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ABSTRACT

EEldl el e e PAYT E Post-exercise Blood Flow Restriction (BFR) is a novel training method that, through
alterations to the haemodynamic, metabolic, and hypoxic stimulus, could augment skeletal muscle ad-

Received: 17 Mar 2021 aptation in endurance-trained individuals. This study aimed to compare the effect of eight weeks of
Accepted: 16 Jun 2021 : High-Intensity Interval Training (HIIT) and BFR on PGC-1a and Vascular Endothelial Growth Factor (VEGF)
Available Online: 23 )ul2001 . @s mitochondrial biogenesis and angiogenesis biomarkers, respectively, in amateur male runners.

[VETTLE In the current study, 15 runners (Meas+SD of age: 23+3 years; height: 17245 cm; weight: 73+4
kg: BMI: 23+1.7 kg/m?) voluntarily participating in this study were divided into three groups: 1-Control
2-HIIT and 3-HIIT+BFR or BFR. The experimental groups performed three sessions a week (six trials each
session) for eight weeks. The biopsy samples were collected from the vastus lateralis muscle at the first
and end of eight weeks. The protein expression levels of the PGC-1a and VEGF were studied by im-
munohistochemical method. Data analysis was performed using the one-way Analysis of Covariance
(ANCOVA), and a significance level of P<0.05 was considered.

(ST The findings showed that PGC-1a values were significantly increased in the HIIT and BFR groups

Keywords: (54.9% and 60.85%, respectively) compared to the control group, as well as VEGF levels were 51.31%

High-Intensity Inter- and 57.52%, respectively (P<0.05). There were also significant differences between experimental groups
val Training (HIIT), in the protein expressions (P<0.05).

PGC-1a, Vascular : Given that activation of VEGF from the PGC-1 pathway is part of cellular-molecular mecha-

Endothelial Growth nisms of high-intensity interval training, It seems that the combination of intense interval training and

Factor (VEGF)  BFR can effectively affect the process of angiogenesis in the vastus lateralis muscle of amateur runners.

Extended Abstract and hypoxic stimulus, could augment skeletal muscle ad-

aptation in endurance-trained individuals. Therefore this

1. Introduction $tudy aimed to compare the effect of eight weeks of HIIT

and BFR on Peroxisome proliferator-activated receptor-y
ost-exercise Blood Flow Restriction (BFR) coactivator la (PGC-1a) and Vascular Endothelial Growth
is a novel training method that, through al- Factor (VEGF) as mitochondrial biogenesis and angiogen-
terations to the haemodynamic, metabolic, esis biomarkers, respectively, in amateur male runners.
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Fi%ure 1. immunohistochemical expression of PGC-1a protein of the vastus lateralis muscle cells in the groups (Control, BFR,
an

HIIT)

White spots are related to protein expression.

2. Methods

In the current study, 15 runners (Mean+SD of age: 2343
years; height: 17245 cm; weight: 73+4 kg: BMI: 23+1.7
kg/m?) voluntarily participating in this study were divided
into three groups: 1-Control 2-HIIT and 3-HIIT+BFR or
BFR. Unlike the control group, which did not participate
in any training, the experimental groups performed the 10-
20-30 training pattern for eight weeks/three sessions per
week. The 10-20-30 training consisted of a 15-min warm-
up at a low intensity followed by 6x5 min running periods
interspersed by 4 min of rest. Each 5-min running period
consisted of five consecutive 1-min intervals divided into
30, 20, and 10 s at an intensity of ~ 30%, ~ 60%, and ~
90-100% of maximal running speed.

The difference between the experimental groups was that
the BFR group had to lay supine on an adjacent carpet im-
mediately after each trial. By installing an inflatable cuff
on the highest part of the thigh of both legs, blood restric-
tion was applied for two minutes and immediately rested
for two minutes by removing the cuff from the position and
then prepared for the next attempt. All runners were present
in the medical laboratory 72 hours before exercise training
and 72 hours after the last exercise session, and needle bi-
opsies were taken from them. Tissue samples were stored
in formalin-containing tubes for approximately one month

Control

BFR

until transfer to the histology laboratory. After transferring
the models, the protein expression levels of the PGC-1a
and VEGF were studied by immunohistochemical method.
Data analysis was performed using the One-Way Analy-
sis of Covariance (ANCOVA), and a significance level of
P<0.05 was considered.

3. Results

The results showed that the levels of PGC-1a in the HIIT
and BFR groups increased by 54.9% and 60.85%, respec-
tively, compared to the control group (P<0.05), and the
difference between the experimental groups in the expres-
sion of this protein was significant (P<0.05). Immunohis-
tochemical expression of PGC-la protein of the vastus
lateralis muscle cells has been shown for experimental and
control groups (Figure 1). The lowest expression of this
protein is seen in the control group, and the highest expres-
sion is seen in the BFR.

Also, VEGF levels in HIIT and BFR groups increased sig-
nificantly by 51.31% and 57.52%, respectively, compared
to the control group (P<0.05), and the difference between
the experimental groups in the expression of this protein
was significant (P<0.05). Figure 2 shows that the lowest
expression of VEGF regarding the control group and the
highest expression belongs to the BFR.
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Figure 2. Immunohistochemical expression of VEGF protein of the vastus lateralis muscle cells in the groups (Control, BFR, and HIIT)

White spots are related to protein expressions.
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4. Discussion and Conclusion

Given that activation of VEGF from the PGC-1 pathway is
part of cellular-molecular mechanisms of high-intensity inter-
val training, It seems that the combination of intense interval
training and BFR can effectively affect the process of angio-
genesis in the vastus lateralis muscle of amateur runners.
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12. Hypoxia Inducible Factor (HIF)

390 g3 (26 (e e 53501531 9 (o1l S g0 5i50m SRS D 2 (198 (12 DA Dm0 9 Mg 19T Ol A1 i danyle - f3 0 phe03Ld 9 Sl gy duw


http://medrehab.sbmu.ac.ir/

o Sy plowl aiboe ol b Beios (claasil
Wyiie 0 4 3 BER b ol HIT cliy o5 ghtinceto
) ot ahas VEGF 5 PGC-1at glayuigy oyl wilgs oo
oSyl ey azgi oo Gal3dl ) pgilel 050 Sraliislaess S igs
sl sloosl b 5l iy PGC-10L yoae 5 VEGE (ks Jlas
Sy a0 4 el il (gl Sl el 4 Ay (JoSUge
)3 (5530 yob 4 Wil o0 BFR 5 09 09lis iy pos (3815
T o dlae o) Sl S5e lgn 0 Shae o 45 55,
W20 )8 1306 cod jgilel Faige

g3 A Jgo! 31 (593
Josdlygiws b illae B3 cllasdle o imgls sl o
D aF g oas 48,5 L 0 o pile olfidls B aseS
Jsol ol oad il IRUMZREC.1397.048 ojles 4,
o3l EALSES 18 ol o ey Alie o Lolay DU

e Jigh gl gk 5 wisgy Jile 45" lej o il
o)) Cledlbl . s50gy tdgss Wgy oyl 40 BALS TS Wb 4o
o 4zl 4K ale yee

ool

3 b el slalogl ) Jlo KoS 3T ged iz ]
0,55l el yue b (6028 ¢ ages slo iy

OB dnz g5 Lk

G eglinc ) 29 3o JeloS o oulid Sl o5 Lupagie
b dw s Jlo el 9 0595 S oo c(siluc par g s
22 g aligh (gl aled 9 ()bl g ¢ i liel sole
.cdd.m.: 5.: 30
&ls o)l

) @8l (5 )la5 Alie () (S Singi ol iy
‘_éb )..\3 9 M

Gzt () 3 )90 5z (el (gl o pisla oKl
9 g0 (098 9 St

390 593 (26 (g dbiae 555915 g oo piS g0 350m SR IAB LD 32 (198 (12 DS D000 9 g 9T o AR Cunlid sl 13 0 303Ul 9 (S9le gy Ay


http://medrehab.sbmu.ac.ir/

References

[1] Macinnis MJ, Gibala MJ. Physiological adaptations to interval
training and the role of exercise intenSITy. The Journal of Physi-
ology. 2017; 595(9):2915-30. [DOI:10.1113/JP273196] [PMID]
[PMCID]

[2] Gibala J, Little JP, MacDonald MJ, Hawley JA. Physiological
adaptations to low- volume, high intenSITy interval train-
ing in health and disease. The Journal of Physiology. 2012.
590(5):1077-84. [DOI:10.1113/jphysiol.2011.224725] [PMID]
[PMCID]

[3] Perry CG, Lally J, Holloway GP, Heigenhauser GJ, Bonen A, Spriet
LL. Repeated transient mRNA bursts precede increases in tran-
scriptional and mitochondrial proteins during in human skel-
etal muscle. The Journal of Physiology. 2010; 588(23):4795-810.
[DOI:10.1113/jphysiol.2010.199448] [PMID] [PMCID]

[4] Little JP, Safdar A, Wilkin GP, Tarnopolsky MA, Gibala MJ. A
practical model of low volume high intenSITy interval train-
ing induces mitochondrial biogenesis in human skeletal mus-
cle; potential mechanisms. The Journal of Physiology. 2010;
588(6):1011-22. [DOI:10.1113/jphysiol.2009.181743] [PMID]
[PMCID]

[5] Chinsomboon J, Ruas J, Gupta RK, Thom R, Shoag J, Rowe GC,
et al. The transcriptional coactivator PGC-1a mediates exercise
induced angiogenesis in skeletal muscle. Proceedings of the
National Academy of Sciences of the United States of America.
2009; 106(50):21401-6. [DOI:10.1073/pnas.0909131106]
[PMID] [PMCID]

[6] Leick L, Hellsten Y, Fentz J, Lyngby SS, Wojtaszewski JFP, Hi-
dalgo J, et al. PGC-1la mediates exercise induced skeletal
muscle VEGF expression in mice. American Journal of Physi-
ology-Endocrinology and Metabolism. 2009; 297(1):92-103.
[DOI:10.1152/ajpendo.00076.2009] [PMID]

[7] Bayati M, Gharakhanlou R, Nikkhah M, Amani Shalamzari S.
The Effect of Four Weeks of High-intensity Interval Training on
PGC-1a and VEGF Protein Contents in Skeletal Muscle of Ac-
tive Men. Journal of Arak University of Medical Sciences. 2018;
21(3):24-32. http://jams.arakmu.ac.ir/article-1-5641-en.html

[8] Gliemann L, Gunnarsson TP, Hellsten Y, Bangsbo J. 10-20-30
training increases performance and lowers blood pressure and
VEGF in runners. Scandinavian Journal of Medicine & Science
in Sports. 2015; 25(5):e479-89.. [DOI:10.1111/sms.12356]
[PMID]

[9] Spranger MD, Krishnan AC, Levy PD, O'Leary DS, Smith SA.
Blood flow restriction training and the exercise pressor reflex:
A call for concern. American Journal of Physiology-Heart and
Circulatory Physiology. 2015; 309(9):H1440-52. [DOI:10.1152/
ajpheart.00208.2015] [PMID] [PMCID]

[10] Kaijser LE, Sundberg CJ, Eiken O, Nygren AN, Esbjornsson
M, Sylven C, et al. Muscle oxidative capacity and work per-
formance after training under local leg ischemia. Journal of
Applied Physiology. 1990; 69(2):785-7. [DOI:10.1152/jap-
pl.1990.69.2.785] [PMID]

[11] Abe T, Fujita S, Nakajima T, Sakamaki M, Ozaki H, Ogasawara
R, et al. Effects of low-intensity cycle training with restricted
leg blood flow on thigh muscle volume and VO,max in young
men. Journal of Sports Science & Medicine. 2010; 9(3):452-8.
[PMCID] [PMID]

Scientific Journal of

[12] Park S, Kim JK, Choi HM, Kim HG, Beekley MD, Nho H. Increase
in maximal oxygen uptake following 2-week walk training with
blood flow occlusion in athletes. European Journal of Applied
Physiology. 2010; 109(4):591-600. [DOI:10.1007/s00421-010-
1377-y] [PMID]

[13] Paton CD, Addis SM, Taylor LA. The effects of muscle blood flow
restriction during running training on measures of aerobic capac-
ity and run time to exhaustion. European Journal of Applied Physi-
ology. 2017; 117(12):2579-85. [DOI:10.1007/s00421-017-3745-3]
[PMID]

[14] Paiva FM, Vianna LC, Fernandes IA, N6brega AC, Lima RM. Effects
of disturbed blood flow during exercise on endothelial function:
A time course analysis. Brazilian Journal of Medical and Biological
Research. 2016; 49. [DOI:10.1590/1414-431X20155100]

[15] Karabulut M, Mccarron J, Abe T, Sato Y, Bemben M. The effects
of different initial restrictive pressures used to reduce blood flow
and thigh composition on tissue oxygenation of the quadriceps.
Journal of Sports Sciences. 2011; 29(9):951-8. [DOI:10.1080/0264
0414.2011.572992] [PMID]

[16] Suga T, Okita K, Takada S, Omokawa M, Kadoguchi T, Yokota T,
et al. Effect of multiple set on intramuscular metabolic stress dur-
ing low-intensity resistance exercise with blood flow restriction.
European Journal of Applied Physiology. 2012; 112(11):3915-20.
[DOI:10.1007/s00421-012-2377-x] [PMID] [PMCID]

[17] Takarada Y, Sato Y, Ishii N. Effects of resistance exercise combined
with vascular occlusion on muscle function in athletes. European
Journal of Applied Physiology. 2002; 86(4):308-14. [DOI:10.1007/
$00421-001-0561-5] [PMID]

[18] Christiansen D, Murphy RM, Bangsbo J, Stathis CG, Bishop DJ. In-
creased FXYD1 and PGC-1a mRNA after blood flow-restricted run-
ning is related to fibre type-specific AMPK signalling and oxidative
stress in human muscle. Acta Physiologica. 2018; 223(2):e13045.
[DOI:10.1111/apha.13045] [PMID] [PMCID]

[19] Taylor CW, Ingham SA, Ferguson RA. Acute and chronic effect
of sprint interval training combined with postexercise blood-flow
restriction in trained individuals. Experimental Physiology. 2016;
101(1):143-54. [DOI:10.1113/EP085293] [PMID]

[20] Mitchell EA, Martin NR, Turner MC, Taylor CW, Ferguson RA.
The combined effect of sprint interval training and postexercise
blood flow restriction on critical power, capillary growth, and mi-
tochondrial proteins in trained cyclists. Journal of Applied Physi-
ology. 2019; 126(1):51-9. [DOI:10.1152/japplphysiol.01082.2017]
[PMID]

[21] Hoshino D, Kitaoka Y, Hatta H. High-intensity interval training
enhances oxidative capacity and substrate availability in skel-
etal muscle. The Journal of Physical Fitness and Sports Medicine.
2016; 5(1):13-23. [DOI:10.7600/jpfsm.5.13]

[22] Hood DA. Invited Review: contractile activity-induced mitochon-
drial biogenesis in skeletal muscle. Journal of Applied Physiology.
2001; 90(3):1137-57. [DOI:10.1152/japp!.2001.90.3.1137] [PMID]

[23] Arany Z, Foo SY, Ma Y, Ruas JL, Bommi-Reddy A, Girnun G, et al.
HIF-independent regulation of VEGF and angiogenesis by the tran-
scriptional coactivator PGC-1a. Nature. 2008; 451(7181):1008-12.
[DOI:10.1038/nature06613] [PMID]


http://medrehab.sbmu.ac.ir/issue_1066_1067.html
https://doi.org/10.1113/JP273196
https://www.ncbi.nlm.nih.gov/pubmed/27748956
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5407969
https://doi.org/10.1113/jphysiol.2011.224725
https://www.ncbi.nlm.nih.gov/pubmed/22289907
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3381816
https://doi.org/10.1113/jphysiol.2010.199448
https://www.ncbi.nlm.nih.gov/pubmed/20921196
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3010147
https://doi.org/10.1113/jphysiol.2009.181743
https://www.ncbi.nlm.nih.gov/pubmed/20100740
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2849965
https://doi.org/10.1073/pnas.0909131106
https://www.ncbi.nlm.nih.gov/pubmed/19966219
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2795492
https://doi.org/10.1152/ajpendo.00076.2009
https://www.ncbi.nlm.nih.gov/pubmed/19401459
http://jams.arakmu.ac.ir/article-1-5641-en.html
https://doi.org/10.1111/sms.12356
https://www.ncbi.nlm.nih.gov/pubmed/25439558
https://doi.org/10.1152/ajpheart.00208.2015
https://doi.org/10.1152/ajpheart.00208.2015
https://www.ncbi.nlm.nih.gov/pubmed/26342064
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7002872
https://doi.org/10.1152/jappl.1990.69.2.785
https://doi.org/10.1152/jappl.1990.69.2.785
https://www.ncbi.nlm.nih.gov/pubmed/2146245
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3761718/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3761718/
https://doi.org/10.1007/s00421-010-1377-y
https://doi.org/10.1007/s00421-010-1377-y
https://www.ncbi.nlm.nih.gov/pubmed/20544348
https://doi.org/10.1007/s00421-017-3745-3
https://www.ncbi.nlm.nih.gov/pubmed/29058111
https://doi.org/10.1590/1414-431X20155100
https://doi.org/10.1080/02640414.2011.572992
https://doi.org/10.1080/02640414.2011.572992
https://www.ncbi.nlm.nih.gov/pubmed/21547832
https://doi.org/10.1007/s00421-012-2377-x
https://www.ncbi.nlm.nih.gov/pubmed/22415101
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3474903
https://doi.org/10.1007/s00421-001-0561-5
https://doi.org/10.1007/s00421-001-0561-5
https://www.ncbi.nlm.nih.gov/pubmed/11990743
https://doi.org/10.1111/apha.13045
https://www.ncbi.nlm.nih.gov/pubmed/29383885
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5969286
https://doi.org/10.1113/EP085293
https://www.ncbi.nlm.nih.gov/pubmed/26391312
https://doi.org/10.1152/japplphysiol.01082.2017
https://www.ncbi.nlm.nih.gov/pubmed/30335575
https://doi.org/10.7600/jpfsm.5.13
https://doi.org/10.1152/jappl.2001.90.3.1137
https://www.ncbi.nlm.nih.gov/pubmed/11181630
https://doi.org/10.1038/nature06613
https://www.ncbi.nlm.nih.gov/pubmed/18288196

Scientific Journal of

Rehabilitation Medicine

[24] Hoier B, Passos M, Bangsbo J, Hellsten Y. Intense intermit-
tent exercise provides weak stimulus for vascular endothelial
growth factor secretion and capillary growth in skeletal muscle.
Experimental Physiology. 2013; 98(2):585-97. [DOI:10.1113/
expphysiol.2012.067967] [PMID]

[25] Cocks M, Shaw CS, Shepherd SO, Fisher JP, Ranasinghe AM,
Barker TA, et al. Sprint interval and endurance training are
equally effective in increasing muscle microvascular density
and eNOS content in sedentary males. The Journal of Physiolo-
gy. 2013; 591(3):641-56. [DOI:10.1113/jphysiol.2012.239566]
[PMID] [PMCID]

[26] Gliemann, L. Training for skeletal muscle capillarization: a
Janus-faced role of exercise intenSITy? European Journal of
Applied Physiology. 2016; 116:1443-4. [DOI:10.1007/s00421-
016-3419-6] [PMID]

[27] Gundermann DM, Fry CS, Dickinson JM, Walker DK, Tim-
merman KL, Drummond MJ, Volpi E, Rasmussen BB. Reactive
hyperemia is not responsible for stimulating muscle protein
synthesis following blood flow restriction exercise. Journal of
Applied Physiology. 2012; 112(9):1520-8. [DOI:10.1152/jappl-
physiol.01267.2011] [PMID] [PMCID]

[28] Weston AR, Myburgh KH, Lindsay FH, Dennis SC, Noakes TD,
Hawley JA. Skeletal muscle buffering capacity and endurance
performance after high-intensity interval training by well-
trained cyclists. European Journal of Applied Physiology and
Occupational Physiology. 1996; 75(1):7-13. [DOI:10.1007/
s004210050119] [PMID]

[29] Bickham DC, Bentley DJ, Le Rossignol PF, Cameron-Smith D.
The effects of short-term sprint training on MCT expression
in moderately endurance-trained runners. European Journal
of Applied Physiology. 2006; 96(6):636-43. [DOI:10.1007/
s00421-005-0100-x] [PMID]

Alavi SY & Mirdar Sh. Eight Weeks of HIIT and BFR. Sci J Rehab Med. 2021; 10(3):424-435.



http://medrehab.sbmu.ac.ir/issue_1066_1067.html
https://doi.org/10.1113/expphysiol.2012.067967
https://doi.org/10.1113/expphysiol.2012.067967
https://www.ncbi.nlm.nih.gov/pubmed/22962287
https://doi.org/10.1113/jphysiol.2012.239566
https://www.ncbi.nlm.nih.gov/pubmed/22946099
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3577551
https://doi.org/10.1007/s00421-016-3419-6
https://doi.org/10.1007/s00421-016-3419-6
https://www.ncbi.nlm.nih.gov/pubmed/27342704
https://doi.org/10.1152/japplphysiol.01267.2011
https://doi.org/10.1152/japplphysiol.01267.2011
https://www.ncbi.nlm.nih.gov/pubmed/22362401
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3362234
https://doi.org/10.1007/s004210050119
https://doi.org/10.1007/s004210050119
https://www.ncbi.nlm.nih.gov/pubmed/9007451
https://doi.org/10.1007/s00421-005-0100-x
https://doi.org/10.1007/s00421-005-0100-x
https://www.ncbi.nlm.nih.gov/pubmed/16408234

This Page Intentionally Left Blank



