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ABSTRACT

SIMON J. HAAKE: Analysis of the Immunological and Neuro-Endocriresponses to
Resistance Training in Division-l Football Players
(Under the direction of Anthony C. Hackney, PhID.Sc.)

Twenty Division- American Football athletes (agd&®1 + 1.1 y) participated in
a 6-week off-season strength and conditioning nogrAthletes resistance trained for 6
weeks at 85-100% of their 1-repetition maximum (RENaluations were performed at
Week 1, Week 4, and Week 6 of training. At WeekeSting measures of both IL-6 and
cortisol were elevated above Week 1 baseline meagpk0.05). Body weight increased
Weeks 2-5 as well as 1-RM on the three main Iiftestigated (Bench = +4.8 £ 4.2%;
Squat = +2.1 + 3.1%; Clean = +2.0 + 3.3%). RESTu@sgionnaire showed small,
significant decreases in four perceived affectiaegories. Correlation coefficients
revealed significant relationships of IL-6 and ot at Weeks 1 and Week 6. It appears
that the training utilized in the study was stremsienough to produce a positive physical

response and increases in biomarkers, but didaustecovertraining.
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CHAPTER |

BASIS FOR STUDY

Introduction

A high level of player performance in Divisionthéetics is the main goal for
strength and conditioning coaches. By optimizirgpabination of training modality,
duration, intensity, and volume these strengthc@mtlitioning coaches attempt to bring
their athletes into games, throughout the competgeason, in a non-fatigued, high-
performance, healthy state. In the off-seasonngtheand conditioning coaches play a
large part in the physical preparation of the aéhfer competition. The achievement and
maintenance of a healthy state is a combinatianasfy physiological factors working
together at an optimal functional state. Two caitighysiological systems that are part of

the health status of the athlete are the immuncébgind neuro-endocrine systems.

In current contemporary times, strength coactas athletes throughout the year
at, or near, their maximal capability using a pescealled overreaching. In the
overreaching process, one or more of the trainetpfs (modality, duration, intensity,
and/or volume) are increased beyond what the atideiccustomed to in order to elicit a

super-compensatory response (Mackinnon, 2000; SE}#)). This super-compensatory



response is characterized by increases in stresigied, or sport performance beyond
previous measures. Regrettably, overreaching, whaonged for several days to weeks,
can possibly lead to a state called “Overtrainiragiapid deterioration in performance
that does not respond to an ‘appropriate’ resegeneration period (Lehmann et al.,
1993). An athlete who is ‘overtrained’ may disp&aynyriad of physiological symptoms
including fatigue, depression, lack of interestraining, and sleeplessness. Also,
overtrained athletes often experience drops inopexdnce in their sport. Research
findings suggest these symptoms can largely bibatiid to the changes in
immunological and neuro-endocrine status of théetghi.e., these systems become

compromised (Smith, 2000).

It is well documented that exercise, specificailgnse or prolonged bouts, can
lead to the production of and subsequent elevatigmo-inflammatory cytokines;
components within the immune system. These cytskisiech as IL-1a, IL-1b, and IL-6,
are part of an acute pro-inflammatory responsentsiplogical stressors such as is
presented during exercise training. Generally,dlps-inflammatory cytokines are
offset by production of anti-inflammatory cytokin@k-10) and cytokine inhibitors (IL-
1ra, sTNF-rl). That is, the anti-inflammatory cyituds mitigate the effects of the pro-
inflammatory cytokines. During periods of overreiach though, pro-inflammatory
cytokines may reach excessively elevated levelshwvim turn can promote symptoms of
fatigue. When fatigue is left unmanaged by eithexdaction in training volume or
intensity, it has been proposed that overreactgadd to an overtrained state (Smith,
2000). Recently Dr. Lucille Smith has developed'@wokine Hypothesis’ to explain

overtraining in athlete, specifically proposingtteacessive production and/or



heightened sensitivity in tissues to the speciiokine IL-6 is the principle factor
leading to the overtrained state (Robson, 20033.r€kationship between IL-6 and
hormonal influences on performance have yet tobestigated with competitive

American collegiate football players involved irsisgance-strength training.

Research suggests that the neuro-endocrine systlm second focal point in
determining whether an athlete is overtrained. Bggrolonged and/or intense exercise,
the endocrine system releases hormones that medkeaietabolic response to exercise,
specifically glucocorticoids which are fundamentathis process. The glucocorticoid
hormones also play an important role on the funatig of the immune system during
exercise. Cortisol, the major steroid glucocortichormone released in response to
physical and psychological stress, has such aamleis a strong inhibitory factor of the
immune response. The cortisol-glucocorticoid respom turn, is also mediated by the
pro-inflammatory cytokines, specifically IL-6 (Stesberg et al., 2003). This response of
IL-6 is primarily from contracting muscles used idgrexercise and does not seem to be

via adipocyte IL-6 release (Pedersen et al., 280densberg et al., 2000).

Purpose

The primary purpose of this study is to evaluaigeats of the immunological and
neuro-endocrine system of Division-IA American foait athletes participating in
resistance training for a six week period. The kiyte IL-6 will be used to assess the
immunological status and the hormone cortisol raspdo assess the neuro-endocrine

status. Both of these biomarkers will be measuneshiiva due to it being a non-invasive



means of collecting a biological sampling and thasinterfering with the athletes (i.e.,

subjects) exercise training.

Hypothesis

1. There will be a significant elevation of saliydt-6 and cortisol concentrations over
baseline by the end of the 6-week training period.
2. There will be significant correlations betweativary IL-6 and cortisol concentrations

at each of the 6 time points within the trainingipe.

Significance

The results of this study will help elucidate teeponse of the IL-6 cytokine to
typical resistance training protocols used by gftlermnd conditioning coaches of
Division-1 American football teams. Elevated levefdL-6 have been shown to exist in
athletes displaying overtraining symptoms. Undeditag the cytokine response (and
those factors affecting it such as cortisol) tastasce training in athletes has the
potential to help strength and conditioning coaaghese properly manage the exercise

training protocols used with their athletes.



Definition of terms

Cortisol— A glucocorticoid hormone secreted from the zasaiculata of the adrenal
cortex. Cortisol release is stimulated by adrenoamtropin hormone (ACTH) from the

anterior pituitary (Mastorakos et al., 2005).

Corticotropin releasing hormone (CRHa hormone secreted by the paraventricular

nucleus (PVN) of the hypothalamus in responserasst(Mastorakos et al., 2005).

Hypothalamic-pituitary-adrenocortical (HPA) axisa complex feedback system which

makes up a major part of the neuroendocrine syatehreacts to stress as well as

regulating many of the body’s processes includingiinmune system.

Interleukin-6 (IL-6)— a cytokine released by most tissue cells witihnbody.

Responsible for stimulation of acute phase protaimsa mediator of fever. IL-6 release

is stimulated by infection, psychological and plgsistress, and muscular contractions.

Delimitations

1. Subjects are healthy, resistance-trained maegden 18-25 years of age.

2. Subjects report to each trial 2 hours post-pgeandnd maintain and control their diet

preceding each of the sampling sessions.

3. Subjects participate in all training sessiomsulghout the 6-week study period.

4. Each of the sampling sessions are conductdgk aame time of day (within each

subject) to account for circadian rhythms.
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5. Psychological stress is controlled for at tlatsif the study as each subject
demonstrates normal scores on the Recovery-StngsstiQnnaire (REST-Q) before

proceeding with study.

Limitations

1. Salivary measures will be taken in place of semueasures for both biological
markers (IL-6 and cortisol). Salivary measures Haa@n shown to be accurate for

cortisol measures, but may not account for minaenges in IL-6 concentrations.

2. The results can only be generalized to the sastpdied: healthy, highly resistance
trained adult males between 18 and 25 years opadeipating in standard football

training practices.



CHAPTER Il

REVIEW OF LITERATURE

Introduction

The review of literature is organized first to ggat cytokine function and
immunology, organized by relevance to exercisespmit performance. Second, the
review will present cytokine response to exercspecifically looking at IL-6 response in
healthy subjects. Studies will be organized basedxarcise modality, intensity, volume,
and duration. Third the review will present thettkine hypothesis’ and overtraining in
terms of interleukin-6 response to training. Ladtitye review will review cortisol’s
response to training and the relationship betwkercytokine IL-6 and the neuro-

endocrine system.

Background

Cytokines are cell-signaling glycoproteins thatdmée communication between
and within immune and nonimmune cells, organs agdrosystems throughout the body
(Moldoveanu et al., 2001). In response to exerdie#) pro- and anti-inflammatory

cytokines are released based on the intensity, nadkduration of the exercise.



Cytokines bind to surface receptors on target ¢éissa the body, causing a desired
enzymatic response based on the stimulus provsiesth, as infection or trauma (Corwin,
2000). This response may occur locally (autocriagdprine action) or on distant tissues
(endocrine action), similar to classic hormonesr{@o, 2000). Interleukins are a specific
subset of cytokines that communicate between vandite blood cell populations,
generating a variety of responses including thease of acute phase proteins from the
liver (Dinarello, 1999). These acute phase prothalp to mediate the physiological

response to the stressor in an attempt to pronutebstasis.

During bouts of prolonged running, cytokines haeen shown to reach
concentrations similar to trauma and infection @faip & Pedersen, 2005). This acute
phase response has been hypothesized to reldie aoount of damage being done to
tissues within the body through the exercise stimBruunsgard et al., 1997; Ostrowski
et al., 1998), though some studies refute this {deasdottir et al., 2000; Ostrowski et al.,
2000). The cytokine response, specifically the kiyte IL-6 has been shown to
specifically be released through a muscular cotinadased mechanism (Steensberg et
al., 2002). While most cytokines are released tijincan immune system mechanism,
from macrophages and white blood cells, IL-6 isnidto increase in contracting limbs
(muscle) based on the intensity and duration ofraation (Penkowa et al., 2003;
Steensberg et al., 2002). This contraction basgubrese precedes the production of other
acute phase cytokines that have both pro- andrdtammatory effects. Of note, IL-6
has also been shown to be released from the buaindb adipose tissue during exercise

(Febbraio & Pedersen, 2005).



The cytokine IL-6 plays a complicated role in fite/siological reaction to stress.
IL-6 is a key cytokine in the response to stresbtasuma in humans, acting both locally
during physical stress and systemically duringahée and trauma (Fischer, 2006).
Receptors for IL-6 are found in numerous tissuesutphout the body, stimulating T-cell
activation, anti-body formation, and the releasaafte phase proteins from the liver
(Corwin, 2000; Moldoveanu et al., 2001; Pedersdrekbraio, 2008). Acute phase
proteins are largely responsible for the inflammgatesponse to infection, trauma, and
strenuous exercise, helping to both target forpaghogens and repair tissues (Gabay &
Kushner, 1999). IL-6 has been shown to preceddaagdly affect the C-reactive protein
(CRP) and response to anaerobic exercise; CRm&a acute phase protein that
impacts the inflammatory state in many disease ladpus (Gabay & Kushner, 1999;
Meyer et al., 2001). IL-6 has also been shown te@lati-inflammatory mechanisms,
stimulating the release of cortisol, which actsdanter the secretion of more IL-6 as
well as stimulate the release of IL-1 receptor gomast (Corwin, 2000; Fischer, 2006;

Steensberg et al., 2002).

During strenuous exercise, the IL-6 response hasrsio simulate the response
regularly seen in infection or trauma states (Metaal., 2001; Niemen et al., 2003;
Ostrowski et al., 1998). The rapid increase in IMBNA during exercise is detectable
within 30 minutes of start and by the end of starsuexercise up to a 100-fold increase
can be found (Pedersen & Febbraio, 2008). Thisselés sensitive to the exercise
intensity, mode, and duration, which determinerttagnitude of response (Pedersen &
Febbraio, 2008). Mode has been determined to aiibtehnave a significant effect or have

no effect on the IL-6 response, which has showdifierence between resistance or



aerobic training when matched for intensity andation (Fischer, 2006; Mendham et al.,
2010). Intensity of exercise is important due tcdveries that type 2 fibers may be
dependently responsible for much of the IL-6 redemscounting for 51% of the variance
in IL-6 concentrations post-exercise, showing atperelease during fatiguing bouts of
exercise where type 2 fibers are serially recruitechaintain force (Febbraio &
Pedersen, 2005). Duration has been deemed thammumttant factor in the magnitude
of IL-6 response with numerous studies showingear relationship between time and

response (Fischer, 2006).

The response of interleukin-6 to exercise may lta immune/metabolism
objectives. During exercise the appearance of il.-#e blood marks an increase in
glucose appearance and uptake and increases Igaly/seen in healthy individuals
(Fischer, 2006). Also, IL-6 increases adrenocottamc hormone (ACTH) in a cortisol-
releasing hormone (CRH) dependent manner (Fis2B66). Increased cortisol also
plays a role in lipolysis and hepatic glucose uptdidring exercise and has been shown
to play an interactive role with IL-6 and catechmiaes during exercise (Papanicolaou et
al., 1996). Higher plasma IL-6 concentrations dse eesponsible for increases in
glucagon and growth hormone, both of which may glagle in increasing lipolysis
(Galton & Bray, 1967). IL-6 also plays an exercigdticed immunological role post-
exercise relating to the release of several prd-ati-inflammatory proteins. Exercise
induced elevations in IL-6 increase the releadé-dfreceptor antagonist (IL-1ra),
cortisol, IL-10, and CRP (Steensberg et al., 20B8}h IL-1ra and IL-10 have shown
anti-inflammatory mechanisms through their reduttd inflammatory cytokines IL-1

and TNF-alpha, IL-6, IL-8, and IL-1beta (Corwin,®D Niemen et al., 2004). Thus the
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response of IL-6 to exercise has a marked roleth the immune and metabolic

physiology post-exercise.

IL-6 Response to Exercise

The response of interleukin-6 to exercise has leerstigated exhaustively and a
full review is beyond the scope of this chapteustbnly key studies pertaining to IL-6

and anaerobic related exercise will be discussed.

Meyer et. al. (2001) compared a single bout of eotae exercise on a cycle
ergometer, 60 seconds (SMT) vs. repeated anadvobis 60 seconds plus 8 repetitions
for 10 seconds (AN-TS) for changes in interleukjrit68, CRP, and cortisol in healthy
male subjects. Twelve trained, male volunteersgoeréd both exercise bouts in a
randomized order, separated by at least 24 holwedBamples were taken at rest before
exercise, 15 minutes post-exercise, 2 hours podt24 hours post. Results showed a
significant elevation in IL-6 15 minutes post-exsecfor both AN-TS and SMT, with
AN-TS being significantly elevated (mean increabg&®pg/ml) in comparison to SMT
(4 pg/ml) and a control day with no exercise (CofD@ pg/ml). SMT showed an
elevation at 15 minutes post as compared to Co-OBRf was significantly elevated for
AN-TS at 24 hours post with no significant chanfpgsSMT or Co-Day. Cortisol was
significantly elevated in both SMT and AN-TS atrbfutes post, with AN-TS being
significantly elevated over SMT and Co-Day. Theaswo significant change in IL-8

values over the course of the study. These findimdjsate a significant elevation in IL-6
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post-exercise with anaerobic bouts of exercisénig$ess than 30 minutes in duration

and a correlating increase in CRP at 24 hours gxesteise.

Steensberg et. al. (2002) investigated the IL-6EB-alpha response to 180
minutes of two-legged knee-extension exercise aithg, male subjects. Maximal knee
extension was determined for the 6 subjects aral separate day they performed 180
minutes of knee-extension in one leg at 55% ofr timeiximal workload. Biopsy samples
were taken pre- and post-exercise and blood sam@estaken from the femoral artery
at 30, 60, 90, 120, and 180 minutes during exertlisé and TNF-alpha were analyzed
over the course of the exercise with IL-6 signifitta increasing at 30minutes during
exercise (~10fold mRNA increase) and peaking at i80tes (~100fold mMRNA
increase). There was a slight, but non-significaotease in TNF-alpha over the exercise
bout. The results of this study show that IL-6 weasduced in the contracting muscles
during the two-legged knee-extension exercise, thstnating the importance of

muscular contraction to the release of IL-6.

Mendham et. al. (2010) compared moderate- and ib@nsity resistance training
to intensity-matched aerobic training exerciserémponses of IL-6, CRP, Creatine
Kinase (CK), and cortisol in sedentary male suljeBtibjects randomly performed the
four exercise bouts; low-intensity resistance, nradnsity resistance, low-intensity
aerobic, and mod-intensity aerobic exercise eastinta40 minutes. Exercise bouts were
performed after a familiarization period with a&ydecovery period between sessions.
Blood samples were taken pre-, immediately-pobplr's post, and 24 hours post.
Immediately post-exercise, IL-6 concentrationsifoth moderate intensity exercise bouts
were elevated above baseline and were significatelyated above their respective low-

12



intensity pairs. There was no significant differet@tween moderate-intensity resistance
training (0.74+0.27 pg/ml) and moderate-intensayodic training (0.90+0.13 pg/ml) at
any time-point post-exercise. Both low-intensitgerise bouts did not significantly
elevate any investigated marker at any time-pdiné results of this study suggest that
the intensity of exercise is the central mediatagor for IL-6 production in exercise

bouts lasting 40 minutes in sedentary individuals.

Niemen et. al. (2003) investigated the effectsawbohydrate supplementation on
subjects performing 2 hours of resistance traifimdL-6 response. Subjects were
randomized to carbohydrate groups (CHO) or plaggbaps (Pla). Both exercise groups
performed 10 exercises, 4 sets each, 10 repetitiatis 2- to 3-minutes rest intervals
between sets. Blood samples were taken pre- arieegercise for each group. Both
groups saw a significant increase in mRNA IL-6 aartcations post-exercise, but a non-
significant difference between groups (CHO: ~80 falttease, Pla: ~80 fold increase).
The results of this study suggest that resistaradeing increases IL-6 production but
carbohydrate supplementation does not affect modesases in post-exercise 1L-6

production during resistance training.

The studies reviewed offer support for the increade-6 post-exercise in
response to resistance training. A limitation witese studies is that they do not show
responses for highly trained athletes and do nattyaa change over time for baseline

measures of IL-6.
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IL-6 and the ‘Cytokine Hypothesis’

The existence of overtraining in athletics is ateeof concern for both coaches
and trainers. Overtraining, or underperformancs,ldeen linked to the occurrence of
excessive elevations of pro-inflammatory cytokiaed symptoms of fatigue, stress, and
depression (Robson, 2003; Smith, 2000). Curremribe propose that trauma to
muscular or connective tissue is responsible foomie elevations in inflammatory
markers. Repeated high-intensity, high-volume trgjrwithout proper rest is theorized to
produce a chronic systemic immune response thaesaunderperformance in athletes
(Smith, 2000). Cytokines, which serve to coordirthteresponse of neutrophils and
monocytes during stress and trauma, are elevatexdier to help deal with damaged
tissues during exercise. Chronic elevation of ciyte&, such as IL-6, leads to elevated
baseline measures and increases in cytokine reseptioh as soluble IL-6 receptors to
handle increases in cytokine numbers (Smith, 20D8)subsequent exposure to stress,
IL-6 has been shown to be elevated beyond normaldevhen subjects are in a state of
underperformance (Robson, 2003). Because of thela@went of overtraining-
underperformance in individuals with increased kites researchers have developed the
‘cytokine hypothesis’, relating chronic systemieation of cytokines as well as the
development of intolerance to cytokines such a6 th-overtraining and

underperformance in athletes (Robson, 2003; Si2it00).
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Role of Cortisol

The glucocorticoid cortisol is another marker freqtly used to profile training
intensity and stress in athletes (Hackney, 2006)aA&atabolic hormone, cortisol
promotes the breakdown of substrates to provideggrauring physical and
psychological stress. Cortisol also has a rolehenrmhmune system through mediating
inflammation, with a connection to the IL-6 respemns exercise. The inflammatory
cytokine IL-6 signals through the hypothalamustfa release of corticotropin releasing
hormone (CRH), which functions to increase proauctf cortisol in the adrenal gland
(Smith, 2000). Cortisol blocks production of IL-ERNA, limiting the production of this
inflammatory cytokine (Swolin-Eide & Ohlsson, 1998)prtisol also functions to
increase lipolysis during exercise, which negatiwefluences the release of IL-6
(Pedersen et al., 2001). Both cortisol and IL-6ilgximoderating factors on each other,
helping to regulate both metabolic and inflammatagcesses. The feedback system
between IL-6 and cortisol was shown to be evidemtnmwecombinant human IL-6 is
infused into the bloodstream in healthy human subjavith a subsequent increase in

cortisol (Van Hall et al., 2003).

The release of cortisol also has a negative feédtwde on CRH, helping to
mediate the glucocorticoid response (Luger etl@B7). Chronic elevation of IL-6 is
known to occur in highly trained athletes exposettdining stress (Pedersen, 2007).
Elevated levels of IL-6 feed-forward to stimulate tcortisol response through the

hypothalamus, which promotes a catabolic envirorirfidastorakos et al., 2005).
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The role of cortisol in overtraining is also evitiémough multiple mechanisms.
Cortisol reduces the incorporation of amino acide myosin-heavy chain type Il muscle
fibers, limiting growth of fast twitch fibers (Gdderg, 1969). Also, chronically elevated
cortisol levels have shown to increase muscul@udat muscular soreness, and
decreased muscular performance due to what is kiagwglucocorticoid myopathy”
(Hooper et. al., 1993; Lehmann et al., 1992; Lehmetral., 1993). Due to these factors,
along with its interaction with IL-6 and the immusgstem, cortisol has been named as

one of the central factors in explaining performeadecrements with overtrained athletes.

Summary

In summary, IL-6 is an important cytokine that ratades the response of several
other pro- and anti-inflammatory cytokines and homnes (Corwin, 2000; Moldoveanu et
al., 2001; Pederson et al., 1998). The respone®to exercise is dependent in large
part to the duration of exercise as well as thensity (Pedersen & Febbraio, 2008). The
effect of exercise on the production of IL-6 hastb&ell documented in many
populations excluding highly-trained resistanceelaathletes. Along with having an
immune-regulating effect, IL-6 also plays a parexercise metabolism through the
promotion and release of cortisol, glucagon anavggtdiormone (Fischer, 2006; Galton,
1967). Repeated exposure to cytokine activity, i disease or chronic
inflammation, is associated with elevated restegls of IL-6 (Gabay & Kushner,

1999). The chronic elevation of IL-6 has been nateshany disease-state individuals as

16



well as individuals with underperformance syndramnevertraining (Jankord & Jemiolo,

2004; Peterson et al., 2004; Robson, 2003; SmOR

The relationship between cortisol and IL-6 is maportant factor to examine with
athletes during training. Due to the catabolic ratf cortisol, regulation of this
hormone during training can play a role in theiggbtb recover from workouts and

athletic performance.

A limitation within the aforementioned literatusea lack of comparison to
resistance-trained athletes based studies. Alappiéars no cross-sectional data has been
used to analyze IL-6 concentrations over time tghoa standard training period with
athletes. While repeated high-volume exercise kas Ishown to elicit underperformance
syndrome (overtraining), the association of IL-G@Hs underperformance has not been

investigated in full with athletes participatingrisistance training programs.
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CHAPTER IlI

METHODOLOGY

Subjects

Moderate to highly strength-trained male subjeatgeé 18-21) were recruited
from the University of North Carolina-Chapel Hiliision | varsity football team for
this study. All participating athletes who were ohegl to be in a healthy, non-diseased or
injured state were allowed to participate. Subjentist have had full participation in
team activities for a minimum of 3 days a week3anonths prior to the study as well as
having had at least two years history of resistdrairing consisting of at least one
training session per week to be eligible. Thosdusled from the study included: subjects
with injuries preventing full participation in liftg and conditioning sessions; subjects
with immunological irregularities; subjects takiagy medication reported to affect the
inflammatory response; or subjects with any smokiagkground. All subjects were
required to provide written informed consent ptmcommencing testing procedures.
Subjects and coaches were provided with full dsale of the risks and purposes of the

study before consent was obtained.



Protocol

Each subject was asked to report to the Athletanimg Room within Kenan
Stadium at UNC-Chapel Hill on six separate occasidmthropometric data (age, height,
weight, body fat percentage via skinfolds) wasestittd on the first training day at the
beginning of the first training week. Body weighasvtracked weekly with the salivary
measures of IL-6 and cortisol. Subjects were traneffrom physical activity or exercise
for 48 hours prior to the initial sampling-trainidgy; all athletes were returning from a 3
day weekend off from football activities. Subjeatsre also told to refrain from alcohol
or caffeine consumption for 24 hours prior to esample day.

Salivary samples were taken on the first dayaihtng, at the time of day that
each subject was scheduled to arrive for weightnreraining for the duration of the
study (offensive players at 2:15 pm and defenslaggrs at 3:45 pm), this time remained
consistent over the course of the study. Subjeets wld to refrain from eating or
drinking for at least 1 hour prior to sampling. Baubject was asked to rinse out their
mouth with water thoroughly for 30 seconds prioptoviding a saliva sample. Saliva
samples were taken via passive drool samplingardollection tube for the IL-6 and
cortisol analysis. A minimum of 1.0 mL was requir&libsequent samples were taken
before the first training activities on the firgtydof each week (Monday) for six weeks at

the same time of day (£15 minutes) for each sulffetdtal samples).
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Actual
Day 1 Day 8 Day 15 Day 22 Day 29 Day 36
Assessment Day
Measures
Anthropometric, BW, IL-6, | BW, IL-6, | BW, IL-6, | BW, IL-6, | BW, IL-6,
Assessed IL-6, Cortisol Cortisol Cortisol Cortisol Cortisol Cortisol
Representative
Term Used In Week 1 Week 2 Week 3 Week 4 Week b Week 6
Text

Figure 1. Overview of experimental protocol; BW edy weight.

Exercise Protocol

Training load, intensity, and volume were trackedthe six week period and
cataloged to ensure a similar training stimulusvieen athletes for the study period.
Training load was calculated as total weight liftedded by body weight. Throughout
the six week period training load was controlledHs principle investigator to stay
within + 10% of baseline load as typical of UNC-CH Footbadim’s traditional training
style. Lifting maxes were catalogued for the bepidss, back squat, and Olympic-style

clean from prior to participation in the study tantpletion of the study (pre- and post-).

Team Warm-Up

Subject REST-Q REST-Q Weight Training Subject
Arrived Administered Collected Session Released
Saliva

Saliva Sample Sample Team
Container Given Collected Conditioning*

5min

5min

2min

(45min-1hr Total

Figure 2. Overview of typical experimental triagjftcal training day).
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Each training session consisted of a 10-15 minutes-up comprised of three
separate stations, each lasting 3-5 minutes. @uierstcontained a core/abdominal
exercise (e.g., sit-ups, crunches, plate sit-ugskn twists, and see-saw abs) for
between 40-75 total repetitions. These exercises iméerchanged over the 6 week
period. Another station consisted of both dynamid static stretching. A third station
featured shoulder exercises for repetitions of i@ two 4.5 kg plates (lateral raise, front

raise, rear deltoid raise). The warm-up series neaaaconstant over the 6 week training

period.

Bench Press* Back Squat* Power Clean*
Incline Bench Press Front Squat Hang Clean
Dumbbell Bench Press Barbell Lunges Barbell Shrugs
Incline Dumbbell Press Romanian Deadlift Pull Ups

Front Press Calf Raises Barbell Row
Dumbbell Overhead Press Deadlift Barbell Curl
Close-Grip Bench Press Push Ups Dumbbell Curl

Table 1. List of exercises used throughout the 8kngtudy period. *Indicates main lift.

After the warm-up, training consisted of whole baay body part isolated
resistance training exercises including back sdueaich press, power clean, hang clean,
incline bench, lunges, and several assistanceisgsr(see Table 1 for list). Each training
session began with one of the main lifts (benclvgycclean, or squat), working up to a

near-maximum intensity. Supplementary exercise® wempleted after completion of
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the main lift. Training sessions lasted betwee30ninutes total (45 minutes to 1 hour
total including warm-up).

Progressive intensity was used for each exercigaglthe training session to
achieve maximal intensity by the final set. Thetigke intensity of each assistance
exercise remained at near maximum as determindaebstrength and conditioning
coach for each athlete through the training petiod¢ases where athletes were able to
increase intensity, the strength coach would addhwéo satisfy the criteria of near-
maximum intensity. This criteria was judged by sitrength coach to be the heaviest that
the athlete could go in each lift for a given dagéd on correct technique and
completing all repetitions. After the training sesswas completed, athletes were
released.

Training volume increased gradually over the cooifgée training period
through manipulation of total sets completed pareise and increased number of
exercises completed. This was done to accounhéoeases in training capacity and/or
strength over the course of the training periodnidalations were controlled by the
strength coach to ensure that a proper trainimgustis was being applied to each athlete.
Relative intensity (training stimulus as percentafmaximum capability), total training
load, and training load for main lifts (bench, sg@ad clean) were catalogued for a
sample of athletes to ensure an appropriate ti@stimulus was being applied.

Beginning on the second week of training, conditigrruns were completed
twice a week on Tuesdays and Thursdays. Thesetamndg sessions were completed
immediately post-weight room training session amaisested of 100 yard runs (at a set

pace; 16 seconds for skill players, 18 secondbifpskill players, and 20 seconds for
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Offensive-Line/Defensive-Line players) and 300 ysindttles (at a set pace; 55 seconds,
60 seconds, 65 seconds respectively) on TuesdayShamsdays correspondingly. Each
week volume was increased to create a higher plogstal demand on the athlete. On
the fifth and sixth weeks of training, the 300 yahittles were replaced with a
speed/agility circuit lasting 45 minutes. The cit@onsisted of 4 separate drills

completed for a total of 8 minutes, with 2 minutest between drills.

Instrumentation

The height (cm) and body mass (kg) of each sulwect determined by the lead
researcher using a stadiometer (Perspectives EisespPortage, MI) and a mechanical
scale (Detecto, Webb City, MO). Skinfolds were nueed in triplicate at select sites
(abdomen, chest, and thigh) using skinfold calif8kyndex, Fayetteville, AR) and body
fat percentage was calculated using the JacksdoneRaquation (Jackson et al., 1978).
All weight training equipment was supplied by Hammi8&rength (Lifetime Fitness,
Schiller Park, IL). Psychological analysis perfotmesing the Recovery-Stress

Questionnaire for Athletes (REST-Q) (Kellmann, 1999

Saliva Specimen Procedures

Collection and storage

Prior to collection of saliva samples, subjectsenasked to rinse their mouths
with water, spit, and then allow saliva to accurteiia the pool of their mouth. If saliva
secretion needed to be stimulated, subjects wé&elde chew on paraffin film.

Accumulated saliva samples (minimum of 1.0 ml neagg were collected from the
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subjects’ mouths directly into a 1.8 ml collectimive. No more than 15 minutes past the
desired time point (2:15 pm/3:45 pm) was allowegdss before saliva is collected.
Collected samples were stored in ice for 24 hondsteansported to a freezer (-80° C) for

later analysis.

Biochemical Analysis

The stored saliva samples were assessed for Hd@@rtisol concentrations.
Stored saliva samples were allowed to thaw and there centrifuged at 3000g«at 4
degrees Celsius. The resulting supernated sale@rspns were assayed for IL-6 and
cortisol levels using expanded range high sengitetnizyme immunoassay (ELISA) kits

(Salimetrics, State College, PA, USA).

REST-Q Analysis

The Recovery-Stress Questionnaire for AthletesYRE) was used to monitor
psychological markers over the course of the tngistudy. A 12 item questionnaire was
administered to the athletes each sampling dag@s as the athlete entered the locker
room prior to their involvement in exercise tramgifor that day (either 2:15 pm or 3:45

pm). Athletes were given five minutes to review amdwer each of the 12 questions.

Design-Data Analysis

This study design is descriptive in nature. Noegkpental manipulations were

utilized to alter the normal, required activitidglze subjects.
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Data analysis was performed using a computer bstaéidtical software program
(SPSS version 20.0, IBM Technologies, Inc., Armddk, USA). Mean and standard
deviations were computed for all anthropometric sneaments (age, height, mass, and
body fat %)

Two separate one-way, within subjects - repeatedsures analysis of variance
(ANOVA) were used to determine if significant chasgccurred in saliva IL-6 and
cortisol over the study period (Week 1 — Week B¢ither ANOVA analyses revealed
significant F-ratios, Tukey post-hoc tests weredusedetermine which means were
significantly different within each specific measarent. The significance level was set a
priori ata < 0.05.

A one-way, within subjects — repeated measures AN@Xs used to determine
if there was a significant change in body weigh) (&fter the six week training period. If
ANOVA analyses revealed significant F-ratios, Tukegt-hoc tests were used to
determine which means were significantly differeathin each specific measurement.
The significance level was set a prioroat 0.05.

Separate one-way, within subjects - repeated mesgamalysis of variance were
used for each question in the RESTQ (12 total questto determine if significant
changes occurred in psychological parameters ae@diyrough the questionnaire. Mean
substitution was used in case of missing respoiseisher ANOVA analyses revealed
significant F-ratios, Tukey post-hoc tests weredusedetermine which means were
significantly different within each specific measarent. The significance level was set a

priori ata < 0.05.
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Four separate one way, within subjects — repeatisures ANOVA were used
for each affective category within the REST-Q. Quaesscores were combined for each
affective category and means analyzed. If any ANQMWaAlysis revealed significant F-
ratios, Tukey post-hoc tests were used to determimeh means were significantly
different within each specific measurement. Thaisicance level was set a priori @k
0.05.

Three separate paired-samples t-tests were usktdomine if significant
changes occurred in bench press max, back squatamayower clean max from pre- to
post- completion of the study. The significanceelenvas set a priori at< 0.05.

Pearson product-moment correlations were also tasaslsess the relationships

between saliva IL-6 and cortisol concentrationpa$ of an exploratory analysis.
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CHAPTER IV

RESULTS

Subject Characteristics

Twenty collegiate football athletes from the UN@apel Hill team participated
in this investigation. The physical characterist€she subjects (n = 20), expressed as
mean + standard deviation (SD) were as follows:(gg® = 19.1 + 1.1; height (cm) =
185.4 £ 6.7; mass (kg) = 102.0 + 22.2; body fat €4y%.7 £ 7.6. Weekly body weight

(kg) displayed below in Table 2.

Weekly Body Weight

(kg) Week 1 Week 2 Week 3 Week 4 Week b Week
Body 102.0 + 1025+ 102.8 + 103.0 + 103.3 102.8 +
Weight 22.2 22.3* 22.1* 22.4* 22.4* 22.2

Table 2. Mean values of weekly body weight (kg)x SIndicates significant change
from baseline.

Weight Training and Lifting Maxes

All subjects were training for a minimum of fourydgper week for 60 minutes or

more in the previous six months before they bebamnrdésearch study. The subjects in the



study had been trained in the methods used thraughe study for a minimum of six
months prior to involvement in the study, with estpece in all lifting and running

schemes utilized during the research study.

Each of the subjects had completed max testirgjlanajor lifts used in the study
(bench press, back squat, and power clean) priovtdvement. Max tests were
performed as typical of National Strength and Ctoding Association (NSCA)
Guidelines (Fry & Kraemer, 1994). Maxes achievedrduthe six week study period

were also catalogued. The results of both prepmstt study maxes are displayed below

in Table 3.
Lift Pre-Study Max (kg) Post-Study Max (kg) % Change
Bench Press 121.6 + 36.3 127.4 + 35.9* +4.8 +4.2%
Back Squat 187.2 £ 30.2 190.9 + 28.1* +2.1+3.1%
Power Clean 116.8 + 14.6 119.2 + 14.5* +2.0 + 3.3%

Table 3. Mean values of maximum performances omtifés performed during the
study period for subjects. Values are expressedeas + standard deviation (SD).
(n=20). *Significant differences from respectivetrial (p < 0.05).
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Cortisol Analysis

The mean (£SD) salivary cortisol responses andlyxer the six week study
period are displayed below in Table 4.

Week 1 ug/dL) Week 4 (ug/dL) Week 6 (ug/dL)

Salivary Cortisol 0.093 +0.089 0.133+0.124 0.193 £ 0.179¢

Table 4. Mean salivary cortisol concentrationsdach respective sampling trial (n=20).
*Significant differences from Week 1 trial (p < 6)0

For financial reasons, analysis of cortisol samplas reduced to the Week 1, 4,
and 6 sampling trials; providing a baseline, middied end point to the study period.
Though not statistically significant, there wasugmvard trend from Week 1 to Week 4 (p
=0.236), and Week 4 to Week 6 (p = 0.230), howdweimean difference between
Week 1 and Week 6 was significant, showing a ~1088ease from baseline (p =

0.004).

Interleukin-6 Analysis

The mean (£SD) salivary IL-6 responses analyzed thessix week study period
are displayed below in Table 5.

Week 1 fpg/mL) Week 4 (pg/mL) Week 6 pg/mL)

Salivary IL-6 142 +1.77 4.19 +8.27 5.60 £ 12.57

Table 5. Mean salivary IL-6 concentrations for eeegpective sampling trial (n=20).
*Significant differences from Week 1 trial (p < 6)0
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There were no significant differences between radéansalivary IL-6 over the
course of the study (p = 0.170). However, due éoléinge amount of variability in the
responses, the data were transformed into logetbaise 10 values and reanalyzed. Log
base 10 values showed a significant increase i Vatues from Week 1 to Week 6 (p =

0.0013).

Cortisol and IL-6 Correlational Analysis

The correlation coefficients for each case analigstween cortisol and IL-6 are

displayed below in Table 6.

_ Pearson Product Moment Correlation Coefficients
s Week 1 Cortisol Week 4 Cortisol Week 6 Cortisol
Week 1 IL-6 r = 0.6404* r=-0.1037 r=0.6817
Week 4 1L-6 r =0.4860 r =0.0946 r=0.6845
Week 6 IL-6 r=0.2462 r=-0.1412 r = 0.6805*

Table 6. Correlation coefficients for each casdyambetween cortisol and IL-6 (n=20).
*Significant correlation between cortisol and IL(36< 0.05).

There were pertinent significant correlations leswthe Week 1 Cortisol and IL-
6 values (r = 0.6404) as well as the Week 6 Cdréiad IL-6 values (r = 0.4495). Week 4

values did not correlate.

REST-Q Analyses

Individual REST-Q Question ScoreEhe mean score (scoring range 0-6) for each

guestion was analyzed using within-subjects ANOWAxamine individual changes in

aspects of stress perceived by the athletes. Batweeks there were minute, though
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non-significant, changes in mean scores. By Weeksd45 several scores reached

significant low points as compared with baselineres (Questions 1, 2, 4, 8, and 12).

Sum of REST-Q Responsekhe sums for all questions were analyzed using

within-subjects ANOVA to examine the overall strésgels of all athletes over the six
week period. There was a slight drop in scores legk\b; however, there were no

significant changes between weeks for the sumarkesc

REST-Q Affective Category Analysi$he mean (£SD) combined REST-Q

scores for each affective category (4 total; angepression, fatigue, vigor). Scores for
each category were combined for each week in theveek period and are displayed

below in Table 8.

Affective Week 1 Week 2 Week 3 Week 4 Week 5 Week 6
Category

Anger 1.56+x1.2| 1.38+1.5| 1.05+1.2f 1.36+1)7 0.83+1.3* H13*

Depression | 1.67+1.6 | 1.81+1.4| 1.32+1.37 1.46+16 1.62+1,8 183+

Fatigue 1.85+1.3| 1.91+1.6| 1.46x1.47 1.54+15 1.44+1.4* 1@

Vigor 1.43+1.4| 1.10+1.2* 1.32+1.5 1.23+1p 1.06+1;3 0Da*
(Motivation)

Table 8. Mean REST-Q Score for each affective aate(t total) for each sampling trial
(n=20). Values are expressed as mean + standaiaideSD). *Significant difference
from respective Week 1 baseline measure (p < 0.05).

Affective Category (Anger)The mean response score for anger questions (Q1,

Q2) reached a statistically significant decreasmfbaseline (Week 1) levels by Week 3,
Week 5, and Week 6. A significant decrease in tmelined means for this affective

category suggests a decrease in feelings of angetlre course of the study period.
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Affective Category (Depressianfhe mean response score for depression

qguestions (Q3, Q7, Q8) reached a statisticallyiBogmt decrease from baseline (Week
1) levels by Week 3. A significant decrease indbmbined means for this affective
category suggests a decrease in feelings of depmesger the course of the study period.

Affective Category (Fatigue)rhe mean response score for fatigue questions (Q4

Q5, Q9, Q12) reached a statistically significardrdase from baseline (Week 1) levels
by Week 3 and Week 5. A significant decrease ircttrabined means for this affective
category suggests a decrease in feelings of fabgaethe course of the study.

Affective Category (Vigor)The mean response score for vigor questions (Q6,

Q10, Q11) reached a statistically significant dasesfrom baseline (Week 1) levels by
Week 2 and Week 6. A significant decrease in thelined means for this affective
category suggests an increase in feelings of \agdrmotivation over the course of the

study.
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Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

. 1.4+1.1 1.2+1.5 1.1£1.3 1.2+£1.7 0.7+1.3¢ 1.2+1.5
Question 1

. 1.7£1.4 1.6£1.5 1.0£1.1* 1.5+£1.8 0.9+1.3f1 1.2£1.3
Question 2

: 2.1+1.9 2.4+1.4 1.6+1.3 2.1+1.8 2.2+1.8 2.3£2.0
Question 3

: 2.0+1.3 1.74£1.4 1.2+1.1* 1.1+41.3* 1.3+1.27 1.4+1.3
Question 4

. 2.1+1.2 1.7£1.2 1.7£1.5 2.3x1.7 1.8£1.4 2.0x1.b
Question 5

. 1.9£1.3 1.2+1.2* 1.8+£1.7 1.6£1.6 1.4+1.4 1.1+£1.2*
Question 6

. 1.7+£1.4 19415 1.7+£1.4 1.7£1.7 1.7+£1.8 1.9+1.9
Question 7

: 1.3+1.4 1.241.2 0.6+1.0* 0.6+1.0% 0.9+1.4 1.3£1.7
Question 8

. 1.7£1.4 3.1+1.8* 2.0x1.4 2.1+1.4 1.8£1.5 2.1+1.8
Question 9

. 1.9£1.6 1.5£1.5 1.6x£1.7 1.5+£1.8 1.4+£1.5 1.3£1.8
Question 10

. 0.5+0.5 0.6+0.7 0.6+0.8 0.6+0.8 0.4+0.7 0.40.)7
Question 11

: 1.6£1.5 1.1+1.2 0.9+1.3 0.7£1.1% 0.84£1.5 0.8+£1.1
Question 12

SUM of 18.8+12.8| 18.7+12.3 15.7+10.8 16.8+12.4 15.4+1(1.06.8411.8

Responses

Table 7. Mean REST-Q Response Scores, both sunmdeiual, for the six week
study period. Scores displayed as Mean £ SD. *8agmt difference from baseline

(Week 1) response score (p < 0.05).
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CHAPTER V

DISCUSSION

Introduction

The primary purpose of this study was to inveséighae resting levels of
immunological and endocrine biomarkers to typidélseason training in collegiate
football athletes by tracking the markers IL-6 (iommological) and cortisol (endocrine)
over a six-week period. These biomarkers were tigeged to provide insight about the
physiological reaction to strenuous resistanceaitmgiwhile also looking at psychological
parameters through use of a recovery-stress quesii@. The hypothesized outcome
was that there would be a significant increaseott bbiomarkers IL-6 and cortisol by the
end of the six week study period as compared telimesmeasures. This was expected
due to the production of both IL-6 and cortisof@sponse to exercise, with increases in

baseline measures expected during the strenuonmyaeriods.

The discussion in this chapter is organized isteesal sections. First, the physical
characteristics of the subjects are described linewa typical collegiate football athlete.
Second, both the subjects’ IL-6 and cortisol resesrare discussed, analyzing how they

compared with other related exercise studies. Thie subjects’ REST-Q responses are



discussed along with their relationship to the adkers investigated. Fourth, the
relationship of each variable will be discussedagards to overtraining. Finally,

limitations and conclusions of the present stugydiscussed.

Athlete Characteristics

As highlighted in Table 3, the exercise presonipproduced significant positive
changes in all three main lifts used throughoutstinely (bench press, back squat, and
power clean). All of these values were found tarbagreement with a range for typical
strength levels for Division | American footballagkrs as shown in Table 9 (Fry &
Kraemer, 1994; Hoffman & Kang, 2003; Ware et &99). Performances in each of the
three main lifts were consistent with high levellegiate football players across the
NCAA. The individual increases in strength levels éach main lift are typical of
strength and conditioning programs utilizing a pesgive overload methodology
combined with proper rest and recovery methodsk@et. al., 2001, Kraemer &
Ratamess, 2004). In typical cases of overtraimegiormance decrements are expected,

which were not observed in the present study adveaeen in Table 3.

Bench Press Max| Back Squat Max| Power Clean Max Styd
127.4 + 35.9 190.9+28.1 119.2+ 145 Current $tud
136.9+25.8 185.2 + 35.7 118.1+17.7 | Fry & Kraemer, 1994
124.7+21.0 163.3 + 30.0 N/A Hoffman & Kang, 2003
124.3+18.3 179.2+ 355 N/A Ware et al., 1995

Table 9. Comparison of current study strength méigsto collected literature. Maxes
expressed as mean + standard deviation.
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Anthropometric measures were standard for thqsedlof American football
athletes (Fry & Kraemer, 1994; Hoffman & Kang, 20Bhe increase in body weight
over the course of the study suggests that pragoewery and nutrition tactics were being
utilized by the athletes in order to increase lgssue mass; however, no post-study body
fat percentage numbers were collected. Howeverinitrease in max training values
suggests that increases in body weight may have &ssociated with increases in muscle
mass over the 6-week period. As typical of thisrggth and conditioning program during
off-season resistance training, gains in muscutangth and size are the main goal for

weight room activities.

Cortisol Response

All baseline cortisol salivary values taken Weekere within the normal
expected range of values (Salimetrics, USA). Stheeathletes were returning from a
break from training of 48 hours it was expected that they would showl&xels for
cortisol considering its nature as a stress-a@dt/abrmone. By Week 4, cortisol values
increased approximately 43% above these baseliasunes, though not statistically
significant. The Week 6 analysis provided a sigaifit positive increase in salivary

cortisol with a ~108% increase over baseline measure

Several studies have shown significant increasealimary cortisol in response to
high intensity (75%) resistance exercise traininthbmmediately post as well as hours
after the exercise bout (McGuigan et al., 2004 cBticet al., 2005). Low intensity
resistance exercise (30%) however did not reswdhinsignificant increases (McGuigan

et al., 2003). The current study took salivary niees at baseline at least 48 hours after
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the most recent exercise bout, providing a restiegsure. Taken at rest each week, these
increased values suggest a rise in weekly restitfgmmatory or stress status among the
study participants since during periods of normealstance training studies have shown

no significant increases in resting levels of cmit{Kraemer & Ratamess, 2005).

While there was a significant rise in the restiogtisol level over the 6-week
period, there were no associated drops in perfocemanbody weight to associate the
change in hormonal status to the athletes haviache an overtrained state. Similar
studies show varying responses of resting levet®dfsol during periods of intense
resistance overtraining with some increasing, desing, or not significantly changing
even with evident decrements in physical perforregitakkinen et al., 2000; Hakkinen

& Pakarinen, 1991; Hakkinen et al., 1987; Hoopalgtl993; Potteiger et al., 1995).

IL-6 Response

All baseline salivary IL-6 values taken Week 1 gveiithin the normal expected
range of values (Rananto et al., 1999). Over theseoof the study resting IL-6 values
increased, reaching statistical significance by k\@&ean increase over baseline of
~294%. By the Week 6 sampling date mean subjectecdration for IL-6 reached 5.60
pg/mL; above the normal baseline ranges typical fonitng athletes (Nieman et al.,
2001; Robson-Ansley et al., 2006). Week 4 IL-6 @mrations were increasing from
Week 1 but the level was not significantly differémmm either Week 1 or Week 6

values.
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The increase in IL-6 concentrations with trainathletes has been associated
with feelings of fatigue, stress, and worseningtbietic performance (Robson-Ansley et
al., 2004). For example, levels as low gggfnL were reported to affect athlete
perceived exertion during activity (Robson-Ansléyle, 2006). Current cytokine
theories for overtraining suggest that the overpetidn, and/or hyper sensitization, of
IL-6 during extended periods of intense trainingasponsible for drops in performance
and increased feelings of fatigue and stress (ReBsley et al., 2006; Smith, 2000).
The current study would suggest that while IL-6 rreyease during periods of intense
resistance training, but this level of increase matybe associated with corresponding
drops in athletic performance or increased feelofgatigue, anger, depression, or

decreased vigor.

Increases in IL-6 have been reported up to ~1@Ddwér baseline immediately
post-exercise (e.g., marathon running; Pedersah,&001), but little research has been
done investigating resting levels of IL-6 duringipéds of intense resistance training.
Elevated post-exercise IL-6 values have typicallgrbshown to return to baseline by 24
hours post exercise (Macintyre et al., 2001; To#le 2002). The current study allowed

at least 48 hours between the preceding exercsss

nd resting salivary sampling;
nonetheless, there was a persistent elevatioreiiLth levels of the subjects. A central
tenant within the cytokine hypothesis, as state&tmth, is that a rise in inflammation
due to physiological stress is cause for increaksngls of IL-6 at rest and in response to
exercise (Smith, 2000). IL-6 levels increase draraldy with intense and/or prolonged
exercise as seen with athletes demonstrating cidssgns of overtraining. This was

obviously not the case in the present study.
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Another possible reason for the elevation in rgslin6 is the athletes reaching a
state of muscle glycogen depletion. Studies hawe/stihat glycogen depletion is
associated with an increased release of IL-6 (Milal., 1999; Steensberg et al., 2000).
Glycogen depletion has also been associated wadwction in body weight, exercise
performance, and an increase in central and peapfetigue when glycogen levels
reach near depletion (Costill et al., 1988). Howe@»still et al. showed that highly
trained athletes tend to have greater levels oédtglycogen, showing an improved
ability to handle glycogen depleting tasks withautduction in exercise performance.
Within the current study it is possible that thetfmll athletes had large stores of muscle

glycogen that were not depleted significantly t@a&ot their main lift performance.

The levels of IL-6 and cortisol correlated sigeafintly at both Week 1 and Week
6, but not Week 4. This would suggest the immurstesy and endocrine system
appeared to be in congruence at baseline, andelbsnith of the study matched up again.
That is, the correlation implies that a level derlcommunication between the two
systems as related to the degree of inflammatioinvihe athletes, a fact that has been

studied and confirmed previously (Pedersen e@04; Steensberg et al., 2003).

REST-Q

REST-Q data provided a quantitative report foratidetes’ feelings of fatigue,
anger, depression and vigor. The 12 total questiare broken down into these four
affective categories to investigate specific psyotical parameters that the athletes felt

over the period of training. All four affective egfories showed significant decreases, at
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different times, over the course of the 6-weekqukerA decrease in values within the
REST-Q signifies a decrease in negative feelinggdch affective category, suggesting
that the athletes in the current study felt letigdi@, anger, depression, and higher vigor

as training progressed through the 6-week period.

In several studies, increased levels of cortiswind) intensive training correlated
well with increases in REST-Q scores (Steinackei.el999; Steinacker et al., 2000).
REST-Q scores also have correlated well with irsean training intensity, providing
feedback for how athletes perceive changes in tragiting (Kellmann & Kallus, 2001;
Kellmann & Altenburg, 2001). The current study sleoWwo relationship between
increases in both salivary cortisol and IL-6 andesponding REST-Q response scores
over the 6-week period. Also, even though resigdraining intensity was maintained at
a very high level (>80% maximum) there was no gpoading increase in REST-Q
scores; i.e., in fact the opposite tended to odtis.possible that the training stimulus
was great enough to produce and physiological respadaptations but not strenuous to
the point that the athletes felt affective feeling$atigue, anger, depression or a drop in

vigor (i.e., classical signs of overtraining).

Overtraining

The variables measured in the current study hihbeen associated with the
occurrence of overtraining in sport. Both cortiantl IL-6 have been used as biomarkers
to investigate the hormonal and immunological rieastto strenuous training and their

role in increasing feelings of fatigue and stresathletes along with drops in exercise
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and sport performance. The recovery-stress questianused in the current study has
also been shown to associate well with intensiaimitng and a decline in physical
performance (Kellmann et al., 2001). Another gautidation of the overtraining status
of an athlete is a significant drop in body weightl performance on resistance training
tasks (Stone et al., 1991). Within the current ptaitithese variables were investigated
with collegiate football athletes performing thsipical training program in the spring
off-season exercise program, and were found nohange to indicate that overtraining

occurred.

A major aim of this study was to investigate thenbined responses of cortisol
and IL-6 of football athletes during their resistariraining regimen. It was expected,
based on previous studies, that significant baséfioreases in each of the biomarkers
would impair performance on physical tasks sucteight lifting due to increased
sensation of fatigue, illness, and stress (Sm@BP2. However, by the end of the 6-week
period there were significant increases in eadh@three main lift 1-repetition maxes
(performance improved) and body weight increasis.ithportant to note that the athletes
studied had all trained a minimum of two years ipréoparticipation in the research
study, therefore improvements in main lifts ové~aeek period is unlikely to be due to
a lack of prior exposure to resistance traininghods. Furthermore, the athletes did not
have greater levels of anger, fatigue or depressidms, the athletes showed no overt
signs of being overtrained, but the biomarkers veggrificantly elevated. Therefore, the
current training regimen was effective, causedtp@sadaptations and stimulated

immunological-endocrine responses; but did not pkevenough of a immunological-
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endocrine response to induce the developing oft@areing symptoms within the 6 week

time frame.

Limitations

There are potential limitations in this investigatwhich may have impacted the
results and potentially limit the reliability andhdity of the findings. First, it was
expected that athletes adhered to experimental lcammap procedures, including; training
history, diet (2 hours post prandial, and no altoNSAIDs, or caffeine in the previous
24 hours), acute training (no strenuous activitthm48 hours prior to sampling), and
stress states (forthright answers in the REST-Qtgurenaire). Inaccuracies in the
information and/or procedures may have introdugstesnatic error into the study and

confounded outcomes.

The collection of salivary samples may have admduced error into the study.
Athletes were instructed to have been at least2shoost prandial, however, there is the
possibility that eating or drinking substances wanesent in the saliva, interfering with
the assay results. The subjects’ mouths were spetted prior to saliva sampling to
determine if this could have been a problem. Tkearcher tried to control all of these
factors through communication with the subjectsualaaherence to the sampling

protocol; nonetheless, errors and oversights mkyave occurred.

Summary
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The present study is one of the only studies ithyasng the response of cortisol
and IL-6 to typical off-season training in Divisidrrollegiate football players. This study
provides valuable insight into the immunologicatl@mdocrine responses to resistance
training and their relation to physical performancetypical exercise tasks. Collectively,
the results suggest that salivary measures osobdnd IL-6 provide important
information regarding the physical status of tHéete, but baseline increases do not
necessarily indicate a state of overtraining invaegk period of intense resistance

training.

Utilization of the REST-Q on the current subjgatsvided another assessment
tool for coaches to manage training intensity aoldwme with athletes. Within the current
study, REST-Q scores did not correlate with eitiiemarker to indicate a decline in
physical or psychological state. The resistandaitrg program utilized was successful in
creating a positive physiological response withmeating symptoms of overtraining

typically seen with increases in cortisol and/oi6lL
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CHAPTER VI

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Despite the limitations of this study, there a@yinsights that can be gained
from the findings. Salivary cortisol and IL-6 meessiboth provided consistent data
regarding the physical status of the athletes tjinout the study period. It was found that
a resistance training program that maintainecdffintensity >80% of 1-RM caused
significant increases in both biomarkers by the eithe 6-week period, but were not
associated with increased perceived feelings @juat anger, depression, or a drop in
vigor. Also, the resistance training program createsitive changes in body weight and
maximum performance on the bench press, back sgu@fyower clean in the athletes
studied. The physical and psychological variabhegstigated in the current study
provide support for the resistance training progtditized in increasing performance on

lifting without risk for overtraining in a 6-weelepod.

Also, the current study findings support (to sawtent) the use of both the
REST-Q questionnaire and salivary sampling for lwatttisol and IL-6. The findings of
this study suggest that these tools provide aceulata regarding the psychological and

physical status of athletes during a typical tragnperiod. Both data collection tools are



also easy to administer without need for a physiciaphlebotomist to be present.
However, with salivary sampling there is a posgipfbr error and controlling for
adherence to the sampling protocol is crucial wdir@nving conclusions. Monitoring
levels of cortisol, IL-6, and REST-Q scores maypadivide valuable insight into the
stress of typical resistance training programs @m@nted by strength and conditioning
coaches and may help lead to better implementafitraining strategies to maximize

physical performance.

Conclusions

Research hypothesis:#lhere will be a significant elevation of salivaty-é and

cortisol concentrations over baseline by the enthef6-week training period:his
hypothesis was accepted since both biomarkersasedesignificantly by Week 6 over

baseline.

Research hypothesis #Phere will be significant correlations between gaty
IL-6 and cortisol concentrations at each of thenget points within the training period.
This hypothesis was rejected for the Week 4 sargpime point, but accepted for the
Week 6 sampling time point. Cortisol and IL-6 camtcations correlated significantly on

Week 1 and Week 6, but not Week 4.
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APPENDIX A

Informed Consent

University of North Carolina at Chapel Hill
Consent to Participate in a Research Study
Adult Participants

Consent Form Version Date:1/2/2013

IRB Study # 12-2498

Title of Study: Analysis of the Immunological and Neuro-EndocriResponses to
Resistance Training in Division-I Football Players

Principal Investigator: Simon Haake

Principal Investigator Department: Exercise and Sport Science

Principal Investigator Phone number. 919-219-9062

Principal Investigator Email Address: sjhaake@unc.edu

Co-Investigators: Eric D. Ryan

Eric Sobolewski

Faculty Advisor: Anthony C. Hackney
Faculty Advisor Contact Information: ach@email.unc.edu

What are some general things you should know abougsearch studies?

You are being asked to take part in a researclystlid join the study is voluntary.
You may refuse to join, or you may withdraw younsent to be in the study, for any
reason, without penalty.

Research studies are designed to obtain new kngeilddhis new information may help
people in the future. You may not receive angdibenefit from being in the research
study. There also may be risks to being in resestuadies. Deciding not to be in the
study or leaving the study before it is done wilt affect your relationship with the
researcher, your health care provider, or the Unsityeof North Carolina-Chapel Hill. If
you are a patient with an illness, you do not havee in the research study in order to
receive health care.

Details about this study are discussed belows ilhportant that you understand this
information so that you can make an informed chaloeut being in this research study.

You will be given a copy of this consent form. Yshwould ask the researchers named
above, or staff members who may assist them, aagtguns you have about this study at
any time.
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What is the purpose of this study?

The purpose of this research study is to evalugiedas of the immunological and neuro-
endocrine system of Division-IA American footbathketes participating in resistance
training for a six week period. The cytokine IL-@llde used to assess the
immunological status and the hormonal cortisol oese to assess the neuro-endocrine
status. Both of these biomarkers will be measuneshiiva due to it being a non-invasive
means of collecting a biological sampling and mégrifering with the athletes' (i.e.,
subjects) exercise training.

Are there any reasons you should not be in this stiy?

You should not be in this research study if youehadisease or condition that would
affect your ability to complete all the traininglsa, if you have any immunological
irregularity that may impact your response to fran

How many people will take part in this study?
There will be approximately 40 people in this reshatudy.

How long will your part in this study last?
Your participation will last 10 minutes for eactssin, with a total of seven sessions
over a 6-week period. Total time of your participatwill be 70 minutes.

What will happen if you take part in the study?
If you choose to participate in this research styoly will perform the following:

Visit the UNC Football Locker room on 7 differerdaasions over a 6-week period to
provide salivary samples and have body weight assedou will also respond to a
REST-Q, a rest and recovery questionnaire and yaweheight and body fat %
(skinfold) analyzed on two separate occasionsh@beginning and end of the study).

On the first visit, you will complete this form alg with the REST-Q (Recovery-Stress
Questionnaire for Athletes). You will also have ybeight, weight, and body fat %
assessed. The body fat % will be assessed uskigfald caliper on 3 body sites (chest,
abdomen, thigh). You will also be asked to proadslivary sample. The salivary
samples will be collected by passive drool inttesile test tube. Approximately 1ml of
saliva will be collected.

On subsequent visits, you will have your body weagsessed and you will provide a
salivary sample. Sampling procedure will be coesitsfor each visit. This procedure will
be repeated on the first training day of each weekach study week (7 total samples).

On the final visit, you will complete the REST-Qwsll as having your weight and body

fat % assessed. A final salivary sample will beetakAt this point your involvement in
the study will be complete.
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Skinfold measurements will be taken on 3-sites. ¥Wdlibe asked to remove shirt to
expose both abdomen and chest for skinfold caiimasurements. Also, you will be
asked to wear compression shorts for thigh cahpegisurement.

What are the possible benefits from being in thistady?
Research is designed to benefit society by gainewg knowledge. You will not benefit
personally from being in this research study.

What are the possible risks or discomforts involvedrom being in this study?

There is little risk in providing salivary sampl@® be involved in this research study
you will be expected to take part, fully, in all n@atory training sessions associated with
participation in team strength and conditioningwdiies. You may miss up to 2 total
sessions for the 6 week period without being drddpam the study. Participation in
regular strength and conditioning practices is @ased with risk for injury and soreness.

What if we learn about new findings or information during the study?
You will be given any new information gained durithg course of the study that might
affect your willingness to continue your participat

How will information about you be protected?

Upon agreement to participate in this researchystyml will be given a unique research
ID number which will be used throughout the dunatod the study and on all study
documents to avoid using any identifying informatm your name. A form will be
created listing the research identification numlvath the corresponding names of
participants and this document will be filed angtke a locked cabinet in the Principle
Investigator's office at UNC Kenan Stadium Footbaltility. Data from study
documents will be transferred to a designated rese@mputer with password
protection access will only be granted to membétheresearch team. All identifiable
hard-copy files will be shredded and disposed afu Will not be identified in any report
or publication about this study. Although everyoeffwill be made to keep research
records private, there may be times when federstate law requires the disclosure of
such records, including personal information. TiGigery unlikely, but if disclosure is
ever required, UNC-Chapel Hill will take steps allble by law to protect the privacy of
personal information. In some cases, your inforamain this research study could be
reviewed by representatives of the University, aeste sponsors, or government agencies
(for example, the FDA) for purposes such as qualtytrol or safety.

What will happen if you are injured by this researd?

There is very little risk in providing salivary sptes. However, there is inherent risk for
injury in participation in strength and conditiogipractices.

All research involves a chance that something baghinmappen to you. This may
include the risk of personal injury. In spite of sdfety measures, you might develop a
reaction or injury from being in this study. If $uproblems occur, the researchers will
help you get medical care, but any costs for thdicaé care will be billed to you and/or
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your insurance company. The University of Northdliaa at Chapel Hill has not set
aside funds to pay you for any such reactionsjarigs, or for the related medical care.
You do not give up any of your legal rights by signthis form.

What if you want to stop before your part in the stidy is complete?

You can withdraw from this research study at ametiwithout penalty. The
investigators also have the right to stop youripigition at any time. This could be
because you have had an unexpected reaction, erfaiged to follow instructions, or
because the entire study has been stopped.

Will you receive anything for being in this study?
No.

Will it cost you anything to be in this study?

It will not cost you anything to be in this study.

What if you are a UNC student?

You may choose not to be in the study or to stopgom the study before it is over at
any time. This will not affect your class standistanding on the team, or academic
grades at UNC-Chapel Hill. You will not be offeredreceive any special consideration
if you take part in this research.

What if you have guestions about this study?

You have the right to ask, and have answered, aagtmpns you may have about this
research. If you have questions about the studju@ing payments), complaints,
concerns, or if a research-related injury occuos, should contact the researchers listed
on the first page of this form.

What if you have guestions about your rights as agsearch participant?

All research on human volunteers is reviewed bgraroittee that works to protect your
rights and welfare. If you have questions or comg@bout your rights as a research
subject, or if you would like to obtain informatian offer input, you may contact the
Institutional Review Board at 919-966-3113 or byadrto IRB_subjects@unc.edu.
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Participant’'s Agreement

| have read the information provided above. | hasieed all the questions | have at this
time. | voluntarily agree to participate in thesearch study.

Signature of Research Participant E)ate

P_rinted Name of Research Participant

Signature of Research Team Member Obtaining Consent Date

P_rinted Name of Research Team Member Obtaining €uns
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APPENDIX B

DATA COLLECTION SHEET

Subject Name Subject ID

Informed Consent

1. Inform participant of the experimental protocol

2. Make certain that the subject is aware of tresitde risks

3. Sign informed consent

Participant Compliance Questions

1. Did subject refrain from strenuous physicahattifor 24h prior to sampling/training?
Yes No

2. Did the subject report to the lab at least 1$t4poandial?
Yes No

3. Did the subject take NSAIDs, consume alcohotadfeine 8 hours prior to
sampling/training?

Yes No

Physical Characteristics

1. Age yrs
2. Height cm
3. Mass kg
4. Percent Body Fat %
Skinfolds:
a. Chest (diagonal fold midway between upper arftpnipple) mm
b. Abdominal (vertical fold; 1 inch to right of wel) mm
c. Thigh (vertical fold midway between kneecap tomlof thigh) mm
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APPENDIX C

Rest-Recovery Questionnaire for Athletes (REST-Q)

Answer all the questions with respect to your fegknd/or status over thast week.

1. | feel like | have been in a bad mood.
0 1 2 3 4 5 6

Not at all Somewhat Very Strongly

2. | feel like | have been angry with people.

0 1 2 3 4 5 6

Not at all Somewhat Very Strongly
3. | feel like | have been under a lot of pressure.

0 1 2 3 4 5 6

Not at all Somewhat Very Strongly

4. | feel like | have not been able to concentredd.

0 1 2 3 4 5 6

Not at all Somewhat Very Strongly
5. | feel fatigued or tired.

0 1 2 3 4 5 6

Not at all Somewhat Very Strongly
6. My sleep at night has not been sound and restful

0 1 2 3 4 5 6

Not at all Somewhat Very Strongly

7. | feel overwhelmed with all | have to do.
0 1 2 3 4 5 6

Not at all Somewhat Very Strongly
8. | have been feeling “down”.
0 1 2 3 4 5 6

Not at all Somewhat Very Strongly
9. | have been experiencing muscle soreness apdifor
0 1 2 3 4 5 6

Not at all Somewhat Very Strongly
10. | have been feeling sick or ill (for examplelds, flu, sore throat).
0 1 2 3 4 5 6

Not at all Somewhat Very Strongly
11. I don't feel like | want to go to practice atndin for football.
0 1 2 3 4 5 6
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Not at all Somewhat Very Strongly
12. | have not enjoyed eating and my appetite iggnod.
0 1 2 3 4 5 6

Not at all Somewhat Very Strongly
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10.

11.

12.

13.

APPENDIX D

ASSAY INFORMATION
Salivary Cortisol Assay Procedures
Bring all reagents to room temperature and refote use.
Prepare 1X wash buffer (and reconstitute stdytisa, if appropriate).
Bring plate to room temperature and prepare@i$erwith NSB wells.

Prepare tube with 24 mL of assay diluent forjegate dilution, which will be
made later.

Pipette 25.L of standards, controls, and unknowns into appavpmvells.
Pipette 25uL of assay diluent into zero and NSB wells.

Make final 1:1600 dilution of conjugate (jtb into 24 mL assay diluent), mix,
and immediately pipette 2QQ. into each well.

Mix plate for 5 minute at 500 rpm. Incubate &oradditional 55 minutes at room
temperature.

Wash plate 4 times with 1X wash buffer. Blot.
Add 20QuL TMB solution to each well.

Mix plate for 5 minutes at 500 rpm. Incubatelark at room temperature for 25
additional minutes.

Add 50uL stop solution to each well. Mix for 3 minutessS&t0 rpm.
Wipe plate bottom clean and read within 10 na@swf adding soap.
Calculations

1. Compute the average optical density (OD) fodaplicate wells.

2. Subtract the average OD for the NSB wells framdverage OD of the zero,
standards, controls, and unknowns.

3. Calculate the percent bound (B/Bo) for eachdsedh control, and unknown by
dividing the average OD (B) by the average OD lharzero (Bo).
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4. Determine the concentrations of the controlswamdowns by interpolation.
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APPENDIX E

SAMPLE TRAINING PROGRAM

WEEK 2 (OFF SE

Set1l Set 2 Set3 Set4 Set5
RP X WT RP x WT RP x WT RP x WT RP X WT

MONDAY 1/14 .
1 POWER CLEAN sx/35 (L 3x 20 3x 2o @3
2 SHRUG 15x 0% 15x 30§ 15x 308 ,Fgl/}
3 PULLUP 10x R 10xBW 10x QW
4 ROW 10x |42 10x_J3%32 10x _{37°2 T,
5 STR. BAR CURL 10x {08 8x jof 6x /0
6 DB HAMMER CURL 10x40s 10x YOs 10 xﬁi _§
7 4 WAY NECK 10x S iy

TUESDAY 1/15
1 FRONT SQUAT s5x 35 5x /%5 52255
2 RDL/rat¥ 10x _j%2- 10x132- ) i
3 BENCH 5x_ 38" axi%L 4x 2725 ax2%4s” @%@
4 DB INCLINE 6x_T1¢ 6x75" 6x 8= “hety
S—UPRIGHT-ROWAAT: 10x 0x___ 10x____
6 ROW TO PRESS 10x br/e  10x___ 10x___
7 PUSHUP 15x_+ 5%

THURSDAY 1/17 A\
1 HANG CLEAN - 5x /25 3x (2L 3x 21 3x 20 3x 26
2 SHRUG 15x 0¥ —> 155 ____ 15x__
3 PULLUP 10x_Bl 10x____ 10x_
4 ROW 10x (25 —s10x____ 10%x__
5 EZ BAR CURL 10x_%8% 10x ¥ 8 10x_5§
6 DB CURL 10x_0 8x_S0s 6x &0s
7 4 WAY NECK 10x_';f_§’l‘=

FRIDAY 1/18
1 SQUAT 5x %5 ax 125 4x 215 4x315 A% 3¢5
2 LUNGE 12x73S 12x_
3 INCLINE 10x /35 8x B 6x285 @zﬁ.ﬁ’)
4 FRONT PRESS 6X(3S—D 6x____ 6 x T
5 CLOSE GRIP sx (%5 5x /85 5x 2455 5x225

(Z %00 T

% N0 cwmHles
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