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“An Engineer? | had grown up amongst engineers,cauid remember the engineers of the
Twenties very well indeed: their open, shining lietes, their free and gentle humour, their
agility and breadth of thought, the ease with whtady shifted from one engineering field to
another, and for that matter, from technology toiaoconcerns and art. Then, too, they
personified good manners and delicacy of tastd:kvel speech that flowed evenly and was
free of uncultured words; one of them might playnasical instrument, another dabble in

painting; and their faces always bore a spiritoginnt.”

Aleksandr Solzhenitsyn in “The Gulag Archipelago’

“It's better to burn out, than to fade away.”
Neil Young, 1979 in ‘My My, Hey Hey (Out Of The B)i
Clancy Brown as ‘The Kurgen’, 1986 in ‘The Highland

Kurt Cobain, 1994 in his final communication.

“Do not go where the path may lead; go instead wh®ere is no path and leave a trail.”

Ralph Waldo Emerson
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ABSTRACT

Rugby union is a highly competitive and physicatlgmanding contact sport in which
successful outcomes rely, inherently, on strengtiwer, speed, and endurance. Resistance
training is a potent stimulus for skeletal musdlersgth and power adaptation, and training
stimuli and loads modulate adaptation. Adaptivepoeses are mediated by cellular and
molecular events, and actualised by alterationgene expression. The steroid hormones
testosterone and cortisol play a role in the adapprocess and subsequent training
outcomes. This thesis investigates strategiesdetio modify salivary hormone responses

and affect resistance training outcomes.

A literature review examined the cellular resporgeskeletal muscle tissue to
resistance exercise with attention focussed ontestesterone and cortisol mediate adaptive
outcomes. The acute testosterone and cortisol mespoto complex training were
investigated in Chapter Three. Sixteen rugby pkyerformed four exercise protocols in a
Cross-over manner: power-power; power-strengtiength-power; or strength-strength. The
most noteworthy responses were a small testosteztavation and a trivial elevation in
cortisol following the strength-power protocol, gegting that this exercise sequence elicited

an enhanced anabolic state compared to the otkeriex protocols.

An interaction between hormonal circadian rhythnmsl s&exercise stimulus was
investigated in Chapter Four. Eight rugby playeesfgrmed identical squat training over
four weeks either in the morning or in the aftemo&lear differences were observed
between pre- and post-exercise hormone concemsatiand the ratio of testosterone to
cortisol was elevated in the afternoon. Traininguted in similar increases in box squat

strength regardless of time performed; however geaker increased to a greater extent



Xi
when training was performed in the afternoon. Tdliservation suggested that circadian

rhythmicity has the potential to modulate spediiaptations to resistance exercise.

The effect of the ultradian pulsatility of testastee and cortisol, and their interaction
with the hormonal responses to physiological anglpsiogical stimuli, were investigated in
Chapter Five. Testosterone and cortisol conceotratof seven males were measured every
10 min between 0800 and 1600 h on three consecd#lys. Analysis was consistent with
episodic testosterone pulses on non-interventiys.da sprint intervention elicited a small
elevation in testosterone and this response coecklavith the change in testosterone
concentration in the 10 min prior to exercise. THhe testosterone response to exercise may
be related to the ultradian biorhythm. This intéicac could have important implications for

adaptation to exercise.

The ability of caffeine to modify the hormonal resge to exercise was investigated
in Chapter Six. A double-blinded, placebo contmbktudy with 24 athletes ingesting 0, 200,
400, or 800 mg doses of caffeine, assessed testnstand cortisol responses to resistance
exercise sessions. Exercise elevated testosteaowecaffeine enhanced this response in a
dose-dependent manner. However, caffeine also peadan elevation in cortisol, and thus
the anabolic effects of the testosterone increasg lve counteracted by the catabolic effects

of cortisol.

In conclusion, it has been demonstrated that varistrategies are capable of
modulating the testosterone and cortisol respomseexercise stimuli, and thus have

implications for subsequent adaptation and perfogea



CHAPTER ONE: INTRODUCTION

Rugby is considered the national sport of New Zwehldue to its widespread popularity,
participation, and media profile. Indeed, rugbgdsengrained in the national psychology of
New Zealand that it has been suggested that potorpences by the national team (the All
Blacks) are associated with negative economic oeygsions. The fact that a postgraduate
thesis out of the University of Otago (Walter, 2p0trestigated this economic phenomenon

demonstrates just how pervasive rugby union isewXealand culture.

The desire and necessity for successful competititeomes in professional sports
has resulted in a concerted effort to monitor andeustand the components that underpin
success. In the rugby codes the size and body afabke players are recognised as critical
components of high level performance. Furthermeteength and power performance has
been shown to differentiate between athletes démiht performance levels within contact
sports such as American football and rugby leadgug & Kraemer, 1991; Baker, 2002).
Baker went on to emphasise that rugby league @aglevuld “strive to increase strength and
power to attain NRL professional status in the fieityBaker, 2002). In rugby union, studies
have demonstrated that a range of both anthropmaetd physical performance variables
are able to distinguish between players of difigiievels (Quarrie et al., 1995). Training to
maximise lean body mass should contribute to ruggryormance due to the relationships
with strength and power measures described in elighy players (Crewther, Lowe,

Weatherby, Gill, & Keogh, 2009b).

The aims of resistance training (RT) are to inaeasength, power, and muscle
mass. As such, resistance exercises have beconmegmal part of training for athletes
participating in a wide range of professional spofthe physiological adaptations achieved
as a result of RT are actualised by changes in ggpeession which are partially mediated

by the endocrine response to the exercise stimiasistance exercise induces a range of
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physiological responses including an increase énathabolic hormone testosterone, as well
as the catabolic hormone cortisol (Kraemer & Ratsn2005). These steroid hormones have
been identified as being involved in the remodelnfiggkeletal muscle tissue (Storer et al.,
2003; Viru & Viru, 2004). Testosterone in partiaylas the primary anabolic hormone, has
been linked to strength and muscle gains in hunfBhasin et al., 1996; Bhasin et al., 1997;
Ramos, Frontera, Llopart, & Feliciano, 1998; Stawdfet al., 1999; Anawalt & Merriam,
2001). Indeed, research has demonstrated the witpbrtance of the interaction of
testosterone with androgen receptors as pharmacolidgckade of testosterone-specific
receptors suppresses exercise-induced hypertroprskedetal muscle (Inoue, Yamasaki,

Fushiki, Okada, & Sugimoto, 1994).

In terms of functional adaptation, Hansen and egilees (2001) have described a
larger relative increase in isometric strength wllea anabolic hormonal response was
enhanced by additional leg exercises (Hansen, KnorrKjeer, & Sjggaard, 2001). Staron
and co-workers (1994) have linked increases imgtheand muscle fibre transformation in
males to elevated serum testosterone levels (Strah, 1994). Testosterone administration
has also been reported to positively influence meusechitecture (Blazevich & Giorgi,
2001). In 2008, significant strength gains were destrated when exercise protocol
variables were prescribed based on individual agfivestosterone responses (Beaven, Cook,
& Gill, 2008a). Attenuation of the cortisol respent resistance training via nutritional
supplementation has also been associated with eatidag strength (Bird, Tarpenning, &
Marino, 2006b). These data taken together, demetestt link between acute exercise-
induced changes in these steroid hormone conciemsand improvements in the functional

adaptations associated with resistance training.

It is the intention in this thesis to further intigate practical interventions that have
the potential to maximise the functional gains @sistance exercise via hormone

manipulation. The three strategies are: modulatain prescribed exercise variables;
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understanding natural biorhythms; and supplemeamtdtrigure 1). For individual athletes, it
is intended that such strategies will enhance itrgirfficiency and functional adaptation;

and that this enhancement will ultimately translate quantifiable performance gains.

Formulate research
direction

l

LITERATURE REVIEW
Mediators of skeletal muscle adaptation

TESTOSTERONE CORTISOL

l

STRATEGIES FOR HORMONE MANIPULATION

VL

v
Exercise Variables Hormonal Biorhythms Supplementation

Study 4
Caffeine Ingestioh

Study 1
Complex Training

Study 2
Circadian Rhythnis

Study 3
Ultradian Rhythms

Figure 1. Overview of research project indicating stratedéesmodulating hormonal response to exercise.
!indicates papers that have been published.
Zindicates papers that have been accepted forcatiioin.

% indicates a manuscript that is being preparegdbmission.



1.0 Thesis organisation

This thesis consists of seven chapters. Chapteriswe review of the literature. It first

examines the molecular response of skeletal muss$ele to resistance exercise with
attention focussed on how testosterone and cortis@y modulate adaptive outcomes.
Chapters three, four, five and six are the expentaiestudies presented in the format of the
journals for which they were written, with the egtien that each is preceded by a brief
explanatory prelude rather than an abstract (idstéee abstracts are included in Appendix
F). Consequently, there is some repetition betwieemeview and experimental chapters. The
final chapter consists of general conclusions amagdtital recommendations. The appendices
present relevant peripheral material including infed consent forms, ethical approval

forms, and subject information sheets.



CHAPTER TWO: LITERATURE REVIEW

2.0 Purpose and Scope

The primary aim of all competitive sporting endeargis to achieve an optimal level of
performance in order to maximise successful outsorResparation and effective adaptation
to training are therefore crucial and consume lgrgrgods of time both prior to, and within,
competitive seasons. Adaptation occurs as a re$uhie cellular specialisation of skeletal
muscle fibres which enables remodeling of the nalscétructural makeup according to
alterations in functional demand. Load-dependedtranscle fibre type specific adaptations
demonstrate the enormous plasticity of human skletetiscle and the specificity of adaptive

responses.

Mechanical, metabolic, and growth factor stimulata muscle fibres are integrated
by cellular signaling pathways that are capablenoflulating the effects of exercise training
by influencing protein gene expression. The rotratl hormones play in skeletal muscle
tissue adaptation has received much attention laadise, and abuse, of knowledge gained
has been applied to enhance athletic performahcette intention of this review to discuss
the role of the steroid hormones testosterone antisol in adaptation, and to highlight the
importance of understanding the mechanisms thatutated gene expression to assist in

enhancing athletic performance.



2.1 Skeletal Muscle Adaptation

Skeletal muscle has the capacity for significanapdgtional plasticity in response to
increased, and decreased, activity (Parsons et2@0Q4; Bassel-Duby & Olson, 2006;
Spangenburg, 2009). This plasticity is readily obabkle in the dramatic alterations in
muscular force, velocity, and endurance in resptm&mposed demands. Strength training is
a potent stimulus for skeletal adaptation and ates a raft of cellular and molecular
processes that are necessary and essential toddpive process (Favier, Benoit, &
Freyssenet, 2008). The intensity, volume, and wjpeuscular contractions are important
determinants of functional adaptation (Kraemer &dReess, 2005; Tidball, 2005). The
mechanical, metabolic, and growth factor stimuli pifysical activity are integrated by
coordinated biochemical pathways. The integratiba @ariety of signals ultimately alters
gene expression and actualises skeletal musclefigaitins such as hypertrophy and shifts
in muscle fibre phenotype (Hood, Irrcher, Ljubici&€ Joseph, 2006). As a result,
understanding the mechanisms by which exercise uBtimediate specific muscular
adaptations is important for strength and conditigipractitioners whose aim is to maximise

adaptation and performance.

Muscular hypertrophy occurs when the rate of prossinthesis exceeds the rate of
proteolysis, resulting in an increase in the tataltractile muscle protein content (Tipton &
Wolfe, 2001; Hornberger & Esser, 2004). The firngpsin eukaryotic protein synthesis is
transcription in which RNA polymerase produces asseager RNA molecule using an
unwound DNA sequence as a blueprint (Figure 2)s Thessenger RNA molecule is then
transported through nuclear pores from the cellauscto the cytoplasm where ribosomes
produce proteins in a process called translatiootelh synthesis via translation proceeds in
three steps: initiation; elongation; and terminatioEach step in the transcription,
transportation, and translation of protein synthdsi subject to various levels of control

capable of inhibiting or enhancing gene expression.
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Reproduced with the kind permission of Terese Winslo 2001 Terese Winslow.

2.1.1 Mechanical Stimuli

The potent effects of resistance training on skeletuscle remodeling indicate the
important role of mechanical stimuli. Indeed, exs¥cprotocols designed to maximise
muscular hypertrophy are often characterised kgtivelly high mechanical deformation (i.e.
high volume and high load) (McDonagh & Davies, 1P84nportantly, Baar and Esser
(1999) demonstrated in a rat model that mecharlmadling increased the number of
ribosomes associated with messenger RNA and ietexgbrthis finding as an increase in
translation initiation (Baar & Esser, 1999). Indeatechanical loading is known to activate
anabolic cellular signaling pathways (Carson & WA€I00; Bodine et al., 2001; Hornberger,
Armstrong, Koh, Burkholder, & Esser, 2005; Tidbal005; Coffey & Hawley, 2007,
Burkholder, 2008; Spangenburg, 2009). Furthermdrés evident that muscle cells are
capable of distinguishing between different mectansignals and respond by activating

distinct and specific signaling pathways (A. Kum&haudhry, Reid, & Boriek, 2002;
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Hornberger, et al., 2005). Thus, skeletal musclelmaregarded as a mechanosensitive cell
type.

Specifically, mechanical loading of the muscle cakmbrane has been shown to
increase the phosphorylation of protein kinase EKt/fAKB) immediately after loading
(Nader & Esser, 2001) and this activation is “regaly involved” in regulating skeletal
muscle hypertrophy (Bodine, et al., 2001). Protkimase B acts by phosphorylating a
downstream target, the tuberous sclerosis compI&CJ, which relieves the inhibition on

the mammalian target of rapamycin (mTOR) complegyfe 3) (Ballou & Lin, 2008).

MECHANICAL LOADING

I ; }
SAlPK G-Prfteins SAC
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|
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|
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Figure 3. Mechanotransduction of protein synthesis.

SAP K =dress-activated protein kinases; G-proteiranije nucleotide-binding proteir8AC = stretch
activated ion channel$13-K = phosphoinosiide 3-kinase; Akt/PKB = proteindse B; PA=p hosphatidic
acid; FAC=focal adhesion complexes; TSC=tuberousrasis complex; MAPK =mitogen-activated
protein kinases; ??? = undefined mechahismMORC1 =mammalian target of rapamycin complex 1;
ERK = extracellular signaregulated kinase; [FF8 ribosomal S6 kinase. Arrows represent an actigastep
and a blocked line represents an inhibition.



MTOR is a serine/threonine kinase known to form thistinct complexes: mTOR
complex 1 (mTORC1) and mTOR complex 2 (ImMTORC?2) @idxejue, Theisen, & Francaux,
2005; Proud, 2007). mTORCL1 is a complex comprismOR, the regulatory associated
protein of mMTOR (raptor), and a G-protdirsubunit-like protein; and this complex is
susceptible to rapamycin inhibition. mMTORCL1 is deted by amino acids and controls
several components of translation initiation anobsome biogenesis (Gulati & Thomas,
2007; MacKenzie, Hamilton, Murray, & Baar, 2007)T@RC2 is a complex comprising of
MTOR and the rapamycin-insensitive companion of ®RT@nd has been reported to

modulate the organisation of the actin cytoskel¢eldicque, et al., 2005).

Activation of the mTORC1 complex results in an g&se in ribosomal S6 kinase
(p70°%9 phosphorylation that subsequently increases iprogynthesis by regulating
translation (Figure 3) (Baar & Esser, 1999; Bodieteal., 2001). Indeed, relationships have
been reported between p7Ophosphorylation and increases in muscle mass @adggh
(Baar & Esser, 1999; Terzis et al.,, 2008). Intengty, mMTOR phosphorylation has been
reported to be preferentially localised in type fitawes (Parkington, Siebert, LeBrasseur, &
Fielding, 2003). This observation may contributethe propensity of type Il fibres to

hypertrophy.

The precise mechanisms by which mechanotransduofigrotein synthesis occur
remain to be fully elucidated, however a numberregearchers have reported distinct
pathways. The mechanical loading of the lipid meambr via heterotrimeric guanine
nucleotide-binding protein (G-protein) subunitss leeen proposed to activate the Akt/PKB
pathway by signaling through a PI3-K (phosphoindsit3-kinase) dependent pathway
(Wymann & Pirola, 1998; Hornberger & Esser, 200dterestingly, both uni-axial and
multi-axial stretch induced an increase in Akt/PiKBosphorylation but only multi-axial

stretch induced p7® phosphorylation (Figure 3) (Hornberger, et al.,020 The
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mechanotransduction associated with multi-axi&@tskr occurred via a novel (and undefined)
direct signaling pathway that is independent of Ak&/PKB pathway, but is dependent on
the integrity of the actin cytoskeleton. Indeedamhacological inhibition of myosin-actin
interaction reduces translational activity and gemxgression in cultured cells (Soeno,

Shimada, & Obinata, 1999).

Focal adhesion complexes are large protein comsglthat connect the cytoskeleton
of a cell to the extracellular matrix (Spangenbu2§09). These complexes have been
reported to signal mechanical loading of skeletalsae via phosphorylation of focal
adhesion kinase (Gordon, Flick, & Booth, 2001) Wwhdirectly inactivates the tuberous
sclerosis complex (Figure 3) (Gan, Yoo, & Guan, &0nother Akt/PKB independent
pathway activated by mechanical loading has beentiited that involves the synthesis of
phosphatidic acid by phospholipase D (Hornbergealgt2006; O'Neil, Duffy, Frey, &
Hornberger, 2009). Interestingly, these studieshaported that phospholipase D is able to
bind with a-actinin within the z-band of skeletal muscle wherechanical load is
transmitted; and that phospholipase D inhibitionsigficient to prevent stretch-induced

activation of the mTOR complex.

Mitogen-activated protein (MAP) kinases have alserbreported to be activated in
response to mechanical loading and three paralighways have been described:
extracellular signal-regulated kinase, protein &;&8, and c-Jun-N-terminal kinases (JNKS)
(A. Kumar, et al., 2002). Interestingly, Martineannd Gardiner (2001) reported a quantitative
relationship between JNK phosphorylation and peakion (f = 0.89) that was independent
of contraction type. However, protein kinase 38 diK have been referred to as stress-
activated protein kinases and their activationbeen reported as being insufficient to induce
MTOR activation as inhibition of phospholipase Ddis stretch-induced mTOR activation
but not protein kinase 38 or JNK activation (O'Nei al., 2009). In contrast, extracellular

signal-regulated kinases can inhibit TSC, leadingupregulation of the mTOR pathway
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(Figure 3) (Ma, Chen, Erdjument-Bromage, TempstP&ndolfi, 2005; Sarbassov, Ali, &
Sabatini, 2005). Furthermore, extracellular sigeglated kinases are important for mTOR

activation through phosphorylation of the raptordecale (Carriére et al., 2008).

The activation of MAP kinases has been reportdoetonediated by stretch-activated
ion channels (McBride, 2003). Further work has regzba link between the function of these
ion channels and activation of the mTOR pathwaya(genburg & McBride, 2005). Indeed,
in an animal model, it has been demonstrated thatnpacological blockade of stretch-
activated ion channels “completely abrogated” biersf adaptations associated with

eccentric exercise and attenuated muscle mass (@itterfield & Best, 2009).

Interestingly, testosterone has been shown to aetithe mTOR pathway through
phosphorylation of extracellular signal-regulatéabkses (Figure 3) (Altamirano et al., 2009).
These authors established that the mTOR activdtyotestosterone in cardiomyocytes was
independent of androgen receptors. Furthermorg, Were able to demonstrate that*Ca
release from intracellular stores was “necessanyttie activation of the extracellular signal-
regulated kinases and subsequent cardiomyocyterthypley. It is worth noting that
researchers have previously demonstrated thatstestme increases intracellular “Ca
release and the phosphorylation of extracellulgnairegulated kinases in skeletal muscle
cells (Estrada, Espinosa, Muller, & Jaimovich, 20803ggesting a conserved mechanism for

cellular signaling.

It is apparent that skeletal muscles are mechasisen cells capable of
distinguishing between distinct deformation typ@snumber of mechanisms have been
identified as important in the mechanotransductsome of which are independent of the
PI3K-Akt/PKB, and even mTOR molecular pathways (ifgg 3). Indeed, stressors are
incapable of replicating physiological responsegnvhactin-myosin interactions are inhibited
(Soeno, et al., 1999). Thus, the importance ofngact and functional actin cytoskeleton has

been demonstrated for mechanotransduction of trigtisnal activity, gene expression, and



12
ultimately muscular adaptation. The steroid hormmstosterone is notable for its ability to

activate mTOC1 and thus influence adaptive outcomes

2.1.2 Metabolic Stimuli
The stimuli experienced by skeletal muscle duritg trepeated contractions

associated with resistance exercise are clearly linated to mechanical loading and
deformation. Muscular contractions will, amongstestthings: decrease the ATP/AMP ratio,
cause localised hypoxia, and induce a rapid inflatony response which results in
prostaglandin release. The metabolic effects ofamas contraction must be integrated and

interpreted into molecular signals that mediatéutal processes associated with adaptation.

Protein synthesis is an energy intensive processABe & Proud, 2002; Fujita et al.,
2007b) and as such, it makes sense from a biologgrapective to inhibit protein synthesis
during periods when energy levels are depletedivaibn of adenosine monophosphate-
activated protein kinase (AMPK) in response to erei@se in the ATP/AMP ratio is known
to suppress protein synthesis via TSC phosphooylatnd inhibition of the mTOR pathway
(Figure 4) (Ballou & Lin, 2008). This activation snaxplain the lack of muscle hypertrophy
seen as a result of endurance-type training, asnfl@ction may be inhibited in response
to reduced energy stores (Bolster, Crozier, Kimi&llefferson, 2002; Hardie & Sakamoto,

2006).

Interestingly, administration of 5-aminoimidazoledrboxyamide ribonucleotide
(AICAR), an AMPK agonist, is known to inhibit mTORBrugarolas et al., 2004) and
increase skeletal muscle glucose transport (B&sky & Olson, 2006). Furthermore, four
weeks of AICAR treatment acted as an exercise ninagid markedly enhanced endurance
performance in rats (44% increase in distance, #¥8ease in duration), even when no
endurance exercise was performed (Narkar et @8)2@ssuming that AMPK agonists like

AICAR are efficacious in humans, the implications fiuman health could be tremendous.
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Figure 4. Metabolic factors associated with protein synthesis

Akt/PKB =protein kinase B; TSC=tuberous sclerosismptex; ATP=adenosine triphosphate;
AMP =adenosine monophosphate; AMPK=adenosine morspgitate-activated protein kinase;
mMTORC1=mammalian target of rapamycin complex 1; SPZribosomal S6 kinase;

4E-BP1=-eukaryotic initiation factor 4E binding peot-1; elF4F=e ukaryotic initiation factor 4F;
PGFR,=prostaglandin J; NO=Nitric oxide; ERK=extracellular signal-regulatdghases. Arrows

represent an activating step and a blocked lineesgmts an inhibition.

Hypoxia associated with repeated contractions le [suggested as an important
signal in modulating muscular adaptation (Hoppé&erogt, 2001; Flick, 2006). In 2003, it
was demonstrated that hypoxia inhibits two of thevastream targets of mTOR: P78 and
eukaryotic initiation factor 4E binding protein-#H-BP1) (Arsham, Howell, & Simon,
2003). 4E-BP1 normally sequesters the eukaryotitailon factor 4E (elF4E), but
hyperphosphorylation of 4E-BP1 by mTOR releases itthibition of elF4E and allows it to
interact with the eukaryotic initiation factor 4Fhigh initiates translation via an activated

elF4F complex (Figure 4) (Spiering et al., 2008par®yenburg, 2009). It has been reported
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that mTOR inhibition under hypoxic conditions ispgadent on an intact tuberous sclerosis

complex and expression of the hypoxia-inducibleeg@®@EDD1 (Brugarolas, et al., 2004).

Interestingly though, training that artificially steicts blood flow (also known as
Kaatsu training) has been shown to cause dramggiertrophic gains in untrained (Abe et
al., 2005b; Abe, Kearns, & Sato, 2006) and traitdbe et al., 2005a) subjects. The
occlusion associated with this novel type of tnagnihas been shown to cause localised
hypoxia (Kawada, 2005). Such restriction of blotmf has been associated with marked
increases in the acute GH response to exercise edmpared to a control group (Abe, et al.,
2006; Reeves et al., 2006; Fujita et al., 200feyelases in basal levels of circulating IGF-1
resulting from two weeks of Kaatsu training havsoabeen reported (Abe, et al., 2005b).
Furthermore, blood restriction combined with lovieimsity resistance exercise has been
shown to increase the phosphorylation of downstriagets of mTOR, promote translation
elongation via eukaryotic elongation factor 2, andrease muscle protein synthesis as
measured by labeled amino acid incorporation (&ujdt al., 2007a). These data, taken
together, indicate that the increase in growthdiactlease associated with blood flow

restriction is capable of overcoming mTOR inhibitidue to hypoxia.

The enzyme cyclooxygenase 2 (COX-2) is known talgae¢ the production of
prostaglandins such as prostaglandip (PGF,) from arachidonic acid (Velica & Bunce,
2008). The importance of COX-2 pathway for hypgstry resulting from functional
overload has been demonstrated (Soltow et al.,)2@l6cking PGk, with non-steroidal
anti-inflammatory drugs has been reported to blprdtein synthesis after exercise (T.
Trappe, Fluckey, White, Lambert, & Evans, 2001AT Trappe et al., 2002). As such, PGF
has been reportetb be an important contributor to post-exercisetgiro synthesis (T.
Trappe, Raue, Williams, Carrithers, & Hickner, 20@8einheimer et al., 2007; Velica &
Bunce, 2008). Indeed, PGFhas been reported to activate f0and induce protein

synthesis via both PISK-Akt/PKB, and extracelluggnal-related kinase pathways (Figure
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4) (Rao et al., 1999). Interestingly, expressiorCQfX-2 is induced by nitric oxide and this

induction is suppressed by glucocorticoids (Honda.e2000).

Glucocorticoids are released in response to intereecise and function to suppress
protein synthesis (Viru & Viru, 2004). Indeed, iketetal muscle cells, glucocorticoids
inhibit protein synthetic rates by up to 30% (ShKimball, & Jefferson, 2000c). Further
work from this laboratory demonstrated that the atieg effects of glucocorticoids on
protein expression occur via pfdand 4E-BP-1, and independently of the PI3-K pathwa
(Figure 4) (Shah, Kimball, & Jefferson, 2000d). Gloorticoid attenuation of growth factor-
induced protein translation occurs within two howf administration and requires a
functional glucocorticoid receptor (Shah, et al00@d; Shah, Iniguez-Lluhi, Romanelli,
Kimball, & Jefferson, 2002). Indeed, glucocorticeidan exhibit both long and short term
effects to control protein synthesis via attenuatd translation initiation (short term), and

reduction in translational capacity (long term)#48het al., 2002).

Interestingly, suppression of the glucocorticoidp@nse to exercise via nutritional
intervention can influence the adaptive process mnatkedly enhance functional gains
(Tarpenning, Wiswell, Hawkins, & Marcell, 2001; Bjret al., 2006b; Bird, Tarpenning, &
Marino, 2006a). Specifically, when weight trainingiss combined with a 6% carbohydrate
supplement that effectively blunted acute cortigsdponse, greater gains (p < 0.05) were
apparent in both type | (19.1%) and type Il (22.5%)scle fibre area over a 12-wk period
compared to a control group (Tarpenning, et alQ120These researchers went on to show
that a supplement that combined essential amindsawgiith carbohydrates which also
effectively suppressed acute cortisol responsejymed even greater gains in muscle cross-
sectional area and strength over a 12-wk period tabohydrate supplementation alone

(Bird, et al., 2006b).

Thus, it is apparent that the metabolic effectexarcise are integrated by aspects of

the mTOR signaling pathway. Decreases in the ATHPAMLtio and muscle oxygenation,
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and/or increases in glucocorticoids levels, ar@rpreted as signs of increased energy
expenditure. This energy deficit results in theapsion of energy intensive processes, such
as protein synthesis. It is apparent that glucommds play an important role in mediating

the cellular processes associated with proteinh&gid and adaptive outcomes.

2.1.3 Growth Factor Stimuli
The cascade of events that lead to protein syrsthagsi reliably induced by growth

factors such as insulin and insulin-like growthtéacl (IGF-1) (Hayashi & Proud, 2007; G.
R. Adams, 2010; Frystyk, 2010). The release ofdtiastors triggers the Akt/PKB signaling
pathway (Hayashi & Proud, 2007; Spiering, et a00&a; Wilkinson et al., 2008). The
stimulation of the Akt/PKB pathway occurs via PI8Kich recruits Akt/PKB to the plasma

membrane where it is activated by phosphorylatBnugarolas, et al., 2004).

As mentioned previously, activation of Akt/PKB lsatb the phosphorylation of
mTOR which in turn phosphorylates two primary tasgep7G°¢ and 4E-BP1. Hyper-
phosphorylation of 4E-BP1 ultimately leads to amactement in translational efficiency,
protein synthesis, and skeletal muscle adaptatiantive formation of an active elF4F
complex (Shah, Anthony, Kimball, & Jefferson, 200&piering et al., 2008b). Akt/PKB
activation also deactivates glycogen synthase &inds(GSK-3), which subsequently
enhances protein translation via the eukaryotiagdtion factor 2 (Figure 5) (Glass, 2003;

Blomstrand, Eliasson, Karlsson, & Kéhnke, 2006).

IGF-1 has also been reported to induce an incremsetracellular C&" which is
associated with activation of the mTOR pathway esx#racellular signal-regulated kinases
(Espinosa, Estrada, & Jaimovich, 2004). Surprisirthough, it has been reported that a
functional IGF-1 receptor is not necessary for mas-induced phosphorylation of pf8
and muscle growth in mice (Spangenburg, Le RoitlardV& Bodine, 2008). Indeed, the
short-term effects of human growth hormone, insulind IGF-1 have been reported to be

“unnecessary” for the realisation of anabolic ele@@Rennie, 2007). Insulin does however
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appear to play an important role in inhibiting mlesprotein breakdown post-exercise (V.

Kumar, Atherton, Smith, & Rennie, 2009).
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Figure 5. Growth factor and amino acid stimulation of protsymthesis.

GH=human growth hormone; IGF-1 =insulin-like grovidittor 1; P13-K=phosphoinositide 3-kinase;
Akt/PKB =protein kinase B; GSK-3=glycogen synthaseake 3; TSC=tuberous sclerosis complex;
BCAAs=Dbranched-chain amino acids; Vps34=vacuolar otggn sorting mutant 34;
mMTORC1=mammalian target of rapamycin complex 1; SP7dibosomal S6 kinase; 4E-
BP1 =eukaryotic initiation factor 4E binding proteineEF2 = eukaryotic elongation factor 2. Arrows
represent an activating step and a blocked lineesgmts an inhibition.

Interestingly, oral leucine administration promop°®* phosphorylation (Anthony
et al., 2000; Deldicque, et al., 2005). The majathvay by which amino acids regulate
MTOR downstream signaling is distinct from the Iimsinitiated PI3K pathway and is not

dependent on TSC inhibition (Figure 5) (Nobukuni at 2005). These authors have
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demonstrated that the effect of amino acids on mCORomplex is mediated by the
vacuolar protein sorting mutant 34 (Vps34). Impotita mammalian Vps34 is increased
following resistance exercise and may act as aerniat amino acid sensor to mTOR

(MacKenzie, et al., 2007).

However, the phosphorylation of downstream targétsnTORC1 resulting from
leucine ingestion is only partially inhibited bypeamycin suggesting the contribution of an
mTOR-independent pathway (Deldicque, et al., 200%)human studies, branched-chain
amino acid ingestion, in combination with resistrexercise, has a “striking” effect on
p70°%¢ phosphorylation (Karlsson et al., 2004) but notk&S (Blomstrand, et al., 2006).
Furthermore, the ability of insulin to initiate peo gene expression is inhibited in human
skeletal muscle when amino acids are restricted.(Bell, Fujita, Cadenas, & Rasmussen,
2005), while protein synthesis is enhanced whennanacids are co-administered with

glucose (Rasmussen & Phillips, 2003; Bird, et200Q6b).

In summary, growth factors are capable of actigatine Akt/PKB pathway and
initiate protein gene expression. An important @i@mino acids in actualising the effects of
resistance exercise via translation initiation almhgation is also evident. Indeed, Deldicque
and colleagues (2005) concluded that amino acidsiign was “necessary to fully activate
protein muscle synthesis signaling in muscle” (xglde, et al., 2005). Thus, the signaling

pathways for growth factors and amino acids aréndisand complementary.
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2.2 Other Adaptive Mechanisms

It should be noted that the aforementioned mechjnimetabolic, and growth factor
responses are by no means the only physiologicehamsms for strength, power, and
muscular development. For example, human growthmboe (Kraemer et al., 1990;
Kraemer et al., 1991; Goto, Sato, & Takamatsu, 2@8ilios, Pilianidis, Karamouzis, &
Tokmakidis, 2003; Goto, Ishii, & Takamatsu, 2004&)¢d other hormones such as prolactin
(Bosco, Colli, Bonomi, Von Duvillard, & Viru, 200@nd Vitamin D (Buitrago, Vazquez, De
Boland, & Boland, 2001; Montero-Odasso & Duque, 200annell, Hollis, Sorenson, Tatft,
& Anderson, 2009) have been studied in order toetstdnd the mechanisms that control
muscular adaptation. The inflammatory responseytdkines such as leukemia inhibitory
factor and prostaglandins are also vital for musetgeneration and adaptation (Cantini et
al., 2002; Shen, Li, Zhu, Schwendener, & Huard,&20lica & Bunce, 2008; Spangenburg,
2009).p, adrenergic receptor agonists are also capablkcaing muscular hypertrophy and
changes in muscle fibre phenotype (Chang, 20074 .pFbtein myostatin is known to play an
important role as an inhibitor of muscular hypestrg (Roth & Walsh, 2004; Walker,
Kambadur, Sharma, & Smith, 2004; Favier, et alQ80The transcription factor forkhead
box O (FOXO) and proteolytic muscle-specific ubtquiligases also play key roles in
regulating muscular atrophy (Bassel-Duby & OlsodQ& Chang, 2007; Coffey & Hawley,
2007; Urso, 2009). Therefore, it is apparent thatremodeling of skeletal muscle tissue is
modulated by a plethora of interactions mediateahmwmical milieu, gene interactions, and
other myogenic regulatory factors. The exact meishamare complex and assimilate a range

of biological signals which remain to be fully eidated.
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2.3 Integrated Molecular Signaling Model

As a result of this review of the mechanical, metigh and growth factor responses that are
initiated by resistance exercise, it is evident gtaroid hormones play an important role in

modulating muscular adaptation to resistance eser@rigure 6). Downstream effects of

testosterone include the activation of extracettidgulated kinases and phosphorylation of
MTOR to induce hypertrophy (Altamirano, et al., 200t has also been demonstrated that
glucocorticoids can mediate the effects of resistaexercise by inhibiting p78 (Shah, et

al., 2000d) and upstream targets of extracellidgriated kinases (Honda, et al., 2000).

Resistance Exercise

} I }

Growth factors G-Proteins SAC

.

GSK-3 —Akt/PKB| «—— PI3K

- » FAC MAPK
T = A~

—— Hypoxia —

L | ATP/AMP 7 ERK «—— testosterone

v Leucine —»- \
e PGF
4E BP1 2a
\ \
Multi-axial stretch sek| rapamycin Active elF4F
P

\ / NO

[ glucocorticoids | Protein Synthesis [ glucocorticoids |

l

Skeletal Muscle Adaptation

Figure 6. Integrated model of hormonal interaction with malec signaling pathways associated with
skeletal muscle adaptation in response to resistaxercise.

G-proteins=guanine  nucleotide-binding  proteins;  SMA@etch-activated ion channels;
GSK-3=glycogen synthase kinase 3; Akt/PKB = protaimake B; PI3-K=phosphoinositide 3-kinase;
FAC =focal adhesion complexes; MAPK =mitogen-actidgpeotein kinases; TSC=tuberous sclerosis
complex; PA=phosphatidic acid; ATP=adenosine trggitate; AMP =adenosine monophosphate;
ERK=extracellular signal-regulated kinase; ??? =lefined mechanism; mTORC1=mammalian
target of rapamycin complex 1; 4E-BP1=eukaryotidtidtion factor 4E binding protein-1;

elF4F =eukaryotic initiation factor 4F; PGE prostaglandin §; p70°®=ribosomal S6 kinase;

NO =nitric oxide. Arrows represent an activatingpsésd a blocked line represents an inhibition.
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2.4 Steroid Hormones

Steroid hormones are relatively low-molecular weitybophilic compounds that originate
from cholesterol via a common series of biosyntheathways (Figure 7) (Miller, 1988).
The steroid hormone end products are determinethéycell type and a complement of
biosynthetic enzymes. These hormones are releagedénous circulation as soon as they
are synthesised by endocrine glands such as thadgoand the adrenal cortex, and are
capable of acting on target tissues such as skaetetscle and the central nervous system.
Steroid hormones are generally divided into grobpsed upon their biological actions;
mineralocorticoids, which regulate the salt balangaed maintain blood pressure;
glucocorticoids, which regulate carbohydrate meiabo and stress responses; estrogens,
which are primarily produced by the ovaries andula®g reproductive function and the
secondary sex characteristics of the female; am@midrogens, which are mainly synthesised

in the testes (Heikkild, 2002).
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Figure 7. Steroid hormone synthesis pathways.

DHEA=Dehydroepiandrosterone; P450%77-0-hydroxylase; 3HSD =3$-hydroxysteroid dehydrogenase;
17BHSD =178-hydroxysteroid dehydrogenase
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The androgen testosterone and the glucocorticaitisobare steroid hormones that
play a key role in regulating protein metabolisnd anuscle accretion, and as such are
considered crucial to the adaptive responses istaese exercise. The lipophilic properties
of testosterone and cortisol mean that the majafitthese hormones are bound to carrier
proteins in blood. This binding is both ‘specifiahd ‘non-specific’. Low affinity steroid
binding to albumin is unspecific and accounts f&@0% of the bound steroid, whereas
specific plasma proteins, more commonly referredsdinding globulins, account for ~40%
of the bound fraction. Sex hormone-binding glob&HBG) and cortisol-binding globulin
(CBG) are the specific carriers for testosterond aartisol respectively. The remaining
unbound steroid circulates freely and is refermedd the free steroid concentration (Bagatell

& Bremner, 1996; Marshall-Gradisnik, Green, BreRu\Veatherby, 2009).

Only the unbound steroid is able to diffuse throtigg cell membrane to initiate the
classical (genomic) hormone actions, and is thusdd biologically active (Rosner, 1991;
Excoffon, Guillaume, Woronoff-Lemsi, & Andre, 2009kenomic actions are so called as
they involve the steroid molecule entering the,cadlsociating with a specific receptor, and
influencing protein transcription and translatiaa interaction with the genome (Ldsel et al.,
2003). These actions are characterised by a relationg time frame and their sensitivity to
inhibitors of transcription. It is noteworthy thiadth testosterone and cortisol are capable of
exerting physiological effects via both genomic ammh-genomic effects. Non-genomic
effects occur independently of classical steroidragen receptor interactions and these
actions are often rapid (Zaki & Barrett-Jolley, 20&strada, et al., 2003; Losel, et al., 2003).
Steroid that is weakly bound to albumin is ableapidly dissociate in order to increase the
pool of free steroid depending on requirementsedual] research by Obminski (1998) has
demonstrated that the unbound fraction of testostelin human serum is synergistically

increased by hyperthermia and acidosis, condittonsmon to intensive exercise (Obminski,
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1998). The combined concentration of albumin-boand free steroid is often termed the

‘bioavailable’ steroid concentration.

Circulating concentrations of testosterone are aittarised by a circadian rhythm,
with the highest levels observed in the morning amddir in the late afternoon (Lévi et al.,
1988; Cooke, Mcintosh, & Mcintosh, 1993; Kraemerakt 2001; Diver, Imtiaz, Ahmad,
Vora, & Fraser, 2003). Kraemer (1988) has suggdsigidthe elevated morning testosterone
concentration may serve an anti-catabolic role ihglgo protect the muscle against the
proteolytic effect of cortisol on skeletal prot€lraemer, 1988). Circulating concentrations
of cortisol are also characterised by a diurnathriny with highest levels in the morning and
a nadir in the late afternoon (Lévi, et al., 19B&8nmanesh, Veldhuis, Johnson, & Lizarralde,
1990; Thuma, Gilders, Verdun, & Loucks, 1995; Diout Sharp, & Doherty, 2002;

Spiering, et al., 2008a).
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2.5 Testosterone

Testosterone (17-beta-hydroxyandrost-4-ene-3-orse)thie primary androgenic steroid

hormone and the most abundant naturally occurrimdycgen (Figure 8). Testosterone is
responsible for normal growth and development demsax organs, protein metabolism, and
maintenance of secondary sex characteristics (Blesl., 2001a). Some examples of these
characteristics are growth of body hair, beard @gnovwdeep voice, aggressiveness, and

increased libido (Martini & Welch, 2001).

e

Figure 8. Structure of testosterone: 17-beta-hydroxyandrestiet3-one.

2.5.1 Regulation
The secretion of testosterone is regulated by tlgpothalamic-Pituitary-Gonadal

(HPG) axis (Figure 9). The hypothalamus integraeripheral and central signals and acts to
control blood testosterone concentration via semredf gonadotropin-releasing hormone
(GnRH), also known as luteinizing hormone-releasihgrmone (Martini, 2001).
Hypothalamic GnRH containing neurons project tortedian eminence and release GnRH
pulses into the hypophysial portal blood (Jacksarehl, & Rhim, 1991). GnRH stimulates
the secretion of luteinizing hormone (LH) from thenadotroph cells of the anterior pituitary
into the blood in a pulsatile manner (Keenan et 2006; M. L. Johnson et al., 2008).
Luteinizing hormone in turn, stimulates the seoretof testosterone from the Leydig cells
located in the interstitium of the testes (MarnWelch, 2001; Stocco, 2001). The secretion

of testosterone is also known to be pulsatile itight coupling observed between LH and
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testosterone secretory events in young men (Veddbual., 1987b; Pincus et al., 1996; J.
Veldhuis, Keenan, Liu, & Iranmanesh, 2009). In thi®od, up to 98% of secreted
testosterone is bound in complexes with sex hornbamaing globulin or albumin (Loebel &
Kraemer, 1998; Hayes, 2000). Elevated blood legtlgstosterone inhibit subsequent HPG
activity via multiple negative feedback mechanismkese include a direct inhibition of
GnRH secretion from hypothalamic neurosecretoris ¢Blaechle, 1994; Viru & Viru, 2001)
and the direct inhibition of LH production from tlanterior lobe of the pituitary gland
(Figure 9) (Viru & Viru, 2001). Glucocorticoids aralso capable of exerting negative
feedback on the HPG axis by suppressing the pldsaiease of GnRH and LH (Waite,

Spiga, & Lightman, 2009).

Hypothalamus
Stimulation ’

AN
Inhibition ¥

» GnRH

Gonadotropin
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Testosterone

Testes
Sertoli cells
Leydig cells

Figure 9. Schematic representation of the male hypothalaitidtary-gonadal axis.

GnRH=gonadotropin-releasing hormone; LH=luteinizimymone; FSH=follicle stimulating hormone
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It should be noted that, both direct neural patlsMagtween the hypothalamus and
the testes (Selvage, Parsons, & Rivier, 2006),thedlirect actions of neurotransmitters and
neuropeptides on the testes, have been shownitwdiged in the regulation of testosterone
production. These include catecholamines (adremaimd noradrenaline), which stimulate
testosterone production via activationegfandp; adrenergic receptors; and potent inhibitors
of testosterone biosynthesis such as corticotragieasing hormone (CRH) and the

neurotransmitter serotonin (Frungieri, Zitta, Pigma, Gonzalez-Calvar, & Calandra, 2002).

2.5.2 Actions and Effects
Testosterone mediates protein biosynthesis viarnid specific androgen receptors

in the cytoplasm. These activated receptors thaerskocate to the nucleus where they bind to
androgen response elements in the promoter regbrspecific genes to induce RNA
transcription (Griggs et al., 1989; Marshall-Gragks et al., 2009). By increasing the
transcription of genes responsible for the synthedi contractile proteins many of the
anabolic effects of testosterone are realised (eses, Kraemer, Maresh, & Crivello, 1991;
Kadi, 2008). A metabolite of testosterone, dehyestusterone, is also a potent androgen as it
possesses a high affinity for the androgen recép@gatell & Bremner, 1996). Testosterone
induces the transcription of genes responsibleéhiferformation of red blood cells (Zitzmann
& Nieschlag, 2001), repair of cellular damage (V&Wwiru, 2001), increased bone density
(Gilsanz, Gibbens, & Roe, 1988), increases nitrogetention, and is associated with
increases lean body mass and strength (Kochak®&i, Bagatell & Bremner, 1996; Bhasin,
et al., 1997).

2.5.3 Adaptation and Athletic Performance

Testosterone as the primary anabolic steroid hoemloais been linked to strength and
muscle gain in humans. This relationship is bagsghwa number of observations including:
an increase in muscle growth in males at pubertgnMestosterone production increases

(Ramos, et al., 1998); the gradual loss of mus@sshand strength in ageing males that can
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be reversed by testosterone supplementation (AbafvaMerriam, 2001); testosterone
replacement increased fat-free mass and muscleirsibgpogonadal men (Bhasin, et al.,
1997); exogenous testosterone administration injuogtion with resistance exercise
positively influenced aspects of muscle architext@ssociated with force production
(Blazevich & Giorgi, 2001); ingestion of a modetgatsupraphysiologic dose of a synthetic
androgen in intact males resulted in greater sthermgd muscle gains from resistance
exercise (Strawford, et al., 1999); and pharmadoldidockade of testosterone-specific
receptors suppressed exercise-induced hypertropkketetal muscle (Inoue, et al., 1994).
Such observations have led Viru and Viru (Viru &W¥i2005) to conclude that endogenous
testosterone is “essential for myofibrillar hypepiny” and a “vital instigator” in the

remodeling of skeletal muscle (Allen, Roy, & Edgert1999).

2.5.3.1 Genomic Actions

One proposed mechanism by which testosteronettdesi the hypertrophy of muscle
fibres is the activation of satellite cells and f®motion of myonuclear accretion when
existing myonuclei become unable to sustain furteehancement of protein synthesis
(Niesler, Myburgh, & Moore, 2007; Kadi, 2008). Rasgh that has investigated testosterone-
induced muscle fibre hypertrophy, reported a daggeddent increase in muscle cross-
sectional area (Sinha-Hikim et al., 2002; SinhahHikRoth, Lee, & Bhasin, 2003). These
authors also observed an association between tistos and an increase in the number of
satellite cells and myonuclear number. These slaggest a role for testosterone in satellite
cell regulation either via an increase in sateltied replication, an inhibition of satellite cell

apoptosis, or an increase in the differentiatiostef cells towards a myogenic lineage.

Indeed, an article published in ‘Endocrinology’ demetrated that testosterone
regulated body composition by promoting the comraribrof mesenchymal pluripotent cells

into myogenic lineage and inhibiting the differatitbon into adipogenic lineage via an
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androgen receptor mediated pathway (Singh, Artaaglor, Gonzalez-Cadavid, & Bhasin,
2003). The regulation of pluripotent cells by tes¢oone provides a unifying explanation for
the reciprocal effects of testosterone on muscle fam mass. Indeed, hypogonadism is
associated with decreased muscle mass and incrizasedss (L. Katznelson et al., 1996; L.
Katznelson et al., 1998). Conversely, several ssidihave linked testosterone
supplementation with increases in fat-free massa¢bh et al., 1997; Bhasin, et al., 2001a),
as well as power and muscular strength (Bhasial.e1996; C. Wang et al., 1996; Bhasin,

Woodhouse, & Storer, 2001b; Herbst & Bhasin, 2004).

Interestingly, a 2004 review illustrated that, aligh testosterone improves maximal
muscle strength and power, it does not improve diwtractile properties of the muscle
(Herbst & Bhasin, 2004). That is, the functionalinga attributable to testosterone
administration are proportional to the degree okoular hypertrophy. Furthermore, it has
been noted that, unlike the known effects of rasis training, testosterone administration
did not alter the relative proportions of type Hagpe Il muscle fibres (Sinha-Hikim, et al.,
2002). These observations suggest that resistaageng and testosterone administration

operate via complementary, but distinct, mechanisms

2.5.3.2 Non-Genomic Actions

Importantly, and in contrast to the androgen remegépendent pathway described
by Singhet alia, an androgen receptor-independent mode of acfitestosterone on skeletal
muscle has also been described. As early as 1888miportance of oscillations in calcium
ion concentration [C4] was reported as conferring specificity on inttadar messaging
signals (Dolmetsch, Xu, & Lewis, 1998). Data preésdnby Estrada two years later
recognised that testosterone and aldosteroneté@dtiaormone-specific, rapid increases and
oscillations in both cytosolic and nuclear fJathat were independent of an androgen

receptor interaction (Estrada, Liberona, Miranda,J&movich, 2000). In 2003, it was



29
confirmed that the rapid calcium signals elicitgddmndrogenic steroid hormones led to an
increase in inositol 1,4,5-trisphoshate via a Geiro linked receptor at the plasma
membrane, and that the observed?Tascillations originated from intracellular caloiu

stores (Estrada, et al., 2003).

Dunn, Burns and Michel (1999) had earlier shownt thalls are unable to
hypertrophy in the presence of calcineurin inhitsitgDunn, Burns, & Michel, 1999).
Calcineurin is a cytoplasmic, calcium-regulated ggtatase that mediates growth and
differentiation via action on transcription factoisdeed, in an article published in 1999 it
was reported that [¢§ mediated skeletal muscle hypertrophy was “critjceegulated” by
calcineurin via the dephosphorylation and nucleandiocation of the transcription factor
Nuclear Factor of Activated T-cell (NFAT) (Semsariet al., 1999). Calcineurin signaling is
only initiated by high frequency [€§ oscillations, and a 2008 paper has proposed that
calcineurin/NFAT act as integrators of the’Csignal capable of decoding alterations in the
frequency of [C&] oscillations (Colella et al., 2008). Importantiy,has been shown that
testosterone “systematically induces” fascillations (Jaimovich & Espinosa, 2004). Such
observations provide compelling evidence that oelgiin signaling is a necessary
prerequisite for hypertrophy and that testosterspecifically induces [CGd] oscillations

sufficient to activate this mechanism via an androgeceptor-independent pathway.

2.5.3.3 Response to Resistance Exercise

A great deal of research has been dedicated tstiga¢ing the links between the
responses of the steroid hormones to resistanaeiggeand training regimes (Kraemer, et
al., 1990; Kraemer, et al., 1991; Fry et al., 1993Hakkinen & Pakarinen, 1993; Gotshalk
et al.,, 1997; Ostrowski, Wilson, Weatherby, Murpl&, Lyttle, 1997; Giorgi, Wilson,
Weatherby, & Murphy, 1998; Bosco, et al., 2000; Hakkinen, Pakarinen, & Kraemer,

2000; Pullinen, Mero, Huttunen, Pakarinen, & Ko2002; Smilios, et al., 2003; Crewther,



30

2004; Kraemer & Ratamess, 2005; Bird, et al., 208@&aven, et al., 2008a; Beaven, Gill, &
Cook, 2008b; Uchida et al., 2009). Generally, aextercise has been shown to increase free
and total testosterone levels in young adult méeaemer, et al.,, 1990; J. P. Ahtiainen,
Pakarinen, Alen, Kraemer, & Hakkinen, 2003a; Beawfi®4). However, some studies have
reported no change (McCall, Byrnes, Fleck, Dickms& Kraemer, 1999; Nindl et al., 2001)
or, in the case of body builders, a decrease wog30ne concentration across a resistance
exercise session (Bosco, et al., 2000). Generphgtocol loads and volumes have been
shown to influence the magnitude of testosterospaeses and high-volume combined with
a relatively low-load has been shown to inducedeatgstosterone responses than high-load,

low-volume protocols (Kraemer, et al., 1991; CreavtiCronin, Keogh, & Cook, 2008).

Equivocal hormone response data can in part bébwatd to inter-individual
variation, small sample sizes, as well as diffeesnm experimental design and protocol
variables. Many authors have commented on the ichaé¥ variability of hormonal responses
when measured in blood (Jensen et al., 1991),aséMcGuigan, Egan, & Foster, 2004;
Beaven, et al., 2008b) and urine samples (Ostrowslkal., 1997; Giorgi, et al., 1998). Jensen
and co-workers (1991) even suggested that thesedndl differences may have important

consequences for individualised training (Jenskal,. £1991).

In terms of functional outcomes, Hansen and coilleag(2001) described larger
relative increases in isometric strength when thebalic hormonal response was enhanced
by additional leg exercises (Hansen, et al., 20Bdj)thermore, Staron and co-workers (1994)
linked increases in strength and muscle fibre foansation in males to elevated serum
testosterone levels (Staron, et al., 1994). Moreent data have demonstrated that
suppression of endogenous testosterone attenusgagth and muscle mass gains observed
over an eight-week strength training period (KvogjiAnderson, Brixen, & Madsen, 2006).
Furthermore, previous work has demonstrated enklastrength and body weight gains

when rugby players are prescribed resistance eseethat maximises testosterone response
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(Beaven, et al.,, 2008a; Beaven, et al.,, 2008b)sdldata, taken together, suggest a link

between acute exercise-induced elevations of testre and functional adaptation.

2.5.4 Rapid Effects
Evidence for a rapid neural pathway between thenlamad the testes independent of

the pituitary (Selvage & Rivier, 2003) suggeststthapid changes in testosterone
concentrations may have the potential to modulatmihg and subsequent performance.
Testosterone has been shown to be positively edectko explosive performance and power
tests (Cardinale & Stone, 2006; Winchester, 2088), negatively correlated with endurance
performance (Bosco, Tihanyi, & Viru, 1996b). It hasen proposed that the short-term
preconditioning of testosterone could be associatgd neuromuscular function (Viru &

Viru, 2005). Indeed, at an individual level, regtisalivary testosterone and cortisol
concentrations have been associated with lower lsteyngth and power performance in
semi-elite rugby players (Crewther, Lowe, Weather&yGill, 2009a; Crewther, et al.,

2009b). As such, the preconditioning of the sterbidrmones prior to training or

performance may provide a mechanism for enhananippnance.

2.5.5 Supplementation
As a result of the association between testostemm functional adaptations,

supplements claiming to enhance both basal testostelevels and acute testosterone
response to training are widely available. Furtr@amabuse of testosterone and testosterone
analogues to enhance muscle size and athleticrpafae is not uncommon despite adverse
health effects and the illegal nature of its uséhm sporting environment (Kadi, 2008). The
supplement Muscle FU¥ has been reported to augment human growth horniGte],

and free testosterone responses to a resistanaasexprotocol, as well as enhance exercise
performance and subsequent recovery (Kraemer, &0dl7). These authors suggested that as
a result of the enhanced hormonal responses, chsoipplementation could result in long-

term increases in muscle size and strength.
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Supplementation with the leucine metabolgdrydroxy-3-methylbutyrate (HMB)
combined with amino acids, in the form of Musclevar'™, has also been associated with
enhanced resistance exercise adaptations (Kragrabr 2009).The herbTribulus terrestris
that contains steroidal saponins (Y. Wang, Oht&aisai, & Yamasaki, 1997) that have
traditionally been used as a treatment for impaeis also suggested to raise testosterone
levels (Poprzecki, Zebrowska, Cholewa, Zajac, & Ki@agicz, 2005). However, studies to
date have provided little evidence to suggest Thdiulus terrestrissupplementation can
enhance changes in body composition and strengtrimpetitive basketball (Poprzecki, et

al., 2005) or rugby league (Rogerson et al., 2@@lgetes.

Zinc-Magnesium Aspartate (ZMA) is another supplettéat has been reported to
enhance natural testosterone levels. Zinc defigiemas been associated with reduced
testosterone levels via the impaired action of GnRfland FSH (McClain, Gavaler, & van
Thiel, 1984) and modified enzymatic conversion (@&mChung, 1996). An eight-week,
placebo-controlled study reported an improved al@hwofile and greater increases in
lower body isokinetic strength in American footbplhyers when taking ZMA (Brilla &
Conte, 2000). However, subsequent studies havedfad show differences in muscular
adaptation in resistance trained males (Wilboralgt2004) or hormone status in subjects
with a diet containing sufficient zinc (Koehler, rRaGayer, Mester, & Schénzer, 2009).
These observations suggest that ZMA is ineffedtivelevating baseline testosterone levels

in cases where zinc deficiency is not evident.

Interestingly, a recent French study reported thagnesium ions decreased the
binding affinity between testosterone and SHBG sstgg that physiologically relevant
concentrations of magnesium could increase thddefefree testosterone (Excoffon, et al.,
2009). These authors also reported that furthekwiovestigating the effect of zinc and
calcium ions on the testosterone—SHBG binding cemphere “in progress”. Another

interesting study has reported that vegetable aitg] specifically olive oil, was able to
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increase the activity of key enzymes (specificalif3-HSD and 3f-HSD) involved in final
steps of testosterone biosynthesis from DHEA (FgLy, as well as testosterone levels in

rats (Hurtado de Catalfo, de Alaniz, & Marra, 2009)

The ubiquitous and regularly consumed drug caffesalso known to influence
aspects of gonadal function (Ramlau-Hansen, ThudstBonde, Olsen, & Bech, 2008). In
male mammalian animal studies, acute (Pollard, 128®l chronic (Ezzat & el-Gohary,
1994; Celec & Behuliak, 2009) caffeine dosing haerb associated with increases in
testosterone. As a result Celec and Behuliak (20€@)cluded that an “additional
mechanism” of caffeine action beyond the knownaffef caffeine on adenosine receptors
was responsible for modulating the HPG. In humanliss caffeine consumption has also
been reported to be positively associated witheiased testosterone levels (Ferreni &
Barrett-Conner, 1998; Svartberg et al., 2003; Rartansen, et al., 2008). Indeed, Ramlau-
Hansen and colleagues (2008) reported that Daneshwith a high dietary caffeine intake
(defined as < 175 mg daily) had a ~14% higher s#stone concentration than men with a
low caffeine intake (defined as > 25 mg daily). $hit appears that caffeine can modulate
aspects of testosterone regulation and producti@h raay have the potential to enhance

resistance exercise gains.

2.5.6 Summary
The corollary of studies investigating the effeofstestosterone on skeletal muscle

adaption to exercise is that testosterone is napefs skeletal muscle adaptation and is able
to modulate muscle accretion via both genomic awd-genomic mechanisms. The
importance of testosterone in strength and powaptation has been demonstrated although
testosterone administration does not appear taaenfle muscle fibre type transformation.
The use, and abuse, of testosterone and suppleaesithed to enhance testosterone are a
consequence of the established efficacy of testwmsteactualising beneficial functional

outcomes. Indeed, testosterone has been positagsgciated with explosive performance
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and acute responses have been shown to enhanegtistend body mass adaptations. As
such, strength and conditioning practitioners sthdug aware that strategies that elevate

testosterone are likely to prove beneficial to emearesistance training and performance

outcomes.
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2.6 Cortisol

Cortisol (11-beta, 17-alpha, 21-trihydroxypregnear-3, 20-one) is the most active of the
glucocorticoid hormones and accounts for approxa@ga®5% of all glucocorticoid activity
(Figure 10) (Viru & Viru, 2001). Cortisol secretioncreases in response to any acute
stressor, whether physical (such as exercise slngurgery etc) or psychological (Dallman
et al., 2004). One of the primary roles of cortisoto direct the body’s energy processes,
preparing an individual to deal with stress anduemghat adequate glucose sources are

maintained (Martini & Welch, 2001).

Figure 10. Structure of cortisoli1-beta, 17-alpha, 21-trihydroxypregnen-4-ene-3p26.

2.6.1 Regulation
Cortisol production is regulated by the HypothalesRituitary-Adrenal (HPA) axis

(Figure 10) (Cone, Low, ElImquist, & Cameron, 200)e HPA axis maintains the basal and
stress-related homeostasis of the central nervoarsliovascular, metabolic, and immune
systems (Chrousos, 1995). When a threat to honmm®st encountered, neurosecretory
neurons in the medial parvocellular and magnoaeildivisions of the paraventricular
nucleus (PVN) of the hypothalamus act to integsag@als from the central nervous system
(Ferrini, Grillo, Piroli, de Kloet, & De Nicola, 2¥; Ziegler & Herman, 2002). Stimulation

of the PVN results in the release of adrenocontigot hormone (ACTH) secretagogues, the
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most important of which are corticotropin releasifgprmone (CRH) and arginine
vasopressin which have a synergistic effect on ACdlelase. The production of CRH by the
PVN is controlled by a diverse range of inputsudiithg the amygdala and hippocampus (E.
O. Johnson, Kamilaris, Chrousos, & Gold, 1992). Pésatile release of CRH from the
paraventricular nucleus of the hypothalamus ineohtyppophysial portal blood via the median
eminence stimulates the secretion of ACTH fromicottoph cells in the anterior pituitary

gland (Herman & Cullinan, 1997).

Pituitary

Adrenal
Cortax

Figure 10.Schematic representation of the hypothalamic-pityiadrenal axis (Cone, et al., 2002).

CRH=corticotropin-releasing hormone; ACTH=adrendicotropic hormone; Inhibition is denoted by
the yellow circles with minus symbols.

ACTH is transported via systemic circulation to #urenal gland where it stimulates
steroid biosynthesis by binding to receptors lataie the plasma membrane of
adrenocortical cells (Stocco & Clark, 1996). Stdrbiosynthesis within the adrenal cortex
can also be directly innervated by catecholamimg®ed from the splanchnic nerve (Erhart-

Bornstein, Hinson, Bornstein, Scherbaum, & Vinsd998). Following activation, the
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adrenal zona fasciculata and reticularis cellst®gise and secrete the glucocorticoid cortisol
into the blood in a pulsatile manner (Keenan & VWeilid, 2003). There is a tight coupling of
ACTH and cortisol secretion, with ACTH secretoryeets consistently preceding cortisol
secretion in human plasma (Henley et al., 2009)s Palsatility in glucocorticoids is an
essential component of their biological activity of@vay-Campbell et al., 2007).
Additionally, recent researchin vivo has identified direct neural links between the
paraventricular nucleus of the hypothalamus antisobisecretion (Buijis et al., 1999; Zaki &
Barrett-Jolley, 2002). This link suggests that home secretion is also regulated through

mechanisms that bypass the pituitary gland.

In the blood, approximately 94% of secreted coktisobound in complexes with
corticosteroid binding globulin or albumin (Keendgelfsema, & Veldhuis, 2004; Lewis,
Bagley, Elder, Bachmann, & Torpy, 2005; Gagliakid, & Torpy, 2010). The concentration
of cortisol in the blood exerts a negative inhibjtdeedback on CRH production in the
hypothalamus and ACTH secretion from the pituitaffartini & Welch, 2001).
Interestingly, testosterone can also exert negdéedback on aspects of the HPA axis by
enhancing glucocorticoid negative feedback efficaayd inhibiting the activation of the
PVN motor neurons and ACTH secretagogue synth&sisA(illiamson, Bingham, & Viau,

2008; M. Williamson & Viau, 2008).

2.6.2 Actions and Effects
The genomic actions of cortisol are actualisedughothe binding to specific cellular

receptors in the cytoplasm and subsequent traramortinto the nucleus where it induces
the transcription of enzyme proteins. These actmfinglucocorticoids are mediated by two
types of receptors: the mineralocorticoid (highrat§) receptor; and the glucocorticoid (low
affinity) receptor (Rosenfeld, Eekelen, Levine, & dloet, 1993). Glucocorticoid binding to
the mineralocorticoid receptors exerts proactivedback on the HPA axis thus maintaining

basal activity and promoting coordination of cineadevents (de Kloet, Vreugdenhil, Oitzl,
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& Joéls, 1998). The main function of the glucoawiil receptors is to respond to stress-
induced glucocorticoid levels and restrict HPA axyperactivity through inhibition of CRH
and arginine vasopressin synthesis (Orchinik, 199®jtivated glucocorticoid receptor
complexes bind to short specific sequences of DNAdrmone-responsive genes termed
glucocorticoid response elements, and receptorrmgnstimulates transcription. Importantly,
rapidly changing intra-nuclear concentrations oftivated mineralocorticoid and
glucocorticoid receptors are likely to convey difistial information and determine specific

glucocorticoid responses to fluctuations in hormwvels (Conway-Campbell, et al., 2007).

Glucocorticoids increase the availability of gluedsy stimulating gluconeogenesis
and inhibiting glucose uptake by cells not esséntbathe stress response (de Kloet &
Veldhuis, 1985). Cortisol acts to maintain homesistéhrough lipolysis and increasing the
rate of synthesis of gluconeogenic enzymes in ither (Martini & Welch, 2001). Cortisol
secretion also modulates proteolytic enzymes andcaase muscle proteolysis leading to the
mobilisation of amino acids into the bloodstreand an increase in the release of 3-
methylhistidine from muscle tissue (Sapolsky, Ramé& Munck, 2000; Viru & Viru, 2001).
Further effects of cortisol include: the metabalntrol of the glucose-alanine cycle where it
catalyses the formation of alanine (Viru & Viru,@D; and the inhibition of immune and
inflammatory mediators such as IL-6, TNFhistamine, and nitric oxide (Sapolsky, et al.,
2000; Ziegler & Herman, 2002). These inhibitory d¢tions can become damaging if left

unchecked (Munck, Guyer, & Holbrook, 1984).

2.6.3 Rapid Response
Some of the metabolic effects of cortisol occur tapidly to be directly attributable

to enzyme transcription or amino acid augmentadi®these effects require a 2-3 hour time
period to evolve (Shah, Anthony, Kimball, & Jeffens 2000b). In such cases it is
postulated that cortisol affects post-receptor esses and enhances the activity of protein

kinases. As such, cortisol can be thought of agldical amplifier in some cases. This
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“permissive action” of cortisol was initially proped in the fifties (Ingle, 1952). Non-
genomic actions of cortisol have been describedEtwardson and Bennett (1974) with
cortisol administration able to modulate the redeeasCRF from mammalian hypothalamic
synaptosomes via direct membrane effects (Edward&sBennett, 1974). Glucocorticoids
have also been reported to rapidly inhibit arginlasopressin release in the hypothalamic
cells of rats in a non-genomic manner (X. Liu, Wa&gChen, 1995). In addition to these
non-genomic roles in HPA regulation, glucocorticidre also known to enhance
glutamate uptake in a dose-dependent manner vieoteip activation (Zhu, Zhu, & Chen,
1998) and rapidly effect neural (Feldman, Dalith,Gnforti, 1973; Avanzino, Ermirio,
Ruggeri, & Cogo, 1984; Zaki & Barrett-Jolley, 200@8hd locomotor activity (Sandi,

Venero, & Guaza, 1996) of rats.

2.6.4 Adaptation and Athletic Performance
The HPA axis is rapidly activated by physical exaavith an initial ACTH response

eliciting a rapid increase in blood cortisol conttation. The initial ACTH response is
generally short-lived and returns to basal levelslavcortisol levels continue to rise,
presumably due to the time lag involved in tran8pgrACTH to the adrenal cortex via the
circulatory system (Viru & Viru, 2004). Indeed, thexercise-induced increase in
glucocorticoids has been reported to be vital tueance performance in rats (T. L. Sellers,
Jaussi, Yang, Heninger, & Winder, 1988). A relasioip has also been reported between
resting salivary cortisol and box squat strengthrained male athletes (Crewther, et al.,
2009a) although is it possible that this observati@s an artifact of enhanced sympathetic

activation / fight or flight-type response.

Cortisol causes a reduction in cellular proteimestdoy suppressing protein synthesis,
enhancing protein degradation, and is known to eas increase in nitrogen excretion
(Simmons, Miles, Gerich, & Haymond, 1984). At them® time amino acids are being

produced from the catabolism of protein thus melnfj amino acids from non-hepatic tissue
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and creating a free amino acid pool (Viru & VirlQQ). However, during exercise the
catabolic effects of cortisol on the muscle appeaibe limited by contractile activity
(Hickson & Davis, 1981; Seene & Viru, 1982) withdiators of muscle catabolism, such as
3-methylhistidine levels, remaining relatively ctarg in active muscles (Varrik, Viru,
Oopik, & Viru, 1992). Due to the catabolic natuffecortisol, its increase following exercise
has generally been interpreted as a negative respdihis conclusion would be particularly
true in the case of resistance exercise where #oat@sponses are considered ideal to
promote exercise-induced hypertrophy. However, thisrpretation ignores the important
roles cortisol performs in terms of metabolic cohtiThe catabolic action of cortisol is
essential in post-translational control of protenlecules as well as creating an increased
pool of free amino acids. Thus, in the absenceufficient amino acid concentrations,
cortisol production is necessary to provide thergyneand substrates for adaptive protein
synthesis and can be considered an integral compam¢he remodeling of skeletal muscle

tissue (Viru & Viru, 2001).

Further, an increase in the availability of amieada, and in particular leucine, shows
a positive curvilinear relationship with muscle f@ia synthesis via phosphorylation of
elements of the mTOR pathway (Rennie, Bohe, Srtlickerhage, & Greenhaff, 2006). As
mentioned earlier though, cortisol is also knowrntubit downstream targets of the mTOR
pathway. Exogenous cortisol has been shown to eedoe rate of protein synthesis via
modulating effects on the activities of eukaryatitiation factors (Shah, et al., 2000b; Shah,
et al., 2000c, 2000d). Exercise-induced elevationcortisol has also been reported to
attenuate the phosphorylation of ¥ Spiering, et al., 2008a). Indeed, the adminittreof
synthetic glucocorticoids such as prednisone oadethasone is known to increase muscle
atrophy, suppress protein synthesis, and antagdinésanabolic action of amino acids (Z.
Liu, Li, Kimball, Jahn, & Barrett, 2004; Short, Ny, Bigelow, & Nair, 2004).

Glucocorticoids have been shown to directly inhibatydig cell function and testosterone
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production in rats (Bambino & Hsueh, 1981), guin@gs (Fenske, 1997), and humans
(Cumming, Quigley, & Yen, 1983). Furthermore, imians negative relationships have been
reported between cortisol response and post-egetegtosterone levels (Brownlee, Moore,
& Hackney, 2005; W. Daly, Seegers, Rubin, Dobridgdackney, 2005). The most likely
mechanism for this inhibition is via inhibition dahe activity of the testicular &7

hydroxylase (Welsh, Bambino, & Hsueh, 1982; Fen§k8y7).

2.6.5 Supplementation
As cortisol can negatively impact protein synthestsategies designed to attenuate

cortisol responses to resistance training have lmarstigated. Tarpenning and colleagues
(2001) showed that the ingestion of 8.5 m:kd bodyweight of a 6% carbohydrate solution
during a resistance exercise protocol elevatedndasisulin and blunted the exercise-
induced cortisol response compared to a placebditbom (Tarpenning, et al.,, 2001).

Importantly, these authors tracked adaptive chaoges a 12 week training program and
established that, not only did carbohydrate supefgation continue to attenuate the
catabolic response to exercise, but this attenuati@s associated with greater gains in both
type | and type Il muscle fibre area as measureanbgcle biopsy taken from the vastus

lateralis muscle of the dominant thigh.

Further work by Bird and colleagues (Bird, et 2aD06b, 2006a; Bird, Tarpenning, &
Marino, 2006c) confirms that carbohydrate ingestsuppresses exercise-induced cortisol
responses and that cortisol responses are furttegruated by amino acid supplementation.
In addition, it was evident that combined carbolayelrand amino acid supplementation
dampened indices of muscle damage and enhancedropbgy of type | and type Il muscle
fibores compared to either supplement in isolatioracontrol group (Bird, et al., 2006b).
Furthermore, essential amino acid and carbohydrapplementation have been shown to
reduce muscle catabolism resulting from immobilyd bed-rest (Paddon-Jones et al.,

2004). Two supplements assessed by Kraemer anelagaks, ‘Cortitrol’ (Kraemer et al.,



42
2005) and Muscle Arm&Y (Kraemer, et al., 2009) have shown potential fionproved
muscular adaptation” by decreasing pre-exercistsobiconcentrations. Adequate hydration
has also been demonstrated to decrease the codsgminses to resistance exercise and as
such, the hydration state of athletes is an “ingrdrtconsideration” as it can affect the

catabolic response to resistance exercise (Judetsan 2008).

2.6.6 Summary
The corollary of studies investigating the effeotscortisol is that cortisol activates

cellular mechanisms that promote catabolism ante&kenuscle remodeling in response to
specific functional demands. Indeed, appropriaer@se-induced cortisol response has been
reported to be essential to endurance performamcets due to its ability to mobilise
endogenous energy stores (T. L. Sellers, et aB8)19he ability of cortisol to increase the
availability of amino acids necessary for musclddaptation suggests that it is vital for
skeletal muscle adaptation in the absence of atdequaritional support. However, the
inhibitory effect of cortisol on the mTOR signaliqgathway demonstrates that cortisol
production is not ideal from the perspective of oulgr adaptation in strength and power
athletes. Importantly, the use of supplements desigo attenuate acute cortisol responses
by supplying carbohydrates and amino acids to ¥egcesing athlete, has demonstrated the
efficacy of glucocorticoids in limiting the benef resistance training outcomes. As such, is
important for strength and conditioning practitiché be aware of the effects of cortisol on

specific training outcomes.
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2.7 Research Focus

As the roles of the steroid hormones in strength@ower adaptation have become apparent,
the importance of understanding hormonal respomsesxercise stimuli has increased.
Strength and power training are necessary compsnanpreparing for optimal athletic
performance, and maximising resistance trainingngawill contribute to successful
competitive outcomes. Strategies by which hormaeaponses, and therefore functional
outcomes, can be manipulated are becoming morespiidad with protein and carbohydrate

supplementation obvious examples of attempts toutatel the adaptive response to training.

This following section of the literature review irstended to introduce three broad
areas whereby hormone-mediated strategies may emhadaptation and ultimately
performance. These areas are: modulation of phestriexercise variables; hormonal
biorhythms and; supplementation. Specifically, aaige background is provided for the four

areas that constitute the experimental chaptersmiihis thesis:
e Combined strength and power-type exercise in alesisgssion and hormone
responses (Complex Training).

» The effects of the circadian biorhythms on hormaares resistance training.
* The influence of ultradian pulsatility on hormomesponse to exercise.

» The ability of caffeine to modulate hormone resggottsresistance exercise.

The rationale behind investigating a range of sgias is two-fold. The strategies may influence
hormone responses via distinct mechanisms raidneg possibility of a cumulative effect.

Additionally, from a practical perspective it magtrbe feasible to change the time of day at
which you train or make use of ultradian rhythmbergefore, investigating a range of possible

strategies allows options that may be able to theed in a practical setting.
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2.7.1 Modulation of Prescribed Exercise Variables Combined Strength and Power Training
The necessity for power development in sports Gaiastionable and as such, athletes and

certified strength and conditioning specialistsicitd a great deal of time working on muscular
power and strength development. Current trainiogams to improve power are comprised of a
combination of resistance and plyometric exerciResearchers have investigated the effects of
both forms of training individually, and in combiiwa, on performance indicators such as vertical
jump height, and maximal strength. Literature ttedauggests that a combination of resistance
training and plyometric training yields superiosukts than either method in isolation (K. Adams,
O'Shea, & O'Shea, 1992; Baker, Nance, & Moore, 2a@dnin, McNair, & Marshall, 2002;
Mangine et al., 2008). It is hypothesised that ¢bmbination of power and strength training
maximises power output by increasing both musdbee fihypertrophy and neuromuscular
adaptations (Blakey & Southard, 1987; K. Adams).e1992; Fatouros et al., 2000; Kotzamanidis,

Chatzopoulos, Michailidis, Papaiakovou, & Patilzf)5).

For the purpose of this thesis ‘Complex’ trainisgdefined as a combination of heavy
resistance exercise with a biomechanically sinplgometric exercise within an exercise session.
Complex training has been reported to be moreteffein enhancing power production than other
training program designs due to the developmerdnoenhanced neuromuscular environment
(Masamoto, Larson, Gates, & Faigenbaum, 2003). shrdy examined the effect of a complex
training protocol on vertical jump height over avédek period in college aged volleyball players
(Mihalk, Libby, Battaglini, & McMurray, 2008). Findgs from this American study showed that
the complex training protocol improved vertical jutmeight and power to a greater extent than a
protocol that involved performing the same amodnwark but on different days. These results
support the majority of existing literature in sagng that combining exercise modalities is
effective for improving muscular power (Polhemugrié®art, Osina, & Patterson, 1981; K.
Adams, et al., 1992; Newton, Kraemer, & Hakkin€#99; Fatouros, et al., 2000; Kotzamanidis, et

al., 2005; Tricoli, Lamas, Carnevale, & Ugrinowiis2005; Faigenbaum et al., 2007). Further, an
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Australian training study concluded that compleining produced load-power, load-force and
load-velocity results that were “superior” to powraining alone (Cormie, McCaulley, & McBride,

2007).

Workout variables such as load intensity, restopstiand volume are determinative in
activating the endocrine system and stimulatinduleel processes that lead to muscle tissue
remodeling following resistance exercise (Kraenstral., 1990; J. P. Ahtiainen, Pakarinen,
Kraemer, & Hakkinen, 2003b; Smilios, et al., 2003P. Ahtiainen, Pakarinen, Alen, Kraemer, &
Hakkinen, 2005). Typically, researchers have fotivad hypertrophy protocols elicit relatively
large increases in serum total testosterone coatient(Hakkinen & Pakarinen, 1993 ; Kraemer,
Fleck, Dziados, Harman, & Marchitelli, 1993; Kraemet al., 1998; Smilios, et al., 2003).
Furthermore, in these same studies, the use ohtatesgning with lower total work and longer rest
periods resulted in lesser or non-significant iases in testosterone concentration. Generally
power protocols produce only modest changes igithelating levels of steroid hormones (Mero
et al.,, 1993; Volek, Kraemer, Bush, Incledon, & t&se 1997; Pullinen, Mero, MacDonald,
Pakarinen, & Komi, 1998; Linnamo, Pakarinen, KoKiiaemer, & Hakkinen, 2005). A New
Zealand study reported that a hypertrophy protowmkased salivary testosterone and cortisol,
whereas power and maximal strength protocols peatllittle to no change in these hormonal
measures (Crewther, et al., 2008). The power aedgth protocols were matched by volume and
displayed similar hormonal responses. As a relakte authors argued that differences in load,
intensity, rest periods, and technique are secgrigavolume in terms of eliciting hormonal
responses. It has previously been demonstratédhthgoropensity to respond to an exercise
stimulus differs at an individual level and thaisthesponse is modulated by the volume and

intensity of an exercise bout (Beaven, et al., Bp08

Training studies have not yet determined the coatibin of resistance and plyometric
exercises needed to elicit optimal muscular powepttion. Furthermore, there seems to be a

paucity of data surrounding the anabolic and ctalbmrmonal responses associated with
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complex training despite an awareness of the irapbrinfluence of exercise variables in
modulating hormonal responses and adaptive outcddess knowledge regarding the effects of
complex exercise protocols on acute hormonal regsomay provide an insight into the
mechanisms behind the effectiveness of combinatiaining protocols and demonstrate an

effective strategy for hormone manipulation.

2.7.2 Hormonal Biorhythms. Hormone Circadian Rhythmicity and Exercise Training
It is accepted that circulating concentrationshef steroid hormones testosterone and

cortisol in all forms (total, bioavailable and fje@e characterised by a circadian rhythm,
with highest levels in the morning and a nadirhie late afternoon (Lévi, et al., 1988; Cooke,
et al., 1993; Diver, et al., 2003). The master padeer that controls the circadian clock in
mammals is located in the suprachiasmatic neurooatdd in the ventral hypothalamus
(Ralph, Foster, Davis, & Menaker, 1990; Gachon, d$ag Brown, Ripperger, & Schibler,
2004). Early experiments in rats demonstrated bilateral lesions in the suprachiasmatic
nuclei abolished circadian rhythms in behaviour antivity (Stephan & Zucker, 1972) as
well as neuroendocrine rhythms (Halasz, 1969).dddé has been suggested that alterations
in this brain region account for altered circadragthms in testosterone in elderly human
males (Bremner, Vitiello, & Prinz, 1983; Wise, Walkeh, Cohen, Weiland, & London,
1987). Such circadian rhythms are dependent on tthesmission of zeitgebers, or
synchronizing signals, to the suprachiasmatic muieorder to remain in sync with

geophysical time (Gachon, et al., 2004; Froy & NhsR010).

The circadian rhythm is responsible for coordingtintal functions of a range of
tissues and controlling the timing of daily secrgtevents (Winget, DeRoshia, & Holley,
1985). The elevated morning testosterone levelgdlly observed are thought to stimulate
protein synthesis, whereas the morning rise insmraccelerates metabolism (Florini, 1987)
as well as stimulating gluconeogenesis and pratieoactivity (Dineen, Alzaid, Miles, &

Rizza, 1993). The post awakening rise in cortissd heen advanced as a reliable biological
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marker of adrenocortical activity as well as peredi stress (Pruessner et al., 1997,
Pruessner, Hellhammer, & Kirschbaum, 1999). Krae(h8B88) has also suggested that the
early morning increase in testosterone may senanércatabolic role thus counteracting the
stimulatory effect of cortisol on skeletal proteiegradation (Kraemer, 1988). Indeed, several
instances of opposing interactions between the HIRA HPG axis have been reported
(Waite, et al., 2009). For example, in rats castmaincreases the circadian secretion of
corticosterone (Seale et al., 2004) and testostel®rels are suppressed by stress (Garcia-
Bonacho, Esquifino, Castrilh, Toso, & Cardinali, 2000). In humans, stress @ased with
simulated wartime interrogations as part of militaurvival training, has been reported to
promote drastic reductions in salivary and serustosterone concentrations (Morgan et al.,

2000).

Deschenesand co-workergDeschenes et al., 1998) reported that the furation
capacity of the muscle was at its lowest in théyeaorning (0800 h) and peaks in the early
evening (2000 h). However, these researchers &dedsthat the early morning could be
considered the “optimal time for resistance exefaikie to the greater pre- and post-exercise
plasma testosterone levels observed relative terdimes of the day (Deschenes, et al.,
1998). Furthermore, these authors suggested th#heiratio of testosterone to cortisol
provided a more accurate reflection of the anabpditential for protein accretion, then the
early evening may be more “conducive to resistagagrcise”. More recently researchers
have reported that “the optimal time for resistatra@ing is in the evening in order to alter
the balance between hormone-mediated anabolic atabalic activities and enhance

anabolic/catabolic status” (Bird & Tarpenning, 204

It is apparent that more research is required twiddte the effect of training at
different times over the circadian rhythm. Despiite similar circadian profiles of testosterone
and cortisol, the change in the ratio of these loowes shifts from a predominantly catabolic

state to an anabolic state across the day. Thiamignchange in the steroid milieu may be
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capable of mediating differential responses tostasce exercise. Indeed, an anabolic
hormonal milieu is known to be associated with faable skeletal muscle adaptations
following resistance exercise. New knowledge of #fieects of hormonal biorhythms on
adaptation may provide strength and conditioningcptioners with valuable information
regarding the best time of day to train to enhatiee effectiveness of specific training

protocols.

2.7.3Hormonal Biorhythms: Ultradian Pulsatility of Hormones and Exercise Timing
An ultradian rhythm is defined as a recurrent cyeith a periodicity of less than 24

hours. Ultradian rhythms in plasma concentrations #@e result of discrete episodic
secretion and ultradian pulsatility is inherenthe activity of both the HPA and HPG axes
(Van Cauter, 1990; Ingram, Crockford, & Matthew899; Veldhuis, Keenan, & Pincus,
2008; Droste, de Groote, Lightman, Reul, & Linthp2009). Episodic secretion of steroid
hormones has been identified in a variety of marmanapecies including deer (Sarnyai et
al., 1995; Windle, Wood, Shanks, Lightman, & Ingral@98; Ingram, et al., 1999; Young,
Carlson, & Brown, 2001; Schlatt, Pohl, Ehmcke, &nReswamy, 2008), and humans
(Winters & Troen, 1986; Veldhuis, Carlson, & Johmst987a; Schirmeyer, Brademann, &
Von Zur Muhlen, 1996; Young, et al., 2001; Younde®son, & Lightman, 2004). Pulsatile
release and rapid clearance of the steroid hormbagdhe effect of exposing target tissues
to large fluctuations of hormone and are a critaetahponent of biological actions (Young, et

al., 2001).

The principal pulse generators for both axes aatéml in the hypothalamus
(Gachon, et al., 2004). The PVN is responsiblepidse generation in the HPA axis while
the arcuate nucleus performs an analogous roléenHPG axis. In both cases pulsatile
release of secretagogues from the median eminenans episodic release throughout the

respective hormonal cascades. It is proposed tnet pulsatile release may function to
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prevent down regulation of the HPA and HPG axedlkemathe axis to maintain maximal

responsiveness (Young, et al., 2004).

Knowledge of ultradian rhythmicity is necessarynder to understand the control of
both the HPA and HPG axes and factors that inflaetihese systems. Pulsatility itself
appears to be a key factor in communicating diffeneformation to target cells. At the very
least, knowledge of ultradian rhythmicity shouldygest that single point sampling without
an understanding of the underlying basal patteay, not supply an accurate picture of HPA
and HPG axes activity. Indeed, pulsatility couldti#ly account for the characteristic

variability observed in human hormone responsels between and within individuals.

Models of hormone ultradian rhythmicity have beeoposed suggesting periods of
system activation interspersed with subsequentbgedd inhibition and a dormant or
refractory period (Lightman et al., 2008). In sugpaf this model, Windle and co-workers
(1998) found periods of post-pulse quiescencewleae associated with non-responsiveness
of the HPA axis to an audio stressor in a rat m¢déndle, et al., 1998). Further work has
shown that male rats displayed less threatening\webrs (p < 0.03) when confronted by a
male intruder when in a decreasing phase of tlwircosteroid ultradian rhythm (Haller et
al. 2000). The results from these animal studienatestrate that the underlying pattern of
HPA activity may be a determinant of both behavédand physiological reactivity to acute
stress. The fact that constant intra-peak interwaee observed over a 24 h period in male
and female Sprague-Dawley rats suggests that tieaAR is being actively driven over the
entire circadian cycle. Thus, periods of quiescdotiewing acute stress may be regarded as

periods of active inhibition.

Though the ultradian rhythmicity has been showmftluence both behavioural and
physiological responses to external stimuli in aimal model, no such data appears to exist

in humans, or in the HPG axis. The ramificationgofinteraction between steroid hormone
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ultradian biorhythms and physiological responsaddctbe substantial and have the potential

for widespread consequences in the field of exengiescription and functional adaptation.

2.7.4 Caffeine Supplementation as a Hormone Modulator
Caffeine is known to have ergogenic benefits antaroe neuromuscular function

(Kalmar & Cafarelli, 1999). Positive effects of fmhe in time-to-exhaustion and endurance
tests have been demonstrated in laboratory conditf@arnopolsky, 1994; Tarnopolsky &
Cupido, 2000; Norager, Jensen, Madsen, & Laurbe2f0D5). Caffeine-modulated
performance enhancements have also been reporsathutated performance conditions for
cycling (lvy, Costill, Fink, & Lower, 1979; Kovacsstegen, & Brouns, 1998), swimming
(Macintosh & Wright, 1995) and running (D. G. BéWcLellan, & Sabiston, 2002; Bridge &
Jones, 2006). However, despite its widespread ndeaeknowledged performance benefits,
the effects of caffeine as a training aid, andeiffects on training responses, have largely

been neglected.

The mechanism of action of caffeine to actualisdueance exercise enhancement
remains to be fully elucidated. One theory thatfesaé elicits lipolysis, sparing muscle
glycogen, and thus realising an ergogenic effegt seems unlikely (Jackman, Wendling,
Friars, & Graham, 1996; Graham, Helge, MacLeannKi& Richter, 2000). Indeed, plasma
B-endorphin levels have been demonstrated to inergasfold when 6mg-kgjcaffeine was
ingested 90 minutes prior to two hours of cyclinga% of VQ peak without a detectable
glycogen sparing effect (Laurent et al., 2000). Brendorphin elevation implicates a pain
suppressing mechanism for caffeine as one possitdehanism for enhancing athletic

performance.

It is also apparent that caffeine ingestion leada teduction in perceived exhaustion
which can translate into an enhancement in exemetrmance (Norager, et al., 2005;
Burke, 2008; Tarnopolsky, 2008). Caffeine is knawrantagonise adenosine receptors, and

suppression of adenosine’s inhibitory function @unmotransmitter release and neurological
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firing frequency could account for some of caffésneffects during exercise (Nehlig, Daval,
& Debry, 1992; Greer, Morales, & Coles, 2006). fngsiological relevance of adenosine in
exercise proposed by Biaggioni (2004) is that thadasing concentrations of adenosine
produced during exercise act to inhibit sympathefferents and activate afferent nerves
(Biaggoni, 2004). The net effect of this inhibitias to protect the muscle tissue during
ischemia or exhaustive exercise. Thus, the antagoractions of caffeine on adenosine
receptors have the potential to reduce the norntabitory effect of adenosine on motor
efferents. Indeed, pharmacologic antagonism of #oenosine receptor prevents the
ergogenic effects of caffeine in rats (Davis et aD03). Interestingly, this 2003 study
provided evidence for a central nervous system ar@sm for caffeine efficacy as only
intracerebroventricular injection of caffeine rdedlin increased endurance performance in

rats whereas intraperitoneal injection was ineffect

The ergogenic effects of caffeine cannot be sadifbuted to sympathetic nervous
system enhancement however, as electrically—indwcadractions in tetraplegic patients,
who are incapable of sympathetic activation, elicdreases in plasma free fatty acids and
glycerol without a concomitant increase in cateahohes (Van Soeren & Graham, 1998).
This observation suggests a direct ergogenic effiecaffeine on skeletal muscle. Thus, there
is evidence for effects of caffeine on both the t@nnervous system and peripheral

neuromuscular function (Tarnopolsky, 2008).

Caffeine has also been shown to have beneficiaceffon the physical and skill
activities required in an intermittent high-intelysteam sport (Stuart, Hopkins, Cook, &
Cairns, 2005). Furthermore, data from this 2008s&uggested that ingested caffeine may
elevate endogenous testosterone levels (CJ Coghblished observations). Previous
experiments have demonstrated that high doses ftdirem increased plasma levels of
testosterone in rodents (Pollard, 1988). In humarsss-sectional studies have reported a

positive association between caffeine intake aetgiatéd testosterone levels in adult males
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(Ferreni & Barrett-Conner, 1998; Svartberg, et aD03; Ramlau-Hansen, et al., 2008).
Specifically, Ferreni and Barrett-Conner (1998)rfdwa significant correlation (r = -0.54; p <
0.001) between caffeine intake and bioavailabldostsrone in 810 Californian men.
Similarly, the Danish study of 343 men (Ramlau-Hanst al. 2008) showed a significant
positive relationship (p < 0.007) between testasterand caffeine intake reporting that men
with a high caffeine intake had approximately 14#ghkr testosterone concentration than
those with a low caffeine intake (p = 0.008). Hwoer caffeine has been reported to inhibit
aspects of the mTOR signaling pathway through aatésns with the mTORC1. For
example, caffeine has been shown to closely resenalplamycin in terms of its effects on
gene expression (Reinke et al. 2006), block thigyabf insulin to stimulate protein kinase B
(Foukas et al. 2002), and inhibit mTOR by actingadew affinity ATP analog (Ballou and
Lin 2008). As a result, caffeine would be expedimahegatively impact muscle growth and

adaptation.

Research into the effects of caffeine as a traimillighas largely been neglected as
studies have generally focused on attenuation tagju@ and performance benefits. Indeed,
the effect of varied caffeine doses on endogeneatdterone and cortisol responses to
resistance exercise are unknown. The demonstratiariink between caffeine ingestion and
both acute and chronic testosterone elevation siigglkat caffeine could provide strength

and conditioning practitioners with a strategyrmwdulating resistance exercise outcomes.
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2.8 Salivary Hormone Sampling

The hormone levels reported in the experimentalpia of this thesis all refer to
concentrations determined from whole saliva sam@abva collected from the oral cavity is
a complex biological medium produced by the majafivary glands (parotid, sub-
mandibular and sub-lingual) with minor secretionsnf a number of labial, buccal, and
palatal glands (Vining & McGinley, 1986). It shoudeé noted that differences in composition
and action of saliva emanating from these majondgahas been reported in rats (Bodner,
1991; Grossman, Binyamin, & Bodner, 2004) and husn@hu & Ekins, 1988; Hdld, de

Boer, Zuidema, & Maes, 1995).

Due to their lipophilic nature, steroid hormone#s @nter saliva via rapid diffusion
through the acinar cells (Quissell, 1993; Lewi)&0 It has also been reported that unbound
steroid concentrations are not influenced by the @& saliva production due to these
lipophilic properties (Vining, McGinley, & Symon4983; Arregger, Contreras, Tumilasci,
Aquilanos, & Cardoso, 2007). This property of ther@id hormones is important as it allows
for the use of saliva to assess endocrine resgoreseercise. Indeed, such usage is becoming
more common and has been used in exercise tmalsiding that of Kraemer and colleagues
(2001) in which the authors conclude that “saliveegtosterone provides a good indication
of fluctuations in free testosterone” (Kraemer,aét 2001). This conclusion was reached
after referencing work conducted by Dabbs (DabB80) and Vittek and co-workers (1985).
Indeed, Vittek reported a correlationrof 0.97 between serum free testosterone and salivary

testosterone (Vittek, L'Hommedieu, Gordon, Rappg@oBouthren, 1985).

The non-invasive nature of salivary sampling is ajan benefit when collecting
multiple samples from athletes in a practical gitma The use of relatively non-invasive
salivary sampling is a less stressful impositicantlenepuncture, and may in fact be a more
useful measure that is able to avoid any HPA atitimaassociated with collecting blood. Not

only does the assessment of cortisol in saliva cawtbe confounding physiological or
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psychological effects of venepuncture-induced st(&%erran, Hattersley, Mould, & Bloom,
1993; Suay et al., 1999; Kirschbaum & Hellhamm®@&Q® Gerra et al., 2001), but it allows a
single researcher to collect samples from a nurabsubjects in a short time period. Indeed,
the speed of collecting blood samples is likelypéoprohibitive when working in an applied
setting such as a gymnasium, unless a large nuafilvesources are available and dedicated
to this task. Also important is the fact that honmes in saliva are relatively stable at room
temperature for hours to days (Groschl, 2008) amdup to three months when stored at -

20°C (Levin, 2008).

Salivary measures are reported to correlate witjgsipltogical and psychological
measures that are known to be responsive to hoimegaation. Indeed, work published in the
‘Journal of Research in Personality’ reported Higgt-retest reliability for salivary testosterone
when measuring its temporal stability in humans ahserved a relationship between salivary
testosterone and traditional measures of persgn@it G. Sellers, Mehl, & Josephs, 2007).
Interestingly, Wilke and Utley (1987) reported tliate testosterone was a superior diagnostic
tool than serum testosterone when assessing Bimsuth women (Wilke & Utley, 1987).
Similarly for cortisol, Gozansky and colleaguesared that salivary cortisol was significantly
correlated with serum values € 0.81) providing “greater diagnostic accuracy” ahdt it
allowed researchers to obtain “more physiologicalevant data” compared to serum total
cortisol (Gozansky, Lynn, Laudenslager, & Kohrt02D Therefore, saliva may offer a more
valuable measure of free steroid levels, as it aogbly reflects levels, even during intensive
exercise when the established assumptions regacaimger protein concentration and binding
constants used to calculate bioavailable steroidbelte may breakdown due to

haemoconcentration and blood pH changes.

Indeed, earlier work with elite athletes statedt,tles salivary values “reflected
plasma free cortisol concentrations”, saliva was'vary valuable tool for assessing

glucocorticoid activity in exercise” (Stupnicki & bninski, 1992). This article concluded
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that salivary cortisol concentration was “more a@iié” than serum cortisol in exercise
situations (Stupnicki & Obminski, 1992). In furthevork with athletes, these authors
reported a significant correlation between salivaryd serum valuesr (= 0.874) and
identified a two-component relationship with a tik@aint at approximately 600 nmol*L
(Obminski & Stupnicki, 1997). Saliva has also beeoposed as being a superior method to
urine sampling as steroids are not generally cdadeanto water-soluble metabolites as they
are in the kidneys (Groschl, 2008). These data esigthat the ability to monitor free
hormone values, albeit in saliva where possibletivaation may occur as the molecules
equilibrate into the salivary biocompartment, hasimlt is possible that salivary monitoring
has the capacity to observe the free hormone ctratiem increases that lead to subsequent

hormone-receptor interaction.

Saliva contains the unbound form of the steroidriwres which is established as the
form capable of actualising physiologic effectstalhge of research from a variety of sources
has formed a solid basis for the use of salivargmomes in assessing endocrine status
(Obminski & Stupnicki, 1997; Pruessner, et al., I;9%raemer & Ratamess, 2005; Erskine,
Smillie, Leiper, Ball, & Cardinale, 2007; Celec &Buliak, 2009; Manuck et al., 2010).
Investigations of whole body vibration (Erskine,akt 2007), water-based exercise (Cadore
et al., 2009), and a 90-minute “medium-high intgrisexercise (Di Luigi et al., 2006) have
successfully utilised salivary hormone samplingagsess exercise-induced alterations in
hormone concentrations. Salivary hormone respottsesresistance exercise session along
with a relationship between hormone levels anchgtiteand power production have recently
been reported (Crewther, et al.,, 2009a). Imponyamtrevious work published in 2008
strongly suggests that salivary responses are stensiwithin an individual, and that the
magnitude of acute salivary hormone responsesdreative of positive adaptive changes at

an individual level (Beaven, et al., 2008a; Beawtrgl., 2008b).
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2.9 Conclusion

Muscular strength and explosive power are critittalsuccess in a range of sporting
endeavours. As a result, a significant portion ofathlete’s training time is dedicated to
resistance and plyometric training programs. Theaeatestosterone and cortisol responses to
resistance exercise play an important role in tallgignaling, protein metabolism, and
functional adaptation. Various training strategies modify hormonal responses and have
the potential to enhance functional adaptation waild likely be translated into improved
athletic performance. The aim of this work wastibise salivary collection as a non-invasive
method to assess the effectiveness of distinctegfiess in modulating free steroid hormone
concentrations. In doing so, it is intended to pfewexercise practitioners with an improved

understanding of the mechanisms underlying resistamercise adaptation.
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CHAPTER THREE: STUDY ONE — COMPLEX TRAINING

3.0 Acute Salivary Hormone Responses to Complex Bxese Protocols
3.1 Prelude

As identified in the literature review steroid hames have the potential to modulate
resistance exercise outcomes. In particular, tiesgoibed exercise variables are an integral
determinant of subsequent adaptation and hormospomees. Complex training that
incorporates a strength-focussed exercise wasietldoy a biomechanically similar dynamic
exercise has been reported to enhance training gaivell-trained athletes. In the context of
this thesis, it was intended to identify how comxpleaining prescription influenced steroid
hormone responses. This chapter compares the aalitary testosterone and cortisol
responses of complex training bouts with strengith @ower bouts. The implications of this

information for researchers and practitioners @&eussed.

3.2 Introduction

Testosterone and cortisol are steroid hormonesréisabnd to resistance exercise (Kraemer,
et al.,, 1990; Smilios, et al., 2003) and modulatésequent neuromuscular adaptation.
Exercises designed to improve maximal strength prienarily morphological adaptation
(hypertrophy-type bouts: moderate load; high volustert rest periods) generally produce
larger relative increases in testosterone thanetldesigned to enhance strength through
neural adaptation (maximal strength-type boutsvféaad; low volume; long rest periods)
(Kraemer, et al., 1991; Crewther, Keogh, CroninC&ok, 2006; Beaven, et al., 2008b).
Dynamic power bouts designed to maximise powerwhich weights are lifted with
explosive intent, have also produced significartragen responses (Mero, Komi, Kyllonen,
Pullinen, & Pakarinen, 1991; Pullinen, et al., 1pS&nilar to those seen in hypertrophy-type

bouts (Crewther, et al., 2006).
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As the primary anabolic hormone, testosterone le&s inked to gains in strength
and muscle mass. For example, Staron and co-wof(ktason, et al., 1994) have linked
increases in strength and muscle fibre transfoonati males to elevated serum testosterone
levels. Hansen and colleagues (Hansen, et al.,)28&b concluded that increases in
isometric strength were related to the magnitudetestosterone response to resistance
exercise in young men. Furthermore, suppressioenofogenous testosterone attenuates
strength and muscle mass gains (Kvorning, et @062 Recent data suggests that
prescribing resistance exercise based on salivesjodterone responsiveness produced
superior gains in both upper and lower body stieriBeaven, et al., 2008a; Beaven, et al.,

2008D).

Training that combines both power and strength wdtisy has been reported to be
superior to more conventional weight training baatgactualizing strength and power gains
(K. Adams, et al., 1992; Fatouros, et al., 200kdBaet al., 2001; Cormie, et al., 2007). In
their 2007 paper, Cormie and colleagues (Cormigl.et2007) concluded that combining
strength and power produced greater improvemenjsnip height or related power output
compared to a power workout that was matched fakvwperformed. Indeed, the use of a
combination of high force and high power appearsbéosuperior to classical exercise
prescriptions in terms of functional benefits (Hw&riStone, O'Bryant, Proulx, & Johnson,

2000; Goto et al., 2004b; Rahimi & Behpur, 2005).

In view of the association between acute testosieresponses to resistance exercise
stimuli and enhanced functional training benefitsyas decided to investigate a potential
role of hormones in actualizing the observed bémefi complex training. Thus, four distinct
exercise bouts were designed that included stremgtiver, or a combination of the two
stimuli. Salivary samples were collected throughoutorder to assess testosterone and
cortisol and ascertain whether complex trainingiltesl in enhanced hormonal milieu for

adaptation.
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3.3 Methods

3.3.1 Experimental Approach to the Problem

Rugby players were recruited and assigned to camglach of four exercise bouts
twice in a balanced order. Bouts were performeddva week over a four week period and
incorporated box squats and/or jump squats. Sakaples were collected before, during
and after exercise to determine free testosteradecartisol concentrations. Differences in
steroid hormone responses between four distinctsbaare assessed as well as changes in

one-repetition maximum (1-RM) and body compositmer the study period.

3.3.2 Subjects

Sixteen semi-professional male rugby union playéth squat lifting experience (>
one year) were recruited for this study. They werelved in a four week pre-season
training period (approximately 10 hours per week)part of a High Performance Academy
that was set up for talented players identifiethigir region. Prior to this training period the
players had a scheduled two-week detraining phRisger characteristics are provided in
Table 1. Players were informed of the experimerisds and signed an informed consent
document prior to the investigation. The investmatwas approved by the Human Subject
Ethics Committee of the Waikato Institute of Teclugy for the use of human subjects and

saliva sampling (Application #210605).

Table 1.Physical characteristics of the players recruited.

Mean = SD
Age (yr) 206+1.4
Height (cm) 187 +6
Body mass (kg) 100 +12
Soft lean mass (kg) 82.0+8.1
Maximum vertical jump (cm) 677
1-RM (kg) 150+ 15
Jump-squat peak power (W) 4830 £ 540
Body fat (%) 13.3+3.7
Thigh muscle circumference (cm) 56.7+2.7
Combined leg volume (L) 20+ 2

RM=Repetition Maximum
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3.4 Procedure

3.4.1 Player Assessment

Each player’'s body composition, vertical jump héighRM and jump-squat peak
power were assessed in the week prior to the aftéine experimental period and again at the
end of the final training week. Body compositiondly mass, soft lean mass, body fat, thigh
muscle circumference and leg volume) was estimaset a reliable eight point, tetra-polar,
segmental bioelectrical impedance analydaBd@dy 3.0 Biospace Seoul, South Korea),
according to the manufacturers’ guidelines (MedidBedogni, 2005). For the purposes of
this article, soft lean mass is defined as the setithe total body water and the protein mass

as estimated by tHaBody 3.0bioelectrical impedance device.

Vertical jump was assessed using a yardstick witte-amn intervals (Swift
Performance Equipment, Lismore, Australia) with ptayer instructed to extend their arm
above their head while standing flat on the flobne bottom finger of the yardstick was
adjusted to this height to set the zero value hadtayer then leapt as high as possible from
a two-footed standing position and knocked awayfithgers of the yardstick. Players were
allowed to use their arms and hands as desired axinmse jump height. Each player
performed three jumps with a 20 second rest betwéerts. The best jump was recorded for
analysis. The vertical jump assessment was seleasedt has high validity (0.8) and

reliability (0.93) coefficients (Fatouros, et &Q00).

Box squat strength (1-RM) was assessed using & sgda and weighted box, an
Olympic barbell and free weights (Fitness WorksywiNgealand) and following a procedure
similar to Cormie and colleagues (Cormie, et @072. The player would start in a standing
position with the load above the posterior deltoaighe base of the neck. Players would
lower themselves to a sitting position on the boa then return to a standing position. The

box height was adjusted for each athlete to allogvtobp of the thighs to be parallel to the



61
floor while in the seated position. Trained profesals monitored all sessions, providing

encouragement and spotting lifts when necessary.

Jump squat power was assessed using a Smith maahihéree weights (Fitness
Works, New Zealand) and required the player tot staa standing position with a load
equivalent to 50% of their box squat 1-RM above posterior deltoids at the base of the
neck. This load was based on work conducted by Bak®o reported loads in the range of
47-63% of 1-RM maximised power output (Baker, et @001). Players would lower
themselves into a half-squat position, before esiplly jumping in the concentric phase to
achieve maximal height. Players were encouragedigp as high and as explosively as
possible. On landing, players were instructed mé& 8o absorb their mass and the loaded bar.
Peak power was calculated for the concentric pliagey the GymAware system (Kinetic
Performance Technology, Australia). The GymAwarsteay consists of a linear encoder,
attached to the bar via a retractable cord, andigee a valid (r = 1.00) and reliable
(coefficients of variation CV = 1.08%) measuremehtoncentric squat power (Drinkwater,

Galna, McKenna, Hunt, & Pyne, 2007).

3.4.2 Exercise Bouts

Players completed two exercise bouts each weeks@ieyeand Thursday) between
1500 and 1700 h in a randomised and balanced magaeh bout was completed at least 48
hours apart and repeated twice over a four weaekghdro competitive rugby matches were
scheduled during this training period and no otlmver-body resistance training was
performed. Players would arrive at the gymnasiuner@hthey were accustomed to training
and warm up on an exercycle at a self-selectedsitiefor five minutes. After a supervised
technique tutorial and stretching, the players deted a standardised warm-up of four sets
of back squat exercise consisting of 15, 12, Ii@p@titions (reps) at ~50, 60, 70 and 80% of

their 1-RM respectively, with a 60-s rest betweets.sSubjects were assessed at the same
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time of day to account for diurnal variation in fmemance and hormonal concentrations

(Bird & Tarpenning, 2004; Atkinson, Todd, Reilly, &aterhouse, 2005).

After a 4-min rest period, players performed ondvad exercise blocks (1) power:
jump squat exercise, 3 sets of 3 reps at 50% 1-Rid 8+min rest between sets; or (2)
strength: box squat exercise, 3 sets of 3 reps3aRM load with 3-min rest between sets.
Each player then performed a second exercise If@ttler power or strength) after a further
4-min rest. Thus, there were four exercise bout kioations: power followed by power
(power-power); power followed by strength (poweaesgth); strength followed by power
(strength-power); and strength followed by strenddtrength-strength). Each player
performed each of these four exercise bout comibimaton two separate occasions. Note
that the power-strength and strength-power sessiaus identical loads and volumes with
only the order of the exercise differentiating théwo bouts. Subsequent analysis of total
weight lifted confirmed that the difference in |ldagl between the power-strength and
strength-power was very likely trivial (0.9; £1.7%jigure 11 shows an example power-

strength bout.

4 min 4 min
virami-Up Power Strength
Reps: 15,1210 6 Reps: 3,3, 3 Feps: 3,3, 3
Irt: 0, G0, 710, B0% Irit: 5096 of 1-Fh Irt: 3-Fhd
of 1-RA B Jump zquat Ex: Box ziuat
Ex: Box zquat JHnin rezt perods J+min rezt periods
I Bz rest T I T

Figure 11.An example power-strength protocol indicating pesstiods, exercise volume and intensity.

Reps: Repetitions, Int: Exercise intensity, Ex: i€, RM: Repetition maximum. Arrows represenivsal
sample collection times.

All strength and power training was performed falilog the procedures outlined in
the player assessment section above. The 3-RMvieadadjusted throughout the course of
the training period such that players were perfagrthree lifts at maximal intensity within
the exercise bouts An estimated 1-RM load was Galed from this 3-RM data (Lander,

1985). The 50% 1-RM load for the power block wasoadjusted throughout the course of
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the training period to account for strength changrestant power feedback was delivered to

the player after each jump squat effort along weltbal encouragement.

3.4.3 Hormone Assessment

Whole saliva samples were collected before and afteistaedard warm up, and at
the completion of 3 and 6 sets of squat exercises Figure 11). Time-matched samples
were also collected on a control day when no egensias performed. Players expectorated a
2 mL sample into polyethylene tubes which was stae-20C until assayed. Sugar free
gum was used to stimulate saliva flow before ctilbec Testosterone and cortisol
concentrations were determined in triplicate usiognmercially available radioimmunoassay
kits (Diagnostic Systems Laboratories, USA) modiffer salivary measurement (Granger,
Schwartz, Booth, & Arentz, 1999; Mdrelius, Nelsé&,Theodorsson, 2004). Testosterone
assay sensitivity was 3.5 priol with intra- and inter-assay CV of <8%. Cortisobag
sensitivity was 0.14 nm@l™ with intra- and inter-assay CV of <10%. Saliva gt for
each participant were analysed in the same assaelymmate inter-assay variance. Salivary
sampling was selected due to the fact that it latively stress free method of sample
collection and because salivary steroid concentnatiprovide a good indication of
fluctuations in the bioavailable free steroid cartcations in plasma (Sannika, Terho,

Suominen, & Santti, 1983; Granger, et al., 199%dfner, et al., 2001).

3.5 Statistical Analyses
Testosterone and cortisol concentrations were aedlyith the mixed-model procedure

(Proc Mixed) in the Statistical Analysis System (8ien 9.1, SAS Institute, Cary, NC). The
dependent variables were log-transformed beforelysisa plots of residuals versus
predicteds showed that this transformation prodwmaseptable uniformity of error, and no
observations were excluded as outliers. Back-toainsdtion provided estimates of mean
effects as percentages and errors as coefficigniar@tion. For qualitative assessment of

magnitude, the log-transformed effects were stafisad by dividing by the between-subject
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standard deviation in the rest conditiomkeeping with recent trends in inferential statis
magnitude-based inferences about true (populatiaiyes of effects were made by
expressing the uncertainty in the effects as 90%#idence limits. For brevity, confidence
limits are shown asxt wherex represents half the confidence intervdiagnitudes of the
standardised effects were interpreted using thidshad 0.2, 0.6, and 1.2 for small, moderate
and large, respectively. Standardised effects tfidxen -0.19 and 0.19 were termed trivial.
An effect was deemed unclear if its confidence rirgk overlapped the thresholds for
substantiveness (that is, if the chances of theceg$f being substantially positive and
negative were both >5%); otherwise the effect veaméd clear and the magnitude of the
effect was reported as the magnitude of its obskevatue(Hopkins, Marshall, Batterham, &
Hanin, 2009). Thresholds for assigning the qualigaterms to chances of substantial effects
were: <1 %, almost certainly not; <5 %, very unlyjke<25 % unlikely; 25 — 75 %, possibly;

>75 % likely; >95 % very likely; and >99 % almosirtain.

3.6 Results
Of the sixteen players, thirteen completed thengtie and power assessments and each of

the eight exercise bouts over the four-week periddee players were unable to complete
the training program due to other commitmentsegly or unrelated injuries. Performance
and body composition changes observed over theweek training period are reported in

Table 2.

Table 2.Performance and body composition percentage chamd&srugby players over four weeks.

Mean; +CL Effect Size
Box squat 1-RM (kg) 22; 45 Large
Peak Power (W) 7.6; £3.6 Moderate
Maximum vertical jump (cm) 3.5;£3.0 Small
Body fat (kg) -2.9; £3.9 Small
Body mass (kg) 0.9;+1.1 Trivial
Soft lean mass (kg) -0.6; 1.1 Trivial
Combined leg volume (L) 0.5; £0.6 Trivial

RM=Repetition maximum; CL=90% Confidence limits.

For qualitative assessment of magnitude, effecte wandardised by dividing by the between-subjstts
in the rest condition. Effect size was interpretisthg thresholds of 0.2, 0.6, and 1.2 for smallderate
and large, respectively.
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Figure 12 shows the hormonal responses to the dégercise bouts. The largest
exercise-induced testosterone change was a snedl;, mcrease (13%; 90% confidence
limits £7%) observed at the conclusion of the sjterpower bout. The strength-strength,
power-power and power-strength bouts induced deatrivial increases in testosterone. A
small, clear increase in testosterone concentratiothe strength relative to the power
exercise blocks was seen at the mid-point of trezase (9%; £6%). A small, clear increase
in testosterone (10%; +8%) was also observed insthength-power bout relative to the
power-power bout immediately after exercise. Nongfgawas observed (0%; £15%) in
testosterone over the same time period on a combrotraining day.
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Figure 12.Testosterone and cortisol responses to four exepeiEocols on a logarithmic scale.

SD=Between subject standard deviation in the rgstiondition, Warm-Up=Four sets of 15, 12, 10 and 6
repetitions at ~50, 60, 70 and 80% of individuak-@apetition maximal weight with a 60-sec rest v
Strength=Three sets of three repetitions at indizidhree-repetition maximum load with a three-néncest
interval, Power=Three sets of three repetitions08 of individual one-repetition maximum load wilthree-
minute rest interval.
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In contrast to testosterone, cortisol showed litifeerence between the strength and
power exercise blocks at the mid-point of the eisercThe overall exercise-induced cortisol
response with each bout was also clearly trivia.with testosterone, there was a small but
clear cortisol difference (47%; £39%) between thersyth-power and the power-power
bouts immediately after exercise, and there wasndas difference (43%; +31%) between
the strength-power and power-strength bouts aftercese. There was little change (10%;

+38%) in salivary cortisol over the same time pérm a control non-training day.

3.6 Discussion

The steroid hormone data presented are consistéht avfavorable anabolic response
following the strength-power bout compared with foever-power bout. To our knowledge,
no other studies have reported that acute testoseresponses are enhanced following a
complex training bout. Although the strength-poweut had an identical load and volume to
the power-strength bout, only a trivial testosterancrease was observed following the
power-strength bout. There was no substantial r@iffee between the strength-power and

power-strength bouts, however.

No other lower-body resistance training was perfmrover the experimental period
and body composition data showed very little changéh only trivial changes in fat-free
mass, leg volume, and total body mass. Similarbtrid and colleagues (Harris, et al., 2000)
reported a lack of evidence for lower-body hypegatnp over a nine-week complex training
period despite performance increases in parallgtssfrength and vertical jump height. The
results of the current study also showed performagains and demonstrated large 1-RM
strength gains. Moderate increases in peak powersarall, but clear, increases in vertical
jump height were also observed despite a lack stednable muscular hypertrophy.
However, the design of the study prevents us frambating these gains to a specific

exercise bout.
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Research by Fatouros and co-workers (Fatourod,,e2090) demonstrated that, in
terms of strength gains, a combination trainingugrehat performed both plyometric and
weight training improved to a greater extent thgly@metric training group, but gains were
similar in a weight-training group. Similar resuligere reported by Rahimi and Behpur
(Rahimi & Behpur, 2005) when comparing complexrirag with plyometric only training.
Interestingly, the testosterone data in the curstaty followed a similar pattern to the
performance data reported by Rahimi and Behpurh aitclear difference between the
strength-power and the power-power bouts. Indeeterms of vertical jump height, power
and flight time outcome measures, the previousyst@ido found combination training
superior to resistance training and plyometricnireg performed separately (Rahimi &
Behpur, 2005). It should be mentioned that, indtugly by Fatouros (Fatouros, et al., 2000),
the plyometric training was performed three houefofe the resistance training in the
combination group, and there was no attempt to tegihe total workload between groups.
Many studies that examine complex training suffent this limitation, as it is practically
difficult to equate training duration and volumeveeen complex and non-complex training

groups.

A recent study (Mihalk, et al., 2008) that did egu#otal work reported similar
improvements in vertical jump height when combinmegistance and plyometric training
within a workout (complex training), or on altereatraining days (compound training).
However, there was no control or ‘standard’ tragnigroup to compare the observed
performance increases against as it was the intenfithe authors to determine performance
differences, as well as examine the rate of chasfgperformance differences, between
groups. Dodd and Alvar (Dodd & Alvar, 2007) used@aunterbalanced rotation design to
compare complex training with heavy resistance plydmetric training and equated the
total volume in each intervention. These reseasckmund that when heavy resistance sets

were immediately followed by a biomechanically saniexercise at <30% of 1-RM, sprint
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times and standing broad jump improved to a greattent. As a result, these authors
concluded that complex training provided “equahat greater” functional benefits. Indeed,
although the calculated effect sizes for the irgations were generally reported as being
trivial (Dodd & Alvar, 2007), further examinatiorf the data revealed small improvements
in sprint speeds and agility when complex trainivegs compared with resistance-only and

plyometric-only training over a 15 week period.

The strength-power bout employed in the currendystproduced the greatest
elevation in salivary testosterone. In other aaitelies, Goto and colleagues have shown
that an additional set at 50% of 1-RM following tergth session stimulated growth
hormone secretion to a greater extent than additsets at 20, 30, 70 or 90% or the strength
session alone (Goto, et al., 2003; Goto, et aD4ap Furthermore, the addition of these low-
intensity sets in a four week training period wasagiated with increased 1-RM strength,
maximal isokinetic strength, and a trend towardsnanease in muscle cross-sectional area

(Goto, et al., 2004b).

The short rest periods and high repetitions peréormas part of the standardised
warm-up protocol in this study approximate hypestrptype training. Hypertrophic exercise
bouts generally result in large increases in be#tosterone and cortisol (Kraemer, et al.,
1990; Kraemer, et al., 1998). Only a trivial horrabimcrease was observed after the warm-
up, although the short duration (approximately &)noif the warm-up is likely to explain this
discrepancy. In contrast, the small increase inosésrone observed in response to the
strength block is less common in literature, altjtosalivary testosterone is seldom reported.
It is possible that some of this testosterone nes@as due to the prior warm-up protocol;
however, the lack of an increase following the polaleck performed on the same timescale

would suggest otherwise.

In contrast to the testosterone data, there wadisoernable difference between the

cortisol levels at the exercise mid-point. Indetbe, relatively large variability in the cortisol
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concentration meant that changes from resting gsalegre insubstantial in all four exercise
bouts. The average cortisol levels at all time f®were below 1 ng-mL which is not
surprising, as the early evening collection timenfsocoincide with the nadir in the circadian
rhythm (Bird & Tarpenning, 2004). Furthermore, tlaek of substantial responses to the
resistance exercise bouts is consistent with dat¢gesting that the circadian rhythm of
cortisol influences the cortisol response to exer¢Kanaley, Weltman, Pieper, Weltman, &
Hartman, 2001). Diurnal rhythms and individual m@sges in steroid secretion may mask
responses to exercise if not accounted for. Theralodata in the current study however,
indicates that hormone concentrations were religtistable over the early evening sampling

time period.

The current study, in combination with earlier gtbwormone work, is suggestive of
a hormonal mechanism that can mediate superiotiurad gains when resistance exercise is
combined with low-intensity power-type exercisesclsfindings reinforce the importance of
understanding the hormonal training responses &edrésulting training outcomes. A
longitudinal study equating volume between compdexi traditional training bouts that
specifically addresses the influence of testostemsponses on functional outcomes would

be beneficial

3.7 Practical Applications

The greatest testosterone response was observad avhewer-type exercise was applied
after a heavy resistance training stimulus. Theegfa complex exercise sequence provided a
favourable anabolic response for adaptation condpdce the other training methods
examined. As recent research has linked salivastoseerone responses with enhanced
strength and body weight gains (Beaven, et al. 88Q)0it is suggested that the superior
functional gains associated with complex trainimg eelated to the improvements in the
hormonal environment. These data have practicalicatpns for exercise and training

prescription designed to increase or maintain gtken



70

CHAPTER FOUR: STUDY TWO — CIRCADIAN RHYTHMICITY

4.0 Lower-body Strength and Power Development durig Different Phases of the
Circadian Rhythm

4.1 Prelude

The review also highlighted that hormonal biorhyshare responsible for coordinating a
range of vital functions in the human body. In [gatar, testosterone and cortisol are
characterised by diurnal fluctuations. Steroid hames can affect multiple aspects of the
neuromuscular system and regulate performancerfastech as maximal force and power
output which likely contribute to strength and powdaptation. In the context of this thesis,
it was intended to assess whether the time at wiesistance exercise was performed within
the circadian biorhythms of salivary testosterond aortisol could influence strength and
power adaptive gains. The implications of this honal and adaptational information for

researchers and practitioners are discussed.

4.2 Introduction

It is recognised that circulating concentrationdesitosterone and cortisol are characterised
by a circadian rhythm, with highest levels in therning and a nadir in the late afternoon
(Lévi, et al., 1988; Cooke, et al., 1993; Kraenmadr,al., 2001; Diver, et al., 2003). It is
proposed that this circadian rhythm is responsibtecoordinating the vital functions of a
range of tissues and controlling the timing of ylaécretory events (Winget, et al., 1985).
The elevated testosterone levels typically obsearedhought to stimulate protein synthesis,
whereas the morning rise in cortisol accelerateabodism (Florini, 1987), and stimulates
gluconeogenesis and proteolytic activity (Dineen, aé, 1993). Kraemer (1988) has
suggested that the observed early morning incré@asestosterone may serve an anti-
catabolic role helping to protect the muscle agaths proteolytic effect of cortisol on

skeletal protein (Kraemer, 1988).
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It is also known that maximal voluntary strengtioaéxhibits a circadian pattern with
higher values observed in the afternoon than inntbening (Drust, Waterhouse, Atkinson,
Edwards, & Reilly, 2005). Researchers have also ahstnated that peak torque, peak
anaerobic power (Souissi, Gauthier, Sesboie, L& @avenne, 2002; Souissi et al., 2007),
and time trial performance (Atkinson, et al., 20@5¢ higher in the evening than in the
morning. Thus, many factors associated with muscp&formance are increased when
exercise is performed in the afternoon. Indeedcbersesand co-workers have reported that
the functional capacity of muscle was at its loweghe early morning and peaks in the early
evening (Deschenes, et al., 1998). However, they stiated that the early morning could be
considered the “optimal” time for resistance ex@alue to the greater pre- and post-exercise
plasma testosterone levels observed relative ter ditmes of day (Deschenes, et al., 1998).
They did suggest though, that if the ratio of tettmne to cortisol provided a more accurate
reflection of the anabolic potential for proteirceation then in fact, the early evening may be

more “conducive to resistance exercise”.

The time of day that resistance exercise is pemdrinas been shown to modulate
cortisol responses with significantly greater res@s observed when exercise is performed
in the morning (Kanaley, et al., 2001). Indeede&agshers have reported that the optimal
time for resistance training is in the evening tlu¢he enhanced “anabolic/catabolic status”
(Bird & Tarpenning, 2004). In terms of resistan@@ring outcomes, one study demonstrated
that maximal strength gains from two daily sessi@esformed morning and afternoon) were
superior to one session of equal volume performatie morning (A. Hakkinen & Kallinen,
1994). No hormonal data was presented by thesashimasearchers; however it is possible
that the enhanced anabolic environment and/or dicabesponsiveness in the afternoon

contributed to the superior functional outcome obse.

Hansen and colleagues (Hansen, et al., 2001) hesaided a larger relative increase

in isometric strength when the anabolic hormonapoase was enhanced by additional leg
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exercises. Furthermore, Staron and co-workers d&taet al., 1994) linked increases in
strength and muscle fibre transformation in matesi¢évated serum testosterone levels. More
recent data have demonstrated that suppressionnddgenous testosterone attenuates
strength and muscle mass gains observed over dn-veggk strength training period
(Kvorning, et al., 2006). Beaven and colleague®®&Mave reported enhanced strength and
body weight gains when rugby players were presdriasistance exercise that maximised
the acute salivary testosterone response (Beaveh, @008a). Nutritional supplementation
that blunts the cortisol response to resistanceceseshas also been shown to enhance the
functional adaptations associated with resistana@gcese (Bird et al. 2006). These data,
taken together, may suggest a link between acuéeciee-induced modification of the

anabolic/catabolic status of the body and functiadaptation.

The response of cortisol to resistance exerciskn@vn to be influenced by the
circadian rhythm and testosterone responses haea beported to enhance functional
outcome of resistance exercise. Responses of sefeisgional rugby players to resistance
exercise performed either in the early morning amyeevening were investigated. It was
believed that the anabolic/catabolic status oftibay post exercise would differ in a training
time-specific manner due to the effect of the draa rhythm. Identification of differential
responses would provide valuable information reiggrén optimal time to train in order to

maximise the post-exercise anabolic milieu.

4.3 Methods

4.3.1 Subjects
Eight semi-professional male athletes from a singigby team (see Table 3 for

characteristics) were recruited to participatehie study which involved performing a back
squat protocol either in the morning (0700-0800 brslate afternoon (1600-1700 hrs). The
athletes were involved in two 4-wk pre-season ingirblocks (approximately 10 hours per

week) as part of a high-performance academy fentatl players.
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Table 3.Physical characteristics of the 8 players monitored

Mean + SD
Age (yr) 21.1+1.7
Height (cm) 188 +7
Body mass (kg) 100 + 14
Soft lean mass %) 82.1+3.0
Body fat (%) 129+49
1-RM (kg) 151 +17
Jump-squat peak power (W) 4530 £ 720

RM=Repetition maximum

Each pre-season training block was separated Il aufjby season and off-season
and immediately preceded by a two week enforcedkbfeom training. No games were
scheduled during either of these two pre-seasaningpblocks. All athletes were fully
informed of the nature and possible risks of thelgtefore giving written consent. Athletes
were also informed that they could cease theiri@pation in the trial at any time without
giving a reason, and with no repercussions. Ettapakoval was obtained from the Waikato

Institute of Technology Ethics Committee.

4.3.2 Procedure
Each athlete’s body composition, 1-RM and jump-sgaak power were assessed in

the week prior to the start of the experimentalckland again at the end of the fourth
training week. Body composition (body mass, sadhlenass, body fat) was estimated using a
reliable eight point, tetra-polar, segmental biotleal impedance analysemBody 3.0
Biospace Seoul, South Korea), according to the faatwrers’ guidelines (Medici &
Bedogni, 2005). For the purposes of this studyt leain mass is defined as the sum of the
total body water and the protein mass as estimatedelnBody 3.0bioelectrical impedance
device. Throughout each four week block, athleteapleted two exercise bouts each week
(Tuesday and Thursday) in a gymnasium where theg aecustomed to training. Thus, each
bout was completed eight times over each four weaking block, and at least 48 hours

apart.
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During the first block the athletes performed thaat exercise bouts in the morning.
In the second block, the same athletes performedstiuat exercise bouts in the late
afternoon. The two blocks were incorporated int@ thre-season trainings for two
consecutive rugby seasons and no other lower lexigtance exercise was performed during
either training block. Each bout commenced with @rw up on an exercycle at a self-
selected intensity for 5 min and supervised stietghlrhe athletes then completed four sets
of back-squat exercise comprising 15, 12, 10, etigpns (reps) at ~50, 60, 70 and 80% of
each individual's 1-RM (repetition maximum) respeely, with a 60-s rest between sets.
Athletes subsequently performed three sets of 3Rk squat and three sets of jump-squat

at a load equivalent to 50% of their box squat 1:RM

Box squat strength (1-RM) was assessed using & sacka and weighted box, an
Olympic barbell and free weights (Fithess WorksywiNgealand) and following a procedure
similar to Cormie and colleagues (Cormie, et &107). The player would start in a standing
position with the load above the posterior deltaatishe base of the neck. Players would
lower themselves to a sitting position on the boa then return to a standing position. The
box height was adjusted for each athlete to allogvtbp of the thighs to be parallel to the
floor while in the seated position. Trained profesals monitored all sessions, providing

encouragement and spotting lifts when necessary.

Jump squat power was assessed using a Smith maahihéree weights (Fitness
Works, New Zealand) and required the player tot staa standing position with a load
equivalent to 50% of their box squat 1-RM above posterior deltoids at the base of the
neck. This load was based on work conducted by Bakance and Moore who reported
loads in the range of 47-63% of 1-RM maximised poagput (Baker, et al., 2001). Players
would lower themselves into a half-squat posititbefore explosively jumping in the
concentric phase to achieve maximal height. Playerse encouraged to jump as high and as

explosively as possible. On landing, players wastructed to sink to absorb their mass and
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the loaded bar. Peak power was calculated for tmeentric phase using the GymAware
system (Kinetic Performance Technology, Australid)e GymAware system consists of a
linear encoder, attached to the bar via a retréetadrd, and provides a valid (r = 1.00) and
reliable (coefficients of variation CV = 1.08%) nseaement of concentric squat power

(Coutts, Reaburn, Piva, & Murphy, 2007; Drinkwatsral., 2007).

Immediately prior to, and following the exerciseubothe athletes were asked to
provide a whole saliva sample of approximately 2.r8ugar-free gum (Extra, Wrigleys,
Auckland, New Zealand) was provided to assist \wdhva stimulation (HOId, et al., 1995).
Saliva samples were stored at *@0until assay and were analysed in triplicate for
testosterone and cortisol using commercially ab&laadioimmunoassay kits (Diagnostic
Systems Laboratories, USA) modified for salivaryasiwement (Granger, et al., 1999;

Mdarelius, et al., 2004).

Testosterone assay sensitivity was 3.5 filiiowith intra- and inter-assay coefficients of
variation (CV) of <8%. Cortisol assay sensitivitpsv0.14 nmdl™* with intra- and inter-assay
CV of <10%. Saliva samples for each participantenenalysed in the same assay to eliminate
inter-assay variance. Salivary sampling was seledte to the fact that it is relatively stress free
method of sample collection and because salivagyoist concentrations provide a good
indication of fluctuations in the bioavailable fregeroid concentrations in plasma (Sannika, et

al., 1983; Granger, et al., 1999; Kraemer, e8i01).

4.4 Statistical Analyses

All steroid hormone data were log transformed ptamanalysis to reduce non-uniformity of
error and to express effects as percent changek-tBansformation provided estimates of
mean effects as percentages and errors as coefi@évariation. For qualitative assessment
of magnitude, the log-transformed effects wereddagised by dividing by the pre-exercise,

between-athlete standard deviation. The magnitdicenceffect was deemed unclear if its’
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confidence interval overlapped positive and negatlwesholds for substantiveness. When
this overlap did not occur, the magnitude of theavbed effect is reported using thresholds
of 0.2, 0.6 and 1.2 for small, moderate and laegpectively, a modification of Cohen's
thresholds of 0.2, 0.5 and 0.8 (Cohen, 1988). Tmegdifications are based primarily on
congruence with Cohen's thresholds for correlatioefficients (Hopkins 2009). Thresholds
for assigning the qualitative terms to chances uwifstantial effects were: <1 %, almost
certainly not; <5 %, very unlikely; <25 % unlikelg5 — 75 %, possibly; >75 % likely; >95
% very likely; and >99 % almost certain. Statidticamparisons of the hormonal responses
to resistance exercise sessions were made bagbd time of day that they were performed

using a pre-post crossover trial spreadsheet &lait www.sportsci.org

4.5 Results

Pre- and post- exercise salivary testosterone arits@ concentrations were clearly higher in
the morning than in the late afternoon (Figure IB)r testosterone, samples taken in the
morning (0700 to 0800 hrs) were a factor of X¥81.1; 90% confidence limits) greater before
exercise, and 1.4¥1.1) greater after exercise, than samples takaharafternoon (1600 to
1700 hrs). For cortisol, samples taken in the nmgynwvere a factor of 5.%(-2.3) greater before
exercise, and 3.6:-2.3) greater after exercise, than samples takémeimfternoon. In contrast,
the ratio of testosterone to cortisol was cleaglyser in the morning by a factor of 0x3+@.4)
(Figure 14). Testosterone and cortisol almost odytadlecreased over the morning exercise
bouts by 19% (x8%; 90% confidence limits) and 48£2406), respectively. However, only
trivial hormone changes were seen in responseet@ftiernoon training. There was a moderate
increase of 60% (x20%) in the testosterone to swirtiatio during the morning exercise bouts

with only trivial increases in the afternoon (22526).



77

10004  Testoszterone Response to Syuat Exercize Sets

—m— A0

—o— PM

m{ = =
T

Balivary Testosterone
Concentration (og-mL™)

—
=

1005 Corisol Response to Syuat Exercize Sets

E_\——a

—
=
]

=
p—y
1

Salivary Corisol
Concentration (g mL™)

=
=

10004 Tto C Fatio Responze to Sguat Exercize Sets

%
2 | I |
= 100
oy
T
10 T .
Pre-Exercise Post-Exercize

Figure 13. Average hormonal responses to squat exercise edtsped either in the morning or the
afternoon (n=8).

T= testosterone; C=cortisdtrror bars are standard deviations.

Figure 14 indicates that a small increase in juoupas peak power produced at a load
equivalent to 50% 1-RM was evident after the fouwrel afternoon training block (8.5
+11.2%). The change over the same time period Vioers were performed in the morning
was trivial (3.8 £6.7%). Box squat 1-RM strengthdamtely increased over both four week
training blocks (PM: 17.4 +4.1%; AM: 16.6 +2.5%)tlvino difference between the strength
gains observed. No clear differences in the measofdody composition were observed

over either of the four week training blocks.
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Figure 14.Change in jump-squat peak power and box squatgitrever 4-wk training period (n=8).

Error bars are standard deviations.

4.6 Discussion

One clear outcome was a training time-dependefdrdiice between salivary testosterone and
cortisol, and their ratio, both before and aftesis@nce exercise bouts. Circadian differences
have previously been described (Lévi, et al., 1988pke, et al., 1993; Kanaley, et al., 2001,
Kraemer, et al., 2001; Diver, et al., 2003; BirdT&rpenning, 2004) however some researchers
have failed to observe significant circadian vaoiatn salivary cortisol levels (Dimitiou, et al.,
2002). The current paper utilizing salivary samplishows clear differences between the

anabolic/catabolic environment in the body at défe times of day.

The levels of salivary testosterone and cortisolasneed in the current study are
comparable to those observed elsewhere (Kraenadr 2001; Di Luigi et al. 2006; Crewther et
al. 2009; Cadore et al. 2009; Argus et al. 2009) fatl within the normal range (Ellison et al
2002). The importance of monitoring both testosterand cortisol concomitantly is due to the
fact that cortisol can potentially act in an antagboc and inhibitory manner to that of

testosterone. Glucocorticoids have been reportedufipress the secretion of testosterone’s
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signaling peptide, luteinising hormone, and thusdpction of cortisol can suppress the secretion
of testosterone (Doerr & Pirke, 1976; Nindl, et &001). Glucocorticoids are also known to
inhibit Leydig cell steroidogenesis (Welsh et a@82) and protein synthesis by affecting
translational initiation (Shah, et al., 2000c, 2@00Cortisol has also been reported to elevate
serum free fatty acid levels which may attenuaséosterone secretion (Meikle et al. 1989) and
growth hormone responses to resistance exercise &Win 2010). Furthermore, Chen and
colleagues provided evidence of a direct physicaeraction between androgen and
glucocorticoid receptors at the transcriptionalelesontributed to their opposing physiological
effects (Chen, Wang, Yu, Liu, & Pearce, 1997). bdleexercise studies have reported negative
correlations between cortisol and testosterone exttrations (Brownlee et al., 2005; Daly et al.
2005). Thus, the ratio of testosterone to cortisohy provide an indication of the
anabolic/catabolic status of the endocrine systewh the capacity of the system to realise

adaptive outcomes.

The greater ratio of testosterone to cortisol olexrin the afternoon session did not
appear to affect the strength gains observed dwerfour week training block as similar
increases were observed over the two distinctitrgiblocks. Indeed, the training gains in box
squat strength observed in the current study am sifnilar magnitude to those observed in a
study of elite rugby players over an equivalentetiperiod (Argus, Gill, Keogh, Hopkins, &
Beaven, 2010). This observation demonstrates thsitiye, moderate improvements in lower
body strength are achievable within a relativelgrstime frame in well-trained athletes in a de-
trained state. As the eight bouts in each blockewtbe only lower body resistance exercise
performed, and exercise volume and intensity wascimed, it can be concluded that each
exercise block was equally effective in increasinBM box squat strength regardless of the
time of day performed. This conclusion is similathat reached by other authors (Souissi, et al.,
2002; Sedliak, Finni, Cheng, Kraemer, & Hakkine@0?2) although Sedliak and colleagues did

note a “slightly greater” increase in maximal vdlny contraction peak torque after a ten-week
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program when lower-body exercise was performed éetwl700-1900 hrs compared to 0700-

0900 hrs.

In contrast to maximal strength, peak power produatea load equivalent to 50% of 1-
RM during a countermovement jump-squat was imprawed greater extent during the four
week block when training was performed in the aften. In a similar study with Super 14
rugby players conducted by Argus and colleaguesnall decrease in lower-body power was
observed over an identical time frame (Argus, et2810). It is possible that the lower volume
of resistance training session performed in theeodrstudy allowed an adequate recovery
according to the fitness-fatigue model (Chiu & Bssn2003). It is also worth noting that the
majority of the resistance exercise performed leyS$hper 14 players was in the morning. Our
results showed only trivial increases in lower-bgubyver when training was performed in the
morning, in contrast to the small increase obsemvbédn training was performed in the late
afternoon. One possible explanation for this oketésm is that the elevated testosterone to
cortisol ratio contributes to the realisation ofingain the functional ability of the muscle to
produce force rapidly. However, it is also possithat the greater initial levels of power
production in the second training block limited fhaential to see gains of a similar magnitude

to those of the first training block.

Cross-sectional studies have identified associatioetween endogenous testosterone
levels and vertical jump power output (Bosco et H996a), maximal anaerobic power (Mero,
Jaakkola, & Komi, 1990), squat-jump power (Crewtlegral., 2009a), counter-movement jump
height, and 30-m running speed (Bosco, et al., kP9 deed, several studies have reported
relationships between testosterone and/or cort@micentrations, and power or strength
adaptation in trained athletes (K. Hakkinen, Palar Alen, & Komi, 1985; K. Hakkinen,
Pakarinen, Alen, Kauhanen, & Komi, 1988; J. P. Ainin, et al., 2003a). Importantly, an
anabolic endocrine environment has been suggesteel tdecisive” for the development of fast

twitch muscle fibres (Viru & Viru, 2005).
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It is clear however, that testosterone and cortem@ not the sole determinants of
muscular adaptation. Adaptation is the result eafa of mechanical, endocrine, cellular, and
molecular processes that are essential to the imdgpbcess (Favier, et al., 2008) in which the
intensity, volume, and type of muscular contraddi@me important determinants (Kraemer &
Ratamess, 2005; Tidball, 2005). Indeed, individdiffierences in acute hormone response to
resistance training are known modulate adaptivearnés (Beaven et al., 2008b). It is also
possible that other circadian factors would infleeerthe optimal time to perform resistance
exercise such as core temperature which influeneesal conduction velocity (de Jong, et al.
1966) and lower body power production (Racinaislet2005; Taylor et al. 2009). It is also
possible that normal locomotor activity may prinoevér body exercise performed later in the
day. Ultimately, the improvements in lower bodyestyth observed by Hakkinen and Kallinen in
1994 cannot be explained by the current hormont da no difference in strength gain was
observed in our rugby athletes. It is possible thatlower acute training volume, and thus a
decrease in fatigue resulting in more effective glative training adaptation, contributed to the

strength improvements observed in these Finnidetath

4.7 Conclusion

There are obvious differences between the hormamalonments experienced by an individual
exercising at different times within the circadidrythm. The current data suggests that these
differences have the potential to modulate adaptat exercise. Specifically, greater gains in
peak power produced at a load equivalent to 50%-BM during a countermovement jump-
squat were observed when training was performdterate afternoon compared to training in
the morning. As such, the testosterone to cortiabb, rather than absolute testosterone and
cortisol concentrations, may work in conjunctiontrwother mechanisms to modulate power

gains and underlie the performance gains obsenvdtese semi-professional rugby athletes.
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CHAPTER FIVE: STUDY THREE — ULTRADIAN
RHYTHMICITY

5.0 Ultradian Rhythmicity and Induced Changes in Shvary Steroid Hormones
5.1 Prelude

In assessing the daily biorhythms within endogenoaisnone production, it was apparent
that underlying ultradian rhythms played a key rmlehormone regulation. Interestingly,
research in an animal model demonstrated thatulsagile nature of steroidal stress hormone
production had the potential to modulate the pHggical response to an applied stressor.
Due to the comparable regulation of steroid hormrsaneéhumans, it was hypothesised that a
biorhythm may be identifiable in human saliva. the context of this thesis, it was intended
to investigate steroid hormone pulsatility and plogential of such a biorhythm to influence
response to an exercise stimulus. The implicatafribis information regarding the influence

of ultradian rhythms on exercise responses forarebers and practitioners are discussed.

5.2 Introduction

In humans, testosterone and cortisol are knowrespand to exercise stimuli (Kraemer, et
al., 1990; J. U. Ahtiainen, Pakarinen, Kraemer, &kkinen, 2004). Indeed, maximal
exercise is known to elicit rapid hormonal respsnsehumans with the magnitude of the
response related to the intensity of the exerdé{sagmer, et al., 1990; Busko & Opaszowski,
2005; Crewther, Lowe, & Weatherby, 2007). Video garhave also been used as a purely
psychological intervention to evoke acute hormomesponses (Mazur, Susman, &
Edelbrock, 1997; Sharma, Khera, Mohan, Gupta, & ,R2806). Cortisol promotes the
mobilisation of energy reserves during physicalivagt by stimulating gluconeogenesis,
promoting lipolysis and increasing protein catatmli(Viru & Viru, 2004). Stimulation of
testosterone secretion promotes muscular hypentrojghactivation of satellite cells (Kadi,

2008) and administration has been associated vaisitipe changes in muscle architecture
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(Blazevich & Giorgi, 2001), strength (Strawford,at, 1999), and fat-free mass (Bhasin, et
al., 1997). Importantly, putative sites of actioithim the mammalian target of rapamycin
signaling pathway, which is intimately involved skeletal muscle adaptation, have been
demonstrated for both testosterone (Altamiranoalet 2009) and cortisol (Shah, et al.,
2000c). Indeed, the contribution of testosterone anortisol in realizing the adaptive
responses to resistance exercise have been prigviepsrted (Hansen, et al., 2001; Bird, et

al., 2006b; Kvorning, et al., 2006; Beaven, et2008a).

Both cortisol and testosterone exhibit circadiaythims in both basal levels, which are
elevated in the morning hours with a nadir in ite lafternoon, and responsiveness to stimuli
(Kanaley, et al., 2001; Kraemer, et al., 2001). Dhsal concentrations of both testosterone
and cortisol are regulated by the hypothalamus aaedcharacterised by pulsatile secretion
that defines both ultradian and circadian rhythtgidPulsatile release and rapid clearance of
endogenous steroids overlay the circadian rhythchdmaracterise an ultradian rhythm that
has the effect of exposing target tissues to ldligeuations of hormone and is a critical
component of biological actions (Young, et al., 20&Feldhuis, et al., 2008). Episodic
secretion of cortisol and testosterone have beemtifted in a variety of species (Sarnyai, et
al., 1995; Windle, et al., 1998; Ingram, et al.999Young, et al., 2001; Schlatt, et al., 2008)
including humans (Winters & Troen, 1986; Veldhwsal., 1987a; Schirmeyer, et al., 1996;
Young, et al., 2001; Young, et al., 2004) and firisposed that pulsatile release may function
to prevent down regulation of the hypothalamic-jpétty-adrenal (HPA) and hypothalamic-
pituitary-gonadal (HPG) axes enabling the mainteranf maximal responsiveness to

stressors (Veldhuis, et al., 1987a; Young, e2al04).

Knowledge of such ultradian rhythmicity is necegsarorder to understand the control
of the HPA and HPG axes and factors that influetihmse systems. At the very least,
knowledge of ultradian rhythmicity should suggdsattsingle point hormonal sampling,

without an understanding of the underlying basdtepa, may not provide an accurate
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depiction of endocrine activity. Pulsatility itseffay communicate different information and
the rapidly changing concentrations of hormones mesylt in differential occupation of
receptors throughout the circadian rhythm (Yourtgale 2004). Indeed, periods of post-
pulse quiescence have been associated with hyposrgiseness of the HPA axis to an audio
stressor (Windle, et al., 1998). These resultsais clearly demonstrated that the underlying
pattern of HPA activity can be a determinant ofctiwéty to acute stress. Indeed, pulsatility
and the resultant periods of post-pulse quiesceraepartially account for the characteristic
variability observed in individual hormone respangdensen, et al., 1991; Ellison et al.,
2002; Beaven, et al., 2008a; Beaven, et al., 20@¢8b)ever, few researchers have addressed

the role ultradian rhythms play in on exercise-icetlihormone responses.

An appreciation of pulsatility suggests the nedgssir multiple samples to build a
dynamic profile of hormonal concentrations rathsaint a single point ‘snap-shot’. Such a
sampling regime benefits from a minimally-invassampling approach which avoids stress
that may confound results. To avoid HPA axis atiivadue to the stress associated with
venepuncture (Merran, et al., 1993; Kirschbaum &ltdenmer, 2000) salivary sampling
was utilised. This method allowed the collectionaofarge number of serial samples on
consecutive days. A range of research from a wadaesources has formed a solid basis for
the use of salivary hormones in assessing endostates (Vittek, et al., 1985; Dabbs, 1990;
Obminski & Stupnicki, 1997; Pruessner, et al., 23Aemer, et al., 2001; Gozansky, et al.,
2005; Kraemer & Ratamess, 2005; Erskine, et abD7R20Salivary sampling also offers the
advantage of assessing the free steroid concemirdliat is available to interact with

appropriate receptors to actualise physiologicot$féErskine, et al., 2007; Wood, 2009).

The interaction between dynamic basal rhythms dnaiplogical responsiveness of
the HPA axis in the rat indicates a mechanismhhatthe potential to be an important factor
in determining differential responses of individui&b exercise. As the ultradian rhythmicity

has been demonstrated to influence physiologicapaeses to external stimuli, it was



85
proposed that applying an intervention at a timatpthat may coincide with a secretory
event could provide a greater physiological respottgn during a period of quiescence.
Thus, the current study aimed to establish: whe#ipesodic secretion could be detected in
the saliva of healthy human males and; whethemrdégponse to stimuli was modulated by

ultradian rhythmicity.

5.3 Methods

5.3.1 Procedure

Seven healthy and recreationally active males wlewot currently participating in
an organised training regime ([Mean = SD] age: Z77 ¢#: body mass 83.5 £ 20.1 kg; height
174.1 + 4.9 cm) volunteered to participate in stisdy. Fasted subjects arrived at the study
venue at 0745 h and completed informed consentsf@na were given instructions for the
day. Subjects were also informed that they coulibedheir involvement in the study at any
time without repercussion. Sample collection comeeenat 0800 h thereafter subjects were
provided with a standardised breakfast that coesistt Weetbix®, milk and orange juice
(2104 kJ, 15% protein, 17% fat, 68% carbohydraibg first day was a non-intervention day
and subjects remained at the study venue until 16@foviding a saliva sample every ten
minutes when prompted by an audible alarm. At myddabjects were provided with a
standardised meal that consisted of ham, cheesdoamato wholegrain sandwiches, and
orange juice (2879 kJ, 18% protein, 24% fat, 58%baaydrate). Subjects were permitted to

drink waterad libitum
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Figure 15.Methodological timeline depicting the sequencewafrgs on three consecutive study days.

A =Arrive at study venue| =Consume standardised meal, *=Provide saliva samptd-irst set of subjects
perform one of three interventions at randomns; Remaining subjects perform one of three interosstiat
random.

Subjects randomly performed three intervention®oe of the two remaining study
days. The second and third days were identicdladitst day apart from the superimposition
of the interventions. Thus, each subject was mogdgt@ver two non-intervention days and
one intervention day (Figure 15). The interventiovexe: completion of two 30 sec cycle
sprints; completion of two 30 sec boxing effortddaparticipation in the violent, player
versus player, video combat game. The interventegr® performed in a randomised order
with at least two hours separating each challempe.sprints were performed on a friction-
loaded cycle ergometer (Monark Ergomedic 834E, 8wgdising a resistance equivalent to
10% of an individual’'s body mass. Seat height wdjasted for each individual and the feet
fixed to the pedals with toe-clips. After warming dor two minutes, subjects began
unloaded pedaling and, once the load was applietk vequired to pedal at maximum effort
for 30 seconds. A further 30 sec effort was perfmrane minute after the completion of the
first effort with subjects instructed to continuelaaded pedaling during the intermediary
period. Subjects remained seated throughout and gigen strong verbal encouragement.

The boxing intervention also consisted of two madi®0 second efforts with a one minute
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recovery period and involved wearing boxing gloaes striking hand-held focus pads. The
video game intervention consisted of a 10 minutst-flerson shooter scenario where two
subjects were encouraged to shoot, maim and kit e¢her in a simulated futuristic wartime
environment (‘Killzone’® PS2, Sony, USA). Ethicap@oval was obtained from the

Waikato Institute of Technology Ethics Committee.
5.3.2 Saliva Collection and Analyses

Whole saliva samplesof approximately 5mL were collected every 10 mira vi
expectoration into a graduated 10-ml centrifugeet(tBSCT1002; Labserve, Auckland, N.
Z.). Sugar-free gum (Extra ®, Peppermint, Wrigley&Z.) was provided to assist with
saliva stimulation. To prevent blood contaminatajrsaliva, resulting in an overestimation
of hormone concentrations, subjects were advisevoad brushing their teeth and drinking
hot fluids in the two hours prior to reporting teetstudy venue. Saliva samples were stored
on ice and transported to a freezer at the enddf study day where they remained af€0
until assay. Saliva samples were analysed in ¢af@ for testosterone and cortisol using
radioimmunoassay (RIA). The methods were modifredhfthose described by Granger and
colleagues (Granger, et al., 1999). Briefly, stadddrom serum diagnostic kits (Diagnostic
Systems Laboratories, USA) were diluted in phosphatfer saline (Sigma P4417) to cover
the ranges of 0-18.56 and 0-1.73 niiid] for cortisol and testosterone respectively. $aliv
sample sizes of 50 and 100uL were used for corasal testosterone respectively. The
supplied antibody solutions were diluted (1:5 and31for cortisol and testosterone,
respectively) in a phosphate buffered saline smtutcontaining 0.05% bovine serum
albumin. This dilution resulted in approximately%®inding in the zero standard compared
to the total counts (10,000 and 4,500 counts perutai for cortisol and testosterone,
respectively). Detection limits for the assays w@13 and 0.002 nmidl™, for cortisol and
testosterone respectively. The intra- and inteaas®efficients of variation were <9% for

cortisol and <10% for testosterone.
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5.3.3 Statistical Analyses

Data from all subjects were included in the analyshll intervention-induced
hormone responses were log transformed before sindly reduce non-uniformity of error
and effects and expressed as percent changes (4o@002). In keeping with trends in
inferential statistics (e.g., (Sterne & Smith, 2p)0Inagnitude-based inferences about true
(population) values of effects were made by expngshe uncertainty in the effects as factor
90% confidence limits. For brevity, confidence limmare shown ag~‘x’. An effect was
deemed unclear if its confidence interval overlaptiee thresholds for substantiveness (that
is, if the chances of the effect being substantipbsitive and negative were both >5%);
otherwise the magnitude of the effect was repoaedhe magnitude of its observed value
(Batterham & Hopkins, 2006). The smallest standa&dliichange was assumed to be 0.20
(Cohen, 1988). Pearson correlations provided etgsnaf linear associations between the
subject characteristics and aspects of their hoamprofiles. The reported magnitudes for
correlations are based on the thresholds of Cobh®88) and the 90% confidence intervals

derived via the Fisher z transformation to estintlgelikely range of the true value.

An automatic deconvolution method (Pulse_XP, Vers&®080429, University of
Virginia) was employed to derive quantitative esties of testosterone secretory events on
non-intervention days (Veldhuis, et al., 1987ahgB-component elimination half-life and
Gaussian distribution of secretory rates were asgur@oncordance between the modeled
‘best fit’ and the observed temporal hormone peofias assessed using the root mean square
weighted residual statistic provided in ‘Pulse X§ftware and visual inspection in an
iterative process. The measurement error at eacmdaoint was estimated as recommended
by Johnson and colleagues (M. L. Johnson, et @8R Hormonal pulse half-duration, half-
life of elimination, and distribution volume weresaimed to be constant over the three day

experimental period for all subjects. No outlyingtal points were identified by the
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‘Pulse_XP’ software. Pulse detection was not attechpn the cortisol temporal profiles due
to the presence of non-spontaneous increases idvbiefeeding. Approximate entropy
values were determined on non-intervention daysguBulse_XP to quantify the orderliness
of sub-patterns in the sequential testosteronecariisol measures (Veldhuis, et al., 2009).
Approximate entropy is a sensitive and specifidisgtia that is a translation- and scale-
independent measure of a data series and changfeis iméeasure have been reported to be
predictive of subsequent clinical changes (Veldhes al., 2008). These authors have
suggested that increased irregularity (approxinestieopy) with a hormonal time series is

commonly associated with attenuation of negatieelb@ck.

5.4 Results

Deconvolution data confirmed the presence of putses the eight hour sampling period for
testosterone with an inter-pulse interval of 47 m#@. Figure 16 represents typical salivary
testosterone profiles with a modeled best fit datiby deconvolution software. A very large
negative linear association between age and meaosterone concentration was observed
(Pearson correlation r = -0.72, 90% confidencervate0.39 to 0.89). Approximate entropy
data which quantifies the degree of orderlinessiwiserial data, also suggested a greater
degree of relative randomness in the salivary séstone data set than in salivary cortisol
with the approximate entropy of testosterone beng = 0.1 units higher than that

determined in the cortisol data.
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Figure 16.Eight hour time courses of salivary testosteroreceatration in all subjects.

Samples are from a non-intervention day were stdbjeere sampled at 10-min intervals. The dashes lin
represents the observed data and the solid lite imodelled best fit as derived by the AutoDeaunftwsare.

Testosterone concentration decreased (by a fatti@; factor 90% confidence limits
%/+1.17) over the period between 0800 and 1600 h,camntisol concentration decreased a
factor of 0.43 ¥~1.50) over the same time period. Auto-correlatioaablyses of the
testosterone residual data were consistent wittsigat episodic pulses lasting less than 20
min with a small mean correlation of 0.21; £0.17g#eater correlation (r = 0.64; £0.16) was
found between consecutive residual data pointxdotisol, indicating cortisol levels were
less labile. The standard deviations quoted comwéalean expected variability in a sample

of this size of 0.09 (Hopkins, 2007).
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The sprint intervention elicited a small transietgvation in testosterone by a factor
of 1.21 &~1.21) 10 min after exercise (Figure 17). A cortismdponse was observed as a
result of the sprint intervention with a moderatevation peaking at 50-min post-exercise
(factor 2.3;%+2.6). A moderate cortisol elevation was also chahe 60 min post-exercise
time point and over the 60 min area under the c(iaetor 1.79;%~2.0 and 1.63y~1.7)
respectively. The hormonal effects of the otheenventions were generally trivial or unclear
at all time points although a small transient efievain testosterone (factor 1.284+1.28)
was observed following the video game (Figure The testosterone response to the video
game tended to differ between winners and losetts efianges of a factor of 1.3841.60)

and 1.00 ¥~+1.12) respectively.

Correlational analysis revealed that the dynamanges in testosterone prior to the
sprints were associated with the magnitude of #sosterone response. The change in
testosterone concentration in the 10 min immediapeior to the sprint intervention was
positively associated with a testosterone respand®-min post exercise (r = 0.78; 0.23 to
0.95). A large positive association between thengkan testosterone prior to exercise and
response was also observed at the 20-min postisgdhme point (r = 0.93; 0.70 to 0.99). In
contrast, correlational data from non-interventi@ys demonstrated a negative relationship
between analogous testosterone concentration chdnge0.38, -0.71 to 0.10; and r = -0.35,
-0.70 to 0.13) for the 10- and 20-min post timenpoirespectively. Interestingly, a positive
correlation (r = 0.83; 0.35 to 0.96) was observedwien an individual’'s approximate
entropy value for basal secretion of testosterom& the magnitude of the testosterone

response to the sprint intervention.
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Figure 17. Group average salivary testosterone and cortisatentrations before and after three interventions.

Error bars represent standard deviations. Dasheddipresents the commencement of the intervention.

5.5 Discussion

Deconvolution analysis of the testosterone datdhe current study was able to discern
circhoral secretory events in salivary testosteroAaito-correlational results in the
testosterone data set suggested that these sgaetnts were transient with no relationship
observed between consecutive data points. Prewots has identified episodic secretion of
testosterone in the testicular vein at a circhnequency, with testosterone levels ranging
from 1 to 1,540 ng-mt (Winters & Troen, 1986). With respect to cortisthle current study

presents auto-correlational results showing aioglship between consecutive data points.
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This observation contrasts that seen in salivasyosterone suggesting that, at least in the

saliva partition, cortisol secretion is less laltiian testosterone.

Analysis of the standardised approximate entropgq devealed that there was almost
certainly a difference between the orderlinesseftestosterone and cortisol values, with the
testosterone data series being more complex. Tifésehce has been previously reported in
plasma with reported ranges of 0.8-0.9 and 1.28-1f&r cortisol and testosterone
respectively (Pincus, et al., 1996; van den Beigcu’, Veldhuis, Frolich, & Roelfsema,
1997; Veldhuis, 1999; Henley, et al., 2009). Theeatdinding of a relationship between the
approximate entropy of basal testosterone secrationnon-intervention days and the
testosterone response to the cycle sprint exentiag reflect attenuation of negative
feedback. This observation suggests that the appabt& entropy statistic provides data
regarding the sensitivity of the HPG axis to phimjyical stimuli. As such, approximate
entropy may be capable of distinguishing individualho are susceptible to respond in a
positive anabolic manner to exercise and providagint into differential inter-individual
responses to an identical stimulus. An expectedcestson was also observed between age
and mean testosterone concentration with a vegelaegative correlation reported. Age-
related decreases in testosterone concentratiansc@nmonly reported and have been
associated with changes in fat mass, muscle maddyane density (Nahoul & Roger, 1990;

Ellison, et al., 2002; Kaufman & Vermeulen, 2005).

In the current study, two consecutive cycle sprinese performed in an attempt to
elicit a hormonal response to a physiological stré&ée sprint intervention produced distinct
anabolic and catabolic hormone responses. The sfeaktion in testosterone was transient,
whereas the moderate cortisol elevation that wadeat post-exercise followed a slower
time course. These data are consistent with rexesgrvations (Busko & Opaszowski, 2005;
Crewther, et al., 2007) that have shown a rapidagien in testosterone returning to baseline

within 30 min and a gradual increase in cortisoh@fl post-exercise.
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The boxing intervention was matched with the sprntgrvention for exercise intensity
and duration but was intended to incorporate a hpsggical component with subjects
instructed to strike the hand-held focus pads iraggressive manner. It has been reported
that circulating testosterone in men is correlatgth dominant or aggressive behaviour
(Mazur & Booth, 1998). These authors have suggestececiprocal model in which
testosterone level is variable, acting as bothuseand effect of behaviour. However, in
contrast to the observed hormonal response toptiet sntervention, no clear response of
either testosterone or cortisol was apparent fotigwthe punch bag intervention. The lack of
response may have been due to the smaller musde reeruited by this type of exercise
and/or possibly a lack of maximal effort in someesm due to the unfamiliar nature of the
exercise performed by these subjects. The lackpfadservable psychological stimulation
may also be due to the fact that the interventamkéd an adversarial component, in that no

competitive outcome was measured.

The video game provided a purely psychological shis and simulated the two
subjects shooting and killing one another in a wetenvironment. Earlier research has
suggested that competition affects male testostarotwo ways: an anticipatory testosterone
rise prior to the challenge; and that testostelioneeases in winners and declines in losers
(Booth, Shelley, Mazur, Tharp, & Kittok, 1989). kell, winners of a non-physical, face-to-
face competition have been shown to increase veldt losers (Mazur, Booth, & Dabbs,
1992). The current data showed a small testosteemponse to the video game intervention,
and supported the theory that post-competitionlseweere higher in winners compared to
losers. It has been suggested that historicallgnens are more likely to be faced by further
challengers and that the high post-competitioros#stone may prepare them for subsequent

challenges (Mazur & Booth, 1998).

The rapid testosterone responses observed in tirentwstudy are unlikely to be

explained by the ‘typical’ hormonal cascade of HBGs activation, which involves the



95
release of secretagogues from the arcuate nuctelarderior pituitary gland. Similar rapid
responses have been reported in males in literéuresponse to various stimuli such as
maximal exercise (Busko & Opaszowski, 2005; Crewtlee al., 2007) and exposure to
potential mates (Roney, Lukaszewski, & Simmons,720®Research has described direct
neural links between the brain and testes suggestiat hormonal secretion may also be
regulated through a rapid neural mechanism (Sel€aBévier, 2003; Lee, Selvage, Hansen,
& Rivier, 2004). Although speculative, the high deg of sympathetic activation associated
with supra-maximal exercise may promote testostergnoduction due to increased
sympathetic tone to the Leydig cells (Frungieri,abt 2002). However, it is possible that
exercise-induced changes in plasma volume or gahshanges in plasma binding capacity

account for the observed elevation in salivary freemone levels.

The second aim of the current study was to examimether there was an interaction
between ultradian rhythmicity and stress respom&ss. Interestingly, the salivary
testosterone response to the sprint interventioa associated with the direction of the
dynamic change in baseline testosterone levels priexercise. These findings support our
hypothesis that responsiveness to stressors isxdepeon the underlying dynamic state of
the endocrine system. Indeed, an interaction betwlee rapid sympathetic activation of the
HPG axis and coincident LH-induced up-regulation testosterone production would

conceivably result in an amplification of the ploJegical response.

It is known that strength and body weight gains banenhanced by maximising the
testosterone response to resistance training (Harmdeal., 2001; Beaven, et al., 2008a).
Therefore, the ability to ascertain the state ef éhdocrine system in near real-time has the
potential to enhance training adaptation by maximgizhe anabolic and/or minimising the
catabolic response to a given stimulus. For exantipéetiming of a training session intended
to increase muscle mass and strength could be mated to coincide with an individual’s

endogenous testosterone secretory event to maxitheseanabolic responsiveness. It is
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acknowledged that the low number of subjects incilmeent preliminary investigation very
much limits extrapolation to the general populatéond correlational data should be viewed
with this limitation in mind. Importantly, the regement for retrospective analysis, and lack
of repeated measures, also limits within-subjechgarisons of the baseline activity and
subsequent responsiveness to exercise. It is mlgoriant to acknowledge that the elevation
in testosterone in response to exercise, while rtapg is only one of many temporal
anabolic signals that work in unison to actualiesifive skeletal muscle adaptation. Despite
these limitations, confirmation of the intra-indiuial reliability of hormonal pulsatility could
improve understanding of variability and the apitd modulate training outcomes in athletes
of all levels. Indeed, the ability to harness thteadian biorhythms and enhance the anabolic
response to resistance exercise and subsequeriohaicadaptation has the potential to

benefit athletes that is currently unrealised.

5.6 Conclusion

In addition to identifying pulsatile secretory et®nn salivary testosterone profiles, the
current study has shown the expected circadianhmmytan age-related decrease in
testosterone concentration, and distinct anabofid aatabolic hormone responses to
exercise. Thus, it would appear that salivary navmg of steroid hormones is a valid

measure of basal endocrine concentrations and Issnmasponse, as well as characterising
the age-related decline in testosterone in mafapoitantly, the anabolic response to this
sprint intervention was associated with the dynaafiange in testosterone levels prior to
exercise and the approximate entropy of baselioeegen. The correlations observed may
have implications for training protocols that atfgrto maximise anabolic response in order

to maintain or increase muscle mass.
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CHAPTER SIX: STUDY FOUR - CAFFEINE

6.0 Dose Effect of Caffeine on Testosterone and Gmol Responses to Resistance
Exercise

6.1 Prelude

The literature review also identified that supplatsecould influence steroid hormones.
Furthermore, supplements that affect steroid hosadmave demonstrated the potential to
modulate resistance exercise outcomes. Caffeindds reported to increase plasma levels
of testosterone in rodents and has been positiasppciated with increased testosterone
levels in human cross-sectional studies. In theéesdrof this thesis, this chapter assesses the
dose-response of salivary testosterone and cortisghysiologically tolerable doses of
caffeine to modulate steroid hormone responsesxtrcese. The implications of this
information regarding caffeine supplementation nlginiesistance exercise for researchers and

practitioners are discussed.

6.2 Introduction

Interest in the use of caffeine as an ergogenichaisl increased since the International
Olympic Committee lifted the partial ban on its use€2004. The positive effects of caffeine
in time-to-exhaustion and endurance tests have Hepronstrated in laboratory conditions
(Graham & Spriet, 1995; Pasman, van Baak, Jeukpndrule Haan, 1995; Norager, et al.,
2005), and in experiments that have simulated pmdace conditions. Caffeine-modulated
performance enhancements have been reported imgy&ovacs, et al., 1998), swimming
(Macintosh & Wright, 1995) and running (D. G. Bedk al., 2002; Bridge & Jones, 2006).
Caffeine has also been shown to have beneficiatesffon the physical and skill activities
required in an intermittent high-intensity team gg&tuart, et al., 2005). Furthermore, data

from this 2005 study (unpublished observationsgssted that ingested caffeine may elevate
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endogenous testosterone levels. Previous roderdriexgnts have also demonstrated that

high doses of caffeine increased plasma levelsstbsterone (Pollard, 1988).

Testosterone is also known to increase in resptmsesistance exercise with a
relationship between total work and intensity anel tlegree of acute testosterone response
(Kraemer, et al., 1990; J. U. Ahtiainen, et al.020Kraemer & Ratamess, 2005). Indeed,
testosterone as the primary anabolic hormone, gas linked to strength and muscle gain.
The relationship in humans is based upon a numbebservations which include: males
show muscle growth at puberty when testosteronéyaton increases (Ramos, et al., 1998);
exogenous application of supraphysiologic dosetestiosterone in intact males results in
greater strength and muscle gains from resistaxeecise (Bhasin, et al., 1996); and
pharmacologic blockade of testosterone-specificeptrs suppressed exercise-induced
hypertrophy of skeletal muscle (Inoue, et al., )994 healthy adults Staron and co-workers
(Staron, et al., 1994) linked increases in streagith muscle fibre transformation in males to
elevated serum testosterone levels. Furthermoresétaand colleagues (Hansen, et al.,
2001) concluded that increases in isometric strergére related to the magnitude of
testosterone response to resistance exercise imgyauen. More recent data has
demonstrated that suppression of endogenous tesinst attenuates strength and muscle
mass gains observed over an eight-week strengthnigaperiod (Kvorning, et al., 2006). It
should also be noted that, testosterone has beemted to promote the differentiation of
pluripotent stem cells towards a myogenic lineag@dh, et al., 2003) and induce specific
intracellular calcium oscillations in primary mybes (Estrada, Espinosa, Gibson, Uhlen, &

Jaimovich, 2005).

The stress hormone cortisol has also been showisdoduring resistance exercise
(Smilios, et al., 2003; J. U. Ahtiainen, et al.02D due to the increase in metabolic demand.
The catabolic nature of cortisol however suggdsas &an increase in this steroid hormone is

not ideal from the perspective of a weight trainiaiiplete whose aim is to increase or
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maintain muscle mass. Recent work has illustrabed detrimental effects of cortisol on
resistance training outcomes by showing that supg@htation that blunted cortisol release
resulted in increased muscle mass gains (Bird).e2@06b). The ratio of testosterone to
cortisol has been used as an index of the relatiadolic/catabolic state (R. M. Daly, Rich,
& Klein, 1998) and positive changes in this indeavé been associated with an enhanced
environment for muscular growth (Zakas, Mandrouk&asramouzis, & Panagiotopoulou,

1994).

The effects of caffeine as a training aid havedbrdpeen neglected as studies have
focused on performance benefits. The effects ofera on endogenous testosterone and
cortisol responses to resistance exercise are wiknAs a result this placebo controlled,
double-blind, crossover investigation was designedexamine the effect of caffeine
ingestion on salivary testosterone and cortisokle\before, during, and after resistance

exercise.

6.3 Methods

6.3.1 Subjects

Twenty-four professional rugby league athletes (288 + 3.9 yr, mass 94.9 £ 9.8
kg; values are mean = SD) from a single team weceurted to participate in the study. All
subjects were fully informed of the nature and pmesrisks of the study before giving
written consent. The protocol was approved by thekfand University of Technology
Ethics Committee. All subjects were informed theyt could cease their participation in the

trial at any time without giving a reason with repercussions.
6.3.2 Experimental Protocol

The study was a randomised, double-blind, placebntrolled, balanced trial.
Subjects were assessed on four occasions whereéngetapsules containing either lactose

(placebo) or caffeine were ingested 1 h beforeaser Four caffeine doses of 0, 200, 400
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and 800 mg were utilised in the study and represeahge of dosages commonly reported in
the literature (Graham & Spriet, 1995; Bridge & d9n2006). Subjects were instructed to
refrain from ingesting dietary caffeine, such affem tea, chocolate and caffeine-containing
beverages prior to exercise on the experimentas.daydietary log for the preceding 24 h
was collected to assess caffeine intake and remsndeere given to ensure dietary
compliance. Subjects also completed a short questice at the conclusion of training to

ascertain their perception of the caffeine dosettiey had ingested.

Saliva samples were obtained from each subjechattime of caffeine ingestion,
prior to resistance exercise, every 15 minuteshdueixercise, and at 15 and 30 minutes post-
exercise. For each sample, subjects were require&xpectorate 2mL of saliva into sterile
containers (Labserve, Auckland, N.Z.). Saliva sawplere stored at -20 until assay.
Salivary steroid samples were taken in this stuglhay are minimally invasive and have the
advantage of reflecting free (or bioavailable) @itticoncentrations which are reported to be
more physiologically relevant than total blood lisv@/ining, McGinley, Maksvytis, & Ho,
1983; Obminski & Stupnicki, 1997). To prevent blooohtamination of saliva, resulting in
an overestimation of hormone concentrations, stbjeere advised to avoid brushing their
teeth and drinking hot fluids in the two hours prim assessment. Individual subjects
performed each of the four sessions at the same d¢iirday to control for the effects of

circadian rhythm on hormonal concentrations.
6.3.3 Saliva Analyses

Saliva samples were analysed in triplicate for oststrone and cortisol using
radioimmunoassay (RIA). The methods were modifredhfthose described by Granger and
colleagues (Granger, et al., 1999). Briefly, stadddrom serum diagnostic kits (Diagnostic
Systems Laboratories, USA) were diluted in phosphalfer saline (Sigma P4417) to cover
the ranges of 0-500 and 0-51.2 nmol/l, for cortiaod testosterone respectively. Saliva

sample sizes of 50 and 100ul were used for corésal testosterone respectively. The



101
antibodies were diluted in a phosphate bufferethsadolution containing 0.05% bovine
serum albumin. Kit standards were diluted so tipgtreximately 50% binding was achieved
compared to the total counts (10000 and 4500 cquertsninute for cortisol and testosterone
respectively). Detection limits for the assays wergs and 0.035 nmol/l, for cortisol and
testosterone respectively. The intra- and inteaassefficients of variation were 8.8 and 8.5

% for cortisol, and 10.0 and 6.3 % for testosterone
6.3.4 Exercise Protocols

All exercises were performed at the stadium gymumaswhere the subjects were
accustomed to training. Subjects completed a fiveuta warm-up consisting of footwork
ladder and cone based agility drills. A sport-sfieskill component was included (catch and
pass) in these drills. All players completed foummary lifts comprising the following
movements: squat, dead-lift, lunge (or variation and some isolated hamstring
strengthening (knee flexion). The core lifts weoaigled in supersets / complex sets with
stability and speed patterns. Speed consisted ah 1€prints and players were given
quantitative feedback on their sprint performanéa timing gates. The primary lifting
component of the workout averaged approximatelyndfiutes in duration. All players then
completed a circuit of core strengthening exerc{geslominal plus trunk and hip extensors)

at the completion of the strength training ses#a lasted approximately ten minutes.

6.4 Statistical Analyses

Testosterone and cortisol concentrations and thao were analyzed with the mixed-model
procedure (Proc Mixed) in the Statistical AnalySistem (Version 9.1, SAS Institute, Cary,
N.C.). The fixed effects in the model were clockei in hours (to adjust for any linear
diurnal change) and the interaction of caffeineed@fsur levels: 0, 200, 400 and 800), and
exercise time (eight levels: -60, 0, 15, 30, 45, &) 90). The mean effects of exercise and

caffeine were estimated by appropriate combinatmhnthe levels of this interaction. The
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random effects in the model were the residual #iim&ate error of measurement within a
session), athlete identity (representing mean rdiffees between subjects), the interaction of
athlete identity with exercise session (represgntimithin-subject variation between
sessions), and the interaction of athlete idemtity dummy numeric variables to estimate
within-subject variation (individual responses) asated with exercise and with caffeine.
The dummy variable for caffeine had values of 02 Bnd 3 to represent the four doses of
caffeine, and the resulting individual responsesevikerefore estimated as if they increased

linearly in magnitude with each step increase fifet@e dose.

The dependent variables were log transformed befoatysis; plots of residuals vs.
predicteds showed that this transformation prodwmaseptable uniformity of error, and no
observations were excluded as outliers. Back toansdtion provided estimates of mean
effects as percents and estimates of individugbaeses and errors as coefficients of
variation. For qualitative assessment of magnituthes log-transformed effects were
standardised by dividing by the between-subjectidsied deviation at rest in the no-caffeine
condition. The standard deviation was the squase abthe sum of the variances for athlete
identity; athlete identity interacted with sessidantity, and the residual. Small-sample bias
in the standardised effects was adjusted by muyitiglby a factor of 1-3/(#1), wherev was
the degrees of freedom of the standard deviatidib)(=Magnitudes of the standardised
effects were interpreted using thresholds of 0.8,ahd 1.2 for small, moderate and large
respectively, a modification of Cohen's threshadfi0.2, 0.5 and 0.8 (Cohen, 1988); the
modifications are based primarily on congruencehv@ohen's thresholds for correlation

coefficients (see http://newstats.org/effectmagljitm

The effect of caffeine on sprint performance waalysed with a mixed model. The
dependent variable was log-transformed mean spnrd. The fixed effect was either the
actual dose or the guessed dose, with values Q,dt,3. The random effects were the

residual, athlete identity, and the interactiondentity with the actual or guessed dose (to
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allow for individual responses to dose). For qadife assessment of magnitude, the
threshold for a substantial change in sprint tinas wssumed to be 0.8% (Paton, Hopkins, &

Vollebregt, 2001).

In keeping with recent trends in inferential statss (e.g., (Sterne & Smith, 2001)),
magnitude-based inferences about true (populatiayes of effects were made by
expressing the uncertainty in the effects as 90%¥idence limits. For brevity, confidence
limits are shown as +x, where x represents half dbefidence interval. An effect was
deemed unclear if its confidence interval overlapgiee thresholds for substantiveness (that
is, if the chances of the effect being substantipthsitive and negative were both >5%);
otherwise the magnitude of the effect was repoagdhe magnitude of its observed value

(Batterham & Hopkins, 2006).

6.5 Results

All of the subjects completed the trial. The mealivary testosterone concentration
measured before each session was 0.29Hrhahd ranged between 0.07 and 0.97 rinbl
(21.6 and 281 gl ™). Salivary cortisol ranged between 0.55 and 1Bl (0.2 and 5.5
ngthl™) with a mean of 4.14 nmi@™*. A smalldiurnal decline in testosterone (11 %.1£7
%.h") occurred over the experimental period. After atijent for this effect, testosterone
concentration showed a small exercise-induced aser¢15%; +19%). The effect of caffeine

dose on testosterone during exercise is presemtéigjure 18.
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error bar represents an approximate 90% confidereeval (Cl) for each point other than the zerodipoint.

Caffeine doses of 400 mg tended to cause a small decrease in tesiost after
ingestion, followed by a rapid increase after tbenmencement of resistance exercise. The
800 mg caffeine dose produced a 61% (£33%) incréadestosterone after 60 min of
resistance exercise. The 800 mg caffeine dose peada 51% (+41%) increase in cortisol
over the exercise period (Figure 18) that continweidcrease to 93% (+62%) above baseline
during the recovery period monitored. As a resiilthe elevated cortisol seen in the post-
exercise period the percentage change in the testog/cortisol ratio at caffeine doses>of

400 mg was negative compared to the placebo condiiigure 18).



105

‘| Testosterone

40 90% Cl

i =
20 .\/

| Cortisol

40 90% Cl -

Averaged Hormone Response (%)
\‘
o

0 200 400 800

Caffeine Dose (mg)
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A Cohen effect size of less than 0.2 is represehyethe shaded area indicting a trivial change. &ter bar
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When hormonal responses were averaged over theisxeand recovery period,
caffeine doses of 400 mg raised testosterone concentration in adegendent manner and
by 39% (£24%) at the highest dose (Figure 19).H¥ 89% response, 21% (+24%) can be
attributed to the caffeine dosage. The 800 mg dbsaffeine also caused a moderate 52%
(x44%) increase in cortisol during exercise andvecy when compared to exercise alone

(Figure 19).

Only 18% of subjects were able to correctly idgntife caffeine dose they ingested
on the questionnaire they completed following eiser.cFurthermore only 10% of subjects

correctly guessed the occasion on which they weescpibed the 800 mg caffeine dose.
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Caffeine was associated with a small improvemerdpinnt performance, with the 800-mg

dose decreasing sprint times (1.7%; 90% confidénuts +2.5%).

6.6 Discussion

The novel finding of this study was that caffeinereased the exercise-induced testosterone
response to resistance exercise in a dose-depemdaner. Caffeine ingestion also increased
the cortisol response to resistance exercise andhea highest caffeine dose, cortisol
continued to increase post exercise. Epidemiolbgstadies have reported a positive
association with caffeine intake and elevated kadable testosterone levels in adult males
(Svartberg, et al., 2003). Despite the widespreszdafl caffeinated products, there is a lack of
studies investigating the effect of caffeine ontdsterone concentrations during and
following resistance exercise. The anxiogenic priige of caffeine have been reported
previously, and caffeine is reported to augment itteeease in cortisol concentration in
response to mental stress (al'Absi et al. 1998) exwdcise(al’Absi et al., 1998; Lovallo,

Farag, Vincent, Thomas, & Wilson, 2006).

There is growing evidence for the performance g#ias can be achieved by athletes
using caffeine for both endurance and sprint peréorce (Macintosh & Wright, 1995;
Stuart, et al., 2005; Bridge & Jones, 2006). Adangmber of reported physiological benefits
of caffeine in-vivo, are now thought to be duehe pharmacological antagonistic actions of
caffeine on adenosine receptors, including: paatiota of muscle contractions (Magkos &
Kavouras, 2005); delayed fatigue via mechanismihéncentral nervous system (Davis, et
al., 2003); direct neuroendocrine activation (afi\ket al., 1998) and direct actions on
skeletal muscle function (Tarnopolsky & Cupido, @D0The physiological relevance of
adenosine in exercise proposed by Biaggioni (Biagg@004) is that the increasing
concentrations of adenosine produced during exesasto inhibit sympathetic efferents and
activate afferent nerves. The net effect of thishition is to protect the muscle tissue during

ischemia or exhaustive exercise. Thus, the antagjoractions of caffeine on adenosine
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receptors have the potential to reduce the norntabitory effect of adenosine on motor

efferents.

Testosterone and cortisol synthesis and releaselassically described as having
negative feedback control via the hypothalamicHaty-gonadal and hypothalamic-
pituitary-adrenal axes, respectively. However, didigon to these classical pathways, recent
research in vivo has identified direct neural lifdetween the paraventricular nucleus of the
hypothalamus and testosterone (Selvage, Lee, ParSao, & Rivier, 2004) and cortisol
secretion (Zaki & Barrett-Jolley, 2002). The implions of a direct neural link have
particular relevance regarding a mechanism foregaéfmodulated effects if the neurons

utilise adenosine as a neuro-modulator.

The current study demonstrates that caffeine hasespotential to enhance the
beneficial effects of training via an increase inavailable testosterone. Testosterone is a
potent inductor of contractile protein synthesisl @ necessary for muscular hypertrophy
(Inoue, et al., 1994). Despite heterogeneity inm@ral responses to resistance training, it is
accepted that testosterone increases in responssistance exercise and that intensity and

volume are important determinants of this respgksaemer, et al., 1990).

The practical importance of acute testosteroneoresgs to resistance training is
evidenced by research showing that the magnitudsoaietric strength increases are related
to the magnitude of anabolic hormonal response gelanet al., 2001). More recently
Kvorning and colleagues (Kvorning, et al., 2006)mdestrated that suppression of
endogenous testosterone attenuated strength gelmesved over an eight week training
period. Such examples stress the importance okamuébolic responses to training and,
combined with the data presented in the curremtystsuggest some potential for caffeine to

enhance training outcomes.
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Our data shows also a moderate effect of caffeiredavating cortisol concentrations
during resistance exercise. The cortisol elevatibserved is consistent with the results of
Lane and colleagues (Lane, Pieper, Phillips-Butgai, & Kuhn, 2002), and this elevation
may counter the anabolic effects of testosteromes@& researchers also commented on the
persistence of the caffeine effect, with the eHeaufta divided caffeine dose of 500 mg being
apparent 10 or more hours after ingestion. Our ex@atal design only captured data for
150 min from the time of ingestion, but it was amgpd that the 800-mg dose produced a
substantial and long-lasting effect on cortisol @awtration. Furthermore, our data indicate
that caffeine potentiated the stress response distaace exercise in a dose-dependent

manner.

Recent research has reported that suppressiontot@uring resistance exercise by
nutritional supplementation is associated with fgegains in muscle cross-sectional area
(Bird, et al., 2006b). These observations sugdeat the cortisol increase associated with
caffeine ingestion may counteract to some degrgebanefit derived from the increase in
exercise-induced testosterone concentration. Indised anabolic/catabolic balance, as
illustrated by the testosterone/cortisol ratio, v&bd an overall caffeine-induced decrease,
with the decrease being most pronounced at theekigtaffeine dose. These data suggest
that catabolic processes were predominant in tlwevexy phase following resistance

exercise when higher doses of caffeine were indeste

Increases in testosterone at the 400- and 800-figirea doses occurred within 15
min of commencing resistance exercise. Similarlfeeé testosterone were not seen in the
placebo group until the 45-min time point. The inthaey of the testosterone rise suggests
that caffeine may decrease in the latency of hoahwoasponse to exercise stimuli. A
caffeine-mediated potentiation would have importamifications for training and training

outcomes, however this observation requires furiimegstigation as it is possible that this
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observation is due to the greater magnitude ofaesp rather than a difference in the time

course of the response.

6.7 Conclusion

There are a growing number of studies showing pedoce benefits from caffeine. The
consequences of routine use of high levels of oadfen training are unknown. While this
study reports a potentially important anabolic adage from caffeine via the dose-
dependent testosterone increase observed, it [getech by a concurrent increase in cortisol
raising questions about possible functional gainfnger-term training study investigating

the impact of caffeine on training outcomes is el
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CHAPTER SEVEN: GENERAL DISCUSSION

This discussion is divided into five sections, flist of which revisits the rationale for thesis.
The second section summarises the conclusions amarg findings of the four studies that
make up this thesis. The third section identiftes limitations of the current research including
the relatively low subject numbers and the useswlation of testosterone and cortisol as
measures of the body’s adaptive response to resestaxercise. The fourth section looks at
future research areas identified as a result ottheent investigations that have the potential to
further enhance the functional gains obtained fresistance exercise. The final section distills
the practical applications that can be drawn frdms thesis that may be incorporated into
resistance exercise protocols to quantifiably enbatmaining gains and ultimately functional

performance within a competitive environment.

7.0 Thesis Rationale

This thesis set out to investigate the hypothésit hormone-mediated strategies can enhance
training and performance. This hypothesis was basethe premise that prior research had
demonstrated a link between anabolic hormone emviemt and subsequent adaptation in
well trained athletes. Thus, as stated in the shiesioduction, it was intended to investigate
practical interventions that have the potentiaiaximise the functional gains of resistance
exercise via hormone manipulation to assess peddtcategies that modify hormones and
investigate their influence on performance. Salivaormones were monitored as saliva
contains the free hormone that is available toratewith receptors and has been related to

physiological and psychological measures.

Strategies by which hormonal responses, and subsegunctional outcomes, can be
manipulated are becoming more common with proteid earbohydrate supplementation
being obvious examples. Indeed, despite the haz#éndsabuse of testosterone and its

analogues to enhance muscle size and athleticrpaafe is not uncommon due to their
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proven efficacy. This thesis assessed four prdctiod morally-acceptable strategies may
enhance adaptation and ultimately performance viadutation of steroid hormone
responses. These strategies are: modulation otrjzed exercise variables; hormonal

biorhythms and; supplementation.

The modulation of prescribed exercise variables sglected as they represent an
integral determinant of subsequent adaptation asmthéne responses. In that respect it
follows on from earlier research | have been inedlwith investigating the hormone
responses to distinct resistance exercise sessionggby players. In the context of this
thesis, it was intended to identify how complexirtieg prescription influenced steroid

hormone responses.

The investigation into influence of the circadiaarbythm was based on observations
in a monitoring study that was being conducted aomntly in association with the NZRU in
which anecdotal evidence suggested that the tim#agfat which exercise was performed
affected hormone responses. Indeed, steroid homsnoae affect multiple aspects of the
neuromuscular system and regulate performancerfastech as maximal force and power
output which likely contribute to strength and powadaptation. In the context of this thesis,
it was intended to assess whether the time at wiaisistance exercise was performed within
the circadian biorhythm could influence strengtd power adaptive gains.

In assessing the diurnal biorhythms within endogenleormone production, it was
apparent that underlying ultradian rhythms playedkey role in hormone regulation.
Interestingly, research in a rodent model demotestrdhat the pulsatile nature hormone
production had the potential to modulate the pHggical response to an applied stressor.
Due to the comparable regulation of steroid hormsandhumans, it was hypothesised that the
responsiveness to stressors may dependent on deelying dynamic state of the endocrine

system. In the context of this thesis, it was idehto investigate steroid hormone pulsatility
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and the potential of such a biorhythm to influeseévary hormone response to an exercise
stimulus.

The premise for the use of caffeine as a suppletoenodulate the hormonal response
to resistance exercise was prior involvement wilsearch investigating the effects of
caffeine on performance during a simulated rugbycméStuart et al., 2005). Although the
hormonal data from this study was unpublished, theygested that caffeine had the potential
to elevate salivary testosterone in a placebo otbett study. Further, studies have shown a
positive association between caffeine and acutecanohic increases in testosterone. In the
context of this thesis, it was intended to asskesability of caffeine to modulate salivary
testosterone and cortisol responses to exercise.

The rationale behind investigating a range of sgiats is two-fold. The strategies may
influence hormone responses via distinct mechanrsiisgg the possibility of a cumulative
effect. Additionally, from a practical perspectitanay not be feasible to change the time of
day at which you train or make use of ultradiantihys. Therefore, investigating a range of

possible strategies allows options that may be tabbe utilised in a practical setting.

7.1 Conclusions and Primary Findings

Typically, the aim of resistance training is to moype neuromuscular function in order to
increase the likelihood of successful performandgeames. It has been previously demonstrated
that the prescription of a resistance exerciseopodtthat maximises salivary testosterone
response can enhance the primary goals of resest@aming, namely, muscular adaptation
(Beaven, et al., 2008a). The four studies that ecmaphis thesis provide information regarding
strategies available to the resistance exercisetifioaer that can modulate steroid hormone
responses. Such information has the potential ttamce the adaptive gains associated with

resistance training.

The study detailed in Chapter Three examined cawmptaining and confirmed

previously published research demonstrating thesquibed exercise variables such as volume,
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intensity, and load are critical factors in effagtiacute endocrine responses to resistance
exercise (Kraemer, et al., 1990; Smilios, et @03 J. P. Ahtiainen, et al., 2005; Crewther, et
al., 2008). Furthermore, it is apparent from theuhs of this study that combining high velocity
movements with a biomechanically similar high leadercise, results in an enhanced anabolic
response that may be related to the observed adapgnefits of complex training. Indeed, the
order in which such exercise is performed is ahtmrtcontributing factor to the hormonal
response and may at least partially explain thectffeness of complex training protocols in

mediating the functional outcomes of resistancecse.

It is recognised however, that monitoring dynantiarmgyes in testosterone and cortisol
levels is an overly simplistic measure of the dffemess of a complex training stimulus given
the large number of physiological processes a@dby resistance exercise. Indeed, the
enhanced neural drive associated with maximal ieffloe rapid production of force over a large
range of motion, and the eccentric loadings astetiaith the landing phase of the jump squat
protocol also play critical roles in mediating theneficial training adaptations of complex

training.

The second study (Chapter Four) demonstrated thattitne at which training is
performed within a given phase of the circadianthiny has the potential to modulate adaptive
outcomes. While this study showed that strengtmggavere similar when semi-professional
athletes performed a four week training block eitheéhe morning or late afternoon, there was a
trend for the power produced at a set relative koatinprove at a greater rate when performed
later in the day. Over a longer time period, anthwi larger subject population, this difference
may have become substantial. Given that elevatsgtsierone concentrations are capable of
attenuating the HPA stress response, the ratioestiosterone to cortisol, which is clearly
elevated in the afternoon compared to the mormmay play a role in the divergent pattern of

adaptation. At the very least, it is apparent tih@ hormonal response to exercise stimuli is
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dependent on the time of day, and that the phagsheotircadian rhythm must be taken into

account when reporting physiological variables #ratregulated in this manner.

A further study (Chapter Five) demonstrated that thitradian rhythm, or more
specifically the dynamic state of the HPG axis indrately prior to exercise, appears to
modulate the salivary testosterone response towites exercise stimuli. Initially, it was
possible to identify circhoral secretory eventssalivary testosterone using established and
specialised endocrine pulse detection software.ed@asn stressor studies in rats, it was
postulated that a similar cycle of active and r&fyey states may be present in human hormone
response to a range of physiological and/or psydicdl stress. Indeed, it was apparent that the
testosterone response to cycle sprints was assdardth the dynamic change in testosterone
levels prior to exercise. Notably, there was alselationship between testosterone response and
the approximate entropy of baseline secretion. &hesvel observations, in conjunction with
described interactions between the glucocorticaeidd HPG negative feedback mechanisms,
could help to explain the variability inherent imrmonal response to stressors. Indeed, the
knowledge that the ultradian rhythm can affect hmmeresponses suggests that it is possible to
utilise the body’s natural biorhythm in order tocewstuate positive anabolic responses to

resistance exercise.

The fourth study (Chapter Six) demonstrated for flret time a dose-response
relationship between caffeine and both salivarjosterone and cortisol responses to resistance
exercise. The pronounced and rapid onset of astiestme response to exercise at caffeine doses
above 400mg was tempered by a concomitant incieasatisol. That is not so say that the use
of caffeine is entirely unwarranted. Additionalad&rgies to minimise the cortisol response, such
as incorporating carbohydrate and protein suppléatien into pre- and post-workout drinks,
have the potential to diminish this undesirablealsalic response (Tarpenning, et al., 2001;

Paddon-Jones, et al., 2004; Bird, et al., 2006le Ppotent effect of caffeine, and indeed
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carbohydrate/protein supplementation, highlight Key roles that supplements can play in

modulating the hormonal responses to exercise atahpate functional outcomes.

In fact one of the key outcomes from undertaking thesis process has been that a
number of distinct physiological processes are dioated to ultimately manifest changes in
muscular function. Complex molecular signaling ea&s integrate the variety of inputs that
arise from performing resistance exercise. Inddedilling resistance exercise down into three
core stimulatory processes and addressing thenttgative pathways from the perspective of
muscular adaption is relatively novel. An improvedderstanding of the intricate pathways
involved in adaptive responses allows exerciseti@eers to coordinate training, nutrition, and

recovery protocols to modulate and enhance funationtcomes.

7.2 Limitations

As stated above, the signaling pathways involvetadulating the adaptive outcomes of resistance
exercise are highly complex and ongoing researdinikaly provide deeper insight into the vital
cellular and molecular interactions underpinningelstal muscle adaptation. Elevations in
testosterone and cortisol in response to exergibde important, are components of a wider
temporal signaling cascade that actualises sketetatle adaptation. Thus, it is acknowledged that
testosterone and cortisol are only aspects ofdseand intricate signaling system, and a limitatio
of this thesis is that resources were not availbéessess other factors that contribute to the mTO
signaling pathway, or indeed changes occurringimvitie muscle fascicles. However, putative sites
of action within the mTOR signaling pathway haverbdemonstrated for testosterone (Altamirano,
et al., 2009) and cortisol (Shah, et al., 2000d)fzave been reported to mediate alterations inleusc
function (Bird, et al., 2006b; Kvorning, et al.,d) Beaven, et al., 2008a). These findings proaide

clear mechanistic linkage between testosteroneamidol responses and muscular adaptation.

The common practice of using relatively invasiveodod sampling techniques (e.g.

venepuncture, cannulation) often limits samplingd aespecially serial sampling, in athletic
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populations. In addition, the stress associateal mitasive techniques may perturb the activityhef t
HPA axis being monitored (Suay, et al., 1999; Gatal., 2001). Salivary sampling was selected as
a convenient and relatively stress-free methodahbne collection. Further, salivary estimation of
free testosterone levels has been reported to ferisuto other sampling methods in terms of
assessing physiological relevant hormone levelsk@M Utley, 1987; Gozansky, et al., 2005). It is
accepted though, that the inability to collect blatata in the practical setting precludes us from
being able to draw direct inferences regardingpiepheral hormonal milieu experienced by the
skeletal muscle tissue. The same limitation ultgtyaapplies to any sampling that occurs proximal
to the interstitial fluid in which an exercised rolesis encapsulated. Indeed, limitations currently
exist for all approaches in their ability to predice hormonal milieu experienced by the skeletal

muscle tissue, and more specifically, the recei@sent within that tissue.

By definition elite athletes are a select poputatiath characteristics that set them apart from
the general population. As such, it is a challdngmllect sufficient data in order to constitutieye
sample size necessary for statistical rigour. lddeenvincing coaches, trainers, and athletes to
superimpose experimental interventions over estadali training and competition schedules is one of
the primary reasons for the general paucity aflitee on such individuals. Furthermore, due tatth
issues associated with including professional mi-peofessional athletes as subjects, no non-trgini
control group could be assigned in the traininglhstperformed. However, the data collected does
contribute to the body of work that has assessedtidlocrine responses of professional and semi-

professional athletes within strenuous trainingspba

The study that involved healthy male subjects (@ndfive) was also limited by relatively low
subject numbers. The time commitment required ®fsthbjects, the strict experimental controls, and
the intense nature of the sampling regime likehtrdouted to the difficulty in recruiting volunteserin
addition, the large number of samples to be celeper subject meant that the cost of analysis was
substantially increased for each additional subjébe intensive nature of the sampling regime

however, revealed for the first time that non-imv@ssalivary monitoring can distinguish ultradian
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pulses in steroid hormones in adult males that hlawepotential to modulate subsequent stressor

response.

Three out of the four studies that comprise thesithwere conducted entirely in gymnasiums
where the athletes involved were accustomed tarigaiAll experimental protocols were incorporated
into the standard training schedule. As such tbasde considered field based experiments and suffe
from limitations associated with such trials. Frample, it was not possible to standardise sledp an
diet prior to every session as would be possibla more controlled environment. Despite being a
limitation, the field-based nature of the experitakwlata collected can also be viewed as adding

validity to the trials, as these data more closgflect the conditions under which athletes train.

7.3 Future Research Areas

As a result of the literature review and studiesdtmted in this thesis it is apparent that
modulation of the mTOR signaling pathway can haubstantial ramifications on adaptive
outcomes. Future research will need to employ stichted molecular techniques to assess the
effects of resistance exercise on specific aspactis pathway. Exercise practitioners should
be aware that some knowledge of mTOR function &litiw them to prescribe effective exercise

regimes with a solid scientific foundation.

It is accepted that the hormonal responses totaesis exercise are further mediated by
variables such as load intensity, rest periods,vahgme (Kraemer, et al., 1990; J. P. Ahtiainen,
et al., 2003b; Smilios, et al., 2003; J. P. Ahwainet al., 2005; Kraemer & Ratamess, 2005).
Indeed, increases in muscular characteristics in have been linked to increases in exercise-
induced testosterone levels (Alen, Pakarinen, Huki & Komi, 1988; Staron, et al., 1994;
Beaven, et al., 2008a). Individual variability iormone response has been proposed to affect
hypertrophic responses (Kraemer et al., 1999) adividual adaptation to training (Jensen, et

al., 1991).
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The existence of response thresholds that are depeon protocol variables has been
suggested for testosterone (Viru, 1992; J. P. Afdrg et al., 2003b; Beaven, et al., 2008a) and
cortisol (Kraemer, et al., 1991; Schwab, JohnsamydH, Kinder, & Weir, 1993). If there were
individual variations in threshold levels amongse tpopulation, it would make sense that
individuals respond to resistance training diffélenFor example, individuals with low
thresholds may have an enhanced hormonal responaeldw-load, explosive training that
would be inappropriate for individuals with a high®rmonal threshold level. Work to establish
a non-invasive and rapid method for determiningiratividual’s likely responsiveness to an
exercise protocol would prove worthwhile. One pblesmethod could be to investigate whether
hormonal responsiveness is related to muscle fijge characteristics or to specific aspects of
MTOR regulation. Alternatively, performing an inerental resistance exercise test to establish
individual thresholds of a range of biomarkers, ngase exercise practitioners an insight into

protocols that are more suited for an individuahtiain strength, power, and muscle mass gains.

The circadian rhythm of cortisol and testosteraevell established (Lévi, et al., 1988;
Cooke, et al.,, 1993; Kraemer, et al., 2001; Diwar,al., 2003). Furthermore, it has been
demonstrated that cortisol can have a direct ibdnjpi effect on testosterone production
(Bambino & Hsueh, 1981), feedback (Waite, et @09, and response to endurance exercise
(W. Daly, et al., 2005). Despite these observatitins effect of elevated cortisol levels in the
early morning on resistance exercise outcomes lgose considered. Although it was not
possible to make a conclusive statement as a m@sthle study that looked at the training effects
in athletes training within different phases of ttiecadian rhythm (Chapter Four), a trend was
evident for improved power production in the afteon when cortisol levels were lower. Further
research effort may demonstrate that the hormomara@ment in the late afternoon is more

conducive to power adaptation.

The study conducted to examine the effect of ulragbulsatility in healthy adult males

(Chapter Five) suggested for the first time th& tiharacteristic of hormone regulation has the
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potential to modulate physiological exercise outeem Clear results have previously
demonstrated that both the behavioural and phygitdb stress response in rats is affected in a
similar manner, with secretory phases associatéa amplified stress responses and refractory
periods associated with a lack of response to afoastressor (Windle, et al., 1998). The
demonstration in this thesis that the salivaryasistone response to exercise behaves in a
similar manner has the potential to modulate trgjrautcomes and change the way variability in
hormonal exercise response is perceived. Indequyhlished work from the study suggested a
refractory period of approximately 30 minutes dgrimhich the sprint cycle intervention failed
to evoke a salivary testosterone response. Res@aclihe intra-individual reliability of the
pulse characteristics and ability to modulate trjroutcomes are warranted. The ability to elicit
or at least reliably predict anabolic responses ifsirther area of research that could prove

invaluable.

The novel finding in this study of ultradian puiigt of a relationship between the
approximate entropy of basal testosterone secretion non-intervention days and the
testosterone response to the cycle sprint exerdem@onstrated that this statistic may provide
data regarding the sensitivity of the HPG axis lygmological stimuli. As such, approximate
entropy may be capable of distinguishing individuatho are susceptible to respond in a
positive anabolic manner to a specific combinatibexercise variables and thus provide insight
into differential inter-individual responses to iaentical stimulus. Further research to confirm
an enhanced susceptibility of individuals with higproximate entropy values to hypertrophy

may prove worthwhile and could assist talent idaatiion in some athletic endeavours.

Interestingly, Pouncket alia (2009) found a relationship between ‘masculine’idbac
structure and the salivary testosterone responaetmnpetitive task that involved predicting the
outcome of a Sumo wrestling bout< 0.36; p = 0.013). The second-to-fourth digitaatvhich
is a putative measure of prenatal testosteronesexpphas also been proposed to be positively

associated with aggression (Bailey & Hurd 2005; |&fil& Dewitte 2007). Therefore,
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anthropometric measures of masculinity such agla faicial masculinity index or a low second-
to-fourth digit ratio may further elucidate interdividual differences in the magnitude of

testosterone responses to various stimuli.

The physiological outcomes of cortisol productior aiverse and have evolved to
prepare the body for a wide range of physical ammtal stressors. Many of these outcomes,
such as the increase in the available amino agldspneogenesis, and alanine synthesis, could
theoretically be made redundant through the supghation of exogenous macronutrients. As
muscle accretion is an energy intensive processedquires sufficient fuels for optimal
functioning of the molecular and cellular systenws dctualise muscular adaptation. The
observation that branched chain amino acids hagealility to directly influence aspects of
protein synthesis independently of mMTORC1 (Delde&get al., 2005), represents an area of
research that has substantial potential for mus@adaptation. The ability of hydration status
and supplementation to modulate glucocorticoid sasps and mediate resistance exercise
outcomes have been demonstrated (Bird, et al., 20D&delson, et al., 2008). The reported
ability of cortisol to modulate testosterone resggmto exercise (Brownlee et al., 2005; Daly et
al. 2005) also demonstrates that acute cortisopboreses may be undesirable from the
perspective of strength and power athletes. Fustloek could specifically target suppression of
cortisol response outcomes such as alanine systhesi free fatty acid liberation to enhance

prospective training gains.

This thesis demonstrated that caffeine can potentie salivary testosterone and cortisol
response to exercise. The substantial and lonigdastevation of cortisol suggests that it would
be unwise to recommend caffeine supplementatiomealas an intervention to improve
resistance exercise outcomes. The combinationfédica with supplements that are known to
attenuate cortisol responses, such as carbohyanatrotein solutions, may have some merit
however and deserves research attention. Indegdefunechanisms notable for reducing stress

responses such as massage (Field, Henandez-Rddiedo, 2005), or even music (Miluk-
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Kolasa, Obminski, Stupnicki, & Golec, 1994; KhalBella, Roy, Peretz, & Lupien, 2003), may
have a role to play in ‘best practice’ exercisesprgtion. The use of caffeine as a training aid
should also be tempered by the knowledge that ioafféosage has been reported to attenuate
growth hormone response to resistance exercisarviacrease in free fatty acids (Wu & Lin

2010).

The ability of further dietary factors to influenkey elements of hormone regulation and
bioavailability has also been demonstrated. Rebkdaas demonstrated that cholesterol-free olive
oil was capable of increasing testosterone lewelsais by modulating the function of key
enzymes involved in testosterone biosynthesis @diaride Catalfo, et al., 2009). These authors
suggested that the monounsaturated, oleic fattg a@s important for normal androgenic
function. Increased magnesium ion concentratiortlimvithe biological range have also been
shown to increase biologically available testostera vitro via the disruption of the binding of
testosterone to SHBG (Excoffon, et al., 2009). Tiservation suggests that magnesium has the
potential to modulate exercise outcomes, as apiatefy timed administration may increase the
concentration of testosterone available for meuigaéidaptive outcomes. Thus, it is apparent that
a range of supplements such as caffeine, carbat@glrapecific amino acids, oleic acid, and
magnesium are capable of modulating aspects of dre@megulation, availability, and response

via distinct mechanisms.

Skeletal muscle is a mechanosensitive cell tygkisusapable of distinguishing between
various types of mechanical deformation by acthgtilistinct cellular and molecular signaling
pathways. Knowledge of the evolved mechanotrangziuchechanisms highlights the fact that
multi-axial stretch is unique in its ability to inde skeletal muscle adaptation via Ff0
phosphorylation (Figure 3). As such, exercises thabrporate loaded multi-axial motions are
more likely to activate the signaling processe®oeaased with muscular adaptation than those
that only evoke uni-axial deformation. This premis®vever requires investigation in terms of

the impact on functional benefits. The observatbra strong linear relationship between the
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activation of mitogen-activated protein kinases padk tension (Martineau 2001) also suggests
that exercises that generate high levels of musterfesion, such as eccentric actions, are likely
to be more efficient at initiating skeletal musel@aptations than exercises that produce lesser

tension levels.

The role of phospholipase D in mechanotransductively also be worth further
investigation. It is known thax vivomuscle mechanical stimulation induces mTOR siggalin
via a phospholipase D-dependent increase in phadphacid (Hornberger et al. 2006). Indeed,
these authors demonstrated that an elevation ispbtadidic acid was sufficient to activate
MTOR signaling possibly through competitive bindin§ phosphatidic acid to the FKBP-
rapamycin-binding domain on mTOR. Thus, phosphatadid or analogues that compete with
rapamycin for essential mMTOR binding sites have pldential to manipulate muscular

adaptation.

The incorporation of localised blood flow restrasti into training has previously been
shown to elevate levels of growth factors and iaseemeasures of muscle size and function
(Abe, et al., 2005a; Abe, et al., 2006), as wellrasscle protein synthesis and aspects of the
MmTOR pathway (Fujita, et al., 2007a). These obsems suggest that athletes do not
necessarily have to lift high volumes or at higlensities to achieve the functional gains
associated with resistance training. These obsengiay prove useful for the rehabilitation of
athletes who are unable to load the skeletal masmd. Indeed, further research may investigate
the benefits of performing resistance exercise liyoxic chamber as opposed to the occlusive
cuffs that have been used previously to elicit lyygan specific muscle groups. Also possibly of
interest in terms of low impact interventions tasiasin muscle growth and rehabilitation, is the
observation that blue monochromatic light elevagsiosterone levels and muscular growth in
chickens (Cao et al. 2008), although whether sashlts would translate into quantifiable gains
in humans is not known. It is known however, thanwchromatic light can affect physiological

and psychological functions in humans (Huang €2@09).
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7.4 Practical Applications

From the perspective of strength and conditioningcbes, there are always novel training

methods being introduced that claim to be supdoocurrent ‘best practice’. Gaining some

understanding of the core stimulatory processes$ #Huéivate the cellular and molecular

processes, and ultimately mediate muscular adaptatill hopefully allow practitioners to

continue to improve training methods and assesstfeetiveness of both current and novel

training stimuli.

The work in this thesis demonstrates that speargas of the signaling pathway that lead

to functional adaptation are susceptible to intetie@s that are practical for strength and

conditioning coaches to implement.

Complex training, or more specifically performingpawer-type exercise after a
biomechanically similar heavy resistance trainitigmslus, was effective at elevating
salivary testosterone. Therefore, the order in tWieixercise is performed is important
as this complex exercise sequence provided an eatlaanabolic response for
adaptation, even when compared to an exercisewvtutan identical physiological

load and volume.

The strength and conditioning practitioner may beaware of the circadian
biorhythms that occur in many physiological systeffiBe demonstration in this
thesis that the biorhythms of testosterone andisobrtmay modulate training
outcomes, or more specifically improvements in Iotwedy power, may suggest that

sessions designed to improve power should be meeidin the late afternoon.

The learnings from the study that identified ariattion between the dynamic state
of the salivary testosterone concentration andeacesponse to exercise (Chapter
Five) are more difficult to apply in a practicaktsgg at this time. Indeed, near real-

time, non-invasive technology will be required &ixe advantage of such knowledge
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unless it is possible to reliably predict or eligitradian pulsatility. However, strength
and conditioning practitioners should be cognizaft the influence of such
biorhythms on systems that mediate adaptive outsoifige ability to conveniently
assess the approximate entropy statistic of athtesgy also prove useful in the future

for predicting subsequent anabolic trainability.

« Caffeine is a practical intervention that can bedily administered and has the
potential to enhance aspects of testosterone tteguland production. This thesis
demonstrated though, that a concomitant increasmiitisol should discourage the
use of caffeine in isolation in a resistance tragnsetting. Although conjecture, the
combination of caffeine with additional supplemeiota known to attenuate acute
cortisol responses, such as carbohydrate/protagestion, has the potential to

enhance resistance training outcomes.

It is intended that the research contained in thésis will give exercise practitioners a new
perspective on ‘best practice’ training techniqgaed provide an understanding of the processes
that mediate skeletal muscle adaptation. This shasncentrates on the steroids testosterone and
cortisol, but also endeavours to illustrate howséhhormones are integrated into the byzantine
signaling cascade associated with resistance nigaiand its outcomes. An updated diagram
based on Figure One presented in the introductiahis thesis is provided to demonstrate the
scope and future research available in the fiellh@fmone-mediated strategies to enhance
training and performance (Figure 20). In providprgctitioners with knowledge regarding the
mechanisms underpinning adaptation it is hoped itithvidual exercise sessions will be more
effective, cumulative training outcomes will be gtiably enhanced, and that improvements

will ultimately be observed in functional perfornt@within a competitive environment.
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Selected mediators of skeletal muscle adaptation

MECHANICAL STIMULI METABOLIC FACTORS GROWTH FACTORS
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Figure 20.Updated diagram of strategies for modulating horaho@sponse to exercise

Complex

()

Training

v
Response
Thresholds

SAC = stretch-activated ion channels; FAC =focal aifiresomplexes; ATP =adenosine triphosphate; AMP =asieie monophosphate;
IGF = Insulin-like growth factor; GH= Growth hormorfe@XO= Forkhead box O (transcription factor); CHO=l@2dydrate.



126

REFERENCES

Abe, T., Kawamoto, K., Yasuda, T., Kearns, C. Fiddfikawa, T., & Sato, Y. (2005a).
Eight days KAATSU-resistance training improved sphut not jump performance
in collegiate male track and field athletbd.J KAATSU Training Res(1), 19-23.

Abe, T., Kearns, C. F., & Sato, Y. (2006). Musaleesand strength are increased following
walk training with restricted venous blood flow rincthe leg muscle, Kaatsu-walk
training.J. Appl. Physiol., 1001460-1466.

Abe, T., Yasuda, T., Midorikawa, T., Kearns, C.IRque, K., Koizumi, K., et al. (2005b).
Skeletal muscle size and circulating IGF-1 areansed after two weeks of twice
daily "KAATSU" resistance trainingnt J KAATSU Training Res(1), 6-12.

Adams, G. R. (2010). Insulin-like growth factor igmsaling in skeletal muscle and the
potential for cytokine interactiondled Sci Sports Exerc, @D, 50-57.

Adams, K., O'Shea, J. P., & O'Shea, K. L. (1992)e Effect of six weeks of squat,
plyometric and squat-plyometric training on powesduction.J. Appl. Sports Sci.
Res., 636-41.

Ahtiainen, J. P., Pakarinen, A., Alen, M., Kraem&f,J., & Hakkinen, A. (2003a). Muscle
hypertrophy, hormonal adaptations and strength |dpweent during strength
training in strength-trained and untrained ntear J Appl Physiol, 895655-563.

Ahtiainen, J. P., Pakarinen, A., Alen, M., Kraem&r,J., & Hakkinen, K. (2005). Short vs.
long rest period between sets in hypertrophic taste training: Influence on
muscle strength, size, and hormonal adaptatiorisained menJ Strength Cond
Res, 183), 572-582.

Ahtiainen, J. P., Pakarinen, A., Kraemer, W. JH&Kkinen, K. (2003b). Acute hormonal
and neuromuscular responses and recovery to forsednaximum repetitions
multiple resistance exercisést. J. Sports Med., 28), 410-418.

Ahtiainen, J. U., Pakarinen, A., Kraemer, W. J.H&kkinen, K. (2004). Acute hormonal
responses to heavy resistance exercise in stratigigtes versus nonathlet€an.
J. Appl. Physiol., 2®), 527-543.

al'Absi, M., Lovallo, W. R., McKey, B., Sung, B. HWhitsett, T. L., & Wilson, M. F.
(1998). Hypothalamic-pituitary-adrenocortical respes to psychological stress
and caffeine in men at high and low risk for hypasgion.Psychosomatic Med, 60
521-527.

Alen, M., Pakarinen, A., Hakkinen, K., & Komi, P.. \(1988). Responses of serum
androgenic-anabolic and catabolic hormones to pgad strength trainingnt J
Sport Med, ), 229-233.

Allen, D. L., Roy, R. R., & Edgerton, V. R. (1999%yonuclear domains in muscle
adaptation and diseasduscle Nerve, 221350-1360.

Altamirano, F., Oyarce, C., Silva, P., Toyos, M.ils4h, C., Lavandero, S., et al. (2009).
Testosterone induces cardiomyocyte hypertrophyutfitomammalian target of
rapamycin complex 1 pathwayEndocrinol, 2022), 299-307.

Anawalt, B. D., & Merriam, G. R. (2001). Neuroendaoe aging in men. Andropause and
somatopausd=ndocrinol Metab Clin North Am, 88), 647-669.



127

Anthony, J. C., Yoshizawa, F., Anthony, T. G., Viary C., Jefferson, L. S., & Kimball, S.
R. (2000). Leucine stimulates translation initiatian skeletal muscle of
postabsorptive rats via a rapamycin-sensitive payhwNutrition, 130 2413-2419.

Argus, C. K., Gill, N. D., Keogh, J., Hopkins, W.,@& Beaven, C. M. (2010). Effects of a
short-term pre-season training programme on the lsodhposition and anaerobic
performance of professional rugby union playérsSports Sci., 48), 679-686.

Arregger, A. L., Contreras, L. N., Tumilasci, O., Rquilanos, D. R., & Cardoso, E. M.
(2007). Salivary testosterone: a reliable appro&whthe diagnosis of male
hypogonadismClin Endocrinol, 67 656-662.

Arsham, A. M., Howell, J. J., & Simon, M. C. (2003 novel hypoxia-inducible factor-
independent hypoxic response regulating mammadaget of rapamycin and its
targets.J Biol Chem, 27829655-29660.

Atkinson, G., Todd, C., Reilly, T., & Waterhouse,(d005). Diurnal variation in cycling
performance: Influence of warm-up. Sports Sci., 43), 321-329.

Avafizino, G. L., Ermirio, R., Ruggeri, P., & Cogd;. E. (1984). Effect of
microelectrophoretically applied corticosterone maphe neurones in the rat.
Neurosci Lett, 51-3), 307-311.

Baar, K., & Esser, K. (1999). Phosphorylation 0088k correlates with increased muscle
mass following resistance exercigen J Physiol, 27@), C120-127.

Baechle, T. (1994 Essentials of Strength Training and Conditioni@pampaign, lllinois:
Human Kinetics.

Bagatell, C. J., & Bremner, W. J. (1996). Androgensen - Uses and abusé&ew Eng.
J. Med., 33411), 707-715.

Baker, D. (2002). Differences in strength and poamong junior-high, college-aged, and
elite professional rugby league player$str Cond Res, 14), 581-585.

Baker, D., Nance, S., & Moore, M. (2001). The lodtht maximizes the average
mechanical power output during jump squats in pewnaned athletes] Str Cond
Res, 181), 92-97.

Ballou, L. M., & Lin, R. Z. (2008). Rapamycin andli@R kinase inhibitors] Chem Biol,
1(1-4), 27-36.
Bambino, T. H., & Hsueh, A. J. W. (1981). Direchibitory effect of glucocorticoids upon

testicular luteinizing hormone receptor and stevgahesis in vivo and in vitro.
Endocrinology, 1085), 2142-2148.

Bassel-Duby, R., & Olson, E. N. (2006). Signalingthways in skeletal muscle
remodeling Ann Rev Biochem, 7%9-37.

Batterham, A. M., & Hopkins, W. G. (2006). Makingeaningful inferences about
magnitudeslint J Sports Physiol and Perf, 30-57.

Beaven, C. M. (2004)Non-invasive hormone measurement in athletes: Regpto
resistance exercisdlasters Thesis, Waikato Institute of Technologgntiton.

Beaven, C. M., Cook, C. J., & Gill, N. D. (2008&)gnificant strength gains observed in
rugby players following specific RE protocols based individual salivary
testosterone responsdsStrength Cond Res, 23, 419-425.

Beaven, C. M., Gill, N. D., & Cook, C. J. (2008lgalivary testosterone and cortisol
responses following four resistance training protean professional rugby players.
J Strength Cond Res, 23, 426-432.



128

Bell, D. G., McLellan, T. M., & Sabiston, C. M. (@R). Effect of ingesting caffeine and
ephedrine on 10-km run performantéed Sci Sports Exerc, @), 344-349.

Bell, J. A., Fujita, S., Cadenas, J. G., & Rasmous8e B. (2005). Short-term insulin and
nutritional energy provision do not stimulate mesgrotein synthesis if blood
amino acid availability decrease&m J Physiol - Endocrinol Metab, 288999-
E1006.

Bhasin, S., Storer, T. W., Berman, N., Callegari, Clevenger, B., Phillips, J., et al.
(1996). The effects of supraphysiologic doses sfosterone on muscle size and
strength in normal memMew Eng. J. Med., 38b), 1-7.

Bhasin, S., Storer, T. W., Berman, N., YarashekiEK Clevenger, B., Phillips, J., et al.
(1997). Testosterone replacement increases fati#inaes and muscle size in
hypogonadal merl Clin Endocrinol Metab, 82407.

Bhasin, S., Woodhouse, L., Casaburi, R., SinghBA.Bhasin, D., Berman, N., et al.
(2001a). Testosterone dose-response relationshigsealthy young menAm J
Physiol - Endocrinol Metab, 28 E1172-E1181.

Bhasin, S., Woodhouse, L., & Storer, T. W. (200Hypof of the effect of testosterone on
skeletal musclel Endocrinol, 17QL), 27-38.

Biaggoni, I. (2004). Adenosine receptors and autanagegulation In D. Robertson (Ed.),
Primer on the autonomic nervous syst&an Diego: Elsevier Academic Press.

Bird, S. P., & Tarpenning, K. M. (2004). Influenoé circadian time structure on acute
hormonal responses to a single bout of heavy-eagist exercise in weight-trained
men.Chronobiol Int, 211), 131-146.

Bird, S. P., Tarpenning, K. M., & Marino, F. E. (). Effects of liquid
carbohydrate/essential amino acid ingestion oneabhotmonal response during a
single bout of resistance exercibkitrition 22 367-375.

Bird, S. P., Tarpenning, K. M., & Marino, F. E. (&b). Independent and combined effects
of liquid carbohydrate/essential amino acid ingeston hormonal and muscular
adaptations following resistance training in umteali men.Eur J Appl Physiol,
97(2), 225-238.

Bird, S. P., Tarpenning, K. M., & Marino, F. E. (). Liquid carbohydrate/essential
amino acid ingestion during a short-term bout dfistance exercise suppresses
myofibrillar protein degradatioMetabolism, 55570-577.

Blakey, J. B., & Southard, D. (1987). The combineffects of weight training and
plyometrics on dynamic leg strength and leg poW@eAppl. Sports Sci. Res (7},
14-16.

Blazevich, A. J., & Giorgi, A. (2001). Effect of amsterone administration and weight
training on muscle architecturgled Sci Sports Exerc, @), 1688-1693.

Blomstrand, E., Eliasson, J., Karlsson, H. K. R.K&hnke, R. (2006). Branched-chain
amino acids activate key enzymes in protein symhafer physical exercisé.
Nutrition, 136 269S-273S.

Bodine, S. C., Stitt, T. N., Gonzalez, M., Kline, W., Stover, G. L., Bauerlein, R., et al.
(2001). Akt/mTOR pathway is a crucial regulatorsieletal muscle hypertrophy
and can prevent muscle atrophy in vidature Cell Biol, 31014-1019.

Bodner, L. (1991). Effect of parotid submandibutard sublingual saliva on wound-
healing in ratsComp Biochem Physiol A Comp Physiol, (9)0887-890.



129

Bolster, D. R., Crozier, S. J., Kimball, S. R., &fférson, L. S. (2002). AMP-activated
protein kinase suppresses protein synthesis iskagletal muscle through down-
regulated mammalian target of rapamycin (mTOR) aigg. J Biol Chem,
27727), 23977-23980.

Booth, A., Shelley, G., Mazur, A., Tharp, G., & Kk, R. (1989). Testosterone, winning
and losing in human competitiodorm Behav, 2@3!), 556-571.

Bosco, C., Colli, R., Bonomi, R., Von Duvillard, 8., & Viru, A. (2000). Monitoring
strength training: neuromuscular and hormonal [@ofMled Sci Sports Exerc,
32(1), 202-208.

Bosco, C., Tihanyi, J., Rivalta, L., Parlato, Grafdquilli, C., Pulvirenti, G., et al. (1996a).
Hormonal responses in strenuous jumping efflapanese J Physiol, 45, 93-98.

Bosco, C., Tihanyi, J., & Viru, A. (1996b). Relatghips between field fithess test and
basal serum testosterone and cortisol level inesgaayersClin Physiol, 16 317-
322.

Bremner, W. J., Vitiello, M. V., & Prinz, P. N. (83). Loss of circadian rhythmicity in
blood testosterone levels with aging in normal mérClin Endocrinol Metab,
56(6), 1278-1281.

Bridge, C. A., & Jones, M. A. (2006). The effect cdffeine ingestion on 8 km run
performance in a field setting. Sports Sci., 44), 433-439.

Brilla, L. R., & Conte, V. (2000). Effects of a nelvzinc-magnesium formulation on
hormones and strength Ex Physiol, 8), 26-36.

Browne, G. J.,, & Proud, C. G. (2002). Regulation peptide-chain elongation in
mammalian cellsEur J Biochem, 26%5360-5368.

Brownlee, K. K., Moore, A. W., & Hackney, A. C. (@D). Relationship between
circulating cortisol and testosterone: Influencepbiysical exercisel Sports Sci
Med, 4 76-83.

Brugarolas, J., Lei, K., Hurley, R. L., Manning, B., Reiling, J. H., Hafen, E., et al.
(2004). Regulation of mTOR function in responsénypoxia by REDD1 and the
TSC1/TSC2 tumor suppressor compl&enes Devel, 182893-2904.

Buitrago, C., Vazquez, G., De Boland, A. R., & BalaR. (2001). The Vitamin D receptor
mediates rapid changes in muscle protein tyrosimesphorylation induced by
1,25(0OH}D3 Biochem Biophys Res Communs, (8391150-1156.

Bujis, R. M., Wortel, J., van Heerikhuize, J. Jeehstra, M. G. P., Ter Horst, G. J.,
Romjin, H. J., et al. (1999). Anatomical and fuooal demonstration of a
multisynaptic suprachiasmatic nucleus adrenal égprpathway.Eur J Neurosci,
11(5), 1535-1544.

Burke, L. M. (2008). Caffeine and sports perfornadgpplied Physiology, Nutrition, and
Metabolism, 3®), 1319-1334.

Burkholder, T. J. (2008). Mechanotransduction ialstal muscld-rontiers in Bioscience,
12, 174-191.

Busko, K., & Opaszowski, B. H. (2005). Hormonalpesses to repeated bouts of supra-
maximal cycle ergometer exertio®hysical Education and Sport, 48-12.

Butterfield, T. A., & Best, T. M. (2009). Stretcletevated ion channel blockade attenuates
adaptations to eccentric exercibted Sci Sports Exerc, @), 351-356.



130

Cadore, E., Lhullier, F., Alberton, C. L., Almeida, P. V., Sapata, K. B., Korzenowski, A.
L., et al. (2009). Salivary hormonal responses ifter@nt water-based exercise
protocols in young and elderly mehStrength Cond Res, @3, 2695-2701.

Cannell, J. J., Hollis, B. W., Sorenson, M. B.,tTaf. N., & Anderson, J. J. B. (2009).
Athletic performance and vitamin Med Sci Sports Exerc, &), 1102-1110.

Cantini, M., Giurisato, E., Radu, C., Tiozzo, Sanipinella, F., Senigaglia, D., et al.
(2002). Macrophage-secreted myogenic factors: aniging tool for greatly
enhancing the proliferative capacity of myoblastsitro and in vivoNeurological
Sciences, 23189-194.

Cardinale, M., & Stone, M. H. (2006). Is testosteronfluencing explosive performance?
J Strength Cond Res, @), 103-107.

Carriére, A., Cargnello, M., Jullien, L.-A., Gao,,Bonnell, E., Thibault, P., et al. (2008).
Oncogenic MAPK signaling stimulates mTORC1 activily promoting RSK-
mediated raptor phosphorylatid@urrent Biology, 18L7), 1269-1277.

Carson, J. A., & Wei, L. (2000). Integrin signalimgpotential for mediating gene
expression in hypertrophying skeletal musdleAppl. Physiol., 88337-343.

Celec, P., & Behuliak, M. (2009). Behavioural amdiecrine effects of chronic cola intake.
Journal of Psychopharmacology

Chang, K. C. (2007). Key signalling factors andhpatys in the molecular determination
of skeletal muscle phenotyp&nimal, 1 681-698.

Chen, S., Wang, J., Yu, G., Liu, W., & Pearce, I897). Androgen and glucocorticoid
receptor heterodimer formatiofhe Journal of Biological Chemistry, 2A22),
14087-14092.

Chiu, L. Z. F., & Barnes, J. L. (2003). The fitnédatigue model revisited: Implications for
planning short- and long-term trainingtrength and Conditioning Journal, 25%2-
51.

Chrousos, G. (1995). The hypothalamic-pituitaryemdt axis and immune-mediated
inflammation.New Eng. J. Med., 332351-1362.

Chu, F. W., & Ekins, R. P. (1988). Detection oftamsteroid binding globulin in parotid
fluids: evidence for the presence both protein-ldband non-protein-bound (free)
steroids in uncontaminated salivecta Endocrinologica, 119), 56-60.

Coffey, V. G., & Hawley, J. A. (2007). The moleculzases of training adaptatioBports
Med., 379), 737-763.

Cohen, J. (1988ptatistical Power Analysis for the Behavioural &cies Hillside, NJ.

Colella, M., Grisan, F., Robert, V., Turner, J. Dhomas, A. P., & Pozzan, T. (2008).’Ca
oscillation frequency decoding in cardiac cell hymphy: Role of
calcineurin/NFAT as Ca signal integratorsProceedings of the National Academy
of Sciences of the United States of America(8)02859-2864.

Cone, R. D., Low, M. J., ElImquist, J. K., & CamerdnL. (2002). Neuroendocrinology. In
R. P. Larsen, S. M. Kronoberg & K. S. Polonsky (Ed#Villiams Textbook of
Endocrinology(10th ed., pp. 81-176). Philadelphia.

Conway-Campbell, B. L., McKenna, M. A., Wiles, C., @tkinson, H. C., de Kloet, E. R.,
& Lightman, S. L. (2007). Proteosome-dependent doegulation of activated
nuclear hippocampal glucocorticoid receptors deitees dynamic responses to
corticosteroneEndocrinology, 148L1), 5470-5477.



131

Cooke, R. R., McIntosh, J. E., & Mcintosh, R. PR43). Circadian variation in serum free
and non-SHBG-bound testosterone in normal men: uneaents, and stimulation
using a mass action mod€llinical Endocrinology, 39163-171.

Cormie, P., McCaulley, G. O., & McBride, J. M. (200 Power versus strength-power
jump squat training: Influence on the load-poweatienship. Med Sci Sports
Exerc, 396), 996-1003.

Coutts, A., Reaburn, P., Piva, T. J., & Murphy, £007). Changes in selected
biochemical, muscular strength, power, and end@raneasures during deliberate
overreaching and tapering in rugby league playatsJ. Sports Med., 2816-124.

Crewther, B. (2004)The mechanical, hormonal and metabolic profile lueé loading
schemes.Paper presented at the New Zealand Sports Mediaik Science
Conference, Auckland.

Crewther, B., Cronin, J., Keogh, J., & Cook, C.d8pD The salivary testosterone and
cortisol response to three loading scherd&dtr Cond Res, 22), 250-255.

Crewther, B., Keogh, J., Cronin, J., & Cook, C(2D06). Possible stimuli for strength and
power adaptation: Acute hormonal responSgarts Med., 3@), 215-238.

Crewther, B. T., Lowe, T., & Weatherby, R. P. (2p(Falivary hormones and anaerobic
performance in healthy male®aper presented at the Australian Conference of
Science and Medicine in Sport, Adelaide, Australia.

Crewther, B. T., Lowe, T., Weatherby, R. P., & &GNl D. (2009a). Prior sprint cycling did
not enhance training adaptation, but resting sglivdormones were related to
workout power and strengtikur J Appl Physiol, 10®B), 919-927.

Crewther, B. T., Lowe, T., Weatherby, R. P., G, D., & Keogh, J. (2009b).
Neuromuscular performance of elite rugby union etayand relationships with
salivary hormonegd Strength Cond Res, @3, 2046-2053.

Cronin, J., McNair, P. J., & Marshall, R. N. (20085 velocity-specific strength training
important in improving functional performancé?Sports Med. Phys. Fit., 4267-
273.

Cumming, D. C., Quigley, M. E., & Yen, S. S. (1983xute suppression of circulating
testosterone levels by cortisol in ma@rClin Endocrinol Metab, 5/671-673.

Dabbs, J. M. (1990). Salivary testosterone measem&sn Reliability across hours, days,
and weeksPhysiology and Behaviour, 483-86.

Dallman, M. F., la Fleur, S. E., Pecoraro, N. Cont&z, F., Houshyar, H., & Akana, S. F.
(2004). Minireview: Glucocorticoids - Food intakdydominal obesity, and wealthy
nations in 2004Endocrinology, 146), 2633-2638.

Daly, R. M., Rich, P. A., & Klein, R. (1998). Hormal responses to physical training in
high-level peripubertal male gymnadir J Appl Physiol, 7974-81.

Daly, W., Seegers, C. A., Rubin, D. A., Dobridge, & Hackney, A. C. (2005).
Relationship between stress hormones and testostevith prolonged endurance
exerciseEur J Appl Physiol, 93375-380.

Davis, J. M., Zhao, Z., Stock, H. S., Mehl, K. Byggy, J., & Hand, G. A. (2003). Central
nervous system effects of caffeine and adenosinatayue.Am J Physiol - Regu
Physiol, 284 R399-R404.

de Kloet, E. R., & Veldhuis, H. D. (1985). Adrenotcal hormone action. In A. Lajtha
(Ed.),Handbook of NeurochemistridY: Plenum.



132

de Kloet, E. R., Vreugdenhil, E., Oitzl, M. S., &€&ls, M. (1998). Brain corticosteroid
receptor balance in health and dise&s&locrine Rev, 1269-301.

Deldicque, L., Theisen, D., & Francaux, M. (200Bggulation of mMTOR by amino acids
and resistance exercise in skeletal mudtle.J Appl Physiol, 941-10.

Deschenes, M. R., Kraemer, W., Maresh, C., & Clivel. F. (1991). Exercise-induced
hormonal changes and their effects upon skeletachauissueSports Med., 1),
80-93.

Deschenes, M. R., Kraemer, W. J., Bush, J. A., boyd'. A., Kim, D., Mullen, K. M., et
al. (1998). Biorhythmic influences on functionalpeaity of human muscle and
physiological responsebled Sci Sports Exerc, @), 1399-1407.

Di Luigi, L., Baldari, C., Gallotta, M. C., PerrgnF., Romanelli, F., Lenzi, A., et al.
(2006). Salivary steroids at rest and after a ingifoad in young male athletes:
Relationship with chronological age and pubertaleftgpment.int. J. Sports Med.,
27(9), 709-717.

Dimitiou, L., Sharp, N. C. C., & Doherty, M. (2002FLircadian effects on the acute
responses of salivary cortisol and IgA in welled swimmersBr. J. Sports Med.,
36(4), 260-264.

Dineen, S., Alzaid, A., Miles, J., & Rizza, R. (ID9Metabolic effects of the nocturnal rise
in cortisol on carbohydrate metabolism in normammians.J. Clin. Invest., 92
2283-2290.

Diver, M. J., Imtiaz, K. E., Ahmad, A. M., Vora, P., & Fraser, W. D. (2003). Diurnal
rhythms of serum total, free and bioavailable t&#&ti@ne and of SHBG in middle
aged men compared with those of young m@imical Endocrinology, 58710-
717.

Dodd, D. J., & Alvar, B. A. (2007). Analysis of @euexplosive training modalities to
improve lower-body power in baseball playe¥ystr Cond Res, 24), 1177-1182.

Doerr, P., & Pirke, K. M. (1976). Cortisol-inducedppression of plasma testosterone in
normal adult maleslournal of Endocrinology and Metabolism,, £22-627.

Dolmetsch, R. E., Xu, K., & Lewis, R. S. (1998). I&tam oscillations increase the
efficiency and specificity of gene expressiblature, 392 933-936.

Drinkwater, E. J., Galna, B., McKenna, M. J., HuRt, H., & Pyne, D. B. (2007).
Validation of an optical encoder during free weighksistance movements and
analysis of bench press sticking point power dufatgue.J Str Cond Res, 22),
510-517.

Droste, S. K., de Groote, L., Lightman, S. L., RéulM. H. M., & Linthorst, C. E. (2009).
The ultradian and circadian rhythms of free codiecone in the brain are not
affected by gender: An in vivo microdialysis stugy Wistar rats.Journal of
Neuroendocrinology, 21132-140.

Drust, B., Waterhouse, J., Atkinson, G., Edwards, & Reilly, T. (2005). Circadian
rhythms in sports performance - an upd@&teronobiology International, 42), 21-
44,

Dunn, S. E., Burns, J. L., & Michel, R. N. (1999alcineurin is required for skeletal
muscle hypertrophyl'he Journal of Biological Chemistry, 2721908-21912.

Edwardson, J. A., & Bennett, G. W. (1974). Modwatof corticotrophin-releasing factor
release from hypothalamic synaptosonieture, 251 425-427.



133

Ellison, P. T., Bribiescas, R. G., Bentley, G. Rampbell, B. C., Lipson, S. F., Panter-
Brick, C., et al. (2002). Population variation igearelated decline in male salivary
testosteronedluman Reproduction, {¥2), 3251-3253.

Erhart-Bornstein, M., Hinson, J. P., BornsteinRS. Scherbaum, W. A., & Vinson, G. P.
(1998). Intraadrenal interactions in the regulatbadrenocortical steroidogenesis.
Endocr. Rev., 1@), 101-143.

Erskine, J., Smillie, I., Leiper, J., Ball, D., &@linale, M. (2007). Neuromuscular and
hormonal responses to a single session of wholg bibdation exercise in healthy
young menClinical Physiology and Functional Imaging, (&J, 242-248.

Espinosa, A., Estrada, M., & Jaimovich, E. (200QF-I and insulin induce different
intracellular signals in skeletal muscle cellsurnal of endocrinology, 182339-
351.

Estrada, M., Espinosa, A., Gibson, C. J., Uhlen&PJaimovich, E. (2005). Capacitative
calcium entry in testosterone-induced intracellulealcium oscillations in
myotubesJournal of Endocrinology, 18871-379.

Estrada, M., Espinosa, A., Muller, M., & Jaimovidh, (2003). Testosterone stimulates
intracellular calcium release and mitogen-activgiemtein kinases via a G protein-
coupled receptor in skeletal muscle celadocrinology, 148), 3586-3597.

Estrada, M., Liberona, J. L., Miranda, M., & Jairaby E. (2000). Aldosterone- and
testosterone-mediated intracellular calcium respoms skeletal muscle cell
cultures. Am J Physiol - Endocrinol Metab, 27/8132-E139.

Excoffon, L., Guillaume, Y. C., Woronoff-Lemsi, MC., & Andre, C. (2009). Magnesium
effect on testosterone - SHBG association studigd ab novel molecular
chromatography approactournal of Pharmaceutical and Biomedical Analysis,
49, 175-180.

Ezzat, A. R., & el-Gohary, Z. M. (1994). Hormonaldahistological effects of chronic
caffeine administration on the pituitary-gonadatl g@ituitary-adrenocortical axes in
male rabbitsFunctional and Developmental Morphologyl} 45-50.

Faigenbaum, A. D., McFarland, J. E., Keiper, F.TRylin, W., Ratamess, N. A., Kang, J.,
et al. (2007). Effects of short-term plyometric aiegdistance training program on
fithess performance in boys age 12 to 15 yeh®&ports Sci Med,, 19-525.

Fatouros, I. G., Jamurtas, A. Z., Leontsini, D xildaris, K., Aggelousis, N., Kostopoulos,
N., et al. (2000). Evaluation of plyometric exeecisaining, weight training, and
their combination on vertical jumping performanageddeg strengthJ Strength
Cond Res, 14), 470-476.

Favier, F., Benoit, H., & Freyssenet, D. (2008)ll@ar and molecular events controlling
skeletal muscle mass in response to alteredRfegers Archiv European Journal
of Physiology, 45@), 587-600.

Feldman, S., Dalith, M., & Conforti, N. (1973). Efits of cortisol on evoked potentials and
recovery cycles in the rat hypothalamidsurnal of Neural Transmission, 34-9.

Fenske, M. (1997). Role of cortisol in the ACTH-umegd suppression of testicular
steroidogenesis in guinea pigsurnal of Endocrinology, 154107-414.

Ferreni, R. L., & Barrett-Conner, E. (1998). Sexrhones and age: A cross sectional study
of testosterone and estradiol and their bioavasl#talctions in community-dwelling
men.Am. J. Epidemiol., 148), 750-754.



134

Ferrini, M. G., Grillo, C. A., Piroli, G., de KlogE. R., & De Nicola, A. F. (1997). Sex
difference in glucocorticoid regulation of vasomi@esmRNA in the paraventricular
hypothalamic nucleu€ellular and Molecular Neurobiology, 1G), 671-686.

Field, T., Henandez-Reif, M., & Diego, M. (2005)oiisol decreases and serotonin and
dopamine increase following massage therapgternational Journal of
Neuroscience, 119397-1413.

Florini, J. R. (1987). Hormonal control of musclegth. Muscle Nerve, 1(b77-598.

Flick, M. (2006). Functional, structural and molecyplasticity of mammalian skeletal
muscle in response to exercise stimlihe Journal of Experimental Biology, 209
2239-2248.

Froy, O., & Miskin, R. (2010). Effect of feeding giemens on circadian rhythms:
Implications for aging and longevitjging, 41), 7-27.

Frungieri, M. B., Zitta, K., Pignataro, O. P., Gatez-Calvar, S. |.,, & Calandra, R. S.
(2002). Interactions between testicular serotogicer catecholaminergic, and
corticotropin-releasing hormone systems modulatoc®yMP and testosterone
production in the golden hamst&leuroendocrinology, 1&), 35-46.

Fry, A. C., & Kraemer, W. J. (1991). Physical penfance characteristics of American
collegiate football playersThe Journal of Applied Sport Science Resear¢B), 5
126-138.

Fry, A. C., Kraemer, W. J., Stone, M. H., WarrenJB Kearney, J. T., Maresh, C. M., et
al. (1993). Endocrine and performance responsebigb volume training and
amino acid supplementation in elite junior weighglis. Int. J. Sport Nutr., 3306-
322.

Frystyk, J. (2010). Exercise and the growth hormioselin-like growth factor axisMed
Sci Sports Exerc, 42), 58-66.

Fujita, S., Abe, T., Drummond, M. J., Cadenas, J. @eyer, H. C., Sato, Y., et al.
(2007a). Blood flow restriction during low-intensitexercise increases S6K1
phosphorylation and muscle protein synthekigppl. Physiol., 10303-910.

Fujita, S., Dreyer, H. C., Drummond, M. J., Glyln,L., Cadenas, J. G., Yoshizawa, F., et
al. (2007b). Nutrient signalling in the regulatiohhuman muscle protein synthesis.
J Physiol, 58%2), 813-823.

Gachon, F., Nagoshi, E., Brown, S. A., Ripperger, & Schibler, U. (2004). The
mammalian circadian timing system: from gene exgoes to physiology.
Chromosoma, 113.03-112.

Gagliardi, L., Ho, J. T., & Torpy, D. J. (2010). doosteroid-binding globulin: The
clinical significance of altered levels and her&abnutations.Molecular and
Cellular Endocrinology, 31@), 24-34.

Gan, B, Yoo, Y., & Guan, J.-L. (2006). Associatmiifocal adhesion kinase with tuberous
sclerosis complex 2 in the regulation of S6 kinastvation and cell growthThe
Journal of Biological Chemistry, 2849), 37321-37329.

Garcia-Bonacho, M., Esquifino, A. I., Castiill, P. O., Toso, C. R., & Cardinali, D. P.
(2000). Age-dependent effect of Freund's adjuvan24-hour rhythms in plasma
prolactin, growth hormone, thyrotropin, insulin, llide-stimulating hormone,
luteinizing hormone and testosterone in raife Science, 620), 1969-1977.



135

Gerra, G., Zaimovic, A., Mascette, G. G., Gard®i, Zambelli, U., Timpano, M., et al.
(2001). Neuroendocrine responses to experimentallyeed psychological stress
in healthy human$2sychoneuroendocrinol, 261-107.

Gilsanz, V., Gibbens, D. T., & Roe, T. F. (1988gri¢bral bone density in children: effect
of puberty.Radiology, 16@47-850).

Giorgi, A., Wilson, G. J., Weatherby, R. P., & Mugp A. J. (1998). Functional isometric
weight training: its effects on the development miéiscular function and the
endocrine system over an 8-week training perdo8trength Cond Res, (13, 18-
25.

Glass, D. J. (2003). Signalling pathways that ntedskeletal muscle hypertrophy and
atrophy.Nature Cell Biology, 587-90.

Gordon, S. E., Fluck, M., & Booth, F. W. (2001)a#tcity in skeletal, cardiac, and smooth
muscle: Selected contribution: Skeletal muscle lfadhesion kinase, paxillin, and
serum response factor are loading depende#tppl. Physiol., 901174-1183.

Goto, K., Ishii, N., & Takamatsu, K. (2004a). Gréwhormone response to training
regimen with combined high- and low-intensity rémige exercisesnternational
Journal of Sport and Health Science,121-118.

Goto, K., Nagasawa, M., Yanagisawa, O., Kizuka,|dhii, N., & Takamatsu, K. (2004b).
Muscular adaptations to combinations of high- amav-intensity resistance
exercisesJ Str Cond Res, 18), 730-737.

Goto, K., Sato, Y., & Takamatsu, K. (2003). A smglet of low intensity resistance
exercise immediately following high intensity reaisce exercise stimulates growth
hormone secretion in med. Sports Med. Phys. Fit., @3, 243-249.

Gotshalk, L. A., Loebel, C. C., Nindl, B. C., Putak, M., Sebastianelli, W. J., Newton, R.
U., et al. (1997). Hormonal responses of multiggsus single-set heavy resistance
exercise protocol€an. J. Appl. Physiol.,,244-255.

Gozansky, W. S., Lynn, J. S., Laudenslager, M.& Kohrt, W. M. (2005). Salivary
cortisol determined by immunoassay is preferabletal cortisol for assessment of
dynamic hypothalamic-pituitary-adrenal axis activiClinical Endocrinology, 63
336-341.

Graham, T. E., Helge, J. W., MacLean, D. A., Kidds,& Richter, E. A. (2000). Caffeine
ingestion does not alter carbohydrate or fat meisinoin human skeletal muscle
during exercisel Physiol, 52@3), 837-847.

Graham, T. E., & Spriet, L. L. (1995). Metaboliatecholamine, and exercise performance
responses to various doses of caffeihé\ppl. Physiol., 7@), 867-874.

Granger, D. A., Schwartz, E. B., Booth, A., & AreniM. (1999). Salivary testosterone
determination in studies of child health and depeient. Hormones and
Behaviour, 3§1), 18-27.

Greer, F., Morales, J., & Coles, M. (2006). Wingaierformance and surface EMG
frequency are not affected by caffeine ingestiyoplied Physiology, Nutrition, and
Metabolism, 3(5), 597-603.

Griggs, R. C., Kingston, W., Jozefowicz, R. F., Hid&. E., Forbes, G., & Halliday, D.
(1989). Effect of testosterone on muscle mass awdeip synthesisJ. Appl.
Physiol., 661), 498-503.

Groschl, M. (2008). Current status of salivary hona analysisClinical Chemistry,
54(11), 1759-1769.



136

Grossman, N., Binyamin, L., & Bodner, L. (2004)fdet of rat salivary glands extract on
the proliferation of cultured skin cells - a wouhdaling modelCell and Tissue
Banking, $205-212.

Gulati, P., & Thomas, G. (2007). Nutrient sensingne mTOR/S6K1 signalling pathway.
Biochemical Society Transactions,(3h 14238-14243.

Hakkinen, A., & Kallinen, M. (1994). Distributionf gtrength training volume into one or
two daily sessions and neuromuscular adaptations female athletes.
Electromyography and Clinical Neurophysiology, 347-124.

Hakkinen, K., & Pakarinen, A. (1993). Acute hormbmasponses to two different
fatiguing heavy resistance protocols in males &hkld. Appl. Physiol., 7&2), 882-
887.

Hakkinen, K., Pakarinen, A., Alen, M., Kauhanen,, & Komi, P. V. (1988).
Neuromuscular and hormonal adaptations in athletestrength training in two
yearsJ. Appl. Physiol., 66), 2406-2412.

Hakkinen, K., Pakarinen, A., Alen, M., & Komi, P.. {¥1985). Serum hormones during
prolonged training of neuromuscular performartee: J Appl Physiol, 53}), 287-
293.

Hakkinen, K., Pakarinen, A., & Kraemer, W. J. (2D0OBasal concentrations and acute
responses of serum hormones and strength develbpineng heavy resistance
training in middle-aged and elderly men and woméournal of Gerontology
American Biological Science and Medical Sciencé\(8h B95-105.

Haldsz, B. (1969). The endocrine effects of isolatf the hypothalamus from the rest of
the brain. In W. F. Ganong & L. Martini (EdsHrontiers in Endocrinology(pp.
307-342). New York: Oxford University Press.

Hansen, S., Kvorning, T., Kjeer, M., & Sjggaard, (@001). The effect of short-term
strength training on human skeletal muscle: theont@mce of physiologically
elevated hormone levelScand. J. Med. Sci. Sports, B#7-354.

Hardie, G., & Sakamoto, K. (2006). AMPK: A key sen®f fuel and energy status in
skeletal musclePhysiology, 2148-60.

Harris, G. R., Stone, M. E., O'Bryant, H. S., Pro@. M., & Johnson, R. L. (2000). Short-
term performance effects of high power, high formecombined weight-training
methodsJ Str Cond Res, 1#), 14-20.

Hayashi, A. A., & Proud, C. G. (2007). The rapidivztion of protein synthesis by growth
hormone requires signaling through mTQ¥a J Physiol - Endocrinol Metab, 292
E1647-E1655.

Hayes, F. J. (2000). Testosterone: fountain of lyautdrug of abuse® Clin Endocrinol
Metab, 85 3020-3023.

Heikkila, M. (2002). DEVELOPMENT OF THE ADRENOGENITAL SYSTEM: Female sex
determination, ovarian and adrenal gland ontogeegulated by Wnt-4 in mice.
University of Oulu, Oulu.

Henley, D. E., Leendertz, J. A., Russell, G. M.,dllpS. A., Taheri, S., Woltersdorf, W.
W., et al. (2009). Development of an automated dblsampling system for use in
humansJournal of Medical Engineering and Technology(333199-208.

Herbst, K. L., & Bhasin, S. (2004). Testosterongioac on skeletal muscleCurrent
Opinion in Clinical Nutrition and Metabolic Care, 271-277.



137

Herman, J. P., & Cullinan, W. E. (1997). Neurocitguof stress: central control of the
hypothalamic-pituitary-adrenocortical axigends in Neuroscience, 208-84.

Hickson, R. C., & Davis, J. R. (1981). Partial pretion of glucocorticoid-induced muscle
atrophy by endurance trainilgm J Physiol, 24(B), E226-E232.

Hoéld, K. M., de Boer, D., Zuidema, J., & Maes, R. A (1995). Saliva as an analytical
tool in toxicology.International Journal of Drug Testing(1), 1-36.

Honda, S., Migita, K., Hirai, Y., Ueki, Y., YamasalS., Urayama, S., et al. (2000).
Induction of COX-2 expression by nitric oxide inerhmatoid synovial cells.
Biochemical and Biophysical Research Communicatid68 928-931.

Hood, D. A., Irrcher, 1., Ljubicic, V., & Joseph,.M. (2006). Coordination of metabolic
plasticity in skeletal muscl@he Journal of Experimental Biology, 20265-2275.

Hopkins, W. G. (2002). Probabilities of clinical mractical significanceSportscience,.6

Hopkins, W. G., Marshall, S. W., Batterham, A. M.,Hanin, J. (2009). Progressive
statistics for studies in sports medicine and agerscienceMed Sci Sports Exerc,
41(1), 3-12.

Hoppeler, H., & Vogt, M. (2001). Muscle tissue atdions to hypoxiaJ Exp Biol, 204
3133-3139.

Hornberger, T. A., Armstrong, D. D., Koh, T. J.,rBoolder, T. J., & Esser, K. A. (2005).
Intracellular signaling specificity in response toiaxial vs. multiaxial stretch:
implications for mechanotransductiohm J Physiol - Cell Physiol, 288, C185-
C194.

Hornberger, T. A., Chu, W. K., Mak, Y. W., Hsiung;, W., Huang, S. A., & Chien, S.
(2006). The role of phospholipase D and phosplatadiid in the mechanical
activation of mTOR signaling in skeletal musckroceedings of the National
Academy of Sciences of the United States of Amai&l2), 4712-4746.

Hornberger, T. A., & Esser, K. A. (2004). Mechaaosduction and the regulation of
protein synthesis in skeletal musdR¥oceedings of the Nutrition Society,, &31-
335.

Hurtado de Catalfo, G. E., de Alaniz, M. J., & MarrC. A. (2009). Influence of
commercial dietary oils on lipid composition andsttesterone production in
interstitial cells isolated from rat testldpids, 43 345-357.

Ingle, D. J. (1952). The role of adrenal cortexi@meostasislournal of Endocrinology,,8
XXI-XXXVII.

Ingram, J. R., Crockford, J. N., & Matthews, L. R999). Ultradian, circadian and
seasonal rhythms in cortisol secretion and adresgdonsiveness to ACTH and
yarding in unrestrained red deer (Cervus elaphagjsslournal of Endocrinology,
162, 289-300.

Ingram, J. R., Lo, K. R., Atkinson, K. R., MartimseP. J., & Beaven, C. M. (2008, 25-28
November 2008)Temporal dynamics of salivary steroidaper presented at the
Medical Sciences Congress, Queenstown.

Inoue, K., Yamasaki, S., Fushiki, T., Okada, Y., Sugimoto, E. (1994). Androgen
receptor agonist suppresses exercise-induced hgpleyt of skeletal musclé&ur J
Appl Physiol, 6988-91.



138

Iranmanesh, A., Veldhuis, J. D., Johnson, M. LLi&arralde, G. (1990). 24-hour pulsatile
and circadian patterns of cortisol secretion ildédic men.Journal of Andrology,
10(1), 54-63.

lvy, J. L., Costill, D. L., Fink, W. J., & Lower, RW. (1979). Influence of caffeine and
carbohydrate feedings on endurance performavied.Sci Sports Exerc, 16-11.

Jackman, M., Wendling, P., Friars, D., & GrahamET(1996). Metabolic, catecholamine,
and endurance responses to caffeine during exedciégpl. Physiol., 84), 1658-
1663.

Jackson, G. I, Kuehl, D., & Rhim, T. J. (1991).s@sterone inhibits gonadotropin-
releasing hormone pulse frequency in the male stgielpgy of Reproduction, 45
188-194.

Jaimovich, E., & Espinosa, A. (2004). Possible logdtween different slow calcium signals
generated by membrane potential and hormones feretitial gene expression in
cultured muscle cell8iological Research, 34), 625-633.

Jensen, J., Oftebro, H., Breigan, B., JohnssonOAlin, K., Meen, H. D., et al. (1991).
Comparison of changes in testosterone concentgdfiar strength and endurance
exercise in well trained merEuropean Journal of Applied Physiology and
Occupational Physiology, 63), 467-471.

Johnson, E. O., Kamilaris, T. C., Chrousos, G., &dsP. W. (1992). Mechanisms of
stress: a dynamic overview of hormonal and behalitomeostasidNeuroscience
and Biobehavioral Reviews, (&, 115-130.

Johnson, M. L., Pipes, L., Veldhuis, P. P., FarhyS., Boyd, D. G., & Evans, W. S.
(2008). AutoDecon a deconvolution algorithm for identification and
characterization of luteinizing hormone secretauysks: Description and validation
using synthetic dat#nalytical Biochemistry, 3§B-17.

Judelson, D. A., Maresh, C., Yamamoto, L. M., HgrM. J., Armstrong, L. E., Kraemer,
W. J., et al. (2008). Effect of hydration state msistance exercise-induced
endocrine markers of anabolism, catabolism, andalboéism.J. Appl. Physiol.,
105(3), 816-824.

Kadi, F. (2008). Cellular and molecular mechanismsponsible for the action of
testosterone on human skeletal muscle. A basis illegal performance
enhancemenBr J Pharmacol, 154522-528.

Kalmar, J. M., & Cafarelli, E. (1999). Effects oafteine on neuromuscular functiod.
Appl. Physiol., 8{2), 801-808.

Kanaley, J. A., Weltman, J. Y., Pieper, K. S., Welh, A., & Hartman, M. L. (2001).
Cortisol and growth hormone responses to exerdiskffarent times of dayThe
Journal of Clinical Endocrinology and Metabolisn§(8), 2881-2889.

Karlsson, H. K. R., Nilsson, P.-A., Nilsson, J., il&dlin, A. V., Zierath, J. R., &
Blomstrand, E. (2004). Branched-chain amino acidscrease p70S6k
phosphorylation in human skeletal muscle afterstasce exercisem J Physiol -
Endocrinol Metab, 287E1-7.

Katznelson, L., Finklstein, J. S., Shoenfeld, D, Rosenthal, D. I., Anderson, E. J., &
Klibanski, A. (1996). Increase in bone density aledn body mass during
testosterone administration in men with hypogomadis Clin Endocrinol Metab,
81(12), 4358-4365.



139

Katznelson, L., Rosenthal, D. I., Rosol, M. S., Arsbn, E. J., Hayden, D. L., Shoenfeld,
D. A, et al. (1998). Using quantitative CT to assadipose distribution in adult
men with acquired hypogonadismerican Journal of Roentgenology, 1423-
427.

Kaufman, J. M., & Vermeulen, A. (2005). The declofeandrogen levels in elderly men
and its clinical and therapeutic implicatioEndocrine Rev, 46), 833-876.

Kawada, S. (2005). What phenomena occur in blooav-festricted musclent J
KAATSU Training Res|(2), 37-44.

Keenan, D. M., Roelfsema, F., & Veldhuis, J. D. 020 Endogenous ACTH
concentration-dependent drive of pulsatile cortisetretion in the humaim J
Physiol, 287 E652-E661.

Keenan, D. M., Takahashi, P. Y., Liu, P. Y., RodhlR. D., Nehra, A. X., [ranmanesh, A,
et al. (2006). An ensemble model of the male golnaxia: Illustrative application
in aging menEndocrinology, 14{6), 2817-2828.

Keenan, D. M., & Veldhuis, J. D. (2003). Cortisoketlback state governs
adrenocorticotropin secretory-burst shape, frequesred mass in a dual-waveform
construct: time of day-dependent regulatidm J Physiol - Regu Physiol, 483,
R950-961.

Khalfa, S., Bella, S. D., Roy, M., Peretz, I., &pian, S. J. (2003). Effects of relaxing
music on salivary cortisol level after psychologiisaess.Ann NY Acad Sci, 999
374-376.

Kirschbaum, C., & Hellhammer, D. H. (200@ncyclopaedia of Stres@/ol. 3). San
Diego: Academic Press.

Kochakian, C. D. (1950). Comparison of protein amiglproperty of various androgens in
the castrated raBm J Physiol, 16@), 53-61.

Koehler, K., Parr, M. K., Gayer, H., Mester, J.S&h&nzer, W. (2009). Serum testosterone
and urinary secretion of steroid hormone metathtiter administration of a high-
dose zinc supplemertur J Clin Nutrition, 6381), 65-70.

Kotzamanidis, C., Chatzopoulos, D., Michailidis,, ®apaiakovou, G., & Patikas, D.
(2005). The effect of a combined high-intensityesgth and speed training
program on the running and jumping ability of sacptayers.J Str Cond Res,
19(2), 369-375.

Kovacs, E. M. R., Stegen, J. H. C. H., & Brouns(1R98). Effect of caffeinated drinks on
substrate metabolism, caffeine excretion, and padace.J. Appl. Physiol., 85
709-715.

Kraemer, W. J. (1988). Endocrine responses toteesis exerciseMed Sci Sports Exerc,
20(5), S152-S157.

Kraemer, W. J., Fleck, S. T., Dziados, J., Harntan& Marchitelli, L. (1993). Changes in
hormonal concentrations after different heavy tasise exercise protocols in
women.J. Appl. Physiol., 7@&), 594-604.

Kraemer, W. J., French, D. N., Spiering, B. A., &qlJ. S., Sharman, M. J., Ratamess, N.
A., et al. (2005). Cortitrol supplementation redsigerum cortisol responses to
physical stressvietabolism Clinical and Experimental, &4, 657-668.

Kraemer, W. J., Gordon, S. E., Fleck, S. J., MaetlhiL. J., Mello, R., Dziados, J. E., et
al. (1991). Endogenous anabolic hormonal and grdedtor responses to heavy
resistance exercise in males and femalegsJ. Sports Med., 12), 228-235.



140

Kraemer, W. J., Hakkinen, K., Newton, R. U., McCarky M., Nindl, B. C., Volek, J. S.,
et al. (1998). Acute hormonal responses to heasigteance exercise in younger and
older menEur J Appl Physiol, 7(B), 206-211.

Kraemer, W. J., Hakkinen, K., Newton, R. U., Nin@l,C., Volek, J. S., McCormick, M.,
et al. (1999). Effects of heavy-resistance traiminghormonal response patterns in
younger vs. older med. Appl. Physiol., 88), 982-992.

Kraemer, W. J., Hatfield, D. L., Spiering, B. A.ingren, J. L., Fragala, M. S., Ho, J., et al.
(2007). Effects of a multi-nutrient supplement orereise performance and
hormonal responses to resistance exer&igeJ Appl Physiol, 101637-646.

Kraemer, W. J., Hatfield, D. L., Volek, J. S., Faégg M. S., Vingren, J. L., Anderson, J.
M., et al. (2009). Effects of amino acids supplet@nphysiological adaptations to
resistance trainingMed Sci Sports Exerc, @), 1111-1121.

Kraemer, W. J., Loebel, C. C., Volek, J. S., Ratsnél. A., Newton, R. U., Wickham, R.
B., et al. (2001). The effect of heavy resistanaer@se on the circadian rhythm of
salivary testosterone in megur J Appl Physiol, 84-2), 13-18.

Kraemer, W. J., Marchitelli, L., Gordon, S. E., Heamn, E., Dziados, J. E., Mello, R., et al.
(1990). Hormonal and growth factor responses tovyheasistance exercise
protocols.J. Appl. Physiol., 6@), 1442-1450.

Kraemer, W. J., & Ratamess, N. A. (2005). Hormoredponses and adaptations to
resistance exercise and trainiggorts Med., 38), 339-361.

Kumar, A., Chaudhry, I., Reid, M. B., & Boriek, M. (2002). Distinct signaling pathways
are activated in response to mechanical stressedpakially and transversely to
skeletal muscle fibre3.he Journal of Biological Chemistry, 24B), 46493-46503.

Kumar, V., Atherton, P., Smith, K., & Rennie, M. 009). Human muscle protein
synthesis and breakdown during and after exergdis&éppl. Physiol., 10®), 2026-
2039.

Kvorning, T., Anderson, M., Brixen, K., & Madsen, R006). Suppression of endogenous
testosterone production attenuates the responstetogth training: a randomized,
placebo-controlled, and blinded intervention stu8yn J Physiol - Endocrinol
Metab, 291 E1325-1332.

Lander, J. (1985). Maximum based on reyatl. Str. Cond. Assoc. J., 60-61.

Lane, J. D., Pieper, C. F., Phillips-Bute, B. Grydht, J. E., & Kuhn, C. M. (2002).
Caffeine affects cardiovascular and neuroendodittevation at work and home.
Psychosomatic Med, ¢4), 595-603.

Laurent, D., Schneider, K. E., Prusaczyk, W. Karktin, C., Vogel, S. M., Krssak, M., et
al. (2000). Effects of caffeine on muscle glycogegitization and neuroendocrine
axis during exerciseThe Journal of Clinical Endocrinology and Metabatis
85(6), 2170-2175.

Lee, S., Selvage, D. J., Hansen, K., & Rivier, Z004). Site of action of acute alcohol
administration in stimulating the rat hypothalamituitary-adrenal axis:
Comparison between the effect of systemic anddetebroventricular injection of
this drug in pituitary and hypothalamic respond&sdocrinology, 148.0), 4470-
4479.

Lévi, F. A., Canon, C., Touitou, Y., Sulon, J., M&ouri, M., Ponsart, E. D., et al. (1988).
Circadian rhythms in circulating T lymphocyte syidg and plasma testosterone,



141

total and free cortisol in five healthy meblinical and Experimental Immunology,
71, 329-335.

Levin, E. R. (2008). Rapid signaling by steroidegors.Am J Physiol - Regu Physiol,
295 R1425-R1430.

Lewis, J. G. (2006). Steroid analysis in saliva: Awerview. Clinical Biochemistry
Reviews, 2(B), 139-146.

Lewis, J. G., Bagley, C. J., Elder, P. A., BachmaknW., & Torpy, D. J. (2005). Plasma
free cortisol fraction reflects levels of functiagi corticosteroid-binding globulin.
Clinica Chimica Acta, 354-2), 189-194.

Lightman, S. L., Wiles, C. C., Atkinson, H. C., Hey D. E., Russell, G. M., Leendertz, J.
A., et al. (2008). The significance of glucocortitpulsatility. European Journal of
Pharmacology, 58355-262.

Linnamo, V., Pakarinen, A., Komi, P. V., Kraemer, W, & Hakkinen, A. (2005). Acute
hormonal responses to submaximal and maximal heasigtance and explosive
exercises in men and womenStr Cond Res, 19), 566-571.

Liu, X., Wang, C., & Chen, Y. Z. (1995). Nongenonatfect of glucocorticoid on the
release of arginine vasopressin from hypothalamiices in rats.
Neuroendocrinology, 6628-633.

Liu, Z., Li, G., Kimball, S. R., Jahn, L. A., & Baett, E. J. (2004). Glucocorticoids
modulate amino acid-induced translation initiatinorhuman skeletal musclém J
Physiol - Endocrinol Metab, 28 E275-281.

Loebel, C. C., & Kraemer, W. (1998). A brief revieWestosterone and resistance exercise
in men.J Strength Cond Res, (13, 57-63.

Losel, R. M., Falkenstein, E., Feuring, M., Schulz Tillmann, H., Rossol-Haseroth, K.,
et al. (2003). Nongenomic steroid action: Contreies, questions, and answers.
Physiological Reviews, 8365-1016.

Lovallo, W. R., Farag, N. H., Vincent, A. S., Thosnd. L., & Wilson, M. F. (2006).
Cortisol responses to mental stress, exercise aadsnollowing caffeine intake in
men and womerPharmacology, Biochemistry, and Behaviour(333441-447.

Ma, L., Chen, Z., Erdjument-Bromage, H., Tempst, &. Pandolfi, P. P. (2005).
Phosphorylation and functional inactivation of TS®2 Erk implications for
tuberous sclerosis and cancer pathogen€si$. 1212), 179-193.

Macintosh, B. R., & Wright, B. M. (1995). Caffeimegestion and performance of a 1,500-
metre swimCan. J. Appl. Physiol., Z8), 168-177.

MacKenzie, M. G., Hamilton, D. L., Murray, J. T.,Baar, K. (2007). mVps34 is activated
by an acute bout of resistance exercB®chemical Society Transactions,(8h
1314-1316.

Magkos, F., & Kavouras, S. A. (2005). Caffeine ussports, pharmokinetics in man, and
cellular mechanisms of actio€ritical Reviews in Food Science and Nutrition,
45(7-8), 535-562.

Mangine, G. T., Ratamess, N. A., Hoffman, J. Rig&abaum, A., Kang, J., & Chilakos,
A. (2008). The effects of combined ballistic andawe resistance training on
maximal lower- and upper-body strength in recrewily trained menJ Strength
Cond Res, 22), 132-139.



142

Manuck, S. B., Marsland, A. L., Flory, J. D., Gorka, Ferrell, R. E., & Hariri, A. R.
(2010). Salivary testosterone and a trinucleot@a®) length polymorphism in the
androgen  receptor gene predict amygdala reactivipy  men.
Psychoneuroendocrinol, 8b), 94-104.

Marshall-Gradisnik, S., Green, R., Brenu, E. W.Weatherby, R. P. (2009). Anabolic
androgenic steroids effects on the immune systemeveew. Central European
Journal of Biology, 41), 19-33.

Martini, F. H., & Welch, K. (2001)Fundamentals of Anatomy and Physioldgth ed.).
Upper Saddle River, New Jersey: Prentice-Hall, Inc.

Masamoto, N., Larson, R., Gates, T., & Faigenbadm,(2003). Acute effects of
plyometric exercise on maximum squat performancenate athletesJ Str Cond
Res, 171), 68-71.

Mazur, A., & Booth, A. (1998). Testosterone and dwance in menBehav Brain Sci, 21
353-397.

Mazur, A., Booth, A., & Dabbs, J. M. (1992). Tedsasne and chess competiti@ocial
Psychology Quarterly, 550-77.

Mazur, A., Susman, E. J., & Edelbrock, S. (1998x 8ifference in testosterone response
to a video game conte&volution and Human Behavior, 1817-326.

McBride, T. A. (2003). Stretch-activated ion chalsnendc-fosexpression remain active
after repeated eccentric boulsAppl. Physiol., 9), 2296-2302.

McCall, G. E., Byrnes, W. C., Fleck, S. J., DickinsA., & Kraemer, W. J. (1999). Acute
and chronic hormonal responses to resistance ricaohésigned to promote muscle
hypertrophyCan. J. Appl. Physiol., Z4), 96-107.

McClain, C. J., Gavaler, J. S., & van Thiel, D. 1984). Hypogonadism in the zinc-
deficient rat: localization of the functional abmalities.J Lab Clin Med, 104
1007-1015.

McDonagh, M. J. N., & Davies, C. T. M. (1984). Adiap response of mammalian skeletal
muscle to exercise with high load&ur J Appl Physiol, 52139-155.

McGuigan, M. R., Egan, A. D., & Foster, C. (200&galivary cortisol responses and
perceived exertion during high intensity and lowemsity bouts of resistance
exerciselJ Sports Sci Med,, 3-15.

Medici, G., & Bedogni, G. (2005). Accuracy of eightlar bioelectrical impedance
analysis for the assessment of total and apperadichhbdy composition in
peritoneal dialysis patientBur J Clin Nutrition, 59 932-937.

Mero, A., Jaakkola, L., & Komi, P. V. (1990). Serdrarmone and physical performance
capacity in young boy athletes during a 1-yeantrg period.Eur J Appl Physiol,
60(1), 32-37.

Mero, A., Komi, P. V., Kyllonen, A., Pullinen, T& Pakarinen, A. (1991). Acute EMG,
force and hormonal responses in male athletes up gwength exercise units.
Biomech., 2§&/7), 752.

Mero, A., Pullinen, T., Komi, P. V., Pakarinen, Kyllonen, A., & MacDonald, E. (1993).
Biomechanical and hormonal responses to two highngity strength exercise
units with different recovery in pubertal and aduléle athletesPaper presented at
the International Society of Biomechanics, ParianEe.



143

Merran, K., Hattersley, A., Mould, G., & Bloom, B. (1993). Venepuncture causes rapid
rise in plasma ACTHBrit J Clin Prac, 47 246-247.

Mihalk, J. P., Libby, J. J., Battaglini, C. L., &dWurray, R. G. (2008). Comparing short-
term complex and compound training programs oncarjump height and power
output.J Strength Cond Res, @3, 47-53.

Miller, W. L. (1988). Molecular biology of steroidormone synthesi€ndocrine Rev,
9(3), 295-318.

Miluk-Kolasa, B., Obminski, Z., Stupnicki, R., & G, L. (1994). Effects of music
treatment on salivary cortisol in patients expostd pre-surgical stress
Experimental and Clinical Endocrinology and Dialeté0Z2), 118-120.

Montero-Odasso, M., & Duque, G. (2005). VitaminrDthe aging musculoskeletal system:
An authentic strength preserving hormomnolecular Aspects of Medicine, 26
203-219.

Morelius, E., Nelson, N., & Theodorsson, E. (20@Blivary cortisol and administration of
concentrated oral glucose in newborn infants: imedodetection limit and smaller
sample volume without glucose interferenSeandinavian Journal of Clinical and
Laboratory Investigation, §2), 113-118.

Morgan, C. A., Wang, S., Mason, J., Southwick, S, kx, P., Hazlett, G., et al. (2000).
Hormone profiles in humans experiencing militaryvétal training. Biological
Psychiatry, 47891-901.

Munck, A. U., Guyer, P. M., & Holbrook, N. Y. (1984Physiological functions of
glucocorticoids in stress and their relation to rpfecological actionsEndocrine
Rev, §1), 25-44.

Nader, G. A., & Esser, K. (2001). Intracellularrsadjng specificity in skeletal muscle in
response to different modes of exerciseAppl. Physiol., 901936-1942.

Nahoul, K., & Roger, M. (1990). Age-related declfeplasma bioavailable testosterone in
adult menJournal of Steroid Biochemistry and Molecular Bigyo 3%2), 293-299.

Narkar, V. A., Downes, M., Yu, R. T., Embler, E.,.av\g, Y., Banayo, E., et al. (2008).
AMPK and PPAR agonists are exercise mimeti€ell, 134 405-415.

Nehlig, A., Daval, J. L., & Debry, G. (1992). Caffe and the central nervous system:
Mechanisms of action, biochemical, metabolic, asgcphostimulant effect8Brain
Research Reviews, 1739-170.

Newton, R. U., Kraemer, W., & Hakkinen, K. (199%ffects of ballistic training on
preseason preparation of elite volleyball playdied Sci Sports Exerc, 3B23-
330.

Niesler, C. U., Myburgh, K. H., & Moore, F. (2007)he changing AMPK expression
profile in differentiating mouse skeletal muscle ablast cells helps confer
increasing resistance to apopto&sp Physiol, 9¢1), 207-217.

Nindl, B. C., Kraemer, W., Deaver, D. R., Peterd,.JMarx, J. O., Heckman, J. T., et al.
(2001). LH secretion and testosterone concentratame blunted after resistance
exercise in menl. Appl. Physiol., 911251-1258.

Nobukuni, T., Joaquin, M., Roccio, M., Dann, S. Bm, S. Y., Gultati, P., et al. (2005).
Amino acids mediate mTOR/raptor signaling througttivation of class 3
phosphatidylinositol 30OH-kinasNAS, 10@40), 14238-14242.



144

Norager, C. B., Jensen, M. B., Madsen, M. R., &rbaug, S. (2005). Caffeine improves
endurance in 75-yr-old citizens: a randomised, t®bbnd, placebo controlled,
crossover studyl. Appl. Physiol., 992302-2306.

O'Neil, T. K., Duffy, L. R., Frey, J. W., & Hornbger, T. A. (2009). The role of
phosphoinositide 3-kinase and phosphatidic acithenregulation of mammalian
target of rapamycin following eccentric contracgod. Physiol., 58{14), 3691-
3701.

Obminski, Z. (1998). Changes in free (unbound)tioacof testosterone in serum in vitro
as affected by pH and temperatugperimental and Clinical Endocrinology and
Diabetes, 10@L), 85-88.

Obminski, Z., & Stupnicki, R. (1997). Comparison thie testosterone-to-cortisol ratio
values obtained from hormonal assays in salivasardm.J. Sports Med. Phys.
Fit., 37(1), 50-55.

Om, A. S., & Chung, K. W. (1996). Dietary zinc deéincy alters 5 alpha-reduction and
aromatization of testosterone and androgen andgestrreceptors on rat liver.
Journal of Nutrition, 126842-848.

Orchinik, M. (1998). Glucocorticoids, stress, andhaviour: shifting the timeframe.
Hormones and Behavior, &), 320-327.

Ostrowski, K. J., Wilson, G. J., Weatherby, R.Nurphy, P. W., & Lyttle, A. D. (1997).
The effect of weight training volume on hormonakmu and muscular size and
function.J Strength Cond Res, (B), 148-154.

Paddon-Jones, D., Sheffield-Moore, M., Urban, RSanford, A. P., Aarsland, A., Wolfe,
R. R., et al. (2004). Essential amino acid and alaytrate supplementation
ameliorates muscle protein loss in humans during d2§s bedrestJ Clin
Endocrinol Metab, 894351-4358.

Parkington, J. D., Siebert, A. P., LeBrasseur, N.&Fielding, R. A. (2003). Differential
activation of mTOR signaling by contractile actwiin skeletal muscleAm J
Physiol - Regu Physiol, 28R1086-1090.

Parsons, S. A., Millay, D. P., Wilkins, B. J., Bue®. F., Tsika, G. L., Neilson, J. R., et al.
(2004). Genetic loss of calcineurin blocks mechainmverload-induced skeletal
muscle fibre type switching but not hypertrophihe Journal of Biological
Chemistry, 27@5), 26192-26200.

Pasman, W. J., van Baak, M. A., Jeukendrup, A&He Haan, A. (1995). The effect of
different dosages of caffeine on endurance perfoomdime.Int. J. Sports Med.,
16(4), 225-230.

Paton, C. D., Hopkins, W. G., & Vollebregt, L. (AQ0Little effect of caffeine ingestion
on repeated sprints in team-sport athletsd Sci Sports Exerc, @&, 822-825.

Pincus, S. M., Mulligan, T., Iranmaresh, A., Ghdoug S., Godschalk, M., & Veldhuis, J.
D. (1996). Older males secrete luteinizing hormamed testosterone more
irregularly, and jointly more asynchronously, thgsunger malesProceedings of
the National Academy of Sciences $8100-14105.

Polhemus, R., Burkhart, E., Osina, M., & Patterddn(1981). The effects of plyometric
training with ankle and vest weights on conventiomeight training programs for
men and womerNatl. Str. Cond. Assoc. J., 83-15.



145

Pollard, I. (1988). Increases in plasma conceminatiof steroids in the rat after the
administration of caffeine: comparison with plasdisposition of caffeineJournal
of Endocrinology, 11@), 275-280.

Poprzecki, S., Zebrowska, A., Cholewa, J., Zajac8AWaskiewicz, Z. (2005). Ergogenic
effects ofTribulus terrestrissupplementation in medournal of Human Kinetics,
13, 41-50.

Proud, C. G. (2007). Amino acids and mTOR signglim anabolic functionBiochemical
Society Transactions, &), 1187-1190.

Pruessner, J. C., Hellhammer, D. H., & Kirschba@n(1999). Burnout, perceived stress,
and cortisol responses to awakeniRgychosomatic Med, 6197-204.

Pruessner, J. C., Wolf, O. T., Hellhammer, D. Hiske-Kirschbaum, A., von Auer, K.,
Jobst, S., et al. (1997). Free cortisol levelsradt@akening: A reliable biological
marker for the assessment of adrenocortical agtiliife Sciences, §26), 2539-
2549.

Pullinen, T., Mero, A., Huttunen, P., Pakarinen, & Komi, P. V. (2002). Resistance
exercise-induced hormonal responses in men, woamehpubescent boysled Sci
Sports Exerc, 3%), 806-813.

Pullinen, T., Mero, A., MacDonald, E., Pakarinen, & Komi, P. V. (1998). Plasma
catecholamine and serum testosterone responseasrtariits of resistance exercise
in young and adult male athlet&sur J Appl Physiol, 7,7413-420.

Quarrie, K., Handcock, P., Waller, A. E., Chalmés,J., Toomey, M. J., & Wilson, B. D.
(1995). The New Zealand rugby injury and perfornengroject. Il
Anthropometric and physical performance charadiesisof playersBrit J Sport
Med, 294), 263-270.

Quissell, D. O. (1993). Steroid hormone analysisuman salivaAnn NY Acad Sci, 694
143-145.

Rahimi, R., & Behpur, N. (2005). The effects of guyetric, weight and plyometric-weight
training on anaerobic power and muscular strerigflysical Education and Sport,
3(1), 81-91.

Ralph, M. R., Foster, R. G., Davis, F. C., & Memak#&l. (1990). Transplanted
suprachiasmatic nucleus determines circadian pesicience, 24(A945), 975-978.

Ramlau-Hansen, C. H., Thulstrup, A. M., Bonde, .J.(#sen, J., & Bech, B. H. (2008).
Semen quality according to prenatal coffee andemtesaffeine exposure: two
decades of follow-up of a pregnancy cohétttiman Reproduction, 282), 2799-
2805.

Ramos, E., Frontera, W. R., Llopart, A., & FeliaarD. (1998). Muscle strength and
hormonal levels in adolescents: Gender relatecerdiffces.Int. J. Sports Med.,
19(8), 526-531.

Rao, G. N., Madamanchi, N. R., Lele, M., Gadiparthj Gingras, A.-C., Eling, T. E., et
al. (1999). A potential role for extracellular samegulated kinases in
prostaglandin FZ-induced protein synthesis in smooth muscle céte Journal of
Biological Chemistry, 2748), 12925-12932.

Rasmussen, B. B., & Phillips, S. M. (2003). Contitacand nutritional regulation of
human muscle growtliex Sports Sci Rev, 3127-131.

Reeves, G. V., Kraemer, R. R., Hollander, D. Bawi@dr, J., Thomas, C., Francois, M., et
al. (2006). Comparison of hormone responses foligwight resistance exercise



146

with partial vascular occlusion and moderatelyidifit resistance exercise without
occlusionJ. Appl. Physiol., 106), 1616-1622.

Rennie, M. J. (2007). Exercise- and nutrient-cdlgdo mechanisms involved in the
maintenance of the musculoskeletal m&sschemical Society Transactions,(3h
1302-1305.

Rennie, M. J., Bohe, J., Smith, K., Wackerhage, & Greenhaff, P. (2006). Branched-
chain amino acids as fuels and anabolic signalsuman muscleThe Journal of
Nutrition, 136 264S-268S.

Rogerson, S., Riches, C. J., Jennings, C., Weath&bP., Meir, R. A., & Marshall-
Gradisnik, S. M. (2007). The effect of five weekd$ dribulus terrestris
supplementation on muscle strength and body coriposduring preseason
training in elite rugby league rugby playeisStr Cond Res, 22), 348-353.

Roney, J. R., Lukaszewski, A. W., & Simmons, Z(2007). Rapid endocrine responses of
young men to social interactions with young womldormones and Behaviour,
52(3), 326-333.

Rosenfeld, P., Eekelen, J. A. M., Levine, S., & Kleet, E. R. (1993). Ontogeny of
corticosteroid receptors in the brafellular and Molecular Neurobiology, 148),
295-3109.

Rosner, W. (1991). Plasma steroid-binding proteiasdocrinology and Metabolism
Clinics of North America, 4@), 697-720.

Roth, S. M., & Walsh, S. (2004). Myostatin: a thmatic target for skeletal muscle
wasting.Current Opinion in Clinical Nutrition and MetaboliCare, 13), 259-263.

Sandi, C., Venero, C., & Guaza, C. (1996). Novettiated rapid locomotor effects of
corticosterone in rat&uropean Journal of Neuroscience,/®4-800.

Sannika, E., Terho, P., Suominen, J., & Santti(1R83). Testosterone concentrations in
human seminal plasma and saliva and its correlatitim non-protein-bound and
total testosterone levels in serumternational Journal of Andrology,(8), 319-
330.

Sapolsky, R. M., Romero, M., & Munck, A. U. (2006jow do glucocorticoids influence
stress responses? Integrating permissive, suppeessimulatory, and preparative
actions Endocrine Rev, 41), 55-89.

Sarbassov, D. D., Ali, S. M., & Sabatini, D. M. (). Growing roles for the mTOR
pathway.Current Opinion in Cell Biology, X8), 596-603.

Sarnyai, Z., Veldhuis, J. D., Mello, N. K., Mendats J. H., Eros-Sarnyai, M., Mercer, G.,
et al. (1995). The concordance of pulsatile uliadielease of adrenocorticotropin
and cortisol in male Rhesus monkey<lin Endocrinol Metab, 8Q), 54-59.

Schlatt, S., Pohl, C. R., Ehmcke, J., & Ramaswagy(2008). Age-related changes in
diurnal rhythms and levels on gonadotropins, téstose, and inhibin B in male
rhesus monkeys (Macaca mulat@iplogy of Reproduction, 79), 93-99.

Schirmeyer, T. H., Brademann, G., & Von Zur MduhleA, (1996). Effect of
cyproheptadine on episodic ACTH and cortisol sémnetEuropean Journal of
Clinical Investigation, 2(), 397-403.

Schwab, R., Johnson, G. O., Housh, T. J., Kindd£,,J& Weir, J. P. (1993). Acute effects
of different intensities of weight lifting on serutestosteroneMed Sci Sports
Exerc, 2%12), 1381-1385.



147

Seale, J. V., Wood, S. A., Atkinson, H. C., Bate, lightman, S. L., Ingram, C. D., et al.
(2004). Gonadectomy reverses the sexually diergitems of circadian and stress-
induced hypothalamic-pituitary-adrenal axis acyivin male and female rats.
Journal of Neuroendocrinology, 1616-524.

Sedliak, M., Finni, T., Cheng, S., Kraemer, W.& Hakkinen, K. (2007). Effect of time-
of-day-specific strength training on serum hormaoeacentrations and isometric
strength in menChronobiology International, 28), 1159-1177.

Seene, T., & Viru, A. (1982). The catabolic effeatgglucocorticoids on different types of
skeletal muscle fibres and its dependence uponlmastivity and interaction with
anabolic steroidslournal Steroid Biochemistry, (&, 349-352.

Sellers, J. G., Mehl, M. R., & Josephs, R. A. (200Mormones and personality:
Testosterone as a marker of individual differencésurnal of Research in
Personality, 41126-138.

Sellers, T. L., Jaussi, A. W., Yang, H. T., Heninge. W., & Winder, W. W. (1988).
Effect of exercise-induced increase in glucocoitisoon endurance in the rak.
Appl. Physiol., 65173-178.

Selvage, D. J., Lee, S. Y., Parsons, L. H., Se® D& Rivier, C. (2004). A hypothalamic-
testicular neural pathway is influenced by braitecholamines, but not testicular
blood flow.Endocrinology, 1481), 1750-1759.

Selvage, D. J., Parsons, L. H., & Rivier, C. (200®ple played by brainstem neurons in
regulating testosterone secretion via a direct aleyathway between the
hypothalamus and the testésdocrinology, 14{®), 3070-3075.

Selvage, D. J., & Rivier, C. (2003). Importancetbé paraventricular nucleus of the
hypothalamus as a component of a neural pathwayeleetthe brain and the testes
that modulates testosterone secretion independehthe pituitary Endocrinology,
144(2), 594-598.

Semsarian, C., Wu, M., Ju, Y., Marciniec, T., Ye®dh,Allen, D. G., et al. (1999). Skeletal
muscle hypertrophy is mediated by a Ca2+-dependahtineurin signaling
pathway.Nature, 400576-581.

Shah, O. J., Anthony, J. C., Kimball, S. R., & éesbn, L. S. (2000a). 4E-BP1 and S6K1:
translational integration sites for nutritional andrmonal information in muscle.
Am J Physiol - Endocrinol Metab, 278715-729.

Shah, O. J., Anthony, J. C., Kimball, S. R., & éefbn, L. S. (2000b). Glucocorticoids
oppose translational control by leucine in skelataliscle. Am J Physiol -
Endocrinol Metab, 279£1185-1190.

Shah, O. J., Iniguez-Lluhi, J. A., Romanelli, Aimball, S. R., & Jefferson, L. S. (2002).
The activated glucocorticoid receptor modulatessymgptive autoregulation of
ribosomal protein S6 protein kinase, p70 SK®Bie Journal of Biological
Chemistry, 27@), 2525-2533.

Shah, O. J., Kimball, S. R., & Jefferson, L. S.QR¢). Acute attenuation of translational
initiation and protein synthesis by glucocorticoidskeletal muscleAm J Physiol
- Endocrinol Metab, 278E76-82.

Shah, O. J., Kimball, S. R., & Jefferson, L. S.(Q@@). Among translational effectors,
p70S6k is uniquely sensitive to inhibition by glaoaicoidsBiochemical Journal,
347(2), 389-397.



148

Sharma, R., Khera, S., Mohan, A., Gupta, N., & RRy,B. (2006). Assessment of
computer game as a psychological stressadtian Journal of Physiology and
Pharmacology, 5@), 367-374.

Shen, W., Li, Y., Zhu, J., Schwendener, R., & Huald (2008). Interaction between
macrophages, TGB1, and the COX-2 pathway during the inflammatorggsh of
skeletal muscle healing after injurournal of Cellular Physiology, 212), 405-
412.

Short, K. R., Nygren, J., Bigelow, M. L., & Nair,.KS. (2004). Effect of short-term
prednisone use on blood flow, muscle protein mdisitng and function.The
Journal of Clinical Endocrinology and Metabolisng(82), 6198-6207.

Simmons, P. S., Miles, J. M., Gerich, J. E., & Haymi, M. W. (1984). Increased
proteolysis: An effect of increases in plasma esoitwithin the physiologic range.
J. Clin. Invest., 73412-420.

Singh, R., Artaza, J., Taylor, W. E., Gonzalez-GatlaN., & Bhasin, S. (2003).
Androgens stimulate myogenic differentiation andhilit adipogenesis in CH3
10T1/2 pluripotent cells through an androgen remeptediated pathway.
Endocrinology, 14@11), 5081-5088.

Sinha-Hikim, 1., Artaza, J., Woodhouse, L., GonzaBadavid, N., Singh, A. B., Lee, M.
L., et al. (2002). Testosterone-induced increasenuscle fibre size in healthy
young men is associated with muscle fibre hypehltyopm J Physiol - Endocrinol
Metab, 283 E154-E164.

Sinha-Hikim, 1., Roth, S. M., Lee, M. L., & Bhasig. (2003). Testosterone-induced
muscle hypertrophy is associated with an increasesatellite cell number in
healthy, young merAm J Physiol - Endocrinol Metab, 285197-E205.

Smilios, 1., Pilianidis, T., Karamouzis, M., & Tolakidis, S. P. (2003). Hormonal
responses after various resistance exercise ptetdded Sci Sports Exerc, @5,
644-654.

Soeno, Y., Shimada, Y., & Obinata, T. (1999). BDR|3¢tbutanedione monoxime), an
inhibitor of myosin-actin interaction, suppressegyofibrillogenesis in skeletal
muscle cells in cultureCell and Tissue Research, 2807-316.

Soltow, Q. A., Betters, J. L., Sellman, J. E., Li¥a A., Long, J. H., & Criswell, D. S.
(2006). lbuprofen inhibits skeletal muscle hypgstrp in rats.Med Sci Sports
Exerc, 385), 840-846.

Souissi, N., Bessot, N., Chamari, K., Gauthier, esbolé, B., & Davenne, D. (2007).
Effect of time of day on aerobic contribution te tBO-s Wingate test performance.
Chronobiology International, Z4), 739-748.

Souissi, N., Gauthier, A., Sesbolie, B., Larue& Davenne, D. (2002). Effects of regular
training at the same time of day on diurnal fluttwas in muscular performancé.
Sports Sci., 20929-937.

Spangenburg, E. E. (2009). Changes in muscle mabs mechanical load: possible
cellular mechanismsApplied Physiology, Nutrition, and Metabolism,(3} 328-
335.

Spangenburg, E. E., Le Roith, D., Ward, C. W., &Be, S. C. (2008). A functional
insulin-like growth factor receptor is not necegdar load-induced skeletal muscle
hypertrophy.J Physiol, 586L), 283-291.



149

Spangenburg, E. E., & McBride, T. A. (2005). Inhidm of stretch-activated channels
during eccentric muscle contraction attenuates®z@tivation.J. Appl. Physiol.,
100(1), 129-135.

Spiering, B. A., Kraemer, W. J., Anderson, J. MimAtrong, L. E., Nindl, B. C., Volek, J.
S., et al. (2008a). Effects of elevated circulatimigmones on resistance exercise-
induced Akt signalingMed Sci Sports Exerc, @), 1039-1048.

Spiering, B. A., Kraemer, W. J., Anderson, J. MimA&trong, L. E., Nindl, B. C., Volek, J.
S., et al. (2008b). Resistance exercise biologynipldation of resistance exercise
program variables determines the responses oflaelund molecular signalling
pathwaysSports Med., 38), 527-540.

Staron, R. S., Karapondo, D. L., Kraemer, W. Jy, A C., Gordon, S. E., Falkel, J. E., et
al. (1994). Skeletal muscle adaptations duringyephase of heavy-resistance
training in men and womed. Appl. Physiol., 7@), 1247-1255.

Stephan, F. K., & Zucker, I. (1972). Circadian Hms in drinking behavior and locomotor
activity of rats are eliminated by hypothalamiddes. Proceedings of the National
Academy of Sciences of the United States of Am&¥@), 1583-1586.

Sterne, J. A. C., & Smith, G. D. (2001). Siftingetrevidence-what's wrong with
significance testsBritish Medical Journal, 32(7280), 226-231.

Stocco, D. M. (2001). StAR protein and the regolatof steroid hormone biosynthesis.
Ann. Rev. Physiol., 6393-213.

Stocco, D. M., & Clark, B. J. (1996). Regulation tok acute production of steroids in
steroidogenic cellE€ndocrine Rev, 1(8), 221-224.

Storer, T. W., Magliano, L., Woodhouse, L., Lee, M, Dzekov, C., Dzekov, J., et al.
(2003). Testosterone dose-dependently increasegmalaxoluntary strength and
leg power, but does not affect fatigability or gfiectension. The Journal of
Clinical Endocrinology and Metabolism, @5, 1478-1485.

Strawford, A., Barbieri, T., Van Loan, M., Parks, Eatlin, D., Barton, N., et al. (1999).
Resistance exercise and supraphysiologic andrdggapy in eugonadal men with
HIV-related weight lossJIAMA, 28114), 1282-1290.

Stuart, G. R., Hopkins, W. G., Cook, C., & Caing, P. (2005). Multiple effects of
caffeine on simulated high-intensity team sporfgrenance Med Sci Sports Exerc,
37(11), 1998-2005.

Stupnicki, R., & Obminski, Z. (1992). Glucocortidoiesponse to exercise as measured by
serum and salivary cortisdtur J Appl Physiol, 6®), 546-549.

Suay, F., Salvador, A., Gonzalez-Bono, E., SangisMartinez, M., Martinez-Sanchis,
S., et al. (1999). Effects of competition and itgcome on serum testosterone,
cortisol and prolactinrPsychoneuroendocrinol, 24), 551-566.

Svartberg, J., Midtby, M., Bgnaa, K. H., Sundsfjodd Joakimsen, R. M., & Jorde, R.
(2003). The associations of age, lifestyle factarsd chronic disease with
testosterone in men: the Trgmso stuglyr J Endocrinol, 14@845-152).

Tarnopolsky, M. A. (1994). Caffeine and enduranegfgrmance. Sports Med., 18109-
125.

Tarnopolsky, M. A. (2008). Effect of caffeine oretheuromuscular system - potential as
an ergogenic aidipplied Physiology, Nutrition, and Metabolism, 3284-1289.



150

Tarnopolsky, M. A., & Cupido, C. (2000). Caffeinetpntiates low frequency muscle force
in habitual and nonhabitual caffeine consumér&ppl. Physiol., 891719-1724.

Tarpenning, K. M., Wiswell, R. A., Hawkins, S. A&, Marcell, T. J. (2001). Influence of
weight training exercise and modification of horrabresponse on skeletal muscle
growth.J Sci Med Sport,(4), 431-446.

Terzis, G., Georgiadis, G., Stratakos, G., Vogs&gtki Kavouras, S. A., Manta, P., et al.
(2008). Resistance exercise-induced increase irtlmusass correlates with p70S6
kinase phosphorylation in human subje&ist J Appl Physiol, 102145-152.

Thuma, J. R., Gilders, R., Verdun, M., & Loucks, B. (1995). Circadian rhythm of
cortisol confounds cortisol responses to exeramsplications for future research.
Appl. Physiol., 765), 1657-1664.

Tidball, J. G. (2005). Mechanical signal transductiin skeletal muscle growth and
adaptationJ. Appl. Physiol., 981900-1908.

Tipton, K. D., & Wolfe, R. R. (2001). Exercise, peor metabolism, and muscle growth.
Int J Sport Nutr Exerc Metab, (1), 109-132.

Trappe, T., Fluckey, J. D., White, F., Lambert, C, & Evans, W. J. (2001). Skeletal
muscle PGF2 and PGE2 in response to eccentric resistanceisgeinfluence of
ibuprofen and acetaminopherhe Journal of Clinical Endocrinology and
Metabolism, 86L0), 5067-5070.

Trappe, T., Raue, U., Williams, R., Carrithers &Hlickner, R. (2006). Effects of age and
resistance exercise on skeletal muscle interstipabstaglandin F(2alpha).
Prostaglandins Leukotrienes and Essential Fattyd&cv43), 175-181.

Trappe, T. A., White, F., Lambert, C. P., Cesar, Bellerstein, M. K., & Evans, W. J.
(2002). Effect of ibuprofen and acetaminophen ostgercise muscle protein
synthesisAm J Physiol - Endocrinol Metab, 282551-556.

Tricoli, V., Lamas, L., Carnevale, R., & Ugrinowsts C. (2005). Short-term effects on
lower-body functional power development: weighitiff vs. vertical jump training
programsJ Str Cond Res, 19), 433-437.

Uchida, M. C., Crewther, B., Ugrinowitsch, C., Beaw, R. F. P., Moriscot, A. S., & Aoki,
M. S. (2009). Hormonal response to different resisé exercise schemes of similar
total volume.J Strength Cond Res, (3, 2003-2008.

Urso, M. L. (2009). Disuse atrophy of human skelstascle: Cell signaling and potential
interventionsMed Sci Sports Exerc, @10), 1860-1868.

Van Cauter, E. (1990). Diurnal and ultradian rhyshm human endocrine function: A
minireview.Hormone Research, 82), 45-53.

van den Berg, G., Pincus, S. M., Veldhuis, J. Dglieh, M., & Roelfsema, F. (1997).
Greater disorderliness of ACTH and cortisol releasmompanies pituitary-
dependent Cushing's diseaSar J Endocrinol, 13@}), 394-400.

Van Soeren, M., & Graham, T. E. (1998). Effect afffeine on metabolism, exercise
endurance, and catecholamine responses after awthadd. Appl. Physiol., 88),
1493-1501.

Varrik, E., Viru, A., O6pik, V., & Viru, M. (1992)Exercise-induced catabolic responses in
various muscle fibre€Canadian Journal of Sports Science, 125-128.



151

Veldhuis, J., Keenan, D. M., Liu, P. Y., & Iranmahe A. (2009). The aging male
hypothalamic-pituitary-gonadal axis: Pulsatility darfeedback. Molecular and
Cellular Endocrinology, 299), 14-22.

Veldhuis, J., Keenan, D. M., & Pincus, S. M. (2Q08)otivations and methods for
analyzing pulsatile hormone secreti@mdocrine Rev, 49), 823-864.

Veldhuis, J. D. (1999). Recent insights into nendwerine mechanisms of aging of the
human male hypothalamic-pituitary-gonadal adisurnal of Andrology, 2Q), 1-
17.

Veldhuis, J. D., Carlson, M. L., & Johnson, M. [1987a). The pituitary gland secretes in
bursts: Appraising the nature of glandular secyetanpulses by simultaneous
multiple-parameter deconvolution of plasma hormoaecentrationsProceedings
of the National Academy of Scienceq284, 7686-7690.

Veldhuis, J. D., King, J. C., Urban, R. J., Roghl, D., Evans, W. S., Kolp, L. A., et al.
(1987b). Operating characteristics of the male Hyglamo-pituitary-gonadal axis:
Release of testosterone and follicle-stimulatingnfame and their temporal
coupling with luteinizing hormond. Clin Endocrinol Metab, §5), 929-941.

Velica, P., & Bunce, C. M. (2008). Prostaglandimsl anuscle regeneratiodournal of
Muscle Research and Cell Motility, (#98), 163-167.

Vining, R. F., & McGinley, R. A. (1986). Hormones $aliva.Critical Reviews in Clinical
Laboratory Sciences, 23), 95-146.

Vining, R. F., McGinley, R. A., Makswytis, J. J., 8o, K. Y. (1983). Salivary cortisol: a
better measure of adrenal cortical function thamrsecortisol.Ann Clin Biochem,
20(6), 329-335.

Vining, R. F., McGinley, R. A., & Symons, R. G. @%. Hormones in saliva: mode of
entry and consequent implications for clinical rptetation.Clinical Chemistry,
29(10), 1752-1756.

Viru, A. (1992). Plasma hormones and physical agerint. J. Sports Med., 1201-209.

Viru, A., & Viru, M. (2001). Biochemical Monitoring of Sport Trainingchampaign, IL:
Human Kinetics Publishers, Inc.

Viru, A., & Viru, M. (2004). Cortisol - Essentialdaptation hormone in exercisat. J.
Sports Med., 25461-464.

Viru, A., & Viru, M. (2005). Preconditioning of th@erformance in power events by
endogenous testosterone: In memory of Professan&arBoscoJ Strength Cond
Res, 191), 6-8.

Vittek, J., L'Hommedieu, D. G., Gordon, G. G., Rapprt, S. A., & Southren, A. L.
(1985). Direct radioimmunoassay (RIA) of salivagstbsterone: correlation with
free and total serum testosterobige Sciences, 38), 711-716.

Volek, J. S., Kraemer, W., Bush, J. A., Incledon, & Boetes, M. (1997). Testosterone
and cortisol in relationship to dietary nutrientsdaresistance exercisé. Appl.
Physiol., 821), 49-54.

Waite, E., Spiga, F., & Lightman, S. L. (2009). lugpcorticoid sensitive biphasic rhythm
of testosterone secretiaipurnal of Neuroendocrinology, 2I37-741.

Walker, K. S., Kambadur, R., Sharma, M., & Smith, Kl (2004). Resistance training
alters plasma myostatin but not IGF-1 in healthywnved Sci Sports Exerc, @,
787-793.



152

Walter, B. (2000) Effect of the All Blacks test results in the NewalZied stock market.
Otago, Dunedin.

Wang, C., Eyre, D. R., Clark, R., Kleinberg, D.,viiean, C., [ranmaresh, A., et al. (1996).
Sublingual testosterone replacement improves musaks and strength, decreases
bone resorption, and increases bone resorption argik hypogonadal men: A
Clinical Research Centre studyClin Endocrinol Metab, 813654-3662.

Wang, Y., Ohtani, K., Kasali, R., & Yamasaki, K. ¢19. Steroidal saponins from fruits of
Tribulus terrestrisPhytochemistry, 44), 811-817.

Weinheimer, E. M., Jemiolo, B., Carroll, C. C., Har, M. P., Haus, J. M., Burd, N. A, et
al. (2007). Resistance exercise and cyclooxyge(@8e) expression in human
skeletal muscle: Implications for COX-inhibitingudys and protein synthesi&m J
Physiol - Regu Physiol, 262), R2241-2248.

Welsh, T. H., Bambino, T. H., & Hsueh, A. J. W. 829. Mechanism of glucocorticoid-
induced suppression of testicular androgen bioggmhin vitro. Biology of
Reproduction, 271138-1146.

Wilborn, C. D., Kerksick, C. M., Campbell, B. I.,aylor, L. W., Marcello, B. M.,
Rasmussen, C. J., et al. (2004). Effects of zingmasium aspartate (ZMA)
supplementation on training adaptations and mardkeanabolism and catabolism.
Journal of the International Society of Sports Midn, 1(2), 12-20.

Wilke, T. J., & Utley, D. J. (1987). Total testosire, free-androgen index, calculated free
testosterone, and free testosterone by analog Bidpared in hirsute women and
in otherwise-normal women with altered binding ek$iormone-binding globulin.
Clinical Chemistry, 3@), 1372-1375.

Wilkinson, S. B., Phillips, S. M., Atherton, P.,tBaR., Yarasheki, K. E., Tarnopolsky, M.
A., et al. (2008). Differential effects of resistanand endurance exercise in the fed
state on signalling molecule phosphorylation andtgn synthesis in human
muscleJ. Physiol., 58@L5), 3701-3717.

Williamson, M., Bingham, B., & Viau, V. (2008). Ceal organization of androgen-
sensitive pathways to the hypothalamic-pituitaryeadl axis: Implications for
individual differences in response to homeostdtredt and disposition to disease.
Progress in Neuro-Psychopharmacology and BiologRsjchiatry, 291239-1248.

Williamson, M., & Viau, V. (2008). Selective cortititions of the medial preoptic nucleus
to testosterone-dependant regulation of the patagelar nucleus of the
hypothalamus and the HPA axfan J Physiol - Regu Physiol, 29%1020-1030.

Winchester, J. B. (2008)The use of endocrine markers to predict and monitor
performance in strength and power activitiesuisiana State University.

Windle, R. J., Wood, S. A., Shanks, N., Lightman|.$& Ingram, C. D. (1998). Ultradian
rhythm of basal corticosterone release in the femal: dynamic interaction with
the response to acute stressdocrinology, 13@), 443-450.

Winget, C. M., DeRoshia, C. W., & Holley, D. C. @9. Review: Circadian rhythms and
athletic performanceéMed Sci Sports Exerc, (&), 498-516.

Winters, S. J., & Troen, P. (1986). Testosteron estradiol are co-secreted episodically
by the human testid. Clin. Invest., 78870-873.

Wise, P. M., Walovitch, R. C., Cohen, I. R., WedaN. G., & London, E. D. (1987).
Diurnal rhythmicity and hypothalamic deficits inugbse utilization in aged
ovariectomized ratd he Journal of Neuroscienceg11), 3469-3473.



153

Wood, P. (2009). Salivary steroid assays - researcbutine?Ann Clin Biochem, 46183-
196.

Wymann, M. P., & Pirola, L. (1998). Structure amahdtion of phosphoinositide 3-kinases.
Biochimica et Biophysica Acta, 14362), 127-150.

Young, E. A., Abelson, J., & Lightman, S. L. (200Qortisol pulsatility and its role in
stress regulation and healBrontiers in Neuroendocrinology, 269-76.

Young, E. A., Carlson, N. E., & Brown, M. B. (200I)wenty-four-hour ACTH and
cortisol pulsatility in depressed wometeuropsychopharmacology, ,2867-276.

Zakas, A., Mandroukas, K., Karamouzis, M., & Pap&gpoulou, G. (1994). Physical
training, growth hormone and testosterone levetskldood pressure in prepubertal,
pubertal and adolescent bo$kand. J. Med. Sci. Sport¢2% 113-118.

Zaki, A., & Barrett-Jolley, R. (2002). Rapid neurodulation by cortisol in the rat
paraventricular nucleus: an in vitro stuéy.J Pharmacol, 13@), 87-97.

Zhu, B. G., Zhu, D. H., & Chen, Y. Z. (1998). Rapgshhancement of high affinity
glutamate uptake by glucocorticoids in rat cerebaatex synaptosomes and human
neuroblastoma clone SK-N-SH: Possible involvemenGeprotein Biochemical
and Biophysical Research Communications,(2172261-265.

Ziegler, D. R., & Herman, J. P. (2002). Neurocitguiof stress integration: Anatomical
pathways regulating the hypothalamo-pituitary-adoemtical axis of the rat.
Integrative and Comparative Biology, @2, 541-551.

Zitzmann, M., & Nieschlag, E. (2001). Testosterteeels in healthy men and the relation
to behavioural and physical characteristics: facid constructs€=ur J Endocrinol,
144, 183-197.



154

APPENDICES

Appendix A: Salivary Testosterone Assay

The procedure follows the basic principle of rahniunoassay (RIA) where there is
competition between a radioactive and a non-ratii@antigen for a fixed number of
antibody binding sites. The amount of [I-125]-ldbdl testosterone bound to the
antibody is inversely proportional to the concetira of unlabelled testosterone
present. The separation of free and bound antigeachieved by use of a double
antibody system.

Reconstitute lyophilised standards as provided lggiostic Systems Laboratories
(DSL) from Testosterone RIA DSL-4100 kit with deised water.

Dilute with Phosphate Buffered Saline (PBS) to mlevstandards of 0, 1, 5, 25, 100,
250, and 500pg- il

Add 10Qul of standards and unknown samples to labelled Fesi tubes (Labserv,
LBS514, East Tamaki, Auckland, N. Z.).

Assay buffer comprises 0.05% Bovine serum alburBi8A [ICP-BIO, ABGE-100G,
Henderson, Auckland, N.Z.]) in PBS. PBS is madengigiablets (P4417-100TAB,
Sigma-Aldrich, St. Louis, U.S.A). Make up this berfffresh each week as well as the
6% polyethylene glycol (PEG) solution in deionisadlater (BDH Prolabo,
Geldenaaksebaan, Leuven, Belgium).

Use a 5-ml pipette tip and add the BA®f a 13:1 rabbit anti-testosterone serum
solution diluted in assay buffer to unknown samgled controls. This solution OT
to be addedto the total counts or NSB.

Non-specific binding (NSB) tubes have no antibodiged but have 440 of PBS
solution instead.

Total count tubes only have 30of the provided [I-125]-labelled testosterone edld
VORTEX

Incubate at 2C overnight
Add 5Qul of [I-125]-labelled testosterone using 2.5-ml intip.

VORTEX

Incubate in a 3 water bath for three hours.

Take the precipitating agent provided by DSL (conte goat anti-rabbit gamma
globulin serum with polyethylene glycol as a préeifing aid) from the fridge. This
reagent should be mixed thoroughly before use.

Dilute the precipitating agent with the 6% PEG $soluin a 1:2 ratio. Refrigerate.

Add 50Qul of the resulting solution to standards and unkm@amples using a 10-ml
pipette tip.

VORTEX

Incubate at room temperature for 20 min.
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Cool in ice water slurry for at least five minut€3entrifuge bucket inners should be
cooled as well.

Centrifuge at 3700 rpm af@ for 15 min. All tubes yet to be spun should Heilethe
ice slurry.

Decant by simultaneous inversion, holding an ineersvith a sponge rack into a
radioactive waste receptacle.

Allow them to drain on paper towels for 15-30 €Bently blot the tubes to remove any
droplets adhering to the rim before returning thiemhe upright position. Failure to
blot tubes adequately may result in poor replicatiod spurious results.

Measure counts using gamma counter for 120 sec.

The mean counts per minute (CPM) for each standarttyol, and unknown sample is
used to calculate the %B/Bo as follows:

% B/Bo = (Mean Sample Counts / Mean Counts of O pgd) * 100

Plot a curve of % B/Bo for the standards (y-axggiast the concentration (x-axis) in a
log-linear (semi-log) manner. Draw a standard culhwveugh the mean of the duplicate
points.

Determine the concentration of the means of théralsnand unknown sample from the
triplicate counts on the standard curve.
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Appendix B: Salivary Cortisol Assay
The procedure follows the basic principle of rachmiunoassay as described for
testosterone.

Use the prepared stripped 51.2 ng:rehliva standard and dilute in assay buffer to
provide standards of 0, 0.05, 0.2, 0.8, 3.2, 12n8,51.2 ng-r.

Assay buffer comprises 0.05% Bovine serum alburBi8A [ICP-BIO, ABGE-100G,
Henderson, Auckland, N.Z.]) in PBS. PBS is madengigiablets (P4417-100TAB,
Sigma-Aldrich, St. Louis, U.S.A). Make up this berffresh each week

Add 5Qul of standards and unknown samples to labelled Sesi tubes (Labserv,
LBS514, East Tamaki, Auckland, N. Z.).

Use a 5-ml pipette tip to add 3@0of the rabbit anti-cortisol serum provided in the
DSL-2000 Cortisol kit to all tubes except NSB aatht counts.

NSB tubes have no antibody added but haveuB&0PBS solution instead.

Total count tubes only have 1@l®f the provided [I-125]-labelled cortisol added.

VORTEX

Incubate at 2C overnight
Add 10Qul of [I-125]-labelled cortisol to all tubes usingl pipette tip.

VORTEX

Incubate in a 3T water bath for two hours.
Add 50Qul of cold 6% PEG 6000 to all tubes except totalnteu

VORTEX
Incubate at room temperature for one hour.

Cool in ice water slurry for at least five minut€entrifuge bucket inners should be
cooled as well.

Centrifuge at 2C 3700 rpm for 15 min. All tubes yet to be spunustide left in the ice
slurry.

Decant by simultaneous inversion, holding an ine@rsnith a sponge rack into a
radioactive waste receptacle.

Allow them to drain on paper towels for 15-30 $B8ently blot the tubes to remove any
droplets adhering to the rim before returning thiemhe upright position. Failure to
blot tubes adequately may result in poor replicatiad spurious results.

Measure counts using gamma counter for 60 sec.

The mean counts per minute (CPM) for each standarttyol, and unknown sample is
used to calculate the %B/Bo as follows:

% B/Bo = (Mean Sample Counts / Mean Counts of O pgd) * 100
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Plot a curve of % B/Bo for the standards (y-axggiast the concentration (x-axis) in a
log-linear (semi-log) manner. Draw a standard culhweugh the mean of the duplicate

points.

Determine the concentration of the means of théralsnand unknown sample from the
triplicate counts on the standard curve.
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Appendix C: Deconvolution Process

The information provided in this section is avaltalvia the Pulse_XP homepage

http://mljohnson.pharm.virginia.edu/home.html

Hormone Sampling
Endocrine gland signaling has a unique, virtualhyjvarsal feature of secreting

hormone in a pulsatile manner rather than in a-imaariant or in a constant pattern of
release. For many hormones, these temporal vargatioserum hormone concentrations are
thought to be a major part of the signaling pathwiagough which endocrine glands
communicate with remote target organs. Hormone eanation time-series data has a
number of unique features, e.g. a small number ath ¢oints and large experimental
uncertainties. The small number of data pointgimarily a consequence of the high cost of
the clinical laboratory assays, the cost of the dallection staff, and the limitation imposed
by Human Investigation Committees of total bloodumee sampled. The experimental
uncertainties (i.e. measurement errors) are us@alyssian distributed with a magnitude that
varies with the hormone concentration. These dallatypically have missing values and
contain outliers. An outlier is a value that apgetr be inconsistent with its neighboring
values. Since in most cases it is impossible to figere data”, we need to be able to analyze
the data which we have. Thus, it is important ttat analysis methods be capable of a
statistically correct treatment of data sets whiohtain large variable Gaussian distributed

experimental uncertainties in the presence of mgsgalues and outliers.

The standard procedure for the measurement of heraoncentrations is to repeat
the assay a small number of times to create replicalues. These are then averaged to
obtain a mean concentration at each time point. &ferage value for each time point,
however, does not provide sufficient informationr fa hormone pulsatility analysis.
Information about the precision of the measurednoore concentration is also required for

this analysis.
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This software requires four numbers at each datant ptor each hormone

concentration time series:
1) the mean hormone concentration;
2) the time that the hormone was sampled;

3) the number of replicates that were averagedeterchine the mean hormone

concentration; and

4) information about the precision of the mean hmwen concentration (i.e., the

variance model for the data).

Variance Model
For a typical clinical laboratory hormone analysibe coefficient of variation

(Standard Error of the Mean / Mean) for the assayearly a constant in the middle region of
the standard curve and goes to infinity at bothyvlew and very high concentrations.
Although the high end of the scale is usually npr@lem because a sample can be diluted
to bring it into the “linear region” of the assdihe analysis procedure must be capable of
correctly treating this variable uncertainty of tlgata particularly for the very low

concentration values.

In the limit of a very large number of replicatbe information about the precision of
the mean hormone concentration can be obtainedaloylating the Standard Error of the
Mean (SEM) of the replicateblowever, for thesmall number of replicates commonly used

for these data, the SEM of the replicates cannattitised.
This filter assumes that the variance model idefform:
Variance = SD?= [MDC/2]? + ((CV/100)*Y;)?

whereMDC is the minimal detectable concentration for theagstheCV is the assay

coefficient of variation (as a percent) near thelate of the calibration curve, anfl is the
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average concentration at thie data point. The definition &DC is twice the standard of a

large number of replicates with a zero hormone entration.

Outliers
The algorithms used within this software assume dldiers do not exist within the

data. Basically an outlier is an unusual data vaha is not consistent with the flanking
values. There are many possible causes of outfiach as data entry errors and/or a problem
with the assay. Keep in mind that what appears doab outlier could be an actual

concentration spike and thus should not be rem&reead the analysis.

Potential outlier locations can be identified withe Cluster8 algorithm. This
algorithm does not always identify the exact lamatof the potential outlier. Occasionally,
the actual outlier might be the data point precgdin following the marked location. If the
Outlier T-Score in the Cluster8 algorithm is set3t®@ and the data set contains 144 data
points it is expected that the outlier routine wilark one or two outliers that are not actually
outliers. These potential outliers are simply oe thil of the distribution of normal values.
Possible outliers should not simply remove it frima data before ascertaining the cause. If
the outlier is due to a data entry error then tinereshould be corrected. If the blood samples
have been archived then the user should have thplsae-assayed to verify whether or not
the value is actually correct. If the outlier it m@o far out of line perhaps it is simply on the
tail of the distribution and should not be removeain the data. This software does not
automatically remove the outliers. Since the diatikjustification for the removal of outliers

is always questionable, the removal of outlierthésresponsibility of the user.

Minimal Detectable Concentration
The minimal detectable concentration of each assagually determined as part of

the quality controls performed by most clinicaldaditories. This concentration is the lowest

concentration that can be determined to be notléqueero with a probability of 0.95. The
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MDC is evaluated as twice the standard deviatioin@fvalues determined by a large number

of repeated assays of a sample with a zero coratemtof the hormone.

Deconvolution Algorithms
The ‘Deconv’ program is a multi-parameter decontiolu model which was

introduced to aid in the estimation of the constiiuprocesses which contribute to the
observed hormone concentration time series. Whikerelatively easy to calculate the total
hormone concentration from a data series if theetea and elimination are known, it is

much more difficult to calculate the inverse - tligtto calculate both the secretion and
elimination that generated the concentration bytiata with just the concentration as a
function of time. This inverse process is knowrdasonvolution. The approach taken by the
software utilised to the deconvolution of hormoimeet series is to employ an algorithm to
separate an observed hormone concentration times seto its component parts, namely the
secretion and the elimination as a function of tiffileus, deconvolution techniques provide
estimates of hormone secretion and clearance baigsd on serial hormone concentration
measurements. Both waveform-defined and wavefodependent algorithms have been

designed as complementary tools to aide in thevetir of hormone secretion.

The ‘Deconv’ algorithm has been further developetb ithe AutoDeconprogram
which adds and removes presumed secretory eveheseTalgorithms provide parameter
estimates for temporal peak positions, amplitudeéshe secretory peaks, a calculated
standard deviation, and a probable elimination-li@foy making use of the actual hormone
concentrations and their variances. The actuahdittor these algorithms is done by using a

damped, Gauss-Newton weighted nonlinear least-egumethod.

The techniques used here are iterative approximaiie. the algorithm begins with
initial estimates of the model parameters and tgempts to provide a better estimate of

those model parameters. These newest results emeuied as the latest initial estimates of
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the parameters and the cycle begins again. Thisepsois repeated until the latest initial

estimates and the improved calculated resultsigxeaity indistinguishable.

These algorithms provide numerical values for dlitlee model parameters. A
realistic estimate of the statistical uncertaintbéshe calculated parameters is also provided
along with the secretion time series and the ektnom time series. Only positive values for
the secretory event amplitudes are provided inrotdegive meaningful values for these

events.
AutoDecorconsists of three separate modules:
1) a parametditting module;
2) aninsertionmodule; and
3) atriage module.

Thefitting module employs weighted nonlinear least-squaresnpeter estimation by
the Nelder-Mead Simplex algorithm providing a résuith the highest probability of being
correct. Thansertionmodule inserts the next presumed secretion evahedocation of the
maximum of the Probable Peak Index (PPI). frfeeye module performs the statistical test to
determine whether or not a presumed peak is omwisstatistically significant. This test
requires two weighted nonlinear least-squares petemestimations: one for the presumed
peak present and one for the peak removed. Theahthe variance of the fit resulting from
these two parameter estimations is related to theability that the presumed secretion

event does not exid®, by an F statistic.

Every cycle of thdriage module performs this statistical test for each etgmn event
in order of smallest to largest. If a peak is fotnde non-significant, it is removed and the
triage module restarted. Thieiage module cycles continue until there are only stiatdiy
significant peaks remaining. Each cycle of thage module performsm+1 weighted non-

linear least-squares parameter estimations wimasethe current number of secretion events
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in the current cycle; one where all of the secreBwents are present and one where each of

the events has been individually removed (tested).

As its first step, théitting module calculates basal secretion and the concemtrat
time zero. This module then estimates any othearpater which may be included in the
current fit apart fronthe half-life and standard deviation. If there apeevents associated
with the data series, thasertion module is called. This module adds presumed secreti
events which are then fit. This step is then immaesdly followed by thériage module which

tests the significance of all presumed events mmluded in the fit.

If the triage module does not remove any secretion events atithé theinsertion
module is repeated inserting new presumed secretients. This step is repeated until no
additional secretory events have been added inntetion cycle followed by theriage
cycle. The half-life and secretory burst SD ar#é stt fitted during these steps. It is during
the final step that thditting module within thetriage module is repeated - this time
estimating all of the current model parameténsjuding the elimination half-life and the
standard deviation of the secretion events. Thial fstep is repeated until no additional

secretion events have been added inrtkertionfollowed bytriage cycle.

AutoDecondoes not add presumptive peaks automatically. thuatdil presumptive
peaks may be inserted manually at positions indidig PPI markers. This individual
addition of peaks should continue until no addiosignificant peaks can be added. To do
this, using the mouse to line up the on-screersenasrs with the highest PPl marker located
in the secretion panel with the approximate heighlhe concentration curve panel. Clicking
will add a new presumptive peak. The user shouba tie-fit the data to determine whether
or not to accept or reject this manually insertedlpis statistically significant. Additional fits
should be carried out until any remaining PPI mexlaearly indicate positions in the data

that, when adding a peak, does not enhance thediis not statistically significant.
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Approximate Entropy (ApEn)
Approximate Entropy (ApEn) is a statistic which wdsveloped to quantify the

orderliness of serial data. ApEn provides a stasisimeasure for the determination of this
regularity. Approximate Entropy is a model-indepenidregularity measure which monitors
sample-by-sample pattern irregularity. ApEn ass@m®n-negative number to a time series,
with larger values corresponding to greater appasenal irregularity in the hormone release

patterns over time.

Approximate Entropy is complementary to the pulsgedtion algorithms in that it
evaluates both dominant and subordinate patterriseirdata. ApEn can detect changes in
underlying episodic behaviour which may not beeefd in peak occurrences or amplitudes
and provides an explicit barometer of feedbackesysthanges in coupled systems. ApEn is

scale-dependent meaning that “getting more data% dot necessarily enhance the results.

ApEn is from a two parameter family of statistios gndr) with m being the length
of compared runs andthe filter width. These two parameters &ndr) must be specified to
compute approximate entropy, which then measuredatparithmic likelihood that runs in
the patterns that are close (withinfor m contiguous observations remain close (within the
same tolerance with) on the next incremental comparisons. Thalue used for the various
endocrine hormone profiles is generally 20%. ApEmerformed on individual hormone
concentration time-series. Normalizingo each time-series SD gives approximate entropy a

translation in scale and variance.

Software Validation Methods and Data Simulation Techniques
Validating any method of data analysis is of theagt importance. If the “answers”

or results of a series of data sets is known bedogeanalysis is undertaken, the ability to
determine how well the software functions is fastyaightforward. For example, one early
study in the field of endocrinology allowed for tdetermination of the mass of hormone

secreted. Serial injections of exogenous LH wemiaidtered to a hypogonadotropic man
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who was LH-deficient. Thus, the amount of hormoeersted was known. Recovery of this
known mass of LH was determined through multi-paatem deconvolution analysis. This
method, though, of obtaining reliable “known” anssvérom a biological system is very
difficult to achieve. Hence, a complementary metl@dvalidating software has been the
mathematical approach of simulating large numbdrslaia series which mimic “real”
experimental data. With this method, the user qglyathe software to the synthetic files

and determine how well the calculated values m#itetknown results.

The simulation of hormone concentration time seriesdone by generating
waveforms that quantitatively as well as qualitatyvresemble observed experimental data.
These synthetic data sets have known values faf #tle model parameters and also contain
realistic amounts of experimental variance or noifke goal is to make any set of
simulations as close to “real” data as possibleisTimaking conclusions about the operating
behavior of the software is much more accurate eivery experimental protocol a new set of
simulations should be created. Thus, the operdéatures can be known for each specific
group or set of subjects. The parameters of a ggrenp of experimental data must be

known before any simulations can be undertaken.

In creating the synthetic data, the first stepdimeulator performs is that of locating
the positions in time of the secretion events. 1B4ahr data series, the simulation should
begin well before the 24-hr period of interest adtinue on for several additional hours
after the period of interest since in experimengta the initial sampling may take place at
any point during a secretory event. Based upordéséred characteristics of the simulation,
inter-pulse intervals are then generated with aiuggg@andom Gaussian distribution with
negative inter-pulse intervals being discarded. flisé event is given a value of -24-hr plus
the first interval in time. The next secretory evenassigned the first event time plus the

second interval, etc until the entire series hanlmmmpleted, plus several additional hours.
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The simulator then must generate the matchingsefisecretion event amplitudes as
pseudo-random numbers based upon the desired paracmaracteristics. Since negative
event heights are not realistic, any negative vatueeplaced with a subsequent positive
value. After the locations with their correspondamgplitudes are generated, these values are
then used with the basal secretion, half-life, sfashdard deviation to calculate perfect noise-
free sets of simulated data. Adding Gaussian Hdiged random numbers which correspond
with the minimal detectable concentration and doiefiit of variation is the last step. This

process provides the simulated measurement unuggtaio the data.

A large number of data sets should be generatecbrjunction with these synthetic
files will be the same number of “answer” files taining the results. The algorithm should
then be applied to each of these files and besitsestored. The expected results of the
software can then be compared with the known reswhen determining how well a peak-
detection software is working, there are severarajing characteristics of interest. Tinge
positive rateis the percent of actual known secretion everaswere correctly identified by
the program as being secretion events. Tdise positive rateis the number of peaks
identified by the program as statistically sigraiit secretory events which are not, in fact,
secretion events. THalse negative rateepresents the “real” known secretory peaks which

the program failed to detect as secretory events.

The goal is for the true positive rate to be clts&00% with the false positive and
false negative rates hovering near zero. Othempetexs to examine include the location and
size of the true positive events as well as theutaled half-life and basal secretion rate.
Therefore, the overall operating characteristicstrd software can be ascertained with

thoughtfully and carefully generated simulated data
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Simulation Data from Ultradian Study

OVERESTIMATION IDENTICAL UNDERESTIMATION
AutoDecon | User
Defined AutoDecon/A AutoDeco AutoDeco AutoDeco
Sim. # Actual (UD) ctual UD/Actual n ub n ub n ub
1 9 9 9 1.00 1.00 1 1
2 8 8 8 1.00 1.00 1 1
3 7 7 8 1.00 1.14 1 1
4 12 12 12 1.00 1.00 1 1
5 10 10 10 1.00 1.00 1 1
6 8 8 8 1.00 1.00 1 1
7 6 7 8 1.17 1.33 1 1
8 10 10 10 1.00 1.00 1 1
9 11 10 11 0.91 1.00 1 1
10 8 8 8 1.00 1.00 1 1
11 8 8 9 1.00 1.13 1 1
12 6 7 6 1.17 1.00 1 1
13 10 8 11 0.80 1.10 1 1
14 9 9 9 1.00 1.00 1 1
15 7 7 7 1.00 1.00 1 1
16 12 10 12 0.83 1.00 1 1
17 11 3 11 0.27 1.00 1 1
18 10 9 10 0.90 1.00 1 1
19 8 8 8 1.00 1.00 1 1
20 9 10 9 1.11 1.00 1 1
21 10 10 10 1.00 1.00 1 1
22 9 8 9 0.89 1.00 1 1
23 8 9 8 1.13 1.00 1 1
24 9 9 9 1.00 1.00 1 1
25 10 6 10 0.60 1.00 1 1
26 10 9 9 0.90 0.90 1 1
27 6 6 6 1.00 1.00 1 1
28 7 7 7 1.00 1.00 1 1
29 10 9 9 0.90 0.90 1 1
30 10 7 10 0.70 1.00 1 1
31 10 11 11 1.10 1.10 1 1
32 11 10 10 0.91 0.91 1 1
33 10 9 9 0.90 0.90 1 1
34 11 5 11 0.45 0.91 1 1
35 8 8 8 1.00 1.00 1 1
36 9 12 10 1.33 1.11 1 1
37 9 10 11 1.11 1.22 1 1
38 10 9 10 0.90 1.00 1 1
39 10 7 10 0.70 1.00 1 1
40 11 8 10 0.73 0.91 1 1
Average 9.18 8.43 9.25 0.94 1.01 7 7 17 27 16 6
91.8% 100.8% 17.5% 17.5% 42.5% 67.5% 40.0% 15.0%

One hundred data sets were generated by the ddatiomosoftware using the variability parametersabBshed
from actual data sets and assay characteristic®/(&1@ MDC of 4.32 and 1.38, respectively). Of tid® Hata sets,

40 were analysed at random and actual results e@rgared with the results obtained by either thmraatic
AutoDecon or standard user defined (UD) paramedstablished previously (Ingram, Lo, Atkinson, Masgn, &
Beaven, 2008). It is evident that the user defip@dmeters for the deconvolution analysis genemltyperformed

the automatic deconvolution as the UD correctlyntified 100% of peaks 25% more often than the Agtodn
program. The UD parameters overestimated the numbpeaks in a hormone profile to a similar extenthe
AutoDecon program, but were superior in terms odarastimation by 25%. Overall the ratio of actuahls to
identified peaks was within 1% for the UD parametavhereas the AutoDecon program underestimated by
approximately 8%.
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Appendix D: Notices of Ethical Approval

Wintec Research Office

— ° Waikato Institute of Technology
W I n te C W-Block cnr Tristram Street & Ward Street
Private Bag 3036

WAIKATO INSTITUTE OF TECHNOLOGY Hamilton 3204
Te Kuratini o Waikato e-mail research@wintec.ac.nz
Telephone 07 834 8800 Extn 8460
Fax 07 834 8884
Wednesday 13 June 2007

Martyn Beaven
Sports & Exercise Science

Dear Martyn

Re: Human Ethics in Research Committee Meeting 17 May 2007
Project Title: Physiological monitoring of elite rugby players (Application #210605)

Thank you for your above application and for the supplementary information provided.
It is with pleasure | am able to advise ethical approval for your above project is confirmed.
Please accept my apologies for any inconvenience the delay in responding may have caused. The

Committee wishes you every success with the project.

Yours sincerely

fave ope

Faye Hope Copied to: Katherine O'Regan
Executive Officer
Wintec Human Ethics in Research Committee
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AU

UNIVERSITY

TE WANANGA LRGN O TAMAKH KA AL

MEMORANDUM

To, Will Hopkins

Fram: Madeline Banda Executive Secretary, AUTEC

Date: 2 November 2005

Subject: Ethics Application Number 04/95 The effect of caffeine supplementation on hermonal

response to weight training.

Dear Will

Thank you for providing written evidence as requested. | am pleased to advise that it satisfies the points
raised by the Auckland University of Technology Ethics Committee (AUTEC) at their meeting on 10 May
2004. Your ethics application is now approved for a period of three years until 2 November 2008.

| advise that as part of the ethics approval process, you are required to submit to AUTEC the following;

= A brief annual progress report indicating compliance with the ethical approval given using form EAZ,
which is available online through hitp.www. aut ac.nz/research/ethics, including a request for
extension of the approval if the project will not be completed by the above expiry date;

= A brief report on the status of the project using form EA3, which is available online through
http./Awww. aut ac.nz/research/ethics. This report is to be submitted either when the approval expires
on 2 November 2008 or on completion of the project, whichever comes soconer:

You are reminded that, as applicant, you are responsible for ensuring that any research undertaken under
this approval is carried out within the parameters approved for your application. Any change to the research
outside the parameters of this approval must be submitted to AUTEC for approval before that change is
implemented,

Flease note that AUTEC grants ethical approval only. If you require management approval from an
institution or organisation for your research, then you will need to make the arrangements necessary to
obtain this.

To enable us to pravide you with efficient service, we ask that you use the application number and study title
in all written and verbal correspondence with us. Should you have any further enquiries regarding this
matter, you are welcome to contact Charles Grinter, FEthics Coordinator, by email at
charles.arinter@aut.ac.nz or by telephone on 921 9999 at extension B&60.

On behalf of the Committee and myself, | wish you success with your research and look forward te reading
about it in your reparts.

Yours sincerely

Madeline Banda
Executive Secretary
Auckland University of Technology Ethics Committee
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Appendix E: Informed Consent Forms and Information Sheets

PHYSIOLOGICAL MONITORING OF ELITE RUGBY PLAYERS
INFORMATION SHEET FOR PARTICIPANTS

Thank you for considering taking part in this potjePlease read this information
sheet carefully before deciding whether or notddipipate. If you decide to
participate we thank you. If you decide not to tplket there will be no
disadvantage to you of any kind and we thank yowdmsidering our request.

What is the aim of the project?

The aim of the project is to examine the hormomatiesof individual players in

order to guide conditioning programs. The anab@iiscle building) status of

the players will be assessed and this informatielivered to the trainers. By
adjusting training loads based on this informatibrs intended that individual

gains will be maximised. The ability of the bodyrespond to specific resistance
training stimuli will also be assessed to provite trainers with information to

assist with periodisation and keeping players frasth get maximal benefits out
of their time in the gym.

What will participants be asked to do?
Subjects will be asked to provide a saliva sampdéore, during and after
specified training sessions.

Can patrticipants change their mind and withdraw from the project?
You may withdraw from participation in the projettany time, without needing
to give a reason, and without any disadvantagetosglf of any kind.

What data or information will be collected and whatuse will be made of it?
Saliva samples will be taken and analysed. Thisormétion is stored
confidentially, and may not be released to anyameahy other purpose than this
study without your permission. The only exceptionthis would be if a court
ordered that the information were to be obtainedgsenaed) for a particular
purpose. However, you may choose to have your sgastroyed immediately
following analysis. Results of this project maypélished but any data included
will in no way be linked to any specific particigaso your confidentiality will be
maintained. You are most welcome to request a cbgpur individual results, or
the general summary of results of the project shgolu wish. The data collected
will be securely stored in such a way that only tb&earchers, your management
and you will be provided with information that alle identification of
individuals.

Is the process of collecting samples safe?
Yes, the process of collecting a saliva sampla isimple as spitting into a tube.
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What if Participants have any Questions?
If you have any questions about our project, eitfeav or in the future, please feel
free to contact either:

Martyn Beaven

Research Coordinator

Ph 07 858 4756 or

Ph 021 259 6480

Email: cmbeaven@hotmail.com

Dr. Nicholas Gill

Principal Lecturer

Centre for Sport and Exercise Science
Waikato Institute of Technology

Ph 07 834 8800 x8407

Ph 0274 899 447

Email: nicholas.gill@wintec.ac.nz

[ J
Research
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PHYSIOLOGICAL MONITORING OF ELITE RUGBY PLAYERS

| have read the Information Sheet concerning thagept and understand what it is
about. All of my questions have been answeredyteatisfaction. | understand
that | am free to request further information af atage.

| know that:

1. My participation in the project is entirely voluntary;

2. | am free to withdraw from the project at any time, without reason, and
without any disadvantage;

3. I'would like my samples destroyed within 12 months of collection

OR

| would like my samples destroyed immediately after initial analysis.

4. The data will not be released to third parties for any purpose without
my express consent. The only exception to this would be in a case
where the researchers were required to release the data by a court
order and this would only be possible if you select the first option in
point 3;

5. The results of the project may be published but my anonymity will be
preserved.

| agree to take part in this project.

Print name

(Signature of participant) (Date)

This project has been assessed and approved bgd\Ethics Committee.
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@“ WAIKATO INSTITUTE

OF TECHNOLOGY

Te Kuratini o Waikato

PHYSIOLOGICAL MONITORING OF ELITE RUGBY PLAYERS
SERIAL MONITORING OF SALIVA IN HEALTHY SUBJECTS

INFORMATION SHEET FOR PARTICIPANTS

Thank you for considering taking part in this padjePlease read this information
sheet carefully before deciding whether or not aotipipate. If you decide to

participate we thank you. If you decide not toetggart there will be no

disadvantage to you of any kind and we thank yowdmsidering our request.

What is the aim of the project?

The aim of the project is to examine the hormonds$gs that have been observed
in pilot work. Identification and replication of ithpulsatility would be a novel
discovery and understanding the nature of theseeputould have important
implications for training and training adaptatio®hysical (e.g. exercise) and
physiological (e.g. audio/visual) stimuli will begsented in an attempt to modify
hormonal responses and investigate their effe¢themormal daily rhythms.

What will participants be asked to do?
Subjects will be asked to provide a saliva sampéryeten minutes of the course
of an eight hour day.

Can patrticipants change their mind and withdraw from the project?
You may withdraw from participation in the projetany time, without needing
to give a reason, and without any disadvantagetosglf of any kind.

What data or information will be collected and whatuse will be made of it?
Saliva samples will be taken and analysed. Thisormétion is stored
confidentially, and may not be released to anyameahy other purpose than this
study without your permission. The only exceptionthis would be if a court
ordered that the information were to be obtainedgsenaed) for a particular
purpose. However you may choose to have your sang@stroyed immediately
following analysis. Results of this project maypélished but any data included
will in no way be linked to any specific particigaso your confidentiality will be
maintained. You are most welcome to request a cbggur individual results, or
the general summary of results of the project shgolu wish. The data collected
will be securely stored in such a way that only tb&earchers, your management
and you will be provided with information that alle identification of
individuals.

Is the process of collecting samples safe?
Yes, the process of collecting a saliva sampla isimple as spitting into a tube.

What if Participants have any Questions?
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If you have any questions about our project, eitfeav or in the future, please feel
free to contact either:

Martyn Beaven

Research Coordinator

Ph 07 858 4756 or

Ph 021 259 6480

Email: cmbeaven@hotmail.com

Dr. Nicholas Gill

Principal Lecturer

Centre for Sport and Exercise Science
Waikato Institute of Technology

Ph 07 834 8800 x8407

Ph 0274 899 447

Email: nicholas.gill@wintec.ac.nz

This project has been assessed and approved bgd\Etiics Committee.
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SERIAL MONITORING OF SALIVA IN HEALTHY SUBJECTS

| have read the Information Sheet concerning thagept and understand what it is
about. All of my questions have been answeredyteatisfaction. | understand
that | am free to request further information af atage.

| know that:

1. My participation in the project is entirely voluntary;

4. | am free to withdraw from the project at any time, without reason, and
without any disadvantage;

5. I'would like my samples destroyed within 12 months of collection

OR

| would like my samples destroyed immediately after initial analysis.

4. The data will not be released to third parties for any purpose without
my express consent. The only exception to this would be in a case
where the researchers were required to release the data by a court
order and this would only be possible if you select the first option in
point 3;

5. The results of the project may be published but my anonymity will be
preserved.

| agree to take part in this project.

(Signature of participant) (Date)

This project has been assessed and approved bgd\Ethics Committee.

| WAIKATO INSTITUTE

OF TECHNOLOGY

Te Kuratini o Waikato
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Partcipant Information Sheet

AHILUNG T O TEIRCLOG

Project Title e G DI ML
The Effect of Caffeine Supplementation an Honmonal Responee b Training

As memberi of the Anckland Warrions Developrme—  Squad you are inviked 1o pardeipate in this
reseqrch,

What Is the purpoaa of the study?

To determine the cffect of caffeine supplemeniztion on hormonal responses to weight training and
fisdd training,

Wil Fmppens in tw siudy?

One hour before each of four welght-training sessiom aver a 3-week period in late Nevember
through mid December, you will teke eapaules containing ane of fone doses of caffeine. The highest
doac will ke 9 mg of caffeine per kg of hody mass, which comesponds to the caffeime ontained in
sbout & cups of colfee. This dose is at the high end of desey waed in this kind of research. The
moderabe dose will be 6 mg per kg, which is the wsuwml amomt The low dose will be 3 mg per ke,
and one of the doscs will have no caffeine ar all.

The order of the doses will be randomised, and you will not be takd which doae you are reeciving
before each sesalon. Yion will receive all four doses over the 3.week period. You will be required
to give  salive sample at the time you take the tapwules, then immedintely before and immediately
after the treining session. The semple will be analysed tn determing the concentration of the
hormnnes testoshérons md cortisol.

You will also give safive samples on Moxday md Friday momings in each waek of the shudy, to
monitor any overall effects of tmiming on tegtosterona and cartisn] over the: study peried.

In Januexy or Februsry oext yeer, we will go through the same procedares, bat we will replace the
four sesalons of strength training with four or your umal ficld-training seasions mvolving game
actier.

You will be asked to keep a dict history for the day prior to the Gl training seseion 5o that yon may
replicaie fhot diet priee do the other seesioms. You will also be sacked not to eet food end deink
contaiming krge mmoums of caffeine (coffee, Red Bull, V", ¢hocolats) during this time,

How nuxch tme s imrolved 3

The study is being organlsed a3 part of your neual training sessions, ao there should he no additional
demands on your time.

Whatt sre the discomforts and risie?

The higher doses of caffeine capsnles can camse skeep disturbance and feclings of anxiety in some
individuals, On average thess cffects are amall in magnimds, but they conld be moderme 1 some
individuale and trivial in others, If you experience these effects end you find thern ynpleasant, you
should withdrew from the study. In & very small percemage of individuals, caffelne can disturh the
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elestrical actlvity in the heart, giving you  fluttering seneation in the chesl. If you have ever
experienced this sensation after drinking eqf¥ee, you should not take part in the study.

YWhHat are the banelta?

Thete are 10 immacdiate benefits froen this study. I we Bod that caffeine raises testoxierooe more
them cantisol, there is a good chance that taking caffeine before treinmg s=saons will morease the
effectiveness of the sessions, We would need 1o do mom research to find o,

Adcess [0 results?

Yom will receive a rapart of the awerage effects of caffeine on the squad and the effects on you
persotally.

How Is my privacy probecied ?

At all stagee theoughout the research project vome name and resube will remein eonfidemtial to the
researchera and yoursalE,

WALthorewnl 7
At any stage duding this stidy you are free to withderw with no explanation required.

Participart GCongems

Any concams regarding the nature of this project should be notified in the fink instance to the
project supervisar, Will Hopking 921 9793, or to Jobn Cronin 521 9999 ext 7153, of to-your coach,
Keir Haneen 526 BR37. These are all daytime phone nimbers.

Concerns regrnding the conduct of the research shonld he notified to the Execirtive Secretary,
AUTEC, Madeline Banda, madefine bandaf@aut acnz, 921 999% ext 8044,

Approved by tha Auckiand University of Technalogy Ethics Commitina on 2‘1&*‘"“{

AUTEC Rafsrsnco number ‘“?J.lﬁr
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Appendix F: Abstracts of experimental chapters fornatted for submission

Acute Salivary Hormone Responses to Complex ExeBaits (Chapter Three)

C. Martyn Beaven, Nicholas D. Gill, John R. Ingra& Will G. Hopkins. Journal of
Strength and Conditioning Research, In Press

The combination of resistance and plyometric tragnior complex training, may vyield
greater functional gains than either method al&sesteroid hormones respond to exercise
stimuli and modulate the functional outcomes, ipassible that complex training creates
an enhanced anabolic physiological milieu for ad@ph. Purpose: To investigate acute
responses of salivary testosterone and cortisaotaoplex exercise protocol$lethods:
After a standardised warm-up, 16 semi-professiongby players performed one of four
exercise protocols in a cross-over manner: powerepopower-strength; strength-power;
or strength-strength. The power block consistethode sets of three repetitions of jump
squat exercise at 50% of one-repetition maximum YRMd. The strength block consisted
of three sets of three repetitions of box squat@se at a 3-RM load. There were 3-min
rest periods between sets and 4-min rest periotlseba exercise blocks. Saliva was
sampled before and after the warm-up, at the midtpa the protocol, and immediately
after the protocol. Data were log-transformed ttinemte percent effects with mixed
modeling, and effects were standardised to assesmitudes.Results: The greatest
overall hormonal responses were a small testostenocrease (13%; 90% confidence
limits £7%) and a trivial increase in cortisol (27%30%) following the strength-power
protocol. A clear difference was observed betwden strength-power and the power-
power protocols immediately after exercise for btosterone (10%; +8%) and cortisol
(29%; +17%). The preceding exercise block hadelitffect on subsequent strength and
power performanceConclusion: The greatest testosterone response was observedavhe
power-type training stimulus was applied after aaJye resistance training stimulus
suggesting that this exercise sequence provideslaanced anabolic milieu for adaptation

compared to the other training methods examined.

Key Words: STRENGTH, POWER, COMBINATION TRAINING, TESTOSTER®@\
CORTISOL.
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Lower-body Strength and Power Development durinfjeBent Phases of the Circadian
Rhythm (Chapter Four)

C. Martyn Beaven, John R. Ingram, Nicholas D. Gil\ill G. Hopkins.

Aim: To discern a circadian rhythm in salivary sterotdrhones and investigate any effect
of circadian rhythmicity on hormonal responsivenessesistance training protocols and
training outcomesMethods: Eight semi-professional male rugby players fromirgle
team performed identical back squat exercise buwitisin two consecutive 4-wk pre-
season training blocks. The first block was perfdnm the morning (0800-0900) and the
following pre-season the bouts were performed ie #iternoon (1500-1600). Saliva
samples were collected before and after exerciséhéodetermination of testosterone and
cortisol. Results: Pre-exercise testosterone and cortisol concentiatieere clearly higher
in the morning compared to the afternoon with magnialues being greater by a factor of
1.8 (¥~1.1; 90% confidence limits) and 5.¢42.3), respectively. The ratio of pre-exercise
testosterone to cortisol however, was clearly lowethe morning by a factor of 0.3
(%+2.4). The afternoon training resulted in a greaterease in peak power produced at
load equivalent to 50% of 1-RM compared to morniagning (PM, 8.5 £11.2%; AM 3.8
1+6.7%; mean +90% confidence limits); however similacreases in box squat strength
were observed during each four week block regasdtdsthe training time (PM, 17.4
+4.1%; AM, 16.6 +2.5%).Discussion: These data corroborate a circadian rhythm in
salivary steroid hormones. The greater gain in peaeker during a countermovement
jump-squat when training was performed in the #&ternoon suggests that the phase of the
circadian rhythm at which training is performed camodulate specific adaptations to
resistance exercis€onclusion: The testosterone to cortisol ratio, rather thanokibs

testosterone and cortisol concentrations, may nabelylower performance gains.

Key Words: TESTOSTERONE, CORTISOL, SALIVA, RESISTANCE TRAINING
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Ultradian Rhythmicity and Induced Changes in Saliveestosterone (Chapter Five)

C. Martyn Beaven, John R. Ingram, Nicholas D. G8ll,Will G. Hopkins. European
Journal of Applied Physiology, In Review

Aim: To investigate the effect of the circadian cycle lmormonal responsiveness to
resistance training protocolslethods: Eight semi-professional male rugby players from a
single team performed identical back squat exersessions within two 4-wk pre-season
training blocks either in the morning (0800-0908)twr in the afternoon (1500-1600 hrs).
Saliva samples were collected before and after ceseerfor the determination of
testosterone and cortis®tesults: Clear differences were observed between pre- astd po
exercise hormone concentrations. The ratio of séstone to cortisol was clearly superior
in the afternoon. Similar increases in box squangfth during each four week block were
observed regardless of training time; however peaker increased to a greater degree
when training was performed in the afternodiscussion: The obvious differences
between the hormonal environments experienced bya@imidual exercising at different
times within the circadian rhythm have the potdntanodulate adaptation to exercise. We
observed greater gains in peak power produced & %9 1-RM load during a
countermovement jump-squat when training was peréor in the late afternoon. The
importance of accounting for circadian variationemhprescribing training and reporting

endocrine responses was evident.

Key Words: TESTOSTERONE, CORTISOL, SALIVA, RESISTANCE TRAINING
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Dose Effect of Caffeine on Testosterone and Cdrfsesponses to Resistance Exercise
(Chapter Six)

C. Martyn Beaven, Will G. Hopkins, Kier T. Hanséatthew R. Wood, John B. Cronin,
& Timothy E. Lowe. International Journal of Sport Nutrition and Exesei
MetabolismVol. 18, No. 2, April 2008, pp. 131-141.

Introduction: Interest in the use of caffeine as an ergogerchas increased since the
International Olympic Committee lifted the partizn on its use. Caffeine has beneficial
effects on various aspects of athletic performabagjts effects on training response have
been neglected. Purpose: To investigate the adiget eof caffeine on the exercise-
associated increases in testosterone and cortisah idouble-blind crossover study.
Methods: 24 professional rugby-league players ingesteceradfdoses of 0, 200, 400 and
800 mg in random order 1 h before a resistanceceseesession. Saliva was sampled at the
time of caffeine ingestion, at 15-min intervalsaiighout each session, and at 15 and 30
min after the session. Data were log transformedstimate percent effects with mixed
modeling, and effects were standardised to assesmitudes.Results: Testosterone
concentration showed a small increase of 15% (90@%fidence limits, £19%) during
exercise. Caffeine raised this concentration inseedependent manner by a further small
21% (x24%) at the highest dose. The 800-mg dosepatsduced a moderate 52% (+44%)
increase in cortisol. The effect of caffeine on thstosterone/cortisol ratio was a small
decline (14; £21%)Conclusion: Caffeine has some potential to benefit trainingcomes
via the anabolic effects of the increase in testosie concentration, but this benefit may be
counteracted by the opposing catabolic effectshef increase in cortisol and resultant

decline in the testosterone/cortisol ratio.

Key Words: PERFORMANCE, ANABOLIC, ATHLETE, CATABOLIC, STRENGH
TRAINING, TESTOSTERONE/CORTISOL RATIO.
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Appendix G: Poster Presented at International Confeence on Strength and Conditioning
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1-RM
3BHSD
17BHSD
4E-BP1
ACTH
AICAR
Akt/PKB
AMP
AMPK
ApENn
ATP
BCAA
[Ca]
CBG
CVv
COX-2
CRH
DHEA
DNA
eEF2
elF4E
elF4F
ERK
FAC
FOXO
FSH
G-protein
GH
GnRH
GSK-3
HMB
HPA
HPG
IGF-1
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LIST OF ABBREVIATIONS AND TERMS

1-repetition maximum

3$-hydroxysteroid dehydrogenase
178-hydroxysteroid dehydrogenase
Eukaryotic initiation factor 4E binding peot-1
Adrenocorticotropic hormone
5-aminoimidazole-4-carboxyamide ribonucleeti@n AMPK agonist)
Protein kinase B

Adenosine monophosphate
Adenosine monophosphate-activated proteiagén
Approximate entropy

Adenosine triphosphate

Branched-chain amino acid

Calcium ion concentration
Cortisol-binding globulin

Coefficient of variation

Cyclooxygenase 2

Corticotropin releasing hormone
Dehydroepiandrosterone
Deoxyribonucleic acid

Eukaryotic elongation factor 2
Eukaryotic initiation factor 4E

Eukaryotic initiation factor 4F
Extracellular signal-regulated kinase
Focal adhesion complexes

Forkhead box O (transcription factor)
Follicle stimulating hormone

Guanine nucleotide-binding protein
Growth hormone
Gonadotropin-releasing hormone
Glycogen synthase kinase 3
B-hydroxy-3-methylbutyrate (supplement)
Hypothalamic-pituitary-adrenal (axis)
Hypothalamic-pituitary-gonadal (axis)
Insulin-like growth factor-1



IL-6
JNK
Kaatsu
LH
MAPK
MmTOR
mMTORC1
MTORC2
MRNA
NFAT
NO
NRL
p70'36k
PA
PGRy
PI3-K
Pulse XP
PVN
Raptor
REDD1
RIA
RNA
RT
SAC
SHBG
TNF-o
tRNA
TSC

VvJ
Vps34
ZMA
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Interleukin 6 (an inflammatory cytokine)
c-Jun-N-terminal kinase
Training involving artificial reduction ofuscle blood flow
Luteinizing hormone
Mitogen-activated protein kinases
Mammalian target of rapamycin
Mammalian target of rapamycin complex 1
Mammalian target of rapamycin complex 2
Messenger ribonucleic acid
Nuclear factor of activated T-cell (trans¢mgm factor)
Nitric oxide
National Rugby League (Australian professiongby league competition)
Ribosomal S6 kinase
Phosphatidic acid
Prostaglandin &
Phosphoinositide 3-kinase
Deconvolution software
Paraventricular nucleus
Regulatory associated protein of mTOR
A gene induced by hypoxia
Radioimmunoassay
Ribonucleic acid
Resistance training
Stretch-activated ion channels
Sex hormone-binding globulin
Tumour necrosis factoe (an inflammatory cytokine)
Transfer ribonucleic acid
Tuberous sclerosis complex
Vertical jump
Vacuolar protein sorting mutant 34
Zinc-magnesium aspartate (supplement)



