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ABSTRACT

To investigate the effect of citrulline malate (CM)pplementation on upper-body
resistance exercise performance, twelve recredlyoresistance-trained men (21.4+1.6
y; 163.0+£46.2 cm; 85.0£12.4 kg) underwent two tegBessions administered in a
randomized, double-blind fashion. During eachtygarticipants were provided either 8
g of CM or a placebo (PL) 40 min prior to beginnagtandardized warm-up and
initiating a barbell bench press resistance exengistocol consisting of 5 sets of 15
repetitions at 75% 1RM with 2-minute rest intervaParticipants were instructed to
complete as many repetitions as possible untieeraching 15 repetitions or muscular
failure. Total number of repetitions performed guoaver output were recorded for each
set. Subjective measures of energy, focus, fatiame perceived exertion, along with
muscle thickness of the triceps brachii, were assebefore and after exercise.
Significant (p<0.05) main effects for time were eh®d for all variables except for
subjective feelings of energy (p=0.085). A groupme interaction (F=2.86, p=0.034,
n?=0.21) was observed for repetitions performed, wiparticipants performed more
(p=0.015) repetitions on set 3 during PL (5.7+ERetitions) compared to CM (4.6+1.2
repetitions). However, during set 4, participaetsded (p=0.089) to perform more
repetitions during CM (4.8£1.8 repetitions) compmhre PL (4.3+1.3 repetitions). No
other differences were observed between trialppBmentation with 8 grams of CM 40
min prior to the barbell bench press resistancecesesprotocol did not increase exercise
performance, augment the muscle swelling respansaihing, or alter subjective
measures of focus, energy, and fatigue in recnealtyoresistance-trained men.
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INTRODUCTION

Pre-workout nutritional supplementation has becomeeasingly popular among
recreational and competitive athletic populatiomsaneans of boosting exercise
performance (8). Recently, citrulline malate (O garnered much attention for its
potential to increase nitric oxide (NO) productiarhich may enhance resistance exercise
performance (10, 19, 23, 24). NO is known to iaseevasodilation and blood flow,
which may increase nutrient delivery and waste-pebdlearance (e.g., plasma lactate,
ammonium) (1, 6). Thus, acute improvements to miasd¢unction via increased blood
flow derived from NO synthesis may improve resistato fatigue during exercise (2).

The potential beneficial effects of CM may be btited to the synergistic
combination of both L-citrulline and malate at tredlular metabolic level. L-citrulline is
a nonessential amino acid that functions as a psecto L-arginine, which synthesizes
NO when catalyzed by the enzyme nitric oxide sysgh@OS) (18). In contrast to L-
arginine, orally supplemented L-citrulline bypaskepatic metabolism and is transported
to the kidneys where it can be directly converted-arginine (2), making it a more
efficient means of elevating plasma arginine cotregions. In support, oral L-citrulline
supplementation has been shown to raise plasm@raggioncentrations and augment
NO-dependent signaling in a dose-dependent manrteralthy men and women (17,
21). Supplementation with L-citrulline has beepbithesized to elicit an increase in NO
synthesis from NOS via increased L-arginine avditgl{21). Furthermore, malate is an
intermediate of the tricarboxylic acid cycle, anghglementation may augment energy

production and increase the rate of adenosinedasipiate (ATP) production (1, 2).
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Malate has been proposed to mitigate lactic acduytion by allowing continued
pyruvate production for energy utilization (23).

Therefore, an increased efficiency of ATP produtiiocombination with an
elevation in blood flow to the skeletal muscle nbeytatively improve exercise

performance.

Although still in its infancy, recent investigat®have demonstrated a positive
ergogenic effect following acute CM supplementatiorsubmaximal resistance exercise
performance to exhaustion (10, 19, 23, 24). Fdhgvan acute 8 g dose of CM,
resistance-trained men and women improved the nuaflyepetitions performed to
exhaustion during upper-body resistance exerc@g (dwer-body resistance exercise
(10, 24), and body weight exercises (men-only).(Z3)e primary mechanism believed
to improve performance is centered around imprdatedd flow to exercising muscles
(i.e., the muscle swelling response). These olesemprovements in muscular
endurance would also be suggestive of improved tera@mce of power during each
repetition (i.e., reduced fatigue index). Thakiach successful repetition is indicative of
sufficient barbell velocity to overcome inertiapgduce momentum, and reach a
mechanically advantageous position (5). Howevitle is known regarding the effect of
CM supplementation on the muscle swelling respanseuscular power output during
dynamic resistance exercise. Therefore, the aithisktudy was to investigate the effect
of CM supplementation on repetitions completed, @oawutput, the muscle swelling
response, and subjective measures of focus, erangyfatigue during upper-body

resistance exercise in recreationally resistaraiagd men.
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METHODS
Experimental Approach to the Problem

This study was designed as a randomized, doubte;ighiacebo-controlled,
counterbalanced crossover research study. Pamitspeported to the Human
Performance Laboratory on three separate occaarmhafter having refrained from
resistance training for 48 hours prior to eachtvigihe first visit was used to obtain
anthropometric data and to determine the parti¢gd@me repetition-maximum (1RM)
for the barbell bench press exercise, while thers@@nd third visits were experimental
sessions. Each visit was separated by approxiynaiel week. Upon arrival
experimental sessions, participants completed in@s@L) assessments of energy,
focus, fatigue, and perceived exertion via subjeajuestionnaires, along with an
assessment of muscle swelling via ultrasonograptarticipants were then provided with
either a CM supplement or a placebo and askediaireseated for 40 minutes. At 40
min post-supplement ingestion (PRE), participanitsated a standardized warm-up
followed by a barbell bench press resistance esemiotocol. During the resistance
exercise protocol, the total number of repetitipagormed, as well as the power (mean
and peak) produced during each repetition, wererded for each set. All BL
assessments were repeated at PRE and immediastigxmrcise (IP). The two
experimental trials occurred at the same time gftween 0800 and 1000 hour.

Participants

Copyright © 2017 National Strength and Conditioning Association



Twelve recreationally resistance-trained men (21146 y; 163.0 £ 46.2 cm; 85.0
+12.4 kg; 3.5 + 1.6 y of resistance training exgace) volunteered to participate in this
research study.

This sample size was justified by a priori powealgisis based on previous work
by Glenn et al. (10) to yield a moderate effecé ©£0.25, an alpha of 0.05, and power of
0.80. Inclusion criteria required participant$ave at least one year of resistance
training experience. Additionally, all participanwere free of any physical limitations,
medications, and supplements that may affect pedaoce; as determined by a health and
activity questionnaire. Following an explanatidrath procedures, risks, and benefits,
each participant provided his written informed camigprior to participation in this study.
The research protocol was approved by the Hofstigddsity Institutional Review
Board prior to participant enroliment.

Procedures
Maximal strength testing

The 1RM strength test for the barbell bench pressoese was conducted using
methods previously described (12). Briefly, eaaltipipant performed a standardized
series of dynamic exercises followed by two warnsafs using a resistance of
approximately 40-60% of their estimated 1RM for@Grépetitions and 60-80% of
estimated 1RM for 3-5 repetitions, respectivelyub&equently, the resistance load was
increased conservatively over the course of 3-Simalxrials (one-repetition sets) to
determine the 1RM. Each maximal trial was sepdrhye3-5 minutes of rest. The 1RM
was recorded as the maximum load that the partitipauld lift for one repetition while

maintaining proper technique.
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A successful lift required each participant toibefe lift holding the barbell
with a conventional shoulder width grip and théirosvs fully extended. Participants
then lowered the barbell until lightly touching ttieest (i.e., participants were not
permitted to bounce the bar off their chest) befetarning the bar back to the starting
position. Throughout the entire lift, participamiere required to maintain contact
between their feet and the floor, as well as thigis, shoulders, and head with the bench
(12). Proper technique was monitored and enfoviethe presence of a certified
strength and conditioning specialist (CSCS) at @asting session.

Supplementation

During each experimental trial and 40 min priob&ginning a standardized
warm-up, participants ingested either 8 g of pwatiulline DL-malate powder (CM,;
Bulk Supplements, Henderson, NV, USA) mixed witl® 53 of water or PL. This
dosage is consistent with previous investigatid@s 19, 23, 24). The PL consisted of
non-caloric flavored water and was indistinguisleahlappearance. An outside
researcher mixed all supplements in a sealed slhakie combined with a fruit punch
flavoring (Mio™, Northfield; IL, USA). Both CM and PL were servieddisposable
white plastic bottles with participants wearingase clip to further mask any taste or
smell. After consuming the supplement, participamtderwent a 40 min seated rest
period. Oral administration of L-citrulline havieasvn to result in peak plasma
concentrations ~42 min following ingestion (17,.21)

Resistance exercise protocol
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After resting 40 minutes, participants completegeaeral and specific warm-up
before the resistance exercise protocol. The gém&rm-up consisted of 5 minutes of
cycling at low intensity on an upright stationarkebfollowed by a series of dynamic
exercises: 10 body weight squats, 10 body weiglkiaglunges, 10 dynamic walking
hamstring stretches, 10 dynamic walking quadrictpetches, and 10 body weight
pushups. For the specific warm-up, participantéopeed two sets on the bench press
using 40% and 60% 1RM resistance for 8 and 4 et respectively. Two minutes
of rest separated each warm-up set. Subsequpatlycipants completed the resistance
exercise protocol, which consisted of 5 sets afoup5 repetitions at 75% 1RM with 2-
min rest between sets. Participants were instducteomplete as many repetitions as
possible until either reaching 15 repetitions osoular failure. Failure was defined as
the inability to complete a full repetition withoassistance. Researchers recorded the
total number of repetitions completed during eagth $he upper body resistance training
protocol was designed to be typical of an athletaising on muscular hypertrophy, and
15 repetitions were deemed as the upper limit pétidons given the relatively high load
selection.

Power measures

Power output during the barbell bench press exewes measured for each
repetition with a linear position transducer (TeRt®ower Output Unit, Trencin, Slovak
Republic).” The linear position transducer attacbebe end of the barbell, which
measures linear displacement and time to calcolatn and peak barbell velocity.
Power was calculated from the barbell load enterexthe microcomputer and barbell

velocity detected by the unit.
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Prior to the investigation, intraclass correlataaefficient (ICG ;), standard error
of the measurement (SEly), and minimal difference (MD) values for barbedlacity
values measured by the linear position transdugengl a single repetition of the bench
press (ICG:=0.91, SEM ;=0.04 m se¢, MD=0.09 m-sed) were determined in 10
active, resistance-trained men (26.8+3.5 year§+825 kg; 180.5+6.6 cm)
demonstrating high test-retest reliability. Peall emean power outputs were recorded
for each repetition. For subsequent analysisatieeage peak (PP) and mean power
(MP) output values were calculated for each setdittonally, a fatigue index for peak
and mean power was calculated from the slope qfeak and mean power output values
recorded for each repetition within each set, resypaly. For this measure, a positive
value would indicate an increase in power as répes progressed within a set, whereas
a negative value would indicate a decrease in powearalue of zero would indicate that
power remained consistent across the entire set.

Subjective feelings and ratings of perceived egarti

Questionnaires were provided at BL, PRE, and I&tidpants were instructed to
assess their subjective feelings of focus, enengg,fatigue using a 15-cm visual analog
scale (VAS). The scale was anchored by the wdm¥g’“and “high” to represent
extreme ratings where the greater measured vatuesents the greater feeling.
Questions were structured as “My level of focus Rarticipants were asked to rate their
feelings at each time point by marking on the gpoading line. The validity and
reliability of VAS has been previously establisi{@#8). Ratings of perceived exertion
(RPE) via the OMNI weightlifting scale (20) weresalrecorded following each set of the

barbell bench press exercise, as well as followlvegentire resistance exercise protocol.
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Muscle swelling assessment

Muscle thickness was measured at BL, PRE, and #84ess the muscle swelling
response to resistance exercise (7, 22). Noniweaieletal muscle ultrasound images
were collected from the triceps brachii of the doamt arm using B-mode ultrasound
imaging with a 12-MHz linear probe (VSCAN, Gende#ctric Medical Systems,
Milwaukee, WI, USA). Prior to image collectiongtianatomical location of interest was
identified using standardized landmarks for theejps brachii muscle (16). A single
technician performed landmark measurements andnelt@nages in duplicate for all
participants. Landmark identification of the tpsebrachii required the participant to
straddle the examination table and internally their dominant shoulder, flex the
elbow, and rest their dominant hand upon theirthighe specific landmark for the
triceps brachii was identified at 60% of the disgaifrom the acromion process of the
scapula to the lateral epicondyle of the elbowllomong application of a water-soluble
gel, the probe was placed perpendicular to thegigsterface without depressing the
skin. Muscle thickness was determined as thermisthetween the subcutaneous adipose
tissue and intermuscular interface. Prior to thestigation, ICgx, SEMs k, and MD
values for muscle thickness of the triceps brawbiie determined in 10 healthy college-
aged males using methodology described above;({€@93, SEM k=0.13, MD=0.34
cm).
Dietary control

Participants were instructed to maintain their normal dietary intake leading up to
experiment trials and to abstain from the use of any other dietary supplements.
Participants were instructed how to accurately record everything they consumed during

the 24 h prior to thefirst experimental trial. For the following experimental trial,
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participants were asked to duplicate the content, quantity, and timing of their daily diet
during the 24 h prior. Participants reported to the Human Performance Laboratory for
each experimental session following an overnight fast and were instructed not to eat or

drink (except water) in the morning.

Statistical analysis

Prior to statistical procedures, all data were s for normal distribution,
homogeneity of variance, and sphericity. If theumsption of sphericity was violated, a
Greenhouse-Geisser correction was applied. A 2djtion) x 5 (time) repeated
measures analysis of variance (ANOVA) was utilizedetermine the effect of the
supplement during each set for repetitions perfarraé power measures, and RPE.
Additionally, a separate 2 (trial) x 3 (time poingpeated measures ANOVA was utilized
to determine the effect of the supplement on stibgéeelings and muscle thickness. In
the event of a significant F ratio, separate ong-tgpeated measures ANOVA with
Bonferroni adjustment were performed to assesatia effect for time during each
condition, while separate dependent t-tests weed tsassess conditional differences
during each set. For effect size, partial eta sgpuatatistics were calculated, and
according to Green et al. (11), 0.01, 0.06, and Wére interpreted as small, medium,
and large effect sizes, respectively. Significames accepted at an alpha level of

p<0.05, and all data are reported as mean * stam@ardtion.

RESULTS
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Performance measures

A condition x time interaction (F=2.86, p=0.03=0.21) was observed for the
number of repetitions performed during the benasgr During CM, a greater (p<0.001)
number of repetitions were performed on set 1 (£22 repetitions) compared to all
other sets, while the repetitions performed or29@ 1 + 1.9 repetitions) were greater
(p<0.001) than sets 3-5. No differences (p>0.9evwobserved between sets 3-5.
Similarly, during PL, the repetitions performedset 1 (12.9 + 2.7 repetitions) and set 2
(8.3 = 2.0 repetitions) were greater (p<0.001) tthexse performed on all subsequent
sets. However, repetition differences among sé&svére variable. Between conditions,
participants performed more (p=0.02) repetitionsen3 of PL (5.7 £ 1.2 repetitions)
compared to CM (4.6 + 1.2 repetitions), but thewezl (p=0.089) to perform more
repetitions during set 4 of CM (4.8 + 1.8 repetispcompared to PL (4.3 £1.3
repetitions). There were no significant differes¢pe=0.88) in total repetitions performed
between CM and PL conditions (35.3 £ 6.5 and 35635trepetitions, respectively).
Repetitions performed during each set of the bgmebks under both conditions are
illustrated in Figure 1.

[INSERT FIGURE 1 HERE]

Averaged measures of power for each conditionlasriated in Figure 2.
Although significant main effects for time were ebsed for PP (F=12.16, p<0.001,
n?=0.60) and MP (F=28.52, p<0.00%=0.78), no differences were observed between
conditions. Additionally, a trend for a main tirafect in MP (F=3.71, p=0.052,
n?=0.32) was noted, where compared to set 1, grgat€r001) declines in MP were

observed on set 2 (mean difference: -9.89 Wattstitemi) and set 3 (mean difference: -
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15.24 Watts- repetitiol) before remaining consistent. No differences vedrserved
between conditions in fatigue index for peak (F2%,80=0.15) and mean power
(F=3.560, p=0.06).
[INSERT FIGURE 2 HERE]

Muscle swelling, subjective feelings, and ratingpe@rceived exertion

A significant main effect for time was observed flouscle thickness (F=82.48,
p<0.001, A=0.88), where muscle thickness at IP was greatd.Q01) than BL (mean
difference=0.55 cm) and PRE (mean difference=0rB)L dNine out of 12 participants
exceeded the MD values at IP during PL trial, whileout of 12 participants exceeded
the MD values at IP during CM trial. However, ntetences were observed between
conditions. Likewise, significant (p<0.05) maidesits for time were observed for all
subjective feelings and ratings of perceived eanréxcept for feelings of energy
(p=0.085), but no differences between conditionseeweted. Changes in muscle
thickness and subjective measures are indicatBayure 3 and Table 1, respectively.

[INSERT FIGURE 3]
[TABLE 1 HERE]

DISCUSSION

The aim of the present study was to investigatestfext of CM supplementation
on repetitions completed, power output, the muselelling response, and subjective
measures of focus, energy, and fatigue during uppey resistance exercise in
recreationally resistance-trained men. The residitsis study indicate that 8 g of CM,
administered 40 min prior to the barbell bench presistance exercise protocol, did not

increase exercise performance, alter subjectivesanes, or augment the muscle swelling
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response to training in recreationally resistamagxd men.

Previous research has investigated the effectgpd8CM administered 1 hour
prior to a resistance exercise protocol on repetitiperformed to exhaustion (10, 19, 23,
24). In resistance-trained adults, CM supplemaérigirior to exhaustive bench press
protocols using 60-80% 1RM with 1-min rest intesvshhs shown to increase the number
of repetitions performed during sets 3 and 4 byoup7.5% (~1 repetition) (19) and to
increase total repetitions performed over 6 setsl(® 5.7 vs. 32.9 + 6.0 repetitions)
(10). Likewise, following CM supplementation, Weikal. (23) observed improvements
in repetitions performed during an upper-body, ba@yght protocol consisting of chin-
ups (32.2 £ 5.6 vs. 28.4 + 7.1 repetitions), reeetsin-ups (32.1 + 7.1 vs. 26.6 + 5.6
repetitions), and push ups (97.7 £ 36.1 vs. 8BY 4 repetitions) (23). Studies have
also demonstrated improved repetitions to failurerdy lower-body resistance exercise
following CM supplementation. In resistance-trairmelults, CM supplementation has
shown to increase total repetitions performed duéirsets of a leg press protocol using
80% 1RM with 1-min rest intervals (66.7 + 30.5 §5.1 + 20.6 repetitions) (10).
Similarly, Wax et al. (24) observed increases petiions performed during 5 sets of the
leg press, hack squat, and leg extension exerttisasscular failure using 60% 1RM
with 3 min rest intervals in advanced weight liftednterestingly, Cutrufello et al. (4)
found that a 6-g dose of L-citrulline did not impeothe total number of repetitions to
fatigue during 5 sets of bench press at 80% 1RM @@second rest intervals in
recreationally-trained men and women (4). Our dataear to support the latter

investigation.
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Though it is unclear why CM supplementation did ingbrove performance in our study,
it is possible that the timing of supplementatiod #he recreational training status of the
participants may have played a part. Howeverpwithg oral administration of L-
citrulline of doses up to 10 g, peak plasma comrre¢inhs have shown to occur ~42 min
following ingestion (17, 21).

One of the primary mechanisms by which CM may inaprexercise performance
is via enhanced vasodilation and blood flow to eisemg muscles. NO-induced
vasodilation may help supply more oxygen and nuitsi¢o the muscle cells while
improving the clearance of metabolic waste-prodgetserated during exercise (1, 6).
Additionally, superior blood flow and muscle swedihas been hypothesized to
influence cellular functions such as anabolic siigga(13, 14) and protein synthesis (9).
To the best of our knowledge, this is the firsdgtto assess muscle thickness of a
secondary muscle group (as an indirect measurmod llow) and to assess participants’
ability to maintain power during resistance exercislowever, the results indicated that
8 g of CM did not augment the muscle swelling resgoto training or alter peak and
mean power outputs in recreationally resistandedg¢thmen.

Supplementation with CM does not appear to actssraulant or alter resting
heart rate during resistance exercise (10, 24keNeeless, Glenn et al. (2015) reported a
significant decrease in RPE following CM supplena¢ioh during upper-body resistance
exercise (i.e., bench press) compared to a plad¢eteever, overall RPE was not altered
by CM supplementation during lower-body resistagxercise (i.e., leg press) (10). CM
supplementation also failed to alter RPE scoresmdwan intermittent sprint cycling

protocol followed by a cycle time-to-exhaustiont ieswell-trained males (3).
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In the current study, CM supplementation did nt#radubjective measures of focus,
energy, and fatigue. Additionally, CM supplemeiatatdid not modify the participants’
RPE during or following the resistance exerciséquol.

In conclusion, supplementation with 8 g of CM 4 mrior to beginning a
standardized warm-up and initiating a barbell bgorelss resistance exercise protocol did
not increase exercise performance, alter subjenteasures, or augment the muscle
swelling response to training in recreationallyisesce-trained men. Future research is
warranted to further examine the acute effect of €kidplementation on resistance
exercise performance, along with the impact on hypghy, strength, and performance
outcomes following chronic supplementation.

PRACTICAL APPLICATIONS

Supplements containing CM are often marketed fwawve resistance exercise
performance via enhanced blood flow derived from $y@thesis. Although preliminary
studies have reported increases in repetition®padd to exhaustion following
administration of 8 g of CM, the results of theremt study do not support this notion.
Furthermore, CM supplementation did not augmenjestibe measures or the muscle
swelling response to training in recreationallyisesce-trained men. More studies are
needed to determine the overall efficacy of CM $eipgntation as an ergogenic aid.
Future research is necessary to further evaluatadhte and chronic effects of CM
supplementation on resistance training outcomesgalith investigations into the

potential mechanisms by which these improvementsmanifest.

Copyright © 2017 National Strength and Conditioning Association



16

ACKNOWLEDGMENTS

The authors would like to thank the subjects whitigipated in this investigation. No

grant support was used to perform this study.

CONFLICT OF INTEREST

All authors report no conflicts of interest.

REFERENCES

1.

10.

Bendahan D, Mattei J, Ghattas B, Confort-GounyeSGuern M, and Cozzone P.
Citrulline/malate promotes aerobic energy productiohuman exercising
muscle. British Journal of Sports Medicine 36: Z&3, 2002.

Bescos R, Sureda A, Tur JA, and Paons A. Theedienitric-oxide-related
supplements on human performance. Sports Medidné3} 2012.

Cunniffe B, Papageorgiou M, O'brien B, Davies,Nkimble GK, and Cardinale
M. Acute citrulline-malate supplementation and kigtensity cycling
performance. The Journal of Strength & Conditiorfregearch 30: 2638-2647,
2016.

Cutrufello PT, Gadomski SJ, and Zavorsky GS. dfifect of I-citrulline and
watermelon juice supplementation on anaerobic anobéc exercise
performance. Journal of Sports Sciences 33: 1458;12015.

Flanagan SP. Biomechanics: A Case-based Apprdanks & Bartlett
Publishers, 2013.

Fornaris E, Vanuxem D, and Duflot J. Pharmaoozi approach of citrulline
malate activity: analysis of blood lactate duringtandardised exercise. Gazette
Medicale 91: 1-3, 1984.

Freitas ED, Poole C, Miller RM, Heishman AD, KdyuBemben DA, and
Bemben M. Time Course Change in Muscle SwellingjiHintensity vs. Blood
Flow Restriction Exercise. International JournabSgbrts Medicine 22: 2017.
Froiland K, Koszewski W, Hingst J, and KopeckyNutritional supplement use
among college athletes and their sources of infoomalnternational Journal of
Sport Nutrition and Exercise Metabolism 14: 104-12004.

Fumarola C, Monica SL, and Guidotti GG. Aminadagignaling through the
mammalian target of rapamycin (mTOR) pathway: gflglutamine and of cell
shrinkage. Journal of Cellular Physiology 204: %%, 2005.

Glenn JM, Gray M, Wethington LN, Stone MS, Sdewir RW, and Moyen NE.
Acute citrulline malate supplementation improveperpand lower-body
submaximal weightlifting exercise performance igsiseance-trained females.
European Journal of Nutrition 56: 775-784, 2015.

Copyright © 2017 National Strength and Conditioning Association



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

17

Green S, Salkind N, and Akey T. Methods fortoahing type | error across
multiple hypothesis tests. Using SPSS for Windowsalysing and
Understanding Data. Prentice Hall, Inc., Upper $&&a&iver, NJ. 395-396, 2000.
Hoffman JR. Norms for Fitness, Performance, ldealth. Human Kinetics,
Champaign, IL. 2006.

Hoffmann EK, Lambert IH, and Pedersen SF. Rihygy of cell volume
regulation in vertebrates. Physiological ReviewsX#B-277, 2009.

Le Plénier S, Walrand S, Noirt R, Cynober Ld Moinard C. Effects of leucine
and citrulline versus non-essential amino acidsascle protein synthesis in
fasted rat: a common activation pathway? Amino Ael@: 1171-1178, 2012.
Lee KA, Hicks G, and Nino-Murcia G. Validity @meliability of a scale to assess
fatigue. Psychiatry Research 36: 291-298, 1991.

Mangine GT, Hoffman JR, Gonzalez AM, TownseRdWells AJ, Jajtner AR,
Beyer KS, Boone CH, Miramonti AA, and Wang R. Tliee&t of training volume
and intensity on improvements in muscular stremgith size in resistandeained
men. Physiological Reports 3: e12472, 2015.

Moinard C, Nicolis I, Neveux N, Darquy S, BeetizS, and Cynober L. Dose-
ranging effects of citrulline administration on gaa amino acids and hormonal
patterns in healthy subjects: the Citrudose phaokiretic study. British Journal
of Nutrition 99: 855-862, 2008.

Moncada S and Higgs A. The L-arginine-nitricdexpathway. New England
Journal of Medicine 329: 2002-2012, 1993.

Pérez-Guisado J and Jakeman PM. Citrullinetmalahances athletic anaerobic
performance and relieves muscle soreness. Thealamfr8trength &
Conditioning Research 24: 1215-1222, 2010.

Robertson RJ, Goss FL, Rutkowski J, Lenz Bpbi, Timmer J, Frazee K,
Dube J, and Andreacci J. Concurrent validatiornef®@MNI perceived exertion
scale for resistance exercise. Medicine and ScienSeorts and Exercise 35:
333-341, 2003.

Schwedhelm E, Maas R, Freese R, Jung D, Lukagambrecina A, Spickler W,
Schulze F, and Béger RH. Pharmacokinetic and phaodysmamic properties of
oral L-citrulline and l-arginine: impact on nitric oxide metabolism. Bifitis
Journal of Clinical Pharmacology 65: 51-59, 2008.

Varanoske AN, Fukuda DH, Boone CH, Beyer K8uSIiR, and Hoffman JR.
Scanning Plane Comparison of Ultrasoubelived Morphological
Characteristics of the Vastus Lateralis. Clinicabfomy 30: 533-542, 2017.
Wax B, Kavazis AN, and Luckett W. Effects opplemental citrulline-malate
ingestion on blood lactate, cardiovascular dynanans resistance exercise
performance in trained males. Journal of Dietarg@ements 13: 269-282, 2016.
Wax B, Kavazis AN, Weldon K, and Sperlak JeEt§ of supplemental citrulline
malate ingestion during repeated bouts of loweryloarcise in advanced
weightlifters. The Journal of Strength & ConditingiResearch 29: 786-792,
2015.

Copyright © 2017 National Strength and Conditioning Association



18

FIGURE LEGEND

Figure 1. Number of repetitions completed during barbetidiepress resistance exercise
protocol.

Figure 2. Changes in peak (A) and mean (B) bench pressmaevess sets during each
experimental condition.

Figure 3. Changes in muscle thickness during each experaheondition.
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Table 1. Subjective feelings of focus, energy, fatigue sole pump, and perceived
exertion.

BL PRE IP

Focus (cm)

PL 8.3+4.0 9.8+3.0 11.2+2.6

CM 95+4.2 10.5+4.2 114+24
Energy (cm)

PL 85+3.2 9.7+29 7.6+3.6

CM 9.0+4.1 10.3+£3.7 7.1+3.8
Fatigue (cm)

PL 44+£32 34+27 9.8+256

CM 2927 3.1+25 8.3+4.0
Muscle Pump (cm)

PL 3.0+£3.2 55+3.9 125+2.4

CM 3.2+3.0 3.8+3.0 12.0+£2.2
Rating of perceived exertion (AU)

PL - - 8.3+0.8

CM - - 8.3+0.8

Subjective feelings of focus, energy, fatigue, emgcle pump were assessed using a 15-
cm visual analog scale and expressed as centinfete)js Rating of perceived exertion
was assessed using the OMNI weightlifting scaleexptessed as arbitrary units (AU).
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