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Introduction: Blood flow restriction (BFR) training combined with ergogenic
supplements such as citrulline malate can influence muscle hypertrophy and IGF-1
levels by enhancing anabolic pathways. The general aim of this study was to
determine the effect of twelve weeks of BFR training along with citrulline malate
supplementation on muscle hypertrophy and IGF-1 in young male athletes.

Methods: In this experimental study, 40 young male athletes with normal body mass
index from Tabriz City were randomly assigned to four groups: BFR training +
supplement, BFR training + placebo, supplement only, and control + placebo. The
two training groups exercised for 12 weeks, and cuff pressure was gradually
increased from 130 to 200 mmHg. Citrulline malate supplementation was
administered at a dose of 8 g per kg of body weight, 30 to 60 minutes before exercise.
The study was conducted in a double-blind manner. Serum IGF-1 levels were
assessed using the ELISA method, and hypertrophy of the quadriceps and biceps
muscles was evaluated by limb circumference measurements. After confirming data
normality using the Shapiro-Wilk test, analysis of covariance, Tukey’s post hoc test,
and paired t-test were employed and analyzed using SPSS software version 22 with
a significance level of 0.05.

Results: Twelve weeks of BFR training combined with citrulline malate
supplementation had a significant effect on biceps and quadriceps hypertrophy
(p=0.001) and serum IGF-1 levels (p=0.001) in young male athletes.

Conclusion: BFR training is an effective tool for improving training outcomes and
increasing muscle growth factors such as IGF-1. The findings of this study
recommend its inclusion in exercise programs to optimize muscle hypertrophy.
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Extended Abstract

Introduction

The sports and fitness industry is rapidly evolving, with
new training methods continually emerging. One such
method is blood flow restriction (BFR) training, which
involves intentionally reducing blood flow during
exercise using a tourniquet. Originally popular in Japan,
BFR allows even low-intensity exercises to promote
significant muscle hypertrophy and strength gains.
Insulin-like Growth Factor-1 (IGF-1) plays a crucial role
in skeletal muscle growth, regeneration, and strength. It
primarily functions through the activation of the
PI3K/Akt signaling pathway. Meanwhile, Citrulline
Malate (CM), a precursor to nitric oxide, has gained
attention as an ergogenic aid that enhances exercise
performance by improving ATP production and blood
flow. Studies suggest that both BFR training and CM
supplementation  independently  promote  muscle
hypertrophy and performance, although findings are
inconsistent. The combined effects of BFR training and
CM supplementation have yet to be thoroughly
examined. Therefore, this study aimed to investigate the
impact of twelve weeks of BFR training combined with
CM supplementation on muscle hypertrophy and IGF-1
levels in young male athletes.

Methods

The study included two experimental groups: one group
performed blood flow restriction (BFR) training with
creatine monohydrate (CM) supplementation, while the
other group did BFR training without supplementation.
Over a period of twelve weeks, both groups engaged in
eight resistance exercises: machine biceps curl, standing
barbell curl, cable triceps pushdown, French dumbbell
triceps extension, leg extension, leg curl, back squat, and
leg press. Each participant's one-repetition maximum
(1RM) was measured individually before the training
began and reassessed after four weeks. The training
intensity progressed every four weeks, starting at 30% of
1RM for the first four weeks, then increasing to 40% of
1RM for weeks five to eight, and finally reaching 50% of
1RM for weeks nine to twelve. The exercise sets
followed either a 30-15-15-15 or a 15-10-10-10 repetition
scheme, with participants resting for 30 to 60 seconds
between sets. The tempo for movements was consistently
maintained at a ratio of 1:2 to 1:4 for concentric and
eccentric phases. Members of the supplementation group
consumed 8 grams of creatine monohydrate 30 to 60
minutes before exercising, while the placebo group was
given flavored dextrin capsules. The trial utilized a
double-blind  design, ensuring that neither the
participants nor the researchers were aware of the group

assignments. Maximum strength was calculated using the
Brzycki equation, and serum IGF-1 concentrations were
measured using the ELISA method (Mediagnost,
Germany). Data analysis involved descriptive statistics,
the Shapiro-Wilk and Levene's tests for normality and
homogeneity, and ANCOVA for intergroup
comparisons. Paired t-tests were used to evaluate
differences within groups, with statistical significance set
at p < 0.05 (using SPSS v22).

Results

The demographic characteristics of the participants are
presented in Table 2. Shapiro-Wilk tests confirmed the
normality of the data. Paired t-tests showed significant
increases in quadriceps hypertrophy in both the Blood
Flow Restriction (BFR) and BFR + supplement groups
after the intervention (p < 0.05). However, the changes
observed in the placebo and supplement-only groups
were not significant. ANCOVA results indicated
significant differences between groups (p = 0.001), with
Bonferroni tests confirming that hypertrophy was
significantly greater in the BFR + supplement group
compared to all other groups (p < 0.05). Additionally,
biceps hypertrophy significantly increased only in the
BFR + supplement group (p < 0.001). Serum IGF-1
levels showed significant increases in all groups except
the placebo, with  ANCOVA and post-hoc analyses
revealing the highest elevations in the BFR + supplement
group (p < 0.001).

Conclusion

This study found that twelve weeks of blood flow
restriction (BFR) training, combined with Citrulline
Malate (CM) supplementation, significantly enhanced
muscle hypertrophy and serum IGF-1 levels in young
male athletes. BFR, which is performed using low loads
(30-50% of one-rep max), stimulates hypertrophic and
hormonal responses similar to traditional high-load
resistance training, making it suitable for individuals who
are unable to lift heavy weights. The ischemic
environment created by BFR promotes metabolic stress,
cellular swelling, and the release of anabolic hormones,
all of which stimulate IGF-1 production and muscle
growth. CM, a precursor to nitric oxide, enhances
vascular dilation and improves nutrient delivery to
muscles, thereby supporting recovery and performance.
While CM alone did not significantly increase muscle
hypertrophy, its combination with BFR resulted in
synergistic effects, leading to greater growth in the
quadriceps and biceps, as well as elevated IGF-1 levels.
These findings are consistent with previous research,
which indicates that BFR enhances IGF-1 expression
through the PI3K/AKkt signaling pathway and increases
metabolic stress. The results suggest that the combination



of BFR and CM can optimize muscular adaptation while
minimizing joint strain, offering an effective strategy for
enhancing strength and hypertrophy. However, the study
has limitations, including its focus on young men and the
absence of long-term follow-up to assess sustained
hormonal or morphological changes.

Ethical Considerations

Compliance with ethical guidelines:

The current study was conducted in full compliance with ethical
standards in Faculty of Education and Psychology, Azerbaijan Shahid
Madani University

Funding:

This study is derived from a master's thesis in sports science and applied
sports physiology, and it has not received any financial support.
Authors' contribution:

All authors contributed to both the design and implementation of the
study.

Conflict of interest:

The authors declare that there are no conflicts of interest associated with
this article.

Acknowledgments:
We want to express our gratitude to all the participants and those who
assisted us in conducting this study.



9595 00 3 Ok gy JoSo 0f yod (395 Ol 3> SO gidne iy pod Al 033190 il
)“})s U‘? U‘é}o )é IGF-1
Y 1558 ady L g jiagi oVl pmne

Mohsensalamat?77@gmail.com :asbLly .l nl 3155 (olubyd Sde dupd olSiily ( wliiilyy g (o pole AN ¢ 5559 pole 09,5 )l wliis )5

r.fakhrpour@yah00.com :4sbLl, .\l ! 5255 (ol bydl Sie dued oKl o woliitily) ¢ (o pole B3I ¢ 59 pole 09,5 Uil ¢Jgfume btinm g3 .Y

ouS> Al wleYb!
Cogi b wlg o Yo (g i 15le S3595 )| (slay JoSo B yume b olyad (55 b > Codgdne il poi 1doddo g Wl £43

W b s i opl S an sl 138,50 IGF-1 pglaw 5 Mae (395 pmle p « Sl (sl poano
M55 ol oo 3 IGF-1 g (35550l 52 VLo g s JaSo elamas (18 ol Cdgioes Cliy o atin

R S (A RATE= YW PR
S s 235l e 3 8395 0SS b 850 lyr 0y0 T+ ey e ) 0 ik gy VTV i NL &Y
293 03,5 33 X585 158 Loig o+ U358 g e JaSle daigls + BFR yai e oo + BFR (jo3 09,5 oz 5 W7V MY iodndh U
b Yl sy JaSo il il ogs jio e Yoo 4 WWe Bl JLib g 0, 35p0 atin VY e 4y T/ Y 5L G U
285 909> Syt 35 (pl D Bpan (nyed I Gl 4BES P BT (G Gig £S5k il 4 p)S A
Pl )93 sk 5l gl pwogd 9 o) o s (B9 sle o Y1 iy LIGF-1 oy ol 285 plox

G 9 SF i g3l ollasS Sl ) Kol (igeil b oy (392 Jlog b Sl g b (g e jlgads
b Julos +/+0 (5 )bline gxlaws 9 VY &5uud SPSS ke L g olitsl dtunen Yo ey s
. - . L e Ut ol cudge

5 9il pgd Bl 2 SVl gyt JoSe ol (55l Cadgie Clypes ain VY ladl Kira
. DG O
S0 gyblize 45U K55, e o ye (P=~/~'\) pyw IGF-1 s(P='/"\) ol poyle> EREA

IGF-1 sl (M a5 sloygiSé (nal3dl g (o po3 @l 390 sl 3o I3l BFR (32505 36 o ot
S o dpog e (3955 ymls (siludis Sl ) (Bhye slaasly 3 ol (ULRS (ingh laaibl cul

Ay P IGF-1 g 89,5 ,mla p 5Vl gyt JoSo olyonds (55 b s Codgdome by yei diin 0339 )".Scl;.a.,;é) 95 g Cpuxe o6 yiags CaaMeo U]

DYFRNV(T) V¥ g s pple &5 58509 Sl
DOI: http/doi.org/10.22059/JSB.2025.39293.1675.

4 (CC BY-NC 4.0) 510l8 5128 Y olisl o 1) 295 (6,58 o (35 g ol 801, sole 4y s ol 4 (oo s
jSb@ut.ac.ir : Ju! | ttps://jsh.Ut.ac.ir/ e yis Loyl |-cusl 63,5 JiSly B ains g

.ngy © -Q‘){J o Kisly QI)L;';I.‘J :),,'(':U



mailto:Mohsensalamat77@gmail.com
mailto:r.fakhrpour@yahoo.com
doi:%20http//doi.org/10.22059/JSB.2025.39293.1675.
doi:%20http//doi.org/10.22059/JSB.2025.39293.1675.
https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1
https://jsb.ut.ac.ir/
mailto:jsb@ut.ac.ir
https://orcid.org/0000-0001-7252-2842
https://orcid.org/0000-0003-4550-4934
https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1

ay v Yo 5y i faSo oyt 43 595 Gl 2 Caogdme Oliy yoi diis 085lys il

EVRVTY

sbey ol 5 (S 8 )nds Jb )3 ) S jsbods daa (o yed (lahg) g s drwgs Sl ) G pdy plilwnls g (59 Cato
2 358 0 g Cge sl (B39 B9 crped ! [V V] Conl Fgye Sl b a9 oShunl bolyor S cullad ol 5 yeS

ol 4 Jsese ysboas & (b1 o 3 05 Ol sdes (i [Y] 25 Iy g 1500 (sl 50 eyt 5 301 ol
295 005 dgdue b 393 o Sbpd g b GRS (sl 8,5 Sl ealatl b S e (BFR) (g ()l cudgiome
55 05 0 b ibhys Slisjed > sy ol b 45 Casl ) BFR L olyad 1509 (S5 ool calis [F] 55500 plol (9

[0] &S sbyl @ya8 g SMae b5y e bl Lil8l Wl

b 5 05 o Lol (ISl Bi50m 55 e BB 5 258000 S8 555 3 o el gopon (IGF-L N - guslis 13, 55551
IGF-1R 2> 0 inlidl 1) Mae slojlgale sla Jolo 1SS cud)ls g conl lagye bllass! g yud wdy ¢ sae 5355 b oo
o ol g ol S e cullad (s g w8 o b |y PIBK/AKE KidiSw o5 conl plié jgue Jomo b IGF-1 515,5
ol daw] SMae ol 3o (oobiy sl Jobo )3 IGF-1 jiw .l angi (Ll (xub  SMac bdg7 Lads 5 Cundligre 1S5 o
G5y s b 9e9n cnl Ol ol 9 M (e S8 |y g 2l g (endilie o3k sk 2S5 5 M Rl
[Pl ewl biye Slows x5 Slas g Cod

ety bl 2 (K555 08 Sy iy g5 s adods oSy dansS] pomna 3 Alaasly S0 TV Lo g i 5503 (590

Sl S gt Sl A V] cund 485 )13 4255 3)90 980 pie (GBpg 3Mas Gl 4 & (S8 aeaST g5 ol 8l
N B 5 A8 e Jae oifyl= Ul sl Gt lsiedr (Saiddsnsd Jlai Sl g 0e8 00 A s )3 &S Gl (50 0 alel
$o sgbaieds 295 b i)l & perdins jgbds Wi e oS (ol 5 Jaie aals 4y 5 W51 )90 |y 605 jlugcS g Sl e
ol St § 1S oo o SkanS 51,8 (55 dawsl 8oy Anly lyicds 4 395 casS 35 VLo inol duns] L b oo Jl 092
Olgisd SVl gyt | oolisul 4y bgype pdl Glidios o5 cusl Jls 3l [A] a0 Gial3dl ) ©liwd (65 (59090 W5 s puo
5 ol ool s |y (S lely b dipity o5 oglio oy e 5,Shas & dorg b ]y e (568 oyl JaSo a8 S,
ly (Swd 2o U1y 395 (pyed 3 Slas (Jloglie 83)5 0 yed (350 «Vlo (gt (p)5A) Sb j9d S Bpae Iy (b9}
35 slmdgst el ol Ll Aty LS5 Sy Sl ko> Fe g Ar 3,8 il plSin 5 [A] AB by o [V+ ] 45Vl eMae

Cuol oo Yo g yiaw JoSo a3 o lis a8 [A] Cuily 3939 ailiio Bl 93 j1 L o (59 b Ol yed pll K puisren
LS e iz glacads b1y (5508 5 Sles

03,8 3ol il (s S 3 1y el Kby ple S sb BFR Sl jas LS (slosimgy 1 (S bl 2 ol ol
Sloaly lis b imgdy (S (yb 5l Y-S o i YU U b ot (RT toglie @l pos (gl s (030 a1y o1
Olejed I pizman [V Y] g dnlgs pao 15 (Bgpe — ol phaw g aSL )l By 5 ymle p wgmxe (5w Sl Ol o5 oyl

2 Vo gy JoSo g BFR Gl jo3 9290 dalod 4 g bl 00l (cw) pp &Vlo (gt JoSo g BFR (g ye5 (5

L. Blood Flow Restriction (BFR) 2 Insulin-Like Growth Factor 1 3, Citrulline Malate
(IGF-1) 4, Resistance Training (RT)

IEoF jly ooy 8yl o0 8,90 ooy g (oiums pole



ol Kan 5 (6 pi097 Ceadlw unxo a4

js by 9 ol lejer Pl g cunl (aBlie (LS Claiod gls Ll i) 1) (gMas 3)Sles 5 (895 nle Ghalil iy plS
5 e 835 ool (S 5 b (A8 gy sl s tte Olidos Majly ele SIS )l 0nits (g SIS sl
oo BFR LT ) 5395 25 (sl 40 50l sl sy ol J1 o qisole IS5 ol 0358 2 sl cqpin] 3] -canll GF-1
LT Y S8 o oS B 5 pmle 4 BFR @l pos 1 Jols olondign Olyunsi ¥ 5 9900 (L508559 53 (Sl dlde (39550l
Geiod cpl 5l Bam gy cpl 5l Samd il ) BFR cuze u‘).ub Slgs o 3yl it Bg iyl 0 a8 LeSo 3l oolaiwl ol ey BFR
JS359 Bl oloye P IGF-L 5 (B9 5ynle p &Vl (g st JoSa olyedds (5 by Cudgione Oliy o 42 Y b oy

93 by y
odlital blod & g aaie g5 i1 5:56 sl 2l Gloj Jgb & 4295 b eygeilm 9 ogeslibn ok b 228 €59 5 1ol hagl (b9,
A oSl 43S Jlo S Jobo o plaie llab diles L (oS i) S50 (o0 Geid (g)lol dasly sl (63,08 il
Jin (o339 oL ) ages plglE ©pgods & g 05509 350 ¥ ol (g lel Diged idgs Jlo Yo B Y s Al b 5
G0l g (@ye oy pySokS VER =V+) Landbo s 5355 sl b laie Cullad Bl b JIS03559 oy kbl o> o)y
4 39)9 Sb)line dlo I 0l18 JoSo Bpuan pas g 9> Bpas pie peje Slas)lon § OUSLe 95 yp (U (Sue (SBR
oddyatide (o yod dul> dw )3 bl jpas (b)) lacs pbxil g (6ySojlul Al pe S )3 S lbgls ST 09 Buos
B 2l g JooSS (3aid laghy) «Bhial g0 JolS 8 9 sy | e 4B LS 305 a3l cudly cund
b B 53 018,55 Lulyis o) 5] Ly o igesl Sy bowgt Ailas g sy Lt 5 Cuodlos Dalidinyy oS5 5 asbicols
ol Lodg)la= S 09,5 9 JoSo 09,5 dedgyls= BFR (32505 09)5 ¢ JoSom BFR (3505 09,5 jlozr 4 (Bolad ©jg0ty (295
W3l ) 0seilim 5 (68 E90 51 i) Gigedl st A ye )3 g lsosibely s 1 dmy )3 Loy SUSY (803100 s
593) 4t VY 3l gy g 0i9eiloter Abye 3 WL el VY Sl am Jgl 6808 V] 05 byl (yed dude o3 5 i
5 W laoMo e palatods s bl o ped Ak (2 BT 51 g dbolo cy90] g Al po (505 JaSo g (12 o3 Ao
29> iories sly b odlatl (655 (yoh S )3 F eSSl (d9e )95 9 9395 Jre xS 0n LAl ey Sl &
9 S0le eyl Gty Siglito ko 93 oS y90)3 5 Ll )l 93 g Sojll ol b slizl o)l i 93 490 5 o) Mae

5 GBS aled dom plgisas 0ol

OgF Ol Casgume Ol o &b

(S o 93y o3linna (6 50 g3lgle ()Y ol gilgle Jolis (55)9 IS > BFR (12305 095« JoSo ~BFR (3205 095 9
sl IRM sl iy 33,8 Lol 4iaa Y (Lo 1) b o g lSiul 6 olfiuws b cudy olfiws b sl cgguild Jood glbcaty
aan VY e 1y Oliyjed &by ) Jgdr 28,5 plool IRM 30, 0)bg> atin jlaz 5l g g 15 b)) me 900 3,8 50
LIV] o o ol

IEoF jly ooy 8yl o0 8,90 ooy g (oiums pole



X v Yo 5y i faSo oyt 43 595 Gl 2 Caogdme Oliy yoi diis 085lys il

sy 0 Ll (( Jgiope (slajey 1) datan pd duds aw Jold (glaman VY 5y50 S O ygods idgh (pl )0 o ped deliy

sl & o il Jolis S o 12505 a5 Sas8 4y 50550 cMde | iy o g haglio <8 s Jolis iy
2O el o Wdgs (gguil Lo g3k Cudy g (S e 95L Gy oyl 5L gl o)V olKtwd g3bsls colSiwd b cudy 0lKiwd
e coles 3 g pide U ooxy slodian 3 00> Fr d p)loa U Jg) slodiin ) ey )5 S o3 Yol a5 895 Jobo
Yooadgl Jolye ) &Sigygbas 0 plol s oz )3 &8> o .8l Gl ea3jlyd U ot sladiin 5> dipidin )1)85 S5 oy
Sl ow g Slo oo (Bl a5 by Cudgime B dacuw (yu colyiwl Job )0 b a8 )3 jlai 13 agb \WWe U olS s 0

b b Sy plodl
095 ol s> Casgue

Cadgione g 09> yiohe Voo dyoger ylo deo)e SRl L adn oz o 9 0d £9,8 W SIS Bo pio e JLES (5
Oliee bl gwws olSiwd pl jl edlawl b M M S B8 gigm ezt luwg b cwwd oSiwd jl edlatel b s b >
ol > B LS (o5 Gl ) (ole Sl p3 g3 LS (e 4 s 53 Gl Cudgane D 09 e die )LiS
Ol Cadgioee Lid (5o o B9 (gl 13 .85 plosl (Bgyem SMae olKuws )3 ()5 5 el 6)B jlw bl Bua L g
S g0ty Uil g A walaS o9 yio e Vo 2900 0 S0lo b g (63,8 (Jgtsms Ltb lul p o Sgeil den gl 55
PSP e e g e Yoo ylade ySle 4 0)93 bl 2 U Bl (Il ogr el dee Ve din oz ja g (slal>ye
T4 e23)l93 U o6 (sladitin 53 9 pia Joo VO BYe plp cudia U ooty slaatin )3 o o W L3S p)loa b ol (slaaiin
odlital L (S5 g paasiio 105 g (53905l Jaos (ol 2 g (63,8 ©yg0ts (blB K9y cpl 8l il o9 o ho Yoo b
Sl glajlad il 53358 el cgdyg Ol p She B9 jLiS hais ed B ad Jlasl g Sy (iws Hhls ol |l
Do o I3l i 30 b eSi] Aile
Joso 3 pcr0
09,5 o sk 2 [V 35 (yed B el S B B Yo 55 JoSe Bpan loj 5 p)5 cudes <YL gyt (Bpae jg
Jgese (S5) (o) gy ©de 53 S 09)5 3,8 €L )3 ssiadpebs (eSS (g9l JeSe (08 aldie slaJgunS ) Leig)l>
M) 4 S p50 sdinog)S 5l o 9ol 45 g Bioeo & 4 ygbos b |2l )5S g0 93 Oypoty rdod pl 00)S Lo g Lai ], 55
35 Il |y (dizogsS «aios 5l )b (o,0 ¢ Azl
o9l o yed Aol Y Jgaa

ol il WSS s EVET

ali s LY S50 polez 5 pams epsd o S5 T Jgl S /¥-1RM Js

ali s LY S50 polez 5 pams epsd o S5 T Jgl S /¥-1RM o

ali s LY S50 polez 5 pams epsd o S5 T Jgl S /¥-1RM o

IEoF jly ooy 8yl o0 8,90 ooy g (oiums pole



O Kt 4 (g yi08T Ceodas o £

alise Ly IS5V e ez 5 g pss Cas 1,5 V0 gl Cens 7 §-1RM s
alis Ly IS5V e )l 5 g ipss Cos 1,5 V0 gl s 7 f-1RM JET
alis Yy IS5V e ez 5 g pgs Coms 1,5 V0 gl s 7 f-1RM JERIN
alis Yy S5 A plez 5 poes epgd e LS VY ol 7.6-1RM o

alis Yy S5 A plez 5 poes epgd e ST VY ol 7.6-1RM S

alis Ly S5 A ez 5 poes epgd e LSV ol 7.6-1RM eSS
alise Ly S5 A ez 5 poes epgd e LS VY ol 7.0-1RM JUSSTAR

~ S yialS) 300 ¥ VUV ) Sl o oy [Y) e [ dslone (S Jgo 8 Gk jl OMlas Ll 035 (¢ S0l
(S ys]

o, VoL
1.0278 — (0.0278 x ). . 3a,)

1rep max =

RPN
sy doY By 4 ld] céle Mediagnost cuS 5l esliiwl U o > 850l wlul IGF-1 clble $o 30l
sy d Y gy 4 g S s e 3 p)S9l bl o ym S50

AD 2Lyl el YO—YFe zg0 Jobo 5 yid 1 Jge e

ST Judxdgd 32
oseil S s edlitl (SuSly 5 (655 slapadle duslxe sl Gvoy el lagby, oMbl Llsgios jslaied;
2 0 ool JLaidy00 (slo it (uilly sl oyt lr g 9ol 3l imen dmodly g Jloy (s sl Shiggymlis

W ploal +/+0 (g ylolize gdaw )3 VY doeus SPSS jl58le 5 5l ealazwl b beedls Julo gey jox

g sadl

Wosls Jloyi @i oun 3 o ol 0 GBI1SY Jga 53 Simgl (sloog)S oy e SS90 (sla Sy 4 bgiye bally
09)5 5 laigyls BFR (2505 09,5 13 oy jooslaz (B9 ,mle S0l 45 0l (Lt (1 JS5) (295t 0903l bt «Sbagaymlds 903l b
(P=+IVOA) Loigyls 09,5 13 s ol Lol (P<+/+0) ol aidly (glaline al381 (ig05l ey & o (y905lmg 53 JoSo BFR (505
plie (a1 5,8 CillsS b g 15T gl bags il gy b 350 jloline (y90il st 4 G 903l 5 (P=2/VAS) oS
S9ris i ge3l | Job b eyt > (P=2Tv o) A5 oamliie )0 3)90 (sl0g)S (igeil gy o olPline gl 3 oy
(P=+1++1) 1 oanlio (g yloline ES) 5 JaSa BFR iy yo5 09,5 ¢ Laigyls BFR (3 ye5 09,5 cym dulia 3 .(P<+/+0) %)l3

IEoF jly ooy 8yl o0 8,90 ooy g (oiums pole



£) v Yo 5y i faSo oyt 43 595 Gl 2 Caogdme Oliy yoi diis 085lys il

o9 H (SW0g,S (p (5a30 SIS 900 S Sig ow) Y Josa

JoSo-BFR (05 ig,ls-BFR (3 505 JoSo Lodg,la J 8 Ty
Yo/v. £ Y/Y- YE/N. £ XN YSIY £ /0¥ Yo/A £ Y/ov (JW) oy
WEIY £ olsY WS £ FIAD \YEIY £ VIV WO £ 8/aA (cm) o3
\ZISEATE A-I¥a E /¥Y YYIAY £ YV YY/AS ® 5[-Y o9l (kg) os9
\ZZAAEA7An YA/sY £ ¥V YYIYA £ YIYY YY/an * S/y- a9l (K8) 059
YEIVD £V /FY YO/AD £ V/AY Yo/-0 £ 3/ YYIAD £ Y/¥S BMI(kg/m?)re
YE/0V £ V/FA YOISY £ VAV YF/A £ \/vE YYIAY £ Y/YA BMI(kg/m?)post
68 -
66 TH#H*
_ﬂ' | #* T
% 64 1
s
Y 62 - [
4 |
], 60 4 [
iSe l
3 58 -
L
3 56 4
54 -
52
g ls s JoSo Lg,sBFR oy yo5 JoSLBFR o o5
BMPre OPost

Dsﬁﬁw)bb&ousw#‘wz\bﬁﬂw)lbw ugw*‘wﬁssf ‘_gl.hbs)fu.g)bu‘))m)l{} ‘_@9)3”& Ul)’f‘.ﬂ’J A JS.M:
(P<’/’a) Loﬁg)lb BFR Oy Dg;qw)bl&m usz ‘Loﬁg)‘b J;}SDS;SM

4 S 90l 50 JaSo BFR (3505 09,5 ) (295l juogd (B9l (5650e o8 o (L (¥ JS2) (295 T 095l @l
BFR (505 05,5 {P=+/\FA) JaSa (P=+/\YA) Laigyls 09,5 15 yusis ol Ll (P<+/+0) sl il g lolino yinl3l g0l i
4l palie (o> )13 bl b g 1950 (ygal gyt oy b 295 Joliae (190l 4 Canmd (9051 53 (P=2/VA) Lasg,l>
il ol ol LS 55 g i el (90l @l (P=+/++)) ab odnliio (g1 3590 Sloog)S (igeil g o (6)bolias Ciglis 3
BFR (y0,07 05,5 (2 6 oline IS (yizpas [P/ 1) 35; Jolins loog,S gl b dunlie 5 JaSa BFR (35 0,5 gl
(P=1++1) 1 oanlite JoSa BFR 305 09,8 L Laigyls

IEoF jly ooy 8yl o0 8,90 ooy g (oiums pole



oKt g (5y2085 Codlaw o £r

39 -
TH*
38 T
B ) #
é 37 A
Y
36 A
} 35 4
A
34 4
ﬁ\
33
32
Lagls S Jose Luig,sBFR s a3 JSWBFR s 508

B Pre OPost

A Comad ylline ©glis # (905 ykmy Ao yo ) Comd jloline Cglid * (g5 (SB09,5 ()3 (295l w93 (Bl Ol i 2 S
(P<'/’a) lo-‘s;lb BFR u.)‘).os 55; & A.-u.m )‘bl&&o u,l.as T 4‘.039)'5 J):.S 59;3 J.oio 55;

0205 05,5 5 Laig)s BFR (3505 09,5 ¢ JoSo 09,5 dadg)l 09,5 )3 IGF-1 gshaws o5 oy Lt (¥ JS2) (295 t g0l @l
3ol Ut 4 Coamd (903l mg 93 Ligl 09,5 13 s il Ll (P<+/-0) ol aidly (g )bline Sl33l 905l ey 41 S JoSo BFR
sloog)S igailim o (6)loline glis i by ol ol 41,8 olylsS b 6 19S5T (g0l bawgs sty (wy e b o(P=+/1V0) 245 jlolias
Lasgls S8 09,5 L dunlie )3 JoSo 09,5 o (lid (g iy (siis (igo3l 3l Juols gulis (P=/+)) b sdnliio ) )90
Lig)>=BFR (05 09,5 b JoSemBFR (3505 09)5 5 (P=+/+ 1) Leig)ls J S 09,5 b JoSe=BFR (205 09,5 (P=+/++7)
Sl (gl WS (P=+/++Y)

IEoF jly ooy 8yl o0 8,90 ooy g (oiums pole



£ v Yo 5y i faSo oyt 43 595 Gl 2 Caogdme Oliy yoi diis 085lys il

30 -
TH#*
*
25 - # T
| * [
=27 T | I
£ I
2
< 15 4
N3
LL
&
10 4
5 -
0
o Aol o Ja ITs0OlBFR OOl JITTBFR oM
B Pre OPost

J):.S 59; ~ u.n.w.! )lbu&o u,l.as # 505«0)?&*5.' ;\.b-).o ~ L«.w.' )lbu&o usw * ‘L’“”sf ‘_;Lm,,f O g° IGF-1 Ul)’ﬁ'ﬁ’J 3 J&w
(P<'/’a) lon)‘b BFR U'l)”j 59; & A.-u.m )‘bu&o u,LoJ T 5Lo.;9)‘b

S A g S

P95l SYle (g JoSe olemay 53 0l Codgazme Sl el atan VY ol Glis gaod glaaidly 5 S
1y S 55e Ubsy s e ailid 55 (golandl (el plyiear a5 BFR (a3 )l (6 fabine 3l 180355 oo ol e
9 oo pol> 38od Gl b geon Sl (eglie Sl ped b ceS 5 0 (oo o (SMlae (B pmle U
3955 e Ghal33l s BFR L (ARM ZY =¥ ) (5 L L (taglie (0503 wiols olas iz (b (Y+10) (ol (Sen
L7Y] 55 0 osmlive f5 50 50 (ARM ZAB-Y ) YU Jb b sy 51 uy Jsans yobods 45 05 so 08 ial3dl 5 Sdlae
3 aS GlS b e 0l 31 aiile caiines S sl )b 0,5 w4 ol as SLLS (6l BFR (s jed 068 oo s (1
3 HLaS Cod ESG5,55 b BB SG Sl ool b Jgeme jsboay BFR (3, ol o M A5l dde il o Sgut o]
b (ao)p3 Ae B Fe) (o 200 (59) Jgome joboar BB jLad 09b o0 Jlasl o yed Cod pladl CeonS (5 S0 3
b 6 S5 ¥eoVd Cow O-Y (gl RMY Z¥ oY o) S sla b b ol pos [YF VY] 058 o pudais 0,8 alasl slows!

Lvy vl s o plonl (aids o b agdls Yo ) obigS col il slao 90

A3l 5 588550 lex e e 6l Wilgt oo YL g i oS b ol o BFR Gl o 03] sloaidl 4y ax g5
B3l il s Vb b b Sl s alie wis e ARM /XY +) o5 s L BFR a5 wlesls e ba iags,

3 2les Olsh Wl e BFR L oS5 50 ohngt oVl g yiow JoSo B pan uizmen V0] wil 3o Sdlae

IEoF jly ooy 8yl o0 8,90 ooy g (oiums pole



O Kas 4 (g a8 Ceodas o Fr

Soielsn e Ll pd (5,8 glaglis 4 azxgi o Jl cul b IYF] wal ansls Mo o Slee 3504 9 IGF-1 mhaws o33
by 03 Gl bl (g ped Baly cnl Sly2l 5l Gy 05b o0 dnogi (nlpls il (559,80 KS5,9 2 o> slajls
ey IRM ao 0 B 4y m2033lg0 &an el B g £9,0 IRM wo 0 Yo L 55 ols aiod 10 .05 bl laasis
L as ol (olin (loye j0 (SMae By mle o2 sl 6550 5 wall5 (A, BFR (0 o3 sy oo Slaia 9,001
69 Sedg 5y S o SO BFR Lawgy sadiolon | SeaSiiy) aore duwy oo Hhaidy 090 oS 5 LaS (Seglie by o3
10 Lol cams ilidl 1) dlae By pmle sl olosds <Vlo st JoSe B pae a5 el Jl> 45 ol by
@dgazme Slidods WS obml @93l jwsd 9 o) lkz PBormbe 0 295 2lBles Culy BFR Sl pei b oS 5
iz (S o Jl nl boyls 3929 loz 50 B35 59 53 (SDlas Byl » s e JaSo Sl () 5 sl
Wl 5y 03,1856 30 (B9 5 e 2 pedins il Hobdy Cunl (Sen a5 a5 pe S 5 (8559 3,8es Gy 13U @
Sl LYV] sl (NOY S 5 ST a5 (sl slosle iy 45 05800 L3k (5,1 & 550 jsboas (g s
ozl YA VT sgs 3555 Jsbo 15 5 Jlo 5o @dlas 4 095 bz 5 3958 gls] Gl camms g5 o NO by

SV ol s oS olyants (95 ol Cardgime Sl a3 i VY 0l o5 ol 5uio slaail 31 Ko o
JoSe-BFR 03,5 ;3 IGF-1 ()50 )58 ullad zolaw a5 5 j5bas 0l (5 loline 3b 188555 ol ol ye 093 IGF-L
= BB jsbay BFR Gl ped a5 cnl oalds sols oylid .cuils (g lobse il38I BFR 09,5 5 i8S 09,5 b auslae yo
Jols Jgonn s5bts BFR (a5 ans g olts lanio 3,5 oo 3l lsz 350 IK0555 53 IGF-L oy ol
5 2y (sl o 1y g5 (slagialy wlgiise ] Ve & 055 ez Skl b el o8 508 b Soglis (slo e
Jols s (b (VoY) lSen 5 alugn ol Giagsy @lis b semss ans (ial3il il il oblae i,
o T )0 e ObLe Gl BFR latia VW (oo ped &alpy o 5l g wsls lis 09 plez 950 010559
)...sl.s saumolis 4 o loliae (g Lol a5 5l bl cpl ol sdalive (pyed 5l s slos S ol b anslia o IGF-1
60,8 )l5 ol 3ain @l b gan (V21 9) oS00 5 (LS5 izmen [V sl w5516 () 2 BFR (558
SHD35 b awalie )3 IGF-1 sk )0 1) (gt (al38l aid S oo )13 BFR (05 o oS Slgz 050 0,105 5
& 3lol] G o 50 ol Soe BFR 2o o yLid ol aiols )l caiols o plomil BFR (g5 doliee  stoglie <l yoi 4
aols GLad (Yo YY) ol g oz LY ] wis o )] 6050 5 (Dhae 895 ,mle ;0 ot i 4 il 35 IGF-1
Slage,98 45 ek 09b o0 SMae (659105 9 Wby o 9 waS (o0 GRIFN Dloz 90 )08 59 53 ) e IGF-] e
o5 5L b oglia 0 ped 9 Vb L b (eglia 0 pei b olgien |y il 48,1050 o 5 Tgsial 4 e (U5 50 555me b basi e

BFR L ctoglie (s po3 aiin g0 a5 aiols o)lis (Vo +0) o) e g 4l aiej ol 5o I¥a] sl o8l Wl plasl o BFR L

ol g Sgalbie oyl ral38l ol ol (Sos (slain) (slopilSe 098 o 58,5 50 IGF-1 mlaws ol 38l Cons

1 Nitric Oxide (NO)

IEoF jly ooy 8yl o0 8,90 ooy g (oiums pole



£ v Yo 5y i faSo oyt 43 595 Gl 2 Caogdme Oliy yoi diis 085lys il

Sl sloge,9e plo g IGF-1 s5luslyl aS cadl cpl  oliel a5 waisl BFR Gl e Job ,o Sdae b wis
o mizmed (1559 895 [T X e Tl i a5 slagby, 51 5550 Sy a5 (GHY' b (390590 wiils
oLt teglio (a3 5l g 1y IGF-1 Gialidl Badioss cpaiz (S psboas [YY] amo o (al38l 1) )08 5 alie ehaie
g5 Judo 4 wilgi o laglis ) [¥0 YF] wiloslas lad alS b 5l s b Geivs iz [¥) ¥ Y] wileols
slacaglie falfl &)k 5l BFR (&ly )3 .ol (Jobo Jlie )3 o) 5505l 55 b Glow Jlio ) ollo) 059w
Jelse 2 138 535 b a5 [¥P] S o W) (51875 (090 yomie SnaSimal | SeonS s Laoma S5 43 4) (o i
Gl g [YAD Jolor )55 YY) Snttns (slagygaysn (tal3dl e pm (2Ll b (Dlae (sl 51 oalil aiile (5 Ko
Gob j el (Dlas Bymle 2 IGF-1 31555l 09 oo pomie (Dlae ad) 4 [VA] Jlob (50T slasiss adss

IOV a8 oo Sl 1) 590 0] e IGF-1 [+ ] sas o &, slolsale slo ok o Slas § iS5 g pulats

O sla)l 9,5 aily 4 0B aS ol 8555 Sl (setes Saie (S5 e Gy Sl ogdle BFR Sl o

ool Sy (oo JB (o yed 7 g a8 Db 4 azrg b il Dlas glacew] jloggr Sl o b st
1y lin glan 35 4 1 BFR ol cpl [FY FY] 05 o Lai> Dlae 0y a5 Jloyo il oo alS Laio § Dlie
S8l g Jolio ok JLad b aglye o il M &)a8 g pae Aul8l Jliod a5 S o Joos JLb 5 ple ol
Ll L3555 05 es g 9 (SMae (55 Olz (RIFN ) (oot B VLo (g n JoSe 03 (Som 5l L aien
Slgs 5 o3meST JEl Gl 5 390 (b oLaS o 45 NO olo sty w050 s syl 4 s s S o
o 5 WS Zogh |) (Dlde Bygmle maiuend jsba oo Wlgige S5l ol 150 FF] 0t o odlae 4 sis
3 bl bl alesa oYl Gy e Sras GOl Giod (o 09d OS85 Cedib g ol Gl o
Jolss il a5 o IGF-1 s 2 i3l 5 c2l33ln i1 oo BFR liy o b S 5 4 Ll 00,55 slogl b ol

] G135 JoSe g (el S e (e S

NO i (sl a8 wams Gl 1) Lawsdly (5= ) s Wlgi oo Gl s 310 0Lt (6,508 G el o ogdle

S9dee rie Silep 5 il g (S B e asile (o859 3 Sas slajline 350 4 0gill jebds 5 ol mpn L
5 0b) slaggeys mhaw p sl (See Gy JaSo ams o lis Slidos (B geyen slagaly Hbs 51 [YY]
Q.Z.;‘a.?sn Oedg =l g Q—.é’})LJ‘ sosle 44..@] ool ols oyl RIS S 5,138 )...>l., IGF-1 alox 3l clas 1o Julge
BFR (3 @ 5,13 )-*-’L’ 52359 3l om IGF-1 s o sl (Soe 095 dogi s i al38l 1) 0l ) (50,90 s 5
Shae ol 6o ysiSl Giulil 5o ofsd oS oyl S (glwaigy Baa b SS9 gl wied)l )10l lsiea
oS SLS sl o5ads ¢ 2539 cnped deliy ;0 BFR o yes a5l pols giow slaassl .o ls 0w dGF-1 asbe

a Y ol b ol e b lad e slacaw] Hlas Jb e 0 5 siten Dlae By, mle aile, #Slas a4 Jlosa

1 .Growth Hormone (GH)

IEoF jly ooy 8yl o0 8,90 ooy g (oiums pole



oKt g (5y2085 Codlaw o Vi

Ol Cagase Ol ped aaa VY oS 5 a5 wad oo lis yols b gleadl oS o Slaiy waile, oo J8las>
15 ke s 5le S5ite 5 095 59 1GF-L s I3 1 s bl 556 VL ey s Jalo G e b (195

JL"é ‘>‘)é‘ 2 <ae ) 9 )9 “))S:'L"‘c u*"ﬁ‘ LS‘ﬁ Py 509, O‘ﬁ*“d‘? J"‘ﬁ‘uf C’L“’ Cﬁ-‘ '“>)L> )m})ﬁ O‘? C)L>)‘°

Doy 59, ks aios opl a5 LTl Lol oaiS o 0l 1) Slows Sl pod IS 8 conlin L35 Caanl 5 095 ooliciul
pas uimad Abld pdpaesd (00 iz b S sbog )8 4 cel S Qi LSl 0uls 35 joie [55 59 s>

g53|‘>)"\§3 Sy

5bn (1058 5 S5 s S ol iRy ol pll o 1y Lo &5 SIS 5 b ogesl (oales |

Sl colo>

by (Jlo ole 5wl (635157 (o855 G598 Gl S (b5 pele Al 0l | bl )5 ALl 5l e S ol gt

RO 00)55

R LS ELN g Fr

adls oS i iegh szl g ik yo (Bais s (led

&L ol

Sl 0gzg oadlie 5 )led WS llae cpl ;o Wil o el o g

References

[1]. Abe, T., et al., Muscle, tendon, and somatotropin responses to the restriction of muscle blood flow
induced by KAATSU-walk training. Equine veterinary journal, 2006. 38(S36): p. 345-348.
https://doi.org/10.1111/j.2042-3306.2006.tb05566.x

[2]. Kubota, A., et al., Prevention of disuse muscular weakness by restriction of blood flow. Medicine
and science in sports and exercise, 2008. 40(3): p. 529. https://doi.org/
10.1249/MSS.0b013e31815ddac6

[3]. Manini, T.M. and B.C. Clark, Blood flow restricted exercise and skeletal muscle health. Exercise
and sport sciences reviews, 2009. 37(2): p. 78-85. https://doi.org/ 10.1097/JES.0b013e31819c2e5¢c

[4]. Pignanelli, C., D. Christiansen, and J.F. Burr, Blood flow restriction training and the high-
performance athlete: science to application. Journal of Applied Physiology, 2021.
https://doi.org/10.1152/japplphysiol.00982.2020

[5]. Moore, D.R., et al., Neuromuscular adaptations in human muscle following low intensity resistance
training with vascular occlusion. European journal of applied physiology, 2004. 92(4): p. 399-406.
https://doi.org/ 10.1007/s00421-004-1072-y

[6]. Ahmad, S.S., et al., Implications of insulin-like growth factor-1 in skeletal muscle and various
diseases. Cells, 2020. 9(8): p. 1773. https://doi.org/ 10.3390/cells9081773

IEoF july ooy 8yl o00id 8,90 ooy g (oiumsj pole


https://beva.onlinelibrary.wiley.com/doi/10.1111/j.2042-3306.2006.tb05566.x
https://beva.onlinelibrary.wiley.com/doi/10.1111/j.2042-3306.2006.tb05566.x
https://doi.org/10.1111/j.2042-3306.2006.tb05566.x

Y44 v Yo 5y i faSo oyt 43 595 Gl 2 Caogdme Oliy yoi diis 085lys il

[7]. Wax, B., A.N. Kavazis, and W. Luckett, Effects of supplemental citrulline-malate ingestion on blood
lactate, cardiovascular dynamics, and resistance exercise performance in trained males. Journal of
dietary supplements, 2016. 13(3): p. 269-282. https://doi.org/ 10.3109/19390211.2015.1008615

[8]. Wax, B., et al., Effects of supplemental citrulline malate ingestion during repeated bouts of lower-
body exercise in advanced weightlifters. The Journal of Strength & Conditioning Research, 2015.
29(3): p. 786-792. https://doi.org/10.1519/JSC.0000000000000670

[9]. Besco, R., et al., The effect of nitric-oxide-related supplements on human performance. Sports
medicine, 2012. 42(2): p. 99-117. https://doi.org/ 10.2165/11596860-000000000-00000

[10]. Pérez-Guisado, J. and P.M. Jakeman, Citrulline malate enhances athletic anaerobic performance
and relieves muscle soreness. The Journal of Strength & Conditioning Research, 2010. 24(5): p. 1215-
1222. https://doi.org/10.1519/JSC.0b013e3181ch28e0

[11]. Simdes, R.P., et al., Heart-rate variability and blood-lactate threshold interaction during progressive
resistance exercise in healthy older men. The Journal of Strength & Conditioning Research, 2010.
24(5): p. 1313-1320. https://doi.org/10.1519/JSC.0b013e3181d2c0fe

[12]. Yasuda, T., et al., Effects of low-intensity bench press training with restricted arm muscle blood
flow on chest muscle hypertrophy: a pilot study. Clinical physiology and functional imaging, 2010.
30(5): p. 338-343.https:/doi.org/10.1111/j.1475-097X.2010.00949.x

[13]. Fujita, T., et al., Increased muscle volume and strength following six days of low-intensity
resistance training with restricted muscle blood flow. International Journal of KAATSU Training
Research, 2008. 4(1): p. 1-8. https://doi.org/10.3806/ijktr.4.1

[14]. EI-Magd, M.A., et al., High doses of S-methylcysteine cause hypoxia-induced cardiomyocyte
apoptosis accompanied by engulfment of mitochondaria by nucleus. Biomedicine &
Pharmacotherapy, 2017. 94: p. 589-597. https://doi.org/ 10.1016/j.biopha.2017.07.100

[15]. Olkowicz, M., et al., Enhanced cardiac hypoxic injury in atherogenic dyslipidaemia results from
alterations in the energy metabolism pattern. Metabolism, 2021. 114: p. 154400.
https://doi.org/10.1016/j.metabol.2020.154400

[16]. Machek, S.B., et al., The Impacts of Combined Blood Flow Restriction Training and Betaine
Supplementation on One-Leg Press Muscular Endurance, Exercise-Associated Lactate
Concentrations, Serum Metabolic Biomarkers, and Hypoxia-Inducible Factor-1o Gene Expression.
Nutrients, 2022. 14(23): p. 5040. https://doi.org/10.3390/nu14235040

[17]. Malekyian Fini, E., et al., The effect of two methods of resistance training with and without blood
flow restriction on coagulation indices and blood glucose levels in type 2 diabetic patients. Medical
Journal of Mashhad university of Medical Sciences, 2021. 64(3): p. 3060-3071. (In Persian)

[18]. Laurentino, G.C., et al., Validity of the handheld Doppler to determine lower-limb blood flow
restriction pressure for exercise protocols. The Journal of Strength & Conditioning Research, 2020.
34(9): p. 2693-2696. https://doi.org/ 10.1519/JSC.0000000000002665

[19]. Gonzalez, A.M., et al., Emerging nutritional supplements for strength and hypertrophy: an update
of the current literature. Strength & Conditioning Journal, 2020. 42(5): p. 57-70. https://doi.org/
10.1519/SSC.0000000000000552

[20]. Mannion, A., et al., Prediction of maximal back muscle strength from indices of body mass and fat-
free body mass. Rheumatology (Oxford, England), 1999. 38(7): p. 652-655.
https://doi.org/10.1093/rheumatology/38.7.652

[21]. Talebi, V., et al., Compare the strength, range of motion and balance the active and inactive groups
with multiple sclerosis. 2020. (In Persian) https://doi.org/10.22059/jsb.2019.285313.1351

IEoF july ooy 8yl o00id 8,90 ooy g (oiumsj pole


https://pubmed.ncbi.nlm.nih.gov/20618358/
https://pubmed.ncbi.nlm.nih.gov/20618358/
https://pubmed.ncbi.nlm.nih.gov/20618358/
https://pubmed.ncbi.nlm.nih.gov/20618358/
https://mjms.mums.ac.ir/article_18772.html
https://mjms.mums.ac.ir/article_18772.html
https://mjms.mums.ac.ir/article_18772.html

O Kas 4 (g yi08T Ceodas Gunrro FA

[22]. Mohamadi, S., et al., The Effect of Low- Intensity Resistance Training with Blood Flow Restriction
on Serum Cortisol and Testosterone Levels in Young Men. J Arch Mil Med, 2015. 3(3): p. €28306.
https://doi.org/10.30476/whb.2024.103488.1303

[23]. Centner, C., et al., Effects of blood flow restriction training on muscular strength and hypertrophy
in older individuals: a systematic review and meta-analysis. Sports Medicine, 2019. 49: p. 95-108.
https://doi.org/ 10.1007/s40279-018-0994-1

[24]. Freitas, E.D., M. Karabulut, and M.G. Bemben, The evolution of blood flow restricted exercise.
Frontiers in physiology, 2021. 12: p. 747759. https://doi.org/10.3389/fphys.2021.747759

[25]. Ma, F., J. He, and Y. Wang, Blood flow restriction combined with resistance training on muscle
strength and thickness improvement in young adults: a systematic review, meta-analysis, and meta-
regression.  Frontiers in  Physiology, 2024. 15: p.  1379605.  https://doi.org/
10.3389/fphys.2024.1379605

[26]. Li, P., et al., The effects of L-citrulline supplementation on the athletic performance, physiological
and biochemical parameters, antioxidant capacity, and blood amino acid and polyamine levels in
Speed-Racing Yili Horses. Animals, 2024. 14(16): p. 2438. https://doi.org/10.3390/ani14162438

[27]. Cabre, H.E., et al., The effects of L-Citrulline and Glutathione on Endurance performance in young
adult trained males. Journal of the International Society of Sports Nutrition, 2023. 20(1): p. 2206386.
https://doi.org/ 10.1080/15502783.2023.2206386

[28]. Gonzalez, A.M., et al., Acute Effect of L-Citrulline Supplementation on Resistance Exercise
Performance and Muscle Oxygenation in Recreationally Resistance Trained Men and Women. Journal
of Functional Morphology and Kinesiology, 2023. 8(3): p. 88. https://doi.org/ 10.3390/jfmk8030088

[29]. Hoseleh, A., et al., Effect of Blood Flow Restriction Training on Serum Levels of Some Muscle
Growth Factors in Male Athletes after Anterior Cruciate Ligament Surgery. Journal of Basic Research
in Medical Sciences, 2021. 8(4): p. 42-49. http://jorms.medilam.ac.ir/article-1-552-en.html

[30]. Vakili, J., R. Amirsasan, and P. Sanei, Effects of 4 weeks Resistance Training with and Without
Blood Flow Restriction on GH, IGF-1, NO and Lactate in male Rock Climbers. Journal of Sport
Biosciences, 2022. 14(1): p. 33-48. https://doi.org/10.22059/jsb.2021.323313.1468(In Persian)

[31]. Chen, Y., et al., Acute effects of low load resistance training with blood flow restriction on serum
growth hormone, insulin-like growth factor-1, and testosterone in patients with mild to moderate
unilateral knee osteoarthritis. Heliyon, 2022. 8(10). https://doi.org/10.1016/j.heliyon.2022.e11051

[32]. Goldspink, G., Mechanical signals, IGF-I gene splicing, and muscle adaptation. Physiology, 2005.
20(4): p. 232-238. https://doi.org/ 10.1152/physiol.00004.2005

[33]. Chen, H.T., et al., Effects of different types of exercise on body composition, muscle strength, and
IGF-1 in the elderly with sarcopenic obesity. Journal of the American Geriatrics Society, 2017. 65(4):
p. 827-832. https://doi.org/ 10.1111/jgs.14722

[34]. Nunes, P.R., et al., Muscular strength adaptations and hormonal responses after two different
multiple-set protocols of resistance training in postmenopausal women. The Journal of Strength &
Conditioning Research, 2019. 33(5): p. 1276-1285. https://doi.org/ 10.1519/JSC.0000000000001788

[35]. Sillanpdd, E., et al., Serum basal hormone concentrations, nutrition and physical fitness during
strength and/or endurance training in 39—64-year-old women. International journal of sports medicine,
2010. 31(02): p. 110-117. https://doi.org/ 10.1055/5-0029-1242811

[36]. Lee, S.-J., Quadrupling muscle mass in mice by targeting TGF-B signaling pathways. PloS one,
2007. 2(8): p. e789. https://doi.org/ 10.1371/journal.pone.0000789

[37]. Rodriguez, J., et al., Myostatin and the skeletal muscle atrophy and hypertrophy signaling pathways.

IEoF july ooy 8yl o00id 8,90 ooy g (oiumsj pole



£1 v Yo 5y i faSo oyt 43 595 Gl 2 Caogdme Oliy yoi diis 085lys il

Cellular and Molecular Life Sciences, 2014. 71: p. 4361-4371. https://doi.org/ 10.1007/s00018-014-
1689-x

[38]. Mohan, S. and D. Baylink, Beyond carrier proteins: IGF-binding proteins are multifunctional and
act via IGF-dependent and-independent mechanisms. J endocrinol, 2002. 175: p. 19-31.
https://doi.org/ 10.1677/joe.0.1750019

[39]. Heidariyeh, A., et al., Concentration of nitrate, nitrite and fluoride in drinking water and bottled
water in Semnan city. Koomesh, 2024. 21(2): p. 381-386.

[40]. Jang, Y., et al. Skeletal muscle stem cells: effects of aging and metabolism on muscle regenerative
function. in Cold Spring Harbor symposia on quantitative biology. 2011. Cold Spring Harbor
Laboratory Press. https://doi.org/ 10.1101/sqb.2011.76.010652

[41]. Li, Y., H. Shelat, and Y.-J. Geng, IGF-1 prevents oxidative stress induced-apoptosis in induced
pluripotent stem cells which is mediated by microRNA-1. Biochemical and biophysical research
communications, 2012. 426(4): p. 615-619. https://doi.org/ 10.1016/j.bbrc.2012.08.139

[42]. Liu, Y., et al., The effect of blood flow restriction training on core muscle strength and pain in male
collegiate athletes with chronic non-specific low back pain. Frontiers in Public Health, 2025. 12: p.
1496482. https://doi.org/ 10.3389/fpubh.2024.1496482

[43]. Ogrezeanu, D.C., et al., Neuromuscular Responses and Perceptions of Health Status and Pain-
Related Constructs in End-Stage Knee Osteoarthritis During Resistance Training With Blood Flow
Restriction. The Journal of Strength & Conditioning Research, 2024. 38(4): p. 762-772.
https://doi.org/ 10.1519/JSC.0000000000004680

[44]. Kurhaluk, N. and H. Tkaczenko, L-Arginine and Nitric Oxide in Vascular Regulation—
Experimental Findings in the Context of Blood Donation. Nutrients, 2025. 17(4): p. 665.
https://doi.org/ 10.3390/nu17040665

[45]. Kang, Y., Effects of L-Citrulline Supplementation on Macro-and Microvascular Function in the
fasted state and during acute hyperglycemia in Middle-aged and Older Adults with Type 2 Diabetes.
2024, Texas Tech University. https://hdl.handle.net/2346/100274

[46]. Nyawose, S., et al., The effects of consuming amino acids L-arginine, L-Citrulline (and their
combination) as a beverage or powder, on athletic and physical performance: a systematic review.
Beverages, 2022. 8(3): p. 48. https://doi.org/10.3390/beverages8030048

IEoF july ooy 8yl o00id 8,90 ooy g (oiumsj pole


https://brieflands.com/articles/koomesh-153082
https://brieflands.com/articles/koomesh-153082

	برنامۀ تمرینات محدودیت جریان خون
	محدودیت جریان خون
	مصرف مکمل
	اندازه‌گیری متغیر
	تجزیه‌وتحلیل آماری
	شکل 1. تغییرات هایپرتروفی چهارسرران در بین گروه‌های پژوهش، * تفاوت معنادار نسبت به مرحلۀ پیش ، # تفاوت معنادار نسبت به گروه مکمل و گروه کنترل دارونما، † تفاوت معنادار نسبت به گروه تمرین BFR دارونما (05/0>P)
	شکل 2. تغییرات هایپرتروفی دوسربازویی در بین گروه‌های پژوهش، * تفاوت معنادار نسبت به مرحلۀ پیش‌آزمون، # تفاوت معنادار نسبت به گروه مکمل و گروه کنترل دارونما، † تفاوت معنادار نسبت به گروه تمرین BFR دارونما (05/0>P)
	شکل 3. تغییرات IGF-1 در بین گروه‌های پژوهش، * تفاوت معنادار نسبت به مرحلۀ پیش‌آزمون، # تفاوت معنادار نسبت به گروه کنترل دارونما، † تفاوت معنادار نسبت به گروه تمرین BFR دارونما (05/0>P)
	References
	[1]. Abe, T., et al., Muscle, tendon, and somatotropin responses to the restriction of muscle blood flow induced by KAATSU‐walk training. Equine veterinary journal, 2006. 38(S36): p. 345-348. https://doi.org/10.1111/j.2042-3306.2006.tb05566.x
	[2]. Kubota, A., et al., Prevention of disuse muscular weakness by restriction of blood flow. Medicine and science in sports and exercise, 2008. 40(3): p. 529. https://doi.org/ 10.1249/MSS.0b013e31815ddac6
	[3]. Manini, T.M. and B.C. Clark, Blood flow restricted exercise and skeletal muscle health. Exercise and sport sciences reviews, 2009. 37(2): p. 78-85. https://doi.org/ 10.1097/JES.0b013e31819c2e5c
	[4]. Pignanelli, C., D. Christiansen, and J.F. Burr, Blood flow restriction training and the high-performance athlete: science to application. Journal of Applied Physiology, 2021. https://doi.org/10.1152/japplphysiol.00982.2020
	[5]. Moore, D.R., et al., Neuromuscular adaptations in human muscle following low intensity resistance training with vascular occlusion. European journal of applied physiology, 2004. 92(4): p. 399-406. https://doi.org/ 10.1007/s00421-004-1072-y
	[6]. Ahmad, S.S., et al., Implications of insulin-like growth factor-1 in skeletal muscle and various diseases. Cells, 2020. 9(8): p. 1773. https://doi.org/ 10.3390/cells9081773
	[7]. Wax, B., A.N. Kavazis, and W. Luckett, Effects of supplemental citrulline-malate ingestion on blood lactate, cardiovascular dynamics, and resistance exercise performance in trained males. Journal of dietary supplements, 2016. 13(3): p. 269-282. h...
	[8]. Wax, B., et al., Effects of supplemental citrulline malate ingestion during repeated bouts of lower-body exercise in advanced weightlifters. The Journal of Strength & Conditioning Research, 2015. 29(3): p. 786-792. https://doi.org/10.1519/JSC.000...
	[9]. Besco, R., et al., The effect of nitric-oxide-related supplements on human performance. Sports medicine, 2012. 42(2): p. 99-117. https://doi.org/ 10.2165/11596860-000000000-00000
	[10]. Pérez-Guisado, J. and P.M. Jakeman, Citrulline malate enhances athletic anaerobic performance and relieves muscle soreness. The Journal of Strength & Conditioning Research, 2010. 24(5): p. 1215-1222. https://doi.org/10.1519/JSC.0b013e3181cb28e0
	[11]. Simões, R.P., et al., Heart-rate variability and blood-lactate threshold interaction during progressive resistance exercise in healthy older men. The Journal of Strength & Conditioning Research, 2010. 24(5): p. 1313-1320. https://doi.org/10.1519...
	[12]. Yasuda, T., et al., Effects of low‐intensity bench press training with restricted arm muscle blood flow on chest muscle hypertrophy: a pilot study. Clinical physiology and functional imaging, 2010. 30(5): p. 338-343.https:/doi.org/10.1111/j.1475...
	[13]. Fujita, T., et al., Increased muscle volume and strength following six days of low-intensity resistance training with restricted muscle blood flow. International Journal of KAATSU Training Research, 2008. 4(1): p. 1-8. https://doi.org/10.3806/ij...
	[14]. El-Magd, M.A., et al., High doses of S-methylcysteine cause hypoxia-induced cardiomyocyte apoptosis accompanied by engulfment of mitochondaria by nucleus. Biomedicine & Pharmacotherapy, 2017. 94: p. 589-597. https://doi.org/ 10.1016/j.biopha.201...
	[15]. Olkowicz, M., et al., Enhanced cardiac hypoxic injury in atherogenic dyslipidaemia results from alterations in the energy metabolism pattern. Metabolism, 2021. 114: p. 154400. https://doi.org/10.1016/j.metabol.2020.154400
	[16]. Machek, S.B., et al., The Impacts of Combined Blood Flow Restriction Training and Betaine Supplementation on One-Leg Press Muscular Endurance, Exercise-Associated Lactate Concentrations, Serum Metabolic Biomarkers, and Hypoxia-Inducible Factor-1...
	[17]. Malekyian Fini, E., et al., The effect of two methods of resistance training with and without blood flow restriction on coagulation indices and blood glucose levels in type 2 diabetic patients. Medical Journal of Mashhad university of Medical Sc...
	[18]. Laurentino, G.C., et al., Validity of the handheld Doppler to determine lower-limb blood flow restriction pressure for exercise protocols. The Journal of Strength & Conditioning Research, 2020. 34(9): p. 2693-2696. https://doi.org/ 10.1519/JSC.0...
	[19]. Gonzalez, A.M., et al., Emerging nutritional supplements for strength and hypertrophy: an update of the current literature. Strength & Conditioning Journal, 2020. 42(5): p. 57-70. https://doi.org/ 10.1519/SSC.0000000000000552
	[20]. Mannion, A., et al., Prediction of maximal back muscle strength from indices of body mass and fat-free body mass. Rheumatology (Oxford, England), 1999. 38(7): p. 652-655. https://doi.org/10.1093/rheumatology/38.7.652
	[21]. Talebi, V., et al., Compare the strength, range of motion and balance the active and inactive groups with multiple sclerosis. 2020. (In Persian) https://doi.org/10.22059/jsb.2019.285313.1351
	[22]. Mohamadi, S., et al., The Effect of Low- Intensity Resistance Training with Blood Flow Restriction on Serum Cortisol and Testosterone Levels in Young Men. J Arch Mil Med, 2015. 3(3): p. e28306. https://doi.org/10.30476/whb.2024.103488.1303
	[23]. Centner, C., et al., Effects of blood flow restriction training on muscular strength and hypertrophy in older individuals: a systematic review and meta-analysis. Sports Medicine, 2019. 49: p. 95-108. https://doi.org/ 10.1007/s40279-018-0994-1
	[24]. Freitas, E.D., M. Karabulut, and M.G. Bemben, The evolution of blood flow restricted exercise. Frontiers in physiology, 2021. 12: p. 747759. https://doi.org/10.3389/fphys.2021.747759
	[25]. Ma, F., J. He, and Y. Wang, Blood flow restriction combined with resistance training on muscle strength and thickness improvement in young adults: a systematic review, meta-analysis, and meta-regression. Frontiers in Physiology, 2024. 15: p. 137...
	[26]. Li, P., et al., The effects of L-citrulline supplementation on the athletic performance, physiological and biochemical parameters, antioxidant capacity, and blood amino acid and polyamine levels in Speed-Racing Yili Horses. Animals, 2024. 14(16)...
	[27]. Cabre, H.E., et al., The effects of L-Citrulline and Glutathione on Endurance performance in young adult trained males. Journal of the International Society of Sports Nutrition, 2023. 20(1): p. 2206386. https://doi.org/ 10.1080/15502783.2023.220...
	[28]. Gonzalez, A.M., et al., Acute Effect of L-Citrulline Supplementation on Resistance Exercise Performance and Muscle Oxygenation in Recreationally Resistance Trained Men and Women. Journal of Functional Morphology and Kinesiology, 2023. 8(3): p. 8...
	[29]. Hoseleh, A., et al., Effect of Blood Flow Restriction Training on Serum Levels of Some Muscle Growth Factors in Male Athletes after Anterior Cruciate Ligament Surgery. Journal of Basic Research in Medical Sciences, 2021. 8(4): p. 42-49. http://j...
	[30]. Vakili, J., R. Amirsasan, and P. Sanei, Effects of 4 weeks Resistance Training with and Without Blood Flow Restriction on GH, IGF-1, NO and Lactate in male Rock Climbers. Journal of Sport Biosciences, 2022. 14(1): p. 33-48.  https://doi.org/10.2...
	[31]. Chen, Y., et al., Acute effects of low load resistance training with blood flow restriction on serum growth hormone, insulin-like growth factor-1, and testosterone in patients with mild to moderate unilateral knee osteoarthritis. Heliyon, 2022. ...
	[32]. Goldspink, G., Mechanical signals, IGF-I gene splicing, and muscle adaptation. Physiology, 2005. 20(4): p. 232-238. https://doi.org/ 10.1152/physiol.00004.2005
	[33]. Chen, H.T., et al., Effects of different types of exercise on body composition, muscle strength, and IGF‐1 in the elderly with sarcopenic obesity. Journal of the American Geriatrics Society, 2017. 65(4): p. 827-832. https://doi.org/ 10.1111/jgs....
	[34]. Nunes, P.R., et al., Muscular strength adaptations and hormonal responses after two different multiple-set protocols of resistance training in postmenopausal women. The Journal of Strength & Conditioning Research, 2019. 33(5): p. 1276-1285. http...
	[35]. Sillanpää, E., et al., Serum basal hormone concentrations, nutrition and physical fitness during strength and/or endurance training in 39–64-year-old women. International journal of sports medicine, 2010. 31(02): p. 110-117. https://doi.org/ 10....
	[36]. Lee, S.-J., Quadrupling muscle mass in mice by targeting TGF-ß signaling pathways. PloS one, 2007. 2(8): p. e789. https://doi.org/ 10.1371/journal.pone.0000789
	[37]. Rodriguez, J., et al., Myostatin and the skeletal muscle atrophy and hypertrophy signaling pathways. Cellular and Molecular Life Sciences, 2014. 71: p. 4361-4371. https://doi.org/ 10.1007/s00018-014-1689-x
	[38]. Mohan, S. and D. Baylink, Beyond carrier proteins: IGF-binding proteins are multifunctional and act via IGF-dependent and–independent mechanisms. J endocrinol, 2002. 175: p. 19-31. https://doi.org/ 10.1677/joe.0.1750019
	[39]. Heidariyeh, A., et al., Concentration of nitrate, nitrite and fluoride in drinking water and bottled water in Semnan city. Koomesh, 2024. 21(2): p. 381-386.
	[40]. Jang, Y., et al. Skeletal muscle stem cells: effects of aging and metabolism on muscle regenerative function. in Cold Spring Harbor symposia on quantitative biology. 2011. Cold Spring Harbor Laboratory Press. https://doi.org/ 10.1101/sqb.2011.76...
	[41]. Li, Y., H. Shelat, and Y.-J. Geng, IGF-1 prevents oxidative stress induced-apoptosis in induced pluripotent stem cells which is mediated by microRNA-1. Biochemical and biophysical research communications, 2012. 426(4): p. 615-619. https://doi.or...
	[42]. Liu, Y., et al., The effect of blood flow restriction training on core muscle strength and pain in male collegiate athletes with chronic non-specific low back pain. Frontiers in Public Health, 2025. 12: p. 1496482. https://doi.org/ 10.3389/fpubh...
	[43]. Ogrezeanu, D.C., et al., Neuromuscular Responses and Perceptions of Health Status and Pain-Related Constructs in End-Stage Knee Osteoarthritis During Resistance Training With Blood Flow Restriction. The Journal of Strength & Conditioning Researc...
	[44]. Kurhaluk, N. and H. Tkaczenko, L-Arginine and Nitric Oxide in Vascular Regulation—Experimental Findings in the Context of Blood Donation. Nutrients, 2025. 17(4): p. 665. https://doi.org/ 10.3390/nu17040665
	[45]. Kang, Y., Effects of L-Citrulline Supplementation on Macro-and Microvascular Function in the fasted state and during acute hyperglycemia in Middle-aged and Older Adults with Type 2 Diabetes. 2024, Texas Tech University. https://hdl.handle.net/23...
	[46]. Nyawose, S., et al., The effects of consuming amino acids L-arginine, L-Citrulline (and their combination) as a beverage or powder, on athletic and physical performance: a systematic review. Beverages, 2022. 8(3): p. 48. https://doi.org/10.3390/...



