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ABSTRACT
PURPOSE: The purpose of the current study was to compareathdge hormonal
responses of two resistance training exercise potgéq Traditional and SuperSlow) that
had similar exercise volumes but differed in intgnand contraction speeds in college-
aged males.
METHODS: Thirteen healthy college-aged male subjects ppeted in this study. This
study was a randomized cross-over design. Allippéants performed a session of low
intensity resistance exercise (50% 1-RM) with si@locity contractions and a session of
traditional high intensity resistance exercise (8A¥RM) separated by 3weeks.
Participants in both exercise conditions perfornfiedr upper body (shoulder press,
biceps curl, chest press, low row) and four lowedyb (knee extension, knee flexion,
two-leg press, calf raises) exercises. The cotbrawelocities were either slow speed
contraction (10 seconds concentric and 5 secontent) for low intensity resistance
exercise or normal speed contraction (1.5 secoadsentric and 1.5 seconds eccentric)
for high intensity resistance exercise. Pre, imiatedpost exercise, and 15 minutes post
exercise blood samples were taken to determine doKisol (COR), and testosterone
(TES) concentrations.
RESULTS: Two-way (condition x time) repeated measures a&mlyf variance
(ANOVA) revealed no significant main effects fayndition or time and no significant
condition x time interaction for CK ( p = 0.121700.286 and p = 0.992, respectively).
Repeated measures ANOVA revealed a significant neffect for time for TES (p =
0.012) and COR (p = 0.009) but no significant maiifect for condition and no

significant condition x time interaction (TES: p0=614, p = 0.509, COR: p = 0.452, p =



0.710 respectively). Both significant main effefts time for both TES and COR were
no longer significant when hormone values were stdpl to account for changes in
plasma volume. There was a significant main effiectime for LA (p = 0.000) from pre
to post exercise time points.

CONCLUSION: The hormonal responses for the low intensity, stontraction speed,
SS condition and the high intensity, normal coritoacspeed, TR condition were similar

even though the SS condition had fewer sets aretitim compared to the TR condition.



CHAPTER |
INTRODUCTION

Resistance training is important in sport as w&elin daily activities. It has been
accepted that neural responses and muscular hypleyticontribute to improvements in
muscular strength. Traditional resistance traing@n efficient method for increasing
muscle strength,” “hypertrophy, "* muscular endurandé,and bone mineral densfty.
These adaptations are attributed to neural, hormand mechanical demands that have
been placed on the various physiological systemspitmgressive overload used in
resistance training.*® In general, the increases in strength followingrargth training
protocol are similar between men and women, eveagh men have higher absolute
strength value$’

An important factor to consider in order to ensappropriate adaptations at any
age or for either gender is the appropriateneshefesistance training program. Most
strength training programs can vary the numbeepétitions, sets, and intensity in order
to increase different physiological factors depagdon the purpose of the program
(injury rehabilitation, improve muscle tone, incseamuscle mass, improve muscular
endurance, or strength improvements). Musculangth development is primarily
dependent on the type of exercise, the amountofitig volume, number of repetitions,
and exercise intensify.

Although training intensity depends on individtraining goals and fitness levels,
it is generally accepted that a resistance traimmgnsity of over 60-65% of the one
repetition maximum (1-RM) is necessary to achievesgantial muscle hypertropfi.>

Ratamess et &f.suggested that resistance training at high inte@€i-85% of 1 RM (8-



12 reps) is the optimal protocol for beginners amdrmediate experienced individuals to
promote muscle hypertrophy.

Changes in muscle cross sectional area occur jomeg to changes in mechanical stress,
energy demand, oxygen levels, hormones, and griaetbrs.

However, recent studies have demonstrated thatvantensity (20-50% of 1-
RM) resistance training program can also increasscia hypertrophy and strength,
similar to high-intensity (80-90% of 1-RM) prograrfis™® This type of training is known
as KAATSU training and involves blood flow restrart in combination with resistance
training. One advantage of this type of low intgndiraining is the reduction in
mechanical stress that is placed on the jointe@bbdy?’ It has been hypothesized that
the mechanism responsible for muscle hypertrophy wthis type of training is the
reduction in oxygen content and the resultant @mes in lactate which stimulate growth
hormone release and the early recruitment of tgeshold muscle fibers.

Another training technique that has been recemtisoduced as an alternative
resistance training method is the “SuperSlow” téghe®? Westcott et &l utilized this
slow-speed of contraction program with low-inteps{e0% of 1-RM) and reported
significant improvements in muscular strength. iffaio et al’® suggested that both
low-intensity resistance training (55-60% of 1-RM)ith slow movement (3 sec
concentric and eccentric phases) and traditiongth-imtensity resistance training (85-
90% of 1-RM) at normal speed protocols were efiecknterventions to not only increase
muscular hypertrophy and strength, but also inergesipheral blood flow and vascular
conductance as an additional benefit. Keeler &t also investigated both traditional

resistance training and slow-speed resistanceiritajprotocols and reported significant



strength gains for both groups, although the tiaadt group showed greater strength
improvements compared to the slow-speed resisttnagging group. These authors

hypothesized that the reason for the adaptatioas daring the slow contraction speed
resistance training programs was due in part tartbeased metabolic demands placed
on the muscle because of the exaggerated contrdches.

As mentioned earlier, the volume and intensityaaesistance training program
can be manipulated by varying the repetitions, a@#ts, contraction speed, and number
of sets completed. Traditional resistance trainiyigically involves high loads (80%
1RM) and low repetitions (6-8 reps) that produgeprovements in muscular strength;
while muscular endurance training typically invaJvewer intensities and longer training
durations. Higher intensity exercise is often agged with a greater incidence of
cardiovascular and orthopedic injuries, althoughito@l vigorous exertion exercise can
attenuate the risk of sudden deat.

Superslow resistance training programs are chenmaetl by low resistance
workloads and slow repetitions compared to tradéloresistance training programs.
This Superslow training, at least theoreticallyjldoprovide an effective way to increase
both muscular strength and aerobic endurance samedusly. Improvements in MO
max are dependent on the duration, intensity, #aqu of training, the mode of exercise,
and the individual’'s initial fitness lev&l.  This implies that by altering the training
stimulus, one could achieve differing adaptatianthe exercise program. Keeler efal.
studied untrained sedentary women during a 10 waigk, intensity resistance training
program, that utilized different contraction speedBhe slow-speed contraction group

performed 10 second concentric and 5 second eacenfrtractions, while the traditional



resistance trained group performed 2 second comceanhd 4 second eccentric
contractions. Each group completed one set ofteepetitions on 8 different Nautilus
machines 3 times per week. They found that bothrtdutional and Superslow resistance
training groups improved their strength but neitiperup improved aerobic capacity.
These different studies that involve the manipoia of resistance training

programs by the addition of blood flow restriction by altering contraction speed,
provide insight to the different possible undertyimechanisms of adaptation and
possible applications not only for improved atldgberformance but also, potentially,
applications for muscle-related pathologies. Theacdy of skeletal muscle to adapt to
shifts in metabolic and functional requirements dam readily observed through
resistance or endurance training. Endurance tmuimgsults in increased oxidative
capacity of muscle, evidenced by increases in pipa@nt proportions of oxidative fibers,
increased levels of oxidative enzymes, improvedlleap blood supply, and increased
numbers of mitochondria. In contrast, resistan@niing leads to greater muscular
strength due to neural adaptation, increased mwotibractivation, and muscle fiber
hypertrophy.

Resistance training appears to be an effective ededhimproving muscular hypertrophy,
however, it is not clear what specific exerciseiatale is the best for optimizing this

adaptation.

Purpose of the Study
The purpose of this study was to compare the dootgonal responses of two
different resistance exercise protocols (traditioand Superslow) that have similar

exercise volumes but differ in intensity and coctittn speed in college-aged men.



Previous studies investigating Superslow resistagmoercise have not evaluated the

endocrine responses to this type of exercise amd baly been able to speculate as to

why muscle hypertrophy occurs.

Research Question

1. Will an exercise protocol (Superslow) basedaw intensity and high volume produce
similar endocrine responses as a traditional higknsity, low volume resistance
training protocol.

Sub Questions

1. Will the different resistance training protogaksult in different amounts of muscle

damage?

Research Hypotheses

1. Both exercise groups will experience significaanges in hormonal responses
conducive to muscle hypertrophy, but greater chavgé occur for the traditional
resistance exercise protocol.

2. The traditional high intensity resistance tmagnprotocol will result in greater muscle
damage than the Superslow protocol.

Significance of the Study

Previous research has suggested that low interestgtance training with blood

flow restriction results in similar beneficial efts on muscular strength and mass

compared to a traditional high intensity resistatining programs. Additionally,

Superslow resistance training has been found tee&se muscular strength similar to

traditional forms of resistance training, as wsllimproving aerobic capacity. Therefore,

low intensity Superslow resistance exercise mapditer for individuals not capable of



the high orthopedic stresses to the joints asstiafth traditional resistance exercise,

like those recovering from injury or the elderlyhis study may also provide some

insight into the underlying mechanisms of adaptatior the two different resistance

exercise programs which may have implications im@l settings.

Delimitations

1. This study only included college aged males who hatl participated in any
structured resistance training or aerobic trairppnggram for a minimum of 4 months
prior to this study.

2. Only subjects free from any acute or chronic newsenlar injuries or joint disorders
were included.

3. Individuals were not be taking any hormone supplasi@er medications that could
affect muscle or bone (corticosteroids, creatite).e

Limitations

1. Although participants were asked not to changer thermal daily activities, daily
activities performed outside of the training progracere not be controlled.

2. The sample was not random since all participantse welunteers; therefore, they
may not represent all college males aged 18-3%yafaage.

3. These findings may not apply for women.

4. These finding may not apply for men of other ages.

Assumptions

The Assumptions of the study include:
1. Participants answered all questionnaires $thne

2. Each participant gave maximal effort durirgrting and testing sessions.



All participants understood the testing pcots.

All subjects provided accurate informatiomatmedical and health history.

The subjects gave an honest assessmentrtibexand pain after each training set.
All participants were in a fasted state foleast 8 hours prior to the blood draws.

All devices were calibrated before all tegta@ssions.

Operational Definitions

=

The operational definitions for this study include:
1 Repetition Maximum (1-RM) test: 1-RM is the greatest weight that can be lifted
once throughout the complete range of movementgusirrect fornf.
PAR-Q: PAR-Q (Physical activity readiness questionnasejesigned to identify the
small number of adults for whom physical activityght be inappropriate or those
who should have medical advice concerning the tyfpactivity most suitable for
them.
Body composition: It is used to describe the percentages of bon@nié muscle in
human bodies.
Muscular Strength: The amount of force produced by group of muscies muscle.
Cortisol: The primary glucocorticoid secreted by the adrecmitex is cortisol.
Cortisol increases gluconeogenesis, free fatty matilization, and decreases protein
synthesis and glucose uptake by tissue.
Testosterone: Testosterone secreted from the testes. Testostasomevolved in
protein synthesis.
Lactate: Lactic acid in the muscle occurs only during shaouts of exercise of

relatively high intensity and it is usually relatedfatigue and muscle soreness.



8. Creatine Kinase (CK): An enzyme that is assayed in blood tests as a marke
muscle breakdown.

9. Hematocrit: Percentage of the volume of whole blood that islenap of red blood
cells. This measurement depends on the numbeddflood cells and the size of red
blood cells. Normal values are 45% for men and 4@2women.

10.Uncorrected Hormone Value: The concentration of the hormone without regard to
any changes in plasma volume levels.

11.Uncorrected Hormone Value: The concentration of the hormone adjusted for

changes in plasma volume levels.



CHAPTER I
REVIEW OF LITERATURE
Introduction
Resistance training is an effective method of wrprg muscular hypertrophy;

however, not all individuals are capable of resisgatraining for improvements in
muscular strength and hypertrophy based on traditicesistance training principles.
Therefore, this study was designed to compare tieahormonal responses of two
different resistance exercise protocols (traditiomad Superslow) that have similar
exercise volumes but differ in intensity and coctin speed in college-aged men.
Previous studies investigating Superslow resistama@gcise have not evaluated the
endocrine responses to this type of exercise and baly been able to speculate as to
why muscle hypertrophy occurs.
Resistance Training

The primary aim of resistance exercististress the neuromuscular system
to bring about positive neuromuscular adaptatiorrtbance physical performance. It
has been reported that initial muscular strengttravements following training occur
from the neural adaptations followed by musculgodryrophy. Traditional resistance
training has become a widely accepted method foprowing muscular power,
muscular strength, and muscle hypertrophyit is generally accepted that resistance
training programs with high intensity (70-80% ofRM) are the best design for
optimizing muscle hypertrophy for untrained individs®> The prescription of a
resistance training program requires the consiaeratf several factors, including the

intensity, frequency, and volume of exerdi$eAnother resistance training variable is



contraction speed which may influence the effeciiss of strength training programs.
An effective resistance exercise program requiresombination of these various
factors to stimulate muscular adaptation. Restgtaexercise induces increased
synthesis of myofibrillar proteins, which in turresults in increased muscular
hypertrophy especially in type Il fibef$’®* The fundamental objective of resistance
exercise is to obtain increases in muscular sthreagtl muscular cross sectional size. A
report by Chelsey et &.mentioned a single bout of resistance exercisetsufficient
stimulus to produce elevated production of contigiroteins for the following 24
hours. Mechanical stress is believed to play ticatirole for muscular hypertrophy.
Previous researches have demonstrated the beokfagsistance exercise for a variety
of populations™ > Regular systemic resistance exercise will reBulincreases in
muscular strength due to neural factors and musoighology'® ® Neural adapation
plays a critical role for increases in muscle gjtbnin early phases of resistance
exercise training; however, subsequent musculangth increases are due to muscle
hypertrophy*
Hormonal Responses to a Single Bout of Resistancgdtcise

Resistance exercise elicits acutgsipliogical responses, including the
neuroendocrine system, that play critical rolesngreasing muscular strength, power,
and hypertrophy. Many individuals who take partrasistance exercise want to
maximize these responses, thus will responsibledtact an exercise protocol that they
can maintain while optimizing the neuroendocrinepmnses will be responsible for
improved muscular functioff. Resistance exercise of adequate intensity istenpo

stimulus for endocrine secretion.

10



Acute exercise endocrine responsesesistance training protocols have
been examined. The acute hormonal response txencige session is a crucial
indicator of muscle remodeling after exercise. tdgt®rone is a steroid hormone
secreted from testicular Leydig cells of the testeA well-established body of
evidence exists regarding the acute testostercsgomses to a bout of resistance
exercise in mef> ** particularly when high volumes are implemerftetf: %
Acutely, resistance exercise has been shown teasertestosterone concentrations in
men post exercise, but the evidence in women isveqal*® Studies implementing

an acute resistance bout with greater voldné&: *

and exercises that utilize large
muscle masg have been most efficacious in eliciting significatestosterone
responses. Fry and Lohnalso reported similar findings following a sindleut of
high power resistance exercise; however, some edudave failed to demonstrate
significant increases in testosterone concentratifwlowing a single bout of
resistance exercige'®

The adrenal gland secretes cor{gloicocorticoid), aldosterone, estrogens,
and androgens. Cortisol has a catabolic effectissue and is associated with a
decrease in anabolic (muscle growth) hormones.tisoband its catabolic functions
seem to affect type Il muscle fibers to a greakterd than type | muscle fibers. In
the past, cortisol response to acute exercise é&s looked at as a negative response;
however, many researchers now believe that thage atevations are an important
part of the remodeling and repair process in musdle general acute resistance

exercise has been shown to increase circulating/denf cortisof* °* °3>* Fry and

Lohne<? reported no cortisol responses after a single bbtiigh power resistance

11



exercise. Kraemer and Ratanf@dmdicated that the acute hormonal response to a
single bout of resistance exercise is dependesteuvaral exercise variables (volume,
intensity, nutritional intake, and training expage). In a study of McCaulley et al.
> they reported a significant decrease in restintjsm concentration in trained men.
The control group also had a similar decreasestng cortisol; however, the authors
mentioned these cortisol level changes could notatbebuted to the resistance

|.”? indicated that there were

training program. However, another study by Stabal
no changes in resting cortisol levels in the cdmgroup while the trained men had
decreased resting cortisol levels.

Weiss et af* designed a study to determine the comparison afirse
testosterone and androstenedione in 20 males afehZfles following three sets of
four-heavy resistance exercises. The finding ftbi® study is also in agreement with
previous studies that report a significant incremsabsolute testosterone response
after a single bout of resistance exercise that feailitate protein synthesi$,
especially if high amounts of muscle mass arezetiliwith relatively high intensity’:

28

McCaulley et af* determined the acute hormonal responses to nesésta
exercise in young men (21.8 £ 1.9). This study imaated exercise volume in order
to make the different intensity exercise protocetyual. The exercise protocols
included hypertrophy type (4 sets x 10 repetitisng5% 1-RM), strength type (11
sets x 3 repetitions x 90% 1-RM), and power typesd& x 6 repetitions of jump
squats x 0%1-RM) exercises. The authors indicdted the hypertrophy type

exercise protocol elicited the greatest hormong@aese following exercise even

12



though the exercise volumes were equal among ffexeht exercise protocols.

Goto et af® attempted to examine acute hormone and recoveppnses to
resistance exercise with slow movement. Six hgaltung men (24.3 + 0.4 years)
performed three different types of exercise prodbigh intensity with normal
contraction speed, low intensity with slow conti@ctspeed, and low intensity with
normal contraction speed). The results of this ystsidowed that the low intensity
resistance with slow contraction speed exerciséopob had the greatest increase in
growth hormone and free testosterone concentratmasthe greatest decrease in
cortisol concentration compared to the other twaiqwols. In addition, there were no
significant differences in creatine kinase acti\ogtween the exercise protocols. The
authors concluded that the slow movement duringréséstance exercise was an
effective protocol for the increase of hormone sgon.

Linnamo et af’ investigated acute hormonal responses to thréereift
exercise types in men and women. Both submaximal maximal explosive
resistance exercise groups had the same prototalibu different weights. The
maximal heavy resistance exercise group perfornaett exercise with a 10-RM (5
sets x 10-RM), the submaximal heavy resistance ceseergroup performed 10
repetitions with 70% 10-RM (5 sets x 70% x 10-RMi)d the maximal explosive
resistance exercise group performed at 40% 10-RMe(S x 40% 10-RM). The
results indicated that the greatest growth hormeoestosterone, and blood lactate
responses occurred during maximal heavy resistamoercise. These results
suggested that the maximal heavy resistance egepcegocol was a more effective

exercise mode for muscular strength developmennt otizer exercise modes.

13



Goto et al? investigated the effects of combinations of higtd dow
intensity resistance exercise training on muscleton, muscle size, and hormonal
responses. All subjects performed a period of Hymehy training first and then the
subjects were assigned to one of two groups. Q@mapgoerformed 5 sets of a high-
intensity (90% of 1-RM) to failure (strength typa)d the other group performed the
same training, but the last set was followed bydded set at 50% of 1-RM to failure
(combi-type). The authors indicated that the cotypé protocol that added the
moderate intensity set after the high intensitys’setgimens had greater hormonal
responses (Growth hormone), increased muscularngslre and muscular
hypertrophy; however, the potential mechanisms tloese changes were not
discussed.

Low Intensity Resistance Exercise

High intensity (70-80% 1-RM) for & Iepetitions resistance exercise is
believed to be the best exercise mode for maximiznmaining-induced muscular
hypertrophy® It has been proposed that high amounts of mecalstress to the
body leads to an increase in muscular strengthsaedcompared to lower intensity
resistance exercise. However, two types of resistaxercise using lower exercise
intensities have been developed by researcherer@estudies that have combined
blood flow restriction with low intensity resistamdraining have also documented
increases in strength and/or muscle hypertrdpty’® ”*  Additionally, low intensity
resistance exercise with slow contraction velodigs been reported to improve
muscular strengtff' ’® 8 A study that evaluated muscle biopsies reportsthgle

bout of low intensity resistance exercise (30%1-RMjs equally as effective in

14



stimulating myofibrillar protein synthesis ratesaasingle bout of high intensity (90%
1-RM) resistance exercise.

Holm et al.*°

investigated the effects of high and low intengdrgining on
neuromuscular responses in healthy men. Eleven (@& + 1.1 yr) participated
three times per week in a 12-week training prograihey applied a protocol in
which the same individual trained one leg at 70RM-(heavy loading; HL) while
training the other leg at 15.5% 1-RM (light loadinigL). Quadriceps muscle
exercises were performed by randomizing half of paeticipants to train their
dominant leg with HL and the contralateral leg wiih while training was reversed
for other half of the subjects. Quadriceps musctsssectional area increased 8%
and 3% in HL and LL legs, respectively and 1RM rsiitd increased in both legs
(HL: 36 %, LL: 19%). Isokinetic strength performatl 60°/s improved by 13% in
HL but remained unchanged in LL (4%, not signifigaihey concluded that light
loading had minimal effects on muscle strength daygertrophy compared to
traditional high loading training in men.

Abe et al* investigated the effects of twice daily sessiohtow-intensity
resistance training (LIT, 20% of 1-RM) with (LIT-BH or without (LIT) blood flow
restriction for two weeks on skeletal muscle simd airculating insulin-like growth
factor-1 (IGF-1) in young males (mean + SD agef236.5 years). Exercises were
performed with loads of 20% 1-RM, 15 repetitions 3osets of each exercise for 12
consecutive days (excluding one Sunday) twice er. drollowing 2 weeks of
resistance training, 1-RM strength of squat (17%@) leg curl (23%) increased in the

LIT-BFR group which was significantly higher (p<6)0than in LIT alone (squat:

15



9% and leg curl: 2%). Muscle volume increased iadyiceps, biceps femoris and
gluteus maximus (7.7%, 10.1% and 9.1% for LIT-BBRQ.01) and 1.4%, 1.9% and
-0.6% for LIT (p>0.05) respectively).

Another study by Moore et Hlexamined the neuromuscular adaptations in
muscle following low-intensity resistance trainimgth blood flow restriction in
untrained males. Eight subjects trained the elftfexors of both arms three times per
week for 8 weeks at 50% 1-RM. One arm was randasbigned to perform the
exercise protocol with blood flow restriction (OCGnd the other arm was not
occluded (CON). Following exercise training, isanee maximal voluntary
contraction strength only increased in OCC (8.3%ywever, both groups had
increases in maximal voluntary dynamic strength Q©@22%, CON: 23%). Post-
activation potentiation (PAP) significantly incredasby 51% in OCC whereas PAP
was not changed in CON. They concluded that laersity resistance training
produced an effective stimulus for increasing meissirength with blood flow
restriction by changing indices of neuromuscularcfion, such as an enhanced PAP.
One advantage of this type of low intensity tragnis the reduction in mechanical
stress that is placed on the joints of the bdylt has been hypothesized that the
mechanism responsible for muscle hypertrophy witis type of training is the
reduction in oxygen content and the resultant ees in lactate which stimulate
growth hormone release and the early recruitmehtgsf threshold muscle fibers.

Burd et af? also demonstrated that a single bout of low iritgr{80% 1-
RM) with high volume resistance exercise stimulagesater myofibrillar protein

synthesis compared with high intensity (90% 1-RMjhwlow volume resistance
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exercise in young males. The authors also repdhadthe low intensity resistance
exercise had more prolonged muscle protein syrghedes compared to the high
intensity exercise at 24 hours after exercise.
Resistance Exercise Volume

Exercise volume is one of the intaont variables when constructing a
resistance exercise training protocol to maximizescalar strength. Resistance
exercise volume is quantifiable by the number gietgions and sets. A variety of
resistance exercise protocols can improve muscsetaength and it is well
documented that multiple sets per exercise produeater muscular strength gains.
Kraemer et al*’ investigated the effects of a single set of rasist training exercise
to failure and 2 multiple-set protocols on the 1Riuat and indicated multiple sets
not performed to failure produced greater muscugarovement than a single set in
the 1-RM squat even though 1-RM squat improvedifsogmtly in all groups.

Ostrowski et al®* investigated the influence of exercise volume on
muscular hypertrophy, strength and power in avetesjeed participants over a 10-
week training period. Thirty five male subjectsrev@ssigned to one of three groups:
low volume group (3 sets), moderate volume groupgi®), and high volume group
(12 sets). Subjects were measured for musculaertrgphy, strength, peak power,
and hormonal changes (testosterone and cortidtig authors reported that all three
training groups had similar improvements in muscsgkaength and power and the
trained subjects did not significantly change stasterone or cortisol levels in any of

three groups.

Another study by Hass et &l.investigated the effect of 13 weeks of
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increasing training volume from one to three sets muscular strength, body
composition and muscular endurance. Forty twoeadmnal weight lifters were

assigned to one of two groups: a one set exercag@r a three set exercise group
three times per week for 13 weeks. The authorsrteg that both groups had
significant improvement in muscular strength, milscendurance and lean body
mass.

McBride et aP? assessed the effects of single versus multiple eét
resistance training on muscular strength, EMG, @&ody composition in 28
untrained men and women following 12 weeks of tasie training. Participants
were randomized to either performing one set, twe$ per week or performing six
sets, two times per week. The participants perdarnieg press and bicep curl
exercises. There were no significant changes an leody mass for either group,
however, both groups increased muscular strengblotim the leg press and bicep curl
exercises. The authors also reported that theipteuiet resistance exercise training
group had greater muscular strength gains comptrdtie one set of resistance
exercise training group.

Marx et al’ designed a study to determine the association leehezercise
volume and muscular adaptations in 34 females atlg 24 weeks of resistance
training. The females subjects were assigned ® ainthree groups: low volume
group (single-set circuit), high volume group (peized high-volume multi-set), and
control group. Subjects were measured pre-trajrafigr 12 weeks, and 24 weeks of
training for muscular hypertrophy, strength, povesrdurance, and hormonal changes.

The authors reported that the high-volume group beshter improvements in
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muscular strength, muscular power, and musculanrande compared with the low-
volume training group. They also reported that kthgh-volume training group

increased lean body mass. The resting serum tesioe and IGF-1 values were
higher in the high-volume training group while thesting cortisol concentrations
were lower when compared to the low-volume exerceaing group.

Muscle Contraction Speed

Young and Bilb§® conducted a 7 % week study examining the effetts o
contraction speed on muscular strength, power, hapgdertrophy in untrained
participants. Subjects were assigned to one of (fast vs. slow group) training
groups. Both exercise groups completed 4 setsl@ &petitions half squat exercise
using 8-12RM. The fast group was supervised talgonthe concentric phase of the
exercise in a fast controlled manner while the sgpaup was supervised to lift in a
slow controlled manner. The authors concluded Iblo#t groups improved similarly
in muscular hypertrophy while the slow group insesh less than the fast group on
maximum rate of force development (23.5%: slow gras. 68.7%; fast group).
However, the slow group had greater improvementahsolute isometric strength
than the fast group (31.0%: slow group vs. 12.48%t §roup).

In an 8-week study (3days/week),[Bhene et al® investigated the effects
of contraction speed muscle on fiber hypertropfiwelve young subjects performed
maximal isokinetic eccentric exercise, one arm kwsspeed and the other
(contralateral arm) at fast speed. Before andr &teveeks of training, muscle

biopsies were analyzed to identify muscle fibereyand muscle fiber cross-sectional

areas. The authors reported both arms had incteagscle fiber size for type I, type
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lla, and lIx muscle fibers after 8-weeks of traminHowever, type lla and type lIx
muscle fiber cross-sectional areas were greaténdanfast-trained arm. This study
also showed there was a significant increase inptreentage of type lIx isoforms
and MHCIIx content in the fast-trained arm. Thehaus concluded that the fast-
trained arm leads to greater muscle fiber hypehyoand a shifting in the MHC
expression compared with the slow-trained arm a8teweek eccentric isokinetic
training.

Morrissey et al® investigated the influence of training velocityvireight-
resistive-dynamic exercise. Twenty four untraifiechales were assigned to either
fast training group (1-sec lift phase, 1-sec lopease) or slow training group (2-sec
lift phase, 2-sec lower phase) three sets 8-RM7faweeks. Both fast and slow
training groups showed similar improvement in ggtantests which did not support
the concept of velocity training specificity for ightlifting exercise.

Another study by Munn et & examined the effect of number of sets (1 set
vs. 3 sets) and contraction speed on musculargitre©ne hundred fifteen untrained
subjects were assigned to one of five groups (obgtoup, one set slow group, one
set fast group, three sets slow group, or threefast group). All subjects in the four
training groups exercised unilateral elbow flexiexercises with 6-8 repetitions, 3
times per week, over 6 weeks. The authors repdhidthe exercise groups which
utilized multiple sets of exercises improved sig@ntly more in muscular strength
than one set exercise groups, and the fast spaedng groups showed greater
muscular strength gains compared to the slow spa@ung groups. The authors

also mentioned that the influence of contractioeesbon muscular strength was less
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than the influence of the number of sets compldtacee set vs. one set: 23%
increase in strength, fast vs. slow contractioredp&1% increase in strength).

Kaneshisa and Miyasfitareported that slow speed training was an
effective exercise protocol to increase power outfuthe knee extensor muscles.
Twenty-one men aged 23-25 years were assignedetofothree experimental groups
and trained on an isokinetic dynamometer for 8 weskthree specific speeds (1.05
rad-§', 3.14 rad-$, and 5.24 rad"y. Subjects were tested pre and post trainingon a
isokinetic dynamometer for measuring maximal kngeresor power at five different
velocities (1.05 rad’s 2.09 rad-$, 3.14 rad-$, 4.19 rad$, and 5.24 rad¥. The
authors indicated that the slow speed training groad significant gains in power
output at all five different speeds. However, tleestfspeed training group had
significant gains in power output at the fast sgeed

SuperSlow Resistance Exercise

Resistance exercise at fast contraatelocity and high intensity would not
be adequate for some individuals. Thus, it is resngsto develop appropriate
exercise resistance regimens with lower mechangtedsses. Keeler et Hl.
investigated the effects of traditional resistar{@®) training versus SuperSlow
resistance (SS) training on muscle strength anobaecapacity. Fourteen sedentary
women aged 19-45 years (mean 32.7+8.9 years) wdwmed as subjects and
performed 8 Nautilus exercises 3 times per week Iforweeks. The subjects
performed each exercise with one set of 8-12 repes$i to muscular failure. The
intensity for the TR group was 80% 1-RM while the §oup used 50% 1-RM. Both

TR and SS groups increased their strength signifigan all 8 resistance exercises,
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however, the TR group had significantly greatereases than the SS group on 5 of
the 8 exercises (torso arm (27% vs. 12%), leg siwen(56% vs. 24%), leg press
(33% vs. 7%), bench press (34% vs. 11%), and leg(40% vs. 15%)). This study
did not find any significant changes in aerobicam@ty, body fat, lean body mass,
and body weight for either group following training The ineffectiveness of
SuperSlow training by Keeler et ¥lmay be the result of lower training volume in
compared to the traditional resistance exercisa@ro

Hunter et af' examined cardiovascular responses and metabolisingd
both traditional and SuperSlow training. Restingrgy expenditure was measured in
a 12-hour fasted state before exercise and 22 haftes both SuperSlow and
traditional strength training exercises. The tiad#l exercise group performed 2 sets
of 8 repetitions for 2 minutes (25% 1RM) whereds SuperSlow exercise group
performed one set of 8 repetitions for approximyater 30 sec (65% 1RM). The
heart rate was lower in the SuperSlow exercise @uhring exercises and total net
energy expenditure for the SuperSlow exercise grags lower than for the
traditional exercise group (155 * 28 kcal vs. 102& kcal). Thus, the authors
indicated traditional strength exercise had greaterease in energy expenditure
compared to SuperSlow exercise training.

Neils et &F investigated muscular adaptations to traditional uperSlow
resistance training. After 8 weeks of traininge t8uperSlow training group had
significant strength gains for the squat (3.6%) aedch press (9.1%). Traditional
training group (80% 1RM) also showed a significemprovement for the squat and

bench press (6.8%, 8.6% respectively). Althougb thsearch study indicated there
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was no difference in strength improvement betwesa groups, the traditional
training group had more peak power gains than tipefSlow training group.

A recent study by Kim et*linvestigated the effectiveness of SuperSlow
compared to traditional resistance training in nolesc strength, flexibility, and
aerobic capacity after four weeks of training. Tdreginal hypothesis was that the
SuperSlow training group would improve more in &&ocapacity and flexibility
than the traditional training group even if thereuhd be no significant difference in
muscular strength between two groups. Both grexperienced muscular strength
improvements following five exercises (shouldersgtechest press, leg press, low
row, and lat pull down) after four weeks of traigirhowever, only the traditional
training group showed significant improvement inscwlar strength. Neither group
had significant improvements in aerobic capacity #exibility.

Summary

Traditional resistance exercise resitsimilar or greater muscular strength
gains compared to SuperSlow resistance exercisadiuall people can train with
high loads. While there are no published studiastlte hormonal changes to
SuperSlow exercise, it is possible that SuperSksvaise may enhance the hormonal
responses compared to traditional resistance migainResearch designed to elucidate
the hormonal responses to SuperSlow resistancecisgewould contribute to an

understanding of the potential mechanism underl§egmuscle hypertrophy.
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CHAPTER 1l
METHODOLOGY

A well-established body of evidence exists regaydire acute endocrine response
to a bout of traditional resistance exercise in naad women; however, SuperSlow
resistance exercise studies have not investigaeerndocrine responses and have been
confounded by differences in SuperSlow exercisd¢opmds and experimental designs.
The acute response of hormones to a single borgsidtance exercise might help plan
future resistance exercise interventions for muscstrength. The aim of this study was
to investigate the acute hormonal responses ofdifferent resistance exercise protocols
that have similar exercise volumes but differ imtcaction speed and intensity in college
aged men. To our knowledge, this is the first gttitht has investigated the endocrine
response following a bout of SuperSlow resistaxezese.
Subjects

Thirteen healthy college-aged males (18-35 yellsparticipated in this study.
The participants were physically active, but theavédn not participated in a regular
structured resistance or aerobic training programaf least 4 months prior to this study.
Participants were instructed to refrain from anyreise and subjects were provided
examples of the type of meal to eat the day be&meh exercise session. Prior to
participation, all subjects were informed of theks associated with this research study.
After obtaining informed consent, subjects commlajaestionnaires and pre-testing prior
to participation in the study and were familiariagdh the study procedures during the
week prior to implementation of the training pragralhe study was approved by the

University of Oklahoma Institutional Review BoardrfHuman Subjects. A non-
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probability sampling technigue was used becausgsutecruitment involved voluntary
participation.  Subjects were recruited from theivdrsity of Oklahoman and
surrounding area through word of mouth, e-maiéri Based on a power analyses, the
number of subjects needed ranged from 5 — 15 tewaeta power > 0.80 with an alpha
level of p< 0.05.

Inclusion Criteria

1. Subjects were male between the ages of 18-35.yea

2. Subjects were free of chronic back or any jpnobblems.

3. Subjects were free from hypertension@rdiovascular diseases.

4. Subjects were not taking any nutritional sup@ata or exogenous hormones.

Exclusion Criteria
1 Subjects outside the 18-35 age range
2. Subjects not currently participating in exer@seh as resistance training or any
moderate to high-intensity aerobic eisss within the last 4 months prior to
study.
3. Subjects not able to perform the physical eftort
Experimental Design
This research was a randomized crossover desighich participants completed
two exercise protocols. Thirteen males aged 18¢8&rs from the University of
Oklahoma, Norman, and Oklahoma City and its sumowmn area were consented,
screened, and randomly assigned to one of exeraisése separate day. Subjects
performed a 5-minute warm-up at moderate intensitya stationary bike. During the

study intervention, subjects were instructed taioore their normal life.

25



Experimental Protocol

A familiarization session took place during thstfweek. This session was used
to familiarize subjects to each exercise and tgsprocedures and involved subjects
performing maximal muscular contractions. An add#l goal of the familiarization
session was to introduce subjects to the Super®bmvcise procedures. Participants
were instructed how to perform each resistanceceseemn a safe method. Although this
study was not a true random sample of participathis, participants were randomly
assigned to either a traditional high intensityreis® protocol or a SuperSlow resistance
exercise protocol each test day. Before startmgginitial testing, the participants read
and signed an informed consent form and compléteadth Status and Physical Activity
Readiness Questionnaire. Subjects in the twotaesis exercise protocols performed the
same four lower and upper body exercises (uppey badrcise: shoulder press, biceps
curl, chest press, low row; lower body exerciseseekextension, knee flexion, two-leg
press, and calf raises), however the exercisesiiies, contraction speeds, and protocols
were different.

The traditional resistance exercise protocolz€di three sets of eight repetitions
at 80% 1-RM for each exercise. The contractionedpfor this resistance exercise
protocol was 1.5 seconds concentric and 1.5 secewdsntric. The SuperSlow
resistance exercise protocol utilized 1 set of emdadrcise until failure at 50% 1-RM.
The contraction speed for this resistance exenvse ten seconds concentric and five
seconds eccentric. There was one minute restgobabveen all sets and a one minute

rest between different exercises. Subjects westeucted and encouraged by researchers

26



to complete the prescribed number of repetitionsdach exercise and all exercises
completed were recorded.

The Borg Rating of Perceived Exertion (RPE) andhPaiale was used to assess
effort and discomfort after each set of exercisgng the training sessions.
Questionnaires

All subjects filled out and signed an informed camsand completed a health
status, Physical Activity Readiness QuestionnaifRAR-Q). The health status
guestionnaire and PAR-Q was used to determine dayi@nal exclusion criteria.

RPE (Rating of Perceived Exertion) and Pain Scales

The RPE and Pain scales are metfmddetermining exercise intensity and
pain levels. The scale of perceived exertion and pee subjective measurements. The
RPE and Pain scale measurements were asked whilsuttject was undertaking the
exercise. Subjects were given instructions about teointerpret the RPE and pain scales
prior to beginning exercise. The rating of pered exertion was measured using the
Borg’'s RPE scale. The range of RPE scale was f6ota 20, with 6 indicating no
exertion at all and 20 indicating maximal exertiorhe rating of pain and discomfort was
measured using the pain scale. This perceptual gEle ranged from 1 to 10, with 1
indicating no distress and 10 indicating unbeardidgess.
One Repetition Maximum (1-RM) Testing

1-RM testing was performed to measure maximumngthefor lower body (knee
extension, knee flexion, two leg press, and cafes) and upper body exercises (biceps
curl, chest press, shoulder press, and low rowseres of sub-maximal warm-up trials

for each exercise at 50% of their perceived maxieftdrt was performed by subjects
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before actual 1-RM testing. Weight on the Cybextas@ weight machines was
incrementally increased until subjects reached rieximum weight that could be
successfully lifted in one repetition. One minuéstrperiods were given between each
attempt. 1-RM was measured within four to six sial
Blood Samples

Blood samples (approximately 6 mgrev collected at the beginning of each
exercise session day, immediately after completbrexercise and 15 minutes later.
After blood samples were obtained, two capillafyetsi were used to measure hematocrit
in duplicate and a drop of blood was used to astesate before the blood was
centrifuged (Centra CL3R Refrigerated Centrifugdjeifno Electron Corporation,
Waltham, MA) and the serum was transferred intorotubes. All blood samples were
obtained following an 8 hour overnight fast. Blosaimples were stored at -80°C freezer
in the Bone Density Laboratory. Hematocrits wesedito determine changes in plasma
volume. The blood tests performed were non-diagmossts, which were only used to
compare the effects of the two different resistasmoercise protocols. Whole blood was
analyzed for lactate concentrations before exes@asel immediately following exercises.
Hormone and Skeletal Muscle Damage Marker Analyses
1. Testosterone

The serum testosterone was measuratliplicate using an enzyme linked
immunosorbent assay (ELISA) technique, based omtineiple of competitive binding.
Enzyme activity was determined testosterone conagorms are then calculated from a

calibration curve fit with a quadratic equation. ssay protocol was performed to
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manufacturer's procedures. The range of intrayassad inter-assay coefficient of
variation were 0 to 16.7% and 6.9 to 16.9%, respelgt

1) All serum and reagents were allowed to reach raamperature.

2) Dispense 25 pL of each standard into appropriatks we

3) Dispense 25 pL of controls into appropriate wells.

4) Dispense 25 pL of samples into appropriate wells.

5) Add 200 pL enzyme conjugate into each well.

6) Incubate for 60 minutes.

7) Wash the wells 3 times with diluted wash solution.

8) Add 200 pL of substrate solution to each well.

9) Incubate for 15 minutes.

10)Add 100 pL of stop solution to each well.

11)Tubes was mixed by tapping plate and incubatedainrtemperature for 10

minutes.

12)Microtiter plate was read in the BioRad 680XR PRe&ader.

2. Cortisol
The serum cortisol was measured uplidate using an enzyme linked

immunosorbant assay technique (ELISA). Enzymevisigtiwas determined serum
concentrations are then calculated from a calibnaturve fit with a quadratic equation.
The assay protocol was accurately performed to faaturer’s procedures. The range of
intra-assay and inter-assay coefficient of varratreere 0.9 to 7.5% and 9.4 to 13.6%,
respectively.

1) All serum and reagents were allowed to reach raamperature.
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2) Dispense 20 pL of each standard into appropriatks we
3) Dispense 20 uL of controls into appropriate wells.
4) Dispense 20 pL of samples into appropriate wells.
5) Add 200 pL enzyme conjugate into each well.
6) Incubate for 60 minutes.
7) Wash the wells 3 times with diluted wash solution.
8) Add 100 pL of substrate solution to each well.
9) Incubate for 15 minutes.
10)Add 100 pL of stop solution to each well.
11)Microtiter plate was read in the BioRad 680XR PRe&ader.
3. Creatine Kinase
The serum concentration of creatkiease (CK) was assessed by using
EnzyChrom creatine kinase assay kit (Bioassay 8ystéayward, CA). The assay
protocol was performed according to manufactunertcedures.
1) All serum and reagents were allowed to reach raamperature.
2) Reagent substrate solution was prepared.
3) Add 110 pL deionized water in the first two wells.
4) Add 10 pL calibrator + 100 pL water in th€ 8nd 4" wells.
5) Add 100 pL reconstituted reagents into wells with 1L unknown into
appropriate wells.
6) Microtiter plate was mixed by tapping plate and uipated at room

temperature for 10 minutes.
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7) Microtiter plate was read at 10 min and again 4@ ati OD 340 nm in the

BioRad 680XR Plate Reader.

4. Whole Blood Lactate
Three fingertip blood samples (approxighat0.7uL by volume or about 8

drops) were collected by the same investigatorrpoothe start of the exercise bout,
immediately following the exercise bout, and 15 ut@s after exercise bout. The
subjects’ finger was cleaned with alcohol solutjomor to testing. Fingertips were
pricked with a lancet, and the finger was lighttjusezed to form a drop of blood to be
collected for determining lactate. After calibrafi the Accusport portable lactate
analyzer (Boehringer Manheim Corporation, IndiarnigpdN), a test strip was inserted at
the bottom of the analyzer. A drop of blood waantiplaced on the yellow target area of
the test strip, and the lactate values were deteuinin about 1 minute.
5. Hematocrits

Hematrocrits were analyzed for esghject at each time point. Two capillary
tubes were filled with whole blood obtained frone thacutainer immediately after each
blood draw. The blood in the capillary tubes whswaed to clot for five minutes and
then centrifuged in a crit-spin micro-centrifugedqdiel M961-22, Statspin Inc., Norwood,
MA). Capillaries were placed in a digital hematbceader (crit-spin Model SI 20-22,
Statspin Inc., Norwood, MA) and analyzed for petdéf) hematocrit to estimate plasma
volume change between blood draws. Percent ch@tgein plasma volume was
estimated using the following equation: (100/ (M- pre)) * 100((Hct pre-Hct

post)/Hct postf?
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Statistical Analysis

All values were reported as mean and standaad efithe mean. To ensure pre
exercise hormonal values were stable across theliffesence exercise sessions, a paired
sample t-test was calculated to check mean valdesvo-way (protocol (2) x time (3))
repeated measure ANOVA was used to compare theteié the 2 exercise protocols on
hormonal responses for both corrected and uncedevtlues. If there were any
significant time effects then a paired sample tess used as a post-hoc procedure. The
data was analyzed by SPSS 19.0 (SPSS Inc., ChittggoAll statistical analyses used a

p<0.05 level of significance.
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CHAPTER IV
RESULTS AND DISCUSSION

The purpose of this study was to exantineeacute effects of low-intensity slow
contraction speed resistance exercise (50% 1-RMhpeoed to traditional high intensity
(80% 1-RM) resistance exercise on hormonal respoimseollege-aged males. Thirteen
college-aged male subjects participated in thidystu
Subject Characteristics

Table 1 displays the baseline physicahratieristics of the subjects for the
following variables: age, height, and weight.

Table 1. Baseline Physical Characteristics (n =13)

Variable Mean + SE
Age (years) 21.69+0.94
Height (cm) 181.53+1.70
Weight (kg) 79.55+3.19

Muscle Strength
Table 2 displays the 1-RM muscular sttenglues (kg) for shoulder press, chest

press, low row, biceps curl, knee extension, kieedn, leg press, and calf raises.

33



Table 2. Muscle strength (1-RM) for Each Muscle Goup

Variable 1 RM (kg)
Shoulder Press 61.84 + 3.92
Chest Press 61.36 + 4.39
Upper Body
Low Row 65.99 £ 2.77
Biceps Curl 43.49+294
Knee Extesion 81.51 +3.62
Knee Flexion 85.45 + 3.62
Lower Body
Leg Press 176.92 + 7.54
Calf Raises 79.51 £ 2.57

Values are expressed as Mean * SE.

Lower body 1 RM’s were approximately 33#%gher, on average, compared to
upper body values. The biceps had the lowest 1vRIMes (43.49 + 2.94 kg) and the leg
press had the highest 1 RM value (176.92 + 7.54 kg)

Training Volume

In Table 3 the results from a paired sample t-éestshown which compared the
mean values of training volumes for each musclaugrbetween exercise conditions.
Paired t-tests detected significant higher exereidames for shoulder press (p=0.026),
low row (p=0.015), bicep curl (p=0.006), knee exien (p=0.003), knee flexion
(p=0.001) in upper body muscle groups and leg pfes6.011) in lower body muscle
groups between two exercise conditions. Pairegktt-also detected no significant
differences in exercise volumes for chest pres9.45Y) and calf raises (p=0.767).
There were no significant differences in exercistumes between conditions for total

upper body values but the SS condition had a sogmfly higher (p = 0.007) total lower
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body volume compared to TR condition (7354 + 703 Jy@ysus 6096 = 356 kg,

respectively).

Table 3. Comparison of Exercise Volume Measures agss Both Conditions for Each Muscle

Groups
Muscle Group SS TR t value P
SP 3050 + 316 3562 + 225* -2.54 0.026
CP 3227 £ 291 3534 + 252 -1.51 0.157
Upper
LR 4792 + 385* 3801 + 159 2.85 0.015
Body
BC 2194 + 215** 1565 + 105 3.35 0.006
TOTAL 3316 +£198 3115 + 157 1.36 0.181
KE 3513 + 305 4695 + 208** -3.67 0.003
KF 7418 + 643** 4921 + 208 4.61 0.001
Lower
LP 14008 + 1464* 10190 + 434 3.02 0.011
Body
CR 4476 + 395 4579 + 148 -0.30 0.767
TOTAL 7354 + 703** 6096 + 356 2.797 0.007

Values are expressed as Mean + SE.
SP: Shoulder Press, CP: Chest Press, LR: Low R@wvBiceps Curl, KE: Knee Extension, KF:

Knee Flexion, LP: Leg Press, CR: Calf Rai&S; SuperSlow, TR: Traditional.

Exercise volume for SS calculated as: 50% of 1-RY) & Repetitions x 1 set x Contraction time

(15 seconds). Exercise volume for TR calculatedB@%b of 1-RM (kg) x Repetitions x 3 sets x

Contraction time (3 seconds). *Statistically siggaht difference between TR and SS (p < 0.05).
**Statistically significant difference between TR&SS (p < 0.01).

Hormone and Creatine Kinase Responses

Table 4 shows the results from baselfRE) stability measures for each variable.
There were no significant mean differences for yakies of CK, TES, COR, LA, and

Hct from the two different exercise conditions (8tfplow and Traditional).
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Table 4. Baseline Stability Measures for CK, TES, OR, LA, and Hct from Paired Sample
t-test

n t value p
CK (Pre SSvs. Pre TR) 13 -1.304 0.217
TES ( Pre SS vs. Pre TR) 13 1.119 0.285
COR (Pre SSvs. Pre TR) 13 0.799 0.440
LA (Pre SSvs. Pre TR) 13 -0.281 0.783
HcT ( Pre SS vs. Pre TR) 13 1.243 0.238

Exercise condition, SS: SuperSlow, TR: TraditioRRE: Pre Exercise, CK: Creatine Kinase,
TES: Testosterone, COR: Cortisol, LA: Lactate, Htgmatocrit.
t value from paired sample t-test

Based on the paired sample t-test aisalfbere were no mean differences
between baseline (PRE) values for creatine kintestpsterone, cortisol, lactate, and
hematocrits for the two different exercise protsc@uperSlow and Traditional). All pre
exercise outcome variables were within normal ranf@ expected concentrations
(expected normal resting values for CK: 38 — 12D,0JES: 2.0 — 6.9 ng/mL. COR: 43 —
200 ng/mL, LA: 0.5 — 2.0 mmol/L, Hct: 39 - 49 %)Overall, PRE values were
considered to be essentially the same for the twndlitions.

The uncorrected and corrected values oy €stosterone, cortisol, Hct (%), and
blood lactate across each time point are shownahlelr'5. There were small non-
significant increases in CK from PRE to IP for batle SS and TR exercise conditions
but there was a somewhat greater % increase vatiifhexercise condition (SS: 14.74%
versus TR: 39.59%). Testosterone increased sfiditin PRE to IP exercise with both
exercise conditions (8.04 + 1.07 to 8.25 £ 1.373& and 7.32 £ 0.98 to 8.50 + 25 for

TR) but significantly decreased {p.05) from IP to 15P exercise for both exercise
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conditions (8.25 + 1.37 to 7.38 = 1.26 for SS a8t 1.25 to 6.94 + 0.88 for TR).
There was a significant time effect for Cortisoktlwincreases from PRE to IP exercise
for both SS and TR (about 50 ng/mL each) and sma#lereases from IP to 15P exercise
for both exercise protocols. However, when a post-analysis was completed, there
were no significant changes between the time p@p#6.059 for PRE versus IP). There
was a significant time effect for hematocrits<@5) with the post-hoc analyses
indicating a significant increase from PRE to IFerexsse (0.01) and there was a
significant decrease from IP to 15P exercis€0(P1). Blood lactate values significantly
increased (90.01) from PRE to IP time points for both condigg®.79 to 8.91 mmol/L

for SS condition and from 0.82 to 10.13 mmol/L &R respectively).
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Table 5. Descriptive Data for Values across Each ifie Point

Condition
Variable n Time Point
SS TR
CK (U/L) PRE 41.16 +4.09 59.08 + 14.62
Uncorrected IP 47.32 +4.87 64.62 +£11.83
13 15P 46.24 + 4.69 64.56 +12.17
Corrected IP 42.16 + 4.27 53.94 +10.20
15P 45.84 + 4.18 65.88 + 12.58
PRE 8.04 +1.07 7.32+0.98
TES (hg/mL)
IP 8.25+1.37 8.50+1.25
Uncorrected
13 5P 7.38 £1.26* 6.94 + 0.88*
IP 7.34+1.17 7.17 £1.09
Corrected
15P 7.35+1.21 7.13+0.93
PRE 166.67 + 15.13 157.56 + 8.78
COR (ng/mL)
IP 216.08 + 18.16 201.03 +19.34
Uncorrected
13 15P 196.92 + 20.36 198.08 +17.71
IP 196.16 +19.34 170.61 +£18.17
Corrected 15P 198.63 +£21.70 202.44 +18.62
PRE 4581 +0.72 45.25 + 0.57
Hct (%) 13 IP 48.65 + 0.82* 49.69 + 0.47*
5P 45,79 + 0.88* 44,79 + 0.63*
PRE 0.79+0.17 0.82 £ 0.09
LA (mmol/L) 13
IP 8.91 + 0.63** 10.13 + 0.60**

Values are Means + SE. CK: Creatine Kinase, TEStoeterone, COR: Cortisol, LA: Lactate,
Hct: Hematocrit. SS: SuperSlow, TR: Traditional, PRPre Exercise, IP: Immediate Post
Exercise, 15P: 15 minutes Post Exercise<0.p5 IP versus15Pp<0.05 PRE versus IP; ¥0.05

IP versus 15P; and *¥0.01 PRE versus IP.
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Figure 1. Uncorrected and Corrected CK Values from Pre tarl® 15P (15-min) after Exercise

Conditions. SS, SuperSlow; TR, Traditional; CK, &nee Kinase.
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Figure 2. Uncorrected and Corrected TES Values from Pi@ tand 15P (15-min) after Exercise
Conditions. SS, SuperSlow; TR, Traditional; TESstdsterone.
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Figure 3. Uncorrected and Corrected COR Values from Pr@tand 15P (15-min) after Exercise
Conditions. SS, SuperSlow; TR, Traditional; CORt{Sol.

Figure 1, Figure 2, and Figure 3 display the camspa between uncorrected and
plasma volume shift corrected CK, TES, and COR Itevespectively. Plasma volume
decreased approximately 10% for SS condition anéo 1®r TR condition for
immediately after exercise. Two way ANOVA withpeated measures detected no
significant condition main effect, time main effextcondition x time interaction for CK,

TES, and COR corrected levels.
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Table 6. Percent Change for Each Variable

Variable Comparison SS TR t P
LA (%) PRE - IP 1389 + 204 1266 *+ 508 0.91 0.380
-10.35
Plasma PRE - IP -16.0 £ 2.27 2.01 0.067
2.67
Volume (%)
PRE - 15P 0.32+1.94 2.18 +2.22 -0.57 0.578
14.74
PRE - IP 39.59 + 14.39 -1.59 0.138
2.69
CK (%) IP - 15P -1.85+1.94 -1.28+3.54 -0.14 0.894
12.26 £
PRE - 15P 37.52+13.04 -1.92 0.080
2.34
PRE - IP 0.96+4.39 15.39+7.38 -1.59 0.137
TES (%) IP - 15P -6.97 £5.01 -15.72+4.40 1.18 0.261
PRE — 15P -549+6.70 -542+3.79 -0.01 0.994
55.08 +
PRE - IP 32.46 + 15.02 0.71 0.489
29.56
COR (%) IP - 15P -9.25+3.70 0.75+4.62 -1.42 0.180
41.29 +
PRE - 15P 31.16 £ 14.83 0.33 0.744
26.94

Values are expressed as Mean * SE.
CK: Creatine Kinase, TES: Testosterone, COR: GurtlsA: Lactate, Hct: Hematocrit, PRE: Pre
Exercise, IP: Immediate Post Exercise, 15P: 15 tamBost Exercise. % Change Plasma Volume
calculated as (100/ (100-Hct PRE) x 100((Hct PRE-fPtist)/Hct Post). % calculated as ((IP —

PRE)/PRE) x100, ((15P — IP)/IP) x100, or ((15P EFRRE) x100.

The results from a paired sample t-testsbhown (Table 6) which compared the

mean values of percent changes between each times gor the SS and TR exercise
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conditions in Table 6. CK had a greater % chawngé¢he TR exercise condition (~ 40%)
versus the SS exercise condition (~ 15%) from PREPtbut they were not statistically
different (p = 0.138). There was also a greateclange from PRE to 15P for TR
(~38%) than SS (~12%) but once again this differemas non-significant (p = 0.080).
Testosterone had a higher % change after the TRisggPRE to IP) but there was no
significant difference between exercise protocdls.4% versus 1%; p = 0.137). There
was a larger percent decrease in testosterone firoto 15P for the TR condition (-
15.7%) compared to the SS condition (-7%) but theye not significantly different from
each other (p = 0.261). There was no significaffiérénces between the two exercise
conditions in cortisol response from PRE to IP (p.489) but the change was larger the
SS condition (55%) compared to the TR conditior?432 Blood lactate had a greater %
change for the SS exercise condition (1389%) fréti o IP versus the TR (1266%) but
they were not significantly different from each eth( p = 0.380). In both exercise
conditions, plasma volume decreased from PRE t(SH 10% versus TR: 16%) but
there was no significant difference between exercsnditions from PRE to IP (p =

0.067).
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Figure 4. Mean Testosterone Responses across Time for batitigEe Conditions. Significant
time effect* p< 0.05 for IP vs. 15P. Values are Mean + SE.

Figure 4 shows there was no conditionnmeffect or no condition x time
interaction effect for the testosterone responssyelver there was a significant time
effect for IP to 15 min time point (p = 0.012)hdre were no significant main effects for
condition or time or no significant interaction whihe analysis was run with the plasma

corrected testosterone values.
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Figure 5. Mean Hematocrit Responses across Time for bothcies Conditions. Statistically
significant time main effect ** p < 0.01, statesily significant condition x time interactidnp
< 0.05. Values are Mean  SE.

Figure 5 shows there was a significamtdition x time interaction effect (p =
0.021) and a significant time effect (p = 0.001)ewHooking at the hematocrit change,
but no significant main effect for condition. Thewas a significant increase in
hematocrit immediately post exercise compared ®ovalues (p=0.000) and there was
also a significant decrease 15 min post exercisepaoed to immediately post exercise
(p=0.000). There were no significant main effdotscondition or time or no significant

interaction when the analysis was run with thempiasorrected hematocrit values.
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Figlljsre 6. Mean Cortisol Responses across Time for both EseConditions. Values are Mean
+ SE.

Figure 6 displays the cortisol valuesoasrtime for both conditions. There was no
significant main effect for time or condition and rsignificant condition x time
interaction for the cortisol response indicatingsimilar change in cortisol for both
exercise conditions, however there was a trendafeignificant time effect (p = 0.059)
from PRE value to IP values. There were no sigaifianain effects for condition or time
or no significant interaction when the analysis was with the plasma corrected cortisol
values.

Figure 7 and Figure 8 (Appendix 1), bolhstrate the TES changes from PRE to IP
for each subject individually for the SS and TRiges\ce exercise conditions. Eight of
the 13 subjects in the TR condition had increasdsstosterone from PRE to IP whereas

only 4 of the 13 subjects in the SS condition haticeable increases in testosterone.
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The number of subjects that demonstrated a decnedsstosterone from IP to 15P was
similar for both conditions (8 for SS and 11 for)TiR Figure 9 and 10 (Appendix I). The
individual responses for testosterone from PRESB Were similar for both exercise
conditions (Figure 11 and 12, Appendix I).

In general most subjects had an increaseeatine kinase from PRE to IP exercise
although the magnitudes of the response were gréatesubjects in the SS condition
compared to the TR condition (Figure 13 and 14, exmhx I). It is also interesting to
note the large decrease in CK for one subjectenTiR condition following the exercise
session. The individual responses for CK fromoR%P for both conditions were similar
with about half of subjects demonstrating an inseeand about half of the subjects
demonstrating a decrease (Figure 15 and 16, Appdéndi

Changes in CK from PRE to 15P were simidahe responses from PRE to IP with
the same individuals in the TR condition demonstgat large decrease (Figure 17 and
18, Appendix ).

Figure 19 and 20 (Appendix I) display the COR clenffom PRE to IP for each
participant individually for the SS and TR resistarexercise conditions. The number of
subjects that demonstrated an increase in COR #&& to IP was similar for both
exercise conditions. The individual changes in G IP to 15P were similar between
the two exercise conditions (Figure 21 and 22, Aydpe l). Figure 23 and Figure 24
(Appendix 1) show the COR changes from PRE to IsR&ch subject for the SS and TR
resistance exercise conditions. Most subjectsath bhe SS and TR conditions had
increases in cortisol values when assessed fromtBREP, however, about one third of

the subjects in both conditions also had smalleheses.
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Figure 25 and Figure 26 (Appendix l),ttbehow the individual lactate
responses from PRE to IP for both the SS and Thstaeee exercise conditions.
Individual responses to both conditions were vemyilar with increases ranging from
about 6 to 12 mmol/L from pre- exercise values.

Rating of Perceived Exertion and Pain Scale

Table 7. RPE and Pain Scale from Paired Sample t4é

n SS TR t value p
RPE 13 16.25+£0.58 15.16 +0.28 1.746 0.103
Pain Scale 13 5.57 £0.50 4.30 + 0.49 3.105 0.909*

Values are expressed as Mean * SE.
Significant difference in RPE and Pain Scale raibgtween exercise protocols ¥0.01.

Table 7 displays the mean values for RiE for the Pain Scale for both
conditions. Mean values for RPE and Pain Scaleeglvere averaged across all 3 sets
and each exercise for the TR condition and acrdisexarcise for 1 set for the SS
condition. The Pain Scale was significantly défer between exercise conditions with
the ratings being higher for the SS protocol a#tér8 resistance exercises (p=0.009).

However, there was no difference in RPE ratings/beh exercise conditions (p=0.103).
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DISCUSSION

The purpose of the current study wasotmmare the acute effects of low-intensity
(50% 1-RM) resistance exercise with slow speedraction and high-intensity (80% 1-
RM) traditional resistance exercise on creatine@&@) lactate, and hormonal responses in
college-aged men. To our knowledge, this is tha Btudy of a randomized cross-over
trial to determine the acute hormone responses 85 aesistance exercise protocol.
These current findings will assist in observing waeute hormone concentrations occur
as result of exercise contraction speed and exeiotensity manipulation, and may
provide hypothetical insight into chronic resistanexercise training adaptations. In
general, the results indicated that slow speedractbn resistance exercise and
traditional resistance exercise had similar respsran hormonal changes. These data
indicate, with this type of slow contraction, lowetensity resistance exercise used in
this research study, individuals may be able tim tnath lower weights and only 1 set but
still benefit from muscle hypertrophy based onghdocrine responses in this study.
Testosterone Responses

Acute increases in testosterone afteistaate exercise plays a major role in
skeletal muscle adaptations. Acute elevationsegtosterone appear to be critical for
skeletal muscle growth. There were no significaffiects for condition or condition x
time interaction for testosterone values after @gef but there was a significant time
effect for both exercise conditions with an inceeaamediately after exercise followed
by a decrease 15 minutes into recovery. This watamed by a decrease in plasma
volume since there were no significant differencelsen testosterone values were

corrected for changes in plasma volume. Previtudies have indicated TR resistance
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exercise leads to acute increases in anabolic hessuch as testosterdfie’® **In this
present study, the highest peak testosterone ctvatiens occurred immediately after
exercise for both exercise conditions, but theseeases may be attributed to plasma
volume reductiond* Plasma volume changes should be considered ituatiray
hormone changes, since hormone effects dependeoplasma volum& The findings

of the current study were similar to previous firgh in terms of plasma volume changes.
In this study, plasma volume had a decrease of35%8.and -16.0% with SS and TR
exercise conditions respectively from PRE to IPreise.

Goto et &° showed that low-intensity resistance exercise \sitw contraction
speed (3 second for concentric contraction, 1 skdon eccentric contraction) had
greater increases in testosterone levels thanihtghsity resistance exercise with normal
contraction speeds (1 second for concentric comdrgc 1 second for eccentric
contraction). The magnitude of the elevation dftdsterone levels during resistance
exercise is dependent on several factors includx®ycise intensity, exercise volume,

and rest between séfs.”!

However, we were unable to detect any differemce
testosterone levels related to exercise intensitly the two different contraction speeds
used in the present study. This is interestingesthe SS condition had a significantly
higher exercise volume than TR exercise conditiespecially for the lower body
exercises (7354 kg versus 6096 kg, respectively)general, modifications of exercise
volume and intensity are associated with the hoahmesponsé* ° Most studies report
that high intensity resistance exercise induceseaglevations in anabolic hormone levels

such as testosterone and growth hormone. How#\aso has been demonstrated that

low-intensity resistance exercise with blood floestriction also resulted in anabolic
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hormone increasé€s. ™ In the current study, the exercise volume for $8 condition
was calculated as 80% 1RM loads, 3 sets, 8 rap®iti3 seconds per repetition when
compared to the TR condition (50% 1RM loads, 1ltsetontraction failure, 15 seconds
per repetition). The difference in exercise volsnmeay have contributed to the larger
decrease in plasma volume for the SS condition hvhegated the significant increases
in testosterone over time.
Cortisol Responses

It has been reported that resistanceceseethas a significant stimulus on acute
cortisol responses. Cortisol response to resist@axercise is related to its catabolic
function, which promotes the degradation of pratefrom skeletal muscles. Many
previous studies have reported that acute exedeidds to an increase in cortisol
concentrations dependent on the mode of resistaremise®™ °® ® However, other
studies have demonstrated that cortisol functiosssi@ess hormone, which repairs
damage during exercise by increasing protein sgigf® Therefore, resting stress
levels, including environmental factors should bassdered when measuring the cortisol
response to exerci§¢. Our data indicated that there was a non-sigaificrend for
increases in cortisol from PRE to IP although thewes substantial variability in the
changes for individual subjects. In this studgréhwas also no significant condition by
time interaction, and no significant condition maifects for the cortisol responses. The
highest peak cortisol values occurred immediatdlgraexercise for both exercise
conditions, and remained elevated at the 15P tigiet.p In the current study, cortisol
values increased by 55.08% and 32.46% for the Sb TR exercise conditions,

respectively, from PRE to IP exercise. These figdidiffer from McGuigan et &f. who
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reported a significant difference in cortisol respe between high-intensity (75% 1RM)
exercise and low-intensity (30% 1RM) in healthy meamd women from PRE to IP
exercise. These authors also reported that thee avsignificant difference in RPE
ratings between two exercise protocols (high intgng.1 vs. low intensity, 1.9),
however, there was no attempt to equate the tobak wolume between two exercise
groups. Fujita et & reported low-intensity resistance exercise witloodl flow
restriction resulted in a significant increase ortisol concentration from PRE to IP
(approximately 39%) in young healthy men. The ltssof the present study were similar
to previous studies in terms of the increased salrticoncentrations immediately
following resistance exercise. Additionally, thatal from the current study indicates that
the SS condition was as effective as the TR camditor eliciting a cortisol response.
Blood Lactate Responses

Both the SS and TR resistance exer@sditons resulted in significant increases
in blood lactate at the IP time point. In thegenet study, the magnitude of elevation in
lactate for both exercise conditions was consisigtiit previous studies that investigated
both high- and low-intensity exercise conditidiis’® > The results from this current
study revealed a mean increase in blood lactatd88®% % and 1266 % for SS and TR
conditions respectively from PRE to IP time poifthaugh there was no significant
difference between two different exercise condgidp = 0.380). A previous study
reported that the accumulation of lactate stimslateabolic hormone secretidiis This
is somewhat similar to the findings of our curretidy, in which testosterone increased
for both exercise conditions immediately after exsa. However, a study by Lagally et

al.®® reported that higher intensity resistance exescissulted in greater blood lactate
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concentrations, similar to other studfés’ ** Blood lactate increases were similar for
both exercise conditions in the current study, aatihg that low intensity SS exercise
may be just as effective as high intensity exerfmsestimulating a lactate response.
Creatine Kinase Responses

The findings of the present study did sbhow a significant increase in CK
concentrations following exercise although the élases were 14.7% for the SS condition
and almost 40% for the TR condition. Increase€knconcentrations are due to several
factors, such as the mode of physical activity, amicof muscle mass involved, and
gender®
SuperSlow Resistance Exercise Summary

SuperSlow resistance exercise regamgere developed for some individuals

who could not exercise at fast contraction velesitdr high intensities. The SuperSlow
resistance exercise protocol combined lower exeroiensities with slower contraction
velocities to achieve very large exercise volumiestheory, SuperSlow exercise training
allows the muscle to spend more time under tengen repetition by slowing the
contractions speed. Schuenke éPaompared the muscular adaptations of high and low
intensity resistance training with normal musclentcaction velocities to low-intensity
resistance training with slow muscle contractioloeiies in untrained individuals over a
6 week period. The authors reported that highasitg training with normal contraction
velocities resulted in greater hypertrophic respsnshan low-intensity with slow
contraction velocities.  Also, low-intensity tramg with slow muscle contraction
velocities had a significantly greater hypertropmscular response and muscular

strength gain compared to low-intensity trainingthwinormal muscle contraction
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velocities. A study by Shepstone efaéxamined the effects of two different isokinetic
muscle contraction velocities (3.66 rad/s vs. :8&/s) on muscle fiber hypertrophy.
The authors reported that the fast-trained arm dpaéter muscle fiber hypertrophy
compared with the slow-trained arm following 8 week eccentric isokinetic training.
Young and Bilb§® had subject complete 4 sets of 8-12 repetitionswat different
training velocities. According to their findingspth slow contraction velocity and fast
contraction velocity training groups improved sianly in muscle hypertrophy while the
slow training group had greater increases in alsadkometric strength than the fast
training group (31.0% vs. 12.4%). Keeler et ghomted that traditional heavy resistance
exercise (80% 1-RM) had significantly greater imgnments than the SS exercise group
on 5 of 8 resistance exercises following 10 weekganing although both resistance
exercise protocols resulted in increased muscength for subjects on all 8 resistance
exercises. Another SS training study by Neils | @mbserved that 8 weeks of SS
resistance training led to significant musculaemsgth improvements for the squat and
bench press, although the TR protocol had more pEaker gains. Our recently
completed study assessed the effects of SS comparddR resistance training on
muscular strength, flexibility, and aerobic capadollowing 4 of weeks training in
college-aged women. Higher muscular strength gaiosurred for the TR group
compared to the SS group while both exercise tigingroups had no significant
improvements in flexibility or aerobic capacity.néther SS training study by Hunter et
al*' reported that traditional high-intensity strengttercise resulted in greater increases
in energy expenditure compared to SuperSlow exertigining. Previous studies

comparing physiological responses between SS migiiand TR training protocol have
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reported conflicting outcomes. However, the fimgdirof this current study showed that
the two different intensity exercise protocols Isaghilar hormone responses (including
cortisol, testosterone, and lactate changes), wimaiz play critical roles for improving

muscle strength, muscle power, and muscle hypdmyrquobably were caused by the

increased time under tension during repetitiorsat velocity contractions.
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CHAPATER V
CONCLUSIONS

The purpose of this study was teestigate the acute effects of low-intensity slow
contraction speed resistance exercise (50% 1-RMhpeoed to traditional high intensity
(80% 1-RM) resistance exercise on hormonal resgoinseollege-aged males.

Research Questions
1. Will an exercise protocol (SuperSlow) based on lowntensity and high
volume produce similar endocrine responses as a ttgional high intensity,
low volume resistance training protocol.

Yes, the responses of TES and COR wendasi between the low-intensity slow
contraction speed resistance exercise (50% 1-RMhpeoed to traditional high intensity
(80% 1-RM) resistance exercise in college-aged mewgver neither protocol elicited a
significant increase in testosterone or cortisol.

2. Will the different resistance training protocols result in different amounts of
muscle damage?

No, there were similar changes in CK frBfRE to IP with both the SS and TR
exercise conditions, however perceived pain wasifesgntly higher for the SuperSlow
protocol.

The primary finding of this study wastthiae patterns of response of serum TES,
COR, and CK were similar during two different inség resistance exercise conditions.
To our knowledge, no previous study of SS exeraes® investigated hormone responses
to determine the magnitude of hormonal responsenpatin college-aged individuals.

When resistance training is adopted as a trainindatity, it is evident that the exercise
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contraction speed and exercise training volumerap®rtant factors in the composition
of the exercise physiological stimulus that incesashiormonal concentrations. The
outcomes of the present study make it helpful tdeustand that low intensity resistance
exercise combined with slow speed muscle contnagtimay prove a viable resistance
exercise method compared with traditional resistaxercise.
Clinical Significance

This research study sought to deterntieeeffects of low-intensity and traditional
high-intensity resistance exercise on hormone resg® in college-aged males. The
results of the current study supports the currgmiothesis that SS exercise protocols
could be an alternative exercise method for indigldvho are not able to participate in
regular recommended high intensity resistance eeprograms.
Suggestions for Future Research

Earlier studies examined the possibleebeial effects of SuperSlow resistance
exercise but focused on muscular strength. Theeuistudy is the first report of a
randomized cross-over design between the traditioeavy resistance exercise and low-
intensity with slow speed contractions on acutemume responses. Future studies
should include a chronic SS protocol effects onnmwre responses from long-term
exercise training as well as examination of possibeneficial effects on muscle
hypertrophy and bone health in females. Futureareh should also incorporate the use
of muscle imaging techniques so that changes irclmwsze from a long-term training
intervention can be accurately determined and pielermprovements in cortical or
trabecular bone could be differentiated.  Addidilby) further investigations may be

needed to consider the effects of age, nutritiantdke, and training status on the
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endocrine, muscle, and bone responses to chromccisg training utilizing the SS
method. The current findings support the suggestitat SS exercise could be a
beneficial alternative for individuals who cannoérform traditional high-intensity

resistance exercise, such as the elderly or tlemsvering from injury.
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Male Participants Needed!

SuperSlow Exercise (4 visits)

Purpose: To compare the acute hormonal responses to two different resistance exercise
protocols (traditional and SuperSlow) that have similar exercise volumes but
differ in intensity and contraction speed.

Who: Men between the ages of 18 to 30 vears who have not been doing regular (more than
twice per week) resistance exercise training or aerobic exercise for the past 4
months.

Where: Neuromuscular Laboratory, Department of Health and Exercise Science,
University of Oklahoma.

Total time commitment will be 2 exercise sessions that include 3 blood draws (pre-exercise, post
exercise and 15 minutes post exercise) by a nurse with each session requiring about 90 minutes.
There will be a familiarization session requiring about 60 minutes and a strength testing session
that takes about 60 minutes. If interested, contact Eon Kim at970-978-8591 or eonkim@ou.edu for

more information.

IRB number:1116

The University of Oklahoma is an equal opportunity institution.

Eon Kim

Department of Health and Exercise Science
eonkim@ou.edu

The University of Oklahoma is an equal opportunity institution.
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E-mail Message

I am inviting you to participate in a research study we are conducting. The title of the study is
“Acute Hormonal Responses after Two Different Resistance Exercise Protocols in College-Aged
Males.”

We are specifically looking for males between the ages of 18-30 years, who are recreationally
active but who not have participated in a regular (> 2 days per week) structured resistance or
aerobic training program for at least 4 months prior to this study; who have no known orthopedic
disorders that would prevent them from participating in the exercise program, and who are not
hypertensive.

We are performing this research study to compare the acute hormonal responses of two different
resistance exercise protocols (traditional and SupersSlow) that have similar exercise volumes but
differ in intensity and contraction speed in college aged men.

This study involves four visits to the laboratory: one visit for consenting and familiarization with
weight machines, one visit for strength testing for 8 resistance exercises; and two exercise testing
visits. The consenting and familiarization visit will take approximately 1 hour and the strength
testing will take about 60 minutes. Each exercise testing visit will take approximately 90
minutes to complete.

For the traditional resistance exercise protocol, participants will perform 3 sets of 8 repetitions of
each exercise (knee extension, knee flexion, calf raises, two-leg press, shoulder press, low row,

biceps curl, and chest press) at a heavy intensity, which is 80% of maximum strength (1-RM).

For the SuperSlow resistance exercise protocol, participants will perform one set of each exercise
at 50% of 1-RM, performing the maximum number of repetitions with correct form for the set.

Blood draws will be taken at three time points during each of these exercise protocols: at the
beginning of each exercise session, immediately after completion of the exercise session and 15
minutes later. The blood samples will be analyzed for testosterone, cortisol, creatine kinase,
lactate and hematocrit levels.

There will be compensation for participation in the study.

Thank you for considering participation in our study.

If you are interested or have further questions, please contact Eon Kim (eonkim@ou.edu).

= IRE NUMBER: 1116
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Pre-Screening Subjects Recruitment Form

University of Oklahoma Neuromuscular Laboratory

“Acute Hormonal Responses after Two Different Resistance Exercise Protocols

in College-Aged Males.”

NAME: DATE: PHONE NUMBER:

Inclusion Criteria- The inclusion criteria for this study requires that each subject:

YES
Male aged 18-30 yrs
Is recreationally active (not sedentary)

Has no chronic back pain or known orthopedic disorders
which would prevent participation in the exercise program

Is not hypertensive (SBP =140 and/or DBP >90)

NO

Exclusion Criteria-The exclusion criteria for this study require that each subject:

Is outside the age range

Is resistance or endurance training more than
2X per week

Has chronic back pain or known orthopedic disorders
Is hypertensive (SBP >140 and/or DBP >90

Is taking any medications such as androgens that are
known to affect testosterone and cortisol levels

Qualified for study

PI Signature Date
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Neuromuscular Research Laboratory

OU Department of Health and Exercise Science

Health Status Questionnaire

Instructions Complete each question accurately. All information provided is confidential.

(NOTE: The following codes are for office use only: RF; MC; SLA; SEP)

Part 1. Information about the individual

Nickname

Legal name

Mailing address

Business phone

Home phone
4 Gender (circle one): Female Male (RF)
5. Date of birth: Age
Month Day Year
6. Number of hours worked per week: Less than 20 20-40 41-60 Over 60
( SLA) More than 25% of time spent on job (circle all that apply)
Sitting at desk Lifting or camying loads Standing Walking Driving
Part 2. Medical history
7. (RF) Circle any who died of heart attack before age 50:
Father Mother Brother Sister Grandparent
8.Date of: Last medical physical exam: Last physical fithess test:
Year Year

9. Circle cperations you have had:
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Back (sLA) Heart (MC) Kidney (SLA) Eyes (SLA) Joint (SLA) Neck (sLA)
Ears (SLA) Hernia (SLA) Lung (SLA) Other
10. Please circle any of the following for which you have been diagnosed or treated by a physician or

health professional:

Alcoholism (SEP) Diabetes (SEP)

Anemia, sickle cell (SEP) Emphysema (SEP)
Anemia, other (SEP) Epilepsy (SEP)
Asthma (SEP) Eye problems (SLA)
Back strain (SLA) Gout (SLA)
Bleeding trait (SEP) Hearing loss (SLA)
Bronchitis, chronic (SEP) Heart problems (SLA)
Cancer (SEP) High blood pressure (RF)
Cirrhosis. liver (MC) Hypoglycemia (SEP)
Concussion (MC) Hyperlipidemia (RF)

Congenital defect (SEP) Infectious mononucleosis (MC)

11. Circle all medicine taken in last 6 months:

Blood thinner (MC) Epilepsy medication (SEP)

Diabetic pill (SEP) Heart-rhythm medication (MC)

Kidney problem (MC)
Mental illness (SEP)
Neck strain (SLA)
Obesity (RF)
Osteoporosis

Phlebitis (MC)
Rheumatoid arthritis (SLA)
Stroke (MC)

Thyroid problem (SEP)
Ulcer (SEP)

Other

Nitroglycerin (MC)

Estrogen

Corticosteroids

Digitalis (MC) High-blood-pressure medication (MC)Thyroid
Diuretic (MC) Insulin (MC)
Asthma Other

12. Any of these health symptoms that occurs frequently is the basis for medical attention. Circle the number

indicating how often you have each of the following:
1 = Practically never

2 = Infrequently

a. Cough up blood (MC) d. Leg pain (MC)

. 2 3 4 $ I 2 3 4 &5

b. Abdominal pain (MC) e. Arm or shoulder pain (MC)
1 2 3 4 5 1 2 3 & B

c. Low back pain (SLA) f. Chest pain (RF) (MC)
T 2 3 4 5 1. 2 3 4 b5

fi Breathless with slight exertion (MC)
1 2 3 4 5
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3 = Sometimes 4 = Fairly often 5 = Very often

g. Swollen joints (MC)

. 2 3 4 5
h. Feel faint (MC)
1 2 3 4 5

. Dizziness (MC)
1T 2 3 4 5

IRB NUMBER: 1116
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Part 3. Health-related behavior

14. (RF) Do you now smoke or chew tobacco? Yes No

15. If you are a smoker, indicate number smoked per day:

Cigarettes:

Cigars or pipes only: 5 or more or any inhaled

16. Weight now: Ib. One year ago: Ib..

40 or more 20-3% 10-19

Less than 5. none inhaled

Age 21: Ib.

17. Thinking about the things you do at work, how would you rate yourself as to the amount of physical

activity you get compared with others of your age and sex?

1- Much more active
Somewhat more active
About the same
Somewhat less active

Much less active

[ TR ¥ 2 R~ CE IR N

Not applicable

18. Now, thinking about the things you do outside of work, how would you rate yourself as to the amount of

physical activity you get compared with others of your age and sex?

—

Much more active
Somewhat more active
About the same
Somewhat less active

Much less active

f- N, T UV N

Not applicable

19. Do you regularly engage in aerobic (such as running, walking, biking, swimming) exercise?

1. Yes 2. No

20. If you answered “yes” to question #19, how frequently (hours per week) have you engaged in aerobic

activities during the past 4 months?
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21. Do you regularly engage in resistance exercise such as lifting weights, using weight-machines?

1. Yes 2. No

22. If you answered “yes” to question #21, how frequently (times per week) have you engaged in strength-

training exercise during the past 4 months?

| IRB NUMBER: 1116
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University of Oklahoma
Institutional Review Board
Informed Consent to Participate in a Research Study

Project Title: Acute Hormonal Responses After Two Different Resistance
Exercise Protocols in College-Aged Males
Principal Investigator: Michael G. Bemben
Department: Health and Exercise Science

You are being asked to volunteer for this research study. This study is being conducted at
University of Oklahoma in the Department of Health and Exercise Science. You were selected
as a possible participant because you meet the study criteria.

Please read this form and ask any questions that you may have before agreeing to take part in
this study.

Purpose of the Research Study

The purpose of this study is to compare the acute hormonal responses to two different
resistance exercise protocols (traditional and SuperSlow) that have similar exercise volumes
but differ in intensity and contraction speed in college aged men, 18-30 years of age.

Number of Participants
About 20 men will take part in this study.

Procedures
If you agree to be in this study, you will be asked to

1. Sign and date an informed consent document (this document) indicating that you
understand all procedures and your rights as a research subject. You will then complete a
HIPPA form, a Health Status Questionnaire and a Physical Activity Readiness Questionnaire
(PAR-Q). You may be excluded from the study if any of your questionnaire responses indicate
that you have any criteria that would disqualify you from participating in the study. [Visit 1
about 30 minutes]

2. During the first visit, your height and weight will be measured and then you will undergo a
familiarization session where trained personnel will instruct you on correct weight lifting
techniques. You will then practice the weight lifting exercises with light to moderate weights.
[About 30 minutes]

3. During visit 2, you will have your muscular strength tested for 4 lower body and 4 upper
body muscle groups using weight training machines by trained testers. You will warm up for 5-
10 minutes by cycling. The following procedure will be used for each exercise. You will
perform 8-10 repetitions at a light intensity. After a 2 minute rest, you will complete one
repetition at a heavy weight (about 80% of your predicted strength). After each successful lift,
the weight will be increased until you can no longer lift the weight. Two minutes rest will be
given between lifts, and your maximal strength will be obtained within 5 tries for each exercise.
[about 60 minutes]

Page 1 of 5 = IRB NUMBER: 1116
Revised 07/01/2012 4] ovin| |RB APPROVAL DATE: 10/08/2012
IRB EXPIRATION DATE: 09/30/2013

79



701-A-1

4. Approximately one to three weeks after this visit, you will visit the lab again and you will
be asked to perform one of two exercise protocols, given in random order, and separated by
one week or two weeks. For the traditional resistance exercise protocol, you will perform 3 sets
of 8 repetitions of each exercise (knee extension, knee flexion, calf raises, two-leg press,
shoulder press, low row, biceps curl, and chest press) at a heavy intensity which is 80% of
your maximum strength (1-RM). The contraction speed for this resistance exercise protocol
will be 1.5 seconds lifting the weight (concentric) and 1.5 seconds lowering the weight
(eccentric). Two minutes rest will be given between each set and between each exercise.

For the SuperSlow resistance exercise protocol, you will perform one set of each exercise at
50% of 1-RM, performing the maximum number of repetitions that you can with correct form for
the set. The contraction speed for this resistance exercise protocol will be 10 seconds lifting
the weight (concentric) and 5 seconds lowering the weight (eccentric). Two minutes rest will be
given between each exercise. Each of these exercise protocols will take up to about 90
minutes, including the exercise bout and the 15 minute recovery period.

5. Venipuncture blood draws (approximately 7.5 ml per sample) will be performed by a
registered nurse. Three blood samples will be collected during each exercise testing session:
at the beginning of each exercise session, immediately after completion of the exercise
session and 15 minutes later. All samples are obtained in the morning, following an overnight
fast (approximately 8 hours). These blood samples will be analyzed for lactate, testosterone,
cortisol, creatine kinase (CK) and hematocrit concentrations.

The safety of the subject is of utmost importance during the blood draws, therefore standard
precautions will be used including cleaning of the venipuncture site with alcohol, use of new
sterile disposable needles/syringes and changing of disposable gloves in between subjects by
the registered nurse. Note that more than one needle stick may be required to obtain a single
blood draw, but no more than 2 needle sticks will be attempted to obtain a single blood draw.
Therefore the maximum number of needle sticks that may be attempted is 6 for each exercise
testing session.

Since you will be in a fasted condition, you may experience feelings of nausea or light-
headedness during the exercise session. However, this can be avoided by following the pre-
test dietary instructions given to you by the researchers. Also, there will be breakfast bars and
juice available for you after the exercise session or at any time that you feel you need them. |n
addition, you are free to stop exercising at any time you feel that you cannot continue.

Blood samples will be kept for at least 2 years in case samples have to be reanalyzed. Also, it
may be about 1 year before these blood results could be made available to you (upon your
request). You will be contacted by a member of the research team if an abnormal value is
observed for a blood test result; you will receive a copy of the abnormal result, which you then
may bring to your personal physician for consultation.

Length of Participation

Page 2 of 5 ' IRB NUMBER: 1116
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This study involves four visits to the laboratory: one visit for consenting and familiarization, one
visit for strength testing; and two exercise testing visits. The consenting and familiarization
visit will take approximately 1 hour and the strength testing will take about 60 minutes. Each
exercise testing visit will take approximately 90 minutes to complete.

Risks of being in the study are

1.  Temporary muscle soreness may occur following each exercise testing session. This
soreness should subside within 24-48 hours following testing. Although trained personnel will
supervise all exercise sessions, there is a possibility of orthopedic or muscle injury.

2. Blood draws will be performed by qualified personnel, but there may be possible discomfort
at the site of venipuncture and possible bruising during and after your blood draws. Also, it is
possible that you may feel nauseous or light-headed during the exercise testing or during the
blood draws since you will be in a fasted condition.

If the researchers determine at the end of the study that any of your blood values are
abnormal, you will be contacted and encouraged to visit your physician, but it should be noted
that the blood samples will not be analyzed until all participants have completed the study.
Therefore, it may be about 1 year before the blood results can be made available to subjects.

Benefits of being in the study are
There are no direct benefits.

Compensation

You will be reimbursed for your time and participation in this study. You will be paid $30 if you
complete the entire study. If you withdraw from the study after only completing one of the
exercise training sessions (NOT the muscular strength testing session), you will be paid $15
for your time. You will not be compensated if you withdraw from the study prior to completing
one of the resistance exercise training sessions. You will be required to provide the
Department of Health and Exercise Science with your name and social security number in
order to receive your compensation. This information will be given to the University of
Oklahoma Financial Support Services for the purposes of reporting taxable income to the IRS..

Injury

In case of injury or iliness resulting from this study, emergency medical treatment is available.
However, you or your insurance company will be expected to pay the usual charge from this
treatment. The University of Oklahoma Norman Campus has set aside no funds to
compensate you in the event of injury.

Confidentiality

In published reports, there will be no information included that will make it possible to identify
you. Research records will be stored securely and only approved researchers will have
access to the records.

There are organizations that may inspect and/or copy your research records for quality
assurance and data analysis. These organizations include the OU Institutional Review Board.

Following collection, your blood samples will not be associated with any information that would
identify you as the donor of this sample (i.e., it will be de-identified) and subsequently no
Page 3 of 5 — 1 IRB NUMBER: 1116

Revised 07/01/2012 4 I IRB APPROVAL DATE: 10/08/2012
IRB EXPIRATION DATE: 09/30/2013

81



701-A-1

attempt will be made to make that association. It is possible for your identity to be determined
from this sample, but the chances of that occurring are highly unlikely.

Voluntary Nature of the Study

Participation in this study is voluntary. If you withdraw or decline participation, you will not be
penalized or lose benefits or services unrelated to the study. If you decide to participate, you
may decline to answer any question and may choose to withdraw at any time.

You have the right to access the research data that has been collected about you as a part of
this research study. However, you may not have access to this information until the entire
research study has completely finished and you consent to this temporary restriction.

Contacts and Questions

If you have concerns or complaints about the research, the researcher(s) conducting this study
can be contacted at

Eonho Kim (970)978-8591 eonkim@ou.edu

Michael Bemben (405)325-2717 mgbemben@ou.edu

Contact the researcher(s) if you have questions, or if you have experienced a research-related
injury.

If you have any questions about your rights as a research participant, concerns, or complaints
about the research and wish to talk to someone other than individuals on the research team or

if you cannot reach the research team, you may contact the University of Oklahoma — Norman
Campus Institutional Review Board (OU-NC IRB) at 405-325-8110 or irb@ou.edu.

You will be given a copy of this information to keep for your records. If you are not
given a copy of this consent form, please request one.
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Statement of Consent

| have read the above information. | have asked questions and have received satisfactory
answers. | consent to participate in the study.

Participant Signature Print Name Date

Signature of Person Obtaining Consent Date

Print Name of Person Obtaining Consent

Signature of Witness (if applicable) Date

Print Name of Witness
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UNIVERSITY OF OKLAHOMA — NORMAN CAMPUS
INSTITUTIONAL REVIEW BOARD

AUTHORIZATION TO USE or DISCLOSE
PROTECTED HEALTH INFORMATION FOR RESEARCH

An additional Informed Consent Document
for Research Participation may also be required.

Title or Research Project: Acute Hormonal Responses After Two Different Resistance
Exercise Protocols in College-Aged Males

Principal Investigator: Michael G. Bemben
IRB Number:
Address: 1401 Asp Ave. 115 HHC, Norman OK 73019

Phone Number: 405-325-2717

If you decide to join this research project, University of Oklahoma (OU) researchers may
use or share (disclose) information about you that is considered to be protected health
information for their research. Protected health information will be called private
information in this Authorization.

Private information To be Used or Shared. Federal law requires that researchers get
your permission (authorization) to use or share your private information. If you give
permission, the researchers may use or share with the people identified in this
Authorization any private information related to this research from your medical records
and from any test results. Information, used or shared, may include all information
relating to any tests, procedures, surveys, or interviews as outlined in the consent form,
medical records and charts, name, address, telephone number, date of birth, race, and
government-issued identification number.

Purposes for Using or Sharing Private Information. If you give permission, the
researchers may use your private information to analyze the data from the project and

present the information.

Other Use and Sharing of Private Information. If you give permission, the
researchers may also use your private information to develop new procedures or
commercial products. They may share your private information with the research
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sponsor, the OU Institutional Review Board, auditors and inspectors who check the
research, and government agencies such as the Department of Health and Human
Services (HHS). The researchers may also share your private information with all
researchers collaborating on this project.

Confidentiality. Although the research may report their findings in scientific journals or
meetings, they will not identify you in their reports. The researchers will try to keep your
information confidential, but confidentiality is not guaranteed. Any person or
organization receiving the information based on this authorization could re-release the
information to others and federal law would no longer protect it.

YOU MUST UNDERSTAND THAT YOUR PROTECTED HEALTH INFORMATION
MAY INCLUDE INFORMATION REGARDING ANY CONDITIONS CONSIDERED AS
A COMMUNICABLE OR VENEREAL DISEASE WHICH MAY INCLUDE, BUT ARE
NOT LIMITED TO, DISEASES SUCH AS HEPATITIS, SYPHILIS, GONORRHEA, AND
HUMAN IMMUNODEFICIENCY VIRUS ALSO KNOWN AS ACQUIRED IMMUNE
DEFICIENCY SYNDROME (AIDS).

Voluntary Choice. The choice to give OU researchers permission to use or share your
private information for their research is voluntary. It is completely up to you. No one can
force you to give permission. However, you must give permission for OU researchers to
use or share your private health information if you want to participate in the research
and if you revoke your authorization, you can no longer participate in this study.

Refusing to give permission will not affect your ability to get routine treatment or health
care from OU.

Revoking Permission. If you give OU researchers permission to use or share your
private information, you have a right to revoke your permission whenever you want.

However, revoking your permission will not apply to information that the researchers
have already used, relied on, or shared.

End of Permission. Unless you revoke it, permission for OU researchers to use or
share your private information for their research will end when all data from the project
has been analyzed and all reports have been published. You may revoke your
permission at any time by writing to:

Privacy Official

University of Oklahoma

1000 Stanton L. Young Blvd., STE 221,
Oklahoma City, OK 73117

If you have questions, call: (405) 271-2511
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Giving Permission. By signing this form, you give OU and OU'’s researchers led by
Michael G. Bemben, PhD., permission to share your private information for the research
project called Acute Hormonal Responses After Two Different Resistance Exercise
Protocols in College-Aged Males.

Subject Name:

Signature of Subject Date
Or parent if Subject is a Child

Or

Signature of Legal Representative** Date

**If signed by a legal Representative of the Subject, provide a description of the
relationship to the Subject and the Authority to Act as Legal Representative:

OU may ask you to produce evidence of your relationship.

A signed copy of this form must be given to the Subject or the Legal
Representative at the time this sighed form is provided to the researcher or his
representative.
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=== PAR-Q & YO

{A Questionnaire far People Aged 13 1o 65)
Regular physcel aclhity is fun and besltfy, and increasingly rore peopls are starting to bacome mers acdive every day Being mers schve is wary safe for most
necpla. Housver soma peaple shauid check with thair dodor bfors Fiey stert becoming much mors physicaly active
o are plarning to Becama much mers pysicaly sctve than you ers now, start by enswering the swen questions i ths bes belne. ¥ you are bebueen the
agas of 15 2nd B3, the PAR-Q wil tell you # yoa hould chack with your doctor befos you sttt I you sre over 6% yaars of ape, and you sre oot waad to Teing
wary aciive. chach witk your doztor,

o sanss Js yaur best guics whan vou enswer tress quastors, Fease read the cuestions carefuly and ancwer zech ona hoaesily check TES o B3

1. Has yemr destor ever 33i4 that you bave a heart condition and that yeu should oaly do physical activity
recommended by a dester? .

2. Do you fea! pain in your chezt when you do physisal astivitg?
3, In the past menth, kave you had chest pain when you were not daing physical activity?
3. Do you loze your balanre because of dizzinezs or do you ever lose conzciouznes?

5. Do youm have a hane or jaint prebiem {for axample, batk, knee or hip} that could be made worze by a
thange in yorx phyaleal aciviyg?

6. [Ez your dotter currently pressribing drugs (for example, water pillz) tor your bosd prazsure or hean son-
dition?

7. Do yau knew of any other reazon why yeu sheuld not da phyzieal activitg?

O O oooo O
O O oooO0 O

YES to one or more guestions -
Tedk #th yeur docta By phoné 3t in persan BEFOFE you sbart bacoming muchamass physkcally activs or BEFDEE yoi heve  ftness spordeal. Tl

if

fl}l;l worr dpesar abcidt the FAR) and which questions you enswersd Y235
= You sy be ahle o do &y sribiy Yo want— s lorg asyou start siewyy aed ol up graduddy. Or yoamey need rEsiict pour ctiities o
ﬁﬂﬁmﬂ-d thome- which 2ns safs for you, Tk with yeur doctor zbout $1a Kt of =cthiliss you wish 30 partidpate in and iolow hishar sdifce.

= Find cut s ch comeirity progrems are sat sad helphul far you.

DELAY BECOMING MUCH MORE ACTIVE:
= if jou e oot feebing wal bacause of & tamparary ifness sech a3

HO to all questions

i you answatad MO honasty by 31 PAR-( questios, you Can ba reascribly sae that yoo @ cehd or & Bever —wait untl you fact better: or
+ startbacoiming Tch more physically sctive— Sagon shoaly ang bild up graduslly Thisis the = T you 2t oF may Be pragnamt —Salk ta yoor docsar before you
szt and easisst way o G0 start becaming mars scie.

- tehe partin afilness appraisal — this s an excellent way to determing your desic inzss so

thiat e carrghan the best wey Tor you to Tua aniusly. Itis aise Hghly vecommendad thatyen PLEASE NOTE: ¥ your kealth changes 5o that yoir han snswer TES 1o
heve yeur boad prassurs avluated I your reaiiing is over 194734, 26 with your docr ey of tha sbows guasfons, tell your Btness or hesidh professional.
hedors yau stars besaming mach mone physiely active. Ask whiskher you sheud changs your ghysical acthity plan.

Wmemm&mmmmmmwummWﬂ‘hmm Fertates physizad actfaby, sovd i iy doube 3k
thinquesfiormaica, cormult your dector prior vo physical acksity.

Ho change= permitied. You are ensouraged to photasopy the PAR-Q but only H you uze the entire form.

NFE: ¥ the FEEHQ is being:givers ko 2 perwon beforn ha s b pat Bepates ina phiysical scibdty program ar 3 fimeens appraics, this section m=y be sed for g or adminicbrstive purposas.
* have read, understocd and comolsted this qusstionnaire. Ay quastions | hied were answared o my Tl satsfacfon.”

o
SR BHINT _ MRS

- Gt ey i

Hote: This physical aetiily clearance 1= ¥ for 2 mamum of 12 monihs from the date it iz completed and
Betume: invalid if your condition thanges 3o that you weuld anxwer 25 to any of the seven questionz.

1 2 ; 4 H Sgms
@ Caraizn Scciey for Exercioe Physickgy S‘Fm’fl-*l Lol om contirued on other sida...
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Pre-Testing Dietary Instructions

L. It 1s very important that you consume high amounts of carbohydrates (400-
600 grams) the day before you are scheduled for an exercise testing session.
Examples of foods that are good sources of carbohydrate are bagels, whole wheat
bread, pasta, rice, low fat milk, fruit juice, and apples.

2. You should eat a good meal for dinner the night before at about 5:30 or 6
pm. Examples of a “good meal” would be pasta or pizza or brown rice with 4-6
oz. of a lean protein source (a half of chicken breast) and a dinner salad. In
addition, you should eat a high carbohydrate snack (about 300-400 calories) about
8 or 9 pm the night before the testing session. An example of this would be a small
bowl of oatmeal paired with 2 egg whites and a glass of orange juice or low fat
frozen yogurt (1.5 cups) with strawberry slices.

; Be sure to drink lots of water the day before and the morning of the testing
session. For example, try to consume a glass of water with every meal and upon
waking in the morning.

4. Remember to come to the testing session in a fasted state. That means no
food, juice, or coffee after 11 pm, but drink plenty of water. There will be juice
and breakfast bars for you at the end of the testing session.

5. Do not drink alcohol the night before the exercise testing.

Practicing good nutrition habits will ensure adequate energy levels
during your exercise testing sessions!
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Borg Rating of Perceived Exertion (RPE) Scale

Exertion RPE
No exertion at all 6
Extremely light 7
8
Very light (]
10
Light 11
12
Somewhat hard 13
14
Hard (heavy) 15
16
Very hard 17
18
Extremely hard 19
Maximal exertion 20
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Q’ The UNIVERSITY o OKLAHOMA

Institutional Review Board for the Protection of Human Subjects

Approval of Initial Submission — Board Review — AP01
Date: Qctober 09, 2012
Principal Investigator: Michael G Bemben, PHD
IRB#: 1116
Study Title: ACUTE HORMONAL RESPONSES AFTER TWO DIFFERENT RESISTANCE
EXERCISE PROTOCOLS IN COLLEGE-AGED MALES
IRB Meeting Date: 10/04/2012 IRB Approval Date: 10/08/2012

IRB Expiration Date: 09/30/2013

Collection/Use of PHI: Yes

The review and approval of this submission is based on the determination that the study will be
conducted in a manner consistent with the requirements of 45 CFR 46.

To view the approved documents for this submission, open this study from the My Studies option, go to

Submission History, go to Completed Submissions tab and then click the Details icon.

You will receive notification approximately 60 days prior to the expiration date noted above. You are
responsible for submitting continuing review documents in a timely fashion in order to maintain continued

IRB approval.

You are also responsible for:
Ensuring this research is conducted as approved by the IRB.

Obtaining consent using the currently approved, stamped consent form and retaining all original,

signed consent forms, if applicable.
Informing the IRB of any/all modifications prior to implementing those changes.

Reporting any serious, unanticipated harms as per Policy 407 and/or any additional information

that may change the risk, benefit, or desire for participants to continue in the study.
Submitting a final closure report at the completion of the project.

Keeping and maintaining accurate study records as your study is subject to quality improvement

evaluation.

If you have questions about this notification or using iRIS, contact the IRB @ 405-325-8110 or
irb@ou.edu.

Cordially,

i Yol

Aimee Franklin, Ph.D.
Chair, Institutional Review Board
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Instructions for Testosterone Elisa Kit and ColtElsa Kit by DRG International Inc.

Instructions for Creatine Kinase Assay Kit (ECPK310y BioAssay Systems
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DRG" Testosterone ELISA (ETA-1559)

C€

Revised 22 July 2009 (Vers. 8.1) IVD

INTRODUCTION

Intended Use

The DRG Testosterone ELISA is an enzyme immunoassay for the quantitative in vitro diagnostic measurement of
Testosterone in serum and plasma.

Summary and Explanation

Testosterone (17p-hydroxy-4-androstene-3-one) is a C19 steroid with an unsaturated bond between C-4 and C-5. a ketone
group in C-3 and a hydroxyl group in the p position at C-17.

This steroid hormone has a molecular weight of 288.47.

Testosterone is the most important androgen secreted into the blood. In males. testosterone is secreted primarily by the
Leydig cells of the testes: in females ca. 50% of circulating testosterone is derived from peripheral conversion of
androstenedione, ca. 25% from the ovary and ca. 25% from the adrenal glands.

Testosterone is responsible for the development of secondary male sex characteristics and its measurements are helpful in
evaluating the hypogonadal states.

In women. high levels of testosterone are generally found in hirsutism and virilization. polycystic ovaries, ovarian tumors,
adrenal tumors and adrenal hyperplasia.

In men. high levels of testosterone are associated to the hypothalamic pituitary unit diseases. testicular tumors, congenital
adrenal hyperplasia and prostate cancer.

Low levels of testosterone can be found in patients with the following diseases: Hypopituitarism, Klinefelter's syndrome,
Testicular feminization. Orchidectomy and Cryptorchidism. enzymatic defects and some autoimmune diseases.

PRINCIPLE OF THE TEST

The DRG Testosterone ELISA Kit is a solid phase enzyme-linked immunosorbent assay (ELISA), based on the principle
of competitive binding.

The microtiter wells are coated with a monoclonal [mouse] antibody directed towards an unique antigenic site on the
Testosterone molecule. Endogenous Testosterone of a patient sample competes with a Testosterone horseradish
peroxidase conjugate for binding to the coated antibody. After incubation the unbound conjugate is washed off.

The amount of bound peroxidase conjugate is reverse proportional to the concentration of Testosterone in the sample.
After addition of the substrate solution, the intensity of colour developed is reverse proportional to the concentration of
Testosterone in the patient sample.

WARNINGS AND PRECAUTIONS

1. This kit is for in vitro diagnostic use only. For professional use only.

2. Allreagents of this test kit which contain human serum or plasma have been tested and confirmed negative for HIV
VII. HBsAg and HCV by FDA approved procedures. All reagents. however. should be treated as potential biohazards
in use and for disposal.

3. Before starting the assay. read the instructions completely and carefully. Use the valid version of the package insert
provided with the kit. Be sure that everything is understood.
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DRG” Testosterone ELISA (EIA-1559)

C€

Revised 22 July 2009 (Vers. 8.1) IVD

4. The microplate contains snap-off strips. Unused wells must be stored at 2 °C to 8 °C 1in the sealed foil pouch and
used in the frame provided.

5. Pipetting of samples and reagents must be done as quickly as possible and in the same sequence for each step.

6. Use reservoirs only for single reagents. This especially applies to the substrate reservoirs. Using a reservoir for
dispensing a substrate solution that had previously been used for the conjugate solution may turn solution colored. Do
not pour reagents back into vials as reagent contamination may occur.

7.  Mix the contents of the microplate wells thoroughly to ensure good test results. Do not reuse microwells.

8. Do not let wells dry during assay: add reagents immediately atter completing the rinsing steps.

9. Allow the reagents to reach room temperature (21-26°C) before starting the test. Temperature will affect the
absorbance readings of the assay. However, values for the patient samples will not be affected.

10. Never pipet by mouth and avoid confact of reagents and specimens with skin and mucous membranes.

11. Do not smoke. eat. drink or apply cosmetics in areas where specimens or kit reagents are handled.

12. Wear disposable latex gloves when handling specimens and reagents. Microbial contamination of reagents or
specimens may give false results.

13. Handling should be done in accordance with the procedures defined by an appropriate national biohazard safety
guideline or regulation.

14. Do not use reagents bevond expiry date as shown on the kit labels.

15. All indicated volumes have to be performed according to the protocol. Optimal test results are only obtained when
using calibrated pipettes and microtiterplate readers.

16. Do not mix or use components from kits with different lot numbers. It is advised not to exchange wells of different
plates even of the same lot. The kits may have been shipped or stored under different conditions and the binding
characteristics of the plates may result slightly different.

17. Avoid contact with Stop Solution containing 0.5 M H,SO,. It may cause skin irritation and burns.

18. Some reagents contain Proclin 300. BND and/or MIT as preservatives. In case of contact with eves or skin, flush
immediately with water.

19. TMB substrate has an irritant effect on skin and mucosa. In case of possible contact, wash eves with an abundant
volume of water and skin with soap and abundant water. Wash contaminated objects before reusing them. If inhaled,
take the person to open air.

20. Chemicals and prepared or used reagents have to be treated as hazardous waste according to the national bichazard
safety guideline or regulation.

21. For information on hazardous substances included in the kit please refer to Material Safety Data Sheets.

Material Safety Data Sheets for this product are available upon request directly from DRG.
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REAGENTS

Reagents provided
1.  Microtiterwells. 12x8 (break apart) strips, 96 wells:
Wells coated with a mouse monoclonal anti-Testosterone antibody.

2. Standard (Standard 0-6), 7 vials, 1 ml, ready to use
Concentrations: 0-02-05-1-2-6-16 ng/mL
Conversion: 1 ng/mL = 3.467 nmol/L
contain 0.03% Proclin 300 + 0.005% gentamicin sulfate as a preservative.

[¥3 ]

Enzyme Conjugate, 1 vial. 25 mL. ready to use
Testosterone conjugated to horseradish peroxidase
* contain 0.03% Proclin 300. 0.015% BND and 0.010% MIT as a preservative.

4. Substrate Solution. 1 vial, 25 mL. ready fo use:
Tetramethylbenzidine (TMB).

5. Stop Solution. 1 vial. 14 mL. ready to use:
contains 0.5M H,SO,
Avoid contact with the stop solution. It may cause skin irritations and burns.

6. Wash Selution, 1 vial, 30 mL (40X concentrated):
see ,.Preparation of Reagents™.

* BND = 5-bromo-5-nitro-1.3-dioxane
MIT = 2-methyl-2H-isothiazol-3-one

Note: Additional Standard 0 for sample dilufion is available upon request.

a. Materials required but not provided

— A microtiter plate calibrated reader (450+10 nm). (e.g. the DRG Instruments Microtiter Plate Reader).
— (Calibrated variable precision micropipettes.

— Absorbent paper.

— Distilled or deionized water

— Timer

— Semi logarithmic graph paper or software for data reduction

1.1 Storage Conditions

When stored at 2 °C to 8 °C unopened reagents will retain reactivity until expiration date. Do not use reagents beyond this
date.

Opened reagents must be stored at 2 °C - 8 °C. Microtiter wells must be stored at 2 °C - 8 °C. Once the foil bag has been
opened. care should be taken to close it tightly again.
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Reagent Preparation
Allow all reagents and required number of strips to reach room temperature prior to use.

Wash Solution

Add deionized water to the 40X concentrated Wash Solution.

Dilute 30 mL of concentrated Wash Solution with 1170 mL deionized water to a final volume of 1200 mL.
The diluted Wash Solution is stable for 2 weeks at room temperature.

Disposal of the Kit

The disposal of the kit must be made according to the national regulations. Special information for this product is given in
the Material Safety Data Sheets (see chapter 13).

Damaged Test Kits

In case of any severe damage to the test kit or components, DRG has to be informed in writing. at the latest. one week
after receiving the kit. Severely damaged single components should not be used for a test run. They have to be stored until
a final solution has been found. After this. they should be disposed according to the official regulations.

SPECIMEN COLLECTION AND PREPARATION

Serum or plasma (EDTA-. Heparin- or citrate plasma) can be used in this assay.
Do not use haemolytic, icteric or lipaemic specimens.

Please note: Samples containing sodium azide should not be used in the assay.

Specimen Collection

Serum:

Collect blood by venipuncture (e.g. Sarstedt Monovette # 02.1388.001), allow to clot. and separate serum by
centrifugation at room temperature. Do not centrifuge before complete clotting has occurred. Patients receiving
anticoagulant therapy may require increased clotting time.

Plasma:

Whole blood should be collected into centrifuge tubes containing anti coagulant and centrifuged immediately after
collection.

(E.g. for EDTA plasma Sarstedt Monovette —red cap - # 02.166.001: for Heparin plasma Sarstedt Monovette — orange
cap - # 02.165.001: for Citrate plasma Sarstedt Monovette — green cap - # 02.167.001.)

Specimen Storage and Preparation

Specimens should be capped and may be stored for up to 5 days at 2-8°C prior to assaying.

Specimens held for a longer time should be frozen only once at -20°C prior to assay. Thawed samples should be inverted
several times prior to testing.
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Specimen Dilution

If in an initial assay. a specimen is found to contain more than the highest standard. the specimens can be diluted with
Standard () and reassayed as described in Assay Procedure.
For the calculation of the concentrations this dilution factor has to be taken into account.

Example:

a) Dilution 1:10: 10 uL Serum + 90 pL Standard 0 (mix thoroughly)

b) Dilution 1:100: 10 pL dilution a) 1:10 + 90 pL Standard 0 (mix thoroughly).
ASSAY PROCEDURE

General Remarks

— All reagents and specimens must be allowed to come to room temperature before use. All reagents must be mixed
without foaming.

— Once the test has been started. all steps should be completed without interruption.

— Use new disposal plastic pipette tips for each standard. confrol or sample in order to avoid cross contamination.

— Absorbance is a function of the incubation fime and temperature. Before starting the assay, it is reconunended that all
reagents are ready. caps removed, all needed wells secured in holder. etc. This will ensure equal elapsed time for each
pipetting step without interruption.

— As a general rule the enzymatic reaction is linearly proportional to time and temperature.
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Test Procedure

Each run must include a standard curve.

Wk

= M=)

Secure the desired number of Microtiter wells in the holder.

Dispense 25 pL of each Standard, Control and samples with new disposable tips into appropriate wells.

Dispense 200 nL. Enzyme Conjugate into each well.

Thoroughly mix for 10 seconds. It is important to have a complete mixing in this step.

Incubate for 60 minutes at room temperature (without covering the plate).

Briskly shake out the contents of the wells.

Rinse the wells 3 times with diluted Wash Solution (400 uL per well). Strike the wells sharply on absorbent paper to
remove residual droplets.

Important note:

The sensitivity and precision of this assay is markedly imfluenced by the correct performance of the washing
procedure!

Add 200 pL of Substrate Solution to each well.

Incubate for 15 minutes at room temperature.

Stop the enzymatic reaction by adding 100 pL of Step Selution to each well.

Determine the absorbance (OD) of each well at 450 + 10 nm with a microtiter plate reader.
It is recommended that the wells be read within 10 minutes after adding the Stop Solution.

Calculation of Results

Calculate the average absorbance values for each set of standards. controls and patient samples.

Construct a standard curve by plotting the mean absorbance obtained from each standard against its concentration
with absorbance value on the vertical(Y) axis and concentration on the horizontal (X) axis.

Using the mean absorbance value for each sample determine the corresponding concentration from the standard
curve.

Automated method: The results in the IFU have been calculated automatically using a 4 PL (4 Parameter Logistics)
curve fit. 4 Parameter Logistics is the preferred method. Other data reduction functions may give slightly different
results.

The concentration of the samples can be read directly from this standard curve. Samples with concentrations higher
than that of the highest standard have to be further diluted or reported as > 16 Ing/ml.. For the calculation of the
concentrations this dilution factor has to be taken into account.
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Example of Typical Standard Curve
The following data is for demonstration only and cannot be used in place of data generations at the time of assay.

Standard Optical Units (450 nm)

Standard 0 (0 ng/mlL) 2.1

Standard 1 (0.2 ng/mL) 1.71
Standard 2 (0.5 ng/mL) 1.44
Standard 3 (1 ng/mL) 1.18
Standard 4 (2 ng/mL) 0.89
Standard 5 (6 ng/mL) 0.46
Standard 6 (16 ng/mL) 0.24

EXPECTED NORMAL VALUES
It is strongly recommended that each laboratory should determine its own normal and abnormal values.

In a study conducted with apparently normal healthy adults. using the DRG Testosterone ELISA the following values are
observed:

Population | 5% Percentile | 95% Percentile

Males 2.0 ng/mL 6.9 ng/mL
Females 0.26 ng/mL 1.22 ng/mL

The results alone should not be the only reason for any therapeutic consequences. The results should be correlated to
other clinical observations and diagnostic tests.

QUALITY CONTROL

Good laboratory practice requires that controls be run with each calibration curve. A statistically significant number of
controls should be assayed to establish mean values and acceptable ranges to assure proper performance.

It is recommended to use control samples according to state and federal regulations. The use of control samples is advised
to assure the day to day validity of results. Use controls at both normal and pathological levels.

The controls and the corresponding results of the QC-Laboratory are stated in the QC certificate added to the kit. The
values and ranges stated on the QC sheet always refer to the current kit lot and should be used for direct comparison of the
results.

It is also recommended to make use of national or international Quality Assessment programs in order to ensure the
accuracy of the results.
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Employ appropriate statistical methods for analysing control values and trends. If the results of the assay do not fit to the
established acceptable ranges of control materials patient results should be considered invalid.

In this case, please check the following technical areas: Pipetting and timing devices: photometer, expiration dates of
reagents. storage and incubation conditions. aspiration and washing methods.

After checking the above mentioned items without finding any error contact your distributor or DRG directly.

PERFORMANCE CHARACTERISTICS

Assay Dynamic Range
The range of the assay is between 0.083 — 16 ng/mL.

Specificity of Antibodies (Cross Reactivity)
The following substances were tested for cross reactivity of the assay:

Analyte Cross Reactivity
Testosterone 100.0
So-Dihydrotestosterone 0.8
Androstenedione 0.9
11B-Hydroxyestosterone 33
170-Methyltestosterone 0.1
19-Nortestosterone 3.3
Epitestosterone <0.1
Oestradiol <0.1
Progesterone <0.1
Cortisol <0.1
Oestrone <0.1
Danazol <0.1

Sensitivity
The analytical sensitivity of the DRG ELISA was calculated by subtracting 2 standard deviations from the mean of 20
replicate analyses of the Zero Standard (S0) and was found to be 0.083 ng/mL.
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Reproducibility

Intra Assay Variation

The within assay variability is shown below:
Sample n Mean (ng/mL) | CV (%)

1 20 0.73 4.16
2 20 4.88 3.28
3 20 11.26 3.34

Inter Assay Variation
The between assay variability is shown below:
Sample n Mean (ng/mL) | CV (%)

1 20 0.82 9.94
2 20 5.20 6.71
3 20 11.38 4.73
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Recovery

Samples have been spiked by adding Testosterone solutions with known concentrations in a 1:1 ratio.

The expected values were calculated by addition of half of the values determined for the undiluted samples and half of the
values of the known solutions. The % Recovery has been calculated by multiplication of the ratio of the measurements
and the expected values with 100.

Sample A{ldgd Concentration | Measured Conc. | Expected Conc. | Recovery
1:1 (v/v) (ng/mL) (ng/mL) (ng/mL) (%)
0.0 1.10
16.0 9.3] 8.55 109.0
1 6.0 3.93 355 110.7
2.0 1.67 1.55 107.9
1.0 0.91 1.05 86.9
0.0 6.07
16.0 11.81 11.03 107.1
2 6.0 6.65 6.03 110.1
2.0 3.73 4.03 92.5
1.0 3.26 3:53 92.2
0.0 11.62
16.0 14.76 13.63 108.3
3 6.0 33 8.63 108.1
2.0 7.29 6.63 110.0
1.0 6.75 6.13 110.1
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Linearity
Sample | Difulion Measured Conc | Expected Conc. | Recovery
(ng/mL) (ng/mL) (%)
None 1.10 1.10
{ 1:2 0.51 0.55 93.8
1:4 0.24 0.27 86.1
1:8 0.15 0.14 106.6
None 6.07 6.07
1:2 3.36 3.03 110.6
2 1:4 1.66 1.52 109.2
1:8 0.68 0.76 89.0
1:16 0.37 0.38 97.0
None 11.26 11.26
T2 5.76 5.63 102.4
3 1:4 2.76 2.81 ST
1:8 1.55 1.41 110.0
1:16 0.77 0.70 109.5

LIMITATIONS OF USE

Reliable and reproducible results will be obtained when the assay procedure is performed with a complete understanding
of the package insert instruction and with adherence to good laboratory practice.

Any improper handling of samples or modification of this test might influence the results.

Interfering Substances
Haemoglobin (up to 4 mg/mL). Bilirubin (up to 0.25 mg/ml) and Triglyceride (up to 7.5 mg/mL) have no influence on
the assay results.

Drug Interferences
Until today no substances (diugs) are known to us, which have an influence to the measurement of Testosterone in a
sample.

High-Dose-Hook Effect
No hook effect was observed in this test.
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LEGAL ASPECTS

Reliability of Results

The test must be performed exactly as per the manufacturer’s instructions for use. Moreover the user must strictly adhere
to the rules of GLP (Good Laboratory Practice) or other applicable national standards and/or laws. This is especially
relevant for the use of control reagents. It is important to always include. within the test procedure. a sufficient number of
controls for validating the accuracy and precision of the test.

The test results are valid only if all controls are within the specified ranges and if all other test parameters are also within
the given assay specifications. In case of any doubt or concern please contact DRG.

Therapeutic Consequences

Therapeutic consequences should never be based on laboratory results alone even if all test results are in agreement with
the items as stated under point 11.1. Any laboratory result is only a part of the total clinical picture of a patient.

Only in cases where the laboratory results are in acceptable agreement with the overall clinical picture of the patient
should therapeutic consequences be derived.

The test result itself should never be the sole determinant for deriving any therapeutic consequences.

Liability

Any modification of the test kit and/or exchange or mixture of any components of different lots from one test kit to
another could negatively affect the intended results and validity of the overall test. Such modification and/or exchanges
invalidate any claim for replacement.

Claims submitted due to customer misinterpretation of laboratory results subject to point 11.2. are also invalid.
Regardless, in the event of any claim, the manufacturer’s liability is not to exceed the value of the test kit. Any damage
caused to the test kit during transportation is not subject to the liability of the manufacturer.

REFERENCES / LITERATURE
1. Tietz, N.-W. Textbook of Clinical Chemistry. Saunders, 1986.
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INTRODUCTION

The DRG Cortisol Enzyme Immuneassay Kit provides materials for the determination of Cortisol in serum and plasma.

This assay is intended for research use only.

PRINCIPLE OF THE TEST

The DRG Cortisol ELISA Kit is a solid phase enzyme-linked immunosorbent assay (ELISA ). based on the principle of
competitive binding.

The amount of bound peroxidase conjugate is inversely proportional to the concentration of Cortisol in the sample. After
addition of the substrate solution. the intensity of colour developed is inversely proportional to the concentration of
Cortisol in the donor sample.

The microtiter wells are coated with a monoclonal antibody directed towards an antigenic site on the Cortisol molecule.
Endogenous Cortisol of a donor sample competes with a Cortisol-horseradish peroxidase conjugate for binding to the
coated antibody. After incubation the unbound conjugate is washed off.

PRECAUTIONS

e This kit is for Research Use Only.

¢ For information on hazardous substances included in the kit please refer to Material Safety Data Sheets.

e Allreagents of this test kit which contain human serum or plasma have been tested and confirmed negative for HIV
I'II. HBsAg and HCV by FDA approved procedures. All reagents. however. should be treated as potential biohazards
in use and for disposal.

e Avoid contact with Stop Solution containing 0.5 M H,S0Oy. It may cause skin irritation and burns.

e Never pipet by mouth and avoid contact of reagents and specimens with skin and mucous membranes.

¢ Do not smoke. eat, drink or apply cosmetics in areas where specimens or kit reagents are handled.

e Wear disposable latex gloves when handling specimens and reagents. Microbial contamination of reagents or
specimens may give false results.

e Handling should be in accordance with the procedures defined by an appropriate national biohazard safety guideline or
regulation.

e Do not use reagents beyond expiry date as shown on the kit labels.

¢ All indicated volumes have to be performed according to the protocol. Optimal test results are only obtained when
using calibrated pipettes and microtiterplate readers.

¢ Do not mix or use components from kits with different lot numbers. It is advised not to exchange wells of different
plates even of the same lot. The kits may have been shipped or stored under different conditions and the binding
characteristics of the plates may result slightly different.

¢ Chemicals and prepared or used reagents have to be treated as hazardous waste according the national biohazard safety
guideline or regulation.

e Safety Data Sheets for this product are available upon request directly from DRG International. Inc.

The Safety Data Sheets fit the demands of: EU-Guideline 91/155 EC.
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KIT COMPONENTS

Contents of the Kit

1. Microtiterwells. 12x8 (break apart) strips. 96 wells:
Wells coated with a anti-Cortisol antibody (monoclonal).

2. Standard (Standard 0-6), 7 vials, 1 mL. ready to use:
Concentrations: 0. 20, 50. 100. 200, 400. 800 ng/mL.
thus corresponding to 0, 55.2, 138, 276, 552, 1104. 2208 nmol/L.
Conversion factor: 1 ng/mL = 2.76 nmol/l.)
contain 0.3% Proclin as a preservative

[9%]

Engyme Conjugate. 1 vial, 25 mL. ready to use:
Cortisol conjugated to horseradish Peroxidase:
contains 0.3% Proclin as a preservative.

4. Substrate Solution. 1 vial. 14 mL. ready to use:
Tetramethylbenzidine (TMB).

Stop Solution. 1 vial, 14 mL. ready to use;

contains 0.5M H->S0y4

Avoid contact with the stop solution. It may cause skin irritations and burns.
6. Wash Selution. 1 vial. 30 mL (40X concentrated):

see “Preparation of Reagents™.

h

Note: Additional Standard 0 for sample dilution is available upon request.

Equipment and material required but not provided

— A microtiter plate calibrated reader (450+10 nm). (e.g. the DRG International Microtiter Plate Reader).
— Calibrated variable precision micropipettes.

— Absorbent paper.

— Distilled water

Storage and stability of the Kit

When stored at 2-8°C unopened reagents will refain reactivity until expiration date. Do not use reagents beyond this date.
Opened reagents must be stored at 2-8°C. Microtiter wells must be stored at 2-8°C. Once the foil bag has been opened.
care should be taken to close it tightly again.

Preparation of Reagents
Allow all reagents and required number of strips to reach room temperature prior to use.

Wash Solution

Dilute 30 mL of concentrated Wash Solution with 1170 mL deionized water to a final volume of 1200 mL.
The diluted Wash Solution is stable for 2 weeks at room temperature.
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Disposal of the Kit

The disposal of the kit must be made according to the national regulations. Special information for this product is given in
the Material Safety Data Sheets (see chapter 13).

Damaged Test Kits

In case of any severe damage of the test kit or components. DRG® have to be informed written, latest one week after
receiving the kit. Severely damaged single components should not be used for a test run. They have to be stored until a
final solution has been found. After this, they should be disposed according to the official regulations.

SPECIMEN

Serum or plasma (EDTA-, Heparin- or citrate plasma) can be used in this assay.
Do not use haemolytic. icteric or lipaemic specimens.

Please note: Samples containing sodium azide should not be used in the assay.

Specimen Collection

Serum:

Collect blood by venipuncture (e.g. Sarstedt Monovette # 02.1388.001), allow to clot. and separate serum by
cenfrifugation at room temperature. Do not centrifuge before complete clotting has occurred. Donors receiving
anticoagulant therapy may require increased clotting time.

Plasma:

Whole blood should be collected into centrifuge tubes containing anti coagulant and centrifuged immediately after
collection.

(E.g. for EDTA plasma Sarstedt Monovette —red cap - # 02.166.001; for Heparin plasma Sarstedt Monovette — orange
cap - # 02.165.001: for Citrate plasma Sarstedt Monovette — green cap - # 02.167.001.)

Specimen Storage

Specimens should be capped and may be stored for up to 5 days at 2-8°C prior to assaying.

Specimens held for a longer time should be frozen only once at -20°C prior to assay. Thawed samples should be inverted
several times prior to testing.
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Specimen Dilution

If in an initial assay. a specimen is found to contain more than the highest standard, the specimens can be diluted with
Standard 0 and reassayed as described in Assay Procedure.
For the calculation of the concentrations this dilution factor has to be taken into account.

Example:
a) Dilution 1:10: 10 pL Serum + 90 uL Standard 0 (mix thoroughly)
b) Dilution 1:100: 10 puL dilution a) 1:10 + 90 uL Standard 0 (mix thoroughly).

TEST PROCEDURE

General Remarks

All reagents and specimens must be allowed to come to room temperature before use. All reagents must be mixed

without foaming.

— Once the test has been started. all steps should be completed without interruption.

— Use new disposal plastic pipette tips for each standard. control or sample in order fo avoid cross contamination.

— Absorbance is a function of the incubation time and temperature. Before starting the assay. it is recommended that all
reagents are ready. caps removed. all needed wells secured in holder. etc. This will ensure equal elapsed time for each
pipetting step without interruption.

— As a general rule the enzymatic reaction is linearly proportional to time and temperature.
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Assay Procedure
Each run must include a standard curve.

Secure the desired number of Microtiter wells in the holder.

2. Dispense 20 pL of each Standard, Contrel and samples with new disposable tips into appropriate wells.
3. Dispense 200 pL Enzyme Conjugate into each well.

4.  Thoroughly mix for 10 seconds. It is important to have a complete mixing in this step.

5. Incubate for 60 minutes at room temperature (without covering the plate).

6. Briskly shake out the contents of the wells.

Rinse the wells 3 times with diluted Wash Solurion (400 uL per well). Strike the wells sharply on absorbent paper to
remove residual droplets.
Important note:
The sensitivity and precision of this assay is markedly influenced by the correct performance of the washing
procedure!

7. Add 100 pL of Substrate Solution to each well.

8. Incubate for 15 minutes at room temperature.

9. Stop the enzymatic reaction by adding 100 pL of Stop Solution to each well.

10. Read the OD at 450+10 nm with a microtiter plate reader within 10 minutes after adding the Stop Solution.

Calculation of Results

1. Calculate the average absorbance values for each set of standards, controls and donor samples.

2. Construct a standard curve by plotting the mean absorbance obtained from each standard against its concentration

with absorbance value on the vertical(Y) axis and concentration on the horizontal (X) axis.

Using the mean absorbance value for each sample determine the corresponding concentration from the standard

curve.

4. Automated method: The results in the IFU have been calculated automatically using a 4 PL (4 Parameter Logistics)
curve fit. Other data reduction functions may give slightly different results.

5. The concentration of the samples can be read directly from this standard curve. Samples with concentrations higher
than that of the highest standard have to be further diluted. For the calculation of the concentrations this dilution
factor has to be taken into account.

(5]

111



PRE Ly

DRG® Cortisol ELISA  (ETA-1887)

REVISED 8 NOV. 2011 RM (VERS. 1.1) USA:

Below is listed a typical example of a standard curve with the DRG® Cortisol ELISA.

Standard Optical Units (450 nm)
Standard 0 (0 ng/mL) 2.30
Standard 1 (20 ng/ml) 1.67
Standard 2 (50 ng/mL) 1.24
Standard 3 (100 ng/ml) 0.87
Standard 4 (200 ng/mlL) 0.57
Standard 5 (400 ng/mL) 0.35
Standard 6 (800 ng/ml) 0.23

LIMITATIONS OF USE

Interfering Substances

Any improper handling of samples or modification of this test might influence the results.
Haemoglobin (up to 4 mg/mL), Bilirubin (up to 0.5 mg/mL) and Triglyceride (up to 7.5 mg/mL) have no influence on the
assay results.

Drug Interferences
Until today no substances (drugs) are known to us, which have an influence to the measurement of Cortisol in a sample.

High-Dose-Hook Effect
No hook effect was observed in this test.

REFERENCES
1. L. Thomas, Labor und Diagnose, 4. Auflage. 1992
2. Tietz, N'W.. Textbook of Clinical Chemistry, Saunders. 1968

Version 8/2006_rm
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EnzyChrom™ Creatine Kinase Assay Kit (ECPK-100)

Colorimetric Determination of Creatine Kinase Activity at 340 nm

DESCRIPTION

CREATINE KINASE (CK), also known as creatine phosphokinase
(CPK), is an enzyme (EC 2.7.3.2) expressed predominantly in skeletal
muscle, smooth muscle and the brain. The CK enzyme consists of two
subunits, which can be either B (brain type} or M (muscle type), and
hence three different isoenzymes: CK-MM, CK-BB and CK-MB. CK
catalyzes the conversion of creatine to phosphocreatine, consuming
adenosine triphosphate (ATP) and generating adenosine diphosphate
(ADP) and the reverse reaction. CK is often determined routinely in
emergency patients with chest pain and acute renal failure. Elevation
of CK is an indication of damage to muscle and has been associated
with injury, rhabdomyolysis, myocardial infarction, myositis,
myocarditis, malignant hyperthermia and neuroleptic malignant
syndrome, etc. Lower levels can be an indication of aleoholic liver
disease and rheumatoid arthritis.

Simple, direct and automation-ready procedures for measuring CK
activity are very desirable. BioAssay Systems' QuantiChrom™
Creatine Kinase Assay Kit is based on enzyme coupled reactions in
which creatine phosphate and ADP is converted to creatine and ATP
by CK, the generated ATP is used to phosphorylate glucose by
hexckinase to generate glucose-6-phosphate, which is then oxidized
by NADP in the presence of glucose-6-phosphate dehydrogenase.
The produced NADPH, measured at 340 nm, is proportionate to the
CK activity in the sample.

APPLICATIONS

Direct Assays: CK in serum, plasma and other biological samples.
Pharmacology: effects of drugs on CK activity.

KEY FEATURES

Sensitive and accurate. Detection range: 5 to 300 U/L creatine
kinase in 96-well plate assay.

Convenient. The procedure involves adding a single working reagent,
and reading the optical density at 20 min and 40 min at room
temperature or 37 C.

High-throughput. Can be readily automated as a high-throughput 96-
well plate assay for thousands of samples per day.

KIT CONTENTS (100 tests in 96-well plates)
Assay Buffer: 12 mL Substrate Solution: 1.0 mL
Enzyme Mix: 120pl  Calibrator: 150 pL

Storage conditions. This kit is shipped on ice. Store all reagents at -
20°C. Shelf life: 6 months after receipt.

Precautions: reagents are for research use only. Normal precautions
for laboratory reagents should be exercised while using the reagents.
Please refer to Material Safety Data Sheet for detailed information.

PROCEDURES

Sample Preparation. Use non-hemolyzed samples. Samples should
be assayed within 4 hours of blood collection if they remain at room
temperature, or within 12 hours if stored at 4°C. Samples can be
stored at -80°C and should be thawed only once. If turbidity is
observed, centrifuge sample and use clear supernatant for assay.

Reagent Reconstitution. Bring all components to room temperature.
For each reaction well, mix 10 uL Substrate Solution, 100 uL Assay
Buffer and 1 uL Enzyme Mix. Fresh reconstitution is recommended. If
the assay is to be carried out at 37°C, warm up the Reconstituted
Reagent at 37 °C.

1. Calibrator: transfer 110 uL water and (10 uL Calibrator + 100 pL
water) into separate wells of a clear bottom 96-well plate.

Samples: transfer 10 uL samples into separate wells. Add 100 puL
Reconstituted Reagent and tap plate to mix.

2. Reaction. Incubate at room temperature or 37°C. CK is fully
activated within 20 min by glutathione provided in the Substrate
Solution. Read OD340nm at 20 min and again at 40 min.

. Calculation. Galculate sample CK activity using the equation,

CK (U/L) = ODzomin — ODzomin « 150

ODcaLisrator — ODrzo

w

OD4omin and ODzgmin are OD340nm values at 40 min and 20 min for
the sample. ODgaygratos and ODyeg are OD340nm values of the
Calibrator and water blank at 40 min. The value 150 is the
equivalent activity (U/L) of the Calibrator under the assay
conditions. Unit definition: one unit of CK will transfer 1 umole of
phosphate from phosphocreatine to ADP per min at pH 6.0.

Note: If the CK activity is expected to be higher than 300 U/L, read
OD340nm at 20 min and again at 25 min. To calculate the CK activity
replace (ODupmn — ODzomn) With (OD2smn — ODzomn) and replace the
factor 150 with 800 in the above equation. Linear range: 30 to 1,800
U/L CK activity.

MATERIALS REQUIRED, BUT NOT PROVIDED

Pipeting (multi-channel) devices. Clear-bottom 96-well plates (e.g.
Coming Costar) and plate reader.

GENERAL CONSIDERATIONS

This assay is based on an enzyme-catalyzed kinetic reaction.
Addition of Reconstituted Reagent should be quick and mixing should
be brief but thorough. Use of multi-channel pipettor is recommended.

EXAMPLES

Samples were assayed in duplicate using the 96-well protocol. The
CK activity (U/L) was 12.0 £ 0.9 for a rat serum sample, 11.0 £ 0.5 for
human serum, 28 + 1 for human plasma, 9.0 + 0.8 for mouse serum
and 49 + 2 for bovine serum.

Time (min)

Kinetics of CK Reaction at 25 (solid circle), 50 (triangle},
100 (square) and 200 (diamond) U/L. Control: open circle

PUBLICATIONS

1. ltaka K et al (2010). Polyplex nanomicelle prometes hydrodynamic
gene introduction to skeletal muscle. J Control Release.
143(1):112-9.

2. Steen C et al (2010). Reduced Creatine Kinase B Activity in
Multiple Sclerosis Normal Appearing White Matter. PLoS One
5(5):210811.

3. Kwon S et al. (2010). ASB9 interacts with ubiquitous mitochondrial
creatine kinase and inhibits mitochondrial function. BMC Bial. 8:23.

2007 © by BioAssay Systems -
Tel: 510-782-9988, Fax: 510-782-1588 -

3191 Corporate Place, Hayward, CA 94545, USA
Email: order@bioassaysys.com, info@bioassaysys.com

Website: www bicassaysys.com

Page 1 of 1

113



Appendix H

Data Collection Sheet
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ONE REPETITION MAXIMUM (1-RM)

Subject: Date: / /
Height: (Cm)
Weight: (Ko)
Seat Height/
. Sternum Pad/ .
Exercises Shin Pad/ Memo # of Plates Actual Weight
Back Pad etc.
Shoulder Press
Chest Press
Upper
Body Ex.
Low Row
Biceps Curl
Knee Extension
Knee Flexion
Lower
Body Ex.
Leg Press
Calf Raises
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Su

perSlow Study(50%-1RM)

Subject ID:

Reps.

Pain
Scale

RPE

# of
plates

Seat
height

Memo

Shoulder
Press

Chest Press

Upper
Body Ex.
Low Row
Biceps Curl
Knee
Extension
Knee
Flexion
Lower
Body Ex.
Leg Press

Calf Raises
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RM)

SuperSlow Study(80%-1

. . Pain # of Seat
Subject ID: Set Reps.| o el RPE olates | height Memo
1st set
ShOU|del’ 2nd set
Press
3rd set
1st set
Chest 2nd set
Press
3rd set
Upper
Body Ex. 1st set
Low Row 2nd set
3rd set
1st set
Biceps 2nd set
Curl
3rd set
1st set
Knee 2nd set
Extension
3rd set
1st set
Knee
Flexion 2nd set
3rd set
Lower
Body EXx. 1st set
Leg Press |2nd set
3rd set
1st set
Calf 2nd set
Raises
3rd set
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Appendix |

Individual Responses for Each Blood Variable
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Raw Data
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ID | Ageyear | Heightcm Weight kg | OneRMSP kg | OneRMCP kg | OneRMLR kg | OneRMBC kg OneRMKE kg
1 23 178 72 42.613636 45.45455 56.81818 | 28.40909091 | 73.86363636
2 19 174 68.2 56.818182 52.27273 56.81818 31.25 68.18181818
3 26 179.4 71.5 45.454545 45.45455 51.13636 | 25.56818182 | 53.97727273
4 23 187 103.6 62.5 52.27273 68.18182 | 56.81818182 | 107.9545455
5 28 171.5 69.5 85.227273 93.18182 73.86364 | 51.13636364 | 79.54545455
6 19 185 84 85.227273 79.54545 90.90909 | 56.81818182 | 88.06818182
7 26 183 82 73.863636 59.09091 68.18182 | 42.61363636 | 88.06818182
8 18 194 80.6 56.818182 52.27273 68.18182 | 45.45454545 | 90.90909091
9 21 178.5 80.5 56.818182 65.90909 62.5 39.77272727 | 73.86363636
10 23 182 68.1 73.863636 81.81818 73.86364 | 56.81818182 | 79.54545455
11 19 176 80.5 62.5 72.72727 62.5 42.61363636 | 90.90909091
12 19 187 72.8 56.818182 52.27273 62.5 39.77272727 | 85.22727273
13 18 184.5 100.9 45.454545 45.45455 62.5 48.29545455 | 79.54545455
OneRMKF kg | OneRMLP kg | OneRMCR kg | Pain SS Scale | Pain TR Scale | RPESS | RPETR | CKSS PRE
62.5 136.3636364 79.1 4.5 6.083333333 | 14.375 | 14.875 | 47.60234
68.18181818 | 172.7272727 | 56.81818182 2.875 2 16.25 | 15.792 | 57.83133
73.86363636 | 118.1818182 | 68.18181818 5.5 3.958333333 16.5 16 26.08187
107.9545455 | 172.7272727 | 90.90909091 8.75 4.5 18.625 | 13.458 | 21.9883
79.54545455 200 79.54545455 4.125 2.416666667 | 14.75 | 14.875 | 32.63965
96.59090909 | 209.0909091 | 79.54545455 8.875 7.375 19.375 17 33.29682
102.2727273 200 90.90909091 5.625 5.666666667 | 13.625 | 15.381 | 32.74854
90.90909091 | 154.5454545 | 90.90909091 5.125 5.083333333 14 15.292 | 45.01643
79.54545455 | 181.8181818 | 79.54545455 7.125 6 19.75 | 16.083 | 54.97076
90.90909091 200 79.54545455 4.75 4.083333333 | 15.625 | 15.125 | 68.01752
85.22727273 200 79.54545455 4.875 1.458333333 | 15.375 | 15.167 | 42.05915
90.90909091 | 181.8181818 | 79.54545455 4 2.625 14.875 | 14.75 | 20.26287
82.38636364 | 172.7272727 | 79.54545455 6.25 4.708333333 | 18.125 | 13.25 | 52.51462
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TES SS TES SS TESTR
CKSSIP | CKSS15P | CKTRPRE | CKTRIP | CKTR15P | TESSS PRE IP 15P PRE
52.74854 | 55.55556 | 45.61404 | 53.09942 | 53.68421 2.892 2.865 3.466 2.991
65.71742 | 57.06462 | 148.9595 | 161.5553 | 155.4217 5.063 5.275 5.602 6.911
26.43275 | 26.78363 | 19.06433 | 26.43275 | 29.59064 4.946 4.957 5.35 4.673
26.90058 | 27.25146 | 24.21053 | 29.23977 | 28.88889 13.046 10.783 4.86 5.218
32.20153 | 34.28258 | 42.49726 | 68.56517 | 76.12267 8.921 8.436 7.27 7.849
39.21139 | 39.53998 | 21.46769 | 45.12596 | 44.24973 16.728 21.853 20.92 16.034
43.27485 | 35.78947 | 138.7135 | 33.68421 | 33.80117 7.227 6.177 5.412 8.309
57.28368 | 57.06462 | 26.72508 50.931 38.55422 6.599 6.686 6.187 5.958
65.38012 | 61.87135 | 30.17544 | 50.87719 | 55.55556 8.286 7.562 6.361 7.114
77.98467 | 77.21796 | 45.23549 | 62.97919 | 61.99343 6.556 8.018 6.957 6.865
43.59255 | 45.01643 | 30.01095 | 64.95071 | 53.01205 12.126 13.734 12.235 12.513
23.0011 21.46769 | 33.18729 | 42.16867 | 46.33078 7.333 5.51 5.779 7.081
61.40351 | 62.22222 | 162.2222 | 150.4094 | 162.1053 4.839 5.437 5.564 3.707
TESTR TESTR CORSS CORSS CORSS CORTR CORTR
IP 15P PRE IP 15P PRE CORTRIP 15P LA SS PRE
2.372 1.777 196.156 150.915 130.53 163.286 108.411 135.385 2.8
6.775 6.556 36.623 177.691 156.144 104.849 116.449 108.787 0.6
6.222 4.213 203.282 268.71 243.404 206.62 178.128 161.982 0.6
6.029 5.538 211.596 268.71 173.153 168.111 191.729 233.515 0.7
9.561 8.755 158.813 210.892 160.723 153.031 228.983 302.276 0.4
19.126 13.349 203.497 326.148 352.471 173.583 304.604 273.913 0.4
15.481 8.333 134.197 281.149 288.045 143.276 310.494 275.111 0.6
5.83 6.347 78.077 128.37 116.278 132.6 192.063 182.287 0.8
7.686 6.705 213.56 239.559 187.454 177.829 265.319 200.742 0.6
8.53 7.004 189.542 209.63 193.896 98.753 235.924 240.571 0.5
11.023 12.019 160.174 220.541 253.735 163.797 151.762 151.008 0.5
7.23 5.85 177.787 92.807 88.122 164.592 101.378 110.498 1.1
4.683 3.797 203.282 233.971 215.955 197.9 228.148 198.959 0.7
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HCTR HC TR
LASSIP | LATRPRE | LATRIP | HCSSPRE | HCSSIP | HCSS15P PRE HCTRIP 15p
9.1 18 8.7 46.5 50.5 47.25 43.5 52 45.5
6.1 1 9.8 43 45 42.5 43.25 49.25 43.25
10.9 11 10.6 44.75 47.5 44.25 45 48.25 46.5
7.4 0.7 8.3 49.25 50.5 47.25 47.5 49.75 46.25
7.5 0.7 129 44.5 48.5 44.5 42.5 51 43.25
11.2 0.6 12.2 47.25 51.5 48.5 45.75 49.25 42.75
9.2 0.7 8.3 46.5 43.75 42.75 44.75 475 45
6.4 0.7 8.8 44 50.25 44 45.75 48 42.75
12.1 0.7 114 50.5 50.5 50.75 48.75 51.75 48.5
10.9 0.6 13.4 46 53.5 49 44.5 51 45
10.8 0.7 125 42.25 45 41 44 51 45.75
4.8 0.6 8 42.5 46 43.5 44 46.75 40.25
9.4 0.8 6.8 48.5 50 50 49 50.5 47.5
EVSSSP | EVTRSP | EVSSCP | EVTRCP | EVSSLR | EVTRLR | EVSSBC | EVTRBC | EVSSKE
1598.011 | 2454.545 | 2386.364 | 2618.182 | 3409.091 | 3272.727 | 1491.477 | 1022.727 | 2215.909
1704.545 | 3272.727 | 2352.273 | 3010.909 | 2556.818 | 3272.727 | 2343.75 1125 | 2045.455
1704.545 | 2618.182 | 2045.455 | 2618.182 | 4602.273 | 2945.455 | 1150.568 | 920.4545 | 4048.295
4687.5 3600 | 4417.045 | 3010.909 | 7670.455 | 3927.273 | 2556.818 | 2045.455 | 4857.955
3835.227 | 4909.091 | 4892.045 | 5367.273 | 6093.75 | 4254.545 | 2684.659 | 1840.909 | 3579.545
3835.227 | 4909.091 | 4176.136 | 4581.818 | 4772.727 | 5236.364 | 2556.818 | 2045.455 | 3963.068
4985.795 | 4254.545 | 3988.636 | 3403.636 | 4602.273 | 3927.273 | 2876.42 | 1534.091 | 3963.068
2556.818 | 3272.727 | 2744.318 | 3010.909 | 4602.273 | 3927.273 | 1704.545 | 1636.364 | 2727.273
2556.818 | 3272.727 | 3460.227 | 3796.364 | 3281.25 3600 | 1789.773 | 1431.818 | 2769.886
3877.841 | 4254.545 | 3068.182 | 4712.727 | 6647.727 | 4254.545 | 3409.091 | 2045.455 | 2982.955

132




3281.25 3600

4363.636 | 4189.091 4687.5

3600 1598.011

1534.091 | 2727.273

2982.955 | 3272.727

2352.273 | 3010.909 | 4218.75

3600 3281.25

1431.818 | 3835.227

2045.455 | 2618.182

1704.545 | 2618.182 | 5156.25

3600 1086.648

1738.636 | 5965.909

EVTRKE | EVSS KF

EVTRKF | EVSSLP | EVTRLP

EVSSCR | EVTRCR

%Change PV SS (PRE IP)

4254.545 6562.5 3600 10227.27 | 7854.545 3559.5 4556.16 -14.80521884
3927.273 5625 3927.273 | 11659.09 | 9949.091 | 2982.955 | 3272.727 -7.797270955
3109.091 | 4985.795 | 4254.545 | 8863.636 | 6807.273 | 3068.182 | 3927.273 -10.4786854
6218.182 | 11335.23 | 6218.182 | 12954.55 | 9949.091 | 5454.545 | 5236.364 -4.877335024
4581.818 | 5965.909 | 4581.818 21000 11520 3579.545 | 4581.818 -14.86022105

5072.727 | 5795.455 | 5563.636 | 12545.45 | 12043.64

4772.727 | 4581.818

-15.64441172

5072.727 | 11505.68 | 5890.909 13500 11520

6136.364 | 5236.364

11.74899866

5236.364 | 8863.636 | 5236.364 12750 8901.818

4772.727 | 5236.364

-22.21037669

4254.545 | 7159.091 | 4581.818 | 17727.27 | 10472.73 | 5369.318 | 4581.818 0
4581.818 | 8181.818 | 5236.364 22500 11520 2982.955 | 4581.818 -25.96053998
5236.364 | 5113.636 | 4909.091 22500 11520 3579.545 | 4581.818 -10.58201058

4909.091 | 5454.545 | 5236.364 | 6818.182 | 10472.73

4176.136 | 4581.818

-13.23251418

4581.818 | 9886.364 | 4745.455 | 9068.182 | 9949.091

7755.682 | 4581.818

-5.825242718

% Change PV TR (PRE IP)

%Change PV SS (PRE 15P)

%Change PV TR (PRE 15P)

% Chg CK SS (PRE IP)

-28.93124575

-2.966918855

-7.779830789

10.81081081

-21.46738523

2.063983488

0

13.63636364

-12.24682054

2.045146611

-5.865102639

1.34529148

-8.614501077

8.340500951

5.148005148

22.34042553

-28.98550725

0

-3.015833124

-1.342281879

-13.09972163

-4.88591391

12.93556472

17.76315789
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-10.4786854

16.39613051

-1.005530417

32.14285714

-8.640552995

0

12.93556472

27.25060827

-11.31141746

-0.995173409

1.005783254

18.93617021

-22.96414061

-11.33786848

-2.002002002

14.65378422

-24.50980392

5.279273572

-6.830601093

3.645833333

-10.50420168

-3.998001

16.63708962

13.51351351

-5.824111823

-5.825242718

6.191950464

16.92650334

% Chg CK TR (PRE IP)

% Chg CK SS (IP 15P)

% Chg CK TR (IP 15P)

% Chg CK SS (PRE 15P)

16.41025641

5.321507761

1.089324619

16.70761671

8.455882353

-13.16666667

-3.946441156

-1.325757576

38.65030675

1.327433628

10.67193676

2.69058296

20.77294686

1.304347826

-1.214574899

23.93617021

61.34020619 6.462585034 9.928057554 5.033557047
110.2040816 0.837988827 -1.98019802 18.75
-75.71669477 -17.2972973 0.346020761 9.285714286

90.57377049

-0.382409178

-32.10227273

26.76399027

68.60465116

-5.366726297

8.421052632

12.55319149

39.2251816 -0.983146067 -1.590106007 13.52657005
116.4233577 3.266331658 -22.52066116 7.03125
27.06270627 -6.666666667 8.983451537 5.945945946
-7.281903389 1.333333333 7.215007215 18.48552339

% Chg CK TR (PRE 15P)

% Chg TES SS (PRE IP)

% Chg TES TR (PRE IP)

% Chg TES SS (IP 15P)

17.69230769

-0.933609959

-20.69541959

20.97731239
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4.338235294

4.187240766

-1.967877297

6.199052133

55.21472393

0.222401941

33.14787075

7.928182368

19.3236715 -17.34631305 15.54235339 -54.92905499
79.12371134 -5.436610245 21.81169576 -13.82171645
106.122449 30.6372549 19.28402145 -4.269436691

-75.63237774

-14.52885015

86.31604285

-12.38465274

44.26229508

1.318381573

-2.148371937

-7.463356267

84.10852713

-8.737629737

8.040483554

-15.88204179

37.04600484 22.30018304 24.25345958 -13.23272637
76.64233577 13.260762 -11.90761608 -10.91451871

39.6039604 -24.86022092 2.104222567 4.882032668
-0.072098053 12.35792519 26.32856757 2.335846974

% Chg TES TR (IP 15P)

% Chg TES SS (PRE 15P)

% Chg TES TR (PRE 15P)

% Chg COR SS (PRE IP)

-25.08431703

19.84785615

-40.58843196

-23.06378597

-3.232472325

10.64586214

-5.136738533

385.1896349

-32.28865317

8.168216741

-9.843783437

32.18583052

-8.143970808 -62.74720221 6.132617861 26.99200363
-8.430080536 -18.50689385 11.5428717 32.79265551
-30.2049566 25.05978001 -16.74566546 60.2716502
-46.17272786 -25.11415525 0.288843423 109.5046834
8.867924528 -6.243370208 6.529036589 64.41461634

-12.76346604

-23.23195752

-5.749226877

12.17409627

-17.8898007

6.116534472

2.024763292

10.59817877

9.035652726

0.898894937

-3.94789419

37.68838888

-19.08713693

-21.19187236

-17.3845502

-47.79877044

-18.91949605

14.98243439

2.427839223

15.09676213
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% Chg COR TR (PRE IP)

% Chg COR SS (IP 15P)

% Chg COR TR (IP 15P)

% Chg COR SS (PRE 15P)

% Chg COR TR (PRE 15P)

-33.60667785 -13.50760362 24.88123899 -33.4560248 -17.0872
11.06352946 -12.12610656 -6.57970442 326.3550228 3.755878
-13.78956539 -9.417587734 -9.064268391 19.73711396 -21.6039
14.04905092 -35.56138588 21.79430342 -18.16811282 38.90525
49.63177395 -23.78895359 32.008053 1.202672325 97.52599
75.48031777 8.070875799 -10.07570485 73.20697602 57.79944
116.7104051 2.452791936 -11.39571135 114.6433974 92.01471
44.8438914 -9.419646335 -5.089996512 48.92734096 37.47134
49.19894955 -21.750383 -24.33938014 -12.22419929 12.88485
138.9031219 -7.505605114 1.969702107 2.297116206 143.6088
-7.347509417 15.05116962 -0.496830564 58.41210184 -7.80784
-38.40648391 -5.048110595 8.996034643 -50.43394624 -32.8655
15.28448711 -7.700099585 -12.79388818 6.23419683 0.535119

% Chg LA SS (PRE

P)

% Chg LA TR (PRE IP)

225

383.3333333

916.6666667

880

1716.666667

863.6363636

957.1428571

1085.714286

1775 1742.857143
2700 1933.333333
1433.333333 1085.714286
700 1157.142857
1916.666667 1528.571429
2080 2133.333333
2060 1685.714286

336.3636364

1233.333333

1242.857143

750
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10

10

10

10

SS Pain/ID
SS SP

SS CP
SS LR

SS BC
SS KE

SS KF

SSLP

SSCR

Pain/ID
TRSP1
TRSP 2
TRSP3
TRCP1
TR CP 2
TRCP3
TRLR1
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20
19
16
17
20
20
15
18

15
15
14
15
15
15
15
15

11
11
12

14
15
16
16
15
17
14
16

14
14
16
13

15
15
15
15
17
16
16
16

11
15

16
13

20
20
20
20
20
20
18
20

15
17
18
14

13
13
14
18
14
14
13
13

17
17
19
16

10
12
13
13
15
12
16
18

14
14
16
15

18
18
19
20
20
20
20
20

14
15
19

15
15
14
15
15
15
14
15

14
15
18
14

19
18
18
18
20
18
19
19

14
14
15
15

14
15
16
18
16
17
19
17

13
14
16

15
16
16
17
15
17
17
17

12
14
16
17

TRLR 2
TRLR3

TRBC1
TRBC?2
TRBC3
TRKE1
TRKE 2
TRKE 3
TRKF1
TRKF 2
TRKF 3
TRLP1
TRLP 2
TRLP 3

TRCR1
TRCR 2
TRCR3

12
15
15
16
14
10
16
17

17
15
17
16

SS RPE/ID
SS SP

SS CP
SS LR

SS BC
SS KE

SS KF

SSLP

SSCR

10
15
19
13

RPE/ID

TRSP1
TRSP 2
TRSP 3
TRCP1
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TRCP 2 15| 17| 17| 11| 15 17 17 17| 14 15 15 14
TRCP3 16 | 18| 19| 14| 16 19 18 20| 15 15 18 17
TRLR1 12| 16| 14| 12| 14 15| 12| 13 16 | 12 18 15 15
TRLR 2 12| 16| 16| 14| 14 18| 14| 15 18| 13 17 16 17
TRLR 3 15| 17| 17| 16| 15 19| 17| 15 18| 13 18 16 19
TRBC1 10| 14| 15| 10| 14 15| 14| 17 15| 12 16 12 15
TRBC2 12| 16| 17| 13| 16 16 | 18| 17 19| 13 17 14 19
TRBC3 15| 18| 19| 16| 17 18| 19| 17 20| 16 17 16 19
TRKE1 14| 13| 14| 12| 15 16 | 13| 13 12| 15 14 11 12
TRKE 2 15| 14| 17| 13| 15 17| 15| 15 13| 16 15 13 14
TRKE 3 15| 14| 17| 17| 15 19| 18| 17 15| 18 16 14 17
TRKF1 17| 17| 16| 11| 15 17| 14| 12 12| 14 14 17 7
TRKF 2 17| 17| 17| 13| 14 18| 15| 13 17| 16 14 17 10
TRKF 3 19| 18| 18| 16| 15 20| 15| 13 16 | 17 15 17 10
TRLP1 15| 13| 15| 13| 14 16 | 16| 13 15| 15 14 14 14
TRLP 2 16| 15| 16| 14| 14 18| 17| 17 15| 16 16 14 15
TRLP 3 18| 15| 17| 16| 15 19| 17| 17 15| 18 15 15 15
TRCR1 14| 15| 13| 12| 15 15| 12| 16 14| 13 13 14 6
TRCR 2 16 | 15| 15| 13| 15 17| 14| 16 15| 16 15 14 9
TRCR3 17| 16| 16| 15| 16 18| 15| 17 15| 17 15 15 12
SS Cor. CK PRE | SS Cor. CK IP SS Cor. CK 15P | TR Cor. CK PRE | TR Cor. CK'IP TR Cor. CK 15P
47.60233918 44.93900152 53.9072673 45.61403509 37.7370929 49.50766979
57.8313253 60.59325019 58.2424265 148.9594743 126.8736109 155.4216867
26.08187135 23.66294398 27.33139015 19.06432749 23.19557726 27.85512168

21.98830409

25.58855315

29.52437043

24.21052632

26.72090612

30.37609038
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32.63964951

27.41631436

34.28258488

42.49726177

48.69120752

73.82693974

33.29682366 | 33.07699956 37.6080888 21.46768894 | 39.21458345 49.97367814
32.74853801 48.3592158 41.6575625 138.7134503 30.15454808 33.46128855
45.01642935 | 44.56075903 57.06462212 26.72508215 46.53027695 43.54142254
54.97076023 65.38011696 | 61.25561786 30.1754386 | 45.12226129 56.11432403
68.01752464 | 57.73942556 68.4630917 45.2354874 | 48.51655986 60.75231858
42.05914567 38.97958356 | 47.39296981 30.0109529 49.0314198 49.39100665

20.26286966

19.95747209

20.60941052

33.18729463

37.73919206

54.03887066

52.51461988

57.82660535

58.59762675

162.2222222

141.6493476

172.1427408

SS Cor. TES PRE SS Cor. TES IP SS Cor. TES 15P | TR Cor. TESPRE | TR Cor. TES IP TR Cor. TES 15P

2.892 2.44083048 3.363166592 2.991 | 1.685750851 1.638752407

5.063 | 4.863693957 5.717624355 6.911 | 5.320584651 6.556

4.946 | 4.437571565 5.459415344 4.673 | 5.460002826 3.965903226

13.046 | 10.25707696 5.265348346 5.218 5.50963173 5.823096525

8.921 | 7.182391753 7.27 7.849 | 6.789695652 8.49096381

16.728 | 18.43422671 19.89786681 16.034 | 16.62054724 15.07576853

7.227 | 6.902735648 6.299358583 8.309 | 13.85879471 8.24920915

6.599 | 5.201014215 6.187 5.958 5.32625576 7.168020293

8.286 7.562 6.297697019 7.114 | 6.816604454 6.772437767

6.556 | 5.936483904 6.16822449 6.865 | 6.571158806 6.86377978

12.126 | 12.28066667 12.88091912 12.513 | 8.321284314 11.19803005

7.333 | 4.780888469 5.547955522 7.081 | 6.470546218 6.823269743

4.839 | 5.120281553 5.239883495 3.707 | 4.410256843 4.032108359

SS Cor. COR PRE | SS Cor. COR IP SS Cor. COR 15P | TR Cor. CORPRE | TR Cor. CORIP | TR Cor. COR 15P
196.156 128.571704 126.6572808 163.286 | 77.04634717 124.8522761
36.623 | 163.8359513 159.3667864 104.849 | 91.45044458 108.787
203.282 | 240.5527245 248.3819687 206.62 | 156.3129835 152.4815894
211.596 | 255.6041131 187.5948276 168.111 | 175.2125032 245.5363642
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158.813 | 179.5529826 160.723 153.031 | 162.6111159 293.1598603
203.497 | 275.1240641 335.2495704 173.583 | 264.7017239 309.3451934
134.197 | 314.1811923 335.2732341 143.276 | 277.9583106 272.3446752

78.077 | 99.85853945 116.278 132.6 | 175.4676947 205.8668529

213.56 239.559 185.5885076 177.829 | 235.3076603 202.7610294
189.542 155.20892 171.9123265 98.753 | 181.7460809 235.7547638
160.174 197.203328 267.1303648 163.797 | 114.5654314 140.6932459
177.787 | 80.52630057 84.59888156 164.592 | 90.72905042 128.8816513
203.282 | 220.3416214 203.3750971 197.9 | 214.8604054 211.2784427
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