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Abstract
PURPOSE: This proof of concept study was designed to assess the influence of prescription-
strength Ibuprofen (IBU) on the repeated bout effect (RBE) of heavy exercise. METHODS: Eight
males (23 £ 4 yrs) with no recent history of lower-body resistance training completed two
separate testing phases separated by a seven-day washout period. Each phase consisted of two
sessions of single-legged resistance exercise (RE), performed on the same leg, separated by ten
days. One RE trial included 10 sets of 10 repetitions of maximal unilateral eccentric leg
extensions at 120% 1RM. Each phase was characterized by a distinct treatment of either 800mg
IBU or placebo (PLA), which subjects consumed 45 minutes prior to RE and in 8h increments for
72h. A randomly counterbalanced, crossover design was utilized so each subject received both
treatments. Muscle recovery variables (soreness, muscle function, plasma creatine kinase) were
measured 24 and 72 hours following each RE session. Magnitude-based inferences were used to
evaluate all outcomes. RESULTS: The increase in ascending and descending muscle soreness
24h after the second session of RE (RE;) was ‘likely’ less with PLA compared to IBU.
Specifically, the reduction in ascending muscle soreness with PLA (RE;: 43mm to RE,: 27mm)
was absent with IBU (RE;: 39mm to RE,: 39mm). A similar response was observed for
descending muscle soreness. Furthermore, the impairment in total work performed 72h after RE,
was ‘likely’ attenuated with PLA (RE;: 598] to RE,: 13.1J), but not IBU (RE;: 335.1J to RE;:
343)J). Decreases in work performed in the first five reps followed a similar pattern. Finally, the
impact of IBU on all muscle strength and CK measurements were ‘unclear’. CONCLUSIONS: In
general, IBU consumption appeared to interfere with the RBE, compared to PLA. Follow-up
work is needed to confirm these findings but these preliminary data suggest that prescription-

strength dosing of IBU following skeletal muscle trauma may need to be reconsidered.

Vi



Chapter 1
Introduction

The earliest documented use of an analgesic substance was willow bark dating
back to approximately 300 B.C. (Hersh, 2000). The value of willow bark was originally
discovered by Hippocrates and used in Europe throughout the Middle Ages to manage
pain associated with childbirth, wounds, ulcers, and inflammation (Hersh, 2000). The
analgesic effect of willow bark had been attributed to Salicylic acid, which was later
isolated and used to create the first non-steroidal anti-inflammatory drug (NSAID),
aspirin. Produced in bulk by Friedrich Bayer and Company, aspirin became available to
the public in 1899 (Hersh, 2000). NSAIDs currently account for approximately 30 billion
annual drug purchases worldwide (Elnachef, 2008) and are primarily used to treat fever,
inflammation, and pain.

NSAIDs deliver their effects by impairing cyclooxygenase (COX) enzyme
activity. NSAIDs prevent COX enzymes from converting arachadonic acid to
prostaglandins (PG). There are two major COX isoforms expressed in human tissue.
COX-1 is found in most tissues and produces PG that control renal function, platelet
aggregation, and gastric mucosa maintenance (Green, 2001; Hata, 2004). Whereas the
COX-2 isoform is expressed in response to cellular damage and produces PG that
regulate inflammatory events. These isoforms are either selectively blocked or
simultaneously blocked (non-selective), depending on the NSAID. For instance, Aspirin
primarily inhibits COX-1, Celebrex primarily inhibits COX-2, and Ibuprofen (IBU) is

non-selective.



NSAID’s are extensively used among athletes, especially during acute periods of
heavy and/or unaccustomed exercise. Heavy resistance exercise is associated with
inflammation, joint stiffness, muscle soreness, and impaired muscle function. Likewise,
muscle damage biomarkers such as creatine kinase (CK) (Peake, 2005; Willoughby,
2003; Bruunsgaard, 1997; Newham 1986; Paulsen, 2010), Interleukin-6 (IL-6) (Peake,
2005; Willoughby, 2003; Maclintyre, 2001), and myoglobin (Peake, 2005) are also
typically elevated following heavy exercise. Although contemporary research may
suggest otherwise (Peterson, 2003; Donnelly, 1990; Krentz, 2008), NSAID use is
commonly believed to offset these symptoms.

Not only do COX-1 and COX-2 have regulatory roles in the aforestated
physiology, but they also influence processes involved in cellular adaptations to chronic
exercise. Specifically, PGE, and PGF,, manufactured by both COX enzymes, are
involved heavily in muscle satellite cell proliferation and differentiation, and protein
turnover (Brewer, 2012). PGF,, stimulates protein synthesis whereas PGE, stimulates
protein degradation, collectively leading to a faster rate of protein turnover (Rodemann,
1982). There is good evidence that NSAIDs inhibit satellite cell proliferation
(Mikkelson, 2009; Mackey 2007), protein synthesis (Trappe, 2002; Burd 2010) and PG
synthesis (Markwork, 2014; Trappe, 2001) after acute exercise. Thus, NSAID’s taken
proximal to heavy exercise to reduce inflammation and pain may interfere with recovery
and chronic adaptations. The negative influence of NSAID’s on muscle regeneration and
adaptation has been shown with animal studies (LaPointe, 2002; Soltow, 2006; Shen,
2006). Few similar studies have been performed in humans. Surprisingly, two separate

research groups recently reported that continuous NSAID supplementation either has



minimal effect or actually amplifies muscle growth in response to chronic resistance
training (Krentz, 2008, Trappe, 2011). The authors speculated that a parallel pathway
may have supercompensated for the COX suppression thereby leading to superior growth
(Trappe, 2011).

Little is known about how NSAID use effects non-hypertrophic adaptations,
particularly with short-term administration that is similar to what is practiced by athletes.
One such adaptation is the repeated bout effect (RBE), where a single session of
‘disruptive’ exercise leads to muscle adaptations that safeguard against similar successive
bouts of exercise-induced muscle damage. Repeated exercise is associated with
progressively less muscle damage and inflammation (Nosaka, 2001; Eston 1996; Byrnes
2004; Paulsen 2010). For example, evidence of reduced muscle damage (lower serum
CK, delayed-onset muscle soreness (DOMS), and myoglobin) has been observed
following a second session of downhill running when a previous downhill run (Byrnes,
1985) or isokinetic exercise had been performed (Paulsen, 2010; Eston, 1996).
Interestingly, these prophylactic adaptations can last up to 6 months in duration (Nosaka,
2001). The mechanisms responsible for prophylactic adaptations remain unclear but
likely include motor unit recruitment strategies, cytoskeletal adaptations and the addition
of sarcomeres (McHugh, 2003). These muscle-specific adaptations likely alter protein
turnover (Trappe, 2001), satellite cell activity (Mackey, 2007), and inflammation
(Lapointe, 2002), all processes that are inhibited by NSAID supplementation. Therefore,
it stands to reason that NSAID supplementation may interfere with muscle remodeling

involved in the repeated bout effect.



To our knowledge, only one study has examined the influence of NSAIDs on
RBE in humans, and the authors reported null findings (Paulsen, 2010). However,
subjects consumed Celebrex, a selective COX-2 inhibitor that has minimal effect on
COX-1. COX-1 works in conjunction with COX-2 as a partial mediator of exercise-
induced protein synthesis (Burd, 2010). Furthermore, COX-2 is likely responsible for
post-exercise PG production (Trappe, 2011). As a result of its non-selective nature, IBU
has a low-risk profile and seems to have the most impact in the early stages of post-
exercise recovery on PG synthesis (Markworth, 2014), PGF,, concentrations (Peterson,
2003; Trappe, 2001) and protein synthesis (Trappe, 2002; Peterson, 2003). It is logical to
speculate that IBU may interfere with some of the adaptive characteristics of the RBE,
however this thesis has not been examined. Therefore, the primary aim is to investigate
the effects of IBU supplementation on the RBE elicited by consecutive sessions of

eccentric unilateral knee extensions.



Aims and Hypotheses

Aim 1: To determine if IBU consumption before and after an initial session of eccentric
resistance exercise influences skeletal muscle function following a second bout of

eccentric resistance exercise, compared to placebo (PLA).

Hypothesis 1: IBU consumption before and after an initial session of eccentric resistance
exercise will result in greater peak torque decrements following a second session of

eccentric resistance exercise, compared to PLA.

Aim 2: To determine if IBU consumption before and after an initial session of eccentric
resistance exercise influences muscle damage (plasma creatine kinase and muscle

soreness) following a second session of eccentric resistance exercise, compared to PLA.

Hypothesis 2: IBU consumption before and after an initial session of eccentric resistance
exercise will result in more muscle damage following a second session of eccentric

resistance exercise, compared to PLA.



Significance

The prevalence of NSAID use combined with preliminary evidence of impaired muscle
regeneration and protein turnover during post-exercise recovery points to the value of
more research on this topic. Coupling unaccustomed resistance exercise with an anti-
inflammatory dose of IBU should create an environment conducive for COX enzyme
inhibition of inflammation, satellite cell proliferation and fusion, and protein turnover,
thereby maximizing the potential effect that NSAID’s may have on the RBE. Given the
non-selective nature of 1BU, and the partially shared role of both COX-1 and COX-2
isoforms in muscle adaptation, this study will provide insight into the potential for
NSAID treatment to impact skeletal muscle physiology. The findings from this study
may help fitness professionals, recreational exercisers, and athletes make better informed
decisions by weighing short term benefits with possible long term detriments when it

comes to NSAID supplementation.



Chapter Two
Methods

Subjects

Eight healthy, active males between the ages of 19 and 32 were recruited from
James Madison University. To be included, subjects must not have regularly engaged in
lower body resistance exercise (RE) (> 1 session a week within 3 months of study
participation). Additionally, subjects must not have consumed any form of NSAID within
seven days prior to study participation. Study procedures were approved by the James
Madison University Institutional Review Board. Before participation, and after
comprehensive verbal and written explanations of the study procedures, all subjects

provided written consent. Subject characteristics are presented in Table 1.

Experimental Design

Subjects completed two separate testing phases separated by a washout period of
at least 7 days. Each testing phase consisted of two single-leg RE sessions, performed on
the same leg, separated by ten days (Figure 1). Each phase was characterized by
treatment with either IBU or PLA. A randomly counterbalanced, crossover design was
utilized so that each subject received both treatments. For example, subjects ingesting
IBU for the first session of RE with Leg A ingested a PLA pill, matched for size and
color, for the third session of RE with Leg B, following a 7 day washout period. Prior to
any testing, subjects that met the inclusion criteria completed a VOmax test and four RE

familiarization trials.



One Repetition Maximum Test (1RM)

Immediately prior to each resistance exercise session, 1RM was tested to
determine the workload used in the unilateral eccentric leg extensions. Subjects warmed
up on a treadmill at a self-selected pace for 5 minutes. They then performed a warm-up of
10 repetitions of unilateral leg extensions at 20% body weight on a standard leg extension
device (Cybex V3 Series, Medway MA, USA). Immediately after, there was 4 minutes of
passive recovery followed by two repetitions at 50%-70% of perceived 1 RM. After an
additional 4 minutes of passive recovery, subjects attempted their 1 RM and continued to

rest in 4-minute segments between attempts until failure.

Resistance Exercise (RE)

The unilateral resistance exercise protocol was adapted from Burd et al.
Following 1RM testing, subjects performed 10 sets of 10 repetitions of unilateral
eccentric leg extensions with a 60 second rest in between sets. The weight was manually
lifted to 180 degrees and lowered to 90 degrees in a 3 second eccentric phase at 120% of
the subject’s concentric 1-repetition maximum. If the weight was lowered in less than 0.5
seconds, the subject completed that set and the following sets were adjusted in 5 pound

increments so they were able to complete the full protocol.

Washout (WO)

A washout (WO) phase of at least 7 days followed the second session of RE for
Leg A. During the WO phase, subjects refrained from any ingestion of NSAIDs, and any
resistance type exercise. Upon completion of the WO phase, subjects participated in

testing phase 2.
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Figure 1. Experimental Design

Non-Steroidal Anti-Inflammatory Drug (NSAID) Treatment

Treatments were administered prior to RE and for 72h following RE. Subjects
received either a PLA pill (lactose) or the anti-inflammatory dose of IBU (2400 mg), split
into 800mg doses, taken three times a day. The first dose was taken approximately 45
minutes prior to the initial bout of resistance exercise and in subsequent 8h time
increments for the next 72 hours. The timing of ingestion immediately after exercise was
recorded and standardized between phases. To verify drug compliance, subjects sent a

text confirming the ingestion of their assigned treatment.

MEASUREMENTS
Cardiorespiratory Fitness (VOzmax Test)

Subjects performed a VO2max test to determine maximal oxygen uptake 7 days
prior to the first experimental trial. Subjects rode a computerized cycle ergometer
(Velotron, Racermate Inc, Seattle WA) at a self-selected workload estimated as “a
comfortable, but not easy pace for a 1-hour ride”. Workload was increased by 25 W
every minute until subjects voluntarily requested to stop due to fatigue or are unable to

continue at a cadence >50 rpm. Oxygen uptake was assessed during each stage in 30-s
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intervals using indirect calorimetry via an automated Moxus Modular Metabolic System
(AEI Technologies, Bostrop TX). During the test, heart rate and rate of perceived

exertion (RPE) was also recorded.

Skeletal Muscle Function (SMF)

Peak isokinetic concentric muscle force and work performance was assessed
following a standardized 5-min warm-up on a treadmill. Skeletal muscle function was
assessed six times during each testing phase: Pre-RE 1, RE 1+24h, RE 1+72h, Pre-RE 2,
RE 2+24h, RE 2+72h (Figure 1). Subjects were seated and positioned upright in the
dynamometer chair with knees bent at a 90-degree angle so the axis of the dynamometer
was aligned with the axis of rotation of the knee joint. Adjusting straps were secured
across the subject’s chest, once the chair settings were properly set, to prevent excess
movement associated with each effort. Peak isokinetic concentric torque was assessed by
having subjects push as hard as possible against a shin pad connected to an electronic
dynamometer that controls the speed of movement through the leg-extension. Subjects
performed 2 sets at 30 degrees per second and 2 sets at 120 degrees per second. Each set
consisted of 4 repetitions with the first 2 repetitions acting as a warm-up and the last two
as maximal efforts. Peak isokinetic eccentric torque was assessed by subjects resisting as
hard as possible against the shin pad connected to the electronically controlled
dynamometer. The protocol outlined to test peak isokinetic concentric torque was also
used to test peak isokinetic eccentric torque. All sets were separated by 60 seconds of
rest. Lastly, subjects performed 30 maximum effort leg-extensions at a controlled speed

of movement of 120 degrees per second as an assessment of work performance..
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Muscle Soreness

Soreness ratings were obtained the day of the damaging trial, and 24h and 72h
following each bout of RE. A 100mm visual analog scale, with O indicating no muscle
soreness and 100 indicating impaired movement due to muscle soreness was used.
Subjects completed the scale immediately following ascending, and descending a flight
of stairs at normal walking speed.
Venous Blood Draw and Biomarkers

Fasting venous blood samples were obtained from an antecubital vein prior to the
start of each RE trial, 24 hours and 72 hours post RE. Upon entering the lab, subjects
rested in a blood draw chair for 5 minutes prior to receiving the blood draw.
Approximately 10mL of whole blood was obtained at each blood draw, and centrifuged
at 3000 rpm for 20 minutes to remove the plasma portion of the blood. Plasma was stored
in an -80°C freezer for later analysis. Plasma samples were analyzed for muscle
membrane disruption [creatine kinase (CK)]. CK was subsequently analyzed using an

automated table-top analyzer (Chemwell-T, Awareness Tech. Inc., Palm City, FL).

DIETARY AND EXERCISE CONTROLS

Prior to the initiation of testing, subjects were provided with portion sizing guides
and instructed on how to accurately record dietary intake. Subjects maintained a diet
record for 4 days, beginning 24 hours prior to the initial RE trial. Subjects submitted their
initial diet records the morning of their first 72h follow-up trial (from the previous 4
days). Subjects refrained from alcohol and caffeine 24 hour and 12 hours prior to the start

of RE trials and follow-up visits respectively. Subjects consumed their final “self-
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selected” meal no less than 12 hours prior to the start of RE trials and follow-up visits.
Subjects were provided with a standardized meal consisting of a 6-0z yogurt, small box
of cereal, and orange juice following each RE trial. Subjects consumed the meal within
60 minutes of the RE trial completion and abstained from any further food or beverage
intake for the 4 hours following the completion of all RE trials.

Subjects refrained from heavy physical activity 72 hours pre and post RE trial. To
ensure compliance, subjects completed a 72h physical activity log prior to each RE trial.
Subjects did not engage in any heavy exercise in the previous 24h before each RE trial. In
order to avoid any unintended prophylactic adaptions, subjects had not performed any

resistance type of exercise within the previous 3 months.

STATISTICAL ANALYSES

Magnitude-based inferences about the data were derived using methods described
by Hopkins and colleagues (31). A standardized difference in means (mean difference
between treatments divided by the between-subject SD under PLA conditions: SD units)
was calculated for each variable whereby observed values equivalent to or exceeding 0.2
SD units was quantified as a substantial treatment effect (i.e. threshold for substantial
effect) (31). The 0.2 SD unit threshold was used for all variables.

A published spreadsheet (33) was used to determine the likelihoods of the true
treatment effect (of the population) reaching the substantial change threshold (0.2 SD);
these were classified as <1% almost certainly no chance, 1-5% = very unlikely, 5-25% =
unlikely, 25-75% = possible, 75-95% = likely, 95-99% = very likely, and >99% = almost

certain. If the percent chance of the effect reaching the substantial change threshold was
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<25% and the effect was clear, it is classified as a ‘trivial’ effect. If 90% confidence
intervals included values that exceeded the substantial change threshold for both a
positive and negative effect, effects were classified as ‘unclear’ (>5% chance of reaching
the substantial threshold for both a positive and negative effect). For ease of
interpretation data are displayed as raw means = SD and/or percent difference between

treatments = CL (90% confidence limit; to illustrate uncertainty in treatment effects).
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Abstract

PURPOSE: This proof of concept study was designed to assess the influence of prescription-
strength Ibuprofen (IBU) on the repeated bout effect (RBE) of heavy exercise. METHODS: Eight
males (23 £ 4 yrs) with no recent history of lower-body resistance training completed two
separate testing phases separated by a seven-day washout period. Each phase consisted of two
sessions of single-legged resistance exercise (RE), performed on the same leg, separated by ten
days. One RE trial included 10 sets of 10 repetitions of maximal unilateral eccentric leg
extensions at 120% 1RM. Each phase was characterized by a distinct treatment of either 800mg
IBU or placebo (PLA), which subjects consumed 45 minutes prior to RE and in 8h increments for
72h. A randomly counterbalanced, crossover design was utilized so each subject received both
treatments. Muscle recovery variables (soreness, muscle function, plasma creatine kinase) were
measured 24 and 72 hours following each RE session. Magnitude-based inferences were used to
evaluate all outcomes. RESULTS: The increase in ascending and descending muscle soreness
24h after the second session of RE (RE;) was ‘likely’ less with PLA compared to IBU.
Specifically, the reduction in ascending muscle soreness with PLA (RE;: 43mm to RE,: 27mm)
was absent with IBU (RE;: 39mm to RE,: 39mm). A similar response was observed for
descending muscle soreness. Furthermore, the impairment in total work performed 72h after RE,
was ‘likely’ attenuated with PLA (RE;: 598J to RE,: 13J), but not IBU (RE;: 335J to RE,: 343)).
Decreases in work performed in the first five reps followed a similar pattern. Finally, the impact
of IBU on all muscle strength and CK measurements were ‘unclear’. CONCLUSIONS: In
general, IBU consumption appeared to interfere with the RBE, compared to PLA. Follow-up
work is needed to confirm these findings but these preliminary data suggest that prescription-

strength dosing of IBU following skeletal muscle trauma may need to be reconsidered.
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Introduction

NSAIDs (Non-Steroidal Anti-inflammatory Drugs) currently account for
approximately 30 billion annual drug purchases worldwide (Elnachef, 2008) and are
primarily used to treat fever, inflammation, and pain. NSAIDs deliver their effects by
impairing cyclooxygenase (COX) enzyme activity. NSAIDs prevent COX enzymes from
converting arachadonic acid to prostaglandins (PG). There are two major COX isoforms
expressed in human tissue. COX-1 is found in most tissues and produces PG that control
renal function, platelet aggregation, and gastric mucosa maintenance (Green, 2001; Hata,
2004). The COX-2 isoform is expressed in response to cellular damage and produces PG
that regulate inflammatory events. These isoforms are either selectively blocked or
simultaneously blocked (non-selective), depending on the NSAID.

Heavy resistance exercise is associated with inflammation, joint stiffness, muscle
soreness, and impaired muscle function. Likewise, muscle damage biomarkers such as
creatine kinase (CK) (Peake, 2005; Willoughby, 2003; Bruunsgaard, 1997; Newham
1986; Paulsen, 2009), Interleukin-6 (IL-6) (Peake, 2005; Willoughby, 2003; Macintyre,
2001), and myoglobin (Peake, 2005) are also typically elevated following heavy exercise.
As such, NSAIDs are extensively used among athletes in an attempt to manage acute
periods of heavy and/or unaccustomed exercise.

Not only do COX-1 and COX-2 have regulatory roles in the aforestated
physiology, but they also influence processes involved in cellular adaptations to chronic
exercise. Specifically, PGE, and PGF,, manufactured by both COX enzymes, are

involved heavily in muscle satellite cell proliferation and differentiation, and protein
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turnover (Brewer, 2012). Thus, NSAIDs taken proximal to heavy exercise to reduce
inflammation and pain may interfere with recovery and chronic adaptations.

Little is known about how NSAID use effects skeletal muscle adaptations,
particularly with short-term administration. One such adaptation is the repeated bout
effect (RBE), where a single session of ‘disruptive’ exercise leads to muscle adaptations
that safeguard following similar successive bouts of exercise. Repeated exercise is
associated with progressively less muscle damage and inflammation (Nosaka, 2001;
Eston 1996; Byrnes 2004; Paulsen 2010). Interestingly, these prophylactic adaptations
can last up to 6 months in duration (Nosaka, 2001). These muscle-specific adaptations
likely alter protein turnover, satellite cell activity, and inflammation, all processes that are
inhibited by NSAID supplementation.

To our knowledge, only one study has examined the influence of NSAIDs on
RBE in humans, and the authors reported null findings (Paulsen, 2010). However,
subjects consumed Celebrex, a selective COX-2 inhibitor. COX-1 works in conjunction
with COX-2 as a partial mediator of exercise-induced protein synthesis (Burd, 2010).
Furthermore, COX-2 is likely responsible for post-exercise prostaglandin production
(Trappe, 2012). IBU has a low-risk profile and seems to impact several key processes
during the early stages of post-exercise recovery including PG synthesis (Markworth,
2014), PGF,,; concentrations (Peterson, 2003; Trappe, 2001) and protein synthesis
(Trappe, 2002; Peterson, 2003). Therefore, the primary aim of this study is to investigate
the effects of IBU supplementation on the RBE elicited by consecutive sessions of

eccentric unilateral knee extensions.
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MATERIALS AND METHOD

Subjects

Eight healthy, active males between the ages of 19 and 32 were recruited from
James Madison University. To be included, subjects must not have regularly engaged in
lower body resistance exercise (RE) (> 1 session a week within 3 months of study
participation). Additionally, subjects must not have consumed any form of NSAID within
seven days prior to study participation. Study procedures were approved by the James
Madison University Institutional Review Board. Before participation, and after
comprehensive verbal and written explanations of the study procedures, all subjects

provided written consent. Subject characteristics are presented in Table 1.

Experimental Design

Subjects completed two separate testing phases separated by a washout period of
at least 7 days. Each testing phase consisted of two single-leg RE sessions, performed on
the same leg, separated by ten days (Figure 1). Each phase was characterized by a distinct
treatment of either IBU or PLA. A randomly counterbalanced, crossover design was
utilized so that each subject received both treatments. For example, subjects ingesting
IBU for the first session of RE with Leg A ingested a PLA pill, matched for size and
color, for the third session of RE with Leg B, following a 7 day washout period. Prior to
any testing, subjects that met the inclusion criteria completed a VO,max test and four RE

familiarization trials.
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One Repetition Maximum Test (1RM)

Immediately prior to each resistance exercise session, 1IRM was tested to
determine the workload used in the unilateral eccentric leg extensions. Subjects warmed
up on a treadmill at a self-selected pace for 5 minutes. They then performed a warm-up of
10 repetitions of unilateral leg extensions at 20% body weight on a standard leg extension
device (Cybex V3 Series, Medway MA, USA). Immediately after, there was 4 minutes of
passive recovery followed by two repetitions at 50%-70% of perceived 1 RM. After an
additional 4 minutes of passive recovery, subjects attempted their 1 RM and continued to

rest in 4-minute segments between attempts until failure.

Resistance Exercise (RE)

The unilateral resistance exercise protocol was adapted from Burd et al.
Following 1RM testing, subjects performed 10 sets of 10 repetitions of unilateral
eccentric leg extensions with a 60 second rest in between sets. The weight was manually
lifted to 180 degrees and lowered to 90 degrees in a 3 second eccentric phase at 120% of
the subject’s concentric 1-repetition maximum. If the weight was lowered in less than 0.5
seconds, the subject completed that set and the following sets were adjusted in 5 pound

increments so they were able to complete the full protocol.

Washout (WO)

A washout (WO) phase of at least 7 days followed the second session of RE for
Leg A. During the WO phase, subjects refrained from any ingestion of NSAIDs, and any
resistance type exercise. Upon completion of the WO phase, subjects participated in

testing phase 2.
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Figure 1. Experimental Design

Non-Steroidal Anti-Inflammatory Drug (NSAID) Treatment

Treatments were administered prior to RE and for 72h following RE. Subjects
received either a PLA pill (maltodextrin) or the anti-inflammatory dose of IBU (2400
mg), split into 800mg doses, taken three times a day. The first dose was taken
approximately 45 minutes prior to the initial bout of resistance exercise and in subsequent
8h time increments for the next 72 hours. The timing of ingestion immediately after
exercise was recorded and standardized between phases. To verify drug compliance,

subjects sent a text confirming the ingestion of their assigned treatment.

MEASUREMENTS
Cardiorespiratory Fitness (VOzmax Test)

Subjects performed a VO2max test to determine maximal oxygen uptake 7 days
prior to the first experimental trial. Subjects rode a computerized cycle ergometer
(Velotron, Racermate Inc, Seattle WA) at a self-selected workload estimated as “a
comfortable, but not easy pace for a 1-hour ride”. Workload was increased by 25 W
every minute until subjects voluntarily requested to stop due to fatigue or are unable to

continue at a cadence >50 rpm. Oxygen uptake was assessed during each stage in 30-s
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intervals using indirect calorimetry via an automated Moxus Modular Metabolic System
(AEI Technologies, Bostrop TX). During the test, heart rate and rate of perceived

exertion (RPE) was also recorded.

Skeletal Muscle Function (SMF)

Peak isokinetic concentric muscle force and work performance was assessed
following a standardized 5-min warm-up on a treadmill. Skeletal muscle function was
assessed six times during each testing phase: Pre-RE 1, RE 1+24h, RE 1+72h, Pre-RE 2,
RE 2+24h, RE 2+72h (Figure 1). Subjects were seated and positioned upright in the
dynamometer chair with knees bent at a 90-degree angle so the axis of the dynamometer
was aligned with the axis of rotation of the knee joint. Adjusting straps were secured
across the subject’s chest, once the chair settings were properly set, to prevent excess
movement associated with each effort. Peak isokinetic concentric torque was assessed by
having subjects push as hard as possible against a shin pad connected to an electronic
dynamometer that controls the speed of movement through the leg-extension. Subjects
performed 2 sets at 30 degrees per second and 2 sets at 120 degrees per second. Each set
consisted of 4 repetitions with the first 2 repetitions acting as a warm-up and the last two
as maximal efforts. Peak isokinetic eccentric torque was assessed by subjects resisting as
hard as possible against the shin pad connected to the electronically controlled
dynamometer. The protocol outlined to test peak isokinetic concentric torque was also
used to test peak isokinetic eccentric torque. All sets were separated by 60 seconds of
rest. Lastly, subjects performed 30 maximum effort leg-extensions at a controlled speed

of movement of 120 degrees per second as assessment of work performance.
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Muscle Soreness

Soreness ratings were obtained the day of the damaging trial and 24h and 72h
following each bout of RE. A 100mm visual analog scale, with O indicating no muscle
soreness and 100 indicating impaired movement due to muscle soreness was used.
Subjects completed the scale immediately following ascending, and descending a flight

of stairs at normal walking speed.

Venous Blood Draw and Biomarkers

Fasting venous blood samples were obtained from an antecubital vein prior to the
start of each RE trial, 24 hours and 72 hours post RE. Upon entering the lab, subjects
rested in a blood draw chair for 5 minutes prior to receiving the blood draw.
Approximately 10mL of whole blood was obtained at each blood draw, and centrifuged
at 3000 rpm for 20 minutes to remove the plasma portion of the blood. Plasma was stored
in an -80°C freezer for later analysis. Plasma samples were analyzed for muscle
membrane disruption [creatine kinase (CK)]. CK was subsequently analyzed using an

automated table-top analyzer (Chemwell-T, Awareness Tech. Inc., Palm City, FL).

DIETARY AND EXERCISE CONTROLS

Prior to the initiation of testing, subjects were provided with portion sizing guides
and instructed on how to accurately record dietary intake. Subjects maintained a diet
record for 4 days, beginning 24 hours prior to the initial RE trial. Subjects submitted their
initial diet records the morning of their first 72h follow-up trial (from the previous 4

days). Subjects refrained from alcohol and caffeine 24 hour and 12 hours prior to the start
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of RE trials and follow-up visits respectively. Subjects consumed their final “self-
selected” meal no less than 12 hours prior to the start of RE trials and follow-up visits.
Subjects were provided with a standardized meal consisting of a 6-0z yogurt, small box
of cereal, and orange juice following each RE trial. Subjects consumed the meal within
60 minutes of the RE trial completion and abstained from any further food or beverage
intake for the 4 hours following the completion of all RE trials.

Subjects refrained from heavy physical activity 72 hours pre and post RE trial. To
ensure compliance, subjects completed a 72h physical activity log prior to each RE trial.
Subjects did not engage in any heavy exercise in the previous 24h before each RE trial. In
order to avoid any unintended prophylactic adaptions, subjects had not performed any

resistance type of exercise within the previous 3 months.

STATISTICAL ANALYSES

Magnitude-based inferences about the data were derived using methods described
by Hopkins and colleagues (31). A standardized difference in means (mean difference
between treatments divided by the between-subject SD under PLA conditions: SD units)
was calculated for each variable whereby observed values equivalent to or exceeding 0.2
SD units was quantified as a substantial treatment effect (i.e. threshold for substantial
effect) (31). The 0.2 SD unit threshold was used for all variables.

A published spreadsheet (33) was used to determine the likelihoods of the true
treatment effect (of the population) reaching the substantial change threshold (0.2 SD);
these were classified as <1% almost certainly no chance, 1-5% = very unlikely, 5-25% =

unlikely, 25-75% = possible, 75-95% = likely, 95-99% = very likely, and >99% = almost
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certain. If the percent chance of the effect reaching the substantial change threshold was
<25% and the effect was clear, it is classified as a ‘trivial’ effect. If 90% confidence
intervals included values that exceeded the substantial change threshold for both a
positive and negative effect, effects were classified as ‘unclear’ (>5% chance of reaching
the substantial threshold for both a positive and negative effect). For ease of
interpretation data are displayed as raw means = SD and/or percent difference between

treatments = CL (90% confidence limit; to illustrate uncertainty in treatment effects).
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RESULTS

Muscle Soreness

Soreness values following ascension and descension of one flight of stairs 24h