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Abstract

Despite the contradictory data on the effect citrulline has on various aspects of physical performance and post-
exercise recovery, it is commonly used in sports. Most of the available studies have been performed in recent
years, which affirms the increased interest in this substance. The inconsistent data on the effectiveness of cit-
rulline can be associated with the heterogeneity of both the research protocols and the study samples. Thus,
coaches and athletes of various levels may be interested in the results of high methodological quality research
that assessed the effect of acute and chronic intake of citrulline on various aspects of physical performance.
The research purpose is to evaluate the effect of citrulline on physical performance in elite athletes.

Materials and methods. The Pubmed database was searched for randomized controlled trials in English con-
ducted from 2000 to 2021 among healthy subjects of different levels of physical fitness to assess the effect of a
single standardized intake of citrulline or citrulline malate on various parameters of physical performance and
post-exercise recovery, such as rating of perceived exertion, delayed onset muscle soreness, lactate, creatine
kinase, strength, power, endurance, speed, heart rate and blood pressure.

The words ‘citrulline malate’ and ‘citrulline; as well as their combinations with words and phrases ‘rating of
perceived exertion, ‘delayed onset muscle soreness, ‘lactate), ‘strength) ‘power, ‘endurance, ‘speed;, ‘physical per-
formance), ‘heart rate) ‘creatine phosphokinase’ and ‘blood pressure’ were used as search queries.

The search was carried out by two independent experts where any disputes were resolved by the opinion of the
main author of the study. The exclusion criteria were as follows:

- age of participants less than 18 years;

- participants with any somatic pathology;

- use of citrulline or citrulline malate in combination with other substances.

Results. A total of 1286 studies were found, of which 22 (427 participants) were randomized controlled trials
that met the inclusion criteria. The majority of research was conducted on amateur-level athletes or physically
active healthy people from the general population aged 18 to 51 years. Six studies analyzed the effect of a course
standardized ingestion, while 16 analyzed the effect of a single dose of citrulline on various aspects of physical
performance, cardiovascular performance and post-exercise recovery.

When analyzing the data on the effectiveness of citrulline, it was reported that 10 out of 22 studies could provide
no evidence that citrulline effectively improved any of the analyzed parameters. In other studies, citrulline was
most effective in improving strength parameters (6 studies), endurance parameters (5 studies) and reducing the
severity of delayed onset muscle soreness (4 studies). Regarding the rating of perceived exertion, only 3 studies
reported a positive effect of citrulline. Two more studies provided evidence of a negative effect on the rating of
perceived exertion. There was also no evidence to suggest the effectiveness of citrulline on creatine phosphoki-
nase concentration. The effectiveness of citrulline in reducing the severity of delayed onset muscle soreness at
any time after exercising was shown in only 2 studies.

Conclusion. The use of citrulline is not recommended for elite athletes. The data obtained during the analysis of
studies on the effect of citrulline on various aspects of physical performance were contradictory. Only a small
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number of studies examined data on the effectiveness of citrulline in improving performance indicators that are
important for athletes, such as strength, endurance, delayed onset muscle soreness and lactate concentration. In
addition, there is a possibility of unintentional violation of anti-doping rules.

Keywords: citrulline, performance, post-exercise recovery, elite sports.
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AKTyanbHOCTD

HecMoTps Ha MpOTHBOpeYMBLIE JAHHDIE O BIVAHUYN IUTPY/UIMHA HA pasIMyHble aCIIeKThl Ppu3ndeckoil pabo-
TOCIIOCOOHOCTHU M BOCCTAHOBJIEHNA IIOC/Ie TPEHUPOBKM, OH LIMPOKO MCIIONb3yeTCA B CIOpTe. BonbImmMHCTBO
JOCTYIIHBIX MCC/IEOBaHNIT ObIIO IPOBENEHO B IOC/IEHNE TOMIbI, YTO IOATBEP>KAAaeT BO3POCIINII MHTEpeC K
3TOMYy BelecTBY. IIpoTBOpeunBblie faHHbIe 00 3 (HEKTUBHOCTY UUTPY/UIMHA MOTYT ObITh CBA3AHbI C HEON-
HOPOJHOCTBIO KaK IIPOTOKOJIOB MCC/IEJOBAHMIL, TaK M UCCIeyeMbIX 00pa3ioB. Takum ob6pa3oM, TpeHepOB U
CIIOPTCMEHOB PA3/IMYHOTO YPOBHS MOIYT 3alHTEPECOBATDb Pe3yIbTAaThl BBICOKOKAYECTBEHHBIX METOO/IOTIYE-
CKUX MCCIIefIOBAHMIT, B KOTOPBIX OLJ€eHMBAJIOCh B/IMAHYE OHOKPATHOTO 1 JINTE/IbHOrO IIpyeMa IUTPY/UIMHA Ha
pasnMyHbIe aCTeKThl GU3NIecKoi paboToCIOCOOHOCTH.

[Tenb. lenbio ZAHHOTO CHCTEMATUYIECKOTO 0030pa SABMIACDH OLIEHKA BIVAHNSA [UTPY/UIMHA Ha PU3NIeCKyIo pa-
60TOCIIOCOOHOCTD SNUTHBIX CIOPTCMEHOB.

Marepuanbl ¥ opranusaunus ucciegoanusd. B 6ase ganHpix Pubmed 6b11 npoBeen nmouck pangoMusupo-
BaHHBIX KOHTPOIMPYEMBIX UCCIEJOBAHNUI Ha aHIJINIICKOM A3bIKe, IpoBefieHHbIX ¢ 2000 mo 2021 rops! cpenn
3JJOPOBBIX JIIOJEIl C Pa3/INYHBIM YPOBHEM (PM3MUECKOI ITOATOTOBIEHHOCTH IS OLLeHKM BIIVAHUA OTHOKPAT-
HOTO CTaH/JapTU3MPOBAHHOIO IIpyYieMa UTPY/UIMHA WIN LUTPY/IMHA MajlaTa Ha pas/IndHble TapaMeTpsl (pu-
31M4eCKOl pab0TOCIIOCOOHOCTY ¥ BOCCTAHOBJICHM [TOCTIe TPEHUPOBKH, TaKe KaK OljeHKa BOCIIPMHIMAeMOit
Harpy3K!, MbIIIeYHas 00JIe3HEHHOCTb C OTCPOYEHHBIM Ha4ya/loM, YPOBHU JIaKTaTa ¥ KPeaTMHKIHA3BI, CHJIa,
MOIIIHOCTb, BBIHOCTIMBOCTD, CKOPOCTb, 4aCTOTa CeP/IeYHbIX COKPAllleHUIT 1 apTepuanbHOe JlaBlIeHNeE.

CroBa «IUTPY/UIMH MajiaT» ¥ «IUTPY/UIMH», a TAKXKe VX COYeTaHNA CO CJIOBaMIU M ppasaMiu «OIleHKa BOC-
IPUHMMAEMOJl HarpysKm», «MbIlIIeYHass OOJIe3HEHHOCTb C OTCPOYEHHBIM HAYAJIOM», «IAKTaT», «CUJIa»,
«MOIIHOCTB», «BBIHOC/IMBOCTD», «CKOPOCTb», «(husndeckass paboToCrmocoOHOCT», «4aCTOTA CEPHEUHBIX CO-
KpallleHNi1», «KpeaTMHPochOKMHa3a» M «apTepuanbHOE [aBleHMe» MCIONb30BAMNCh B KadecTBe
IIOMCKOBBIX 3aIIPOCOB.

[Touck mnpoBOAMICA [BYMSA HE3aBUCUMBIMU JKCIIEpPTaMM, Ife J00ble CIOPBl paspelialnch MHEHNEM

OCHOBHOTI'O aBTOpa MCCNENOBaHNA. KPI/ITCPI/H/I VICK/TIOUEeHUs ObUIN ClIefyrommnmMn:
- BO3pacT YYaCTHMKOB MeHee 18 yeT;

- Y4aCTHUKH C /1100071 COMaTIYeCKOI ITaTOIOTell;

- KCII0/Ib30BaHMe UUTPY//IMHA UM HUTPY//IMHA MajlaTa B COYeTaHUM C [PYTUMU BeleCTBAMMA.

Pesynprarel. Beero 6p110 o6HapyskeHo 1286 mccmenoBanmit, 3 KOTOPbIX 22 (427 y4aCTHUKOB) OBUIM PaHZO-
MIU3MPOBAHHBIMU KOHTPOIMPYEMbIMI MICCTIENOBAHNAMY, KOTOPble COOTBETCTBOBA/IN KPUTEPUAM BKIIOYEHMS.
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BonbUIMHCTBO MCCIe0BaHUII IIPOBOMIOCH Ha CIIOPTCMEHAX JTI0OUTENbCKOTO YPOBHA VMM PUBNYECKN aK-
TUBHBIX 3[JOPOBBIX JIIOJAX B Bo3pacTe oT 18 o 51 ropa. B mectu nccnegoBanuax ananmsuposancs adpdexr
KypPCOBOTO IIpyieMa BHYTPb, B 16 — BIMAHNE OfHOKPATHOI JO3bI UTPY/UIMHA Ha Pas/IMyHble acIeKThl (pu-
3M4eCKOll pab0TOCIIOCOOHOCTH, TOKA3aTeN CePAeUYHO-COCYAUCTON CUCTEMBI M IIOCTHATPY30YHOTO BOCCTA-
HOBJICHU .

ITo uroram aHanu3a gaHHBIX 00 9Q(HEKTUBHOCTY HUTPY/UIMHA ObIIO IOKa3aHO, 4To 10 U3 22 mnccaegoBaHuin
He CMOIJIV IIPefOCTaBUTh HMKAKUX JOKA3aTe/IbCTB TOTO, YTO LUTPY/UINH 3P PeKTUBHO yIydlIan KaKoi-1moo
U3 M3y4aeMbIX IIapaMeTpoB. B Ipyrux mnccnenoBaHusAx qUTPY/UIMH 661 Hanbornee 3¢ PeKTUBEH B yIydlIeHnN
CUJIOBBIX ITapaMeTpoB (6 MCCIe0BaHMil), TapaMeTPOB BBIHOCTUBOCTY (5 MCC/IeOBaHMIT) U CHVDKEHNUM BbIpa-
JKEHHOCTM OTCPOYEHHOII MBILIEYHOIT 60Me3HeHHOCTH (4 nccmenoBanmst). UTo KacaeTcsi OLeHKM BOCIIPUHIMA-
eMOJ1 Harpy3Ky, TO JIMIIb B 3 UCCIEJOBAHNAX COOOIIANOCh O TIOIOXKIUTEIbHOM 3¢ dekTe mpremMa HUTPY/IINHA.
Eue gBa nccnenoBaHusA NMpefoCTaBUIN NOKa3aTelbCTBA HETATMBHOIO BIMAHNA Ha OLIEHKY BOCIPUHMMAaeMOit
Harpysku. Taxoke He OBUIO HUMKAKMX JOKa3aTe/IbCTB, CBUAETEIbCTBYIOINX 06 9 PeKTUBHOCTY UTPY/UINHA B
OTHOILIEHNM KOHI[eHTpauy kpeaTuHpocdoknHasbl. IPPeKTMBHOCTb UUTPYIINHA B CHYDKEHUY TSKECTYU MBI-
IIeYHOT 60/I€3HEHHOCTH C OTCPOYEHHBIM HAYa/IOM B TI000€ BpeMsi II0C/ie TPEHNPOBKM Obl/Ia IIOKa3aHa TOMbKO
B 2 UCC/IefOBAHMAX.

3akmodeHnye. ViMeromuecsa B HacTosAllee BpeMs JaHHbIE He II03BOMAIT PEKOMEH/I0BATh IPYMEHEHNe HUTPYII-
NVMHA SNUTHBIMU CIIOpTCMeHaMu. [laHHBbIe, TOJTyYeHHbIe B XOJie aHa/lN3a MCCIeJOBAHNII O BAUAHUU LUTPYII-
JIVHA Ha pas3/IM4Hble aCleKThl P1U3N4ecKoil paboTOCIOCOOHOCTH, OBIIN TPOTUBOPEYNBbIMU. JInIb B He6O/Ib-
IIOM KOJIMYeCTBE MCCIeJOBAHNUII 3Y4a/INCh JaHHbIe 00 9 (PEeKTUBHOCTY LUTPY/UIMHA B YIYYIIEHNY Ba>KHBIX
JUIs1 CIIOPTCMEHOB TOKa3aTesnelt paboTOCIOCOOHOCTH, TAKUX KaK «CU/Ia», «BBIHOCIUBOCTDY, «00/T€3HEHHOCTD
MBI} C OTCPOYE€HHBIM Ha4a/IOM» U «KOHI[€eHTpalMsA TaKTaTa». KpoMe TOro, CyllecTByeT BepOATHOCTD HENPe -
HaMepPEeHHOT0 HapylleH! s aHTULONNHTOBbIX IIPaBUJL.

KnioueBble cmoBa: [UTPY/IINH, pab0TOCIOCOOHOCTD, BOCCTAHOB/IEHME TI0C/Ie TPEHVPOBKY, I/MUTHBII CIIOPT.

INTRODUCTION muscle soreness (DOMS) and lactate concentra-

Despite the contradictory data on the effect cit-
rulline has on various aspects of physical perfor-
mance and post-exercise recovery, it is commonly
used in sports. Most of the available studies have
been performed in recent years, which affirms the
increased interest in this substance. The incon-
sistent data on the effectiveness of citrulline can
be associated with the heterogeneity of both the
research protocols and the study samples. Thus,
coaches and athletes of wvarious levels may be
interested in the results of high methodological
quality research that assessed the effect of acute
and chronic intake of citrulline on various aspects
of physical performance.

This review included 22 randomized placebo-con-
trolled trials analyzing 427 members of the general
population of both sexes, aged 18 to 51 years. The
body of research available has examined physically
active healthy members of the general population
and recreational athletes opposed to elite athletes.
Strength and aerobic performance were estimat-
ed, along with indicators such as heart rate (HR),
rating of perceived exertion (RPE), delayed onset

tion (La). The analysis provided contradictory re-
sults on the effect of citrulline on various aspects
of physical performance and post-exercise recov-
ery, and the scant research conducted among elite
athletes was notably.

Concurrently, the available literature regarding the
effectiveness of citrulline was gathered from the
general population who performed non-specific
exercises, therefore this data cannot be extrapo-
lated to elite sports. Considering these factors, the
current environment does not allow the recom-
mendation of citrulline use by elite athletes.
Over the last decade, there has been an increasing
interest in assessing the effectiveness of citrulline
when aiming to improve various aspects of ath-
letic performance.

Although, there is no published literature on the
effectiveness of citrulline among elite athletes,
which prevents any clear conclusion being estab-
lished regarding its application in elite sports.
The analysis of training protocols, dosing regi-
mens and sampling of participants in research of
high methodological quality that assess the effect
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of citrulline on various aspects of performance
and post-exercise recovery does not advocate its
usage in elite athletes.

Citrulline is an essential amino acid found in the
body under natural conditions. Citrulline is an
endogenous precursor of arginine, which is the
main substrate for nitric oxide synthase (NO-syn-
thase, NOS) in the NOS pathway. Arginine affects
various body functions by regulating vasodilation,
blood flow, mitochondrial respiration, and platelet
function [14, 20].

Arginine is used as a supplement with a proven
vasodilatory effect, where one of the main mech-
anisms behind its potential performance-enhanc-
ing effect is the increase in blood flow to the
skeletal muscle due to endothelium-dependent
vasodilation [22].

The potential performance improvement pro-
duced by citrulline is also mediated by several oth-
er mechanisms, namely; 1) an enhanced ammonia
and lactic acid metabolism and improved oxygen
delivery caused by increased vasodilation [5]; 2) a
significant increase in the rate of oxidative phos-
phorylation during exercise (+34%), and in the
rate of post-exercise phosphocreatine recovery
(+20%) [2]; 3) an increase in the plasma concen-
tration of L-arginine and enhanced NO-depend-
ent signaling during intense exercise, which can
disrupt metabolic homeostasis and lead to amino
acid catabolism and limited availability of L-argi-
nine; 4) ensuring the delivery of nitrogen which
is required to maintain sufficient nitrogen balance
and as a precursor of arginine, which is synthe-
sized in the kidneys, endothelial and immune cells
[1]; and 5) the conversion of citrulline into ar-
ginine is considered the rate-limiting step of the
NOS pathway, and adding citrulline increases the
arginine plasma concentration [17, 18].

Unlike arginine, citrulline is not used by the gut
and is not absorbed by the liver. It is most ef-
fectively absorbed when administered perorally,
and is then transported to the kidneys where it
is converted into L-arginine [30]. Simultaneously,
the research confirming that citrulline improves
vasodilation and skeletal muscle perfusion is scant
and contradictory. However, several studies have

reported that L-citrulline supplements may im-
prove physical performance and recovery [8].

In sports, citrulline malate (CM) is often used as
a performance-enhancing supplement. Citrulline
malate is an organic salt of citrulline that consists
of the essential amino acid L-citrulline and L-
malic acid (an intermediate substance in the citric
acid cycle).

According to Jagim et al., CM is present in more
than 70% of the most popular multi-substance
pre-workout supplements. In this regard, it is sec-
ondary only to beta-alanine (87%) and caffeine
(86%), and is combined significantly more often
than tyrosine, taurine and creatine (63%, 51% and
49%, respectively). Furthermore, the average dose
of CM in these supplements is 4.0 £ 2.5¢ [11].
Citrulline is not included on the prohibited list
of the World Anti-Doping Agency. However, its
use, including as part of a combined pre-workout
supplement, may enhance the risk of an un-in-
tentional violation of anti-doping regulations due
to the widespread contamination of various legal
dietary supplements and sports nutrition aids with
prohibited substances [15].

According to unpublished data obtained by the
authors of this article when conducting an anony-
mous survey of elite Russian endurance athletes,
more than 40% of these athletes used citrulline
and considered it effective during recovery (own
unpublished data). Thus, citrulline is among the
most commonly used substances in athletes of
varying competitive levels, despite the fact that
there is still no scientifically proven evidence to
suggest that, as well as a number of other sub-
stances (branched chain amino acids, adenosine
triphosphate, 3-hydroxy-B-methylbutyrate, miner-
als, most vitamins and arginine), are indeed effec-
tive [29].

What are the potential positive effects of citrul-
line that cause its active use by professional ath-
letes? According to currently available scientific
literature, the range of applications of citrulline is
vast. There is evidence to suggest its effectiveness
in the treatment of asthenic syndromes and erec-
tile dysfunction, sarcopenia in elderly, pulmonary
hypertension in newborns, carbamoyl phosphate
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synthetase deficiency and ornithine transcarbamyl-
ase deficiency. It has also been shown to effective-
ly lower blood pressure in hypertension patients,
as well as an increase in strength and aerobic per-
formance and enhance post-exercise recovery
[14,2,1,25,19,4,9,23,7, 3, 24, 12, 6]. Theretore,
a real-world assessment into the effectiveness of
citrulline and the implementation of proven pro-
tocols for its usage that consider the specifics of
the sporting discipline and the daily training pro-
cess of professional athletes is of great practical
interest.

Thus, the purpose of this study was to analyze the
results of existing research of high methodologi-
cal quality which assessed the standardized and
single isolated ingestion of citrulline on various
parameters of physical performance and post-
exercise recovery.

The systematic review of the literature aimed to
investigate whether there is the effect of citrulline
on the physical performance in elite athletes.

MATERIALS AND METHODS

The Pubmed database was searched for rand-
omized controlled trials in English conducted
from 2000 to 2021 in healthy subjects of different
levels of physical fitness to assess the effect of a
single standardized intake of citrulline or citrul-
line malate on the following parameters of physi-
cal performance and post-exercise recovery: rat-
ing of perceived exertion (RPE), the severity of
delayed onset muscle soreness (DOMS), concen-
trations of lactate (La), creatine phosphokinase
(CK), strength, power, endurance, speed, heart
rate (HR) and blood pressure.

The wotds ‘citrulline malate’ and ‘citrulline’, as
well as their combinations with words and phrases
‘rating of perceived exertion’, ‘delayed onset mus-
cle soreness’, ‘lactate’, ‘strength’, ‘power’, ‘endur-
ance’, ‘speed’, ‘physical performance’, ‘heart rate’,
‘creatine phosphokinase’ and ‘blood pressure’
were used as search queries.

The term «elite athletes» referred to athletes who
had consistently performed in their chosen sport
for at least two years and had competed in adult
national championships (for individual sports) or

had played for teams of the highest division in the
championship of their country.

To ensure a thorough search of publications met
the acceptance criteria, the references and recom-
mended articles of each of the forementioned
studies were also analyzed.

The search was carried out by two independent
experts where any disputes were resolved by the
opinion of the main author of the study. The ex-
clusion criteria were as follows:

- age of participants less than 18 years;

- participants with any somatic pathology;

- use of citrulline or citrulline malate in combina-
tion with other substances.

Since all the collated data were in the public domain,
local ethics committee approval was not required.

RESULTS

A total of 1286 studies were found, of which
22 (427 participants) were randomized controlled
trials (RCT)that met the inclusion criteria. The
majority of research was conducted in amateur-
level athletes or physically active healthy people
from the general population aged 18 to 51 years.
Six studies analyzed the effect of a standardized
ingestion, whilel6analyzed the effect of a single
dose of citrulline on various aspects of physi-
cal performance, cardiovascular performance
and post-exercise recovery. Commonly, RPE, La,
DOMS, dynamic changes in strength and aerobic
performance and HR were estimated.

In studies that examined the effect of various cit-
rulline protocols, the standardized dose was 2.4-6g
daily for 1-4 weeks. Only 1 study analyzed the effect
of a citrulline protocol on the concentration of La
in Turkish handball players from1Lig. (1g 3 times
a day for 4 weeks), but these players could not be
considered elite athletes. While2 studies analyzed
the effects of citrulline in team sports, the partici-
pants were the aforementioned handball players of
the Turkish 1Lig and members of varsity basketball
and football teams [20], [21]. When the effect of
a single dose of citrulline was analyzed, doses of
1.17 to 12g were administered 40-120 minutes be-
fore exercise. Most often, 6-8 g of citrulline were
used in single-dose experiments.
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Table 1 - Protocols for the implementation of citrulline malate and citrulline used in research of high methodological quality

conducted in physically healthy adults’ representative of the general population and athletes.

Note: «-» corresponds to a negative effect on the studied parameter; «+» corresponds to a negative effect on the studied parameter;
«0» corresponds to a neutral effect on the studied parameter

. - . Analyzed Participant | Effective- Adverse
Authors Design Participants Dosing parameters level hess effects
12 gofCM, single dose .
. L > | HR (-),time to
é.Czl.:)nlnel'ffe RDB 10 well-trained men goremler::ée;jscbec[?r:e exhaustion (0), Amateurs No
» P yeing power (0), RPE (0)
sprint
Isokinetic leg
raanSoBmi- 1§r?iec?lghnyts 8 gofCM, single extension pre-
2.Farney p p dose, before a high- and post-exercise N/A (not
zed (6 men, 6 women), - - Amateurs
™, 2019 . intensity strength (peak power, assessed)
single- mean age kout - t
blind) | 24.1%3.9 years workou maximum torque)
(0). RPE (0),La (0)
Strength
8 gofCM, single dose, | endurance
3.Gonzalez 40 minutes before (0), exercise
AM, 2018 RDB 12 amateur men a high-intensity effectiveness (0), Amateurs N/A
strength workout fatigue (0), RPE
©)
14 well-trained men, . Strength
4Wax B mean age 23.3*1.5 zog;)jﬁ‘l\:',[:;ngé?ocrlgse, endurance (+),
2b16 ’ RDB years, mean height a high-intensit blood La (0), Amateurs N/A
1.79%0.07 m, mean stre?\ th workoyut arterial blood
weight 87.8+9.1 kg 9 pressure (0)
15 women, mean- 8 gofCM, single dose,
5.Glenn JM ) Strength
’ age23*3 years,mean | 60 minutes before
2017 RDB | cight 162.6 cm, a high-intensity ?()';da“r:g”FfSE(‘EZ;)HR Amateurs No
mean weight 67.1 kg | strength workout
. Strength (+),
8 gofCM, single dose
6.Glenn 17 women (51%9 o > | power(0),
IM,2016 RDB years), tennis players fe()strinnlnutes before anaerobic Amateurs No
9 endurance (+)
. Aerobic
. 28 young men 8 gofCM, single dose,
7. Gills JL, RDB (20.9£2.8 years), 60 minutes before endurance Amateurs N/A
Glenn 2021 amateur cyclists testing (0), anaerobic
endurance (0)
7 days regimen of 6 .
g CMdaily(last dose | A°TODIC &)
8.Stanelle Rpp | Owell-trained men | [aKen 120 minutes HR (), RPE (+), Amateurs A
ST, 2020 (24+3 years), cyclists ; mean power
40-km cycle with a output during
following repeated .
sprint) exercise (+)
A 7-dayregimenof 2,4
glL-citrulline daily,
. 2,4gofL-citrulline
g.()51|:16zukl T RDB 22 well-trained men | administered on the Er{;téu(:a)nce *). Amateurs N/A
8" day 60 minutes
before a 60-minute
exercise cycle ride
Number of reps
.- . 0), La level
19 participants 8 gofCM, single dose ), -
10.Chappell RDB (8 women), mean age | before a strength (), creatine Amateurs No
AJ, 2020 25.7%7.7 years workout phosphokinase
o level (0), DOMS
()
Fashion watermelon
11. rznle:izl;:é?éi’ll 4 juice enriched with Jump height (+),
M’artmez- RDB years, mean height M (3.'45 g per 500 HR and RPE(O.)’ Amateurs N/A
Sanchez A, 175.557.6 cm. mean ml), single dose 120 La concentration
2017 o] minutes before a half- | (+), DOMS (+)
age 73.6%9.1 kg
marathon
8 weeks of strength 2253%&:26 0)
12.Hwang RDB 75 men training; a regimen of muscle mass and Amateurs No
P,2018 2 g daily 1 h before
strength after
the workout 8 weeks (0)
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Kinetics of
lung oxygen
13.Bailey SJ, A 7-day regimen of 6 g |consumption
2015 RDB 10 healthy men of CM daily (Vo2)(+), physical Amateurs N/A
performance(+),
blood pressure(+)
Strength
14. da Silva "0B 9 young untrained 6 gofCM, sﬁnglg dose, S%dmgagsg ESF)’E
men, mean age before a high-intensity Amateurs No
DK., 2017 24.0%£3.3 years strength workout (0), CK level and
PRy 9 testosterone/
cortisol ratio (0)
18 physically healthy Strength
men and women . endurance (0), post-
8gofCM, single dose, - .
15.Chappell (13 men, 5 women), A .. |workout isometric,
AJ,2018 RDB mean age 23.67+2.41 Ete}feor{et?\ r\;\llgn;(l)r;ttensny concentric and Amateurs No
years, mean weight 9 eccentric peak
75.15%13.67 kg force (0), DOMS(-)
i Stomach
. 8gofCM, single dose, "
16. Pérez- P . discomfort
: before a high-intensity |DOMS(+), strength
ggfgdo ), RDB 41 men strength wgrkout (benych enduregn)ce(+) g Amateurs &4‘63%3 "?f
ress, 16 sets) e partici-
p pants)
Strength endu-
. rance (+), level (0),
17Wax B, RDB . 8gofCM,single dose, |, o (O)(a)nd blocfd)
2015 Mar men before a high-intensity pressure before Amateurs No
strength workout
and after the
exercise (0)
7 athletes Students
of the Department of
Physical Activity and
Sport Science, Faculty |500 ml of organic
of Sport, Catholic Uni- |watermelon juice
versity of Murcia (7 men,|(1.17 gofL-citrulline),
18.Tarazo- meanage+SD22.7#0.8 |enriched watermelon HR (+) and
na-Diaz MP, RSB years; mean weight juice (4.83 g of DOMS(+) Amateurs N/A
2013 68.9£3.8 kg; mean L-citrulline + 1.17 g of
height 170.8+3.6 cm;  |watermelon), single
mean BMI 24.0£0.6 dose, before a 1RM load
kg/m?).The subjects on a cycle ergometer
were not competitive
athletes, but did sports
regularly.
22 handball players
during pre-season
training (11 athletes,
mean age 21.57%4.58
years, mean height Lactate
179.86%5.73 cm, mean . immediately after | Profession-
19 Kiyici, Rsg  weight 70.597.08 ko) Aé;rg&”(tgt{;%'g‘ﬁaﬁoc’;l the exercise (+), | als (Turkish A
2017 received Stimol; gail ’ but not before it or| Handball
11 handball players, Y 5 and 20 minutes 1.Lig)
meanage18.00+2.00 after it
years, mean weight
179.27+10.55 kg, mean
weight 79.35%7.08 kg
received placebo
. . Blood pressure (),
%8'13: iley, RDB 8 men éf1£ f;%;egl\lflm;anily 'Eg)ne to exhaustion| Amateurs No
22 physically active 1 and 6 gofcitrulline, Efnn:?opéia;(ﬂ){ion
21. Cutrufello RDB men and women (11  |single dose, 60 and in a treadmill test Amateurs No
PT, 2015 participants of each 120 minutes before the .
sex) workout (0), maximal oxygen
consumption (0)
. Time to
- Single dose, 3 g -
. 17 young physically exhaustion
23 Hickner RDB [active healthy men and|> "yDST0re teSt. orior to| O RPE O Amateurs N/A
? women of 18-34 years testir? maximal oxygen
9 consumption (0)

B Science and sport: current trends. N2 4 (Vol. 10), 2022 / www.sciencesport.ru

31



CNOPTUBHAA MEAMLMHA

EFFECTS
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Figure - The number of RCTs analyzing the effect of citrulline on the parameters of physical performance and post-exercise recovery

Table 2 - The number and results of RCTs that evaluated the effect of single standardized intake
of citrulline on physical performance and post-exercise recovery

Effects Total (+) () References (+) (#)
Strength 12 6 6 45,6,8,11,18
Endurance 12 5 7 6,8,9,13,16
Heart Rate(HR) 8 2 6 8,18
DOMS 6 4 2 10,11,16,18
RPE 9 3 6 5,8,9
Lactate (La) 8 2 6 11,19
Blood Pressure 4 1 3 13

When data on the effectiveness of citrulline ob-
tained from the selected studies were analyzed,
it was reported that 10 out of 22 studies could
provide no evidence that citrulline effectively im-
proved any of the analyzed parameters. In other
studies, citrulline was most effective in improv-
ing strength parameters (6 studies), endurance pa-
rameters (5 studies) and reducing the severity of
DOMS (4 studies). Regarding RPE, only 3 studies
reported a positive effect of citrulline. Two more
studies provided evidence of a negative effect on
RPE. There was also no evidence to suggest the ef-
fectiveness of citrulline on CK concentration. The
level of this enzyme is often used as an indicator of
the severity of physical activity and muscle damage
[Brancaccio et al.]. The effectiveness of citrulline in
reducing La production at any time post-exercise
was shown in only 2 studies.

Notably, administering 1-12¢g of citrulline can be
deemed safe from the development of adverse ef-
fects, as only 1 out of 10 studies analyzed reported
any negative effects. Contrastingly, Pérez-Guisado

et al. found that 15% of participants developed
stomach discomfort [20].

Currently, there is growing interest in the benefits
of citrulline and the potential positive affect on
various aspects of physical performance. The ma-
jority of available research concerning high meth-
odological quality performed in adult populations
have been published in the last 10 years. Recent
meta-analyses have shown that the administration
of a single large dose of CMmay have a positive
effect of varying intensity on DOMS and RPE, but
not on blood La levels [21], [27].

Concurrently, there is also evidence that citrulline
is more effective than arginine in improving physi-
cal performance as an ergogenic aid. According to
a meta-analysis conducted by Huerta Ojeda et al.,
citrulline had a positive effect on RPE and muscle
painin addition to a decrease in La concentrations.
Although, there is still a lack of empirical evidence
concerning the effective dosage and timing of dose
of citrulline when employed to positively affect
physical performance [10].
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When examining randomized controlled trials,
50% of this research could not find evidence of
its effectiveness for improving the various aspects
of performance. In all studies, citrulline was only
ingested before exercise, and not during or after
it. It should also be noted that more than 90%of
studies were conducted with amateur athletes and
physically active representatives of the general
population, which does not allow extrapolation of
the data to high-level athletes.

This notion was confirmed by Lamprecht., who
highlighted that the effectiveness of administering
nitric oxide donors (which included citrulline) de-
pended on the individuals current training status.
Studies examining untrained and physically healthy
subjects have shown that nitric oxide donors can
improve the tolerance of aerobic and anaerobic ex-
ercises, but no positive effect on performance was
observed in studies involving highly trained ath-
letes [13].

Sureda et al., supported the findings of Lamprecht.,
suggesting that the effect of citrulline on physical
performance depends on the existing fitness level
of the subject, and additionally citrulline did not
produce a positive effect in well-trained representa-
tives of the general population [26]. It is also im-
portant to recognize that the type of physical ac-
tivity employed in these studies (leg press, bench
press, pull-ups, cycle ergometry) are not specific to
all sporting populations.

Furthermore, high-level athletes often use several
dietary supplements and medicinal substances dur-
ing a training week (according to Maughan et al.,
85% of elite track and field athletes are currently
consuming such aids). Commonly used supple-
ments include vitamins, minerals, protein, creatine,
and various ‘ergogenic’ compounds [16]. In the
Maughan et al. study cohort, the mean supplement
and medicinal substance count for each of the ath-
letes were 1.7 and 0.8, respectively. The most com-
monly used substances were non-steroidal anti-
inflammatory drugs (0.27 per athlete), respiratory
tract medication (0.21 per athlete) and analgesics
(0.13 per athlete) [28].

Undoubtedly, the combined ingestion of various
ergogenic supplements and medicinal products
such as NSAIDs can significantly affect important

parameters of exercise tolerance and fatigue such
as RPE and DOMS and thus make it impractical
to objectively assess the individual effect of each
substance. These findings suggest that the available
data are extreme heterogeneous in terms of train-
ing protocols, participant sampling, dose sizes and
dosing regimens.

Future research should consider the effectiveness
of citrulline usage in professional athletes. These
studies should analyze various protocols and use
sport-specific exercises of sub-maximal and maxi-
mal intensity to determine the real-world impact of
citrulline implementation in the training and com-
petition activities of professional athletes.

CONCLUSION

The analysis of the existing randomized controlled
trials into the effect of citrulline on various aspects
of physical performance and post-exercise recov-
ery showed an extreme heterogeneity of design
and an inconsistency in the obtained data.

This research did not involve elite athletes or use
strength specific exercises relevant to all sports.
Furthermore, only a small number of studies ex-
amined data on the effectiveness of citrulline in
improving performance indicators important for
athletes, such as strength, endurance, DOMS and
LLa concentration.

It is also noteworthy that citrulline is included in
many combined pre-workout supplements. This
can lead to an un-intentional violation of anti-dop-
ing regulations caused by contamination of these
supplements with prohibited substances not clearly
indicated.

Given these important factors, the current sport-
ing context does not support the recommendation
of citrulline usage by elite athletes. Future studies
need to assess the effectiveness of CM adminis-
tered to professional athletes using real-world dos-
ing protocols and sport-specific exercises.
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