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ABSTRACT

Introduction: Given the individual ergogenic effects of L-arginine and
L-citrulline, it is possible that their combined supplementation may exert additive
or synergistic effects on athletic performance. Therefore, the present study aimed
to investigate the effects of seven days of L-arginine and L-citrulline
supplementation on agility, sprint performance, and fatigue index in young male
soccer players.

Materials and Methods: In this randomized experimental study, sixty men aged
18-30 years were randomly assigned to four groups (n = 15 each): placebo,
L-arginine, L-citrulline, and L-arginine + L-citrulline. For seven consecutive
days, participants consumed either 2.4 g of L-arginine, 2.4 g of L-citrulline, or a
combination of L-arginine (1.2 g) and L-citrulline (1.2 g) per day. Performance
tests were conducted before and after the supplementation period. Agility was
assessed using the 9 x 4 shuttle run test, sprint performance was evaluated using
a 45-m sprint test, and fatigue index was determined using the Running-based
Anaerobic Sprint Test (RAST). Data were analyzed using repeated-measures
analysis of variance (ANOVA) followed by Bonferroni post hoc tests in SPSS
version 24. The significance level was set at P < 0.05.

Results: After seven days of supplementation, significant improvements were
observed in agility, sprint performance, and fatigue index in all three
supplementation groups compared with their baseline values (P < 0.05).
Furthermore, between-group comparisons revealed that all supplementation
groups showed significantly greater improvements compared with the placebo
group (P < 0.05). Notably, the combined supplementation group (L-arginine +
L-citrulline) demonstrated significantly greater improvements in the measured
performance indices compared with the L-arginine and L-citrulline groups
administered individually (P < 0.05).

Conclusion: The findings of this study suggest that seven days of L-arginine and
L-citrulline supplementation can improve agility, sprint performance, and fatigue
index in young male soccer players. Moreover, the combined supplementation of
these two amino acids appears to produce a synergistic effect, leading to greater
improvements in performance-related indices compared with the consumption of
each supplement alone.
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Extended Abstract

Introduction:

L-arginine is classified as a semi-essential amino acid and plays an important role in several
physiological processes, including the synthesis of proteins, urea, and polyamines (5). Another
supplement that has been reported to reduce lactate accumulation is L-citrulline (LC), which is
suggested to enhance muscular work capacity and strength during exercise. L-citrulline also serves
as a precursor to L-arginine and may improve muscular power output by reducing hydrogen ion
(H") accumulation and enhancing aerobic metabolism. Suzuki et al. (2016) reported that the
combined administration of L-arginine and L-citrulline increased plasma arginine concentrations
more rapidly and effectively than either supplement alone. However, limited evidence is available
regarding the independent or combined effects of these amino acids on specific physical fitness
components in soccer players. Therefore, given the limited findings concerning the combined
effects of these supplements, the present study was designed to investigate the potential synergistic
effects of L-arginine and L-citrulline supplementation on speed, agility, and fatigue indices in
young male soccer players.

Methodology:

In this randomized experimental study, 60 young male soccer players aged 18—-30 years were
randomly assigned to four groups (n = 15 each): placebo, L-arginine supplementation, L-citrulline
supplementation, and combined L-arginine + L-citrulline supplementation. Agility was assessed
using the 9 x 4 shuttle run test. Sprint performance was evaluated using a 45-m sprint test.
Anaerobic performance and fatigue index were assessed using the Running-based Anaerobic
Sprint Test (RAST). In this test, peak power and minimum power were calculated in watts using
the standard RAST formula based on body mass, sprint distance (35 m), and sprint time. The
fatigue index was calculated as the difference between maximum and minimum power values
divided by total sprint time. L-arginine and L-citrulline supplements were administered in tablet
form at a dose of 2.4 g per day. In the combined supplementation group, participants consumed
1.2 g of L-arginine and 1.2 g of L-citrulline daily. Data were analyzed using mixed (within- and
between-group) repeated-measures ANOVA followed by Bonferroni post hoc tests. All statistical
analyses were performed using SPSS version 24, and statistical significance was set at P < 0.05.

Results:

The results of the Bonferroni post hoc analysis showed that the combined supplementation group
(L-arginine + L-citrulline) demonstrated significantly greater improvements in agility compared
with the placebo, L-arginine, and L-citrulline groups. Additionally, the L-arginine and L-citrulline
groups showed significantly better agility performance compared with the placebo group, with
mean differences of 0.23 s and 0.25 s, respectively. Similarly, sprint performance improved
significantly in the combined supplementation group compared with the placebo, L-arginine, and
L-citrulline groups. Moreover, the L-arginine and L-citrulline groups showed significantly faster
sprint times than the placebo group, with mean differences of 0.21 s and 0.22 s, respectively.
Regarding fatigue index, the combined supplementation group demonstrated significantly lower
fatigue values compared with the placebo group (7.42 W:-s™), the L-arginine group (4.13 W-s™),
and the L-citrulline group (4.68 W-s™). Furthermore, both the L-arginine and L-citrulline groups
showed significantly lower fatigue indices compared with the placebo group, with mean
differences of 3.29 and 2.73 W-s™!, respectively.
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Discussion:

The findings of the present study demonstrated that supplementation with L-arginine, L-citrulline,
and their combination improved agility, sprint performance, and fatigue indices compared with
baseline values. Notably, the combined supplementation of these two amino acids produced
greater improvements in these performance indicators compared with either supplement alone.
Previous research has reported that six days of citrulline-malate supplementation can improve
exercise performance, whereas L-arginine supplementation alone may not significantly affect
performance outcomes. Consistent with the present findings, other studies have indicated that the
combined intake of L-arginine and L-citrulline has a greater effect on athletic performance than
the consumption of each supplement individually. This synergistic effect may be attributed to
enhanced nitric oxide (NO) production and reduced arginase activity, which may improve
endothelial function and blood flow. Furthermore, L-citrulline is not metabolized in the small
intestine and therefore bypasses intestinal arginase metabolism, allowing for greater systemic
availability of arginine. Consequently, the combined oral supplementation of L-arginine and
L-citrulline may exert synergistic effects that enhance exercise performance more effectively than
either supplement alone.



0Pl loog)S (5559 (Gl 4yl

£ b)w Y 5)9.3 Y€+ dm)

Olsz Scundlisd 55 (yalg Sl 9 (531! G JoSo 39 i B o (S Uil o paw o Sl ol pnis

DS

1dodde

2 JoSe 3 ol (55 59 & Ced pSee gl 5 081! WBlar Sl 4 g L
g e o (Sol> Ol dalllas cpl l Gua 1Y bl azily gloanlid W3b oI55, 5,Sles
olgr Slacudlis 15 gl 5 05l ) o JoSo 9y Can Bpao I g (St jas i
A5l e

1S (N9,

gl JoSo ip 5 YIF 55, JoSa g, i oo &y 5 e g oo JH 55,1
5 Dbt e Bypas dlig) Syt p)5 VY LS o (g s il l) (oS 5 9 25 VIE
b )Se ilylgg 56T gy 4 odls auglis i8S 8 (iomis 3,90 RAST (0] bawgs
A5 0 P<e/e0 (o)l dme pdaws 033 ploul YF aseus SPSS g Sg,iie (s yg0jl
HEPVE| )

0a3LS ds (9ol ey 9 Gl Aumlie 5 (Bl 09)F A ) JoSo jg) S Bpas
09,5 b dunlie )3 JoSo (slaog)S (29,5 [y dunlie )3 (piren AD odalie (g5 gne S5k
15 (gt I 5T J) oS 5 oo g5y G5! ol oS cizls (g lobine OS] Luigyls
(P<e120) 351 )l gixe 355 gt ) 5 035,11 09)5 9 s ulie

S S 4o

(Sl 03,58, Sl ) gt g oSl sl JoSa o), i b o &S sy o iy
o) Olosen Bpae b oS gyebds )l 13U Candliod o 3 y0 (SKiwd (23l ey g s yus
A5 odalie Llhuab-l.w L}J‘ Dok u.;l)B‘ngb ).s‘ JQSw 92

fgls o3l

S ey ( Sl g el )l

:Jl.w)‘ @)U
A\Fe¥/-a/ N
by U
VECENN/VE
g sl LLs
N REVRVY

Vo315 S5, doude
0aSlS ¢ 55 pole 09,5 bkl -
coylrald ¢ ylaald o8l ¢ Sludl pole
ol
¥ Sl e
2SS ¢ 5555 pole 09)S bakiwl =¥
plol (adlip olKiily ¢ slain! pole
Ol (938 (e
735555 el !
olStils ()59 pole 09,5 bkl ¥
Ofs dyd) e wly oMl 3]
RUSRIY
£ Sed g0
(P09 pole 09)S Wbyl pulis S ¥
=y oKy ¢ elosn pale ouslisly
Ol «0938 ixed plol (Lol
i ghne ol g
03l S5l dxele

: o]

maliheh_ardakani@yahoo.com
https://orcid.org/0000-0003-
4992-9630



https://portal.issn.org/resource/ISSN/%E2%80%AA%DB%B3%DB%B0%DB%B4%DB%B1-%DB%B8%DB%B6%DB%B6%DB%B6
mailto:maliheh_ardakani@yahoo.com
https://orcid.org/0000-0003-4992-9630
https://orcid.org/0000-0003-4992-9630

£ 0l Y 0,90 Y€+ € oyl

0B ooy S D559 (S59gr 5 i

rdeadio
@y b S > gmen jladbop aid) cpl > S (pl g und Y oAb b glite sacld Jald JLigs (1355
JUigd (LSl Cabse )3 ore G (Soly g oo Jolse 4 ol (1) Atz (Sely g W5 ()5 slacs po
&S on 90 dunlio ;0 (zbly 1> S o slo) b)) ST g ST lynl dgupe j0 ote LB Slowes (Sobel sla5 )l ol
L 5 g bl 422l (g iy g5l Sinl & cudls dnlgs g5y o el auih LSy (SST g G)lke slaallp
Jelge o wcunl (08559 Cullad 025)l35L Jole (p P (Saud (V) b (s g (S8lly 4 5pd b gloj cusdS
Cas o B cgo (o859 Called ool 50 55 oS i Ji33 o sbel )3 53 5 alae SUSY oo dler I e
SbliSS) buwg SMas cdb & jidy Sy (Nas Cloldl oud Ll L 23S o 5 K85 (Sl
2 g sl oa sladshe glgil b 0ad w8 wlaSI i (F) Wb ORI RS 5S pemen (S5
"3t LS 525 @ 5TL (LA) T 05, ) 28Ty bawgs &8 )l €8 )Uie (6 lomr (Sa3elmsil 5 (Saiolged sloan B
ol 045 M55 (23559 3 )Mo S92 sl (63L5 (Shsd sbeSe &5 sl Jlo iz iy (o 3 (V) 2980 A5
o5l e daSe ol 5l (S claioo S glomie 5 b Clled Sl g 3509 S (3l 42 &S 900 o3
doia INO & ine oyl o i oo L3l |y oliS S, NO sy Lol b i ee o 5 155 48
3 oo ) Ll el 0 (gaindil ()98 e Al S gloisar o551 4251 (F) W 39298 01l
— sl atelil G lsiea LA (onizmen o)l (885 (el 5 o)) oy s (pszrad mhe (Sefslensd sloan] 8
ok i (B) 3,8 oo 35 o3litl 3y90 e caml b ablia (gl gBlyn 5y 3 &S el ok Alid _SIgb1S
2500 5o sl 0dd ol g 99 0 ol (Stud g alde (1 (sl To5en (g BRI cage SUSY e S
g alae S LUls Ll les) & il (LC) ©ida ool (6l JoSo o)l b SlSY Lials 5 a8 ola oS ;|
b a8 gy Jlasbas 355 i)l ) dieliol jlogtey g o]l disslisal (F) ) (53559 ol plSin | aliae )8
— oS & cal 0ad ()15 (V) 33,5 oo (e Gl5F 030395 91k & e (Slsp pedilie LRl g H olaw el
() sl oanitey dgut0 o)l 293 53 1y (bl bs 4 ) oloj E21S) o gl (a3l 2,Slae LC o, i (gl
(A) ol Bl G355l 9y 2 agd O (s A ey Gloj Gl g LC il (6503 addllas > (Jlnl b
wlazsly ol ol Stmggy sl NO 2o jlojiey g NOS 051 655 5 3,54 puacio (gl g 05)] doaidly 4 g L
Gob il (Qder (Byae JesT) 5lo 3 Sas d9ie crge LC L LA (gloJoSo 5155 (498 (53,5 13 NO (iul3él &8
bl g (B5)9 Culge ) (s G &S e e (w90 5 by 9 (Bgpe Eledl SRl (It (g3 LS lals
(W) sl osds ()55 56 b JoSo cnl 5l s (40559 258ee il38l e Jlcnl b (V1) 215 (28559 culld slaalng 5
13 o999 3,5des Ol s iz ym il b Ol g 4 golie Sladllas ¢ JoSo 95 ol dliie Sl 3l 4y a6 b
lojon Gyae 1izdls pYel 4 (Y+15) 5100 5 Sajpm e ygoan cunl 45,55 41,5 Lo 3y50 olalllas )
ol Glojen b iy (ise S LLVY) wimd o (Rl 5590 g Sy 1) lawdly 03] 2ol g i) 5 0851

I Nitric Oxide, NO

2. L-Arginine, LA

3. Nitric Oxide Synthesize, NOS
4 H+

5. L-Citrulline, LC



£ B)Lm::v Y 5)5.3 Y€+ ¢ um)

0Pl loog)S (5559 (Gl 4yl

2 @S (g dgme & dagi b gy ol s il JWgs (USGh Slaws (bl elgs Sy logas aielil g
Srcadlig Sws 5 (Sl ws o Slynss gl sl alidlen 51 ololis oS 95 ol S5 1L abal,
el bl g a5 2k e

18T (g

o T09e5) U e S b g (028 e Oliiod g9 jledd (G e Blaalw dagi b il gk
4y whie g4 jl 3u0 il Gloj Jobo 4 a2 b (izmen g (Ledg)h) JymS 09,5 S g (229 09)5 4w b (905
S psls oKl 3] azaS 5 TR.QUMS.REC. 1401.184 S L S 035 (63,118 ool iy gulis 1 o0zl Lo
gt g o, sloJoSo 3l oS 5 5 (2o & o 0bgS s 15 dyliio (stimgy (] )3 sy Cagead 4 012938
2 oS S b cdbgly Voo 5l i o 1wl 0008 sl e clacunddlisd  Sius jadld g ey ( Sl p
Ol Codlish Fo adllas Jl zg 3 539y bl 4 a2 5 L5 )kl o € oglis (23T 5 Sl e slo oIS
Gl wivgs yols 3asd ) dildbgly <8 )Ll 5 () Ken 4y pols wyiwd > g S Jlo Ve B s dield b 5 yo
ol el & 3555 Ll 258,58 oyt ) 5 (51 Joo 5 (o 5 il o)) JaSo sy 1) JaSo iy
¥ oylaiil yod Fpw 0yl JLiob duryde g 3T (> dale i Coguiae ¥ (Jlo Yo BVA o o Y (S Conis )
9 s o glon (il slasslon Vb o3 HLiS ¢ Sy — o8 clagylon 4 Ml pas B B SBras pue
DS g a5 0 Canlgd )3 b 5390l 5l ey39 (65050l o Dg  Juate MSie g b glow 4 Ml pae S g o Sl
Iy 238 039 SSigail upms 5 865 )18 9315 59) Jgaxe s > Jo )3 9 S5 o g ol 5 Sib sl sl b g
b g 3lin] o g )lgnd 4ty oS MalS” 2l b 1S (900 Lo 090l 8 (655031l (sl 3905 a9 09,
(Vi) 255 b el 4y 35 o)l s 00> 18 53903l o L los 5 (e b (3lg0 &0 4 iassd 1S

(Hlore 1ol  (Rile) lgn SBCULigh Sudl 503 Sluasedo ) Jgia
Table 1. Demographic Characteristics of Young Football Players (Mean + Standard Deviation)

(eS59hS) rj9 (Fowtlw) 8 (JWo) oo (N=15) 9,5
Weight (kg) Height (cm)  Age (years) Group
o,
75.46+8.87 183.73+7.54 24.00+3.72 oig,l>
Placebo
o i
76.73 £ 6.86 184.06+7.14 24.20+3.58 0PI I Jose
L-Arginine Supplement
g i ] JoSeo
74.00 £ 8.15 185.40 £ 6.45 24.86+4.67 09y
L-Citrulline Supplement
gy )+ oy 1) JoSeo
7820+7.96 183.00+7.76 23.93+3.53 g edl+ i)l

L-Arginine + L-Citrulline Supplement




£ 0l Y 0,90 Y€+ € oyl

0B ooy S D559 (S59gr 5 i

loas s (g ,Sojll
o & alolb 4 (gilge ks 93 2l b9y p b eolitul CuiS 5 08y o XY e (Sl aslE 5pSoslul sl

oo 529 )l oz 1y (Syte & pmue 5 500 Ll 5) ogz 5 Sy b 03,8 8 1o Sigus gliio b (09l s st
(V) 2355 dslons yi095,S bawsi (s

Bl 4 55 oV 9 L) lo (g0l 0as 2ol (g3l nl s oolitial 3, 0+ by 2o ¥0 (pg5l 5] e pos (55 031l ol
L csses] ol 5e0 6Ll T=0/974 (YL ala, b aly (555 52 56V 5 L5 le (gl o S olwg B gl 5oYIS
Ol & sy go plol (3 ¥ o3l 2] (sl 438 o 55910 o 25508 € by s silgm ol (Slej 258 ) <
A3 odlitul )90 Waosls Jelod g 452 (sl 25955 (it 9 S (40 o)) CEI L) (s Jlegi)S dbg 4 (O
sl colimol BB ¥ JIY IS5 10 g 35 2l Jligh (e LS (lasegd Cany )3 g3l nl ol 85 B b
(VF) 23 485 Jas 53 JolS" (590

A1l 9> pie YO dlspo (i Jolib JSSg 0 ol 3,5 03latul RAST (g 5e5 JSSg 0 5l slon o 2o plosl sl
(VUS3) (10) 392 als yo o0y colpol 438 Ve b cas

Start 35m Start

RAST iy 05 SS9 (51! Sailows glod ) S5

T2
|~ 1]
= {0 56T =
- 'ﬁ'
g3 >

P Ore 5)9 4]44") )'1 odla! b cQ‘g o> RAST O?ﬁ}j L;‘/q‘ )'1 J@b (84 )L\.Eio L)’)“S :d)“&lbu{ O|95 J§‘J.>
)1 odlatwl b .))3 0195 C9‘ L A 0‘9’ w‘)m Yo coluw 3d 0 (G uLo) wa); AW u.la Cdluw &y Cud
Cilue goyo o daly 515 ol (gl el Cows 4 «ly s p RAST (905l (slya! 5l Jools (o33 Jlade oy
0193)‘ ML)l?; JAplm)‘u’iH»u»lw W) o.)‘.nw‘)mva o UD;L;‘QLSI)J 0 (S o uln)w&o))o.\wula
ale 456y Oly cans a8 Sol Cawd 4 RAST (4051 55 y0 YO Cdlue 293 Jb i IS by ey J3los
RAST 05l gli2l 3 00 gm0 oo JS 9 Sl g o35 gl 9 o (Stud (adli Lol o) 5 adly o
(V0) €855 )1,8 429 3590

55 S 55 a5 o gl 5550 45 3y Kol 158 Sl 5,5 Jpama il 30 5l S
91 31y et st 353 5 5 4 ) o8 s S (] Gy ol 3 3 03] oS Cipne 3195 o o5
C 1 JaS il adlan 3 33,5 4 o sy 50 45 39 5 195 Lo gein — 28 €535 Jpare
2 x5 5 095 3 polo adlllas 13 (g st I+ 05)NN) (oS 5 oo 351 2,5 VY 593 4 5 o8 Syg0 4 g e
15) 392 gewo N+ el 3 s JoSio b yne 3loj b s p,S VY i 4 o JuSio j1 S,



0Pl sWog)S (Byg STl 4 € 0 kol 1Y 093 V£ £ liamo

SleMbl (53,8 s,

@ Al Lad S cldled L8 celw YY o a8 (gy0b 4 bbb celw VY cdbs j0 o Sdge5l plod o yg0;l g4 5 i
U8 celo YA a 5390l cogMle 4y a8 pMel wimd o 13 anbiy 13 (cla3ss yuss asslis 48 A5 o ln 3390l e
o) alio ggoil 5l U3 bl (o) (lie ey g il Olinl Sy el 65y pbsl I 0l plxl
Azl (Sl s e XF (693 RAST 5 520 ¥0 (593 (905l sl 4 508 €838 (90l g 53 092 (S0 93]
0903l 1330me (190l Ly Al yo 53 Brma 0,93 1y el YF g b £ gy it ooy JoSo B pun 093 (puges
W4 )S BaS eS8l (Sl cus 5 RAST (s e ¥ Cs poo

bl )

3 s oolizl (SaSly g 55550 sl paSls ansle el oy Lol sl Sl «SleMbl il g 436 st 4y
390 slopite (uibly (s plp oz slp 009 ogesl 54 edlitl Wmodly (139 (ambs iy 1y Shiggymls ga5]
b ol cwdlss )3 (s g Copu (Sl $padli p JoSo Bpan Sl gu)n jolateds b oslil s
o 9 0905l O Jold) ooy pU s (29,5 19y it S ygbatacyl (el A5 o3kl (B9 (w9 (29N (1950 (a5
Jole b 580 iyl el ylel 9ol S5 3l 3o 53 (JaSlo (sloog)S g Ladgls Jolis) 095 yeite i g ((905]
O Sgl e (Sl g b oxliinl alisee (gloog S g o oy (Jlainl gl )y jolaiods (295 (ye g (29,5 (1950
23 Y a0 SPSS 138 3 31 oslizl b Sluslono olod 5 4585 e g iy il (13051 bopasli cilises Sl o
285 plosl P<o/d (gls sine oo

(adsly

gine ol scaligh )5 (Siud 5 Copu ( Sl S ali oigal Jolpe 9 oS 5l o sl (29 0905]
ol 53S0 il ly Sl (9051 @lis 2,05 (5 So3luil a8 g3 oy 5 og)S v )3 (uily)ly (il g2 31 Lt oS 240
i (F=30.0189, Sig= 0.000) sl L5 (5905 (e 5 c390]) i) 5081 ol 5 09,5 (sl i (s c6)l5cine
(Sl lapadls p JoSo Bpan oS ) ol o cul 09 )l e (S0l oo g 09,8 (o JolS S pl 4
Cuns Sl Jl o polate (e Cul 039 glite JoSio g Ladg)ls (slvog Sy (g S 0jll s po 93 )3 (Kd g e puo
ity i ¥0 90l 93 (455) e /5N 51 05111 L (Sig=0.000) ol FxA 90 () ylej & 15 omlise g iiss
Lo oo 5y 51 s b dunalie 15 +/Y5 3l ol L (Sig=0.000) _Sius a5l g /YA il 5Ll L (Sig=0.000)
(VJgia) ol Bl alS ()l ine y5bos



£ 0l Y 0,90 Y€+ € oyl

0B ooy S D559 (S59gr 5 i

395 e 51 g 9 g 403U/ Olg) (i g (i) oo o adl) (Sula glagygol p2olie gl Y Jgua
2 9 a90jlom 9 el b o Is re gl i e Bl il & (WSl O yguods g el g 511 oS
P<+/e0 05;

Table 2. Results of Agility (s), Speed (s), and Fatigue (W/s) Tests Before and After Seven Days of L-Arginine and
L-Citrulline Supplementation (Mean + Standard Deviation). : Significant difference between pre-test and post-test
within each group (P < 0.05).
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