was
no apparent effect on creatine transporter mMRNA otiaeeransporter content when
measured after the loading phase, during and after théemante phase, and after the

washout phase.
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CHAPR ONE

Introduction

Statement of the Problem

Creatine is a naturally occurring amino acid derivatie thendogenously
synthesized primarily by the liver from arginine, glyciaad methionine, and it is
essential in the regulation of muscular energy stoltesontributes to the generation of
adenosine triphosphate (ATP), which is necessary focuarscontraction (Bessmann,
1985). In the past few decades, the exogenous ingestweaatine has been used as a
potentially performance enhancing (ergogenic) supplemenit had been shown to
improve performance in muscular strength and power aiefyenhance short bursts of
muscular endurance, and allow for greater muscularaaetih order to improve training
effectiveness (Volek, 1996). Extensive reviews of tieedture, including hundreds of
various studies involving creatine supplementation and peafwce) for the most part
(~ 70%) reveal a significant ergogenic benefit, particylarlexercise tasks that are
primarily dependent on phosphocreatine content (Kreider, 200Bams, 1998).
Generally, a creatine supplementation protocol includeading phase of 20 g of
creatine per day (4 x 5 g) for 3-7 days, which has been derated to significantly
increase intramuscular creatine and phosphocreatiresgtdarris, 1992; Kreider,
Willoughby, Greenwood, Tarnopolsky, & Parise, 2003). Imaas, the increase of
intramuscular creatine content following supplementaglmows a considerable amount
of variability, if an increase is induced at all (Gre&ihh1994). This discrepancy may

hint at the existence of “responders” and “non-respohdeftereby some individuals



may have little to no response to creatine supplementategligible elevation in
intramuscular creatine, and no resultant ergogenictef8yrotuik, 2004).

Creatine content of muscle fibers is dependent primapbn rates of creatine
uptake, and to a lesser extent, creatine retention arstbthedegradation of creatine into
creatinine. Creatine uptake into the muscle is dependdahtameatine transporter, a
membrane-spanning protein that transfers creatine frofidbe into the muscle fibers.
It is likely that regulation of the creatine transpopsotein is important in controlling
intramuscular creatine levels (Loike, 1998). This becoapgsirent in certain creatine
deficient pathologies where the creatine transportgribieadefective or absent, such that
supplementation is unable to restore creatine to ordleaeys (Cecil, 2001).

Strangely, chronic creatine supplementation has beeargg#rated to cause a
reduction of the creatine transporter protein in natsle chronic supplementation pf
guanidinoproprionic acid3¢GPA), a creatine analog that competitively inhiblits t
creatine transporter, resulted in an increase inineetansporter protein (Guerrero-
Ontiveros, 1998). This suggests that intramuscular creagiment may regulate the
amount of creatine transporter protein present in musgteatine transport has also been
demonstrated to be affected by the sodium concentratiossathe cell membrane in
culture (Odoom, 1996). More recently, creatine transpagteen identified in the
mitochondria (Walzel, 2002), which suggests that creatinenoaonly exist in the
cytosol of the muscle fibers, but that there may bmt@nmitochondrial pool of creatine
as well. The regulation of total creatine metabolgithin the muscle is still poorly

understood. This knowledge is essential in determining theanesn(s) that may



regulate muscle creatine uptake, as well as comprehethdirgasis of the ergogenic
effects of creatine supplementation.

Nearly the entire bulk of data describing creatine meistokith respect to the
creatine transporter has been generated from animalsnotieere has been little more
than a trivial amount of work done involving the creatmamsporter in human skeletal
muscle (Tarnopolsky, 2001). Although the groundwork for undeding the creatine
transporter’s role in creatine metabolism has bednitas important to begin to address
creatine metabolism in human skeletal muscle in mielséme manner that has been

done previously in animal models.

Purpose of Study

This study involved two groups of male participants. Onemrmgested a
dextrose placebo while the other group ingested creatinemgdrate at approximately
17-20 grams/day for a one week loading phase and then akapgiely 5-7 grams/day
for a four week maintenance phase, followed by a four wesstheut period without any
supplementation. In light of this, the purpose of thislg was to provide initial data on
the response of human skeletal muscle creatine traes@ativity and creatine
metabolism during the loading and maintenance phasas @fal creatine
supplementation regimen, as well as during a four weekauperiod following the

conclusion of creatine supplementation.

Hypotheses
Hia: that urinary levels of free creatine will increasgnificantly during the loading

phase of an oral creatine supplementation, ireeb@vated during the maintenance



phase, and decrease to baseline levels aftewgrks removed from creatine
supplementation.

Hig: that urinary levels of creatinine will increase sigaintly during the loading phase
of an oral creatine supplementation, remagmaged during the maintenance phase,
and decrease to baseline levels after four weeksvesl from creatine
supplementation.

Hic: that serum levels of free creatine will increagmificantly during the loading phase
of an oral creatine supplementation, remagmated during the maintenance phase,
and decrease to baseline levels after four weeksvesl from creatine
supplementation.

Hip: that serum levels of creatinine will increase signifigaduring the loading phase of
an oral creatine supplementation, remain elevdtieng the maintenance phase, and
decrease to baseline levels after four weeksvetnioom creatine supplementation.

H,: that intramuscular levels of free creatine wilthease significantly during the
loading phase of an oral creatine supplementation,imeztevated during the
maintenance phase, and decrease to baseline level®aftereeks removed from
creatine supplementation.

Hs: that there will be no significant changes in areatransporter mRNA expression
relative to baseline levels as a result of botHdhding and maintenance phases of
oral creatine supplementation.

H4: that there will be no significant changes in areatransporter protein expression
relative to baseline levels as a result of botHdhding and maintenance phases of

oral creatine supplementation.



Hs: that leg press 1-RM will increase significantly agsuit of both the loading and
maintenance phases of oral creatine suppletiamt

He: that there will be no significant changes in rig&@atotal body water or overall fluid
distribution as a result of both the loadind araintenance phases of oral creatine
supplementation.

H7: that body weight and fat-free mass will increagaificantly as a result of both the

loading and maintenance phases of oral ceeatipplementation.

Delimitations
This study was delimited to:

1. Nineteen healthy males, aged 18-23, who were involved itaregu
resistance-training for at least six months prior todtudy, including at
least one lower body exercise bout per week.

2. The participants were randomly assigned by age and weigither a
creatine monohydrate group or placebo group.

3. The participants in the creatine monohydrate group toak $upplement
for one week at a loading dose of 0.3 g/kg of lean bodg,nfiakowed by
four weeks at a maintenance dose of 0.075 g/kg of leanrhady. The
participants in the placebo group took the same amoysiaoébo as the
supplement group took creatine monohydrate. All participatitsved
the same resistance-training regimen, which was verifieutddy

communication and activity logs.



4. Urine, blood, and muscle samples were taken from gaticipant at
nine, six, and five different time points, respectivébydetermine
measures of creatine uptake, metabolism, and retention.

5. The study was conducted over a period of five monthedest February,

2006 and June, 2006.

Limitations

This study was limited by:

1. The sample size of this study was small (N=19) andwoas advised

when extrapolating data to a larger population.

2. Participant consumption of the supplement was nettiljr monitored.
3. Participants’ weight training was not directly mongiar
Assumptions
1. It was assumed that participants were truthful reggrdheir prior training
status.
2. It was assumed that participants did not alter tieeimal dietary intake

during the study.

3. It was assumed that the participants did not tak@ddigional nutritional
supplements during the study.

4. It was assumed that the participants completelyurned the entire
supplement that was given to them.

5. It was assumed that the creatine supplement incteasatine supply to

the muscle tissue.



Definitions
Creatine — An organic molecule derived from amino acidsplags an important role in
energy utilization during muscular contraction. Alsoduas a potentially ergogenic
nutritional supplement.
Creatine transporter — The molecular gateway proteinalfows creatine to enter muscle
tissue from the circulation.
MRNA — Message ribonucleic acid. A coding moleculé pnavides genetic information
for the cell to produce new proteins.
1-RM — One repetition maximum. The maximum amount ofhethat an individual

can lift for a particular movement.



CHAPTER TWO

Literature Review

The primary purpose of administering an oral creatine sapghtation is to
increase intramuscular concentrations of creatingpandphocreatine. The paradigm
dosing strategy for creatine supplementation involvesuwopton of 20-25 g/d for a
period of 3-7 days, which has been shown numerous tinggrtificantly increase
intramuscular creatine content (Greenhaff, 1994; Lert®85; Balsom, 1995;
Vandenberghe, 1996, Myburgh, 1996). This is often referredddcaling phase. It
appears that there is a finite upper limit to the totehmuscular creatine concentration
of ~160 mmol/kg dry mass, and that once this limit is redcheéditional
supplementation will be excreted in the urine (Greenli&®5). Similarly, a
maintenance dose of 2 g/d following a standard loading phasshown to maintain the
elevated total creatine content induced by the loadingftdu, 1996). Interestingly, a
six week supplementation with 2 g/d without a loading phaisedfto provide beneficial
increases in total creatine and phosphocreatine levietsr{pson, 1996). The research
indicates that a loading dose of 20-25 g/d for 3-7 dayswelll by a maintenance dose
of 2-3 g/d is adequate to significantly increase and maitdgahintramuscular creatine
levels. Furthermore, it has been shown that ~1 maitéh creatine supplementation of
20 g/d for six days, total intramuscular creatine congenbt significantly different from

pre-supplementation values (Hultman, 1996).



The majority of creatine studies have used absolute dbsesatine, although
Hultman et al. (1996) recommended a loading dose of 0.3 gtkgrhass/d for 5-6 days,
followed by a maintenance dose of 0.03 g/kg body mass/dratibeale behind this
approach is sound, as an absolute dose will elicit vargicrgases in serum and
intramuscular creatine concentrations among sepamgitednals with different body
masses. Following such a relative dosing protocol, Syaiud Bell still found a highly
variable response among individuals in the ability to irsg@atramuscular creatine
levels, which they describe as a phenomenon of resppaddrnon-responders to the
supplementation (2004). Furthermore, because 95% of baddyire is found in the
skeletal muscle, a more uniform dosing strategy would baelhgs®n skeletal muscle
mass of the individual. In a recent unpublished studyké3(2003, 2005) compared
various relative doses that were based on lean bodyasakstermined by dual-energy
x-ray absorptiometer, and found that a loading dose ofd@iZblean body mass/d and a
maintenance dose of 0.0625 g/kg lean body optimized intratansceatine content and
whole body creatine retention. Accordingly, it woblelideal to utilize a relative dosing
strategy when attempting to characterize the biochem@spbnse to creatine
supplementation, in order to attempt to normalize tip@sxre of skeletal muscle to
supra-physiological levels of creatine via an oral supptgation regimen. It should be
noted that Burke administered the supplement with 500 mluafdrink, which
presumably enhanced creatine uptake via insulin releasen§81ek998).

Creatine is an osmotically active compound, such titeases in total body
creatine retention caused by oral creatine supplenm@m&tiould result in increased

water retention. This, in part, may explain how insesain total body mass are seen



after only a loading supplementation of 20-25 g/d for 5-7 dgkek, 2001). In
particular, it would be expected that increases in inismular creatine, which accounts
for approximately 95% of total body creatine, would paléidy augment intracellular
water volume. However, it has been shown thatditg phase of 25 g/d for 7 days
followed by a maintenance phase of 5 g/d for 21 days resuolirdreases in
intramuscular creatine and total body water, withoetraity proportional fluid
distribution (Powers, 2003). Interestingly, increaseseil volume appear to be a
proliferative, anabolic signal that may enhance pratgnihesis (Haussinger, 1996),
which suggests a method by which extended creatine suppl¢imemay promote
muscular hypertrophy.

All plasma membranes are impermeable to the diffusi@neatine and
phosphocreatine. More than 90% of intramuscular crestislauttled across the
sarcolemma against a concentration gradient via'#ONaependent transporter known
as the creatine transporter (CrT). Approximately 65%hefcreatine that enters skeletal
muscle will be actively transphosphorylated by credtinase to produce
phosphocreatine, such that it is readily available totit@aATP depletion (Snow, 2003).
Phosphocreatine cannot be transported by CrT, and ascseatine kinase renders a
portion of the intracellular creatine pool to be confimethe cytosol. Recently, Walzel
et al. (2002) have reported a new and possibly unique Crityaati the mitochondria,
which suggests that there are likely two separate poatgratellular creatine, regulated
by different CrT activities. The authors suggest teati® creatine, at a concentration of
25-50uM, moves through a plasma membrane CrT, contributingcydasolic creatine

pool with a concentration of ~15 mM. Furthermore, aafibndrial CrT allows for

10



cytosolic creatine to contribute to a mitochondrial pafaCr with a concentration of ~20
mM. They report the plasma membrane CrT as a highitgfflow K,,) transporter,
while the mitochondrial CrT is a low affinity (highsJKtransporter. It is possible that
these separate creatine transporters are entiregyefitf proteins, with variations in
structure, and subject to different degrees of regulatiois. currently uncertain what
purpose a mitochondrial pool of Cr may have, although yt sraply serve as a buffer,
should plasma Cr levels drop appreciably, such that diddSolevels may remain
elevated during high contractile activity.

Several differenin vitro studies have provided some insight into the regulation of
creatine transport. Acute regulation (within hours) of @ctivity may be directly
influenced by fluctuations in plasma creatine con@tiatins. This may involve
alterations in the flux of sodium across the samewha (Odoom, 1996). Similarly, there
may be factors that might directly stimulate or inhib& CrT protein (Nash, 1994).
Chronic adaptations (days to weeks) may involve altehegiimber of CrT proteins
available at the membrane, or by altering the numb@rofproteins expressed by the
cell (Guerrero-Ontiveros, 1998). It seems that creafntake is actually inhibited with
prolonged exposure to high plasma creatine levels, whashbe due to decreased
activity of CrT. Loike et al. (1986) found that cultured mytes exposed to very high
extracellular Cr concentrations (1-5 mM) displayed ergl@ent in Cr uptake, which was
due to a loss in CrT activity, not a decreased affinit@rofor the transporter. This was
corroborated by findings that cells incubated in a sodiwa-$olution with the same Cr
concentration did not demonstrate reduced Cr uptake. Bethm(2003) reported that

Cr supplementation in intact perfused rat heart leadslexease in the ) of Cr

11



transport in the heart as well as a decrease in naml&rT content, while
supplementation witR-guanidinopropionic acid3¢GPA), a creatine analog and
competitive inhibitor of CrT, resulted in a greates.yand an increase in membrane CrT
content (2003). This suggests that creatine uptake is actiegé&ndent on intracellular
creatine concentrations, and not extracellular ereaoncentrations. It appears that
elevated plasma creatine levels promote an initialincreatine uptake and resultant
intracellular creatine concentration, which may md af itself begin to inhibit uptake by
negative feedback.

This down-regulation of Cr uptake with chronic elevategpla Cr levels may be
due to an inhibitory protein. Loike et al. (1986) demonstrataddiitured cells exposed
to cycloheximide, a protein synthesis inhibitor, logt tlown-regulation of Cr uptake.
Another similar study found that the presence of cy®tahide allowed for a 2.4 fold
increase in intracellular creatine (Oodom, 1996). Tinggests that high intracellular
concentrations may induce the expression of a protatmthy either directly inhibit the
CrT protein, or somehow reduce the number of transporbézips available at the
membrane. However, no such protein or mechanism hasdeeeified up to this point.
Another possible regulatory mechanism is an intera@fdCrT with plasma membrane
glycoproteins. It has been shown that the activity similar family of plasma
membrane-spanning transporters, the monocarboxylate tragrspistdependent on the
interaction with membrane bound regulatory glycoprotéitadestrap, 1999). However,
there is no current data to support any such interactikbnGuT.

Hormones may also have an effect on CrT activtgrious catecholamines,

amylin, insulin, and insulin growth factor I all stimtgahe membrane-bound Mi*-

12



ATPase pump, which effectively increases the sodium gmnadicross the membrane
(Clausen, 1998). This may enhance the electrochemiadiegtdahat drives Cr transport
against its concentration gradient. Insulin is furihgslicated by the finding that
ingestion of Cr with high doses of carbohydrate promatgsaved Cr uptake (Steenge,
1998). This is likely to be mediated by the carbohydrate-edlgtimulation of insulin
release.

Another possible regulatory mechanism for CrT actigtihe protein’s post-
transcriptional modification state. Wang et al. (20@&nonstrated that the Tyr-416
residue of the putatative transporter protein is subjgahdsphorylation, and
furthermore, that Cr supplementation results in a @serén the degree of CrT
phosphorylation. Another group has previously ruled out cAléBendent protein
kinase (protein kinase A) as a modifier of the phosgdation state of CrT, as treatment
with compounds known to stimulate protein kinase A hadffext on Cr uptake in
transfected cells (Nash, 1994). As a transmembrane pr@idinnpay also be subject to
glycosylation or lipoylation. It has been shownttttee CrT isoform found in the plasma
membrane is likely to be weakly glycosylated and thatglysosylation may serve as a
label to ensure that that particular isoform is lodatethe plasma membrane (Tran,
2000). The control of these modification processesenayt a strong influence on both
the activity of the CrT protein, and on the number OF @roteins available for transport.

Lastly, it is possible that alterations in expressibthe gene that codes for CrT
might exert some control on the amount and activitthefCrT protein. The CrT gene is
found on human chromosome Xg28, and is identified a€thensporter 1 (CrT1) gene

(lyer, 1996). Not surprisingly, the Xg28 locus has been lingedriumber of

13



neuromuscular diseases, suggesting that mutations withigehe and the ensuing
alterations of the wild-type protein may be to blamelese disorders (Consalez, 1998).
Nearly identical CrT mRNA transcripts have been idat in human skeletal muscle,
lung, brain, spleen, kidney, pancreas, testis, owmgll intestine, thymus, placenta, and
colon, and their relative quantities roughly coincidenhwfiteir protein expression in each
respective tissue (Nash, 1994). Itis likely that thestaption levels of the CrT1 gene
within each tissue are affected by the local creatime@atrations, which vary according
to the quantity of CrT protein present in the tissue lirRireary studies have validated the
use of real-time polymerase chain reaction (RT-PCR)rasthod for determining
transcription levels of the CrT1 gene (Murphy, 2003). Haxgethere is little if any data
describing the direct effects that exogenous creatine supptation may have on the

transcription of the CrT1 gene and expression of thegoein in humans.
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CHAPTER THREE

Methods and Materials

Methods

Participants

Nineteen healthy males between the ages of 18 and 23 sarpadticipants in
this study. Participants had at least one year dfteggie training experience and had
participated in resistance training protocols at leasettinges a week for the preceding
six months, including at least one lower body exeroé per week. Participants were
required to perform a leg press 1-RM of at least 2.5 tiimais body weight (Wathen,
1993), followed by at least 10 repetitions at 70% of their 1-€RiMng a familiarization
session to be considered trained to participate inttialy.s Participants were not allowed
to participate in this study if they had any metabolicmisg including known
electrolyte abnormalities, heart disease, arrhythrdiabgetes, thyroid disease, or
hypogonadism; a history of hypertension, hepatorenal, utaseletal, autoimmune, or
neurologic disease; if they were taking thyroid, anti-inlypielemic, hypoglycemic, anti-
hypertensive, anti-inflammatory, or androgenic medicatiand, if they had taken
ergogenic levels of creatine within six months prior todfiaet of the study and/or
creatine naive ideally. Participants were recruitethfthe male population at Baylor
University and from surrounding Waco. Participants meaetliggpility criteria were
informed of the requirements of the study and signed irddroonsent statements in
compliance with the Human Subjects Guidelines of Bayloiwersity and the American

College of Sports Medicine. Participants were requingdltow a specific resistance

15



training protocol for the duration of the study. Compd®to training regimen was

confirmed by oral communication and weekly activity logs.

Study Site

All supervised testing and supplement assignment was condadtedExercise
& Sport Nutrition Laboratory (ESNL) at Baylor Univergi All sample analyses were
completed in the Exercise and Biochemical Nutritiondrakory (EBNL) at Baylor

University.

Independent and Dependent Variables

The independent variables were the creatine supplemérha placebo that was
used for the control groups. Dependent variables includestrieggth, intracellular and
extracellular fluid volume, fat-free mass, urinargatine and creatinine, serum creatine
and creatine, intramuscular free creatine, total treaand phosphocreatine,

intramuscular CrT mRNA and protein expression, and whodky creatine retention.

Entry and Familiarization Session

Individuals expressing interest in the study were intemieby phone to
determine if they appeared to qualify to participate irsthey. Those believed to meet
eligibility criteria were then invited to attend an gffamiliarization session. After
reporting to the lab, potential participants completed acakHdistory questionnaire,
underwent a general physical examination, and then pextbani-RM leg press and
70% 1-RM leg press for repetitions. The potential partic¢gpoaere required to leg press
at least 2.5 times their body weight, as well agastl 10 repetitions at 70% of their 1-

RM to confirm their training status. The 70% repetitionvea$ performed five minutes

16



after completing the 1-RM assessment, as described béarticipants meeting entry
criteria underwent a baseline body composition analysiBEYA, as described below.
The participants were then familiarized to the studyqua by way of a verbal and

written explanation outlining the study design and wera figen an appointment time
to perform baseline/pre-supplementation assessmentscigants underwent their first

testing session no longer than two weeks following tlaamiliarization.

Strength Assessment

In order to determine possible effects of the supplememiuscular strength,
participants performed four one-repetition maximum (1-R&4jg on the leg press sled:
1) at baseline (familiarization); 2) on Day 8 after time week loading phase; 3) on Day
36 after the four week maintenance phase; and 4) on Daye4he four week washout
phase. Participants warmed up by completing two setsmi8 tepetitions at
approximately 50% of the estimated 1-RM, with 2 minutesingsétween all sets. The
participant then completed 3 to 5 repetitions at approxim@&fto of the estimated
1-RM. The weight was then increased conservatively tlam participant attempted to
lift the weight for one repetition. If the lift wassiccessful, the participant rested for an
additional 2 minutes before attempting the next weigtreiment. This procedure was
continued until the participant failed to complete tffte The 1-RM was recorded as the
maximum weight that the participant was able to liftdoe repetition. For the 70% 1-
RM evaluation during the familiarization session, pgvtcits were allowed to rest five
minutes following the determination of their 1-RM. Thegi# on the leg sled was
adjusted to 70% of their 1-RM, and they were instructed taptete as many repetitions

as possible.
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Dietary Analysis

Participants were required to record their dietary infak@4 hours prior to each
of the five testing sessions where muscle samplesotamed. The participants’ diets
were not standardized and participants were instructet mbiange their dietary habits
during the course of the study. The 24-hour dietary reeeite evaluated with the
ESHA Food Processor dietary assessment software pr¢g@aHA Nutritional
Research, Salem OR) to determine the average dadsig;girotein, carbohydrate, and

fat intakes for the duration of the study.

Anthropometric and Body Composition Testing Procedures

Total body mass (kg) was determined on a Detecto digitde $Webb City,
MO). Total body water (total, intracellular, and egglular) was determined with
bioelectrical impedance (BIA) while percent body fat,rhass, and fat-free mass, were
determined using dual-energy x-ray absorptiometer (DEXAo¢iolDiscovery, Bedford
MA). Radiation exposure from DEXA for the whole bodas was approximately
1.5mR per scan. Total body water was estimated using@ 4200 Bioelectrical
Impedance Analyzer (San Diego, CA) which measures bistaese of water and body
tissues based on a low energy, high frequency current (800-amps at a frequency of
50 kHz) transmitted through the body. The participants wetgrtotal body mass and
BIA measurements at each of the five testing sessvbes muscle samples were
obtained. A DEXA scan was performed during each of ttestang sessions as well,
except for the first testing session, since a basBI€A scan was taken during the

familiarization session.
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Supplementation Protocol

Participants were randomly assigned by age and body weighally ingest in a
double blind manner packets containing a powdered dextrose plak®bd&ports
Science; Golden, CO) or micronized creatine monohydra®d (Bports Science; Golden,
CO). After baseline testing procedures and lean body dedsamination via DEXA,
participants ingested creatine or the placebo at awelddily dose of 0.3 g/kg lean body
mass € 17-20 g/day) for one week in the loading phase and, imnedgiatlowing the
loading phase, a relative daily dose of 0.075 g/kg lean body é&-7 g/day) during the
4 week maintenance phase. All groups ceased supplemardaatDay 36 following the
4 week maintenance phase.

In order to standardize supplement intake throughout the, stadycipants were
instructed to ingest the supplements in equal interval9ate8n, 12:00 pm, 4:00 pm, and
8:00 pm each day during the loading phase, and at 12:00 pm durimgititenance
phase. Additionally, the participants were instructecbtisume the supplement with
water only, and ideally on an empty stomach in ordelitoinate possibly confounding
effects of insulin. Dextrose and creatine powdersewemprised of similar mesh size,
texture, taste, and appearance and were prepared for distribytan objective third-
party company (AST Sport Science, Colorado Springs, COppl&ment packets for
each participant were individually weighed on an anadytibalance (Denver Instrument,
Golden, CO) to the nearest 1% of the prescribed dosanddine loading phase, the
participants consumed four packets a day, each containirguahanstituent dose of
their prescribed daily dose. During the maintenance phas@articipants consumed

one packet a day, which contained the whole daily doadicipants were provided with
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bundles of dose packets one week at a time, and weree@tmipresent empty packets
each week to receive the next week’s supplement. Midlwaygh the maintenance
phase (Day 22), the participants’ daily doses were adij@steording to that day’'s DEXA
body composition analysis. Compliance to the supplestientprotocol was monitored
by the return of empty supplement packets at the end bfveaek. In addition, the

participants’ compliance was verified by weekly verbahownication.

Training Protocol

The participants followed a periodized 4-day per week eggisttraining
program split into two upper body and two lower body workpetsweek, for a total of
nine weeks. Prior to each workout, the participant®peed a series of standardized
stretches. For a given exercise, the participantspeed 3 sets of 10 repetitions with as
much weight as they could lift per set (typically 70 — 890ARM). If they could lift
fewer than 10 repetitions at a given weight, they westucted to reduce the weight
accordingly, and if they could lift more than 10 repeti at a given weight, they were
instructed to increase the weight accordingly. The @paints were instructed to rest no
longer than 3 minutes between exercises and no longelthmanutes between sets.
During the familiarization session, the participantsegesrbal confirmation that they
were aware of how to properly perform each exercise.

The participants’ upper body resistance-training programstedsof eight
groups of exercises, and from each group they were itstrta@ choose only one
exercise to perform for that workout. The upper bodyr@ge groups were: 1) bench
press, incline press, decline press, machine press, dumbihehl weess, or dumbbell

incline press; 2) chest flies or cable crossovers; 3)-gigelat pulldown or close-grip lat

20



pulldown; 4) seated row, bent-over row, or dumbbell bent-oer 5) shoulder press,
dumbbell shoulder press, or machine shoulder press; 6) shahidigs; 7) dumbbell
curl, preacher curl, dumbbell preacher curl, or barbell emd; 8) triceps pressdown,
rope pressdown, reverse-grip pressdown, dumbbell tricepsstan, or lying triceps
extension. The participant’s lower body resistanagting program consisted of seven
groups of exercises, and from each group they were itstrta@ choose only one
exercise to perform for that workout. The lower bedgrcise groups were: 1) leg press,
back squats, smith machine squats, or machine squats; 2}jdegiens; 3) back
extension, Russian deadlift, or good mornings; 4) step-upges, or split squats; 5)
seated leg curls or lying leg curls; 6) standing heel raisssated heel raises; and 8)
abdominal crunches. As the sole exception, the abdoommathes were performed in
sets of twenty five repetitions instead of ten repetitioFor both upper and lower body
workouts, the participants were only required to perfdrensame exercise from a
particular group for the current workout, but were alldwe select a different exercise
from each group during a subsequent workout at their tisereAll training took place
at the Student Life Center (SLC) at Baylor Universityaban area gym, and was
documented by the participants in training logs to verifymamce and to monitor

progress.

Urine Sampling

In order to determine the effects of the supplementsioary creatine and
creatinine levels and whole body creatine retentioniggaaits were instructed to collect
a total of nine 24-hour urine samples throughout the cotitbe study. During the

familiarization session, each participant was providet two 3 L urine collection
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containers. The participants were instructed to begih 24-hour urine collection at 8
am the day before their scheduled testing appointmethtodoring their collected urine
in to the lab the next morning when they reporteddstihg. They were asked to record
the number of times they urinated each day as well akfiiot intake during the period
on a urine log. The participants collected 24-hour uring$ss on Day O prior to the
one week loading phase, and then also on Days 3 and @l¢saln3) of the loading
phase. Participants then collected 24-hour urine samplésys 14, 21, 28, and 35
during the four week maintenance phase (samples 4-7), anorelBays 49 and 63
(samples 8, 9) of the four week washout period. Uringo$es were refrigerated upon
receipt during the participant’s appointment, and 1 mL aliquet® frozen at -80° C for

later analysis.

Muscle Biopsies and Venous Blood Sampling

Percutaneous muscle biopsies (50-70 mg) were obtained feomidlkile portion
of the vastus lateralis muscle of the dominant legeatiapoint between the patella and
the greater trochanter of the femur at a depth betweesr 2 cm. For the subsequent
four biopsies, attempts were made to extract tissue dgproximately the same location
as the initial biopsy by using the pre-biopsy scar, deptkings on the needle, and a
successive incision that was made approximately 0.5 chetmtmer from medial to
lateral. After removal, adipose tissue (if presera¥ wimmed from the muscle tissue
and the sample was immediately flash-frozen in tiquirogen and subsequently stored
at -80C for later analysis. A total of five muscle sampiese collected: 1) prior to the
first dose of supplement (Day 1); 2) on Day 8, afterathe week loading (which also

served as the pre-maintenance phase biopsy); 3) on Dafye22ha first two weeks of
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the maintenance phase; 4) on Day 36, after the fouk maetenance phase; and 5) on
Day 64, after the four week washout period following the feeek maintenance phase.
Venous blood samples were collected from the antecweitalinto two 7.5 mL
SSTM collection tubes and one 4 mL Plus EDVAube using a standard Vacutafher
apparatus for serum and whole blood analysis, respectifAasticipants were required to
fast for eight hours prior to donating blood. Bloothp&es taken in the serum tubes were
centrifuged for 15 minutes, and then the serum was retrave frozen at -2 for later
analysis. Whole blood samples were refrigerated auatiCprocessed, within six hours
of collection. A total of six blood samples were ofgl: prior to the first dose of
supplement (Day 1), on Day 4, on Day 8, after the orekwsading phase (which also
served as the pre-maintenance phase blood draw), on Dafgetzhe first two weeks
the maintenance phase, on Day 36, after the completithe four week maintenance
phase, and on Day 64, after the four week washout periogving the four week

maintenance phase.

Creatine Analysis

Urine, blood, and muscle tissue samples were analgzdrke€ creatine using the
diacetylbi-napthtol reaction. Additionally, muscle was analyfmdotal creatine and
phosphocreatine using the same method. Unmodified uringesach samples were
immediately ready for analysis, while muscle tissamples required additional
preparation. Muscle tissue samples (2-8 mg) were driethigi in a ThermoSavant
Speed Vac (Waltham, MA), then powdered at room temperatthienertar and pestle.
Powdered muscle was weighed (0.5-3.0 mg) and then extriacde0.5 M perchloric

acid/1 mM EDTA solution on ice for 15 minutes. The sasplere then spunina 4°C
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centrifuge at 15,000 rpm for 5 minutes, and the supernatanteuasalized with 2.1 M
potassium bicarbonate/0.3 M MOPS solution, at which thersafsnt was prepared for
analysis. Total creatine of samples was determineddntion with 6.94 mM-napthtol
and a 1:2500 dilution of diacetyl. The reaction was iatedh for 15 minutes at room
temperature in the dark, and color formation was dedexit620 nm with microplate
reader (Wallac Victor-1420; Perkin-Elmer Life Sciencesst®n, MA). The samples
were run against a standard curve of known creatine cvatiens. Free creatine was
determined by combining homogenate with 0.4 N hydrochloric amichaating at 65°C
for 10 minutes. The homogenate was then neutralized vaitN 2odium hydroxide, and
subsequently subjected to the diacetylapthtol reaction as previously described.
Phosphocreatine concentration was calculated asreaéine concentration subtracted
from total creatine concentration. For statistaadlysis, total Cr content was expressed

as the difference in concentration (delta) from baseli

Urinary and Serum Creatinine Determination
Urine and serum levels of creatinine were determinedopietrically by a
DADE Dimension RXL clinical chemistry analyzer (DaBehring, Inc., Newark, DE).

Unmodified samples were immediately ready for analysi

Creatine Transporter mRNA Transcription

Muscle tissue samples were analyzed &atitie transporter mRNA transcription
levels by quantitative real-time polymerase chain rea¢fdnPCR) Muscle tissue
samples were weighed, then homogenized with Tri Rea§e@mé, St. Louis, MO) and

total RNA was isolated by isopropanol/ethanol extractibotal RNA was then used to

24



generate a cDNA library using an iScript cDNA Synth&stigBio-Rad, Hercules, CA),
which was subsequently used as the template in the ARTr@&&tion. Primers
(Integrated DNA Technologies, Coralville 1A) were desd separately according to the
human creatine transporter gene sequence and the atvedtactive humai-actin

gene sequence as published by the National Center for Biatlegy Information. Each
sample was then run on an iCycler iQ RT-PCR syg&iotRad, Hercules CA), with
both creatine transporter practin primers in separate reactions, to determinevelat
transcription levels of the creatine transporter gesach is expressed as the ratio of

creatine transporter transcription levelgtactin transcription levels.

Creatine Transporter Protein Expression

Muscle tissue samples were analyzed for creatinepoates expression by
enzyme-linked immunosorbant assay (ELISA). Protein $sswere obtained by
isopropanol/ethanol extraction from the same homogansgd to extract total RNA.
Total protein concentration of extracts was determineth®&yBradford total protein assay
(Sigma Chemical Co., St. Louis MO). Protein extrastse normalized to 20 pg total
protein for analysis. The ELISA plate was prepared bybatng 120 uL of a 4ug/mL
solution of the primary anti-CRT capture antibody (Aldhiagnostics, San Antonio, TX)
overnight at room temperature. The plate was then wabhee times with Tris-buffered
saline (TBS). Normalized protein extracts were loaded th& ELISA plate and allowed
to incubate at room temperature overnight. After indobathe plate was washed three
times with TBS. The washed plate was then loaded2@éhuL of a 10 pg/mL solution
of anti-human IgG-horseradish peroxidase conjugate dmtemtitibody (ICN

Biomedical, Costa Mesa, CA) for 2 hours. The plaés wnce again washed three times

25



with TBS, and then exposed to a 3,3',5,5'-tetramethylbenzi@M&) solution for color
development for 30 minutes. Once adequate color developmasnbbtained, the
reaction was stopped with the addition of 0.5 N hydrochlxeid. The absorbance was
measured at 450 nm with a microplate reader (Wallac \V4@0; Perkin-Elmer Life
Sciences, Boston, MA). CrT protein content was exqa@ss the difference in

absorbance units (delta) from baseline.

Reported Side Effects from Supplements
Participants were encouraged to report whether or egtttierated the
supplement, as well to report any medical problems mpsyms they encountered

throughout the duration of the study.

Blood Chemistry Safety Markers

Serum samples were used to run clinical @dtgnprofiles (triglycerides,
cholesterol, high-density lipoprotein, low-density lipopmotgamma-glutamyl
transferase, lactic dehydrogenase, uric acid, glucose] bl@a nitrogen, BUN/creatinine
ratio, calcium, total protein, aloumin, total bilirubalkaline phosphatase, aspartate
aminotransferase, alanine aminotransferase, and tetlre kinase) photometrically by
way of a DADE Dimension RXL clinical chemistry ayaér (Dade-Behring, Inc.,
Newark, DE). Whole blood samples were used to run whloted cell counts including
hemoglobin, hematocrit, red blood cell counts, meanvoéime, mean cell hemoglobin,
mean cell hemoglobin concentration, red cell distributiadth, and white blood cell

counts including neutrophils, lymphocytes, monocytes, ephkifs) and baosphils by
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way of an Abbott Cell Dyn 3500 hematology analyzer (Abbaboratories, Chicago,

IL). Prior to use each system was calibrated withdstechquality assurance protocols.

Compensation and Incentives

Each participant was paid $200 upon completitimeo$tudy, including
submission of all forms and logs, as well as complaticail testing sessions and sample
collections. The participants were also provided withojygortunity of receiving free Cr
supplements, as well as free consultation and medimaitoning by the staff of the
ESNL. The individuals conducting this study had no findnotarest or any other

vested interest in the outcome of the study.

Statistical Analysis

Data was analyzed using group x time repeated univariateireamalysis of
variance (ANOVA) with SPSS for Windows Version 11.%ware SPSS Inc., Chicago,
IL). Comparisons of demographics and supplement intake wemnietd using an
independent Student’s t-test. For the analyses of ulmeg, muscle, body composition,
and strength, respective 2 x 9, 2 x 6, 2 x 5, 2 x 5, and i2pehted measures ANOVAS
were utilized. Data were considered significantly défeé when the probability of error
was 0.05 or less. Significant differences among groups igdentified by a Least
Significant Differences (LSD) post hoc test. When ssagy, Cohen’d effect
calculations were performed to determine the size amifis@nce between groups

independent of group size.
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CHAPTER FOUR

Results

Participant Demographics

Thirty-two healthy males were familiarized and signedrimifed consent
statements in compliance with Baylor University’s itigional review board. Nine
elected to abstain from the study following their recnemit. Four elected to withdraw
from the study prior to completion. Two participants widwliregarding concerns about
undergoing additional muscle biopsies. One participantvéati due to contraction of
mononucleosis during the study, and one participant withdresto a condition of
gastrointestinal stress that may have been contradtidel tnaveling abroad. Nineteen
(Cr =9, PI=10) completed the study. Table 1 depictsigen age, height, and body
weight at familiarization for each group. Statistiaahlysis revealed that there was no
significant difference between groups in age (p = 0.76) aghwép = 0.47), but there

was a significant difference between groups in height @®3).
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Table 1

Participant Demographics

Variable  Cr Group (SD) Pl Group (£SD) Group p-level

Age (yr) 20.1 (1.6) 20.3 (1.1) 0.76
Height (cm)  181.26 (6.41) 174.43 (5.79) *0.03
Weight (kg)  83.4 (19.4) 77.6 (15.0) 0.47

Note: This data represents the average demograplatatticipants
that completed the study. Data are expressed as m&ins +
Significant group interactions contain an asterisk.

Familiarization and Strength Assessment
All participants performed a strength assessment dureéamiliarization
session to demonstrate minimum strength requiremenenfor into the study. Table 2
represents the average strength assessment paramebathfgroups of participants
who completed the study. Statistical analysis redeidlat there were no significant
differences between groups in body weight multiplele@fress 1-RM (p = 0.66) or

number of repetitions at 70% of their respective 1-RM (p65).

Table 2

Baseline Strength Assessment

Variable Cr Group (xSD) Pl Group (xSD) Group p-level
Body Weight Multiples of Leg Press 1-RM 4.20 (1.00) 4.46 (1.43) 0.66
# of Repetitions at 70% 1-RM 20.6 (5.3) 22.0(7.9) 0.65

Note: This data represents the average strengghsasent parameters of all participants
that completed the study. Data are expressed as Hh&in
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Dietary Intake

Participant dietary intakes during the study were detedryeself-reported 24
hour food records completed prior to each of the f&ting sessions which involved
muscle biopsies (Day 1, Day 8, Day 22, Day 36, and Day 64) arelamalyzed by the
Food Processor nutritional software (ESHA Researaleng OR). Table 3 represents
the average daily dietary intakes for both groups ovecdhese of the study. Statistical
analysis revealed that there was a significant deciegsetein intake (p = 0.03) for both
groups, but there was not a significant difference betweeups in caloric intake (p =

0.45) or protein intake (p = 0.61) over the course of the study

Table 3

Dietary Intake

Variable Session  Cr Group Pl Group Time Group Group x
(x SD) (x SD) Effect Effect Time
p-level p-level p-level

Calories (kcallkg) Dayl1l 34.8(11.5) 36.7(21.5) -
Day 8 26.8 (10.0 28.7 (11.6) - - -
Day22 25.2(7.2) 28.3(10.3) - - -
Day36 20.3(8.2) 27.1(9.0)
Day 64 19.7 (12.1) 35.0 (13.7) 0.07 0.10 0.45

Protein (g/kg) Dayl 1.39(0.67) 1.69(0.93)

Day8 1.26(0.29) 1.13(0.52) - - -
Day22 1.16(0.37) 1.15(0.38) -
Day 36 1.00(0.24) 1.12 (0.31) -
Day 64 0.92(0.56) 1.10 (0.43) *0.03 0.56 0.61

(table continues)
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Variable Session  Cr Group PI Group Time Group Group x
(= SD) (= SD) Effect Effect Time
p-level p-level p-level
Carbohydrate Dayl 3.92(1.78) 3.78(2.15) - - -
(9/kg)
Day8 2.49(1.46) 3.41(1.94) - - -
Day 22 2.53(0.60) 3.25 (1.45) - - -
Day 36 2.27(1.02) 3.10 (1.60) - - -
Day 64 2.19(1.49 3.86 (1.75) 0.28 0.12 0.63
Dietary Fat (g/kg) Day1 1.52(0.76) 1.62(1.30) - - -
Day8 1.31(0.59) 1.22(0.48) - - -
Day22 1.18(0.51) 1.18(0.40) - - -
Day 36 0.81(0.51) 1.14 (0.35) - - -
Day 64 0.70(0.63) 1.76 (0.75) 0.08 0.08 0.26

Note: This data represents the average dietary intadémdrticipants that completed the study. Data
are expressed as means = SD. Significant time effeatsiin an asterisk.

Supplement Administration

The participants were assigned supplement doses as ohetetoy their fat-free

body mass assessments on Day 1, Day 8, and Day 22. 4Tiapeesents the average

supplemental intakes of both groups over the course ttldy. Statistical analysis

reveals that there were no significant differencdeading dose (p = 0.32) or
maintenance dose 2 (p = 0.21) between groups, but thavthera significant difference
in maintenance dose 1 (p = 0.05) between groups. Howesbkould be noted that these
intakes reasonably approached the paradigm creatine do<2® g/d for a loading

period and ~5 g/d for a maintenance period. Furthermorss theses were not absolute,

but relative to each participant’s fat-free body m#sss an apparent difference in doses
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between groups is reflective of variance in fat-fredybmass and not indicative of
dissimilar dosing.

It was an assumption of this study that each participamipletely ingested the
entire amount of supplement that was given to themh padicipant presented empty
supplement packets and gave oral confirmation that thetgdr@sumed the supplement
prior to receiving the subsequent week’s supplement. Thesenwindication of any
participant failing to consume a supplement dose. Imthisner, compliance to the
supplement protocol was assumed to be 100%. Furthermaewbee no adverse side
effects reported by any of the participants during the dfuatymay have been related to

ingestion of the supplement.

Table 4

Supplement Administration

Variable Cr Group (x SD) PI Group (x SD) Group p-level
Loading Dose (g/d) 18.80 (2.04) 17.84 (2.08) 0.32
Maintenance Dose 1 (g/d) 4.75 (0.48) 4.33(0.37) *0.05
Maintenance Dose 2 (g/d) 4.78 (0.49) 4.48 (0.53) 0.21

Note: This data represents the average daily &day) supplement intake of all
participants that completed the study. Data areesged as means + SD.

Training Protocol and Training Volume
Each participant followed a periodized 4-day per week segisttraining
program including two upper body and two lower body workpatswveek. It was an
assumption of this study that each participant regulartypdeted the training protocol
for the duration of the study. The participants weke@dgo record their weights lifted

during each session in a training log, and gave verbal catfomof completion of their
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training at each testing appointment. Each participanet in their completed training
logs at the end of the study. There was no verbadamrded indication of any
participant failing to complete any of their training. this manner, compliance to the
resistance-training protocol was assumed to be 100%.

Training volume was determined by multiplying weight liftedrioymber of
repetitions for each exercise throughout the duratidghestudy. Table 5 represents the
average training volumes of both groups for upper body ses,dower body exercises,
and overall training over the course of the study. Sieai analysis revealed that there

was no significant difference between groups in any meaguraining volume.

Table 5

Training Volume

Variable Cr Group (x SD) Pl Group (£ SD) Group p-level
Upper Body Training Volume (kg) 149840 (74036) 209303 (42530) 0.08
Lower Body Training Volume (kg) 222382 (63875) 269551 (117927) 0.32
Total Training Volume (kg) 372223 (118398) 478855 (139309) 0.12

Note: This data represents the average wiffigial by all participants that completed the
study. Data are expressed as means + SD.

Body Composition and Strength Measures
Table 6 represents the average body composition andj$tnereasures of both
groups over the course of the study. Statistical aisatgvealed significant increments in
total body mass (p = 0.03), lean body mass (p = 0.0tjceitular fluid (p = 0.01), and
total body water (p = 0.004) in the Cr group. FiguresdlZadepict the changes in total
body mass and lean body mass, respectively, for ttaiodiof the study. HypothesisH

is accepted as Cr supplementation did significantly augtagitbody mass and fat free
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mass. There were no significant differences in botlpdéecentage (p = 0.13),

extracellular fluid (p = 0.12), relative total body wate = 0.07), extracellular:

intracellular ratio (p = 0.19), or extracellular:totatio (p = 0.21). Hypothesisghb

accepted, as Cr supplementation did not affect reltdte¢ body water or overall fluid

distribution. There was a significant main effeatleg press 1-RM to increase with time

(p < 0.001), however there was no significant group x titexaction (p = 0.17). The

changes in leg press 1-RM are shown in Figure 3. Thelbs&ength gain as

determined by change in leg press 1-RM over the course stukdy was 33.01 + 23.29

kg. When split into groups, the strength gain for the Gugmwas 41.16 + 26.90 kg,

while the strength gain for the Pl group was 25.68 + 17.77 kgotHesis H is rejected

as no significant increase in leg press strength wadfto be attributed to Cr

supplementation.

Table 6

Body Composition and Strength Measures

Variable Session Cr Group Pl Group Time Group  Group x
(x SD) (x SD) Effect Effect Time
p-level p-level p-level
Total Body Mass (kg) Day 1 83.5(19.8) 77.9 (14.7) - -
Day 8 84.4 (19.5)  77.6 (14.8) - -
Day22  85.0(19.5) 78.3(14.6) -
Day36  84.8(18.9) 77.5(14.6) -
Day 64  84.6(19.4) 77.8(15.0) 0.10 0.41 *0.03
Lean Body Mass (kg) Day 1 62.7 (6.8) 59.3 (7.0) - -
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Variable Session Cr Group Pl Group Time Group  Group x
(x SD) (x SD) Effect Effect Time
p-level p-level p-level
Day 8 63.3 (6.4) 59.1 (6.8) - - -
Day 22 63.8 (6.5) 59.7 (7.1) - - -
Day 36 63.9 (6.3) 58.9 (6.9) - - -
Day 64 63.5 (6.2) 58.8 (6.8) 0.33 0.18 *0.01
Body Fat % Day 1 17.6 (8.8) 17.0 (9.1) - - -
Day 8 17.7 (8.9) 17.2 (9.4) - - -
Day 22 17.5(8.7) 17.1(8.9) - - -
Day 36 17.6 (8.5) 17.5(9.3) - - -
Day 64 17.6 (8.4) 17.4 (9.1) 0.64 0.93 0.13
Extracellular Fluid (L) Day 1 18.3(2.1) 17.9 (2.5) - - -
Day 8 18.9 (2.3) 17.6 (2.6) - - -
Day 22 18.4 (2.3) 17.9 (3.0) - - -
Day 36 18.9 (2.6) 17.4 (2.5) - - -
Day 64 18.5 (1.9) 18.2 (2.3) 0.49 0.69 0.12
Intracellular Fluid (L) Day 1 25.0 (3.0) 24.9 (3.2) - - -
Day 8 26.2 (3.2) 24.4 (2.7) - ; ]
Day 22 26.4 (3.2) 24.5 (3.1) - - -
Day 36 26.7 (3.2 24.4 (3.0) - - -
Day 64 26.0 (3.0) 25.0 (3.3) 0.10 0.44 *0.01
Total Fluid (L) Day 1 43.3 (3.9) 42.8 (5.4) - - -
Day 8 45.2 (3.9) 42.1 (5.2) - - -
Day 22 44.8 (3.7) 42.4 (6.0) - - -
Day 36 45.6 (4.1) 41.8 (5.3) - - -
Day 64 44.5 (3.2) 43.2 (5.3) 0.21 0.47 *0.004
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Variable Session Cr Group Pl Group Time Group  Group x

(x SD) (x SD) Effect Effect Time
p-level p-level p-level
Relative Total Body Day 1 0.534 0.550 (0.04) - - -
Water (L/kg) (0.078)
Day 8 0.550 0.542 - - -
(0.081) (0.042)
Day 22 0.543 0.543 - - -
(0.080) (0.034)
Day 36 0.551 0.540 - - -
(0.077) (0.044)
Day 64 0.542 0.545 0.73 0.99 0.07
(0.083) (0.037)
Extracellular : Day 1 0.739 0.721 - - -
Intracellular (0.120) (0.069)
Day 8 0.733 0.721 - - -
(0.138) (0.058)
Day 22 0.709 0.728 - - -
(0.148) (0.051)
Day 36 0.685 0.716 - - -
(0.195) (0.054)
Day 64 0.719 0.730 0.10 0.80 0.19
(0.132) (0.057)
Extracellular : Total Day 1 0.423 0.418 - - -
(0.036) (0.023)
Day 8 0.420 0.419 - - -
(0.040) (0.017)

(table continues)
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Variable Session Cr Group Pl Group Time Group  Group x

(x SD) (x SD) Effect Effect Time
p-level p-level p-level
Day 22 0.412 0.421 - - -
(0.044) (0.020)
Day 36 0.415 0.417 - - -
(0.043) (0.018)
Day 64 0.416 0.422 0.09 0.76 0.21
(0.039) (0.019)
Leg Press 1 RM (kg) Day 1 342.9 (84.0) 347.7 - - -
(134.1)
Day 8 375.3 359.1 - - -
(105.5) (152.1)

Day36  379.8 (91.2) 366.1 - - -

(139.5)
Day 64 384.1 373.4  *<0.001  0.88 0.17
(101.9) (146.0)

Note: This data represents the average body compoaitibstrength parameters of all participants that
completed the study. Data are expressed as means + SD.
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Figure 3. Changes in leg press 1-RM (kg) over the course of the study.
A significant time effect for both groups was observedast8 *(p = 0.001),
day 36 **(p < 0.001), and day 64 **(p < 0.001).

White Blood Cell Values
Table 7 represents the average white blood cell valuestioigooups over the
course of the study. Statistical analysis revealed mifisgnt interactions for white
blood cell count (p = 0.93), neutrophils (p = 0.92), lymphocytes @.35), monocytes
(p = 0.19), eosinophils (p = 0.16), or basophils (p = 0.29). Thagpears that Cr

supplementation did not alter white blood cell values.
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Table 7

White Blood Cell Values

Variable Session Cr Group Pl Group Time Effect Group Effect Group x Time
(x SD) (x SD) p-level p-level p-level
WBC (K/pL) Dayl  5.55 (1.20) 5.47 (1.68) - - -
Day 4 4.66 (0.75) 4.68 (1.28) - - -
Day 8 5.22 (1.48) 5.81 (1.60) - - -
Day 22 6.29 (2.32) 5.34 (1.95) - - -
Day 36 5.71 (1.34) 5.50 (2.61) - - -
Day 64  6.67 (1.05) 5.63 (2.15) 0.16 0.82 0.93
Neutrophils  Day 1 3.25(1.40) 3.15(1.43) - - -
(K/uL)
Day 4 2.49 (0.91) 2.99 (1.12) - - -
Day 8 2.94 (1.47) 3.49 (1.39) - - -
Day 22 3.95 (2.25) 3.18 (1.64) - - -
Day 36 3.28 (1.33) 3.19 (2.20) - - -
Day 64  3.27 (1.02) 3.47 (1.76) 0.24 0.67 0.92
Lymphocytes Day 1 1.68 (0.38) 1.68 (0.34) - - -
(K/uL)
Day 4 1.53 (0.36) 0.98 (0.38) - - -
Day 8 1.66 (0.33) 1.67 (0.34) - - -
Day 22 1.63 (0.39) 1.56 (0.27) - - -
Day 36 1.74 (0.28) 1.64 (0.41) - - -
Day 64  1.68 (0.23) 1.53 (0.45) 0.10 0.66 0.35
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Variable Session Cr Group Pl Group Time Effect Group Effect Group x Time

(x SD) (x SD) p-level p-level p-level

Monocytes Day 1
(K/uL)
Day 4
Day 8
Day 22
Day 36
Day 64
Eosinophils Day 1
(K/uL)
Day 4
Day 8
Day 22
Day 36
Day 64
Basophils  Day1
(K/uL)
Day 4
Day 8
Day 22
Day 36

Day 64

0.457 (0.116)

0.445 (0.089)
0.419 (0.112)
0.519 (0.169)
0.501 (0.083)
0.485 (0.131)

0.107 (0.049)

0.126 (0.072)
0.130 (0.041)
0.126 (0.044)
0.129 (0.055)
0.173 (0.126)

0.050 (0.022)

0.070 (0.031)
0.059 (0.022)
0.060 (0.019)
0.050 (0.015)

0.057 (0.021)

0.454 (0.118)

0.481 (0.179)
0.456 (0.152)
0.438 (0.262)
0.466 (0.174)
0.474 (0.184)

0.118 (0.074)

0.145 (0.098)
0.124 (0.089)
0.102 (0.042)
0.125 (0.057)
0.105 (0.036)

0.062 (0.022)

0.077 (0.031)
0.074 (0.034)
0.064 (0.018)
0.076 (0.046)

0.053 (0.019)

0.47

0.91

0.35

.017

0.86

0.99

0.19

0.16

0.29

Note: This data represents the average white blobgar@meters of all participants that completed the
study. Data are expressed as means + SD. Significametfects contain an asterisk.
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Red Blood Cell Values

Table 8 represents the average red blood cell valuestofbmaips over the
course of the study. Statistical analysis revealed mifisgnt interactions for red blood
cell count (p = 0.23), hemoglobin (p = 0.38), hematocrit (030), mean cell volume
(p = 0.51), mean cell hematocrit (p = 0.35), or mean cellbecrit concentration
(p = 0.81). Main effects for time were observed fanatcrit (p = 0.001), mean cell
volume (p = 0.003), mean cell hematocrit (p = 0.002),raedn cell hematocrit
concentration (p < 0.001); however, these values remaiibohwormal clinical ranges,
and no group x time interactions were found for thesmbi®s. Thus, it appears that Cr

supplementation had no effect on red blood cell values.

Table 8

Red Blood Cell Values

Variable Session CrGroup PIGroup Time Effect Group Effect  Group x Time
(x SD) (x SD) p-level p-level p-level
RBC Count Dayl 5.13(0.33) 5.05(0.38) - - -
(K/uL)
Day 4 5.20 (0.48) 4.87 (0.31) - - -
Day 8 5.13 (0.44) 5.13 (0.11) - - -
Day 22 5.34 (0.40) 5.23 (0.34) - - -
Day 36 5.06 (0.47) 5.14 (0.26) - - -
Day 64 5.24(0.43)  5.29 (0.20) 0.07 0.70 0.23
Hemoglobin Day 1 15.7 (0.9) 15.4 (0.9) - - -
(g/dL)
Day 4 15.5(1.1) 14.9 (0.8) - - -
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Variable Session CrGroup PIGroup Time Effect Group Effect  Group x Time
(x SD) (x SD) p-level p-level p-level
Day8  15.4 (1.0) 15.5 (0.6) - ; N
Day 22 15.3(0.9) 15.3(0.9) - - -
Day 36 15.2 (0.9) 15.4 (0.6) - - -
Day 64  15.8(1.2) 15.7 (0.4) 0.73 0.97 0.38
Hematocrit Day 1 45.0 (2.7) 44.8 (2.4) - - -
(%)
Day 4 46.7 (3.9) 43.9 (3.0) - - -
Day 8 46.1 (3.8) 45.6 (1.2) - - -
Day 22 49.0 (3.2) 47.9 (2.4) - - -
Day 36 46.6 (3.6) 47.0 (1.4) - - -
Day 64  48.0(3.8) 48.3 (2.4) *0.001 0.94 0.30
MCV (fL) Day 1 88.6 (3.1) 88.9 (4.4) - - -
Day 4 89.8 (2.1) 90.4 (3.4) - - -
Day8  89.9(2.1) 88.9 (3.7) - - ]
Day 22 91.8 (2.9) 91.6 (2.9) - - -
Day 36 92.2 (3.2) 91.5 (3.0) - - -
Day 64  91.7 (2.8) 90.8 (3.0) *0.003 0.34 0.51
MCH (pg) Day 1 30.6 (1.2) 30.5(1.2) - - -
Day4  30.0(1.6) 30.8 (1.3) - - ]
Day 8 30.1 (1.4) 30.1 (1.4) - - -
Day 22 28.7 (1.2) 29.2 (1.6) - - -
Day 36 30.1 (1.4) 29.9 (1.2) - - -
Day 64  30.2 (1.0) 29.8 (1.0) *0.02 0.52 0.35
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Variable Session CrGroup PIGroup Time Effect Group Effect  Group x Time

(x SD) (x SD) p-level p-level p-level

MCHC  Dayl  34.6(0.8) 34.3 (1.0) - -
(g/dL)

Day4  33.3(1.4) 34.0 (1.1) -

Day8  33.5(1.2) 33.9(1.3) -

Day22 31.2(0.4) 31.9(0.9)

Day36  32.7(0.9) 32.7(0.6)

Day64  33.9(0.2) 32.8(0.5) *<0.001 0.89 0.81

Note: This data represents the average red blood cathpgers of all participants that completed the
study. Data are expressed as means + SD. Significametfects contain an asterisk.

Serum Chemistry Values

Table 9 represents the average clinical chemistry vallesth groups over the
course of the study. Statistical analysis revealed mifisgnt interactions for
triglycerides (p = 0.73), total cholesterol (p = 0.21), H{pL= 0.46), LDL (p = 0.16),
GGT (p =0.78), LDH (p = 0.51), uric acid (p =0.21), BUN (p.27), glucose (p = 0.56),
BUN/creatinine ratio (p = 0.75), calcium (p = 0.17), tgatein (p = 0.12), total
bilirubin (p = 0.41), ALP (p =0.17), AST (p = 0.41), ALT (p = Q.5dr total creatine
kinase (p = 0.25). There was a significant incremeserum albumin in the Pl group (p
= 0.05). However, these values remained within normakelimanges. Thus, it appears

that Cr supplementation had no adverse affect on sdramistry safety markers.
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Table 9

Serum Chemistry Values

45

Variable Session Cr Group Pl Group Time  Group Effect Group x Time
(x SD) (x SD) Effect p-level p-level
p-level
Triglycerides Day 1 117.7 (77.0) 143.5(79.8) - - -
(mg/dL)
Day 4 105.0 (42.9) 79.3 (44.2) - - -
Day8 125.8(121.9) 108.8 (76.3) - - -
Day 22 104.7 (65.0) 103.1 (68.6) - - -
Day 36 96.0 (46.9) 125.0 (87.7) - - -
Day 64  97.1(56.2) 99.0 (64.0) 0.31 0.76 0.73
Total Cholesterol Day 1 168.6 (19.3) 163.1 (36.6) - - -
(mg/dL)
Day 4 170.0 (35.4) 147.1 (15.2) - - -
Day 8 161.9 (18.1) 157.9 (39.3) - - -
Day22 172.7(27.6)  182.7 (35.5) - - -
Day 36 159.4 (23.0) 157.0 (32.3) - - -
Day 64 168.6 (20.7)  179.1(36.1) 0.40 0.51 0.21
HDL (mg/dL) Dayl  53.2(13.3) 44.7 (6.7) - - -
Day 4 51.9 (12.7) 45.1 (5.0) - - -
Day 8 55.6 (11.1) 46.1 (6.6) - - -
Day 22 57.9 (14.2) 51.0 (8.6) - - -
Day 36 56.6 (15.1) 44.1 (5.7) - - -
Day 64  58.8(16.0) 51.3 (7.2) *0.02 0.12 0.46
LDL (mg/dL) Dayl  99.0(21.4) 102.7 (27.5) - - -

(table continues)



Variable Session Cr Group Pl Group Time  Group Effect Group x Time
(x SD) (x SD) Effect p-level p-level
p-level
Day 4 103.5 (27.6) 91.0 (15.8) - - -
Day 8 93.7 (21.2) 99.1 (29.0) - - -
Day 22 100.1(25.5) 116.7 (30.6) - - -
Day 36 91.1 (19.5) 98.7 (26.5) - - -
Day 64  98.0(19.3) 115.0 (29.6) 0.60 0.89 0.16
GGT (U/L) Day 1 36.7 (7.9) 29.8 (4.1) - - -
Day 4 37.8 (12.5) 28.5 (3.4) - - -
Day 8 38.2 (16.4) 29.1 (4.6) - - -
Day 22 43.0 (23.1) 31.3 (3.7) - - -
Day 36 41.1 (21.6) 29.2 (4.3) - - -
Day 64  36.3(19.0) 30.7 (5.1) 0.70 0.14 0.78
LDH (U/L) Dayl 143.2(31.5)  130.9 (27.4) - - -
Day 4 140.1 (39.6) 138.8 (43.6) - - -
Day 8 172.2 (76.8) 165.8 (70.2) - - -
Day 22 141.4(37.8) 134.1 (23.1) - - -
Day 36 141.3(27.7) 130.8 (29.9) - - -
Day 64 1449 (27.2)  147.1(34.7) 0.98 0.72 0.51
Uric Acid Day 1 6.4 (0.8) 6.9 (1.5) - - -
Day 4 5.8 (1.3) 6.3 (1.0) - - -
Day 8 5.3(0.9) 7.0 (1.7) - - -
Day 22 6.6 (1.6) 7.0 (0.7) - - -
Day 36 6.5 (1.6) 6.6 (1.5) - - -
Day 64 6.7 (1.2) 6.6 (1.4) *0.04 0.39 0.21
BUN (mg/dL) Day 1 15.8 (3.5) 17.1 (5.9) - - -
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Variable Session Cr Group Pl Group Time  Group Effect Group x Time
(x SD) (x SD) Effect p-level p-level
p-level
Day 4 14.1 (4.4) 14.5(3.9) - - -
Day 8 15.4 (3.3) 13.3(3.7) - - -
Day 22 15.8 (3.7) 14.4 (4.2) - - -
Day 36 16.2 (5.3) 15.2 (4.5) - - -
Day 64  16.7 (4.1) 15.6 (3.4) 0.52 0.79 0.27
Glucose (mg/dL) Day1 93.3(5.9) 150.5 (143.5) - - -
Day 4 91.8 (11.8) 174.8 (153.0) - - -
Day 8 97.2 (14.8) 156.5 (93.7) - - -
Day 22 98.0 (9.6) 115.1 (121.6) - - -
Day 36 104.9 (15.9) 151.4 (183.5) - - -
Day 64 101.3 (11.0) 129.7 (155.7)  0.78 0.11 0.56
BUN : Creatinine  Day 1 13.6 (2.8) 15.2 (4.6) - - -
Day4  11.5(2.4) 14.5 (3.3) - ; ]
Day 8 12.5(3.0) 12.5 (4.6) - - -
Day 22 12.5(3.9) 12.6 (3.7) - - -
Day 36 12.3(3.5) 13.4 (3.3) - - -
Day 64  13.7 (4.3) 13.4 (3.1) 0.89 0.23 0.75
Calcium Dayl  10.0(0.5) 9.8 (0.7) - - -
Day 4 9.8 (1.2) 9.5(1.2) - - -
Day 8 9.9 (0.6) 9.8 (0.6) - - -
Day 22 10.1 (0.8) 10.2 (0.8) - - -
Day 36 9.9 (0.5) 9.9 (0.7) - - -
Day 64  10.0 (0.5) 10.1 (0.5) *0.05 0.38 0.17
Total Protein Day 1 7.8 (0.5) 7.3 (0.9) - - -
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Variable Session Cr Group Pl Group Time  Group Effect Group x Time
(x SD) (x SD) Effect p-level p-level
p-level
Day 4 7.6 (1.2) 6.9 (1.0) - - -
Day 8 7.6 (0.7) 7.2 (0.7) - - -
Day 22 7.8 (0.8) 7.9 (1.3) - - -
Day 36 7.7 (0.6) 7.5 (0.7) - - -
Day 64 7.8 (0.6) 7.8 (0.6) *0.05 0.26 0.12
Albumin Day 1 4.9 (0.3) 4.7 (0.5) - - -
Day 4 4.8(0.7) 4.4 (0.6) - - -
Day 8 4.8 (0.3) 4.6 (0.5) - - -
Day 22 4.9 (0.4) 5.0 (0.8) - - -
Day 36 45 (1.1) 4.7 (0.5) - - -
Day 64 4.8 (0.4) 5.0 (0.3) 0.29 0.80 *0.05
Total Bilirubin ~ Day1  0.37(0.14) 0.61 (0.50) - - -
Day 4 0.40 (0.20) 0.68 (0.35) - - -
Day 8 0.41 (0.17) 0.64 (0.42) - - -
Day 22 0.49 (0.24) 0.72 (0.41) - - -
Day 36 0.40 (0.32) 0.77 (0.79) - - -
Day 64  0.40 (0.21) 0.81 (0.73) 0.16 0.09 0.41
ALP (U/L) Dayl  77.4(19.0) 62.0 (15.1) - - -
Day 4 77.5 (25.6) 61.6 (16.4) - - -
Day 8 80.7 (23.1) 65.8 (14.0) - - -
Day 22 80.0 (26.1) 74.3 (20.9) - - -
Day 36 82.1 (24.6) 72.4 (18.5) - - -
Day 64  84.8(23.2) 80.8 (17.4)  *0.001 0.30 0.17
AST (UIL) Dayl  54.7 (85.6) 27.0 (6.4) - - -
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Variable Session Cr Group Pl Group Time  Group Effect Group x Time
(x SD) (x SD) Effect p-level p-level
p-level
Day 4 31.4 (14.4) 28.8 (8.9) - - -
Day 8 38.4 (28.8) 28.9 (9.0) - - -
Day 22 30.2 (9.2) 25.8 (406) - - -
Day 36 27.3(7.8) 22.8 (8.1) - - -
Day 64  25.4(7.5) 24.1(8.1) 0.24 0.28 0.41
ALT (U/L) Dayl  26.6(18.8) 19.4 (2.7) - - -
Day 4 23.0(9.8) 19.4 (3.7) - - -
Day 8 24.8 (12.0) 19.2 (2.2) - - -
Day 22 23.2(5.4) 19.0 (2.4) - - -
Day 36 21.3 (3.4) 17.9 (2.1) - - -
Day 64  23.2(5.0) 21.0 (2.8) 0.47 0.17 0.54
Total Creatine  Day 1 533 (716) 132 (86) - - -
Kinase
Day4 538 (594) 95 (37) - ; ]
Day 8 674 (1014) 107 (62) - - -
Day 22 379 (241) 105 (29) - - -
Day 36 370 (209) 106 (53) - - -
Day 64 311 (287) 136 (140) 0.22 *0.01 0.25

Note: This data represents the average clinical clirgnpigrameters of all participants that completed the
study. Data are expressed as means + SD.

Urine Values
Table 10 represents the average urine creatine and aneatalues of both
groups over the course of the study. Statistical arsatgvealed no significant

interaction for urine creatinine (p = 0.15). However gaificant group x time
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interaction for urine creatine (p = 0.01) to be increasede Cr group was found.
Therefore, hypothesisild is accepted, while hypothesisgHnust be rejected. Figure 4

depicts the changes in urine creatine over the caditbe study.

Table 10

Urine Values

Variable Session Cr Group Pl Group Time Effect Group Effect Group x Time
(x SD) (x SD) p-level p-level p-level
Urine Day 1 249 (73) 473 (719) - - -
Creatine
(LM)

Day 4 27833 (5933) 209 (132) - - -
Day 8 23716 (11168) 197 (107) - - -
Day 15 4521 (2302) 152 (64) - - -
Day 22 5529 (3410) 202 (118) - - -
Day 29 4751 (4722) 238 (160) - - -

Day 36 8214 (6524) 225 (141) - - -

Day 50 648 (607) 213 (95) - - -
Day 64 531 (567) 260 (112) *0.01 *0.002 *0.01

Urine Day 1 135 (62) 118 (75) - - -

Creatinine
(mg/dL)

Day 4 157 (62) 89 (68) - - -
Day 8 150 (129) 96 (68) - - )
Day 15 338 (218) 83 (33) - - -
Day 22 135 (41) 94 (55) - - )

(table continues)
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Variable Session Cr Group Pl Group Time Effect Group Effect Group x Time

(x SD) (= SD) p-level p-level p-level
Day 29 180 (74) 148 (115) - - -
Day 36 164 (54) 104 (66) - - -
Day 50 193 (65) 118 (63) - - -
Day 64 161 (69) 144 (76) 0.19 34 0.15

Note: This data represents the average urinary eeepdirameters of all participants that completed the

study. Data are expressed as means * SD. Signifioagmtfid/or time x group interactions contain an
asterisk.
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Figure 4 Changes in urine creatine over the course of the .study
A significant increase was observed in the Cr group {q@%).
Serum Values
Table 11 represents the average change (delta) in seeatinerand creatinine
values of both groups over the course of the study. s&talianalysis revealed no
significant interaction for serum creatinine (p = 0.btit a significant group x time

interaction for increased serum creatine in the Gugmwas found (p = 0.003).
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Therefore, hypothesisidis accepted, while hypothesigginust be rejected. Figure 5

depicts the changes in serum creatine over the colitee study.

Table 11

Serum Values

Variable Session  Cr Group PlGroup Time Effect Group Effect Group x Time
(x SD) (x SD) p-level p-level p-level
A Creatine (uM) Day 1 0 0 - - -
Day 4 54.7 -36.1 - - -
(126.6) (47.9)
Day 8 204.1 -11.0 - - -
(193.4) (76.6)

Day22 -20.0(717)  -77.8 - - -

(91.3)
Day 36 23.2(81.1) -44.7 - - -
(87.8)
Day 64 -13.4(86.2) -28.4 *0.05 0.09 *0.003
(122.0)
A Creatinine Day 1 0 0 - - -

(mg/dL)
Day4 1.24(0.28) 1.01(0.22) - - -
Day8 1.26(0.18) 1.10(0.13) - - -
Day 22 1.29(0.20) 1.16(0.22) - - -
Day 36 1.32(0.15) 1.04(0.31) - - -

Day64 1.23(0.11) 1.17(0.12) 0.54 0.18 0.14

Note: This data represents the average serum creatiameters of all participants that completed the
study. Data are expressed as means * SD. Signifioagmtfid/or time x group interactions contain an
asterisk.
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Figure 5 Changes in serum creatinguM) over the course of the study.
A significant increase was observed in the Cr group iqpe3).
Skeletal Muscle Measures

Table 12 represents the average skeletal muscle meatbothk groups over the
course of the study. Statistical analysis revealed mifisgnt interaction for total
muscle Cr (p = 0.85), total muscle Cr % from baseline (p = 0&9 mRNA content
(p = 0.78), CrtT mRNA expression as % from baseline ¢p33), CrT protein content
(p = 0.36), or CrT protein content as % from baselire (p60). Main effects for group
were found in CrT mRNA content (p = 0.004) and CrT protemtent (p < 0.001).
Independent t-tests reveal that the baseline meanayat [r each of these variables
were different between groups (p = 0.02 & p = 0.01, respégtiveVhen expressed as
percent deviation from baseline, the main effects fougre no longer present.
Hypothesis H must be rejected as intramuscular levels of Cr didnooease with Cr

supplementation. Hypotheses &hd H, are accepted as there was no significant
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difference in CrT mRNA or protein expression foungpetively, with Cr

supplementation.

Table 12

Skeletal Muscle Measures

Variable Session  Cr Group Pl Group Time Group Group x Time
(x SD) (x SD) Effect Effect p-level
p-level p-level
Total Muscle Cr Dayl 67.1(31.9) 95.7(73.9) - - -
(mmol/kg dry wt)
Day8 72.4(33.7) 72.4(37.2) - - -
Day 22 101.8(51.8) 79.2(36.4) - - -
Day 36 84.5(45.8) 85.9 (60.5) - - -
Day 64 71.1(40.7) 81.2(27.8) 0.90 0.73 0.77
Muscle Phospho Cr Day1  46.2(19.7) 58.2 (47.4)
(mmol/kg dry wt)
Day8 50.7(22.0) 45.0 (22.4)
Day22 73.3(46.8) 45.9(21.3)
Day36 57.5(30.8) 51.8(36.7)
Day 64 47.8(23.2) 46.2(18.8) 0.86 0.43 0.67
Muscle Free Cr Dayl 20.9(12.8) 37.5(27.4)
(mmol/kg dry wt)
Day8 21.7(13.3) 27.4(15.2)
Day22 28.6(8.8) 33.2(15.3)
Day 36 26.4(15.6) 34.0(24.1)
Day 64 23.3(18.9) 35.0(12.9) 0.92 0.10 0.92
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Variable Session  Cr Group Pl Group Time Group Group x Time
(x SD) (x SD) Effect Effect p-level
p-level p-level
CrT mRNA Content Day1l 0.89(0.11) 0.74 (0.08) - - R
Day8 0.85(0.06) 0.75(0.05) - - -
Day 22 0.83(0.09) 0.74 (0.06) - - -
Day 36 0.84(0.10) 0.71(0.07) - - -
Day 64 0.82(0.12) 0.71(0.07) 0.18 *0.004 0.78
CrT mRNA % from Day 1 0 0 - - -
Baseline
Day8 0.3(10.9) -2.3(6.0) - .
Day 22 2.6 (14.3) -1.2(6.1) - -
Day 36 2.0(16.8) 4.3 (4.3) - -
Day 64 5.0(19.1)  1.9(10.5) 0.16 0.72 0.93
CrT Protein Content Day1 0.062 (0.01) 0.076 (0.02) - - -
Day8 0.061 (0.01) 0.097 (0.07) - - -
Day 22 0.062(0.01) 0.090 (0.06) - - -
Day 36 0.062 (0.01) 0.078 (0.04) - - -
Day 64 0.064 (0.01) 0.077 (0.05) 0.33 *<0.001 0.36
CrT Content % from Day 1 0 0 - - -
Baseline
Day 8 -1.9 (16.7) 27.4 (57.4) - - -
Day 22 -0.6(15.4) 22.8 (76.3) - - -
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Variable Session  Cr Group Pl Group Time Group Group x Time
(x SD) (x SD) Effect Effect p-level
p-level p-level
Day36 -0.3(12.6) 8.0(51.5) - - -
Day 64 5.3(16.6) 4.7 (49.2) 0.61 0.52 0.60

Note: This data represents the average muscle creathereatine transporter parameters of all

participants that completed the study. Data are exprassegans + SD.
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CHAPTER FIVE

Discussion

The purpose of this study was to conduct a preliminargnavedion of the effects
of a typical creatine monohydrate supplementation regonethe activity of the creatine
transporter at the transcriptional and translatioegls in resistance-trained males. In
order to properly evaluate these attributes, it was de@emgksary to attempt to
normalize the amount of creatine exposed to the sketetscle of each participant. It
was similarly desirable to approximate a standard ceedbising regimen in parallel.
This was achieved by prescribing doses of Cr unique to eactigeantithat were
determined by their respective fat-free body massethidmanner, the creatine group
consumed on average 18.8 g/d for a loading phase of oike fob@wed by an average
of 4.77 g/d for a maintenance phase of four weeks. Thess dtosely approach the
paradigm doses of 20 g/d and 5 g/d for loading and maintednases, respectively

(Harris, 1992; Greenhaff, 1994; Volek, 1996; Preen, 2003).

Significant Changes in Body Composition and Strength
Previous studies have indicated that similar consumpficreatine coupled with
resistance exercise significantly improves body contjpmsand fat free mass, as well as
muscular strength (Greenhaff, 1994; Rawson, 2003). As eghege found a significant
group X time interaction for total body weight and Ié&maily mass, both of which were
significantly elevated in the Cr group. We did not fingraup x time interaction for

percent body fat (p = 0.13); however, statistical asialsevealed a low to moderate
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effect size percent body fat decrease in the Cr groep0(83). There was a significant
increase in intracellular fluid and total body watethia Cr group, while there was no
group x time interaction for extracellular water, tteg extracellular:intracellular and
extracellular:total ratios. Furthermore, when totadypwater is expressed relative to
body weight, there is no longer a group x time intéoagresent (p = 0.07). These
findings coincide with a previous study (Powers, 2003), wiiand that similar Cr
loading and maintenance increased total body water wititaring overall fluid
distribution.

As shown in figure 3, there was a significant increass time in muscular
strength for both groups, as measured by leg press 1-RM stidngth increase in both
groups was expected as a consequence of the periodizédn@sigaining program
(Rawson, 2003). The mean strength gain for the Cr grosplv + 26.9 kg, while the
mean strength gain for the Pl group was 25.7 £ 17.7 kg, attek gbfference in strength
gains between groups was 15.5 kg. However, Cr supplementailed to confer an
additional strength increase beyond the Pl group (p =.03tHtistical analysis revealed
a moderate effect-size increase for leg press 1-RMei€thgroup (d = 0.51). This
suggests that additional participants might have provided aiespadistical power to
reveal a significantly greater strength gain in thg@up, which would coincide with
previous research that demonstrates additional strengdmeats from Cr
supplementation (Earnest, 1995; Volek, 1996; Rawson, 2003).

The participants were instructed to maintain their nbrmaed diets for the
duration of the study, and there were no group x timeaotens for daily calorie,

carbohydrate, protein, and fat intakes. It is theredioii&kely that dietary intake exerted
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any influence on these strength measures. There veere@ldifferences between
groups for upper body training volume, lower body training veluan total training
volume, which suggests that the training stimulus betweasupgrwas not different. As
mentioned previously, all participants submitted complet&dihg logs at the end of the
study, and compliance to the resistance training protocokasured by these training
logs and verbal communication approached one hundred pefdestraining logs
included self-reported weights lifted, which were subsequesty to calculate training
volume for the duration of the study. It is feasilbiattsome participants did not comply
fully with the resistance training protocol, despite @adling otherwise, or incorrectly
reported weights lifted, which would have introduced inaccesaa the calculation of
training volumes.

It is likely that the study did not contain enough pgptcits to discern differences
in strength between groups. If the sample size waethtbo small, the statistical power
of the study becomes inadequate, and the likelihood ofnmaktype Il error increases.
Statistical analysis revealed a moderate effectfsizieg press 1-RM. As such, the
probability of detecting a meaningful effect and makingmect rejection of hypothesis
Hs is less than optimal. It is evident that it woulddndeen beneficial to include more
participants in this study. We did not run any expliciivpoor effect calculations prior
to the study to determine the adequate sample size to ackissfable statistical power.
Based on our laboratory’s previous experience with studielving muscle biopsy
collections and three groups, 10 participants in each groufdwald moderate
statistical power (power = 0.84) and effect size (d = 1.3%herefore, using a two group

design it was determined that a group size of n = 12 wouldds®nable to achieve
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noteworthy results and yet still be feasible from digi@ant recruitment standpoint.
However, this study fell short of that number, with niaeticipants comprising the
creatine group and ten participants comprising the placehggalthough our reduced
sample size was not for a lack of participant recruitménpost hoc power calculation
reveals that in order to detect a statistically sigaiit difference in strength gain of 15.5
kg with a standard deviation of 23.3 kg and a power equal to Og&r8dipants per

group would have been necessary.

Significant Changes in Urine and Serum Creatine

In a study that provided a loading dosage of 0.1 g Cr/kg ledy ipass/d, as
determined by skinfold measurement, 46% of ingested Cr xeasted in the urine after
the first 24 hours of supplementation, with no requiditgnges in creatinine excretion
(Burke et al., 2001). Our participants ingested approximétede times that amount of
Cr during the loading phase, and after three days of supplation, urine Cr
concentrations had increased over 1000-fold from baselinks Jerel remained similarly
elevated after one week of supplementatida.a result, statistical analysis revealed a
significant group x time effect for urinary Cr to be @td. On the contrary, there was
no significant increase in urinary creatinine. Théseirfigs are similar to recent studies
which showed increases in urinary Cr but not in urinaggtinine (Powers, 2003;
Syrotuik, 2004). We did not record urine volume during the stanly,so we are unable
to express by mass what amount of ingested Cr was beingiexat this point.

In tandem, serum Cr concentrations were significaglidyated from baseline at
three days and at one week of supplementation, as svaflthe end of the maintenance

phase of the Cr supplementation. Statistical anatgssaled a significant group x time
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interaction for serum Cr to be elevated in the Cr gra@pnversely, there was no
significant group x time interaction for serum creamni These findings provide an
indication that the exogenous Cr supplementation effggtincreased Cr concentration
within the circulation, augmenting the Cr pool that \eaailable to the skeletal muscle

for uptake, which coincides with recent studies (Schedel, F&8inson, 2000).

Non-significant Changes in Intramuscular Creatine

Unlike numerous other studies (Harris, 1992; Greenhaff, 1994yCE3@6;
Hultman, 1996; Snow, 1998; Burke, 2003; Watt, 2004), we did not findCtha
supplementation significantly increased free Cr (p = Of@®)sphocreatine (p=0.67), or
total Cr (p = 0.77) . Our supplement protocol was quite airtfile protocols of these
comparable studies, and supplementation effectively teld\s®erum concentrations of Cr,
which suggests the possibility that our result is erronetitsppears that the
intramuscular Cr data contain substantial measureearemts. For the total Cr
measurements, the coefficients of variation at indivitioee points range from 34-77%,
while the coefficients of variation for PCr rangerfrd1-72%, and the coefficients of
variation for free Cr range from 37-82%. These measurtna® not compare favorably
with recent studies, which report coefficients of vaoia for the same measurements in
the range of 3-8% (Snow, 1998; Watt, 2004). This indicateghadagree of variability
in the assays performed, and as such, it is dubioustabl#smw conclusions from these
data.

In the present study we had only 0.5-3.0 mg of powdered musxlalde per
sample for metabolite extraction and subsequent Qysasawith many samples falling

towards the lower end of that range, while others usetuak as 5-10 mg of powdered
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muscle for their extractions (Burke, 2003). The raw dateamme of the intramuscular
Cr assay provides the concentration of Cr found in xb@etion buffer. Because
different masses of powdered muscle tissue were usedébrsample, the Cr
concentrations of the extraction buffer were dividedhgypowdered muscle mass used
in order to normalize Cr concentration per unit of musaaht. The powdered muscle
mass acts as the denominator in a fraction that dietesrmeasured intramuscular Cr
concentrations, and since the masses used in our studyamsiderably smaller, there is
by virtue of the mathematics a lesser degree of predimbmeen the measured value and
actual value. This artifact from the calculation rhaye introduced measurement error,
thereby confounding the results of the assay, and possdsking any statistical trends.
Additionally, in preparing our wet tissue samples for Qalgsis, we dried them
under a SpeedVac overnight. The temperature of this appasatot controlled, and
although the vacuum likely reduced the environment to lessrtbom temperature, the
samples did not remain frozen during the drying processhaydvere exposed to the
open atmosphere. It is possible that a substantial mnodthe Cr contained within the
tissue samples was degraded, or that the sample wawistheontaminatedPrevious
studies have lyophilized their muscle samples prior t@badite extraction and analysis
(Burke, 2003; Watt, 2004). We did not have the capabilitiesetzé dry the tissue
samples, and so we chose a method that approximatedtesgrperhaps inadequately
so. In hindsight, it may have been ideal to directhywger the tissue samples under
liquid nitrogen, which would have maintained the integrityhaf metabolic state of the
tissue at the point of the biopsy, or to use frozen tiasdeexpress the Cr values relative

to muscle wet weight. We were admittedly naive ingifeeess of extracting Cr from
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skeletal muscle tissue for analysis, and it would haveesl us well to familiarize
ourselves with the proper techniques prior to utilizingsamples by comparing the
results from the dried and wet muscle techniquAs.a result, we must conclude that
substantial measurement error may have obscured any tieremiiies in intramuscular

Cr content.

Non-significant Changes in CrT mRNA and Protein

We failed to find any group x time interaction for CrT WRtranscription levels.
Statistical analysis did reveal a significant main@ffer group where CrT mRNA
transcription levels were elevated in the Cr group. él@s, an independent t-test
reveals that the baseline means for this variable diéfiezent (p = 0.02). Because these
participants were drawn from a relatively homogenous ptipalaand placed randomly
into groups, we have no reason to believe that an atiftedence in baseline values
exists. When expressed as percent deviation from basiiengroup effect is no longer
present (p = 0.72), and there is still no group x timeacten (p = 0.93). Itis likely that
this difference in baseline means is due to interagsagtions. The mRNA data was
generated from two separate RT-PCR reactions, oné&iohwontained a full
complement of samples from the Cr group, and the athehich contained a full
complement of samples from the Pl group. In retrostesbuld have been ideal to
include an internal standard in both reactions, in oappropriately relate the results
of the assay across groups, or alternatively, to haheded an equal number of samples
from each group in the RT-PCR reactions in order to remhieeassay variability.

There is a sparse amount of existing data regarding tlsébfgesr expected

outcomes of exogenous Cr supplementation on the tranisarlevels of the CrT gene in
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humans. As such, we hypothesized that no differencesivibeuiound and we have no
reason to reject that hypothesis.

Murphy et al. demonstrated that there is no differend@sal CrT mRNA
transcription levels between healthy young males andhyegdung females, but did not
expose their participants to any type of Cr supplement@iturphy, 2003).

Tarnopolsky’s group conducted a pair of studies whiclmaém mimic the aims
of our study, the first of which addresses CrT mRNA aainf@llowing a loading period
of Cr supplementation (Tarnopolsky et al, 2003). Thirtgmg moderately active men
and fourteen young moderately active women consumed &dase of 4 x 5 g/d for five
days, followed by a maintenance dose of 5 g/d for 3-4 d&jgs.participants consumed
the supplement with milk, juice, or similar carbohydratetaining beverage. Muscle
biopsies were collected pre- and post- supplementation, BRIIR was performed
using 18S ribosomal RNA as an internal control. AlthoGglsupplementation increased
intramuscular Cr content in a similar manner in kbghmales and females, no
differences in CrT gene transcription were identified.

Murphy et al. recently validated the useedctin as a housekeeping gene to
study gene expression in human skeletal muscle, particulaesponse to nutritional
supplements and/or exercise interventions that mightahgseeletal muscle metabolism
(Murphy, 2002). This provides for a gene that is constitutisely equally expressed
among all individuals regardless of supplementation onietgion. We employefl-
actin as an internal control in our RT-PCR reactionsormalize for any possible
induction of the CrT gene during the study. It is feadite using3-actin and not 18S

RNA as the internal control may be more ideal Far purposes of measuring CrT gene
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transcription in human skeletal muscle. CrT genestnaption levels were, therefore,
expressed as a ratio of CrT mRNA transcript amoufitaotin mRNA amount. Despite
the differences in internal control, neither ours ther Tarnopolsky study found any
induction of the CrT gene following a loading phase o$@pplementation.
Furthermore, our study was carried out beyond a loadingephad similarly no
induction of the CrT gene was identified during the mainteaar washout phases.

Watt et. al similarly utilize@-actin as an internal control in RT-PCR while
measuring CrT mRNA content (Watt et. al, 2004). Inshigly, seven vegetarians and
seven non-vegetarians consumed either 0.4 g/kg body weightglacebo for five days
in a crossover design. Muscle biopsies were colleatdgnd post- supplement, as well
as at 1 day following the beginning of the supplementatiGegetarianism did not affect
CrT gene transcription, but when data from both groups weoled, a significant
treatment by time interaction was found where CrTstaption levels were significantly
elevated at 1 day, but returned to baseline at 5 days.

Certain genes found to be inducible in human skeletal Imosspond relatively
quickly to a stimulus, often within two days or lesserawhich the transcription of the
gene returns to basal levels (Willoughby, 2002; Yang, 2006; L20@&7). In our study,
we took a baseline muscle tissue sample prior to aderimg the supplement, and then
did not collect another muscle tissue sample untit aftell week of Cr supplementation.
It may be possible that the Cr supplementation indeecedltranscription of the CrT
gene within the first few days of supplementation, batitiduction of the CrT gene had
waned and the CrT mRNA transcript level had returnedsaldevels by the time the

second tissue sample was collected one week latéhisimanner, it is possible that the
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timing of our tissue sampling was inadequate to detect angt@tes in gene
transcription, which are generally transient and resperisi acute changes, but may not
be apparent with chronic exposure to a stimulus. Everlironic stimulus of an
inducible gene resulted in a varied expression of thettgeyee, the transcription activity
required to maintain the varied expression would likelydodifferent than in a non-
perturbed state, as the turnover of the target proteutdwmesumably occur at the same
rate. In light of recent findings, it would certainly tseinterest to more precisely
evaluate CrT gene transcription at shorter intervalsxguhe loading phase of Cr
supplementation.

Herein we report one of the first attempts at idemdyalterations in CrT protein
expression levels in humans given an exogenous Cr supplémaughout a standard
supplementation protocol. With an outcome analogous t&€oUmMRNA expression
data, we failed to find any group x time effect for CrT pioicontent. Statistical
analysis revealed a significant main effect for groupene CrT protein expression was
elevated in the Pl group (p < 0.001). However, an indepétdest shows that the
baseline means for CrT expression levels are dift¢per 0.01). When expressed as
percent deviation from baseline, this group effect is(lost 0.52), and there is still no
group X time interaction (p = 0.60). Similar to the @nMRNA data, the CrT protein
expression data were generated from two separate agdaye the first assay included
all samples from the Cr group, while the second assaydied all samples form the Pl
group. As such, it is likely that this group effect isoasequence of interassay

variability, and not a true statistical difference.
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Murphy et al. demonstrated that total Cr content and Gyliejor expression
levels, as measured by Western blot, do not differ betwealthy young males and
females (Murphy, 2003). However, this was a descriptive sandydid not involve a
treatment or Cr supplementation.

Another study from Tarnopolsky’s group evaluated CrT pnotentent in a
manner similar to ours (Tarnopolsky, 2003). Nineteen naddiractive young men
participated in eight weeks of supervised resistance traamdgonsumed 10 g Cr + 75 g
dextrose for 6 d/wk over the eight week period. Musclpdies were collected pre- and
post- supplementation. Neither supplementation nottaess training altered CrT
protein content, although supplementation did significantiyease total intramuscular
Cr concentration.

Boehm (Boehm et al., 2003) measured CrT kinetics and cantpatfused rat
hearts of animals fed a diet for six weeks containitigeei3% Cr, 1.59%-
guanidinoproprionic acid (a Cr analog that competitively blddg), or placebo. They
noted that Cr supplementation reduced transport activiBrofoy ~27%, as well as
plasma membrane CrT content by ~35%, although the totap@sTremained
unchanged. Furthermore, theguanidinoproprionic acid effectively reduced
intramuscular Cr content by >80%, despite the trangmbtity of CrT being enhanced
by ~62%, and plasma membrane CrT content increased tivefgain, the total CrT
pool remained unchanged. This suggests that in rat cardigtagomtramuscular Cr
content is determined by the content and activity optasma membrane CrT isoform.

These experiments utilized Western blots to determinecGnient, and thus

differentiated between plasma membrane and mitocreinsioforms due to their varying
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molecular weights of 72 kDa and 52 kDa, respectively. uimeaperiment, the ELISA
analysis did not allow for differentiation betweenrGsoforms because the anti-CrT
antibody cross-reacts with both membrane-bound ancchatalrial CrT antigen.

Boehm noted that the content of the plasma memli2ahésoform was much less (>10
times) than the total CrT content. In this respdwet, ELISA technique was insensitive to
possible alterations in plasma membrane CrT contehguadh our finding that there was
no change in total CrT content with Cr supplementatdn agreement with Boehm'’s
findings. Admittedly, it would have been ideal to ia&l Western blotting to distinguish
the CrT isoforms, but in the interest of time andntsre robust assay throughput, we
chose to utilize the ELISA technique. It is possibkg thur treatment in fact induced
specific alterations in plasma membrane CrT contrritthe ELISA was inadequate to
detect such variations.

A similar experiment (Brault et al, 2003) either sup@atad rats with a 1% Cr
diet for 7 weeks or utilized 1%-guanidinoproprionic acid to deplete intramuscular Cr
content for 7 weeks, after which some rats were regplaith 3.5 weeks of 1% Cr
supplementation. Intramuscular Cr content, uptakeé Gait protein expression in the
soleus, red gastrocnemius, and white gastrocnemius musariesneasured. Creatine
supplementation failed to elicit any changes in CrT pnatgpression as measured at 1,
3, 5, and 7 weeks of supplementation. Creatine uptake wthe gastrocnemius
significantly decreased with supplementation.

B-GPA supplementation caused a significant accumulafirGPA and a
concomitant reduction of intramuscular Cr to ~15% ofb&s/els in all fiber types.

With subsequent Cr supplementation, intramuscular Creyg@snished at the same rate
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in each fiber type, and returned to near-basal levelsn\&.5 weeks. The Cr depletion
by B-GPA corresponded to a 1.9-2.5 fold increase in CrT pretginession. However,
subsequent repletion by 1% Cr supplementation did not altedace the elevated
expression levels of CrT. Creatine uptake rates signifig increased in the soleus and
red gastrocnemius during the Cr depletion, but did not charitpe white
gastrocnemius. With subsequent Cr repletion, the oeeaptake rates decreased to near-
basal levels within 3.5 weeks in the soleus and red gastmaas. These findings
suggest that perturbations in intramuscular Cr levédsaCr uptake rates into the
sarcolemma, and that these effects are observed anmghly oxidative muscle fiber
types as those found in the soleus and red gastrocnemiusytn the less oxidative
white gastrocnemius. Creatine uptake rates were detetimyneonstant hindlimb
perfusion of }*C] Cr at concentrations well above thg &f the transporter, and so
extracellular Cr availability is not likely the causkthis divergent phenomenon.

Our tissue samples for CrT analysis were obtained frenvatus lateralis, which
contains approximately 57% type Il muscle fibers (Hakki2&01). Brault’s data
suggests that this muscle may be more resistant totatera Cr uptake than a more
oxidative muscle such as the soleus. However, we didepléte and subsequently
replete intramuscular Cr as Brault did. Boehm found @naupplementation reduced Cr
transport by ~27%, but this was in perfused rat hearts, velhehomprised of highly
oxidative tissue. It is unclear how Cr uptake levetsadfected by supplementation in
less oxidative fiber types, and so the Cr metabolicistat the vastus lateralis may not be

indicative of whole body muscle adaptive uptake of supplezde@t.
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Intuitively, it would seem logical that CrT protein ¢ent might shift with
exposure to varying extracellular Cr concentrationgleficiency of circulating Cr
would require more import into the sarcolemma to mairthasal intramuscular Cr, and
therefore an increase in the number of available pahgroteins could effect that
change. Similarly, an excess of circulating Cr widikely dictate decreased import into
the sarcolemma, possibly by reducing the number of avatiasport proteins.
Interestingly, Brault’s study confirmed that CrT proteontent rose with Cr depletion,
but they did not observe the reverse outcome, aggubat exposure to elevated
extracellular Cr via 3.5 weeks of supplementation faibeetiuce CrT protein content,
although Cr uptake rates began to decrease in spite ofAkisuch, it appears that
modulation of CrT protein content is not a primary nagsém by which Cr uptake
increases in the face of reduced extracellular Cr.

In our study, significant increases in serum and urmeo@centrations,
particularly during the loading phase of supplementatidicate that the extracellular
Cr concentration was elevated by our dose of exogemeatre. The supplement
protocol did not attempt to deplete intramuscular Cr angesdid not expect to find an
increase in CrT protein content, but perhaps a decre&3d iprotein content, which
might mitigate Cr flux in the face of supraphysiologestracellular Cr levels.
Nonetheless, we found no differences in total CrT pnatentent. As mentioned
previously, our methods lacked the ability to differentizeveen the mitochondrial and
plasma membrane isoforms of CrT. It is apparentttieaplasma membrane isoform is
relatively less abundant, and it is possible that tudysmay have induced changes in

expression of the plasma membrane isoform but notiexpression of the

70



mitochondrial isoform, which would be rendered undetectapleur methods. As such,
we can only conclude that our supplementation failed to indoaeges in the total CrT
pool, but we cannot exclude the possibility that supplertientenay have induced
changes in the content of the plasma membrane mofohich presumably may have
influenced creatine kinetics and uptake in the face oferous creatine.

It would certainly be of interest to ascertain whaluehce CrT content and
activity has on basal intramuscular Cr levels and thebie responsiveness to Cr
supplementation. The existing data suggest that plasma eeenBrT content is
reduced in the face of additional exogenous Cr, whichespaonds with a decrease in Cr
uptake. It is unclear if the reduced uptake is a functidaveér transporters available at
the plasma membrane, or a saturable kinetic phenoménba vansporters themselves,
or perhaps a combination of the two. If the former @atplays a role, then it is possible
that variations in the regulation of plasma membi@rie content, via the processes of
gene transcription, expression, protein degradation, and sequgsmay account for
individual differences in responsiveness to Cr supplementatimfortunately, the
present study did not reveal any particular insight s tbgard, and the question

accordingly merits further investigation.

Conclusions
In summary, one week of Cr supplementation at 0.3 g/kgdedy mass
followed by four weeks of Cr supplementation at 0.075 g/kg tesly mass did not alter
any measured blood safety markers, and no adverse effeeseported by any of the
participants, so we conclude that the supplement had rat effoverall health. The

prescribed periodized resistance training protocol succhspfoimoted strength gains
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across groups, although Cr did not have an additive effestrength. There was a
moderate effect size for strength increase, and ttastas$ likely due to the study being
underpowered. As expected, the Cr supplement did elicifisemi gains in total body
mass, lean tissue mass, and total body water, witliteuing relative body water and
overall fluid distribution. Supplementation significanélevated serum Cr levels as well
as Cr excretion in the urine, which indicates adapgtamdling of exogenous creatine.
Contrary to other studies involving Cr supplementation asidtence training, our Cr
supplementation had no effect on muscular strengthtranmuscular Cr levels. We
believe that these discrepancies with the literaatedargely a result of an inadequate
number of participants to reveal the expected effectyattorespect to intramuscular Cr,
of a substantial measurement error caused by inappropaiatiirig of tissue samples
during analysis. By our measures, neither CrT mRNAstiaption levels nor total CrT
protein content were altered during the loading, maintenaara washout phases of the
Cr supplementation protocol. We suggest however, thatigplementation might yet
influence the transcription and subsequent expressithe @rT gene, in such a manner
that was undetectable by our sampling points or measuréeahniques, but may yet be

responsible for the adaptive Cr metabolism that oaesirssupplementation.
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