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[1] Acclimatization to altitude and normoxic training... [2] Living high training low 
altitude training improves sea level... [3] The response of human skeletal muscle 
tissue... [4] Effects of acute hypoxia tests on blood markers in... [5] Activity-induced 
angiogenesis. [6] Circulating plasma VEGF response to exercise in... [7] Chronic hypoxia 
attenuates resting and… [8] Acute hypoxia decreases plasma VEGF concentration... [9] 
Signaling transduction mechanisms mediating biological actions of the... [10] Effects of 
short-term vibration and hypoxia during high-intensity... [11] Exercise-induced VEGF 
transcriptional activation in brain... [12] A compartment model of VEGF distribution 
in... [13] Muscle-specific VEGF deficiency greatly reduces exercise... [14] Increase in 
serum vascular endothelial growth factor levels during altitude... [15] Hemoglobin 
and hematocrit during an 8 day mountainbike... [16] Effects of intermittent hypoxia 
training on hematological... [17] Acclimatization to 4100m does not change capillary... 
[18] Calcium supplementation and 4-week exercise on blood ... [19] Effects of exercise 
training on the matrix metalloprotease... [20] Effects of exercise training on endothelial 
progenitor cells... [21] Adenosine mediates hypoxic induction of vascular endothelial 
growth... [22] A three-week traditional altitude training increase... [23] Effect of 
intermittent hypoxia on hematological... [24] Erythropoiesis and performance after 
two weeks of living... [25] Effect of altitude on thrombopoietin and the platelet... [26] 
Effects of intermittent hypoxic training on cycling... [27] Hemoglobin mass and peak 
oxygen uptake in ... [28] Individual variation in the erythropoietic response to altitude... 
[29] Influence of prolonged physical exercise... [30] Effect of exercise on production of 
erythropoietin in... [31] Operation Everest III: Role of plasma volume expansion …

Aims Early exposure to hypoxia condition increases the levels of vascular endothelial 
growth factor (VEGF), blood hemoglobin and hematocrit. The aim of present study was 
to investigate the effect of training in hypoxia-normobaric and normal condition on 
concentration of serum VEGF, hemoglobin and blood hematocrit.
Methods This quasi-experimental study was done in Shahid Beheshti University students. 
24 non-active volunteer men who had no regulated physical activity up to 6 month before 
study were selected randomly. Body mass index, subcutaneous fat, VO2 max and maximum 
heart rate were measured in 2 periods and samples were divided into 3 groups of hypoxic 
(12% oxygen), normobaric and control, each consisting of 8 people. Data were analyzed 
using two way ANOVA and Bonferroni post hoc test by SPSS 16 software. 
Results 8 weeks of training in hypoxia-normobaric condition increased serum VEGF 
concentration significantly in hypoxic group according to other groups. Also, there was no 
significant change in hemoglobin concentration and hematocrit percent between hypoxia 
and normobaric groups, though this change was significant in relation to control group.
Conclusion Endurance training in hypoxia condition increases serum VEGF more than 
training in normobaric condition. Endurance training in hypoxia-normobaric condition 
increases blood hemoglobin and hematocrit.

A B S T R A C TA R T I C L E  I N F O

Article Type
Research Article

Authors
Nourshahi M.1 PhD,
Taheri Chadorneshin H.* MSc,
Pirouz M.1 MSc

 Keywords  Vascular Endothelial Growth Factors, Hemoglobins, Hematocrit             

              All keywords and available citations are linked in this page.

http://www.ncbi.nlm.nih.gov/pubmed/10902676
http://jap.physiology.org/content/91/3/1113.short
http://www.ncbi.nlm.nih.gov/pubmed/19756383
http://link.springer.com/article/10.1007%2Fs00421-009-1072-z
http://link.springer.com/article/10.1007%2Fs00424-008-0563-9 
http://jap.physiology.org/content/96/4/1445.abstract
http://jap.physiology.org/content/90/4/1532.abstract
http://ajpendo.physiology.org/content/290/3/E434.abstract
http://www.ncbi.nlm.nih.gov/pubmed/11166270
http://jap.physiology.org/content/103/2/474.abstract
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2826189/?report=abstract
http://www.ncbi.nlm.nih.gov/pubmed/18713470
http://jp.physoc.org/content/587/8/1755.abstract
http://www.ncbi.nlm.nih.gov/pubmed/9597111
http://www.jssm.org/vol6/n2/16/v6n2-16text.php
http://jeb.biologists.org/content/207/22/3865.abstract
http://www.ncbi.nlm.nih.gov/pubmed/19652928
http://www.ncbi.nlm.nih.gov/pubmed/19404671
http://www.ncbi.nlm.nih.gov/pubmed/17996817
http://www.iovs.org/content/37/11/2165.abstract
http://www.ncbi.nlm.nih.gov/pubmed/15895317
http://www.ncbi.nlm.nih.gov/pubmed/19669157
http://www.ncbi.nlm.nih.gov/pubmed/12439771
http://www.schattauer.de/en/magazine/subject-areas/journals-a-z/thrombosis-and-haemostasis/contents/archive/issue/759/manuscript/3986.html
http://link.springer.com/article/10.1007%2Fs00421-007-0506-8
http://www.ncbi.nlm.nih.gov/pubmed/15531997
http://bjsm.bmj.com/content/39/3/148.abstract
http://link.springer.com/article/10.1007%2FBF00868079?LI=true
http://www.ncbi.nlm.nih.gov/pubmed/5540879
http://jap.physiology.org/content/89/1/29.abstract
http://www.ncbi.nlm.nih.gov/mesh?term=vascular%20endothelial%20growth%20factors
http://www.ncbi.nlm.nih.gov/mesh/68006454
http://www.ncbi.nlm.nih.gov/mesh/68006400
http://www.ncbi.nlm.nih.gov/mesh?term=acute%20disease


+,.  ������� /��� )	��0� � ������������������������������������������������������������������������������������������������� 

123 4��� 5�	� 63	   7���+8 7��� (, (9���: +,;+   

 �������� 	
�� ����� �����
�� �
��� � ������� �
�

 �����! �
��� ��  "#$%VEGF ��� 	���$&��� '�

"
������ � (�)  
  

������� 	
�� PhD  

 ���� ���	
�� �
�� ����� ���	
�� ���� ��������� ���� !���� �"	��

!����  

������� ����� ���
*

 MSc  

!���� �#$��� �#$��� ���	
�� �
�� ����� ���	
�� ���� ��������� ����   

����� ���� MSc  

 !���� �"	�� ���� ���	
�� �
�� ����� ���	
�� ���� ��������� ����

!����   

  

�����  

:���	� ��� �����	 
�� ������� ����� �� ����� ��������  �������!"

# $��%	� �� &�' (������)� � *�+����)� ,���- �.���# /�� .��� 

 �1�2���+ ������� ����� �� *��)� ��3��4  5���+�#��! ����� �

 
�� �+ .�67VEGF  #�� � *�+����)� !�' ��������	 �

.��+ (������)�  


�� :	  $��89 *���)�! +�:�  �;<+ ��<� =�>;!�� &���:;!�� ��

 .�� ?�:!� &�6�7��� *�+ @� ����� �A��BC  ��#��D��.	  ��E���2 �� F 

 =�#G�� �H+�� �.���# �+ I<�J#  �J����! KLJ# (���.	 �!��+�  M��N

 =��� 	��O��!�� P�Q�!�.  �R���2 ,���9��@ +�S ,!�+ =��� T'��

���=@��!� ��2�# �� �� �J�;�+ U�� &�+�1 � 	�O# &8� � ����

!��#@" �� 	�O# &8���� �R���2 V����+ ��W  =���X =�Y!������� ,

5���+�#��!  .�!�� =��� ���� ���J� � &�#@" � �	�7�� Z!����� E��[� @�

 5)� �+ !��Y!�+ 6�H.�?�!  ��%	�SPSS 16  \��+� ��%:�  E��[�

=����� .�� =��Y���  

���� :	 X ������� ����� �� *��)� ��Y�4  ]-�+ 5���+�#��!

IJ.# $��%	�  (L�D ���VEGF  �� �+ (6�! ������� =��� I#��

IJ.# $��%	� .�� �>�� =���  =��� �� (������)� � *�+����)� (L�D ���

.�� =���;# ���J� =��� �+ (6�! �H	 I�������  

�����:����  
�� ������� ����� �� �#�H��� *��)�VEGF 

# $��%	� ��;�+ 5���+�#��! ����� �� *��)� �+ (6�! �� I#�� .���

������� ����� �� �#�H��� *��)� 4  $��%	� UA�# 5���+�#��!

# &�' (������)� � *�+����)�.���  

��������:�� ��% ��� ��"&�� �
���'
( )�����*��
 �+&�,��- .��/���
� 01

���&���2- 3���/��2-  

  

:������ 4���� 56/55/89  

:���;< 4���� 58/=/85  
* 

 :.�>+* ��#+��
kh.taheri_62@yahoo.com  

  

����� 

 ��� �� ���	 
� �� 
�	�� �� ����	 ���� ��
���� � ���
�����

 �
!���	 �� �
�	�� �� ��"�
# $���� 
� 
��� %&' �� �����( ��)*�

+� ] �!,
-!./$�
.�
' .[ 1��( $
�  �
(
�	�� �� ����	 �2
34� $�

+� ���5 +� 6��78� �� 
��� %&' 
� 
�	�� �� 9�( �# ���.  ���

]:$�
.�
' ��� .[ ��� �;�<
38 ���=� �� ���	 
� 
�  �� ��>? �
��

�� � 
�	��+� @�8 �
�	�� ��7  �!#]A �B.[  +���� ����	 �+8�C ��

 ���D� ���� (+3�)C �F�G#�) I��
�����, J���� ��

K�
.�
'  �� (7,L��F,") @��( ���3	 � +<
MN 6��78� �!,
� +�
�

O� +4��'� ��>( ] ���/PQR.[  

�,��� ���5 �� �� 7,L��F,"  ���,�� � ���  S� �
-�� ���� ���

+� ���� ] ���TT�,��� .[  �D
� �� ���  ����� � ������  U� +.��

 �? �� 6�� ��VW	 X���� 1�
�� +�)2 S���� �� ���� S����

Y��' ] ;'� ���D� ��� ���Z Y
��	��,� $
�\ �^�(�� .[

���,�� 9D�� �� S���� ;8
W� �� ���  � (S���� +<�C _�G=	)

O� @`C� S���� �� �� S���� U� 9��)	 ] ���a $
���4#
8 .[

 ��4#
8 ��
3<
&� �4b�� 
�� ��,��.�� 7,L��F," �!�"�8 �� $�
�� $���

 Y
��	��,� +2��( ���(VEGF) _*� ��  �� ��.�� ��� ��4#
8 ���	

O� �#c �!�"�8 ��� ] �!!#a �Td .[VEGF  +!�e	��f����.Ba 

#] ;'� +,�4<�����g;�'��� �� �# [ O� %��	 +,`>( $
�  ���

]h1�,��. �� Y
i	� j��C �� ��e	��f����. ��� .[  $
� VEGFR1 

 �VEGFR2 Y��' �� k2��  l
-,� �� ��D +���
�f Y
��	��,� $
�

+� ] ���Tm �L ���n	 .[VEGF  O���o5 p�� +4��'� ��>(

+.���� 6�
# � q=, ���� ��'� ��>( ���+� +4 ] ���TA �� .[

 ;r�� �I�L�<��7�8 J���� �� +8�CVEGF  �'
!4� s
)��=	 ��D

 ;'� �" %��	 ��7�� 
�]Tm.[  �� �3<
&� ��� �� ������
!�VEGF 

�� +��' +.���� �� ��.�� ��� ��4#
8 ���!(  +4��'� ��>( ���

O� 1��� l
, .���  

 +b��78� _�r!	 j��C �� +G#�t�
�VEGF ��  +�� ���!( ��

_*� $�2 � ���	 u�o� ���	  +4��'� ��>( �� 7,L��F," $
�

O� �4D
!� ] ���TB���
f .[ Y��' �� �F�G#� �
b8 ���"   $
�

 Y��' ���
*� ���V�	 ���� �+�!� Y
!M�' j��C �� Y
��	��,"

+� �<�< 9��b	 � Y
��	��,� +<
?�� X���  �F�G#� �
b8 ;b.�� �#

 �
�� �Z
� 
� K�
( ���
=� ��VEGF Y
38 �  Y
��	��,� Y��' $�
'

+� 6�
# �� ] ���TT �TB .[ 6��78�VEGF  J���� ;o	 +��'

�D�N�� ;�<
38 �2
34� +G#�t�
�  J'�	 $���'����  ���
��� �

 ;'� 1�� p��7.]Td[ . ��D ���, �� �+���� ����	 +8�C ��

 �
�� 6��78� ����VEGF +� +��'  �
4'�� ��� �� .�������  �

O� p��7. ���
���  �?�' 
	 $���� ����	 �G�� I� �# �!!#

6��78� v(
� +M4GDVEGF  +� +��'  ] ���g.[  

;�32�� �� +G#�t�
� +� @`C� +&�o� 
� +��!��# $
�  �# ���

+� 1�C
n� �� �� +48
� �F�G#� �
4'�e���  J���� ��� �� � ����,�

Y��' �4G� $
� f �F�G#� ��)�# �� �,��
2 ���] �!�� w'
A �� .[

 K
=<� 9�
2 ��4#
8 �� $��M�bN 6��78� �+G#�t�
� J����



�����������������  ��� �������	 
��� ��	�� �������� ��	�� � ������� � ������!" ��	�� ��  #$%&VEGF ���#������� � 
���%'�� (� )�*   +,- 

Quarterly of Ofoghe Danesh                    Vol. 18, No. 3, Fall 2012 

 +G#�t�
�(HIF) +� x� ] ���A �TT�� .[ +� �r,  �# �'�

Y
38  $�
'HIF$�
.�
' � +� �
�" �� +�
�  �L �
��) �!#

 ���y� �# (;��#�	
�� �L �
�� � �����.��� �L �
�� ���4��f��4���

 $��.���2 z�3� �� +�!�+� 6�
# �� +G#�t�
� 
� ] ���m �Ta �

Tg�
4'�� ��� �� .[ 	
��� O� �
b, ���
��� �  ;b� �# �!��

+!3� 6��78� ���� +G#�t�
� J���� �� j�&� ;?��4'� �4��  ���

+� �����.��� � ;��#�	
�� ;r��  ���]Th ��!{�� .[�
���  �

O� �
�� ���
���  �# �!!#| ) +���� ����	 �4��}P �=�2�  ��

 ��G��R  ~�&' 6��78� ���� �+3�)C J���� �� (�4�� �� �)	��

+� ��D ;��#�	
�� � �����.���  ���]T\.[  

�
�� _*� �� +�� +G#�t�
� ��� ���!( �# ��C u�o� ���	  $
�

 �
��VEGF ����	 +8�C �� � ;'� ;��#�	
�� � �����.��� �

��4#
8 ��� +��' ~�&' 6��78� �� ��D ���, �� +���� 6=, 
�

 J���� 
� l��	 +4�
=4'� ����	 �y� Ob��Ff ��!#
	 �+8�C �� .����

 ���2 +'��� ���� 1���#c $
���4#
8 +��' ~�&' �� �� +G#�t�
�

 �� ����	 ��y
	 +'��� ��
? �3<
&� ��� ������
!� .;'� 1���,

+G#�t�
� J����Q  %&' �� +3�)C J���� � I��
�����,VEGF 

D $
���4#
8 � +��'.��� ;��#�	
�� � �����.��� +,�  

  

��� 	
  

 6��Ff ������, +��-	 ������8 +,
�� 1�
� ��  1
��!�'� 
	 1
�

/��� �
��-b,�� ��  +4b*� ��*� 1
Mb,�� .�� l
-,� ��� ��

 J���� ���� �
)�C���mB  �� 92��? �# Y
38��� ���g  O*4!� 1
�

��� �=�
' �3<
&� ��  �!4���, _r!� ;�<
38 �,�.]T��� [  ���5

��� .�,�� �
n4,� 1�
' +8�
i	 +,����" �� I� $�
��� �=�
' 
�

+)�2Q  �����	 ��
C�' ���D K�
b8��f �+���t�<�t�
� �+2��(

 �
o���	 �� ^f .�!4���, �M�� K���� �, �� 
� �
M�' ��i�

 ��" +<
�4?� ���&D � ����" $���� 1�o, ���� ��iD�� ��<��

+,����"6'�f 
� �
,;�
�� � +��7f � .�,��# 9���	 �� ��
,  

+.F��) �2 �+,�� 1��	 qD
� �!,
� I��4��f��4," $
�Seca X

) ��� �(�
�<"Seca) +4'�f��� +��N � (�
�<" XBioelectrical 

Impedance X(+��!� 1�# +.F�� � �!,
� I�L�<��7�8 $
�

 +8�i� �F�G#� �V#��?(VO2max)  �� �� �!�b�� ��2 �
��� �

) ��?���:  � �G�� ��<�� �� 9)2 ;(
'�:  ���D" �� �3� ;(
'

;���
2 7#�� �� (+!���	 1��� �G�� +�� �4��# +,
�G� $
�

1���,� I�t�<�1���,� .�,�� $��. $��.VO2max  ����" 
����� 

9��3	 1��  Y�� �7�Z
," �
. 1
M4'� �� 1�
�4'� 
� �: )Quark X

��) 9����	 1
M4'� � (
�<
4Cosmed .�� l
-,� (�
�<" X J����

 �� ���'�VO2max $Z
� ��2 �
��� ��d �!�b�� ��2 �
��� %

�')Qmmd $Z
� +G�!	 Y�
)	 ;)G, �(T/T �� � �`8  ���'�

+�( +8�i� �F�G#� �� ���'� .�,��� ����	 ��� 6��78� _��m 

 �� �
�3�A �2�4� $��� @�8 �
�3� f ���#] ��� +8
# 9�	��g .[

 
� �
�7�� �!�b�� ��2 �
���VO2max 1���,� $��� .�� $��.

��)� 1
M4'� �� +G#�t�
� J���� �� ����	) 
�	�� �
'GO2 X

) �!'�
# �D�N�� � (
�<��4'�Monark.�� 1�
�4'� (���' X  

+,����" �
'��� 
�VO2max  1��. �' ��� 1��, �� ����	

+G#�t�
� J���� �����	 I��
�����, J���� ��  1��� ���2 Y�4!# �

 .�,�� ��*� 1
Mb,�� p��� $L�<��7�8 1
Mb�
��" �� +!���	 ��
,��

 $��� +!���	 ��
,�� .��"�� ���� �� +4b*�mB  �� �G�� �') �G��

 ��� 
� � (�4��aa  
	ha �G�� �� � �!�b�� ��2 �
��� %Ba 

~�C �=�2� �� +!���	 �G�� I� .��� 1�� $7�� +G#�t�
� 1��. $�

 9�
�Td l�. �=�2� ��� 
� ���#|P  
	RP % ��2 �
��� �V#��?

 ^t' � I��
�����, J���� ���P �
#� �=�2�  J���� �� ���

 �D�N�� $�� +G#�t�
� ��� 
� �!'�
#�� % ��2 �
��� �V#��?

 Y�
3�)RR %VO2max��� (+,����" �
�
f �� . �!f ��� �� 
�

 � �=�2� ��� 
�RP%  .�,��� l
-,� �� ���#��' ��2 �
��� �V#��?

 �
� I� �4�� �� ��R ��
,�� .�� 1��78� ����	 ��� ��7�� �� %

 J���� �� +G#�t�
� 1��. $��� +!���	/: �� l
-,� �F�G#� %

]h +G#�t�
� 1��. ��)� I��
�����, 1��. $��� +!���	 �G�� .[

��, J���� �� 
*," ;�<
38 �# ��
�	 ��� 
� ��� �F�G#� � I��
���

 ;#�� +!���	 ��
,�� ��� �� Y�4!# 1��. .�� l
-,� +3�)C

 .�,���,�,��, +,�D $
�hm  � ��<�� �� 9)2 ;(
'hm  �� �3� ;(
'

 �� �3� �+!���	 ��
,�� �G�� ���D"Tm  �� �����
4�
, ;(
'

+4," S��
�'�� �48�. Y
4���#�, ��5
8`� 1
Mb�
��" �� .

��.��� $
���4#
81���,� ;��#�	
�� � ����,��, � $��. �� 
�  ���

Td  ;(�' 
� � �=�2�Addd L�����4,
' �=�2� �� ���

)Ependourffe 6-!' $��� .�,�� (�
�<" XVEGF  ;�# ��

) �7�Z�USCN Life Science Ins.��N � 1�o4� �Z
�� X(
 

 ;�# ��� ;�'
G? .�� 1�
�4'�\/T�+��� �� l�.���f ���� � �4�<

+,����" ���� ������	  
�T/h  .���  

Y
��, ���3	 �� �3� 1��� ���� ���.��<�# ����" 
� 
�Q  �� ��,���'�

 9o� ���3	 $��� � 1��. �' �G�
=� $��� �8�C�� ^,
���� 9��o	

 9��o	 � ��7-	 .�� 1�
�4'� +,���,�� +)�=3	 ����" �� ��
�	

1��� l�, 
� 
�  ��78�SPSS 16 ,�.�� l
-  

  
 !��"#( �
��*�( �?�@�� A�BC	* 3��
��*���� ��-.�"#& � 0#��2� ��- 

���$←  

↓%&�� 

����'
�� )
��*�����!�+,� 

- (.�E) 

GH/I±JK/IL M9/5±NO/PN=9/P±P9/P6

���* ���. %&�� 

)�kg/m( 

9M/P±=5/PN 96/5±P5/P6QP/5±O9/PN

 /0���� �1����

�2�3� )ml/kg/min(
8N/P±=O/66 =P/N±NO/6PO8/P±=5/6M

�+-���
� �*�� 

(�@��) 

RI/G±ST/GI ST/G±LS/GKJK/G±UG/GI



+,.  ������� /��� )	��0� � ������������������������������������������������������������������������������������������������� 

123 4��� 5�	� 63	   7���+. 7��� (, (8���9 +,:+   

 ����4�5 (VEGF ���� �� � �+&�,��- ��-)�����*��
 ) .�"#& �* V
�	


�#W* A��?�(�E� .�"#& ���� �� �+&�,��- ���� ���  

 ����4�6( ���� �� !�X 3���/��2- � �+&�,��- ��-)�����*��
  � .�"#&

)*�#W* A��?� V
�	
(�E� .�"#& ���� �� �+&�,��- ���� ���  

  

��	�  

� qD
� �r, �� 1��. O!3� K�
�" ��
�	 O��5�	 K
�  
� K���

 Y���) �!4���, �M����/.(  

� +G#�t�
� J���� �� ����	 �4��Q  6��78� v(
� I��
�����,

|| ;r�� %VEGF  6��78� ��� � �� +G#�t�
� 1��. l�'

) I��
�����, 1��. �� �� ;)G,PP//P=p) Y�4!# � (PPP//Pp= (

+!3� �����,) ��� ���/ .(  

 ����4�7( ���� �� !�X ���&���2- � �+&�,��- ��-)�����*��
  .�"#& �

)*�#W* A��?� V
�	
(�E� .�"#& ���� �� �+&�,��- ���� ���  

�  �� ����	 �4��+G#�t�
� J����Q  ��
�	 ���� I��
�����,

+!3� � +G#�t�
� 1��. �� �� �����.��� ;r�� ��� ���

) �b, I��
�����,�/:/P=p+!3� ��
�	 ���� 
�� �( 1��. ��� ���

) �� Y�4!# 1��. � +G#�t�
�PP�/P=p �����, X: .(  

� +G#�t�
� J���� �� ����	 �4��Q  ��
�	 ���� I��
�����,

+!3����  � +G#�t�
� 1��. �� �� ;��#�	
�� ;r�� ���

�b, I��
�����, )�Ad/d=p�( +!3� ��
�	 ���� 
��  1��. ��� ���

) �� Y�4!# 1��. � +G#�t�
�PPP//P=p �����, X�.(  

  

 ���  

�
��  $���� ���� �
b, 6��Ff ��� ��
4, �#��C�  ����	 �4��

+G#�t�
� J���� �� +4�
=4'�Q  ���� �I��
�����, ;r�� 6��78�

VEGF +� +G#�t�
� 1��. �� +��'  ;)G, 6��78� ��� � ���

+!3� Y�4!# � I��
�����, 1��. ��  .��� ������
�  7�, ���
��� �

 �
�� 6��78�VEGF  �2
34��  ���
��� �� $���� ����	 �4��

O� p��7. �� +)�2  +��!��# ;�3�� �� 6��78� ��� ;�( � �!!#

���� 6�
#) ���
���  ��>( +.���� _#��	 6�
# � +)�2 1�

 ��� �� +���G�� � +G#�t�
� J���� 6��78� ���� �# (+4��'�

+� O� �
�� ��� +,����" ����� ��� 
� .�!!# ��� �
*," $
� $
��

+� ��i� �#���
4� � ��	
4'�  �
�� 6��78� ���� �# �,��#

VEGF +�  �,��]md ���!{�� .[����  �
�� 6��78� ���
��� �

VEGF �D�N�� ;�<
38 �G�� I� �2
34� +��'  �� $���'

 
�	�� Y�
3� �F�G#�) +G#�t�
� J����:RPP  p��7. �� ($�4�

O�  �� ;�<
38 ��� ���3	 $��� 
*," .�!!#VO2max  ;o	 �#

�� +G#�t�
� J���� ] �,��# 1�
�4'� ���� 1��" ;'�/P .[�
��  �

 ~�&' 6��78� ���
? �3<
&� ��
4, 
� �G�� ����
��� 

VEGF �2
34� �� +��':/  
�	�� �� 
!� ����	 ���/���  $�4�

O� p��7. ] �!�
�,/| .[  

 �9�
=� ����� O� ���!( ���
��� �  �
? $��.���2 �# �!!# ��

��e	��f %&' �� $��y
	 ��� +G#�t�
� J���� VEGF  ���2

+2
' �+�
f �# �+�3, ���2�� �`>() +4��'� ��>(Q  � (+���2

���� � ����, �)#  %&' 6��78� � �
�� ���� +G#�t�
� �# $�

VEGF +� �� ���� �,�. ��� $��M�bN ��C ;8
� � 
�  $
�

] ;'� ��
�4� +,���? ��4n�TTO� �r, �� .[  ��
4, 9�<� �# �'�

 �3<
&� ��
����� p�� �� 1�
�4'� ����
��� �  ��
� O���o5 K
�

�� �#  ���:  �F�G#�) ���� +G#�t�
� z�3� �� ;(
'� ���2 (%

 .�!4��� ��e	��fVEGF � %&' 
� �'
!4� ����	 +G#�t�
� ��

+� �� � �!# +� �r,  6��78� +G#�t�
� ��� � %&' �N �� ��'�

 ~�&' �(��
� 6�
# �F�G#� +'�4'�) ��
�VEGF  6��78� �4b��

+�  
� 
�	�� 6��78� 
� �# ;��� �r, �� ��
� ���� ���� 
� .��
�

+� 6�
# +���� ;�<
38 ��� �+G#�t�
� %&' 6��78�  ��� .��
�

<
38 6�
# ~�&' 6�
# ���� ��D ���, �� ;�VEGF  +��'

*

0

50

100

150

200

250

300

350

400

450

����� ���	
 �������

V
E

G
F

 
(p

g
/m

l)

���� �� ��� ���� �� ���

*

0

10

20

30

40

50

60

70

����� ���	
 �������

 �
��

�
��

�	



 (
%

)

���� �� ��� ���� �� ���

*

0

5

10

15

20

����� ���	
 �������

 
�

��
�
��

�
�

	
(g
/d
l)

���� �� ��� ���� �� ���



�����������������  ��� �������	 
��� ��	�� �������� ��	�� � ������� � ������!" ��	�� ��  #$%&VEGF ���#������� � 
���%'�� (� )�*   +,- 

Quarterly of Ofoghe Danesh                    Vol. 18, No. 3, Fall 2012 

+�  ���]A �B.[  6��Ff ���
����  K��
�� �C
4, �# 7�, ���
��� �

+,����" ����� ��
? �3<
&� 
� ��� 
�  l
-,� +���� ;�<
38 �,�.

 $��� J=8 � �,���,/RP  �!48�. ���2 +G#�t�
� J���� �� �=�2�

]�.[ ������ D 6��Ff �� 7�, ���
��� � O���o5 p�� �� ��

 ��7�� +8�C �� � �,��# 1�
�4'�VEGF  6-!' j��C �� ��

mRNA ) +!���	 1��� $
*4,� �� 
*!	� ] �,��# +'��� (�4��� .[

 �	��� +��D ��L �
�� �� ����	 �# ���� ���� Y
�4?� ��� ������
!�

 +!���	 ��
,�� ��� �4��.��
� 1��� x� $�  

 %&' ��
? 6��Ff ��VEGF ��' ;)G, I��
�����, 1��. +

�� �Y�4!# 1��. �� +!3���� ��C �� .��� �	Z
� $��� +� �r,  �'�

�(��-� u�o� �� $�  u
�&5� �� +�
, ��4'� �!,
� +!���	 $
�

 � ��<�	 �� +,`>( 6b# � z
)=,� �+2��( 1����� 
� ��D �
���

 ������"VEGF  �!�
� 9�D�]a ���� ���� 
� .[VEGF  +��'

 1��. ��C �� �Y�4!# � I��
�����, 1��. �� �� ;)G, +G#�t�
�

+!3� 6��Ff �4b�� �� .��� �	Z
� $���  �# +�5� _�G,
�� �� �
�

 �
�� 6��78� ���� 
*," j��C �� +G#�t�
�VEGF +�  �#c ����

 +4��'� ��>( �� ����,�" k�-	 �+G#�t�
� J���� �� .;'� 1��

+� ���5 �D ���, �� ����,�" .���.Y
38 j��C �� �  1�,��. $�
'

 +!3� ��DA2 ;r�� �48�Z
� ���� �cAMP1 +�  ��� �# ���

 %&' 6��78� ���� ����� �� 6��78�mRNA  ��e	��fVEGF 

+�  ���]mT_# �+G#�t�
� J���� �� �M�� 1��( ����	 .[  +,F�G#�

 I��o	 v(
� �# ;'�HIF +�  .���HIF  j��C �� ����� ��

Y
38  ��G� $�
'Akt/PI3K  ��G� 
�MEK/ERK  � 
=<� ����

 ��e	��f +,L �
��VEGF +� ] ���a ��+,����" .[ �� �# +�
�  ��C

+� ����	 +G#�t�
� J���� �� �	��  ���
=� ;'� ���� ��!!#

 ��
Dc �� $�	Z
�VEGF Y��' ��  � Y
��	��,� Y
�b,��
f $
�

;�'��� Y��' ��N ��!�
� �4��� +4��'� ��>( $
�  $
� �� 
*,"

+� �
G?� �� �F�G#� ��)�# ��
38�  � ��<�	 �� �-!� �# �!!#

1��Dc  $�4b�� ���=� $�
'VEGF +�  ���]Td ���� ���� 
� .[

 �# ;��� ���	 ��
�VEGF  � ;'� I�f��	���f $��� ��4#
8

Y��' ��,� $�� 1�,��. $���� ;8
� � 
�  ;'
�]� %&' 6��78� .[

VEGF 6=, ;'� ���� +��' � �4��� 7,L��F," �� �	��8 +�


O� �
b, �
=�=o	 ���� ���
�  +,
�� ��5
8 �� +,�D @��( �# �!��

| +� 9��b	 �4�� +<
?�� ��,��  ��
? 6��Ff 1��� �#�  ��� �4��

 %&' �
!{�� �VEGF  ��� Z
� 1��� ��� $
*4,� �� +��']TT �

TA.[  

 �# �,��� �
b, 6��Ff ��� ��
4,� �� �� ����	 �4�� J��

+G#�t�
�Q +!3� 6��78� ���� I��
�����,  � �����.��� ���

+� Y�4!# 1��. �� ;)G, +G#�t�
� 1��. �� ;��#�	
��  
� �# ���

 ��
4,����� ] ���
��� �:: � [��
� �
!�" ] ���
��� �:� [

 ��
4, �
'��� .��� �G�� � j8�����
� �
!�"  ����
��� �

) +G#�t�
� J����/: �� �� ;(
' �F�G#� 
� �/: ���� �(%

+� ��D ;��#�	
�� � �����.��� ;r�� 6��78�  ���� 
� .���

 
*," �� � 1�� l
-,� O���o5 p�� $�� 1���#c 6��Ff ����

] ;'� 1�� j��7	 ��4��f��4���:� 6��Ff .[�����  ���
��� �

��  �
(
�	�� �� +����	 ���5:PRP  �
'��� � ;8�. l
-,� $�4�

�	 �
*," ��
4, �����.��� 6��78� ���� J���� ��� �� +���� ���

+� �
,� � ����� �� ��D ] ���:: .[  

 ��
4, 
� ��
? 6��Ff ��
4, �9�
=� ������# ] ���
��� �:| �[

$
���
� ] ���
��� �:R � [����� ] ���
��� �:�;'� �<
n� [. 

 ��
4, 
� ;�<
n� 9�<������  ��!{�� � ���
��� �����#  �

 J���� �� $��.���2 �
�� ��� � +,����" �, �� ��
�	 ����
���

 .;'� +G#�t�
������ �� ���
��� �  ����  � �4������# ��  ���

: +4�
=4'� ���
����� �� �4�� �8�? �
#  1�
�4'� 6��Ff �� $�

1��#  1�
�4'� 
*," �� ��
? �3<
&� �� �# Y
38��� ���8� w'
f .�,���

���	 �� ��� ���
����� �� ;)G, +G#�t�
� J���� �� �

��Go�  ;'� �	]mh �m\ �� 7�, +!���	 1��� Y�C �+8�C �� .[

+� ��Go� ���8� w'
f �� ���.�y� 9���(  
� ;�<
n� 9�<� .���

 ��
4,$
���
� ���
f ����
��� � ) 
�	�� ����/PPP  
	/�::  �(�4�

1
	�# ) +G#�t�
� 
� $��.���2 1��� Y�C ���� � (�4�� I�

��
�4� �� .;'� (+�'�) +!���	 ��
,�� �, ����  ~�&' �+�# ��C

 �� ���	 
� +G#�t�
� J���� �� ��D ;��#�	
�� � �����.���

 
�	�� $�!��]ma � �, �+G#�t�
� J���� �� ����	 +,
�� 1��� �[

+,����" +,
�G� +.�
�" %&' O� ����	 
�  �!#]mB �mg  .[  

� +�*' �
b8 6�
#���
f ���� �
(
�	�� �� �F�G#  ���"

;8
� +'�4'� +� �F�G#� �� 
�  %��	 ��" Of �� � ���HIF  ��

Y��' +� 6��78� �F�G#� �� �
G? $
�  � I��o	 v(
� � ��
�

���# �� ��4��f��4��� ������" +� 
�  ���]m� �Ad.[  ������ ���

Y�)�. ��<�	 � ���n4'� 7��2 7�� I��o	 v(
� 7��2 $
�  �

+� ��D �
��� �� �4b�� �����.��� ] ���/R �/� �:� �:�.[  

 +G#�t�
� 1��. ;��#�	
�� � �����.��� %&' 6��Ff ��� ��

 6��78� ���� +���� ����	 .��� �	Z
� I��
�����, 1��. �� ;)G,

+� ��4��f��4��� %��	  ���]m�[ 
� l��	 ����	 J���� �� +<� X

� �	Z
� 6��78� ��� +G#�t�
� ;']m\ �Ad.[  ���� ���D� ���

+!3���� ����Z
� 9�<� ;'� ;)G, +G#�t�
� 1��. �����.��� ���

 �� ��D +<��' 6n� �;��#�	
�� .��
� I��
�����, 1��. ��

+� 9��b	  ���]Ta �Tg.[  ����	 1��� I� �� ^f �+8�C ��

+� 6��78� 
�'`f _-? �+����  �c
# 6�
# ���� � ��
�

 ��D ;��#�	
��+�  ���]Ta �Ad.[  ����Z
� �# �,�=43� �
==o�

 1��. ;��#�	
�� ����Z
� ;�( �+G#�t�
� 1��. �����.���

 .;'� I��
�����, 1��. �� ;)G, +G#�t�
�  

;����o� 9�Z� �� 
�'`f _-? ��
? 6��Ff �� �,
�'
4�  $
�

1���,� �����  ;��#�	
�� 6��78� ��� �# _����, `C� � �b, $��.

1��.  �� .��D 
� ;'� 1��� 1���� 
�'`f _-? 6�
# 
� +G#�t�
�



+./  ������� 0��� )	��1� � ������������������������������������������������������������������������������������������������� 

234 5��� 6�	� 74	   8���+9 8��� (, (:���; +,-+   

 �# �!N%
��� O� �
b, ���
��� �  
� l��	 +���� ����	 �# �!��

+� 
�'`f _-? 6�
# ���� �+G#�t�
� J����  ���]AT.[  
��

 6��78� �# ;'� ��� z�8 I�VEGF  �� +G#�t�
� J���� ��

;b, 6��78� j��C ,� ���� �+2��( $���f �� +�Z
� _-? Y
=4

+� +<��' ��
D $
>8 �� ��D $
�'`f ] ���R �} ���D� ��� .[
 ��D ;��#�	
�� �	Z
� ���"�� � 
�'`f _-? 6�
# v(
� s
)2
34�

+�  �
*!b�f � �� l
-,� Y
38��� �
��-b,�� �� ��
? 6��Ff .���

+� 1��. $�� �!��� ��� �� $�M�� �
=�=o	 �# ���  
� +�
�

� +.�
�".��� l
-,� ��
�4� +,
�G  
  

����� ���	  

+G#�t�
� J���� �� ����	Q  6��78� v(
� I��
�����,VEGF 

+� +��' +� +G#�t�
� J���� �� ����	 ������
!� .���  �,��	

 .��
� �
(
�	�� �� ����	 $��� +)'
!� ��7M�
�  
  

  

����� 

1- Nummela A, Rusko H. Acclimatization to altitude and 
normoxic training improve 400-m running performance at 
sea level. J Sports Sci. 2000;18(6):411-9. 
2- Stray GJ, Robert F, Chapman C, Levine BD. Living high 
training low altitude training improves sea level 
performance in male and female elite runners. J Appl 
Physiol. 2001;91(3):1113-20. 
3- Lundby C, Calbet JAL, Robach P. The response of 
human skeletal muscle tissue to hypoxia. Cell Mol Life Sci. 
2009;66(22):3615-23. 
4- Mounier R, Pialoux V, Schmitt L, Richalet JP, Robach P, 
Coudert J, et al. Effects of acute hypoxia tests on blood 
markers in high-level endurance athletes. Eur J Physiol. 
2009;106(5):713-20. 
5- Egginton S. Activity-induced angiogenesis. Eur J Physiol. 
2009;457(5):963-77. 
6- Kraus RM, Howard WS, Yeager RC, Gavin TP. 
Circulating plasma VEGF response to exercise in sedentary 
and endurance-trained men. J Appl Physiol. 
2004;96(4):1445-50. 
7- Olfert IM, Breen EC, Mathieu-Costello O, Wagner PD. 
Chronic hypoxia attenuates resting and exercise-induced 
VEGF, f lt-1 and f lk-1 mRNA levels in skeletal muscle. J 
Appl Physiol. 2001;90(4):1532-8. 
8- Oltmanns MK, Gehring H, Rudolf S, Schultes B, 
Hackenberg C, Schweiger U, et al. Acute hypoxia decreases 
plasma VEGF concentration in healthy humans. Am J 
Physiol Endocrinol Metab. 2006;290(3):434-9. 
9- Zachary I, Gliki G. Signaling transduction mechanisms 
mediating biological actions of the vascular endothelial 
growth factor family. Cardiovasc Res. 2001;49(3):568-81. 
10- 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(2):474-83. 
11- Tang K, Xia FC, Wagner PD, Breen EC. Exercise-
induced VEGF transcriptional activation in brain, lung and 
skeletal muscle. Respir Physiol Neurobiol. 2010;170(1):16-
22. 
12- Stefanini MO, Wu FTH, Gabhann FM, Popel AS. A 
compartment model of VEGF distribution in blood, healthy 
and diseased tissues. BMC Syst Biol. 2008;19(2):1-25. 
13- Olfert IM, Howlett RA, Tang K, Dalton ND, Gu Y, 
Peterson KL, et al. Muscle-specific VEGF deficiency 
greatly reduces exercise endurance in mice. J Physiol. 

2009;587(8):1755-67. 
14- Asano M, Kaneoka K, Nomura T, Asano K, Sone H, 
Tsurumaru K, et al. Increase in serum vascular endothelial 
growth factor levels during altitude training. Acta Physiol 
Scand. 1998;162(4):455-9. 
15- Wirnitzer KC, Faulhaber M. Hemoglobin and 
hematocrit during an 8 day mountainbike race: A field 
study. J Sports Sci Med. 2007;6(2):265-6. 
16- Li X, Hu Y, Li W, Tian Z, Wei P, Zhang L, et al. Effects 
of intermittent hypoxia training on hematological indices 
and aerobic performance. J Exerc Sci Fit. 2004;2(1):47-50. 
17- Lundby C, Pilegaard H, Andersen JL, Hall G, Sander M, 
Calbet JAL. Acclimatization to 4100m does not change 
capillary density or mRNA expression of potential 
angiogenesis regulatory factors in human skeletal muscle. J 
Exp Biol. 2004;207(22):3865-71. 
18- Cinar V, Mogulkoc R, Baltaci AK. Calcium 
supplementation and 4-week exercise on blood parameters 
of athletes at rest and exhaustion. Biol Trace Elem Res. 
2010;134(2):130-5. 
19- Urso ML, Pierce JR, Alemany JA, Harman EA, Nindl 
BC. Effects of exercise training on the matrix 
metalloprotease response to acute exercise. Eur J Appl 
Physiol. 2009;106(5):655-63. 
20- Sarto P, Balducci E, Balconi G, Fiordaliso F, Merlo L, 
Tuzzato G, et al. Effects of exercise training on endothelial 
progenitor cells in patients with chronic heart failure. J 
Cardiac Fail. 2007;13(9):701-8. 
21- Takagi H, King GL, Robinson GS, Ferrara N, Aiello LP. 
Hypoxic induction of VEGF is mediated by adenosine 
through A2 receptors and elevation of cAMP in retinal 
pericytes and endothelial cells. Invest Opthalmol Vis Sci. 
1996;37(11):2165-76. 
22- Heinicke K, Heinicke I, Schmidt W, Wolfarth B. A 
three-week traditional altitude training increase hemoglobin 
mass and red cell volume in elite biathlon athletes. Int J 
Sports Med. 2005;26(5):350-5. 
23- Sanchis-Gomar F, Martinez-Bello VE, Domenech E, 
Nascimento AL, Pallardo FV, Gomez-Cabrera MC, et al. 
Effect of intermittent hypoxia on hematological parameters 
after recombinant human erythropoietin administration. Eur 
J Appl Physiol. 2009;107(4):429-36. 
24- Dehnert C, Hutler M, Liu Y, Menold E, Netzer C, 
Schick R. Erythropoiesis and performance after two weeks 
of living high and training low in well trained triathletes. Int 
J Sports Med. 2002;23(8):56-61. 
25- Hartmann S, Krafft A, Huch R, Breymann C. Effect of 
altitude on thrombopoietin and the platelet count in healthy 
volunteers. Thromb Haemost. 2005;93(1):115-7. 
26- Roels B, Bentley DJ, Coste O, Mercier J, Millet GP. 
Effects of intermittent hypoxic training on cycling 
performance in well-trained athletes. Eur J Appl Physiol. 
2007;101(3):359-68. 
27- Bning D, Cristancho E, Serrato M, Reyes O, Mora M, 
Coy L, et al. Hemoglobin mass and peak oxygen uptake in 
untrained and trained female altitude residents. Int J Sports 
Med. 2004;25(8):561-8. 
28- Friedmann B, Frese F, Menold E, Kauper F, Jost J, 
Bartsch P. Individual variation in the erythropoietic response 
to altitude training in elite junior swimmers. Br J Sports 
Med. 2005;39(3):148-53. 
29- Schwandt HJ, Heyduck B, Gunga HG, Rocker L. 
Influence of prolonged physical exercise on the 
erythropoietin concentration in blood. Eur J Appl Physiol 
Occup Physiol. 1991;63(6):463-6. 
30- Zivny J, Travnicek T, Neuwirt J. Effect of exercise on 
production of erythropoietin in normal and hypoxic rats. Am 
J Physiol. 1971;220(2):329-32. 
31- Robach P, Dechaux M, Jarrot S, Vaysse J, Schneider JC, 
Mason NP, et al. Operation Everest III: Role of plasma 
volume expansion on VO2max during prolonged high-
altitude exposure. J Appl Physiol. 2000;89(1):29-37. 




