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ABSTRACT 

 

 

Many competitive and recreational athletes devote considerable time and attention 

designing exercise programs to optimize performance.  Training variables, such as the exercise 

modality, the number of weekly training sessions, and the intensity and duration of each session 

are manipulated to elicit favorable adaptations.  Equally important in exercise prescription is the 

establishment of adequate recovery between successive training sessions.  The purpose of the 

proposed studies was to evaluate the effectiveness of common dietary supplements and, in a 

separate analysis, the use of an anti-inflammatory and nutritional intervention on recovery from 

resistance exercise in trained men and women.  Additionally, the study served to evaluate the 

influence of gender on skeletal muscle recovery following an exhaustive bout of resistance 

exercise.  After establishing a baseline load that elicits temporary muscular failure after 8–12 

repetitions, participants completed 3 sets to failure on two consecutive under treatment and 

placebo conditions.  Treatment conditions for Study I consisted of the current use of branched-

chain amino acids (BCAA), beta-hydroxy-beta-methylbutyrate (HMB), and glutamine; placebo 

supplements (sugar pills) served as a control.  The treatment condition for Study II was 

comprised ibuprofen, vitamins C and E, and a protein-carbohydrate recovery beverage, while 

flavored water and imitation vitamins (gummy candies) were used as a placebo.  Study III 

compared 24 h training recovery in men versus women.  Muscle pain and ratings of perceived 

exertion (RPE) were measured after each set, exercise, and workout using a 100–mm visual 

analog scale (VAS).  Residual muscle pain and ratings of perceived recovery (RPR) were 
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measured 24 h after the initial workout.  Muscle recovery was defined as the number of 

repetitions performed during the first set of repetitions on the second day of activity.  The 

treatments used in Study I and Study II significantly enhanced performance-based training 

recovery for select exercise and allowed participants to perform more total repetitions for all 

exercises combined.  The BCAA, HMB, and glutamine  treatment significantly reduced residual 

muscle pain, but had no effect on RPR compared to a placebo.  Additionally, this treatment 

significantly reduced skeletal muscle pain and RPE for select exercises.  Additionally, the this 

treatment significantly reduced muscle pain and RPE during subsequent training 24 h after an 

exhaustive resistance bout.  Conversely, a protein–carbohydrate beverage, vitamins C and E, and 

ibuprofen significantly enhanced RPR after 24 h passive recovery without influencing residual 

pain or muscle pain and RPE during subsequent activity.  Lastly, while residual muscle pain was 

reduced in women compared to men 24 h after a fatiguing resistance session, no differences in 

performance or muscle pain and RPE during exercise were observed.  Two treatment options 

may effectively enhance  training recovery: (a) concurrent use of a protein–carbohydrate 

beverage, vitamins C and E, and ibuprofen, and (b) concurrent use of BCAA, HMB, and 

glutamine.  These treatments significantly enhanced performance compared to a placebo and 

attenuated residual muscle pain or RPR.  The former treatment also attenuated muscle pain and 

RPE during select exercises, possibly contributing to enhanced performance.  Men and women 

respond similarly to 24 h passive rest.  Coaches and physical therapist may use these treatments 

to accelerate recovery of muscle function and enhance training adaptations.  However, the long–

term   effects remain unknown.  Additionally, men and women may not require distinct recovery 

periods following damaging resistance exercise.  However, while men and women recovered 

equally under control conditions, it is unknown whether any differences in training recovery are 
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present following ingestion of various ergogenic aids.  Future research should evaluate the 

effects of chronic use of the treatments studied, as well the effect of as sex–related differences 

under these treatments.
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Beats per minute 
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RPE   Rating of perceived exertion 

RPR   Rating of perceived recovery 
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INTRODUCTION 

Recovery complements the four components of training: frequency, intensity, duration, 

and exercise modality to contribute to the overall adaptations to exercise; thus, recovery from a 

workout is vital if athletes are to maximize the benefits of training (3, 17, 31).  Conversely, 

inadequate recovery may lead to performance decrements during subsequent training or 

competitive activity (3).  Continuing to train despite insufficient recovery can lead to 

overtraining syndrome – a chronic condition characterized by staleness, excessive fatigue, 

impaired immune function, sleep disturbances, a sustained plateau or decline in performance, 

and additional deleterious effects (3, 34).   

In the broadest sense, recovery can be viewed as encompassing three related components: 

(a) the intermittent period between two consecutive skeletal muscle contractions (immediate 

recovery), (b) the interval between two consecutive periods of training activity during a multi-

bout training session (short-term recovery), and (c) training recovery– the recovery between two 

consecutive training sessions or competitions (5).  Complete training recovery involves the 

reestablishment of homeostasis and return to baseline exercise capacity.  Thus, by this definition, 

recovered individuals demonstrate the ability to reach or exceed their prior performance 

achievements during a subsequent workout (5).  A wide variety of recovery tactics are 

commonplace in athletics and vary among individuals or in accordance with differing training 

paradigms.  All recovery protocols can be assigned to one of two broad categories– active 

recovery or passive recovery.
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Active Recovery 

Active recovery involves continued low-intensity physical activity between intermittent 

bursts of high-intensity exercise or as a scheduled component of training recovery (3, 56).  The 

premise behind active recovery is that sustained activity enhances the clearance of metabolic 

byproducts that accumulate during exercise leading to a quicker return to homeostasis (17, 53, 

56).  Thus, a quicker return to homeostasis may enhance performance by delaying fatigue or 

facilitating repair.  However, the literature is equivocal with several investigators demonstrating 

greater power output during subsequent exercise when preceded by active versus passive 

recovery (7, 57), while others oppose this notion of enhanced performance with active recovery, 

arguing instead for passive rest (17, 53). 

Passive Recovery 

In contrast to active recovery, passive recovery involves complete cessation of exercise 

beyond the normal requirements of living.  As with active recovery, the implementation of 

passive techniques is useful for achieving short-term and training recovery (13, 53).  Included 

among these methods are practices such as massages, saunas, cryotherapy, anti-inflammatory 

analgesics, nutritional supplementation, and increased intake of carbohydrate and protein (5, 8, 

24, 45).  Current evidence indicates that 24 h of passive rest is insufficient to elicit full training 

recovery in nearly all individuals; yet, many athletes continue to engage in daily or even twice-a-

day workouts (5, 18).  Consequently, athletes may enter a subsequent exercise session in a pre-

existing state of fatigue when prior training recovery is deficient.  The highly fatigued athlete is 

often unwilling or unable to maintain the prior exercise intensity (2, 35).  In effect, the training 

stimulus and resultant adaptations are attenuated (31).  Continued practice of this training 
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regimen clearly does not allow for full recovery in many individuals and may therefore lead to an 

increased prevalence of overtraining among athletes (31, 34).   

Consequently, the purpose of these proposed studies was to investigate two methods 

hypothesized to enhance 24-h training recovery from a single bout of exhaustive resistance 

training.  These strategies include: (a) the concurrent use of BCAA, HMB, and glutamine, (b) a 

combination treatment consisting of an anti-inflammatory medication, vitamins C and E, and a 

protein beverage.  Additionally, the proposed study sought to quantify any difference in training 

recovery between resistance-trained males and females.
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STUDY I 

 

Effect of Branched-chain Amino Acids, Beta-hydroxy-beta-

methylbutyrate, and Glutamine on Recovery from Resistance 

Exercise 

 
ABSTRACT 

 
The purpose of this study was to evaluate the effects of the concurrent use of branched-

chain amino acids (BCAA), beta-hydroxy-beta-methylbutyrate (HMB), and glutamine on 

recovery from resistance exercise.  After establishing a baseline load to ensure momentary 

muscular failure after 8–12 repetitions, fourteen resistance-trained individuals (mean ± SD age = 

21 ± 2 y; training duration = 48±30 mo; session duration = 65 ± 18 min; frequency = 4 ± 1d/wk.; 

males, n = 7, females, n = 7) completed two experimental protocols.  Each protocol consisted of 

two exercise sessions (treatment and placebo) performed on consecutive days in a double-blind, 

randomized, and counter-balanced fashion.  Experimental sessions consisted of three sets of 8–

12 repetitions for six resistance exercises followed by an attempt to complete this same workout 

after 24 h.  Muscle pain and ratings of perceived exertion (RPE) were assessed after each set, 

after each exercise, and following each workout using a 100–mm visual analog scale (VAS).  

Muscle pain and ratings of perceived recovery (RPR) were assessed 24 h after the initial 

workout.  Performance–based training recovery after 24 h passive rest was significantly 

enhanced under treatment compared to placebo conditions for the leg extension (10 ± 3 vs. 11 ± 

1; p = .03) and latissimus pull-down (10 ± vs. 11 ± 2; p = .02) exercises.  No differences between 

treatment and placebo were observed for all remaining lifts.  Additionally,  total repetitions 
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performed during subsequent exercise was significantly greater under treatment 

compared to placebo (59 ± 7 vs. 62 ± 5; p = .03).  Whereas RPR was similar between treatment 

and placebo (p > .05), residual muscle pain was significantly lower under the treatment (40 ± 23 

vs. 29 ± 19; p = .01).  Skeletal muscle pain during the subsequent workout was also lower under 

treatment compared to placebo for the leg press (45 ± 21 vs. 37 ± 14; p = .04) and shoulder press 

(47 ± 24 vs. 39 ± 17; p = .04).  Similar levels of pain between treatment and placebo were 

observed for all other exercises (p > .05).  On the second day of repetitions, RPE was 

significantly reduced under the treatment for the leg press (62 ± 16 vs. 55 ± 20; p = .02) and leg 

extension (61 ± 19 vs. 53 ± 20; p = .03), but did not differ for any of the remaining exercises (p > 

.05) or for the overall workout (placebo = 73 ± 18 vs. treatment = 70 ± 20; p > .05).  A small but 

significant decrease in HR was observed under treatment compared to placebo for the chest press 

(144 ± 18 vs. 141 ± 20; p = .03) and shoulder press (140 ± 16 vs. 137 ± 18; p = .01) exercises 

only; similar responses in HR were observed between treatment and placebo during all additional 

lifts (p > .05).  Combined ingestion of BCAA, HMB, and glutamine may reduce the signs and 

symptoms of exercise-induced muscle damage 24 h after an exhaustive resistance workout and 

slightly improve performance.  Consuming these supplements before and after the initial 

workout reduced residual muscle pain as well as muscle pain and RPE during exercise, possibly 

by attenuating skeletal muscle damage or by accelerating muscle repair.  Additionally, reduced 

muscle pain and RPE under the treatment may have attributed to enhanced performance during 

the subsequent workout.  Additional research is necessary to understand the chronic effects of 

these supplements on training recovery.  Further research examining the individual influence of 

each of these supplements is also warranted.  

Key Words: muscle pain, resistance exercise 
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INTRODUCTION 

 

Engaging in a fatiguing bout of resistance exercise beyond the accustomed volume or 

intensity is necessary for continued progression in weight lifting performance (31).  

Consequently, overloading the skeletal muscles is a common occurrence among many 

recreational and competitive athletes.  The time necessary for training recovery is dependent in 

part on training volume; as athletes increase the volume of their workouts, more time is required 

to achieve full training recovery (31).  Research in resistance-trained men and women 

demonstrates that a minimum of 48 h is often necessary to achieve full training recovery 

following an exhaustive resistance workout (18, 31, 40). Yet, many athletes continue training 

despite inadequate recovery from a prior workout.   

Chronic continuation of under-recovery can lead to overtraining and, among other 

deleterious effects, may increase skeletal muscle pain and fatigue with concomitant reductions in 

skeletal muscle performance.  Thus, developing strategies to accelerate training recovery can 

benefit athletic performance by reducing the propensity to train in an under-recovered state, and 

by allowing a more rapid muscle adaptation.  Many supplements claim to provide an ergogenic 

effect by reducing muscle damage, attenuating pain, and enhancing training recovery (28).  

Included among these supplements are branched-chained amino acids (BCAA), Beta-hydroxy-

beta-methylbutyrate (HMB), and Glutamine.   

BCAA 

BCAA include three essential amino acids (leucine, isoleucine, and valine) that regulate 

protein metabolism (14, 25, 50).  Additionally, BCAA may enhance physiological and 

psychological responses to exercise, improve immune function, attenuate muscle protein 

degradation, and accelerate training recovery following endurance and resistance exercise (14, 
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25, 42, 49).  Sharp and Pearson (49) and Howatson et al. (26) reported that consuming BCAA 2–

3 wk prior to a bout of fatiguing exercise and during recovery reduced serum creatine kinase 

concentrations and attenuated muscle soreness, suggesting that BCAA defends against exercise-

induced muscle damage.  Further, Howatson et al. (26) assessed maximal voluntary contraction 

and reported greater recovery of peak force after 24 h with BCAA compared to a placebo.  These 

findings are in agreement with recent work by Ra et al. (47), which revealed that BCAA in 

combination with taurine attenuated markers of skeletal muscle damage and reduced delayed-

onset muscle soreness when consumed 2 wk prior to and 3 d following high-intensity eccentric 

exercise.   

Shimomura et al. (50) postulated that BCAA supplementation must occur prior to 

exercise in order to evoke any ergogenic effects; when subjects ingested BCAA after squat 

exercise, muscle damage did not differ from placebo conditions.  The authors further suggest that 

pre-exercise supplementation with BCAA may protect against muscle damage by lessening the 

release of essential amino acids from the skeletal muscle during activity (36, 50).  In theory, any 

intervention that decreases muscle breakdown could promote enhanced recovery of muscle 

function subsequent activity and, consequently, enhanced training adaptations.  

Other researches have postulated that the ergogenic effects of BCAA supplementation 

result from increased muscle protein synthesis during the recovery period Tipton et al. (58) or 

increased BCAA availability during the post-exercise period (39).  Additionally, evidence 

suggests that consuming carbohydrates prior to BCAA supplementation may enhance their 

effects.  This notion arises from the observation that insulin, which is released from the pancreas 

in response to increased circulating glucose concentrations, augments leucine-induced protein 

synthesis within the skeletal muscle (29, 50).   
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While many reports demonstrate a positive effect of BCAA supplementation on muscle 

recovery, other well-controlled studies have failed to demonstrate any ergogenic effect of BCAA 

supplementation (19, 43).  Further, the preponderance of research evaluating the influence of 

BCAA supplementation on recovery from resistance training have utilized a 2–3 wk BCAA 

“loading phase,” during which participants abstained training while consuming BCAA 

supplements at regular intervals (14, 49).  At the end of this phase, participants then engaged in a 

bout of fatiguing resistance exercise.  Although many of these studies reported a positive effect 

of BCAA on muscle recovery, it is important to note that many individuals involved in resistance 

training may not abstain from the activity for several weeks as the study protocol required.  Thus, 

a prolonged loading phase may not be practical for these athletes.  Additionally, in the studies in 

which only a single dose of BCAA was used prior to resistance exercise, the participants were 

generally untrained (27, 30, 33, 47, 50).  Although these studies suggest that BCAA 

supplementation may reduce delayed-onset muscle soreness (DOMS) and attenuate muscle 

damage, the effects of DOMS are less pronounced in trained individuals (3).  However, the 

primary beneficiaries of any supplement that enhances recovery from resistance training are 

those individuals who regularly partake in fatiguing resistance exercise.   

While studies examining the influence of an acute dose of a leucine–carbohydrate 

beverage before and after exercise suggest that leucine is ineffective in enhancing muscle 

recovery beyond a carbohydrate beverage alone, the efficacy of concurrent supplementation with 

all three BCAA remains unclear (54).  La Bounty et al. (32) demonstrated that acute 

supplementation with a combined leucine, isoleucine, and valine supplement enhanced markers 

of muscle protein synthesis beyond that of leucine alone, following 4 sets to failure at 80% of the 

1 RM in trained individuals; however, the study did not address recovery of performance.  No 
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studies have examined the influence of acute BCAA supplementation before and after resistance 

exercise on muscle recovery in resistance-trained men and women.  Therefore, additional 

research is necessary to evaluate the influence of BCAA supplementation on skeletal muscle 

performance and recovery in trained athletes. 

HMB 

HMB is a leucine metabolite theorized to reduce muscle damage and accelerate skeletal 

muscle recovery from high-intensity exercise (22, 59, 63).  The mechanisms responsible for the 

ergogenic effects of HMB may be attributed to an up-regulation of the mammalian target of 

rapamycin (mTOR) protein, leading to increased protein synthesis within the skeletal muscle 

(22).  HMB supplementation may also attenuate muscle protein degradation via inhibition the 

ubiquitin-proteasome pathway, a system responsible for intracellular protein catabolism (22, 51).   

Alternatively, HMB may reduce muscle degradation by attenuating the inflammatory 

response associated with exercise-induced muscle damage (59).  Tumor necrosis factor alpha 

(TNF-α), a pro-inflammatory cytokine, is responsible for signaling neutrophils and macrophages 

to initiate the breakdown of damaged muscle tissue (59).  Two other inflammatory cytokines, 

interleukin-1 (IL-1) and interleukin-6 (IL-6), along with reactive oxygen species, are released 

from the infiltrating neutrophils to promote cell breakdown and induce muscle-contractile 

dysfunction, increase protein catabolism, and impair protein synthesis within the muscle (59).   

Townsend et al. (59) reported that supplementation with HMB before and after high-

intensity resistance exercise attenuated TNF-1 expression during recovery, suggesting that HMB 

may enhance recovery by attenuating the initial immune response to exercise (59).  Since muscle 

damage facilitates the immune response, it is possible that the decrease in TNF-1 expression was 

due to decreased muscle damage.  This hypothesis is in line with reports by Rowlands and 
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Thomson (48) and Wilson et al. (65), which demonstrated that HMB supplementation reduced 

serum concentrations of CK and increased ratings of perceived recovery.  When Gonzalez et al. 

(22) combined HMB supplementation with cold-water immersion, it enhanced recovery of 

average power and reduced markers of muscle damage; however, HMB and cold-water 

immersion alone failed to provide any ergogenic benefits over placebo.   

The majority of research examining the influence of HMB supplementation has required 

participants to ingest HMB for one or more weeks prior to a bout of fatiguing endurance or 

resistance exercise (65).  Only four studies have examined the effect of acute HMB 

supplementation prior to resistance exercise on markers of muscle damage in trained and 

untrained participants (22, 23, 64, 65), and only one of these studies has specifically addressed 

training recovery (65).  Therefore, additional research is necessary to clarify the efficacy of acute 

HMB supplementation on recovery from resistance exercise in trained men and women.  The 

current study will examine the influence of the concomitant use of HMB, BCAA and glutamine 

on recovery from resistance exercise in trained men and women.  

Glutamine 

Glutamine is a non-essential amino acid involved in a variety of metabolic and immune 

responses, and has been postulated to enhance training recovery and reduce muscle soreness by 

enhancing tissue repair, facilitating protein synthesis, and promoting muscle glycogen storage 

after exercise (9, 21, 55).  The majority of research examining the potential ergogenic effects of 

glutamine supplementation has focused on prolonged endurance exercise lasting more than 2 h 

(10, 46, 55).  These studies have demonstrated a significant decrease in glutamine concentrations 

following exercise, potentially a consequence of increased glutamine uptake by the liver and 

intestine (55).  In contrast to the consistent decline in plasma glutamine observed following 
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prolonged endurance exercise, short-term exercise has been associated with increases, decreases, 

and no change in plasma glutamine concentrations (21, 55).  These discrepancies likely arise 

from greater variations in the training protocols implemented during short-term exercise; studies 

utilizing high-volume eccentric exercise requiring greater muscle activation, force, and 

repetitions demonstrated greater declinations in plasma and intramuscular glutamine compared to 

lower-intensity exercise (6, 21, 55).   

Street et al. (55) examined the effects of glutamine supplementation on muscle strength 

and soreness during a four-day recovery period following eccentric exercise.  Study participants 

completed 100 drop jumps followed by ingestion of 0.3 g·kg
-1

 of glutamine or placebo 

immediately following and at 24, 48, and 78 h after exercise.  The authors observed a decrease in 

maximal voluntary contraction under treatment and placebo conditions; however, this decrement 

was significantly lower for the glutamine group compared to the placebo group throughout the 

96-h recovery period.  Additionally, glutamine supplementation attenuated perceptions of muscle 

soreness for the duration of the recovery period (55).   

An exercise-induced decline in plasma and intramuscular glutamine has been observed 

following prolonged endurance exercise and short-term resistance exercise of sufficient intensity 

and volume (21, 55).  Therefore, it is plausible that oral glutamine supplementation enhances 

recovery of muscle strength and attenuates muscle soreness by restoring plasma glutamine 

homeostasis and, consequently, by maintaining a positive net protein balance, promoting 

intramuscular glycogen synthesis, and protecting against exercise-induced muscle damage (55).  

This notion is supported by the observation that oral glutamine supplementation promoted a 

rapid rise in plasma glutamine concentrations, increasing values by ~50% in 30 min (11).  

Accordingly, glutamine may serve as an effective ergogenic aid for athletes in training; however, 
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inconsistent and conflicting results among studies of various durations, modalities, and 

intensities substantiates the necessity for further research before any definitive conclusions can 

be made.  While studies focusing on the influencing of glutamine on recovery from prolonged 

endurance exercise generally demonstrate positive ergogenic effects , glutamine supplementation 

before and after short-term aerobic activity (< 2 h) and resistance exercise may enhance recovery 

only if the intensity is sufficient to substantially deplete glutamine stores (10, 55, 61).  Additional 

research is necessary to determine the effectiveness of oral glutamine supplementation for 

enhancing recovery from short-term, high-intensity exercise during which substantial declines in 

plasma glutamine concentrations are conceivable.  Therefore, the present study will examine the 

influence of glutamine supplementation on recovery from a fatiguing bout of whole-body 

resistance exercise in trained men and women.  

The use of performance–enhancing supplements is a common practice among many 

recreational and competitive athletes (4, 28).  While the use of many substances and practices 

have been banned from competitive sports, the use of various nutritional supplements and 

interventions remains a safe and legal practice among athletes (28).  Included among these 

practices is the use of dietary supplements, including BCAA, HMB, and glutamine.  Multiple 

product manufacturers have included two or more of these supplements into a single capsule or 

powder.  Additionally, competitive and recreational lifters may simultaneously ingest several 

postulated ergogenic aids in hopes of maximizing training recovery.  Therefore, it is important to 

understand the combined influence of these supplements on recovery from resistance training.  

The purpose of the present study was to examine the efficacy of concurrent supplementation with 

BCAA, HMB, and glutamine on recovery from resistance exercise in trained men and women.   
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 We hypothesized that concurrent supplementation with BCAA, HMB, and glutamine 

would reduce exercise-induced skeletal muscle pain and ratings of perceived exertion (RPE) 

during resistance exercise, and that it would enhance muscle endurance, ratings of perceived 

recovery (RPR), and performance-based training recovery 24 h after a fatiguing resistance 

workout. 

METHODS 

Experimental Approach to the Problem 

After a baseline load had been established, participants completed the experimental 

protocol under treatment and placebo conditions.  Muscle endurance was defined as the number 

of repetitions performed for each exercise during the first set of each lift.  Muscle recovery was 

defined as the ability to repeat the same number of repetitions during the first set of the 

subsequent workout as was performed on the previous day.  All tests were double-blind with the 

treatment order counterbalanced.  A one-week washout period separated baseline testing and the 

first experimental trial to ensure that all residual effects of the session had subsided.  Participants 

were instructed to abstain from any strenuous exercise not associated with the study during this 

time.  Participants then completed two experimental trials, each comprised of two resistance-

training sessions separated by 24 h passive recovery.  This recovery period was chosen to 

minimize the possibility that participants would experience full training recovery independently 

of treatment and placebo conditions.  A second one-week washout period separated the two 

experimental trials.   

On the first day of each experimental testing session, muscle pain and RPE were assessed 

after each set, after each exercise, and following completion of the workout using a 100-mm 

VAS.  We choose to use the continuous VAS in place of the traditional 0-10 ordinal scales to 
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measure muscle pain and RPE, as the results are analyzed as continuous data.  The number of 

repetitions performed was recorded after each set for all exercises.  Additionally, baseline HR 

was recorded prior to the start of each trial and exercise HR was recorded after each set for all 

lifts.  On the second day of repetitions, residual muscle pain and RPR were recorded prior to 

exercise, and muscle pain, RPE, and repetitions were recorded in the same manner as the 

previous day.   

Subjects 

Fourteen resistance-trained subjects (mean ± SD age = 21 ± 2 y; training duration = 

48±30 mo; session duration = 65 ± 18 min; frequency = 4 ± 1d/wk.; males, n = 7, females, n = 7) 

participated in the study.  Training history and physical characteristics for men and women are 

reported in Table 1.  All participants were healthy, non-smoking volunteers who were free of any 

cardiovascular or metabolic disease and who were classified as having a low or moderate risk of 

experiencing a cardiovascular event during exercise according to guidelines established by the 

American College of Sports Medicine (ACSM).  Individuals who reported partaking in the use of 

any exogenous steroids were excluded from participation in the study.  This study population, 

aged 19-30, was chosen in order to minimize any confounding effects associated with age-related 

differences in skeletal muscle recovery between younger and older individuals (22) and to 

minimize any training effects associated with study participation.  Ethical approval was obtained 

from the Medical Institutional Review Board at The University of Alabama prior to study 

commencement and conformed to the Declaration of Helsinki.  All individuals interested in 

participating in the study completed an exercise history questionnaire to determine if they met 

the inclusion criteria for the study.  After providing their written, informed consent, participants 

reported to the weightlifting facility located in the Aquatics Center at The University of Alabama 
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on five separate occasions.  All volunteers were instructed to abstain from caffeine and alcohol 

for at least 24 h prior to each visit, and to abstain from vigorous exercise for at least 48 h or 1 wk 

prior to baseline and experimental testing sessions, respectively.  Study participants verbally 

assented to adhere to these research procedures.   

Procedures 

Visit I.  After participants provided informed consent, their age, height, body weight, and 

exercise history over the previous 3 months were collected and recorded.  The participants then 

completed a series of tests designed to establish a baseline load that ensured momentary 

muscular failure after 8–12 repetitions.  The following exercises were included in the 

assessment: (a) Seated chest press, (b) Seated latissimus pull-down, (c) Seated shoulder press, (d) 

Leg press, (e) Hamstring curl, and (f) Seated knee extension.  The machine settings for each 

exercise during the baseline trial were recorded and used for all subsequent visits.  

Participants completed a warm-up using a light load that they could easily lift for 15 

repetitions.  Next, participants estimated the load required to induce fatigue after 8–12 

repetitions.  The load was adjusted until the participants reached their 8–12 repetition maximum 

(RM) for each exercise.  A 4-min rest period separated each attempted set, and a maximum of 3 

attempts per exercise were allotted.  If participants failed to achieve their 8–12 RM within 3 

attempts, they were instructed to return to the facility after a 1–wk recovery period to re-attempt 

the failed exercises. 

Visits II and IV.  Participants were fitted with a HR monitor (Polar Electro Inc., Lake Success, 

NY) and rested quietly for 5 min before baseline HR was obtained and recorded.  The sleep and 

nutritional history of the participant over the previous 24 h was documented for further analysis 

in the event that any unexpected or unusual results were observed that might have been 
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influenced by these factors.  Participants then performed 3 sets to failure of each of the above 

lifts using the baseline load established during the preliminary session; the number of complete 

repetitions was recorded.  Skeletal muscle pain, RPE, and HR were assessed following each lift 

set, each exercise, and after completing the workout. Participants were then instructed to abstain 

from all strenuous exercise not associated with the study and to return to the facility after 24 h. 

BCAA, HMB, and Glutamine supplementation 

The present study examined the concurrent use of BCAA, HMB, and glutamine on 

recovery from resistance training.  Participants consumed two 6-g (five capsules) doses of 

BCAA plus Glutamine supplements (MET-Rx Nutrition, Inc; Boca Raton, FL; L-Leucine, 2.5 g; 

L-Valine, 1.5 g; L-Isoleucine, 1 g; L-Glutamine, 1 g) and three 1-g doses of HMB (MRM, Inc; 

Oceanside, CA).  One BCAA plus glutamine supplement and one 1-g dose of HMB were 

consumed 1 h or 30 min prior to the initial workout, respectively.  The second BCAA plus 

glutamine supplements were consumed immediately following the workout, while the second 

and third doses of HMB were consumed after 2 h and 6 h of recovery, respectively.  These doses 

are consistent with instructions provided by the manufacturer and are not associated with any 

negative side effects (21, 26).  

Placebo 

            The placebo was comprised of two doses of five imitation BCAA plus glutamine 

capsules (sugar pills; The Pharmacy at Midtown; Tuscaloosa, AL) and three doses of a placebo 

HMB capsule (sugar pill; The Pharmacy at Midtown; Tuscaloosa, AL).  The first dose of placebo 

BCAA plus glutamine was administered 1 h prior to the initial work out; the second dose was 

consumed immediately following the workout.  Administration of the placebo HMB was as 

follows: 30 min prior to the initial workout, 2 h after the workout, and 6 h after the initial trial.  
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In order to minimize any confounding effects of nutritional status on athletic performance, 

participants were instructed to maintain the same dietary patterns during the 24 h prior to each 

experimental session; participants completed a 24-h dietary history form in order to verify 

adherence to these procedures.   

Visits III and V.  Twenty-four hours after visits II and IV, participants returned to the facility to 

complete visits III and IV, respectively.  The sleep and nutritional history of the participant over 

the previous 24 h were obtained and recorded, and participants were fitted with a heart rate 

monitor.  Participants rested quietly for 5 min before baseline HR is obtained.  Measures of 

perceived skeletal muscle pain and RPR were assessed prior to beginning the workout.  After 

initial pain data was recorded, participants attempted to repeat the same workout performed the 

previous day.  Skeletal muscle pain, RPE, and HR were assessed following each lift set, after 

each exercise, and at the end of the experimental session.  Participants were instructed to abstain 

from all vigorous exercise not associated with the study during a one – week “washout” period 

following Visit III. 

Statistical Analyses 

One-way ANOVA was used to compare skeletal muscle pain, RPE, RPR, and 

performance-based training recovery between treatment and placebo conditions.  The primary 

application of this treatment for these primary effects would be for athletes in training; therefore, 

individual analyses were performed by calculating the least significant difference for the sample. 

An effect size of .81 was determined to yield an alpha of .049 and was considered the minimum 

change necessary to yield statistical significance.  Because only full repetitions were considered, 

participants were considered positive responders if their performance increased one or more 

repetitions.  Participants whose performance decreased by one or more repetitions were 
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considered negative responders, and participants whose performance remained the same were 

considered non-responders.  An alpha level of .05 was observed for statistical testing.   

An a priori power analysis (G power; ANOVA: Repeated measures) revealed that a 

minimum of 10 participants was necessary to detect a difference of 0.9 repetitions between 

treatment and placebo conditions (effect size = 0.37, α = 0.05, power = 80%, noncentrality 

parameter = 13.79, critical F = 5.32).  The effect size used in this analysis was determined from 

the variance observed by McLester et al. (22).  A sample size of 14 participants allowed for the 

detection of a 0.70 repetition increase following treatment vs. placebo conditions (α = 0.05, 

power = 80%, correlation among variables = 0.8, noncentrality parameter = 9.32, critical F = 

4.74).  Therefore, if the treatment allowed participants to perform one additional repetition 

compared to placebo conditions, this difference should be detected. 

RESULTS 

 Performance data are displayed in Table 2.  Perceptual responses prior to activity and 

during activity on the second day of exercise are reported in Table 3 and Table 4, respectively.   

The number of repetitions performed for each exercise as well as the combined total did not 

differ between treatment and placebo on the first day of exercise (p > .05).  Additionally, no 

differences in muscle pain or RPE were present between treatment and placebo on the first day 

of exercise (p > .05).  Under the treatment, performance–based recovery increased for the leg 

extension (10 ± 3 vs. 11 ± 1 repetitions; p = .03) and latissimus pull–down (10 ± 1 vs. 11 ± 2 

repetitions; p = .02) compared to placebo. Additionally, the total number of repetitions 

performed for all exercises combined was significantly greater under treatment compared to 

placebo (62 ± 5 vs. 59 ± 7; p = .03).  The data indicated that 8 participants were positive 

responders, performing more total repetitions for all exercises combined  on the second day of 
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exercise under the treatment compared to placebo.  Five participants responded negatively to the 

treatment, performing fewer repetitions compared to placebo.  Only one participant performed 

equally under treatment and placebo conditions and was considered a non-responder.   

The treatment significantly reduced residual pain compared to a placebo (40 ± 23 vs. 29 ± 

19 mm; p = .01).  However, no differences in RPR were present between the two conditions (p > 

.05).  Muscle pain during exercise was significantly lower under the treatment compared to 

placebo for leg press (45 ± 21 vs. 37 ± 14 mm; p = .04) and shoulder press (47 ± 24 vs. 39 vs. 17 

mm; p = .04); no differences were observed for all other exercises or for the overall workout (p > 

.05).  RPE was also lower under treatment compared to placebo for the leg press (62 ± 16 vs. 55 

± 20 mm; p = .02) and leg extension (61 ± 19 vs. 53 ± 20 mm; p = .03), but did not differ for all 

remaining lifts or for the overall workout (p > .05).  A small but significant decrease in exercise 

HR was observed under treatment compared to placebo for the chest press (141 ± 20 vs. 144 ± 

18 bpm; p = .03) and shoulder press (137 ± 18 vs. 140 ± 16 bpm; p = .01), but did not differ 

during all other exercises (p > .05).  Additionally, no differences in baseline HR were observed 

between the two conditions (p > .05).  

DISCUSSION 

 The results support the hypothesis that the concurrent use of BCAA, HMB, and 

glutamine would reduce muscle pain and RPE and enhance performance-based training recovery 

in resistance–trained men and women.  Participants reported significantly less residual pain 24 h 

after a fatiguing resistance bout under treatment compared to placebo.  Further, muscle pain 

during exercise was also lower under the treatment and was accompanied by reduced RPE.  

Although RPR did not differ between the two conditions, the treatment significantly enhanced 

performance–based recovery compared to a placebo, at least in some lifts.  These results indicate 
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that co–ingestion of BCAA, HMB, and glutamine may help athletes recovery more quickly from 

training.   

Exhaustive resistance exercise induces skeletal muscle damage, resulting in diminished 

subsequent performance and increased muscle soreness that peaks during the 24–48 h following 

the activity.  This phenomenon is most pronounced in novice athletes; however, it is not 

uncommon for trained individuals to experience these effects, particularly if the exercise is of 

very high intensity or beyond the accustomed training volume of the individual.  Previous 

research from our laboratory revealed that few participants, if any, fully recover within 24 h after 

performing 3 sets to failure of whole–body resistance exercise (5, 40).  Despite the lack of 

recovery, many coaches require their athletes to attend daily practices; others require even more 

frequent training sessions without regard for athletes’ recovery status.  Athletes who engage in 

subsequent exercise without recovering from prior bouts may perform worse and may increase 

their risk of developing overtraining syndrome.  

Current evidence supports an ergogenic role of BCAA, HMB, and glutamine for 

promoting muscle recovery in untrained individuals; however, the influence of these 

supplements on 24–h recovery in resistance–trained athletes in unclear.  While research 

examining the influence of prolonged use of each of these supplements individually on muscle 

recovery is relatively abundant (20, 26, 44, 47, 49, 52), few studies have examined their effects 

on training recovery when consumed on a single occasion.  Therefore, the purpose of this study 

was to examine the influence of a solitary BCAA, HMB, and glutamine treatment on muscle 

recovery in resistance–trained athletes.   
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BCAA 

 The BCAA found within human skeletal muscle include leucine, isoleucine, and valine, 

and account for ~14 – 18% and ~35% of the total and essential amino acid concentrations, 

respectively (50).  In addition to regulating protein metabolism and promoting protein synthesis, 

BCAA suppress protein degradation (14, 50).  During exercise, BCAA catabolism increases 

within the active muscle tissue.  This concept has led to the idea that supplementation with 

BCAA prior to and after exercise may enhance muscle recovery and performance during 

subsequent activity (14, 19, 50).  While research supports the notion that BCAA effectively 

reduce muscle damage and enhance recovery from resistance and prolonged endurance activities 

(14, 16, 38), the majority of resistance training studies have focused on chronic supplementation 

(26, 47, 49) or utilized only untrained individuals (19, 27, 30, 33, 50).   

We sought to determine the influence of a supplement combination containing two 6–g 

doses of BCAA on muscle recovery in resistance–trained men and women.  We hypothesized 

that acute use of our treatment would reduce muscle pain and RPE and enhance RPR and 

performance–based recovery compared to a placebo.  While no differences in RPR were 

observed between the two conditions, our results suggest that a treatment combination containing 

BCAA reduced residual muscle pain and attenuated pain and RPE during subsequent exercise 

when consumed prior to and after an initial workout.   

Shimomura et al (50) suggested that BCAA–mediated attenuation of exercise–induced 

muscle pain during the days following a damaging resistance bout is attributed to decreased 

muscle breakdown during exercise.  When untrained females consumed a liquid mixture 

containing 5.5 g BCAA prior to 7 sets of 20 squats, serum myoglobin and plasma elastase 

concentrations (markers of muscle damage) were significantly lower compared to a placebo trial.  
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Additionally, while post–exercise levels of plasma BCAA were significantly lower than baseline 

under placebo conditions, significant elevations were observed following BCAA 

supplementation.  Thus, BCAA supplementation prior to high–intensity activity may be 

necessary to enhance training recovery and reduce muscle pain during subsequent exercise.  

BCAA promote muscle protein synthesis and, consequently, consuming additional BCAA during 

recovery may be essential for maximizing any positive effects on subsequent performance (33).  

In our study, participants consumed one 6–g dose of BCAA prior to an initial resistance bout, 

and consumed a second 6–g dose immediately following the workout.  Our results support the 

notion that supplementation with BCAA both before and after an exhaustive resistance bout 

attenuates residual muscle soreness and reduces muscle pain and RPE during subsequent activity 

following 24 h passive rest.  Additionally, our data indicate that BCAA ingestion promoted 

recovery of muscle function, allowing participants to perform more repetitions compared to a 

placebo.   

To date, research examining the influence of acute BCAA supplementation on recovery 

from resistance exercise has focused almost exclusively on prolonged use or on untrained 

participants.  Therefore, we were able to provide relatively novel insight into to effects of acute 

BCAA supplementation on muscle recovery in resistance–trained individuals who are most 

likely to benefit from supplementation.  Our data indicate that observations of reduced muscle 

soreness and enhanced recovery of muscle function reported in untrained men and women are 

also present in trained individuals.  Similarly, our results are in line with reports of enhanced 

training recovery following chronic daily BCAA supplementation in trained participants (26).  It 

is presumed that these effects were attributed in part to BCAA–mediated suppression of protein 

catabolism in tandem with enhanced protein synthesis.  However, it is important to note that 
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BCAA supplementation in our study was part of a larger experimental treatment containing 

HMB and glutamine, and we are therefore unable to quantify the individual impact of BCAA on 

the overall effects.  While chronic daily use of BCAA has been shown to enhance recovery (14, 

26, 47, 49) and are not associated with any damaging health effects (4, 26), regular consumption 

of high doses may not be economically sustainable for many athletes.  For these individuals, 

supplementation with BCAA only during the most intense training periods or competition may 

be sufficient to enhance recovery and performance.   

Additionally, whereas BCAA have been shown to enhance muscle recovery via 

attenuation of muscle tissue breakdown, they may inhibit muscle hypertrophy through this same 

effect.  The breakdown of muscle tissue during resistance exercise plays a crucial role in the 

mechanisms underlying muscle growth and, consequently; any product that influences muscle 

degradation may also affect muscle growth (3).  However, further research is necessary to fully 

understand the effects of BCAA supplementation in trained weightlifters.  Future studies should 

focus on the influence of acute and chronic BCAA use on muscle recovery and performance.  

Research involving long–term BCAA supplementation should also focus on its potential impact 

on muscle hypertrophy.      

 HMB 

 It has been suggested that ingestion of HMB prior to and following damaging resistance 

exercise may reduce soreness (63) and enhance recovery of muscle function during the 1–3 days 

following the initial workout (63, 65).  Available evidence suggests that the ergogenic effects 

associated with HMB supplementation are attributed to decreased proteolysis and increased 

protein synthesis during exercise and recovery (64, 65).  While conversion of dietary leucine to 

HMB is a naturally occurring process, one would need to ingest a nearly impossible 600 g of 



 

24 

 

high–quality protein in order to attain the ~60 g of leucine necessary to yield a enough HMB to 

be of any practical significance (63).  Therefore, supplementation with pure HMB is the only 

practical means of attaining quantities sufficient for providing ergogenic effects.   

Studies examining the effects of short and long–term HMB supplementation have 

demonstrated reduced damage and enhanced recovery in trained (65) and untrained (64) 

individuals following resistance (59, 62, 64, 65) and prolonged endurance (62) exercise.  

However, the majority of these studies have focused on daily HMB supplementation over the 

course of several weeks or more.  Only two studies investigating the influence of acute HMB 

supplementation on recovery from resistance training have been conducted (64, 65), and only 

one of these studies involved trained individuals (65); both studies utilized only male 

participants.  Therefore, we sought to explore the effects of acute HMB supplementation on 

recovery from resistance exercise in trained men and women.   

Our data indicate that consuming one 1–g dose of HMB 30 min prior to an exhaustive 

resistance bout and two additional 1–g doses 2 h and 6 h following the workout reduces muscle 

pain and RPE while enhancing muscle performance during subsequent exercise after 24 h of 

passive recovery.  These results support similar findings of  enhanced performance-based 

recovery following HMB ingestion (62, 65).  When resistance–trained men consumed a total of 

3g /d of HMB or a placebo prior to and after a high–volume weightlifting session, serum creatine 

kinase concentrations during the 48 h following the workout were significantly lower in the 

HMB–treated vs. placebo group, suggesting that HMB suppressed exercise–induced muscle 

damage (65).  Additionally, urinary 3-methylhistadine, an index of muscle breakdown, was 

substantially lower in the HMB compared to placebo group; however, this difference was not 

statistically significant.  Participants in the HMB–supplemented group also reported enhanced 
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perceptions of recovery compared to those who received a placebo (63, 65).  This observation 

contrasts our finding of no significant difference in RPR between treatment and placebo 

conditions; however, it supports our finding of enhanced performance–based recovery following 

a treatment containing 3g of HMB.   

Wilson et al. (64) also studied the influence of acute supplementation with 3g of HMB 

before or after heavy eccentric exercise on indirect markers of skeletal muscle damage during a 

72–h recovery period in untrained participants.  The authors noted that while ingesting 3g of 

HMB prior to exercise attenuated the rise in lactate dehydrogenase concentrations throughout 

recovery, it had no effect on serum creatine kinase levels (64).  Additionally, no differences 

between treatment and placebo conditions were observed when HMB was consumed after 

exercise, suggesting that HMB must be consumed before the workout if any benefits are to 

occur.  A trend toward reduced muscle soreness was observed following pre–exercise ingestion 

of HMB; however, this difference was not statistically significant.  The authors concluded that 

while HMB supplementation prior to exercise may attenuate the rise in serum lactate 

dehydrogenase concentrations, there is no clear effect of HMB supplementation on muscle 

damage or soreness in untrained individuals (64).  In contrast, our results and the results obtained 

by Wilson et al. (65) in trained weightlifters provide clearer evidence enhanced recovery 

following HMB supplementation.   

Discrepancies in the data between studies involving trained individuals and those using 

only untrained participants may be attributed to methodological differences other than training 

status.  In our study and the study by Wilson et al. (65), trained participants consumed 1 g HMB 

before exercise and an additional 2g HMB throughout recovery on the same day.  Conversely, 

when Wilson et al. (64) studied HMB supplementation in untrained individuals, participants 
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consumed 3g of HMB either all before or all after exercise.  Therefore, it is possible that 

distributing 3g HMB throughout the pre– and post–exercise periods was more effective than 

consuming an equal quantity as a single dose.  However, this idea remains only speculation until 

further evidence is available.   

Alternatively, it is possible that a difference in experimental protocols is responsible for 

the lack of consistency observed in untrained compared to trained participants.  Our study and 

the Wilson et al. (65) study involving trained participants utilized an exercise protocol closely 

resembling a typical training session; both studies involved common machine or free-weight 

exercise targeting the upper and lower body.  Conversely, in the Wilson et al. (64) study 

untrained participants performed 55 maximal eccentric contraction of the quadriceps muscles 

only.  Further, the early study by Wilson et al. (64) studied the effects of HMB supplementation 

only on indirect markers of skeletal muscle damage, while their later study expanded to include 

the influence of HMB on performance-based measures of training recovery.  Therefore, although 

HMB failed to provide any clear effects on muscle damage or soreness in untrained individuals, 

its effects on recovery of muscle function remained unknown.  Lastly, although our study in 

trained participants is consistent with results reported by Wilson et al. (65), it is important to note 

that our treatment was part of a larger supplement combination involving BCAA and glutamine; 

therefore, we are unable to quantify the individual effects of HMB.  Additional research is 

necessary to better understand the interaction between acute HMB supplementation and training 

status on recovery from resistance exercise in trained and untrained participants.  Therefore, 

future studies should compare the effects of acute HMB supplementation on skeletal muscle 

damage and soreness, RPE, and training recovery in resistance–trained and untrained individuals.    
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Glutamine 

Glutamine supplementation is believed to attenuate muscle damage and soreness and 

promote recovery of muscle function following high–volume resistance exercise or prolonged 

endurance activity (55).  While the precise mechanisms underlying these effects remains unclear, 

glutamine supplementation is believed to extend exercise and expedite recovery by buffering 

acidosis, inhibiting muscle breakdown, and facilitating muscle protein synthesis (46, 55).  

Diminished proteolysis and advanced skeletal muscle repair with glutamine supplementation 

may reduce the prevalence of overtraining syndrome.  Consequently, glutamine has become a 

popular ergogenic aid among athletes; however, inconsistencies in the research findings highlight 

the need for additional research to substantiate these purported benefits.  

Evidence documented by Blomstrand and Gustavsson (6) suggests that a high-volume 

resistance bout significantly decreases glutamine concentrations in the contracting muscles.  

Similarly, Miles et al. (41) observed significant decreases in plasma glutamine concentrations 

during a 3–day recovery period following high–intensity eccentric exercise.  While studies 

involving prolonged endurance exercise support the notion of reduced glutamine concentrations 

following activity, low–volume submaximal intensity exercise is not associated with any 

significant effects (10, 21, 55).  Thus, it is possible that the ergogenic effects associated with 

glutamine supplementation are evident only when exercise is sufficiently stressful.   

Because prolonged endurance exercise is associated with increased manifestations of 

muscle damage, including increased pain and decreased performance (55), much of the research 

examining the influence of glutamine supplementation on muscle recovery has involved 

continuous exercise for at least 2h in duration (10, 46, 55).  When studies did examine the 

influence of glutamine on recovery from resistance training, the experimental protocol frequently 
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did not reflect a typical training session; many of these experiments involved repeated high–

intensity eccentric contractions of a single exercise (21, 55).  Alternatively, other studies in 

trained individuals have focused on the effects of prolonged glutamine supplementation on 

adaptations to resistance training rather than short–term effects on recovery.  Therefore, we 

chose to study the influence of a supplement combination involving 2 g oral glutamine on 

recovery from a weightlifting session in trained men and women.   

Our results support previous findings of enhanced recovery following glutamine 

supplementation (55).  Participants reported reduced perceptions of muscle pain and exertion and 

were able to perform more repetitions during a subsequent resistance bout the following day.  

We speculate that these effects were due in part to the ergogenic influence of glutamine on 

muscle protein synthesis.  While it is possible that glutamine supplementation attenuated muscle 

degradation in our study, this notion lacks sufficient support.  Street et al. (55) studied the effects 

of 0.3 g/kg of glutamine on muscle damage, strength and soreness following repeated eccentric 

contractions of the quadriceps muscles.  The authors reported that although glutamine 

supplementation failed to inhibit exercise–induced muscle damage, muscle soreness was 

significantly lower and strength was significantly greater in the intervention compared to the 

placebo group.  Therefore, any effects attributed to glutamine supplementation arose from 

mechanisms other than blunted proteolysis.  Our study measured only the influence of glutamine 

supplementation on performance, skeletal muscle pain, recovery, and RPE.  Consequently, we 

are unable to document the effects of glutamine on muscle protein damage with our current data.  

Glutamine naturally converts to glutamate in the body through a process that releases ammonium 

ions (46).  Renal excretion of these ions has been shown to buffer exercise–induced lactic 

acidosis, thereby providing a potential ergogenic effect of glutamine supplementation (46).  
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However, reductions in lactic acidosis and restoration of acid–base balance do not necessarily 

translate into enhanced performance (37).  Marwood and Bowtell (37) demonstrated decreased 

plasma lactate concentrations in trained cyclists assigned to a glutamine supplementation group 

compared to a control group; however, no differences in oxygen uptake or oxidative metabolism 

were observed.  Intense bouts of anaerobic activity are associated with elevated blood lactate and 

plasma ion concentrations and decreased pH  levels (3, 46).  Chasiotis et al. (12) demonstrated 

that lower cellular pH is accompanied by impaired performance during high–intensity exercise.  

Similarly, Costill et al. (15) noted enhanced performance during repeated bouts of high–intensity 

exercise after increasing pH levels of the blood and extracellular fluid.   

Whereas lactic acid produced during exercise is cleared relatively quickly during 

recovery, it is possible that glutamine supplementation in our study suppressed the short–term 

rise in blood lactate levels during each weightlifting exercise.  However, further research is 

needed to validate this hypothesis.  

In contrast to our results, Antonio et al. (1) reported that dietary supplementation with 0.3 

g/kg of oral glutamine 1 h after resistance exercise failed to enhance subsequent performance 

compared to a placebo in trained athletes.  These contrasting results may be due to differences in 

training volume between the two studies leading to accompanying differences in glutamine 

depletion and muscle damage.  In the study by Antonio et al. (1), participants completed 2 sets to 

failure at 200% or 100% of their body weight for the leg press and bench press exercises, 

respectively.  Conversely, our protocol required participants to complete 3 sets to failure at their 

8–12 RM for 3 upper–body and 3 lower–body exercises.  We believe that the greater training 

volume in our study was sufficient to reduce muscle and plasma glutamine concentrations and, 

consequently, augment the ergogenic influence of glutamine supplementation (6).  It is important 
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to note, however, that the quantity of glutamine used in our study is markedly lower than the 

~15–20 g often used in previous research (46).  Therefore, although our protocol likely reduced 

glutamine concentrations, our treatment may not have fully restored these decrements.   

Welbourne (60) reported greater concentrations of plasma bicarbonate, growth hormone, 

and glutamine following ingestion of 2 g glutamine.  Similarly, Ziegler et al. (66) studied the 

effects of a 7–g dose of supplemental glutamine on post–exercise concentrations of plasma 

glutamine and noted a significant increase compared to a placebo.  Most supplement 

manufacturers produce glutamine tablets or capsules in doses of 250 mg, 500 mg, or 1000 mg 

and recommend consuming 1 g/d in order to receive its effects.  Therefore, consuming excessive 

quantities is not practical for the typical consumer.  Consequently, we chose to remain within the 

recommendations set by the manufacturer of the product (MET-Rx Nutrition, Inc; Boca Raton, 

FL) in order to provide a more practical approach.   

Glutamine supplementation is associated with reduced muscle soreness and enhanced 

recovery of muscle function via reductions in muscle protein break down, increased protein 

synthesis, and protection against metabolic acidosis.  However, these claims remain controversial 

due to inconsistent results among studies examining the ergogenic effects of glutamine.  Our 

results favor the idea of enhanced recovery in resistance–trained participants following acute 

supplementation with a treatment combination containing 2 g glutamine consumed before and 

after an exhaustive weightlifting bout.  However, the individual influence (if any) of glutamine in 

our study and the underlying mechanisms through which these effects occurred are unknown.  

Additional research is necessary to understand the effects of acute glutamine supplementation on 

recovery from resistance exercise.  Future studies should evaluate the effects of glutamine alone 

on markers of training recovery in resistance–trained men and women.  Additionally, studies 
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involving glutamine in various doses should be conducted to provide further insight into a 

potential dose–response relationship associated with supplementation.  

 In summary, adequate training recovery is essential for both the competitive and 

recreational athlete.  Consequently, any intervention that enhances recovery may help athletes 

maximize their training while avoiding the deleterious effects of overtraining syndrome.  We 

studied the combined influence of three common supplements theorized to enhance training 

recovery: BCAA, HMB, and glutamine.  Our results indicate that this treatment effectively 

reduced residual muscle pain following an exhaustive resistance bout in trained men and women.  

Additionally, our treatment reduced muscle pain and RPE during exercise and enhanced 

performance-based training recovery compared to a placebo.   

PRACTICAL APPLICATIONS 

Athletes may accelerate recovery and enhance their performance by implementing this 

treatment combination into their regular training regimen.  Additionally, our treatment 

combination might assist patients undergoing a rehabilitation program following muscle injury.  

However, additional research is necessary to understand the long–term effects of this 

treatment.as well as the individual influence of each of its constituents.    

The methodology used in the current study did not allow us to analyze the physiological 

mechanisms responsible for any differences between treatment and control conditions.  

Additionally, although the inclusion of BCAA, HMB, and glutamine in a single treatment 

optimized the chances of discovering an effective recovery technique, it also meant that we were 

unable to evaluate the individual effects of each dietary supplement.  The possibility remains that 

one or more individual treatments interacted with one another to influence the overall effect– 

either positively or negatively.  It is also possible that one or two of the treatments had no effect. 
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TABLES 

 

Table 1.1 Training History and Participant Characteristics 

 Training History 

 Participants(n) Training 

(months) 

Frequency 

(days/ wk) 

Average session 

(min) 

Total 14 48 (30) 4 (1) 65 (18) 

Males 7 53 (34) 4 (1) 66 (13) 

Females 7 43 (28) 4 (1) 64 (23) 

     

Participant Characteristics 

 Participants (n) Height (cm) Weight (kg) Age (y) 

Total 14 170 (10) 71 (12) 21 (2) 

Males 7 178   (6) 80 (11) 21 (2) 

Females 7 163   (7) 62   (7) 20 (1) 

Data are presented as means (SD).  

 

* Significantly greater than placebo trial (p < .05).  Data are presented as means (SD) for 

repetitions performed during the first set of each exercise.  

 

 

 

Table 1.3.  Residual Muscle Pain (mm) and RPR (mm) 

Following Exhaustive Resistance Exercise and 24 h Passive Rest 

 

Residual 

muscle pain 

Ratings of perceived 

Recovery (RPR) 

Treatment *29 (19) 6 (2) 

Placebo 40 (23) 6 (2) 

* Significantly less than placebo trial (p < .05).  Data are presented 

as means (SD). 

 
 
 
 
 

 

Table 1.2.  Performance-based Training Recovery Following 24 h Passive Rest 

  Chest 

press 

Latissimus 

pull-down 

Shoulder 

press 

Leg 

Press 

Leg 

curl 

Leg 

extension 

Total 

repetitions 

Day 1 Treatment  11 (1)    11  (2) 11 (2) 12 (1) 11 (2)   11 (1)   65 (3) 

Placebo 11 (1)    11  (1) 11 (1) 11 (1) 10 (2)   11 (1)   65 (6) 

Day 2 Treatment 10 (2)  *11  (2) 10 (2) 11 (2) 10 (2) *11 (1) *62 (5) 

 Placebo 10 (2)    10  (1) 10 (2)  10 (2)   9 (2)   10 (3)   59 (7) 



 

39 

 

Table 1.4.  Perceptual Responses to Resistance Exercise After 24 h Passive Rest 

Day 1 

 

                                     Chest 

press 

Latissimus 

pull-down 

Shoulder 

press 

Leg 

press 

Leg 

curl 

Leg 

extension 

Overall 

workout 

Pain 

 

Treatment 48 (23) 41 (23) 45 (24) 40 (21) 38 (19) 48 (20) 57 (22) 

Placebo 43 (17) 39 (19) 45 (19) 38 (15) 39 (14) 47 (16) 55 (16) 

         

RPE Treatment 60 (21) 54 (23) 53 (21) 60 (24) 59 (15) 63 (19) 72 (18) 

Placebo 64 (18) 56 (15) 57 (18) 64 (18) 63 (17) 69 (19) 73 (17) 

Day 2         

                                     Chest 

press 

Latissimus 

pull-down 

Shoulder 

press 

Leg 

press 

Leg 

curl 

Leg 

extension 

Overall 

workout 

Pain 

 

Treatment 43 (20) 49 (24) *39 (17) *37 (14) 41 (14) 43 (16) 43 (20) 

Placebo 47 (21) 41 (19) 47 (24) 46 (12) 45 (19) 50 (20) 

 

47 (21) 

RPE Treatment 61 (18) 52 (20) 55 (21) *55 (20) 55 (15) *53 (20) 61 (18) 

Placebo 59 (17) 55 (22) 61 (19) 62 (16) 61 (17) 61 (19) 59 (17) 

Data are presented as means (SD) for muscle pain and RPE using a 100-mm visual analog scale.  

No significant differences were present between treatment and placebo (p > .05).  
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STUDY II 

Effect of Combined Anti-inflammatory and Nutritional 

Supplements on Recovery from Resistance Exercise 

 
ABSTRACT 

 
The purpose of this study was to evaluate the effects of concurrent use of ibuprofen, 

vitamins C and E, and a protein–carbohydrate recovery shake on skeletal muscle pain, 

endurance, and recovery.  Fourteen resistance-trained individuals (mean ± SD age = 22 ± 3y; 

training duration = 33± 33mo; session duration = 77 ± 23 min; frequency = 4 ± 1d/wk.; males, n 

= 7, females, n = 7) completed two experimental protocols, each consisting of two exercise 

sessions performed on consecutive days.  On the first day, participants completed three sets of 8–

12 repetitions at a load that ensured momentary muscular failure after each set.  After 24 h, 

participants attempted to repeat this same workout.  On one occasion, participants consumed a 

protein-carbohydrate shake (330 ml; 20 g protein; 45 g CHO) and one dose each of vitamin C 

(1000 mg), vitamin E (400 I.U.) and ibuprofen (100 mg) immediately after the initial workout.  

A second dose of vitamin C and ibuprofen were respectively consumed 1h or 30 min before the 

subsequent workout.  On another occasion (counterbalanced) a placebo comprised of flavored 

water, two doses of an imitation vitamin (gummy candy), and two doses of placebo ibuprofen 

(sugar pill) was consumed in the same manner as the study treatment.  Muscle pain and ratings of 

perceived exertion (RPE) were assessed following each set, exercise, and workout using a 100–

mm visual analog scale (VAS).  Residual pain and ratings of perceived recovery (RPR) were 

assessed after 24 h.  Performance–based recovery was measured as the number of repetitions 

performed on the second day of exercise.  The treatment enhanced performance–based recovery 

for the chest press (9 ± 2 vs. 8± 2; p = .004) and latissimus pull-down (10 ± 2 vs. 9 ± 2; p < .001) 
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and reduced HR during the leg press (125± 16 vs. 133 ± 16; p = .005) and leg extension 

exercises (125 ± 15 vs. 131 ± 20; p = .049).  When comparisons were made within each 

treatment, a significant (p < .05) decline in performance for all exercises was observed after 24 h 

under placebo conditions compared to decreased performance in only 50% of the exercises under 

treatment conditions.  Whereas the treatment significantly enhanced RPR (6 ± 1 vs. 5 ± 1; p = 

.039) compared to a placebo, no differences in residual muscle pain (p > .05) were observed.  

Additionally, no differences in RPE or muscle pain between treatment and placebo were 

observed during exercise.  The concurrent use of ibuprofen, vitamins C and E, and a protein–

carbohydrate shake may effectively enhance RPR and performance-based recovery for the 

muscles in the chest and back following exhaustive resistance exercise.  After 24 h of passive 

rest, athletes were able to perform more repetitions under treatment compared to placebo for the 

chest press and latissimus pull-down, regardless of no significant changes in muscle pan or RPE.  

Additionally, the treatment attenuated the performance decrements observed during subsequent 

exercise.  This combined treatment may benefit athletes by speeding recovery.  However, the 

long–term impact of this treatment remains unstudied. 

Key Words: carbohydrate, electrolytes, ibuprofen, muscle endurance, protein, recovery, 

resistance exercise, vitamin C, vitamin E 
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INTRODUCTION 

 
Many different passive recovery techniques and treatments are theorized to reduce 

skeletal muscle pain and enhance subsequent exercise performance in athletics.  Included among 

these practices is the use of anti-inflammatory analgesics (e.g. ibuprofen) (15), cryotherapy (10), 

massage therapy (32), stretching (17), supplementation with minerals and antioxidant vitamins 

(16), and increased intake of protein, carbohydrates, electrolytes, and fluids (6, 21).  For 

example, anti-inflammatory medications can reduce the pain and edema that accompany training 

and, consequently, may expedite training recovery and restoration of performance capacity (4, 

24).  Similarly, supplemental antioxidants carry the potential to enhance exercise performance by 

reducing the detrimental effects of reactive oxygen species (4, 16, 24).  Additional nutritional 

interventions, such as increasing carbohydrate, protein, and fluid intake, may enhance recovery 

by increasing net muscle protein accumulation, replenishing glycogen stores, restoring caloric 

balance, and by facilitating rehydration following excessive water loss (6, 21).  

Evidence suggests that several of these methods independently reduce skeletal muscle 

pain and enhance recovery of muscle function (4), and enhance second-day performance (10) in 

a portion of the athletic population.  Conversely, these treatment methods are also associated 

with either no effect or a negative impact on exercise performance in other individuals (10).  

This disparate evidence may result in part from inter-individual differences within the studied 

sample.  For example, Bosak et al. (10) examined the influence of cold-water immersion 

following a 5 km run on next-day performance in 12 male and female runners.  Whereas this 

treatment enhanced second-day performance in 3 participants, it also negatively impacted 

performance in 7 individuals.   



 

43 

 

 The concurrent use of ibuprofen, vitamin C, vitamin E, and protein has been shown to 

enhance short-term recovery in trained athletes (1).  Additionally, Shaw demonstrated that these 

supplements enhance training recovery in competitive runners (29).  However, the combined 

influence of these supplements on training recovery in experienced weightlifters is unknown.  

The purpose of this study was to evaluate the influence of the combined use of ibuprofen, 

vitamins C and E, and 330 ml  (11 fl. oz.) protein recovery shake (milk protein and whey 

protein) containing carbohydrates and electrolytes (270 kcal, 20 g protein, 45 g carbohydrate, 

320 mg sodium, 680 mg potassium; Gatorade
®
, PepsiCo, Inc., Purchase, NY) on training 

recovery.  Specifically, the study aimed to determine if this treatment is an effective approach for 

improving performance and rating of perceived recovery (RPR), reducing skeletal muscle pain, 

rating of perceived exertion (RPE), and heart rate (HR) during resistance exercise 24 h after an 

initial resistance workout.   

 We hypothesized that the treatment would attenuate skeletal muscle pain, RPE, and HR 

during exercise while enhancing RPR and performance–based training recovery compared to a 

placebo.  We also hypothesized that several individuals would respond positively to the 

treatment while others would exhibit no response or respond negatively to the treatment.  

METHODS 

Experimental Approach to the Problem 

After establishing a baseline load to ensure momentary muscular failure after 10-12 

repetitions, participants completed two experimental protocols, each comprised of two 

resistance-training sessions separated by 24 h passive recovery.  This recovery period was 

chosen to minimize the possibility that participants would experience full training recovery 

independently of treatment and placebo conditions.  Participants completed each protocol under 
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treatment and placebo conditions in a double-blind, randomized and counter-balanced order.  

Muscle endurance was defined as the number of repetitions performed for each exercise during 

the first set of each lift.  Muscle recovery was defined as the ability to repeat the same number of 

repetitions during the first set of the subsequent workout as was performed on the previous day.   

In order to ensure that the baseline testing session did not influence the subsequent trial, 

participants were required to refrain from fatiguing exercise during a one-week washout period.  

A second one-week washout period separated the two experimental trials.  On the first day of 

repetitions under each condition, HR was measured before the start of exercise after each set for 

each lift.  A continuous 100-cm VAS was used to assess muscle pain and RPE after each set, lift, 

and workout.  We chose to use the VAS rather than a 0-10 scale to allow us to appropriately 

analyze these measures as continuous data.  The number of repetitions performed was recorded 

after each set for all exercises.  Residual muscle pain and RPR were assessed prior to start of the 

resistance session on the second day of each trial.  Muscle pain and RPE were measured after 

each set, lift, and at the end of the workout.  The number of repetitions performed during each set 

was recorded to assess muscle recovery.   

Subjects 

Fourteen participants (mean ± SD age = 22 ± 3y; training duration = 33± 33mo; session 

duration = 77 ± 23 min; frequency = 4 ± 1d/wk.; males, n = 7, females, n = 7) completed the 

study.  Complete training history and participant characteristics are reported in Table 1.  This 

study population, aged 19-30, was chosen in order to any confounding effects associated age-

related differences in skeletal muscle recovery between younger and older individuals (22) and 

to minimize any training effects associated with study participation.  Training history and 

participant characteristics are reported in Table 1.  All participants were non-smokers who 
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reported no diagnoses, signs or signs or symptoms of cardiovascular or metabolic disease.  All 

participants were classified as having a low or moderate risk of experiencing a cardiovascular 

event during exercise using the guidelines for risk stratification established by the American 

College of Sports Medicine (ACSM) (23).  Individuals who reported using any exogenous 

steroids were excluded from participation in the study.   

Ethical approval was obtained from the Medical Institutional Review Board at The 

University of Alabama prior to study commencement and conformed to the Declaration of 

Helsinki.  All individuals interested in participating in the study completed an exercise history 

questionnaire to determine if they met the inclusion criteria for the study.  After providing their 

written, informed consent, participants reported to the weightlifting facility located in the 

Aquatics Center at The University of Alabama on five separate occasions.  All volunteers were 

instructed to abstain from caffeine and alcohol for at least 24 h prior to each visit, and to abstain 

from vigorous exercise for at least 48 h or 1 wk prior to baseline and experimental testing 

sessions, respectively.  Study participants verbally assented to adhere to these research 

procedures.   

Procedures 

The exercise protocol for was identical to that previously described for Baggett et al. (3) 

(in review as Study I); however, the treatment and placebo conditions differed. 

Visit I.  Participants completed a series of tests to establish a baseline load that ensured 

momentary muscular failure after 8–12 repetitions.  These procedures were identical to those 

described by Baggett et al. (3) (in review as Study I).  

Visits II and IV.  The experimental workout for Visits II and IV was identical to that described 

previously (3) ( in review as Study I).  During the 24-h period following the initial workout 
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under treatment conditions, participants received the following: (a) Two 100–mg doses of 

ibuprofen.  This dose remained below the maximal single (200 mg) and daily (400 mg) over-the-

counter doses, as high concentrations of ibuprofen may attenuate muscle protein synthesis.  (b) 

Two 1000–mg doses of vitamin C and one 400–I.U. dose of vitamin E.  Previous research from 

our laboratory demonstrated that a treatment containing three 1000–mg doses of vitamin C and 

three 800–mg doses of vitamin E may enhance training recovery (29).  Fitzgerald (13) reported 

that a daily intake of vitamin E in excess of 400 I.U. was associated with an increased risk of 

death from all causes; therefore, the dose did not exceed 400 I.U. of vitamin E for the present 

study.  The treatment also included: (c) a protein recovery shake (330 ml) that also contained 

carbohydrates and electrolytes (270 kcal, 20 g protein, 45 g carbohydrate, 320 mg sodium, 680 

mg potassium; Gatorade
®
, PepsiCo, Inc., Purchase, NY).  The recovery shake and one dose each 

of vitamin C, vitamin E, and ibuprofen were administered immediately following the initial 

workout.  The second dose of vitamins C and E were administered one hour prior to the 

subsequent workout, and the second dose of ibuprofen will be administered 30 min before the 

subsequent workout (29).  The placebo was comprised of: (a) two empty capsules identical in 

appearance to the ibuprofen capsules from the treatment condition, (b) two imitation vitamins 

(Jolly Rancher ® gummies candy, The Hershey Company ®, Hershey, PA) that mimicked the 

appearance of common over-the-counter multi-vitamins, and (c) 330 ml (11 fl. oz.) of flavored 

water (Crystal Light
®
, Kraft Food Group, Inc., Northfield, IL).  The flavored water, one placebo 

ibuprofen, and one imitation vitamin were administered immediately following the initial trial.  

The second placebo ibuprofen and imitation vitamin were administered 1 h prior to the second 

experimental trial.  Participants were instructed to maintain the same dietary patterns during the 

24 h prior to each visit, such that the only difference in nutrition results from differences in 
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treatment interventions.  The order of administration of treatment and placebo conditions were 

counter-balanced.  The treatment and placebo order was randomly assigned, and the researcher 

and participants were blinded to each condition.  

Visits III and V.  Participants completed 3 sets to failure for 3 upper–body and 3 lower–body 

exercises, then attempted to repeat their performance after 24 h.  The reader is referred to 

Baggett et al. (3) (in review as study I) for a more detailed description of these methods.  

Statistical Analyses 

One-way ANOVA was used to compare skeletal muscle pain, RPE, RPR, and training 

recovery between treatment and placebo conditions.  The primary application of this treatment is 

for athletes in training; therefore, individual analyses were performed by calculating the least 

significant difference for the sample.  An effect size of .81 was determined to yield an alpha of 

.049 and was considered the minimum change necessary to yield statistical significance.  

Because only full repetitions were considered, participants were considered positive responders 

if their performance increased one or more repetitions.  Participants whose performance 

decreased by one or more repetitions were considered negative responders, and participants 

whose performance remained the same were considered non-responders.  An alpha level of .05 

was set for statistical testing. 

A power analysis (G power; ANOVA: Repeated measures) revealed that a minimum of 

10 participants was necessary to detect a difference of 0.9 repetitions between treatment and 

placebo conditions (effect size = 0.37, α = 0.05, power = 80%, noncentrality parameter = 13.79, 

critical F = 5.32).  Fourteen participants completed the study.  Therefore, if the treatment allowed 

participants to perform one additional repetition compared to placebo conditions, this difference 
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should be detected.  The effect sized used in this analysis was determined from the variance 

observed by McLester et al. (22). 

RESULTS 

Performance data are displayed in Table 2.  Perceptual responses prior to activity and 

during activity on the second day of exercise are reported in Table 3 and Table 4, respectively.  

No differences in performance or perceptual responses were observed between treatment and 

placebo on the first day of exercise (p > .05).  The treatment significantly enhanced RPR (6 ± 1 

vs. 5 ± 1; p = .039) and performance-based recovery for the chest press (9 ± 2 vs. 8 ± 2 

repetitions; p = .004) and latissimus pull-down (10 ± 2 vs. 9 ± 2 repetitions; p < .001) exercises 

compared to placebo.  Additionally, within-trial comparisons revealed that the treatment 

attenuated the performance decrements observed during subsequent exercise.  Whereas a 

significant decline in performance for all exercises was observed after 24 h under placebo 

conditions (p < .05), performance was reduced in only 50% of the exercises under the treatment 

(p < .05).  No changes in performance were observed for the remaining exercises (p > .05).  

Additionally, no differences in residual muscle pain or muscle pain and RPE during exercise 

were observed between treatment and placebo (P > .05).  Exercise HR was significantly lower 

during the leg press (125 ± 16 vs. 133 ± 16; p = .005) and leg extension (125 ± 15 vs. 131 ± 20; p 

= .049) exercises under treatment compared to placebo conditions on the second day of exercise, 

but failed to differ at baseline and during activity for all other exercises (p > .05).  Additionally, 

baseline and exercise HR did not differ between conditions during the first day of repetitions (p > 

.05).  

The data indicated that 10 participants were positive responders, performing more 

repetitions on the second day of exercise under the treatment compared to placebo.  Two 
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participants performed fewer repetitions under the treatment and were considered negative 

responders.  Additionally, two participants performed  equally under both conditions and were 

considered non-responders to the treatment.   

DISCUSSION 

Performance–based training recovery 

Participants were able to execute a significantly greater number of repetitions during the 

succeeding workout and for select exercises after consuming an anti–inflammatory and 

nutritional supplements compared to a placebo.  Although performance differences were 

observed during the chest press and latissimus pull-down exercises only, it is worthwhile to note 

that our treatment also attenuated the decline in performance typically observed after heavy 

resistance exercise.  Whereas 3 sets to failure at 8–12 RM on two consecutive days resulted in a 

significant decline in performance for all 6 exercise performed during the subsequent workout 

under placebo conditions, the treatment was associated with impaired next-day performance 

during only 50% of these exercises.  Athletes may use these supplements to increase training 

volume, which in turn may promote gains in muscle strength and endurance.  Further, any 

advancement in muscle strength and endurance has the capacity to translate into enhanced 

athletic performance or facilitate restoration of muscle function when incorporated as part of an 

injury rehabilitation program.  However, it is important to note that our results reflect only the 

acute effects of the treatment.  Additional research is necessary to understand how long-term use 

of these supplements affects training.   

Perceptual responses 

Our findings contrast previous reports of reduced symptoms of skeletal muscle damage 

following exhaustive exercise when supplementing with vitamins C and E, protein, 
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carbohydrates, and anti-inflammatories, either alone or in various combinations with one another 

(8, 9, 25).  Although RPR was enhanced under treatment compared to placebo, no differences in 

muscle pain or RPE were observed.  While these similarities in perceptual responses to exercise 

between treatment and placebo conditions may indicate similarities in muscle damage, it is 

noteworthy to mention that performance-based measures were enhanced under the treatment 

compared to placebo.  Thus, despite performing more repetitions, participants failed to 

experience any differences in muscle pain or RPE.  Consequently, it is possible that the treatment 

attenuated exercise-induced muscle damage or accelerated muscle repair, but any reduction in 

symptoms remained undetected due to the greater volume of work performed.  Therefore, the 

influence of these supplements on perceptual indices of muscle damage in our study remains 

inconclusive.      

 Protein–carbohydrate beverage 

 Our treatment combination included a protein–carbohydrate shake, which was consumed 

within 10 min following the conclusion of the first experimental workout under treatment 

conditions.  Participants were able to perform a significantly greater number of repetitions with 

similar pain and RPE under treatment compared to placebo.  These observations are consistent 

with previous reports of enhanced muscle recovery associated with post–exercise consumption 

of carbohydrates and protein (12).  

The literature demonstrates that prolonged or intense exercise depletes muscle glycogen 

stores and, if not replenished, augments fatigue and impairs muscle performance during 

subsequent exercise (25).  Thus, post–exercise carbohydrate consumption is an important factor 

influencing restoration of glycogen balance and training recovery.  Carbohydrate consumption 

alone, however, may not be sufficient to maximize training recovery.  Heavy resistance exercise 
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is associated with skeletal muscle damage and proteolysis, making muscle protein synthesis an 

important consideration during recovery (18).  Post–exercise protein consumption has been 

postulated to facilitate net muscle protein accretion by stimulating muscle protein synthesis or 

attenuating its breakdown (5, 6, 12).  Maximal rates of protein synthesis during the early phases 

of recovery occur with the consumption of ~20 g of intact protein, or with ~9 g of essential 

amino acids.  Due to the independent benefits associated with protein and carbohydrate 

consumption during the recovery period, it has been postulated that co-consumption of these 

macronutrients may enhance recovery beyond that of either alone (5).  Beelen et al (5) indicated 

that co–ingestion of carbohydrate and protein during early hours of recovery favorably 

influences subsequent exercise performance, making it a viable treatment option for athletes who 

train or compete multiple times on the same or consecutive days.   

Antioxidants 

 During exercise, production of reactive oxygen species (ROS) within the contracting 

skeletal muscle increases in proportion to exercise intensity and antioxidant capacity.  

Accumulation of high levels of ROS is postulated to impair muscle function and contribute to 

fatigue (7).  Bentley et al. (7) tested the hypothesis that antioxidant supplementation may reduce 

oxidative stress and enhance muscle performance during exercise.  The researchers examined the 

effects of acute antioxidant supplementation on time to exhaustion in trained cyclists.  In their 

study, supplementation with antioxidants attenuated the rise in blood lactate concentrations and 

extended time to exhaustion compared to a placebo.  The authors postulated that the observed 

ergogenic effects were attributed to an enhanced vasodilator response and, consequently, 

improved circulation and lactic acid clearance (7).  Similarly, previous research from our 

laboratory demonstrated treatment combinations containing Vitamins C and E enhanced short–
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term and training recovery following repeated 30-s Wingate tests and endurance running, 

respectively (1, 29).   

In the current study, we sought to determine the influence of a treatment combination that 

included two 1000–g doses of vitamin C and one 400–I.U. dose of vitamin A on training 

recovery following exhaustive resistance exercise.  Our data support the notion that antioxidants 

attenuate fatigue and enhance skeletal muscle recovery, at least for some lifts.  We speculate that 

the observed increases in RPR and performance in the absence of any significant changes in 

muscle pain or RPE are due in part to an antioxidant-mediated decline in oxidative stress.  This 

notion is in agreement with previous reports of reduced indices of muscle damage following 

consumption of 3000 mg vitamin C compared to a placebo during the three days prior to and 

four days after fatiguing exercise (29).   

Similarly, Jakeman and Maxwell (20) examined the effect of vitamin C supplementation 

on recovery of strength and muscle function following damaging eccentric exercise.  The authors 

reported a more rapid recovery following 21 days of daily supplementation with 400 mg vitamin 

C compared to a placebo.  Interestingly, the authors noted that vitamin C consumption also 

enhanced muscle recovery compared to vitamin E supplementation, suggesting that vitamin C 

may provide greater ergogenic benefits.  However, an ergogenic role for vitamin E in the present 

study is still plausible.  As with vitamin C, supplementation with vitamin E has been shown to 

protect cellular membranes against oxidative damage and muscle injury associated with exercise 

(31).  Satoshi et al. (26) and Itoh et al. (19) reported reductions in exercise–induced muscle 

damage following 4 wk of daily vitamin E supplementation compared to a placebo.  Similarly, 

reductions in markers of muscle breakdown were observed when participants supplemented with 
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800 I.U. of vitamin E per day for 48 days, suggesting that regular consumption of vitamin E may 

protect against muscle breakdown during damaging eccentric exercise (11).   

In the present study, we included vitamins C and E, among other potential ergogenic aids, 

as a single treatment.  Thus, we are unable to separate the influence of each of these supplements 

on the overall response.  However, combining vitamins C and E as part of a single treatment is 

not uncommon, and has even been shown to enhance the ergogenic potential beyond either of the 

antioxidants alone (31).  Daily consumption of 200 mg of vitamin C with 400 I.U. of vitamin E 

during the 4.5 wk preceding a marathon attenuated the increase in creatine kinase during the race 

compared to a placebo (31).  Thus, the results point to reduced muscle damage during strenuous 

endurance activity following regular co-ingestion of vitamins C and E.  In a study examining the 

influence of combined supplementation with vitamins C and E on indices of oxidative stress in 

competitive basketball players in season, the ratio of lipoperoxides to antioxidant capacity was 

decreased, indicating reduced oxidative stress following consumption of the antioxidants 

compared to a placebo (28).  Additionally, the authors also noted that substantial declines in 

plasma vitamin C concentrations observed in the control group were not present in the 

supplemented group (28).  It has been postulated that discrepancies in the data regarding the 

influence of antioxidant supplementation may be due to differences in plasma concentrations; 

ergogenic effects of antioxidant supplementation may be more pronounced when plasma 

concentrations are low (31).  The results of Shroder et al. (28) indicate that regular training and 

competition may reduce circulating vitamin C concentrations, thereby augmenting the 

effectiveness of supplementation among athletes.   

To date, the majority of research surrounding antioxidant supplementation, particularly 

the use of vitamins C and E, has focused on the effects of prolonged daily consumption on 
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exercise–induced muscle damage (11, 28, 31).  Few studies have examined the influence of acute 

supplementation with these vitamins.  Therefore, we chose to study the combined effect of 

vitamins C and E as part of a larger overall treatment on muscle recovery following exhaustive 

resistance exercise in trained men and women.  Our results support previous claims of reduced 

muscle damage and enhanced recovery following prolonged supplementation with vitamins C 

and E, suggesting that isolated consumption of these antioxidants may be sufficient to attenuate 

muscle breakdown and promote training recovery.  Prolonged use of vitamin E in excess of 400 

I.U per day is associated with early mortality and, consequently, avoiding prolonged daily 

consumption of high doses of vitamin E may be important (13).  Therefore, athletes may 

supplement with vitamin E only during the peak of training and competition, allowing them to 

receive the potential ergogenic benefits of the antioxidant while avoiding any harmful effects 

associated with prolonged use.  Additionally, co-ingestion of vitamins C and E may provide 

greater benefits than consuming either of these antioxidants alone, likely by providing increased 

protection against cellular damage and oxidative stress.   

Ibuprofen 

 Heavy resistance exercise induces muscle damage that can lead to residual pain at rest 

and during subsequent exercise (27).  The magnitude and duration of exercise–induced muscle 

damage is dependent on training status.  Untrained individuals and athletes performing 

unaccustomed exercise experience the most pronounced effects; however, exhaustive resistance 

exercise, such as multiple sets until failure, is still associated with residual muscle pain and 

decreased next–day performance in trained athletes (2, 32).  Non-steroidal anti-inflammatory 

drugs (NSAIDS) are postulated to attenuate exercise–induced muscle damage and, consequently, 

reduce muscle pain and enhance performance during subsequent exercise (4, 27).  Our results 
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support the notion of a recovery–enhancing effect of NSAIDS.  Included in our treatment 

combination were two 200–mg doses of ibuprofen; one dose was consumed immediately after 

the initial experimental trial while the second dose was consumed 1 h prior to the subsequent 

workout.  Participants reported similar levels of pain and RPE under treatment and placebo 

conditions, despite performing significantly more repetitions following the treatment.  We 

speculate that our observations were attributed, at least in part, to the ibuprofen.  Schoenfield 

(27) reported that exercise–induced muscle soreness results from increased sensitization of 

nociceptors (pain–sensitive nerve endings) caused by noxious chemicals and byproducts of tissue 

breakdown.  Swelling within the muscle tissues intensifies this pain by exerting additional 

pressure on nociceptors.  Because high–intensity resistance exercise induces acute muscle injury 

and initiation of the inflammatory response, any remedy that reduces inflammation may 

attenuate pain and enhance physical function (14, 24, 27).  However, athletes seeking to 

implement ibuprofen or other NSAIDs into their training regimen should exercise caution, as 

chronic use of anti-inflammatories may inhibit muscle hypertrophy (27, 30).  NSAIDs function 

by blocking cyclooxygenase, an enzyme necessary for achieving maximal muscle growth in 

response to training overload (24, 27).  Thus, only acute use of ibuprofen should be used to treat 

muscle soreness during times of critical importance, such as competition or during the peak 

volume phases of a training program.  

 We tested the hypothesis that a treatment combination comprised of an NSAID 

(ibuprofen), antioxidant vitamins C and E, and a protein–carbohydrate beverage would enhance 

recovery in resistance–trained men and women compared to placebo; our results partially 

confirmed this notion.  Under the treatment, participants were able to perform significantly more 

repetitions for select upper-body exercises, and the decline in performance between successive 
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days was reduced by 50% compared to placebo.  While RPR was enhanced under the treatment 

compared to a placebo, no differences in residual pain were observed.  Muscle pain and RPE also 

failed to differ between the treatment and placebo; however, it is possible that decreased 

symptoms of muscle damage were blunted by increases in repetitions performed.  Performance-

based measures of skeletal muscle recovery provide more-practical training applications for 

athletes than perceptual responses.  Consequently, our overall data support previous reports of 

enhanced recovery following the use of each of these treatments individually or in various 

combinations with one another.   

It is important to note that our study examined only the influence of acute use of these 

treatments on recovery from resistance exercise; therefore, we are unable to state the 

effectiveness of chronic use of these treatments on training recovery.  Thus, additional research 

is necessary to examine the influence of chronic use of this treatment combination.  We speculate 

that the collective use of ibuprofen, vitamins C and E, and a protein–carbohydrate beverage 

provides greater ergogenic benefits than any of these treatments alone; however, further research 

is necessary to test this conjecture.  Additionally, we are unable to provide insight into the 

physiological mechanisms responsible for any differences between treatment and control 

conditions.  While incorporating multiple recovery techniques into a single treatment enhanced 

our ability to discover an effective treatment, it also hindered us from determining the individual 

effects of each component.  It is possible that one or more individual treatments may interact 

with one another to influence the overall effect– whether positively or negatively.  It is also 

possible that one or more of the studied treatments had no effect on recovery. 

 

 



 

57 

 

PRACTICAL APPLICATIONS 

Acute use of ibuprofen, vitamins C and E, and a protein–carbohydrate shake enhanced 

24–h RPR and performance-based training recovery following exhaustive resistance exercise in 

trained men and women.  Thus, athletes and physical therapy patients may benefit from 

implementing this recovery approach into their training or rehabilitation program.  However, 

because chronic use of ibuprofen and large quantities of vitamin E are associated with negative 

effects, the treatment used in the current study should be implemented only during the peak of 

training and competition, or when advanced recovery is imperative.  Alternatively, individuals 

seeking advanced training recovery over a prolonged period may choose to modify the current 

treatment; specifically, ibuprofen consumption could be minimized.  
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TABLES 

Table 2.1.  Training History and Participant Characteristics 
Training History 

 Participants(n) Training 
(months) 

Frequency 
(days/ wk) 

Average session 
(min) 

Total 14 33 (33) 4 (1) 77 (23) 
Males 7 32 (37) 4 (1) 75 (23) 
Females 7 33 (32) 4 (1) 79 (26) 

Participant Characteristics 

 Participants 
(n) 

Height (cm) Weight (kg) Age (y) 

Total 14 174 (8) 75.9 (15.7) 22 (3) 
Males 7 175 (8) 80.9 (17.9) 23 (4) 
Females 7 169 (8) 66.7 (13.3) 21 (1) 

Data are presented as means (SD).  
 

 

Table 2.3.  Residual Pain (mm) and RPR (mm) Following  
Exhaustive Resistance Exercise and 24 h Passive Rest 

 
Residual 

muscle pain 
Ratings of perceived 

recovery (RPR) 

Treatment 37 (22)                  * 6 (1) 
Placebo 41 (16)                     5 (1) 

*Significantly greater than placebo trial.  Data are presented 
 as means (SD).  
 
 
 

Table 2.2.  Performance–based Training Recovery Following 24 h Passive Rest 

  Chest 
press 

Latissimus 
pull-down 

Shoulder 
press 

Leg 
press 

Leg 
curl 

Leg 
extension 

Total 
repetitions 

Day 1 Treatment 10 (2) 10 (1)   10 (2) 11 (2) 11 (1) 11 (2)    63 (7) 
Placebo 10 (2) 10 (2)   10 (1) 11 (2) 11 (2) 11 (2)    63 (8) 

 
Day 2 Treatment   *9 (2)  *10  (2) 9  (3) 10 (2) 11 (2) 10 (2)  *59 (9) 
 Placebo   8 (2)   9 (2) 9  (1)   9 (2) 10 (2)   9 (2)    55 (8) 

*Significantly greater than placebo trial.  Data are presented as means (SD) for the number of 
repetitions performed during the first set of each exercise.  
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Table 2.4.  Perceptual Responses to Resistance Exercise After 24 h Passive Recovery 
Day 1 

 

                                     Chest 
press 

Latissimus 
pull-down 

Shoulder 
press 

Leg 
press 

Leg 
curl 

Leg 
extension 

Overall 
workout 

Pain 
 

Treatment 41 (24) 38 (20) 55 (20) 43 (23) 30 (18) 41 (22) 63 (19) 

Placebo 39 (25) 47 (23) 55 (21) 43 (24) 38 (21) 48 (22) 58 (19) 

         

RPE Treatment 54 (21) 49 (20) 54 (18) 54 (23) 43 (22) 49 (23) 69 (16) 

Placebo 50 (22) 49 (25) 54 (23) 54 (25) 47 (20) 56 (20) 63 (15) 

Day 2         

                                     Chest 
press 

Latissimus 
pull-down 

Shoulder 
press 

Leg 
press 

Leg 
curl 

Leg 
extension 

Overall 
workout 

Pain  Treatment 42 (23) 38 (20) 49 (19) 43 (17) 39 (19) 45 (26) 61 (17) 

Placebo 47 (20) 43 (18) 46 (21) 48 (15) 44 (15) 50 (18) 60 (17) 

         

RPE Treatment 58 (22) 52 (15) 58 (17) 56 (17) 48 (21) 51 (24) 69 (15) 

Placebo 55 (16) 53 (22) 58 (20) 57 (16) 54 (16) 57 (18) 70 (14) 

Data are presented as means (SD) for muscle pain and RPE using a 100-mm visual analog scale.  
No significant differences were present between treatment and placebo (p > .05).  
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STUDY III 

 

Skeletal Muscle Recovery from Resistance Exercise in  

Trained Men and Women 

 
ABSTRACT 

 
Estrogen is believed to protect against exercise–induced muscle and damage due to its 

antioxidant properties and potential to promote stabilization of the skeletal muscle membrane.  

This notion has led to the belief that compared to men, women experience reduced indices of 

muscle damage and enhanced training recovery following damaging resistance exercise.  

The purpose of the current study was to quantify the differences in muscle pain, RPE and 

training recovery between men and women.  Twenty–eight participants (mean ± SD age = 22 ± 3 

y; average training duration = 40 ± 32 mo; session duration = 71 ± 21  min; frequency = 4 ± 

1d/wk.; males, n = 14, females, n = 14) completed two experimental testing sessions after 

establishing a baseline load designed to induce momentary muscular failure after 8–12 

repetitions.  For the first experimental session, participants completed three sets of 8–12 

repetitions for six resistance exercises.  Participants returned to the facility after 24 h to attempt 

to complete this same workout.  Measures of perceived muscle pain and RPR were assessed after 

each set, after each exercise, and following each workout using a 100–mm visual analog scale 

(VAS).  Muscle pain was reassessed immediately prior to the second workout, along with ratings 

perceived recovery (RPR).  Residual muscle pain was significantly lower in women compared to 

men 24 h after an exhaustive resistance workout (31± 15 vs. 50 ± 20; p = .01).  
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However, no discernable differences in muscle pain and RPE during exercise were detected 

between men and women (p > .05).  A significant decrease in performance from the first to 

second day of repetitions was observed in both men (63 ± 7 vs. 58 58 ± 8; p = .01) and women 

(64 ± 5 vs. 56 ± 10; p = .002); however, the change in performance was similar between the two 

groups (p = .21).  Additionally, no differences in RPR (5 ± 2 vs. 6 ± 1; p = .21) or performance–

based recovery (p > .05 for all exercises) were observed between men and women.  Exercise HR 

was significantly lower in women compared to men for all upper–body and most lower–body 

exercises on both experimental testing sessions (p < .05).  Our data indicate that with the 

exception of RPR, perceptual responses and performance-based measures of muscle recovery are 

similar between men and women during the 24 h following damaging resistance exercise.  

Residual pain was lower in women; however, this difference did not extend into the subsequent 

workout.  Although HR was significantly lower in women than in men, this difference was 

observed on both days of exercise and likely reflects differences in the absolute load lifted rather 

than hormone–related differences between men and women.  Coaches and physical therapists 

may provide similar recovery periods for their male and female athletes or clients.   

Key Words: Sex differences, Muscle endurance, Muscle pain, RPE 
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INTRODUCTION 

In recent years, considerable attention has been directed toward understanding the 

influence of sex differences on the physiological responses to exercise training; however, 

relatively few studies have examined the effect of sex differences on training recovery (12).  

Clearly, men and women differ with respect to body size, total body mass, body composition, 

body fat distribution, and muscle mass (2).  Additionally, distinct differences in circulating 

concentrations of sex hormones – the androgens and the estrogens / progestins – are present at 

rest; whereas androgens predominate in males, the estrogens and progestins predominate in 

females (2, 18, 26). 

Animal studies consistently demonstrate increased markers of muscle damage in male 

versus female rats, whereas estrogen therapy appears to attenuate the exercise-induced muscle 

damage in male and ovariectomized female rats (1, 4, 30).  These results have led to the notion 

that estrogen protects against exercise–induced muscle damage; however, results from human 

studies are conflicting and inconsistent (5).  Similarly, it has been hypothesized that that 

fluctuations is estrogen and progesterone that occur with the normal female menstrual cycle may 

influence muscle damage and recovery (21).  Markofski and Braun  (21) evaluated the influence 

of menstrual cycle phase on contraction-induced muscle damage in females and determined that 

differences in estrogen concentrations did not significantly influence muscle pain or performance 

during concentric exercise.  Greater strength decrements and higher creatine kinase 

concentrations were observed during the luteal phase of the menstrual cycle; however, these 

differences did not become evident until after 96 h of passive recovery (21).  

Exercise–induced hormonal alterations also differ between men and women; males 

typically demonstrate a significant increase in serum testosterone levels in response to heavy 
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resistance exercise, while females tend to demonstrate no change or increase only slightly (2, 

19).  Anthropometric and hormonal differences between males and females at rest and in 

response to exercise demonstrate the capacity to alter caloric requirements, influence aerobic and 

anaerobic muscle performance, and affect substrate utilization (13, 28, 29).  Additionally, sex 

differences may markedly influence the post-exercise period, thereby necessitating different 

recovery strategies for men and women (28).  For example, the peak power output generated by 

males during anaerobic cycling typically exceeds that of females by approximately 60% (20, 23, 

33) and may consequently necessitate different recovery strategies following maximal 

performance exercise.  Tarnopolsky (29) suggested that female athletes demonstrate a greater 

capacity for lipid oxidation during prolonged exercise, whereas their male counterparts exhibit a 

greater propensity for muscle glycogen utilization and protein catabolism (28).  Interestingly, 

however, women demonstrate reduced fatty acid oxidation during the post-exercise period 

compared to their male counterparts (11, 13).  These results suggest that men and women may 

respond differently to various recovery strategies and after different workout modalities.  

Therefore, it is important to quantify these potential differences between men and women in 

order to establish optimal recovery guidelines.  

 The purpose of the proposed study was to examine the potential differences in skeletal 

muscle pain, muscle endurance, ratings of perceived exertion (RPE), ratings of perceived 

recovery (RPR), heart rate (HR) and training recovery between men and women 24 h after a bout 

of exhaustive resistance exercise.  We hypothesized that residual pain and RPR after 24 h of 

passive recovery would be lower in women compared to men following an exhaustive bout of 

resistance exercise.  Additionally, we hypothesized that women would report reduced feelings 

muscle pain and RPE during a subsequent bout of weightlifting compared to men.  It was also 
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hypothesized that that performance–based recovery would be enhanced in women vs. men after 

24 h of passive recovery.  

METHODS 

Experimental Approach to the Problem 

Participants completed a baseline testing session to determine a load that allowed for 8-

12 repetitions before momentary muscular failure for 6 upper–body and 6 lower–body exercises.  

participants completed two experimental protocols, each comprised of two resistance-training 

Following baseline testing, participants were require to refrain from fatiguing exercise during a 

one-week washout period to ensure that any residual effects of the testing had subsided before 

partaking in the experimental workouts.  Participants then completed three sets to failure for all 

exercises using the baseline load.  Following the workout, participants refrained from exercise 

for 24 h before returning to the facility repeat the same procedure.  Muscle endurance was 

defined as the number of repetitions performed for each exercise during the first set of each lift.  

Muscle recovery was assessed as the number of repetitions performed during the first set for 

each lift on the subsequent day.  Baseline HR was recorded after a 5-min seated rested period 

prior to the start of the trial, and exercise HR was recorded after each set, lift, and workout.  

Additionally, a continuous 100-cm VAS was used to assess muscle pain and RPE after each set, 

after each lift, and following the workout.  The number of repetitions performed was recorded 

after each set for all exercises.  Residual muscle pain and RPR were assessed prior to start of the 

resistance session on the second day of each trial.   

Subjects 

Participant characteristics and training history are reported in Table 1.  Twenty-eight 

participants (14 males and 14 females) completed the study.  A sensitivity power analysis (G 
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power; ANOVA: Fixed effects) was performed prior to the study to compute the required effect 

size given alpha (α = 0.05), power (80%), and sample size (28 participants; 2 groups).  These 

data yielded an effect size of 0.55 (noncentrality parameter = 8.47, critical F = 4.23) and is 

sufficient to detect a statistically significant difference in muscle recovery between males and 

females.  To minimize any variation associated with differences in training status, only 

resistance-trained individuals were included for participation in the study.  Further, men and 

women were matched for training status based on the number of months they had met the ACSM 

guidelines for resistance training.  All participants were healthy, non-smokers free from any 

cardiovascular or metabolic disease and not taking any prescription medications or steroids; the 

use of oral contraceptives was permitted in females.  

Procedures 

Participants reported to the weightlifting facility on three separate occasions.  The 

menstrual cycle phase of female participants was recorded at the start of each trial.  

Visit I.  Participants completed a series of tests to establish a baseline load that ensured 

momentary muscular failure after 8-12 repetitions for 3 upper-body and 3 lower-body exercises.  

The experimental procedures for the first visit are identical to those described by Baggett et al. 

(3) (in review as Study I).  

Visit II.  Participants performed 3 sets to failure for all lifts using the baseline load established 

during Visit I.  A detailed description of the experimental workout used during Visit II has been 

previously described (3).   Muscle pain and RPE, were measured after each set and following the 

workout, and the number of repetitions performed during each set was recorded.   

Visit III.  Participants returned to the facility after 24 h of passive rest and attempted to complete 

to repeat the same workout performed the previous day.  Prior to exercise, residual muscle pain 
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and RPR were recorded.  Muscle pain and RPE were recorded following each lift and at the end 

of the workout (3). 

Statistical Analyses 

One-way ANOVA was used to compare skeletal muscle pain, RPE, RPR, muscle 

endurance, and training recovery between men and women.  The primary application of this 

treatment is for athletes in training; therefore, individual analyses were performed by calculating 

the least significant difference for the sample.  Participants whose performance increased by an 

amount greater than or equal to the least significant difference were considered positive 

responders, participants whose performance decreases by an amount greater than or equal to the 

least significant difference were considered negative responders, and participants whose 

performance changed by an amount less than the least significant difference were considered 

non–responders.  An alpha of .05 was observed for statistical testing. 

RESULTS 

 Performance data are displayed in Table 2.  Perceptual responses prior to activity and 

during activity on the second day of exercise are reported in Table 3 and Table 4, respectively.  

Muscle performance on the first day of exercise was similar between men and women for each 

exercise (p > .05 for all lifts) as well as for total work performed (men = 58 ± 8 vs. women = 56 

± 10 repetitions; p = .57).  However, the absolute load lifted for each exercise was significantly 

(p < .001) greater for men compared to women for all lifts (Table 6).  Muscle pain and RPE  

were also similar between men and women on the first day of exercise.  Additionally, no 

differences in RPR (men = 5 ± 2 vs. women = 6 ± 1; p = .21) or performance–based recovery (p 

= .05 for all lifts) were present between men and women after 24 h of passive recovery.  Residual 

muscle pain was significantly lower in women compared to men 24 h after an exhaustive 
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resistance bout (31 ± 15 vs. 50 ± 20 mm; p = .01); however, muscle pain during exercise was 

similar between men and women for each lift (p > .05 for all lifts) and for the overall workout 

(men = 62 ± 21 vs. women = 56 ± 20 mm; p = .42).  No differences in RPE  were observed 

between men and women throughout the study (p > .05).  During the initial workout, HR was 

similar between men and women during the leg extension exercise (137 ± 8 vs. 135 ± 15 bpm; p 

= .83), but was significantly lower in women for all other exercises (p < .05).  On the second day 

of exercise, a marginally  non–significant difference in HR was observed between men and 

women for the leg extension (men = 140 ± 13 vs. women = 121 ± 32 bpm; p = .05), but was 

significantly lower in women compared to men for all remaining lifts (p < .05).  A comparison of 

HR data between men and women on both days of exercise is displayed in Table 5. 

DISCUSSION 

 We tested the hypothesis that indices of training recovery would be improved in women 

compared to men following exhaustive resistance exercise.  Contrary to our hypotheses, RPE, 

RPR, and performance–based recovery did not differ between men and women.  Although 

residual muscle pain prior to the subsequent exercise bout was significantly lower in women 

compared to men, no differences were observed during exercise.  Exercise HR was lower on the 

first day of exercise and remained lower after 24 h passive recovery.   Exercise–induced 

muscle damage in animal models and human participants has been studied extensively in recent 

years; however, researchers have yet to achieve a clear consensus regarding any sex differences 

in muscle injury and recovery (5-7, 14, 24, 31).  It has been hypothesized that estrogen attenuates 

muscle breakdown and accentuates repair (31).  While compelling evidence obtained from 

rodent models supports this notion, the results of human studies are less consistent (7, 22, 24, 

31).  However, evidence indicating reduced manifestations of muscle damage in women 
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compared to men is often reported (25, 27, 31).  Estrogen possesses antioxidant properties and 

the potential to facilitate membrane stabilization within the skeletal muscle (31).  These effects 

provide a potential mechanism through which estrogen may protect against muscle damage and, 

given the relatively greater estrogen levels in women vs. men, may account for reduced indices 

of muscle damage in female participants (31).    

Exercise HR accounted for the largest experimental differences between men and women 

in our study.  Women demonstrated a significantly lower HR for all upper–body and most 

lower–body exercises.  However, these differences were present on both days of repetitions and, 

consequently, are likely a reflection of the greater loads lifted by male participants.  If  the lower 

HR in women had resulted from enhanced recovery, then we expect that at least one of the 

following would have been observed: (1) lower HR in women compared to men, but only on the 

second day of repetitions only and not resulting from reduced performance (2) lower HR in 

women compared to men on the second day of repetitions, despite improved performance.  These 

criteria were not met.  We speculate that the greater absolute load lifted by men contributed to 

differences in HR observed in the present study.  Thus, our results favor the viewpoint that no 

distinguishable sex differences in exercise–induced muscle damage or recovery occurred as 

evidenced in our measures (5).   

Histological evidence obtained by Komulainen et al. (17) indicated that female rats 

experience diminished muscle fiber swelling and reduced indices of structural damage compared 

to their male counterparts for up to 96 h following downhill running.  The researchers also noted 

significantly reduced levels of beta-glucuronidase, a lysosomal enzyme indicative of muscle 

damage, in female vs. male rats (17).  Similarly, Enns and Tiidus (10) and Enns et. al. (9) 

observed diminished  beta-glucuronidase activity following downhill running  in ovariectomized 



 

72 

 

rats supplemented with estrogen compared to a sham–supplemented group.  Likewise, in a study 

examining the effects of hormone replacement therapy on exercise–induced muscle damage in 

postmenopausal women, those receiving estrogen demonstrated reduced markers of skeletal 

muscle damage compared to a control group (8).   

In a well–controlled study by Kerksick et al.  (16), experimental testing in females was 

restricted to the mid–luteal phase of the menstrual cycle when both estrogen and progesterone 

are elevated.  The authors noted reduced perceptions of muscle soreness following damaging 

exercise in women vs. men, suggesting that estrogen may protect against exercise–induced 

muscle damage.  However, no differences in lactate dehydrogenase or strength loss were 

observed between men and women, suggesting that estrogen may not influence these measures 

(16).  Additionally, Markofski and Braun (21) studied the effects of menstrual cycle phase on 

markers of muscle damage and recovery and determined that the influence of estrogen levels on 

signs and symptoms of skeletal muscle damage is limited.  It is possible that the relatively small 

difference in estrogen levels between women in the follicular vs. luteal phase of the menstrual 

cycle compared to estrogen concentrations in men vs. women accounted for these discrepancies.  

Alternatively, estrogen may not exert any observable influence on muscle damage or recovery.   

Our results contradict previous reports of blunted exercise–induced muscle damage with 

elevated estrogen levels.  With the exception of reduced residual pain in women compared to 

men, our data failed to demonstrate any significant sex–related differences in training recovery 

following an exhaustive resistance workout.  In a critical review of the literature, Clarkson and 

Hubal (5) emphasized the importance of exercising caution when using creatine kinase as a 

reliable index of skeletal muscle damage.  Increases in creatine kinase levels during exercise 

demonstrate substantial variability and, consequently, any observed differences between men and 
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women are not necessarily indicative of a sex–related effect (5).  Similarly, studies examining 

exercise–induced muscle damage among pre–menarchial, menarchial, and post–menopausal 

women failed to demonstrate any differences among the groups, indicating that estrogen did not 

protect against muscle damage (5).  Therefore, it is important to note that when more–reliable 

indicators of muscle damage are used to study the effects of estrogen on muscle damage, the 

protective effects associated with estrogen are diminished (32).  In fact, when Warren et al. (32) 

used more–reliable measures of skeletal muscle injury following electrical stimulation of 150 

maximal eccentric contractions, they noted greater muscle damage in estradiol–treated vs. 

estradiol–deficient mice.   

Studies involving human participants have also reported diminished estrogen–associated 

protection against muscle injury when using advanced measures of muscle damage (27).  

Research by Stupka et al. (27) directly measured skeletal muscle injury following damaging 

eccentric exercise in men and women; muscle biopsy results showed no discernable differences 

in muscle damage or repair between the two groups.   

Our study does not provide any direct or chemical measures of skeletal muscle damage.  

However, Hubal and Clarkson (15) reported that increased muscle pain and reduced performance 

are valid indicators of skeletal muscle damage.  Thus, our finding of reduced residual pain in 

women compared to men suggests that muscle damage may have been attenuated in this group.  

Conversely, men and women experienced similar decreases in performance from the first to the 

second day of repetitions, suggesting that estrogen does not protect against muscle damage.  

Additionally, no differences in muscle pain during exercise were observed between men and 

women 24 h after damaging resistance exercise, suggesting that estrogen does not provide a 
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protective effect.  Had women experienced attenuated muscle protein breakdown or advanced 

repair, reduced pain and RPE during subsequent exercise would be expected. 

Similarly, no differences in performance–based recovery were observed when comparing 

men and women.  Thus, even if blood or chemical measures had differed significantly, they 

would be of little practical application.  Studies involving sample sizes in excess of 100 

participants with the power to detect even small differences have demonstrated equal exercise–

induced strength decrements and muscle soreness in men and women (15).  Therefore, although 

persuasive evidence demonstrates a protective effect of estrogen against exercise–induced 

muscle damage, equally compelling evidence fails to support this notion; our data support the 

latter.   

 In summary, we studied sex differences in recovery from exhaustive resistance exercise 

in trained men and women.  In contrast to our hypothesis, no differences in muscle pain, RPE, 

RPR, or performance–based recovery were observed between men and women.  However, 

residual muscle pain was lower in women compared to men, indicating a potential protective 

effect of estrogen.  Women demonstrated a significantly lower HR than men during both days of 

exercise.  However, the lower HR observed in women 24 h after exhaustive resistance exercise 

likely does not reflect improved recovery compared to men.  Overall, our results suggests that 

elevated estrogen levels in women compared to men are not associated with any practical 

differences in training recovery.  However, further research is needed to understand the role of 

sex hormones on muscle damage, repair, and function following strenuous exercise. 
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PRACTICAL APPLICATIONS  

Twenty-four hours of passive rest is insufficient for attaining full training recovery in 

both men and women.  Additionally, because men and women recovery similarly after 24 h, 

coaches and physical therapists may establish similar recovery periods for their male and female 

athletes and clients.  However, these results apply only to resistance-trained individuals not 

taking any dietary supplements or ergogenic aids.
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TABLES 

 

Table 3.1.  Training history and Participant Characteristics 

Training History 

 Participants 

(n) 

Training 

(months) 

Frequency 

(days/wk.) 

Average 

session (min) 

Total 28 40 (32) 4 (1) 71 (21) 

Males 14 43 (36) 4 (1) 71 (18) 

Females 14 38 (29) 4 (1) 71 (25) 

     

Participant characteristics 

 Participants (n) Height (cm) Weight (kg) Age (y) 

Total 28 171 (9) 72 (14) 22 (3) 

Males 14 177 (7) 80 (14) 22 (3) 

Females 14 166 (8) 64 (10) 22 (3) 

Data are presented as means (SD).  

 

 

 

Table  3.3.  Residual pain (mm) and RPR (mm) Following 

Exhaustive Resistance Exercise and 24 h Passive Rest 

 
Residual 

muscle pain 

Ratings of perceived 

recovery (RPR) 

Men 50 (20)*                   5 (2) 

Women      31 (15)                   6 (1) 

*Significantly greater than in women.  Data are presented as 

means (SD).  

 

 

 

Table 3.2.  Performance-based Training Recovery Following 24 h Passive Rest 

  Chest 

press 

Latissimus 

pull-down 

Shoulder 

press 

Leg 

Press 

Leg 

curl 

Leg 

extension 

Total 

repetitions 

Day 1 Men 10 (2) 11 (2) 10 (2) 11 (2) 10 (2) 11 (1)   63  ( 7) 

 Women 11 (2) 11 (2) 11 (1) 11 (2) 11 (2) 10 (1)   64   (5) 

 

Day 2 Men   9 (2) 10 (2) 10 (2)   9 (2) 10 (3) 10 (1)   58   (8) 

 Women 10 (2) 10 (2) 10 (2) 10 (2)   9 (1)   9 (3)   56 (10) 

Data are reported as means (SD) for repetitions performed during the first set of each exercise. 
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Table 3.4.  Perceptual Responses to Resistance Exercise After 24 h Passive Rest 

Day 1 

 

                                     Chest 

press 

Latissimus 

pull-down 

Shoulder 

press 

Leg 

press 

Leg 

curl 

Leg 

extension 

Overall 

workout 

Pain 

 

Men 36 (24) 38 (21) 48 (20) 45 (20) 39 (21) 44 (21) 55 (18) 

Women 45 (19) 37 (21) 44 (18) 44 (21) 38 (15) 50 (16) 58 (18) 

         

RPE Men 55 (25) 55 (16) 53 (22) 61 (22) 60 (23) 64 (24) 69 (16) 

Women 58 (17) 52 (18) 58 (19) 57 (21) 50 (17) 60 (17) 67 (18) 

Day 2         

                                     Chest 

press 

Latissimus 

pull-down 

Shoulder 

press 

Leg 

press 

Leg 

curl 

Leg 

extension 

Overall 

workout 

Pain 

 

Men 47 (23) 43 (20) 49 (25) 51 (23) 47 (19) 50 (21) 62 (21) 

Women 46 (18) 41 (17) 43 (20) 43 (12) 43 (14) 51 (17) 56 (20) 

 

RPE Men 60 (18) 56 (21) 62 (18) 62 (18) 58 (16) 60 (20) 72 (16) 

Women 55 (15) 54 (20) 58 (21) 57 (14) 57 (18) 58 (16) 71 (17) 

Data are presented as means (SD) for muscle pain and RPE using a 100-mm visual analog 

scale.  No significant differences were present between men and women (p > .05).  

 

 

Table 3.5.  Heart Rate (bpm) in Men and Women During Resistance Exercise.  

 Chest 

press 

Latissimus 

Pull-down 

Shoulder 

press 

Leg 

press 

Leg 

curl 

Leg 

extension 

Day 1 Men 150 (18)* 148 (14)* 150 (16)* 146 (15) 146 (16)* 140 (13)* 

Women 126 (12) 132 (16) 127 (15) 134 (15)  130 (12) 135 (15) 

 

Day 2 Men  147 (19)* 146 (17)* 147 (17)* 146 (16)* 140 (13)† 147 (13)* 

Women 127 (16) 131 (17) 129 (12) 133 (13) 121 (32) 132 (15) 

*Denotes significant difference between men and women (P < .05).  †Denotes marginally-

significant difference between men and women (p = .05).  Data are presented as means (SD). 
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Table 3.6.  Comparison of Exercise Load between Men and Women.  

Absolute Load 

 Chest Press Latissimus 

pull-down 

Shoulder 

press 

Leg press Leg curl Leg 

extension 

Men *63 (12) *54 (8) *36 (19) *212 (63) *48 (13) *53 (13) 

Women  25   (3)   31 (4)   17 (14)  103 (15)   25   (3)   30   (6) 

Load per kg Body Mass 
Men *0.8 (0.1) *0.7 (.1) *0.4 (.1) *2.7 (.8) *0.6 (.1) *0.7 (.2) 

Women   0.4 (0.1)   0.5 (.1)   0.3 (.1)   1.6 (.2)  0.4 (.1)   0.5 (.1) 

*Significantly greater than in women (p < .001).  Data are presented as means (SD) for load (kg) 

lifted for each exercise.  
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APPENDIX 

Baseline Testing Protocol 

1. The participants will complete a warm up using a light load that they can easily lift for 15 

repetitions for each of the following exercises: (a) Seated chest press, (b) Seated latissimus pull-

down, (c) Seated shoulder press, (d) Leg press, (e) Hamstring curl, and (f) Seated knee extension. 

 

2. Participants will estimate the load required to induce fatigue after 8 – 12 repetitions and will 

lift until momentary muscular failure or for 12 repetitions using this load.  

 

3. If muscular failure was not achieved by the 12
th

 repetition, the load will be increased 2.3 to 5.6 

kg (depending on the specific machine).  If muscular failure was achieved prior to the 8
th

 

repetition, then the load will be decreased by 2.3 to 5.6 kg.  

 

4. The load will be adjusted accordingly until the participant achieves momentary muscular 

failure after 8 – 12 repetitions. This will be the baseline load for the participant.  A 4-min rest 

period will separate each attempt.  

 

5. A one-week washout period will be implemented after establishing the participant’s baseline 

load.  

 

Experimental Session Protocol 

1. The sleep and nutritional history of the participant over the previous 24 h will be assessed. 

 

2. Participants will complete 3 sets of 8 – 12 repetitions using the baseline load established for 

each exercise.  Muscle pain and RPE will be assessed after each set, each exercise, and at the end 

of the workout. Muscle endurance will be measured as the number of repetitions performed.  

 

3. Participants will return to the facility after 24 h. Perceived skeletal muscle pain, RPR, and 

sleep and nutritional history over the previous 24 h will be assessed.   

 

4. The participants will then attempt to complete the same workout performed the previous day. 

Perceived muscle pain and RPE will be assessed after each set, each exercise, and at the end of 

the workout.  Muscle recovery will be measured as the number of repetitions performed. 
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OMNI RPE Scale 
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Visual Analog Scale RPE 

How hard is your exertion?  
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Somewhat 
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hard 
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Somewhat 

hard

Extremely 

easy 
Extremely 

hard 
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Somewhat 

easy
Somewhat 

hard
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PERCEIVED SKELETAL MUSCLE PAIN 

 

0 – 10 Pain scale 

 

How much pain do you feel right now?  

 

0 No pain at all 

 

1 Very small amount of pain 

 

2  

 

3 Small amount of pain 

 

4 

 

5 Moderate amount of pain 

 

6 

 

7 Quite a bit of pain 

 

8 

 

9 Extreme amount of pain 

 

10 Very extreme amount of pain
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Visual analog scale for skeletal muscle pain 

 

 

How much pain do you feel right now? 

 

 

 

No pain Extreme 

pain 

Some pain  A lot of 

pain 

No pain Extreme 

pain 

Some pain  A lot of 

pain 

No pain Extreme 

pain 

Some pain  A lot of 

pain 

No pain Extreme 

pain 

Some pain  A lot of 

pain 

No pain Extreme 

pain 

Some pain  A lot of 

pain 

No pain Extreme 

pain 

Some pain  A lot of 

pain 

No pain Extreme 

pain 

Some pain  A lot of 

pain 
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PERCEIVED RECOVERY STATUS SCALE 

 

 

 

 

 

   

     

   

  

  

   

10  Very well recovered / Highly energetic 

  9 

  8  Well recovered / Somewhat energetic 

  7   

  6   Moderately recovered 

  5   Adequately recovered 

  4   Somewhat recovered 

  3 

  2  Not well recovered / Somewhat tired 

  1    

  0  Very poorly recovered/ Extremely tired 
 

Expect Improved Performance 

Expect Similar Performance 

Expect Declined Performance 

Perceived Recovery Status Scale 
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Sleep and Nutritional History 

 

ID  ______________ 

Date   ______________ 

Time  ______________ 

 

1. How many hours of sleep did you get last night? (please circle one) 

1   1.5   2   2.5   3   3.5   4   4.5   5   5.5   6   6.5   7   7.5   8   8.5   9   9.5   10   10.5   11   

11.5   12 

 

2. How many hours of sleep do you normally get? (please circle one) 

1   1.5   2   2.5   3   3.5   4   4.5   5   5.5   6   6.5   7   7.5   8   8.5   9   9.5   10   10.5   11   

11.5   12 

 

3. How many hours has it been since your last meal or snack? (please circle one) 

1 1.5 2 2.5 3 3.5 4  4.5 5  5.5 6  6.5  7  7.5  8 8.5  9  9.5  10 10.5 11 11.5 12 12.5 13 13.5 

14 14.5 15  

 

4. When did you last have: 

· a cup of coffee, tea, or caffeine? ____________________________ 

 

· cigarettes?    ____________________________ 

 

· drugs (including aspirin)?  ____________________________ 

 

· alcohol?    ____________________________  

 

· herbal/dietary supplements?  ____________________________ 

 

5. How many glasses of water or other beverages have you consumed in the last 24 hours? 

1 2 3 4 5 6 7 8 9 10 11 12

 13 14 

 

6. When did you last consume water or another beverage? _____________How much? 

________ (glasses) 

 

 

7. What sort of physical activity did you perform yesterday? 
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8. What sort of physical activity have you performed today? 

 

 

9. Describe your general feelings by checking one of the following: 

 

______excellent   ______good    ______very bad 

______very, very good  ______neither good nor bad  ______very, very bad 

______very good   ______bad    ______terrible 

 

 

 
10. List all food and beverage items that you consumed yesterday: 

Breakfast:  

 

Lunch:  

 

Dinner:  

 

Other:  

 

 

11. List all food and beverage items that you consumed today:  

Breakfast:  

 

Lunch:  

 

Dinner:  

 

Other:  

 



 

90 

 

Health Screening Questionnaire for Potential Healthy Subjects 

Health History 
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Physical Activity Readiness Questionnaire (Par-Q)  
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 EXERCISE HISTORY QUESTIONNAIRE 

 

1.  Over the past 3 months, how many training sessions per week have you completed for 

each of the following muscle groups?  

Chest____    Shoulders____     Abdomen____     Back ____      Hips ____      Legs ____       

Arms____ 

 

 

2.  Over the past 3 months, how many sets per week have you completed for each of the 

following muscle groups?  

Chest____    Shoulders____     Abdomen____     Back ____      Hips ____      Legs ____       

Arms____ 

 

 

3.  Over the past 3 months, how many repetitions per set have you completed for each of 

the following muscle groups?  

Chest____    Shoulders____     Abdomen____     Back ____      Hips ____      Legs ____       

Arms____ 

   

4.  How long have you been training?  

 ________ months       _______ years 

 

5.  How long is your typical workout?   

 __________ minutes per session 
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