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Abstract

Objective. To study the effects of single dose
citrulline malate on performance in collegiate n
athletes.

Study Design. Same subject pre post quasi-experime
design. Study Setting. Male Fitness Cente
Participants. 20 male collegiate athletes (age 2(
years) were selected based on inclusion and erci
criteria. Intervention. Subjects were randomly divid
into two groups. After pre test measurements, grA
(n=10) ingested citrulline malate beverage and grB
(n=10) consumed placebo drink (glucon D ler
flavor). One hour later, subjects performed pushiqg
fatigue and immediately, post test measurement®
documented. After a wash out period of one w
crossing over was done. Group A consumed pla
beverage while group B had citrulline malate anche
procedurewas performed.

Outcome Measures. Pre and post measuremen
blood lactate, vertical jump height (VJH) and )
max was done.Results. Blood lactate we
significantly lower in citrulline group (55.92%)
compared to placebo (105.30%). VJH
significantly higher in citrulline group (5.86%)
compared to placebo group (0.75%). Reductic
VO, max in citrulline group (17.61%) w
significantly lesser when compared with plac
(38.17%).

Conclusion. Ingestion of single dose of citrulli
malate significantly improves performance
collegiate male athletes.

Cuvinte cheie: VO, max, obosea| lactat din sange,
antrenament fizic, capacitate de efort

Rezumat

Obiective. Studierea efectelor administi unei
singure doze de citrulin malat asupra perforraan
sportivilor de sex masculin.

Design-ul  studiului.  Studiu  pre-post cvasi
experimental. Locul de desfasurare. Male Fitness
Center.

Participanti. 20 de sportivi de sex masculin (intre 20-
28 de ani) au fost selegtgpe baza unor criterii de
incluziunesi excluziune.lnterventie. Subiedii au fost
divizati aleatoriu in do@ grupuri. Dup evalurile
initiale subiedi din grupul A (n=10) au ingerat o
soluie de citrullin malat iar subi¢ic din grupul B
(n=10) au consumat aibturd placebo (glucaz cu gust
de Bméie ). Dug o of, subiedii au efectuat flatri
pari la aparia oboseliisi imediat dug, s-au efectuat
evaluirile finale. Dug@ o pauZz de o éptamar, s-a
realizat aceld studiu pe grupele inversate. Grupul A a
consumat bautura placebo iar grupul B a consumat
soluia de citrulin malat, urmandu-se acggarocedus

de administrarai evaluare.Teste de evaluare. S-au
efectuat valari presi posttestpentru lactatul din sdnge,
siritura Tn Triltime pe vertical si VO, max.

Rezultate. Lactatul din singe a fost semnificativ mai
mic la grupul care a consumat citrulin malat (55692
comparativ cu grupul care a consumaiitbra placebo
(105.30%). Sritura in Triltime a fost mai Tnaidt la
grupul care a consumat citrulin malat (5.86%),
comparativ cu grupul placebo (0.75%). Reducerea VO
max la grupul care a consumat citrulin malat (1%%1
a fost semnificativ mai micdecat la grupul placebo
(38.17%).

Concluzii. Ingestia unei singure doze de citrulin malat
Tmburititeste semnificativ performaa sportivilor de
sex masculit
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Introduction

Nutritional and biochemical supplements are cortilyuintroduced into sport and
physical fitness. As the use of these nutritiongdpdements continues to increase, so does the
need to investigate their effect on human perfogeafl] For many years arginine was the
explosive, new product in the sports supplemenustrg. Supplementation was supposed to
increase nitric oxide production leading to incezhdlood flow to muscle tissue thereby
increasing nutrient delivery, growth and strengflirrent evidence demonstrates no benefit to
oral L-arginine supplementation however, which hasurally led to the development of new
products to attempt to accomplish the same goails.dthese supplements is citrulline malate.

Citrulline malate (CM) is a mixture of citrullinggn amino acid involved in the urea
cycle, and malate, a tricarboxylic acid cycle imediate. Circulating levels of citrulline is
directly related to endogenous arginine synthesassibly to an even greater degree than
supplementing with straight arginine. CM has bebows to significantly increase aerobic
capacity, ATP production and phosphocreatine ragoatter training, therefore reducing lactate
and providing substrate for the aerobic energy pebdn pathway. Early studies have also
shown an antiaesthenic (resistance to muscle Btigifiect. Studies indicate that CM is involved
in three physiological roles: 1) stimulates nitoxide; 2) removes toxins; and 3) reduces lactic
acid and ammonia. Therefore, citrulline malate rbayuseful for all athletes in maintaining
energy levels, improving recovery, enhancing eserperformance and fatigue resistance. [2]

Citrulline malate supplementation is a relativedgent and growing area of research. It
carries potential beneficial effects with high mségy exercise including anaerobic sprints and
resistance training. Limited research has been dbbmew to see the ergogenic effects of single
dose of citrulline malate. Although, past studiesséh claimed numerous effects of CM on
athletic performance, however, majority of theiraigls were rejected owing to its
methodological limitations. Therefore, this resbaamms towards studying the effects of single
dose of pure form of citrulline malate on perforroaim collegiate male athletes.

Material and Method

20 male collegiate athletes (age 20-28 years) wgefected based on inclusion (no
abnormal findings in ECG, LFT values within normahge, normal heamogram) and exclusion
criteria (any musculoskeletal, cardio- pulmonargumological complications and systemic
disorders in past 6 months diagnosed by physiciamosisumption of any pre-workout
supplement in last 6 months, involvement in otheaJy training workout). Subjects were
randomly divided into group A (n=10) and group B=10). The study was approved by local
ethical committee and a duly signed consent form @lzained from all the participants. Before
commencement, a brief explanation about the praeedas given to all the subjects.

Procedure

The subjects underwent LFT, ECG and complete blloae@mogram to rule out any
abnormality related to liver and blood.
Testing for Blood L actate

All the standard precautions were taken before ntakblood sample. Pre test
measurement of blood lactate were obtained andndexted with the help of portable lactate
analyzer in millimoles/litre.
Testing for Anaerobic Power

Testing for anaerobic power was done using verfioap height. Prior to the vertical
jump height, the subjects were lead through an &itute dynamic warm-up which consisted
of squats, lunges, quad stretches. The subjeckexhahe end of his finger tips and stands side
onto the wall, keeping both feet remaining on theugd, reached up as high as possible with
one hand and marked the wall with the tips of tingers (M1). The subject from the static
position jumps as high as possible and marked thié with the chalk on fingers (M2). The
therapist measured and record the distance betiéeand M2. The player repeated the test 3

28



VOL. 20/ NR 33/ 2014 REVISTA ROMANDE KINETOTERAPIE

times. The therapist recorded the best of the Gamkg in centimeters and used this value to
assess the player’s performance. [3]
Testing for Aerobic Power

Testing of aerobic power was done using Queen'se@lStep Test. Following 5-7
minutes warm up, subject undertook the step tebiclwwas performed on a stool of 16.25
inches (41.3 cm) height for a total duration of iue. The metronome was used to monitor the
stepping cadence, which was set at 90 beats peartenjpomplete 24 bilateral steps) for males.
After completion of test, the subjects remaineadhditag while the carotid pulse was measured
for 15 seconds, 5-20 seconds into recovery. [4]
This 15 second pulse rate was converted into hesatsninute and the following equation was
used to predict the maximum oxygen uptake capacity:

PVO, max (ml/kg/min) =111.332 (0.426 pulse rate in béain)

The experimental group i.e. group A (n=10) inges28@ ml Primaforce TM citrulline
malate beverage (8 gram, and filter water until pl@te 200 ml of solution) and control group
l.e. group B (n=10) ingested placebo beverage #&gélucon D lemon flavour, and filter water
until complete 200 ml of solution). Both beveragese shaken until fully dissolved and served
in disposable white plastic glasses. Subjects dtaekbeverages one hour before the testing
work out. Subjects were instructed to report angsgme side effects or discomfort to the
researcher as well as their compliance with th&opmiance of activities during the study.

Testing Work Out

The testing workout involved standard pushups togde test. Each participant
performed standard push up positioning themseltstiveir hands directly under the shoulder,
pointed forward, head up, back straight, usingtt®es as pivot point. The participant began in
the down position, with elbows bent and the chestliing a 3.75 inch (9.5 cm/ plastic cup,
which was centered directly below the sternum. Thiegn raised the upper body and
straightened the arms without locking the elbowsntlowered back down to touch the cup with
the chest. The up and down movement of the pushkvag coordinated by the beat of the
metronome.

The metronome was set to 60 beats per minutejsaw#s found to be a reliable cadence,
according to Kim et al (2002) and Kravitz et al @3). With each beat, there was a movement,
either an upward push of the body to straight asmthe lowering of the body to the point that
the chest touched the plastic cup. This continuetll @atigue, or the point at which the
participant could no longer maintain the exerciadence with metronome beat or proper form.

[5]

After the testing work out, post test measuremessi® taken to check the blood lactate,
VO, max and vertical jump height. A wash out phasemé week was kept. After wash out
period of one week, crossing over was done. Pte tesasurements were repeated before group

A ingested with placebo beverage (8 grams Glucoleron flavour, and filter water
until complete 200 ml of solution) and group B istgel with Primaforc@’ citrulline malate
beverage (8 gram citrulline malate, and filter watetil complete 200 ml of solution). After one
hour of the same, the testing workout and postestsurements were done.

Results

A total of 20 subjects were divided into two groufis(experimental group) and B
(control group) with their mean age (22.45+1.9522.45+1.95); height (171.30+4.84),
(171.30+4.84); and weight (68.28+4.02), (68.28+4 1@3pectively.
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Baseline Data

To analyze the difference between pre lactate)/gi¢ and pre VQ max, independent t-
test was used. Results reflected insignificanted#ihce between the two groups with pre lactate
(p=0.785), pre VJH (p=0.167) and pre M@ax (p=0.958). (Table 1)

Table 1: Representing pre-test measurements otigré and group B
Group A Group B P value
(Mean = SD) | (Mean = SD)
Pre Lactate 6.33 + 0.98 6.41 + 0.9/ 0.785
Pre VJH 41.80+5.50 39.75+3.41 0.167
Pre VQ 46.73+5.29| 46.65+4.60 0.958

Between group analysis
The mean differences of lactate (gained scoregjrfmup A (experimental group) and
group B (control group) are (3.54+1.00) and (6.798) respectively. (Table 2 and Figure 1)

Table 2: Representing gained scores (pre-test, pest difference in scores) of lactate

Group A Group B P value
(mean +SD) | (mean_+SD)
Difference lactate 3.54 +1.00 6.75+0.90 0.0001

Difference Lactate

m Difference Lactate

Lactate (mM/litre)
1

Group A Group B

Figure 1: Representing gained scores (pre-teststpest difference in scores) of lactate

The mean differences of VJH (gained scores) fougr (experimental group) and
group B (control group) are (2.45+1.60) and (0.36¥)respectively. (Table 3 and Figure 2)

Table 3: Representing gained scores (pre-test, pest difference in scores) of VJH

Group A Group B P value
(mean +SD) (mean +SD)
Difference VJH 245+1.60| 0.30+0.57 0.0001
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Figure 2: Representing gained scores (pre-test,tgest difference in scores) of VJH

The mean difference of Vnax (gained scores) for group A (experimental gypand
group B (control group) are (8.23+2.60) and (17 8858) respectively. (Table 4 and Figure 3)

Table 4: Representing gained scores (pre-test, st difference in scores) of Vlnax

Group A Group B P value
(mean + SD)| (mean + SD)
Difference VQ max 8.23+£2.60 17.81+2.85 0.0001

Difference VO2 max

N
o

N
o

iy
o
|
I

o Difference VO2
max
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o

VO2 max (ml/kg/min)

al
|

Group A Group B

Figure 3: Representing gained scores (pre-test,tgest difference in scores) of \Wnax

Significant differences were observed in leveltactate, vertical jump height and YO
max in group A (experimental group) as comparedth gibup B (control group).

Discussion

Citrulline, one of the non-essential amino acidsa icomponent of the urea cycle, which
is involved in the detoxification of ammonia in theer, along with arginine and ornithine.

Supplementation with a mixture of citrulline, angi@ and ornithine is known to suppress
the increased accumulation of ammonia during eser¢6]
Perez Guisado et al hypothesized that CM fightguat through accelerating the clearance of
NH,". Asserting that supplementation with CM drives tinea cycle by accelerating the rotation
of the cycle. Callis et al reported a pH buffergffect of CM that supports Perez Guisado et al
hypothesis about CM removing excess/Nflom our system. [7, 8]

The main feature of citrulline is to be taken up the kidney and metabolized into
arginine. [9] This is confirmed by the large ingeaof plasma arginine after citrulline
administration.[10] CM supplementation also increases blood anginievels (better than

31



VOL.20/ ISSUE 33/ 2014 ROMANIAN JOURNAL OF PHYSICAL THERAPY

actually supplementing with arginine). This themads to an increase in nitric oxide (NO)
production which produces vasodilatation. Increasmod flow would also serve to clear
metabolic waste and flush more oxygen and nutriemtsards working muscles allowing for
more muscular work to occur (i.e. decrease in ti&jg[7] Not only will NO expand blood
vessels, but different NO levels are used to regulse expansioifill]

Endothelial NO synthase (eNOS) uses the amino acginine as a substrate to
synthesize NO. When released from endothelium,dsl® can dilate arteries to increase blood
flow, help maintain endothelial elasticity, prevepiatelets from adhering to artery walls,
mediate erection through smooth muscles relaxaahincrease capacity for exercige, 13,
14, 15, 16]

Nitric oxide regulates many physiological functiasfsskeletal muscle including glucose
uptake and oxidation, mitochondriogenesis, cornteadtinctions, blood flow and fatty acid
oxidation, as well as muscle repair through sagedell activation and the release of myotrophic
factors. Arginine can be synthesized from citrdliproviding a recycling pathway for the
conversion of citrulline to NO via arginine. Incseain arginine levels in turn, increases
phosphocreatine (PCr) levels in the muscle cellschviserves as a high energy compound
formed from creatingl7, 18]

Creatine as an amino acid derivative synthesizexh farginine, glycine, and methionine
in the kidneys, liver, and pancreas. About 90-95%he body’s creatine is found in skeletal
muscle. Of this, approximately one-third is freeeathe whereas two-thirds exist as
Phosphocreatine (PCr). The uptake from circulat®oan active process facilitated by a*Na
dependent transporter against a concentration ggradPCr serves a major role in energy
metabolism. When energy demands increases, PCitedoita phosphate to ADP to produce
ATP. The ATP-PCr system can provide energy at higés, but only for a few (10-15) seconds
before the PCr store is emptied. Thus, creatimeviglved in temporal energy buffering, and also
in spatial energy buffering, proton buffering angcglysis regulation. Because PCr is a limiting
factor in maintaining ATP re-synthesis during maaimhort term exercise, an increased PCr
concentration should theoretically increases thegnreserve for such exercifi, 20, 21, 22,
23, 24]

Documented research findings support present stadylts which reflect that blood
lactate increased (105.30%) in placebo group amd9P86) in citrulline group, which was
significantly lower in citrulline group as compardd placebo group. Moreover, there is
incremental increase of vertical jump height (VJgitrulline group (5.86%), which was found
to be significantly higher when compared to placgtoup (0.75%).

On the other hand, malate also serves to incre&se dargogenicity in CM
supplementation. Malate is the tri-carboxylic a€iiCA) cycle intermediate that shows the
largest change in concentration during exercise. TGA cycle is a key metabolic pathway for
the oxidative production of protons for the elenttcansport system. Increased available malate
could potentially increase the NADH+ H™ ion production of the TCA cycle, which could
increase ATP turn over. Malate is also a key carok protons across the mitochondrial
membrane in the malate-aspartate-shuttle. Thusgases in available malate could potentially
increase transport of protons into the mitochontideed the electron transport chain, which
could also positively influence ATP turnovi5s, 26, 27, 28]

VO, max decreased for citrulline (17.61%) as wellasplacebo group (38.17%) but the
reduction in value was significantly lesser forruliine supplementation group. Malate-
aspartate-shuttle enables bypassing of blockadbeobxidative pathway induced by ammonia
and hence limits accumulation of lactate by rednmgnit towards pyruvategenesis and its
aerobic utilization or gluconeogenesis. More malatals to more ATP production, which is
energy currency of the body required for all phigecal functions.
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Conclusion

Although human DNA does not code for citrulline editly, several proteins contain
citrulline as a result of a posttranslational mmeaifion. These citrulline residues are generated
by a family of enzymes called peptidylarginine deiases (PADs), which convert arginine into
citrulline in a process called citrullination oriaenation. Citrulline in the form of citrulline
malate is sold as a performance enhancing athiigiary supplement, which was shown to
reduce muscle fatigue in a preliminary clinicahlri

It is thus concluded from present study that ingesbf single dose of citrulline malate
significantly improves performance in collegiatelenathletes.
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