
/-

    
. .  

 .

 
)

  

-

 

m_saghebjoo@birjand.ac.ir   

.  

.    

   

)VEGF

 

VEGF

   

: 

  

/p< .  

 

VEGF/=p

/=p

 

/=pVEGF )/=p

)/=p. 

: 

 

VEGF

   

.  

  

:

  

//////

       

  

 

).( 

                                                            
1  . Angiogenesis 

 
 [

 D
O

I:
 1

0.
22

10
2/

20
.3

.1
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 s
jk

u.
m

uk
.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                             1 / 13

http://dx.doi.org/10.22102/20.3.10
https://sjku.muk.ac.ir/article-1-1844-en.html


   
)

 
.(

 
)VEGF

  
)(

A,B,C,D

   

)( 

 

VEGF-A

VEGF

 

VEGF ( .

    

VEGF

                       

)HIF-1(

  

.( 

               

VEGF 

 

.

 

VEGF 

      

)(.  

 

)(

 

                                                            
1 . Vascular endothelial growth factor 
2 . Placental derive growth factor 
3 . Hypoxia inducible factor 

 

1 

)-.(  

.(  

.

 

.(

 

).(    

 

                                                            
4 .  Intermittent hypoxia training 
5 . Intermittent hypoxia exposure 
6 . Snorkel 
7 . Sparks 

 [
 D

O
I:

 1
0.

22
10

2/
20

.3
.1

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

jk
u.

m
uk

.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             2 / 13

http://dx.doi.org/10.22102/20.3.10
https://sjku.muk.ac.ir/article-1-1844-en.html


   

  
)

 
(

 

) .(  

 

)(

VEGF

 

)(. 

.  

    

. 

  

)(

                                                            
1 . Woorons 

 
VEGF 

      

  

               

)

   

-

    

. 

     

)VO2max(

 

)( .

 [
 D

O
I:

 1
0.

22
10

2/
20

.3
.1

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

jk
u.

m
uk

.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             3 / 13

http://dx.doi.org/10.22102/20.3.10
https://sjku.muk.ac.ir/article-1-1844-en.html


     
.

     

VEGF

 

)(

  

/

      

:  

 

:

   

)(

  

) .(  

 

:

     

)(.  

  

/

   

                                                            
1  . Counsilman 
2 . Barrowman 

. 

 
. 

Polar F6 TM Black Coal

  

  

 

)

)

VEGF

VEGF 

 

)Cusabio 

Biotech( .    

                                                            
3. Enzyme immunoassay 

 [
 D

O
I:

 1
0.

22
10

2/
20

.3
.1

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

jk
u.

m
uk

.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             4 / 13

http://dx.doi.org/10.22102/20.3.10
https://sjku.muk.ac.ir/article-1-1844-en.html


   

                                                     

/

       

/

  

.( 

EDTA-K3( 

sysmex-kx21n

             

SPSS 

/

 

P<.  

   

                                                            
1 . Dill-Costill 
2 . Shapiro-Wilk 

VEGF 

 

)/p= ((

VEGF 

VEGF

/p=

/=p

VEGF 

  

)/p=.( VEGF 

   
 [

 D
O

I:
 1

0.
22

10
2/

20
.3

.1
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 s
jk

u.
m

uk
.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                             5 / 13

http://dx.doi.org/10.22102/20.3.10
https://sjku.muk.ac.ir/article-1-1844-en.html


   
±

  
/

 
± /

  
/

 
± 

  

/

 
± /

  

/

 

± /

 

/

 

± /

  

/

 

± /

       

± 

 

VEGF

         

/

 

= F  

/= P 

V
E

G
F

  

  

/

 

± /

 

/

 

± /

  

/

 

± /

 

/

 

± /

  

/

 

± /

 

/

 

± /

  

/

 

± /

 

/

 

± /

    

/= F/= P 

  

/= F/= P 

    

VEGF 

 

*/

    
 [

 D
O

I:
 1

0.
22

10
2/

20
.3

.1
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 s
jk

u.
m

uk
.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                             6 / 13

http://dx.doi.org/10.22102/20.3.10
https://sjku.muk.ac.ir/article-1-1844-en.html


   

  
  

 
)/p=(

/p=

  
)/p=.(

        

.± 

          

/= F  

/= P 

    

/

 

± /

 

/

 

± /

  

/

 

± /

 

/

 

± /

  

/

 

± /

 

/

 

± /

  

/

 

± /

 

/

 

± /

    

/=

 

F/=

 

P 

  

/=

 

F/=

 

P 

       

*/

             
 [

 D
O

I:
 1

0.
22

10
2/

20
.3

.1
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 s
jk

u.
m

uk
.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                             7 / 13

http://dx.doi.org/10.22102/20.3.10
https://sjku.muk.ac.ir/article-1-1844-en.html


      
VEGF 

  
)/p=(

 

)/p=(. 

VEGF

  

)/p=(

 

)

 

)VEGF

)(

VEGF)

  

  

      

VO2max 

 
)-

 .(

 

)(.   

.(

 

)

( 

   

)

.(

) .(    

VEGF

 

/p=

 
 [

 D
O

I:
 1

0.
22

10
2/

20
.3

.1
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 s
jk

u.
m

uk
.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                             8 / 13

http://dx.doi.org/10.22102/20.3.10
https://sjku.muk.ac.ir/article-1-1844-en.html


   

  
)/=p(. 

  

VEGF

 

.(

 

VEGFVEGFR2

VEGF

 

).(

VEGF

VEGF

VEGF)

 

.(

/

.

 

)

VEGF

)

VEGF

 

).(  

  VEGF

/=p

VEGF

VEGF

VEGF

)

 

)

VEGF

 

)

                                                            
1 . Beckert  
2. Endothelial progenitor cell 

 [
 D

O
I:

 1
0.

22
10

2/
20

.3
.1

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

jk
u.

m
uk

.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             9 / 13

http://dx.doi.org/10.22102/20.3.10
https://sjku.muk.ac.ir/article-1-1844-en.html


  
VEGF

   

CO2

O2 

 

).(

pHVEGF

     

VEGF 

                                                            
1 . Hypercapnia 

.         

   
 [

 D
O

I:
 1

0.
22

10
2/

20
.3

.1
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 s
jk

u.
m

uk
.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                            10 / 13

http://dx.doi.org/10.22102/20.3.10
https://sjku.muk.ac.ir/article-1-1844-en.html


   

  
References 
1. Huber-Abel FA, Gerber M, Hoppeler H, Baum O. Exercise-induced angiogenesis correlates 
with the up-regulated expression of neuronal nitric oxide synthase (nNOS) in human skeletal 
muscle. Eur J Appl Physiol 2012;112:155-62. 
2. Egginton S. Invited review: activity-induced angiogenesis. Pflugers Arch. 2009;457:963-
77. 
3. Nourshahi, M, Hedayati M, Nemati J,  Rajbar K, Golamali M.The effect of 8 weeks of 
endurance training on serum levels of vascular endothelial growth factor and endostatin in 
Rats. Koomesh J 2012;13: 474-9. [In Persian] 
4. Islami D, Bischof  P, Chardonnens D. Modulation of placental vascular endothelial growth 
factor by leptin and hCG. Mol Hum Reprod. 2003;9:395-8. 
5. Vincenti V, Cassano C, Rocchi M, Persico G. Assignment of the vascular endothelial 
growth factor gene  to the human chromosome 6p21.3. Circulation 1996; 93:1493 5. 
6. Ranjbar K, Nourshahi M, Hedayati M, Taheri H. A study on the serum levels of angiogenic 
factors in response to acute long-term submaximal exercise in sedentary men. Physiol 
pharmacol 2010;15:124-32. [In Persian] 
7. Nourshahi M, Taheri H, Ranjbar K. The stimulus of angiogenesis during exercise and 
physical. QHMS. 2013;18:286-96. [In Persian] 
8. Czarkowska-Paczek, B, Bartlomiejczyk I, Przybylski J. The serum levels of growth factors: 
PDGF, TGF-BETA. J Physiol Pharmacol 2006;57:189-97. 
9. Beidleman BA, Muza SR, Fulco CS, Jones JE, Lammi E, Staab JE, et al. Intermittent 
hypoxic exposure does not improve endurance performance at altitude. Med Sci Sports Exerc 
2009; 41:1317-25. 
10. Rodriguez FA, Truijens MJ, Townsend NE, Stray-Gundersen J, Gore CJ. Intermittent 
hypoxic training. Br J Sports Med 2007; 41: 537-9. 
11. Tadibi V, Dehnert CH, Menold EL,  Bartsch P. Unchanged anaerobic and aerobic 
performance after short-term intermittent hypoxia. Med Sci Sports Exerc 2007; 39: 858-64. 
12. Woorons X, Gamelin FX, Lamberto C, Pichon A, Richalet JP. Swimmers can train in 
hypoxia at sea level through voluntary hypoventilation. Respir Physiol Neurobiol 2014;190: 
33-9. 
13. Stager G, Tanner D A. Guide to Sports Medicine and Science swimming. 1nd ed. Tehran: 
National Olympic Committee; 2005. [In Persian] 
14. Samavati Sharif M, Nikbakht H, Nazem F, Farahpour N. The effect of intermittent 
submaximal crawl in hypoxic conditions on CPK and LDH serum enzymes, aerobic capacity 
and record the young men. Harekat 2002;15: 55-70. [In Persian] 
15. Woorons X, Bourdillon N, Lamberto C, Vandewalle H, Richalet JP,  Mollard P, et al. 
Cardiovascular responses during hypoventilation at exercise. Int J Sports Med. 2011; 32: 438
45. 
16. Maglischo R, Ernest W. Physiology applied to training swimmers. 1nd  ed. New York: 
swim res; 1982. 
17. Taheri H, Nourshahi M, Ranjbar K. Response of vascular endothelial growth factor to 
exhaustive Exercise and its relationship with VO2max. J Sport Biosci 2010;7:59-75 . [In 
Persian] 
18. Stefanini MO, Wu FT, Mac Gabhann F, Popel AS. A compartment model of VEGF 
distribution in blood, healthy and diseased tissues. BMC Syst Biol 2008; 2:77. 
19. Ramsbottom R, Brewer J, Williams C. A progressive shuttle run test to estimate maximal 
oxygen uptake. Br J Sports Med 1988;22:141-4. 

 [
 D

O
I:

 1
0.

22
10

2/
20

.3
.1

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

jk
u.

m
uk

.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                            11 / 13

http://dx.doi.org/10.22102/20.3.10
https://sjku.muk.ac.ir/article-1-1844-en.html


  
20. Frigato E, Lunghi L, Ferretti M E, Biondi C, Bertolucci C. Evidence for circadian rhythms 
in human trophoblast cell line that persist in hypoxia. Biochem Biophys Res Commun 2009; 
378:108-11. 
21. Kanslmn J. Guide of swimming for coaches and swimmers, Fatemeh Salami, 2nd, Tehran, 
University Publishing Centre. 1998:59 -65. [In Persian] 
22. Otrock ZK, Mahfouz RAR, Makarem JA, Shamseddine AI. Understanding the biology of 
angiogenesis: review of the most important molecular mechanisms. Blood Cells Mol Dis 
2007; 39: 212-20.  
23. Carmeliet P. Angiogenesis in health and disease. Nat med. 2003; 9: 653-60. 
24. Dill DB, Costill DL. Calculation of percentage changes in volumes of blood, plasma, and 
red cells in dehydration. J Appl Physiol. 1974; 37: 247-8. 
25. Suhr F, Brixius K, de Marees M, Bolck B, Kleinoder H, Achtzehn S, et al. Effects of 
short-term vibration and hypoxia during high-intensity cycling exercise on circulating levels 
of angiogenic regulators in humans. J Appl Physiol 2007; 103: 474-83. 
26. White M, Sirois, MG, Laramie J, Bussieres L, Poirier C, Nguyen P, et al. Early changes in 
VEGF, angiopoietin-2 and erythropoietin in response to acute exposure to hypoxia: 
differentiation between resting and submaximal exercise challenge. Eur Heart J. 2009; 30: 79. 
27. Gavin TP, Robinson CB, Yeager RC, England JA, Nifong LW, Hickner RC, et al. 
Angiogenic growth factor response to acute systemic exercise in human skeletal muscle. J 
Appl Physiol. 2004;96:19-24. 
28. Morici G, Bonanno A, Licciardi A, Valli G, Passino C, Bonardi D, Bonsignore MR. 
Plasma leptin and vascular endothelial growth factor (VEGF) in normal subjects at high 
altitude (5050 m). Arch Physiol Biochem 2013; 119: 219-224. 
29. Feng X. Angiogenesis and Antiangiogenesis Therapies: Spear and Shield of 
Pharmacotherapy. J Pharma Care Health Sys 2014;1:e110. 
30. Vahedi P. Mechanical Barriers to perform ventilation as factor of dyspnea IN: Vahedi P, 
Editor. Dypnea. 1nd ed. Tehran: Shahid Beheshti University of Medical Sciences; Research 
Department - Publications Office, 2005: 87. [In Persian] 
31. D'Alessio S, Correale C, Tacconi C, Gandelli A, Pietrogrande G, Vetrano S, et al. VEGF-
C dependent stimulation of lymphatic function ameliorates experimental inflammatory bowel 
disease. J Clin Invest 2014;124:3863-78. 
32. Kashef M, Moradi F. Basic notes planning practices IN: Kashef M, Moradi F, Kashef M, 
Moradi F, Editors. Swimming Exercise Science. 1nd ed. Tehran : Mobtakeran; 2009: 82. [In 
Persian] 
33. Afzalpour M, Taheri H, Free radicals and vascular tissue IN : Afzalpour M, Taheri H, 
Editors. Physical activity and oxidative stress. 1nd ed. Tehran : Bamdad Ketab; 2013:123-
125. [In Persian] 
34. Lundby C, Calbet JA, Robach P. The response of human skeletal muscle tissue to 
hypoxia. Cell Mol Life Sci 2009;66:3615-23. 
35. Constant JS, Feng JJ, Zabel DD, Yuan H, Suh DY, Scheuenstuhl H, et al. Lactate elicits 
vascular endothelial growth factor from macrophages: a possible alternative to hypoxia. 
Wound Repair Regen 2000;8:353-60. 
36. Beckert S, Farrahi F,Aslam RS, Scheuenstuhl AB, Konigsrainer A, Hussain MZ, et al. 
Lactate stimulates endothelial cell migration. Wound Repair Regen 2006;14:321-24. 
37. Rullman E, Rundqvist H, Wagsater D, Fischer H, Eriksson P, Sundberg CJ, et al. A single 
bout of exercise activates matrix metalloproteinase in human skeletal muscle. J Appl Physiol 
2007;102:2346-51. 

 [
 D

O
I:

 1
0.

22
10

2/
20

.3
.1

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

jk
u.

m
uk

.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                            12 / 13

http://dx.doi.org/10.22102/20.3.10
https://sjku.muk.ac.ir/article-1-1844-en.html


   

  
38. O'Reilly MS, Boehm T, Shing Y, Fukai N, Vasios G, Lane WS, et al. Endostatin: an 
endogenous inhibitor of angiogenesis and tumor growth. Cell 1997;88:277-85. 
39. Bruserud O, Grovan F, Lindas R, Blymke Moinichen C, Osterhus KK. Serum levels of 
angioregulatory mediators in healthy individuals depend on age and physical activity: studies 
of angiogenin, basic fibroblast growth factor, leptin and endostatin. Scand J Clin Lab Invest 
2005; 65: 505-12. 

  

           

 [
 D

O
I:

 1
0.

22
10

2/
20

.3
.1

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

jk
u.

m
uk

.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            13 / 13

http://dx.doi.org/10.22102/20.3.10
https://sjku.muk.ac.ir/article-1-1844-en.html
http://www.tcpdf.org

