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�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°, �¸�µ�ª�µ�¸�Â �³�¹�µ�¼�²�°�µ �Ç�¨�´�«�¨�Â��°�¹ �¶�¸�µ�©�²�¬�³�¨ 
 �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �°�´�¹�»�²�°�´�°�¹ �¨�©�¹�µ�²�»�º�»�¸�° �«�¬�¼�°�Â�°�º�°�¯ �¨�  ́

�°�´�¹�»�²�°�´�°�¹ �³�°�³�¨�¸�  ̄ �¸�¬�®�°�¹�º�¬�´�º�µ�©�°�¯  �ª�¨�³�µ�Ä��¬�»�²�° �½�¸�µ�´�°�±�»�²�° �«�¨�¨��¨�«�¬�©�¨�¨, 

�¸ �µ�³�¬�²�°�Â  �µ�¸�ª�¨�´�°�®�³�À�° �³�¯�¬�²  �¸�°�ª �³�¬�º�¨�©�µ�²�»�¸ �Ã��¸�¬�©�¹ �°�Ä��¬��¹. �³�°�¹�¯��°�¹ 

�«�¨�³�¨�Æ�¨�¹�°�¨�¯�¬�©�¬�²�°�¨  �½�¸�µ�´�°�±�»�²�° �È�°�¶�¬�¸�ª�²�°�±�¬�³�°�¨, �¸�µ�³�¬�²�¹�¨�Â �´�¨�Æ�À�°�¸�Ä�¿�²�¬�©�°�¹, 

�Â�Æ�°�³�°�¹ �«�  ̈ �¶�¸�µ�º�¬�°�´�¬�©�°�¹ �«�°�¹�³�¬�º�¨�©�µ�²�°�®�³�° �¬�¸�Ä�¿�³�°�¹. �«�¨�¨��¨�«�¬�©�¨ �¨�«�¸�¬�»�² 

�¹�º�¨�«�°�¨�®�¬, �Æ�À�°�¸�¨�«, �ª�²�»�±�µ�®�°�¹�¨�«�³�° �º�µ�²�¬�¸�¨�´�º�µ�©�°�¹ �«�¨�¸�¾��¬��°�¯ ��²�°�´�«�¬�©�¨, 

�³�µ�ª��°�¨�´�¬�©�°�¯ �±�° ��°�¯�¨�¸�«�¬�©�¨ �¹�Æ��¨�«�¨�¹�Æ��¨ �µ�¸�ª�¨�´�µ�¹ �À�¬�»�½�Â�¬��¨�«�° �½�¸�µ�´�°�±�»�²�° 

�«�¨�®�°�¨�´�¬�©�¬�©�°. �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �³�°�³�¨�¸�  ̄ �ª�¨�´�¹�¨�±�»�¯�¸�¬�©�°�¯ �³�ª�Ã�´�µ�©�°�¨�¸�¬�¨ 

�¯�°�¸�±�³�¬�²�°, �¯��¨�²�° , �ª�»�²�°  �«�  ̈ �¹�°�¹�Æ�²�Ã�¨�¸�¾��¬�©�°, �¾��°�Ã�²�° (Haligur et al., 2012). �¨�³ 

�µ�¸�ª�¨�´�µ�¯� ̈ �«�¨�®�°�¨�´�¬�©�¨ �±�°, �¯�¨��°�¹ �³�Æ�¸�°�, �°�¹�¬�¯�° �ª�¨�¸�¯�»�²�¬�©�¬�©�°�¹ �³�°�®�¬�®�° �Æ�«�¬�©�¨, 

�¸�µ�ª�µ�¸�°�Â�¨�¨, �³�¨�ª�¨�²�°�¯�¨�«, �ª�»�² �°�¹ �°�À�¬�³�°�»�¸�° �«�¨�¨��¨�«�¬�©�¨, �¯�¨��°�¹ �º��°�´�°�¹ �°�´�¹�»�²�º�°, 

�±�°�«�»�¸�¬�©�°�¹ �ª�¨�´�ª�¸�¬�´�¨, �¹�½�¬�¹�µ�©�¸�°��° (�¬�¸�¬�½�Â�°�»�²�°) �«�°�¹�¼�»�´�½�Â�°�¨ �«�  ̈�¹�Æ��  ̈(Kaul et al., 

2013; Peters et al., 2014; Peters et al., 2014; Maiorino et al., 2014; Bowling et al., 2015). 

 �«�¾�¬�°�¹�¨�¯��°�¹ �ª�¨�´�°�Æ�°�²�¨��¬� ́ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �µ�¸ �¼�µ�¸�³�¨�¹���� �Ä�À�¨�½�¸�°�¨�´�° 

�«�°�¨�©�¬�º�° �º�°�¶�° ���³���«�  ̈ �Ä�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° ���³�����¶�°�¸��¬�²�° �³�¨�¯�ª�¨�´�° ��°�¯�¨�¸�«�¬�©�¨ 

�Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �¨�»�º�µ�°�³�»�´�»�¸�° �«�¨�®�°�¨�´�¬�©�°�¹ �ª�¨�³�µ, �¸�¨�Â, �¸�µ�ª�µ�¸�Â �Ä�¬�¹�°, �°�Ä��¬��¹  

�°�´�¹�»�²�°�´�°�¹ �¨�©�¹�µ�²�»�º�»� ̧ �«�¬�¼�°�Â�°�º�¹; �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2 �±�° �Æ�¨�¹�°�¨�¯�«�¬�©�¨   

�Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �³�°�¬� ̧ �°�´�¹�»�²�°�´�°�¹ �¹�¬�±�¸�¬�Â�°�°�¹ �¶�¸�µ�ª�¸�¬�¹�»�²�° �±�²�¬�©�°�¯, �¸�¨�Â �Æ�À�°�¸�¨�« 

��°�¯�¨�¸�«�¬�©�¨ �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�°�¹ �¼�µ�´�®�¬ (Standards of Medical Care in Diabetes 

�± 2017 �± American Diabetes Association).  

�©�µ�²�µ �µ�¯�Æ�° �¨�¯�Ä�²�¬�»�²�°�¹ �³�¨�´�Ã�°�²�®�¬ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹  

�ª�¨��¸�Â�¬�²�¬�©�¨�³ �³�±��¬�¯�¸�¨�« �°�³�¨�º� ̈  (Steinbrook R., 2006). �´�¨��¨�¸�¨�»�«�¬�©�°�¨, �¸�µ�³ 2030 
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�Ä�²�°�¹�¯��°�¹ �«�°�¨�©�¬�º�°�¯ �«�¨�¨��¨�«�¬�©�»�²�¯�¨ �¸�¨�µ�«�¬�´�µ�©�¨ 500 �³�°�²�°�µ�´�¹ �ª�¨�«�¨�¨�Å�¨�¸�©�¬�©�¹ 

(Vetere  et al., 2014).  

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¯ �¨��¨�«�µ�©�°�¹ �º�¬�´�«�¬�´�Â�°�¨ �ª�¨�´�»�Æ�¸�¬�²�¨�« �°�®�¸�«�¬�©�¨ 

�¹�¨�½�¨�¸�¯��¬�²�µ�À�°�Â. �¨�¹�¬, �³�¨�ª�¨�²�°�¯�¨�«, �«�¨�¨��¨�«�¬�©�¨�¯�¨ �±�µ�´�º�¸�µ�²�°�¹ �¬�¸�µ��´�»�²�°  

�Â�¬�´�º�¸�°�¹ �³�µ�´�¨�Â�¬�³�¬�©�°�¯, 2014 �Ä�¬�²�¹ �°�´�Â�°�´�«�¬�´�º�µ�©�°�¹ �³�¨�Á��¬�´�¬�©�¬�²�° 1000 �³�µ�¹�¨�Æ�²�¬�®�¬ 

�Ä�°�´�¨ �Ä�¬�²�¯�¨� ́�À�¬�«�¨�¸�¬�©�°�¯ 1,4-�Ç�¬� ̧�°�¿�µ �³�µ�³�¨�º�¬�©�»�²�° �«�  ̈586,5-�¹ �À�¬�¨�«�ª�¬�´�«�¨.  

�³�°�Á�´�¬�»�²�°�¨ , �¸�µ�³ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¹�°�Æ�À�°�¸�°�¹ �³�±��¬�¯�¸�° �³�¨�º�¬�©�¨ �¨�¸�°�¹ 

�©�µ�²�µ 5 �¨�¯�Ä�²�¬�»�²�°�¹ �ª�¨�´�³�¨��²�µ�©�¨�À�° �Å�¨�¸�©�° �Ä�µ�´�°�¹�¨ �«�  ̈ �¹�°�³�¹�»�½�´�°�¹ �³�±��¬�¯�¸�° 

�³�¨�º�¬�©�°�¹ �¶�°�¸�«�¨�¶�°�¸�° �À�¬�«�¬�ª�° (Parikh et al., 2007). �¨�³�¬�¸�°�±�°�¹ �À�¬�¬�¸�¯�¬�©�»�² �À�º�¨�º�¬�©�À�° 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2 �¨�¾�¬�´�°�À�´�¬�©�¨ 65 �Ä�²�°�¹ �®�¬�³�µ� ̄ �³�¨�³�¨�±�¨�Â�¯�¨ �¬�¸�¯ �³�¬�¹�¨�³�¬�«�¹ 

(Cowie et al., 2010). �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �ª�¨��¸�Â�¬�²�¬�©�°�¹ �¹�°�Æ�À�°�¸�¬ �¨�³�¬�¸�°�±�¨�¹�¨ �«�  ̈

�¬��¸�µ�¶�°�¹ �½��¬�¿�´�¬�©�À�° �³�¬�º-�´�¨�±�²�¬�©�¨�« �¯�¨�´�¨�©�¨�¸�°�¨ �«�  ̈�À�¬�¨�«�ª�¬�´�¹ 6,6-6,9%-�¹ (Shaw et al., 

2010). �À�¬�³�«�¬�ª�° 20 �Ä�²�°�¹ �ª�¨�´�³�¨��²�µ�©�¨�À�°, �³�°�»�Æ�¬�«�¨��¨�« �¨�¸�¹�¬�©�»�²�° �«�  ̈ �«�¨�ª�¬�ª�³�°�²�° 

�Ä�¨�´�º�°�«�°�¨�©�¬�º�»�¸�°�³���¶�¸�µ�ª�¸�¨�³�¬�©�°�¹�¨, �¨�³ �½��¬�¿�´�¬�©�À�° �´�¨��¨�¸�¨�»�«�¬�©�°�¨ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ 

�À�¬�³�¯�Æ��¬��¨�¯�¨ 20%-�°�¯  �³�¨�º�¬�©�¨; �ª�¨�´��°�¯�¨�¸�¬�©�¨�« �½��¬�¿�´�¬�©�À�° �±�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ 

�À�¬�³�¯�Æ��¬��¨�¯�¨ �³�¨�º�¬�©�¨�¹ 69%-�°�¯  ��¨�¸�¨�»�«�µ�©�¬�´ (Shaw et al., 2010).  

�³�¹�µ�¼�²�°�µ�¹ �¹�Æ��¨�«�¨�¹�Æ��¨ �½��¬�¿�´�°�¹ �¶�µ�¶�»�²�¨�Â�°�¬�©�À�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 

2-�°�¹ �¶�¸�µ�Â�¬�´�º�»�²�° �®�¸�«�  ̈ �À�¬�¹�¨�©�¨�³�°�¹�¨�« �°�Ä��¬��¹ �¸�µ�ª�µ�¸�Â �¯��°�¯   �¨�³ �¶�¨�¯�µ�²�µ�ª�°�°�¹, 

�¨�¹�¬��¬ �¨�³ �¶�¨�¯�µ�²�µ�ª�°�°�  ̄ �ª�¨�³�µ�Ä��¬�»�²�° �ª�¨�¸�¯�»�²�¬�©�¬�©�°�¹ �³�±�»�¸�´�¨�²�µ�©�°�¹ �Æ�¨�¸�Ç�¬�©�°�¹ 

�®�¸�«�¨�¹�¨�Â. �¨�³�°�º�µ�³ �«�¾�¬�°�¹�¨�¯��°�¹ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �ª�¨�´�°�Æ�°�²�¬�©�¨ �¨�¸�  ̈ �¸�µ�ª�µ�¸�Â 

�³�Æ�µ�²�µ�« �¹�¨�³�¬�«�°�Â�°�´�µ-�©�°�µ�²�µ�ª�°�»�¸�°, �¨�¸�¨�³�¬�« �¸�µ�ª�µ�¸�Â �¹�µ�Â�°�¨�²�»�-̧�¬�±�µ�´�µ�³�°�±�»�¸�° 

�¶�¸�µ�©�²�¬�³�¨�Â (Standards of Medical Care in Diabetes �± 2017 �±American Diabetes 

Association). 

�³�°�»�Æ�¬�«�¨��¨�« �°�³�°�¹�,̈ �¸�µ�³ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹ �³�¹�µ�¼�²�°�µ�À�° 

�¨��¨�«�µ�©�°�¹�¨ �«�  ̈ �¹�°�±��«�°�²�µ�©�°�¹ �¬�¸�¯-�¬�¸�¯ �³�¯�¨��¨�  ̧ �³�°�®�¬�®�¹, �³�°�Á�´�¬�»�²�°�¨, �¸�µ�³ �³�°�¹�° 
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�Ä�º��°�¸�¯�°�¹ �³���³�¨�º�¬�©�¨ �¨�  ̧ �¨�¸�°�¹ �¯�¨�´�Æ��«�¬�´�°�²�° �³�°�¹�° �³�±�»�¸�´�¨�²�µ�©�°�¹�¨�«�³�° �³�°�³�¨�¸�¯�»�²�°   

�¨�«�¬�±��¨�º�»�¸�° (�º�µ�²�¼�¨�¸�«�°) �Ã�¨�²�°�¹�Æ�³�¬��°�¯  (Vetere  et al., 2014). 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �³�Å�°�«�¸�µ �±�¨��À�°�¸�À�°�¨ �³�¬�º�¨�©�µ�²�»�¸ �¹�°�´�«�¸�µ�³�¯�¨�.́ 

�À�¬�³�Â�°�¸�¬�©�»�²�° �¼�°�®�°�±�»�¸�° �¨�½�º�°��µ�©�¨ �«�  ̈ �¨�¸�¨�¹�Ä�µ�¸�° (�«�¨�»�©�¨�²�¨�´�¹�¬�©�¬�²�°) �±��¬�©�¨ 

�¹�°�³�¹�»�½�´�°�¹ �Æ�¬�²�À�¬�³�Ä�¿�µ�©�° �¼�¨�½�º�µ�¸�°�¨. �³�µ�³�¨�º�¬�©�»�²�° �Â�Æ�°�³�°, �ª�¨�´�¹�¨�±�»�¯�¸�¬�©�°�¯ �±�° 

��°�¹�Â�¬�¸�¨�²�»�¸�° �Â�Æ�°�³�°�¹ �ª�¨�®�¸�«�°�²�° �³�¨�¹�,̈ �³�°�Á�´�¬�»�²�°�¨ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ 

�ª�¨�´��°�¯�¨�¸�¬�©�°�¹ �³�´�°�À��´�¬�²�µ��¨�´ �¸�°�¹�±-�¼�¨�½�º�µ�¸�¨�«. �¹�°�³�¹�»�½�´�¬ �¬�¶�°�«�¬�³�°�¨�¹�¨��°�¯ 

��¸�Â�¬�²�«�¬�©�¨ �³�¯�¬�²�¹ �³�¹�µ�¼�²�°�µ�À�°. �¨�³�¬�¸�°�±�°�¹ �À�¬�¬�¸�¯�¬�©�»�² �À�º�¨�º�¬�©�À�° �³�¨�³�¨�±�¨�Â�¬�©�°�¹ 

63% �«�  ̈ �½�¨�²�¬�©�°�¹ 55% �Å�¨�¸�©�Ä�µ�´�°�¨�´�¨�« �°�¯��²�¬�©�.̈ �Å�¨�¸�©�Ä�µ�´�°�¨�´�¯�¨  22%-�°�¹ �¹�Æ�¬�»�²�°�¹ 

�³�¨�¹�°�¹ �°�´�«�¬�½�¹�° 30 �±�ª/�³2-�®�¬ �³�¬�º�°�¨, �¨�³�¨�¹�¯�¨�´�¨��¬, �«�  ̈�¸�¨�Â �ª�¨�´�¹�¨�±�»�¯�¸�¬�©�°�¯ �¹�¨�ª�¨�´�ª�¨�À�µ�¨, 

�Æ�¨�¹�°�¨�¯�«�¬�©�¨ �¹�Ä�¸�¨�¼�° �³�¨�º�¬�©�°�¹ �º�¬�´�«�¬�Â�°�°�¯ (Ogden et al., 2006).  

�À�¬�³�¨�À�¼�µ�¯�¬�©�¬�²�°�¨ �°�¹ �¼�¨�½�º�°, �¸�µ�³ �³�¬�º�¨�©�µ�²�»�¸�° �¹�°�´�«�¸�µ�³�°, �¸�µ�³�²�°�¹  

�Ã�°�¸�°�¯�¨�« �±�µ�³�¶�µ�´�¬�´�º�¹ �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�¨ �Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹, �»�±��¬ �¨�¾�¬�´�°�À�´�¬�©�¨ 

�³�µ�®�¨�¸�«�¬�©�°�¹ 4,5%-�¹ (Ford et al., 2008).  

�Å�¨�¸�©�° �Ä�µ�´�¨, �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �ª�¨�¸�«�,̈ �°�Ä��¬��¹ �«� /̈�¨�  ́�Æ�¬�²�¹ �»�Ä�¿�µ�©�¹ �°�¹�¬�¯�° 

�«�¨�¨��¨�«�¬�©�¬�©�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�¨�¹, �¸�µ�ª�µ�¸�°�Â�¨�¨ �¨�¸�º�¬�¸�°�»�²�° �È�°�¶�¬�¸�º�¬�´�®�°�¨, �ª�»�² -

�¹�°�¹�Æ�²�Ã�¨�¸�¾��¯�¨ �«�¨�¨��¨�«�¬�©�¨, �´�¨�¾��²�°�¹ �©�»�À�º�°�¹ �«�¨�®�°�¨�´�¬�©�¨, �¨��¯��°�¹�¬�©�°�¨�´�° 

�¹�°�³�¹�°��´�¬�¬�©�°, �¹�¨�¿�¸�«�¬�´-�³�¨�³�µ�Ã�¸�¨��¬�©�¬�²�° �¹�°�¹�º�¬�³�°�¹ �«�¨�¨��¨�«�¬�©�¨ (�¨�¸�¯�¸�°�º�° ). 

�®�¸�«�¨�¹�¸�»�² �Å�¨�¸�©�Ä�µ�´�°�¨�´�¯�¨ 80%-�¹ �¨�¾�¬�´�°�À�´�¬�©�¨ �Å�¨�¸�© �Ä�µ�´�¨�¹�¯�¨�´ �«�¨�±�¨��À�°�¸�¬�©�»�²�° 

�¬�¸�¯�° �«�¨�¨��¨�«�¬�©�¨ �³�¨�°�´�Â, �Æ�µ�²�µ 40%-�¹ �µ�¸�° �¨�  ́�³�¬�º�° �«�¨�¨��¨�«�¬�©�¨ (Janssen et al., 2007).  

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�¨ �¨�¹�¬��¬ �±�¨��À�°�¸�À�°�  ̈ �¹�¨�¹�½�¬�¹�µ �«�  ̈

�ª�µ�´�¨�«�µ�º�¸�µ�¶�»�²�° �È�µ�¸�³�µ�´�¬�©�°�¹ �¶�¸�µ�«�»�½�Â�°�¨�¹�¨ �«�  ̈ �³�¬�º�¨�©�µ�²�°�®�³�¯�¨�´, �¨�ª�¸�¬�¯��¬ �°�³ 

�¹�¨�³�±�»�¸�´�¨�²�Ä�¨�³�²�µ �¹�¨�À�»�¨�²�¬�©�¬�©�¯�¨�´, �¸�µ�³�²�¬�©�°�Â  �¨�Ã�²�°�¬�¸�¬�©�¬� ́ �¨�  ́ �¯�¸�ª�»�´�¨��¬� ́

�¹�¨�¹�½�¬�¹�µ �È�µ�¸�³�µ�´�¬�©�°�¹ �³�µ�½�³�¬�«�¬�©�¨�¹. �¨�³�°�¹ �ª�¨�¯��¨�²�°�¹�Ä�°�´�¬�©�¨ �¨�»�Â�°�²�¬�©�¬�²�°�¨ �°�³ 

�¹�¨�³�¬�«�°�Â�°�´�µ �¶�¬�¸�¹�µ�´�¨�²�°�¹�¯��°�¹, �¸�µ�³�¬�²�°�Â �´�°�À�´�¨��¹ �È�µ�¸�³�µ�´�¬�©�°�¹ �ª�¨�³�µ�¿�¬�´�¬�©�¨�¹ 

�±�µ�´�º�¸�¨�Â�¬�¶�Â�°�°�¹�¯��°�¹ �¨�  ́�Á�¨�´�¨�Â��²�¬�©�°�¯�°  �¯�¬�¸�¨�¶�°�°�¹ �³�°�®�´�°� ̄(Mauvais-Jarvis F., 2011). 
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�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹ �«�¨�³�¨�º�¬�©�°�¯�° �¸�°�¹�±-�¼�¨�½�º�µ�¸�°�¨ 

�Æ�¨�´�«�¨�®�³�»�²�° �¨�¹�¨�±�°�Â (Chew et al., 2013).  

�³�¹�µ�¼�²�°�µ�À�° �³�¨�º�»�²�µ�©�¹ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 1-�°�¹  �¹�°�Æ�À�°�¸�¬�Â  (Dabelea 

et al., 2014; Atkinson et al., 2014). �¨�³�°�¹ �¬�¸�¯-�¬�¸�¯ �³�°�®�¬�®�¨�«, �À�¬�°�Ã�²�¬�©�¨ �³�°�Á�´�¬�»�²�° 

�°�¿�µ�¹ �ª�¨�¸�¬�³�µ �º�µ�½�¹�°�´�¬�©�° (�³�Ã�°�³�¬ �³�¬�º�¨�²�¬�©�°, �¹�Æ��¨�«�¨�¹�Æ��¨ �Ä�¨�¸�³�µ�¬�©�¨�¹�¯�¨�´ 

�«�¨�±�¨��À�°�¸�¬�©�»�²�° �½�°�³�°�»�¸�° �´�°��¯�°�¬�¸�¬�©�¬�©�°), �¨�¹�¬��¬, �¨�»�º�µ�°�³�»�´�»�¸�° �¶�¨�¯�µ�²�µ�ª�°�¬�©�°, 

�Ä�¨�³�²�°�¹�³�°�¬�¸�° �ª�¨�¸�¯�»�²�¬�©�¬�©�° (Bodin et al.,2015; Rewers et al.,2016; Standards of 

Medical Care in Diabetes �± 2017 �±American Diabetes Association), �¸�µ�³�²�¬�©�°�Â �°�Ä��¬��¹ 

�¶�¨�´�±�¸�¬� �̈¹�°�¹ �±�»�´�Ã�»�²�¬�©�°�¹ �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �«�¨�®�°�¨�´�¬�©�¨�¹ (�´�¬�±�¸�µ�®�¹ �«� /̈�¨�  ́ �¨�¶�µ�¶�º�µ�®�¹) 

�«�  ̈ �À�¬�¹�¨�©�¨�³�°�¹�¨�«, �°�´�¹�»�²�°�´�°�¹ �«�¬�¼�°�Â�°�º�°�¹�¨ �«�  ̈ �È�°�¶�¬�¸�ª�²�°�±�¬�³�°�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�¨�¹ 

(Rewers et al., 2016). �¨�¾�´�°�À�´�»�²�° �³�°�®�¬�®�°�¹ �ª�¨�³�µ �©�¬��¸�° �³�±��²�¬��¨�¸�° �¨�Ä�¨�¸�³�µ�¬�©�¹ 

�«�°�¨�©�¬�º�° �º�°�¶�° 1-�°�¹ �«�¸�µ�¹ �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �«�¨�Â��°�¹�¨ �«� /̈�¨�  ́ �¸�¬�ª�¬�´�¬�¸�¨�Â�°�°�¹ 

�À�¬�¹�¨�Ã�²�¬�©�²�µ�©�¬�©�°�¹ �±��²�¬��¨�¹ (Karaca et al., 2010; Sun et al., 2012; Vetere and et al., 

2014). �¨�³�¨�¹�¯�¨�´�¨��¬, �ª�¨�¹�¨�¯��¨�²�°�¹�Ä�°�´�¬�©�¬�²�°�¨, �¸�µ�  ́ �«�°�¨�©�¬�º�° �º�°�¶�° 1-�¹�¨�Â �¨�Æ�²�¨��¹ 

�¹�Æ��¨�«�¨�¹�Æ��¨ �Æ�¨�¸�°�¹�Æ�°�¯ �ª�¨�³�µ�Æ�¨�º�»�²�° �¹�¨�¬�¸�¯�µ �«�°�¹�³�¬�º�¨�©�µ�²�°�®�³�°, �¸�¨�Â 

�ª�¨�´�¨�¶�°�¸�µ�©�¬�©�¹ �¹�Æ��¨�«�¨�¹�Æ��¨ �¹�°�¹�º�¬�³�¬�©�À�° �«�  ̈ �µ�¸�ª�¨�´�µ�¬�©�À�° �¶�¨�¯�µ�²�µ�ª�°�»�¸�° 

�Â��²�°�²�¬�©�¬�©�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�¨�¹ �«�  ̈�¹�¨�¬�¸�¯�µ �±�²�°�´�°�±�»�¸�° �¹�»�¸�¨�¯�°�¹ �«�¨�³�Ã�°�³�¬�©�¨�¹ (Forbes 

et al., 2013; Duran-Salgado et al., 2014;  Boer et al., 2014; Simo et al., 2014; Atkinson et 

al., 2015).  

�¸�¨�«�ª�¨�´�¨�Â �¶�¨�´�±�¸�¬�¨�¹�°�¹ �Ã-�»�Ç�¸�¬�«�¬�©�° �Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹ �µ�¸�°��¬ �º�°�¶�°�¹ �À�¨�½�¸�°�¨�´�° 

�«�°�¨�©�¬�º�°�¹ �¶�¨�¯�µ�ª�¬�´�¬�®�°�¹ �Â�¬�´�º�¸�¨�²�»� ̧ �±�µ�³�¶�µ�´�¬�´�º�¹, �ª�²�»�±�µ�®�°�¹ �È�µ�³�¬�µ�¹�º�¨�®�°�¹ 

�±�µ�¸�¬�½�Â�°�¨   �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �«�¨�Â��°�¹�¨ �«�  ̈ �¼�»�´�½�Â�°�°�¹ �À�¬�´�¨�¸�Á�»�´�¬�©�°�¹ (�ª�¨�»�³�Ç�µ�©�¬�¹�¬�©�°�¹) 

�ª�®�°�  ̄ �«�°�¨�©�¬�º�°�¹ �³�¨�¸�¯��°�¹ �µ�¶�º�°�³�°�®�¨�Â�°�°�¹�¨�±�¬�´ �³�°�³�¨�¸�¯�»�²�°  �±��²�¬��¬�©�°�¹ 

�¹�º�¸�¨�º�¬�ª�°�»�² �¨�³�µ�Â�¨�´�¨�« �³�°�°�Á�´�¬��¨ (Vetere et al., 2014).      

 �¶�¨�´�±�¸�¬�¨�¹�°�¹ �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �«�¨�®�°�¨�´�¬�©�°�¹ �¶�¸�¬��¬�´�Â�°�°�¹�¨ �«�  ̈ �¸�¬�ª�¬�´�¬�¸�¨�Â�°�°�¹ 

�À�¬�¹�¨�Ã�²�¬�©�²�µ�©�¬�©�°�¹, �°�¹�¬��¬, �¸�µ�ª�µ�¸�Â �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¸�°�¹�±-�¼�¨�½�º�µ�¸�¬�©�°�¹ 
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�¶�¸�¬��¬�´�Â�°�°�¹�¨ �«�  ̈ �±�µ�¸�¬�½�Â�°�°�¹ �À�¬�¹�¨�Ã�²�¬�©�²�µ�©�¬�©�°�¹, �³�¨�½�¹�°�³�¨�²�»�¸�¨�« �ª�¨�³�µ��²�¬�´�¨ 

�³�´�°�À��´�¬�²�µ��¨�´�°�¨  �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �Ä�°�´�¨�¨�¾�³�«�¬�ª �©�¸�Ã�µ�²�°�¹ �±�µ�³�¶�²�¬�½�¹�»�¸�°, 

�°�´�º�¬�ª�¸�°�¸�¬�©�»�²�°  �¹�º�¸�¨�º�¬�ª�°�°�¹ �À�¬�³�»�À�¨��¬�©�°�¹�¨�¯��°�¹, �¸�¨�Â �¨�³ �«�¨�¨��¨�«�¬�©�°�¹ 

�¹�°�Æ�À�°�¸�°�«�¨�´ �«�  ̈ �¹�°�³�Ã�°�³�°�«�¨�´ �ª�¨�³�µ�³�«�°�´�¨�¸�¬, �³�¯�¬�²�° �³�¹�µ�¼�²�°�µ�¹�¨�¯��°�¹ �¼�¸�°�¨�« 

�¨�½�º�»�¨�²�»�¸�° �¶�¸�µ�©�²�¬�³�¨�.̈  

 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �³�±�»�¸�´�¨�²�µ�©�°�¹ �¯�¨��°�¹�¬�©�»�¸�¬�©�¨�´�°  

�±�²�°�´�°�±�»�¸�° �«�  ̈ �¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�²�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �±��²�¬��°�¹ �À�¬�«�¬�ª�¬�©�°�¹ 

�ª�¨�¨�´�¨�²�°�®�¬�©�°�¹ �¹�¨�¼�»�Ã��¬�²�®�¬, �«�¾�¬�¹ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¹�¨�³�±�»�¸�´�¨�²�µ�« 

�ª�¨�³�µ�¿�¬�´�¬�©�»�²�° �³�°�«�ª�µ�³�¬�©�° �À�¬�°�Ã�²�¬�©�¨ 4 �Ã�°�¸�°�¯�¨�« �Ç�ª�»�¼�¨�« �«�¨�°�¿�µ�¹:    

  � )̈ �Á�¨�´�¨�Â��²�¬�©�°�¯�° �¯�¬�¸�¨�¶�°�¨, �¸�¨�Â �ª�»�²�°�¹�Æ�³�µ�©�¹ �°�´�¹�»�²�°�´�°�¹ �«�¬�¼�°�Â�°�º�°�¹ 

�À�¬��¹�¬�©�¨�¹ �¨�³ �È�µ�¸�³�µ�´�°�¹ �¨�  ́ �³�°�¹�° �¨�´�¨�²�µ�ª�¬�©�°�¹ �«�¨�³�¨�º�¬�©�°�¯. �°�´�°�À�´�¬�©�¨ �¸�µ�ª�µ�¸�Â 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 1, �°�¹�¬ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ �«�¸�µ�¹ (Vetere et al., 

2014; Bocci et al., 2014; Approaches to glycemic treatment-2015-ADA; Standards of 

Medical Care in Diabetes�±2017�±American Diabetes Association).     

   �©) �¨�¾�«�ª�¬�´�°�¯�° �¯�¬�¸�¨�¶�°�¨, �¸�¨�Â �ª�»�²�°�¹�Æ�³�µ�©�¹ �«�¨�®�°�¨�´�¬�©�»�²�° �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ 

�¸�¬�ª�¬�´�¬�¸�¨�Â�°�°�¹ �Æ�¬�²�À�¬�Ä�¿�µ�©�¨�¹ �¹�Æ��¨�«�¨�¹�Æ��¨ �¹�¨�³�±�»�¸�´�¨�²�Ä�¨�³�²�µ �¹�¨�À�»�¨�²�¬�©�¬�©�°�¯ �«�  ̈

�°�´�ª�¸�¬�«�°�¬�´�º�¬�©�°�¯ �¨�  ́�½�°�¸�»�¸�ª�°�»�²�° �®�¬�³�µ�½�³�¬�«�¬�©�°�¯.        

    �¨�¾�¹�¨�´�°�À�´�¨��°�¨, �¸�µ�³ �¨�³ �³�°�³�¨�¸�¯�»�²�¬�©�°� ̄ �±��²�¬��¬�©�° �Ã�°�¸�°�¯�¨�«�¨�« 

�¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�²�°�¨ �¨�  ́ �¶�¸�¬�±�²�°�´�°�±�»�¸ �¹�º�¨�«�°�¨�®�¬ �°�³�¿�µ�¼�¬�©�¨ �«�  ̈ �ª�¨�´�¹�Æ��¨��¬�©�»�²�° 

�Ä�¨�¸�³�¨�º�¬�©�°�¯ �Æ�¨�¹�°�¨�¯�«�¬�©�¨ �¹�Æ��¨�«�¨�¹�Æ��¨ �¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�² �³�µ�«�¬�²�¬�©�À�°. �¨�¹�¬ 

�³�¨�ª�¨�²�°�¯�¨�«, �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �¸�¬�ª�¬�´�¬�¸�¨�Â�°�¨ �»�¼�¸�µ �Ä�¨�¸�³�¨�º�¬�©�°�¯ �Æ�µ�¸�Â�°�¬�²�«�¬�©�¨ 

��°�¸�¯�¨�ª��¬�©�À�°, ��°�«�¸�¬ �¶�¸�°�³�¨�º�¬�©�À�°. ��°�¸�¯�¨�ª��¬�©�À�° �¶�¨�´�±�¸�¬�¨�¹�°�¹ �±�»�«�°�¹ �´�¨�Ä�°�²�°�¹ 

�¸�¬�®�¬�½�Â�°�°�¹ �À�¬�³�«�¬�ª �´�¨�Á��¬�´�¬�©�°�¨  �¶�¨�´�±�¸�¬�¨�¹�°�¹ �¯�¨��¹�  ̈ �«�  ̈ �¹�Æ�¬�»�²�À�°  �¶�¨�´�±�¸�¬�¨�¹�°�¹  

�±�»�´�Ã�»�²�¬�©�°�¹ �ª�¨�Á�¬�´�¨; �³�¹�ª�¨��¹�° �³�µ�«�¬�²�°�¹ �³�°�¾�¬�©�¨ �¶�¸�°�³�¨�º�¬�©�À�° ��¬� ̧ �Æ�¬�¸�Æ�«�¬�©�¨. 

�»�¨�¸�¿�µ�¼�°�¯ �«�¨�¹�±��´�¨�¹ �°�Ã�²�¬��¨ �¨�ª�¸�¬�¯��¬ �°�³ �¨�«�¨�³�°�¨�´�¬�©�°�¹ (�³�¨�¯ �À�µ�¸�°�¹ �©�¨��À��¬�©�°�¹) 
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�ª��¨�³�¬�©�°�«�¨�´ �¨�¾�¬�©�»�²�° �¶�¨�´�±�¸�¬�¨�¹�°�¹ �È�°�¹�º�µ�²�µ�ª�°�»�¸�° �ª�¨�³�µ�±��²�¬��¨�Â, �¸�µ�³�¬�²�¯�¨�Â �¨�³� ̈

�¯�»  �°�³ �³�°�®�¬�®�°�¯ (�¹�¶�²�¬�´�¬�½�º�µ�³�°�°�¹ �«�¸�µ�¹) �Á�¨�º�¨�¸�¬�©�»�²�° �È�½�µ�´�«�¨�¯ �¶�¨�´�±�¸�¬�¨�¹�°�¹ 

�±�»�«�°�¹ �¸�¬�®�¬�½�Â�°�¨ (Bjoern et al., 2008; Saisho et al., 2011). �ª�¨�´�¹�Æ��¨��¬�©�»�²  �³�µ�´�¨�Â�¬�³�¬�©�¹ 

�°�Ã�²�¬��¨ �®�µ�ª�°�¬�¸�¯�° �±��²�¬��¨, �¸�µ�³�¬�²�°�Â �¨�«�¨�¹�º�»�¸�¬�©�¹ �¹�Æ��¨�«�¨�¹�Æ��¨ �´�°��¯�°�¬�¸�¬�©�¬�©�°�¯ 

(�³�¨�¯ �À�µ�¸�°�¹, �³�Â�¬�´�¨�¸�¬�»�²�° �¬�½�¹�º�¸�¨�½�º�¬�©�°�¯) �®�¬�³�µ�½�³�¬�«�¬�©�°�¹ �¶�°�¸�µ�©�¬�©�À�° �¶�¨�´�±�¸�¬�¨�¹�°�¹ 

�Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �«�¨�®�°�¨�´�¬�©�°�¹ �¶�¸�µ�¼�°�²�¨�½�º�°�±�°�¹ �¨�  ́ �³�¨�¯�° �¸�¬�ª�¬�´�¬�¸�¨�Â�°�°�¹ 

�À�¬�¹�¨�Ã�²�¬�©�²�µ�©�¨�¹ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 1-�°�¹ �«�¸�µ�¹ (Karaca et al., 2010; Chong-De 

Sun et al., 2012; Vetere et al., 2014).  

 �ª) �©�°�µ�º�¬�½�´�µ�²�µ�ª�°�»�¸�° �³�°�«�ª�µ�³�¬�©�°, �¸�¨�Â �ª�»�²�°�¹�Æ�³�µ�©�¹  �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ 

(�¶�¨�´�±�¸�¬�¨�¹�°�¹ �±�»�´�Ã�»�²�¬�©�°�¹) �°�³�¶�²�¨�´�º�¨�Â�°�¨�¹ �°�´�º�¸�¨�¶�¬�¸�°�º�µ�´�¬�»�²�°  �«� /̈�¨�  ́

�°�´�º�¸�¨�¶�µ�¸�º�»�²�° �°�´�°�¬�½�Â�°�°�¯, �¨�  ́ �Ä��¸�°�²�° �´�¨�Ä�²�¨��°�¹ �¨�  ́ ��¬�´�°�¹ �°�®�µ�²�°�¸�¬�©�»�²�° 

�¹�¬�ª�³�¬�´�º�°�¯ �À�¬�½�³�´�°�² �©�°�µ�±�µ�´�º�¬�°�´�¬�¸�¬�©�À�° �º�¸�¨�´�¹�¶�²�¨�´�º�¨�Â�°�¨�¹ (Kakabadze et al., 2011; 

Kakabadze et al., 2012; Berney et al., 2015). �¨�¹�¬��¬ �¨�½�º�°�»�¸�¨�« �³�»�À�¨��«�¬�©�¨                                 

�Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �³�°�¾�¬�©�¨ �¶�¨�´�±�¸�¬�¨�¹�°�¹ �¨�Â�°�´�»�¹�°�¹ �¾�¬�¸�µ��¨�´�° �»�Ç�¸�¬�«�¬�©�°�¹�ª�¨�´, �¨�¹�¬��¬ 

�´�¨�¾��²�°�¹ �¹�¨�«�°�´�¨�¸�¬�©�°�¹ �¶�¸�µ�ª�¬�´�°�º�µ�¸�¬�©�°�¹�¨�ª�¨�´, �¹�Æ��¨�«�¨�¹�Æ��¨ �¼�¨�½�º�µ�¸�¬�©�°�¹ 

�«�¨�³�¨�º�¬�©�°�¯, �¸�µ�ª�µ�¸�Â in vitro �¨�¹�¬��¬ in vivo �³�µ�«�¬�²�¬�©�À�° (Ramiya et al., 2000; 

Rajagopal et al., 2003; Cardinale et al., 2015).       

    �«) �³�¬�µ�¯�Æ�¬ �³�°�³�¨�¸�¯�»�²�¬�©�¨, �¸�µ�³�¬�²�¹�¨�Â �¶�°�¸�µ�©�°�¯�¨�« �À�¬�°�Ã�²�¬�©�¨ �¬�Ä�µ�«�µ�¹ 

�¹�°�´�¬�¸�ª�°�®�³�»�²�° �¯�¬�¸�¨�¶�°�¨, �³�«�ª�µ�³�¨�¸�¬�µ�©�¹ �À�¬�³�«�¬�ª�À�°: �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �«�¸�µ�¹ 

�°�´�°�À�´�¬�©�¨ �¹�¨�³�±�»�¸�´�¨�²�Ä�¨�³�²�µ �¹�¨�À�»�¨�²�¬�©�¬�©�° �«� /̈�¨�  ́ �°�´�ª�¸�¬�«�°�¬�´�º�¬�©�°, �¸�µ�³�²�¬�©�°�Â 

�¨�Æ�«�¬�´�¹ �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�°�¹ �«�¨�½��¬�°�¯�¬�©�¨�¹ �«�  ̈ �ª�²�»�±�µ�®�°�¹ �³�¬�º�¨�©�µ�²�°�®�³�°�¹ 

�±�µ�¸�¬�½�Â�°�¨�¹ �°�´�¹�»�²�°�´�»�¸�° �ª�®�°�¹�¨�ª�¨�´ �«�¨�³�µ�»�±�°�«�¬�©�¬�²�° �³�¬�½�¨�´�°�®�³�¬�©�°�¯. �¨�¹�¬, 

�³�¨�ª�¨�²�°�¯�¨�«, �´�¨�Á��¬�´�¬�©�°�¨ �©�°�ª�»�¨�´�°�«�¬�©�°�¹ (Rojas et al., 2013), �¹�»�²�¼�¨�´�°�²�À�¨�¸�«�µ��¨�´�¨�¹ 

(Turner et al., 1999), �¯�°�¨�®�µ�²�°�«�°�´�«�°�µ�´�°�¹ (Soccio et al., 2014) �«�¨�«�¬�©�°�¯�° �¬�¼�¬�½�º�° 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ �«�¸�µ�¹, �¨�¹�¬��¬ �°�´�¹�»�²�°�´�°�¹ �¨�´�¨�²�µ�ª�¬�©�°�¹  (Atkinson et 

al., 2014; Stephens et al., 2015), �¶�¸�¨�³�²�°�´�º�°�«�°�¹ (Vetere et al., 2014), �¶�²�¨�¼�¬�¸�µ�´�°�¹ 
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(Latsabidze et al., 2011) �«�¨�«�¬�©�°�¯�° �¬�¼�¬�½�º�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 1-�°�¹ 

�¶�°�¸�µ�©�¬�©�À�°.  

�¹�°�´�¬�¸�ª�°�®�³�»�²�° �¯�¬�¸�¨�¶�°�°�¹�¨�¯��°�¹ �¨�½�º�°�»�¸�¨�« �ª�¨�´�°�Æ�°�²�¬�©�¨ �³�¨�³�¨�±�¨�Â�°�¹ �¹�¨�¹�½�¬�¹�µ 

�È�µ�¸�³�µ�´�¬�©�°�¹ - �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ - �ª�¨�³�µ�¿�¬�´�¬�©�¨, �¸�µ�³�¬�²�¯�¨ �«�¨�«�¬�©�°�¯�° �®�¬�³�µ�½�³�¬�«�¬�©�¨�Â 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ �«�¸�µ�¹ �°�´�º�¬�´�¹�°�»�¸�¨�« �À�¬�°�¹�Ä�¨��²�¬�©�¨ (Kalyani et al., 

2007; Stanworth et al., 2009; Grossmann et al., 2010; Jones et al., 2010; Muraleedharan et 

al., 2010; Corona et al., 2011; Gianatti  et al., 2014).    

 

�¨�´�«�¸�µ�ª�¬�´�¬�©�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �³�±�»�¸�´�¨�²�µ�©�¨�À�°  

�³�¨�³�¨�±�¨�Â�¬�©�À�° �¨�¾�°�´�°�À�´�¬�©�¨ �»�±�»�±�¨��À�°�¸�° �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�µ�´�¬�¹�¨ �«�  ̈�À�¨�½�¸�°�¨�´�° 

�«�°�¨�©�¬�º�°�¹ �¹�°�³�Ã�°�³�¬�¹ �À�µ�¸�°�¹ (Saad et al., 2009). �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¯ �«�¨�¨��¨�«�¬�©�»�² 

�³�¨�³�¨�±�¨�Â�¬�©�¹ �¹�°�¹�Æ�²�À�° �¨�¾�¬�´�°�À�´�¬�©�¨�¯ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ �»�¼�¸�µ 

�«�¨�©�¨�²�° �³�¨�Á��¬�´�¬�©�¬�²�°, �°�³ �³�¨�³�¨�±�¨�Â�¬�©�¯�¨�´ �À�¬�«�¨�¸�¬�©�°�¯, �¸�µ�³�¬�²�¯�¨�Â �¨�  ̧�¨�½��¯ �À�¨�½�¸�°�¨�´�° 

�«�°�¨�©�¬�º�°   (Stanworth R.D. and Jones T.H., 2009; Stanworth, Kapoor, et al., 2009); �¨�¹�¬��¬, 

�«�¨�«�¨�¹�º�»�¸�¬�©�»�²�°�¨ �»�±�»�±�¨��À�°�¸�° �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�¹�¨ �«�  ̈ �ª�²�°�±�µ�®�°�¸�¬�©�»�² 

�È�¬�³�µ�ª�²�µ�©�°�´�¹ �À�µ�¸�°�¹ (Stamler et al.,1976). 

�Ç��¨�¸�¬�«�°�´�° (�ª�¨�³�Å�µ�²�°) �±��²�¬��¬�©�°�¹ �³�¬�º�-̈�¨�´�¨�²�°�®�³�¨ �¨�Á��¬�´�¨, �¸�µ�³ 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�µ�´�¬ �À�¬�¹�¨�³�Á�´�¬��¨�« �«�¨�©�¨�²�°�¨ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°  �º�°�¶�° 2-�°�¹  

�³�½�µ�´�¬ �³�¨�³�¨�±�¨�Â�¬�©�À�°; �¹�°�¹�Æ�²�À�°  �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�¨�©�¨�²�° �±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ �³�½�µ�´�¬ 

�³�¨�³�¨�±�¨�Â�¬�©�À�° �±�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹ �¨�²�©�¨�¯�µ�©�¨ �³�µ�³�¨�º�¬�©�»�²�°�¨ 

(Chubb et al., 2008); �³�¬�º�°�Â, �®�µ�ª�°�¬�¸�¯�°  �±��²�¬��¨ �¨�«�¨�¹�º�»�¸�¬�©�¹, �¸�µ�³ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ 

�«�¨�©�¨�²�° �«�µ�´�¬ �³�¨�³�¨�±�¨�Â�¬�©�À�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹ 

�Ä�°�´�¨�¶�°�¸�µ�©�¨�Â �±�° �À�¬�°�Ã�²�¬�©�¨ �°�¿�µ�¹  (Rebuffescrive et al., 1991); �«�  ̈ �¶�°�¸�°�½�°�¯, 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ �³�¨�¾�¨�²�° �³�¨�Á��¬�´�¬�©�²�°�¹ �³�½�µ�´�¬ �³�¨�³�¨�±�¨�Â�¬�©�À�° 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹ �¸�°�¹�±�° 42%-�°�¯  �»�¼�¸�µ �«�¨�©�¨�²�°�¨ 
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�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ �«�¨�©�¨�²�° �³�¨�Á��¬�´�¬�©�²�°�¹ �³�½�µ�´�¬ �³�¨�³�¨�±�¨�Â�¬�©�¯�¨�´ 

�À�¬�«�¨�¸�¬�©�°�¯ (Ding et al., 2006).  

�¨�¸�¹�¬�©�µ�©�¹ �«�¨�³�¨�Ç�¬�¸�¬�©�¬�²�° �¬�¶�°�«�¬�³�°�µ�²�µ�ª�°�»�¸�° �³�º�±�°�Â�¬�©�»�²�¬�©�¬�©�°, �¸�µ�³�²�°�¹  

�¯�¨�´�¨�Æ�³�¨�«�¨�Â �Æ�¨�´�«�¨�®�³�»�² �¨�¹�¨�±�À�° �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�¨�©�¨�²�° �«�µ�´�¬ �Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹ 

�«�¨�³�µ�»�±�°�«�¬�©�¬�² �¸�°�¹�±-�¼�¨�½�º�µ�¸�¹ �¸�µ�ª�µ�¸�Â �³�¬�º�¨�©�µ�²�»�¸�° �¹�°�´�«�¸�µ�³�°�¹�  ̈�«�  ̈�À�¨�½�¸�°�¨�´�° 

�«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ (Stanworth et al., 2009; Traish et al., 2009,II ), �°�¹�¬  �³�¨�¯�° 

�ª�¨�¸�¯�»�²�¬�©�¬�©�°�¹ -  �°�´�¹�»�²�º�°�¹�  ̈ �«�  ̈ �ª�¨�¸�«�¨�³�¨��¨�²�° �°�À�¬�³�°�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹�¨�¯��°�¹�¨�Â 

(Yeap, Hyde, et al., 2009).  

MMAS - The Massachusetts Male Aging Study (Stellato et al., 2000) �«�  ̈MRFIT- 

Multiple Risk Factor Intervention Trial  (Haffner et al., 1996) �±��²�¬��¬�©�³�  ̈ �¨�Á��¬�´�¨, �¸�µ�³ 

�¸�µ�ª�µ�¸�Â �¹�¨�¬�¸�¯�µ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�¨�©�¨�²�° �³�¨�Á��¬�´�¬�©�¬�²�°, �°�¹�¬  �¹�¬�½�¹-�È�µ�¸�³�µ�´ 

�À�¬�³�¨�±�¨��À�°�¸�¬�©�¬�²�° �ª�²�µ�©�»�²�°�´�°�¹ (Sex hormone binding globulin - SHBG) �«�¨�©�¨�²�° 

�³�¨�Á��¬�´�¬�©�¬�²�° (�¸�µ�³�¬�²�°�Â �¨�¹�µ�Â�°�¸�«�¬�©�¨ �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�¨�¹�¯�¨�´), �À�»�¨ �Æ�´�°�¹ 

�³�¨�³�¨�±�¨�Â�¬�©�À�° �Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹ �«�°�¨�©�¬�º�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹  �«�¨�³�µ�»�±�°�«�¬�©�¬�² �¸�°�¹�±-

�¼�¨�½�º�µ�¸�¹.   

�±�²�°�´�°�±�»�¸�° �±��²�¬��¬�©�°�¹ �¬�¸�¯�° �Ç�ª�»�¼�° �¨�«�¨�¹�º�»�¸�¬�©�¹, �¸�µ�³ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° 

�º�°�¶�° 2-�°�¹  �«�¸�µ�¹ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�¨�´�°�À��´�¨ �¨�³�Â�°�¸�¬�©�¹ �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�¨�¹, 

�¹�°�¹�Æ�²�À�° �ª�²�»�±�µ�®�°�¹ �À�¬�³�Â��¬�²�µ�©�¨�¹, �²�°�¶�°�«�¬�©�°�¹ �«�°�¹�³�¬�º�¨�©�µ�²�°�®�³�¹ �«�  ̈

�«�¨�«�¬�©�°�¯�¨�« �³�µ�½�³�¬�«�¬�©�¹ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �±�²�°�´�°�±�»�¸ �¹�»�¸�¨�¯�®�¬ (Boyanov et al., 

2003; Heufelder et al., 2009; Jones et al., 2010; Gianatti et al., 2014). �¯�»�³�Â�,̈ �¹�Æ��¨ 

�±��²�¬��¬�©�° �³�°�»�¯�°�¯�¬�©�¹, �¸�µ�³ �¹�º�¨�º�°�¹�º�°�±�»�¸�¨�« �¹�¨�¸�Ä�³�»�´�µ �ª�¨�´�¹�Æ��¨��¬�©�¨ 

�³�¬�º�¨�©�µ�²�»�¸�° �¹�°�´�«�¸�µ�³�°�¹�¨ �«�  ̈ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹  �ª�¨�´��°��̄¨�¸�¬�©�¨�À�° �¨�  ̧

�«�¨�¹�º�»�¸�«�¬�©�¨ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°� ̄ �´�¨�³�±�»�¸�´�¨�²�¬� �«�  ̈ �³�°�¹ �ª�¨�¸�¬�À�¬ �¶�¨�Â�°�¬�´�º�¯�¨ 

�Ç�ª�»�¼�¬�©�À�° (Chen et al., 2006). �¬�¹ �ª�¨�´�¹�Æ��¨��¬�©�»�²�° �³�µ�´�¨�Â�¬�³�¬�©�° �³�°�»�¯�°�¯�¬�©�¹ �¨�³ 

�³�°�³�¨�¸�¯�»�²�¬�©�°� ̄�ª�¨�³�µ�±��²�¬��¬�©�°�¹ �ª�¨�ª�¸�Ã�¬�²�¬�©�°�¹ �¨�»�Â�°�²�¬�©�²�µ�©�¨�¹. 
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           �¨�¾�¹�¨�´�°�À�´�¨��°�¨, �¸�µ�³ �±�²�°�´�°�±�»�¸�° �±��²�¬��¬�©�°�¹ �¨�©�¹�µ�²�»�º�»�¸�° �»�³�¸�¨��²�¬�¹�µ�©�¨ 

�¹�Ä�¨��²�µ�©�¹ �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �¬�¼�¬�½�º�¹ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ �¶�°�¸�µ�©�¬�©�À�°. 

�¨�³�¨�¹�¯�¨�´�¨��¬, �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�² �³�µ�«�¬�²�¬�©�®�¬ (�¨�²�µ�½�¹�¨�´�°�¯, 

�¹�º�¸�¬�¶�º�µ�®�µ�º�µ�Â�°�´�°�¯ �ª�¨�³�µ�Ä��¬�»�²�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �¯�¬�¯�¸  ��°�¸�¯�¨�ª��¬�©�À�°) 

�Á�¨�º�¨�¸�¬�©�»�²�° �±��²�¬��¬�©�° �¨�¹�¬��¬ �³�°�»�¯�°�¯�¬�©�¹ �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �«�¨�«�¬�©�°�¯ �¬�¼�¬�½�º�¹ (Gibb 

et al., 2014; Didebulidze et al., 2015). �°�³�°�¹ �ª�¨�¯��¨�²�°�¹�Ä�°�´�¬�©�°�¯, �¸�µ�³ �¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�²�° 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �³�¬�º�¨�« �À�¬�¬�¹�¨�©�¨�³�¬�©�¨ �À�¨�½�¸�°�¨�´ �«�°�¨�©�¬�º �º�°�¶ 1-�¹, �À�¬�°�Ã�²�¬�©�¨ 

�«�¨��¨�¹�±��´�¨�¯, �¸�µ�³ �³�¨�³�¨�±�¨�Â�°�¹ �¹�¨�¹�½�¬�¹�µ �È�µ�¸�³�µ�´�° �«�¨�«�¬�©�°�¯�¨�« �³�µ�½�³�¬�«�¬�©�¹ �¨�¸�  ̈

�³�Æ�µ�²�µ�« �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°   �º�°�¶�°  2-�®�¬, �¨�¸�¨�³�¬�«, �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 1-�®�¬�Â.  

�ª�¨�³�µ�Á�´�«�¨ �¶�°�¸��¬�²�° �«�¨�«�¬�©�°�¯�° �±�²�°�´�°�±�»�¸�° �«�¨�±��°�¸��¬�©�¬�©�°�Â, �¸�µ�³�²�¬�©�°�Â 

�³�°�»�¯�°�¯�¬�©�¹ �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �«�¨�«�¬�©�°�¯ �¬�¼�¬�½�º�®�¬ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 1-�°�¹ 

�«�¸�µ�¹ �«�  ̈ �¨�«�¨�¹�º�»�¸�¬�©�¹ �¨�³ �³�°�³�¨�¸�¯�»�²�¬�©�°� ̄ �À�¬�³�«�ª�µ�³�° �±��²�¬��¬�©�°�¹ 

�³�°�®�¨�´�À�¬�Ä�µ�´�°�²�µ�©�¨�¹ (Saad et al., 2015).         

 �°�³ �±��²�¬��¬�©�°�¹ �¨�´�¨�²�°�®�°, �¸�µ�³�²�¬�©�°�Â �À�¬�°�¹�Ä�¨��²�°�¹ �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �³�µ�½�³�¬�«�¬�©�°�¹ 

�³�¬�½�¨�´�°�®�³�¬�©�¹ �µ�¸�°��¬ �º�°�¶�°�¹ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �«�¸�µ�¹, �°�Ã�²�¬��¨ �¹�¨�¼�»�Ã��¬�²�¹ 

��°��¨�¸�¨�»�«�µ�,̄ �¸�µ�³ �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �«�¨�³�¨�º�¬�©�¨ �À�¬�°�Ã�²�¬�©�¨ �¹�Æ��¨�«�¨�¹�Æ��¨ �ª�®�°�  ̄

�¨�Æ�«�¬�´�«�¬�¹ �ª�¨��²�¬�´�¨�¹ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �«�¸�µ�¹ �Ä�¨�¸�³�µ�À�µ�©�°�² �¹�Æ��¨�«�¨�¹�Æ��¨ 

�«�¨�¸�¾��¬�� �̈®�¬. �¬�¸�¯-�¬�¸�¯ �¹�¨��¨�¸�¨�»�«�µ �³�¬�½�¨�´�°�®�³�¨�« �ª�¨�´�°�Æ�°�²�¬�©�¨ �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ 

�®�¬�³�µ�½�³�¬�«�¬�©�¨ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�®�¬, �¸�µ�³�¬�²�¯�¨ �¨�¸�  ̈ �³�¨�¸�º�µ �¨�¸�¹�¬�©�µ�©�¨�¨ 

�«�¨�«�¨�¹�º�»�¸�¬�©�»�²�° �¹�Æ��¨�«�¨�¹�Æ��¨ �µ�¸�ª�¨�´�µ�¯� ̈�»�Ç�¸�¬�«�¬�©�À�° (�ª�»�²�° , �¾��°�Ã�²�°, �¶�¨�´�±�¸�¬�¨�¹�°, 

�¶�¸�µ�¹�º�¨�º�,̈ �Ã�»�Ã�» �«�  ̈ � .̈�À.), �¨�¸�¨�³�¬�« �«�¨�«�¨�¹�º�»�¸�¬�©�»�²�°�¨ �³�¨�¯�° �¨�½�º�°�»�¸�° 

�³�µ�´�¨�Ä�°�²�¬�µ�©�¨ �¹�Æ��¨�«�¨�¹�Æ��¨ �«�¨�¨��¨�«�¬�©�°�¹, �³�¨�¯ �À�µ�¸�°�¹ �¹�°�³�¹�°��´�¬�¬�©�°�¹ �«�  ̈ �«�°�¨�©�¬�º�°�¹ 

�¶�¨�¯�µ- �«�  ̈�¹�¨�´�µ�ª�¬�´�¬�®�À�° (Chang et al., 2014; Morelli et al., 2014; Didebulidze et al., 2015; 

Shen M and Shi H., 2015; Harada et al., 2015; Navarro et al., 2016). �¨�½�¬�«�¨�´ 

�ª�¨�³�µ�³�«�°�´�¨�¸�¬, �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¹�Æ��¨�«�¨�¹�Æ��¨ �¼�µ�¸�³�¬�©�°�¹ �±�µ�³�¶�²�¬�½�¹�»�¸ �¯�¬�¸�¨�¶�°�¨�À�° 

�¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �ª�¨�³�µ�¿�¬�´�¬�©�°�¹  �±��²�¬��¨ �¨�½�º�»�¨�²�»�¸  �¹�¨�³�¬�Â�´�°�¬�¸�µ �«�  ̈ �¶�¸�¨�½�º�°�±�»�² 
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�¹�¨�±�°�¯�Æ�¹ �Ä�¨�¸�µ�¨�«�ª�¬�´�¹, �¸�µ�³�²�°�¹  �³�°�®�¨�´�À�¬�Ä�µ�´�°�²�µ�©�°�¹ �ª�¨�´�¹�¨�®�¾��¸�¨�Â �¹�¨�©�µ�²�µ�µ 

��¬�¸�«�°�½�º�¹ �¬�²�µ�«�¬�©�¨. 

 

�±��²�¬��°�¹ �È�°�¶�µ�¯�¬�®�¨ 

�¿�µ��¬�²�°��¬ �®�¬�³�µ�¨�¾�´�°�À�´�»�²�°�¹ �ª�¨�¯��¨�²�°�¹�Ä�°�´�¬�©�°�¯ �Á��¬�´�° �±��²�¬��°�¹ �È�°�¶�µ�¯�¬�®�¨, 

�À�¬�¹�¨�Ã�²�¬�©�¬�²�°�¨, �À�¬�³�«�¬�ª�´�¨�°�¸�¨�« �°�½�´�¨�¹ �¼�µ�¸�³�°�¸�¬�©�»�²�°: �³�¨�³�¨�±�¨�Â�°�¹ �¹�¨�¹�½�¬�¹�µ �È�µ�¸�³�µ�´�° 

�«�¨�«�¬�©�°�¯�¨�« �³�µ�½�³�¬�«�¬�©�¹ �¨�¸�  ̈�³�Æ�µ�²�µ�« �À�¨�½�¸�°�¨�´ �«�°�¨�©�¬�º �º�°�¶ 2-�®�¬, �¨�¸�¨�³�¬�«, �À�¨�½�¸�°�¨�´ 

�«�°�¨�©�¬�º �º�°�¶ 1-�®�¬�Â. �¬�¹ �³�µ�½�³�¬�«�¬�©�¨ �³�»�²�º�°�µ�¸�ª�¨�´�»�²�°�¨ �«�  ̈ �Æ�µ�¸�Â�°�¬�²�«�¬�©�¨ 

�ª�¨�´�¹�Æ��¨��¬�©�»�²�° �³�¬�½�¨�´�°�®�³�¬�©�°�¯, �³�¨�¯ �À�µ�¸�°�¹ �µ�¸�ª�¨�´�µ�¯� ̈ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ 

�³�µ�´�¨�Ä�°�²�¬�µ�©�°�¯. 

�±��²�¬��°�¹ �³�°�®�¨�´�°  

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�² �³�µ�«�¬�²�À�° �ª�¨�³�µ��²�¬�´�°�² �³�¬�º�¨�©�µ�²�»�¸ 

�«�¨�¸�¾��¬��¬�©�®�¬ �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �®�¬�³�µ�½�³�¬�«�¬�©�°�¹ �¬�¼�¬�½�º�°�¹ �ª�¨�³�µ�±��²�¬��¨ �«�  ̈ �¨�³ 

�®�¬�³�µ�½�³�¬�«�¬�©�°�¹ �³�¬�½�¨�´�°�®�³�¬�©�°�¹ �ª�¨�´�¹�¨�®�¾��¸�¨.  

�±��²�¬��°�¹ �¨�³�µ�Â�¨�´�¬�©�° 

�¨�¾�´�°�À�´�»�²�° �³�°�®�´�°�¹ �³�°�¾�Ä�¬��°�¹�¨�¯��°�¹ �µ�¶�º�°�³�¨�²�»�¸�¨�« �³�°��°�Á�´�°�¬�¯ �±��²�¬��°�¹ 

�½��¬�³�µ�¸�¬ �¨�³�µ�Â�¨�´�¬�©�°�¹ �ª�¨�«�¨�Ä�¿��¬�º�¨:                                             

1. Wistar - �°�¹ �Ç�°�À�°�¹ �¯�¬�¯�¸  ��°�¸�¯�¨�ª��¬�©�®�¬ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�²�° 

�³�µ�«�¬�²�°�¹ �«�¨�¿�¬�´�¬�©�¨ �«�  ̈�³�°�¹�° �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°� ̄ �³�±�»�¸�´�¨�²�µ�©�°�¹  �À�¬�³�»�À�¨��¬�©�¨. 

2. �¶�¨�´�±�¸�¬�¨�¹�°�¹ �«�  ̈ �¾��°�Ã�²�°�¹ �È�°�¹�º�µ�²�µ�ª�°�»�¸�°, �°�³�»�´�µ�È�°�¹�º�µ�½�°�³�°�»�¸�° �«�  ̈

�³�µ�¸�¼�µ�³�¬�º�¸�°�»�²�° �ª�¨�³�µ�±��²�¬��¨ �¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�²�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¹�Æ��¨�«�¨�¹�Æ��¨ 

��¨�«�¨�®�¬ �«�  ̈�³�°�¹�° �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°� ̄�³�±�»�¸�´�¨�²�µ�©�°�¹ �À�¬�³�«�¬�ª.                         

 3. �°�´�¹�»�²�°�´�°�¹ �«�  ̈ �ª�²�»�±�µ�®�°�¹,  �¨�¹�¬��¬ �¹�º�¬�¸�µ�°�«�»�²�°, �¹�¨�¹�½�¬�¹�µ �«�  ̈

�¹�µ�³�¨�º�µ�º�¸�µ�¶�»�²�° �È�µ�¸�³�µ�´�¬�©�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�¬�©�°�¹ �ª�¨�´�¹�¨�®�¾��¸�¨ �¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�²�° 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹�¨ �«�  ̈�³�°�¹�° �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°� ̄�³�±�»�¸�´�¨�²�µ�©�°�¹ �À�¬�³�«�¬�ª �¹�Æ��¨�«�¨�¹�Æ��¨ 

��¨�«�¨�®�¬. 
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4. �¾��°�Ã�²�À�° � �̈´�«�¸�µ�ª�¬�-́�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �¬�½�¹�¶�¸�¬�¹�°�°�¹ �«�  ̈ �«�´�³-�°�¹� ̈ �«�  ̈ �¸�´�³-�°�¹ 

�¹�°�´�¯�¬�®�°�¹ �°�´�º�¬�´�¹�°��µ�©�°�¹ �ª�¨�³�µ�±��²�¬��¨ �¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�²�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ 

�¹�Æ��¨�«�¨�¹�Æ��¨ ��¨�«�¨�®�¬  �«�  ̈�³�°�¹�° �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°� ̄�³�±�»�¸�´�¨�²�µ�©�°�¹ �À�¬�³�«�¬�ª.  

5. �³�°�¾�¬�©�»�²�° �À�¬�«�¬�ª�¬�©�°�¹ �¨�´�¨�²�°�®�° �«�  ̈�¹�º�¨�º�°�¹�º�°�±�»�¸�° �«�¨�³�»�À�¨��¬�©�¨.   

 

�³�¬�Â�´�°�¬�¸�»�²�° �¹�°�¨�Æ�²�¬                                                                                    

  �¨�²�µ�½�¹�¨�´�°�¹ �°�´�°�¬�½�Â�°�°�¹ �À�¬�«�¬�ª�¨�« �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �«�¨�®�°�¨�´�¬�©�°�¹ �¼�µ�´�®�¬ 

�ª�¨�´��°�¯�¨�¸�¬�©�»�²�° �¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�²�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¶�°�¸�µ�©�¬�©�À�° �°�Â��²�¬�©�¨ 

�¸�µ�ª�µ�¸�Â �ª�²�»�±�µ�®�°�¹, �°�¹�¬ �¹�¨�¹�½�¬�¹�µ, �¹�µ�³�¨�º�µ�º�¸�µ�¶�»�²�° �«�  ̈ �±�µ�¸�º�°�±�µ�¹�º�¬�¸�µ�°�«�»�²�° 

�È�µ�¸�³�µ�´�¬�©�°�¹ �³�¬�º�¨�©�µ�²�°�®�³�°; �Â��²�°�²�¬�©�¬�©�° �¨�¹�¬��¬, ��°�¯�¨�¸�«�¬�©�¨ �ª�²�»�±�µ�®�°�¹ 

�°�´�¹�»�²�°�´�«�¨�³�µ�»�±�°�«�¬�©�¬�²�° �»�º�°�²�°�®�¨�Â�°�°�¹ �À�¬�¹�¨�Ã�²�¬�©�²�µ�©�°�¹ �³�½�µ�´�¬ �µ�¸�ª�¨�´�µ�¬�©�À�° 

(�¾��°�Ã�²�À�°), �¸�¨�Â �¨�«�¨�¹�º�»�¸�¬�©�¹ �®�µ�ª�¨�«�° �c�³�¬�º�¨�©�µ�²�»�¸�°  �¹�º�¸�¬�¹�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�¨�¹�^�X�� 

�¹�°�´�¯�¬�®�»�¸�° �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ - H3-�³�¬�¯�°�²�º�¸�°�¬�´�µ�²�µ�´�°�¹ - �°�´�°�¬�½�Â�°�¬�©�°, 

�¬�¸�¯�° �³�Æ�¸�°�, �¨�³�Â�°�¸�¬�©�¹  �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�¨�¹, �Æ�µ�²�µ �³�¬�µ�¸�¬ �³�Æ�¸�°�, �¨�Æ�«�¬�´�¹ 

�®�¬�³�µ� ̄ �¨�¾�´�°�À�´�»�²�° �È�µ�¸�³�µ�´�¬�©�°�¹ �±�µ�´�Â�¬�´�º�¨�Â�°�°�¹ �´�µ�¸�³�¨�²�°�®�¨�Â�°�¨�¹, �¨�¹�¬��¬ �¾��°�Ã�²�°�¹ 

�»�Ç�¸�¬�«�¬�©�À�° �´�»�±�²�¬�°�´�°�¹ �³�·�¨��¬�©�°�¹ �¹�°�´�¯�¬�®�°�¹ �¨�¾�«�ª�¬�´�¨�¹, �¸�¨�Â, �¹�¨�©�µ�²�µ�µ�«, �¨�°�¹�¨�Æ�¬�©�¨ 

�È�°�¶�¬�¸�ª�²�°�±�¬�³�°�°�¹ �«�  ̈�³�°�¹�°�  ̄�¨�¾�Ã�¸�»�²�° �«�°�¹�³�¬�º�¨�©�µ�²�°�®�³�°�¹ �±�µ�¸�¬�½�Â�°�°�¯.   

�°�³�°�¹ �ª�¨�¯��¨�²�°�¹�Ä�°�´�¬�©�°�¯, �¸�µ�³ �¾��°�Ã�²�°�¹ �»�Ç�¸�¬�«�¬�©�À�° �«�´�³-�°�¹ �«�  ̈ �¸�´�³-�°�¹ 

�¹�°�´�¯�¬�®�°�¹ �ª�¨�Ã�²�°�¬�¸�¬�©�¨ �Æ�«�¬�©�¨ �¨�³ �»�Ç�¸�¬�«�¬�©�°�¹ �¨�½�º�°�»�¸�° �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ 

�¸�¨�µ�«�¬�´�µ�©�°�¹ �³�¨�º�¬�©�°�¹ �¶�¨�¸�¨�²�¬�²�»�¸�¨�«, �»�´�«� ̈ ��°�¼�°�½�¸�µ�¯, �¸�µ�³ �¨�²�µ�½�¹�¨�´�»�¸�° 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¯ �ª�¨�³�µ�Ä��¬�»�²�° �«�°�¹�³�¬�º�¨�©�µ�²�°�®�³�°�¹ �±�µ�¸�¬�½�Â�°�¨�¹ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° 

�¨�Æ�µ�¸�Â�°�¬�²�¬�©�¹ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�»�²�°  �³�¬�½�¨�´�°�®�³�°�¯.   

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �°�´�°�¬�½�Â�°�¬�©�°�¹ �À�¬�«�¬�ª�¨�« �È�¬�¶�¨�º�µ�Â�°�º�¬�©�À�° �«�´�³-�°�¹� ̈�«�  ̈�¸�´�³-�°�¹ 

�¹�°�´�¯�¬�®�°�¹ �ª� �̈Ã�²�°�¬�¸�¬�©�¨ �¨�°�¹�¨�Æ�¬�©�¨ �¨�¸�  ̈ �¾��°�Ã�²�°�¹ �»�Ç�¸�¬�«�¬�©�°�¹ �³�°�º�µ�®�¬�©�°�¹, �¨�¸�¨�³�¬�« 

�¶�²�µ�°�«�µ�©�°�¹ �³�¨�º�¬�©�°�¯. 
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�«�¨�¹�¨�Â�¨��¨�« �ª�¨�³�µ�¹�¨�º�¨�´�°  �«�¬�©�»�²�¬�©�¬�©�°        

 �´�¨�À�¸�µ�³�À�° �«�¨�¹�¨�Â�¨��¨�« �¨�¸�°�¹ �ª�¨�³�µ�º�¨�´�°�²�° �Ä�±��²�¬��°�¹ �È�°�¶�µ�¯�¬�®�¨�À�°�³��

�ª�¨�Â�Æ�¨�«�¬�©�»�²�° �«�¬�©�»�²�¬�©�¨, �±�¬�Ã�µ�«: �³�¨�³�¨�±�¨�Â�°�¹ �¹�¨�¹�½�¬�¹�µ �È�µ�¸�³�µ�´�° - �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° - 

�«�¨�«�¬�©�°�¯�¨�« �³�µ�½�³�¬�«�¬�©�¹ �¨�¸�  ̈�³�Æ�µ�²�µ�« �À�¨�½�¸�°�¨�´ �«�°�¨�©�¬�º �º�°�¶ 2-�®�¬, �¨�¸�¨�³�¬�«, �À�¨�½�¸�°�¨�´ 

�«�°�¨�©�¬�º �º�°�¶ 1-�®�¬�Â. �¬�¹ �³�µ�½�³�¬�«�¬�©�¨ �³�»�²�º�°�µ�¸�ª�¨�´�»�²�°�¨; �¾��°�Ã�²�À�° �¬�¹ �À�¬�¹�¨�Ã�²�¬�©�¬�²�°�¨ 

�Æ�µ�¸�Â�°�¬�²�«�¬�©�µ�«�¬�¹ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �³�µ�´�¨�Ä�°�²�¬�µ�©�°�¯.  

�¶�¸�¨�½�º�°�±�»�²�° �¸�¬�±�µ�³�¬�´�«�¨�Â�°�¬�©�°         

 �³�´�°�À��´�¬�²�µ��¨�´�°�¨ �ª�¨�ª�¸�Ã�¬�²�«�¬�¹ �±��²�¬��¨ �¨�¸�  ̈ �³�Æ�µ�²�µ�« �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° 

�º�°�¶�° 2-�°�¹, �¨�¸�¨�³�¬�«, �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 1-�°�¹ �±�µ�³�¶�²�¬�½�¹�»�¸ �¯�¬�¸�¨�¶�°�¨�À�° 

�¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �Á�¨�¸�¯��°�¹ �¬�¼�¬�½�º�°�¹ �¹�¸�»�²�¼�¨�¹�µ��¨�´�° �À�¬�¼�¨�¹�¬�©�°�¹�¨ �«�  ̈

�³�°�®�¨�´�À�¬�Ä�µ�´�°�²�µ�©�°�¹ �«�¨�«�ª�¬�´�°�¹, �¨�¹�¬��¬, �³�¨�¯�° �«�µ�®�°�¸�¬�©�°�¹�¨ �«�  ̈ �«�¨�´�°�À��´�°�¹ 

�¨�²�ª�µ�¸�°�¯�³�°�¹ �«�¨�®�»�¹�º�¬�©�°�¹�¨�¯��°�¹.      

 �³�°�®�¨�´�À�¬�Ä�µ�´�°�²�°�¨  �ª�¨�ª�¸�Ã�¬�²�«�¬�¹ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�®�¬ �«�¨�¼�»�Ã�´�¬�©�»�²�° 

�°�³ �³�¬�½�¨�´�°�®�³�¬�©�°�¹ �À�¬�³�«�ª�µ�³�° �À�¬�¹�Ä�¨��²�¨, �¸�µ�³�²�°�¯�¨�Â �¬�ª�®�µ�ª�¬�´�»�¸�° �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ 

�«�¨�³�¨�º�¬�©�¨ �°�Ä��¬��¹  �È�°�¶�¬�¸�ª�²�°�±�¬�³�°�°�¹�¨ �«�  ̈ �È�°�¶�µ�°�´�¹�»�²�°�´�¬�³�°�°�¹ �¶�°�¸�µ�©�¬�©�À�° 

�«�¨�¸�¾��¬�»�²�° �»�Ç�¸�¬�«�»�²�° �³�¬�º�¨�©�µ�²�°�®�³�°�¹ (�¸�µ�ª�µ�¸�Â �¬�½�¹�º�¸�¨�´�»�±�²�¬�¨�¸�»�²�°, �°�¹�¬ 

�°�´�º�¸�¨�´�»�±�²�¬�¨�¸�»�²�°)  �±�µ�¸�¬�½�Â�°�¨�¹. 
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II �¯�¨��° 

�²�°�º�¬�¸�¨�º�»�¸�°�¹ �³�°�³�µ�Æ�°�²��¨ 

 

1. �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°, �¸�µ�ª�µ�¸�Â �¹�¨�³�¬�«�°�Â�°�´�µ, �©�°�µ�²�µ�ª�°�»�¸�°, �Ç�¨�´�«�¨�Â��°�¯�° 

�«�  ̈�¹�µ�Â�°�¨�²�»�-̧�¬�±�µ�´�µ�³�°�±�»�¸�° �¶�¸�µ�©�²�¬�³�¨.  

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �½�¸�µ�´�°�±�»�²�° �³�«�ª�µ�³�¨�¸�¬�µ�©�¨�¨, �¸�µ�³�¬�²�°�Â �Ä�¨�¸�³�µ�°�À��¬�©�¨ 

�³�¨�À�°�´, �¸�µ�Â� ̈�¶�¨�´�±�¸�¬�¨�¹�° ��¬� ̧�ª�¨�³�µ�°�³�»�À�¨��¬�©�¹ �¹�¨�±�³�¨�¸�°�¹ �°�´�¹�»�²�°�´�¹ (�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° 

�º�°�¶�° 1), �¨�  ́ �¸�µ�Â� ̈ �µ�¸�ª�¨�´�°�®�³�¹ �¨�  ̧ �À�¬�»�Ã�²�°�¨ �ª�¨�³�µ�³�»�À�¨��¬�©�»�²�° �°�´�¹�»�²�°�´�°�¹ 

�¬�¼�¬�½�º�»�¸�° �ª�¨�³�µ�¿�¬�´�¬�©�¨ (�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2). �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 1-�°�¹ 

�³�°�®�¬�®�° �«�¾�¬�³�«�¬ �«�¨�«�ª�¬�´�°�²�° �¨�  ̧ �¨�¸�°�¹; �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ 

�ª�¨�´��°�¯�¨�¸�¬�©�°�¹ �Ã�°�¸�°�¯�¨�« �³�¨�¶�¸�µ��µ�Â�°�¸�¬�©�¬�² �«�  ̈ �Æ�¬�²�À�¬�³�Ä�¿�µ�© �¼�¨�½�º�µ�¸�¬�©�¨�« 

�³�°�Á�´�¬�»�²�°�¨ �Å�¨�¸�©�° �Ä�µ�´�¨ (�¹�°�³�¹�»�½�´�¬) �«�  ̈ �Â�Æ�°�³�°�¹�  ̈ �«�  ̈ �±�¨�²�µ�¸�°�¬�©�°�¹ �³�¨�¾�¨�²�° 

�À�¬�³�Â��¬�²�µ�©�°�¹ �¹�¨�±��¬�©�° (Atkinson et al., 2014; American Diabetes Association, 2014; 

Zaccardi et al., 2015); �«�¨�¨��¨�«�¬�©�¨�¯�¨ �±�µ�´�º�¸�µ�²�°�¹� ̈ �«�  ̈ �¹�¨�®�µ�ª�¨�«�µ�¬�©�¸�°��° 

�Ç�¨�´�³�¸�¯�¬�²�µ�©�°�¹ �¬�¸�µ��´�»�²�° �Â�¬�´�º�¸�°�¹ �¬�¶�°�«�¬�³�°�µ�²�µ�ª�°�»�¸�° �©�°�»�²�¬�º�¬�´�° - �«�±�¬�Â 

2015; Chatterjee et al., 2017).        

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �¬�¸�¯-�¬�¸�¯�° �¿��¬�²�¨�®�¬ �ª�¨��¸�Â�¬�²�¬�©�»�²�° �¨�¸�¨�ª�¨�«�¨�³�«�¬�©�° 

�«�¨�¨��¨�«�¬�©�¨�¨, �¸�µ�³�¬�²�³�¨�Â �¬�¶�°�«�¬�³�°�°�¹ �¹�¨�Æ�¬ �³�°�°�¾�µ �³�¯�¬�²�° �³�¹�µ�¼�²�°�µ�¹�¨�¯��°�¹. �°�¹ 

�Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹ �¹�°�±��«�°�²�°�¨�´�µ�©�°�¹ �³�¬�µ�¯�Æ�¬-�³�¬�Æ�»�¯�¬ �³�°�®�¬�®�¹ �©�¬��¸ �ª�¨�´��°�¯�¨�¸�¬�©�»�² 

�½��¬�¿�¨�´�¨�À�° (�«�±�¬�Â, 2015). �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° 21-�¬ �¹�¨�»�±�»�´�¬�À�° �Ç�¨�´�³�¸�¯�¬�²�µ�©�°�¹ �«�¨�Â��°�¹ 

�¬�¸�¯-�¬�¸�¯ �³�¯�¨��¨�  ̧�¶�¸�µ�©�²�¬�³�¨�« �ª�¨�´�°�Æ�°�²�¬�©�¨ (Forouhi N.G. and Wareham N.J., 2014). 

2014 �Ä�¬�²�¹ �¨�¸�¨�ª�¨�«�¨�³�«�¬�© �«�¨�¨��¨�«�¬�©�¨�¯�¨ �ª�²�µ�©�¨�²�»�¸�° �¨�´�ª�¨�¸�°�À�°�¹ (Global status 

report on NCDC)  �³�°�Æ�¬�«��°�¯, 9 �Ã�°��̧°�¯�¨�« �¹�¨�³�°�®�´�¬�¹ �À�µ�¸�°�¹ �³�¬�À��°�«�¬�¨ �À�¨�½�¸�°�¨�´�° 

�«�°�¨�©�¬�º�°�¹�¨ �«�  ̈ �¹�°�³�¹�»�½�´�°�¯ �«�¨�¨��¨�«�¬�©�°�¹ �³�¨�º�¬�©�°�¹ �À�¬�Á�¬�¸�¬�©�¨. �³�¹�µ�¼�²�°�µ�À�° �À�¨�½�¸�°�¨�´�° 

�«�°�¨�©�¬�º�°�¹ �ª�¨��¸�Â�¬�²�¬�©�¨ 9%-�¹ �¨�¾�Ä�¬��¹. �«�¨�¨��¨�«�¬�©�»�²�¯�¨�ª�¨�´ 20% �Â�Æ�µ��¸�µ�©�¹ 
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�ª�¨�´��°�¯�¨�¸�¬�©�»�² �½��¬�¿�´�¬�©�À�°, �Æ�µ�²�µ 80% - �«�¨�©�¨�² �«� ,̈ �ª�¨�´�¹�¨�±�»�¯�¸�¬�©�°�¯, �¹�¨�À�»�¨�²�µ 

�À�¬�³�µ�¹�¨��²�°�¹ �³�½�µ�´�¬ �³�µ�¹�¨�Æ�²�¬�µ�©�°�¹ �½��¬�¿�´�¬�©�À�°. �¯�»  �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �À�¬�³�¯�Æ��¬��¨�¯�¨ 

�®�¸�«�°�¹ �«�¾�¬��¨�´�«�¬�²�° �º�¬�´�«�¬�´�Â�°�¨ �À�¬�´�¨�¸�Á�»�´�«�¨, 2035 �Ä�²�°�¹�¯��°�¹ �«�¨�¨�Æ�²�µ�¬�©�°�¯ 592 

�³�²�´  �¨�«�¨�³�°�¨�´�°, �¨�´�» �³�µ�®�¸�«�°�²�° �³�µ�¹�¨�Æ�²�¬�µ�©�°�¹ �¯�°�¯�½�³�°�¹ �³�¬�¨�¯�¬�«�° �À�¨�½�¸�°�¨�´�° 

�«�°�¨�©�¬�º�°�¯ �°�½�´�¬�©�¨ �«�¨�¨��¨�«�¬�©�»�²�° (WHO-Global report on diabetes 2016).  

�«�¾�¬�°�¹�¨�¯��°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�»�² �½��¬�¿�´�¬�©�À�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¯ 

�«�¨�¨��¨�«�¬�©�»�²�¯�¨ �À�µ�¸�°�¹ �À�¨�½�¸�°�¨�´ �«�°�¨�©�¬�º �º�°�¶ 1-�®�¬ 10-15% �³�µ�«�°�¹ (�«�  ̈ �¨�³ 

�¶�¨�Â�°�¬�´�º�¬�©�°�¹ �¸�°�Â�Æ��° �»�³�´�°�À��´�¬�²�µ�« �°�Â��²�¬�©�¨), �Æ�µ�²�µ �À�¨�½�¸�°�¨�´ �«�°�¨�©�¬�º �º�°�¶ 2-�®�¬ - 

85-90% (�¨�³ �¶�¨�Â�°�¬�´�º�¯�¨ �¸�°�Â�Æ��° �³�»�«�³�°��¨�« �°�®�¸�«�¬�©�¨), �¸�¨�Â �«�¨�±�¨��À�°�¸�¬�©�»�²�°�¨ 

�¨�¸�¨�¹�Ä�µ� ̧ �±��¬�©�¨�¹�¨ �«�  ̈ �¹�°�³�¹�»�½�´�¬�¹�¯�¨�´ (Dabelea et al., 2014). �«�°�¨�©�¬�º�°�¹ �¹�°�Æ�À�°�¸�¬, 

�ª�¨�¸�±��¬�»�²�Ä�°�²�¨�«, �¨�¹�¬��¬, �«�¨�³�µ�±�°�«�¬�©�»�²�°�¨ �ª�¬�µ�ª�¸�¨�¼�°�»�² �«�  ̈ �¬�¯�´�°�±�»�¸ 

�¼�¨�½�º�µ�¸�¬�©�®�¬. �Á�¸�«�°�²�µ�¬�¯�°�¹ �½��¬�¿�´�¬�©�À�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 1 �¹�¨�³�Æ�¸�¬�¯�°�¹ 

�½��¬�¿�´�¬�©�¯�¨�´ �À�¬�«�¨�¸�¬�©�°�¯ �³�¬�º�¨�«�¨�¨ �ª�¨��¸�Â�¬�²�¬�©�»�²�°. �³�¨�ª�¨�²�°�¯�¨�«, �¼�°�´�¬�¯�À�° �°�¹ 

30�æ40�æ�Ç�¬� ̧�Æ�À�°�¸�°�¨ (Forssas et al., 2016), ��°�«�¸�¬ �±�µ�¸�¬�¨�¹�¨ (Ha et al., 2015)  �«�  ̈�³�¬�½�¹�°�±�¨�À�° 

(Rull et al., 2005; Aguilar-Salinas et al., 2017). �«�¨�©�¨�²�° �«�  ̈ �¹�¨�À�»�¨�²�µ �À�¬�³�µ�¹�¨��²�°�¹ 

�½��¬�¿�´�¬�©�À�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¯ �«�¨�¨��¨�«�¬�©�»�² �¨�«�¨�³�°�¨�´�¯�¨ �¸�°�Â�Æ��° 181 �³�²�´ -�¹ 

�À�¬�¨�«�ª�¬�´�¹, �¸�µ�³�¬�²�¯�¨�ª� �̈  ́122 �³�²�´   �¹�µ�¼�²�¨�«  �Â�Æ�µ��¸�µ�©�¹. 2035 �Ä�²�°�¹�¯��°�¹ �¨�¾�´�°�À�´�»�²�° 

�³�¨�Á��¬�´�¬�©�²�¬�©�° �³�°�¨�¾�Ä�¬��¹ 347 �³�°�² �°�µ�´�¹ �½�¨�²�¨�½�¨�« �«�  ̈145 �³�°�²�°�µ�´�¹ �¹�µ�¼�²�¨�«  (National 

Center for Disease Control and Public Health - NCDC 2015).     

  �¹�¨�°�´�º�¬�¸�¬�¹�µ�¨ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¯ �«�¨�¨��¨�«�¬�©�°�¹ �¹�°�Æ�À�°�¸�°�¹ �³�µ�´�¨�Â�¬�³�¬�©�° 

�¨�¹�¨�±�µ�©�¸�°� �¨�¹�¶�¬�½�º�À�°. �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �´�¨�Æ�¬��¨�¸�®�¬ �³�¬�º�° 40-�«�¨�  ́ 59 �Ä�²�¨�³�«�¬ 

�¨�¹�¨�±�µ�©�¸�°� �Ç�ª�»�¼�À�° ��²�°�´�«�¬�©�¨. �¬�½�¹�¶�¬�¸�º�¯�¨ ��¨�¸�¨�»�«�°� ,̄ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¯ 

�«�¨�¨��¨�«�¬�©�»�²�¯�¨ �»�³�¸�¨��²�¬�¹�µ�©�¨ �³�µ�³�¨��¨�²�À�°�Â �±�µ�´�Â�¬�´�º�¸�°�¸�¬�©�»�²�° �°�½�´�¬�©�¨ �¨�³ 

�¨�¹�¨�±�µ�©�¸�°� �±�¨�º�¬�ª�µ�¸�°�¨�À�°; �´�¨��¨�¸�¨�»�«�¬��°�¨, �¸�µ�³ 2035 �Ä�²�°�¹�¯��°�¹ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¯ 

�«�¨�¨��¨�«�¬�©�»�² 40-59 �Ä�²�°�¹ �¨�«�¨�³�°�¨�´�¯�¨ �¸�¨�µ�«�¬�´�µ�©�¨ 264 �³�²�´ -�¹ �³�°�¨�¾�Ä�¬��¹. �¨�³�¨�¹�¯�¨�´�¨��¬, 
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�¨�³ �¨�«�¨�³�°�¨�´�¯�¨ 86%-�®�¬ �³�¬�º�° �°�Â�Æ�µ��¸�¬�©�¹ �«�¨�©�¨�²�° �«�  ̈ �¹�¨�À�»�¨�²�µ �À�¬�³�µ�¹�¨��²�°�¹ 

�½��¬�¿�´�¬�©�À�° (Kautzky-Willer et al., 2016; WHO -Global report on diabetes 2016).   

�«�¨�«�¨�¹�º�»�¸�¬�©�»�²�°�¨, �¸�µ�³ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¯ �«�¨�¨��¨�«�¬�©�»�²�° 180 000 000-�®�¬ 

�³�¬�º�° �¨�«�¨�³�°�¨�´�° 20 �Ä�¬�²�®�¬ �´�¨�±�²�¬�©�° �¨�¹�¨�±�°�¹�¨�¨. National Health and Nutrition 

Examination Survey (NHANES)-�°�¹ �³�µ�´�¨�Â�¬�³�¬�©�°�¹ �³�°�Æ�¬�«��°�¯, 1999-�«�¨�  ́ 2007 �Ä�²�¨�³�«�¬ 

�¨�³�¬�¸�°�±�°�¹ 12-�«�¨�  ́ 19 �Ä�²�¨�³�«�¬ �³�µ�®�¨�¸�«�¬�©�À�° �¨�¾�°�´�°�À�´�¨ �¶�¸�¬�«�°�¨�©�¬�º�°�¹ �«�  ̈ �À�¨�½�¸�°�¨�´�° 

�«�°�¨�©�¬�º�°�¹ �³�µ�³�¨�º�¬�©�¨ 9%-�«�¨�  ́ 23 %-�³�«�¬ (Copeland et al., 2011; Pettitt  et al., 2014). 

�¨�³�¨�¹�¯�¨�´�¨��¬, �¿�µ��¬�²�Ä�²�°�»�¸�¨�«, �³�¹�µ�¼�²�°�µ�À�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 1-�°�¹ 

�«�¨�¨�Æ�²�µ�¬�©�°�¯ 15 000 �¨�Æ�¨�²�°   �À�¬�³�¯�Æ��¬��¨ ��²�°�´�«�¬�©�¨ �¹�Ä�µ�¸�¬�« 20 �Ä�²�¨�³�«�¬ �¨�¹�¨�±�°�¹ 

�¶�°�¸�¬�©�À�° (Patterson et al., 2014). 

�¹�Æ��¨ �±��²�¬��¬�©�° �³�°�»�¯�°�¯�¬�©�¹, �¸�µ�³ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¯ �¿�µ��¬�²�Ä�²�°�»�¸�¨�« 

�¨��¨�«�«�¬�©�¨ 15 �Ä�²�¨�³�«�¬ �¨�¹�¨�±�°�¹ 79100 �©�¨��À��° (Reinehr T., 2013; Dabelea et al., 2014).  

2010 �Ä�²�°�¹ �³�µ�´�¨�Â�¬�³�¬�©�°�¯ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �¨�¾�¬�´�°�À�´�¬�©�µ�«�¨ 65 �Ä�²�°�¹ �«�  ̈�³�¬�º�° 

�¨�¹�¨�±�°�¹ �³�µ�¹�¨�Æ�²�¬�µ�©�°�¹ 26,9 %-�¹, �Æ�µ�²�µ  �¶�¸�¬�«�°�¨�©�¬�º�° 50 % -�¹ (Cowie et al., 2011).  

NHANES-�¹ (National Health and Nutrition Examination Survey) �±��²�¬��¬�©�°�¹ 

�³�°�Æ�¬�«��°�¯ 2005-2050 �Ä�²�¬�©�À�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¯ �«�¨�¨��¨�«�¬�©�»�²�¯�¨ �¸�°�Â�Æ��° 

�ª�¨�µ�¸�³�¨�ª�«�¬�©�¨ (5,6%-12%) (Narayan et al., 2006).  

�¸�¨�Â �À�¬�¬�Æ�¬�©�¨ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �ª�¨��¸�Â�¬�²�¬�©�¨�¹ �ª�¬�´�«�¬�¸�»�²�° �´�°�À�´�°�¹ 

�³�°�Æ�¬�«��°�¯, �«�¾�¬�°�¹�¨�¯��°�¹, �³�¹�µ�¼�²�°�µ�À�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¯ �«�¨�¨��¨�«�¬�©�»�²�° 

�³�¨�³�¨�±�¨�Â�¬�©�°�¹ �¸�°�Â�Æ��° 7%-�°�¯  �³�¬�º�°�¨, ��°�«�¸�¬ �½�¨�²�¬�©�°�¹. ��¨�¸�¨�»�«�µ�©�¬�´, �¸�µ�³ �¬�¹ �¹�Æ��¨�µ�©�¨ 

�À�¬�´�¨�¸�Á�»�´�¬�©�»�²�° �°�½�´�¬�©�¨ 2035 �Ä�²�°�¹�¯��°�¹�¨�Â (Guariguata et al., 2014). �ª�¬�´�«�¬�¸�»�²�° 

�«�°�¹�©�¨�²�¨�´�¹�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹ �«�¸�µ�¹ �«�¨�«�¨�¹�º�»�¸�¬�©�»�²�°�¨ 

�³�¸�¨��¨�²�° �¬�¶�°�«�¬�³�°�µ�²�µ�ª�°�»�¸�° �±��²�¬��°� ̄ (Fitzgerald et al., 1995; Grant et al, 2009; 

Siddiqui et al., 2013), �¸�µ�³�²�¬�©�°�Â �¨�«�¨�¹�º�»�¸�¬�©�¹, �¸�µ�³ �³�¨�³�¨�±�¨�Â�¬�©�¹ �¨�½��¯ �»�¼�¸�µ �³�¨�¾�¨�²�° 
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�¶�¸�¬��¨�²�¬�´�º�µ�©�¨ �«�  ̈�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹ �³�¨�¾�¨�²�° �¸�°�¹�±�° (Aregbesola et 

al., 2016; Kautzky-Willer, et al., 2016).  

�¨�³��̈�¬ �º�¬�´�«�¬�´�Â�°�¨�¹ �¨�«�¨�¹�º�»�¸�¬�©�¹ (�¯�»�³�Â� ̈�¹�Æ��¨ �Â�°�¼�¸�¬�©�¹ �³�°�»�¯�°�¯�¬�©�¹) Bogalusa 

Heart Study �±��²�¬��¨, �¸�µ�³�²�°�¹  �³�°�Æ�¬�«��°�¯�¨�Â 20 �Ä�¬�²�®�¬ �³�¬�º�° �¨�¹�¨�±�°�¹ �³�¨�³�¨�±�¨�Â�¬�©�À�° 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �ª�¨��¸�Â�¬�²�¬�©�¨ �»�¼�¸�µ �Æ�À�°�¸�°�  ̈ (11,8%) ��°�«�¸�¬ �¨�³�¨��¬ �¨�¹�¨�±�°�¹ 

�½�¨�²�¬�©�À�° (10,8%) (Wild et al., 2004).        

 �ª�¨�´�¹�¨�±�»�¯�¸�¬�©�°�¯ �³�¨�¾�¨�²�°�¨ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �ª�¨��¸�Â�¬�²�¬�©�¨ �Æ�³�¬�²�¯�¨�À�»�¨ 

�®�¾��°�¹ �½��¬�¿�´�¬�©�°�¹ �¨�¾�³�µ�¹�¨��²�¬�¯ �¸�¬�ª�°�µ�´�¬�©�À�° (14%) �«�  ̈�À�¬�«�¨�¸�¬�©�°�¯ �«�¨�©�¨�²�°�¨ �Ä�¿�´�¨�¸�° 

�µ�±�¬�¨�´�°�¹, �¬��¸�µ�¶�»�² �«�  ̈�«�¨�¹�¨��²�¬�  ̄�¸�¬�ª�°�µ�´�¬�©�À�° (8% - 9%)  (Guariguata et al., 2014). 

�¨�¼�¸�°�±�°�¹ �½��¬�¿�´�¬�©�À�°, �¹�¨�«�¨�Â �¨�  ̧ �¨�¸�°�¹ �¨�  ́ �´�¨�±�²�¬�©�°�¨ �¸�¬�¹�»�¸�¹�¬�©�° �À�¨�½�¸�°�¨�´�° 

�«�°�¨�©�¬�º�°�¹ �³�±�»�¸�´�¨�²�µ�©�°�¹�¯��°�¹ �«� /̈�¨�  ́ �¨�³ �«�¨�¨��¨�«�¬�©�°�¹ �³�±�»�¸�´�¨�²�µ�©�¨ (�³�¨�¸�¯�� )̈ �¨�  ̧

�Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹ �¶�¸�°�µ�¸�°�º�¬�º�¹, �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¨�¸�¨�«�°�¨�ª�´�µ�¹�º�°�¸�¬�©�»�²�³�¨ 

�À�¬�³�¯�Æ��¬��¬�©�³�¨ �À�¬�°�Ã�²�¬�©�¨ �³�°�¨�¾�Ä�°�µ�¹ 90%-�¹ (Kengne et al., 2013(1); Kengne et al., 

2013(2)). �³�¬�º�°�Â, �°�¸�±��¬��¨, �¸�µ�³ �³�¨�¾�¨�²�° �À�¬�³�µ�¹�¨��²�°�¹ �½��¬�¿�´�¬�©�À�°�Â �±�°, �À�¨�½�¸�°�¨�´�° 

�«�°�¨�©�¬�º�°�¯ �«�¨�¨��¨�«�¬�©�»�² �¶�°�¸�¯�  ̈�¬�¸�¯�³�  ̈�³�¬�¹�¨�³�¬�«�³�¨ �¨�  ̧�°�Â�°�¹ �¯�¨��°�¹�° �¨��¨�«�³�¿�µ�¼�µ�©�°�¹ 

�À�¬�¹�¨�Æ�¬�© (Beagley et al., 2014). �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¨�¸�¨�«�°�¨�ª�´�µ�¹�º�°�¸�¬�©�»�²�° 

�À�¬�³�¯�Æ��¬��¬�©�°�¹ 60% �³�µ�«�°�¹ �¹�¨�³�Æ�¸�¬�¯-�¨�¾�³�µ�¹�¨��²�¬�¯ �¨�®�°�¨�®�¬ (35,1 �³�²�´ ) �«�  ̈ �Ä�¿�´�¨�¸�° 

�µ�±�¬�¨�´�°�¹ �«�¨�¹�¨��²�¬�  ̄ �´�¨�Ä�°�²�°�¹ �¸�¬�ª�°�µ�´�®�¬ (74,7 �³�²�´ ). �³�¹�µ�¼�²�°�µ �³�¨�¹�À�º�¨�©�°�¯, �°�³ 

�¨�«�¨�³�°�¨�´�¬�©�°�¹ 84%, �¸�µ�³�²�¬�©�³�¨�Â �¨�  ̧ �°�Â�°�¨�´ �¯�¨��°�¨�´�¯�° �«�¨�¨��¨�«�¬�©�°�¹ �À�¬�¹�¨�Æ�¬�©, �³�µ�«�°�¹ 

�«�¨�©�¨�²�° �«�  ̈ �¹�¨�À�»�¨�²�µ �À�¬�³�µ�¹�¨��²�°�¹ �½��¬�¿�´�¬�©�®�¬ (Li et al., 2014; Pablos�æVelasco at al., 

2014; Bancks et al., 2014;  Ramachandran et al., 2014).      

 NHANES (National Health and Nutrition Examination Survey) �³�µ�´�¨�Â�¬�³�¬�©�°�¹ 

�³�°�Æ�¬�«��°�¯,  20 �Ä�¬�²�®�¬ �³�¬�º�° �¨�¹�¨�±�°�¹ 19,7 �³�°�²�°�µ�  ́ �¨�³�¬�¸�°�±�¬�²�¹ �¨�¾�¬�´�°�À�´�¬�©�¨ �¬�½�°�³�°�¹ 

�³�°�¬� ̧ �«�¨�«�¨�¹�º�»�¸�¬�©�»�²�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°, �Æ�µ�²�µ 8,2 �³�°�²�°�µ�´�¹  - 

�«�¨�»�®�»�¹�º�¬�©�¬�²�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �¨�½��¹. �¨�³�¨�¹�¯�¨�´�¨��¬, 87,3 �³�°�²�°�µ�  ́ �¨�«�¨�³�°�¨�´�¹ 
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�¨�¾�¬�´�°�À�´�¬�©�¨ �¶�¸�¬�«�°�¨�©�¬�º�°, �¸�¨�Â �´�°�À�´�¨��¹, �¸�µ�³ �¨�³ �»�±�¨�´�¨�¹�±�´�¬�²�°�¯ �À�¬�¶�¿�¸�µ�©�°�²�°�¨ 

�¨�³�¬�¸�°�±�°�¹ �³�µ�¹�¨�Æ�²�¬�µ�©�°�¹ 38% (Ginter E. and Simko V.,  2013).  

�¨�¾�¹�¨�´�°�À�´�¨��°�¨, �¸�µ�³ �¨�³�¬�¸�°�±�¨�À�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¨�Æ�¨�²�° �À�¬�³�¯�Æ��¬��¬�©�° 

�¹�Å�¨�¸�©�µ�©�¹ �°�´�«�°�¬�²�¬�©�À�°, �¨�®�°�¬�²�¬�©�À�° �«�  ̈ �¬�¹�¶�¨�´�¬�² �²�¨�¯�°�´�µ�¹�¬�©�À�° (Liu et al., 2009). 

2007-2009 �Ä�²�¬�©�À�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �«�°�¨�ª�µ�®�° �«�¨�°�¹�� ̈ 7,1% �¨�¸�¨�¬�¹�¶�¨�´�¬�² 

�¯�¬�¯�¸�±�¨�´�°�¨�´�¬�©�À�°, 8,4% �¨�®�°�¬�² �¨�³�¬�¸�°�±�¬�²�¬�©�À�°, 11,8% �¬�¹�¶�¨�´�¬�²�¬�©�À�° �«�  ̈ 12,6% 

�¨�¸�¨�¬�¹�¶�¨�´�¬�² �À�¨��±�¨�´�°�¨�´�¬�©�À�° (Centers for Disease Control and Prevention 2011). 

�¨�¸�¨�¬�¹�¶�¨�´�¬�² �¯�¬�¯�¸�±�¨�´�°�¨�´�¬�©�¯�¨�´ �À�¬�«�¨�¸�¬�©�°�¯ �«�°�¨�©�¬�º�°�¹ �ª�¨��¸�Â�¬�²�¬�©�¨ 18%-�°�¯  

�³�¨�¾�¨�²�° �°�¿�µ �¨�®�°�¬�² �¨�³�¬�¸�°�±�¬�²�¬�©�À�°, 66% -�°�¯  �³�¨�¾�¨�²�° �¬�¹�¶�¨�´�¬�² �²�¨�¯�°�´�µ�¹�¬�©�À�° 

(Centers for Disease Control and Prevention 2011).       

 2004-2006 �Ä�²�¬�©�À�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¯ �«�¨�¨��¨�«�¬�©�»�²�¬�©�°�¹ �¸�°�Â�Æ��° �µ�¸�Ç�¬� ̧

�»�¼�¸�µ �³�¨�¾�¨�²�° �°�¿�µ �°�´�«�µ�¬�²�¬�©�À�° (14%), ��°�«�¸�¬ �Á�°�´�¬�²�¬�©�À�° (6%) �«�  ̈�°�¨�¶�µ�´�¬�²�¬�©�À�° 

(5%) (Barnes et al., 2008). 

�ª�¨�´�¹�¨�±�»�¯�¸�¬�©�°�¯ �³�¨�¾�¨�²�°�¨ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �ª�¨��¸�Â�¬�²�¬�©�¨ �Æ�³�¬�²�¯�¨�À�»�¨ 

�®�¾��°�¹ �½��¬�¿�´�¬�©�°�¹ �¨�¾�³�µ�¹�¨��²�¬�¯ �¸�¬�ª�°�µ�´�¬�©�À�° (14%) �«�  ̈�À�¬�«�¨�¸�¬�©�°�¯ �«�¨�©�¨�²�°�¨ �Ä�¿�´�¨�¸�° 

�µ�±�¬�¨�´�°�¹, �¬��¸�µ�¶�»�² �«�  ̈ �«�¨�¹�¨��²�¬�  ̄ �¸�¬�ª�°�µ�´�¬�©�À�° (8% �«�  ̈ 9%) (Geiss et al., 2014; 

Tamayo et al., 2014).  

�¿��¬�²�¨ �¬�¹ �³�µ�´�¨�Â�¬�³�°, �¹�¨��¨�¸�¨�»�«�µ�«, �¨�³ �«�¨�¨��¨�«�¬�©�°�¹�¨�«�³�° �Ä�ª�¬�´�¬�º�°�±�»�¸ 

�ª�¨�´�Ä�¿�µ�©�°�¹�³���¨�¸�¹�¬�©�µ�©�¨�¹ �»�´�«� ̈�¨�«�¨�¹�º�»�¸�¬�©�«�¬�¹. 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¯ �¨��¨�«�µ�©�¨ �©�¨��À��¯�¨ �¨�¹�¨�±�À�°, �ª�¨�´�¹�¨�±�»�¯�¸�¬�©�°�¯ 15 �Ä�²�¨�³�«�¬, 

�¨�¹�¬��¬ �¨��²�¬�´�¹ �³�±��¬�¯� ̧ �ª�¬�µ�ª�¸�¨�¼�°�»�² �º�¬�´�«�¬�´�Â�°�¬�©�¹. �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 1-�°�¹ 

�³�´�°�À��´�¬�²�µ��¨�´�° �®�¸�«�  ̈ �¨�¾�°�´�°�À�´�¬�©�¨ �¬��¸�µ�¶�°�¹ �Â�¬�´�º�¸�¨�²�»� ̧ �«�  ̈ �¨�¾�³�µ�¹�¨��²�¬�¯ 

�¸�¬�ª�°�µ�´�À�°, �¹�¨�«�¨�Â �³�¨�´�¨�³�«�¬ �¬�¹ �«�¨�¨��¨�«�¬�©�¨ �©�¨��À��¯�¨ �À�µ�¸�°�¹ �´�¨�±�²�¬�©�¨�« �°�¿�µ 

�ª�¨��¸�Â�¬�²�¬�©�»�²�° (Dabelea et al., 2014; Patterson et al., 2015).     

 �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 1-�°�¯  �«�¨�¨��¨�«�¬�©�»�²�° 497 100 �©�¨��À��°�«�¨�´ 26% 
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�Â�Æ�µ��¸�µ�©�¹ �¬��¸�µ�¶�°�¹ �¸�¬�ª�°�µ�´�À�°, �¹�¨�«�¨�Â �À�¬�±�¸�¬�©�°�²�°�¨ �»�±�¨�´�¨�¹�±�´�¬�²�° �«�  ̈

�ª�¨�´�¹�¨�±�»�¯�¸�¬�©�°�¯ �¹�¨�¸�Ä�³�»�´�µ �³�µ�´�¨�Â�¬�³�¬�©�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¨�Æ�¨�²�° �À�¬�³�¯�Æ��¬��¬�©�°�¹ 

�À�¬�¹�¨�Æ�¬�©, �Æ�µ�²�µ  22% -  �Á�¸�«�°�²�µ�¬�  ̄�¨�³�¬�¸�°�±�¨�¹�¨ �«�  ̈�±�¨�¸�°�©�°�¹ �®�¾��°�¹ �¨�»�®�°�¹ �¸�¬�ª�°�µ�´�À�° 

(Dabelea et al., 2014; Pettitt et al., 2014; Patterson et al., 2015). 

 �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¯ �¨��¨�«�µ�©�¨ �¹�¨�½�¨�¸�¯��¬�²�µ�¹ �Ç�¨�´�«�¨�Â��°�¹ �³�´�°�À��´�¬�²�µ��¨�´�° 

�¶�¸�µ�©�²�¬�³�¨�¨. �«�¨�¨��¨�«�¬�©�°�¹ �ª�¨��¸�Â�¬�²�¬�©�¨ �½��¬�¿�¨�´�¨�À�° �Ä�²�°�«�¨� ́ �Ä�²�¨�³�«�¬ �°�®�¸�«�¬�©�¨. 2014 

�Ä�²�°�¹ �©�µ�²�µ�¹ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¯ �«�¨�¨���̈«�¬�©�»�²�° �°�¿�µ 85 957 �¨�«�¨�³�°�¨�´�° 

(�¶�¸�¬��¨�²�¬�´�º�µ�©�°�¹ �³�¨�Á��¬�´�¬�©�¬�²�° 100 000 �³�µ�¹�¨�Æ�²�¬�®�¬ �À�¬�¨�«�ª�¬�´�«�¨ - 2 306,3-�¹), �¸�¨�Â 

�Ä�°�´�¨ �Ä�¬�²�¯�¨� ́ �À�¬�«�¨�¸�¬�©�°�¯ 1,3-�Ç�¬� ̧ �³�¬�º�° �°�¿�µ. 2014 �Ä�¬�²�¹ �°�´�Â�°�´�«�¬�´�º�µ�©�°�¹ 

�³�¨�Á��¬�´�¬�©�¬�²�³�¨�Â 10 000 �³�µ�¹�¨�Æ�²�¬�®�¬, �Ä�°�´�¨ �Ä�¬�²�¯�¨� ́ �À�¬�«�¨�¸�¬�©�°�¯ 1,4-�Ç�¬� ̧�³�µ�°�³�¨�º� ̈ �«�  ̈

586,5  �À�¬�¨�«�ª�°�´�.̈ �¨�¹�¬�¯�° �³�±��¬�¯�¸�° �³�¨�º�¬�©�¨ �À�¬�¹�¨�Ã�²�¬�©�¬�²�°�¨ �»�±�¨��À�°�¸�«�¬�©�µ�«�¬�¹ 

�¹�¨�«�¨�®�¾��¬��µ �¶�¸�µ�ª�¸�¨�³�¬�©�°�¹ �ª�¨��¸�Â�¬�²�¬�©�°�¹ �«�  ̈ �¶�¸�µ�¼�°�²�¨�½�º�°�±�»�¸�° �ª�¨�³�µ�±��²�¬��¬�©�°�¹ 

�ª�¨�Æ�À�°�¸�¬�©�°�¹ �¼�µ�´�®�¬ �¨��¨�«�³�¿�µ�¼�¯�¨ �ª�¨�³�µ��²�¬�´�°�¹ �ª�¨�»�³�Ç�µ�©�¬�¹�¬�©�¨�¹, �¹�¨�«�¨�®�¾��¬��µ 

�¶�¸�µ�ª�¸�¨�³�¬�©�°�¹ �¹�º�¨�©�°�²�»�  ̧ �³�°�³�«�°�´�¨�¸�¬�µ�©�¨�¹ �«�  ̈ �Ç�¨�´�³�¸�¯�¬�²�µ�©�°�¹ �¹�¨�¿�µ��¬�²�¯�¨�µ 

�«�¨�®�¾��¬��°�¹ �¶�¸�µ�ª��̧¨�³�°�  ̄ �³�¨�¾�¨�² �³�µ�Â��¨�¹ (�«�¨�¨��¨�«�¬�©�¨�¯�¨ �±�µ�´�º�¸�µ�²�°�¹� ̈ �«�  ̈

�¹�¨�®�µ�ª�¨�«�µ�¬�©�¸�°��° �Ç�¨�´�³�¸�¯�¬�²�µ�©�°�¹ �¬�¸�µ��´�»�²�° �Â�¬�´�º�¸�°�¹ �³�µ�´�¨�Â�¬�³�¬�©�° - 2015).    

 �¨�³�¨�¹�¯�¨�´�¨��¬, �¨�¾�°�´�°�À�´�¬�©�¨ �¬�¸�¯�ª��¨�¸�° �Ä�³�¨�±�¸�¨�º�²�°�¹ �¹�°�´�«�¸�µ�³�°�³, �¸�µ�³�¬�²�¹�¨�Â 

�®�»�¹�º�° �¨�Æ�¹�´�¨ �Ç�¬�-̧�Ç�¬�¸�µ�©�°�¯ �¨�  ̧ �³�µ�¬�Ã�¬�©�´�¬�©�¨. �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 1-�°�¹ 

�°�´�Â�°�´�«�¬�´�º�µ�©�°�¹ �³�¨�Á��¬�´�¬�©�¬�²�° 100 000 �³�µ�¹�¨�Æ�²�¬�®�¬ 2014 �Ä�¬�²�¹ 53,3 �°�¿�µ, �¸�¨�Â �Ä�°�´�¨ 

�Ä�²�°�¹ �³�¨�Á��¬�´�¬�©�¬�²�®�¬ 1,32-�Ç�¬� ̧ �´�¨�±�²�¬�©�°�¨. �ª�¨�¸�¬�³�µ�¹ �³�®�¨�¸�«�° �«�¨�©�°�´�Ã�»�¸�¬�©�°�¹�¨ �«�  ̈

�¹�¨�±��¬�©�¹�¨ �«�  ̈�¹�¨�¿�µ�¼�¨�Â�Æ�µ��¸�¬�©�µ �¹�¨�ª�´�¬�©�À�° �º�µ�½�¹�°�´�¬�©�°�¹ �±�µ�´�º�¸�µ�²�°�¹ �À�¬�»�Ã�²�¬�©�²�µ�©�°�¹ 

�¶�°�¸�µ�©�¬�©�À�°, �¨�¹�¬��¬, � �̈»�º�µ�°�³�»�´�»�¸�° �«�¨�¨��¨�«�¬�©�°�¹ �¸�°�Â�Æ��°�¹ �³�¨�º�¬�©�°�¹ �¼�µ�´�®�¬, �À�¨�½�¸�°�¨�´�° 

�«�°�¨�©�¬�º�° �º�°�¶�° 1-�°�¹ �±�²�¬�©�¨ �À�¬�³�«�ª�µ�³ �ª�¨�³�µ�±��²�¬��¨�¹ �¹�¨�Å�°�¸�µ�¬�©�¹. �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° 

�º�°�¶�° 2-�°�¹ �°�´�Â�°�´�«�¬�´�º�µ�©�°�¹ �³�¨�Á��¬�´�¬�©�¬�²�° �±�° 425 �°�¿�µ, �¸�¨�Â 1,5-�Ç�¬� ̧ �¨�¾�¬�³�¨�º�¬�©�¨ �Ä�°�´�¨ 

�Ä�²�°�¹ �³�¨�Á��¬�´�¬�©�¬�²�¹ (�«�±�¬�Â 2015).  
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�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¸�µ�ª�µ�¸�Â �¶�¸�¬��¨�²�¬� �́º�µ�©�°�¹, �°�¹�¬ �°�´�Â�°�«�¬�´�º�µ�©�°�¹ 

�³�¨�Á��¬�´�¬�©�²�°�¹ �³�¨�º�¬�©�°�¹ �º�¬�´�«�¬�´�Â�°�¨ �¨�¾�°�´�°�À�´�¬�©�¨ 15 �Ä�²�¨�³�«�¬ �©�¨��À��¬�©�À�° (�«�±�¬�Â 2015). 

2014 �Ä�² �°�¹ �³�µ�´�¨�Â�¬�³�¬�©�°�¯ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ �°�´�Â�°�´�«�¬�´�º�µ�©�°�¹ 

�³�¨�Á��¬�´�¬�©�¬�²�° 8-�Ç�¬� ̧ �¨�¾�¬�³�¨�º�¬�©�µ�«�¨ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 1-�°�¹ �°�´�Â�°�´�«�¬�´�º�µ�©�¨�¹, 

�¸�¨�Â �³�¬�º-�´�¨�±�²�¬�©�¨�« �À�¬�¬�¹�¨�©�¨�³�¬�©�¨ �¹�¨�³�Æ�¸�¬�¯ �¨�¾�³�µ�¹�¨��²�¬�¯ �½��¬�¿�´�¬�©�°�¹ �¨�´�¨�²�µ�ª�°�»�  ̧

�³�¨�Á��¬�´�¬�©�¬�²�¹ (�«�±�¬�Â 2015).  

�¨�³�¨�¹�¯�¨�´�¨��¬, �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �°�´�Â�°�«�¬�´�º�µ�©�°�¹ �³�¨�Á��¬�´�¬�©�¬�²�¯�¨ �À�¬�«�¨�¸�¬�©�°�¯ 

��²�°�´�«�¬�©�¨, �¸�µ�³ �¹�¨�½�¨�¸�¯��¬�²�µ�¹ �³�¨�Á��¬�´�¬�©�²�¬�©�° �»�¼�¸�µ �³�¨�¾�¨�²�°�¨, ��°�«�¸�¬ �¬��¸�µ�¶�°�¹ 

�½��¬�¿�´�¬�©�°�¹ �¹�¨�À�»�¨�²�µ �³�¨�Á��¬�´�¬�©�¬�²�¬�©�° (Atkinson et al., 2014; �«�±�¬�Â 2015).  

             

 �À�¨�½�¸�°�¨�´ �«�°�¨�©�¬�º�¯�¨�´ �«�  ̈�³�°�¹ �ª�¨�¸�¯�»�²�¬�©�¬�©�¯�¨�´ �«�¨�±�¨��À�°�¸�¬�©�»�²�° �¹�µ�Â�°�¨�²�»�-̧

�¬�±�µ�´�µ�³�°�±�»�¸�° �¶�¸�µ�©�²�¬�³�¬�©�°. 

�À�¨�½�¸�°�¨�´�°  �«�°�¨�©�¬�º�°�¹ �³�¨�¸�¯��  ̈ �Ç�¨�´�«�¨�Â��°�¹ �¹�°�¹�º�¬�³�°�¹ �³�¨�¾�¨�² 

�«�¨�´�¨�Æ�¨�¸�Ç�¬�©�¯�¨�´�¨�¨ �«�¨�±�¨��À�°�¸�¬�©�»�²�°, �¨�³�¨�¹�¯�¨�´�¨��¬, �°�¹ �¨�½��¬�°�¯�¬�©�¹ 

�À�¸�µ�³�°�¹�»�´�¨�¸�°�¨�´�µ�©�¨�¹, �«� ,̈ �À�¬�¹�¨�©�¨�³�°�¹�¨�«, �½��¬�¿�´�°�¹  �¬�±�µ�´�µ�³�°�±�»�¸�° �ª�¨�´��°�¯�¨�¸�¬�©�°�¹ 

�º�¬�³�¶�¬�©�¹. �³�¹�µ�¼�²�°�µ�À�°, 2011 �Ä�¬�²�¹ �Ç�¨�´�«�¨�Â��°�¹ �¹�°�¹�º�¬�³�°�¹ �«�¨�´��̈Æ�¨�¸�Ç�° �À�¨�½�¸�°�¨�´ 

�«�°�¨�©�¬�º�®�¬ 465 �³�°�²�°�¨�¸�« �¨�À�À �«�µ�²�¨�¸�¹  �À�¬�¨�«�ª�¬�´�«�¨, �¸�¨�Â �Ç�¨�´�«�¨�Â��¨�®�¬ �ª�¨�Ä�¬�»�²�° 

�Æ�¨�¸�Ç�¬�©�°�¹ 11%-�°� .̈ �°�¯��²�¬�©�,̈ �¸�µ�³ �¬�¼�¬�½�º�»�¸�° �«�  ̈ �¼�¨�¸�¯�µ�« �Æ�¬�²�³�°�¹�¨�Ä��«�µ�³�° 

�¾�µ�´�°�¹�Ã�°�¬�©�¬�©�°�¹ �ª�¨�´�Æ�µ�¸�Â�°�¬�²�¬�©�°�¹ �ª�¨�¸�¬�À�¬, �¬�¹ �³�¨�Á��¬�´�¬�©�²�¬�©�° 2025 �Ä�²�°�¹�¯��°�¹ 595 

�³�°�²�°�¨�¸�« �«�µ�²�¨�¸�¨�³�«�¬ �ª�¨�°�®�¸�«�¬�©�¨ (World Health Organization, 2016). 

�«�¬�±�µ�³�¶�¬�´�¹�°�¸�¬�©�»�²�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°, �¸�µ�³�¬�²�¹�¨�Â �¯�¨�´ �¨�Æ�²�¨��¹ �ª�¨�¸�¯�»�²�¬�©�¬�©�°�¹ 

�³�¨�¾�¨�²�° �¸�°�¹�±�°, �À�¬�³�µ�¹�¨��²�¬�©�°�¹ �«�°�« �«�¨�´�¨�±�²�°�¹�¹ �°�Ä��¬��¹ �«�  ̈ �¹�¨�¼�¸�¯�Æ�¬�¹ �»�½�³�´�°�¹ 

�¶�°�¸�µ��´�¬�©�°�¹ (�À�¬�¹�¨�©�¨�³�°�¹�¨�«, �µ�Ç�¨�Æ�°�¹�¨ �«�  ̈�¹� �̈Æ�¬�²�³�Ä�°�¼�µ�¹) �¬�±�µ�´�µ�³�°�±�»�¸ �ª�¨�´��°�¯�¨�¸�¬�©�¨�¹.  

�¨�³�¨�¹�¯�¨�´�¨��¬, �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¹�¨�¬�¸�¯�¨�À�µ�¸�°�¹�µ �¼�¬�«�¬�¸�¨�Â�°�°�¹ �³�µ�´�¨�Â�¬�³�¬�©�°�¯, 

�¨�¸�¨�´�¨�±�²�¬�© 175 �³�°�²�°�µ�´�³� ̈ �¨�«�¨�³�°�¨�´�³�¨, �¨�´�» �¨�³ �¶�¨�¯�µ�²�µ�ª�°�°�  ̄ �«�¨�¨��¨�«�¬�©�»�²�¯�¨ 
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�³�´�°�À��´�¬�²�µ��¨�´�³�¨ �´�¨�Ä�°�²�³�¨ �¨�  ̧ �°�Â�°�¹ �°�³�°�¹ �À�¬�¹�¨�Æ�¬�©, �¸�µ�³ �¨�½��¹ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°. 

�»�³�¬�º�¬�¹�¨�«, �¬�¹ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�  ̈ (International Federation of Diabetes 

2015).   

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ �Ä�°�²�° 85%-�¹ �¨�¾�¬�³�¨�º�¬�©�¨. �¸�µ�ª�µ�¸�Â �Ä�¬�¹�°, �¬�¹ 

�³�¨�Á��¬�´�¬�©�¬�²�°, �³�¨�¾�¨�²�° �À�¬�³�µ�¹�¨��²�°�¹ �½��¬�¿�´�¬�©�¯�¨�´ �À�¬�«�¨�¸�¬�©�°�¯ �»�¼�¸�µ �³�¨�¾�¨�²�°�¨ 

�¹�¨�À�»�¨�²�µ �«�  ̈ �«�¨�©�¨�²�° �À�¬�³�µ�¹�¨��²�°�¹ �½��¬�¿�´�¬�©�À�°. �½��¬�¿�´�¬�©�°�¹ �»�³�¬�º�¬�¹�µ�©�¨�À�° 

�±�»�²�º�»�¸�»�²�°  �«�  ̈ �¹�µ�Â�°�¨�²�»�¸�° �Â��²�°�²�¬�©�¬�©�°�¹ �³�¨�¾�¨�² �º�¬�³�¶�¬�©�¯�¨�´ �¬�¸�¯�¨�« 

(�³�µ�¹�¨�Æ�²�¬�µ�©�°�¹ �«�¨�©�¬�¸�¬�©�¨, �»�¸�©�¨�´�°�®�¨�Â�°�¨, �±��¬�©�°�¯�° �Á��¬��¬�©�°�¹ �«�  ̈�¸�¬�·�°�³�°�¹ �Â��²�°�²�¬�©�¨, 

�¼�°�®�°�±�»�¸�° �¨�½�º�°��µ�©�°�¹ �«�¨�½��¬�°�¯�¬�©�¨ �«�  ̈ �Â�Æ�µ��¸�¬�©�°�¹ �¨�¸�¨�Ç�¨�´�¹�¨�¾�° �Ä�¬�¹�°) �À�¨�½�¸�°�¨�´�° 

�«�°�¨�©�¬�º�°�¯ �¨��¨�«�µ�©�¨ �³�¨�º�»�²�µ�©�¹ (Ginter et al., 2013; Beratarrechea et al., 2014).  

 �¸�µ�ª�µ�¸�Â �³�«�°�«�¨� ,̧ �°�¹�¬ �¾�¨�¸�°�© �½��¬�¿�´�¬�©�À�° �¿�µ��¬�²�Ä�²�°�»�¸�¨�« �°�®�¸�«�¬�©�¨ 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 1-�°�¯  �«�¨�¨��¨�«�¬�©�»�²�¯�¨ �¸�°�Â�Æ��°�Â, �¯�»�³�Â�,̈ �¸�µ�ª�µ�¸�Â �®�¬�³�µ� ̄

�¨��¾�´�°�À�´�¬�¯, �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¬�¹ �¼�µ�¸�³�¨ �ª�¨�Â�°�²�¬�©�°�¯ �°�À��°�¨�¯�°� ,̈ ��°�«�¸�¬ �«�°�¨�©�¬�º�° 

�º�°�¶�° 2 (Guariguata et al., 2014; Beagley et al., 2014).      

 �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¯ �«�¨�¨��¨�«�¬�©�»�² �¶�°�¸�¬�©�À�° �°�´��¨�²�°�«�µ�©�°�¹, 

�¹�°�±��«�°�²�°�¨�´�µ�©�°�¹�¨ �«�  ̈ �Â�Æ�µ��¸�¬�©�°�¹ �Æ�¨�¸�°�¹�Æ�°�¹ �ª�¨�»�¨�¸�¬�¹�¬�©�°�¹ �Ä�¨�³�¿��¨�´ �³�°�®�¬�®�¬�©�¹ �¨�³ 

�«�¨�¨��¨�«�¬�©�°�¹ �ª�¨�¸�¯�»�²�¬�©�¬�©�° �Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹, �¸�¨�Â �³�Ã�°�³�¬ �º��°�¸�¯�¨�«  �¨�Ä�¬��¹ �¸�µ�ª�µ�¸�Â 

�«�¨�¨��¨�«�¬�©�»�²�° �¨�«�¨�³�°�¨�´�°�¹ �µ�Ç�¨�Æ�¹, �¨�¹�¬��¬ �¹�¨�®�µ�ª�¨�«�µ�¬�©�¨�¹ �³�¯�²�°�¨�´�¨�«.    

 �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¯ �«�¨�¨��¨�«�¬�©�»�² �¶�°�¸�¬�©�À�° �ª�¨�¸�¯�»�²�¬�©�¬�©�³�¨ �À�¬�°�Ã�²�¬�©�¨ 

�³�µ�°�Â��¨�¹ �¸�µ�ª�µ�¸�Â �¹�Æ��¨�«�¨�¹�Æ��¨ �µ�¸�ª�¨�´�µ, �°�¹�¬ �³�¯�²�°�¨�´�¨�« �µ�¸�ª�¨�´�°�®�³�°. �«�¸�µ�¯�¨  

�ª�¨�´�³�¨��²�µ�©�¨�À�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �¨�®�°�¨�´�¬�©�¹ �ª�»�²�¹�¨ �«�  ̈�¹�°�¹�Æ�²�Ã�¨�¸�¾��¬�©�¹, �¯��¨�²�¬�©�¹, 

�´�¬�¸��»�² �¹�°�¹�º�¬�³�¨�¹, �¯�°�¸�±�³�¬�²�¬�©�¹, �¾��°�Ã�²�¹; �³�±��¬�¯�¸�¨�« �®�¸�«�°�¹ �ª�»�²�°�¹ 

�«�¨�¨��¨�«�¬�©�¬�©�°�¹�¨ �«�  ̈ �°�´�¹�»�²�º�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹ �¸�°�¹�±�¹ (Fox  et al., 2004; Fang et al., 

2006; Fox  et al., 2007; Fox et al., 2008; Goldstein et al., 2011; Shah et al., 2014; Peters et 

al., 2014), �¹�°�¹�Æ�²�°�¹ �³�°�³�µ�½�Â�¬��°�¹ �«�¨�¸�¾��¬��¨�¹�¯�¨�´ �±�µ�³�©�°�´�¨�Â�°�¨�À�° �°�Ä��¬��¹ �½��¬�³�µ 
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�±�°�«�»�¸�¬�©�°�¹ �´�¬�°�¸�µ�¶�¨�¯�°�¨�¹ (Mettelinge et al., 2013; Chiles et al., 2014; Iftikhar et al., 

2014), �®�¸�«�°�¹ �º�¬�¸�¼�®�¬ �Ä�¿�²�»�²�¬�©�°�¹ �ª�¨�Á�¬�´�°�¹ �À�¬�¹�¨�Ã�²�¬�©�²�µ�©�¨�¹ �«�  ̈�¹�¨�©�µ�²�µ�µ �Ç�¨�³�À�° - 

�±�°�«�»�¸�¬�©�°�¹ �¨�³�¶�»�º�¨�Â�°�°�¹ �¸�°�¹�±�¹ (Alavi et al., 2014; Martins-Mendes et al., 2014). 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¯�¨�¨ �ª�¨�´�¶�°�¸�µ�©�¬�©�»�²�° �¹�°�©�¸�³�¨��°�¹ �À�¬�³�¯�Æ��¬��¨�¯�¨ 1%; �«�°�¨�©�¬�º�»�¸�° 

�¸�¬�º�°�´�µ�¶�¨�¯�°�¨, �¸�µ�³�¬�²�°�Â �¹�°�©�¸�³�¨��°�¹ �¬�¸�¯-�¬�¸�¯ �³�´�°�À��´�¬�²�µ��¨�´ �³�°�®�¬�®�¹ 

�Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹, ��°�¯�¨�¸�«�¬�©�¨ �©�¨�«�»�¸�°�¹ �Ä��¸�°�²�° �¹�°�¹�Æ�²�Ã�¨�¸�¾��¬�©�°�¹ �½�¸�µ�´�°�±�»�²�° 

�«�¨�®�°�¨�´�¬�©�°�¹ �À�¬�«�¬�ª�¨�« (Zhao et al., 2014; Zhao et al., 2015; Petropoulos et al., 2015; 

Yang et al., 2016). �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �¯�°�¸�±�³�²�°�¹ �»�±�³�¨�¸�°�¹�µ�©�°�¹ �¬�¸�¯-�¬�¸�¯�° 

�Ã�°�¸�°�¯�¨�«�° �³�°�®�¬�®�°�¨ (Centers for Disease Control and Prevention (CDC) �± 2010; Boer et 

al., 2011; Wanner et al., 2016).   

�¨�³�¸�°�ª�¨�«, �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �µ�¸�°��¬ �º�°�¶�°�¹�¨�¯��°�¹ �«�¨�³�¨�Æ�¨�¹�°�¨�¯�¬�©�¬�²�° 

�½�¸�µ�´�°�±�»�²�° �È�°�¶�¬�¸�ª�²�°�±�¬�³�°�¨ �´�¨�Æ�À�°�¸�Ä�¿�²�¬�©�°�¹, �Â�°�²�¬�©�°�¹�¨ �«�  ̈ �Â�Æ�°�³�¬�©�°�¹ 

�³�¬�º�¨�©�µ�²�»�¸�° �³�µ�À�²�°�  ̄(American Diabetes Association, 2009), �¶�¨�¯�µ�ª�¬�´�¬�®�À�° �³�¸�¨��¨�² 

�µ�¸�ª�¨�´�µ�¹ �°�¯�¸�¬��¹ (Hotamisligil, 2006). �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 1-�°�¹  �³�½�µ�´�¬ 

�³�¨�³�¨�±�¨�Â�¬�©�°�¹ �¸�°�¹�±�° �ª�»�² -�¹�°�¹�Æ�²�Ã�¨�¸�¾��¯�¨ �«�¨�¨��¨�«�¬�©�°�¹ �¹�°�±��«�°�²�µ�©�°�¹ �³�°�Æ�¬�«��°�¯ 

�«�¨�¨�Æ�²�µ�¬�©�°�¯ 10-�Ç�¬� ̧�³�¨�¾�¨�²�°�¨,  �°�³ �³�¨�³�¨�±�¨�Â�¬�©�¯�¨�´ �À�¬�«�¨�¸�¬�©�°�¯ �¸�µ�³�¬�²�¯�¨�Â �¨�  ̧�¨�½��¯ 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° (Orchard et al., 1990). 

�¶�µ�¶�»�²�¨�Â�°�»�¸�° �±��²�¬��¬�©�°�¹ �³�µ�´�¨�Â�¬�³�¬�©�°�¹ �¯�¨�´�¨�Æ�³�¨�«, �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ 

�¨�Æ�¨�² �À�¬�³�¯�Æ��¬��¨�¯�¨ �»�³�¸�¨��²�¬�¹�µ�©�¨ �¨�¸ (��¬�)̧ ��²�°�´�«�¬�©�¨ �¨�«�¸�¬�»�² �¹�º�¨�«�°�¨�®�¬ (Forouhi 

et al., 2014). �¸�µ�ª�µ�¸�Â �®�¬�³�µ� ̄ �¨�¾��´�°�À�´�¬�¯, �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ 

�À�¬�³�¯�Æ��¬��¬�©�°�¹ �«�°�«�° �Ä�°�²�° �¨�¸�¨�«�°�¨�ª�´�µ�¹�º�°�¸�¬�©�»�²�°�¨ (Li et al., 2014; Pablos�æVelasco 

at al., 2014; Bancks et al., 2014; Ramachandran et al., 2014). �³�´�°�À��´�¬�²�µ��¨�´ �¶�¸�µ�©�²�¬�³�¨�¹ 

�Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹ �ª�²�»�±�µ�®�°�¹�¨�«�³�° �º�µ�²�¬�¸�¨�´�º�µ�©�°�¹ �«�¨�¸�¾��¬��¨ (�¶�¸�¬�«�°�¨�©�¬�º�° -

�³�«�ª�µ�³�¨�¸�¬�µ�©�¨, �¸�µ�«�¬�¹�¨�Â �ª�²�»�±�µ�®�°�¹ �«�µ�´�¬ �¨�¾�¬�³�¨�º�¬�©�¨ �´�µ�¸�³�¨�¹, �³�¨�ª�¸�¨�³ �À�¨�½�¸�°�¨�´�° 



24 

 

�«�°�¨�©�¬�º�°�¹ �«�°�¨�ª�´�µ�¹�º�°�±�»�¸ �±�¸�°�º�¬�¸�°�»�³�¬�©�¹ �¨�  ̧ �¨�±�³�¨�¿�µ�¼�°�²�¬�©�¹) (Bonomini et al., 

2015).    

�©�¬��¸ �½��¬�¿�¨�´�¨�À�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �«�  ̈ �³�°�¹�° �ª�¨�¸�¯�»�²�¬�©�¬�©�° �Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹ 

�´�¨��̈«�¸�¬��° �¹�°�±��«�°�²�°�¨�´�µ�©�°�¹ �³�°�®�¬�®�¹ (Nwaneri et al., 2014; Zinman et al., 2015). 

(�³�¬�µ�¸�«�¬�©�¨)  

�¿�µ��¬�²�Ä�²�°�»�¸�¨�« �³�¹�µ�¼�²�°�µ�À�° 3.4 �³�°�²�°�µ�´�° �¨�«�¨�³�°�¨�´�° �°�¾�»�¶�¬�©�¨ �À�¨�½�¸�°�¨�´ 

�«�°�¨�©�¬�º�¯�¨�´ �«�¨�±�¨��À�°�¸�¬�©�»�²�° �ª�¨�¸�¯�»�²�¬�©�¬�©�°�¹ �ª�¨�³�µ. �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¯ 

�¹�°�±��«�°�²�°�¨�´�µ�©�°�¹ �¯�°�¯�½�³�°�¹ 80% �«�¨�©�¨�² �«�  ̈ �¹�¨�À�»�¨�²�µ �À�¬�³�µ�¹�¨��²�¬�©�°�¹ �³�½�µ�´�¬ 

�½��¬�¿�´�¬�©�®�¬ �³�µ�«�°�¹ (Huang et al., 2014  Zoungas et al., 2014). �ª�»�² -�¹�°�¹�Æ�²�Ã�¨�¸�¾��¯�¨ 

�¹�°�¹�º�¬�³�°�¹ �«�¨�¨��¨�«�¬�©�¬�©�° �¨�¸�°�¹ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¯ �«�¨�¨��¨�«�¬�©�»�²�¬�©�À�° 

�¹�°�±��«�°�²�°�¨�´�µ�©�°�¹ �¬�¸�¯-�¬�¸�¯�° �³�¯�¨��¨�¸�° �³�°�®�¬�®�°   (Go et al., 2013; Dregan et al., 2014).  

�©�µ�´�µ�»�¹ �³�µ�´�¨�Â�¬�³�¬�©�°�¯,  �¨�À�À-�À�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �³�½�µ�´�¬ �¶�¨�Â�°�¬�´�º�¬�©�°�¹ 80%-

�°�¹ �¹�°�±��«�°�²�°�¹ �³�°�®�¬�®�° �±�¨�¸�«�°�µ-��¨�¹�±�»�²�»�¸�° �«�¨�¨��¨�«�¬�©�¬�©�°�¨, �³�¨�¯ �À�µ�¸�°�¹ 75% 

�ª�»�²�°�¹ �°�À�¬�³�°�»�¸ �«�¨�¨��¨�«�¬�©�¬�©�®�¬ �³�µ�«�°�¹ (Bonow  et al., 1996).     

�¬��¸�µ�¶�°�¹ �¸�¬�ª�°�µ�´�À�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �Ã�°�¸�°�¯�¨�« �ª�¨�¸�¯�»�²�¬�©�¬�©�¨�« 

�³�°�Á�´�¬�»�²�°�¨ �´�¬�°�¸�µ�¶�¨�¯�°�¨ (16-34%-�À�°), �´�¬�¼�¸�µ�¶�¨�¯�°�¨ (8,5-16%), �¸�¬�º�°�´�µ�¶�¨�¯�°�¨                

(10,5-45%) �«�  ̈�ª�»�²�°�¹ �°�À�¬�³�°�»�¸�° �«�¨�¨��¨�«�¬�©�¨ (4-26%) (NCDC-2014).   

 �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2�±�°�¹ �¨�«�¸�¬�»�²�° �«�°�¨�ª�´�µ�¹�º�°�±�  ̈ �«�  ̈ �³�±�»�¸�´�¨�²�µ�©�°�¹ 

�«�¸�µ�»�²�°  �«�¨�Ä�¿�¬�©�¨ �¬�¸�¯�±�¬�¸�¯�° �³�´�°�À��´�¬�²�µ��¨�´�° �©�¬�¸�±�¬�º�°�¨ �³�Ã�°�³�¬ �«�  ̈

�Ã��°�¸�¨�«�¾�°�¸�¬�©�»�²�° �³�±�»�¸�´�¨�²�µ�©�°�¹ �¹�¨�Å�°�¸�µ�¬�©�°�¹ �³�½�µ�´�¬ �ª�¨�¸�¯�»�²�¬�©�¬�©�°�¹ 

�¶�¸�µ�¼�°�²�¨�½�º�°�±�°�¹�¯��°�¹. �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ �¶�¸�µ�¼�°�²�¨�½�º�°�±�¨ 

�³�´�°�À��´�¬�²�µ��¨�´�°�¨ �¿��¬�²�¨, �ª�¨�´�¹�¨�±�»�¯�¸�¬�©�°�¯ �«�¨�©�¨�²�° �«�  ̈�¹�¨�À�»�¨�²�µ �À�¬�³�µ�¹�¨��²�°�¹ �³�½�µ�´�¬ 

�½��¬�¿�´�¬�©�°�¹�¨�¯��°�¹ (�«�±�¬�Â 2015). 

�ª�¨�¹�¨�¯��¨�²�°�¹�Ä�°�´�¬�©�¬�²�°�¨, �¸�µ�³ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ �¶�¸�¬��¬�´�Â�°�¨ 

�»�³�¸�¨��²�¬�¹ �À�¬�³�¯�Æ��¬��¨�À�° �À�¬�¹�¨�Ã�²�¬�©�¬�²�°�¨. �¨�³�¨�¹�¯�¨�´�¨��¬, � �̈³ �«�¨�¨��¨�«�¬�©�°�¹ (�³�°�¹�° 
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�ª�¨�¸�¯�»�²�¬�©�¬�©�°�¹) �³�±�»�¸�´�¨�²�µ�©�°�¹ �Æ�¨�¸�Ç�¬�©�° �ª�¨�Â�°�²�¬�©�°�¯ �¨�¾�¬�³�¨�º�¬�©�¨ �¶�¸�¬��¬�´�Â�°�°�¹�  ̈ �«�  ̈

�±�µ�´�º�¸�µ�²�°�¹�¨�¯��°�¹ �¹�¨�Å�°�¸�µ �Æ�¨�¸�Ç�¬�©�¹ (American Diabetes Association 2014; Alwin et 

al., 2017).  

 

2. �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �¸�µ�²�°  �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �³�¨�¸�¯��¨�À�° 

 

�¸�µ�ª�µ�¸�Â �®�¬�³�µ� ̄ � �̈¾��´�°�À�´�¬�¯, �ª�¬�´�«�¬�¸�»�²�° �«�°�¹�©�¨�²�¨�´�¹�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ 

�ª�¨�´��°�¯�¨�¸�¬�©�°�¹ �«�¸�µ�¹ �«�¨�«�¨�¹�º�»�¸�¬�©�»�²�°�¨ �³�¸�¨��¨�²�° �¬�¶�°�«�¬�³�°�µ�²�µ�ª�°�»�¸�° �±��²�¬��°� ̄

(Fitzgerald et al., 1995; Grant et al., 2009; Siddiqui et al., 2013). �³�°�Á�´�¬�»�²�°�¨, �¸�µ�³  

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°  �»�¼�¸�µ �³�Ã�°�³�¬ �¼�µ�¸�³�°� ̄ ��°�¯�¨�¸�«�¬�©�¨ �³�¨�³�¨�±�¨�Â�¬�©�À�° (Aregbesola et 

al., 2016; Kautzky-Willer et al., 2016). �¯�»�³�Â�,̈ �¸�¨�³�«�¬�´�°�³�¬ �¼�¨�½�º�µ�¸�° �«�¨�±�¨��À�°�¸�¬�©�»�²�° 

�Â�Æ�µ��¸�¬�©�°�¹ �Ä�¬�¹�¯�¨�´, �ª�¨�¸�¬�³�µ�¹�¯�¨�´ �«�  ̈ �¹�µ�Â�°�¨�²�»�-̧�¬�±�µ�´�µ�³�°�±�»�¸ �¹�º�¨�º�»�¹�¯�¨� ,́ 

�ª�¨��²�¬�´�¨�¹ �¨�Æ�«�¬�´�¹ �³�¨�³�¨�±�¨�Â�¬�©�¹�¨ �«�  ̈ �½�¨�²�¬�©�¹ �À�µ�¸�°�¹ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �Ä�°�´�¨�¹�Ä�¨�¸ 

�ª�¨�´�Ä�¿�µ�©�¨�®�¬, �ª�¨�´��°�¯�¨�¸�¬�©�¨�¹�¨ �«�  ̈ �±�²�°�´�°�±�»�¸ �ª�¨�³�µ��²�°�´�¬�©�¨�®�¬.  �¹�¨�¹�½�¬�¹�µ �È�µ�¸�³�µ�´�¬�©�° 

�«�°�« �ª�¨��²�¬�´�¨�¹ �¨�Æ�«�¬�´�¹ �¬�´�¬�¸�ª�¬�º�°�±�»�² �Â��²�¨�®�¬, �¨�¾�´�¨�ª�µ�©�¨�®�¬, �¹�°�¹�Æ�²�Ã�¨�¸�¾��¯�¨ 

�¼�»�´�½�Â�°�¨�®�¬ �«�  ̈ �¨�´�¯�¬�©�°�¯ �¸�¬�¨�½�Â�°�¬�©�®�¬ (Kautzky-Willer et al., 2016). �¨�¾�Ä�¬�¸�°�²�°�¨ 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ �¹�¨�¸�Ä�³�»�´�µ �«�¨�½��¬�°�¯�¬�©�¨ �¸�µ�ª�µ�¸�Â �À�¨�½�¸�°�¨�´�° 

�«�°�¨�©�¬�º�° �º�°�¶�° 1, �°�¹�¬ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¯  �«�¨�¨��¨�«�¬�©�»�² �³�¨�³�¨�±�¨�Â�¬�©�°�¹ 

�¹�°�¹�Æ�²�À�°. �¹�°�¹�Æ�²�À�°  �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ �«�¨�½��¬�°�¯�¬�©�¨ �°�Ä��¬��¹ 

�¾��°�Ã�²�À�°  �³�¬�º�¨�©�µ�²�»�¸�° �¶�¸�µ�Â�¬�¹�¬�©�°�¹ �«�¨�¸�¾��¬��¨�¹, �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 1 �«�  ̈

�º�°�¶�° 2-�°�¹ �³�½�µ�´�¬ �³�¨�³�¨�±�¨�Â�¬�©�À�° �È�°�¶�¬�¸�ª�²�°�±�¬�³�°�¨�¹ �«�  ̈ �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�¨�¹ 

(Grossmann et al., 2008; Holt et al., 2014). �«�¨�¹�¨�©�»�¯�¬�©�»�²�¨�« �À�¬�°�Ã�²�¬�©�¨ �³�°��°�Á�´�°�µ�¯ 

�¹�¨�¹�½�¬�¹�µ �È�µ�¸�³�µ�´�¬�©�°�¹ �ª�¨��²�¬�´�¨ �¶�¨�´�±�¸�¬�¨�¹�°�¹ �Ã-�»�Ç�¸�¬�«�¬�©�À�° �°�´�¹�»�²�°�´�°�¹ �¹�¬�±�¸�¬�Â�°�¨�¹�¨ 

�«�  ̈�¾��°�Ã�²�À�° �³�°�³�«�°�´�¨�¸�¬ �³�¬�º�¨�©�µ�²�»�¸ �¶�¸�µ�Â�¬�¹�¬�©�®�¬ (Morimoto et al., 2001; Shen and 

Shi, 2015). �¯�»  �ª�¨��°�¯��¨�²�°�¹�Ä�°�´�¬�©�¯, �¸�µ�³ �È�¬�¶�¨�º�µ�Â�°�º�¬�©�¹ �«�  ̈ �Ã-�»�Ç�¸�¬�«�¬�©�¹ �¨�½��¯ 

�¸�µ�ª�µ�¸�Â �½�¨�²�°�¹, �°�¹�¬ �³�¨�³�¨�±�¨�Â�°�¹ �¹�¨�¹�½�¬�¹�µ �È�µ�¸�³�µ�´�¬�©�°�¹ �¸�¬�Â�¬�¶�º�µ�¸�¬�©�°, �¸�µ�³�¬�²�¯�¨�Â 
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�¨�½��¯ �¸�¨�µ�«�¬�´�µ�©�¸�°��° �¬�½�¹�¶�¸�¬�¹�°�°�¹ �Â��²�°�²�¬�©�°�¹ ���Ä�±�²�¬�©�°�¹�¨�³���«�  ̈ �Ä�³�¨�º�¬�©�°�¹�³�����»�´�¨�¸�° 

�¹�°�¹�Æ�²�À�° �¹�¨�¹�½�¬�¹�µ �È�µ�¸�³�µ�´�¬�©�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹�¨�ª�¨�  ́ �«�¨�³�µ�±�°�«�¬�©�»�²�¬�©�°�¯, 

�À�¬�°�Ã�²�¬�©�¨ ��°��¨�¸�¨�»�«�µ�,̄ �¸�µ�³ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �³�°�³�«�°�´�¨�¸�¬�µ�©�°�¹�¨�¹, �¹�¨�¹�½�¬�¹�µ 

�È�µ�¸�³�µ�´�¬�©�°�¹ �³�°�¾�¬�©�¨�¹ �À�¬�»�Ã�²�°�¨ �ª�¨�³�µ�°�Ä��°�µ�¹ �¶�¨�´�±�¸�¬�¹�°�¹�¨ �«�  ̈ �¾��°�Ã�²�°�¹ �¼�»�´�½�Â�°�»�¸�° 

�¨�½�º�°��µ�©�°�¹ �Â��²�°�²�¬�©�¨, �¸�¨�Â �¬�¼�»�Ã�´�¬�©�¨ �¨�³ �µ�¸�ª�¨�´�µ�¬�©�À�° �¹�¨�¹�½�¬�¹�µ �È�µ�¸�³�µ�´�¬�©�°�¹ 

�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �¬�½�¹�¶�¸�¬�¹�°�°�¹ �Â��²�°�²�¬�©�¨�¹ �«�  ̈ �³�¨�¯�ª�¨� ́ �¨�¾�Ã�¸�»�² �»�Ç�¸�¬�«�»�² 

�³�¬�½�¨�´�°�®�³�¬�©�¹. 

�³�´�°�À��´�¬�²�µ��¨�´�° �±�¨��À�°�¸�¬�©�°�¹ �¨�¸�¹�¬�©�µ�©�¨ �°�±��¬�¯�¬�©�¨ �¨�´�«�¸�µ�ª�¬�´�°�¹ �´�¨�±�²�¬�©�µ�©�¨�¹�¨ 

�«�  ̈ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�¹ �À�µ�¸�°�¹. �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° �®�¬�³�µ�½�³�¬�«�¬�©�¹ 

�³�¬�º�¨�©�µ�²�»�¸ �¹�°�´�«�¸�µ�³�®�¬, �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�¨�®�¬, �À�¬�«�¬�ª�¨�« �±�° - �Æ�¬�²�¹ �»�Ä�¿�µ�©�¹ 

�¹�°�¹�Æ�²�Ã�¨�¸�¾��¬�©�°�¹ �¶�¨�¯�µ�²�µ�ª�°�°�¹�¨ �«�  ̈ �³�¨�¯�° �ª�¨�¸�¯�»�²�¬�©�¬�©�°�¹ (�ª�»�²�°�¹�  ̈ �«�  ̈ �º��°�´�°�¹ 

�°�À�¬�³�°�»�¸�° �«�¨�¨��¨�«�¬�©�¨, �¯�°�¸�±�³�¬�²�¬�©�°�¹ �¶�¨�¯�µ�²�µ�ª�°�,̈ �±�°�«�»�¸�¬�©�°�¹ �Â�°�¸�±�»�²�¨�Â�°�°�¹ 

�³�µ�À�²�,̈ �¬�¸�¬�½�Â�°�»�²�° �«�°�¹�¼�»�´�½�Â�°�¨) �ª�¨�´��°�¯�¨�¸�¬�©�¨�¹.  

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�¨�©�¨�²�° �«�µ�´�¬ �Æ�¬�²�¹ �»�Ä�¿�µ�©�¹ �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�°�¹ 

�ª�¨�´��°�¯�¨�¸�¬�©�¨�¹ - �À�¬�³�«�ª�µ�³�° �È�°�¶�¬�¸�ª�²�°�±�¬�³�°�°�¯, �¨� �̧º�¬�¸�°�»�²�° �È�°�¶�¬�¸�º�¬�´�®�°�°�¯�¨ �«�  ̈

�«�°�¹�²�°�¶�°�«�¬�³�°�°�¯, �¸�¨�Â, �¯�¨��°�¹ �³�Æ�¸�°�, �®�¸�«�°�¹  �¹�°�¹�Æ�²�Ã�¨�¸�¾��µ��¨�´�° �«�¨�¨��¨�«�¬�©�¬�©�°�¹ 

�¸�°�¹�±�¹ (Simon et al., 1997; Stellato et al., 2000; Oh et al., 2002; Dhindsa et al., 2004; 

Rhoden et al., 2005b; Pitteloud et al., 2005a,b; Corona et al., 2006; Kapoor et al., 2006, 

2007; Selvin et al., 2007; Fukui et al., 2007,2008).     

�´�¨�Á��¬�´�¬�©�°�¨, �¸�µ�³ �¬�´�«�µ�ª�¬�´�»�¸�° �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�¨�©�¨�²�° �±�µ�´�Â�¬�´�º�¸�¨�Â�°�¨ 

�±�µ�¸�¬�²�°�¸�¬�©�¹ �³�¨�¾�¨�²�° �¨�¸�º�¬�¸�°�»�²�° �Ä�´�¬��°�¹ �³�¨�Á��¬�´�¬�©�²�¬�©�¯�¨�´ (Kannel et al., 1972), 

�¸�¨�Â �®�¸�«�°�¹ �³�¨�¸�Â�Æ�¬�´�¨ �¶�¨�¸�±�»�Å�°�¹ �È�°�¶�¬�¸�º�¸�µ�¼�°�°�¹�¨ (Kannel et al., 1969) �«�  ̈ �ª�»�²�°�¹ 

�»�±�³�¨�¸�°�¹�µ�©�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹ �¸�°�¹�±�¹ (Kannel et al., 1972). 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �«�  ̈ �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�¨ �ª�¨�´�°�Æ�°�²�¬�©�¨ �¸�µ�ª�µ�¸�Â 

�³�¬�º�¨�©�µ�²�»�¸�° �¹�°�´�«�¸�µ�³�°�¹ �µ�¸�° �³�¯�¨��¨�¸�° �±�µ�³�¶�µ�´�¬�´�º�°. �¸�µ�ª�µ�¸�Â �¨�¾��´�°�À�´�¬�¯, �«�¾�¬�¹ 
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�³�¹�µ�¼�²�°�µ�À�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ �ª�¨��¸�Â�¬�²�¬�©�¨�³ �³�±��¬�¯�¸�¨�« �°�³�¨�º� ̈ �«�  ̈ �¬�¹ 

�Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹ �©�µ�²�µ 5 �¨�¯�Ä�²�¬�»�²�°�¹ �ª�¨�´�³�¨��²�µ�©�¨�À�° �Å�¨�¸�©�° �Ä�µ�´�°�¹�¨ �«�  ̈ �¹�°�³�¹�»�½�´�°�¹ 

�³�±��¬�¯�¸�° �³�¨�º�¬�©�°�¹ �¨�´�¨�¸�¬�±�²�¹ (Steinbrook R., 2006; Parikh et al., 2007). 

�À�¬�³�¨�À�¼�µ�¯�¬�©�¬�²�°�¨ �°�¹ �¼�¨�½�º�°, �¸�µ�³ �³�¬�º�¨�©�µ�²�»�¸�° �¹�°�´�«�¸�µ�³�°, �¸�µ�³�²�°�¹  �Ã�°�¸�°�¯�¨�« 

�±�µ�³�¶�µ�´�¬�´�º�¹ �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�¨ �Ä�¨��̧³�µ�¨�«�ª�¬�´�¹, �¨�¾�¬�´�°�À�´�¬�©�¨ �³�µ�®�¨�¸�«�¬�©�°�¹ 

4,5%-�¹ (Ford et al., 2008).          

 �³�¨�³�¨�±�¨�Â�¬�©�À�° �¨�¾�°�´�°�À�´�¬�©�¨ �»�±�»�±�¨��À�°�¸�° �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�µ�´�¬�¹�¨ �«�  ̈ �À�¨�½�¸�°�¨�´ 

�«�°�¨�©�¬�º�¹ �À�µ�¸�°�¹ (Saad et al., 2009). �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¯ �«�¨�¨��¨�«�¬�©�»�² �³�¨�³�¨�±�¨�Â�¬�©�¹ 

�¨�¾�¬�´�°�À�´�¬�©�¨�¯ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�¨�©�¨�²�° �«�µ�´�¬, �°�³ �³�¨�³�¨�±�¨�Â�¬�©�°�¹�ª�¨�´ �ª�¨�´�¹�Æ��¨��¬�©�°�¯, 

�¸�µ�³�¬�²�¯�¨�Â �¨�  ̧ �¨�½��¯ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° (Stanworth R. D. and Jones T. H., 2009; 

Stanworth et al., 2009). �¨�¹�¬��¬ �»�±�»�±�¨��À�°�¸�° �¨�¸�¹�¬�©�µ�©�¹ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�¹�¨ �«�  ̈

�ª�²�°�±�µ�®�°�¸�¬�©�»�² �È�¬�³�µ�ª�²�µ�©�°�´�¹ �À�µ�¸�°�¹ (Stamler et al., 1976). �¹�Æ��¨ �±��²�¬��¬�©�³�¨ �¨�Á��¬�´�¨, 

�¸�µ�³ �³�¨�¾�¨�²�° �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �³�½�µ�´�¬ �³�¨�³�¨�±�¨�Â�¬�©�À�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ 

�ª�¨�´��°�¯�¨�¸�¬�©�°�¹ �¸�°�¹�±�° 42% - �°�¯  �»�¼�¸�µ �«�¨�©�¨�²�°�¨    (Ding et al., 2006).  

�«�¨�«�¨�¹�º�»�¸�¬�©�»�²�°�¨, �¸�µ�³ �³�¬�º�¨�©�µ�²�»�¸�° �¹�°�´�«�¸�µ�³�° �¯�¸�ª�»�´�¨��¹ 

�³�µ�Â�°�¸�±�»�²�¨�Â�°�¬ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�µ�´�¬�¹, �Æ�µ�²�µ �«�¨�©�¨�²�° �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° �°�Ä��¬��¹ 

�³�¬�º�¨�©�µ�²�»�¸ �¹�°�´�«�¸�µ�³�¹ (Stellato et al., 2000; Laaksonen et al., 2004).   

�±��²�¬��¬�©�° �¨�«�¨�¹�º�»�¸�¬�©�¹, �¸�µ�³ �«�¨�©�¨�²�° �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �³�½�µ�´�¬ �³�¨�³�¨�±�¨�Â�¬�©�¹ 

�¨�½��¯ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹ �³�¨�¾�¨�²�° �¸�°�¹�±�° �«�  ̈�¸�µ�³ �«�¨�©�¨�²�° 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�µ�´�¬ �À�¬�°�Ã�²�¬�©�¨ �°�¿�µ�¹ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹ 

�¶�¸�¬�«�°�½�º�µ�¸�° (�Ä�¨�´�¨�³�Ã�¾��¨�¸�°) (Haffner et al., 1997; Stellato et al., 2000; Oh et al., 2002; 

Rhoden et al., 2005a,b; Shores et al., 2006; Selvin et al., 2007) �«�  ̈ �¶�°�¸�°�½�°�¯, 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �³�¨�¾�¨�²�° �«�µ�´�°�¹ �À�¬�³�¯�Æ��¬��¨�À�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹ 

�¸�°�¹�±�° �³�´�°�À��´�¬�²�µ��´�¨�« �«�¨�©�¨�²�°�¨ (Ding et al., 2006). �¬�¹ �»�±�¨�´�¨�¹�±�´�¬�²�° �«�¨�¹�±��´�¨ 
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�¬�¼�»�Ã�´�¬�©�µ�«�¨ 43 �±��²�¬��°�¹ �³�°�³�µ�Æ�°�²��¨�¹, �¸�µ�³�²�¬�©�À�°�Â 6427 �³�¨�³�¨�±�¨�Â�° �°�¾�¬�©�«�¨ 

�³�µ�´�¨�Ä�°�²�¬�µ�©�¨�¹ (Ding et al., 2006).     

�¹�¨�¬�¸�¯�µ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�¹�¨ �«�  ̈ �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�¨�¹ �À�µ�¸�°�¹ 

�»�±�»�±�¨��À�°�¸�°�¹ �±��²�¬��°�¹�¨�¹ (Andersson et al., 1994; Simon et al., 1997; Pitteloud et al., 

2005a,b; Osuna et al., 2006) �¨�¾�³�µ�Á�´�«�¨, �¸�µ�³ �¨�¾�´�°�À�´�»�²�° �±�µ�¸�¬�²�¨�Â�°�¨  �»�¼�¸�µ �³�¨�¾�¨�²�°�¨ 

�¯�¨��°�¹�»�¼�¨�² �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�¯�¨�´, ��°�«�¸�¬ �¹�¨�¬�¸�¯�µ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�¯�¨�´ (Rhoden et al., 

2005a,b; Basaria et al., 2006). �¨�³�¨�¹��¬ �¨�«�¨�¹�º�»�¸�¬�©�¹ �»�¨�Æ�²�¬�¹�° �±��²�¬��¬�©�°�¹ �À�¬�«�¬�ª�¬�©�°�Â, 

�¸�µ�³�¬�²�¯ �  ̈ �¯�¨�´�¨�Æ�³�¨�«�¨�Â �¹�¨�¬�¸�¯�µ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�µ�´�¬ �À�¬�³�Â�°�¸�¬�©�»�²�° �°�¿�µ 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¯  �«�¨�¨��¨�«�¬�©�»�² �³�¨�³�¨�±�¨�Â�¯�¨ 43%-�À�°, �Æ�µ�²�µ 

�¯�¨��°�¹�»�¼�¨�²�° �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹�¨ - 57%-�À�°. �³�¹�ª�¨��¹�° �º�¬�´�«�¬�´�Â�°�¨ �¨�¾�°�´�°�À�´�¬�©�¨ 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 1-�°�¹ �«�¸�µ�¹�¨�Â: �³�¨�³�¨�±�¨�Â�¬�©�°�¹  7%-�¹ �¨�¾�¬�´�°�À�´�¨ �¹�¨�¬�¸�¯�µ 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �´�¨�±�²�¬�©�µ�©�¨, �Æ�µ�²�µ 20%-�¹ - �¯�¨��°�¹�»�¼�¨�²�° �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ 

�«�¨�©�¨�²�° �«�µ�´�¬  (Grossmann et al., 2008).     

�«.�¹�°�³�µ�´�°�¹ �±��²�¬��°�¹ �³�°�Æ�¬�«��°�¯ (Simon et al., 1997) �¹�¨�¬�¸�¯�µ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ 

�±�µ�´�Â�¬�´�º�¸�¨�Â�°�¨ �³�´�°�À��´�¬�²�µ��´�¨�«�¨�¨ �«�¨�±�¨��À�°�¸�¬�©�»�²�° �»�®�³�µ�« �¹�°�¹�Æ�²�À�° �°�´�¹�»�²�°�´�°�¹ 

�«�µ�´�¬�®�¬, �Æ�µ�²�µ �¹�¨�±��¬�©�°�¹ �³�°�¾�¬�©�°�«�¨�´ 2 �¹�¨�¨�¯�°�¹ �À�¬�³�«�¬�ª - �¹�°�¹�Æ�²�À�° �°�´�¹�»�²�°�´�°�¹ �«�  ̈

�ª�²�»�±�µ�®�°�¹ �«�µ�´�¬�¬�©�®�¬.  

�´�¨�Á��¬�´�¬�©�°�¨, �¸�µ�³ �°�´�¹�»�²�°�´�°�¹ �«�µ�´�°�¹ �³�¨�º�¬�©�¨ �«�  ̈  �¹�¨�¬�¸�¯�µ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ 

�«�¨�©�¨�²�° �«�µ�´�¬ �À�¬�°�Ã�²�¬�©�¨ �±�¨��À�°�¸�À�° �°�¿�µ�¹ �¹�Æ�¬�»�²�®�¬ �Â�Æ�°�³�°�¹ �ª�¨�«�¨�´�¨�Ä�°�²�¬�©�¨�¹�¯�¨�´.                    

�Ç. �µ�¹�»�´�¨�³ �«�¨�¨�«�ª�°�´�¨ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�µ�´�°�¹ �³�´�°�À��´�¬�²�µ��¨�´�° �»�±�»�¶�¸�µ�¶�µ�¸�Â�°�¨ 

�Ä�¬�²�°�¹ �ª�¨�¸�À�¬�³�µ�Ä�¬�¸�°�²�µ�©�¨�¹�¯�¨�´, �¹�Æ�¬�»�²�°�¹ �³�¨�¹�°�¹ �°�´�«�¬�½�¹�¯�¨�´, �°�´�¹�»�²�°�´�¯�¨�  ́ �«�  ̈

HOMA �°�´�«�¬�½�¹�¯�¨�´ (HOMA �°�´�«�¬�½�¹�° - homeostatic model assessment of insulin 

resistance). �¬�¸�¯�¨�« �¨�¾�¬�©�»�²�°, �¬�¹ �À�¬�«�¬�ª�¬�©�° �³�°�»�¯�°�¯�¬�©�¹, �¸�µ�³ �³�¨�³�¨�±�¨�Â�¬�©�À�° 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�¹ �À�¬�°�Ã�²�¬�©�  ̈ �½�µ�´�«�¬�¹ �«�¨�³�Â�¨��° �¼�»�´�½�Â�°�¨ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ 

�Ä�°�´�¨�¨�¾�³�«�¬�ª (Osuna et al., 2006).       
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�¬�¸�¯�¹�  ̈ �«�  ̈ �°�³�¨��¬ �¶�¨�Â�°�¬�´�º�¹ �Æ�À�°�¸�¨�« �»�¹��¨�³�¬�´ �¬�¸�¯�«�¸�µ�»�²�¨�«  

�È�°�¶�µ�ª�µ�´�¨�«�°�®�³�°�¹�¨ �«�  ̈ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ �«�°�¨�ª�´�µ�®�¬�©�¹  (Dhindsa et al., 

2004; Kapoor et al., 2007). �¨�³�¨�¹�¯�¨�´�¨��¬, �È�°�¶�µ�ª�µ�´�¨�«�°�®�³�° �»�¼�¸�µ �ª�¨��¸�Â�¬�²�¬�©�»�²�°�¨ 

�¹�Æ�¬�»�²�°�¹ �Å�¨�¸�©�° �³�¨�¹�°�¹ �³�½�µ�´�¬ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �³�½�µ�´�¬ �¶�¨�Â�°�¬�´�º�¬�©�À�°, �¨�  ́ 

�¶�¨�Â�°�¬�´�º�¬�©�À�° �³�µ�¸�©�°�«�»�²�° �¹�°�³�¹�»�½�´�°�¯ (�¹�Æ�¬�»�²�°�¹ �³�¨�¹�°�¹ �°�´�«�¬�½�¹�° > 40-�®�¬). 1100 -�®�¬ 

�³�¬�º�° �³�¨�³�¨�±�¨�Â�°�¹�ª�¨�´ �À�¬�³�«�ª�¨�¸ �Ç�ª�»�¼�À�°, �Ç. �±�µ�¸�µ�´�¨�³  �ª�¨�³�µ�°�±��²�°�¨, �¸�µ�³ 

�È�°�¶�µ�ª�µ�´�¨�«�°�®�³�¹ �»�¼�¸�µ �³�¨�¾�¨�²�° �«�¨�«�¬�©�°�¯�° �±�µ�¸�¬�²�¨�Â�°�¨ �¨�½��¹ ��°�¹�Â�¬�¸�¨�²�»�¸ 

�Â�Æ�°�³�¯�¨�´, ��°�«�¸�¬ �À�¨�½�¸�°�¨�´ �«�°�¨�©�¬�º�¹ (Corona et al., 2007). �¨�³�¨�¹�¯�¨�´�¨��¬, �´�¨�Á��¬�´�¬�©�° �°�½�´�¨, 

�¸�µ�³ �È�°�¶�µ�ª�µ�´�¨�«�°�®�³�° �°�´�¹�»�²�°�´�°�¹ �«�  ̈ �ª�²�»�±�µ�®�°�¹ �«�µ�´�°�¹ �³�¨�º�¬�©�°�¹  �»�¼�¸�µ �Ã�²�°�¬� ̧

�¸�°�¹�± �¼�¨�½�º�µ�¸�¹ �Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹ ��°�«�¸�¬ �Å�¨�¸�©�° �Ä�µ�´�¨ (Pagotto et al., 2003). �¹. �«�È�°�´�¹�¨�³ 

�¨�¹�¬��¬ �¨�Á��¬�´�¨, �¸�µ�³ 50 �Ä�²�°�¹ �À�¬�³�«�¬�ª �È�°�¶�µ�ª�µ�´�¨�«�°�®�³�°�¹ �À�¬�³�¯�Æ��¬��¬�©�°�¹ �³�¨�º�¬�©�¨ �¹�»�²  

�»�¼�¸�µ �°�´�º�¬�´�¹�°�»�¸�° �Æ�«�¬�©�¨ �¿�µ��¬�²�° �³�µ�³�«�¬��´�µ 10 �Ä�²�°�¹ �ª�¨�´�³�¨��²�µ�©�¨�À�°: 50-59 �Ä�²�°�¹ 

�¨�¹�¨�±�µ�©�¸�°� �Ç�ª�»�¼�À�° �¬�¹ �³�¨�º�¬�©�¨ 24%-�¹ �À�¬�¨�«�ª�¬�´�¹, �Æ�µ�²�µ 70-79 �Ä�²�°�¹ �¨�¹�¨�±�µ�©�¸�°� 

�Ç�ª�»�¼�À�° - 55%-�¹ (Dhindsa et al., 2004), �¸�¨�Â �Æ�¬�²�¹ �»�´�«� ̈�»�Ä�¿�µ�©�«�¬�¹ �³�µ�Æ�»�Â�¬�©�À�° �Ä�µ�´�°�¹ 

�³�¨�º�¬�©�¨�¹�¨ �«�  ̈�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�¨�¹ (Cowie et al., 2011).   

�¸ . �¶�¨�¹�±�»�¨�²�°�³ �¨�¾�³�µ�¨�Á�°�´�¨, �¸�µ�³ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ �³�½�µ�´�¬ 

�¨�«�¨�³�°�¨�´�¬�©�¹ �Æ�À�°�¸�¨�« �¨�¾�¬�´�°�À�´�¬�©�¨�¯ �¹�°�³�¹�»�½�´�¬, �¸�µ�³�¬�²�°�Â, �¯�¨��°�¹ �³�Æ�¸�°�, �À�¬�°�Ã�²�¬�©�¨ 

�°�¿�µ�¹ �³�´�°�À��´�¬�²�µ��¨�´�° �¸�°�¹�±-�¼�¨�½�º�µ�¸�° �¯�¨��°�¹�»�¼�¨�²�° �«�  ̈ �¹�¨�¬�¸�¯�µ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ 

�À�¬�³�Â�°�¸�¬�©�°�¹�¨�¯��°�¹ �«�  ̈ �»�®�³�µ�« �°�´�¹�»�²�°�´�°�¹ �¸�¨�µ�«�¬�´�µ�©�°�¹ �³�µ�³�¨�º�¬�©�°�¹�¨�¯��°�¹. 

�¨�³�¨�¹�¯�¨�´�¨��¬, �´�µ�¸�³�¨�²�»�¸�° �Ä�µ�´�°�¹ �³�¨�³�¨�±�¨�Â�¬�©�À�° �¨�¹�¬�¯�° �¸�°�¹�±-�¼�¨�½�º�µ�¸�°�¹ �¨�¸�¹�¬�©�µ�©�¨ �¨�¸ 

�«�¨�¹�º�»�¸�«�¬�©�¨ (Pasquali et al., 1991; 1997). �Ç�¨�´�³�¸�¯�¬�², �¨�¹�¬��¬ �«�°�¨�©�¬�º�°�¹ �¨�¸�³�½�µ�´�¬, 

�³�¨�ª�¸�¨�³ �Å�¨�¸�©�Ä�µ�´�°�¨�´ �³�¨�³�¨�±�¨�Â�¬�©�°�¹ �Ç�ª�»�¼�¬�©�À�°, �¸�µ�³�¬�²�¯�¨�Â �ª�²�»�±�µ�®�°�¹ �Â��²�  ̈

�«�¨�¬�¸�¾��¨�¯ �«�°�¨�®�µ�½�¹�°�«�°�¹ �³�°�¾�¬�©�°�¹ �À�¬�«�¬�ª�¨�«, �¨�¾�³�µ�Á�´�«�¨, �¸�µ�³ �°�´�¹�»�²�°�´�¹ �¨�½��¹                     

in vivo �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �Ä�¨�¸�³�µ�½�³�´�°�¹ �¹�º�°�³�»�²�¨�Â�°�°�¹ �«� ,̈ �¨�³�¨��«�¸�µ�»�²�¨�«,                       
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�¹�¬�½�¹-�È�µ�¸�³�µ�´ �À�¬�³�¨�±�¨��À�°�¸�¬�©�¬�²�° �ª�²�µ�©�»�²�°�´�°�¹ (SHBG) �±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ 

�«�¨�½��¬�°�¯�¬�©�°�¹ �»�´�¨�¸�° (Pasquali et al., 1995).    

� .̈ �°�¹�°�«�µ�¸�°�³ �«�  ̈ �¯�¨�´�¨�¨��º�µ�¸�¬�©�³�¨ �«�¨�¨�«�¨�¹�º�»�¸�¬�¹, �¸�µ�³ �°�³ �¨�«�¨�³�°�¨�´�¬�©�¹, 

�¸�µ�³�¬�²�¯�¨ �¹�Æ�¬�»�²�°�¹ �³�¨�¹�°�¹ �°�´�«�¬�½�¹�° 30�±�ª/�³2-�®�¬ �³�¬�º�°�¨,  �»�®�³�µ�« �¨�¾�¬�´�°�À�´�¬�©�¨�¯ 

�°�´�¹�»�²�°�´�°�¹, �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�°�¹ �°�´�«�¬�½�¹�°�¹�¨ �«�  ̈ C-�¶�¬�¶�º�°�«�°�¹ �¹�¨�¸�Ä�³�»�´�µ�« 

�»�¼�¸�µ �³�¨�¾�¨�²�°,  �Æ�µ�²�µ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�¨�©�¨�²�° �³�¨�Á��¬�´�¬�©�²�¬�©�°, �°�³ �¨�«�¨�³�°�¨�´�¬�©�¯�¨�´  

�À�¬�«�¨�¸�¬�©�°�¯, ��°�¹�° �¹�Æ�¬�»�²�°�¹ �³�¨�¹�°�¹ �°�´�«�¬�½�¹�°�Â 30�±�ª/�³2-�®�¬ �´�¨�±�²�¬�©�°�¨ (Isidori et al., 

2000).   �±. �©�²�µ�»�°�´�³�¨ �°��¨�¸�¨�»�«�,̈ �¸�µ�³ �¹�Æ�¬�»�²�°�¹ �Â�Æ�°�³�°�¹ �ª�¨�«�¨�´�¨�Ä�°�²�¬�©�¨ �À�¬�¹�¨�Ã�²�µ�¨ 

�ª�¨��²�¬�´�¨�¹ �¨�Æ�«�¬�´�«�¬�¹ �¹�¨�¬�¸�¯�µ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�¨�©�¨�² �«�µ�´�¬�¹�¨ �«�  ̈ �°�´�¹�»�²�°�´�°�¹ 

�³�µ�³�¨�º�¬�©�»�² �«�µ�´�¬�¹ �À�µ�¸�°�¹ �±�¨��À�°�¸�®�¬ (Blouin et al., 2008).  �¯�»�³�Â�,̈ � .́ �¶�°�º�¬�²�µ�»�«�³�¨ 

�¨�Á��¬�´�¨, �¸�µ�³ �¹�Æ�¬�»�²�°�¹ �¨�ª�¬�©�»�²�¬�©�¨�¹ �¨�¸�¨��°�¯�¨�¸�° �ª�¨��²�¬�´�¨ �¨�½��¹ �¶�²�¨�®�³�¨�À�° 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�¨�¹�¨ �«�  ̈ �°�´�¹�»�²�°�´�°�¹�¨�«�³�° �³�ª�¸�Ã�´�µ�©�¬�²�µ�©�¨�¹ �À�µ�¸�°�¹ 

�»�¸�¯ �°�¬�¸�¯�±�¨��À�°�¸�®�¬ (Pitteloud et al., 2005 b). �«. �²�¨�¨�±�¹�µ�´�¬�´�³�¨ �«�  ̈ �¯�¨�´�¨�¨��º�µ�¸�¬�©�³�¨ 

�À�¬�¨�¼�¨�¹�¬�¹  �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¨�¸�³�½�µ�´�¬ �À�»�¨�Æ�´�°�¹ 1896 �³�¨�³�¨�±�¨�Â�°�¹ �³�¨�Æ�¨�¹�°�¨�¯�¬�©�²�¬�©�° 

�³�¬�º�¨�©�µ�²�»�¸ �¹�°�´�«�¸�µ�³�¯�¨� ́  �³�°�³�¨�¸�¯�¬�©�¨�À�°. �¨�¾�³�µ�Á�´�«�¨, �¸�µ�³ �³�¬�º�¨�©�µ�²�»�¸�° 

�¹�°�´�«�¸�µ�³�°�¹ �³�½�µ�´�¬ �¶�°�¸�¬�©�¹  �»�®�³�µ�« �³�µ�³�¨�º�¬�©�»�²�° �È�½�µ�´�«�¨�¯ �°�´�¹�»�²�°�´�°�¹ �«�µ�´�¬, 

�Æ�µ�²�µ �«�¨�½��¬�°�¯�¬�©�»�²�°  - �¹�¨�¬�¸�¯�µ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�µ�´�¬ (Laaksonen et al., 2003). 

�ª�¨�¸�«� ̈ �¨�³�°�¹�¨, �³. �³�»�²�¬�¸�³� ̈ �«�  ̈ �¯�¨�´�¨�¨��º�µ�¸�¬�©�³�¨ �»�Á��¬�´�¬�¹, �¸�µ�³ �³�µ�³�¨�º�¬�©�»�²�° 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° �«�  ̈ �¹�¬�½�¹-�È�µ�¸�³�µ�´ �À�¬�³�¨�±�¨��À�°�¸�¬�©�¬�²�° �ª�²�µ�©�»�²�°�´�° (SHBG)  �°�Ä��¬��¹ 

�°�´�¹�»�²�°�´�°�¹ �³�°�³�¨�¸�  ̄ �³�ª�¸�Ã�´�µ�©�¬�²�µ�©�°�¹ �³� �̈º�¬�©�¨�¹ �«�  ̈ �³�¬�º�¨�©�µ�²�»�¸�° �¹�°�´�«�¸�µ�³�°�¹ 

�¸�°�¹�±�°�¹ �À�¬�³�Â�°�¸�¬�©�¨�¹ (Muller et al., 2005).     

�¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �¨�¾�±��¬�¯�°�¹ �¯�¬�¸�¨�¶�°�¨, �¸�¨�Â �Æ�À�°�¸�¨�« �°�´�°�À�´�¬�©�¨ �¶�¸�µ�¹�º�¨�º�°�¹ 

�¹�°�³�¹�°��´�°�¹ �«�¸�µ�¹, �®�¸�«�°�¹ �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�¨�¹, �³�µ�½�³�¬�«�¬�©�¹ �ª�²�»�±�µ�®�°�¹ 

�³�¬�º�¨�©�µ�²�°�®�³�®�¬ �«� ,̈ �À�¬�¹�¨�Ã�²�µ�¨, �Æ�¬�²�¹ �»�Ä�¿�µ�©�«�¬�¹ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ 

�ª�¨�´��°�¯�¨�¸�¬�©�¨�¹. �³. �²�¨�Ç�¬�³ �¨�¾�³�µ�¨�Á�°�´�¨, �¸�µ�³ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹ �¸�°�¹�±�° 
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�¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �¨�¾�±��¬�¯�°�¹ �¯�¬�¸�¨�¶�°�°�¹ �«�¸�µ�¹ �À�¬�¨�«�ª�¬�´�¹ 1,36 (P = 0.01) �«�  ̈ �¸�µ�³ �¨�³ 

�¶�¨�Â�°�¬�´�º�¬�©�À�°  �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹ �³�¨�¾�¨�²�° �¸�°�¹�±�° �¨�¸�¹�¬�©�µ�©�¹ 1 �Ä�²�°�¹ 

�ª�¨�´�³�¨��²�µ�©�¨�À�°, �³�¨�À�°�´�¨�Â �±�°, �¸�µ�«�¬�¹�¨�Â �³�°�³�«�°�´�¨�¸�¬�µ�©�¹ �°�¹�¬�¯�° �±�µ�¼�¨�½�º�µ�¸�¬�©�°�¹ 

�±�µ�¸�¬�½�Â�°�¨, �¸�µ�³�²�¬�©�°�Â �«�¨�±�¨��À�°�¸�¬�©�»�²�°�¨ �¨�¹�¨�±�¯�¨�´, �¹�»�¹�º �Ç�¨�´�³�¸�¯�¬�²�µ�©�¨�¹�¯�¨�´ �«�  ̈

�ª�¨�´�¹�¨�±�»�¯�¸�¬�©�°�¯ �È�°�¶�¬�¸�º�¬�´�®�°�¨�¹�¯�¨�´  (Lage et al., 2007). 

 �¶�¸�µ�¹�º�¨�º�°�¹ �¹�°�³�¹�°��´�°�¹ �³�½�µ�´�¬ �°�¹�¬�¯�° �«�°�¨�©�¬�º�°�¨�´�° �¶�¨�Â�°�¬�´�º�¬�©�°�¹ �ª�¨�«�¨�¿��¨�´�°�¹�¨�¹ 

�¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �¨�¾�±��¬�¯�°�¹ �¯�¬�¸�¨�¶�°�¨�®�¬, �¸�µ�³�¬�²�¯�¨�Â �³�±�»�¸�´�¨�²�µ�©�«�´�¬�´ �°�´�¹�»�²�°�´�°�¯, 

�¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �¨�¾�±��¬�¯�°�¹ �À�¬�³�«�¬�ª �°�´�¹�»�²�°�´�®�¬ �³�µ�¯�Æ�µ��´�¨ �¯�¨�´�«�¨�¯�¨�´�µ�©�°� ̄

�°�®�¸�«�¬�©�µ�«�¨. �¨�¾�´�°�À�´�»�²�°�¹ �¹�¨�¼�»�Ã��¬�²�®�¬ �ª�¨�±�¬�¯�«�¨ �«�¨�¹�±��´�¨, �¸�µ�³  �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ 

�¨�¾�±��¬�¯�¨�¹ �»�¨�¸�¿�µ�¼�°�¯�° �®�¬�ª�¨��²�¬�´�¨ �¨�½��¹ �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�¨�®�¬ �«�  ̈

�ª�²�°�±�¬�³�°�¨�®�¬ �¶�¸�µ�¹�º�¨�º�°�¹ �¹�°�³�¹�°��´�°�¹ �³�½�µ�´�¬ �¶�¨�Â�°�¬�´�º�¬�©�À�° (Haidar et al., 2007).   

�´�¨�Á��¬�´�¬�©�° �°�½�´�¨, �¸�µ�³ �¹�¨�¹�½�¬�¹�µ �È�µ�¸�³�µ�´�¬�©�°�¹ �À�¬�Ä�¿��¬�º�¨�³ 2 �±��°�¸�°�¹ �ª�¨�´�³�¨��²�µ�©�¨�À�° 

�ª�¨�³�µ�°�Ä��°�¨ �°�´�¹�»�²�°�´�°�¹ �³�°�³�¨�¸�  ̄ �³�ª�¸�Ã�´�µ�©�¬�²�µ�©�°�¹ �«�¨�½��¬�°�¯�¬�©�¨ �°�«�°�µ�¶�¨�¯�°�»�¸�° 

�È�°�¶�µ�ª�µ�´�¨�«�µ�º�¸�µ�¶�»�²�° �È�°�¶�µ�ª�µ�´�¨�«�°�®�³�°�¹ �³�½�µ�´�¬ �¨�Æ�¨�²�ª�¨�®�¸�«�¨  �³�¨�³�¨�±�¨�Â�¬�©�À�°, �¸�¨�Â 

�¨�Æ�¹�´�¬�¹ �°�³�°�¯, �¸�µ�³ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° �¶�°�¸�«�¨�¶�°�¸ �®�¬�³�µ�½�³�¬�«�¬�©�¨�¹ �¨�Æ�«�¬�´�¹ �°�´�¹�»�²�°�´�°�¹ 

�³�ª�¸�Ã�´�µ�©�¬�²�µ�©�¨�®�¬ �«�  ̈ �¸�µ�³ �¬�¹ �³�¬�½�¨�´�°�®�³�° �¨�  ̧ �¨�¸�°�¹ �«�¨�¼�»�Ã�´�¬�©�»�²�° �µ�¸�ª�¨�´�°�®�³�°�¹  

�¨�ª�¬�©�»�²�¬�©�°�¹ (�³�¨�¯ �À�µ�¸�°�¹ �Â�Æ�°�³�µ��¨�´�° �½�¹�µ��°�²�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�¨-�ª�¨�«�¨�´�¨�Ä�°�²�¬�©�°�¹) 

�Â��²�°�²�¬�©�¨�®�¬ (Yialamas et al., 2007).        

�³�¬�µ�¸�¬ �³�Æ�¸�°�, �¨�¸�¹�¬�©�µ�©�¹ �³�µ�¹�¨�®�¸�¬�©�¨, �¸�µ�³ �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �»�±�³�¨�¸�°�¹�µ�©�¨  

�³�¬�º�¨�©�µ�²�°�®�³�°�¹ �¶�¸�µ�Â�¬�¹�°�¹ �ª�¨�»�¨�¸�¬�¹�¬�©�°�¹ �À�¬�«�¬�ª�°�¨ �«�  ̈�¨�¸�  ̈�³�°�®�¬�®�° (Chen et al., 2006). 

 �¨�³�«�¬�´�¨�«, �¨�¸ �¨�¸�°�¹ �ª�¨�³�µ�¸�°�Â�Æ�»�²�°, �¸�µ�³ �¨�¹�¬�¯�° �»�¸�¯�°�¬�¸�¯�½�³�¬�«�¬�©�¨ 

�µ�¸�³�Æ�¸�°��°�¨. �Ç. �¹�³�°�º�³� ̈ �ª�¨�³�µ�°�±��²�°�¨ �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �¨�¾�±��¬�¯�°�¹ �¯�¬�¸�¨�¶�°�°�¹ �¬�¼�¬�½�º�° 

�°�´�¹�»�²�°�´�°�¹ �«�µ�´�¬�®�¬ �¶�¸�µ�¹�º�¨�º�°�¹ �¹�°�³�¹�°��´�°�¹ �³�½�µ�´�¬ �¶�¨�Â�°�¬�´�º�¬�©�À�°. 12 �±��°�¸�°�¹ 

�ª�¨�´�³�¨��²�µ�©�¨�À�° �Ä�ª�µ�´�¨�«�µ�º�¸�µ�¶�°�´ �¸�°�²�°�®�°�´�ª �È�µ�¸�³�µ�´�°�¹�³ (GnRH) �¨�ª�µ�´�°�¹�º�¬�©�°�¯ 

�³�±�»�¸�´�¨�²�µ�©�¨�³ �³�¨�³�¨�±�¨�Â�¬�©�À�° �ª�¨�³�µ�°�Ä��°�¨ �ª�²�°�±�µ�®�°�¸�¬�©�»�²�° �È�¬�³�µ�ª�²�µ�©�°�´�°�¹ �³�¨�º�¬�©�¨  
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�«�  ̈ �°�´�¹�»�²�°�´�°�¹ �³�°�³�¨�¸�  ̄ �³�ª�¸�Ã�´�µ�©�¬�²�µ�©�°�¹ �«�  ̈HOMA �°�´�«�¬�½�¹�°�¹ �«�¨�½��¬�°�¯�¬�©�¨ (Smith 

et al., 2001).           

 �°�´�¹�»�²�°�´�°�¹ �«�µ�´�°�¹ �Â��²�°�²�¬�©�¨ �«�¨�«�¬�©�°�¯�¨�« �±�µ�¸�¬�²�°�¸�¬�©�¹ �¹�Æ�¬�»�²�°�¹ �Â�Æ�°�³�°�¹ 

�³�¨�¹�°�¹ �Â��²�°�²�¬�©�¨�¹�¯�¨�´ (Dockery et al., 2003). �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �´�¨�±�²�¬�©�µ�©�¨ �°�Ä��¬��¹ 

�È�°�¶�¬�¸�°�´�¹�»�²�°�´�¬�³�°�¨�¹, �Æ�µ�²�µ �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �¨�¾�±��¬�¯�°�¹ �¯�¬�¸�¨�¶�°�¨ �°�Ä��¬��¹ �»�®�³�µ�« 

�ª�²�»�±�µ�®�°�¹ �«�µ�´�°�¹ �³�¨�º�¬�©�¨�¹ (Nishiyama et al., 2005). �Ç. �°�¨�´�»�Á�°�¹ �±��²�¬��¨�³ �¸�µ�³�¬�²�°�Â 

85 �«�¾�¬ �ª�¸�Ã�¬�²�«�¬�©�µ�«�¨, �»�Á��¬�´�¨, �¸�µ�³ �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �¨�¾�±��¬�¯�°�¹ �¯�¬�¸�¨�¶�°�¨�®�¬ �³�¿�µ�¼ 

�¶�¨�Â�°�¬�´�º�¬�©�À�° �ª�²�»�±�µ�®�°�¹ �«�  ̈ �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�°�¹ �«�µ�´�¬ (HOMA �°�´�«�¬�½�¹�°)  

�°�³�¨�º�¬�©�¹. �¨�³ �±��²�¬��¨�À�° �¨�¹�¨�±�° �«�  ̈ �¹�Æ�¬�»�²�°�¹ �³�¨�¹�°�¹ �°�´�«�¬�½�¹�° �À�¬�®�¾�»�«�»�²�° �¨�  ̧ �°�¿�µ 

(Yannucci et al., 2006). �¹. �©�¨�¹�¨�¸�°�¨�¹ �±��²�¬��°� ̄ (�¹�¨�«�¨�Â �À�¬�®�¾�»�«�»�²�° �°�¿�µ �¨�¹�¨�±�° �«�  ̈

�¹�Æ�¬�»�²�°�¹ �³�¨�¹�°�¹ �°�´�«�¬�½�¹�°) �°�³ �¶�¨�Â�°�¬�´�º�¬�©�¹, �¸�µ�³�²�¬�©�°�Â �°�³�¿�µ�¼�¬�©�µ�«�´�¬�´ 

�¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �¨�¾�±��¬�¯�°�¹ �¯�¬�¸�¨�¶�°�¨�®�¬, �°�´�¹�»�²�°�´�°�¹ �³�´�°�À��´�¬�²�µ��´�¨�« �»�¼�¸�µ �³�¨�¾�¨�²�° 

�«�µ�´�¬ �¨�¾�¬�´�°�À�´�¨�¯ �»�®�³�µ�«, ��°�«�¸�¬ �¶�¸�µ�¹�º�¨�º�°�¹ �¹�°�³�¹�°��´�°�¨�´ �¶��̈Â�°�¬�´�º�¬�©�¹, �¸�µ�³�²�¬�©�°�Â  

�¨�  ̧ �°�³�¿�µ�¼�¬�©�µ�«�´�¬�´ �¨�«�¸�µ�ª�¬�´�¬�©�°�¹ �¨�¾�±��¬�¯�°�¹ �¯�¬�¸�¨�¶�°�¨�®�¬; �°�ª�°��¬ �À�¬�«�¬�ª�° 

�«�¨�¼�°�½�¹�°�¸�«�¨ �Ç�¨�´�³�¸�¯�¬�² �¹�¨�±�µ�´�º�¸�µ�²�µ �Ç�ª�»�¼�°�¹ �Ä�¬��¸�¬�©�À�°�Â (Basaria et al., 2006). 

 �¬�¹ �±��²�¬��¬�©�° �¨�«�¨�¹�º�»�¸�¬�©�¹, �¸�µ�³ �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �¨�¾�±��¬�¯�°�¹ �¯�¬�¸�¨�¶�°�¨, �«�  ̈ �¨�¸�  ̈

�¨�¹�¨�±�° �«�  ̈ �¹�Æ�¬�»�²�°�¹ �³�¨�¹�°�¹ �°�´�«�¬�½�¹�°, �¨�¸�°�¹ �¶�°�¸�«�¨�¶�°�¸ �¶�¨�¹�»�Æ�°�¹�³�ª�¬�©�¬�²�° �»�®�³�µ�« 

�°�´�¹�»�²�°�´�°�¹ �«�µ�´�°�¹ �³�¨�º�¬�©�¨�®�¬.       

�ª�¨�¸�«� ̈ �®�¬�³�µ�¨�¾�´�°�À�´�»�²�°�¹�¨, �¹. �©�¨�¹�¨�¸�°�¨�³ �³�¨�³�¨�±�¨�Â�¬�©�°�¹ �¹�¨�³�°��¬ �¨�¾�´�°�À�´�»�² 

�Ç�ª�»�¼�À�° �¨�¾�³�µ�¨�Á�°�´�¨ �³�¨�¾�¨�²�° �»�¨�¸�¿�µ�¼�°�¯�° �±�µ�¸�¬�²�¨�Â�°�¨ �»�®�³�µ�« �ª�²�»�±�µ�®�°�¹, 

�°�´�¹�»�²�°�´�°�¹ �«�  ̈ HOMA �°�´�«�¬�½�¹�°�¹ �«�µ�´�¬�¬�©�¹�¨ �«�  ̈ �¹�¨�¬�¸�¯�µ �«�  ̈ �¯�¨��°�¹�»�¼�¨�²�° 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�µ�´�¬�¬�©�¹ �À�µ�¸�°�¹. �°�³ �¶�¨�Â�°�¬�´�º�¬�©�°�¹ �¸�¨�µ�«�¬�´�µ�©�¨, �¸�µ�³�¬�²�¯�¨ 

�ª�²�»�±�µ�®�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�¨ �»�®�³�µ�« �°�¿�µ �•���������³�³�µ�²/�² , �À�¬�¨�«�ª�¬�´�«�¨ �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ 

�¨�¾�±��¬�¯�°�¹ �¯�¬�¸�¨�¶�°�¨�®�¬ �³�¿�µ�¼�° �¶�¸�µ�¹�º�¨�º�°�¹ �¹�°�³�¹�°��´�°�¨�´ �¶�¨�Â�°�¬�´�º�¬�©�°�¹ 44%-�¹, 

�¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �¨�¾�±��¬�¯�°�¹ �¯�¬�¸�¨�¶�°�¨�®�¬ �¨�  ̧ �³�¿�µ�¼�° �¶�¸�µ�¹�º�¨�º�°�¹ �¹�°�³�¹�°��´�°�¨�´�° 
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�¶�¨�Â�°�¬�´�º�¬�©�°�¹ - 12%-�¹, �Æ�µ�²�µ �Ç�¨�´�³�¸�¯�¬�² �Ç�ª�»�¼�°�¹ �Ä�¬��¸�¯�¨ - 11%-�¹ (Basaria et al., 

2006).             

  �¹. �À�¨�È�¨�´�°�¹ ��¨�¸�¨�»�«�°� ,̄ �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �¨�¾�±��¬�¯�°�¹ �¯�¬�¸�¨�¶�°�¨ �¨�«�¸�¬�»�² �¬�º�¨�¶�®�¬ 

(3-6 �¯��¬) �°�Ä��¬��¹ �³�¬�º�¨�©�µ�²�°�®�³�°�¹ �«�¨�¸�¾��¬��¬�©�¹, �¸�¨�Â �¨�¹�µ�Â�°�¸�¬�©�»�²�°�¨ 

�È�°�¶�¬�¸�°�´�¹�»�²�°�´�¬�³�°�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�¨�¹�¯�¨�´, �Æ�µ�²�µ �Æ�¨�´�ª�¸�Ã�²�°� �¯�¬�¸�¨�¶�°�¨�¹ (12 �¯��¬ �«�  ̈

�³�¬�º�°) �³�°��¿�¨��¨�¸�¯ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �«�  ̈ �³�¬�º�¨�©�µ�²�»�¸�° �¹�°�´�«�¸�µ�³�°�¹ 

�ª�¨�´��°�¯�¨�¸�¬�©�¨�¹�¯�¨�´  (Shahani et al., 2008).       

 �È�°�¶�µ�ª�µ�´�¨�«�°�®�³�°�¹ �«�¸�µ�¹ �³�¨�³�¨�±�¨�Â�¬�©�À�° �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°� ̄ �³�±�»�¸�´�¨�²�µ�©�¨ 

�¨�³�Â�°�¸�¬�©�¹ �°�´�¹�»�²�°�´�°�¹ �«�µ�´�¬�¹ �»�®�³�µ�«, �³�¨�ª�¸�¨�³ �¨�¹�¬��¬ �¨�³�Â�°�¸�¬�©�¹ 

�°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�¨�¹. �°�´�¹�»�²�°�´�°�¹ �³�°�³�¨�¸�  ̄ �³�µ�³�¨�º�¬�©�»�²�° �³�ª�¸�Ã�´�µ�©�¬�²�µ�©�¨ 

�³�¨�¾�¨�² �»�¨�¸�¿�µ�¼�°�¯ �±�µ�¸�¬�²�¨�Â�°�¨�À�°�¨ �¹�¨�¬�¸�¯�µ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�µ�´�¬�¹�¯�¨�´  (Marin et 

al., 1992; 1993; 1995; 1996; Pagotto et al., 2003). �³. �©�µ�°�¨�´�µ��³�¨ �¨�¹�¬��¬ �¨�Á��¬�´�¨, �¸�µ�³  

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �³�½�µ�´�¬ �°�³ �³�¨�³�¨�±�¨�Â�¬�©�¹, �¸�µ�³�²�¬�©�°�Â �¹�¨�³�° �¯��°�¹ �ª�¨�´�³�¨��²�µ�©�¨�À�° 

�°�¾�¬�©�«�´�¬�´ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�¹, �¹�¨�Ä�¿�°�¹ �³�¨�Á��¬�´�¬�©�²�¬�©�¯�¨�´ �À�¬�«�¨�¸�¬�©�°�¯ �À�¬�»�³�Â�°�¸�«�¨�¯ 

�»�®�³�µ�®�¬ �ª�²�»�±�µ�®�°�¹ �«�µ�´�¬, �Å�¨�³�°�¹ �À�¬�³�«�ª�µ�³�° �ª�²�»�±�µ�®�°�¹ �«�µ�´�¬ �«�  ̈

�ª�²�°�±�µ�®�°�¸�¬�©�»�²�° �È�¬�³�µ�ª�²�µ�©�°�´�°�¹ �«�µ�´�¬ (Boyanov et al., 2003).    

 �«. �±�¨�¶�»�¸�°�¹ �±��²�¬��°�¹ �¯�¨�´�¨�Æ�³�¨�« �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �³�±�»�¸�´�¨�²�µ�©�°�¹ �À�¬�«�¬�ª�¨�« 

�°�´�¹�»�²�°�  ́�«�¨�³�µ�±�°�«�¬�©�»�²�³�¨ �¶�¨�Â�°�¬�´�º�¬�©�³�¨ �À�¬�¨�³�Â�°�¸�¬�¹ �¯�¨��°�¨�´�¯�° �«�µ�®� ̈�¹�¨�À�»�¨�²�µ�« 7 

�¬�¸�¯�¬�»�²�°�¯  (Kapoor et al., 2006).                             

  �³. �´�¨�È�¨�¸�¹�°�³ �¨�Á��¬�´�¨, �¸�µ�³ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �Æ�¨�´�ª�¸�Ã�²�°��³�¨ �¯�¬�¸�¨�¶�°�¨�³ 

�ª�¨�¨�»�³�Ç�µ�©�¬�¹�¨ �°�´�¹�»�²�°�´�°�¹ �³�°�³�¨�¸�  ̄ �³�ª�¸�Ã�´�µ�©�¬�²�µ�©�¨ �«�  ̈ �À�¬�¨�³�Â�°�¸�¨ �¹�Æ�¬�»�²�°�¹ �Â�Æ�°�³�°�¹ 

�³�¨�¹�.̈ �¨�¹�¬��¬, �´�¨�È�¨�¸�¹�°�¹ �³�º�±�°�Â�¬�©�°�¯, �¸�¨�Â �»�¼�¸�µ �³�¨�¾�¨�²�°�¨  �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �Ä�«�¬�²�º�¨�³����

�³�°�¯ �»�¼�¸�µ �°�³�¨�º�¬�©�¹ �°�´�¹�»�²�°�´�°�¹ �³�°�³�¨�¸�  ̄ �³�ª�¸�Ã�´�µ�©�¬�²�µ�©�¨ (Naharci et al., 2007). 

�¨�³�¨�¹��¬ �¨�«�¨�¹�º�»�¸�¬�©�¹ � .́ �¶�°�º�¬�²�µ�»�«�°�¹ �«�¨�±��°�¸��¬�©�¨�Â (Pitteloud et al., 2005a,b).                                       

�¬�¹ �ª�¨�´�¹�¨�±�»�¯�¸�¬�©�°�¯ �³�´�°�À��´�¬�²�µ��¨�´�°�¨, �¸�¨�«�ª�¨� ́ �³�°�»�¯�°�¯�¬�©�¹, �¸�µ�³ �¹�¨�Å�°�¸�µ�¨ 
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�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �´�µ�¸�³�°�¹ �¨�¸�  ̈ �«�¨�©�¨�²�° �«�µ�´�°�¹ (�³�°�´�°�³�¨�²�»�¸�° �³�¨�Á��¬�´�¬�©�²�°�¹), 

�¨�¸�¨�³�¬�«, �³�¨�¾�¨�²�° �«�µ�´�°�¹ (�³�¨�½�¹�°�³�¨�²�»�¸�° �³�¨�Á��¬�´�¬�©�²�°�¹) �³�°�¾�Ä�¬��¨ (�À�¬�´�¨�¸�Á�»�´�¬�©�¨). 

 �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�¹, �ª�¨�¸�«� ̈  �°�´�¹�»�²�°�´�°�¹ �³�°�³�¨�¸�  ̄ �³�ª�¸�Ã�´�µ�©�¬�²�µ�©�¨�®�¬ �¬�¼�¬�½�º�°�¹�¨, 

�À�¬�¹�¨�Ã�²�µ�¨ �½�µ�´�«�¬�¹ �¶�°�¸�«�¨�¶�°�¸�° �ª�¨��²�¬�´�¨ �¶�¨�´�±�¸�¬�¨�¹�°�¹ �Ã-�»�Ç�¸�¬�«�¬�©�®�¬ (Morimoto et 

al.,2005). �±�¬�¸�Ã�µ�«, �´�¨�Á��¬�´�¬�©�° �°�½�´�¨, , �¸�µ�³ �±�¨�¹�º�¸�°�¸�¬�©�»�²�° �Â�Æ�µ��¬�²�¬�©�°�¹ �¶�¨�´�±�¸�¬�¨�¹�°�¹ 

�»�Ç�¸�¬�«�¬�©�À�°, �¹�º�¸�¬�¶�º�µ�®�µ�º�µ�Â�°�´�°�¯ �ª�¨�³�µ�Ä��¬�»�²�° �¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�²�° �À�¨�½�¸�°�¨�´�°  

�«�°�¨�©�¬�º�°�¹ �³�µ�«�¬�²�®�¬ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°� ̄ �¯�¬�¸�¨�¶�°�¨ �¨�Á�¬�¸�¬�©�¹ �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �¨�«�¸�¬�»�²  

�¨�¶�µ�¶�º�µ�®�¹. 

�¸�µ�ª�µ�¸�Â �¨�¾�°�´�°�À�´�¨, �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �«�¬�¼�°�Â�°�º�° �³�¯�¨��¨�  ̧ �¸�µ�²�¹  �¯�¨�³�¨�À�µ�©�¹ 

�³�¬�º�¨�©�µ�²�»�¸�° �¹�°�´�«�¸�µ�³�°�¹, �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ �«�  ̈ �°�´�¹�»�²�°� -́ 

�¸�¬�®�°�¹�º�¬�´�º�µ�©�°�¹ �¶�¨�¯�µ�ª�¬�´�¬�®�À�°; �³�¨�¹ �¨�¹�¬��¬ �³�´�°�À��´�¬�²�µ��¨�´�° �Ä��²�°�²�° �À�¬�¨�½��¹ 

�¨�«�°�¶�µ�ª�¬�´�¬�®�¹�¨ �«�  ̈ ��°�¹�Â�¬�¸�¨�²�»�¸�° �Â�Æ�°�³�°�¹ �«�¨�ª�¸�µ��¬�©�¨�À�°, �¸�¨�¹�¨�Â �³�°��¿�¨��¨�¸�¯ 

�¹�°�³�¹�»�½�´�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�¨�³�«�¬.  

��°�¹�Â�¬�¸�¨�²�»�¸�° �Â�Æ�°�³�° �¼�»�´�½�Â�°�µ�´�°�¸�¬�©�¹ �¸�µ�ª�µ�¸�Â �¬�´�«�µ�±�¸�°�´�»�²�° �µ�¸�ª�¨�´�µ, 

�¸�µ�³�¬�²�°�Â �¨�Ä�¨�¸�³�µ�¬�©�¹ �³�¸�¨��¨�² �½�¹�µ��°�²�¹�¨ �«�  ̈ �µ�¸�ª�¨�´�µ�®�¬ �³�µ�½�³�¬�« �¨�´�¯�¬�©�°�¹ 

�¹�¨�Ä�°�´�¨�¨�¾�³�«�¬�ª�µ �Â�°�º�µ�±�°�´�¬�©�¹, �¸�µ�³�²�¬�©�°�Â �®�¸�«�°�¹ �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�°�¹, 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �«�  ̈ �³�¬�º�¨�©�µ�²�»�¸�° �¹�°�´�«�¸�µ�³�°�¹ �¸�°�¹�±�¹ �«�  ̈ �¬�´�«�µ�¯�¬�²�»�¸ 

�«�°�¹�¼�»�´�½�Â�°�¨�¹. �°�¯��²�¬�©�,̈ �¸�µ�³ �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �´�¨�±�²�¬�©�µ�©�¨ �³�¯�¨��¨�¸�° �¼�¨�½�º�µ�¸�°�¨ 

�³�¸�¨��¨�²�° �¶�¨�¯�µ�²�µ�ª�°�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹�¨�¯��°�¹, �¸�µ�³�¬�²�¹�¨�Â �³�µ�°�Â�¨��¹ �³�¬�º�¨�©�µ�²�»�¸�° 

�¹�°�´�«�¸�µ�³�° �«�  ̈ �¸�µ�³�¬�²�¹�¨�Â �³�°��¿�¨��¨�¸�¯ �¹�°�¹�Æ�²�Ã�¨�¸�¾��µ��¨�´ �ª�¨�¸�¯�»�²�¬�©�¬�©�¨�³�«�¬               

(Traish et al., 2009,III).          

 �¨�³ �¶�¨�¯�µ�²�µ�ª�°�»�  ̧ �Ç�¨�Å��À�°, �±�²�°�´�°�Â�°�¹�º�¯�¨ �¨�¾�°�¨�¸�¬�©�°�¯, �³�¯�¨��¨�¸�° �¶�¸�µ�©�²�¬�³�¨ 

�³�«�ª�µ�³�¨�¸�¬�µ�©�¹ �®�¬�«�³�¬�º�° �Ä�µ�´�°�¹ �±�µ�¸�¬�½�Â�°�¨�À�°. �¹�°�³�¹�»�½�´�¬, �¬�¹ �°�¹ �³�«�ª�µ�³�¨�¸�¬�µ�©�¨�¨, 

�¸�µ�³�¬�²�°�Â �¬�¶�°�«�¬�³�°�¨�¹�¨��°�¯ ��¸�Â�¬�²�«�¬�©�¨ �ª�¨�´��°�¯�¨�¸�¬�©�»�² �«�  ̈ �ª�¨�´��°�¯�¨�¸�¬�©�¨�« 

�½��¬�¿�´�¬�©�À�°. �À�¬�¬�¸�¯�¬�©�»�² �À�º�¨�º�¬�©�À�° �³�¨�³�¨�±�¨�Â�¬�©�°�¹ 63% �«�  ̈ �½�¨�²�¬�©�°�¹ 55% 
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�Å�¨�¸�©�Ä�µ�´�°�¨�´�¨�« �°�¯��²�¬�©�.̈ �Å�¨�¸�©�Ä�µ�´�°�¨�´�¯�¨ 22%-�°�¹ �¹�Æ�¬�»�²�°�¹ �³�¨�¹�°�¹ �°�´�«�¬�½�¹�°                

30�±�ª/�³2-�®�¬ �³�¬�º�°�¨, �¨�³�¨�¹�¯�¨�´�¨��¬ �¬�¹ �À�¬�¼�¨�¸�«�¬�©�¨ �³�®�¨�¸�«�° �«�°�´��̈³�°�±�°� ̄ �Æ�¨�¹�°�¨�¯�«�¬�©�¨, 

�¸�°�¹�°  �À�¬�«�¬�ª�°�¹ �¹�¬�¸�°�µ�®�»�²�µ�©�°�¹ �ª�¨�«�¨�¼�¨�¹�¬�©�¨ �Ã�´�¬�²�°�¨ (Ogden et al., 2006). �Å�¨�¸�© 

�Ä�µ�´�¨�¹�¯�¨�´ �«�¨�±�¨��À�°�¸�¬�©�»�²�°�¨ �°�¹�¬�¯�° �«�¨�¨��¨�«�¬�©�¬�©�°, �¸�µ�ª�µ�¸�¬�©�°�Â�¨�¨ �À�¨�½�¸�°�¨�´�° 

�«�°�¨�©�¬�º�° �º�°�¶�° 2, �È�°�¶�¬�¸�º�¬�´�®�°�¨, �ª�»�² -�¹�°�¹�Æ�²�Ã�¨�¸�¾��¯�¨ �«�¨�¨��¨�«�¬�©�¨, �´�¨�¾��²�°�¹ 

�©�»�À�º�°�¹ �«�¨�®�°�¨�´�¬�©�¨, �¹�°�³�¹�°��´�¬ �«�  ̈ �¹�¨�¿�¸�«�¬�´-�³�¨�³�µ�Ã�¸�¨��¬�©�¬�²�° �¹�°�¹�º�¬�³�°�¹ �«�¨�¨��¨�«�¬�©�¨ 

(�¨�¸�¯�¸�°�º�° ). 

�®�¸�«�¨�¹�¸�»�² �Å�¨�¸�©�Ä�µ�´�°�¨�´�¯�¨ 80%-�¹ �¨�¾�¬�´�°�À�´�¬�©�¨ �Å�¨�¸�© �Ä�µ�´�¨�¹�¯�¨�´ 

�«�¨�±�¨��À�°�¸�¬�©�»�²�° �¬�¸�¯�° �«�¨�¨��¨�«�¬�©�¨ �³�¨�°�´�Â, �Æ�µ�²�µ 40%-�¹ �µ�¸�° �¨�  ́ �³�¬�º�° �«�¨�¨��¨�«�¬�©�¨ 

(Janssen et al., 2007).         

 �®�¸�«�¨�¹�¸�»�²�° �³�¨�³�¨�±�¨�Â�° �«�  ̈ �½�¨�²�° �ª�¨�´�¹�Æ��¨��«�¬�©�¨ �Â�Æ�°�³�°�¹ �¸�¬�ª�°�µ�´�¨�²�»�¸�° 

�ª�¨�«�¨�´�¨�Ä�°�²�¬�©�°�¹ �¯�¨��°�¹�¬�©�»�¸�¬�©�¬�©�°�¯ (Blouin et al., 2008).  

�³�¬�´�µ�¶�¨�»�®�¨�³�«�¬�² �½�¨�²�¬�©�À�° �Â�Æ�°�³�°�¹ �«�°�«�° �´�¨�Ä�°�²�° �ª�¸�µ��«�¬�©�¨ �³�±�¬�¸�«�À�°, 

�¯�¬�Ã�µ�¬�©�À�° �«�  ̈ �©�¨�¸�Ã�¨�¿�¬�©�À�°. �³�¨�³�¨�±�¨�Â�¬�©�À�° �±�°, �¸�µ�ª�µ�¸�Â �Ä�¬�¹�°, �³�»�Â�²�°�¹ �³�°�«�¨�³�µ�À�° 

(�±�¨�´�½��¬�À �«�  ̈ ��°�¹�Â�¬�¸�¨�²�»�¸�¨�«). �¨�³�¨�¹�¯�¨�´�¨��¬ �³�¨�³�¨�±�¨�Â�¬�©�¹, ��°�¹�Â�¬�¸�»�²�° �Â�Æ�°�³�°�¹ �»�¼�¸�µ 

�«�°�«�°  �³�¨�¸�¨�ª�° �¨�½��¯, ��°�«�¸�¬ �½�¨�²�¬�©�¹ (Wells et el., 2007). �°�½�¬�«�¨�  ́�ª�¨�³�µ�³�«�°�´�¨�¸�¬, �¸�µ�³ 

�¹�Æ�¬�»�²�°�¹ �Â�Æ�°�³�°�¹ �²�µ�±�¨�²�°�®�¨�Â�°�¨ �°�¯��²�¬�©� ̈ �³�¬�µ�¸�¨�« �¹�¨�¹�½�¬�¹�µ �´�°�À�´�¨�«, 

�À�¬�¹�¨�Ã�²�¬�©�¬�²�°�¨ ��°��¨�¸�¨�»�«�µ�,̄ �¸�µ�³ �¹�¨�¹�½�¬�¹�µ �¹�º�¬�¸�µ�°�«�¬�©�° �³�µ�´�¨�Ä�°�²�¬�µ�©�¨�¹ 

�¾�¬�©�»�²�µ�©�¬�´ �³�¨�³�¨�±�¨�Â�°�¹ �«�  ̈�½�¨�²�°�¹ �Â�Æ�°�³�µ��¨�´�° �³�¨�¸�¨�ª�°�¹ �ª�¨�«�¨�´�¨�Ä�°�²�¬�©�¨�À�°. 

 �¬�¹ �³�µ�¹�¨�®�¸�¬�©�¨ �«�¨�¹�º�»�¸�«�¬�©�¨ �°�³�°�¯, �¸�µ�³ �¹�¨�¹�½�¬�¹�µ �¹�º�¬�¸�µ�°�«�¬�©�°�¹ �«�µ�´�°�¹ 

�Â��²�°�²�¬�©�¨, �¸�¬�¶�¸�µ�«�»�½�Â�°�»�²�° �Â�Æ�µ��¸�¬�©�°�¹ �¹�Æ��¨�«�¨�¹�Æ��¨ �¬�º�¨�¶�®�¬, �¯�¨�´�Æ��¬�«�¸�¨�À�°�¨ 

�Â�Æ�°�³�°�¹ �¸�¬�ª�°�µ�´�¨�²�»�¸�° �«�¨�ª�¸�µ��¬�©�°�¹�¨ �«�  ̈ �³�µ�©�°�²�°�®�¨�Â�°�°�¹ �Â��²�°�²�¬�©�¬�©�¯�¨�´, �³�¨�À�°�´, 

�¸�µ�«�¬�¹�¨�Â �¶�»�©�¬�¸�º�¨�º�»�² �¶�¬�¸�°�µ�«�¨�³�«�¬ �ª�µ�ª�µ�¬�©�° �«�  ̈ �©�°�Å�¬�©�° �Ã�¨�²�°�¨� ́ � �̈¸  

�ª�¨�´�¹�Æ��¨��«�¬�©�°�¨�´ �Â�Æ�°�³�°�¹ �¸�¨�µ�«�¬�´�µ�©�°�¯ �«�  ̈ �³�°�¹�° �¸�¬�ª�°�µ�´�¨�²�»�¸�° �ª�¨��¸�Â�¬�²�¬�©�°�¯. 
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�¶�»�©�¬�¸�º�¨�º�»�²�° �¶�¬�¸�°�µ�«�°�«�¨�´ �±�° �ª�¨�´�¹�Æ��¨��¬�©�¬�©�° �»�±��¬ �¨�À�±�¨�¸�¨�« ��²�°�´�«�¬�©�¨ (Loomba-

Albrecht  et al., 2009; Taylor et al., 2010).  

�¹�¨�±��¬�¸�Â�Æ�°�¹ �³�°�¬� ̧ �¬�¹�º�¸�µ�ª�¬�´�°�¹ �«�  ̈ �¶�¸�µ�ª�¬�¹�º�¬�¸�µ�´�°�¹ �ª�¨�³�µ�³�»�À�¨��¬�©�¨ �°�Ä��¬��¹ 

�¹�¨�¬�¸�¯�µ �Â�Æ�°�³�°�¹ �³�¨�º�¬�©�¨�¹ �«�  ̈ �¨�¹�¬��¬ �Â�Æ�°�³�°�¹ �À�¬�¸�Á�¬��°�¯ �ª�¨�«�¨�´�¨�Ä�°�²�¬�©�¨�¹ �³�±�¬�¸�«�À�°, 

�¹�¨�Ç�«�µ�³�¹�¨ �«�  ̈ �©�¨�¸�Ã�¨�¿�¬�©�À�°. �©�°�Å�¬�©�À�° �±�°, �¶�»�©�¬�¸�º�¨�º�»�² �¶�¬�¸�°�µ�«�À�°, �¹�¨�ª�¸�Ã�´�µ�©�²�¨�« 

�°�®�¸�«�¬�©�¨ �¨�¸�¨�Â�Æ�°�³�µ��¨�´�° �³�¨�¹�,̈ �³�¨�À�°�´ �¸�µ�«�¬�¹�¨�Â  �Â�Æ�°�³�°�¹ �¹�¨�¬�¸�¯�µ �¸�¨�µ�«�¬�´�µ�©�¨ 

�¯�°�¯�½�³�°�¹ �»�Â��²�¬�²�° �¸�Á�¬�©�¨ (Loomba-Albrecht et al., 2009).    

 �¹�°�³�¹�»�½�´�¬�®�¬ �«�¨�±��°�¸��¬�©�¨�³ �¨�Á��¬�´�¨, �¸�µ�³ �Â�Æ�°�³�°�¹ �»�¶�°�¸�¨�º�¬�¹�¨�« �³�»�Â�²�°�¹ 

�³�°�«�¨�³�µ�À�° �«�¨�ª�¸�µ��¬�©�¨ �«�¨�±�¨��À�°�¸�¬�©�»�²�°�¨ �°�´�¹�»�²�°�´�«�¨�³�µ�»�±�°�«�¬�©�¬�²�° �À�¨�½�¸�°�¨�´�° 

�«�°�¨�©�¬�º�°�¹ �«�  ̈ �ª�»�² -�¹�°�¹�Æ�²�Ã�¨�¸�¾��¯�¨ �¹�°�¹�º�¬�³�°�¹ �«�¨�¨��¨�«�¬�©�¬�©�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹ 

�³�µ�³�¨�º�¬�©�»�² �¸�°�¹�±�¯�¨�,́ �¯�¨�´�¨�Â �¨�¸�  ̈ �³�Æ�µ�²�µ�« �Å�¨�¸�©�Ä�µ�´�°�¨�´�¬�©�À�°, �¨�¸�¨�³�¬�« 

�´�µ�¸�³�¨�²�»�¸�Ä�µ�´�°�¨�´�¬�©�À�°�Â  (Kannel et al., 1991).  

�³�¸�¨��¨�²�° �±��²�¬��¨ �¨�«�¨�¹�º�»�¸�¬�©�¹ �±�¨��À�°�¸�¹ �¨�©�«�µ�³�°�´�¨�²�»�¸ �ª�¨�Â�Æ�°�³�µ��´�¬�©�¨�¹�¨ �«�  ̈

�ª�»�² -�¹�°�¹�Æ�²�Ã�¨�¸�¾��¯�¨ �¹�°�¹�º�¬�³�°�¹ �«�¨�¨��¨�«�¬�©�°�¹ �°�¹�¬� ̄ �¸�°�¹�±-�¼�¨�½�º�µ�¸�¬�©�¹ �À�µ�¸�°�¹, 

�¸�µ�ª�µ�¸�°�Â�¨�¨ �È�°�¶�¬�¸�º�¬�´�®�°�¨, �«�°�¹�²�°�¶�°�«�¬�³�°�¨ (�½�µ�²�¬�¹�º�¬�¸�µ�²�°�¹, 

�º�¸�°�ª�²�°�Â�¬�¸�°�«�¬�©�°�¹, �«�¨�©�¨�²�° �¹�°�³�±��¸�°��°�¹ �²�°�¶�µ�¶��̧µ�º�¬�°�´�¬�©�°�¹ �ª�¨�®�¸�«�°�²�° �«�µ�´�¬ 

�«�  ̈ �³�¨�¾�¨�²�° �¹�°�³�±��¸�°��°�¹ �²�°�¶�µ�¶�¸�µ�º�¬�°�´�¬�©�°�¹ �«�¨�©�¨�²�° �«�µ�´�¬), �ª�²�°�±�¬�³�°�¨ 

�È�°�¶�¬�¸�°�´�¹�»�²�°�´�¬�³�°�¨�¹�¯�¨�´ �¬�¸�¯�¨�« (�Â�´�µ�©�°�²�°�¨, �¸�µ�ª�µ�¸�Â �Ä�°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�¨�³��

�¨�  ́�Ä�³�¬�º�¨�©�µ�²�»�¸�° �¹�°�´�«�¸�µ�³�°�³�����������%�M�R�U�Q�W�R�U�S���H�W���D�O�������������������&�D�U�U���H�W���D�O�������������������*�U�X�Q�G�\���H�W���D�O������

2004; Gans, 2006).         

 �ª�¨�³�Å�µ�²�° (�Ç��¨�¸�¬�«�°�´�°) �±��²�¬��¬�©�°�¹ �¹�°�¹�º�¬�³�¨�º�»�¸�³�¨ �³�°�³�µ�Æ�°�²��¨�³ �«�  ̈ �³�¬�º�-̈

�¨�´�¨�²�°�®�³�¨ �¨�Á��¬�´�¨, �¸�µ�³ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�µ�´�¬ �À�¬�¹�¨�³�Á�´�¬��¨�« �«�¨�©�¨�²�°�¨ �À�¨�½�¸�°�¨�´�° 

�«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ �³�½�µ�´�¬ �³�¨�³�¨�±�¨�Â�¬�©�À�°. �«�¨�©�¨�²�° �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �³�½�µ�´�¬ 

�³�¨�³�¨�±�¨�Â�¬�©�À�° �±�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹ �¨�²�©�¨� �̄µ�©�¨ �ª�¨�®�¸�«�°�²�°� ̈(Ding et 

al., 2006). �±��²�¬��¬�©�°�¯ �¨�¹�¬��¬ �«�¨�¹�º�»�¸�«�¬�©�¨, �¸�µ�³ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�¨�©�¨�²�° �«�µ�´�¬ 
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�³�¨�³�¨�±�¨�Â�¬�©�À�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹ �Ä�°�´�¨�¶�°�¸�µ�©�¨�¨. �¨�¸�¹�¬�©�µ�©�¹ 

�«�¨�³�¨�Ç�¬�¸�¬�©�¬�²�° �¬�¶�°�«�¬�³�°�µ�²�µ�ª�°�»�¸�° �³�º�±�°�Â�¬�©�»�²�¬�©�¬�©�°, �¸�µ�³�²�°�¹  �³�°�Æ�¬�«��°�¯�¨�Â 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�¨�©�¨�²�° �«�µ�´�¬ �Æ�¨�´�«�¨�®�³�»�² �¨�¹�¨�±�À�° �Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹  

�«�¨�³�µ�»�±�°�«�¬�©�¬�² �¸�°�¹�± �¼�¨�½�º�µ�¸�¹, �¸�µ�ª�µ�¸�Â �³�¬�º�¨�©�µ�²�»�¸�° �¹�°�´�«�¸�µ�³�°�¹ �«�  ̈ �À�¨�½�¸�°�¨�´�° 

�«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ (Stanworth et al., 2009; Traish et al., 2009,II), �¨�¹�¬��¬ �³�¨�¯�° 

�ª�¨�¸�¯�»�²�¬�©�¬�©�°�¹ -  �°�´�¹�»�²�º�°�¹�  ̈ �«�  ̈ �ª�¨�¸�«�¨�³�¨��¨�²�° �°�À�¬�³�°�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹�¨�¯��°�¹ 

(Yeap et al., 2009).  

MMAS (The Massachusetts Male Aging Study)  (Stellato et al., 2000) �«�  ̈MRFIT 

(Multiple Risk Factor Intervention Trial) (Haffner et al., 1996) �±��²�¬��¬�©�³�¨ �¨�Á��¬�´�¨, �¸�µ�³  

�¹�¨�¬�¸�¯�µ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�¨�©�¨�²�° �«�µ�´�¬ �«�  ̈  �¹�¬�½�¹-�È�µ�¸�³�µ�´ �À�¬�³�¨�±�¨��À�°�¸�¬�©�¬�²�° 

�ª�²�µ�©�»�²�°�´�° (SHBG) �«�¨�³�µ�»�±�°�«�¬�©�¬�²�° �¸�°�¹�± �¼�¨�½�º�µ�¸�°�¨ �À�»�¨ �Æ�´�°�¹ �³�¨�³�¨�±�¨�Â�¬�©�À�° - 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �³�µ�ª��°�¨�´�¬�©�°�¯ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹�¨�¯��°�¹.      

 �±�¨�²�°�¼�µ�¸�´�°�¨�À�° �Á�¨�º�¨�¸�¬�©�»�²�³�¨ �±��²�¬��¬�©�³�¨ �¨�Á��¬�´�¨ �³�´�°�À��´�¬�²�µ��¨�´�° 

�»�¨�¸�¿�µ�¼�°�¯�° �±�µ�¸�¬�²�¨�Â�°�¨ �¹�¨�¬�¸�¯�µ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �¹�¨�Ä�¿�°�¹ �«�µ�´�¬�¹�¨ �«�  ̈ �»�®�³�µ�« 

�ª�²�»�±�µ�®�°�¹ �«�µ�´�¬�¹,  �°�´�¹�»�²�°�´�°�¹ �«�µ�´�¬�¹�  ̈ �«� ,̈ �¨�¹�¬��¬, �ª�²�»�±�µ�®�µ�º�µ�²�¬�¸�¨�´�º�»�² 

�º�¬�¹�º�¹ �À�µ�¸�°�¹  (8 �Ä�²�°�¹ �«�¨�±��°�¸��¬�©�¨) (Oh et al., 2002).  �³�°�Á�´�¬�»�²�°�¨, �¸�µ�³ 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�  ̈ �¹�¬�½�¹-�È�µ�¸�³�µ�´ �À�¬�³�¨�±�¨��À�°�¸�¬�©�¬�²�° �ª�²�µ�©�»�²�°�´�°�¹ (SHBG) 

�«�¨�©�¨�²�° �«�µ�´�¬ �Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹ �³�¬�º�¨�©�µ�²�»�¸�° �¹�°�´�«�¸�µ�³�°�¹ �«�  ̈ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ 

�ª�¨�´��°�¯�¨�¸�¬�©�°�¹ �¶�¸�µ�ª�´�µ�®�¹ (Laaksonen et al., 2004; Haring et al., 2009).  

�¹�¨�°�´�º�¬�¸�¬�¹�µ�¨ �¨�¾�°�´�°�À�´�µ�¹, �¸�µ�³  MMAS-�°�¹ (The Massachusetts Male Aging 

Study)  �³�µ�´�¨�Â�¬�³�¬�©�°�¯, �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�¨�©�¨�²�° �«�µ�´�¬ �Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹ �³�¬�º�¨�©�µ�²�»�¸�° 

�¹�°�´�«�¸�µ�³�°�¹ �«�  ̈�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹ �¸�°�¹�±-�¼�¨�½�º�µ�¸�¹ �°�³ �³�¨�³�¨�±�¨�Â�¬�©�À�°, 

�¸�µ�³�² �¬�©�°�Â �¯�¨��°�«�¨�´��¬ �¨�  ̧�°�¿��´�¬�´ �Å�¨�¸�©�Ä�µ�´�°�¨�´�¬�©�° (Kupelian et al., 2006). NHANES III 

�±��²�¬��¨�³ (the Third National Health and Nutrition survey), �¸�µ�³�¬�²�À�°�Â �³�µ�´�¨�Ä�°�²�¬�µ�©�¨ 

�³�°�°�¾�µ 1413 �³�¨�³�¨�±�¨�Â�³�¨, �¸�µ�³�²�¬�©�°�Â �«�¨�¿��¬�¹ �¨�¹�¨�±�°�¹, �¸�¨�¹�°�¹, �¬�¯�´�°�±�»�¸�° 
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�Ä�¨�¸�³�µ�³�¨��²�µ�©�°�¹ �«�  ̈ �Å�¨�¸�©�° �Ä�µ�´�°�¹ �³�°�Æ�¬�«��°�¯, � �̈Á��¬�´�¨, �¸�µ�³ �°�³ �³�¨�³�¨�±�¨�Â�¬�©�¹, 

�¸�µ�³�²�¬�©�¹�¨�Â �¯�¨��°�¹�»�¼�¨�²�° �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ (�«�  ̈ �¨�¸�  ̈ �¹�¨�¬�¸�¯�µ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹) 

�«�¨�©�¨�²�° �«�µ�´�¬ �¨�¾�¬�´�°�À�´�¬�©�µ�«�¨�¯, �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹ �¸�°�¹�±�° �»�¼�¸�µ 

�³�¨�¾�¨�²�° �È�½�µ�´�«�¨�¯, ��°�«�¸�¬ �³�¨�¯, ��°�¹�¨�Â �¨�¾�¬�´�°�À�´�¬�©�µ�«�¨ �¹�°�³�¹�»�½�´�¬ (Selvin et al., 2007).  

�¬�¹ �±��²�¬��¨ �¨�³�¿�¨�¸�¬�©�¹ MMAS - �°�¹ (The Massachusetts Male Aging Study)   

�±��²�¬��°�¹ �À�¬�«�¬�ª�¬�©�¹, �¸�µ�³�²�°�¹  �¯�¨�´�¨�Æ�³�¨�«�¨�Â, �Å�¨�¸�©�° �Ä�µ�´�¨, �¯�¨��°�¹�¯�¨��¨�«, �¨�¸ 

�Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹ �¸�°�¹�±-�¼�¨�½�º�µ�¸�¹ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹�¨�¯��°�¹, �¸�¨�Â 

�»�´�°�¹�µ�´�À�°�¨ �¨��¹�º�¸�¨�²�°�¨�À�° �Á�¨�º�¨�¸�¬�©�»�² �¨�´�¨�²�µ�ª�°�»�¸�° �«�°�®�¨�°�´�°�¹  �±��²�¬��¨�¹�¯�¨�´. 

(Stellato et al., 2000; Traish et al., 2009 (II; III); Yeap et al., 2009).    

 �¹�°�³�¹�»�½�´�¬, �³�¨�¹�¯�¨� ́ �¨�¹�µ�Â�°�¸�¬�©�»�²�° �È�°�¶�¬�¸�°�´�¹�»�²�°�´�¬�³�°�°�¯, �¯�¸�ª�»�´�¨��¹ �¹�¬�½�¹- 

�È�µ�¸�³�µ�´ �À�¬�³�¨�±�¨��À�°�¸�¬�©�¬�²�° �ª�²�µ�©�»�²�°�´�°�¹ (SHBG) �¹�°�´�¯�¬�®�¹ �«�  ̈ �¨�½�¬�«�¨�´ 

�ª�¨�³�µ�³�«�°�´�¨�¸�¬ �³�µ�Â�°�¸�±�»�²�°�¸�¬ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �¸�¨�µ�«�¬�´�µ�©�¨�¹ (Kaufman et al., 2005; 

Eckel et al., 2005). �ª�¨�¸�«� ̈ �¨�³�°�¹�¨, �°�´�¹�»�²�°�´�° (Pitteloud et al., 2005a) �«�  ̈ �²�¬�¶�º�°�´�° 

(Isidori et al., 1999) �«�¨�³�¯�¸�ª�»�´��¬�²�¨�« �³�µ�½�³�¬�«�¬�©�¹ �¹�¨�¯�¬�¹�²�°�¹ �³�°�¬� ̧ �¹�º�¬�¸�µ�°�«�¬�©�°�¹ 

�Ä�¨�¸�³�µ�½�³�´�¨�®�¬ (Stamler et al., 1976). �¨�½�¬�«�¨�´ �ª�¨�³�µ�³�«�°�´�¨�¸�¬, �¹�¨�¼�»�Ã��¬�²�° �ª��¨�½��¹ 

��°�¼�°�½�¸�µ�¯, �¸�µ�³ �¹�°�³�¹�»�½�´�¬ �³�µ�Â�°�¸�±�»�²�°�¸�¬ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�¨�½��¬�°�¯�¬�©�°�¹ �³�¯�¨��¨�¸�° 

�¼�¨�½�º�µ�¸�°�¨  40 �Ä�²�¨�³�«�¬ �³�¨�³�¨�±�¨�Â�¬�©�À�°�Â �±�° (Goncharov et al., 2009; Zitzmann M., 2009; 

Mah et al., 2010).  

�¨�¾�´�°�À�´�»�²�° �³�°�³�µ�Æ�°�²��°�«�¨�´ �Â�Æ�¨�«�° �Æ�«�¬�©�¨, �¸�µ�³ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�¨�©�¨�²�° 

�«�µ�´�¬ �³�¯�¨��¨�¸�° �¼�¨�½�º�µ�¸�°�¨ �Æ�¨�´�«�¨�®�³�»�²�° �³�¨�³�¨�±�¨�Â�¬�©�°�¹ �°�¹�¬��̄° �«�¨�¨��¨�«�¬�©�°�¹ 

�¬�º�°�µ�²�µ�ª�°�¨�À�°, �¸�µ�ª�µ�¸�°�Â�¨�¨ �³�¬�º�¨�©�µ�²�»�¸�° �¹�°�´�«�¸�µ�³�° �«�  ̈�³�¨�¹�¯�¨� ́ �«�¨�±�¨��À�°�¸�¬�©�»�²�° 

�«�¨�¨��¨�«�¬�©�¬�©�°: �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �«�  ̈ �¨�¯�¬�¸�µ�¹�±�²�¬�¸�µ�®�»�²�° �«�¨�¨��¨�«�¬�©�¬�©�°. 

�¨�³�«�¬�´�¨�«, �³�¬�º�¨�©�µ�²�»�¸�° �¹�°�´�«�¸�µ�³�°�¹ �«�  ̈�³�°�¹�° �ª�¨�¸�¯�»�²�¬�©�¬�©�°�¹ - �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° 

�º�°�¶�° 2 �«�  ̈ �ª�»�² -�¹�°�¹�Æ�²�Ã�¨�¸�¾��¯�¨ �«�¨�¨��¨�«�¬�©�¬�©�° - �³�±�»�¸�´�¨�²�µ�©�¨�À�° �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ 

�Á�¨�¸�¯��°�¹  �³�°�®�¨�´�À�¬�Ä�µ�´�°�²�µ�©�°�¹ �ª�¨�´�¹�¨�®�¾��¸�¨ �¼�¸�°�¨�« �¨�½�º�»�¨�²�»�¸�° �¹�¨�±�°�¯�Æ�°�¨.  
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�³�¸�¨��¨�²�° �³�º�±�°�Â�¬�©�»�²�¬�©�°�¯ �«�¨�¹�º�»�¸�«�¬�©�¨ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�¨�«�¬�©�°�¯�° 

�ª�¨��²�¬�´�¨  ��°�¹�Â�¬�¸�¨�²�»�¸�° �Â�Æ�°�³�°�¹ �«�  ̈ �³�¬�º�¨�©�µ�²�»�¸�° �¹�°�´�«�¸�µ�³�°�¹ �¹�Æ��¨ �¬�²�¬�³�¬�´�º�¬�©�°�¹ 

�¸�¬�«�»�½�Â�°�¨�®�¬  (Jones et al., 2009).        

�Á�¨�º�¨�¸�«�¨ �±��²�¬��¨, �¹�¨�«�¨�Â  �À�¬�¸�Á�¬�»�² �°�½�´�¨  �È�°�¶�µ�ª�µ�´�¨�«�°�®�³�°�¯ �«�¨�¨��¨�«�¬�©�»�²�° 

32 �³�¨�³�¨�±�¨�Â�° �³�¬�º�¨�©�µ�²�»�¸�° �¹�°�´�«�¸�µ�³�°�  ̄�«�  ̈�¨�Æ�²�¨�« �«�¨�«�ª�¬�´�°�²�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°             

�º�°�¶�° 2-�°�¯ . �¬�¸�¯�° �Ç�ª�»�¼�°�¹ �Ä�¬��¸�¬�©�¹ (n=16) �³�Æ�µ�²�µ�« �«�°�¬�º� ̈ �«�  ̈ ��¨�¸�Ç�°�À�° 

�«�¨�¬�´�°�À�´�¨�¯, �³�¬�µ�¸�¬ �Ç�ª�»�¼�¹ (n=16) - �«�°�¬�º� ̈ �«�  ̈ ��¨�¸�Ç�°�À�° �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �ª�¬�²�¯�¨�  ́

�¬�¸�¯�¨�« (50 �³�ª. �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° �¬�¸�¯�Æ�¬�² �«�¾�¬�À�°, 52 �±��°�¸�°�¹ �³�¨�´�Ã�°�²�®�¬).  

�ª�²�»�±�µ�®�¨�®�¬ �³�µ�½�³�¬�«�° �¨�¸�Â �¬�¸�¯�° �¶�¸�¬�¶�¨�¸�¨�º�° �°�½�´�¨ �ª�¨�³�µ�¿�¬�´�¬�©�»�²�° �±��²�¬��¨�³�«�¬ �¨�  ́

�±��²�¬��°�¹ �«�¸�µ�¹. �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�¨�³�¨�º�¬�©�¨�³ �¹�¨�ª�¸�Ã�´�µ�©�²�¨�« �ª�¨�¨�»�³�Ç�µ�©�¬�¹�¨ 

�ª�²�°�±�¬�³�°�»�¸�° �³�¨�Á��¬�´�¬�©�¬�²�° �«�  ̈  �³�¬�º�¨�©�µ�²�»�¸�° �¹�°�´�«�¸�µ�³�°�¹�¯��°�¹ �«�¨�³�¨�Æ�¨�¹�°�¨�¯�¬�©�¬�²�° 

�¹�Æ��¨ �¶�¨�¸�¨�³�¬�º�¸�¬�©�°, �°�³ �Ç�ª�»�¼�¯�¨�´ �À�¬�«�¨�¸�¬�©�°�¯, �¹�¨�«�¨�Â �³�Æ�µ�²�µ�« �«�°�¬�º�¨�¹ �«�  ̈��¨�¸�Ç�°�À�¹ 

�³�°�¹�«�¬��«�´�¬�´ (Heufelder et al., 2009).        

 �¨�¹�¬��¬ �«�¨�«�ª�¬�´�°�²�°�¨, �¸�µ�³ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° �¨�³�Â�°�¸�¬�©�¹ �°�´�¹�»�²�°�´�°�¹ �«�µ�´�¬�¹ �«�  ̈

�°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�¨�¹ �Å�¨�¸�©�Ä�µ�´�°�¨�´ �³�¨�³�¨�±�¨�Â�¬�©�À�°. �µ�¸ �±��²�¬��¨�À�°, 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �Á�¨�´�¨�Â��²�¬�©�°�¯�° �¯�¬�¸�¨�¶�°�°�¹ �À�¬�³�«�¬�ª, �¹�¨�«�¨�Â �³�µ�´�¨�Ä�°�²�¬�µ�©�¨�¹ 

�°�¾�¬�©�«�´�¬�´ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹  �³�½�µ�´�¬ �«�  ̈ �È�°�¶�µ�ª�µ�´�¨�«�°�®�³�°�¯ 

�«�¨�¨��¨�«�¬�©�»�²�°  �³�¨�³�¨�±�¨�Â�¬�©�°, �¨�¾�°�´�°�À�´�¨ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹  �³�Â�°�¸�¬�«�° �ª�¨��²�¬�´�¨ 

�ª�²�°�±�¬�³�°�¨�®�¬ �¨�  ́ �¨�¹�¬�¯�° �ª�¨��²�¬�´�¨ �¹�¨�¬�¸�¯�µ�« �¨�¸ �¨�¾�°�´�°�À�´�¨ (Corrales et al., 2006). 

�¹�¨�¶�°�¸�°�¹�¶�°�¸�µ �À�¬�«�¬�ª�¬�©�° �¨�Á��¬�´�¨ �¹�Æ��¨ �±��²�¬��¨�³, �¸�µ�³�²�°�¯�¨�Â �«�¨�«�ª�°�´�«�,̈ �¸�µ�³ 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �Á�¨�´�¨�Â��²�¬�©�°�¯�³�¨ �¯�¬�¸�¨�¶�°�¨�³ �À�¬�¨�³�Â�°�¸�¨ �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�¨ �«�  ̈

�ª�¨�¨�»�³�Ç�µ�©�¬�¹�¨ �ª�²�°�±�¬�³�°�»�¸�° �³�¨�Á��¬�´�¬�©�¬�²�° �È�°�¶�µ�ª�µ�´�¨�«�°�®�³�°�¯ �«�¨�¨��¨�«�¬�©�»�² 

�¶�¨�Â�°�¬�´�º�¬�©�À�°,  �¸�µ�³�¬�²�¯�¨�Â �¨�¾�¬�´�°�À�´�¬�©�µ�«�¨�¯ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2  (Lee et al., 

2005).         
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�¨�³�¸�°�ª�¨�«, �³�°�»�Æ�¬�«�¨��¨�« �°�³�°�¹�,̈ �¸�µ�³ �¨�  ̧�¨�¸�°�¹ �Â�¨�²�¹�¨�Æ�¨ �³�º�±�°�Â�¬�©�»�²�¬�©�¬�©�° �°�³�°�¹ 

�¯�¨�µ�©�¨�®�¬, �¸�µ�³ �³�µ�Â�°�¸�±�»�²�°�¸�¬ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�µ�´�¬ �Æ�¬�²�¹ �»�Ä�¿�µ�©�¹ �ª�²�»�±�µ�®�°�¹ 

�È�µ�³�¬�µ�¹�º�¨�®�°�¹ �´�µ�¸�³�¨�²�°�®�¨�Â�°�¨�¹, �¨�¸�¹�¬�©�µ�©�¹ �±��²�¬��¬�©�°, �¸�µ�³�²�¬�©�°�Â �¨�³�º�±�°�Â�¬�©�¹, �¸�µ�³ 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°� ̄ �Á�¨�´�¨�Â��²�¬�©�°�¯�° �¯�¬�¸�¨�¶�°�¨ �«�¨�«�¬�©�°�¯ �¸�µ�²�¹  �¨�¹�¸�»�²�¬�©�¹ 

�ª�²�°�±�¬�³�°�°�¹�¨ �«�  ̈ �³�¬�º�¨�©�µ�²�»�¸�° �¶�¸�µ�Â�¬�¹�¬�©�°�¹ �±�µ�´�º�¸�µ�²�À�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ 

�«�¸�µ�¹. 

�¨�³�¨�¹�¯�¨�´�¨��¬, �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �³�µ�½�³�¬�«�¬�©�°�¹ �³�¬�½�¨�´�°�®�³�¬�©�° �Ç�¬� ̧ �±�°�«�¬� 

�ª�¨�³�µ�¹�¨�±��²�¬��°�¨. �³�°�¯ �»�¼�¸�µ, �¸�µ�³ �¸�µ�ª�µ�¸�Â �®�¬�³�µ� ̄ �¨�¾�°�´�°�À�´�¨, �´�¨��¨�¸�¨�»�«�¬��°�¨ �¨�³ 

�³�¬�½�¨�´�°�®�³�¬�©�°�¹ �±�µ�³�¶�²�¬�½�¹�»�¸�µ�©�¨. 

�¶�¨�´�±�¸�¬�¨�¹�°�¹ �±�»�´�Ã�»�²�¬�©�° �À�¬�°�Â�¨��¹ �³�°�´�°�³�»�³ 5 �¹�¨�Æ�°�¹ �»�Ç�¸�¬�«�¬�©�¹, �¸�µ�³�²�¬�©�À�°�Â  

�ª�¨�³�µ�³�»�À�¨��¬�©�»�²�° �È�µ�¸�³�µ�´�¬�©�° �¶�°�¸�«�¨�¶�°�¸ �ª�¨�«�¨�«�°�¹ �¹�°�¹�Æ�²�°�¹ �³�°�³�µ�½�Â�¬��¨�À�°. 

�³�¾�¸�¾�´�¬�²�¬�©�°�¹ �¶�¨�´�±�¸�¬�¨�¹�°�¹ �±�»�´�Ã�»�²�¬�©�° �¨�³�·�¾�¨��´�¬�©�¹ �³�¹�ª�¨��¹�¬�©�¨�¹ �¨�«�¨�³�°�¨�´�°�¹ 

�¶�¨�´�±�¸�¬�¨�¹�°�¹ �±�»�´�Ã�»�²�¬�©�¯�¨�´. �¬�¹ �³�¹�ª�¨��¹�¬�©�¨ �½�³�´�°�¹ �¹�¨�¼�»�Ã��¬�²�¹ , �¸�µ�³ �À�¨�½�¸�°�¨�´�° 

�«�°�¨�©�¬�º�°�¹ �³�µ�«�¬�²�°�¸�¬�©�¨ �ª�¨�´�Æ�µ�¸�Â�°�¬�²�«�¬�¹ �¹�Ä�µ�¸�¬�« �³�¾�¸�¾�´�¬�²�¬�©�À�°. ��°�¸�¯�¨�ª��°�¹ 

�¶�¨�´�±�¸�¬�¨�¹�°�¹ �±�»�´�Ã�»�²�¬�©�À�°, �¬�´�«�µ�±�¸�°�´�»�²�° �»�Ç�¸�¬�«�¬�©�°�¹ �¹�»�©�¹�°�«�°�¬�©�° 

�Ä�¨�¸�³�µ�«�ª�¬�´�°�²�°�¨  �À�¬�³�«�¬�ª�° �¶�¸�µ�¶�µ�¸�Â�°�°�¯ (Elayat et al., 1995): 

�x �.-�»�Ç�¸�¬�«�¬�©�°���� �¸�µ�³�²�¬�©�°�Â�� �ª�¨�³�µ�°�³�»�À�¨��¬�©�¹�� �ª�²�»�±�¨�ª�µ�´�¹���� �À�¬�¨�«�ª�¬�´�¹����

�±�»�´�Ã�»�²�µ��¨�´�°���»�Ç�¸�¬�«�¬�©�°�¹����������-�¹�� 

�x �Ã-�»�Ç�¸�¬�«�¬�©�°���� �¸�µ�³�²�¬�©�°�Â�� �ª�¨�³�µ�°�³�»�À�¨��¬�©�¹�� �°�´�¹�»�²�°�´�¹�� �«�¨�� �¨�³�°�²�°�´�¹���� �À�¬�¨�«�ª�¬�´�¹��

�»�Ç�¸�¬�«�»�²�°���¶�µ�¶�»�²�¨�Â�°�°�¹����70%-�¹�� 

�x �/-�»�Ç�¸�¬�«�¬�©�°���� �¸�µ�³�²�¬�©�°�Â�� �ª�¨�³�µ�°�³�»�À�¨��¬�©�¹�� �¹�µ�³�¨�º�µ�¹�º�¨�º�°�´�¹, �À�¬�¨�«�ª�¬�´�¹��-               

10%-�¹�� 

�x PP �»�Ç�¸�¬�«�¬�©�°�����¸�µ�³�²�¬�©�À�°�Â���ª�¨�³�µ�³�»�À�¨��«�¬�©�¨  �¶�¨�´�±�¸�¬�¨�¹�»�²�° �¶�µ�²�°�¶�¬�¶�º�°�«�°��- 

5%-�¹���� 



41 

 

�x �0-�»�Ç�¸�¬�«�¬�©�° (�¬�¼�¹�°�²�µ�´), �¸�µ�³�²�¬�©�À�°�Â�� �ª�¨�³�µ�³�»�À�¨��«�¬�©�¨ �ª�¸�¬�²�°� �́°��- �³�Æ�µ�²�µ�«              

1%-�¹�� 

�¨�³�¨�¹�¯�¨�´�¨��¬���� �»�Ç�¸�¬�«�»�²�°�� �À�¬�³�¨�«�ª�¬�´�²�µ�©�°�¹�� �³�¹�ª�¨��¹�¬�©�°�¹�� �³�°�»�Æ�¬�«�¨��¨�«����

�»�Ç�¸�¬�«�¯�¨�� �«�¨�¹�¨�Æ�¬�²�¬�©�»�²�°�� �º�°�¶�¬�©�°�¹�� �º�µ�¶�µ�ª�¸�¨�¼�°�¨�� �¶�¨�´�±�¸�¬�¨�¹�°�¹�� �±�»�´�Ã�»�²�¬�©�À�°��

�ª�¨�´�¹�Æ��¨��¬�©�»�²�°�¨�� �³�¨�À�°�´, �¸�µ�«�¬�¹�¨�Â �³�¾�¸�¾�´�¬�²�¬�©�°�¹ �±�»�´�Ã�»�²�¬�©�¹ �¨�Æ�¨�¹�°�¨�¯�¬�©�¹ 

�°�´�¹�»�²�°�´�°�¹ �Ä�¨�¸�³�µ�³�½�³�´�¬�²�° �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �»�¶�°�¸�¨�º�¬�¹�° �Â�¬�´�º�¸�¨�²�»�¸�° �ª�¨�´�²�¨�ª�¬�©�¨ �«�  ̈

�¨�²�¼�,̈ �«�¬�²�º�¨ �«�  ̈ PP �»�Ç�¸�¬�«�¬�©�°�¹ �³�Ä�°�¸�° �¶�¬�¸�°�¼�¬�¸�°�»�²�° �ª�¨�´�²�¨�ª�¬�©�¨, �¨�«�¨�³�°�¨�´�°�¹ 

�±�»�´�Ã�»�²�¬�©�À�° �.- �«�  ̈ �Ã-�»�Ç�¸�¬�«�¬�©�° �ª�¨�´�²�¨�ª�¬�©�»�²�°�¨ �¬�¸�¯�³�¨�´�¬�¯�¯�¨� ́ �¨�Æ�²�µ�¹ 

(�À�¬�Ç�ª�»�¼�»�²�¨�«) (Brissova et al., 2005; Cabrera et al., 2006). 

                              

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¶�¨�¯�µ�ª�¬�´�¬�®�°�¹�¨ �«�  ̈�¹�¨�´�µ�ª�¬�´�¬�®�°�¹ �³�¬�½�¨�´�°�®�³�¬�©�°�¹ �¯�¨�µ�©�¨�®�¬.  

�³�°�»�Æ�¬�«�¨��¨�« �°�³�°�¹�,̈ �¸�µ�³ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ �«�¸�µ�¹ 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�µ�´�°�¹ �À�¬�³�Â�°�¸�¬�©�¨ �«�¨�«�¨�¹�º�»�¸�¬�©�»�²�¨�« �°�¯��²�¬�©� ̈ (Haffner et al., 

1996; Stellato et al., 2000; Oh et al., 2002), �°�¹�¬��¬, �¸�µ�ª�µ�¸�Â �°�¹ �¼�¨�½�º�°, �¸�µ�³  �¶�¸�µ�¹�º�¨�º�°�¹ 

�¹�°�³�¹�°��´�°�¹ �³�½�µ�´�¬ �¶�¨�Â�°�¬�´�º�¬�©�À�° �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �¨�¾�±��¬�¯�°�¹ �¯�¬�¸�¨�¶�°�¨ 

�ª�µ�´�¨�«�µ�º�¸�µ�¶�»�²�° �È�µ�¸�³�µ�´�°�¹ �¨�ª�µ�´�°�¹�º�¬�©�°�¯, �°�Ä��¬��¹ �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �¼�»�´�½�Â�°�°�¹ 

�´�¨�±�²�¬�©�µ�©�¨�¹ �«�  ̈�È�°�¶�¬�¸�ª�²�°�±�¬�³�°�¨�¹ (Inaba et al., 2005) �«�  ̈�®�¸�«�°�¹ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° 

�º�°�¶�° 2-�°�¹ �¸�°�¹�±�¹ (Keating et al., 2012), �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�¬�¼�°�Â�°�º�°�¹  �¸�µ�²�°                           

�Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �«�°�¹�¼�»�´�½�Â�°�¨�À�° �»�Â�´�µ�©�° �¸�Á�¬�©�¨.   

�ª�¨�³�µ�³�«�°�´�¨�¸�¬ �°�½�¬�«�¨� ,́ �¸�µ�³ �È�°�¶�¬�¸�ª�²�°�±�¬�³�°�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�¨ �³�µ�°�¯�Æ�µ��¹                  

�Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �«�¨�®�°�¨�´�¬�©�¨�¹, �®�¬�³�µ� ̄�ª�¨�´�Æ�°�²�»�²�° �±��²�¬��¬�©�°�¹ �À�¬�«�¬�ª�¬�©�° �¹�¨�¼�»�Ã��¬�²�¹ 

�»�½�³�´�°�¹ ��¨�¸�¨�»�«�¹, �¸�µ�³ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �´�¨�±�²�¬�©�µ�©�¨ �°�Ä��¬��¹ �¨�  ́ �Æ�¬�²�¹ �»�Ä�¿�µ�©�¹                    

�Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �«�¨�®�°�¨�´�¬�©�¨�¹ �³�¨�³�¨�±�¨�Â�¬�©�À�°.     

�«�¨�«�¨�¹�º�»�¸�¬�©�»�²�°�¨, �¸�µ�³ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° �®�¬�³�µ�½�³�¬�«�¬�©�¹ �¨�´�«�¸�µ�ª�¬�´- 

�¸�¬�Â�¬�¶�º�µ�¸�¬�©�®�¬, �¸�µ�³�¬�²�¹�¨�Â �À�¬�°�Â�¨��¹ �¹�Æ��¨�«�¨�¹�Æ��¨ �µ�¸�ª�¨�´�µ�¬�©�°�¹ �»�Ç�¸�¬�«�¬�©�°�¹ 
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�³�¬�³�©�¸�¨�´�¬�©�° (Haffner et al., 1996). �¯�»  �¸�  ̈ �³�¬�½�¨�´�°�®�³�°�¯ �«�  ̈ �¸�  ̈ �¸�µ�²�¹   �¨�¹�¸�»�²�¬�©�¹ 

�¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�° �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �¼�»�´�½�Â�°�µ�´�°�¸�¬�©�¨�À�° �´�µ�¸�³�»�²�¨�«  �«�  ̈

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �´�¨�±�²�¬�©�µ�©�°�¹ �¶�°�¸�µ�©�¬�©�À�°, �ª�¨�¸�±��¬�»�²�° �¨�  ̧�¨�¸�°�¹ (Stellato et al., 2000; 

Oh et al., 2002). �¬�¹ �¹�¨�±�°�¯�Æ�° �»�¨�¾�¸�¬�¹�¨�« �³�´�°�À��´�¬�²�µ��¨�´�°�¨, �¸�¨�«�ª�¨� ́�¨�´�º�°�«�°�¨�©�¬�º�»�¸�° 

�¨�´�«�¸�µ�ª�¬�´�»�²�° �¯�¬�¸�¨�¶�°�¨, �¸�µ�³�¬�²�°�Â �¨�  ̧ �ª�¨�®�¸�«�°�¹ �¶�¸�µ�¹�º�¨�º�°�¹ �È�°�¶�¬�¸�º�¸�µ�¼�°�»�²�° 

�¶�¨�¯�µ�²�µ�ª�°�¬�©�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹ �¸�°�¹�±�¹, �À�¬�°�Ã�²�¬�©�¨ �°�½�Â�¬�¹ �¹�¨�®�µ�ª�¨�«�µ�¬�©�¸�°��° 

�Ç�¨�´�«�¨�Â��°�¹ �³�´�°�À��´�¬�²�µ��¨�´ �³�µ�´�¨�¶�µ��¸�¨�« (Oh et al., 2002). 

�¨�«�¨�³�°�¨�´�°�¹ �¶�¨�´�±�¸�¬�¨�¹�°�¹ �½�¹�µ��°�²�°�¹ �±�»�²�º�»�¸�¬�©�®�¬ �«�  ̈�°�¹�¬� ̄�Æ�¨�®�µ��¨�´ �¯�¨�ª��¬�©�®�¬ 

�Á�¨�º�¨�¸�¬�©�»�²�³�¨ �¬�½�¹�¶�¬�¸�°�³�¬�´�º�¬�©�³�¨, �¸�µ�«�¬�¹�¨�Â  �³�°�®�¨�´�³�°�³�¨�¸�¯�»�²�¨�« �°�¿�µ �À�¬�³�Â�°�¸�¬�©�»�²�° 

�Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �¸�¨�µ�«�¬�´�µ�©�¨, �»�Á��¬�´�¨, �¸�µ�³ 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° �³�µ�½�³�¬�«�¬�©�¹ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�°�¹ �¹�¨�À�»�¨�²�¬�©�°�¯, �¸�µ�³�¬�²�°�Â 

�Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹ �²�°�ª�¨�´�«-�«�¨�³�µ�±�°�«�¬�©�»�² �º�¸�¨�´�¹�±�¸�°�¼�Â�°�°�¹ �¼�¨�½�º�µ�¸�¹. �´�¨�Á��¬�´�¬�©�° �°�¿�µ, 

�¸�µ�³ �Ã-�»�Ç�¸�¬�«�¬�©�À�° �À�¬�³�Â�°�¸�¬�©�»�²�° �¸�¨�µ�«�¬�´�µ�©�°�¹ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �³�½�µ�´�¬ 

�³�¨�³�  ̧ ��°�¸�¯�¨�ª��¬�©�À�°, �°�¹�¬��¬ �¸�µ�ª�µ�¸�Â �¨�«�¨�³�°�¨�´�°�¹ �±�»�²�º�»�¸�°�¹ �À�¬�³�¯�Æ��¬��¨�À�°, �¬�¹ 

�¸�¬�Â�¬�¶�º�µ�¸�¬�©�° �³�´�°�À��´�¬�²�µ��¨�´ �¸�µ�²�¹  �¯�¨�³�¨�À�µ�©�¹ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �¶�µ�º�¬�´�Â�°�¸�¬�©�°�¹ 

�ª�¨�³�µ��²�¬�´�°�¹�¨�¯��°�¹ �ª�²�»�±�µ�®�°� ̄ �¹�º�°�³�»�²�°�¸�¬�©�»�²�° �°�´�¹�»�²�°�´�°�¹ �¹�¬�±�¸�¬�Â�°�°�¹                 

(GSIS - glucose-stimulated insulin secretion) �ª�¨�Ã�²�°�¬�¸�¬�©�°�¹�¨�¯��°�¹ (�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° 

�ª�²�»�±�µ�®�°�¹ �«�¨�©�¨�²�° �±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ �¶�°�¸�µ�©�¬�©�À�°�Â �°�Ä��¬��¹ �°�´�¹�»�²�°�´�°�¹ �°�¹�¬��̄°��¬ 

�¹�¬�±�¸�¬�Â�°�¨�¹ �¸�µ�ª�µ�¸�¹�¨�Â �ª�¨�³�µ�°�Ä��¬��«�¨ �ª�²�»�±�µ�®�°�¹ �À�¬�«�¨�¸�¬�©�°�¯ �³�¨�¾�¨�²�° 

�±�µ�´�Â�¬�´�º�¸�¨�Â�°�¬�©�°. �¬�¹ �¬�¼�¬�½�º�° �«�¨�¼�»�Ã�´�¬�©�»�²�°�¨ �Ã-�»�Ç�¸�¬�«�¬�©�À�° cAMP �±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ 

�³�¨�º�¬�©�¨�®�¬ �«�  ̈�¶�¸�µ�º�¬�°�´ �±�°�´�¨�®�¨ A-�¹ (PKA)-�¹ �¨�½�º�°��¨�Â�°�¨�®�¬, �¸�µ�³�¬�²�°�Â, �¯�¨��°�¹ �³�Æ�¸�°�, 

�®�¸�«�°�¹ GLP-1 (glucagon-like peptide-1) �¬�¼�¬�½�º�¹. �¨�³ �¨�¾�³�µ�Á�¬�´�¨�¹ �À�¬�°�Ã�²�¬�©�¨ �È�½�µ�´�«�¬�¹ 

�³�´�°�À��´�¬�²�µ��¨�´�° �±�²�°�´�°�±�»�¸�° �«�  ̈ �¼�¨�¸�³�¨�±�µ�²�µ�ª�°�»�¸�° �¾�°�¸�¬�©�»�²�¬�©�¨ �À�¨�½�¸�°�¨�´�° 

�«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ �¶�¸�¬��¬�´�Â�°�°�¹�¨�¯��°�¹ �¨�¹�¨�±�µ��¨�´ �³�¨�³�¨�±�¨�Â�¬�©�À�° (Navarro et al., 2016).  
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�®�µ�ª�°�¬�¸�¯�° �ª�¨�³�µ�±��²�¬��°�¯, �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°, �ª�¨�¸�«� ̈ �°�´�¹�»�²�°�´�°�¹ �¹�¬�±�¸�¬�Â�°�°�¹ 

�¹�º�°�³�»�²�¨�Â�°�°�¹�¨,  �¶�°�¸�«�¨�¶�°�¸ �ª�¨��²�¬�´�¨�¹ �¨�Æ�«�¬�´�¹ �Ã-�»�Ç�¸�¬�«�¬�©�®�¬ (Mauvais-Jarvis et al., 

2016). �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �«�¨�³�¯�¸�ª�»�´��¬�²�° �¯�¬�¸�¨�¶�°�°�¹ �À�¬�³�«�¬�ª ��²�°�´�«�¬�©�¨ 

�È�°�¶�¬�¸�ª�²�°�±�¬�³�°�¨ �«�  ̈ �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �¼�»�´�½�Â�°�°�¹ �«�¨�¸�¾��¬��¨, �¸�¨�Â �³�¨�¯�° �¨�¶�µ�¶�º�µ�®�°�¹ 

�ª�¨�Ã�²�°�¬�¸�¬�©�°�¯ �»�´�«�  ̈ �°�¿�µ�¹ �ª�¨�³�µ�Ä��¬�»�²�° (Inaba et al., 2005). �¨�³�¨�¹��¬ �¨�«�¨�¹�º�»�¸�¬�©�¹ �°�¹ 

�±��²�¬��¬�©�°�Â, �¹�¨�«�¨�Â  �´�¨�Á��¬�´�¬�©�°�¨ �¯�»  �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �Á�¨�´�¨�Â��²�¬�©�°�¯�° �¯�¬�¸�¨�¶�°�°� ̄

�¸�µ�ª�µ�  ̧�¨�¾�°�±��¬�¯�¬�©�¨  �¹�º�¸�¬�¶�º�µ�®�µ�º�µ�Â�°�´�°�¯ �ª�¨�³�µ�Ä��¬�»�²�° �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �¨�«�¸�¬�»�²�° 

�¨�¶�µ�¶�º�µ�®�»�¸�° �«�¨�®�°�¨�´�¬�©�¨ �±�¨�¹�º�¸�°�¸�¬�©�»�² ��°�¸�¯�¨�ª��¬�©�À�° (Morimoto et al., 2005). 

 �ª. �´�¨��¨�¸�µ �«�  ̈ �¯�¨�´�¨�¨��º�µ�¸�¬�©�° �°�±��²�¬��«�´�¬�´ �ª�²�»�±�µ�®�°�¹ �È�µ�³�¬�µ�¹�º�¨�®�¹ 12 

�±��°�¸�°�¹ �³�¨�³�  ̧ �¯�¨�ª��¬�©�À�°, �¸�µ�³�¬�²�¯�¨�Â �Ã-�»�Ç�¸�¬�«�¬�©�À�° �¨�  ̧ �½�µ�´�«�¨�¯ �¨�´�«�¸�µ�ª�¬�´-

�¸�¬�Â�¬�¶�º�µ�¸�° ���Ã�$�5�.�2-/y �Æ�¨�®�°�¹ �Â�Æ�µ��¬�²�¬�©�°). �¬�¹ �°�¹ �¨�¹�¨�±�°�¨, �¸�µ�³�¬�²�¹�¨�Â �³�µ�¹�«�¬��¹ �Â�Æ�°�³�°�¹ 

�´�¨�ª��°�¨�´�¬��° �ª�¨�´��°�¯�¨�¸�¬�©�¨ �«�  ̈ �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�¨ - �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�°�¹ 

�¹�¸�»�²�°  �¨�  ́�´�¨�Ä�°�²�µ�©�¸�°��° �«�¬�¼�°�Â�°�º�°�¹ �¼�µ�´�®�¬.  9 �±��°�¸�°�¹ �ª�¨�´�³�¨��²�µ�©�¨�À�°,  �«�°�¬�º�°�  ̄

�ª�¨�³�µ�Ä��¬�»�²�° �³�¬�º�¨�©�µ�²�»�¸�° �¹�º�¸�¬�¹�°�¹ �¶�°�¸�µ�©�¬�©�À�°, �Ã�$�5�.�2-/y �¯�¨�ª��¬�©�³�¨, �¹�¨�±�µ�´�º�¸�µ�²�µ 

�Ç�ª�»�¼�°�¹ �¯�¨�ª��¬�©�°�¹�ª�¨�´ �ª�¨�´�¹�Æ��¨��¬�©�°�¯, �ª�¨�³�µ�¨��²�°�´�¬�¹ �¸�µ�ª�µ�¸�Â �°�´�¹�»�²�°�´�°�¹ 

�±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹, �°�¹�¬ �È�°�¶�¬�¸�ª�²�°�±�¬�³�°�°�¹ �À�¬�³�Â�°�¸�¬�©�¨, �¸�µ�ª�µ�¸�Â �À�°�³�À�°�²�°�¹ �¨�¹�¬��¬ 

�³�¨�Ã�¾�¸�µ�©�°�¹ �À�¬�³�«�¬�ª. �¨�³�«�¬�´�¨�«, �«�¨�«�¨�¹�º�»�¸�«� ,̈ �¸�µ�³ �Ã-�»�Ç�¸�¬�«�¬�©�À�° �¨�´�«�¸�µ�ª�¬�´-

�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �«�¬�¼�°�Â�°�º�°�¹ �³�½�µ�´�¬ �¯�¨�ª��¬�©�° �¨��²�¬�´�¬�´ �°�´�¹�»�²�°�´�°�¹ �«�¬�¼�°�Â�°�º�°�¹ 

�º�¬�´�«�¬�´�Â�°�¨�¹, �³�¨�À�°�´, �¸�µ�«�¬�¹�¨�Â �Äwestern�³�� �«�°�¬�º�°�¹�¯��°�¹ �«�¨�³�¨�Æ�¨�¹�°�¨�¯�¬�©�¬�²�°�¨ 

�ª�²�»�±�µ�®�°� ̄ �¹�º�°�³�»�²�°�¸�¬�©�»�²�° �°�´�¹�»�²�°�´�°�¹ �¹�¬�±�¸�¬�Â�°�°�¹ (GSIS) �À�¬�³�Â�°�¸�¬�©�¨ �«�  ̈

�ª�²�»�±�µ�®�°�¹�¨�«�³�° �º�µ�²�¬�¸�¨�´�º�µ�©�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�¨, �³�°�»�Æ�¬�«�¨��¨�« �°�³�°�¹�,̈ �¸�µ�³                        

�Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �¸�¨�µ�«�¬�´�µ�©�¨ �¨�  ̧�°�Â��²�¬�©�¨ (Navarro et al., 2016).    

 �¨�¾�¹�¨�´�°�À�´�¨��°�¨, �¸�µ�³ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�°�¹ �°�´�¹�»�²�°�´�º�¸�µ�¶�»�²�° �¬�¼�¬�½�º�°  

�¨�«�¨�³�°�¨�´�°�¹ �²�¨�´�ª�¬�¸�È�¨�´�¹�°�¹ �±�»�´�Ã�»�²�¬�©�À�° ��²�°�´�«�¬�©�¨ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ 

�¼�°�®�°�µ�²�µ�ª�°�»�¸�° �±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ �À�¬�³�¯�Æ��¬��¨�À�°. �¬�¹ �¨�³�º�±�°�Â�¬�©�¹, �¸�µ�³ 
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�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° �³�´�°�À��´�¬�²�µ��¨�´�°�¨ �³�¨�³�¨�±�¨�Â�¬�©�À�° �ª�²�»�±�µ�®�°� ̄ �¹�º�°�³�»�²�°�¸�¬�©�»�²�° 

�°�´�¹�»�²�°�´�°�¹ �¹�¬�±�¸�¬�Â�°�°�¹ (GSIS) �´�µ�¸�³�°�¹ �¼�¨�¸�ª�²�¬�©�À�° �À�¬�¹�¨�´�¨�¸�Á�»�´�¬�©�²�¨�«. 

�¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �´�¨�±�²�¬�©�µ�©�¨ �±�° �°�Ä��¬��¹ �ª�²�»�±�µ�®�°� ̄ �¹�º�°�³�»�²�°�¸�¬�©�»�²�° �°�´�¹�»�²�°�´�°�¹ 

�¹�¬�±�¸�¬�Â�°�°�¹  (GSIS)  �«�¨�½��¬�°�¯�¬�©�¨�¹, �¸�¨�Â �Æ�¬�²�¹�¨�¿�¸�¬�² �¶�°�¸�µ�©�¬�©�¹ �½�³�´�°�¹ �À�¨�½�¸�°�¨�´�° 

�«�°�¨�©�¬�º�° �º �°�¶�° 2-�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹�¯��°�¹.    

�¼�¸�°�¨�« �³�´�°�À��´�¬�²�µ��¨�´�°�¨ �°�³�°�¹ �ª�¨�Â�´�µ�©�°�¬�¸�¬�©�¨, �¸�µ�³ �ª�²�»�±�µ�®�°�¹ 

�³�¬�º�¨�©�µ�²�°�®�³�®�¬ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° �ª�¨��²�¬�´�¨�¹ �¨�Æ�«�¬�´�¹  �¨�¸�  ̈ �³�Æ�µ�²�µ�« �¶�¨�´�±�¸�¬�¨�¹�°�¹                 

�Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�®�¬ �®�¬�³�µ�½�³�¬�«�¬�©�°�¯. �ª�²�»�±�µ�®�°�¹ 

�±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ �«�¨�½��¬�°�¯�¬�©�¨ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �°�´�°�¬�½�Â�°�°�¹ �À�¬�³�«�¬�ª �¨�°�Æ�¹�´�¬�©�¨ 

�°�³�°�¯�¨�Â, �¸�µ�³ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° �®�¬�³�µ�½�³�¬�«�¬�©�¹ �¾��°�Ã�²�°�¹ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�®�¬ 

�«�  ̈ �Æ�¬�²�¹ �»�Ä�¿�µ�©�¹ �È�¬�¶�¨�º�µ�Â�°�º�¬�©�À�° �°�´�¹�»�²�°� -́�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ m-RNA �¹�°�´�¯�¬�®�¹, 

�¸�µ�³�¬�²�°�Â, �¯�¨��°�¹ �³�Æ�¸�°�, �°�Ä��¬��¹ �È�¬�¶�¨�º�µ�Â�°�º�¬�©�°�¹ �³�ª�¸�Ã�´�µ�©�¬�²�µ�©�°�¹ �ª�¨�®�¸�«�¨�¹ 

�°�´�¹�»�²�°�´�°�¹ �³�°�³�¨�¸� .̄ �¨�³ �¶�°�¸�µ�©�¬�©�À�° �°�´�¹�»�²�°�´�°�¹ �³�°�´�°�³�¨�²�»�¸�° �±�µ�´�Â�¬�´�º�¸�¨�Â�°�¨�Â 

�¹�¨�±�³�¨�¸�°�¹�°�¨ �¸�µ�³ �ª�¨�°�®�¨�¸�«�µ�¹ �ª�²�»�±�µ�®�°�¹ �³�µ�Æ�³�¨�¸�¬�©�¨ �¾��°�Ã�²�°�¹ �»�Ç�¸�¬�«�¬�©�°�¹ �³�°�¬� ̧

(Kapoor et al., 2006; Sato et al., 2008).        

 �¨�¾�¹�¨�´�°�À�´�¨��°�¨, �¸�µ�³ �³�¨�³�¨�±�¨�Â�¬�©�°�¹�ª�¨�´ �ª�¨�´�¹�Æ��¨��¬�©�°�¯, �½�¨�²�¬�©�°�¹ �Ã-�»�Ç�¸�¬�«�¬�©�À�° 

�¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �«�¨�©�¨�²�° �«�µ�´�¬ � �̈¸  �Â��²�°�¹ �ª�²�»�±�µ�®�°� ̄

�¹�º�°�³�»�²�°�¸�¬�©�»�²�° �°�´�¹�»�²�°�´�°�¹ �¹�¬�±�¸�¬�Â�°�¨�¹ (GSIS). �³�°�®�¬�®�° �³�«�ª�µ�³�¨�¸�¬�µ�©�¹ �°�³�¨�À�°, 

�¸�µ�³ �³�«�¬�«� ̧ ��°�¸�¯�¨�ª��¬�©�À�° �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �±�µ�´�Â�¬�´�¸�º�¨�Â�°�¨ �À�¸�¨�º�À�° �«�  ̈ �½�¹�µ��°�²�À�° 

�°�³�¨�®�¬ �´�¨�±�²�¬�©�°�¨ ��°�«�¸�¬ �¹�¨�Å�°�¸�µ�¨ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�°�¹ �¨�½�º�°��¨�Â�°�°�¹�¯��°�¹ 

(Mauvais-Jarvis et al., 2011). �¬�¹ �³�µ�´�¨�Â�¬�³�¬�©�° �¨�«�¨�¹�º�»�¸�¬�©�¹ �¹�Æ��¨ �±��²�¬��¬�©�°�¹ �À�¬�«�¬�ª�¬�©�¹, 

�¸�µ�³�²�¬�©�°�Â �³�°�»�¯�°�¯�¬�©�¹, �¸�µ�³ �¹�Æ��¨�«�¨�¹�Æ��¨ �¹�½�¬�¹�°�¹ �µ�¸�ª�¨�´�°�®�³�°�¹ �µ�¸�ª�¨�´�µ�¬�©�À�° 

�ª�¨�´�¹�Æ��¨��¬�©�»�²�° �¸�¨�µ�«�¬�´�µ�©�°�¯�¨�¨ �Ä�¨�¸�³�µ�«�ª�¬�´�°�²�° �¨�´�¸�µ�ª�¬�´- �«�  ̈ �¬�¹�º�¸�µ�ª�¬�´- 

�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°.        
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�¸�µ�ª�µ�¸�Â �¨�¾��´�°�À�´�¬�¯, �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �³�¨�¾�¨�²�° �±�µ�´�Â�¬�´�º�¸�¨�Â�°�¨ �³�¨�³�¨�±�¨�Â�¬�©�À�° 

�±�µ�¸�¬�²�¨�Â�°�¨�À�°�¨ �°�´�¹�»�²�°�´�°�¹ �³�°�³�¨�¸�  ̄�³�µ�³�¨�º�¬�©�»�² �³�ª�¸�Ã�´�µ�©�¬�²�µ�©�¨�¹�¯�¨�´. �¨�³�¨�¹�¯�¨�´�¨��¬, 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´ 17b �¬�½��¬�³�«�¬�©�¨�¸�¬�©�¨ �¨�¸�µ�³�¨�º�°�®�¨�Â�°�¨�¹ �¬�¹�º�¸�¨�«�°�µ�²�¨�« (E2) �«�  ̈ �¬�¹ 

�¸�¬�¨�½�Â�°�¨ �³�´�°�À��´�¬�²�µ��¨�´�°�¨ �³�¨�³�¨�±�¨�Â�¬�©�À�° �¬�´�¬�¸�ª�¬�º�°�±�»�²�° �È�µ�³�¬�µ�±�°�´�¬�®�°�¹ 

�«�¨�©�¨�²�¨�´�¹�¬�©�°�¹�¨�¯��°�¹ (Navarro et al., 2015).  

�±�¨�¹�º�¸�°�¸�¬�©�»�² �³�¨�³�  ̧ �³�¾��̧¾�´�¬�²�¬�©�¹, �¸�µ�³�¬�²�¹�¨�Â �»�±�¬�¯�¬�©�«�´�¬�´ �³�¹�»�¼�¯��̈  ́

�¨�´�«�¸�µ�ª�¬�´�¹ (DHT), �¸�µ�³�¬�²�°�Â �¨�¸ �ª�¨�¸�«�¨�°�½�³�´�¬�©�¨ �¬�¹�º�¸�¨�«�°�µ�²�¨�« �¨�  ̧

�»��°�¯�¨�¸�«�¬�©�µ�«�¨�¯ �¹�°�³�¹�»�½�´�¬, �°�³ �³�¾�¸�¾�´�¬�²�¬�©�°�¹�ª�¨�´ �ª�¨�´�¹�Æ��¨��¬�©�°�¯, �¸�µ�³�¬�²�¹�¨�Â 

�»�±�¬�¯�¬�©�«�´�¬�´ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�¹. �¬�¹ �³�°�»�¯�°�¯�¬�©�¹ �°�³�¨�¹, �¸�µ�³ �Â�Æ�°�³�°�¹ �«�¨�ª�¸�µ��¬�©�¨ 

�±�¨�¹�º�¸�¨�Â�°�°�¹ �À�¬�³�«�¬�ª �ª�¨�³�µ�Ä��¬�»�²�°�¨  �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �ª�¨�¸�«�¨�½�³�´�°�¯ �¬�¹�º�¸�¨�«�°�µ�²�¨�«, 

�¸�µ�³�¬�²�°�Â �»�±��¬ �ª�¨��²�¬�´�¨�¹ �¨�Æ�«�¬�´�¹ �¬�¹�º�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�®�¬. �¬�¹ �«�¨�±��°�¸��¬�©�¨ 

�¬�¯�¨�´�Æ�³�¬�©�¨ �¨�²�µ�½�¹�¨�´�°�¯ �ª�¨�³�µ�Ä��¬�»�² �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �³�µ�«�¬�²�°�¹ �±��²�¬��°�¹�¨�¹ 

�³�°�¾�¬�©�»�² �³�µ�´�¨�Â�¬�³�¬�©�¹, �¸�µ�³�²�°�¹  �¯�¨�´�¨�Æ�³�¨�«�¨�Â �¬�¹�º�¸�¨�«�°�µ�²�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ 

�³�¨�º�¬�©�°�¹ �¶�¨�¸�¨�²�¬�²�»�¸�¨�« �±�²�¬�©�»�²�µ�©�¹ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�¨ (Hayes et 

al., 2000; Hayes et al., 2001).  

Wistar-�°�¹ �Ç�°�À�°�¹ �³�¨�³�  ̧ ��°�¸�¯�¨�ª��¬�©�À�° �¨�²�µ�½�¹�¨�´�°�¹ 200 �³�ª/�±�ª 

�°�´�º�¸�¨�¶�¬�¸�°�º�µ�´�¬�¨�²�»�¸�° �°�´�°�¬�½�Â�°�°�¹ �À�¬�³�«�¬�ª (Latsabidze et al., 2016), �°�¹�¬��¬ �¸�µ�ª�µ�¸�Â 

Sprague-Dawley �Ç�°�À�°�¹ �³�«�¬�«� ̧ ��°�¸�¯�¨�ª��¬�©�À�° �¹�º�¸�¬�¶�º�µ�®�µ�º�µ�Â�°�´�°�¹ 50 �³�² /�²  

�°�´�º�¸�¨�¶�¬�¸�°�º�µ�´�¬�¨�²�»�¸�° �°�´�°�¬�½�Â�°�°�¹ �À�¬�³�«�¬�ª, �´�¨�´�¨�Æ�° �°�½�´�¨ �´�¬�±�¸�µ�®�»�²�°                                 

�Ã-�»�Ç�¸�¬�«�¬�©�°. �´�¨�±�²�¬�©�° �°�´�º�¬�´�¹�°��µ�©�°�¹ �«�¨�®�°�¨�´�¬�©�¨ �°�½�´�¨ �´�¨�´�¨�Æ�° �¾��°�Ã�²�°�¹ �«�  ̈

�¯�°�¸�±�³�¬�²�°�¹ �³�°�²�¨�±�¬�©�°�¹ �¬�¶�°�¯�¬�²�»� ̧ �»�Ç�¸�¬�«�¬�©�À�°. �¨�³�¸�°�ª�¨�«, �«�¨�«�¨�¹�º�»�¸�¬�©�»�²�°�¨, 

�¸�µ�³  �¨�²�µ�½�¹�¨�´�°�¹ �«�  ̈ �¹�º�¸ �¬�¶�º�µ�®�µ�º�µ�Â�°�´�°�¹ �°�´�°�¬�½�Â�°�¨ �³�µ�®�¸�«�°�² ��°�¸�¯�¨�ª��¬�©�À�° 

�°�Ä��¬��¹  �³�Ã�°�³�¬ �«�  ̈�À�¬�»�½�Â�¬��¨�« �À�¨�½�¸�°�¨�´ �«�°�¨�©�¬�º�¹, �¸�µ�³�¬�²�°�Â �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 

1-�°�¹ �³�¹�ª�¨��¹�°�¨ (Portha et al., 1974; Wilson et al., 1990; Haligur et al., 2012).  
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�Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �±��«�µ�³�¨, �¸�µ�³�¬�²�°�Â �À�¬�°�Ã�²�¬�©�¨ �ª�¨�³�µ�Æ�¨�º�»�²�° �°�¿�µ�¹ �´�¬�±�¸�µ�®�°�  ̄

�¨�  ́�±�¨�¹�¶�¨�® (caspase) �«�¨�³�µ�±�°�«�¬�©�»�²�° �¨�¶�µ�¶�º�µ�®�°�¯, �Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹  �¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�²�° 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¹�¨�©�µ�²�µ�µ �¹�º�¨�«�°�¨�¹, �¸�¨�Â �¯�¨�´�Æ��¬�«�¸�¨�À�°�¨ �ª�²�»�±�µ�®�°�¹ 

�³�¬�º�¨�©�µ�²�°�®�³�°�¹ �³�´�°�À��´�¬�²�µ��¨�´�° �³�µ�À�²�¨�¹�¯�¨�  ́ (Haligur et al., 2012).   

 �Â�´�µ�©�°�²�°�¨, �¸�µ�³ �°�´�¹�»�²�°�´�¹ �«�  ̈ �ª�²�»�±�¨�ª�µ�´�¹ �¹�¨�¶�°�¸�°�¹�¶�°�¸�µ �³�µ�½�³�¬�«�¬�©�¨ �¨�½��¹ 

�ª�²�»�±�µ�®�°�¹ �È�µ�³�¬�µ�¹�º�¨�®�®�¬ �¾��°�Ã�²�À�°. �°�´�¹�»�²�°�´�°�¹ �«�¨�©�¨�²�° �«�µ�´�¬ �«�  ̈ �ª�²�»�±�¨�ª�µ�´�°�¹ 

�³�¨�¾�¨�²�° �«�µ�´�¬ �À�°�³�À�°�²�°�¹ �«�¸�µ�¹ �¾��°�Ã�²�À�° �°�Ä��¬��¹ �ª�²�»�±�µ�´�¬�µ�ª�¬�´�¬�®�¹ �«�  ̈

�ª�²�°�±�µ�ª�¬�´�µ�²�°�®�¹, �¸�¨�Â �Æ�¬�²�¹ �»�À�²�°�¹ �È�°�¶�µ�ª�²�°�±�¬�³�°�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�¨�¹. �¨�³�ª��¨�¸�¨�«, 

�»�®�³�µ�« �ª�²�»�±�µ�®�°�¹ �«�µ�´�¬ �ª�¨�´�°�¹�¨�®�¾��¸�¬�©�¨ �¾��°�Ã�²�°�¹ �³�°�¬� ̧ �ª�¬�´�¬�¸�°�¸�¬�©�»�²�° 

�ª�²�»�±�µ�®�°�¹ �«�µ�´�°�¹ �³�°�Æ�¬�«��°�¯. �Å�¨�³�°�¹ �À�¬�³�«�¬�ª �ª�²�»�±�µ�®�¨ �³�¯�¨��¨�¸�° �¼�¨�½�º�µ�¸�°�¨, 

�¸�µ�³�¬�²�°�Â  �¨�¹�º�°�³�»�²�°�¸�¬�©�¹ �¶�¨�´�±�¸�¬�¨�¹�°�¹ �Ã-�»�Ç�¸�¬�«�¬�©�À�° �°�´�¹�»�²�°�´�°�¹ �¹�°�´�¯�¬�®�¹ �«�  ̈

�¹�¬�±�¸�¬�Â�°�¨�¹. �¹�°�´�¯�¬�®�°�¸�¬�©�»�²�° �°�´�¹�»�²�°�´�° �»�¸�¯�°�¬�¸�¯�½�³�¬�«�¬�©�¹ �¶�¬�¸�°�¼�¬�¸�°�»�²�° 

�½�¹�µ��°�²�¬�©�°�¹ �°�´�¹�»�²�°� -́�¸�¬�Â�¬�¶�º�µ�¸�¬�©�¯�¨�´ (�Á�µ�´�Á�Æ�°�¹ �±�»�´�¯�¬�©�° �«�  ̈ �Â�Æ�°�³�µ��¨�´�° 

�½�¹�µ��°�²�°), �°�Ä��¬��¹ �º�¸�¨�´�¹�³�¬�³�©�¸�¨�´�»�² �«�  ̈�»�Ç�¸�¬�«�À�°�ª�¨ �¸�¬�¨�½�Â�°�¬�©�¹, �¸�¨�Â �Æ�¬�²�¹ �»�Ä�¿�µ�©�¹ 

�ª�²�»�±�µ�®�°�¹ �À�¯�¨�´�¯�½�³�¨�¹ �«�  ̈ �ª�²�»�±�µ�®�°�¹ �»�º�°�²�°�®�¨�Â�°�¨�¹ �¹�¨�±��¬�©�°�¹ �³�°�¾�¬�©�°�¹ �À�¬�³�«�¬�ª, 

�¸�°�¯�¨�Â �°�´�¨�¸�Á�»�´�¬�©�¹ �ª�²�»�±�µ�®�°�¹ �È�µ�³�¬�µ�¹�º�¨�®�¹ (Rovira-Llopis et al., 2017).  

 �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 1-�°�¹ �«�¸�µ�¹, �¶�¨�´�±�¸�¬�¨�¹�°�¹ �±�»�´�Ã�»�²�¬�©�°�¹ 

�«�¨�®�°�¨�´�¬�©�»�²�° �Ã-�»�Ç�¸�¬�«�¬�©�° �¨�¾�¨�¸ �¨�Æ�«�¬�´�¹ �°�´�¹�»�²�°�´�°�¹ �¹�°�´�¯�¬�®�¹ �«�  ̈ �¹�¬�±�¸�¬�Â�°�¨�¹. 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ �«�¸�µ�¹ �±�°���� �Ã-�»�Ç�¸�¬�«�¬�©�° �±�¨�¸�ª�¨��¹ �»�´�¨�¸�¹ 

�¨�«�¬�±��¨�º�»�¸�¨�« �»�¶�¨�¹�»�Æ�µ�´ �ª�¨�®�¸�«�°�² �¶�¬�¸�°�¼�¬�¸�°�»�² �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�¨�¹. 

�¹�°�¹�Æ�²�À�° �ª�²�»�±�µ�®�°�¹ �³�µ�³�¨�º�¬�©�»�²�° �¸�¨�µ�«�¬�´�µ�©�¨ �Æ�¬�²�¹ �»�Ä�¿�µ�©�¹ �¶�¸�µ-�¨�´�¯�¬�©�°�¯�° 

�Â�°�º�µ�±�°�´�¬�©�°�¹ �¹�¬�±�¸�¬�Â�°�¨�¹ �Ã-�»�Ç�¸�¬�«�¬�©�°�«�¨�´, �¸�¨�Â �°�Ä��¬��¹ �³�µ�´�µ�´�»�±�²�¬�»�¸�° 

�»�Ç�¸�¬�«�¬�©�°�¹ �¨�½�º�°��¨�Â�°�¨�¹ �«�  ̈ �¨�«�ª�°�²�µ�©�¸�°��¨�« �Â�°�º�µ�±�°�´�¬�©�°�¹ �¶�¸�µ�«�»�½�Â�°�°�¹ �±�°�«�¬� 

�»�¼�¸�µ �ª�¨�®�¸�«�¨�¹. �¬�¹ �¨�´�¯�¬�©�°�¯�° �¸�¬�¨�½�Â�°�¨  �°�Ä��¬��¹ �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �À�¬�³�«�ª�µ�³ 

�«�¨�®�°�¨�´�¬�©�¨�¹.  
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�¨�³�ª��¨�¸�¨�«, �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°  �±�µ�³�¶�²�¬�½�¹�»�¸�° �³�¬�º�¨�©�µ�²�»�¸�°  �«�¨�¸�¾��¬��¨�¨, 

�¸�µ�³�¬�²�°�Â �Æ�¨�¹�°�¨�¯�«�¬�©�¨ �°�´�¹�»�²�°�´�°�¹ �¶�¸�µ�«�»�½�Â�°�°�¹�¨ �«�  ̈�¹�¬�±�¸�¬�Â�°�°�¹ �À�¬�³�Â�°�¸�¬�©�°�¯, �¸�¨�Â 

�¨�°�¹�¨�Æ�¬�©�¨ �³�¸�¨��¨�²�° �»�Ç�¸�¬�«�°�¹ �¼�»�´�½�Â�°�µ�´�°�¸�¬�©�¨�®�¬. �®�µ�ª�°�¬�¸� ̄ �À�¬�³�¯�Æ��¬��¨�À�° 

�ª�²�»�±�¨�ª�µ�´�°�¹ �ª�¨�®�¸�«�°�²�° �±�µ�´�Â�¬�´�º�¸�¨�Â�°�  ̈ �Æ�¬�²�¹ �»�Ä�¿�µ�©�¹  �È�°�¶�¬�¸�ª�²�°�±�¬�³�°�°�¹ 

�¹�º�¨�©�°�²�°�®�¨�Â�°�¨�¹. �³�¨�ª�¸�¨�³, �ª�¨�¸�«� ̈ �½�¸�µ�´�°�±�»�²�° �È�°�¶�¬�¸�ª�²�°�±�¬�³�°�°�¹�¨, �À�¨�½�¸�°�¨�´�° 

�«�°�¨�©�¬�º�° �Æ�¨�¹�°�¨�¯�«�¬�©�¨ �´�¨�Æ�À�°�¸�Ä�¿�²�¬�©�°�¹, �Â�Æ�°�³�°�¹ �«�  ̈ �Â�°�²�¬�©�°�¹ �³�¬�º�¨�©�µ�²�°�®�³�°�¹ 

�«�¨�¸�¾��¬��°�¯, �¸�¨�Â �ª�¨�³�µ�Ä��¬�»�²�°�¨ �°�´�¹�»�²�°�´�°�¹ �¹�¬�±�¸�¬�Â�°�°�¹ �«�¬�¼�°�Â�°�º�°�¯ �«� /̈�¨�  ́ �³�°�¹�° 

�³�µ�½�³�¬�«�¬�©�°�¹ �³�¬�½�¨�´�°�®�³�°�¹ �«�¨�®�°�¨�´�¬�©�°�¯. �«�¨�¨��¨�«�¬�©�¨ �¨�«�¸�¬�»�² �¹�º�¨�«�°�¨�®�¬ �¿��¬�²�¨�®�¬ 

�Æ�À�°�¸�¨�« �À�¬�°�Ã�²�¬�©�¨ �ª�¨�³�µ��²�°�´�«�¬�¹  �ª�²�»�±�µ�®�°�¹�¨�«�³�° �º�µ�²�¬�¸�¨�´�º�µ�©�°�¹ �«�¨�¸�¾��¬��°�¯. 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �°�Ä��¬��¹ �ª�¸�Ã�¬�²��¨�«�°�¨�´ �«�¨�®�°�¨�´�¬�©�¬�©�¹, �³�¸�¨��¨�²�° �µ�¸�ª�¨�´�µ�¹ 

�«�¨�®�°�¨�´�¬�©�¨�¹ �«�  ̈ �«�°�¹�¼�»�´�½�Â�°�¨�¹,  �¸�µ�³�¬�²�¯�¨ �À�µ�¸�°�¹�¨�Â, �¸�µ�ª�µ�¸�Â �®�¬�³�µ� ̄ �¨�¾�°�´�°�À�´�¨ 

�ª�¨�´�¹�¨�±�»�¯�¸�¬�©�°�¯ �³�´�°�À��´�¬�²�µ��¨�´�°�¨ �¯��¨�²�¬�©�°�¹, �¯�°�¸�±�³�¬�²�¬�©�°�¹, �¾��°�Ã�²�°�¹, �ª�»�²�°�¹ �«�  ̈

�¹�°�¹�Æ�²�Ã�¨�¸�¾��¬�©�°�¹ �«�¨�®�°�¨�´�¬�©�¨ (Bennett  P.H. and Knowler W.C., 2005). �À�¨�½�¸�°�¨�´�° 

�«�°�¨�©�¬�º�°�¹  �«�¸�µ�¹ �µ�¸�ª�¨�´�µ�¯� ̈ �«�¨�®�°�¨�´�¬�©�°�¹ �¶�¨�¯�µ�ª�¬�´�¬�®�À�°  �³�¸�¨��¨�²�° �¼�¨�½�º�µ�¸�°  

�³�µ�´�¨�Ä�°�²�¬�µ�©�¹ (Cheville N. F., 2009), �³�°�¯ �»�¼�¸�µ, �¯�»  �ª�¨��°�¯��¨�²�°�¹�Ä�°�´�¬�©�¯, �¸�µ�³ 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �«�¸�µ�¹ �®�°�¨�´�«�¬�©�¨ �¸�µ�ª�µ�¸�Â �ª�²�»�±�µ�®�°�¹ 

�°�´�¹�»�²�°�´�«�¨�³�µ�±�°�«�¬�©�»�²�° �º�¸ �¨�´�¹�¶�µ�¸�º�°�¹ (�³�¨�ª. �±�»�´�¯�µ��¨�´�° �½�¹�µ��°�²�°), �°�¹�¬ 

�°�´�¹�»�²�°�´�«�¨�³�µ�»�±�°�«�¬�©�¬�²�° �º�¸�¨�´�¹�¶�µ�¸�º�°�¹ �µ�¸�ª�¨�´�µ�¬�©�°.  

�°�³�°�¹ �ª�¨�³�µ, �¸�µ�³ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �±�µ�³�¶�²�¬�½�¹�»�¸�° �«�¨�¨��¨�«�¬�©�¨�¨ �«�  ̈ �°�Ä��¬��¹ 

�³�¸�¨��¨�²�° �µ�¸�ª�¨�´�µ�¹ �»�Ç�¸�¬�«�»�² �«�¨�®�°�¨�´�¬�©�¨�¹, �³�°�¹�° �¶�¨�¯�µ�ª�¬�´�¬�®�»�¸�° �³�¬�½�¨�´�°�®�³�¬�©�° 

�¹�¨��¨�¸�¨�»�«�µ�« �°�´�º�¬�¸�¨�½�º�°�»�¸�°�¨. �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �«�¸�µ�¹ �¶�¨�´�±�¸�¬�¨�¹�°�¹ 

�±�»�´�Ã�»�²�¬�©�°�¹ �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �«�¨�®�°�¨�´�¬�©�°�¹ �³�¬�½�¨�´�°�®�³�¬�©�°�¹ �±��²�¬��¨ �«�¾�¬�¹�¨�Â 

�¨�½�º�»�¨�²�»�¸�°�¨. �¬�¸�¯-�¬�¸�¯ �³�´�°�À��´�¬�²�µ��¨�´ �³�¬�½�¨�´�°�®�³�¨�«�¨�¨ �³�°�Á�´�¬�»�²�° 

�±�¨�¹�¶�¨�®�«�¨�³�µ�±�°�«�¬�©�»�²�° �¨�¶�µ�¶�º�µ�®�°�¹ �³�¬�½�¨�´�°�®�³�°. �±�¨�¹�¶�¨�®�¨ (caspase) �Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹ 

�Â�°�¹�º�¬�°�´ �¶�¸�µ�º�¬�¨�®�°�¹ �´�¨�Ä�°�²�¹, �¸�µ�³�¬�²�°�Â �Ã�°�¸�°�¯�¨�«�¨�« �Á�¨�¸�¯�»�²�°�  ̈ �¨�¶�µ�¶�º�µ�®�°�¹ 
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�¶�¸�µ�Â�¬�¹�°�¹ �¹�¨�Ä�¿�°�¹ �¬�º�¨�¶�®�¬ (Thornberry N.A. and Lazebnik Y., 1998). �¿��¬�²�¨�®�¬ 

�Ä�¬�¼�¬�½�º�»�¸�°�¨�³�� �&�D�V�S�D�V�H-3, �¸�µ�³�¬�²�°�Â �Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹  �³�´�°�À��´�¬�²�µ��¨�´ �¶�¸�µ�º�¬�¨�®�¨�¹, 

�¸�µ�³�¬�²�°�Â �Ä�¯�°�À�¨��¹�³�� �³�¸�¨��¨�²�° �»�Ç�¸�¬�«�»�²�° �¹�»�©�¹�º�¸�¨�º�°�¹, �¨�¹�¬��¬ �«�´�³-�°�¹ 

�¨�¾�«�ª�¬�´�¨�¹�¯�¨�´ �«�  ̈ �¸�¬�ª�»�²�¨�Â�°�¨�¹�¯�¨�´ �«�¨�±�¨��À�°�¸�¬�©�»�² �±�µ�³�¶�µ�´�¬�´�º�¬�©�°�¹ 

�»�¸�¯�°�¬�¸�¯�µ�©�¨�¹, �¸�°�¯�¨�Â �°�Ä��¬��¹ �»�Ç�¸�¬�«�°�¹ �Ä�«�¨�¶�¸�µ�ª�¸�¨�³�¬�©�»�²�³  �¹�°�±��«�°�²�¹ (Woo et 

al., 1998; Zhang et al., 2005). �»�Ç�¸�¬�«�¬�©�°�¹ �«�¨�®�°�¨�´�¬�©�¨�À�° �¨�¹�¬��¬ �³�´�°�À��´�¬�²�µ��¨�´ �¸�µ�²�¹  

�¯�¨�³�¨�À�µ�©�¬�´ �Â�°�±�²�µ�µ�½�¹�°�ª�¬�´�¨�®�¨�¹  �¬�´�®�°�³�¬�©�°. �¨�¸�¹�¬�©�µ�©�¹ �¹�¨�³�° �¹�Æ��¨�«�¨�¹�Æ��¨ COX  

�¬�´�®�°�³�°, �¸�µ�³�²�¬�©�°�Â �Â�´�µ�©�°�²�°�¨ �¸�µ�ª�µ�¸�Â COX-1, COX-2 �«�  ̈ COX-3. �¬�¹ �¬�´�®�°�³�¬�©�° 

�¶�¨�¹�»�Æ�°�¹�³�ª�¬�©�¬�²�°�¨ �°�¹�¬�¯�° �¶�¸�µ�¹�º�¨�´�µ�°�«�¬�©�°�¹ (�³�´�°�À��´�¬�²�µ��¨�´�° �©�°�µ�²�µ�ª�°�»�¸�° 

�À�»�¨�³�¨��²�¬�©�°�¹)  �À�¬�½�³�´�¨�®�¬, �¸�µ�ª�µ�¸�°�Â�¨�¨ �¶�¸�µ�¹�º�¨�ª�²�¨�´�«�°�´�¬�©�°, �¶�¸�µ�¹�º�¨�Â�°�±�²�°�´�° �«�  ̈

�¯�¸�µ�³�©�µ�½�¹�¨�´�°. COX-�°�¹ �¼�¨�¸�³�¨�±�µ�²�µ�ª�°�»�¸ �°�´�È�°�©�°�¸�¬�©�¨�¹ �À�¬�»�Ã�²�°�¨ �¨�´�¯�¬�©�°�¹ �«�  ̈

�º�±�°��°�²�°�¹ �¹�°�³�¶�º�µ�³�¬�©�°�¹ �À�¬�³�¹�»�©�»�½�¬�©�¨ (Morita I., 2002).  

�¶�°�¸�«�¨�¶�°�¸�° �³�º�±�°�Â�¬�©�»�²�¬�©�¬�©�° �°�³�°�¹�,̈ �¸�µ�³ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �«�¸�µ�¹ 

�Â�°�º�µ�¶�²�¨�®�³�»�¸�° Ca2+ �°�Ä��¬��¹ �°�´�¹�»�²�°�´�°�¹ �ª�¸�¨�´�»�²�¬�©�°�¹ �¬�ª�®�µ�Â�°�º�µ�®�¹, 

�«�¨�«�¨�¹�º�»�¸�¬�©�»�² �°�½�´�¨ �Ã-�»�Ç�¸�¬�«�¬�©�®�¬ - �«�°�¨�©�¬�º�°�¹ �¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�² �³�µ�«�¬�²�¬�©�À�°.  

�¨�³ �»�Ç�¸�¬�«�¬�©�°�¹ �¶�²�¨�®�³�»�¸�° �³�¬�³�©�¸�¨�´�¨ �À�¬�«�¨�¸�¬�©�°�¯ �¨�«��°�²�¨�« �À�¬�¾�Ä�¬��¨�«�°�¨, 

�³�¬�³�©�¸�¨�´�»�²�° �¶�µ�º�¬�´�Â�°�¨�²�° ��¨�¸�°�¸�¬�©�¹ �¼�¨�¸�¯�µ �«�°�¨�¶�¨�®�µ�´�À�° �«�  ̈ �¨�ª�¸�¬�¯��¬, 

�À�¬�¹�¨�Ã�²�¬�©�¬�²�°�¨ �Â�°�º�µ�®�µ�²�»�¸�° �¶�¨�º�¨�¸� ̈�³�µ�²�¬�±�»�²�¬�©�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ �±�µ�´�º�¸�µ�²�° 

(Tamagawa et al., 1985). G �¶�¸�µ�º�¬�°�´�¯�¨�´ �«�¨�Ä�¿��°�²�¬�©�»�²�° �¸�¬�Â�¬�¶�º�µ�¸�° (GPCR) 

�Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹ �±�¨�²�Â�°�»�³�°�¹ �³�°�³�¨�¸�  ̄�³�ª�¸�Ã�´�µ�©�°�¨�¸�¬ �¸�¬�Â�¬�¶�º�µ�¸�¹ (CaSR- calcium sensing 

receptor), �¸�µ�³�¬�²�°�Â �³�µ�´�¨�Ä�°�²�¬�µ�©�¹ �±�¨�²�Â�°�»�³�°�¹ �¸�µ�ª�µ�¸�Â �»�Ç�¸�¬�«�À�°�ª�¨, �°�¹�¬ 

�»�Ç�¸�¬�«�ª�¨�¸�¬�¯�¨ �È�µ�³�¬�µ�¹�º�¨�®�°�¹ CaSR-�¯�¨�´ �«�¨�±�¨��À�°�¸�¬�©�»�² �¸�¬�ª�»�²�¨�Â�°�¨�À�°, �¸�µ�³�²�°�¹  

�«�¨�¸�¾��¬��¨�Â �³�´�°�À��´�¬�²�µ��¨�´ �¸�µ�²�¹  �¯�¨�³�¨�À�µ�©�¹ �»�Ç�¸�¬�«�¬�©�°�¹ �«�¨�®�°�¨�´�¬�©�¨�À�°. �¯�»�³�Â�,̈ 

�¨�¹�¬��¬ �´�¨�´�¨�Æ�°�¨ �¹�Æ��¨�«�¨�¹�Æ��¨ �µ�¸�ª�¨�´�µ�¬�©�À�°, �¸�µ�³�²�¬�©�°�Â �¨�  ̧ �°�¾�¬�©�¹ �³�µ�´�¨�Ä�°�²�¬�µ�©�¨�¹ 



49 

 

�±�¨�²�Â�°�»�³�°�¹ �¹�°�¹�º�¬�³�»� ̧�È�µ�³�¬�µ�¹�º�¨�®�À�° (Brown E.M., 1991; Chattopadhyay et al., 1996; 

Brown E.M. and Macleod R.J., 2001). 

�È�°�¶�µ�½�¹�°�°�¹ �ª�¨�³�µ�³�Ä��¬� �¼�¨�½�º�µ�¸ - ���.-�¹ (HIF-���.�����³�´�°�À��´�¬�²�µ��¨�´�° �¸�µ�²�°  �¨�½��¹ 

�«�¬�ª�¬�´�¬�¸�¨�Â�°�¨�¹�¨ �«�  ̈ �º�¸�¨�´�¹�±�¸�°�¼�Â�°�°�¹ �ª�¨��̈½�º�°�»�¸�¬�©�¨�À�°, �¸�µ�³�¬�²�°�Â �Æ�¬�²�¹ �»�Ä�¿�µ�©�¹ 

�¨�´�ª�°�µ�ª�¬�´�¬�®�°�¹ �¨�½�º�°��¨�Â�°�¨�¹ (Brahimi-Horn M.C. and Pouyssegur J., 2007; Semenza G.L., 

2007). �È�°�¶�¬�¸�ª�²�°�±�¬�³�°�°�¯ �ª�¨�³�µ�Ä��¬�»�²�° �¶�¸�µ-�¨�´�¯�¬�©�°�¯�° �Â�°�º�µ�±�°�´�¬�©�°�¹ 

�ª�¨�Ã�²�°�¬�¸�¬�©�»�²�° �ª�¨�³�µ�¿�µ�¼�¨ �Æ�¬�²�¹ �»�Ä�¿�µ�©�¹ HIF-���.-�¹ �Ä�¨�¸�³�µ�½�³�´�¨�¹ �«�  ̈ �¶�¨�´�±�¸�¬�¨�¹�°�¹                   

�Ã-�»�Ç�¸�¬�«�¬�©�°�¹, �¨�¹�¬��¬ �¹�Æ��¨ �µ�¸�ª�¨�´�µ�¯� ̈ �»�Ç�¸�¬�«�¬�©�°�¹ �«�¨�®�°�¨�´�¬�©�¨�¹. �¨�¾�¹�¨�´�°�À�´�¨��°�¨, �¸�µ�³ 

HIF-1�. -�°�¹ �¬�½�¹�¶�¸�¬�¹�°�¨ �¨�¹�¬��¬ �°�´�«�»�Â�°�¸�«�¬�©�¨ �´�µ�¸�³�¨�²�»�¸  �¶�°�¸�µ�©�¬�©�À�°�Â, �¸�µ�Â� ̈

�»�Ç�¸�¬�«�¬�©�° �¹�º�°�³�»�²�°�¸�«�¬�©�¨ �®�¸�«�°�¹ �¼�¨�½�º�µ�¸�°�¯, �¨�´�¯�¬�©�°�¯�° �Â�°�º�µ�±�°�´�¬�©�°�¯, 

�²�¨�½�º�¨�º�°�  ̄�¨�  ́�¶�¸�µ�¹�º�¨�ª�²�¨�´�«�°�´�¬�©�°�¯ (Laughner et al., 2001).    

 

�¹�¨�¹�½�¬�¹�µ �¹�º�¬�¸�µ�°�«�»�²�° �È�µ�¸�³�µ�´�¬�©�°�¹ �¸�¬�Â�¬�¶�º�µ�¸�¬�©�° �«�  ̈ �³�¨�¯�° �ª�¨�³�µ�±��²�¬��°�¹ 

�³�¬�¯�µ�«�¬�©�°.  

�±��²�¬��¬�©�³�¨ �Â�Æ�¨�«�¿�µ, �¸�µ�³ �¬�³�©�¸�°�µ�´�°�¹ �¶�¨�´�±�¸�¬�¨�¹�°�¹�¨�ª�¨�´ �ª�¨�´�¹�Æ��¨��¬�©�°�¯, 

�®�¸�«�¨�¹�¸�»�²�° �µ�¸�ª�¨�´�°�®�³�°�¹ �¶�¨�´�±�¸�¬�¨�¹�À�° �¹�¨�¹�½�¬�¹�µ �¹�º�¬�¸�µ�°�«�¬�©�°�¹ �¸�¬�Â�¬�¶�º�µ�¸�¬�©�° 

�±�µ�´�Â�¬�´�º�¸�°�¸�¬�©�»�²�°�¨ �±�»�´�Ã�»�²�µ��¨�´ �»�Ç�¸�¬�«�¬�©�À�° (El Seifi et al., 1981). 

�«�¨�«�¨�¹�º�»�¸�¬�©�»�² �°�½�´�¨ �³�µ�Â�°�¸�±�»�²�°�¸�¬ �¹�¨�¹�½�¬�¹�µ �¹�º�¬�¸�µ�°�«�¬�©�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ 

�ª�¨��²�¬�´�¨ �¶�¨�´�±�¸�¬�¨�¹�°�¹ �³�°�¬� ̧ �°�´�¹�»�²�°�´�°�¹� ̈ �«�  ̈ �¹�Æ��¨ �È�µ�¸�³�µ�´�¬�©�°�¹ �ª�¨�³�µ�³�»�À�¨��¬�©�¨�®�¬ 

(Lenzen et al., 1984). �¹�¨�°�´�º�¬�¸�¬�¹�µ�¨ �¨�¾�°�´�°�À�´�µ�¹, �¸�µ�³ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�° �»�¼�¸�µ 

�³�¬�º�° �¸�¨�µ�«�¬�´�µ�©�°�¯ ��²�°�´�«�¬�©�¨ �¹�°�³�¹�°��´�°�¹ �«�¸�µ�¹ (�¸�µ�ª�µ�¸�Â �¶�¨�´�±�¸�¬�¨�¹�°�¹ �½�¹�µ��°�²�À�°, 

�°�¹�¬ �³�°�¹ �±�»�²�º�»�¸�¨�À�°), ��°�«�¸�¬ �´�µ�¸�³�»�²�¨�«, �¸�¨�Â �¨�«�¨�¹�º�»�¸�¬�©�¹ �³�¨�¯ �³�´�°�À��´�¬�²�µ�©�¨�¹ 

(�¨�½�º�°�»�¸ �³�µ�´�¨�Ä�°�²�¬�µ�©�¨�¹) �¶�¨�¯�µ�²�µ�ª�°�»�¸  �¶�¸�µ�Â�¬�¹�À�° (Greenway et al., 1981; Andren-

Sandberg et al., 1982; Corbishley et al., 1984).     

 �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�¨�¯�¨ �Â��²�°�²�¬�©�¬�©�°�¹ �±�µ�¸�¬�²�¨�Â�°�¨�³ �¶�¨�´�±�¸�¬�¨�¹�°�¹                 
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�Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �«�¨�®�°�¨�´�¬�©�¨�¹�¯�¨�´ �«�  ̈�À�¨�½�¸�°�¨�´ �«�°�¨�©�¬�º�¯�¨�´, �Â�Æ�¨�«�°�¨, �ª�¨�³�µ�°�Ä��°�¨ �¹�¨�¹�½�¬�¹�µ 

�È�µ�¸�³�µ�´�¬�©�°�¹ �¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �ª�¨�³�µ�±��²�¬��°�¯ �«�¨�°�´�º�¬�¸�¬�¹�¬�©�¨. �¨�¾�³�µ�Á�´�«�¨, �¸�µ�³ 

�¶�¨�´�±�¸�¬�¨�¹�° �ª�¨�´�¬�±�»�¯��´�¬�©�¨ �¬.�Ä���� �Ä�½�¨�²�»��̧³�� �µ�¸�ª�¨�´�µ�¬�©�¹, �¸�µ�³�¬�²�À�°�Â �¬�¹�º�¸�µ�ª�¬�´-

�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �¸�¨�µ�«�¬�´�µ�©�¨ �³�´�°�À��´�¬�²�µ��´�¨�« �¨�¾�¬�³�¨�º�¬�©�¨ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ 

�¸�¨�µ�«�¬�´�µ�©�¨�¹. �ª�¨�°�¸�±��¨, �¸�µ�³ �¬�¹�º�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�° ER�.  �Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹ �¬�¸�¯-�¬�¸�¯ 

�Ã�°�¸�°�¯�¨�« �³�µ�²�¬�±�»�²�¨�¹, �¸�µ�³�¬�²�°�Â �Á�¨�©�³�»�²�°�¨ �ª�²�»�±�µ�®�°�¹�¨ �«�  ̈ �²�°�¶�°�«�¬�©�°�¹ 

�³�¬�º�¨�©�µ�²�°�®�³�À�°.  �¶�¨�´�±�¸�¬�¨�¹�°�¹  �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �Ã�°�¸�°�¯�¨�«�° �¼�»�´�½�Â�°�¨�¨ �°�´�¹�»�²�°�´�°�¹ 

�©�°�µ�¹�°�´�¯�¬�®�° �«�  ̈  �ª�¨�³�µ�´�¯�¨��°�¹�»�¼�²�¬�©�¨. �°�´�¹�»�²�°�´�° �¬�¸�¯�¨�«�¬�¸�¯�° �È�µ�¸�³�µ�´�°�¨, 

�¸�µ�³�¬�²�°�Â �¶�°�¸�«�¨�¶�°�¸ �¨�³�Â�°�¸�¬�©�¹ �¹�°�¹�Æ�²�À�° �ª�²�»�±�µ�®�°�¹ �«�µ�´�¬�¹. �¬�¹�º�¸�µ�ª�¬�´-

�¸�¬�Â�¬�¶�º�µ�¸�¬�©�° ER�.  �«�  ̈ ER�Ã  �ª�¨�´�²�¨�ª�¬�©�»�²�°�¨ �Ã-�»�Ç�¸�¬�«�¬�©�À�°.  �(�5�Ã-�¹ �¼�»�´�½�Â�°�¨ 

�«�¾�¬�³�«�¬ �»�Â�´�µ�©�°�¨, �Æ�µ�²�µ �(�5�.�� ���³�´�°�À��´�¬�²�µ��¨�´ �¸�µ�²�¹  �¨�¹�¸�»�²�¬�©�¹ �°�´�¹�»�²�°�´�°�¹ 

�©�°�µ�¹�°�´�¯�¬�®�°�¹, �°�´�¹�»�²�°�´�°�¹ �¹�¬�±�¸�¬�Â�°�°�¹�¨ �«�  ̈ �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �ª�¨�«�¨�¸�Á�¬�´�°�¹ 

�¸�¬�ª�»�²�¨�Â�°�¨�À�°. �¬�¹�º�¸�µ�ª�¬�´�°�¹ �«�  ̈ �¶�¸�µ�ª�¬�¹�º�¬�¸�µ�´�°�¹ �¸�¬�Â�¬�¶�º�µ�¸�¬�©�° �¨�¾�³�µ�Á�¬�´�°�² �°�½�´�¨ 

�¨�«�¨�³�°�¨�´�°�¹ �¶�¨�´�±�¸�¬�¨�¹�°�¹ �¨�«�¬�´�µ�±�¨�¸�Â�°�´�µ�³�°�¹ �½�¹�µ��°�²�À�°.  �¹�¨�¹�½�¬�¹�µ �¹�º�¬�¸�µ�°�«�¬�©�°�¹ 

�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �±��²�¬��°�¹ �¨�Æ�¨�²�° �³�ª�¸�Ã�´�µ�©�°�¨�¸�¬  �³�°�±�¸�µ�¨�´�¨�²�°�®�°�¹ �º�¬�½�´�°�±�°�¹ 

�ª�¨�³�µ�¿�¬�´�¬�©�¨�³  �¨�¹�¬��¬ �ª�¨�³�µ�¨��²�°�´�¨ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�Â �Æ�»�¯�° �¨�«�¨�³�°�¨�´�°�¹ 

�¶�¨�´�±�¸�¬�¨�¹�°�¹ �¨�«�¬�´�µ�±�¨�¸�Â�°�´�µ�³�°�¹ �´�°�³�»�À�¬�©�À�°, �³�¨�¯ �À�µ�¸�°�¹ �¹�¨�³ �³�¨�³�¨�±�¨�Â�À�°;  �¬�¸�¯ 

�À�¬�³�¯�Æ��¬��¨�À�° �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�° �¨�¾�³�µ�Á�¬�´�°�² �°�½�´�¨ �¶�¨�´�±�¸�¬�¨�¹�°�¹ 

�½�¹�¬�´�µ�º�¸�¨�´�¹�¶�²�¨�´�º�¨�º�À�°, �³�µ�ª��°�¨�´�¬�©�°�¯ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�° �ª�¨�³�µ��²�°�´�«�  ̈ 

�®�¸�«�¨�¹�¸�»�²�° �¶�¨�´�±�¸�¬�¨�¹�°�¹ �Æ�»� ̄�´�°�³�»�À�À�°, �³�¨�¯ �À�µ�¸�°�¹ �µ�¸ �³�¨�³�¨�±�¨�Â�À�° �«�  ̈�µ�¸�°��¬ �¹�½�¬�¹�°�¹ 

�´�¨�¿�µ�¼�°�¹ �¶�¨�´�±�¸�¬�¨�¹�°�¹ �½�¹�µ��°�²�À�°. �¨�³�¨�¹�¯�¨�´�¨��¬, �³�¨�¯�° �¸�¨�µ�«�¬�´�µ�©�¨ �Á�¨�³�µ�¸�Á�¬�©�µ�«�¨ 

�¬�¹�º�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �¸�¨�µ�«�¬�´�µ�©�¨�¹ (Corbishley et al., 1986).                              

�¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�° (AR) �¨�¸�°�¹ �²�°�ª�¨�´�«-�«�¨�³�µ�±�°�«�¬�©�»�²�° �º�¸�¨�´�¹�±�¸�°�¼�Â�°�°�¹ 

�¼�¨�½�º�µ�¸�°, �¸�µ�³�¬�²�°�Â �ª�¨�´�±�¨�¸�ª�¨��¹ �¹�¶�¬�Â�°�¼�°�±�»�¸�° �ª�¬�´�¬�©�°�¹ �¬�½�¹�¶�¸�¬�¹�°�¨�¹. �¨�´�«�¸�µ�ª�¬�´-

�¸�¬�Â�¬�¶�º�µ�¸�°�¹ �±�¨��À�°�¸�° �³�°�¹�¯��°�¹ �¹�¶�¬�Â�°�¼�°�±�»�¸ �«�  ̈ �©�»�´�¬�©�¸�°� �²�°�ª�¨�´�«�¯�¨�´ 
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�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�¯�¨�´ �«�  ̈ ���.-�«�°�È�°�«�¸�µ�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�¯�¨�´ (DHT), �Æ�¬�²�¹  �»�Ä�¿�µ�©�¹  

�³�¨�³�¨�±�¨�Â�°�¹  �¹�½�¬�¹�µ�©�¸�°�  �ª�¨�´��°�¯�¨�¸�¬�©�¨�¹ �«�  ̈ �«�°�¼�¬�¸�¬�´�Â�°�¨�Â�°�¨�¹. �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° 

�Ã�°�¸�°�¯�¨�«�¨�« �¹�°�´�¯�¬�®�«�¬�©�¨ �¹�¨�¯�¬�¹�²�¬�¹ �²�¬�°�«�°�ª�°�¹ �»�Ç�¸�¬�«�¬�©�À�°, �«�  ̈ �¬�¹ �¶�¸�µ�Â�¬�¹�° 

�¸�¬�ª�»�²�°�¸�«�¬�©�¨ �³�¨�²�»�¯�¬�°�´�°�®�°�¸�¬�©�¬�²�° �È�µ�¸�³�µ�´�°� ̄ (LH), �¸�µ�³�¬�²�°�Â, �¯�¨��°�¹ �³�Æ�¸�°�, 

�ª�¨�³�µ�³�»�À�¨��«�¬�©�¨ �È�°�¶�µ�¼�°�®�°�¹ �Ä�°�´�¨ �Ä�°�²�°�¹ �³�°�¬�.̧ LH �¹�¬�±�¸�¬�Â�°�¨, �¯�¨��°�¹ �³�Æ�¸�°�, 

�¸�¬�ª�»�²�°�¸�«�¬�©�¨ �ª�µ�´�¨�«�µ�º�¸�µ�¶�°�´  �ª�¨�´�³�¨�´�¯�¨��°�¹�»�¼�²�¬�©�¬�²�° �È�µ�¸�³�µ�´�°� ̄  (GnRH). 

�¹�°�´�¯�¬�®�°�¸�¬�©�»�²�° �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° �Ã�°�¸�°�¯�¨�«�¨�« �»�±�¨��À�°�¸�«�¬�©�¨ �¹�°�¹�Æ�²�°�¹ �¶�²�¨�®�³�¨�À�° 

�¨�¸�¹�¬�©�»�² �¹�¬�½�¹-�È�µ�¸�³�µ�´ �À�¬�³�¨�±�¨��À�°�¸�¬�©�¬�² �ª�²�µ�©�»�²�°� �́¹ (SHBG) �«�  ̈ �¨�²�©�»�³�°�´�¹ �«�  ̈

�³�¨�¯�¯�¨�´ �¬�¸�¯�¨�« �½�³�´�°�¹ �¹�°�¹�Æ�²�À�° �³�µ�Â�°�¸�±�»�²�¨�Â�°�¬ �±�µ�³�¶�²�¬�½�¹�¹  (Rosner et al.,1991; 

Baker et al., 2002).            

�»�Ç�¸�¬�«�°�¹ �À�°�ª�´�°� ̄ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° �ª�¨�¸�«�¨�°�½�³�´�¬�©�¨ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �»�¼�¸�µ 

�Ã�²�°�¬� ̧ ���.-�´�¨�±�²�»�² �³�¬�º�¨�©�µ�²�°�º�¨�«���� ���.-�«�°�È�°�«�¸�µ�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�¨�« (DHT). DHT 

�»�±�¨��À�°�¸�«�¬�©�¨ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¹ �³�¨�¾�¨�²�° �¨�¼�°�´�»�¸�µ�©�°�¯, �ª�¨�´�¨�¶�°�¸�µ�©�¬�©�¹ 

�¬�´�¬�¸�ª�µ�º�¬��¨�«�° (�¹�°�¯�©�µ�¹ �ª�¨�³�µ�³�¿�µ�¼�°) �Â�°�²�¬�©�°�¹ �«�°�¹�º�¨�´�Â�°�¸�¬�©�¨�¹ �¨�´�«�¸�µ�ª�¬�´-

�¸�¬�Â�¬�¶�º�µ�¸�°�«�¨�´, �¨�¨�½�º�°�»�¸�¬�©�¹  �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�°�¹ N-�°�¹ �«�  ̈ C-�°�¹ �À�¬�³�Â��¬�²�° 

�«�¨�©�µ�²�µ�¬�©�¬�©�°�¹ �»�¸�¯�°�¬�¸�¯�½�³�¬�«�¬�©�¨�¹ �«�  ̈ �°�±�¨��À�°�¸�¬�©�¹ �°�³�¶�µ�¸�º�°�-́�.-�¹, �¸�¨�Â 

�»�®�¸�»�´��¬�²�¿�µ�¼�¹  �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�°�¹ �ª�¨�«�¨�¨�«�ª�°�²�¬�©�¨�¹ �©�°�¸�¯��À�°. �©�°�¸�¯��À�° 

�ª�¨�«�¨�¨�«�ª�°�²�¬�©�»�²�° �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�° �³�µ��́¨�Ä�°�²�¬�µ�©�¹ �³�µ�²�¬�±�»�²�»� -̧

�©�°�µ�²�µ�ª�°�»� ̧ �¶�¸�µ�Â�¬�¹�¬�©�À�° �«�  ̈ �®�¬�ª�¨��²�¬�´�¨�¹ �¨�Æ�«�¬�´�¹ �«�´�³-�°�¹� ̈ �«�  ̈ �¸�´�³-�°�¹ �¹�°�´�¯�¬�®�®�¬ 

(Srinivas-Shankar et al., 2006). �³�¨�³�¸�µ�©�°�¯�° �¹�½�¬�¹�°�¹ �«�°�¼�¬�¸�¬�´�Â�°�¨�Â�°�¨ �À�¬�»�Ã�²�¬�©�¬�²�°�¨ 

�¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�°�¹ �¨�¸�¨�¸�¹�¬�©�µ�©�°�¹�¨�¹. �³�¨�³�¨�±�¨�Â�¬�©�À�° �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�°�¹ 

�¼�»�´�½�Â�°�°�¹ �¹�¸�»�²�°  �«�¨�±�¨�¸�ª��¨  �°�Ä��¬��¹ �¨�´�«�¸�µ�ª�¬�´�°�¹�¨�«�³�° �¹�¸�»�²�°  �»�ª�¸�Ã�´�µ�©�¬�²�µ�©�°�¹ 

�¹�°�´�«�¸�µ�³�¹ (McPhaul et al., 1991; Brinkmann et al., 2001).      
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�¹�¨�¹�½�¬�¹�µ �¹�º�¬�¸�µ�°�«�¬�©�° �Æ�À�°�¸�¨�« �ª�¨�´�°�Æ�°�²�¬�©�¨ �¸�µ�ª�µ�¸�Â �¸�¬�¶�¸�µ�«�»�½�Â�°�»�²�° 

�¹�°�¹�º�¬�³�°�¹ �¼�°�®�°�µ�²�µ�ª�°�»�¸�°  �³�µ�½�³�¬�«�¬�©�¬�©�°�¹ �³�µ�«�¬�¸�¨�º�µ�¸�¬�©�°. �³�¨�¯�° �¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ 

�ª�¨�³�µ��²�¬�´�¨ �Ä�²�¬�©�°�¹ �ª�¨�´�³�¨��²�µ�©�¨�À�° �Æ�«�¬�©�µ�«�¨  �©�°�µ�½�°�³�°�»�¸�°, �°�³�»�´�µ�È�°�¹�º�µ�½�°�³�°�»�¸�° 

�«�  ̈�¨��º�µ�¸�¨�«�°�µ�ª�¸�¨�¼�°�»�²�° �³�¬�¯�µ�«�¬�©�°�¹ �ª�¨�³�µ�¿�¬�´�¬�©�°�¯. �©�°�µ�½�°�³�°�»�¸�° �±��²�¬��°�¹ �«�¸�µ�¹ 

�¹�¨�³�°�®�´�¬ �µ�¸�ª�¨�´�µ�¹ �½�¹�µ��°�²�¬�©�° �È�µ�³�µ�ª�¬�´�°�®�«�¬�©�¨ �«�  ̈ �Æ�«�¬�©�¨ �¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ 

�¸�¨�µ�«�¬�´�µ�©�¸�°��° �©�°�µ�½�°�³�°�»�¸�° �¨�´�¨�²�°�®�°. �¨�»�º�µ�¸�¨�«�°�µ�ª�¸�¨�¼�°�¨ �°�Ã�²�¬��¨ �¹�¨�À�»�¨�²�¬�©�¨�¹ 

�©�°�¸�¯��»�²�° �¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �²�µ�±�¨�²�°�®�¨�Â�°�°�¹ �®�»�¹�º�° �ª�¨�´�¹�¨�®�¾��¸�°�¹�¨�¯��°�¹  

�¹�¶�¬�Â�°�¼�°�±�»�¸ �»�Ç�¸�¬�«�¬�©�À�°, �³�¨�ª�¸�¨�³ ��¬� ̧ �¹�¨�®�¾��¸�¨��¹ �Â�°�º�µ�®�µ�²�°�¹ �¸�¬�Â�¬�¶�º�µ�¸�¬�©�¹ 

(Winborn et al., 1987; Ruizeveld de Winter et al.,  1991).  

   

�¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �¸�¨�µ�«�¬�´�µ�©�¸�°��° �À�¬�¼�¨�¹�¬�©�°�¹�¨�¯��°�¹ �¹�¨�³�°�®�´�¬ 

�µ�¸�ª�¨�´�µ�¹ �°�³�»�´�µ�È�°�¹�º�µ�½�°�³�°�»�¸�° �±��²�¬��¨.        

  �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�°�¹ �¬�½�¹�¶�¸�¬�¹�°�°�¹ �ª�¨�³�µ�¹�¨��²�¬�´�¨�« �°�¿�¬�´�¬�©�¬�´ �µ�¸�³�¨�ª�° 

�°�³�»�´�µ�¼�¬�¸�³�¬�´�º�»�²�° �À�¬�¾�¬�©��°�¹ �³�¬�¯�µ�«�¹. �±��²�¬��¨ �¬�¼�»�Ã�´�¬�©�¨ �¶�°�¸�À�»�À�Æ�¨�¹ 

�¶�¬�¸�µ�½�¹�°�«�¨�®�¨�¹ �«�  ̈ �º�»�º�¬ �¼�µ�¹�¼�¨�º�¨�®�¨�¹ �ª�¨�³�µ��²�¬�´�¨�¹. �°�´�±�»�©�¨�Â�°�°�¹ �À�¬�³�«�¬�ª �Æ�«�¬�©�¨ 

�¨�¸�¨�¶�°�¸�«�¨�¶�°�¸�° �±�µ�´�°�»�ª�°�¸�¬�©�»�²�° �¶�¬�¸�µ�½�¹�°�«�¨�®�°�¹ �³�¬�¯�µ�«�°�¹  �ª� �̈³�µ�¿�¬�´�¬�©�¨. �´�¨�Å�¸�¬�©�° 

�°�´�±�»�©�°�¸�«�¬�©�¨ �³�µ�´�µ�±�²�µ�´�»�¸�° �¨�´�º�°�«�¬�¹�³�°�´�»�¸�° �¨�´�º�°�¹�Æ�¬�»�²�°�¯, �¸�µ�³�¬�²�°�Â �®�¨��«�¬�©�¨ 

1:20  �¶�¸�µ�¶�µ�¸�Â�°�°�¯  37°C-�®�¬  30 �Ä�»�¯�°�¹  �ª�¨�´�³�¨��²�µ�©�¨�À�°.     

 �¸�¨�«�°�µ�°�®�µ�º�µ�¶�»�¸�° �±��²�¬��¨ �¬�¼�»�Ã�´�¬�©�¨ �¸�¨�«�°�µ�¨�½�º�°�»�¸�° �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �¨�  ́

�¬�¹�º�¸�¨�«�°�µ�²�°�¹ �����.-�«�°�È�°�«�¸�µ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° ([3H]DHT) �«�  ̈ �¬�¹�º� �̧¨�«�°�µ�²-�����Ã��

([3H]E2) �ª�¨�³�µ�¹�Æ�°��¬�©�°�¹ �¸�¬�ª�°�¹�º�¸�¨�Â�°�¨�¹. �ª�¨�³�µ�¿�¬�´�¬�©�»�²�° �³�¬�¯�µ�«�°�±�¬�©�°�¹ �³�°�Æ�¬�«��°�¯ 

�ª�¨�´�¨�¸�Á�¬��¬�´ �¸�¨�«�°�µ�ª�¸�¨�¼�°�»�² �«�  ̈�¸�¨�«�°�µ�³�¬�º�¸�°�»�²�° �³�¬�¯�µ�«�¬�©�¹.    

 �¸�¨�«�°�µ�³�¬�º�¸�°�°�¹ �«�¸�µ�¹ 4 �³�°�±�¸�µ�³�¬�º�¸�° �¹�°�¹�½�°�¹ �´�°�³�»�À�¬�©�° �«�¨�Å�¸�°�² �°�½�´�¨ 

�±�¸�°�µ�¹�º�¨�º�°�,̄ �«�¨�³�µ�´�º�¨�·�¬�©�»�² �°�½�´�¨ �¹�¨�¹�¨�ª�´�¬ �³�°�´�¬�©�®�¬ �«�  ̈ �«�¨�¼�¨�¸�»�² �°�½�´�¨ NTB2  

�Ä�©�°�¸�¯��»�²�° �©�°�²�°�±�°�¹�³���¨�³�¹�¨�Æ��¬�²�° �¬�³�»�²�¹�°�°� .̄      
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 �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �¨�  ́ �¬�¹�º�¸�µ�ª�¬�´�¬�©�°�¹, �¨�  ́ �µ�¸�°��¬ �¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �¸�¨�µ�«�¬�´�µ�©�¸�°��° 

�¨�´�¨�²�°�®�° �Æ�«�¬�©�µ�«�¨ �¼�µ�º�µ�®�¬ �À�¬�¹�¨�³�Á�´�¬��° (�ª�¨�¹�¨�¸�Á�¬��°) �©�°�¸�¯��®�¬ �ª�¨�´�²�¨�ª�¬�©�»�²�°   

��¬�¸�Â�Æ�²�°�¹ �³�¨�¸�Â��²�¬�©�°�¹ �³�°�±�¸�µ�¹�±�µ�¶�À�° �«�¨�¯��² �°�¯  (Arnold, A.P., 1981).   

�¸�¨�«�°�µ�³�¬�º�¸�°�»�²�°  �¨�´�¨�²�°�®�° �¬�¼�»�Ã�´�¬�©�¨ �¨�´�«�¸�µ�ª�¬�´- (�¨�  ́ �¬�¹�º�¸�µ�ª�¬�´-) 

�¸�¬�Â�¬�¶�º�µ�¸�¯�¨�´ �À�¬�Å�°�«�»�²�° �¸�¨�«�°�µ�¨�½�º�°�»�¸�° �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ (�¨�  ́ �¬�¹�º�¸�¨�«�°�µ�²�°�¹) 

�³�°�¬� ̧ �ª�¨�³�µ�¹�Æ�°��¬�©�»�²�° �¬�´�¬�¸�ª�°�°�¹ �Ä�«�¨�Å�¬�¸�¨�¹�³���¹�¶�¬�Â�°�¨�²�»�¸ �³�¯��²�¬�²�À�° �À�¬�³�«�ª�µ�³�° 

�¸�¨�µ�«�¬�´�µ�©�¸�°��° �¨�´�¨�²�°�®�°� .̄ �¨�³ �³�¬�¯�µ�«�°�¹ �«�¬�º�¨�²�»�¸�° �¨�¾�Ä�¬�¸�¨ �°�Æ�°�²�¬�¯ �¯�¨��À�° 

�Ä�³�¨�¹�¨�²� ̈�«�  ̈�³�¬� �̄µ�«�¬�©�°�³��          

 �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�° �³�µ�´�¨�Ä�°�²�¬�µ�©�¹ �»�Ç�¸�¬�«�»�²�° �¶�¸�µ�Â�¬�¹�¬�©�°�¹ �¼�¨�¸�¯�µ 

�¹�¶�¬�½�º�¸�À�°, �¸�µ�ª�µ�¸�°�Â�¨�¨ �¶�¸�µ�²�°�¼�¬�¸�¨�Â�°�¨, �«�°�¼�¬�¸�¬�´�Â�°�¨�Â�°�¨ �«�  ̈ �¨�¶�µ�¶�º�µ�®�°. 

�¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �±��²�¬��¨�³  �¶�¨�´�±�¸�¬�¨�¹�°�¹ �Ã-�»�Ç�¸�¬�«�¬�©�À�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° 

�º�°�¶�° 1-�°�¹ �¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�² �³�µ�«�¬�²�®�¬, �¸�µ�³�¬�²�°�Â �ª�¨�³�µ�Ä��¬�»�²�°  �°�¿�µ 

�¹�º�¸�¬�¶�º�µ�®�µ�º�µ�Â�°�´�°�¹ �«�¨�©�¨�²�° �«�µ�®�¬�©�°�¹ �³�¸�¨��¨�²�Ç�¬�¸�¨�«�° �°�´�°�¬�½�Â�°�°�¯, �ª�¨�³�µ�¨��²�°�´�¨ 

�±�µ�¸�¬�²�¨�Â�°�¨ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¹�¨ �«�  ̈ �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �¨�¶�µ�¶�º�µ�®/�¶�¸�µ�²�°�¼�¬�¸�¨�Â�°�¨�¹ 

�À�µ�¸�°�¹. �±�¬�¸�Ã�µ�«, �¨�¾�³�µ�Á�´�«�¨, �¸�µ�³ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�°�¹ �¬�½�¹�¶�¸�¬�¹�°�¨�³                                  

�Ã-�»�Ç�¸�¬�«�¬�©�À�° �¶�°�±�¹ �³�°�¨�¾�Ä�°�¨ �¬�¸�¯�«�¾�°�¨�´�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¶�°�¸�µ�©�¬�©�À�°, �À�¬�³�«�¬�ª 

�±�° �¯�¨�´�«�¨�¯�¨�´�µ�©�°� ̄�«�  ̈�³�´�°�À��´�¬�²�µ��´�¨�« �À�¬�³�Â�°�¸�«�¨, �«�  ̈�¹�¨�¬�¸�¯�µ�«�¨�Â �ª�¨�½�¸�¨ �À�¨�½�¸�°�¨�´�° 

�«�°�¨�©�¬�º�°�¹ �³�µ�ª��°�¨�´�¬�©�°�¯ ��¨�«�¬�©�®�¬. �¨�³�¨�¹�¯�¨�´�¨��¬, TUNEL (Terminal deoxynucleotidyl 

transferase dUTP nick end labeling) - �¶�µ�®�°�º�°�»�¸ �Ã-�»�Ç�¸�¬�«�¬�©�¹ �¯�¨�  ́ �¨�Æ�²�«�¨ 

�¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �ª�¨�Ã�²�°�¬�¸�¬�©�»�²�° �¬�½�¹�¶�¸�¬�¹�°�¨, �Æ�µ�²�µ Ki67-�«�¨�«�¬�©�°�¯                 

�Ã-�»�Ç�¸�¬�«�¬�©�À�° �±�°  �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�° �Ã�¨�²�°�¨� ́ �¹�»�¹�º�¨�«, �¨�  ́ �¯�°�¯�½�³�°�¹ �¨�  ̧

��²�°�´�«�¬�©�µ�«�¨ (Li et al., 2008). �®�µ�ª�°�¬�¸�¯�° �³�±��²�¬��¨�¸�°�¹ �¨�®�¸�°�  ̄ �¨�´�«�¸�µ�ª�¬�´-

�¸�¬�Â�¬�¶�º�µ�¸�° �À�¬�°�Ã�²�¬�©�¨ �ª�¨�Æ�«�¬�¹ �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �¨�¶�µ�¶�º�µ�®�°�¹ �¬�¸�¯-�¬�¸�¯�° 

�Æ�¬�²�À�¬�³�Ä�¿�µ�©�°, �Æ�µ�²�µ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�°�¹ �¨�´�º�¨�ª�µ�´�°�¹�º�° �¼�²�»�º�¨�³�°�«�°                        

�Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �¶�¸�µ�²�°�¼�¬�¸�¨�Â�°�°�¹ �Æ�¬�²�À�¬�³�Ä�¿�µ�©�°. �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 1-�°�¹ 
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�ª�¨�´��°�¯�¨�¸�¬�©�°�¹�¨�¹, �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �¬�½�¹�¶�¸�¬�¹�°�°�¹ �À�¬�³�Â�°�¸�¬�©�¨ �±�µ�¸�¬�²�¨�Â�°�¨�À�°�¨ 

�Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �¨�¶�µ�¶�º�µ�®�°�¹ �À�¬�³�Â�°�¸�¬�©�¨�¹�¯�¨�´ �«�  ̈ �¨�³�¨��¬ �»�Ç�¸�¬�«�¬�©�°�¹ 

�¶�¸�µ�²�°�¼�¬�¸�¨�Â�°�¨�¹�¯�¨�´ (Li et al., 2008).                               

 �È. �²�°�´�³�  ̈ �ª�¨�³�µ�°�±��²�°�¨ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�°�¹ �¸�µ�²�°  ��°�¸�¯�¨�ª��¬�©�°�¹ 

�¾��°�Ã�²�À�°. �³�¨� ́ �³�µ�¨�Æ�¬�Æ�¸�¨ �³�°�®�´�µ�©�¸�°��¨�« �Ä�¨�³�µ�¬�¾�µ�³�� ���¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�° 

�È�¬�¶�¨�º�µ�Â�°�º�¬�©�°�«�¨�´, �¸�°�¹ �À�¬�«�¬�ª�¨�«�¨�Â �À�¬�½�³�´�¨ ��°�¸�¯�¨�ª��¬�©�°�¹ �¬.�Ä. H-AR-/y �Æ�¨�®�°.                       

8 �±��°�¸�°�¨�´�° �³�¨�¾�¨�²�±�¨�²�µ�¸�°�»�²�° �±��¬�©�°�¹ �À�¬�³�«�¬�ª, �³�¨�³�  ̧ H-AR-/y ��°�¸�¯�¨�ª��¬�©�¹ 

�ª�¨�´�»��°�¯�¨�¸�«�¨�  ̄�¹�°�³�¹�»�½�´�¬ �«�  ̈�¾��°�Ã�²�°�¹ �¹�º�¬�¨�º�µ�®�° (Lin et al., 2008).  

 �Â�´�µ�©�°�²�°�¨, �¸�µ�³ �¾��°�Ã�²�°�¹ �¹�º�¬�¨�º�µ�®�° �¨�½��¬�°�¯�¬�©�¹ �°�´�¹�»�²�°�´�°�¹�¨�«�³�° 

�³�ª�¸�Ã�´�µ�©�¬�²�µ�©�¨�¹ (�°�Ä��¬��¹ �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�°�¹ �ª�¨�®�¸�«�¨�¹, �¸�¨�Â ��²�°�´�«�¬�©�¨ 

�°�´�¹�»�²�°�´�°�¹ �³�°�¬� ̧ �¾��°�Ã�²�°�¹�³�°�¬�¸�° �ª�²�»�±�µ�®�°�¹ �¶�¸�µ�«�»�½�Â�°�°�¹ ��¬�-̧ �¨�  ́ �´�¨�±�²�¬�©�¨�« 

�«�¨�¯�¸�ª�»�´��°�¯. �³�¨�¾�¨�²�±�¨�²�µ�¸�°�»�² �«�°�¬�º�¨�®�¬ �³�¿�µ�¼ H-AR-/y-�¹ �Ç�°�À�°�¹ �³�¨�³�  ̧

��°�¸�¯�¨�ª��¬�©�À�° �ª�¨�³�µ��²�°�´�«� ̈ �»�®�³�µ�« �È�°�¶�¬�¸�ª�²�°�±�¬�³�°�¨ �«�  ̈ �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�¨, 

�¸�¨�Â �³�°�»�¯�°�¯�¬�©�¹  �ª�²�»�±�µ�®�°�¹ �È�µ�³�¬�µ�¹�º�¨�®�°�¹ �«�  ̈�°�´�¹�»�²�°�´�°�¹�¨�«�³�° �³�ª�¸�Ã�´�µ�©�¬�²�µ�©�°�¹ 

�«�¨�¸�¾��¬��¨�¹. �¨�³�¨�¹�¯�¨�´�¨��¬ �´�¨�Á��¬�´�¬�©�° �°�½�´�¨, �¸�µ�³ �¼�µ�¹�¼�¨�º�°�«�°�²�°�´�µ�®�°�º�µ�² 3-�±�°�´�¨�®-�°�¹ 

�À�¬�³�Â�°�¸�¬�©�»�²�° �¨�½�º�°��¨�Â�°�¨, �±�µ�¸�¬�²�¨�Â�°�¨�À�°�¨ �¾��°�Ã�²�°�¹�³�°�¬�¸�° �ª�²�»�±�µ�®�°�¹ �¹�¬�±�¸�¬�Â�°�°�¹ 

�ª�¨�Ã�²�°�¬�¸�¬�©�¨�¹�¯�¨�´ �«�  ̈ �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�¨�¹�¯�¨�´ (Lin et al., 2008; 

Yu  et al., 2013).         
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�¯�¨��° II I 

�³�¨�¹�¨�²� ̈�«�  ̈�³�¬�¯�µ�«�¬�©�° 

 

 �±��²�¬��¨ �Á�¨�º�¨�¸�«�¨ �°��¨�´�¬ �Ç�¨��¨�Æ�°�À��°�²�°�¹ �¹�¨�Æ�¬�²�µ�©�°�¹ �¯�©�°�²�°�¹�°�¹ �¹�¨�Æ�¬�²�³�Ä�°�¼�µ 

�»�´�°��¬�¸�¹�°�º�¬�º�°�¹ �¨�²�¬�½�¹�¨�´�«�¸�¬ �´�¨�¯�°�À��°�²�°�¹ �³�µ�¸�¼�µ�²�µ�ª�°�°�¹ �°�´�¹�º�°�º�»�º�°�¹ �©�¨�®�¨�®�¬.  

�¬�½�¹�¶�¬�¸�°�³�¬�´�º�° �ª�¨�´�Æ�µ�¸�Â�°�¬�²�«�¨ Wistar-�°�¹ �Ç�°�À�°�¹ �¯�¬�¯�¸  ��°�¸�¯�¨�ª��¬�©�®�¬, �¨�¹�¬��¬ 

�ª�¨�³�µ�¿�¬�´�¬�©�»�² �°�½�´�¨ �¹�¨�¨�¸�½�°��µ �³�¨�¹�¨�²� ̈ (�©�°�µ�²�µ�ª�°�°�¹ �«�µ�½�º�µ�¸�°�¹ - �´�¬�²�° 

�«�°�«�¬�©�»�²�°�Ã�°�¹ �¬�½�¹�¶�¬�¸�°�³�¬�´�º�¬�©�°; �½��¬�³�µ�¯ �³�°�¯�°�¯�¬�©�»�²�° �°�½�´�¬�©�¨, �¯�»  �±��²�¬��°�¹ 

�¸�µ�³�¬�²�° �¼�¸�¨�ª�³�¬�´�º�° �ª�¨�´�Æ�µ�¸�Â�°�¬�²�«�¨ �¹�¨�¨�¸�½�°��µ �³�¨�¹�¨�²�¨�®�¬).      

 �±��²�¬��°�¹ �ª�¬�ª�³�¨ �«�¨�³�º�±�°�Â�¬�©�»�² �°�½�´�¨ �¨�²�¬�½�¹�¨�´�«�¸�¬ �´�¨�¯�°�À��°�²�°�¹ 

�³�µ�¸�¼�µ�²�µ�ª�°�°�¹ �°�´�¹�º�°�º�»�º�°�¹ �©�°�µ�¬�¯�°�±�°�¹ �±�µ�³�°�¹�°�°�¹ �¹�Æ�«�µ�³�¨�®�¬ (2015 �Ä�²�°�¹ 3 

�¯�¬�©�¬�¸��²�°�¹ �¹�Æ�«�µ�³�°�¹ �¯�¨��³�Ç�«�µ�³�¨�¸�¬ - �¶�¸�µ�¼. �´�µ�«�¨�  ̧�Å�°�Å�°�´�¨�Ã�¬).  

�¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�²�° �±��²�¬��°�¹ �«�¸�µ�¹ �«�¨�Â�»�²�° �°�¿�µ �²�¨�©�µ�¸�¨�º�µ�¸�°�»�²�° 

�Â�Æ�µ��¬�²�¬�©�°�¹ �³�µ��²�°�¹�  ̈ �«�  ̈ �Â�«�¬�©�À�° �ª�¨�³�µ�¿�¬�´�¬�©�°�¹ �³�µ�¯�Æ�µ��´�¬�©�°, �¸�µ�³�¬�²�°�Â 

�³�µ�Ä�µ�«�¬�©�»�²�°�¨ �¨�À�À �¬�¸�µ��´�»�²�° �¨�±�¨�«�¬�³�°�¬�©�°�¹ �¬�¸�µ��´�»�² �±��²�¬��¨�¯�¨ �¹�¨�©�Å�µ�¹ �³�°�¬� ̧

�«�¨�³�º�±�°�Â�¬�©�»�²�° �ª�¨�°�«�²�¨�°�´�°�  ̄(Guide for the Care and Use of Laboratory Animals (8th 

edn) by the National Research Council of the National Academies Washington, DC: 

National Academies Press, 2011  - NRC 2011).  

�±��²�¬��¨ �Á�¨�º�¨��̧«�  ̈ �³�¨�³�¸�µ�©�°�¯�° �¹�½�¬�¹�°�¹ �³�¬�µ�¸�¬ �¶�µ�¹�º�¶�»�©�¬�¸�º�»�²�° �¶�¬�¸�°�µ�«�°�¹ 

�®�¸�«�¨�¹�¸�»�² Wistar-�°�¹ �Ç�°�À�°�¹ 100 ��°�¸�¯�¨�ª��¨�®�¬, �¸�µ�³�¬�²�¯�¨ �Ä�µ�´�¨ �À�¬�¨�«�ª�¬�´�«�¨ 180-200 

�ª�¸�¨�³�¹.  �Â�Æ�µ��¬�²�¬�©�° �ª�¨�´�¯�¨��¹�¬�©�»�²�° �°�¿��´�¬�´ ��°��¨�¸�°�»�³�À�°, �°�´�«�°��°�«�»�¨�²�»�  ̧

�ª�¨�²�°�¬�©�À�° �¹�º�¨�´�«�¨�¸�º�»�²  �º�¬�³�¶�¬�¸�¨�º�»�¸�¨�®�¬ 24°C, �¹�°�´�¨�¯�²�°�¹�  ̈ �«�  ̈ �¹�°�©�´�¬�²�°�¹ 12-

�¹�¨�¨�¯�°�¨�´�° �³�µ�´�¨�Â��²�¬�µ�©�°�¹ �¸�¬�·�°�³�À�°. �±��¬�©�°�¹ �¸�¨�Â�°�µ�´�¹ �À�¬�¨�«�ª�¬�´�«�¨ �±�µ�³�©�°�´�°�¸�¬�©�»�²�° 

�¹�¨�±��¬�©�° �³�¾�¸�¾�´�¬�²�¬�©�°�¹�¨�¯��°�¹ (�±�µ�³�¶�¨�´�°�¨ KIKI  -�°�¹ �¶�¸�µ�«�»�½�Â�°�¨). �Â�Æ�µ��¬�²�¬�©�°�¹ 

�«�¨�À��¬�©�¨ �¹�¨�±��¬�©�¯�¨�´ �«�  ̈�Ä�¿�¨�²�¯�¨�´ �°�¿�µ �¯�¨��°�¹�»�¼�¨�²�°.       

 �¹�¨�±��²�¬��° �Ç�ª�»�¼�¬�©�°�¹ �Â�Æ�µ��¬�²�¬�©�À�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �³�µ�«�¬�²�°�¸�¬�©�¨�¹ 
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��¨�Æ�«�¬�´�«�°�¯ �¨�²�µ�½�¹�¨�´�°�¹ (Chemos GmbH & Co.KG (Germany)) �¬�¸�¯�Ç�¬�¸�¨�«�° �À�¬�¿��¨�´�°�¯ 

�°�´�º�¸�¨�¶�¬�¸�°�º�µ�´�¬�¨�²�»�¸�¨�«, �«�µ�®�°�  ̄ 2,0 �³�ª 10 �ª �Ä�µ�´�¨�®�¬ (Furman B.L., 2015). 

�°�´�°�¬�½�Â�°�¬�©�° �Æ�µ�¸�Â�°�¬�²�«�¬�©�µ�«�¨ �´�°�¾�©�°�¯ �¬�¯�¬�¸�°�¹ �´�¨�¸�±�µ�®�°�¹ �¶�°�¸�µ�©�¬�©�À�°.  

 �¹�¨�±�µ�´�º�¸�µ�²�µ �Ç�ª�»�¼�°�¹ �Â�Æ�µ��¬�²�¬�©�¹, �¨�¹�¬��¬ �´�¨�¸�±�µ�®�°�¹ �¶�°�¸�µ�©�¬�©�À�°, 

�°�´�º�¸�¨�¶�¬�¸�°�º�µ�´�¬�¨�²�»�¸�¨�« �»�±�¬�¯�«�¬�©�µ�«�¨�¯ �¼�°�®�°�µ�²�µ�ª�°�»�¸�° �Æ�¹�´�¨�¸�°;    

 �Â�Æ�µ��¬�²�¬�©�°, �¸�µ�³�¬�²�¯�¨�Â �ª�¨�´�»��°�¯�¨�¸�«�¨�  ̄�¨�²�µ�½�¹�¨�´�»�¸�°  �«�°�¨�©�¬�º�°, �«�¨�¿�µ�¼�°�² 

�°�½�´�¨ �µ�¯�Æ �Ç�ª�»�¼�¨�«:  

I �Ç�ª�»�¼�° �À�¬�¨�«�ª�°�´�¨ 20-�³�  ̈ ��°�¸�¯�¨�ª��¨�³, �¸�µ�³�¬�²�¯�¨ �ª�¨�³�µ�±��²�¬��¨ (�Â�«�°�«�¨�´ 

�ª�¨�³�µ�¿��¨�´�¨) �Æ�«�¬�©�µ�«�¨ �¨�²�µ�½�¹�¨�´�°�¹ �°�´�º�¸�¨�¶�¬�¸�°�º�µ�´�¬�¨�²�»�¸�° �°�´�°�¬�½�Â�°�°�«�¨�´ �³�¬-15 

�«�¾�¬�¹;  

II �Ç�ª�»�¼�° �À�¬�¨�«�ª�°�´�¨ 20-�³�  ̈ ��°�¸�¯�¨�ª��¨�³, �¸�µ�³�¬�²�¯�¨ �ª�¨�³�µ�±��²�¬��¨ (�Â�«�°�«�¨�´ 

�ª�¨�³�µ�¿��¨�´�¨) �Æ�«�¬�©�µ�«�¨ �¨�²�µ�½�¹�¨�´�°�¹ �°�´�º�¸�¨�¶�¬�¸�°�º�µ�´�¬�¨�²�»�¸�° �°�´�°�¬�½�Â�°�°�«�¨�´ 30-�¬ �«�¾�¬�¹;  

III �Ç�ª�»�¼�° �À�¬�¨�«�ª�°�´�¨ 20-�³�  ̈ ��°�¸�¯�¨�ª��¨�³, �¸�µ�³�¬�²�¯�¨ �ª�¨�³�µ�±��²�¬��¨ (�Â�«�°�«�¨�´ 

�ª�¨�³�µ�¿��¨�´�¨) �Æ�«�¬�©�µ�«�¨ �¨�²�µ�½�¹�¨�´�°�¹ �°�´�º�¸�¨�¶�¬�¸�°�º�µ�´�¬�¨�²�»�¸�° �°�´�°�¬�½�Â�°�°�«�¨�´ 45-�¬ �«�¾�¬�¹;  

IV �Ç�ª�»�¼�° �À�¬�¨�«�ª�°�´�¨ 20-�³�  ̈ ��°�¸�¯�¨�ª��¨�³, �¸�µ�³�¬�²�¯�¨�Â, �«�¨�Ä�¿�¬�©�»�²�° �¨�²�µ�½�¹�¨�´�°�¹ 

�°�´�º�¸�¨�¶�¬�¸�°�º�µ�´�¬�¨�²�»�¸�° �°�´�°�¬�½�Â�°�°�«�¨�´ 31-�¬ �«�¾�¬�¹, 15 �«�¾�°�¹ �ª�¨�´�³�¨��²�µ�©�¨�À�°  

�»�±�¬�¯�«�¬�©�µ�«�¨ 0,5 �³�ª. �¹�°� �́¯�¬�®�»�¸�° �¸�¨�«�°�µ�°�´�¬�¸�º�»�²�° �¨�´�«�¸�µ�ª�¬�´�° - 

�³�¬�¯�°�²�º�¸�°�¬�´�µ�²�µ�´�°. �¨�³ �Ç�ª�»�¼�°�¹ �Â�Æ�µ��¬�²�¬�©�°�¹ �ª�¨�³�µ�±��²�¬��¨ (�Â�«�°�«�¨�´ �ª�¨�³�µ�¿��¨�´�¨) 

�Æ�«�¬�©�µ�«�¨ �¨�²�µ�½�¹�¨�´�°�¹ �°�´�º�¸�¨�¶�¬�¸�°�º�µ�´�¬�¨�²�»�¸�° �°�´�°�¬�½�Â�°�°�«�¨�´ 45-�¬, �¨�´�» 

�³�¬�¯�°�²�º�¸�°�¬�´�µ�²�µ�´�°�¯ �³�±�»�¸�´�¨�²�µ�©�°�¹ �³�¬-15 �«�¾�¬�¹.  

 �Â�«�°�«�¨�´ �ª�¨�³�µ�¿��¨�´�¨�³�«�¬ 1 �¹�¯ -�°�¯  �¨�«�¸�¬, �¸�µ�ª�µ�¸�Â �¹�¨�±�µ�´�º�¸�µ�²�µ, �°�¹�¬ �¹�¨�±��²�¬��° 

�Ç�ª�»�¼�¬�©�°�¹ �¿��¬�²�¨ �Â�Æ�µ��¬�²�¹, �¬�¯�¬�¸�°�¹ �´�¨�¸�±�µ�®�°�¹ �¶�°�¸�µ�©�¬�©�À�° 

�°�´�º�¸�¨�¶�¬�¸�°�º�µ�´�¬�¨�²�»�¸�¨�« �»�±�¬�¯�«�¬�©�µ�«�¨ 3,7x104 Bq �¹�°�´�¯�¬�®�»�¸�° �¸�¨�«�°�µ�¨�½�º�°�»�¸�° 

�¨�´�«�¸�µ�ª�¬�´�° - �³�¬�¯�°�²�º�¸�° �¬�´�µ�²�µ�´�° [17a-METHYL-3H] (R-1881).     

 �´�¨�¸�±�µ�®�À�° �³�¿�µ�¼�° �Â�Æ�µ��¬�²�¬�©�°�¹ �½��¬�³�µ �¾�¸�» ��¬�´�°�«�¨�´ ��°�¾�¬�©�«�°�¯ �¹�°�¹�Æ�²�¹ �³�¨�¹�À�° 

�ª�²�»�±�µ�®�°�¹, �°�³�»�´�µ�¸�¬�¨�½�º�°�»�²�° �°�´�¹�»�²�°�´�°�¹ (IRI), �±�µ�¸�º�°�±�µ�¹�º�¬�¸�µ�´�°�¹, 
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�¬�¹�º�¸�¨�«�°�µ�²�°�¹� ̈ (E2) �«�  ̈ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ (T) �±�µ�´�Â�¬�´�º�¸�¨�Â�°�¬�©�°�¹ 

�ª�¨�´�¹�¨�®�¾��¸�°�¹�¨�¯��°�¹. 

�¹�°�´�¯�¬�®�»�¸�° �¸�¨�«�°�µ�¨�½�º�°�»�¸�° �¨�´�«�¸�µ�ª�¬�´�°�¹ - �³�¬�¯�°�²�º�¸�° �¬�´�µ�²�µ�´�°�¹ 

�°�´�°�¬�½�Â�°�°�«�¨�´ �¬�¸�¯�° �¹�¨�¨�¯�°�¹ �À�¬�³�«�¬�ª, �¸�µ�ª�µ�¸�Â �¹�¨�±��²�¬��°, �°�¹�¬ �¹�¨�±�µ�´�º�¸�µ�²�µ �Ç�ª�»�¼�°�¹ 

�Â�Æ�µ��¬�²�¬�©�°�¹ �Â�«�°�«�¨�´ �ª�¨�³�µ�¿��¨�´�¨ �Æ�«�¬�©�µ�«�¨ �¬�¯�¬�¸�°�¹ �´�¨�¸�±�µ�®�°�¹ �ª�¨�¾�¸�³�¨��¬�©�°�¯.   

 �Â�Æ�µ��¬�²�¬�©�°�¹ �¹�°�±��«�°�²�°�¹ �«�¨�«�ª�µ�³�°�¹�¯�¨�´�¨��¬, �³�°�±�¸�µ�½�°�¸�»�¸�ª�°�»�²�° 

�Æ�¬�²�¹�¨�Ä�¿�µ�¬�©�°�¹ �ª�¨�³�µ�¿�¬�´�¬�©�°�¯ �Æ�«�¬�©�µ�«�¨ �¶�¨�´�±�¸�¬�¨�¹�°�¹ �«�  ̈ �¾��°�Ã�²�°�¹ �¨�³�µ�±��¬�¯�¨. 

�¶�¨�´�±�¸�¬� �̈¹�°�¹ �ª�¨�³�µ�±��²�¬��¨ �Æ�«�¬�©�µ�«�¨ �³�¨�¹�À�° �«�°�¨�©�¬�º�»�¸�° �Â��²�°�²�¬�©�¬�©�°�¹ 

�«�¨�«�¨�¹�º�»�¸�¬�©�°�¹�¨ �«�  ̈�¨�³ �Â��²�°�²�¬�©�¬�©�°�¹ �Æ�¨�¸�°�¹�Æ�°�¹ �ª�¨�´�¹�¨�®�¾��¸�°�¹ �³�°�®�´�°�.̄ �¾��°�Ã�²�° �±�° 

�À�¬�¸�Á�¬�»�² �°�½�´�¨, �¸�µ�ª�µ�¸�Â �µ�¸�ª�¨�´�µ, �¸�µ�³�² �°�¹ �»�Ç�¸�¬�«�¬�©�À�°�Â �ª�²�»�±�µ�®�°�¹ �º�¸�¨�´�¹�¶�µ�¸�º�° 

�¨�¸�¨� ̈ �¶�°�¸�«�¨�¶�°�¸ �«�¨�³�µ�±�°�«�¬�©�»�²�° �°�´�¹�»�²�°� �́®�¬ (�³�°�¹�ª�¨�  ́ �«�¨�³�µ�»�±�°�«�¬�©�²�¨�« 

�Æ�µ�¸�Â�°�¬�²�«�¬�©�¨). 

�¨�³�µ�±��¬�¯�°�²�° �µ�¸�ª�¨�´�µ�¬�©�° �¬�½��¬�³�«�¬�©�¨�¸�¬�©�µ�«�  ̈ �À�¬�³�«�ª�µ�³ �«�¨�³�»�À�¨��¬�©�¨�¹ 

�³�µ�¸�¼�µ�²�µ�ª�°�»�¸�° �«�  ̈�¸�¨�«�°�µ�³�¬�º��̧»�²�°   �±��²�¬��°�¹ �³�°�®�´�°�.̄ 

�¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�²�° �Â�Æ�µ��¬�²�¬�©�°�¹ �ª�¨�´�¨�Ä�°�²�¬�©�¨ �¹�¨�±��²�¬��° �Ç�ª�»�¼�¬�©�°�¹ �«�  ̈

�Á�¨�º�¨�¸�¬�©�»�²�° �ª�¨�³�µ�±��²�¬��¬�©�°�¹ �Á��¬�´�¬�©�°�¯ �Ä�¨�¸�³�µ�«�ª�¬�´�°�²�°�¨  N1 �Â�Æ�¸�°�²�À�°. 

�¹�°�¹�Æ�²�À�° �ª�²�»�±�µ�®�¨�¹ ��¹�¨�®�¾��¸�¨��«�°�¯ �¹�º�¨�´�«�¨�¸�º�»�²�°  

�ª�²�»�±�µ�®�µ�µ�½�¹�°�«�¨�Â�°�»�¸�° �³�¬�¯�µ�«�°�  ̄ (Christensen N.J., 1967; 2009), 

�°�³�»�´�µ�¸�¬�¨�½�º�°�»�²�° �°�´�¹�»�²�°�´�°�¹ �«�  ̈ �È�µ�¸�³�µ�´�¬�©�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ 

�ª�¨�´�¹�¨�®�¾��¸�°�¹�¨�¯��°�¹ ��°�¿�¬�´�¬�©�«�°�¯ �±�µ�³�¬�¸�Â�°�»�² �±�°�º-�´�¨�±�¸�¬�©�¬�©�¹:  �°�³�»�´�µ�¸�¬�¨�½�º�°�»�²�° 

�°�´�¹�»�²�°�´�°�¹� ̈ �«�  ̈  �¹�µ�³�¨�º�µ�º�¸�µ�¶�°�´�°�¹�¨�¯��°�¹  - SEA-IRE-SORIN-�°�¹ �¼�°�¸�³�°�¹ 

(�¹�¨�¼�¸�¨�´�ª�¬�¯�°); �±�µ�¸�º�°�±�µ�¹�º�¬�¸�µ�´�°�¹�¨�¯��°�¹ - RSL.,Inc. �¼�°�¸�³�°�¹  (�±�¨�²�°�¼�µ�¸�´�°�¨),  

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹�¨�¯��°�¹ - SORIN BIOMEDICA - �¼�°�¸�³�°�¹ (�°�º�¨�²�°�¨); 

�¬�¹�º�¸�¨�«�°�µ�²�°�¹�¨�¯��°�¹ - ORIS Industrie S.A. International GIS �¼�°�¸�³�°�¹ (�¹�¨�¼�¸�¨�´�ª�¬�¯�°). 

�¨�¹�¬��¬  ��°�¯��²�°�«�°�¯  �³�«�¬�«�¸�°�¹�  ̈ �«�  ̈ �³�¨�³�¸�°�¹ �¹�¨�¹�½�¬�¹�µ �È�µ�¸�³�µ�´�¬�©�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�¨�¯�¨ 

�¯�¨�´�¨�¼�¨�¸�«�µ�©�¨�¹ �¹�°�¹�Æ�²�À�° ���í�����ú������  
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�Â�Æ�¸�°�²�° N1 
�¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�²�° �Â�Æ�µ��¬�²�¬�©�°�¹ �ª�¨�´�¨�Ä�°�²�¬�©�¨ �¹�¨�±��²�¬��° �Ç�ª�»�¼�¬�©�°�¹ �«�  ̈

�Á�¨�º�¨�¸�¬�©�»�²�° �ª�¨�³�µ�±��²�¬��¬�©�°�¹ �³�°�Æ�¬�«��°�¯ 
 

  �±��²�¬��°�¹ �Ç�ª�»�¼�¬�©�°  
�«�  ̈�Â�Æ�µ��¬�²�¯�¨   

�¸�¨�µ�«�¬�´�µ�©�¨ 
                                                                                                                                                     
 

�¸�¨�µ�«�¬�´�µ- 
�©�¸�°��° �±��²�¬��¬�©�° 

 

�¹�¨�±�µ�´�º�¸�µ�²�µ 

�Ç�ª�»�¼�°  

I �Ç�ª�»�¼�° 

�¨�²�µ�½�¹�¨�´�°�¹ 

�°�´�°�¬�½�Â�°�°�«�¨�´  

�³�¬-15 �«�¾�¬�¹ 

II  �Ç�ª�»�¼�° 

�¨�²�µ�½�¹�¨�´�°�¹ 

�°�´�°�¬�½�Â�°�°�«�¨

�  ́30-�¬ �«�¾�¬�¹ 

III  �Ç�ª�»�¼�° 

�¨�²�µ�½�¹�¨�´�°�¹ 

�°�´�°�¬�½�Â�°�°�«�¨�´ 

45-�¬ �«�¾�¬�¹ 

IV  �Ç�ª�»�¼�° 

�¨�²�µ�½�¹�¨�´�°�¹ �°�´�°�¬�½�Â�°�°�¹  
31-�¬ �«�¾�°�«�¨� ́ �³�¬�¯�°�²-
�º�¸�°�¬�´�µ�²�µ�´�°�¯  �³�±�»�-̧
�´�¨�²�µ�©�°�¹ �³�¬-15 �«�¾�¬�¹ 
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 �È�µ�¸�³�µ�´�¬�©�°�¹ �ª�¨�´�¹�¨�®�¾��¸�°�¹ �À�¬�«�¬�ª�¬�©�° �¨�¾�¬�©�»�²�°�¨ �³�µ�¸�¼�µ�²�µ�ª�°�°�¹ 

�°�´�¹�º�°�º�»�º�°�¹ �¹�¨�¨�¸�½�°��µ �³�¨�¹�¨�²�°�«�¨�.́        

 �¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�²�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¶�°�¸�µ�©�¬�©�À�°, �¾��°�Ã�²�À�° 

�ª�¨�´��°�¯�¨�¸�¬�©�»�²�° �³�¬�º�¨�©�µ�²�»�¸�° �Â��²�°�²�¬�©�¬�©�°�¹ �À�¬�¼�¨�¹�¬�©�°�¹�¨�¯��°�¹, �¬�¸�¯�° �³�Æ�¸�°�, �«�  ̈

�«�°�¨�©�¬�º�»�¸�° �«�°�¹�³�¬�º�¨�©�µ�²�°�®�³�°�¹ �¨�´�«�¸�µ�ª�¬�´�°�¯ (�¹�°�´�¯�¬�®�»�¸�° �¸�¨�«�°�µ�¨�½�º�°�»�¸�° 

�³�¬�¯�°�²�º�¸�° �¬�´�µ�²�µ�´�°) �±�µ�¸�¬�½�Â�°�°�¹ �¶�¸�µ�Â�¬�¹�À�° �¨�´�«�¸�µ�ª�¬�´�»�²�° �¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ 

�³�µ�´�¨�Ä�°�²�¬�µ�©�°�¹ �À�¬�¼�¨�¹�¬�©�°�¹�¨�¯��°�¹, �³�¬�µ�¸�¬ �³�Æ�¸�°�, ��¨�Æ�«�¬�´�«�°�¯ �¾��°�Ã�²�°�¹ �½�¹�µ��°�²�À�° 

�´�»�±�²�¬�°�´�»�¸�° �³�·�¨��¬�©�°�¹ �¹�°�´�¯�¬�®�°�¹ �°�´�º�¬�´�¹�°��µ�©�°�¹ �«�  ̈ �¨�´�«�¸�µ�ª�¬�´�»�²�° 

�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �¸�¨�µ�«�¬�´�µ�©�°�¹ �ª�¨�´�¹�¨�®�¾��¸�¨�¹.  

�¨�´�«�¸�µ�ª�¬�´�»�²�° �¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �¸�¨�µ�«�¬�´�µ�©�°�¹ �ª�¨�´�¹�¨�®�¾��¸�°�¹ �³�°�®�´�°� ̄

�Â�Æ�µ��¬�²�°�¹ �¾��°�Ã�²�°�¹ �Æ�»�¯�° �Ä�°�²�°�¹ �Â�¬�´�º�¸�¨�²�»�¸�° �«�  ̈ �¶�¬�¸�°�¼�¬�¸�°�»�²�° �»�©�´�¬�©�°�«�¨�´  

��°�¾�¬�©�«�°�¯ �½�¹�µ��°�²�°�¹ 3��5��5 �³�³3 �®�µ�³�°�¹ �¼�¸�¨�ª�³�¬�´�º�¬�©�¹. �³�¨�¹�¨�²�°�¹ �´�¨�Ä�°�²�¹ ��Ä�µ�´�°�«�°�¯, 
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��¨�Æ�«�¬�´�«�°�¯ �³�°�¹ �È�µ�³�µ�ª�¬�´�°�®�¨�Â�°�¨�¹ �«�  ̈ ��¨�¯�¨��¹�¬�©�«�°�¯ �¹�Â�°�´�º�°�²�¨�Â�°�»�¸�° �¹�°�¯�Æ�°�¹ 5 

�³�² -�°�¹ �À�¬�³�Â��¬�² �³�°�´�°�¹ �¼�²�¨�±�µ�´�¬�©�À�°, �¸�µ�³�²�¬�©�¹�¨�Â ��«�¬�©�«�°�¯ �«�¨�´�¨�«�ª�¨� ̧�c�©�¬�º�¨-�î� -̂�À�° 

(�¸�»�¹�¬�¯�°�¹ �³�¬�«�°�Â�°�´�°�¹ �³�¬�Â�´�°�¬�¸�¬�©�¨�¯�¨ �¨�±�¨�«�¬�³�°�°�¹ �ï�è�ö�� �³�ê�õ�ð�ð�ô�÷-�ê�ð�ú�è�´�����Â�¬�´�º�¸�°�¹ 

�Ä�¨�¸�³�µ�¬�©�¨) �¸�¨�«�°�¨�½�º�°�»�²�° �°�³�¶�»�²�¹�¬�©�°�¹ �¸�¨�µ�«�¬�´�µ�©�°�¹ �ª�¨�´�¹�¨�®�¾��¸�°�¹�¨�¯��°�¹. 

�°�³�¶�»�²�¹�¬�©�°�¹ �¸�¨�µ�«�¬�´�µ�©�¸�°��° �À�¬�¼�¨�¹�¬�©�¨ �Æ�«�¬�©�µ�«�¨ �°�³�¶�»�²�¹�°/ �ª�¸�¨�³�°/ �Ä�»�¯�° 

�¬�¸�¯�¬�»�²�°�¯  (�°�³�¶/�ª�¸/�Ä� )̄ (Benito et al., 2012). 

�¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �ª�¨�´�¹�¨�®�¾��¸�°�¹ �À�¬�«�¬�ª�¬�©�° �¨�¾�¬�©�»�²�°�¨ 

�³�µ�¸�¼�µ�²�µ�ª�°�°�¹ �°�´�¹�º�°�º�»�º�°�¹ �¹�¨�¨�¸�½�°��µ �³�¨�¹�¨�²�°�«�¨�.́ �´�»�±�²�¬�°�´�»�¸�° �³�·�¨��¬�©�°�¹ 

�¹�°�´�¯�¬�®�°�¹ �°�´�º�¬�´�¹�°��µ�©�°�¹ �À�¬�¼�¨�¹�¬�©�°�¹�¨�¯��°�¹, �«�´�³-�°�¹� ̈ �«�  ̈ �¸�´�³-�°�¹ �¸�¨�µ�«�¬�´�µ�©�°�¹ 

�À�¬�¹�Ä�¨��²�¨�¹ �¾��°�Ã�²�°�¹ �½�¹�µ��°�²�À�° ��¨�Æ�«�¬�´�«�°�¯ �¸�¨�«�°�¨�½�º�°�»�²�° �õ3-�¯�°�³�°�«�°�´�°�¹ (I.U. 

8.14 x 1011 Bq/ml)  �«�  ̈ �õ3- �»�¸�°�«�°�´�°�¹ (�,���8���� �������� ���� ���������� �%�T���P�O) �Á�¨�¸�¯��°�¹ �³�°�Æ�¬�«��°�¯. 

�¨�³�°�¹�¨�¯��°�¹, �¨�´�«�¸�µ�ª�¬�´�»�²�° �¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �¸�¨�µ�«�¬�´�µ�©�°�¹ �ª�¨�´�¹�¨�®�¾��¸�°�¹ �À�¬�³�«�¬�ª 

�«�¨�¸�Á�¬�´�°�²�° �³�¨�¹�¨�²�°�¹ �´�¨�Ä�°�²�¹ ��Ä�µ�´�°�«�°�¯, ��¨�¯�¨��¹�¬�©�«�°�¯ 5 �³�²  �ª�¨�¸�¬�³�µ 199  �Æ�¹�´�¨�¸�°�¹ 

�À�¬�³�Â��¬�² �¼�²�¨�±�µ�´�¬�©�À�° (Anisimov V.N. and Khavinson V.K., 2010) �«�  ̈ ��»�³�¨�º�¬�©�«�°�¯ 

�¸�¨�«�°�¨�½�º�°�»�¸ �±�µ�³�¶�µ�´�¬�´�º�¹: �«�´�³-�°�¹ �¸�¨�µ�«�¬�´�µ�©�°�¹ �ª�¨�´�¹�¨�®�¾��¸�°�¹�¨�¯��°�¹ - �»3-

�¯�°�³�°�«�°�´�¹ (�«�µ�®�°�  ̄ �ï�X�ó�5�� �í�ì5 Bq/ml) (Benito et al., 2012; Didebulidze et al., 2015), 

�Æ�µ�²�µ �¸�´�³-�°�¹ �¸�¨�µ�«�¬�´�µ�©�°�¹ �ª�¨�´�¹�¨�®�¾��¸�°�¹�¨�¯��°�¹ - �õ3- �»�¸�°�«�°�´�¹ (�«�µ�®�°�  ̄ ���������� ��������

Bq/ml.) (Benito et al., 2012; Didebulidze et al., 2015),  �°�´�±�»�©�¨�Â�°�°�¹�¨�¯��°�¹ �¼�²�¨�±�µ�´�¬�©�° 

�¯�¨��¹�«�¬�©�µ�«�  ̈ �¯�¬�¸�³�µ�¹�º�¨�º�À�° +380�Á-�®�¬ 90 �Ä�»�¯�°�¹ �ª�¨�´�³�¨��²�µ�©�¨�À�°.  �°�´�±�»�©�¨�Â�°�°�¹ 

�À�¬�³�«�¬�ª �¼�¸�¨�ª�³�¬�´�º�¬�©�° �°�¸�¬�Â�Æ�¬�©�µ�«�¨ �Â�°�  (+40�Á�•���³�±��¬�©�¨� �¨�¸�¬�À�°,  �Æ�«�¬�©�µ�«�¨ �³�¨�¯�° 

�È�µ�³�µ�ª�¬�´�°�®�¨�Â�°�¨ �«�  ̈�ª�¨�´�¯�¨��¹�¬�©�¨ �¹�Â�°�´�º�°�²�¨�Â�°�»�¸�° �¹�°�¯�Æ�°�¹ 5 �³�² -�°�¹ �À�¬�³�Â��¬�² �³�°�´�°�¹ 

�¼�²�¨�±�µ�´�¬�©�À�°,  �¸�µ�³�²�¬�©�°�Â �¯�¨��¹�«�¬�©�µ�«�¨ �«�¨�´�¨�«�ª�¨� ̧ �c�©�¬�º�¨-�î� -̂�À�° �¸�¨�«�°�¨�½�º�°�»�²�° 

�°�³�¶�»�²�¹�¬�©�°�¹ �¸�¨�µ�«�¬�´�µ�©�°�¹ �ª�¨�´�¹�¨�®�¾��¸�°�¹�¨�¯��°�¹.  

�È�°�¹�º�µ�²�µ�ª�°�»�¸�° �À�¬�¹�Ä�¨��²�°�¹�¨�¯��°�¹ �¶�¨�´�±�¸�¬�¨�¹�°�¹ �«�  ̈ �¾��°�Ã�²�°�¹ �½�¹�µ��°�²�°�¹ 

�¼�¸�¨�ª�³�¬�´�º�¬�©�¹ ��¨�¼�°�½�¹�°�¸�¬�©�«�°�¯ 7,2-7,4 pH �¼�µ�¹�¼�¨�º�»�¸ �©�»�¼�¬�¸�®�¬ �«�¨�³�®�¨�«�¬�©�»�² 

�¼�µ�¸�³�¨�²�«�¬�È�°�«�°�¹ 4%-�°�¨� ́ �Æ�¹�´�¨�¸�À�° (�¼�µ�¸�³�¨�²�°�´�°�¹ 10%-�°�¨� ́ �Æ�¹�´�¨�¸�À�°), 24 �¹�¨�¨�¯�°�¹ 
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�ª�¨�´�³�¨��²�µ�©�¨�À�°. �¼�°�½�¹�¨�Â�°�°�¹ �À�¬�³�«�¬�ª �³�¨�¹�¨�²�°�¹ �ª�¨�»�Ä�¿�²�µ�¬�©�¨ �³�°�³�«�°�´�¨�¸�¬�µ�©�«�¨ �Ç�¬� ̧

�¨�¾�³�¨��¨�²�° �¹�¶�°�¸�º�¬�©�°�¹ (500 - 1000) �©�¨�º�¨�¸�¬�¨�À�°, �À�¬�³�«�¬�ª �±�° - �½�¹�°�²�µ�²�À�°.  �½�¹�µ��°�²�¹ 

��¨�¿�¨�²�°�©�¬�©�«�°�¯ �¶�¨�¸�¨�¼�°�´�À�°. �³�°�¾�¬�©�»�² �©�²�µ�±�¬�©�¹ ��Å�¸�°�«�°�  ̄ 3-4 �³�±�³-�°�¹ �¹�°�¹�½�°�¹ 

�¨�´�¨�¯�²�¬�©�¨�« �«�  ̈ ��¾�¬�©�¨��«�°�¯ �È�¬�³�¨�º�µ�½�¹�°�²�°�´-�¬�µ�®�°�´�°�¯. �¶�¸�¬�¶�¨�¸�¨�º�¬�©�¹ ��°�±��²�¬��«�°� ̄

�Ä�0�L�F�U�R�V�³-�°�¹ �¼�°�¸�³�°�¹ �º�¸�°�´�µ�±�»�²�¨�¸�»�²  �¹�°�´�¨�¯�²�°�¹ �³�°�±�¸�µ�¹�±�µ�¶�À�°, �¸�µ�³�¬�²�°�Â 

�»�®�¸�»�´��¬�²�¿�µ�¼�°�²�° �°�¿�µ �Â�°�¼�¸�»�²�° ��°�«�¬�µ �±�¨�³�¬�¸�°�¯. �¨�¾�´�°�À�´�»�²�° �±�¨�³�¬�¸�°�¯ 

�Æ�«�¬�©�µ�«�¨ �¹�¨�±��²�¬��° �³�¨�¹�¨�²�°�¹ �¼�°�½�¹�°�¸�¬�©�¨ �Â�°�¼�¸�»�² �¼�µ�¸�³�¨�º�À�° (jpg, tif) �«�  ̈ �³�°�¹�° 

�À�¬�³�«�ª�µ�³�° �¯��°�¹�µ�©�¸�°��° �«�  ̈�¸�¨�µ�«�¬�´�µ�©�¸�°��° (�³�µ�¸�¼�µ�³�¬�º�¸�°�»�²�°) �¨�´�¨�²�°�®�°.  

�¶�¨�´�±�¸�¬�¨�¹�°�¹ �½�¹�µ��°�²�°�¹ �È�°�¹�º�µ�²�µ�ª�°�»� ̧ �¨�´�¨�¯�²�¬�©�®�¬ ��¨�Æ�«�¬�´�«�°�¯ 

�±�»�´�Ã�»�²�¬�©�°�¹ �°�«�¬�´�º�°�¼�°�±�¨�Â�°�¨�¹ �«�  ̈ �³�¨�¹�À�° �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �¸�¨�µ�«�¬�´�µ�©�°�¹�¨ �«�  ̈

�«�¨�®�°�¨�´�¬�©�°�¹ �Æ�¨�¸�°�¹�Æ�°�¹ �À�¬�¼�¨�¹�¬�©�¨�¹.  

�±�µ�³�¶�°�»�º�¬�¸�»�² �¶�¸�µ�ª�¸�¨�³�¨ Adobe Photoshop �«�  ̈ Image J software �°�½�´�¨ 

�ª�¨�³�µ�¿�¬�´�¬�©�»�²�° (1-� ,̈�©) �¶�¨�´�±�¸�¬�¨�¹�°�¹ �±�»�´�Ã�»�²�¬�©�°�¹ �¹�¨�À�»�¨�²�µ �®�µ�³�¬�©�°�¹ 

(�È�°�¹�º�µ�²�µ�ª�°�»� ̧ �¨�´�¨�¯�²�¬�©�®�¬ �±�»�´�Ã�»�²�¬�©�°�¹ �¼�¨�¸�¯�µ�©�°�¹ [�°�®�µ�³�¬�©�µ�«�¨ �³�±�³2]) 

�ª� �̈´�¹�¨�®�¾��¸�°�¹�¨�¯��°�¹ �«�  ̈ (2-� ,̈�©) �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �³�½�µ�´�¬ �Â�Æ�µ��¬�²�¯�¨ �¶�¨�´�±�¸�¬�¨�¹�°�¹ 

�±�»�´�Ã�»�²�¬�©�À�° �´�¬�±�¸�µ�®�»�²�° �»�©�´�¬�©�°�¹ �ª�¨�¹��̈®�µ�³�¨�« (�¹�»�¸�¨�¯�° N1,2).  

�¯�°�¯�µ�¬�»�²�°  �Ç�ª�»�¼�°�«�¨�´ �³�µ�¸�¼�µ�³�¬�º�¸�°�»�² �¨�´�¨�²�°�®�¹ �¬�½��¬�³�«�¬�©�¨�¸�¬�©�µ�«�¨ 5 

�Â�Æ�µ��¬�²�°, �¯�°�¯�µ�¬�»�²�°  �Â�Æ�µ��¬�²�°�¹ �¶�¨�´�±�¸�¬�¨�¹�°�«�¨�´ �«�  ̈�¾��°�Ã�²�°�«�¨�´ ��¹�Ä�¨��²�µ�©�«�°�¯ 10 

�¨�´�¨�¯�¨�²�¹. �À�¬�³�µ�¹�¨�®�¾��¸�»�²�° �¼�¨�¸�¯�µ�©�°�¹ �®�µ�³�¬�©�¹ �±�µ�³�¶�°�»�º�¬�¸�»�²�° �¶�¸�µ�ª�¸�¨�³�¨ 

�¨�¾�¸�°�Â�Æ�¨��«�¨ �¶�°�±�¹�¬�²�¬�©�À�° �«�  ̈ �¨��º�µ�³�¨�º�»�¸�¨�« �ª�¨�«�¨�È�¿�¨��«�¨ Microsoft Excel-�°�¹ 

�¼�µ�¸�³�¨�º�°�¹ �Â�Æ�¸�°�²�¬�©�À�° (�¹�»�¸�¨�¯�° N1,2;  �Â�Æ�¸�°�²�° N2). 

�¾��°�Ã�²�°�¹ �«�¨�®�°�¨�´�¬�©�°�¹ �Æ�¨�¸�°�¹�Æ�° �¼�¨�¹�«�¬�©�µ�«�¨ 5-�©�¨�²�°�¨�´�° �Ä��°�®�»�¨�²�»�¸�° 

�¹�±�¨�²�°� �̄³�����¹�¨�«�¨�Â �Ä���³���À�¬�¬�¹�¨�©�¨�³�¬�©�¨ �Ä�´�µ�¸�³��̈³-�¹ (�¶�¸�¨�½�º�°�±�»�²�¨�« �Â��²�°�²�¬�©�¬�©�°�¹ �ª�¨�¸�¬�À�¬), 

�Æ�µ�²�µ �Ä���³���± �Ä�³�Ã�°�³�¬ �«�¬�ª�¬�´�¬�¸�¨�Â�°�»�²�³�����´�¬�±�¸�µ�®�»�²) �Â��² �°�²�¬�©�¬�©�¹.  

�¾��°�Ã�²�°�¹ �½�¹�µ��°�²�À�° �«�¨�³�¨�º�¬�©�°�¯ ��¹�¨�®�¾��¸�¨��«�°�¯ �È�¬�¶�¨�º�µ�Â�°�º�¬�©�°�¹ 

�¶�²�µ�°�«�µ�©�°�¹  �³�¨�Á��¬�´�¬�©�¬�²�¹  (�¨�¹�¬�¯�°   �«�¨�³�¨�º�¬�©�°�¯�°  �±��²�¬��°�¹  �¹�¨�Å�°�¸�µ�¬�©�¨  �ª�¨�³�µ�°�Ä��°�¨ 
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�¾��°�Ã�²�À�° �´�»�±�²�¬�°�´�»�¸�° �³�·�¨��¬�©�°�¹ �¹�°�´�¯�¬�®�°�¹ �°�´�º�¬�´�¹�°��µ�©�°�¹ �±��²�¬��°�¹ �À�¬�«�¬�ª�¬�©�³�¨). 

 

  

�¹�»�¸�¨�¯�° N1. (� ,̈�©) �¼�¨�¸�¯�µ�©�°�¹ �ª�¨�¹�¨�®�µ�³�¨�« �À�¬�³�µ�Æ�¨�®�»�²�°�¨ �¶�¨�´�±�¸�¬�¨�¹�°�¹ �²�¨�´�ª�¬�¸�È�¨�´�¹�°�¹ 
�±�»�´�Ã�»�²�°. H&E, �µ�©�°�¬�½�º�°��° 20, �µ�±�»�²�¨�¸�° 15; Adobe Photoshop. 

 
 

  

�¹�»�¸�¨�¯�° N2. (� ,̈�©) �¼�¨�¸�¯�µ�©�°�¹ �ª�¨�¹�¨�®�µ�³�¨�« �À�¬�³�µ�Æ�¨�®�»�²�°�¨ �¶�¨�´�±�¸�¬�¨�¹�°�¹ �±�»�´�Ã�»�²�¬�©�À�° 
�´�¬�±�¸�µ�®�»�²�° �»�©�´�¬�©�°. H&E, �µ�©�°�¬�½�º�°��° 20, �µ�±�»�²�¨�¸�° 15; Adobe Photoshop. 

 
�Â�Æ�¸�°�²�° N2. �À�¬�³�µ�¹�¨�®�¾��¸�»�²�° �¼�¨�¸�¯�µ�©�°�¹ �®�µ�³�¬�©�° �³�±�³ 2-�À�° (�´�°�³�»�À�°). 

 

 

�È�¬�¶�¨�º�µ�Â�°�º�¬�©�°�¹ �¶�²�µ�°�«�µ�©�°�¹ �ª�¨�´�¹�¨�®�¾��¸�°�¹�¨�¯��°�¹, ��°�¸�¯�¨�ª��¨�¹ �¾��°�Ã�²�°�¹ 

5x5x3 �³�³ �®�µ�³�°�¹ �´�¨�Å�¸�¬�©�¹ �¯�¨�´�³�°�³�«�¬��¸�»�²�¨�« ��¨�¯�¨��¹�¬�©�«�°�¯ �µ�¸ �©�»�¼�¬�¸�À�°: I 

�©�»�¼�¬�¸�À�° (pH 8,0 - 5%-�°�¨�´�° �¹�¨�½�¨�¸�µ�®�°�¹ 100�³�²  + 0,07 M  Na2HPO4-�°�¹ 95 �³�²  + 0,07 M  

KH2PO4-�°�¹  5�³�² ) 20 �Ä�»�¯�°�¹ �ª�¨�´�³�¨��²�µ�©�¨�À�°, �Æ�µ�²�µ II �©�»�¼�¬�¸�À�° (pH 7,3 - 0,07 M 

Na2HPO4-�°�¹ 80%-�°�¨�´�° �Æ�¹�´�¨�¸�° + 0,07M KH2PO4-�°�¹ 20%-�°�¨�´�° �Æ�¹�´�¨�¸�°) 5 �Ä�»�¯�°�¹ 

�¶�¸�µ�Â�¬�¹�° �´�°�³�»�À�° �±�¨�²�°�©�¸�¨�Â�°�¨ �¼�¨�¸�¯�µ�©�° �¶�¬�¸�°�³�¬�º�¸�° 
�ª�¨�®�µ�³��¨ 1.jpg 83 �¶�°�½�¹�¬�²�° = 7,5000 �³�°�±�¸�µ�´�° 16571,29573 499,957045 
�ª�¨�®�µ�³��¨ 2.jpg 58 �¶�°�½�¹�¬�²�° = 7,5000 �³�°�±�¸�µ�´�° 10128,14358 414,695169 
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�ª�¨�´�³�¨��²�µ�©�¨�À�°. �ª�¨�Ç�°�¸�Ç��¬�©�»�²�° �½�¹�µ��°�²�°�¹ �ª�¨�³�µ�Ä��²�°�²��°�  ̄ �³�°�¾�¬�©�»�² �Ä�Ä��¬�¯�¬�©�¹�³ 

��¨�Ä��¬�¯�¬�©�«�°�¯ �¹�¨�¹�¨�ª�´�¬ �³�°�´�¨�®�¬ �«�  ̈ ��¨�±�¬�¯�¬�©�«�°�¯ �´�¨�Â�Æ�¬�©�¹, �¸�µ�³�¬�²�¹�¨�Â 

��¨�¼�°�½�¹�°�¸�¬�©�«�°�¯ �³�¬�¯�¨�´�µ�²�°�¯. �«�´�³-�¹ �¹�¶�¬�Â�°�¼�°�±�»�¸�¨�« �À�¬�¾�¬�©��°�¹�¨�¯��°�¹ ��°�¿�¬�´�¬�©�«�°�¯ 

�À�°�¼�°�¹ �¸�¬�¨�½�º�°��¹ (�¼�°�µ�²�ª�¬�´�°�¹ �¸�¬�¨�½�Â�°�¨�¹). �¶�¸�¬�¶�¨�¸�¨�º�¬�©�¹, �È�°�«�¸�µ�²�°�®�°�¹ �³�°�®�´�°�,̄ 

��¨�¯�¨��¹�¬�©�«�°�¯ 10M LiCI-�¹�  ̈�«�  ̈2 M HCI -�°�¹ �´�¨�¸�¬��À�° (9:1) 30 �Ä�»�¯�°�¹ �ª�¨�´�³�¨��²�µ�©�¨�À�°, 

�À�¬�³�«�¬�ª ��¨��²�¬�©�«�°�¯ HCI-�°�¹  0.01 M �Æ�¹�´�¨�¸�À�°. �¹�¨�¾�¬�©�¨��À�° �¶�¸�¬�¶�¨�¸�¨�º�¬�©�¹ ��¨�Á�¬�¸�¬�©�«�°�¯ 

1 �¹�¨��̈¯ �°�¹ �ª�¨�´�³�¨��²�µ�©�¨�À�°, �À�¬�³�«�¬�ª ��¨��²�¬�©�«�°�¯ �ª�µ�ª�°�¸�«�µ��¨�´ �Ä�¿�¨�²�À�° (5�ª K2S2O5-�¹ 

�¬�³�¨�º�¬�©�¨ 950 �³�²  �«�°�¹�º�°�²�°�¸�¬�©�»�²�° �Ä�¿�¨�²�° �«�  ̈ 50 �³�²  HCL) 3-�Ç�¬�.̧ �¨�³�°�¹ �À�¬�³�«�¬�ª 

��¨��²�¬�©�«�°�¯ HCL 0.01M �Æ�¹�´�¨�¸�À�°, ��¨�º�¨�¸�¬�©�«�°�¯ �¨�¾�³�¨��¨�²�° �±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ 

�¹�¶�°�¸�º�¬�©�À�° �«�  ̈��¼�¨�¸�¨��«�°�¯ �¹�¨�¼�¨�¸�° �³�°�´�°� .̄       

 �¨�³ �Ä�¬�¹�°�¯ �À�¬�¾�¬�©�°�²�° �¶�¸�¬�¶�¨�¸�¨�º�¬�©�°�¹ �¼�µ�º�µ�ª�¸�¨�¼�°�¸�¬�©�¨ �Æ�«�¬�©�µ�«�¨ Micros-�°�¹ 

�¼�°�¸�³�°�¹ �¹�°�´�¨�¯�²�°�¹ �³�°�±�¸�µ�¹�±�µ�¶�À�° (90X10) �°�´�º�¬�¸�¼�¬�¸�¬�´�Â�°�»�²�° �¼�°�²�º�¸�°�¹ 

�ª�¨�³�µ�¿�¬�´�¬�©�°�¯, �¸�µ�³�¬�²�°�Â �³�Æ�µ�²�µ�« �¬�¸�¯�° �¹�°�ª�¸�Ã�°�¹ (570 �´�³) �º�¨�²�¾�°�¹ �³�½�µ�´�¬ 

�¹�°�´�¨�¯�²�°�¹ �¹�Æ�°��¹ �¨�º�¨�¸�¬�©�¹.  �¯�°�¯�µ�¬�»�²�°  �¹�»�¸�¨�¯�° �³�»�À�¨��«�¬�©�µ�«�¨ �±�µ�³�¶�°�»�º�¬�¸�»�² 

�¶�¸�µ�ª�¸�¨�³�¨ Image J-�À�°. �ª�¨�«�¨�ª��¿�¨��«�¨ 32 bit-�À�°, ��¨�Æ�«�¬�´�«�°�¯ �°�´��¬�¸�º�°�¸�¬�©�¨�¹ (�¼�µ�´�° 

�³�»�½�«�¬�©�¨, �Æ�µ�²�µ �©�°�¸�¯��¬�©�° �¾�°�¨ �¼�¬�¸�¹ �°�¾�¬�©�¹), ��Æ�¨�®�¨��«�°�¯ �¯�°�¯�µ�¬�»�²  �©�°�¸�¯��¹ �«�  ̈

��®�µ�³�¨��«�°�¯ �À�¬�¾�¬�©��°�¹ �°�´�º�¬�´�¹�°�»�¸�µ�©�¨�¹. 

�¨�¾�Ä�¬�¸�°�²�° �³�¬�¯�µ�«�° �¹�¨�±�³�¨�µ�« �À�¸�µ�³�¨�º�¬��¨�«�°�¨. �¨�¾�´�°�À�´�»�²�°�¹ �ª�¨�³�µ �Á��¬�´ 

��Â�¨�«�¬�¯ �È�¬�¶�¨�º�µ�Â�°�º�¬�©�°�¹ �¶�²�µ�°�«�µ�©�°�¹ �À�¬�¼�¨�¹�¬�©�¨ �³�¨�¯�° �©�°�¸�¯��¬�©�°�¹ �®�µ�³�¬�©�°�¹ 

(�È�°�¹�º�µ�²�µ�ª�°�»� ̧ �¨�´�¨�¯�²�¬�©�À�° �©�°�¸�¯��¬�©�°�¹ �¼�¨�¸�¯�µ�©�°�¹) �À�¬�«�¨�¸�¬�©�°�¯�° �¨�´�¨�²�°�®�°� ,̄ 

�¶�¸�µ�ª�¸�¨�³�¨  Adobe Photoshop-�°�¹ �ª�¨�³�µ�¿�¬�´�¬�©�°�¯. ��¨�Æ�«�¬�´�«�°�¯ �È�¬�³�¨�º�µ�½�¹�°�²�°�´�°�¯�¨ �«�  ̈

�¬�µ�®�°�´�°�¯ �À�¬�¾�¬�©�°�²�° �¶�¸�¬�¶�¨�¸�¨�º�¬�©�°�¹ �°�´��¬�¸�º�°�¸�¬�©�¨�¹, �¸�°�¹ �À�¬�«�¬�ª�¨�«�¨�Â �³�»�½ �¼�µ�´�®�¬ 

�±�¨�¸�ª�¨�« �°�±��¬�¯�¬�©�¨ �©�°�¸�¯��¬�©�°�¹ �±�µ�´�º�»�¸�¬�©�°, �À�¬�³�µ��Æ�¨�®�¨��«�°�¯ �¯�°�¯�µ�¬�»�²  �©�°�¸�¯��¹ �«�  ̈

��®�µ�³�¨��«�°�¯ �À�¬�³�µ�Æ�¨�®�»�² �¼�¨�¸�¯�µ�©�¹, �¸�µ�³�²�°�¹  �®�µ�³�¨�¹�¨�Â �¶�°�½�¹�¬�²�¬�©�À�°  �¨�¾�¸�°�Â�Æ�¨��«�¨ 

Adobe Photoshop-�°�¹ �¶�¸�µ�ª�¸�¨�³�¨ �«�  ̈ �¨��º�µ�³�¨�º�»�¸�¨�« �ª�¨�«�¨�¿�¨��«�  ̈ Microsoft Excel-�°�¹ 

�¼�µ�¸�³�¨�º�°�¹ �Â�Æ�¸�°�²�¬�©�À�° (�¹�»�¸�¨�¯�° N15; �Â�Æ�¸�°�²�° N4). 
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�¶�°�²�µ�º�»�¸�³�  ̈ �Â�«�¨�³ �«�¨�¨�«�¨�¹�º�»�¸�,̈ �¸�µ�³ �¼�µ�²�ª�¬�´�°�¹ �¸�¬�¨�½�Â�°�°�¯ �À�¬�¾�¬�©�°�²�° �«�  ̈

�À�¬�³�«�ª�µ�³�À�° �Á��¬�´�¹ �³�°�¬� ̧ �³�µ�«�°�¼�°�Â�°�¸�¬�©�»�²�° (�Ä�°�´�¨ �¨�©�®�¨�Â�À�° �¨�¾�Ä�¬�¸�°�²�°) �³�¬�¯�µ�«�°�  ̄

�À�¬�¼�¨�¹�¬�©�»�²�° �¶�²�µ�°�«�µ�©�°�¹ �³�¨�Á��¬�´�¬�©�¬�²�° �¨�  ̧ �ª�¨�´�¹�Æ��¨��«�¬�©�¨ �Á��¬�´�¹ �³�°�¬� ̧

�À�¬�³�µ�¯�¨��¨�®�¬�©�»�²�° �Ä�ª�¨�³�¨�¸�º�°��¬�©�»�²�°�³�� �³�¬�¯�µ�«�°�  ̄ �À�¬�¼�¨�¹�¬�©�»�²�° �¶�²�µ�°�«�µ�©�°�¹ 

�³�¨�Á��¬�´�¬�©�²�°�¹�¨�ª�¨�´. �¨�¾�´�°�À�´�»�²�°�¹ �ª�¨�³�µ �±��²�¬��¨ �ª�¨��¨�ª�¸�Ã�¬�²�¬�¯ �¨�³ �»�±�¨�´�¨�¹�±�´�¬�²�°�¹ 

�ª�¨�³�µ�¿�¬�´�¬�©�°�¯.    

�¿��¬�²�¨ �±��²�¬��°�¹ (�¸�µ�ª�µ�¸�Â �©�°�µ�½�°�³�°�»�¸�°, �°�¹�¬ �³�µ�²�¬�±�»�²�»� -̧�©�°�µ�²�µ�ª�°�»�¸�° �«�  ̈

�³�µ�¸�¼�µ�²�µ�ª�°�»�¸�°) �À�¬�«�¬�ª�¬�©�°�¹ �¹�º�¨�º�°�¹�º�°�±�»� ̧ �¨�´�¨�²�°�®�¹ ��¨�Ä�¨�¸�³�µ�¬�©�«�°�¯ 

�±�µ�³�¶�°�»�º�¬�¸�»�²�° �¶�¸�µ�ª�¸�¨�³�°�¹  IBM SPSS 20-�°�¹ �³�¬�À��¬�µ�©�°�¯.       
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                                              �¯�¨��° IV  

                                    �À�¬�«�¬�ª�¬�©�° �«�  ̈�ª�¨�´�¹�Ç�¨ 

 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �²�¨�´�ª�¬�¸�È�¨�´�¹�°�¹ �±�»�´�Ã�»�²�¬�©�°�¹ �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �¶�¸�µ�ª�¸�¬�¹�»�²�° 

�«�¨�®�°�¨�´�¬�©�°�¹ �À�¬�«�¬�ª�°�¨ (Eisenbarth et al., 1987). �¹�Æ��¨�«�¹�Æ��¨ �³�¬�½�¨�´�°�®�³�°, �¸�µ�³�¬�²�°�Â 

�À�¬�³�µ�¯�¨��¨�®�¬�©�»�²�° �°�¿�µ �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �«�¨�®�°�¨�´�¬�©�°�¹ �¨�Æ�¹�´�°�¹�¨�¯��°�¹ (Rabinovitch A., 

1992; Mathis at al., 2001), �¹�¨�¼�»�Ã��²�¨�« �«�¨�¬�«�µ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �³�µ�«�¬�²�°�¸�¬�©�¨�¹ 

�¬�½�¹�¶�¬�¸�°�³�¬�´�º�À�°.  

 �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �¶�¸�µ�ª�¸�¬�¹�°�¸�¬�©�¨�«�° �½�¸�µ�´�°�±�»�²�° �«�¨�¨��¨�«�¬�©�¨�¨, �¯�»�³�Â� ̈

�¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�² �³�µ�«�¬�²�¬�©�À�° �«�¨�Ä�¿�¬�©�°�¯�° �«�¨�®�°�¨�´�¬�©�¬�©�° �À�¬�°�´�°�À�´�¬�©�¨  �¨�«�¸�¬�»�² 

�¹�º�¨�«�°�¬�©�®�¬. �±��²�¬��¬�©�³�¨ �¨�Á��¬�´�¨, �¸�µ�³ ��°�¸�¯�¨�ª��¬�©�À�° �¹�º�¸�¬�¶�º�µ�®�µ�º�µ�Â�°�´�°�¯ 

�ª�¨�³�µ�Ä��¬�»�²�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¶�°�¸�µ�©�¬�©�À�° �¶�¨�´�±�¸�¬�¨�¹�°�¹ �±�»�´�Ã�»�²�¬�©�°�¹ 

�³�µ�¸�¼�µ�²�µ�ª�°�»�¸�° �«�¨�®�°�¨�´�¬�©�¨ ��²�°�´�«�¬�©�¨ �«�¨�¨��¨�«�¬�©�°�«�¨�´ 3 �«�¾�¬�À�° (Komers et al., 

2001; Ozmen et al., 2007). �³�¹�ª�¨��¹�° �À�¬�«�¬�ª�¬�©�° �À�¬�°�´�°�À�´�¨ �±��²�¬��¨�À�°, �¹�¨�«�¨�Â, 

�ª�²�»�±�µ�®�»�¸�°�¨ �ª�¨�³�µ��²�°�´�«� ̈ �¹�º�¸�¬�¶�º�µ�®�µ�º�µ�Â�°�´�°�¹  �°�´�°�¬�½�Â�°�°�«�¨�´ �¹�¨�³ �«�¾�¬�À�°. 

�¨�¾�¹�¨�´�°�À�´�¨��°�¨, �¸�µ�³ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¶�°�¸�µ�©�¬�©�À�° �®�°�¨�´�«�¬�©�¨ �¨�¸�  ̈ �³�Æ�µ�²�µ�« 

�¶�¨�´�±�¸�¬�¨�¹�°�¹ �±�»�´�Ã�»�²�¬�©�°. �¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�²�° �«�°�¨�©�¬�º�°�¹ �³�¬-3, �³�¬-4 �«�  ̈ �³�¬-5 �«�¾�¬�¹, 

�Â��²�°�²�¬�©�¬�©�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�¨ �È�°�¹�º�µ�²�µ�ª�°�»�¸�¨�« �«�  ̈ �°�³�»�´�µ�È�°�¹�º�µ�½�°�³�°�»�¸�¨�« 

�«�¨�«�¨�¹�º�»�¸�«� ̈ �¾��°�Ã�²�°�¹ �«�  ̈ �¯�°�¸�±�³�¬�²�°�¹ �½�¹�µ��°�²�¬�©�À�°�Â. �²�¨�´�ª�¬�¸�È�¨�´�¹�°�¹ 

�±�»�´�Ã�»�²�¬�©�À�°, �¾��°�Ã�²�À�° �«�  ̈ �¯�°�¸�±�³�¬�²�À�° �³�µ�°�³�¨�º� ̈ caspase-3-�°�¹, COX-1-�°�¹, COX-2-

�°�¹, CaSR-�°�¹ �«�  ̈ HIF-1�.-�¨�¹ �¬�½�¹�¶�¸�¬�¹�°�¨�³. �¨�³ �À�¬�«�¬�ª�¬�©�³�¨ �ª�¨�´�¨�³�º�±�°�Â�¨ �°�«�¬�¨, �¸�µ�³ 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �«�¸�µ�¹ �»�Ç�¸�¬�«�¬�©�°�¹ �«�¨�®�°�¨�´�¬�©�¨ �°�Ä�¿�¬�©�¨ �«�¨�¨��¨�«�¬�©�°�¹ �Ã�¨�²�°�¨� ́

�¨�«�¸�¬�»�² �¬�º�¨�¶�®�¬. �±��²�¬��¬�©�°�¹ �³�°�Æ�¬�«��°�¯, �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¶�°�¸�µ�©�¬�©�À�° 

�µ�¸�ª�¨�´�µ�¯� ̈ �«�¨�®�°�¨�´�¬�©�¨�¹ �°�Ä��¬��¹ �°�¹�¬��̄°�³�¬�½�¨�´�°�®�³�¬�©�°, �¸�µ�ª�µ�¸�°�Â�¨�¨ �È�°�¶�µ�½�¹�°�¨, 

�¨�¶�µ�¶�º�µ�®�° �«�  ̈�±�¨�²�Â�°�»�³�°�¹ �À�¬�³�µ�«�°�´�¬�©�¨ (Komers et al., 2001; Ozmen et al., 2007). 
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�¹�º�¸�¬�¶�º�µ�®�µ�º�µ�Â�°�´�°�¯   �ª�¨�³�µ�Ä��¬�»�²�°  �«�°�¨�©�¬�º�°�¹�¨�ª�¨�´  �ª�¨�´�¹�Æ��¨��¬�©�°�¯, 

�¨�²�µ�½�¹�¨�´�°�¯ �¨�¾�Ã�¸�»�²�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¶�°�¸�µ�©�¬�©�À�° �«�¨�®�°�¨�´�¬�©�¨�¹ �»�¼�¸�µ 

�½�¸�µ�´�°�±�»�²�° �Æ�¨�¹�°�¨�¯�° �¨�½��¹.  �¨�²�µ�½�¹�¨�´�»�¸�° �«�¨�®�°�¨�´�¬�©�°�¹ �«�¸�µ�¹ �¨�«�ª�°�²�° �¨�½��¹ 

�¶�¨�´�±�¸�¬�¨�¹�°�¹ �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �¸�µ�ª�µ�¸�Â �°�À�¬�³�°�»�¸ (�È�°�¶�µ�½�¹�°�¨ �«�  ̈ �±�¨�²�Â�°�»�³�°�¹ 

�À�¬�³�µ�«�°�´�¬�©�¨ �»�Ç�¸�¬�«�¬�©�À�°)  �«�  ̈�º�µ�½�¹�°�±�»�¸ (�¨�²�µ�½�¹�¨�´�°�¹ �»�À�»�¨�²�µ �®�¬�³�µ�½�³�¬�«�¬�©�¨), �°�¹�¬ 

�¨�¶�µ�¶�º�µ�®�»�¸ �«�¨�®�°�¨�´�¬�©�¨�¹.  

�³�°�Á�´�¬�»�²�°�¨, �¸�µ�³ �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �«�¨�®�°�¨�´�¬�©�¨ (�«�¬�¹�º�¸�»�½�Â�°�¨) �Ã�°�¸�°�¯�¨�«�¨�« 

�³�°�³�«�°�´�¨�¸�¬�µ�©�¹ �±�¨�¹�¶�¨�®-�«�¨�³�µ�±�°�«�¬�©�»�²�° �¨�¶�µ�¶�º�µ�®�°�¹ �³�¬�½�¨�´�°�®�³�°�¯ (Maedler et al., 

2001).  

�¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�²�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¨�²�µ�½�¹�¨�´�»�¸�° �³�µ�«�¬�²�° �¬�¸�¯-�¬�¸�¯�° 

�¼�¨�¸�¯�µ�« �ª�¨�³�µ�¿�¬�´�¬�©�»�²�° �³�µ�«�¬�²�°� ̈ �³�¾�¸�¾�´�¬�²�¬�©�À�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 1-�°�¹ 

�ª�¨�³�µ�¹�¨�Ä��¬��¨�«. �¨�²�µ�½�¹�¨�´�° �À�¬�¸�Á�¬��°�¯�¨�« �¨�®�°�¨�´�¬�©�¹ �¶�¨�´�±�¸�¬�¨�¹�°�¹ �²�¨�´�ª�¬� �̧È�¨�´�¹�°�¹ 

�±�»�´�Ã�»�²�¬�©�°�¹ �Ã-�»�Ç�¸�¬�«�¬�©�¹. �³�°�¹�° �¬�¸�¯�Ç�¬�¸�¨�«�° �°�´�°�¬�½�Â�°�¨ �°�Ä��¬��¹ �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ 

�º�µ�½�¹�°�±�»�¸ �«�  ̈�¨�¶�µ�¶�º�µ�®�»�¸ �Â��²�°�²�¬�©�¬�©�¹, �È�°�¶�µ�°�´�¹�»�²�°�´�¬�³�°�¨�¹ �«�  ̈�È�°�¶�¬�¸�ª�²�°�±�¬�³�°�¨�¹ 

(Etuk E.U., 2010), �¸�¨�Â, �¯�¨��°�¹ �³�Æ�¸�°�, �¨�¾�Ã�¸�¨��¹ �«�°�¹�³�¬�º�¨�©�µ�²�°�®�³�»�¸�° �³�¬�½�¨�´�°�®�³�¬�©�°�¹ 

�±�¨�¹�±�¨�«�¹, �³�¨�¯ �À�µ�¸�°�¹ �°�¹�¬� ̄ �¶�¸�µ�Â�¬�¹�¬�©�¹�¨�Â, �¸�µ�³�²�¬�©�°�Â �¨�¨�½�º�°�»�¸�¬�©�¹  �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ 

�¨�¶�µ�¶�º�µ�®�¹ (Bonner-Weir  S. and Weir G.C., 2005). �¨�³�¸�°�ª�¨�«, �¨�²�µ�½�¹�¨�´�»�¸�°  �«�°�¨�©�¬�º�°�¹ 

�³�µ�«�¬�²�À�°, �¸�µ�³�¬�²�°�Â 1,5-�«�¨�  ́ 2 �¯��¬�³�«�¬, �®�µ�ª�° �«�¨�±��°�¸��¬�©�°�¯ �±�° - 3 �¯��¬�³�«�¬ 

�ª�¸�Ã�¬�²�«�¬�©�¨���� �Ä�³�µ�´�¨�Ä�°�²�¬�µ�©�¹�³�� �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �¸�µ�ª�µ�¸�Â �´�¬�±�¸�µ�®�»�²�°, �°�¹�¬ 

�¨�¶�µ�¶�º�µ�®�»�¸�° �«�¨�®�°�¨�´�¬�©�¬�©�° (Morgan et al., 1994). �À�¬�³�«�ª�µ�³ ��¨�«�¬�©�®�¬ ��°�¯�¨�¸�«�¬�©�¨ 

�¸�¬�ª�¬�´�¬�¸�¨�Â�°�»�²�° �¶�¸�µ�Â�¬�¹�¬�©�° �«�  ̈�¶�¨�´�±�¸�¬�¨�¹�°�¹ �²�¨�´�ª�¬� �̧È�¨�´�¹�°�¹   �±�»�´�Ã�»�²�¬�©�° �¨�¾�°�«�ª�¬�´�¹ 

�º�°�¶�»�  ̧�¹�º�¸�»�½�º�»�¸�¨�¹.  

�¸�µ�ª�µ�¸�Â �´�¨�À�¸�µ�³�°�¹  II I �¯�¨��À�° - �Ä�±��²�¬��°�¹ �³�¨�¹�¨�²� ̈ �«�  ̈ �³�¬�¯�µ�«�¬�©�°�³��- 

�¨�¾��´�°�À�´�¬�¯, �¸�µ�ª�µ�¸�Â �¹�¨�±�µ�´�º�¸�µ�²�µ, �°�¹�¬ �±��²�¬��°�¯�° �Ç�ª�»�¼�¬�©�°�¹ �Â�Æ�µ��¬�²�¬�©�À�° 

(�¬�½�¹�¶�¬�¸�°�³�¬�´�º�°�¹ �¿��¬�²�¨ ��¨�«�¨�®�¬) ��¨�Ä�¨�¸�³�µ�¬�©�«�°�¯ �³�µ�¸�¼�µ�²�µ�ª�°�»� ̧ (�³�°�³�µ�Æ�°�²��°�¯�° 
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�È�°�¹�º�µ�²�µ�ª�°�¨, �³�µ�¸�¼�µ�³�¬�º�¸�°�¨, �°�³�»�´�µ�È�°�¹�º�µ�½�°�³�°�¨), �©�°�µ�½�°�³�°�»�¸ �«�  ̈

�¸�¨�«�°�µ�°�®�µ�º�µ�¶�»�¸ �ª�¨�³�µ�±��²�¬��¬�©�¹.  

�¶�¨�´�±�¸�¬�¨�¹�°�¹�¨ �«�  ̈ �¾��°�Ã�²�°�¹ �½�¹�µ��°�²�°�¹ �³�µ�¸�¼�µ�²�µ�ª�°�»�¸�° �Â��²�°�²�¬�©�¬�©�° 

�¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ �«�°�´�¨�³�°�±�¨�À�° �«�  ̈ �³�°�¹�° �³�¬�¯�°�²�º�¸�°�¬�´�µ�²�µ�´�°�¯ 

�³�±�»�¸�´�¨�²�µ�©�°�¹ �À�¬�³�«�¬�ª. 

�³�µ�¸�¼�µ�²�µ�ª�°�»�¸�¨�« ��°�±��²�¬��«�°� ̄ �¶�¨�´�±�¸�¬�¨�¹�°�¹�¨ �«�  ̈ �¾��°�Ã�²�°�¹ �½�¹�µ��°�²�¬�©�¹; 

�©�°�µ�½�°�³�°�»�¸�° �±��²�¬��°�¹ �³�¬�¯�µ�«�¬�©�°�¯ ��¹�¨�®�¾��¸�¨��«�°�¯ �¹�°�¹�Æ�²�À�° �ª�²�»�±�µ�®�°�¹, 

�°�³�»�´�µ�¸�¬�¨�½�º�°�»�²�°  �°�´�¹�»�²�°�´�°�¹, �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹, �¬�¹�º�¸�¨�«�°�µ�²�°�¹ �«�  ̈

�±�µ�¸�º�°�®�µ�²�°�¹ �À�¬�³�Â��¬�²�µ�©�¨�¹ (�±�µ�´�Â�¬�´�º�¸�¨�Â�°�¬�©�¹), �Æ�µ�²�µ �¸�¨�«�°�µ�°�®�µ�º�µ�¶�»�¸�° 

�±��²�¬��°� ̄ ��¨�Æ�«�¬�´�«�°�¯ �¾��°�Ã�²�°�¹ �»�Ç�¸�¬�«�¬�©�À�° �«�´�³-�°�¹ �«�  ̈ �¸�´�³-�°�¹, �¨�ª�¸�¬�¯��¬, 

�¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �¸�¨�µ�«�¬�´�µ�©�¸�°� �À�¬�¼�¨�¹�¬�©�¨�¹ (�¿��¬�²�¨ �³�¬�¯�µ�«�° �«�¬�º�¨�²�»�¸�¨�« 

�°�¿�µ �¨�¾�Ä�¬�¸�°�²�° II I �¯�¨��À�°). 

�¹�¨�±�µ�´�º�¸�µ�²�µ �Ç�ª�»�¼�°�¹ �Â�Æ�µ��¬�²�¬�©�À�° �È�¬�³�¨�º�µ�½�¹�°�²�°�´-�¬�µ�®�°�´�°�¯ (H&E) 

�À�¬�¾�¬�©�°�²�° �¨�´�¨�¯�²�¬�©�°�¹ �ª�¨�³�µ�±��²�¬��¨�³ �¨�Á��¬�´�¨, �¸�µ�³ �¶�¨�´�±�¸�¬�¨�¹�¹ �«�  ̈ �¾��°�Ã�²�¹ �¨�½��¹ 

�´�µ�¸�³�¨�²�»�¸�° �È�°�¹�º�µ�²�µ�ª�°�»�¸�° �¹�º�¸�»�½�º�»�¸�.̈  

�±�¬�¸�Ã�µ�«, �²�¨�´�ª�¬�¸�È�¨�´�¹�°�¹ �±�»�´�Ã�»�²�¬�©�° �¶�¨�´�±�¸�¬�¨�¹�°�¹ �½�¹�µ��°�²�À�° �ª�¨�³�µ�°�¸�Á�¬��¨ 

�¸�µ�ª�µ�¸�Â �¨�¸�¨�±�¨�¼�¹�»�²�°�¸�¬�©�»�²�°, �³�¨�ª�¸�¨�³ �°�¸�ª��²�°��³�«�¬�©�¨�¸�¬ �½�¹�µ��°�²�°�«�¨�´ �±�¨�¸�ª�¨�« 

�ª�¨�³�µ�¿�µ�¼�°�²�°, �À�¬�«�¨�¸�¬�©�°�¯ �´�¨�¯�²�¨�«  (�³�±�¸�¯�¨�²�¨�«) �À�¬�¾�¬�©�°�²�° �³�¸�ª��¨�²�° �¨�  ́�µ��¨�²�»�¸�° 

�¼�µ�¸�³�°�¹ �»�©�´�¬�©�°, �¸�µ�³�² �¬�©�°�Â �¼�µ�¸�³�°�¸�¬�©�»�²�°�¨ �¬�¸�¯�³�¨�´�¬�¯�°�¹�¨�ª�¨�´  �¹�°�¹�Æ�²�Ã�¨�¸�¾��µ��¨�´�° 

�±�¨�¶�°�²�¨�¸�¬�©�°�¯ �ª�¨�³�µ�¿�µ�¼�°�²�° �¹�Æ��¨�«�¨�¹�Æ��¨�ª��¨�¸�° �»�Ç�¸�¬�«�¬�©�°�¹ �Ç�ª�»�¼�¬�©�°�¯. 

�±�»�´�Ã�»�²�¬�©�° �À�¬�«�ª�¬�©�¨ �¸�¨�³�«�¬�´�°�³�¬ �¬�´�«�µ�±�¸�°�´�»�²�° �º�°�¶�°�¹ �»�Ç�¸�¬�«�¬�©�°�¹�ª�¨�´                             

���.-���� �Ã-���� �/-���� �0- �«�  ̈ �¶�¨�´�±�¸�¬�¨�¹�»�²�°  �¶�µ�²�°�¶�¬�¶�º�°�«�°�¹ [PP] �»�Ç�¸�¬�«�¬�©�°), �¸�µ�³�¬�²�¯�¨�ª�¨� ́

�¯�°�¯�µ�¬�»�²�°   �ª�¨�³�µ�°�³�»�À�¨��¬�©�¹  �¹�¶�¬�Â�°�¼�°�±�»�¸ �È�µ�¸�³�µ�´�¹, �¸�µ�³�¬�²�°�Â �¶�¨�¹�»�Æ�°�¹�³�ª�¬�©�¬�²�°�  ̈

�ª�²�»�±�µ�®�°�¹ �È�µ�³�¬�µ�¹�º�¨�®�°�¹ �À�¬�´�¨�¸�Á�»�´�¬�©�¨�®�¬  �À�°�³�À�°�²�°�¹�¨ �«�  ̈ �³�¨�Ã�¾�¸�µ�©�°�¹ �«�¸�µ�¹. �¨�³ 

�»�Ç�¸�¬�«�°�¹ �º�°�¶�¬�©�¹ �À�µ�¸�°�¹ �©�¨�²�¨�´�¹�°�¹ �«�¨�Â��¨ �³�´�°�À��´�¬�²�µ��¨�´�°�¨ �µ�¸�ª�¨�´�°�®�³�°�¹ 

�³�¬�º�¨�©�µ�²�»�¸�° �¹�º�¨�º�»�¹�°�¹�¯��°�¹ (Bluestone et al., 2010; Ashcroft F.M. and Rorsman P., 
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2012). �Á��¬�´�¹ �¶�¸�¬�¶�¨�¸�¨�º�¬�©�®�¬ �Ã-�»�Ç�¸�¬�«�¬�©�¹, �Ã�°�¸�°�¯��̈«�¨�«, �»�±�¨��°�¨�¯ �±�»�´�Ã�»�²�¬�©�°�¹ 

�Â�¬�´�¸�º�¨�²�»�¸�° �»�©�´�¬�©�°, �¯�»�³�Â� ̈ �°�À��°�¨�¯�¨�«, �³�¨�¯�° �¹�¨�À�»�¨�²�¬�©�°�¯  �À�¬�½�³�´�°�²�° �¸�°�ª�°, 

�¸�µ�ª�µ�¸�Â �Ä�³�µ�¹�¨�®�¾��¸�¬ �¼�°�¸�¼�°�º�¨�³���� �°�¹�¬ �ª�¨�³�µ�¿�µ�¼�¹ �¶�¨�´�±�¸�¬�¨�¹�°�¹ �±�»�´�Ã�»�²�¹ 

�¬�ª�®�µ�±�¸�°�´�»�²�° �¶�¨�´�±�¸�¬�¨�¹�°�¹ �½�¹�µ��°�²�°�¹�¨�ª�¨�´. 

�¾��°�Ã�²�°�¹ �¼�°�¸�¼�°�º�¬�©�° �Ã�°�¸�°�¯�¨�«�¨�« �Ä�¨�¸�³�µ�«�ª�¬�´�°�²�°�¨ �È�¬�¶�¨�º�µ�Â�°�º�¯�¨ 

�¬�¸�¯�À�¸�°�¨�´�° �²�¨�©�°�¸�°�´�¯�°�¯ , �¸�µ�³�¬�²�°�Â �«�¨�Â�Æ�¸�°�²�»�²�°�¨ �¹�°�´�»�¹�µ�°�«�¬�©�°�¹ �½�¹�¬�²�°�.̄ 

�È�¬�¶�¨�º�µ�Â�°�º�¯�¨ �¨�©�¹�µ�²�»�º�»�¸�° �»�³�¸�¨��²�¬�¹�µ�©�¨ �¬�¸�¯�©�°�¸�¯��°�¨�´�°�¨, �Æ�µ�²�µ �©�°�¸�¯��¬�©�°, 

�Â�¨�²�±�¬�»�²�° �ª�¨�³�µ�´�¨�±�²�°�¹�¬�©�°�¹ �ª�¨�¸�«� ̈- �«�°�¶�²�µ�°�«�»�¸�°�.̈ 

�¨�³�«�¬�´�¨�«, �¹�¨�±�µ�´�º�¸�µ�²�µ �Ç�ª�»�¼�°�¹ ��°�¸�¯�¨�ª��¬�©�°�¹ �¸�µ�ª�µ�¸�Â �¶�¨�´�±�¸�¬�¨�¹�°�¹ 

�²�¨�´�ª�¬�¸�È�¨�´�¹�°�¹ �±�»�´�Ã�»�²�°�¹, �°�¹�¬ �¾��°�Ã�²�°�¹ �¹�º�¸�»�½�º�»�¸ �  ̈ �¹�¸�»�²�¨�«  �À�¬�¬�¹�¨�©�¨�³�¬�©�¨ 

�³�¾�¸�¾�´�¬�²�¬�©�À�° �¨�³ �½�¹�µ��°�²�¯� ̈ �¹�º�¨�´�«�¨�¸�¯�»�²  �¹�½�¬�³�¬�©�¹ (�¹�»�¸�¨�¯�° N3; N4), �¸�µ�³�²�¬�©�°�Â 

�³�¸�¨��¨�²�° �±��²�¬��°�¯�¨�¨ �«�¨�«�¨�¹�º�»�¸�¬�©�»�²�°. 

               
 
�¹�»�¸�¨�¯�° N3. �¶�¨�´�±�¸�¬�¨�¹�°�¹ �±�»�´�Ã�»�²�¬�©�° �¬�´�«�µ�±�¸�°�´�»�²�° �»�Ç�¸�¬�«�¬�©�°�¯. �  ̈ - �¹�½�¬�³�¨ (�³�µ�Ä�µ�«�¬�©�»�²�°�¨ 
Blausen.com staff -�°�¹ �³�°�Æ�¬�«��°�¯. ["Medical gallery of Blausen Medical 2014". WikiJournal of 
Medicine 1 (2). DOI:10.15347/wjm/2014.010. ISSN 2002-4436]); �© - �È�°�¹�º�µ�²�µ�ª�°�»�¸�° �¶�¸�¬�¶�¨�¸�¨�º�°.  
H&E. �µ�©�°�¬�½�º�°��° X10, �µ�±�»�²�¨�¸�°  X15. 
 

 
�¹�»�¸�¨�¯�° N4. �¾��°�Ã�²�°�¹ �½�¹�µ��°�²�°. �  ̈ - �¹�½�¬�³�¨; �© - �È�°�¹�º�µ�²�µ�ª�»�¸�° �¶�¸�¬�¶�¨�¸�¨�º�°. H&E. �µ�©�°�¬�½�º�°��°  
X20 �µ�±�»�²�¨�¸�° X15. 

https://en.wikiversity.org/wiki/WikiJournal_of_Medicine/Medical_gallery_of_Blausen_Medical_2014
https://doi.org/10.15347/wjm/2014.010
https://en.wikipedia.org/wiki/Digital_object_identifier
https://en.wikipedia.org/wiki/International_Standard_Serial_Number
http://www.worldcat.org/issn/2002-4436
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�¹�¨�±��²�¬��° �Ç�ª�»�¼�°�¹ �¿��¬�²�¨ �Â�Æ�µ��¬�²�À�°, �¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ �¿��¬�²�¨ 

��¨�«�¨�®�¬, �ª�¨�³�µ��²�°�´�«� ̈ �«�¨�¸�¾��¬��  ̈ �¶�¨�´�±�¸�¬�¨�¹�°�¹ �±�»�´�Ã�»�²�¬�©�À�°. �«�¬�¹�º�¸�»�½�Â�°�»�²�° 

�Â��²�°�²�¬�©�¬�©�°, �Ã�°�¸�°� �̄¨�«�¨�« �¨�¾�°�´�°�À�´�¨ �Ã-�»�Ç�¸�¬�«�¬�©�À�°, �¸�µ�³�¬�²�°�Â �ª�¨�³�µ�°�³�»�À�¨��¬�©�¹ 

�°�´�¹�»�²�°�´�¹. �¬�¹ �»�´�«� ̈ �¨�°�Æ�¹�´�¨�¹ �Ã-�»�Ç�¸�¬�«�¬�©�®�¬ �¨�²�µ�½�¹�¨�´�°�¹ �¹�¶�¬�Â�°�¼�°�±�»�¸�° 

�«�¨�³�¨�®�°�¨�´�¬�©�¬�²�° �¬�¼�¬�½�º�°�¯ (�¹�Ä�µ�¸�¬�« �¬�¹ �¹�¶�¬�Â�°�¼�°�±�»�¸�° �¬�¼�¬�½�º�° �»�«�¬��¹ �¹�¨�¼�»�Ã��²�¨�« 

�¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�²�° �¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ �³�µ�«�¬�²�¹) (Lenzen, S., 2008). 

15-�«�¾�°�¨�´�° �¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ �³�½�µ�´�¬ �Â�Æ�µ��¬�²�¬�©�À�° �³�°�±�¸�µ�¹�±�µ�¶�»�²�³�¨ 

�ª�¨�³�µ�±��²�¬��¨�³ �ª�¨�³�µ�¨��²�°�´�¨ �²�¨�´�ª�¬�¸�È�¨�´�¹�°�¹ �±�»�´�Ã�»�²�¬�©�°�¹ �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ 

�«�¬�ª�¬�´�¬�¸�¨�Â�°�»�²�° �«�  ̈ �´�¬�±�¸�µ�®�»�²�° �«�¨�®�°�¨�´�¬�©�¬�©�°, �ª�¨�´�¹�¨�±�»�¯�¸�¬�©�°�¯, �³�¹�Æ��°�²�° 

�¹�°�¹�Æ�²�Ã�¨�¸�¾��¬�©�°�¹ �³�°�³�«�¬�©�¨�¸�¬�« �ª�¨�´�²�¨�ª�¬�©�»�² �±�»�´�Ã�»�²�¬�©�À�°. �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �´�¨�Ä�°�²�°�¹ 

�©�°�¸�¯��¬�©�° �®�µ�³�¨�À�° �À�¬�³�Â�°�¸�¬�©�»�²�°�¨, �´�¨�Ä�°�²�À�° �±�°, �¶�°�¸�°�½�°�¯ - �³�µ�³�¨�º�¬�©�»�²�°�¨ 

�À�¬�À�»�¶�¬�©�°�¹  �Æ�¨�¸�Ç�®�¬. �»�Ç�¸�¬�«�¯� ̈ �´�¨�Ä�°�²�À�° �¨�¾�°�´�°�À�´�¬�©�¨ �±�¨�¸�°�µ�²�°�®�°�¹�°;                                    

�Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �´�¨�Ä�°�²�° �´�¬�±�¸�µ�®�»�²�°�¨; �´�¨�Ä�°�²�° �ª�¨�´�°�Â�«�°�¹ ��¨�±�»�µ�²�°�®�¨�Â�°�¨�¹, 

�´�¨�Ä�°�²�À�° �±�° �¨�¾�°�´�°�À�´�¬�©�¨ �³�»�½�¨�« �À�¬�¾�¬�©�°�²�° �¶�°�±�´�µ�®�»�¸�° �©�°�¸�¯��¬�©�°. 

�«�¬�ª�¬�´�¬�¸�¨�Â�°�»�²�° �Â��²�°�²�¬�©�¬�©�° �®�µ�ª�Ç�¬�¸ �»�¼�¸�µ �³�±��¬�¯�¸�¨�« ��²�°�´�«�¬�©�¨ �±�»�´�Ã�»�²�¬�©�°�¹ 

�¶�¬�¸�°�¼�¬�¸�°�¨�®�¬, �¹�¨�«�¨�Â �Ä�¯�¬�¯�¸�° �³���¼�¬�¸�°�¹ ��¨�±�»�µ�²�°�®�¬�©�»�²�° �»�Ç�¸�¬�«�¬�©�° �Ä�¨�¸�³�µ�½�³�´�°�¹ 

�¬�¸�¯�ª��¨�  ̧ �Ä�¹�¨�¹�¨�®�¾��¸�µ �¼�°�¸�¼�°�º�¨�¹�³�� ���¨�³ �¹�¨�Æ�¬�²�¹ ��»�Ä�µ�«�¬�©�¯ �¾��°�Ã�²�°�¹ �Ä�¹�¨�¹�¨�®�¾��¸�µ 

�¼�°�¸�¼�°�º�°�¹�³���¨�´�¨�²�µ�ª�°�°� )̄, �Æ�µ�²�µ �®�µ�ª�Ç�¬�¸ �Â�¬�´�º�¸�À�°, �¹�¨�«�¨�Â ��¨�±�»�µ�²�°�®�¬�©�»�²�° �¨�  ́

�½�¨�¼�°�¹�³�¹�ª�¨��¹�° �ª�¨�³�Å��°�¸��¨�²�¬ �Â�°�º�µ�¶�²�¨�®�³�°�¹ �³�½�µ�´�¬ �»�Ç�¸�¬�«�¬�©�° �ª�¸�µ��¬�©�¨�«�¨�¨ 

�¯�¨��³�µ�¿�¸�°�²�° (�¹�»�¸�¨�¯�° N5). 

�³�°�»�Æ�¬�«�¨��¨�« �«�¨�®�°�¨�´�¬�©�»�² �»�Ç�¸�¬�«�¯� ̈ �´�¨�Ä�°�²�°�¹ �±�µ�²�°�½��¨�Â�°�°�¹�¨, 

�²�¨�´�ª�¬�¸ �´�È�¨�´�¹�°�¹ �±�»�´�Ã�»�²�¬�©�° �À�¬�Å�³�»�Æ�´�°�²�°�¨, �¸�°�¹ �ª�¨�³�µ�Â �ª�¨�Ã�´�¬�²�¬�©�»�²�°�  ̈ �¹�°�¹�Æ�²�°�¹ 

�±�¨�¶�°�²�¨�¸�¬�©�°�¹ �¸�µ�ª�µ�¸�Â �¹�¨�´�¨�¯�»�¸�°�¹, �°�¹�¬ �¬�´�«�µ�¯�¬�²�°�µ�Â�°�º�¬�©�°�¹ �°�«�¬�´�º�°�¼�°�±�¨�Â�°�¨ 

(�¹�»�¸�¨�¯�° N6). 

�¨�³ �¼�µ�´�®�¬, �¨�¾�¹�¨�´�°�À�´�¨��°�¨, �¸�µ�³ �¶�¨�´�±�¸�¬�¨�¹�°�¹ �¨�Â�°�´�»�¹�°�¹ �¬�¶�°�¯�¬�²�°�»�³�°, 

�¹�Æ��¨�«� �̈¹�Æ��¨ �«�°�¨�³�¬�º�¸�°�¹ �¹�¨�«�°�´�¨�¸�¬�©�° �«�  ̈ �À�¬�³�¨�¬�¸�¯�¬�©�¬�²�° �½�¹�µ��°�²�° �°�´�¨�¸�Á�»�´�¬�©�¹  
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�´�µ�¸�³�¨�²�»�¸  �¹�º�¸�»�½�º�»�¸�¨�¹ (�¹�»�¸�¨�¯�° N7). �®�µ�ª�°�¬�¸�¯�° �¬�ª�®�µ�±�¸�°�´�»�²�° �¨�Â�°�´�»�¹�°�¹ 

�»�Ç�¸�¬�«�¬�©�À�° �¨�¾�³�µ�Á�¬�´�°�²�° �Â�°�º�µ�¶�²�¨�®�³�°�¹ ��¨�±�»�µ�²�°�®�¨�Â�°�¨, �À�¬�°�Ã�²�¬�©�¨ 

�ª�¨�³�µ�´�¨�±�²�°�¹�¨�« �³�°��°�Á�´�°�µ�¯.  

 

 

�¹�»�¸�¨�¯�° N5,6. �¶�¨�´�±�¸�¬�¨�¹�°�¹ �±�»�´�Ã�»�²�¬�©�°�¹ �¹�º�¸�»�½�º�»�¸� ̈ �¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ �³�¬-15 
�«�¾�¬�¹. H&E. �µ�©�°�¬�½�º�°��° x20 �µ�±�»�²�¨�¸�° x15. (�»�Ç�¸�¬�«�¬�©�°�¹ �´�¬�±�¸�µ�®�°    ; �»�Ç�¸�¬�«�À�µ�¸�°�¹�° �¹�°��¸�Â�°�¹ 
�À�¬�À�»�¶�¬�©�¨  ���� �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �È�°�¶�¬�¸�º�¸�µ�¼�°�¨ �«�  ̈ ��¨�±�»�µ�²�°�®�¨�Â�°�¨  ���� �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �¶�°�±�´�µ�®�»�¸�° 
�©�°�¸�¯��¬�©�° (�¨�¸�¨�¸�¬�ª�»�²�¨�¸�»�²�° �È�°�¶�¬�¸�½�¸�µ�³�»�²�° �©�°�¸�¯��¬�©�°)   ; �±�»�´�Ã�»�²�°�¹ �Â�°�º�µ�¶�²�¨�®�³�»�¸�° 
�«�¬�ª�¬�´�¬�¸�¨�Â�°�»�²�° �Â��²�°�²�¬�©�¬�©�°    ). 
 
 

 

�¹�»�¸�¨�¯�°N7. �´�µ�¸�³�¨�²�»�¸�° �¹�º�¸�»�½�º�»�¸�°�¹ �¶�¨�´�±�¸�¬�¨�¹�°�¹ �¨�Â�°�´�»�¹�°�¹ �¬�¶�°�¯�¬�²�°�»�³�°, �¹�°�¹�Æ�²�Ã�¨�¸�¾��¬�©�° 
�«�  ̈�À�¬�³�¨�¬�¸�¯�¬�©�¬�²�° �½�¹�µ��°�²�°. H&E. �µ�©�°�¬�½�º�°��° X20, �µ�±�»�²�¨�¸�° X15. 
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�¿��¬�²�¨ �¬�¹ �Â��²�°�²�¬�©�¨ �º�°�¶�»�¸�°� ̈ �³�¾�¸�¾�´�¬�²�¬�©�À�° �¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ 

�³�µ�«�¬�²�°�¹�¨�¯��°�¹, �³�°�»�¯�°�¯�¬�©�¹ �²�¨�´�ª�¬�´�È�¨�´�¹�°�¹ �±�»�´�Ã�»�²�¬�©�°�¹ �³�´�°�À��´�¬�²�µ��¨�´ 

�«�¨�®�°�¨�´�¬�©�¨�®�¬ �«�  ̈ �®�»�¹�º�¨�« �À�¬�¬�¹�¨�©�¨�³�¬�©�¨ �¹�°�¹�Æ�²�À�° �°�´�¹�»�²�°�´�°�¹ �«�  ̈ �ª�²�»�±�µ�®�°�¹ 

�±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ �Â��²�°�²�¬�©�¬�©�¹ (�°�Æ. �Â�Æ�¸�°�²�° N3 (�Ä�¨�¸�³�µ�«�ª�¬�´�°�²�°�¨ �«�¨�´�¨�¸�¯�°�¹ 

�¹�¨�Æ�°�¯) �«�  ̈�Â�Æ�¸�°�²�° N4; �«�°�¨�ª�¸�¨�³�¨ N5). 

�«�¨�«�¨�¹�º�»�¸�¬�©�»�²�°�¨, �¸�µ�³ �¨�²�µ�½�¹�¨�´�°�¹ �«�  ̈ �¹�º�¸�¬�¶�º�µ�®�µ�º�µ�Â�°�´�°�¹ �°�´�°�¬�½�Â�°�¨ 

�³�µ�®�¸�«�°�² ��°�¸�¯�¨�ª��¬�©�À�° �°�Ä��¬��¹  �³�Ã�°�³�¬ �«�  ̈�À�¬�»�½�Â�¬��¨�« �À�¨�½�¸�°�¨�´ �«�°�¨�©�¬�º�¹, �¸�µ�³�¬�²�°�Â 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 1-�°�¹ �³�¹�ª�¨��¹�°�¨ (Portha et al., 1974; Wilson et al., 1990; Haligur 

et al., 2012). �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �±��«�µ�³�¨, �¸�µ�³�¬�²�°�Â �À�¬�°�Ã�²�¬�©�¨ �ª�¨�³�µ�Æ�¨�º�»�²�° �°�¿�µ�¹ 

�´�¬�±�¸�µ�®�°�¯ �¨�  ́ �±�¨�¹�¶�¨�® �«�¨�³�µ�±�°�«�¬�©�»�²�° �¨�¶�µ�¶�º�µ�®�°�¯ , �Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹  

�¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�²�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �Ä�Á�¨�³�µ�¿�¨�²�°�©�¬�©�»�²�³���¹�º�¨�«�°�¨�¹ (Haligur et al., 

2012). �°�³�°�¹ �ª�¨�¯��¨�²�°�¹�Ä�°�´�¬�©�°�¯, �¸�µ�³ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �³�¬-15 �«�¾�¬�¹ �ª�¨�³�µ��²�¬�´�°�² 

�°�½�´�¨ �Ã�°�¸�°�¯�¨�«�¨�« �´�¬�±�¸�µ�®�»�²�° �Â��²�°�²�¬�©�¬�©�°, �Æ�µ�²�µ �¨�¶�µ�¶�º�µ�®�»�¸�° �Ä�¹�Æ�¬�»�²�¨�±�¬�©�°�³��

�¨�¾�³�µ�Á�¬�´�°�² �°�½�´�¨ �³�Æ�µ�²�µ�« �¬�¸�¯�¬�»�²  �»�Ç�¸�¬�«�¬�©�À�°, �»�´�«� ̈ �«�¨��¨�¹�±��´�¨�¯, �¸�µ�³ 

�¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ �³�µ�«�¬�²�¹ �³�¬-15 �«�¾�¬�¹, �¯�¨��°�¹�° �ª�¨�´��°�¯�¨�¸�¬�©�°�¹ �¶�°�±�°�¹�¯��°�¹ �¨�  ̧

�³�°�»�¾�Ä�¬��°�¨. 

30-�«�¾�°�¨�´�° �¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ �³�½�µ�´�¬ �Â�Æ�µ��¬�²�¬�©�°�¹ �¶�¨�´�±�¸�¬�¨�¹�°�¹ 

�±�»�´�Ã�»�²�¬�©�°�¹ �³�µ�¸�¼�µ�²�µ�ª�°�¨ �¨�³�·�¾�¨��´�¬�©�¹ �°�³�¨��¬ �¯�¨��°�¹�¬�©�»�¸�¬�©�¬�©�¹, �¸�¨�¹�¨�Â 15-�«�¾�°�¨�´�° 

�¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ �³�½�µ�´�¬ �Â�Æ�µ��°�²�¬�©�°�¹ �¶�¨�´�±�¸�¬�¹�°�¹ �±�»�´�Ã�»�²�¬�©�°�¹ �³�µ�¸�¼�µ�²�µ�ª�°�¨ 

(�¹�»�¸�¨�¯�° N8 �«�  ̈�¹�»�¸�¨�¯�° N9). �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �´�¨�Ä�°�²�À�° �¨�¾�°�´�°�À�´�¬�©�¨ �³�»�½�¨�« �À�¬�¾�¬�©�°�²�° 

�¶�°�±�´�µ�®�»�¸�° �©�°�¸�¯��¬�©�°. �¨�³�¨�¹�¯�¨�´�¨��¬, �®�µ�ª�°�¬�¸� ̄�±�»�´�Ã�»�²�À�° �«�¨�®�°�¨�´�¬�©�°�¹ �°�´�º�¬�´�¹�°�µ�©�¨ 

�ª�¨�´�¹�¨�±�»�¯�¸�¬�©�°�¯ �³�¨�¾�¨�²�°  �°�¿�µ, �¸�¨�Â �ª�¨�³�µ�°�Æ�¨�º�¬�©�µ�«�¨ �´�¬�±�¸�µ�®�°�¹ �»�©�´�¬�©�°�¹�¨ �«�  ̈

�´�¨�±�²�¬�©�° �Æ�¨�¸�°�¹�Æ�°�¯ �«�¨�®�°�¨�´�¬�©�»�²�° �»�Ç�¸�¬�«�¬�©�°�¹ �ª�¸�µ��¬�©�°�¹ �³�µ�´�¨�Â��²�¬�µ�©�°�¯ (�¨�¹�¬�¯�° 

�¸�¨�³ �¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ �³�¬-15 �«�¾�¬�¹ �¨�  ̧ �¿�µ�¼�°�²�¨ �À�¬�³�Á�´�¬�»�²�°) (�¹�»�¸�¨�¯�° N8). 

�¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ 30-�¬ �«�¾�¬�¹, �¨�¹�¬��¬ ��²�°�´�«�¬�©�¨ �¨�¶�µ�¶�º�µ�®�»�¸�° �«�¨�®�°�¨�´�¬�©�°�¹ 

�»�©�´�¬�©�°�Â. �¹�¶�¬�Â�°�¨�²�»�¸�° (�°�³�»�´�µ�È�°�¹�º�µ�½�°�³�°�»�¸�°) �À�¬�¾�¬�©��°�¹ �¨�¸�½�µ�´�°�¹ �ª�¨�³�µ, �¨�¹�¬�¯�° 
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�«�¨�¹�±��´�¨, �¹�¨�³�Ä�»�Æ�¨�¸�µ�«, �³�Æ�µ�²�µ�« �³�µ�¸�¼�µ�²�µ�ª�°�°�¹ �°�´�¹�º�°�º�»�º�À�° �¨�¸�¹�¬�©�»�²�° 

�È�°�¹�º�µ�¶�¨�¯�µ�²�µ�ª�°�»�¸�° �±��²�¬��°�¹ �ª�¨�³�µ�Â�«�°�²�¬�©�¨�¹ �¬�¼�»�Ã�´�¬�©�¨. �¯�»�³�Â� ̈ �¹�Æ��¨, 

�¨�´�¨�²�µ�ª�°�»�¸�° �¶�¸�¬�¶�¨�¸�¨�º�¬�©�°�¹ �ª�¨�³�µ�±��²�¬��°�¹ �À�¬�«�¬�ª�¬�©�¯�¨�´ �À�¬�«�¨�¸�¬�©�°�¹ 

�ª�¨�¯��¨�²�°�¹�Ä�°�´�¬�©�°�¯, �¨�¶�µ�¶�º�µ�®�»�¸�° �¹�Æ�¬�»�²�¬�©�°�¹ �¸�¨�µ�«�¬�´�µ�©�°�¹ �³�¨�º�¬�©�¨ �Ä�°�´�¨ ��¨�«�¨�¹�¯�¨� ́

�À�¬�«�¨�¸�¬�©�°�¯, �¹�¨�¸�Ä�³�»�´�µ�« �»�´�«�  ̈�³�°��°�Á�´�°�µ�¯. 

 

�¹�»�¸�¨�¯�° N8,9. �´�¬�±�¸�µ�®�°�¹ �»�©�´�¬�©�°�¹�¨ �«�  ̈�´�¨�±�²�¬�©�° �Æ�¨�¸�°�¹�Æ�°�¯ �«�¨�®�°�¨�´�¬�©�»�²�° �»�Ç�¸�¬�«�¬�©�°�¹ 
�ª�¸�µ��¬�©�°. H&E. �µ�©�°�¬�½�º�°��° x20 �µ�±�»�²�¨�¸�° x15. (�»�Ç�¸�¬�«�¬�©�°�¹ �´�¬�±�¸�µ�®�°  ; �»�Ç�¸�¬�«�À�µ�¸�°�¹�° 
�¹�°��¸�Â�°�¹ �À�¬�À�»�¶�¬�©�¨  �����Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �¶�°�±�´�µ�®�»�¸�° �©�°�¸�¯��¬�©�° (�¨�¸�¨�¸�¬�ª�»�²�¨�¸�»�²�° �È�°�¶�¬�¸�½�¸�µ�³�»�²�° 
�©�°�¸�¯��¬�©�°)  ; �±�»�´�Ã�»�²�°�¹ �Â�°�º�µ�¶�²�¨�®�³�»�¸�° �«�¬�ª�¬�´�¬�¸�¨�Â�°�»�²�° �Â��²�°�²�¬�©�¬�©�°   ; �»�Ç�¸�¬�«�°�¹ 
�¹�°�³�±��¸�°��°�¹ �À�¬�¹�¨�³�Á�´�¬��° �À�¬�³�Â�°�¸�¬�©�¨  ... ). 

 

�¨�²�µ�½�¹�¨�´�»�¸�°  �«�°�¨�©�¬�º�°�¹ 45-�¬ �«�¾�¬�¹ �±�° �¶�¨�´�±�¸�¬�¨�¹�°�¹ �³�µ�¸�¼�µ�²�µ�ª�°�»�¸�° �¹�»�¸�¨�¯�° 

�¶�¸�¨�½�º�°�±�»�²�¨�« �¨�  ̧�ª�¨�´�¹�Æ��¨��«�¬�©�¨ 30-�¬ �«�¾�°�¹ �¹�»�¸�¨�¯�°�¹�¨�ª�¨�´ (�¹�»�¸�¨�¯�° N10,11). 

    

�¹�»�¸�¨�¯�°N10,11. H&E. �µ�©�°�¬�½�º�°��° X 20 �µ�±�»�²�¨�¸�° X15. 

�«�¨�®�°�¨�´�¬�©�°�¹ �°�´�º�¬�´�¹�°�µ�©�°�¹ �³�¨�º�¬�©�°�¹ �À�¬�Á�¬�¸�¬�©�¨, �¹�¨��¨�¸�¨�»�«�µ�« �À�¬�°�Ã�²�¬�©�¨ 

�»�±�¨��À�°�¸�«�¬�©�µ�«�¬�¹ �¨�²�µ�½�¹�¨�´�°�¹ �«�¨�³�¨�®�°�¨�´�¬�©�¬�²�° �¬�¼�¬�½�º�°�¹ �Ä�¶�²�¨�º�µ�¹�³. 
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�ª�¨�¹�¨�¯��¨�²�°�¹�Ä�°�´�¬�©�¬�²�°�¨ �°�¹�°�Â, �¸�µ�³ �®�µ�ª�°�¬�¸�¯�° �¨��º�µ�¸�° ��¨�¸�¨�»�«�µ�©�¹, �¸�µ�³ 

�¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ 45-�¬ �«�¾�°�«�¨�´ �°�Ä�¿�¬�©�¨ �¨�²�µ�½�¹�¨�´�°�¹ �«�¨�³�¨�®�°�¨�´�¬�©�¬�²�° 

�³�µ�½�³�¬�«�¬�©�°�¹ �¬�¼�¬�½�º�°�¹ �À�¬�³�Â�°�¸�¬�©�¨ �«�  ̈ �¶�¨�´�±�¸�¬�¨�¹�°�¹ �Ã-�»�Ç�¸�¬�«�¬�©�°�¹�¨�¯��°�¹ 

�³�¸�¬�ª�¬�´�¬�¸�¨�Â�°�°�¹�´���¼�¨�®�  ̈�°�Ä�¿�¬�©�¨  (Lenzen, S., 2008).  

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°� ̄  (�³�¬�¯�°�²�º�¸�°�¬�´�µ�²�µ�´�°�¯) 15-�«�¾�°�¨�´�° �³�±�»�¸�´�¨�²�µ�©�°�¹ 

�¼�µ�´�®�¬ (�¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ 31-�¬ �«�¾�°�«�¨�´ 45-�¬ �«�¾�°�¹ �Á�¨�¯��²�°�¯) �¨�¾�°�´�°�À�´�¬�©�¨ 

�¶�¨�´�±�¸�¬�¨�¹�°�¹ �±�»�´�Ã�»�²�¬�©�°�¹ �¹�º�¸�»�½�º�»�¸�»�² �Â��²�°�²�¬�©�¨�¯�¨ �¸�¬��¬�¸�¹�°�¨. �´�¨�³�±�»�¸�´�¨�²�¬�©�° 

��°�¸�¯�¨�ª��¬�©�°�¹ �¶�¨�´�±�¸�¬�¨�¹�°�¹ �³�µ�¸�¼�µ�²�µ�ª�°�»�¸�³�  ̈ �±��²�¬��¨�³ �³�´�°�À��´�¬�²�µ��¨�´�° 

�ª�¨�»�³�Ç�µ�©�¬�¹�¬�©�¨ �ª�¨�³�µ�¨��²�°�´�¨: �²�¨�´�ª�¬� �̧È�¨�´�¹�°�¹ �±�»�´�Ã�»�²�¬�©�°�¹ �»�Ç�¸�¬�«�¬�©�°�¹ �¸�¨�µ�«�¬�´�µ�©�¨�³ 

�«� ,̈ �À�¬�¹�¨�©�¨�³�°�¹�¨�«, �¹�°�³�±��¸�°��¬�³ �³�µ�°�³�¨�º�;̈ ��¨�±�»�µ�²�°�®�¬�©�»�² �»�Ç�¸�¬�«�¯� ̈ �¸�°�Â�Æ��° 

�³�±��¬�¯�¸�¨�« �À�¬�³�Â�°�¸�«� ,̈ �¬�¸�¯�¬�»�²�¨�³�«�¬�¨ �À�¬�³�Â�°�¸�¬�©�»�²�° �´�¬�±�¸�µ�®�»�²�° �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ 

�¸�¨�µ�«�¬�´�µ�©�¨. �¶�¨�´�±�¸�¬�¨�¹�°�¹ �±�»�´�Ã�»�²�¬�©�°�¹ �»�³�¸�¨��²�¬�¹�µ�©�¨�¹ �¨�½��¹ �¯�°�¯�½�³�°�¹ �¹�Ä�µ�¸�°      

�±�µ�´�º�»�¸�¬�©�° �«�  ̈�´�µ�¸�³�¨�²�»�¸�°�¹ �³�¹�ª�¨��¹�° �»�Ç�¸�¬�«�»�²�° �À�¬�³�¨�«�ª�¬�´�²�µ�©�¨ (�¹�»�¸. N12,13).       

    
                
�¹�»�¸�¨�¯�°N12,13. �²�¨�´�ª�¬�¸�È�¨�´�¹�°�¹ �±�»�´�Ã�»�²�¬�©�°�¹ �»�Ç�¸�¬�«�¬�©�°�¹ �¸�¨�µ�«�¬�´�µ�©�°�¹ �«�  ̈�¹�°�³�±��¸�°��°�¹ �³�¨�º�¬�©�¨. 
�À�¬�³�Â�°�¸�¬�©�»�²�° �´�¬�±�¸�µ�®�»�²�° �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �¸�¨�µ�«�¬�´�µ�©�¨. �¯�°�¯�½�³�°�¹ �¹�Ä�µ� ̧ �±�µ�´�º�»�¸�¬�©�°�¨�´�° �«�  ̈
�´�µ�¸�³�¨�²�»�¸�°�¹ �³�¹�ª�¨��¹�° �¶�¨�´�±�¸�¬�¨�¹�°�¹ �±�»�´�Ã�»�²�¬�©�°�¹ �»�Ç�¸�¬�«�»�²�° �À�¬�³�¨�«�ª�¬�´�²�µ�©�¨. H&E. �µ�©�°�¬�½�º�°��° 
X 20 �µ�±�»�²�¨�¸�° X15. 
 

�³�¯�²�°�¨�´�¨�« �²�¨�´�ª�¬�¸�È�¨�´�¹�°�¹ �±�»�´�Ã�»�²�¬�©�°�¹ �¼�¨�¸�¯�µ�©�° �¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ 

�³�¬-15, 30-�¬ �«�  ̈45-�¬ �«�¾�¬�¬�©�®�¬ �¹�¨�¸�Ä�³�»�´�µ�« �À�¬�³�Â�°�¸�¬�©�»�²�°�¨, �¹�¨�±�µ�´�º�¸�µ�²�µ �Ç�ª�»�¼�°�¹ 
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�Â�Æ�µ��¬�²�¬�©�°�¹ �¨�³�¨��¬ �³�¨�Á��¬�´�¬�©�²�¬�©�¯�¨�´ �À�¬�«�¨�¸�¬�©�°�¯, �¯�»�³�Â� ̈ �¬�¸�¯�³�¨�´�¬�¯�°�¹�¨�ª�¨�´ 

�¹�¨�¸�Ä�³�»�´�µ�« �¨�  ̧�ª�¨�´�¹�Æ��¨��«�¬�©�¨ (�«�°�¨�ª�¸�¨�³�¨ N1). 

�¨�³ �±�»�´�Ã�»�²�¬�©�À�° �´�¬�±�¸�µ�®�»�²�° �»�©�´�¬�©�°�¹ �¼�¨�¸�¯�µ�©�° (�¸�¨�Â, �¶�¸�¨�½�º�°�±�»�²�¨�« 

�À�¬�¬�¹�¨�©�¨�³�¬�©�¨ �´�¬�±�¸�µ�®�»�²�° �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �Ç�¨�³�»� ̧ �¼�¨�¸�¯�¹), �¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ 

�³�¬-15, 30-�¬ �«�  ̈ 45-�¬ �«�¾�¬�¬�©�®�¬ �¹�¨�¸�Ä�³�»�´�µ�« �³�¨�º�»�²�µ�©�¹ �¹�¨�±�µ�´�º�¸�µ�²�µ �Ç�ª�»�¼�°�¹ 

�Â�Æ�µ��¬�²�¬�©�°�¹ �¨�³�¨��¬ �³�¨�Á��¬�´�¬�©�²�¬�©�¯�¨�´ �À�¬�«�¨�¸�¬�©�°�¯, �¯�»�³�Â� ̈ �¬�¸�¯�³�¨�´�¬�¯�°�¹�¨�ª�¨�´ 

�¹�¨�¸�Ä�³�»�´�µ�« �¨�  ̧�ª�¨�´�¹�Æ��¨��«�¬�©�¨ (�«�°�¨�ª�¸�¨�³�¨ N1; �¹�»�¸�¨�¯�° N10,11). 

�¨�³�¨�¹�¯�¨�´�¨��¬, IV �¹�¨�±��²�¬��° �Ç�ª�»�¼�°�¹ �Â�Æ�µ��¬�²�¬�©�°�¹ (�¸�µ�³�¬�²�¯�¨�Â �¨�²�µ�½�¹�¨�´�»�¸�° 

�«�°�¨�©�¬�º�°�¹ �³�µ�«�¬�²�°�¸�¬�©�°�¹ 31-�¬ �«�¾�°�«�¨�´ 45-�¬ �«�¾�°�¹ �Á�¨�¯��²�°�¯ �»�º�¨�¸�«�¬�©�µ�«�¨�¯ 

�³�±�»�¸�´�¨�²�µ�©�¨ �¹�°�´�¯�¬�®�»�¸�° �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°� ̄- �³�¬�¯�°�²�º�¸�°�¬� �́µ�²�µ�´�°�¯ ) �¶�¨�´�±�¸�¬�¨�¹�°�¹ 

�²�¨�´�ª�¬�¸�È�¨�´�¹�°�¹ �±�»�´�Ã�»�²�¬�©�À�° �«�¨�¹�º�»�¸�«�¬�©�¨ �¹�¨�¬�¸�¯�µ �¼�¨�¸�¯�µ�©�°�¹ �®�¸�«�  ̈ �«�  ̈

�´�¬�±�¸�µ�®�»�²�° �»�©�´�¬�©�°�¹ �¼�¨�¸�¯�µ�©�°�¹ �À�¬�³�Â�°�¸�¬�©�¨ �«�  ̈ �¨�³ �³�¨�Æ�¨�¹�°�¨�¯�¬�©�²�¬�©�°�¹ �«�¨�¨�Æ�²�µ�¬�©�¨ 

�¹�¨�±�µ�´�º�¸�µ�²�µ �Ç�ª�»�¼�°�¹ �³�¨�Á��¬�´�¬�©�²�¬�©�¯�¨�´ (�«�°�¨�ª�¸�¨�³�¨ N1).  

 

�«�°�¨�ª�¸�¨�³�N̈1. �¶�¨�´�±�¸�¬�¨�¹�°�¹ �²�¨�´�ª�¬�¸�È�¨�´�¹�°�¹ �±�»�´�Ã�»�²�¬�©�°�¹ �¼�¨�¸�¯�µ�©�°�¹�¨ �«�  ̈ �¨�³ �±�»�´�Ã�»�²�¬�©�À�° 
�´�¬�±�¸�µ�®�»�²�° �»�©�´�¬�©�°�¹  �¼�¨�¸�¯�µ�©�°�¹  �Â��²�°�²�¬�©�°�¹  �«�°�´�¨�³�°�±�¨ �¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ �¹�Æ��¨�«�¨�¹�Æ��¨ 
��¨�«�¨�®�¬ �«�  ̈�³�¬�¯�°�²�º �¸�°�¬�´�µ�²�µ�´�°�  ̄�³�±�»�¸�´�¨�²�µ�©�°�¹ �À�¬�³�«�¬�ª. 
 

�¸�µ�ª�µ�¸�Â �¶�¨�´�±�¸�¬�¨�¹�°�¹ �±�»�´�Ã�»�²�¬�©�°�¹, �°�¹�¬ �³�¨�¯�À�° �´�¬�±�¸�µ�®�»�²�° �»�©�´�¬�©�°�¹ 

�¼�¨�¸�¯�µ�©�°�¹ �ª�¨�®�µ�³��¨ �Æ�«�¬�©�µ�«�¨ �¬�²�¨�°�¨�º-�°�¹ �«�  ̈ �¯�¨�´�¨�¨��º�µ�¸�¯�  ̈ �ª�¨�³�µ�Â�«�°�²�¬�©�°�¹ 

�ª�¨�¯��¨�²�°�¹�Ä�°�´�¬�©�°�¯ (Elayat A., et al., 1995). �¾��°�Ã�²�° �¨�¸�°�¹ �¬�¸�¯-�¬�¸�¯�° �¿��¬�²�¨�®�¬ 
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�³�´�°�À��´�¬�²�µ��¨�´�° �µ�¸�ª�¨�´�µ �¸�µ�³�¬�²�°�Â  �Á�¨�¸�¯�»�²�°�  ̈  �¬�´�¬�¸�ª�¬�º�°�±�»�²�° �È�µ�³�¬�µ�¹�º�¨�®�°�¹ 

�¸�¬�ª�»�²�¨�Â�°�¨�À�°. �¨�³�«�¬�´�¨�«, �©�»�´�¬�©�¸�°��°�¨, �¸�µ�³ �³�¨�¹�À�° �¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�²�° �À�¨�½�¸�°�¨�´�° 

�«�°�¨�©�¬�º�°�¹ �¶�°�¸�µ�©�¬�©�À�° ��°�¯�¨�¸�«�¬�©�¨ �Â��²�°�²�¬�©�¬�©�°.  

�¾��°�Ã�²�°�¹ �½�¹�µ��°�²�°�¹ �«�¨�®�°�¨�´�¬�©�¨ (�«�¬�ª�¬�´�¬�¸�¨�Â�°�»�²�° �Â��²�°�²�¬�©�¬�©�°, 

�¼�°�¸�¼�°�º�¬�©�°�¹ �«�°�¹�±�µ�³�¶�²�¬�½�º�¨�Â�°�¨, �¹�º�¨�®�°, �°�´�¼�°�²�º�¸�¨�Â�°�¨) �¨�²�µ�½�¹�¨�´�»�¸�°  �«�°�¨�©�¬�º�°�¹ 

�¿��¬�²�¨ ��¨�«�¨�®�¬ �À�¬�¼�¨�¹�¬�©�»�²�° �°�½�´�¨ �Ä���³���«�  ̈ �Ä���³���©�¨�²�°�  ̄ (�Æ�»�¯�©�¨�²�°�¨�´�° ��°�®�»�¨�²�»�¸�° 

�¹�±�¨�²�°�¹ �ª�¨�¯��¨�²�°�¹�Ä�°�´�¬�©�°�¯, �¹�¨�«�Â �Ä���³���À�¬�¬�¹�¨�©�¨�³�¬�©�¨ �Ä�´�µ�¸�³��̈³-�¹ (�¶�¸�¨�½�º�°�±�»�²�¨�« 

�Â��²�°�²�¬�©�¬�©�°�¹ �ª�¨�¸�¬�À�¬), �Æ�µ�²�µ �Ä���³���± �Ä�³�Ã�°�³�¬ �«�¬�ª�¬�´�¬�¸�¨�Â�°�»�²�³�� ���´�¬�±�¸�µ�®�»�²) 

�Â��°�²�¬�©�¬�©�¹.  

�È�¬�¶�¨�º�µ�Â�°�º�¬�©�À�° �¨�¾�³�µ�Á�¬�´�°�²�° �Ä��¸�°�²- �«�  ̈ �³�¹�Æ��°�²�³�¨�¸�Â��²�µ��¨�´�°   

�«�¬�ª�¬�´�¬�¸�¨�Â�°�¨, �°�À��°�¨�¯�¨�« �±�° - �Â�Æ�°�³�µ��¨�´�° �Á�¨�´�¨�¸�¯�¬�©�°�¹ �¨�¸�¹�¬�©�µ�©�¨ �«�  ̈��¨�±�»�µ�²�°�®�¨�Â�°�¨, 

�¨�¹�¬��¬, �¨�¶�µ�¶�º�µ�®�»�¸�° �¹�Æ�¬�»�²�¨�±�¬�©�°�¹ �ª�¨�Á�¬�´�¨, �Ä�¨�¸�³�µ� �̈«�ª�¬��́¹ �¨�²�µ�½�¹�¨�´�°�¯ �ª�¨�³�µ�Ä��¬�»�²�° 

�«�°�¹�³�¬�º�¨�©�µ�²�°�®�³�°�¹ �À�¬�«�¬�ª�¹. �¬�¹ �³�µ�´�¨�Â�¬�³�¬�©�° �¬�¯�¨�´�Æ�³�¬�©�¨ �¹. �²�¬�´�®�¬�´�°�¹ �³�°�¬� ̧�¨�¾�Ä�¬�¸�°�² 

�³�µ�´�¨�Â�¬�³�¬�©�¯�¨�´ �¾��°�Ã�²�°�¹ �½�¹�µ��°�²�°�¹ �«�¨�®�°�¨�´�¬�©�°�¹ �¯�¨�µ�©�¨�®�¬ �¹�º�¸�¬�¶�º�µ�®�µ�º�µ�Â�°�´�°�¯ 

�ª�¨�³�µ�Ä��¬�»�²�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¶�°�¸�µ�©�¬�©�À�°, �¯�»�³�Â�,̈ �¹�º�¸�¬�¶�º�µ�®�µ�º�µ�Â�°�´�°�¹ 

�°�´�°�¬�½�Â�°�°�¹ �À�¬�³�«�¬�ª �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �³�µ�«�¬�²�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹ �«�°�´�¨�³�°�±�¨ 

�ª�¨�Â�°�²�¬�©�°�¯ �¹�Ä�¸�¨�¼�°�¨ (Lenzen, S., 2008). �¨�²�µ�½�¹�¨�´�»�¸�°  �«�°�¨�©�¬�º�°�¹ �³�¬-15, 30-�¬ �«�  ̈45-�¬ 

�«�¾�¬�®�¬ �ª�¨�³�µ��²�¬�´�°�²�° �¾��°�Ã�²�°�¹ �«�¨�®�°�¨�´�¬�©�¬�©�° �¬�¸�¯�³�¨�´�¬�¯�°�¹�¨�ª�¨�´ �¶�¸�°�´�Â�°�¶�»�²�¨�« �¨�  ̧

�ª�¨�´�¹�Æ��¨��«�¬�©�¨. �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°� ̄ (�³�¬�¯�°�²�º�¸�°�¬�´�µ�²�µ�´�°�¯) 15-�«�¾�°�¨�´�° 

�³�±�»�¸�´�¨�²�µ�©�°�¹ �¼�µ�´�®�¬ (�¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ 31-�¬ �«�¾�°�«�¨�´ 45-�¬ �«�¾�°�¹ �Á�¨�¯��²�°�¯) 

�¨�¾�°�´�°�À�´�¬�©�¨ �¾��°�Ã�²�°�¹ �È�°�¹�º�µ�²�µ�ª�°�»�¸�° �¹�»�¸�¨�¯�°�¹ �´�µ�¸�³�¨�²�°�®�¨�Â�°�¨, �¸�¨�Â �À�¬�°�Ã�²�¬�©�¨ 

�À�¬�¼�¨�¹�«�¬�¹ �Ä���³���©�¨�²�°� ;̄ �³�Æ�µ�²�µ�« �®�µ�ª�°�¬�¸� ̄ �»�©�´�¬�©�À�° �°�½�´�¨ �´�¨�´�¨�Æ�° �Â��²�°�²�¬�©�¬�©�°, 

�¸�µ�³�¬�²�°�Â �À�¬�¬�¹�¨�©�¨�³�¬�©�µ�«�¨ �Ä���³���©�¨�²�¹ (�¹�»�¸�¨�¯�° N14). 
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�¹�»�¸�¨�¯�°N14. �¾��°�Ã�²�°�¹ �½�¹�µ��°�²�° �¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹  �³�¬-15 �«�¾�¬�¹ (� )̈, 30-�¬ �«�¾�¬�¹ (�©), 45-�¬ 
�«�¾�¬�¹ (�ª) �«�  ̈�³�¬�¯�°�²�º�¸�°�¬�´�µ�²�µ�´�°�¯ �³�±�»�¸�´�¨�²�µ�©�°�¹ 15 �«�¾�°�¹ �À�¬�³�«�¬�ª (�«). H&E. �µ�©�°�¬�½�º�°��° X 20 
�µ�±�»�²�¨�¸�° X15. 

 

�©�°�µ�½�°�³�°�»�¸�° �«�  ̈ �³�µ�²�¬�±�»�²�»� -̧�©�°�µ�²�µ�ª�°�»�¸�° �Â��²�°�²�¬�©�¬�©�° �¨�²�µ�½�¹�¨�´�»�¸�° 

�«�°�¨�©�¬�º�°�¹ �«�°�´�¨�³�°�±�¨�À�° �«�  ̈�³�°�¹�° �³�¬�¯�°�²�º�¸�° �¬�´�µ�²�µ�´�°�  ̄�³�±�»�¸�´�¨�²�µ�©�°�¹ �À�¬�³�«�¬�ª. 

�¸�µ�ª�µ�¸�Â �Á��¬�´�° �©�°�µ�½�°�³�°�»�¸�° �±��²�¬��°�¹ �À�¬�«�¬�ª�¬�©�° �»�Á��¬�´�¬�©�¹, �¨�²�µ�½�¹�¨�´�»�¸�°  

�«�°�¨�©�¬�º�° �°�Ä��¬��¹ �ª�²�»�±�µ�®�°�¹, �±�µ�¸�º�°�±�µ�¹�º�¬�¸�µ�´�°�¹�¨ �«�  ̈ �¬�¹�º�¸�¨�«�°�µ�²�°�¹ 

�±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ �³�¨�º�¬�©�¨�¹ �¹�°�¹�Æ�²�À�°; �¬�¹ �³�¨�º�¬�©�¨, �«�°�¨�©�¬�º�°�¹ �¯�°�¯�µ�¬�»�²  ��¨�«�¨�®�¬, 

�¹�º�¨�º�°�¹�º�°�±�»�¸�¨�« �¹�¨�¸�Ä�³�»�´�µ�¨ �¨�¸�  ̈ �³�Æ�µ�²�µ�« �¹�¨�±�µ�´�º�¸�µ�²�µ  �Ç�ª�»�¼�°�¹ �³�µ�´�¨�Â�¬�³�¬�©�¯�¨� ́

�À�¬�«�¨�¸�¬�©�°�¯, �¨�¸�¨�³�¬�«, �¬�½�¹�¶�¬�¸�°�³�¬�´�º�°�¹ �Ä�°�´�¨ ��¨�«�¨�®�¬ �«�¨�¼�°�½�¹�°�¸�¬�©�»�² �³�µ�´�¨�Â�¬�³�¬�©�¯�¨�´ 

�À�¬�«�¨�¸�¬�©�°�¯�¨�Â (�Â�Æ�¸�°�²�° N4; �«�°�¨�ª�¸�¨�³�¨ N3).  

 

�  ̈ �© 

�ª �« 
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�Â�Æ�¸�°�²�°N4. �ª�²�»�±�µ�®�°�¹, �°�³�»�´�µ�¸�¬�¨�½�º�°�»�²�°  �°�´�¹�»�²�°�´�°�¹ (�°�¸�°), �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ (T), 
�¬�¹�º�¸�¨�«�°�µ�²�°�¹ (E2), �±�µ�¸�º�°�±�µ�¹�º�¬�¸�µ�´�°�¹ �À�¬�³�Â��¬�²�µ�©�¨ �¹�°�¹�Æ�²�À�°, �´�»�±�²�¬�°�´�»�¸�° �³�·�¨��¬�©�°�¹ (�«�´�³ 
�«�  ̈�¸�´�³) �¹�°�´�¯�¬�®�°�¹ �¨�½�º�°��µ�©�¨, �¨�´�«�¸�µ�ª�¬�´�»�²�° �¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ (AR) �¬�½�¹�¶�¸�¬�¹�°�¨, �È�¬�¶�¨�º�µ�Â�°�º�¬�©�°�¹ 
�¶�²�µ�°�«�µ�©�¨. 

�Ç
�ª

�»
�¼

�¬
�©

�°
 

1  2  3 4 5 

�¹�¨�±�µ�´�º�¸�µ
�²�µ���Ç�ª�»�¼�° 

 (n=20) 

I �¹�¨�³�°�®�´�¬��
���¹�¨�±��²�¬��°����

�Ç�ª�»�¼�°��
�«�°�¨�©�¬�º�° - 15 
�«�¾�°�¹ (n=20)  

p value II  �¹�¨�³�°�®�´�¬��
���¹�¨�±��²�¬��°����

�Ç�ª�»�¼�°��
�«�°�¨�©�¬�º�° - 30 
�«�¾�°�¹ (n=20) 

p value III  �¹�¨�³�°�®�´�¬��
���¹�¨�±��²�¬��°����

�Ç�ª�»�¼�°��
�«�°�¨�©�¬�º�° - 
45 �«�¾�°�¹ 
(n=20) 

p value IV  �¹�¨�³�°�®�´�¬��
���¹�¨�±��²�¬��°�����Ç�ª�»�¼�°��
�«�°�¨�©�¬�º�° - 45 �«�¾�°�¹ 

(�³�¬�¯�°�²�º�¸�°�¬�´�µ�²�µ�´
�°�¯   15 �«�¾�°�¨�´�°  
�³�±�»�¸�´�¨�²�µ�©�°�¹ 
�À�¬�³�«�¬�ª) (n=20) 

p value 

�ª
�²

�»
�±

�µ
�®

�¨ 
�³

�³
�µ

�²
�°

/�²
 5.10  

(4.90-5.20) 
12.30  

(10.80-12.85) 
<0.0001* 13.35  

(12.90-13.60) 
<0.0001* 
<0.0004** 

15.00  
(14.55-
15.60) 

<0.0001* 
<0.0001** 
<0.0001*** 

11.35  
(10.54-12.11) 

<0.0001* 
0.08** 
<0.0001*** 
<0.0001****  

�°
�¸

�° 
�³

�°
�±

�.̧ 
�¬

�¸
�¯

./�
³

�ª 

23.30  
(22.35-
24.10) 

12.42  
(11.89-13.06) 

<0.0001* 5.00  
(4.70-5.40) 

<0.0001* 
<0.0001** 

4.72  
(4.63-4.88) 

<0.0001* 
<0.0001** 
0.05***  

4.90  
(4.59-5.05) 

<0.0001* 
<0.0001** 
0.14***  
0.32****  

�L
��

�´
�ª/

�³
�²

 2.63  
(2.59-2.69) 

1.73  
(1.68-1.80) 

<0.0001* 1.38  
(1.34-1.44) 

<0.0001* 
<0.0001** 

1.38  
(1.31-1.41) 

<0.0001* 
<0.0001** 
0.61***  

2.40  
(2.34-2.47) 

<0.0001* 
<0.0001** 
<0.0001*** 
<0.0001****  

�?
2 

 

�´
�ª/

�³
�²

 0.015  
(0.013-
0.016) 

0.019  
(0.017-0.020) 

<0.0001* 0.023  
(0.021-0.025) 

<0.0001* 
<0.0001** 

0.032  
(0.031-
0.034) 

<0.0001* 
<0.0001** 
<0.0001*** 

0.019  
(0.017-0.021) 

<0.0001* 
0.18** 
0.0001***  
<0.0001****  

�±
�µ

�¸
�º

�°
�±

�µ
�¹

�º
�¬

�¸
�µ

�´
�°

��
�´

�ª/
�³

�²
 12.83  

(11.72-
13.45) 

18.58  
(17.90-19.03) 

<0.0001* 22.15  
(21.24-22.53) 

<0.0001* 
<0.0001** 

23.90  
(22.05-
24.85) 

<0.0001* 
<0.0001** 
0.005*** 

20.45  
(19.60-20.95) 

<0.0001* 
<0.0001** 
<0.0001*** 
<0.0001****  

�«
�´

�³ 
�°

�³
�¶.

/ 
�ª

�¸
/ 

�Ä
� ̄

180846  
(180816-
180872) 

101276  
(101272-
101283) 

<0.0001* 121163 
(121157-
121170) 

<0.0001* 
<0.0001** 

106698 
(106683-
106711) 

<0.0001* 
<0.0001** 
<0.0001*** 

150096  
(150086-150106) 

<0.0001* 
<0.0001** 
<0.0001*** 
<0.0001****  

�¸
�´

�³ 
�°

�³
�¶.

/ 
�ª

�¸
/ 

�Ä
� ̄

324909 
(324870-
324963) 

230701  
(230671-
230712) 

<0.0001* 259956  
(259949-
259962) 

<0.0001* 
<0.0001** 

243700  
(243687-
243714) 

<0.0001* 
<0.0001** 
<0.0001*** 

282696  
(282683-282707) 

<0.0001* 
<0.0001** 
<0.0001*** 
<0.0001****  

A
R

 
�°

�³
�¶.

/ 
�ª

�¸
/ 

�Ä
� ̄

1673.17 
(1636.69-
1705.25) 

1885.95 
(1876.15-
1894.55) 

<0.0001* 1121.86 
(1109.23-
1135.32) 

<0.0001* 
<0.0001** 

1003.43  
(997.68-
1013.45) 

<0.0001* 
<0.0001** 
<0.0001*** 

1509.53  
(1498.20-1516.34) 

<0.0001* 
<0.0001** 
<0.0001*** 
<0.0001****  

�È
�¬

�¶
�¨

�º
�µ

�Â
�°

�º
�¬

�©
�°

�¹
��

�¶
�²

�µ
�°

�«
�µ

�©
�¨ 

(%
) 

X
 

55,6/31,7/1,1 61,7/24,3/0,7 
 
 
 
 

0.001* 72,3/18,2/0,5 <0.0001* 
<0.0001** 

77,3/10,7/0,2 <0.0001* 
<0.0001** 
<0.01***  

59,2/25,5/0,9 <0.0001* 
<0.0001** 
<0.0001*** 
<0.0001****  
 

�³�¬�«�°�¨�´�¨ �Ä�¨�¸�³�µ�«�ª�¬�´�°�²�°�¨ �À�¬�¹�¨�©�¨�³�°�¹- �±��¨�¸�º�°�²�¯�¨ �À�µ�¸�°�¹�° �°�´�º�¬�¸��¨�²�°�¯ - 
interquartile ranges (IQR). �À�¬�«�¨�¸�¬�©�¨ �Æ�«�¬�©�µ�«�¨ Mann-Whitney U �º�¬�¹�º�°�¹ �ª�¨�³�µ�¿�¬�´�¬�©�°�¯.                                 
P -�¹ �³�´�°�À��´�¬�²�µ�©�¨ 0,05-�®�¬ �´�¨�±�²�¬�©�° �³�°�Á�´�¬�»�²�° �°�¿�µ �¹�º�¨�º�°�¹�º�°�±�»�¸�¨�« �¹�¨�¸�Ä�³�»�´�µ�«.  

 

* �´�°�À�´�°�¹ �¸�¨�µ�«�¬�´�µ�©�¨ �³�°�»�¯�°�¯�¬�©�¹ �Ç�ª�»�¼�®�¬, �¸�µ�³�¬�²�¯�¨ �³�µ�´�¨�Â�¬�³�¬�©�¹�¨�Â �¬�«� �̈¸�¬�©�¨ �±�µ�´�±�¸�¬�º�»�²�° 
�Ç�ª�»�¼�°�¹ �³�µ�´�¨�Â�¬�³�¬�©�°.                                                                                       
 X �¶�¸�µ�Â�¬�´�º�»�²�° �³�¨�Á��¬�´�¬�©�¬�²�° �«�°�¶�²�µ�°�«�»�¸�°/ �º�¬�º�¸�¨�¶�²�µ�°�«�»�¸�°/ �µ�±�º�µ�¶�²�µ�°�«�»�¸�°  
�¾��°�Ã�²�°�¹ �»�Ç�¸�¬�«�¬�©�°�¹.           
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�¨�²�µ�½�¹�¨�´�°�¹ �°�´�°�¬�½�Â�°�°�¹ �À�¬�³�«�¬�ª, �°�´�¹�»�²�°�´�°�¹� ̈ �«�  ̈ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ 

�±�µ�´�Â�¬�´�º�¸�¨�Â�°�¬�©�³�¨ �¬�½�¹�¶�¬�¸�°�³�¬�´�º�°�¹ �³�¬-15 �«�¾�¬�¹ �¹�¨�¸�Ä�³�»�´�µ�« �«�¨�°�±�²�µ �´�µ�¸�³�°�¹ 

(�¹�¨�±�µ�´�º�¸�µ�²�µ �Ç�ª�»�¼�°�¹) �³�¨�Á��¬�´�¬�©�²�¬�©�¯�¨�´ �À�¬�«�¨�¸�¬�©�°�¯, �Æ�µ�²�µ �¬�½�¹�¶�¬�¸�°�³�¬�´�º�°�¹ 30-�¬ 

�«�¾�¬�¹ - �³�¬-15 �«�¾�°�¹ �³�¨�Á��¬�´�¬�©�²�¬�©�¯�¨�´ �À�¬�«�¨�¸�¬�©�°�¯ (�«�°�¨�ª�¸�¨�³�¨ N5);  

     

�«�°�¨�ª�¸�¨�³�¨ N2. �ª�²�»�±�µ�®�°�¹, �°�³�»�´�µ�¸�¬�¨�½�º�°�»�²�° �°�´�¹�»�²�°�´�°�¹ (�°�¸�°) �±�µ�´�Â�¬�´�º�¸ �¨�Â�°�¨ 
(�¶�¸�µ�Â�¬�´�º�¬�©�À�°) �³�¨�³�¸�° ��°�¸�¯�¨�ª��¬�©�°�¹ �¹�°�¹�Æ�²�À�° - �´�µ� �̧³�»�²�¨�« , �¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ 
�¹�Æ��¨�«�¨�¹�Æ��¨ ��¨�«�¨�®�¬ �«�  ̈�³�¬�¯�°�²�º�¸�°�¬�´�µ�²�µ�´�°�¯ �³�±�»�¸�´�¨�²�µ�©�°�¹ �À�¬�³�«�¬�ª. 

 

 
�«�°�¨�ª�¸�¨�³�¨ N3. �±�µ�¸�º�°�±�µ�¹�º�¬�¸�µ�´�°�¹, �¬�¹�º�¸�¨�«�°�µ�²�°�¹ (E2) �«�  ̈ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ (T) 
�±�µ�´�Â�¬�´�º �¸ �¨�Â�°�¨ (�¶�¸�µ�Â�¬�´�º�¬�©�À�°) �³�¨�³�¸�° ��°�¸�¯�¨�ª��¬�©�°�¹ �¹�°�¹�Æ�²�À�° - �´�µ�¸�³�»�²�¨�«, �¨�²�µ�½�¹�¨�´�»�¸�° 
�«�°�¨�©�¬�º�°�¹ �¹�Æ��¨�«�¨�¹�Æ��¨ ��¨�«�¨�®�¬ �«�  ̈�³�¬�¯�°�²�º�¸�°�¬�´�µ�²�µ�´�°�¯ �³�±�»�¸�´�¨�²�µ�©�°�¹ �À�¬�³�«�¬�ª. 
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�«�°�¨�ª�¸�¨�³�¨ N4. �«�´�³ �«�  ̈�¸�´�³ �¹�°�´�¯�¬�®�°�¹ �¨�½�º�°��µ�©�¨ �«�  ̈�¨�´�«�¸�µ�ª�¬�´�»�²�° �¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �¬�½�¹�¶�¸�¬�¹�°�¨ 
�³�¨�³�¸�° ��°�¸�¯�¨�ª��¬�©�°�¹ �¾��°�Ã�²�À�° - �´�µ�¸�³�»�²�¨�«, �¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ �¹�Æ��¨�«�¨�¹�Æ��¨ ��¨�«�¨�®�¬ �«�  ̈
�³�¬�¯�°�²�º�¸�°�¬�´�µ�²�µ�´�°�¯ �³�±�»�¸�´�¨�²�µ�©�°�¹ �À�¬�³�«�¬�ª. 
 

 

�«�°�¨�ª�¸�¨�³�¨ N5. �ª�²�»�±�µ�®�°�¹, �°�³�»�´�µ�¸�¬�¨�½�º�°�»�²�° �°�´�¹�»�²�°�´�°�¹ (�°�¸�°), �¬�¹�º�¸�¨�«�°�µ�²�°�¹ (E2), 
�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ (T) �«�  ̈ �±�µ�¸�º�°�±�µ�¹�º�¬�¸�µ�´�°�¹ �±�µ�´�Â�¬�´�º�¸ �¨�Â�°�¨�¯�¨ �Â��²�°�²�¬�©�¬�©�°�¹ �«�°�´�¨�³�°�±�¨ 
(�¶�¸�µ�Â�¬�´�º�¬�©�À�°) �³�¨�³�¸�° ��°�¸�¯�¨�ª��¬�©�°�¹ �¹�°�¹�Æ�²�À�°- �´�µ�¸�³�»�²�¨�«, �¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ 
�¹�Æ��¨�«�¨�¹�Æ��¨ ��¨�«�¨�®�¬ �«�  ̈ �³�¬�¯�°�²�º�¸�°�¬�´�µ�²�µ� �́°�¯  �³�±�»�¸�´�¨�²�µ�©�°�¹ �À�¬�³�«�¬�ª. (�À�¬�´�°�À��´�¨: �Ä�¿��¬�º�°�²�° 
�Æ�¨�®�¬�©�°�¯ �´�¨�Á��¬�´�¬�©�°�¨ �³�µ�´�¨�Â�¬�³�¬�©�° �³�±�»�¸�´�¨�²�µ�©�°�¹ �À�¬�³�«�¬�ª).      
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�«�°�¨�ª�¸�¨�³�¨ N6.�«�´�³ �«�  ̈�¸�´�³ �¹�°�´�¯�¬�®�°�¹ �¨�½�º�°��µ�©�°�¹ �«�  ̈�¨�´�«�¸�µ�ª�¬�´�»�²�° �¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �¬�½�¹�¶�¸�¬�¹�°�°�¹ 
�³�¨�Á��¬�´�¬�©�¬�²�¯�¨ �«�°�´�¨�³�°�±�¨ �³�¨�³�¸�° ��°�¸�¯�¨�ª��¬�©�°�¹ �¾��°�Ã�²�À�° - �´�µ�¸�³�»�²�¨�«, �¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ 
�¹�Æ��¨�«�¨�¹�Æ��¨ ��¨�«�¨�®�¬ �«�  ̈ �³�¬�¯�°�²�º�¸�°�¬�´�µ�²�µ�´�°�¯ �³�±�»�¸�´�¨�²�µ�©�°�¹ �À�¬�³�«�¬�ª. (�À�¬�´�°�À��´�¨: �Ä�¿��¬�º�°�²�° 
�Æ�¨�®�¬�©�°�¯ �´�¨�Á��¬�´�¬�©�°�¨ �³�µ�´�¨�Â�¬�³�¬�©�° �³�±�»�¸�´�¨�²�µ�©�°�¹ �À�¬�³�«�¬�ª).  

 

�¨�³�¨�¹�¯�¨�´�¨��¬, �¨�²�µ�½�¹�¨�´�°�¹ �°�´�°�¬�½�Â�°�°�«�¨�´ 45-�¬ �«�¾�¬�¹  �«�¨�¼�°�½�¹�°�¸�¬�©�»�²�° 

�³�µ�´�¨�Â�¬�³�¬�©�°�¹ �ª�¨�´�¹�Æ��¨��¬�©�¨ 30-�¬ �«�¾�°�¹ �³�µ�´�¨�Â�¬�³�¬�©�¯�¨�´ - �¹�º�¨�º�°�¹�º�°�±�»�¸�¨�« �¹�¨�¸�Ä�³�»�´�µ 

�¨�¾�¨�¸ �¨�¸�°�¹.  

    �¬�¹, �¸�µ�ª�µ�¸�Â �®�¬�³�µ� ̄ �¨�¾��´�°�À�´�¬�¯, �À�¬�°�Ã�²�¬�©�¨ �»�±�¨��À�°�¸�«�¬�©�µ�«�¬�¹ �¨�²�µ�½�¹�¨�´�°�¹ 

�«�¨�³�¨�®�°�¨�´�¬�©�¬�²�° �¬�¼�¬�½�º�°�¹ �Ä�¨�³�µ�Ä�»�¸��¨�¹�³ 45-�¬ �«�¾�°�¹�¨�¯��°�¹ (Lenzen S., 2008). 

�°�´�¹�»�²�°�´�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ �À�¬�³�Â�°�¸�¬�©�°�¹ �¶�¨�¸�¨�²�¬�²�»�¸�¨�« �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ 

�±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ �À�¬�³�Â�°�¸�¬�©�¨ �¯�¨�´�Æ�³�µ�©�¨�À�°�  ̈ �³�¸�¨��¨�²�° �ª�¨�³�µ�±��²�¬��°�¹ �À�¬�«�¬�ª�¯�¨�´, 

�¸�µ�³�²�¬�©�°�Â �¨�³�¨�¹��¬ �³�°�»�¯�°�¯�¬�©�¹ �¨�¸�  ̈ �³�Æ�µ�²�µ�« �¬�½�¹�¶�¬�¸�°�³�¬�´�º�À�°, �¨�¸�¨�³�¬�« �±�²�°�´�°�±�¨�À�°�Â 

(Pitteloud et al., 2005b; Kandeel et al., 2007; Grossmann et al., 2008).    

 �È�°�¶�¬�¸�ª�²�°�±�¬�³�°�°�¹  �¶�°�¸�µ�©�¬�©�À�°, �ª�²�»�±�µ�®�°�¹ �ª�¨�®�¸�«�°�²�° �¸�¨�µ�«�¬�´�µ�©�¨ �¨�¾�Ä�¬��¹ 

�È�¬�¶�¨�º�µ�Â�°�º�¬�©�À�° (�°�´�¹�»�²�°�´�° �¨�¸�¨� ̈ �¹�¨�Å�°�¸�µ �ª�²�»�±�µ�®�°�¹ �È�¬�¶�¨�º�µ�Â�°�º�¬�©�À�° 

�À�¬�¹��²�°�¹�¨�¯��°�¹, �°�¹ �¹�¨�Å�°�¸�µ�¨ �»�Ç�¸�¬�«�°�¹ �À�°�ª�´�°� ̄ �³�°�¹�° �»�º�°�²�°�®�¨�Â�°�°�¹�¯��°�¹) (Kelly 
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D.M. and Jones T.H., 2013), �¸�¨�Â �Æ�¬�²�¹ �»�Ä�¿�µ�©�¹  �«�°�«�° �¸�¨�µ�«�¬�´�µ�©�°�¯ �È�°�«�¸�µ�½�¹�°�²�°�¹ 

�¸�¨�«�°�±�¨�² �¬�©�°�¹ �Ä�¨�¸�³�µ�½�³�´�¨�¹. �¬�¹, �¯�¨��°�¹ �³�Æ�¸�°�, �®�¸�«�°�¹ BAX  (Bcl-2-associated X 

protein) �¶�¸�µ�º�¬�°�´�°�¹ �¸�¨�µ�«�¬�´�µ�©�¨�¹. BAX �¨�¹�º�°�³�»�²�°�¸�¬�©�¹ �³�°�º�µ�½�µ�´�«�¸�°�°�«�¨�´ 

�Â�°�º�µ�½�¸�µ�³-C-�¹ �ª�¨�³�µ�¯�¨��°�¹�»�¼�²�¬�©�¨�¹, �¸�¨�Â �¸�¯�¨��¹ �¨�¶�µ�¶�º�µ�®�°�¹ �±�¨�¹�±�¨�«�¹: �¨�½�º�°�»�¸�«�¬�©�¨ 

�±�¨�¹�¶�¨�®�¬�©�° (caspase) �«�  ̈��°�¯�¨�¸�«�¬�©�¨ �¨�¶�µ�¶�º�µ�®�° (Francés et al., 2010). 

�È�°�¶�µ�°�´�¹�»�²�°�´�¬�³�°�°�¹�  ̈ �«� ,̈ �À�¬�¹�¨�©�¨�³�°�¹�¨�«, �È�¬�¶�¨�º�µ�Â�°�º�¬�©�À�° �ª�²�»�±�µ�®�°�¹ 

�¨�¯��°�¹�¬�©�°�¹ �«�¨�½��¬�°�¯�¬�©�°�¹ �¶�°�¸�µ�©�¬�©�À�° �¨�¾�Ã�¸�»�²�° � �̈¶�µ�¶�º�µ�®�°�¹ �ª�¨�³�µ �»�´�«�  ̈

�±�²�¬�©�»�²�µ�©�«�¬�¹ �«�´�³-�°�¹� ̈ �«�  ̈ �¸�´�³-�°�¹ �¹�°�´�¯�¬�®�°�¹ �Ç�¨�³�»�¸�° �³�¨�Á��¬�´�¬�©�¬�²�°. �¬�¹ 

�«�¨�¹�º�»�¸�«�¬�©�¨ �Á��¬�´�° �¬�½�¹�¶�¬�¸�°�³�¬�´�º�¬�©�°�¹ �À�¬�«�¬�ª�¬�©�°�¯, �¸�µ�³�¬�²�¯�¨ �¯�¨�´�¨�Æ�³�¨�«�¨�Â 

�¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ �³�µ�«�¬�²�°�¹ �À�¬�½�³�´�°�«�¨�´ �³�¬-15 �«�¾�¬�¹  �¾��°�Ã�²�À�° �±�²�¬�©�»�²�µ�©�¹ 

�¸�µ�ª�µ�¸�Â �«�´�³-�°�¹ �¹�°�´�¯�¬�®�° (44%-�°�¯ ), �¨�¹�¬��¬ �¸�´�³-�°�¹ �¹�°�´�¯�¬�®�° (29%-�°�¯ ). �³�¹�ª�¨��¹�° 

��°�¯�¨�¸�¬�©�¨ �¨�¾�°�´�°�À�´�¬�©�¨ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¹�Æ��¨ ��¨�«�¬�©�®�¬�Â (�«�°�¨�ª�¸�¨�³�¨ N4;6). 

�¸�¨�«�°�µ�°�´�¬�¸�º�»�²�° �³�¬�¯�°�²�º�¸�°�¬�´�µ�²�µ�´�°�¹ �À�¬�¿��¨�´�°�¹ �À�¬�³�«�¬�ª �ª�²�»�±�µ�®�°�¹ 

�³�¨�Á��¬�´�¬�©�¬�²�° �¹�¨�¸�Ä�³�»�´�µ�« �±�²�¬�©�»�²�µ�©�¹ �«�  ̈ �¹�º�¨�º�°�¹�º�°�±�»�¸�¨�« �¨�¾�¨�¸  �ª�¨�´�¹�Æ��¨��«�¬�©�¨ 

�¬�½�¹�¶�¬�¸�°�³�¬�´�º�°�¹ �³�¬-15 �«�¾�°�¹ �³�¨�Á��¬�´�¬�©�²�°�¹�¨�ª�¨�´. �¬�¹ �À�¬�°�Ã�²�¬�©�¨ �¨�°�Æ�¹�´�¨�¹ �°�³�°�¯, �¸�µ�³ 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° �È�¬�¶�¨�º�µ�Â�°�º�¬�©�À�° �¨�¹�º�°�³�»�²�°�¸�¬�©�¹ �°�´�¹�»�²�°�´�°�¹ �¸�¬�Â�¬�¶�º�µ�¸�°�¹ I�±�¸�´�³�±

�°�¹ �¹�°�´�¯�¬�®�¹, �¸�°�¹ �À�¬�«�¬�ª�¨�«�¨�Â   �È�¬�¶�¨�º�µ�Â�°�º�°�¹ �®�¬�«�¨�¶�°�¸�®�¬ �Ã�²�°�¬�¸�«�¬�©�¨ �°�´�¹�»�²�°�´�°�¹ 

�¸�¬�Â�¬�¶�º�µ�¸�°�¹ �¬�½�¹�¶�¸�¬�¹�°�¨ �«�  ̈ �¨�³�°�  ̄ �°�®�¸�«�¬�©�¨ �È�¬�¶�¨�º�µ�Â�°�º�°�¹ �³�ª�¸�Ã�´�µ�©�¬�²�µ�©�¨  

�°�´�¹�»�²�°�´�°�¹ �³�°�³�¨�¸� .̄ �¨�³�°�¹ �À�¬�«�¬�ª�¨�« �°�´�¹�»�²�°�´�°�¹ �³�±��¬�¯�¸�¨�« �À�¬�³�Â�°�¸�¬�©�»�²�° 

�¸�¨�µ�«�¬�´�µ�©�¨�Â �±�° �¹�¨�±�³�¨�¸�°�¹�° �Æ�«�¬�©�¨, �¸�µ�³ �«�¨�¨�¹�º�°�³�»�²�°�¸�µ�¹ �È�¬�¶�¨�º�µ�Â�°�º�¬�©�À�° �À�¬�¹�»�²�° 

�ª�²�»�±�µ�®�°�¹ �»�º�°�²�°�®�¨�Â�°�¨ (Kapoor et al., 2006; Sato et al., 2008). �¨�³�¨�¹�¯�¨�´�¨��¬, 

�°�´�¹�»�²�°�´�° �¨�¹�º�°�³�»�²�°�¸�¬�©�¹ �¨�¶�µ�¶�º�µ�®�°�¹ �³�¨�°�´�È�°�©�°�¸�¬�©�¬�² �Â�°�²�¨�¹ - XIAP (X-linked 

inhibitor of apoptosis protein), �¸ �µ�³�¬�²�°�Â �Ä�¨�³�»�Æ�¸�»�Å�¬�©�¹�³���±�¨�¹�¶�¨�®�¬�©�¹ �«�  ̈ �¨�Á�¬�¸�¬�©�¹ 

�¨�¶�µ�¶�º�µ�®�°�¹ �¶�¸�µ�Â�¬�¹�¹ (Frances et al., 2010). �Á��¬�´�° �³�µ�´�¨�Â�¬�³�¬�©�°, �¸�µ�³�²�¬�©�°�Â 

�³�°�»�¯�°�¯�¬�©�¹, �¸�µ�³ �¬�ª�®�µ�ª�¬�´�»�¸�° �¨�´�«�¸�µ�ª�¬�´�°�¹ �À�¬�¿��¨�´�°�¹ �À�¬�³�«�¬�ª �³�¨�º�»�²�µ�©�¹ �«�´�³-�°�¹ 
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(24%) �«�  ̈�¸�´�³-�°�¹ (8%) �¹�°�´�¯�¬�®�°�¹ �°�´�º�¬�´�¹�°�µ�©�¨ �¾��°�Ã�²�°�¹ �»�Ç�¸�¬�«�¬�©�À�°, �¨�«�¨�¹�º�»�¸�¬�©�¹ 

�¨�³ �³�µ�¹�¨�®�¸�¬�©�¨�¹ (�«�°�¨�ª�¸�¨�³�¨ N 4, 6). 

�Á��¬�´�° �³�µ�´�¨�Â�¬�³�¬�©�° �¨�«�¨�¹�º�»�¸�¬�©�¹ �°�³ �±��²�¬��¨�¯�¨ �À�¬�«�¬�ª�¬�©�¹, �¸�µ�³�¬�²�¯ �  ̈

�¯�¨�´�¨�Æ�³�¨�«�¨�Â �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°� ̄ �³�±�»�¸�´�¨�²�µ�©�°�¹�¨�¹ �°�®�¸�«�¬�©�µ�«�¨ �°�´�¹�»�²�°� -́ 

�¸�¬�Â�¬�¶�º�µ�¸�°�¹ mRNA �«�µ�´�¬ �«�  ̈ �¨�¹�¬��¬ �°�´�¹�»�²�°�´�°�¹ �³�ª�¸�Ã�´�µ�©�¬�²�µ�©�¨ �¨�«�¨�³�°�¨�´�°�¹ 

�¾��°�Ã�²�°�¹ �»�Ç�¸�¬�«�À�° (Parthasarathy et al., 2009). �³�¬�º�°�Â, �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ 

�Á�¨�´�¨�Â��²�¬�©�°�¯�° �¯�¬�¸�¨�¶�°�¨ �±�¨�¹�º�¸�°�¸�¬�©�»�² ��°�¸�¯�¨�ª��¬�©�À�°�Â �®�¸�«�°�«� ̈ mRNA �°�´�¹�»�²�°� -́ 

�¸�¬�Â�¬�¶�º�µ�¸�°�¹ �«�  ̈ �Â�°�²�°�¹ �«�µ�´�¬�¹ �¾��°�Ã�²�À�° �«�  ̈ �¨�±�µ�¸�¬�½�Â�°�¬�©�«�¨ �±�¨�¹�º�¸�¨�Â�°�°�¯ 

�ª�¨�³�µ�Ä��¬�»�² �ª�²�»�±�µ�®�°�¹ �³�¬�º�¨�©�µ�²�°�®�³�°�¹ �«�¨�¸�¾��¬��¨�¹ (Moverare-Skrtic et al., 2006), 

�°�Ä��¬��«�¨ �¸�  ̈ �ª�²�°�±�µ�ª�¬�´�°�¹ �¹�°�´�¯�¬�®�¹  (�¸�µ�ª�µ�¸�Â �°�´�º�¨�½�»�¸ �¨�¹�¬��¬ �±�¨�¹�º�¸�°�¸�¬�©�»�² �³�¨�³�  ̧

��°�¸�¯�¨�ª��¬�©�À�°) (Bergamini, 1975; Kelly D.M. and Jones T.H., 2013).  

�Â�´�µ�©�°�²�°�¨, �¸�µ�³ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° �¨�³�·�¾�¨��´�¬�©�¹ �°�´�¹�»�²�°�´�°�¹ �³�¹�ª�¨��¹ �¬�¼�¬�½�º�¹ 

�Â�°�²�¬�©�°�¹ �¨�´�¨�©�µ�²�°�®�³�°�¹ �ª�¨�Ã�²�°�¬�¸�¬�©�°�¹ �¯��¨�²�¹�¨�®�¸�°�¹�°�¯�¨�Â (Shahidi N.T., 2001), 

�¯�»�³�Â�,̈ �¨�³ �³�µ�½�³�¬�«�¬�©�°�¹ �³�¬�½�¨�´�°�®�³�° �ª�¨�´�¹�Æ��¨��¬�©�»�²�°�¨ �«�  ̈�¬�¼�»�Ã�´�¬�©�¨ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ 

�³�µ�´�¨�Ä�°�²�¬�µ�©�¨�¹ GLUT2-�°�¹ �º�¸�¨�´�¹�±�¸�°�¶�Â�°�¨�¹�¨ �«�  ̈ �È�¬�½�¹�µ�±�°�´�¨�®�°�¹�¨ �«�  ̈

�¼�µ�¹�¼�µ�¼�¸�»�½�º�µ�±�°�´�¨�®�°�¹ �¬�´�®�°�³�»�¸�° �¨�½�º�°��µ�©�°�¹ �®�¸�«�¨�À�° (Sato et al., 2008). 

��¨�¸�¨�»�«�µ�©�¬� ́ �¸�µ�³ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�¹ �À�¬�°�Ã�²�¬�©�¨ �È�½�µ�´�«�¬�¹ �¶�°�¸�«�¨�¶�°�¸�° �¬�¼�¬�½�º�° 

GLUT2-�°�¹ �º�¸�¨�´�¹�±�¸�°�¼�Â�°�¨�®�¬ �«�  ̈ mRNA-�°�¹ �º�¸�¨�´�¹�²�¨�Â�°�¨�®�¬. �³�°�»�Æ�¬�«�¨��¨�« �°�³�°�¹�,̈ 

�¸�µ�³ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�° �¨�¸ �¨�¸�°�¹ �°�«�¬�´�º�°�¼�°�Â�°�¸�¬�©�»�²�° GLUT2-�°�¹ 

�¶�¸�µ�³�µ�º�µ�¸�»�² �¸�¬�ª�°�µ�´�À�°, �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¹ �À�¬�»�Ã�²�°�¨ �¼�»�´�½�Â�°�µ�´�°�¸�¬�©�¨ 

�¸�µ�ª�µ�¸�Â �²�°�ª�¨�´�« �ª� �̈³�¨�¨�½�º�°�»�¸�¬�©�¬�² �º�¸�¨�´�¹�±�¸�°�¼�Â�°�°�¹ �¼�¨�½�º�µ�¸�¹ �«�  ̈ GLUT2-�°�¹ 

�¬�½�¹�¶�¸�¬�¹�°�°�¹ �ª�¨�³�µ�Ä��¬��¨, �¸�µ�ª�µ�¸�Â �«�¨�³�µ�»�±�°�«�¬�©�²�¨�«, �°�¹�¬ �¹�Æ��¨ �ª�¨�³�¨�¨�½�º�°�»�¸�¬�©�²�¬�©�¯�¨�´ 

�±�µ�³�©�°�´�¨�Â�°�¨�À�° (Yeh and Chang, 1996; Mcewan I.J. and Gustafsson J., 1997; Aarnisalo et 

al., 1998).  

�¨�¾�¹�¨�´�°�À�´�¨��°�¨, �¸�µ�³  �¬�ª�®�µ�ª�¬�´�»�¸�° �¨�´�«�¸�µ�ª�¬�´�°�¹ �À�¬�¿��¨�´�¨ �¨�  ̧ �³�µ�½�³�¬�«�¬�©�¹ 

�°�´�¹�»�²�°�´�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�¨�®�¬: �³�¬�¯�°�²�º�¸�°�¬�´�µ�²�µ�´�°�¯ �³�±�»�¸�´�¨�²�µ�©�°�¹ �¼�µ�´�®�¬ 
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�°�´�¹�»�²�°�´�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�¨ �¨�  ̧ �°�Â��²�¬�©�¨. �°�¹ �¨�  ̧ �ª�¨�´�¹�Æ��¨��«�¬�©�¨  �¨�²�µ�½�¹�¨�´�»�¸�° 

�«�°�¨�©�¬�º�°�¹ �³�µ�«�¬�²�°�¹ �¨�¸�Â 30-�¬ �«�¾�°�¹, �¨�¸�Â 45-�¬ �«�¾�°�¹ �³�¨�Á��¬�´�¬�©�²�°�¹�¨�ª�¨�´ (�Â�Æ�¸�°�²�° N4; 

�«�°�¨�ª�¸�¨�³�¨ N2). �¬�¹ �¨�«�¨�¹�º�»�¸�¬�©�¹ �¨�«�¸�¬ �¨�¾�´�°�À�´�»�² �³�µ�¹�¨�®�¸�¬�©�¨�¹, �¸�µ�³ �¶�¨�´�±�¸�¬�¨�¹�°�¹ 

�±�»�´�Ã�»�²�¬�©�°�¹ �Ã-�»�Ç�¸�¬�«�¬�©�° �³�Â�°�¸�¬ �¸�¨�µ�«�¬�´�µ�©�°�¯ �À�¬�°�Â�¨��¬�´ �¨�´�«�¸�µ�ª�¬�´-

�¸�¬�Â�¬�¶�º�µ�¸�¬�©�¹. �¨�³�°�¹ �ª�¨�³�µ, �¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ �¶�°�¸�µ�©�¬�©�À�°, �¬�ª�®�µ�ª�¬�´�»�¸�° 

�¨�´�«�¸�µ�ª�¬�´�°�¹ �»�À�»�¨�²�µ �¬�¼�¬�½�º�° �¬�´�«�µ�±�¸�°�´�»�² �¶�¨�´�±�¸�¬�¨�¹�®�¬ (�³�°�¹ �ª�¨�«�¨�¸�Á�¬�´�°�² �«� /̈�¨�  ́

�´�¨�±�²�¬�©�¨�« �«�¨�®�°�¨�´�¬�©�»�²    �Ã-�»�Ç�¸�¬�«�¬�©�®�¬) �´�¨�±�²�¬�©�°�¨. �¨�³�¨�¹�¯�¨�´�¨��¬, �¹�°�³�¹�°��´�»�¸�° 

�«�¨�¨��¨�«�¬�©�°�¹ �«�¸�µ�¹ �¶�¨�´�±�¸�¬�¨�¹�°�¹ �Ã-�»�Ç�¸�¬�«�¬�©�À�° �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ 

�¸�¨�µ�«�¬�´�µ�©�¨ �³�¨�º�»�²�µ�©�«� ̈ (Li et al., 2008), �¸�¨�Â �¨�«�¨�¹�º�»�¸�¬�©�¹ �¨�³ �¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ 

�Ä�À�¬�´�°�¾�©��°�¹�³�� �«�  ̈ �Ä�ª�¨�´�´�°�¾�©��°�¹�³�� �À�¬�¹�¨�Ã�²�¬�©�²�µ�©�¨�¹. �¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�° 

�¹�°�³�¹�°��´�»�¸�° �«�¨�¨��¨�«�¬�©�°�¹�¨�ª�¨� ́ �ª�¨�´�¹�Æ��¨��¬�©�°�¯, �¨�  ̧ �°�Ä��¬��¹ �¨�³ �»�Ç�¸�¬�«�¬�©�°�¹ �¨�´�«�¸�µ�ª�¬�´-

�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �¸�¨�µ�«�¬�´�µ�©�°�¹ �®�¸�«�¨�¹. 

�¹�Æ��¨ �¹�»�¸�¨�¯�°�  ̈ �¾��°�Ã�²�°�¹ �½�¹�µ��°�²�À�°. �¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ 

�³�µ�«�¬�²�°�¸�¬�©�°�«�¨�´ 31-�¬ �«�¾�¬�¹ �«�¨�Ä�¿�¬�©�»�²�° �³�¬�¯�°�²�º�¸�°�¬�´�µ�²�µ�´�°�¹ �¿�µ��¬�²�«�¾�°�»�¸�° 

�°�´�°�¬�½�Â�°�¬�©�°, �³�±�»�¸�´�¨�²�µ�©�°�¹ �«�¨�Ä�¿�¬�©�°�«�¨�´ 15 �«�¾�°�¹ �À�¬�³�«�¬�ª �¨�«�¨�¹�º�»�¸�¬�©�¹, �¸�µ�³                

�«�´�³-�°�¹ �«�  ̈ �¸�´�³-�°�¹ �¹�°�´�¯�¬�®�°�¹ �ª�¨�Ã�²�°�¬�¸�¬�©�¨�¹ �¯�¨�´ �¨�Æ�²�¨��¹ �¶�µ�²�°�¶�²�µ�°�«�»�¸�° 

�È�¬�¶�¨�º�µ�Â�°�º�¬�©�°�¹ �¸�¨�µ�«�¬�´�µ�©�°�¹ �®�¸�«�  ̈ �¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ 30-�¬ �«�  ̈ 45-�¬ 

�«�¾�¬�¹�¯�¨�´ �À�¬�«�¨�¸�¬�©�°�¯ (�¹�»�¸�¨�¯�° N15� ,̈�©); �¨�³�¨�¹�¯�¨�´�¨��¬, �¨�  ̧ �¼�°�½�¹�°�¸�«�¬�©�¨ Ki-67 

�«�¨�«�¬�©�°�¯�° �È�¬�¶�¨�º�µ�Â�°�º�¬�©�°�¹ �¸�¨�µ�«�¬�´�µ�©�°�¹ �®�¸�«� .̈ 

�¨�³�«�¬�´�¨�«, �¹�¨�Æ�¬�®�¬�¨ �Ä�³�¿�¨�¸�°�³���¶�µ�²�°�¶�²�µ�°�«�°� ̈ - �È�¬�¶�¨�º�µ�Â�°�º�¬�©�°�¹ �³�°�º�µ�®�¬�©�°�¹ 

�ª�¨�¨�½�º�°��¬�©�°�¹ �ª�¨�¸�¬�À�¬. �¬�¹ �¼�¨�½�º�°, �¸�µ�³�²�°�¹  �¨�´�¨�²�µ�ª�°�Â �Á��¬�´ ��¬� ̧ �³�µ��°�Ã�°�¬�¯ 

�²�°�º�¬�¸�¨�º�»�¸�¨�À�°, �À�¬�³�«�ª�µ�³ �±��²�¬��¨�¹�¨ �«�  ̈�¨�«�¬�±��¨�º�»�¸ �°�´�º�¬�¸�¶�¸�¬�º�¨�Â�°�¨�¹ �¹�¨�Å�°�¸�µ�¬�©�¹. 

�Á��¬�´�° �¬�½�¹�¶�¬�¸�°�³�¬�´�º�°�¹ �À�¬�«�¬�ª�¬�©�° �³�°�»�¯�°�¯�¬�©�¹ �¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ 

�¶�°��̧µ�©�¬�©�À�° �¬�¹�º�¸�¨�«�°�µ�²�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ �¹�¨�¸�Ä�³�»�´�µ�« �³�¨�º�¬�©�¨�¹ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ 

�±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ �À�¬�³�Â�°�¸�¬�©�°�¹ �¼�µ�´�®�¬. �¬�¹ �»�´�«� ̈ �¨�¹�¨�Æ�¨��«�¬�¹ �¸�¯�»�²  
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�¶�¨�¯�µ�¼�°�®�°�µ�²�µ�ª�°�»�¸/�¶�¨�¯�µ�½�°�³�°�»�¸ �¸�¬�¨�½�Â�°�¨�¯�¨ �À�¬�«�¬�ª�¹. �±�¬�¸�Ã�µ�«, �¨�²�µ�½�¹�¨�´�°�¹ �³�°�¬� ̧

�ª�¨�´�¨�«�ª�»�¸�¬�©�»�²  �Ã-�»�Ç�¸�¬�«�¬�©�À�° �³�±��¬�¯�¸�¨�« �³�Â�°�¸�«�¬�©�¨ �°�´�¹�»�²�°�´�°�¹ �¸�¨�µ�«�¬�´�µ�©�¨�¹. 

 

�¹�»�¸�¨�¯�° N15. � )̈ �¶�µ�²�°�¶�²�µ�°�«�°�,̈ �È�¬�¶�¨�º�µ�Â�°�º�¬�©�°�¹ �³�°�º�µ�®�¬�©�°�¹ �ª�¨�¨�½�º�°��¬�©�°�¹ �ª�¨�¸�¬�À�¬. �¨�¾�°�´�°�À�´�¬�©�¨ 
�«�°�¶�²�µ�°�«�»�¸�° �«�  ̈ �º�¬�º�¸�¨�¶�²�µ�°�«�»�¸�° �È�¬�¶�¨�º�µ�Â�°�º�¬�©�°�¹ �¬�¸�¯�µ�©�²�°�µ�©�¨. H&E. �µ�©�°�¬�½�º�°��° X20, 
�µ�±�»�²�¨�¸�° X15. �©) �°�ª�°��¬ �¹�»�¸�¨�¯�°, �«�¨�³�»�À�¨��¬�©�»�²�° �¼�µ�º�µ�À�µ�¶�°�¯. �«�°�¶�²�µ�°�«�»�¸�° �©�°�¸�¯��¬�©�°�¹ 
�´�°�³�»�À�¬�©�° �À�¬�³�µ�Æ�¨�®�»�²�°�¨ �³�Ä��¨�´�¬�«, �º�¬�º�¸�¨�¶�²�µ�°�«�»�¸�° �©�°�¸�¯��¬�©�°�¹ - �Ä�°�¯�²�¨�«. 

 

�°�´�¹�»�²�°�´�°�¹ �´�¨�±�²�¬�©�µ�©�°�¹ �ª�¨�³�µ ��¬�¾�¨�¸ �¹�º�°�³�»�²�°�¸�«�¬�©�¨ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ 

�¹�°�´�¯�¬�®�°. �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �À�¬�³�Â�°�¸�¬�©�»�²�° �±�µ�´�Â�¬�´�º�¸�¨�Â�°�¨ ��¬�¾�¨�¸ �¨�Æ�¬�¸�Æ�¬�©�¹  

�¼�¬�¸�³�¬�´�º �²�°�¶�µ�¶�¸�µ�º�¬�°�´ �²�°�¶�¨�®�¨�¹ �°�´�È�°�©�°�Â�°�¨�¹. �¬�¹ �¼�¬�¸�³�¬�´�º�°, �¸�µ�³�¬�²�°�Â 

�³�µ�¯�¨��¹�¬�©�»�²�°�¨ �Â�Æ�°�³�µ��¨�´�° �½�¹�µ��°�²�°�¹  �±�¨�¶�°�²�¨�¸�¬�©�°�¹ �¬�´�«�µ�¯�¬�²�°�»�³�°�¹ �³�¬�³�©�¸�¨�´�¨�®�¬, 

�Â�Æ�°�³�¬�©�°�¯ �³�«�°�«�¨�¸�° �½�°�²�µ�³�°�±�¸�µ�´�°�¹�¨ �«�  ̈ �Ã�¨�²�°�¨� ́ �«�¨�©�¨�²�° �¹�°�³�±��¸�°��°�¹ 

�²�°�¶�µ�¶�¸�µ�º�¬�°�´�¬�©�°�¹�¨�ª�¨�´ (VLDL) �ª�¨�³�µ�¨�¯�¨��°�¹�»�¼�²�¬�©�¹ �º�¸�°�ª�²�°�Â�¬�¸�°�«�¬�©�¹, 

�¸�µ�³�²�¬�©�°�Â �¨�¾�Ä�¬��¹ �«�  ̈ �²�¨�ª�«�¬�©�¨ �¨�«�°�¶�µ�Â�°�º�¬�©�À�°. �¨�¹�¬� ̄ �¶�°�¸�µ�©�¬�©�À�°, �¨�«�°�¶�µ�Â�°�º�¬�©�À�° 

�¨�½�º�°�»�¸�«�¬�©�¨ �¼�¬�¸�³�¬�´�º�° �¨�¸�µ�³�¨�º�¨�®� ,̈ �¸�µ�³�¬�²�°�Â, �¯�¨��°�¹ �³�Æ�¸�°�, �°�¹�¬�«�¨�Â �À�¬�³�Â�°�¸�¬�©�»�² 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�¹ �ª�¨�¸�«�¨�½�³�´�°�¹ �¬�¹�º�¸�µ�ª�¬�´�¨�« (Hayes et al., 2000; 2001). 

�¨�³�¨�¹�¯�¨�´�¨��¬, �¨�¾�¹�¨�´�°�À�´�¨��°�¨, �¸�µ�³ �¬�¹�º�¸�¨�«�°�µ�²�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�¨, �¸�µ�³�¬�²�°�Â  

�³�µ�³�¨�º�¬�©�»�²�°�¨ �¬�½�¹�¶�¬�¸�°�³�¬�´�º�°�¹  �¿��¬�²�¨ ��¨�«�¨�®�¬, �³�¬�¯�°�²�º�¸�°�¬�´�µ�²�µ�´�°�¹ �°�´�°�¬�½�Â�°�°�¹ 

�À�¬�³�«�¬�ª �°�±�²�¬�©�¹.         

 �Ä�¨�¸�³�µ�«�ª�¬�´�°�²�° �³�µ�´�¨�Â�¬�³�¬�©�° �¨�«�¨�¹�º�»�¸�¬�©�¹, �¸�µ�³ �¹�¨�¹�½�¬�¹�µ �¹�º�¬�¸�µ�°�«�¬�©�°�¹ 

�¸�¨�µ�«�¬�´�µ�©�¸�°��° �Â��²�°�²�¬�©�¬�©�° �³�´�°�À��´�¬�²�µ��´�¨�« �¨�¸�°�¹ �«�¨�³�µ�±�°�«�¬�©�»�²�° �°�´�¹�»�²�°�´�°�¹� ̈
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�«�  ̈ �ª�²�°�±�¬�³�°�°�¹ �«�µ�´�¬�®�¬.  �¹�¨�¹�½�¬�¹�µ �È�µ�¸�³�µ�´�¬�©�°�¹ �³�¨�º�¬�©�¨ �«�  ̈ �¹�¬�½�¹-�È�µ�¸�³�µ�´ 

�À�¬�³�¨�±�¨��À�°�¸�¬�©�¬�²�° �ª�²�µ�©�»�²�°�´�° (SHBG)  �±�¨��À�°�¸�À�°�¨ �È�°�¶�¬�¸�°�´�¹�»�²�°�´�¬�³�°�¨�¹�¯�¨�  ́ (Haffner 

et al., 1988), �Æ�µ�²�µ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�¨�©�¨�²�° �«�µ�´�¬ �Æ�¬�²�¹ �»�Ä�¿�µ�©�¹ 

�°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�¨�¹ (Pitteloud et al., 2005a). 

�Á��¬�´ �³�°�¬� ̧ �¸�¨�«�°�µ�³�¬�º�¸�°�»�²�° �³�¬�¯�µ�«�°�  ̄ �Á�¨�º�¨�¸�¬�©�»�²�° �¬�½�¹�¶�¬�¸�°�³�¬�´�º�°�¹ 

�À�¬�«�¬�ª�¬�©�° �¨�Á��¬�´�¬�©�¹, �¸�µ�³ �¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ �³�¬-15 �«�¾�¬�¹ �¾��°�Ã�²�°�¹ �»�Ç� �̧¬�«�¬�©�À�° 

�¨�½�º�°�»�¸�°  �¨�´�«�¸�µ�ª�¬�´�»�²�° �¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �¬�½�¹�¶�¸�¬�¹�°�°�¹ �³�¨�Á��¬�´�¬�©�¬�²�° �³�¨�º�»�²�µ�©�¹. �¬�¹ 

�¼�¨�½�º�°, ��¼�°�½�¸�µ�©�¯, �À�¬�°�Ã�²�¬�©�¨ �¨�°�Æ�¹�´�¨�¹ �°�³�°�¯, �¸�µ�³ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �À�¬�³�Â�°�¸�¬�©�¨ 

�°�Ä��¬��¹ �¨�½�º�°�»�¸�° �¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �ª�¨�³�µ�¯�¨��°�¹�»�¼�²�¬�©�¨�¹ �«�  ̈ �À�¬�«�¬�ª�¨�« �³�¨�¯ 

�³�µ�³�¨�º�¬�©�»�² �¬�½�¹�¶�¸�¬�¹�°�¨�¹ �¸�¨�«�°�µ�¨�½�º�°�»�¸�° H3 �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�¨�³�¨�º�¬�©�°�¹ �À�¬�³�«�¬�ª 

(�°�Æ. �³�¨�¹�¨�²� ̈ �«�  ̈ �³�¬�¯�µ�«�¬�©�°). �¨�³�¨�¹�¯�¨�´�¨��¬, �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �À�¬�³�«�ª�µ�³ ��¨�«�¬�©�®�¬, 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�¬�¼�°�Â�°�º�°�¹ �À�¬�´�¨�¸�Á�»�´�¬�©�°�¹ �¼�µ�´�®�¬, �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ 

�¬�½�¹�¶�¸�¬�¹�°�°�¹ �³�¨�Á��¬�´�¬�©�¬�²�° �±�²�¬�©�»�²�µ�©�¹, �¸�¨�Â �À�¬�°�Ã�²�¬�©�¨ �¨�°�Æ�¹�´�¨�¹ �³�¨�¯�° �À�¬�´�°�¾�©��°�¯ 

(�©�f�Z�k�d�b�j�h�\�d�Z�ª) (Moudgil V.K., 1988; �L�_�i�i�_�j�f�_�g���>�����D�Q�G�� �L�_�i�i�_�j�f�_�g�O��,1989). 15 �«�¾�°�¹ 

�ª�¨�´�³�¨��²�µ�©�¨�À�° �¹�°�´�¯�¬�®�»�¸�° �¨�´�«�¸�µ�ª�¬�´�°�¯ �³�±�»�¸�´�¨�²�µ�©�¨ �«�  ̈ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ 

�±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ �ª�¨�®�¸�«�°�²�° �¸�¨�µ�«�¬�´�µ�©�¨ �¹�°�¹�Æ�²�À�° �°�Ä��¬��¹ �¨�³ �¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ 

�Ä�ª�¨�´�´�°�¾�©��¨�¹�³�����©�^�_�f�Z�k�d�b�j�h�\�d�Z�ª) �«�  ̈�³�¨�¯ �¨�½�º�°��¨�Â�°�¨�¹. �ª�¨�¨�½�º�°�»�¸�¬�©�»�²�° �¸�¬�Â�¬�¶�º�µ�¸�¬�©�° 

�»�±�¨��À�°�¸�«�¬�©�  ̈ �¸�¨�«�°�µ�¨�½�º�°�»�¸ H3 �³�¬�¯�°�²�º�¸�°�¬�´�µ�²�µ�´�¹, �¸�¨�Â, �Â�Æ�¨�«�°� ,̈ �¨�°�¹�¨�Æ�¬�©�¨ 

�¨�´�«�¸�µ�ª�¬�´�»�²�° �¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �¬�½�¹�¶�¸�¬�¹�°�°�¹ �ª�¨�®�¸�«�°�²�° �³�¨�Á��¬�´�¬�©�²�°�¯ �¾��°�Ã�²�°�¹ 

�½�¹�µ��°�²�À�°.F 

�Á��¬�´�° �³�µ�´�¨�Â�¬�³�¬�©�°�¯, �³�¬�¯�°�²�º�¸�°�¬�´�µ�²�µ�´�°�¹  �À�¬�¿��¨�´�°�¹ �«�  ̈ �¶�²�¨�®�³�»�¸�° 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ �´�µ�¸�³�°�¹ �³�¨�Á��¬�´�¬�©�¬�²�¯�¨�´  �³�°�¨�Æ�²�µ�¬�©�°�¹ �À�¬�«�¬�ª�¨�«   

�¨�¾�°�´�°�À�´�¬�©�¨ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �ª�¨�®�¸�«�°�²�° �¬�½�¹�¶�¸�¬�¹�°�¨, �¯�»�³�Â�,̈  �°�¹ �´�µ�¸�³�°�¹ 

�³�¨�Á��¬�´�¬�©�¬�²�¹ ��¬� ̧ �»�©�¸�»�´�«�¬�©�¨ (�«�°�¨�ª�¸�¨�³�¨ N4,6). �³�°�»�Æ�¬�«�¨��¨�« �°�³�°�¹�,̈ �¸�µ�³ �³�°�¹�° 

�¸�¨�µ�«�¬�´�µ�©�¸�°��° �®�¸�«�  ̈ �Æ�¬�²�¹ �»�Ä�¿�µ�©�¹ �¾��°�Ã�²�À�° �¼�»�´�½�Â�°�»�¸�° �«�  ̈ �¨�«�¨�¶�º�¨�Â�°�»�¸-
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�±�µ�³�¶�¬� �́¹� �̈Â�°�»�¸�° �³�¬�½�¨�´�°�®�³�¬�©�°�¹  �¨�¾�«�ª�¬�´�°�¹ �¶�¸�µ�Â�¬�¹�¬�©�°�¹ �ª�¨�¨�½�º�°�»�¸�¬�©�¨�¹ (�K�f�b�j�g�h�\ �G��, 

2009).  

�¯�»�³�Â�,̈ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�° �¼�¨�¸�¯�µ�« �¨�¸�°�¹ �Ä�¨�¸�³�µ�«�ª�¬�´�°�²�° �³�¨�³�¨�±�¨�Â�°�¹ 

�«�  ̈ �½�¨�²�°�¹ �¾��°�Ã�²�À�°, �¨�¹�¬��¬, �³�¨�³�¸�° �«�  ̈ �³�«�¬�«�¸�° �³�¾�¸�¾�´�¬�²�¬�©�°�¹ �¾��°�Ã�²�À�°, �³�°�¹�° 

�¸�¨�µ�«�¬�´�µ�©�¨ �«�¨�³�µ�±�°�«�¬�©�»�²�°�¨ �¹�½�¬�¹�®�¬. �«�¨�«�¨�¹�º�»�¸�¬�©�»�²�°�¨, �¸�µ�³ �¨�´�«�¸�µ�ª�¬�´- 

�¸�¬�Â�¬�¶�º�µ�¸�°�¹ �¬�½�¹�¶�¸�¬�¹�°�¨ �³�µ�®��̧«�°�²�°  �³�¨�³�¸�° ��°�¸�¯�¨�ª��¬�©�°�¹ �¾��°�Ã�²�À�° �«�¨�¨�Æ�²�µ�¬�©�°�¯ 

20-�Ç�¬� ̧ �»�¼�¸�µ �³�¨�¾�¨�²�°�¨, ��°�«�¸�¬ �³�«�¬�«�¸�° ��°�¸�¯�¨�ª��¬�©�°�¹ �¾��°�Ã�²�À�° (Chatterjee et al., 

1996). �¨�³�¨�¹�¯�¨�´�¨��¬, �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�°�¹ �¬�½�¹�¶�¸�¬�¹�°�¨ �¾��°�Ã�²�À�° �µ�¸�°��¬ �¹�½�¬�¹�°�¹�¯��°�¹ 

�«�¨�³�µ�±�°�«�¬�©�»�²�°�¨ �¨�¹�¨�±�®�¬�Â. �¶�¸�¬�¶�»�©�¬�¸�º�¨�º�»�² �¨�¹�¨�±�¨�³�«�¬ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ 

�¬�½�¹�¶�¸�¬�¹�°�¨ �Ã�¨�²�°�¨� ́ �«�¨�©�¨�²�°�¨, �³�¬�º�°�Â, �Æ�À�°�¸�¨�« �¯�°�¯�½�³�°�¹ �¨�  ̧ ��²�°�´�«�¬�©�¨. �³�¨�¯�° 

�¸�¨�µ�«�¬�´�µ�©�¨ �³�±��¬�¯�¸�¨�« �³�¨�º�»�²�µ�©�¹ �¶�µ�¹�º�¶�»�©�¬�¸�º�¨�º�»�² �¶�¬�¸�°�µ�«�À�°, �¯�»�³�Â�,̈ 

�À�¬�³�«�ª�µ�³, �Æ�¨�´�«�¨�®�³�»�² �¨�¹�¨�±�À�° �¯�¨�´�«�¨�¯�¨�´�µ�©�°� ̄ �³�Â�°�¸�«�¬�©�¨ �«�  ̈ 22-24 �¯��°�¹ 

��°�¸�¯�¨�ª��¬�©�À�° �¯�°�¯�½�³�°�¹ �À�¬�»�Ã�²�¬�©�¬�²�° �Æ�«�¬�©�¨ �³�¨�¯�° �ª�¨�³�µ��²�¬�´�¨ (Supakar P.C. and Roy 

A.K., 1996). �¬�¹ �¨�«�¨�¹�º�»�¸�¬�©�¹, �¸�µ�³ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�° �«�°�´�¨�³�°�±�»�¸�° 

�¹�º�¸�»�½�º�»�¸�¬�©�°�¨, �¨�Æ�¨�¹�°�¨�¯�¬�©�¯ �Ä�¨�¸�³�µ�½�³�´�¨ �«�  ̈�«�¨�À�²� ̈(�ª�¨�½�¸�µ�©�¨) �¨� ,́ �¸�µ�ª�µ�¸�Â �®�¬�³�µ� ̄

�¨�¾�°�´�°�À�´�¨ - �Ä�À�¬�´�°�¾�©��¨�³���«�  ̈ �Ä�ª�¨�´�´�°�¾�©��¨�³�����¨�³�¨�¹�¯�¨�´�¨��¬, �³�¨�¯�° �Ä�¨�¸�³�µ�½�³�´�¨ �«�  ̈ �Ä�ª�¨�½�¸�µ�©�¨�³ 

�±�µ�¸�¬�²�¨�Â�°�¨�À�°�¨ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�¨�¹�¯�¨�´. 

�¿�µ��¬�²�°��¬ �¨�¾�´�°�À�´�»�²�°�¹ �ª�¨�¯��¨�²�°�¹�Ä�°�´�¬�©�°�¯, �Á��¬�´�° �¹�¨�±��²�¬��° �Â�Æ�µ��¬�²�¬�©�°�¹ 

�¹�½�¬�¹�° �«�  ̈�¨�¹�¨�±�°, ��¼�°�½�¸�µ�©�¯ �µ�¶�º�°�³�¨�²�»�¸�¨�« �À�¬�¬�¹�¨�©�¨�³�¬�©�µ�«�¨ �±��²�¬��°�¹ �¨�³�µ�Â�¨�´�¬�©�¹. 

�¯�»  �Á��¬�´�° �±��²�¬��°�¹ �À�¬�«�¬�ª�¬�©�¹ �À�¬��¨�Ç�¬�¸�¬�©�¯ �²�°�º�¬�¸�¨�º�»�¸�°�¹ �³�µ�´�¨�Â�¬�³�¬�©�¯�¨�´ 

(Shen M. and Shi H., 2015), �À�¬�°�Ã�²�¬�©�¨ �«�¨��¨�¹�±��´�¨�¯, �¸�µ�³ �³�¨�³�¸�¬�©�À�° �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° 

�¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �Ä�ª�®�°�¹�³���³�¬�À��¬�µ�©�°�¯ �®�¸�«�°�¹ �°�´�¹�»�²�°� -́�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ 

�¬�½�¹�¶�¸�¬�¹�°�¨�¹ �«�  ̈ �ª�²�°�±�µ�ª�¬�´�°�¹ �¹�°�´�¯�¬�®�¹, �¨�³�Â�°�¸�¬�©�¹ �ª�²�°�±�¬�³�°�¨�¹�¨ �«�  ̈ �²�°�¶�µ�ª�¬�´�¬�®�¹ �«�  ̈

�Æ�¬�²�¹ �»�Ä�¿�µ�©�¹ �½�µ�²�¬�¹�º�¬�¸�µ�²�°�¹ �«�¨�ª�¸�µ��¬�©�¨�¹ �¾��°�Ã�²�À�°. �¨�¾�´�°�À�´�»�²�°�¹ 

�ª�¨�¯��¨�²�°�¹�Ä�°�´�¬�©�°�¯, �¹�¨�¹�½�¬�¹�µ �È�µ�¸�³�µ�´�°�¹ �¸�¬�Â�¬�¶�º�µ�¸�¬�©�®�¬, �±�¬�¸�Ã�µ�«,  �¨�´�«�¸�µ�ª�¬�´- 
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�¸�¬�Â�¬�¶�º�µ�¸�¬�©�®�¬ �®�¬�³�µ�½�³�¬�«�¬�©�¨  �À�¬�°�Ã�²�¬�©�¨ �À�¬�°�Â�¨��«�¬�¹, �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ 

�±�µ�³�¶�²�¬�½�¹�»�¸�°  �³�±�»�¸�´�¨�²�µ�©�°�¹ �¨�Æ�¨�², �¶�µ�º�¬�´�Â�°�»�¸ �¶�¬�¸�¹�¶�¬�½�º�°��¨�¹. 

�¨�²�µ�½�¹�¨�´�»�¸�°  �«�°�¨�©�¬�º�°�¹ �«�°�´�¨�³�°�±�¨�À�°  �¹�°�¹�Æ�²�À�°  �ª�²�»�±�µ�®�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ 

�³�¨�º�¬�©�¨ �¯�¨�´�Æ��¬�«�¸�¨�À�°�¨ �¨�«�¨�¶�º�¨�Â�°�»�¸�° �È�µ�¸�³�µ�´�°�¹ - �±�µ�¸�º�°�±�µ�¹�º�¬�¸�µ�´�°�¹ 

�±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ �³�¨�º�¬�©�¨�¹�¯�¨�´. �¬�¹ �³�¨�º�¬�©�¨ �À�¬�°�Ã�²�¬�©�¨ �ª�¨�³�µ�Ä��¬�»�²�° �°�¿�µ�¹ �»�Ç�¸�¬�«�¬�©�°�¹ 

�³�°�¬� ̧ �ª�²�»�±�µ�®�°�¹ ��¬�-̧�¨�¯��°�¹�¬�©�°�¯: �¨�¹�¬� ̄ ��°�¯�¨�¸�¬�©�¨�À�° �±�µ�¸�º�°�±�µ�¹�º�¬�¸�µ�´�°�¹ 

�¸�¨�µ�«�¬�´�µ�©�°�¹ �³�¨�º�¬�©�¨ �À�¬�°�Ã�²�¬�©�¨ �°�¿�µ�¹ �±�µ�³�¶�¬�´�¹�¨�º�µ�¸�»�²�°: �°�¹ �¨�¹�º�°�³�»�²�°�¸�¬�©�¹ 

�ª�²�»�±�µ�´�¬�µ�ª�¬�´�¬�®�¹ - �¶�¸�µ�Â�¬�¹�¹, �¸�µ�³�¬�²�°�Â �°�¸�¯��¬�©�¨ �ª�²�» �±�µ�®�°�¹ �´�¨�±�²�¬�©�µ�©�°�¹�¨�¹, �«�  ̈

�¸�µ�³�²�°�¹  �«�¸�µ�¹�¨�Â �Â�Æ�°�³�¬�©�°�«�¨�´ �«�  ̈�¨�³�°�´�µ�³�·�¨��¬�©�°�«�¨�´ �»�Ç�¸�¬�«�¬�©�° �¯�¨��¨�« �Ä�¨�¸�³�µ�½�³�´�°�¹ 

�ª�²�»�±�µ�®�¨�¹ (Imai et al., 1993; Andrews R.C. and Walker B.R.,1999; Kinote et al., 2012).  

�³�°�¾�¬�©�»�²�° �³�µ�´�¨�Â�¬�³�¬�©�° �ª��°�Á��¬�´�¬�©�¹, �¸�µ�³ �¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�° �Â��²�°�¹ 

�¹�°�¹�Æ�²�À�° �¸�µ�ª�µ�¸�Â �¹�¨�¹�½�¬�¹�µ �¹�º�¬�¸�µ�°�«�¬�©�°�¹, �°�¹�¬ �¨�«�¨�¶�º�¨�Â�°�»�¸�° �È�µ�¸�³�µ�´�°�¹ - 

�±�µ�¸�º�°�±�µ�¹�º�¬�¸�µ�´�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�¨�¹, �¸�¨�Â �¨�«�¨�¹�º�»�¸�¬�©�¹ �Ä�³�¬�º�¨�©�µ�²�»�¸�° �¹�º�¸�¬�¹�°�¹�³��

�¨�¸�¹�¬�©�µ�©�¨�¹ (�K�_�e�y�l�b�p�d�Z�y�<���=������2012). �¬�ª�®�µ�ª�¬�´�»�¸�¨�« �À�¬�¿��¨�´�°�²�° �¨�´�«�¸�µ�ª�¬�´�° �±�°, 

�¹�¨�¸�Ä�³�»�´�µ�« �¨�³�¹�»�©�»�½�¬�©�¹ �¨�³ �¹�º�¸�¬�¹�°�¹ �¬�¼�¬�½�º�¹.  

�¬�ª�®�µ�ª�¬�´�»�¸�° �¨�´�«�¸�µ�ª�¬�´�°�¹ �À�¬�¿��¨�´�¨ �³�´�°�À��´�¬�²�µ��´�¨�« �¨�»�³�Ç�µ�©�¬�¹�¬�©�¹ 

�¼�»�´�½�Â�°�»�¸�¨�« �¨�½�º�°�»�¸�° �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�°�¹ �¬�½�¹�¶�¸�¬�¹�°�¨�¹, �¸�µ�³�²�¬�©�°�Â 

�³�µ�´�¨�Ä�°�²�¬�µ�©�¹  �È�¬�¶�¨�º�µ�Â�°�º�¬�©�À�° �«�´�³-�°�¹� ̈ �«�  ̈ �¸�´�³-�°�¹ �¹�°�´�¯�¬�®�°�¹ �ª�¨�Ã�²�°�¬�¸�¬�©�¨�À�° 

�°�³�«�¬�´�¨�«, �¸�µ�³ �¨�³ �¶�¸�µ�Â�¬�¹�¬�©�°�¹ �°�´�º�¬�´�¹�°��µ�©�°�¹ �³�¨�Á��¬�´�¬�©�¬�²�¹ �»�¨�Æ�²�µ�¬�©�¹ �´�µ�¸�³�°�¹ 

(�¹�¨�±�µ�´�º�¸�²�µ �Ç�ª�»�¼�°�¹ �³�µ�´�¨�Â�¬�³�¬�©�°�¹) �³�¨�Á��¬�´�¬�©�¬�²�¹.  

�¨�³�¸�°�ª�¨�«, �Á�¨�º�¨�¸�¬�©�»�²�° �±��²�¬��¬�©�° �¨�«�¨�¹�º�»�¸�¬�©�¹ �¹�°�´�¯�¬�®�»�¸�° �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ 

�«�¨�«�¬�©�°�¯ �®�¬�³�µ�½�³�¬�«�¬�©�¨�¹ �³�¨�³�  ̧ ��°�¸�¯�¨�ª��¬�©�À�° �¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ �«�¸�µ�¹ 

�ª�¨�´��°�¯�¨�¸�¬�©�»�² �³�¬�º�¨�©�µ�²�»�¸ �Â��²�°�²�¬�©�¬�©�®�¬.  

�¨�³�¨�¹�¯�¨�´�¨��¬, �ª�¨�¹�¨�¯��¨�²�°�¹�Ä�°�´�¬�©�¬�²�°�¨ , �¸�µ�³ �³�¬�¯�°�²�º�¸�°�¬�´�µ�²�µ�´�°�¯ 

�³�±�»�¸�´�¨�²�µ�©�¨ �¨�Æ�«�¬�´�¹ �ª�²�»�±�µ�®�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ �´�µ�¸�³�¨�²�°�®�¨�Â�°�¨�¹, �°�¹�¬, �¸�µ�³ 
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�¶�¸�¨�½�º�°�±�»�²�¨�« �¨�  ̧ �Â��²�°�¹ �¶�¨�´�±�¸�¬�¨�¹�»�²�° �°�´�¹�»�²�°�´�°�¹ �«�µ�´�¬�¹. �°�ª�°��¬ �À�¬�«�¬�ª�° �°�½�´�¨ 

�´�¨�Á��¬�´�¬�©�° �¹�Æ��¨ �³�±��²�¬��¨�¸�¬�©�°�¹ �³�°�¬�¸�¨�Â  (Didebulidze et al., 2015).  

�¨�¾�´�°�À�´�»�²�°�«�¨�´ �ª�¨�³�µ�³�«�°�´�¨�¸�¬, �»�´�«�  ̈ ��°��¨�¸�¨�»�«�µ�,̄ �¸�µ�³ 

�³�¬�¯�°�²�º�¸�°�¬�´�µ�²�µ�´�°�¹ (�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°) �°�´�°�¬�½�Â�°�¬�©�° �´�¨�±�²�¬�©�¨�« �³�µ�½�³�¬�«�¬�©�¹ 

�»�À�»�¨�²�µ�« �Ã-�»�Ç�¸�¬�«�¬�©�®�¬ �«�  ̈ �³�°�¹�° �«�¨�«�¬�©�°�¯�° �³�¬�º�¨�©�µ�²�»�¸�° �¬�¼�¬�½�º�° �¬�¼�»�Ã�´�¬�©�¨ 

�¹�Æ��¨, �´�¨�Ä�°�²�µ�©�¸�°� �®�¬�³�µ� ̄ �¨�¾�Ä�¬�¸�°�² �³�¬�½�¨�´�°�®�³�¬�©�¹. �¨�³�¨�¹ �Æ�¬�²�¹ �»�´�«� ̈ �»�Ä�¿�µ�©�«�¬�¹ 

�®�¬�³�µ� ̄ �¨�¾�´�°�À�´�»�²�° �¼�¨�½�º�°, �±�¬�¸�Ã�µ�«, �¶�¨�´�±�¸�¬�¨�¹�°�¹ �Ã-�»�Ç�¸�¬�«�¬�©�À�° �¨�´�«�¸�µ�ª�¬�´-

�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �¹�°�³�Â�°�¸�¬. �¹�¨�³�¨�ª�°�¬�¸�µ�«, �¨�´�«�¸�µ�ª�¬�-́�¸�¬�Â�¬�¶�º�µ�¸�¬�©�° �»�Æ��¨�«�¨�¨ 

�±�»�´�¯�¬�©�À�°, �³�¨�¯ �À�µ�¸�°�¹ �ª�»�²�°�¹ �±�»�´�¯�À�° (Ruizeveld de Winter et al., 1991), (�¨�´�» 

�½�¹�µ��°�²�À�°/�µ�¸�ª�¨�´�µ�À�°, �¸�µ�³�²�°�¹  �»�Ç�¸�¬�«�¬�©�À�°�Â �ª�²�»�±�µ�®�°�¹ �¹�°�¹�Æ�²�°�«�¨�´  �ª�¨�«�¨�¹��²� ̈

�Ä�°�´�¹�»�²�°�´�«�¨�³�µ�±�°�«�¬�©�»�²�°�³���¶�¸�µ�Â�¬�¹�°�¨), �¨�¹�¬��¬  �¾��°�Ã�²�À�° (Shen M. and Shi H., 2015), 

�¸�µ�³�²�°�¹  �»�Ç�¸�¬�«�¬�©�À�°�Â (�È�¬�¶�¨�º�µ�Â�°�º�¬�©�À�°) �¹�°�¹�Æ�²�°�«�¨�´ �ª�²�»�±�µ�®�°�¹ 

�ª�¨�«�¨�¹��²�°�¹�¨�¯��°�¹, �°�´�¹�»�²�°�´�° �¨�  ̧ �¨�¸�°�¹ �¹�¨�Å�°�¸�µ ���Ä�°�´�¹�»�²�°�´�«�¨�³�µ�»�±�°�«�¬�©�¬�²�°�³ 

�¶�¸�µ�Â�¬�¹�°�¨). �°�´�¹�»�²�°�´�°�¹ �´�¨�±�²�¬�©�µ�©�°�¹�¨�¹, �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° �®�¸�«�°�¹ �ª�²�»�±�µ�®�°�¹ 

�º�¸�¨�´�¹�¶�µ�¸�º�°�¹ �¹�°�Á�½�¨�¸�¬�¹ �³�¾�¸�¾�´�¬�²�¬�©�°�¹ �Á�µ�´�Á�Æ�°�¹ �±�»�´�¯�¬�©�À�°. �°�¹, �°�´�¹�»�²�°�´�°�¹�ª�¨�´ 

�«�¨�³�µ�»�±�°�«�¬�©�²�¨�«, �¨�¨�½�º�°�»�¸�¬�©�¹ cAMP-�«�¨�³�µ�±�°�«�¬�©�»�²�° �¶�¸�µ�º�¬�°�´ �±�°�´�¨�®�¨�¹, 

�¸�µ�³�¬�²�°�Â �®�¸�«�°�¹  AMP �±�°�´�¨�®�¨-1-�¹, �¸�¨�Â �Æ�¬�²�¹ �»�Ä�¿�µ�©�¹ �ª�²�»�±�µ�®�°�¹ �º�¸�¨�´�¹�¶�µ�¸�º�¹. 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° �®�¬�³�µ�½�³�¬�«�¬�©�¹ �Á�µ�´�Á�Æ�°�¹ �±�»�´�¯�¬�©�À�° �¨�¸�¹�¬�©�»�² �¨�«�¬�´�µ�®�°�´ A1-�°�¹ 

�¸�¬�Â�¬�¶�º�µ�¸�®�¬, �¸�µ�³�¬�²�°�Â �¨�»�³�Ç�µ�©�¬�¹�¬�©�¹ �ª�²�»�±�µ�®�µ�º�µ�²�¬�¸�¨�´�º�µ�©�¨�¹ ��°�¸�¯�¨�ª��¬�©�À�° 

(Kelly et al., 2016). 

�¸�¨�Â �À�¬�¬�Æ�¬�©�¨ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �®�¬�³�µ�½�³�¬�«�¬�©�°�¹ �³�¬�½�¨�´�°�®�³�¹ �¾��°�Ã�²�°�¹ 

�½�¹�µ��°�²�À�°, �°�¹ �®�¬�³�µ� ̄�°�½�´�¨ �¨�¾�Ä�¬�¸�°�²�°. 

�¨�³�«�¬�´�¨�«, �À�¬�°�Ã�²�¬�©�¨ �«�¨��¨�¹�±��´�¨�¯, �¸�µ�³ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° �«�¨�«�¬�©�°�¯ �ª�¨��²�¬�´�¨�¹ 

�¨�Æ�«�¬�´�¹ �µ�¸�°��¬ �º�°�¶�°�¹ �½�¹�µ��°�²�°�¹/�µ�¸�ª�¨�´�µ�¹ �³�¬�º�¨�©�µ�²�°�®�³�®�¬ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ 

�¶�°�¸�µ�©�¬�©�À�°. 
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V �¯�¨��° 

�À�¬�Ç�¨�³�¬�©�¨ 

 

�³�¬�º�¨�©�µ�²�»�¸�° �¹�°�´�«�¸�µ�³�°�¹, �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹�¨ �«�  ̈ �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ 

�«�¬�¼�°�Â�°�º�°�¹ �»�¸�¯�°�¬�¸�¯�±�¨��À�°�¸�° �¼�¨�¸�¯�µ �ª�¨�´�Æ�°�²��°�¹ �¹�¨�ª�¨�´�°�¨. 

�«�¨�«�¨�¹�º�»�¸�¬�©�»�²�°�¨, �¸�µ�³ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�¬�¼�°�Â�°�º�° �°�Ä��¬��¹ �³�¬�º�¨�©�µ�²�»�¸ 

�¹�°�´�«�¸�µ�³�¹, �°�´�¹�»�²�°� �́¸�¬�®�°�¹�º�¬�´�º�µ�©�¨�¹, �À�¨�½�¸�°�¨�´ �«�°�¨�©�¬�º �º�°�¶ 2-�¹, �È�°�¶�¬�¸�ª�²�°�±�¬�³�°�¨�¹, 

�¨�¹�¬��¬ �«�°�¹�²�°�¶�°�«�¬�³�°�¨�¹ �«�  ̈ �¨�¸�º�¬�¸�°�»�² �È�°�¶�¬�¸�º�¬�´�®�°�¨�¹, �¸�¨�Â, �¯�¨��°�¹ �³�Æ�¸�°�, �®�¸�«�°�¹  

�¹�°�¹�Æ�²�Ã�¨�¸�¾��µ��¨�´�° �«�¨�¨��¨�«�¬�©�¬�©�°�¹ �¸�°�¹�±�¹ (Simon et al., 1997; Stellato et al., 2000; Oh et 

al., 2002; Dhindsa et al., 2004; Pitteloud et al., 2005a,b; Rhoden et al., 2005b; Corona et 

al., 2006; Kapoor et al., 2006, 2007; Selvin et al., 2007; Fukui et al., 2007, 2008; Stanworth 

et al., 2009; Traish et al., 2009; Yeap et al., 2009; Keating et al., 2012) �«�  ̈ �¶�°�¸�°�½�°�¯, 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �³�¨�¾�¨�²�° �±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ �¶�°�¸�µ�©�¬�©�À�° �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�¨ 

�³�Â�°�¸�«�¬�©�¨ �«�  ̈�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹ �¸�°�¹�±�° �³�´�°�À��´�¬�²�µ��´�¨�« �«�¨�©�¨�²�°�  ̈

(Ding et al., 2006; Lage et al., 2007). �¨�³� �̈¹�¯�¨�´�¨��¬, �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�°�¹ 

�³�¨�Á��¬�´�¬�©�²�°�¹ �±�²�¬�©�¨ �»�¼�¸�µ �³�¨�¾�¨�² �±�µ�¸�¬�²�¨�Â�°�¨�À�°�¨  �¯�¨��°�¹�»�¼�¨�² �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�¯�¨�´, 

��°�«�¸�¬ �¹�¨�¬�¸�¯�µ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�¯�¨�´ (Rhoden et al., 2005a,b; Basaria et al., 2006; Selvin 

et al., 2007).  

�«�¨�«�¨�¹�º�»�¸�¬�©�»�²�°�¨, �¸�µ�³ �¹�°�³�¹�»�½�´�¬ �«�  ̈ �³�¨�¹�¯�¨� ́ �¨�¹�µ�Â�°�¸�¬�©�»�²�° 

�È�°�¶�¬�¸�°�´�¹�»�²�°� �́¬�³�°�¨ �¨�Æ�«�¬�´�¹ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �Ä�¨�¸�³�µ�½�³�´�°�¹  �¹�º�°�³�»�²�¨�Â�°� �̈¹, �³�¨�ª�¸�¨�³, 

�¯�¸�ª�»�´�¨��¹ �¹�¬�½�¹-�È�µ�¸�³�µ�´ �À�¬�³�¨�±�¨��À�°�¸�¬�©�¬�²�° �ª�²�µ�©�»�²�°�´�°�¹ (SHBG) �¹�°�´�¯�¬�®�¹ �«�  ̈

�¨�½�¬�«�¨�´ �ª�¨�³�µ�³�«�°�´�¨�¸�¬ �¨�³�Â�°�¸�¬�©�¹ �³�µ�Â�°�¸�±�»�²�°�¸�¬ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �¸�¨�µ�«�¬�´�µ�©�¨�¹ 

(Kaufman et al., 2005; Eckel et al., 2005). SHBG-�°�¹ �«�¨�©�¨�²�° �«�µ�´�¬ �³�°�°�Á�´�¬��¨ 

�³�¬�º�¨�©�µ�²�»�¸�° �¹�°�´�«�¸�µ�³�°�¹ �«�  ̈ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�°�¹ �¶�¸�µ�ª�´�µ�®�»�²   

�³�¨�Á��¬�´�¬�©�¬�²�¨�«  (Laaksonen et al., 2004; Haring et al., 2009) �«�  ̈�¶�°�¸�°�½�°�¯ (Muller et al., 

2005).  
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 �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �³�½�µ�´�¬ �³�¨�³�¨�±�¨�Â�¬�©�À�° �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �³�°�¾�¬�©�¨ �¨�³�Â�°�¸�¬�©�¹ 

�ª�²�»�±�µ�®�°�¹ �«�µ�´�¬�¹ �¸�µ�ª�µ�¸�Â �»�®�³�µ�®�¬, �°�¹�¬ �Å�¨�³�°�¹ �À�¬�³�«�ª�µ�³, �¨�¹�¬��¬ �ª�²�°�±�µ�®�°�¸�¬�©�»�²�° 

�È�¬�³�µ�ª�²�µ�©�°�´�°�¹ �«�µ�´�¬�¹ (Boyanov et al., 2003; Ho et al., 2013), �°�´�¹�»�²�°�  ́

�«�¨�³�µ�±�°�«�¬�©�»�² �¶�¨�Â�°�¬�´�º�¬�©�À�° �±�° �°�Ã�²�¬��¨ �°�´�¹�»�²�°�´�°�¹ �«�µ�®�°�¹ �À�¬�³�Â�°�¸�¬�©�°�¹ 

�¹�¨�À�»�¨�²�¬�©�¨�¹ (Kapoor et al., 2006; Naharci et al., 2007).  

�¨�³ �¼�µ�´�®�¬, �¹�¨�°�´�º�¬�¸�¬�¹�µ�¨ �¨�¾�°�´�°�À�´�µ�¹, �¸�µ�³ �±��²�¬��¬�©�°�¹ �¬�¸�¯�° �Ç�ª�»�¼�°�¹ 

�À�¬�«�¬�ª�¬�©�° �»�¨�¸�¿�µ�¼�¹ �¹�º�¨�º�°�¹�º�°�±�»�¸�¨�« �¹�¨�¸�Ä�³�»�´�µ �ª�¨�´�¹�Æ��¨��¬�©�¨�¹ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°� ̄

�«�  ̈ �³�°�¹ �ª�¨�¸�¬�À�¬ �´�¨�³�±�»�¸�´�¨�²�¬� �¶�¨�Â�°�¬�´�º�¬�©�¹ �À�µ�¸�°�¹, �¸�µ�³�¬�²�¯ �¨�Â �¨�¾�¬�´�°�À�´�¬�©�¨�¯ 

�³�¬�º�¨�©�µ�²�»�¸�° �¹�°�´�«�¸�µ�³�° �«�  ̈ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2. �¬�¹ �³�°�»�¯�°�¯�¬�©�¹ �¨�³ 

�³�°�³�¨�¸�¯�»�²�¬�©�°� ̄�ª�¨�³�µ�±��²�¬��¬�©�°�¹ �ª�¨�ª�¸�Ã�¬�²�¬�©�°�¹ �¨�»�Â�°�²�¬�©�²�µ�©�¨�¹. 

�¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �«�¬�¼�°�Â�°�º�°�¹ �¶�°�¸�µ�©�¬�©�À�° �°�´�¹�»�²�°�´�°�¹�¨�«�³�° �¸�¬�®�°�¹�º�¬�´�º�µ�©�¨, 

�¹�¨��¨�¸�¨�»�«�µ�«, �«�¨�±�¨��À�°�¸�¬�©�»�²�°�¨ �°�´�¹�»�²�°�´�°�¹ �³�°�³�¨�¸�  ̄ �Á�µ�´�Á�Æ�°�¹ �±�»�´�¯�¬�©�°�¹ 

�³�ª�¸�Ã�´�µ�©�¬�²�µ�©�°�¹ �À�¬�Â��²�¨�¹�¯�¨�´.  ��°�¸�¯�¨�ª��¬�©�°�¹ �±�¨�¹�º�¸�¨�Â�°�¨ �Á�µ�´�Á�Æ�°�¹ �±�»�´�¯�¬�©�À�° �°�Ä��¬��¹ 

�ª�¨�³�µ�Æ�¨�º�»�² �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�¨�¹ - �´�µ�¸�³�µ�ª�²�°�±�¬�³�°�°�¹ �«�  ̈�È�°�¶�¬�¸�°�´�¹�»�²�°�´�¬�³�°-

�°�¹ �¶�°�¸�µ�©�¬�©�À�°. �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �¼�°�®�°�µ�²�µ�ª�°�»�¸�° �«�µ�®�¬�©�°�¯ �³�±�»�¸�´�¨�²�µ�©�¨ �±�° 

�³�¯�²�°�¨�´�¨�« �¨�¾�¨�«�ª�¬�´�¹ �°�´�¹�»�²�°�´�°�¹ �³�°�³�¨�¸�  ̄ �«�¨�¸�¾��¬�»�² �³�ª�¸�Ã�´�µ�©�¬�²�µ�©�¨�¹ (Holmäng 

A. and Björntorp P., 1992).       

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�¹, �ª�¨�¸�«� ̈ �°�´�¹�»�²�°�´�°�¹�¨�«�³�° �³�ª�¸�Ã�´�µ�©�¬�²�µ�©�¨�®�¬ �®�¬�³�µ�½�³�¬�«�¬�©�°�¹ 

�¬�¼�¬�½�º�°�¹�¨, �À�¬�¹�¨�Ã�²�µ�¨ �È�½�µ�´�«�¬�¹ �»�À�»�¨�²�µ �ª�¨��²�¬�´�¨ �¶�¨�´�±�¸�¬�¨�¹�®�¬ �«�  ̈ �±�¬�¸�Ã�µ�«,                          

�Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �¼�»�´�½�Â�°�µ�´�°�¸�¬�©�¨�®�¬. �¨�¹�¬�¯�° ��¨�¸�¨�»�«�°�¹ �¹�¨�¼�»�Ã��¬�²�¹ �°�Ã�²�¬��  ̈ �°�¹, �¸�µ�³ 

�¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �¨�¾�±��¬�¯�°�¹ �¯�¬�¸�¨�¶�°�°�¹ �À�¬�³�«�¬�ª ��²�°�´�«�¬�©�¨ �ª�¨�³�µ�Æ�¨�º�»�²�° 

�È�°�¶�¬�¸�ª�²�°�±�¬�³�°�¨ �«�  ̈�Ã-�»�Ç�¸�¬�«�¬�©�°�¹ �¼�»�´�½�Â�°�°�¹ �»�±�³�¨�¸�°�¹�µ�©�¨  (Inaba et al., 2005), �³�¨�À�°�´, 

�¸�µ�«�¬�¹�¨�Â �±�¨�¹�º�¸�°�¸�¬�©�»�²�° �Â�Æ�µ��¬�²�¬�©�°�¹ �¶�¨�´�±�¸�¬�¨�¹�°�¹ �»�Ç�¸�¬�«�¬�©�À�° 

�¹�º�¸�¬�¶�º�µ�®�µ�º�µ�Â�°�´�°�¯ �ª�¨�³�µ�Ä��¬�»�² �¨�«�¸�¬�»�² �¨�¶�µ�¶�µ�º�µ�®�»�¸ �«�¨�®�°�¨�´�¬�©�¨�¹ 

�¨�³�»�Æ�¸�»�Å�¬�©�¹ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°� ̄�Á�¨�´�¨�Â��²�¬�©�°�¯�° �¯�¬�¸�¨�¶�°�¨ (Morimoto et al., 2005).   
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�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° �³�µ�½�³�¬�«�¬�©�¹ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�°�¹ �¹�¨�À�»�¨�²�¬�©�°�¯, 

�¸�µ�³�¬�²�°�Â �Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹ �²�°�ª�¨�´�«-�«�¨�³�µ�±�°�«�¬�©�»�² �º�¸�¨�´�¹�±�¸�°�¼�Â�°�°�¹ �¼�¨�½�º�µ�¸�¹. �°�³ 

�³�¨�³�  ̧�¯�¨�ª��¬�©�À�°, �¨�¹�¬��¬ �¨�«�¨�³�°�¨�´�°�¹ �¶�¨�´�±�¸�¬�¨�¹�°�¹ �½�¹�µ��°�²�°�¹ �±�»�²�º�»�¸�¬�©�®�¬, �¸�µ�³�¬�²�¯�¨�Â 

�Ä�°�´�¨�¹�Ä�¨�¸ �«�¨�½��¬�°�¯�¬�©�»�²�° �È�½�µ�´�«�¨�¯ �Ã-�»�Ç�¸�¬�«�¬�©�°�¹  �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ 

�¸�¨�µ�«�¬�´�µ�©�¨. �´�¨�´�¨�Æ�°�¨ �¸�µ�³ �¬�¹ �¸�¬�Â�¬�¶�º�µ�¸�¬�©�° �³�´�°�À��´�¬�²�µ��¨�´ �¸�µ�²�¹  �¯�¨�³�¨�À�µ�©�¹ 

�ª�²�»�±�µ�®�°� ̄ �¹�º�°�³�»�²�°�¸�¬�©�»�²�° �°�´�¹�»�²�°�´�°�¹ �¹�¬�±�¸�¬�Â�°�°�¹ (GSIS) �ª�¨�Ã�²�°�¬�¸�¬�©�¨�À�°. 

�³�¬�½�¨�´�°�®�³�° �¬�¼�»�Ã�´�¬�©�¨ �Ã-�»�Ç�¸�¬�«�¬�©�À�° cAMP  �®�¸�«�¨�¹ �«�  ̈ �¶�¸�µ�º�¬�°�  ́ �±�°�´�¨�®�¨ A-�¹ (PKA) 

�¨�½�º�°��¨�Â�°�¨�¹, �¸�µ�³�¬�²�°�Â, �¯�¨��°�¹  �³�Æ�¸�°�, �®�¸�«�°�¹ GLP-1 (glucagon-like peptide-1) 

�¬�¼�¬�½�º�¹. �¨�³ �¨�¾�³�µ�Á�¬�´�¨�¹ �À�¬�°�Ã�²�¬�©�¨ �È�½�µ�´�«�¬�¹ �±�²�°�´�°�±�»�¸�° �«�  ̈ �¼�¨�¸�³�¨�±�µ�²�µ�ª�°�»�¸�° 

�³�´�°�À��´�¬�²�µ�©�¨ �¨�¹�¨�±�µ��¨�´ �³�¨�³�¨�±�¨�Â�¬�©�À�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ 

�¶�¸�¬��¬�´�Â�°�°�¹�¨�¯��°�¹ (Navarro et al., 2016). �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 1-�°�¹ �«�¸�µ�¹ 

�³�¹�ª�¨��¹�° �³�¬�½�¨�´�°�®�³�° �´�¨�±�²�¬�©�¨�« �¹�¨��¨�¸�¨�»�«�µ�¨, �¬�¸�¯�° �³�Æ�¸�°����� �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ 

�³�´�°�À��´�¬�²�µ��¨�´�° �«�¨�®�°�¨�´�¬�©�°�¹, �Æ�µ�²�µ, �³�¬�µ�¸�¬ �³�Æ�¸�°�, �³�¨�¯�À�° �¨�´�«�¸�µ�ª�¬�´-

�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �¹�°�³�Â�°�¸�°�¹  �ª�¨�³�µ (Winborn et al., 1987). 

�ª�²�»�±�µ�®�°�¹ �È�µ�³�¬�µ�¹�º�¨�®�°�¹  �À�¬�¹�Ä�¨��²�¨�³  12 �±��°�¸�°�¹ �Ã�$�5�.O-/y �³�¨�³�  ̧�¯�¨�ª��¬�©�À�° 

(�¬�¹ �°�¹ �¨�¹�¨�±�°�¨, �¸�µ�³�²�°�¹  �À�¬�³�«�¬�ª�¨�Â �¯�¨�ª��¬�©�À�° ��°�¯�¨�¸�«�¬�©�¨ �«�¨�ª��°�¨�´�¬�©�»�²�° �¹�°�³�¹�»�½�´�¬  

�«�  ̈ �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�¨ �º�µ�º�¨�²�»�¸�°  (�¨�  ́ �´�¨�Ä�°�²�µ�©�¸�°��°) �¨�´�«�¸�µ�ª�¬�´-

�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �«�¬�¼�°�Â�°�º�°�¹ �¼�µ�´�®�¬) 9 �±��°�¸�°�¹ �ª�¨�´�³�¨��²�µ�©�¨�À�° �Äwestern�³ �«�°�¬�º�°�  ̄

�¬.�Ä. �ª�¨�³�µ�Ä��¬�»�²�°  �³�¬�º�¨�©�µ�²�»�¸�° �¹�º�¸�¬�¹�°�¹ �¶�°�¸�µ�©�¬�©�À�° �ª�¨�³�µ�¨��²�°�´�¨ �°�´�¹�»�²�°�´�°�¹ 

�±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ �À�¬�³�Â�°�¸�¬�©�¨ �«�  ̈ �È�°�¶�¬�¸�ª�²�°�±�¬�³�°�¨ - �¸�µ�ª�µ�¸�Â �»�®�³�µ�®�¬, �°�¹�¬ �¹�¨�±��¬�©�°�¹ 

�³�°�¾�¬�©�°�¹ �À�¬�³�«�¬�ª. �¨�³�«�¬�´�¨�«, �«�¨�«�¨�¹�º�»�¸�«�,̈ �¸�µ�³ �¯�¨�ª��¬�©�À�°, �¸�µ�³�¬�²�¯�¨�Â �¨�¾�¬�´�°�À�´�¬�©�¨�¯ 

�Ã-�»�Ç�¸�¬�«�¬�©�À�° �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �«�¬�¼�°�Â�°�º�°, ��²�°�´�«�¬�©�¨ �³�°�«�¸�¬�±�°�²�¬�©�¨ 

�°�´�¹�»�²�°�´�°�¹ �«�¬�¼�°�Â�°�º�°�¹�¨�«�³�°, �Æ�µ�²�µ �ÄWestern�³ �«�°�¬�º�°�¹ �À�¬�³�«�¬�ª -  �¨�¾�°�´�°�À�´�¬�©�¨ 

GSIS-�°�¹ (�ª�²�»�±�µ�®�°� ̄ �¹�º�°�³�»�²�°�¸�¬�©�»�²�° �°�´�¹�»�²�°�´�°�¹ �¹�¬�±�¸�¬�Â�°�¨)  �À�¬�³�Â�°�¸�¬�©�¨ �«�  ̈

�ª�²�»�±�µ�®�µ�º�µ�²�¬�¸�¨�´�º�µ�©�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�¨, �°�³�°�¹ �³�°�»�Æ�¬�«�¨��¨�«, �¸�µ�³ �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ 

�¸�¨�µ�«�¬�´�µ�©�  ̈�¨�  ̧�°�Â��²�¬�©�¨ (Navarro et al., 2016).   
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�³�´�°�À��´�¬�²�µ��¨�´�°�¨ �¸�µ�³, �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �°�´�¹�»�²�°�´�µ�º�¸�µ�¶�»�²�° 

�¼�»�´�½�Â�°�¨  �¨�«�¨�³�°�¨�´�°�¹ �¶�¨�´�±�¸�¬�¨�¹�°�¹ �±�»�´�Ã�»�²�¬�©�À�° ��²�°�´�«�¬�©�¨ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ 

�¼�°�®�°�µ�²�µ�ª�°�»�¸�° �±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹�¨�¹. �¬�¹ �¨�«�¨�¹�º�»�¸�¬�©�¹, �¸�µ�³ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° 

�³�´�°�À��´�¬�²�µ��¨�´�°�¨ �³�¨�³�¨�±�¨�Â�¬�©�À�° �´�µ�¸�³�¨�²�»�¸�° GSIS-�¹�¯��°�¹. �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �´�¨�±�²�¬�©�µ�©�¨ 

�°�Ä��¬��¹  GSIS-�°�¹ �«�¬�¼�°�Â�°�º�¹ �«�  ̈ �Æ�¬�²�¹�¨�¿�¸�¬�² �¶�°�¸�µ�©�¬�©�¹ �½�³�´�°�¹ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° 

�º�°�¶�° 2-�°�¹  �ª�¨�´��°�¯�¨�¸�¬�©�°�¹�¯��°�¹.         

�ª�²�»�±�µ�®�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ �«�¨�½��¬�°�¯�¬�©�¨ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �°�´�°�¬�½�Â�°�°�¹ 

�À�¬�³�«�¬�ª �¨�°�Æ�¹�´�¬�©�¨ �°�³�°�¯, �¸�µ�³ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° �®�¬�³�µ�½�³�¬�«�¬�©�¹ �¾��°�Ã�²�°�¹ �¨�´�«�¸�µ�ª�¬�´- 

�¸�¬�Â�¬�¶�º�µ�¸�¬�©�®�¬ �Æ�¬�²�¹ �»�Ä�¿�µ�©�¹ �È�¬�¶�¨�º�µ�Â�°�º�¬�©�À�° �°�´�¹�»�²�°� -́�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ m-RNA 

�¹�°�´�¯�¬�®�¹, �¸�µ�³�¬�²�°�Â �°�Ä��¬��¹ �È�¬�¶�¨�º�µ�Â�°�º�¬�©�°�¹ �³�ª�¸�Ã�´�µ�©�¬�²�µ�©�°�¹ �ª�¨�®�¸�«�¨�¹ �°�´�¹�»�²�°�´�°�¹ 

�³�°�³�¨�¸� .̄ �¨�³ �¶�°�¸�µ�©�¬�©�À�° �°�´�¹�»�²�°�´�°�¹ �³�°�´�°�³�¨�²�»�¸�° �±�µ�´�Â�¬�´�º�¸�¨�Â�°�¨�Â �¹�¨�±�³�¨�¸�°�¹�°�¨ �¸�µ�³ 

�ª�¨�°�®�¨�¸�«�µ�¹ �ª�²�»�±�µ�®�°�¹ �³�µ�Æ�³�¨�¸�¬�©�¨ �¾��°�Ã�²�°�¹ �»�Ç�¸�¬�«�¬�©�°�¹ �³�°�¬� ̧(Kapoor et al., 2006; 

Sato et al., 2008). �Á��¬�´�° �±��²�¬��°�¹ �À�¬�«�¬�ª�¬�©�° �¨�³ �³�µ�¹�¨�®�¸�¬�©�°�¹ �«�¨�«�¨�¹�º�»�¸�¬�©�¨�¹ 

�Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹. 

�³�¨�³�¸�¬�©�°�¹�ª�¨�´ �ª�¨�´�¹�Æ��¨��¬�©�°�¯, �³�«�¬�«�¸�¬�©�°�¹ �Ã-�»�Ç�¸�¬�«�¬�©�À�° �¨�´�«�¸�µ�ª�¬�´- 

�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �´�¨�±�²�¬�©�° �¸�¨�µ�«�¬�´�µ�©�¨ ��¬�¸  �Â��²�°�¹  GSIS-�¹ (Visakorpi et al., 1995), 

�¸�¨�«�ª�¨�´�¨�Â, �¹�¨��¨�¸�¨�»�«�µ�«, �³�«�¬�«�¸�¬�©�À�° �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�¨ �À�¸�¨�º�À�° �«�  ̈

�½�¹�µ��°�²�¬�©�À�° �°�³�¨�®�¬ �´�¨�±�²�¬�©�°�¨, ��°�«�¸�¬ �¹�¨�Å�°�¸�µ�¨ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ 

�ª�¨�¹�¨�¨�½�º�°�»�¸�¬�©�²�¨�« (Mauvais-Jarvis F., 2011). �¨�³�¨�¹�¯�¨�´�¨��¬, �°�³�°�¹ �ª�¨�³�µ, �¸�µ�³  

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° �ª�¨�¸�«�¨�°�½�³�´�¬�©�¨ �¬�¹�º�¸�µ�ª�¬�´�¨�«, �¬�¼�¬�½�º�° �¸�µ�³�¬�²�°�Â �³�µ�¹�«�¬��¹ 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �°�´�°�¬�½�Â�°�¬�©�¹, �«�°�«�° �¨�²�©�¨�¯�µ�©�°�¯ �À�¬�°�Ã�²�¬�©�¨ �Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹ 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �¨�¸�µ�³�¨�º�°�®�¨�Â�°�°�¯ �³�°�¾�¬�©�»�²�° �¬�¹�º�¸�µ�ª�¬�´�°�¹ �®�¬�³�µ�½�³�¬�«�¬�©�°�¹ �À�¬�«�¬�ª�¹ 

�¬�¹�º�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�®�¬ (Wong et al., 2010). 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �³�¨�¾�¨�²�° �±�µ�´�Â�¬�´�º�¸�¨�Â�°�¨ �³�¨�³�¨�±�¨�Â�¬�©�À�° �±�µ�¸�¬�²�¨�Â�°�¨�À�°�¨ 

�°�´�¹�»�²�°�´�°�¹ �³�°�³�¨�¸�  ̄ �ª�¨�®�¸�«�°�² �³�ª�¸�Ã�´�µ�©�¬�²�µ�©�¨�¹�¯�¨�´. �¨�³�¨�¹�¯�¨�´�¨��¬, �º�¬�¹�º�µ�¹�º�¬�¸�µ�´ 

17b �¨�¸�µ�³�¨�º�°�®�¨�Â�°�  ̈ �¬�¹�º�¸�¨�«�°�µ�²�¨�« (E2) �³�´�°�À��´�¬�²�µ��¨�´�°�¨ �³�¨�³�¨�±�¨�Â�¬�©�À�° 
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�¬�´�¬�¸�ª�¬�º�°�±�»�²�° �È�µ�³�¬�µ�¹�º�¨�®�°�¹�¨�¯��°�¹. �¬�½�¹�¶�¬�¸�°�³�¬�´�º�À�° �±�¨�¹�º�¸�°�¸�¬�©�»�² �³�¨�³� �̧¬�©�¹, 

�¸�µ�³�¬�²�¯ �¨�Â �»�±�¬�¯�¬�©�«�´�¬�´  �³�¹�»�¼�¯��̈´���¨�´�«�¸�µ�ª�¬�´�¹ (DHT), �¸�µ�³�¬�²�°�Â �¨�  ̧�ª�¨�¸�«�¨�°�½�³�´�¬�©�¨ 

�¬�¹�º�¸�¨�«�°�µ�²�¨�« (E2), �¨�¸ �»��°�¯�¨�¸�«�¬�©�µ�«�¨�¯ �¹�°�³�¹�»�½�´�¬, �°�³ �³�¨�³�¸�¬�©�°�¹�ª�¨�´ 

�ª�¨�´�¹�Æ��¨��¬�©�°�¯, �¸�µ�³�¬�²�¹�¨�Â �»�±�¬�¯�¬�©�«�´�¬�´ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�¹. �¬�¹ �³�°�»�¯�°�¯�¬�©�¹ �°�³�¨�®�¬, 

�¸�µ�³ �Â�Æ�°�³�°�¹ �«�¨�ª�¸�µ��¬�©�¨ �±�¨�¹�º�¸�¨�Â�°�°�¹ �À�¬�³�«�¬�ª �ª�¨�³�µ�Ä��¬�»�²�°�¨ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ 

�ª�¨�¸�«�¨�½�³�´�°�¯ �¬�¹�º�¸�¨�«�°�µ�²�¨�«, �¸�¨�Â �ª�¨��²�¬�´�¨�¹ �¨�Æ�«�¬�´�¹ �¬�¹�º�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�®�¬ 

(Hayes et al., 2000; Hayes et al., 2001). �¬�¹ �«�¨�±��°�¸��¬�©�¨ �¬�¯�¨�´�Æ�³�¬�©�¨ �¨�²�µ�½�¹�¨�´�°�  ̄

�ª�¨�³�µ�Ä��¬�»�² �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �³�µ�«�¬�²�°�¹ �±��²�¬��°�¹�¨�¹ �Á��¬�´�¹ �³�°�¬� ̧ �³�°�¾�¬�©�»�² 

�³�µ�´�¨�Â�¬�³�¬�©�¹, �¸�µ�³�²�°�¹  �¯�¨�´�¨�Æ�³�¨�«�¨�Â �¬�¹�º�¸�¨�«�°�µ�²�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�°�¹ �³�¨�º�¬�©�°�¹ 

�¶�¨�¸�¨�²�¬�²�»�¸�¨�« �°�±�²�¬�©�¹ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �±�µ�´�Â�¬�´�º�¸�¨�Â�°�¨.  

�Á��¬�´�¹ �¬�½�¹�¶�¬�¸�°�³�¬�´�º�¬�©�À�° Wistar-�°�¹ �Ç�°�À�°�¹ �³�¨�³�  ̧ ��°�¸�¯�¨�ª��¬�©�À�° 200 �³�ª/�±�ª 

�¨�²�µ�½�¹�¨�´�°�¹ �°�´�º�¸�¨�¶�¬�¸�°�º�µ�´�¬�»�²�¨�« �À�¬�¿��¨�´�°�¹ �À�¬�³�«�¬�ª, �°�¹�¬��¬ �¸�µ�ª�µ�¸�Â Sprague-

Dawley �Ç�°�À�°�¹ �³�«�¬�«� ̧ ��°�¸�¯�¨�ª��¬�©�À�°  �¹�º�¸�¬�¶�º�µ�®�µ�º�µ�Â�°�´�°�¹ (STZ)  50 �³�³�² /�²  

�°�´�º�¸�¨�¶�¬�¸�°�º�µ�´�¬�¨�²�»�¸�° �°�´�°�¬�½�Â�°�°�¹ �À�¬�³�«�¬�ª, �²�¨�´�ª�¬�¸�È�¨�´�¹�°�¹ �±�»�´�Ã�»�²�¬�©�À�° �´�¨�´�¨�Æ�° 

�°�½�´�¨  �´�¬�±�¸�µ�®�»�²�° �Ã-�»�Ç�¸�¬�«�¬�©�°; �¨�³�¨�¹�¯�¨�´�¨��¬, �¹�º�¸�¬�¶�º�µ�®�µ�º�µ�Â�°�´�»�¸�° �«�°�¨�©�¬�º�°�¹ 

�³�µ�«�¬�²�®�¬ �°�³�»�´�µ�È�°�¹�º�µ�½�°�³�°�»�¸�³�¨ �±��²�¬��¨�³ �³�Ã�°�³�¬ �«�¨�®�°�¨�´�¬�©�¬�©�° �ª�¨�³�µ�¨��²�°�´�¨ 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¨�«�¸�¬�»�² �¹�º�¨�«�°�¨�®�¬��¬. �´�¨�±�²�¬�©�° �°�´�º�¬�´�¹�°�µ�©�°�¹ 

�«�¬�ª�¬�´�¬�¸�¨�Â�°�»�²�° �Â��²�°�²�¬�©�¬�©�° �°�½�´�¨ �¨�¾�³�µ�Á�¬�´�°�²�° �¾��°�Ã�²�À�° �«�  ̈ �¯�°�¸�±�³�¬�²�°�¹  

�³�°�²�¨�±�¬�©�°�¹ �¬�¶�°�¯�¬�²�°�µ�Â�°�º�¬�©�À�°.         

�¨�²�µ�½�¹�¨�´�°�¹ �¨�  ́ �¹�º�¸�¬�¶�º�µ�®�µ�º�µ�Â�°�´�°�¹ �À�¬�¿��¨�´�¨ �®�¸�«�¨�¹�¸�»�² ��°�¸�¯�¨�ª��¬�©�À�° 

�°�Ä��¬��¹ �³�Ã�°�³�¬ �Â�°�º�µ�º�µ�½�¹�°�±�»�¸�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�¨�¹,  �¸�µ�³�¬�²�°�Â 

�Ã�¨�²�°�¨� ́ �ª�¨��¹ �À�¨�½�¸�°�¨�´ �«�°�¨�©�¬�º �º�°�¶�° 1-�¹. ��°�¸�¯�¨�ª��¬�©�°�¹ �¶�¨�´�±�¸�¬�¨�¹�À�° �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ 

�³�µ�¸�¼�µ�²�µ�ª�°�»�¸�°  �«�¨�®�°�¨�´�¬�©�¬�©�°  �¯�¨�´�«�¨�¸�¯�»�²�°�¨   �ª�²�»�±�µ�®�»�¸�°�°�.̄                  

�Ã-�»�Ç�¸�¬�«�°�¹ �±��«�µ�³�¨ �À�¬�°�Ã�²�¬�©�  ̈ �ª�¨�³�µ��²�°�´�«�¬�¹ �´�¬�±�¸�µ�®�°�¯ �¨�  ́ �¨�¶�µ�¶�º�µ�®�°�¯. 

�³�¸�¨��¨�²�° in vitro  �±��²�¬��¬�©�°�¹ �¹�¨�¼�»�Ã��¬�²�®�¬, �³�°�Á�´�¬�»�²�°�¨, �¸�µ�³ �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ 

�¨�¶�µ�¶�º�µ�®�À�° �Ã�°�¸�°�¯�¨�«�°�¨  �±�¨�¹�¶�¨�® �«�¨�³�µ�±�°�«�¬�©�»�²�° �¨�¶�µ�¶�º�µ�®�»�¸�° �ª�®�.̈  Caspase-3 
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�¨�¶�µ�¶�º�µ�®�°�¹ �³�¯�¨��¨�¸�° �³�¨�¸�±�¬�¸�°�¨ (Morgan et al., 1994; Morimoto et al., 2005; Furman, 

B.L., 2015). 

�°�´�¹�»�²�°�´�°�¹ �Ã�°�¸�°�¯�¨�« �³�¬�º�¨�©�µ�²�»�¸ �¼�»�´�½�Â�°�¨�¹ �Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹ �ª�²�»�±�µ�®�°�¹ 

�º�¸�¨�´�¹�¶�µ�¸�º�°�¹ �ª�¨�®�¸�«� ̈ �ª�¨�´�°��®�µ�²�°�¨�´�° �±�»�´�¯�¬�©�°�¹ �»�Ç�¸�¬�«�¬�©�À�° (�³�¨�¯ �À�µ�¸�°�¹ 

�³�°�µ�±�¨�¸�«�°�»�³�°�¹ �»�Ç�¸�¬�«�¬�©�°), �¹�¨�«�¨�Â �ª�²�»�±�µ�®�¨ �°�´�¨�Æ�¬�©�¨ �¸�µ�ª�µ�¸�Â �ª�²�°�±�µ�ª�¬�´�° �¨�  ́

�°�·�¨�´�ª�¬�©�¨ �¨�º�¼-�°�¹ �Ä�¨�¸�³�µ�¹�¨�½�³�´�¬�²�¨�«, �«�  ̈ �¨�«�°�¶�µ�Â�°�º�¬�©�À�°, �¹�¨�«�¨�Â �°�´�¹�»�²�°� �́° �¨�Æ�«�¬�´�¹ 

�²�°�¶�°�«�¬�©�°�¹ �¹�°�´�¯�¬�®�°�¹ �¹�º�°�³�»�²�¨�Â�°�°�¹�¨ (�²�°�¶�µ�ª�¬�´�¬�®�°) �«�  ̈ �²�°�¶�°�«�¬�©�°�¹ �«�¨�À�²�°�¹ 

(�²�°�¶�µ�²�°�®�°) �À�¬�¼�¬�¸�Æ�¬�©�¨�¹ (Kelley et al., 1996).  

�¾��°�Ã�²�À�° �°�´�¹�»�²�°�´�° �«�  ̈ �ª�²�»�±�¨�ª�µ�´�° �¹�¨�¶�°�¸�°�¹�¶�°�¸�µ�« �³�µ�½�³�¬�«�¬�©�¬�´  

�ª�²�»�±�µ�®�°�¹ �È�µ�³�¬�µ�¹�º�¨�®�®�¬. �À�°�³�À�°�²�°�¹ �«�¸�µ�¹ �°�´�¹�»�²�°�´�°�¹ �«�¨�©�¨�²�° �«�µ�´�¬ �«�  ̈

�ª�²�»�±�¨�ª�µ�´�°�¹ �³�¨�¾�¨�²�° �«�µ�´�¬ �Æ�¬�²�¹ �»�Ä�¿�µ�©�¹ �¾��°�Ã�²�À�° �ª�²�»�±�µ�´�¬�µ�ª�¬�´�¬�®�¹ �«�  ̈

�ª�²�°�±�µ�ª�¬�´�µ�²�°�®�¹, �¸�¨�Â �Æ�¬�²�¹ �»�À�²�°�¹ �È�°�¶�µ�ª�²�°�±�¬�³�°�°�¹ �ª�¨�´��°�¯�¨�¸�¬�©�¨�¹. �¨�³�«�¬�´�¨�«, 

�»�®�³�µ�« �ª�²�»�±�µ�®�°�¹ �«�µ�´�¬ �ª�¨�´�°�¹�¨�®�¾��¸�¬�©�¨ �¾��°�Ã�²�°�¹ �³�°�¬� ̧ �ª�¨�³�µ�³�»�À�¨��¬�©�»�²�° 

�ª�²�»�±�µ�®�°�.̄ �Å�¨�³�°�¹ �À�¬�³�«�¬�ª, �ª�²�»�±�µ�®�¨ �³�¯�¨��¨�¸�° �¼�¨�½�º�µ�¸�°�¨, �¸�µ�³�¬�²�°�Â 

�¨�¹�º�°�³�»�²�°�¸�¬�©�¹ �°�´�¹�»�²�°�´�°�¹ �¹�°�´�¯�¬�®�¹ �Ã-�»�Ç�¸�¬�«�¬�©�À�° �«�  ̈�³�°�¹ �¹�¬�±�¸�¬�Â�°�¨�¹.  �°�´�¹�»�²�°�´�°  

�¶�¬�¸�°�¼�¬�¸�°�»�² �½�¹�µ��°�²�¬�©�À�° (�Á�µ�´�Á�Æ�°�¹ �±�»�´�¯�¬�©�À�° �«�  ̈ �Â�Æ�°�³�µ��¨�´ �½�¹�µ��°�²�À�°) 

�»�±�¨��À�°�¸�«�¬�©�¨ �°�´�¹�»�²�°�´�°�¹ �¸�¬�Â�¬�¶�º�µ�¸�¹, �°�Ä��¬��¹  �»�Ç�¸�¬�«�À�°�ª�¨ �¸�¬�¨�½�Â�°�¬�©�°�¹ �±�¨�¹�±�¨�«�¹, 

�¸�µ�³�¬�²�°�Â �Æ�¬�²�¹ �»�Ä�¿�µ�©�¹ �ª�²�»�±�µ�®�°�¹ �¨�¯��°�¹�¬�©�¨�¹ �«�  ̈ �¶�µ�¹�º�¶�¸�¨�´�«�°�»�²�° �ª�²�»�±�µ�®�°�¹ 

�»�º�°�²�°�®�¨�Â�°�¨�¹, �¸ �°�¯�¨�Â �°�´�¨�¸�Á�»�´�¬�©�¹ �ª�²�»�±�µ�®�°�¹ �È�µ�³�¬�µ�¹�º�¨�®�¹ (Ozougwu et al., 2013). 

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ �«�¸�µ�¹ �Ã-�»�Ç�¸�¬�«�¬�©�° �±�¨�¸�ª�¨��¹ �»�´�¨�¸�¹ 

�¨�«�¬�±��¨�º�»�¸�¨�« �»�¶�¨�¹�»�Æ�µ�¹ �¶�¬�¸�°�¼�¬�¸�°�»�² �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�¨�¹ �«�  ̈�°�´�¹�»�²�°�´�°�¹ 

�¹�¬�±�¸�¬�Â�°�¨�®�¬ �ª�¨�Ã�²�°�¬�¸�¬�©�»�² �³�µ�¯�Æ�µ��´�¨�¹. �ª�²�»�±�µ�®�°�¹ �ª�¨�®�¸�«�°�²�° �¸� �̈µ�«�¬�´�µ�©�¨ �Æ�¬�²�¹ 

�»�Ä�¿�µ�©�¹ �¶�¸�µ-�¨�´�¯�¬�©�°�¯�° �Â�°�º�µ�±�°�´�¬�©�°�¹ �¹�¬�±�¸�¬�Â�°�¨�¹ �Ã-�»�Ç�¸�¬�«�¬�©�°�«�¨�´, �¸� �̈Â �°�Ä��¬��¹ 

�³�µ�´�µ�´�»�±�²�¬�¨�¸�»�²�° �»�Ç�¸�¬�«�¬�©�°�¹ �ª�¨�¨�½�º�°�»�¸�¬�©�¨�¹ �«�  ̈ � �̈«�ª�°�²�µ�©�¸�°��° �Â�°�º�µ�±�°�´�¬�©�°�¹ 

�¶�¸�µ�«�»�½�Â�°�°�¹ �³�µ�³�¨�º�¬�©�¨�¹. �¨�³ �¶�¨�¯�µ�²�µ�ª�°�»�¸�° �¨�´�¯�¬�©�°�¹ �À�¬�«�¬�ª�¨�« �Ã-�»�Ç�¸�¬�«�¬�©�°�¹ 

�«�°�¹�¼�»�´�½�Â�°�¨ �¶�¸�µ�ª�¸�¬�¹�°�¸�¬�©�¹ �«�  ̈�«�ª�¬�©�¨ �³�¨�¯�° �¹�°�±��«�°�²�°.  



 

94 

 

�³�°�Á�´�¬�»�²�°�¨, �¸�µ�³ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ �³�½�µ�´�¬ �³�¨�³�¨�±�¨�Â�¬�©�°, 

�¸�µ�³�¬�²�¯�¨�Â �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�¨�©�¨�²�° �«�µ�´�¬ �¨�¾�¬�´�°�À�´�¬�©�¨�¯, �À�¬�»�Ã�²�°�¨�¯ 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°� ̄ �³�±�»�¸�´�¨�²�µ�©�°�¯ �ª�¨�°�»�³�Ç�µ�©�¬�¹�µ�´ �³�«�ª�µ�³�¨�¸�¬�µ�©�¨ - �¨�¹�¬�¯�° �«�¨�¹�±��´�¨ 

�°�½�´�¨ �ª�¨�³�µ�º�¨�´�°�²�° �¸�¨�´�«�µ�³�°�®�°�¸�¬�©�»�²�°, �µ�¸�³�¨�ª�° �©�¸�³�¨, �¶�²�¨�Â�¬�©�µ 

�±�µ�´�º�¸�µ�²�°�¸�¬�©�¨�«�° �±��²�¬��°�¹ �À�¬�«�¬�ª�¨�«, �¹�¨�«�¨�Â �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°� ̄ �³�±�»�¸�´�¨�²�µ�©�«�´�¬� ́

�À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¯  �«�¨�¨��¨�«�¬�©�»�² �³�¨�³�¨�±�¨�Â�¬�©�¹ �«�  ̈ �¹�¸�»�²�¿�µ�¼�°�²�¨�« 

�°�±��²�¬��«�´�¬�´ �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�°�¹ �«�  ̈ �¨�´�¯�¬�©�°�¹ �¸�µ�² �¹ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°� ̄

�³�±�»�¸�´�¨�²�µ�©�¨�³�«�¬ �«�  ̈ �³�±�»�¸�´�¨�²�µ�©�°�¹ �À�¬�³�«�¬�ª. �«� �̈«�¨�¹�º�»�¸�¬�©�»�² �°�½�´�¨, �¸�µ�³ 

�º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �«�¨�©�¨�²�° �«�µ�´�¬ �¨�¹�µ�Â�°�¸�«�¬�©�¨ �°�´�¹�»�²�°�´�°�¹ �³�°�³�¨�¸�  ̄

�³�ª�¸�Ã�´�µ�©�¬�²�µ�©�°�¹ �³�´�°�À��´�¬�²�µ��¨�´ �«�¨�½��¬�°�¯�¬�©�¨�¹�¯�¨�´ (Batra et al., 2014).  

�¨�³�¨�¹�¯�¨�´�¨��¬, �¨�¾�¹�¨�´�°�À�´�¨��°�¨, �¸�µ�³ �¯�»  �±�²�°�´�°�±�»�¸�° �±��²�¬��¬�©�°�¹ �¨�©�¹�µ�²�»�º�»�¸�° 

�»�³�¸�¨��²�¬�¹�µ�©�¨ �¹�Ä�¨��²�µ�©�¹ �¬�¹�º�¸�µ�ª�¬�´�¬�©�°�¹ �¬�¼�¬�½�º�¹ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ 

�¶�°�¸�µ�©�¬�©�À�°, �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�² �³�µ�«�¬�²�¬�©�®�¬ �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ 

�«�¨�«�¬�©�°�¯�° �¬�¼�¬�½�º�°, �°�³�°�¹ �ª�¨�¯��¨�²�°�¹�Ä�°�´�¬�©�°�¯, �¸�µ�³ �¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�²�° �«�°�¨�©�¬�º�° 

�»�¼�¸�µ �À�¬�¬�¹�¨�©�¨�³�¬�©�¨ �«�°�¨�©�¬�º �º�°�¶�° 1-�¹, �³�°�»�¯�°�¯�¬�©�¹, �¸�µ�³ �³�¨�³�¨�±�¨�Â�°�¹ �¹�¨�¹�½�¬�¹�µ �È�µ�¸�³�µ�´�° 

�«�¨�«�¬�©�°�¯�¨�« �³�µ�½�³�¬�«�¬�©�¹ �¨�¸�  ̈�³�Æ�µ�²�µ�« �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º �º�°�¶ 2-�®�¬, �¨�¸�¨�³�¬�«,  �º�°�¶ 1-

�®�¬�Â. �¨�³ �³�°�³�¨�¸�¯�»�²�¬�©�°�¯  �ª�¨�³�µ�Á�´�«�¨ �¶�°�¸��¬�²�°  �±�²�°�´�°�±�»�¸�° �«�¨�±��°�¸��¬�©�¬�©�°�Â, 

�¸�µ�³�²�¬�©�°�Â �¨�«�¨�¹�º�»�¸�¬�©�¹ �±��²�¬��¬�©�°�¹ �ª�¨�ª�¸�Ã�¬�²�¬�©�°�¹ �¨�»�Â�°�²�¬�©�²�µ�©�¨�¹ (Saad et al., 

2015).  

�°�³ �±��²�¬��¬�©�°�¹ �¨�´�¨�²�°�®�°, �¸�µ�³�²�¬�©�°�Â �À�¬�°�¹�Ä�¨��²�°�¹ �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ 

�³�µ�½�³�¬�«�¬�©�°�¹ �³�¬�½�¨�´�°�®�³�¹ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �º�°�¶�° 1 �«�  ̈ �º�°�¶�° 2-�°�¹ �¶�¨�¯�µ�ª�¬�´�¬�®�À�°, 

�°�Ã�²�¬��¨ �¹�¨�¼�»�Ã��¬�²�¹ �«�¨��¨�¹�±��´�¨�¯,  �¸�µ�³ �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¹ �«�¨�³�¨�º�¬�©�¨ �À�¬�°�Ã�²�¬�©�¨ 

�¹�Æ��¨�«�¨�¹�Æ��¨ �ª�®�°�  ̄ �¨�Æ�«�¬�´�«�¬�¹ �ª�¨��²�¬�´�¨�¹ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �«�¸�µ�¹ �Ä�¨�¸�³�µ�À�µ�©�°�² 

�¹�Æ��¨�«�¨�¹�Æ��¨ �«�¨�¸�¾��¬��¬�©�®�¬. �¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�² �³�µ�«�¬�²�¬�©�À�° �¨�´�«�¸�µ�ª�¬�´�°�¯ 

�³�±�»�¸�´�¨�²�µ�©�°�¹ �¬�¼�¬�½�º�° �À�¬�°�Ã�²�¬�©�¨ �»�±�¨��À�°�¸�«�¬�©�µ�«�¬�¹ �¨�³ �È�µ�¸�³�µ�´�°�¹ �®�¬�ª�¨��²�¬�´�¨�¹ 



 

95 

 

�¾��°�Ã�²�°�¹ �»�Ç�¸�¬�«�¬�©�°�¹ �°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�¨�®�¬ �«�  ̈ �³�¨�¯�À�° �ª�²�»�±�µ�®�°�¹ 

�³�¬�º�¨�©�µ�²�°�®�³�®�¬ - �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�®�¬ �®�¬�³�µ�½�³�¬�«�¬�©�°�¹ �ª�®�°� .̄  

�¿�µ��¬�²�°��¬ �®�¬�³�µ�¯�½�³�»�²�°�«�¨�´ �ª�¨�³�µ�³�«�°�´�¨�¸�¬, �¨�´�«�¸�µ�ª�¬�´�¬�©�°�¯ �À�¨�½�¸�°�¨�´�° 

�«�°�¨�©�¬�º�°�¹ �¹�Æ��¨�«�¨�¹�Æ��¨ �¼�µ�¸�³�¬�©�°�¹ �¯�¬�¸�¨�¶�°�°�¹ �À�¬�¹�¨�Ã�²�¬�©�²�µ�©�°�¹ �±��²�¬��¨ �¨�½�º�°�»�¸ 

�¹�¨�³�¬�Â�´�°�¬�¸�µ �«�  ̈�¶�¸�¨�½�º�°�±�»�² �¶�¸�µ�©�²�¬�³�¨�¹ �Ä�¨��̧³�µ�¨�«�ª�¬�´�¹, �¸�µ�³�¬�²�°�Â �¨�Æ�¨�² �³�µ�´�¨�Â�¬�³�¬�©�¹ 

�«�  ̈�¹�¨�©�µ�²�µ�µ ��¬�¸�«�°�½�º�¹ �¬�²�µ�«�¬�©�¨.        
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�«�¨�¹�±��´�¬�©�° 

 

1. �¨�²�µ�½�¹�¨�´�°�¯ �ª�¨�³�µ�Ä��¬�»�²�° �¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�²�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ 

�¹�¨�³�±�»�¸�´�¨�²�µ�« �³�¨�³�¨�±�¨�Â�°�¹ �¹�¨�¹�½�¬�¹�µ �È�µ�¸�³�µ�´�°�¹ - �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ - 

�ª�¨�³�µ�¿�¬�´�¬�©�°�¹ �«�¨�«�¬�©�°�¯�° �¬�¼�¬�½�º�° �³�°�»�¯�°�¯�¬�©�¹, �¸�µ�³ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�° 

�À�¬�°�Ã�²�¬�©�¨ �Ä�¨�¸�³�¨�º�¬�©�°�¯ �°�½�´�¨�¹ �ª�¨�³�µ�¿�¬�´�¬�©�»�²�° �¨�¸�  ̈ �³�Æ�µ�²�µ�« �À�¨�½�¸�°�¨�´�° 

�«�°�¨�©�¬�º�° �º�°�¶�° 2-�°�¹ �³�¨�¸�¯��°�¹�¨�¹ (�¸�¨�Â �«�¨�«�¨�¹�º�»�¸�¬�©�»�²�°�¨ �³�¸�¨��¨�²�° 

�±�²�°�´�°�±�»�¸�° �±��²�¬��°�)̄, �¨�¸�¨�³�¬�«, �¨�¹�¬��¬ �Á�¨�¸�¯�»�² �°�½�´�¨�¹ �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° 

�º�°�¶�° 1-�°�¹ �±�µ�³�¶�²�¬�½�¹�»�¸ �³�±�»�¸�´�¨�²�µ�©�¨�À�°�Â (�°�³�°�¹ �ª�¨�¯��¨�²�°�¹�Ä�°�´�¬�©�°�¯, �¸�µ�³ 

�¨�²�µ�½�¹�¨�´�°�¯ �ª�¨�³�µ�Ä��¬�»�²�° �¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�²�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�° �¹�Ä�µ�¸�¬�«  

�º�°�¶�° 1-�°�¹ �³�µ�«�¬�²�¹ �Ä�¨�¸�³�µ�¨�«�ª�¬�´�¹;  

2. �¨�²�µ�½�¹�¨�´�°�¯ �ª�¨�³�µ�Ä��¬�»�²�° �¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�²�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �³�½�µ�´�¬ 

�Â�Æ�µ��¬�²�¬�©�°�¹ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°� ̄ �³�±�»�¸�´�¨�²�µ�©�¨ �¨�±�µ�¸�¬�½�Â�°�¬�©�¹ �³�¬�º�¨�©�µ�²�°�®�³�»� ̧

�«�¨�¸�¾��¬��¬�©�¹, �¸�¨�Â �¨�°�¹�¨�Æ�¬�©�¨ �¸�µ�ª�µ�¸�Â �©�°�µ�½�°�³�°�»�¸�° �³�¨�Á��¬�´�¬�©�²�¬�©�°�¹ 

(�ª�²�»�±�µ�®�°�¹, �°�³�»�´�µ�¸�¬�¨�½�º �°�»�²�°  �°�´�¹�»�²�°�´�°�¹,  �¹�¨�¹�½�¬�¹�µ �«�  ̈ �¹�º�¬�¸�µ�°�«�»�²�° 

�È�µ�¸�³�µ�´�¬�©�°�¹), �°�¹�¬ �¶�¨�´�±�¸�¬�¨�¹�°�¹�¨ �«�  ̈�¾��°�Ã�²�°�¹ �³�µ�¸�¼�µ�²�µ�ª�°�»�¸�° �¹�º�¸�»�½�º�»�¸�°�¹ 

�ª�¨�»�³�Ç�µ�©�¬�¹�¬�©�°�¯; 

3. �¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ �³�µ�«�¬�²�®�¬ �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �®�¬�³�µ�½�³�¬�«�¬�©�¨ 

�³�»�²�º�°�µ�¸�ª�¨�´�»�²�°�¨ �«�  ̈ �À�¬�°�Ã�²�¬�©�¨ �Æ�µ�¸�Â�°�¬�²�«�¬�©�µ�«�¬�¹ �ª�¨�´�¹�Æ��¨��¬�©�»�²�° 

�³�¬�½�¨�´�°�®�³�¬�©�°�¯, �³�¨�¯ �À�µ�¸�°�¹ �¾��°�Ã�²�°�¹ �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�®�¬ 

�®�¬�³�µ�½�³�¬�«�¬�©�°�¯�  ̈ �«�  ̈ �°�³ �³�¬�½�¨�´�°�®�³�°�¹ �Á�¨�¸�¯��°� ,̄ �¸�µ�³�¬�²�°�Â �Æ�¬�²�¹ �»�Ä�¿�µ�©�¹ 

�°�´�¹�»�²�°�´�¸�¬�®�°�¹�º�¬�´�º�µ�©�°�¹ �«�¨�½��¬�°�¯�¬�©�¨�¹ �«�  ̈�ª�²�°�±�µ�ª�¬�´�°�¹ �¹�°�´�¯�¬�®�¹; 

4. �¨�²�µ�½�¹�¨�´�»�¸�° �«�°�¨�©�¬�º�°�¹ �³�µ�«�¬�²�°�¸�¬�©�°�«�¨�´ 15 �«�¾�°�¹ �À�¬�³�«�¬�ª �È�¬�¶�¨�º�µ�Â�°�º�¬�©�°�¹ 

�¨�½�º�°�»�¸�° �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �¸�¨�µ�«�¬�´�µ�©�¨ �¹�¨�±�µ�´�º�¸�µ�²�µ �Ç�ª�»�¼�°�¹ 

�Â�Æ�µ��¬�²�¬�©�°�¹ �³�µ�´�¨�Â�¬�³�¬�©�¯�¨�´ �À�¬�«�¨�¸�¬�©�°�¯ �³�µ�³�¨�º�¬�©�»�²�°�¨; �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ 

�³�µ�«�¬�²�°�¸�¬�©�°�«�¨�´ 30 �«�  ̈ 45 �«�¾�°�¹ �À�¬�³�«�¬�ª �±�°, �¨�½�º�°�»�¸�° �¨�´�«�¸�µ�ª�¬�´-
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�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �¸�¨�µ�«�¬�´�µ�©�¨ �À�¬�³�Â�°�¸�¬�©�»�²�°�  ̈�¸�µ�ª�µ�¸�Â �¹�¨�±�µ�´�º�¸�µ�²�µ �Ç�ª�»�¼�°�¹, 

�°�¹�¬ 15-�«�¾�°�¨�´�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ �³�½�µ�´�¬ �Â�Æ�µ��¬�²�¬�©�°�¹ �³�µ�´�¨�Â�¬�³�¬�©�¯�¨�´ 

�À�¬�«�¨�¸�¬�©�°�¯; �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �¸�¨�µ�«�¬�´�µ�©�°�¹ �À�¬�³�Â�°�¸�¬�©�¨ 

�¯�¨�´�Æ��¬�«�¸�¨�À�°�¨ �¾��°�Ã�²�°�¹ �»�Ç�¸�¬�«�¬�©�À�° �«�´�³-�°�¹ �«�  ̈ �¸�´�³-�°�¹ �¹�°�´�¯�¬�®�°�¹ 

�À�¬�³�Â�°�¸�¬�©�¨�¹�¯�¨�´; 

5. �¨�²�µ�½�¹�¨�´�°�¯ �ª�¨�³�µ�Ä��¬�»�²�° �¬�½�¹�¶�¬�¸�°�³�¬�´�º�»�²�° �À�¨�½�¸�°�¨�´�° �«�°�¨�©�¬�º�°�¹ 

�¹�¨�³�±�»�¸�´�¨�²�µ�« �³�¨�³�¨�±�¨�Â�°�¹ �¹�¨�¹�½�¬�¹�µ �È�µ�¸�³�µ�´�°�¹ - �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ - �ª�¨�³�µ�¿�¬�´�¬�©�¨ 

�°�Ä��¬��¹ �¨�½�º�°�»�¸�° �¨�´�«�¸�µ�ª�¬�´-�¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�¹ �¸�¨�µ�«�¬�´�µ�©�°�¹ �³�¨�º�¬�©�¨�¹, �¸� �̈¹� �̈Â �¯�¨�´ 

�¹�«�¬��¹ �¾��°�Ã�²�°�¹ �»�Ç�¸�¬�«�¬�©�À�° �«�´�³-�°�¹ �«�  ̈�¸�´�³-�°�¹ �¹�°�´�¯�¬�®�°�¹ �ª�¨�Ã�²�°�¬�¸�¬�©�¨; 

6. �º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�¹ �°�´�°�¬�½�Â�°�¬�©�°�¹ �À�¬�«�¬�ª�¨�« �È�¬�¶�¨�º�µ�Â�°�º�¬�©�À�° �«�´�³-�°�¹� ̈�«�  ̈�¸�´�³-�°�¹ 

�¹�°�´�¯�¬�®�°�¹ �ª�¨�Ã�²�°�¬�¸�¬�©�¨ �¨�°�¹�¨�Æ�¬�©�¨ �¨�¸�  ̈ �¾��°�Ã�²�°�¹ �»�Ç�¸�¬�«�¬�©�°�¹ �³�°�º�µ�®�¬�©�°�¹, 

�¨�¸�¨�³�¬�« �¶�²�µ�°�«�µ�©�°�¹ �³�¨�º�¬�©�°�¯; 

 

 



�«�¨�´�¨�¸�¯�°

�Â�Æ�¸�°�²�°���1�������������������©�°�µ�½�°�³�µ�»�¸�°���±��²�¬��¬�©�°�¹�����ª�²�»�±�µ�®�¨�����°�³�»�´�µ�¸�¬�¨�½�º�°�»�²�°���°�´�¹�»�²�°�´�°�����°�¸�°�������¬�¹�º�¸�¨�«�°�µ�²�°�����(�����������º�¬�¹�º�µ�¹�º�¬�¸�µ�´�°�����7�������±�µ�¸�º�°�±�µ�¹�º�¬�¸�µ�´�°�����±�µ�¸�������«�´�³�����¸�´�³�����¨�´�«�¸�µ�ª�¬�´���¸�¬�Â�¬�¶�º�µ�¸�¬�©�°�����$�5�������À�¬�«�¬�ª�¬�©�°

N �ª�²�»�±�µ�®�¨���±�µ�´�º�¸ �ª�²�»�±�µ�®�¨ -15 �ª�²�»�±�µ�®�¨-30 �ª�²�»�±�µ�®�¨-45 �ª�²�»�±�µ�®�¨-45 �³�¬�¯ �°�¸�°-�±�µ�´�º�¸ �°�¸�°-15 �°�¸�°-30 �°�¸�°-45 �°�¸�°-45 �³�¬�¯ E2-�±�µ�´�º�¸ E2-15 E2-30 E2-45 E2���������³�¬�¯ T���±�µ�´�º�¸ T-15 T-30 T-45 T-45 �³�¬�¯ �±�µ�¸���±�µ�´�º�¸ �±�µ�¸������ �±�µ�¸������ �±�µ�¸������ �±�µ��̧��������³�¬�¯ �«�´�³���±�µ�´�º�¸ �«�´�³-15 �«�´�³-30 �«�´�³-45 �«�´�³-45 �³�¬�¯ �¸�´�³���±�µ�´�º�¸ �¸�´�³������ �¸�´�³������ �¸�´�³������ �¸�´�³���������³�¬�¯ AR-�±�µ�´�º�¸ AR-15 AR-30 AR-45 AR-45 �³�¬�¯

1 5.20 12.00 14.0 15.1 11.2 23.80 12.40 5.00 4.70 4.90 0.014 0.018 0.023 0.030 0.022 2.63 1.65 1.38 1.40 2.43 13.60 18.95 22.20 21.80 19.30 180840.5 101286.5 121164.3 106678.4 150079.7 324944.6 230667.3 259955.5 243684.1 282689.6 1670.45 1882.25 1135.77 1005.95 1508.95
2 4.70 10.40 13.5 14.4 10.4 24.20 13.00 5.80 4.63 5.00 0.016 0.016 0.020 0.030 0.016 2.59 1.74 1.29 1.40 2.45 12.80 19.2 23.40 22.20 19.50 180862.2 101269.2 121145.1 106700.4 150119.3 324959.9 230767.2 259936.1 243708.3 282700.2 1675.85 1875.40 1117.68 996.90 1496.90
3 5.11 10.80 11.6 15.0 12.0 23.80 13.60 4.60 4.65 4.20 0.013 0.02 0.025 0.034 0.018 2.61 1.85 1.32 1.50 2.48 13.20 19.47 21.84 21.90 21.00 180845.6 101276.3 121183.6 106696.0 150099.0 324945.1 230956.6 259975.1 243732.5 282709.0 1599.90 1895.60 1125.20 1015.00 1525.00
4 5.10 13.00 12.5 16.5 12.2 22.50 12.00 4.50 4.70 4.40 0.015 0.019 0.024 0.031 0.016 2.63 1.72 1.35 1.52 2.32 13.80 17.73 21.45 25.40 20.80 180790.1 101281.5 121180.0 106710.9 150095.5 324875.2 230647.1 259954.4 243695.5 282680.9 1680.75 1900.80 1111.96 1010.20 1510.20
5 4.85 12.00 13.0 14.4 10.8 20.20 11.90 5.40 4.60 4.20 0.017 0.017 0.026 0.033 0.020 2.68 1.76 1.47 1.38 2.36 10.00 18.7 20.45 25.10 20.60 180900.4 101274.1 121148.9 106696.9 150099.6 324756.3 230661.9 259957.2 243721.7 282717.1 1622.41 1895.40 1109.15 998.70 1498.70
6 5.50 10.00 13.5 16.0 11.5 22.00 13.20 5.20 5.42 5.10 0.014 0.015 0.025 0.034 0.17 2.54 1.65 1.36 1.36 2.26 11.88 18.55 21.23 24.30 19.80 180812.2 101271.7 121171.4 106690.5 150099.0 324911.1 230711.8 259961.1 243685.3 282690.5 1639.96 1902.45 1119.42 1000.00 1512.65
7 4.80 12.60 13.0 14.5 10.5 23.10 11.70 5.60 4.60 4.70 0.011 0.014 0.021 0.032 0.016 2.61 1.82 1.40 1.34 2.24 10.90 17.9 22.45 24.60 19.70 180770.9 101263.5 121158.0 106678.2 150120.1 324788.5 230706.9 259947.3 243732.5 282708.3 1710.20 1868.00 1128.12 999.45 1498.40
8 5.20 10.00 13.8 15.8 12.4 20.90 12.85 4.80 4.90 5.20 0.015 0.017 0.022 0.031 0.019 2.58 1.70 1.36 1.35 2.50 12.30 19.54 21.84 21.80 21.00 180665.9 101280.0 121172.6 106715.7 150115.2 324865.6 230714.8 259950.0 243708.3 282693.7 1645.84 1888.90 1106.43 1010.60 1520.25
9 5.00 12.90 12.2 15.5 10.0 25.00 11.79 5.40 4.50 5.00 0.017 0.020 0.021 0.034 0.021 2.64 1.79 1.38 1.20 2.41 13.50 18.89 20.10 23.00 20.40 180922.1 101243.9 121156.2 106719.0 150077.0 324900.8 230705.1 259964.1 243699.9 282710.1 1600.70 1882.60 1117.30 1015.10 1508.90
10 5.00 10.80 12.8 14.9 11.6 22.20 12.35 5.10 4.20 5.00 0.014 0.019 0.026 0.032 0.022 2.63 1.72 1.38 1.20 2.38 13.80 18.75 23.14 25.30 20.50 180800.9 101273.2 121166.3 106678.8 150095.1 324874.4 230715.3 259957.0 243717.3 282700.9 1633.42 1877.95 1100.50 996.95 1499.80
11 4.90 13.10 12.4 15.4 12.2 25.20 11.88 4.80 4.79 4.58 0.016 0.02 0.020 0.032 0.016 2.85 1.72 1.40 1.38 2.31 11.55 17.9 22.45 21.76 21.00 180820.5 101270.4 121155.1 106660.2 150110.5 324905.9 230709.9 259948.1 243666.1 282684.6 1720.10 1889.24 1134.86 998.40 1488.60
12 4.80 12.60 13.6 15.0 10.5 24.10 13.12 5.00 4.95 5.16 0.017 0.019 0.023 0.032 0.018 2.70 1.81 1.29 1.30 2.50 10.95 18.2 21.23 23.50 21.05 180845.6 101285.2 121173.5 106700.3 150100.9 324990.1 230700.3 259963.4 243685.4 282671.3 1700.30 1886.50 1099.59 991.70 1518.45
13 5.30 12.70 13.2 15.7 11.5 20.80 11.24 5.10 4.80 4.70 0.015 0.017 0.021 0.030 0.022 2.63 1.67 1.30 1.40 2.30 11.45 19.1 23.11 24.56 20.80 180866.4 101272.6 121167.2 106720.2 150086.1 324860.3 230683.5 259966.0 243700.6 282666.8 1675.80 1891.85 1135.77 1020.50 1496.45
14 5.10 10.80 13.3 14.8 12.4 23.10 11.33 4.40 4.65 4.90 0.011 0.016 0.025 0.034 0.022 2.77 1.60 1.47 1.42 2.35 12.30 18.6 22.21 24.60 20.40 180877.5 101276.6 121161.8 106680.5 150083.5 324965.7 230715.5 259955.2 243650.8 282698.4 1667.85 1876.90 1109.30 1000.90 1514.23
15 5.10 12.80 13.3 15.5 11.2 23.10 13.15 4.60 4.90 5.00 0.013 0.015 0.024 0.031 0.020 2.59 1.79 1.48 1.26 2.42 13.60 17.88 22.10 25.40 19.28 180789.9 101280.3 121162.4 106690.1 150086.8 324893.6 230712.3 259956.1 243688.9 282708.6 1720.10 1901.30 1126.09 1012.30 1510.11
16 4.90 10.50 13.6 14.4 10.0 24.40 13.40 4.30 4.96 5.10 0.012 0.020 0.026 0.032 0.018 2.55 1.85 1.43 1.28 2.46 12.99 19.6 22.60 25.20 19.50 180887.1 101275.1 121155.3 106718.9 150083.0 324971.2 230689.6 259947.2 243721.4 282706.4 1685.65 1799.50 1145.80 1016.90 1522.30
17 5.20 13.30 14.0 15.0 10.4 24.10 12.45 5.40 4.85 4.60 0.014 0.018 0.020 0.030 0.016 2.65 1.76 1.39 1.32 2.38 13.40 18 20.90 21.30 19.90 180846.9 101277.2 121160.6 106710.5 150087.3 324949.8 230673.1 259960.5 243710.5 282685.1 1597.98 1866.40 1196.40 1014.40 1520.14
18 5.20 13.00 14.2 15.9 11.6 23.50 12.66 5.60 4.64 5.10 0.015 0.019 0.023 0.034 0.021 2.58 1.60 1.45 1.40 2.36 12.85 17.65 23.20 24.60 20.90 180838.7 101285.2 121158.5 106701.0 150111.4 324990.6 230654.6 259976.4 243690.8 282678.5 1714.30 1864.80 1099.70 995.70 1497.99
19 5.10 10.90 13.4 14.6 12.6 23.60 11.98 4.80 4.86 4.70 0.016 0.019 0.021 0.034 0.019 2.75 1.69 1.33 1.46 2.48 11.99 16.9 21.90 23.00 21.05 180862.7 101583.4 121163.2 106686.1 150096.8 324980.4 230684.2 259931.0 243699.7 282680.4 1670.54 1885.40 1124.30 992.80 1496.25
20 4.90 12.70 13.5 14.5 10.8 22.80 12.88 4.90 4.74 4.40 0.012 0.020 0.024 0.030 0.020 2.90 1.80 1.45 1.44 2.52 13.40 18.5 22.45 22.75 19.30 180846.9 101284.1 121167.9 106699.5 150096.0 324759.9 230701.5 259953.4 243695.5 282699.5 1896.90 1893.70 1156.40 1014.80 1511.35
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      SUMMARY 

 

The Role of Androgens in Correction of Metabolic Disorders Caused by Diabetes Mellitus. 

(Experimental Study) 

 

 Introduction  

According to World Health Organization data, the incidence of diabetes mellitus 

(DM) has been obviously increasing over the world during the last decades. Both types of 

DM (type 1 and type 2) are characterized by chronic hyperglycemia and disorders in 

metabolism of carbohydrates, proteins and fats (American Diabetes Association, 2009), 

with multi -organ involvement in the pathogenesis (Hotamisligil G.S., 2006).  

The gender difference in the population affected by DM has been demonstrated by 

numerous epidemiological studies (Fitzgerald, et al., 1995; Grant, et al, 2009; Siddiqui, et 

al., 2013). It is considered that males have higher prevalence and diabetes type 2 risk 

(Aregbesola et al., 2016; Kautzky-Willer, et al., 2016). In addition, the risk of men with 

type 1 diabetes by cardiovascular disease mortality is approximately 10 times higher that 

of men without diabetes (Orchard et al., 1990). It is well established that sex hormones 

have a great impact on energy metabolism, body composition, vascular function, and 

inflammatory responses (Kautzky-Willer, et al., 2016). The credible decrease of plasma 

testosterone concentration has been shown in males affected by DM type 1 as well as 

type 2. �7�K�H���L�Q�I�O�X�H�Q�F�H���R�I���V�H�[���K�R�U�P�R�Q�H�V���R�Q���W�K�H���L�Q�V�X�O�L�Q���V�H�F�U�H�W�L�R�Q���E�\���Ã-cells in pancreas and 

metabolic processes in liver has been proved (Morimoto et al., 2001; Shen & Shi, 2015). It 

is also reported that the reduction of blood testosterone concentration leads to the 

changes of hyperglycemia, insulin resistance and metabolic processes in liver in men 

with both types of DM (Grossmann et al., 2008; Holt et al., 2014). The low level of blood                   

testosterone is related to worst outcome in advanced liver diseases (Sinclair et al., 2016).  
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Considering, �W�K�D�W�� �K�H�S�D�W�R�F�\�W�H�V�� �D�Q�G�� �Ã-cells have the receptors for both male and 

female sex hormones, which in turn, have the ability of changing their quantitative 

�H�[�S�U�H�V�V�L�R�Q�� ���³�G�R�Z�Q-�U�H�J�X�O�D�W�L�R�Q�´�� �D�Q�G�� �³�X�S-�U�H�J�X�O�D�W�L�R�Q�´���� �D�F�F�R�U�G�L�Q�J�O�\�� �W�R�� �W�K�H�L�U�� �E�O�R�R�G��

concentration, it could be expected that sex hormones supplementation may have the 

repercussions on pancreatic and hepatic functioning in DM.      

  It is considered, that the reduction of blood testosterone leads to the changes of 

metabolic processes in liver (Grossman et al., 2008; Holt et al., 2014) and alteration of 

DNA and RNA synthesis (Didebulidze et al., 2015). The functions of liver in males are 

changed more dramatically than in females, confirming the assumption that the sex-

dependence (sex-association) of male livers are genetically more determined in compare 

with female livers (Zhang et al., 2011).   

Alloxan selectively targets Langerhans islets and induces the damage of �Ã-cells. 

Single injection leads to toxic effect and apoptogenic changes, hypoinsulinemia, and 

hyperglycemia (Elayat et al., 1995), which in turn stimulates a cascade of dysmetabolic 

mechanisms, including the processes that activate apoptosis of the �Ã-cells (Bonner-Weir 

S. et Weir G.C. 2005). 

It should be mentioned that the Langerhans islets are not the only targets 

damaged during diabetes. Histologically and immunohistologically confirmed changes in 

liver and kidney tissues were revealed in experimental models of diabetes. These damages 

are caused by the mechanisms such are hypoxia, apoptosis, and calcium influx (Maedler 

et al., 2001).  

The efforts to determine the expediency of using various substances and 

compounds for treating diabetes are permanent. One of such substances is testosterone. 

Numerous clinical and experimental studies show a positive effect of testosterone in DM 

type 2 (in most of the studies) as well as DM type 1 (in certain studies), however, the 

final verdict with respect to its effect has not been reached yet.
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            The aim of the present study was to investigate the possibility of restoration of 

metabolic imbalance by the exogenous androgen supplementation in the experimental 

model of alloxan-induced diabetes (AD). The influence of exogenous testosterone 

supplementation on the expression of androgen receptors (AR) and DNA & RNA 

synthesis as well as the morphological changes in pancreatic islets and liver tissue in AD 

was studied. 

                                      

Materials and Methods         

 The experimental model of diabetes was induced in male Wistar white rats 

(n=100) in age 2-2,5 months, weighting 180-200 g by a single intraperitoneal dose of 

Alloxan (Chemos GmbH & Co.KG (Germany)) - 2,0 mg per 10 g of body weight. The 

animals were divided into 4 groups: Control Group (n=20) received solvent; Group I (n = 

20) studied on 15th day of AD; Group II (n = 20) studied on 30th day of AD; Group III (n = 

20) studied on 45th day of AD; Group IV (n=20) received daily 0.5 mg of synthetic 

androgen - radioinert Methyltrienolone - beginning from the 31st day of AD. One hour 

before sacrifice, all animals underwent to the intraperitoneal injection of 3,7x104 Bq 

radioactive androgen -  Methyltrienolone [17a-METHYL-3H] (R-1881) obtained from 

Perkin Elmer, Inc., for quantitative assessment of AR in liver.  

Subsequently, the animals were given ether anesthesia and the blood samples were 

obtained from inferior vena cava to further measuring the levels of glucose, 

immunoreactive insulin (IRI), corticosterone, estradiol (E2) and testosterone (T), in 

parallel with studying of histology of pancreatic islets and liver cells in all above-

mentioned groups. The study corresponded to the principles of the Guide for the Care 

and Use of Laboratory Animals (NRC 2011) and approved by the Commission on 

Bioethics at Al. Natishvili Institute of Morphology, Iv. Javakhishvili Tbilisi State 

University. 
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Measurement of hormones 

The levels of hormones were measured by commercial kits. IRI was determined 

using the assay from SEA-IRE-SORIN (France); corticosterone was assessed using the 

assay from RSL., Inc. (California, US), T - by SORIN BIOMEDICA (Italy) and E2 - by 

ORIS Industries S.A. International GIS (France).  

Measurement of hepatic DNA/RNA 

  The quantity of DNA in liver was studied by radioactive H3-thymidine (I.U. 8.14 x 

1011 Bq/ml) in the dose of ���������� ����5 Bq/ml, while the RNA was measured by radioactive 

H3-uridine (I.U. �������� ���� ����11 Bq/ml) in the dose of ���������� ����6 Bq/ml. For this purpose, the 

fragments of liver tissue were weighed and placed into 5 ml 199 solution vials, to which 

the above specific radioactive components were added.  

The vials were placed in thermostat at +380�ù���I�R�U���������P�L�Q�X�W�H�V�����/�D�W�H�U�����W�K�H���I�U�D�J�P�H�Q�W�V��

�Z�H�U�H�� �U�L�Q�V�H�G�� �L�Q�� �F�R�O�G�� �������ž�ù���� �Q�R�X�U�L�V�K�L�Q�J�� �E�X�I�I�H�U�� �Z�L�W�K�� �V�X�E�V�H�T�X�H�Q�W�� �K�R�P�R�J�H�Q�L�]�D�W�L�R�Q�� �D�Q�G��

placement in scintillating fluid container vials (according to previously published 

recommendations Didebulidze, et al., 2015).  The frequency (quantity) of radioactive 

�L�P�S�X�O�V�H�V�����L�P�S���J�U���P�L�Q�����Z�D�V���F�D�O�F�X�O�D�W�H�G���E�\���W�K�H���³�Ã-���´���G�H�Y�L�F�H�����S�U�R�G�X�F�H�G���E�\���W�K�H���(�Q�W�H�U�S�U�L�V�H���R�I��

Academy of Medical Sciences, Russia).   

One hour before removing animals from the experiments, the intraperitoneal 

injection of 3,7x104 Bq radioactive androgen Methyltrienolone [17a-METHYL-3H] (R-

1881) was performed for the assessment of amount of androgen receptors in liver 

(Didebulidze et al., 2015). 

Morphological studies 

  For the histological investigation of pancreatic and liver tissues, their fragments 

were fixed in 4% formaldehyde prepared on 7,2-7,4 pH phosphate buffer and later 

embedded in the paraffin according to standard protocols. 3-4 µm thick samples were 

stained with hematoxylin-eosin (H&E). The slices were studied by light microscope 
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(Micros) equipped with a digital camera. 5 animals from each group were subjected to 

morphometric analysis;  10 samples were studied from each animal. Adobe Photoshop 

software was used to determine the average size  of the pancreatic islets (the area 

occupied by the islets, measured in  µm2) as well as to measure the areas of necrotic foci 

in the islets. The degree of the liver damage was assessed by 5-points "visual scale", where 

�³���´�� �F�R�U�U�H�V�S�R�Q�G�V�� �W�R�� �W�K�H�� �Q�R�U�P�� ���S�U�D�F�W�L�F�D�O�O�\�� �Z�L�W�K�R�X�W�� �F�K�D�Q�J�H�V���� �D�Q�G�� �³���´��- with severe 

degenerative (necrotic) changes.         

    Additional liver tissue sections were studied immunohistochemically for 

assessing Ki-67 expression. After deparaffinization and rehydration, endogenous 

peroxidase was blocked in hydrogen peroxide solution. For the antigen restoration, the 

samples were placed in 0.01 M citrate buffer (pH 6.0) and were heated in a microwave 

oven (1000 C at 600W) for 15 minutes. After incubation with bovine serum to avoid 

unspecific binding and blocking of non-specific bonds, mouse monoclonal antibody anti-

rat Ki-67 diluted 1:50 (clone MIB-5; DAKO) was incubated for 1 hour at room 

temperature. For the detection of bound antibodies Novolink Polymer Detection System 

(Leica, Germany) was used, and visualized using diaminobenzidine (DAB, Leica) and 

counterstained with hematoxylin.  

To determine the ploidy of hepatocytes, the computer program Image J was 

used. The nuclei of 500 hepatocytes were measured on the corresponding histology 

sections. Based on the obtained data the diagrams were built for the squares roughly 

similar to their size. The first peak corresponded to 2C, subsequent peaks - 4C (2Cx2) and 

8C (4Cx2). Tissue samples (3��5��5 mm3) were taken from the central and peripheral areas 

of all liver lobes. 

Quantitative assessment of AR  

  The samples of liver tissue being weighed, homogenized and placed in scintillation 

fluid, were placed in a scintillation counter "Beta-2" (Scientific-Research Institute of 
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Medical Industry at Russian Academy of Medical Sciences, Moscow, USSR) for 

determining of the number of AR in liver (counting the radioactive impulses).   

Statistical analysis    

Median values are provided with respective interquartile ranges. Comparisons 

were tested using Mann-Whitney U test. P values less than 0.05 were considered 

statistically significant. Statistical analysis was conducted using SAS 9.2 software. 

We preferred median over mean because of concerns regarding the normality of 

distribution and small sample size of our study. Therefore we thought that median values 

are more appropriate to describe our data and make comparison between groups, which 

consisted of 20 subjects each.   

 

Results and Discussion 
AD was accompanied by the increased plasma concentration of glucose, 

corticosterone and E2. This increase appeared to be statistically significant compared with 

data of control group and groups with lesser terms of AD as well. The plasma 

concentration of IRI and testosterone has significantly decreased at 15th and 30th days of 

the experiment but on the 45th day their further changes compared with previous terms 

were not statistically significant (Table 1).  

This could be related to the reduction of damaging effect of alloxan at 45th day 

�Z�K�H�Q�� �S�D�Q�F�U�H�D�W�L�F�� �Ã-cells entered into regeneration phase. The reduction of intensity of 

IRI decline is accompanied by the reduction of intensity of testosterone decline as well as 

it was described by Kandeel, et al. (2007). It is established that hypoinsulinemia and 

decreased glucose utilization inhibit protein, DNA and RNA synthesis in hepatocytes. In 

our study, hepatic DNA synthesis was decreased by 44% and RNA synthesis by 29% at 

15th day of AD. In case of hypoinsulinemia and hyperglycemia, the glucose, which 

abundantly penetrated into hepatocytes (insulin is not required for the entrance 
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of glucose in the hepatocytes, but only for its utilization by the cells - Kelly & Jones, 

2013) promotes a significant increase in the production of hydroxyl radicals, which 

increase the amount of Bcl-2-associated X protein (BAX-protein). Besides, BAX protein 

stimulates the release of cytochrome C from mitochondria, caspase-3 activation and 

induction of apoptosis (Frances, et al., 2010). 

After injection of radio-inert methyltrie nolone, the glucose level significantly 

decreased being not statistically different in comparison with the data obtained at 15th 

day of experiment. This can be explained by the fact, that testosterone promotes the 

synthesis of  i-RNA of IRI receptors in hepatocytes, which leads to increased sensitivity 

of hepatocytes toward IRI. In this conditions the minimal rise of IRI is enough to 

stimulate the glucose utilization in liver cells (Kapoor, et al., 2006; Sato, et al., 2008). IRI 

exerts anti-apoptotic properties based on the stimulation of XIAP, which inhibits 

caspases and suppresses the apoptosis (Frances, et al., 2010). 

Exogenous androgen supplementation significantly increases DNA (24%) and 

RNA (8%) synthesis in liver followed by a raise on the amount of polyploid hepatocytes 

in compare with 30th and 45th days of AD model, although no increase in the number of 

Ki-67 positive hepatocytes was observed (Fig 1). 

Testosterone shifts insulin signaling toward cellular protein anabolism (Shahidi 

N.T., 2001). It  increases Glut4 expression and downstream signaling such as Akt and 

PKC-zeta/lambda phosphorylations and the main glycolytic phosphofructokinase and 

hexokinase enzymes (Sato et al., 2008). Injection of methyltrienolone, had no effect on 

the concentration of IRI: the latter was not different neither from the data obtained at 

30th nor 45th days of AD model. 

�'�X�H�� �W�R�� �U�H�G�X�F�W�L�R�Q�� �R�I�� �U�D�W�� �Ã-cells derived insulin by alloxan imply, the synthesis of 

testosterone is not stimulated adequately. Reduced testosterone concentration can no 

longer afford inhibition of lipoprotein lipase enzyme. This enzyme, located at the 

https://www.google.ge/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiZ9LS7963PAhVHWxQKHWZ5ANkQFggeMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FBcl-2-associated_X_protein&usg=AFQjCNE4wAxDGHraoG-Aqrujq-729o6ZbQ
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endothelial membranes of blood capillaries into adipose tissue, releases the triglycerides 

from fat rich chylomicrons and very low density lipoproteins; these triglycerides 

penetrate and deposit into adipocytes. Under these conditions the enzyme aromatase, 

located in adipocytes, is activated and converts already diminished testosterone to 

estrogen. This observation is confirmed by our data in which the marked increase in E2 

concentration paralleled the decrease in the testosterone concentration (Hayes et al., 

2000, 2001). However, the E2 concentration which was increased at all stages of the 

experiment still declined after methyltrienolone injection and was not statistically 

different from indices of 15th day of AD (Table 1).  

The presented data confirms the results of Shahidi (2001), Haffner, et al. (1988) 

and Pitteloud, et al. (2005) that the variability in the steroid hormone concentration is 

dependent on insulin and glucose levels and vice versa.  

At the 15th day of AD it was observed an increase of liver AR expression. This can 

be explained by active consumption of testosterone during alloxan-dependent stress that 

increased the number of free AR enabled to interact with radioactive androgen H3-

methyltrionolone (R-1881). At subsequent stages the increased testosterone deficiency 

induced by experimental diabetes was associated with drastic down-regulation of AR 

�H�[�S�U�H�V�V�L�R�Q�� �D�Q�G�� �V�L�J�Q�D�O�L�Q�J�� ���G�X�H�� �W�R�� �W�K�H�L�U�� �³�P�D�V�N�L�Q�J�´���� �� ��Tepperman J., 1968; Moudgil V.K., 

1988,1990). 

However, the administration of synthetic androgen during 15 days followed by 

increased testosterone level in blood plasma lead to up-�U�H�J�X�O�D�W�L�R�Q�� �D�Q�G�� �D�F�W�L�Y�D�W�L�R�Q�� ���³�G�H-

�P�D�V�N�L�Q�J�´���� �R�I�� �$�5���� �'�D�W�D�� �V�K�R�Z�H�G�� �W�K�D�W�� �U�H�F�H�S�W�R�U�� �E�L�Q�G�V�� �W�R�� �U�D�G�L�R�D�F�W�L�Y�H�� �+3-methyltrienolone 

and cause further increase on the AR expression in liver tissue. 

Despite the expression of liver AR after treatment with H3-methyltrinolone does 

not reach the control level, an increase in their number significantly supports the 
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restoration of liver function, including adaptive-compensatory activities (Smirnov A.N., 

2009). 

The increased glucose blood concentration during AD may be related to reduced 

glucose-related metabolism caused by enhanced corticosterone signaling. Under such 

circumstances, the increased level of steroid hormones stimulates gluconeogenesis from 

protein and amino acids metabolism (Imai et al., 1993; Andrews R.C. et Walker B.R., 

1999; Kinote et al., 2012). The supplementation of H3-methyltrienolone reduced IRI 

resistance, hyperglycemia, corticosterone and E2 drastically altered during experimental 

diabetes in male rats.   

The structure of pancreatic islets and liver tissue of the rats in the control group 

were in full compliance with the standard morphology of these tissues in rodents, 

described in numerous studies. In particular, the pancreatic islets are distinguished as 

non-encapsulated, comparatively pale-colored round or oval areas formed by the various 

cell groups separated by the capillary network. They are well isolated from the adjacent 

exocrine tissue. Mainly  �Ã-cells are located in the center of the islets, however, rarely 

they can create the row (cell line) bordering the islets from the tissue of the exocrine 

pancreas (similarly to "bordering plate" in the liver) (Fig 2-A).   

Hepatocytes are organized into plates separated by vascular channels (sinusoids). 

Majority of hepatocytes contain the single diploid nuclei, except for some cases where 

the nuclei are tetraploid.  

�'�H�V�W�U�X�F�W�L�Y�H�� �F�K�D�Q�J�H�V�� �L�Q�� �Ã-cells were revealed in the animals of all experimental 

groups with Alloxan-induced diabetic model (AIDM ). This can be explained by the 

�W�D�U�J�H�W�L�Q�J�� �G�D�P�D�J�H�� �R�I�� �Ã-cells by Alloxan (this specific effect serves as a basis for the 

modeling of diabetes) (Lenzen S., 2008). 

Within 15 days of AIDM, the degenerative changes and necrotic lesions were 

mostly expressed in the pancreatic islets which are adjacent to the large blood vessels. 
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�7�K�H�� �Q�H�F�U�R�W�L�F�� �F�K�D�Q�J�H�V�� �Z�H�U�H�� �U�H�Y�H�D�O�H�G�� �L�Q�� �S�D�U�W�� �R�I�� �W�K�H�� �Ã-cells; some of them underwent 

vacuolization, while others expressed pale-colored pyknotic nuclei. Sometimes the 

�G�H�J�H�Q�H�U�D�W�L�Y�H�� �F�K�D�Q�J�H�V�� �Z�H�U�H�� �Y�L�Y�L�G�O�\�� �V�H�H�Q�� �D�W�� �W�K�H�� �S�H�U�L�S�K�H�U�\�� �R�I�� �L�V�O�H�W�V���� �Z�K�H�U�H�� �W�K�H�� �³�Z�K�L�W�H�´��

�Y�D�F�X�R�O�D�W�H�G�� �F�H�O�O�V�� �I�R�U�P�H�G�� �³�E�R�U�G�H�U�L�Q�J�� �S�O�D�W�H�´���� �K�R�Z�H�Y�H�U���� �P�R�U�H�� �R�I�W�H�Q�� �W�K�H�� �F�K�D�Q�J�H�V�� �Z�H�U�H�� �V�H�H�Q��

centrally �± were vacuolized or foam-like cells with transparent cytoplasm were grouped 

in the clumps. Despite colliquation of the part of the damaged cells, the islets were 

shrunk, due to which the identification of capillary lumens as well as the endotheliocytes 

was difficult. At the same time, the epithelium of pancreatic acini, blood vessels of 

various diameters and connective tissue structures maintained the normal structure 

(vacuolization of the cytoplasm in the cells of some acini may be regarded as an 

exception) (Fig 2- B). 

All described changes are typical for AIDM in rodents and indicate that substantial 

damage of islets directly correlates with the changes in insulin and glucose 

concentrations in blood, as it was shown previously (Lenzen S., 2008). It is assumed that 

�G�H�D�W�K�� �R�I�� �Ã-cells, which may be expressed by necrosis or caspase-dependent apoptosis, 

�U�H�S�U�H�V�H�Q�W�V�� �³�Z�H�O�O-�H�V�W�D�E�O�L�V�K�H�G�´�� �Vtage of experimental diabetes (Haligur et al., 2012). 

Considering the fact, that on 15th day  of experimental diabetes, the number of cells with 

necrotic changes evidently prevail the number of cells with apoptotic bodies (these 

bodies were revealed in only small number of �Ã-cells), it might be concluded that 

diabetes has not still reached the peak of its development on the 15th day of the Alloxan 

injection. 

On the 30th day from AIDM, the morphology of pancreatic islets revealed the 

changes of the same type as on the day 15th. Hereby, the intensity of damage in some 

islets was significantly high, which was expressed in alternating necrotic foci and less 

damaged cells (Fig 2- C). The number of apoptotic foci was also increased on the 30th day 

of AIDM.  
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          On day 45th of AIDM, the morphologic picture of pancreas practically does not 

differ from the picture seen on day 30th.  Stalling the intensity of the damage may be 

associated with the plateau �R�I���$�O�O�R�[�D�Q�¶�V���G�D�P�D�J�L�Q�J���H�I�I�H�F�W��(Lenzen S., 2008).  

After 15-day treatment with testosterone (methyltrienolone) (from day 31 to day 

45 of AIDM), the recovery of structural changes in the pancreatic islets was revealed: the 

number of cells in the Langerhans islets and therefore their density was increased; the 

�Q�X�P�E�H�U�� �R�I�� �Y�D�F�X�R�O�L�]�H�G�� �D�Q�G�� �Q�H�F�U�R�W�L�F�� �Ã-cells cells dropped significantly; the contours and 

compositions of the majority of pancreatic islets were almost similar to normal cells (Fig 

2-D).  

In total the area of islets on days 15th, 30th and 45th after AIDM was 

convincingly diminished compared to the value of animals in the control group, 

however, these do not differ from each other convincingly. The necrotic areas in these 

�L�V�O�H�W�V�� ���Z�K�L�F�K�� �E�D�V�L�F�D�O�O�\�� �F�R�U�U�H�V�S�R�Q�G�V�� �Z�L�W�K�� �W�K�H�� �V�X�P�P�D�U�\�� �D�U�H�D�V�� �R�I�� �Q�H�F�U�R�W�L�F�� �Ã-cells) 

convincingly increased on days 15th, 30th and 45th after AD compared to the data of 

animals from the control group, however, these do not convincingly differ from each 

other. In addition, total area increased and the area of necrotic foci decreased in the 

pancreatic islets of the animals in IV group (including the animals with AD received the 

treatment with methyltrienolone from day 31st  to day 45th) while the characteristics 

approximated to the values of the control group (Diagram N1). 

Both the areas of pancreatic islets and necrotic foci were measured taking into 

account the existed experience (Elayat et al., 1995). 

The liver is one of the most important organs involved in the regulation of energy 

homeostasis. Therefore, it is natural that in case of experimental diabetes it developed 

certain changes. The damage of liver tissue (degenerative changes, decomposition of 

�S�O�D�W�H�V�����V�W�D�V�L�V�����D�Q�G���L�Q�I�L�O�W�U�D�W�L�R�Q�����Z�D�V���D�V�V�H�V�V�H�G���D�V���V�F�R�U�H���³���´���D�Q�G���³���´���I�R�U���D�O�O���W�H�U�P�V���R�I���$D.  
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 The granular degeneration of different degree, rarely fatty inclusions and 

vacuolization, as well as the development of apoptotic bodies, were revealed in the 

hepatocytes. These changes represent the outcome of Alloxan induced dysmetabolism. 

These data are in unison with the data described by S. Lenzen regarding liver damage in 

streptozotocin-induced diabetes, however, after streptozotocin injection, the progression 

of diabetic changes is significantly higher (Lenzen S., 2008).  The lesions of liver tissue 

revealed on day 15th, 30th and 45th after AIDM, do not substantially differ from each 

other (Fig 2- E). During 15-days treatment with methyltrienolone (within day 31st to day 

45th of AIDM) normalized the histological features of the liver (Fig 2 �± F): its damage 

�Z�D�V���D�V�V�H�V�V�H�G���D�V���V�F�R�U�H���³���´�����Z�K�L�O�H���W�K�H���F�K�D�Q�J�H�V���W�K�D�W���F�R�U�U�H�V�S�R�Q�G�H�G���Z�L�W�K���V�F�R�U�H���³���´���Z�H�U�H���V�H�H�Q��

only in several foci.  

 

Conclusion 

Positive effect of male sex hormone �± testosterone - in treatment of Alloxan 

induced Diabetes, indicates that testosterone can be successfully used not only for the 

management of Diabetes type 2 (as it is confirmed by many clinical studies) but also in 

the complex treatment of Diabetes type 1 (considering the fact that Alloxan induced 

Diabetes represents the model of Diabetes type 1).  

In the animals with Alloxan induced Diabetes testosterone improves metabolic 

abnormalities (concentrations of glucose, immunoreactive insulin, sex- and steroid 

hormones) as well as the morphological structure of the pancreatic islets and liver.  

Effect of testosterone is based on various mechanisms, including its influence on 

the Androgen-Receptors of liver cells and induction the pathways supporting the 

decrease in insulin resistance and synthesis of glycogen.  

After 15 days of Alloxan-induced Diabetes the number of active Androgen-

Receptors of hepatocytes is increased compared to the animals of the control group; after 
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30 and 45 days of experimental diabetes, the number of active Androgen-Receptors is 

decreased compared to the control group as well as the group with 15-days Diabetes; the 

decrease in the number of Androgen-Receptors is accompanied with the diminished 

synthesis of DNA and RNA in the liver cells.  

Treatment of rats with Alloxan induced Diabetes with testosterone causes the 

increase of the number of active Androgen-Receptors which correlates with the 

intensification of DNA and RNA synthesis in the liver cells.  

This intensification of synthesis of nuclear acids is accompanied by the increase of 

ploidy of hepatocytes but not the number of mitotic cells. 
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Table 1.  Blood concentration of glucose, immunoreactive insulin (IRI), testosterone (�ú), estradiol 
(E2), corticosterone in rats; activity of nucleic acids (DNA and RNA) synthesis; expression of 
androgen receptor (AR); the hepatocytes ploidy. 
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p value 
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m
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5.10  
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12.30  
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<0.0001* 13.35  
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<0.0001* 0.023  
(0.021-0.025) 

<0.0001* 
<0.0001** 
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%
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0.001* 72,3/18,2/0,5 <0.0001* 
<0.0001** 

77,3/10,7/0,2 <0.0001* 
<0.0001** 
<0.01***  

59,2/25,5/0,9 <0.0001* 
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   Number of (*) indicates the group which data is compared to the data of given group 
  X ratio of percentage of diploid/tetraploid/octaploid liver cells   
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Figure N1.                                                                  Figure N2. 
 
Figure N1. Ploidy of hepatocytes at 30th day of alloxan in-duced diabetes (a, b), and at 15th day of 
exogenous an-drogen supplementation (c, d). diploid nuclei -      tetraploid nuclei �±  

 
            

Figure N2.  

A. Pancreatic islets with endocrine cells. Control group. H&E Obj.x20, Oc.x15.    
B. Disrupted normal architecture of pancreatic islets on 15th day of Alloxan-induced diabetes. 

H&E Obj.x20, Oc.x15 ���Q�H�F�U�R�V�L�V�� �R�I�� �Ã-cell -    ; swelling of the intercellular substance -    ; 
�K�\�S�H�U�W�U�R�S�K�\�� �D�Q�G�� �Y�D�F�X�R�O�L�]�D�W�L�R�Q�� �R�I�� �Ã-cells -    ;   �Ã-cells nuclear pyknosis (irregular hyper-
chromic nuclei) -    .   

C. Structure of pancreatic islets on 30th day after Alloxan-induced diabetes. Combination of 
necrotic foci with less damaged cells. H&E Obj.x20, Oc.x15. Degenerative changes of the               
islet -   . 

D. Structure of pancreatic islets after 15-days treatment with methyltrienolone. The cellular 
composition is almost similar to normal. H&E Obj.x20, Oc.x15.    

E. Liver tissue on 30th  day of Alloxan-induced diabetes. H&E Obj.x20, Oc.x15.     
F. Liver tissue after 15-days treatment with methyltrienolone. H&E Obj.x20, Oc.x15.   
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Diagram N1 Change of islet area and areas of necrotic foci on various terms of Alloxan-induced 
diabetes and after treatment with methyltrienolone. 
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Abstract  

Aim: The aim of the study was to investigate the restoration of 
metabolic imbalance related with deficiency of insulin by the exogenous 
androgen supplementation in the experimental model of alloxan-induced 
diabetes in Wistar male rats. Methods: The experimental diabetes was 
induced by a single intraperitoneal administration of alloxan. The 
concentrations of glucose, immunereactive insulin, corticosterone, 
testosterone and estradiol were examined in blood, the intensity of DNA and 
RNA synthesis and androgen receptor expression were studied in the li ver 
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tissue �± at 15th, 30th and 45th days of alloxan-induced diabetes. The synthetic 
androgen methyltrienolone was administered to rats with 30-days diabetes 
during 15 days. All data were compared to control group received solvent. 
Results: The induction of diabetes increased the concentrations of glucose, 
corticosterone and estradiol while decreases insulin and testosterone 
concentration in blood as well  as DNA/RNA synthesis and androgen 
receptors expression in hepatocytes. The administration of exogenous 
androgen signifi cantly restored the metabolic imbalance and the expression 
of androgen receptors and increased DNA/RNA synthesis in li ver cells 
maintained close to control level. Conclusion: The administration of 
m�H�W�K�\�O�W�U�L�H�Q�R�O�R�Q�H���U�H�G�X�F�H�G���W�K�H���H�I�I�H�F�W���R�I���³�G�L�D�E�H�W�L�F���V�W�U�H�V�V�´���D�Q�G���U�H�V�W�R�U�H�G���W�K�H��
hormonal dysfunction induced by alloxan. 

 
Keywords: Alloxan-induced diabetes, testosterone, li ver androgen receptors, 
hormonal disbalance 
 
In tr oduction 
 According to World Health Organization data, the incidence of 
diabetes mellitus (DM) has been obviously increasing over the world during 
the last decades. Both types of DM (type 1 and type 2) are characterized by 
chronic hyperglycemia and disorders in metabolism of carbohydrates, 
proteins and fats (American Diabetes Association, 2009), with multi-organ 
involvement in the pathogenesis (Hotamisligil , 2006).  
 The gender difference in the population affected by DM has been 
demonstrated by numerous epidemiological studies (Fitzgerald, et al., 1995; 
Grant, et al, 2009; Siddiqui, et al., 2013). It is considered that males have 
higher prevalence and diabetes type 2 risk (Aregbesola ET AL., 2016; 
Kautzky-Wil ler, et al., 2016). In addition, the risk of men with type 1diabetes 
by cardiovascular disease mortali ty is approximately 10 times that of men 
without diabetes (Orchard, et al., 1990). Moreover the diabetes is considered 
as one of the strongest independent predictors of left ventricular hypertrophy 
(Greaves, et al., 1994).  
 Sex hormones have a great impact on energy metabolism, body 
composition, vascular function, and inflammatory responses (Kautzky-
Wil ler, et al., 2016). The credible decrease of plasma testosterone 
concentration has been shown in males affected by DM type 1 as well  as 
type 2. It was shown that the low concentrations of endogenous testosterone 
correlates with increased risk for left ventricular hypertrophy and heart 
failure (Kannel, et al., 1969; Kannel, et al., 1972). It is also reported that the 
reduction of blood testosterone concentration leads to the changes of 
metabolic processes in liver, hyperglycemia and insulin resistance in men 
with both types of DM (Grossmann, 2008; Holt, 2014). The low level of 
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blood testosterone is related to worst outcome in advanced liver diseases 
(Sinclair, 2016). The influence of sex hormones on the insulin secretion by 
��-cells in pancreas and metabolic processes in li ver has been proved 
(Morimoto, 2001; Shen & Shi, 2015).  
 �&�R�Q�V�L�G�H�U�L�Q�J�����W�K�D�W���K�H�S�D�W�R�F�\�W�H�V���D�Q�G����-cells have the receptors for both 
male and female sex hormones, which in turn, have the ability of changing 
�W�K�H�L�U�� �T�X�D�Q�W�L�W�D�W�L�Y�H���H�[�S�U�H�V�V�L�R�Q�����³�G�R�Z�Q-�U�H�J�X�O�D�W�L�R�Q�´���D�Q�G �³�X�S-�U�H�J�X�O�D�W�L�R�Q�´����
accordingly to their blood concentration, it could be expected that sex 
hormones supplementation may have functional pancreatic and hepatic 
repercussions in DM.  
 At the same time it's shown �W�K�D�W���P�D�O�H�¶�V���O�L�Y�H�U�����F�R�P�S�D�U�H�G���W�R���I�H�P�D�O�H�¶�V����
is more dependent on the geneticall y determined androgen levels in blood 
(Smirnov, 2009). 
 The aim of the present study was to investigate the possibility of 
restoration of metabolic imbalance by the exogenous androgen 
supplementation in the experimental model of alloxan-induced diabetes 
(AD).  
  
Mater ial And Methods 
 The experimental model of diabetes was induced in male Wistar white 
rats (n=80) in age 2-2,5 months, weighting 180-200 g by a single 
intraperitoneal administration of alloxan obtained from Chemos GmbH & 
Co.KG (Germany). The animals received alloxan 200 mg/kg body weight in 
accordance to the pattern of experimental group. The animals were divided 
into 5 groups: Group I (Control) (n = 20) received solvent; Group II  (n = 20) 
studied on 15th day of AD; Group II I (n = 20) studied on 30th day of AD; 
Group IV (n = 20) studied on 45th day of AD; Group V (n=20) received daily 
0.5 mg of synthetic androgen - radioinert methyltrienolone - beginning from 
the 31st day of AD. One hour before sacrif ice, all animals underwent to the 
intraperitoneal injection of 3,7x104 Bq radioactive androgen -  
methyltrienolone [17a-METHYL-3H] (R-1881) obtained from Perkin Elmer, 
Inc., for quantitative assessment of androgen receptors (AR) in liver.  
 Subsequently, the animals were given ether anesthesia and the blood 
samples were obtained from inferior vena cava to further measuring the 
levels of glucose, immunoreactive insulin (IRI), corticosterone, estradiol (E2) 
and testosterone (T). The study corresponded to the principles of the Guide 
for the Care and Use of Laboratory Animals (NRC 2011) and approved by 
the Commission on Bioethics at Al. Natishvili  Institute of Morphology, Iv. 
Javakhishvil i Tbili si State University.  
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Measurement of hormones 
 The levels of hormones were measured by commercial kits. IRI was 
determined using the assay from SEA-IRE-SORIN (France); corticosterone 
was assessed using the assay from RSL., Inc. (California, US), T - by SORIN 
BIOMEDICA (Italy) and E2 - by ORIS Industries S.A. International GIS 
(France).  
 
Measurement of hepatic DNA/RNA content 
  The quantity of DNA in li ver was studied by radioactive H3-
thymidine (I.U. 8.14 x 1011 Bq/ml) in the dose of �������o������5 Bq/ml, while the 
RNA was measured by radioactive H3-uridine (I.U. ���������o������11 Bq/ml) in the 
dose of �������o������6 Bq/ml. For this purpose, the fragments of li ver tissue were 
weighed and placed into 5 ml 199 solution vials, to which the above specif ic 
radioactive components were added.  
 The vials were placed in thermostat at +380�K���I�R�U���������P�L�Q�X�W�H�V�����/�D�W�H�U����
�W�K�H���I�U�D�J�P�H�Q�W�V���Z�H�U�H���U�L�Q�V�H�G���L�Q���F�R�O�G���������ž�K�����Q�R�X�U�L�V�K�L�Q�J���E�X�I�I�H�U���Z�L�W�K���V�X�E�V�H�T�X�H�Q�W��
homogenization and placement in scintil lating fluid container vials 
(according to previously published recommendations (Didebulidze, et al., 
2015.  The frequency (quantity) of radioactive impulses (imp/gr/min) was 
�F�D�O�F�X�O�D�W�H�G���E�\���W�K�H���³��-��� �́��G�H�Y�L�F�H�����S�U�R�G�X�F�H�G���E�\���W�K�H���(�Q�W�H�U�S�U�L�V�H���R�I���$�F�D�G�H�P�\���R�I��
Medical Sciences, Russia).   
 
Statistical analysis    
 Median values are provided with respective interquartile ranges. 
Comparisons were tested using Mann-Whitney U test. P values less than 
0.05 were considered statisticall y significant. Statistical analysis was 
conducted using SAS 9.2 software. 
 We preferred median over mean because of concerns regarding the 
normality of distribution and small sample size of our study. Therefore we 
thought that median values are more appropriate to describe our data and 
make comparison between groups, which consisted of 20 subjects each.   
 
Results and Discussion 
 AD was accompanied by the increased plasma concentration of 
glucose, corticosterone and E2. This increase appeared to be statistically 
significant compared with data of control group and groups with lesser terms 
of AD as well . The plasma concentration of IRI and T has significantly 
decreased at 15th and 30th days of the experiment but on the 45th day their 
further changes compared with previous terms were not statisticall y 
significant (Table 1, Diagram 1).  
 This could be related to the reduction of damaging effect of alloxan at 
45th �G�D�\�� �Z�K�H�Q�� �S�D�Q�F�U�H�D�W�L�F�� ��-cells entered into regeneration phase. The 
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reduction of intensity of IRI decline is accompanied by the reduction of 
intensity of T decline as well  as it was described by Kandeel, et al. (2007). It 
is established that hypoinsulinemia and decreased glucose utili zation inhibit 
protein, DNA and RNA synthesis in hepatocytes. In our study, hepatic DNA 
synthesis was decreased by 44% and RNA synthesis by 29% at 15th day of 
AD. In case of hypoinsulinemia and hyperglycemia, the glucose, which 
abundantly penetrated into hepatocytes (insulin is not required for the 
entrance of glucose in the hepatocytes, but only for its utilization by the cells 
- Kell y & Jones, 2013) promotes a significant increase in the production of 
hydroxyl radicals, which increase the amount of Bcl-2-associated X protein 
(BAX-protein). Besides, BAX protein stimulates the release of cytochrome 
C from mitochondria, caspase-3 activation and induction of apoptosis 
(Frances, et al., 2010). 
 Af ter injection of radio-inert methyltrienolone, the glucose level 
significantly decreased being not statisticall y different in comparison with 
the data obtained at 15th day of experiment. This can be explained by the 
fact, that testosterone promotes the synthesis of i-RNA of IRI receptors in 
hepatocytes, which leads to increased sensitivity of hepatocytes toward IRI.  
In this conditions the minimal rise of IRI is enough to stimulate the glucose 
utili zation in li ver cells (Kapoor, et al., 2006; Sato, et al., 2008). IRI exerts 
anti-apoptotic properties based on the stimulation of XIAP, which inhibits 
caspases and suppresses the apoptosis (Frances, et al., 2010). 
 Our study, supports that injection of exogenous androgen 
supplementation significantly increases DNA (24%) and RNA (8%) 
synthesis in liver (Diagram 2).  
 T shifts insulin signaling toward cellular protein anabolism (Shahidi, 
2001). T increases Glut4 expression and downstream signaling such as Akt 
and PKC-zeta/lambda phosphorylations and the main glycolytic 
phosphofructokinase and hexokinase enzymes (Sato, et al., 2008). Injection 
of methyltrienolone, had no effect on the concentration of IRI: the latter was 
not different neither from the data obtained at 30th nor 45th days of AD 
model. 
 Due to red�X�F�W�L�R�Q���R�I���U�D�W����-cells-derived insulin by alloxan imply, the 
synthesis of T is not stimulated adequately. Reduced T concentration can no 
longer afford inhibition of lipoprotein lipase enzyme. This enzyme, located 
at the endothelial membranes of blood capill aries into adipose tissue, 
releases the triglycerides from fat rich chylomicrons and very low density 
lipoproteins; these triglycerides penetrate and deposit into adipocytes. Under 
these conditions the enzyme aromatase, located in adipocytes, is activated 
and converts already diminished T to estrogen. This observation is confirmed 
by our data in which the marked increase in E2 concentration paralleled the 
decrease in the T concentration (Hayes, et al., 2000, 2001). However, the E2 

https://www.google.ge/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiZ9LS7963PAhVHWxQKHWZ5ANkQFggeMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FBcl-2-associated_X_protein&usg=AFQjCNE4wAxDGHraoG-Aqrujq-729o6ZbQ
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concentration which was increased at all  stages of the experiment still  
declined after methyltrienolone injection and was not statisticall y different 
from indices of 15th day of AD (Table 1, Diagram 1).  
 The presented data confirms the results of Shahidi (2001), Haffner, et 
al. (1988) and Pitteloud, et al. (2005) that the variability in the steroid 
hormone concentration is dependent on insulin and glucose levels and vice 
versa.  
 At the 15th day of AD it was observed an increase of li ver AR 
expression (Diagram 2). This can be explained by active consumption of 
testosterone during alloxan-dependent stress that increased the number of 
free AR enabled to interact with radioactive androgen H3-methyltrionolone 
(R-1881). At subsequent stages the increased testosterone deficiency induced 
by experimental diabetes was associated with drastic down-regulation of AR 
�H�[�S�U�H�V�V�L�R�Q���D�Q�G���V�L�J�Q�D�O�L�Q�J�����G�X�H���W�R���W�K�H�L�U���³�P�D�V�N�L�Q�J� �́����� ��Tepperman, 1968; 
Moudgil , 1988,1990). 
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Table 1.  �%�O�R�R�G���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���R�I���J�O�X�F�R�V�H�����,�5�,�����L�����?2, corticosterone (Cor); activity of nucleic 
acids (DNA and RNA) synthesis; expression of AR. 
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Diagram 1. Concentrations (in percents) of glucose, IRI, corticosterone, E2 and T in blood 
of male rats.  

 
 

Diagram 2. Levels of DNA and RNA synthesis and AR expression in the li ver tissue of 
male rats.  

 
 
 However, the administration of synthetic androgen during 15 days 
followed by increased T level in blood plasma lead to up-regulation and 
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�D�F�W�L�Y�D�W�L�R�Q�����³�G�H-�P�D�V�N�L�Q�J��́����R�I��AR. Data showed that receptor binds to 
radioactive H3-methyltrienolone and cause further increase on the AR 
expression in liver tissue. 
 Despite the expression of li ver AR after treatment with H3-
methyltrinolone does not reach the control level, an increase in their number 
significantly supports the restoration of li ver function, including adaptive-
compensatory activities (Smirnov, 2009). 
 The increased glucose blood concentration during AD may be related 
to reduced glucose-related metabolism caused by enhanced corticosterone 
signaling. Under such circumstances, the increased level of steroid hormones 
stimulates gluconeogenesis from protein and amino acids metabolism (Imai, 
et al., 1993; Andrews & Walker, 1999; Kinote, et al., 2012). The 
supplementation of H3-methyltrienolone reduced IRI resistance, 
hyperglycemia, corticosterone and E2 drasticall y altered during experimental 
diabetes in male rats.   
 
Conclusion 
 The present study showed that AD alters IRI resistance and glucose-
related metabolism as well  as the levels of both gonadal and adrenal steroids 
�L�Q���E�O�R�R�G���S�O�D�V�P�D�� �F�R�Q�I�L�U�P�L�Q�J�� �W�K�H���S�U�H�V�H�Q�F�H�� �R�I�� �³�P�H�W�D�E�R�O�L�F�� �V�W�U�H�V�V�´���� �7�K�H��
administration of exogenous androgen �U�H�G�X�F�H�G���W�K�H���H�I�I�H�F�W���R�I���³�V�W�U�H�V�V�´���D�Q�G��
recovers the hormonal dysfunction induced by alloxan.  
 Restoration/functional activation of li ver AR by methyltrienolone 
accompanied by increased DNA and RNA synthesis in hepatocytes plays the 
significant role in restoration of metabolic imbalance caused by AD. 
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 Abstract 

 
 
Introduction :  It has been revealed previously, that metabolic imbalances during the diabetes, occurring with multi-organ par-
ticipation, are accompanied by the decrease of corticosterone concentration in blood and with the depression of DNA & RNA 
synthesis, and as well as expression of androgen receptors in liver cells.  
Aim: The purpose of our study was to examine how exogenous testosterone can correct mentioned liver cell disturbances un-
der the conditions of experimental diabetes. 
Methods: The concentrations of glucose, immune-reactive insulin and testosterone were examined in blood in parallel with 
studying of histology of pancreatic islets - on the 15th, 30th and 45th days from intraperitoneal injection of Alloxan -  to confirm 
the development of adequate model of experimental (alloxan-induced)  Diabetes in Wistar Rats aged 2 months and weighting 
180-200 g. DNA and RNA synthesis, proliferative activity and androgen receptor expression in the hepatic cells were studied on 
the same terms of the experiment �² to confirm the involvement of liver in diabetes-caused metabolic disturbances. All above-
mentioned  investigations were repeated in animals undergone to exposure of exogenous synthetic androgen �² methyltrienolone 
during 15 days �² beginning from 31st day of Alloxan-induced diabetes.  
Results: Methyltrienolone supplementation reduces the alterations of blood concentration of immune-reactive insulin, glucose 
�D�Q�G�� �W�H�V�W�R�V�W�H�U�R�Q�H�� �D�Q�G�� �V�X�S�S�R�U�W�V�� �W�K�H�� �U�H�J�H�Q�H�U�D�W�L�R�Q�� �R�I�� �D�Q�G�U�R�J�H�Q�� �U�H�F�H�S�W�R�U�V�·�� �H�[�S�U�H�V�V�L�R�Q�� �D�Q�G�� �'�1�$���5�1�$�� �V�\�Q�W�K�H�V�L�V�� �L�Q�� �K�H�S�D�W�R�F�\�W�H�V����
However, the increase of nuclear acids synthesis is accompanied by increase of hepatocytes ploidy but not their proliferation.  
Conclusion: The administration of methyltrienolone �U�H�G�X�F�H�V���W�K�H���H�I�I�H�F�W���R�I���´�G�L�D�E�H�W�L�F���V�W�U�H�V�V�µ�����,�W�V���L�Q�I�O�X�H�Q�F�H���R�Q���'�1�$���5�1�$���V�\�Q��
thesis in hepatocytes might be realized through the regeneration of active androgen receptors of liver cells. TCM-GMJ May 
2017; 2(1):P10-P13)           
 
   Keywords: Alloxan-induced diabetes, Testosterone, Liver androgen receptors, DNA, RNA, Pancreatic �¢-cells disturbance 
 

Introduction  

ntraperitoneal injection of Alloxan in male rats 
provokes the long-term injury of pancreatic 
islets followed by chronic hyperglycemia and 
generalized metabolism disorders. This model 

of experimental diabetes is widely used for investigation 
of different pathways based on multi-organ involvement 

I  
and causing various complications of diabetes. Deteriora-
tion of sex hormones and liver metabolism is one of the 
well-known features of both types (type 1 and type 2) of 
diabetes in common and Alloxan-induced experimental 
diabetes, particularly.  
      The reduction of blood testosterone leads to the 
changes of metabolic processes in liver1,2 and alteration of 
DNA and RNA synthesis3. It is considered, that the func-
tions of liver in males are changed more dramatically con-
firming the assumption that the sex-dependence (sex-
association) of male livers are genetically more determined 
in compare with female livers4 Considering, that hepato-
cytes as well as �¢-cells of pancreatic islets are widely pro-
vided by the receptors of sex hormones, and particularly 
by androgen receptors, it may be proposed that testos-
terone supplementation may impact the hepatocytes and 
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pancreatic �¢-cells metabolism vie the pathways developing 
with involvement of these receptors. 
     The aim of the present study was to investigate how the 
exogenous androgen supplementation could influence on 
the expression of androgen receptors and DNA&RNA 
synthesis of liver cells impaired in alloxan-induced diabetes 
model.   
 
 
Material and Methods  

     The model of alloxan-induced diabetes was developed 
in 80 male Wistar rats weighting 180-200 g.  Administra-
tion of alloxan produced by Chemos GmbH & Co. 
KG  (Germany) was performed as it was described be-
fore3.  4 target groups with 20 animals in each one were 
created: the 1st group was studied on 15th day after alloxan 
intraperitoneal injection; the 2nd group �² after 30 days, the 
3rd group - after 45 days, correspondingly; the 4th group 
was studied after exposure of exogenous synthetic andro-
gen �² methyltrienolone - during 15 days, beginning from 
31st day after injection of Alloxan. The control group with 
20 healthy animals received solvent. The concentrations of 
glucose, immune-reactive insulin and testosterone were 
examined in blood obtained from caudal vena cava in par-
allel with studying of histology of pancreatic islets and liver 
cells in all above-mentioned groups.   
     One hour before removing animals from the experi-
ments, the intraperitoneal injection of 3,7x104 Bq radioac-
tive androgen Methyltrienolone [17a-METHYL-3H] (R-
1881) was performed for the assessment of amount of 
androgen receptors in liver (the method was described in 
details earlier 3.  
     Paraffin sections of pancreas and liver (4 µm) stained 
by hematoxylin and eosin were studied to assess the struc-
ture of pancreatic islets and ploidy of hepatocytes. Addi-
tional liver tissue sections were obtained for assessing Ki-
67 expression by immunohistochemistry. After deparaf-
finization and rehydration, endogenous peroxidase was 
blocked in hydrogen peroxide solution. For the antigen 
restoration, the samples were placed in 0.01 M citrate buff-
er (pH 6.0) and were heated in a microwave oven (1000 C 
at 600W) for 15 minutes. After incubation with bovine 
serum to avoid unspecific binding and blocking of non-
specific bonds, mouse monoclonal antibody anti-rat Ki-67 
diluted 1:50 (clone MIB-5; DAKO) was incubated for 1 
hour at room temperature. For the detection of bound 
antibodies Novolink Polymer Detection System (Leica, 
Germany) was used, and visualized using diaminobenzi-
dine (DAB, Leica) and counterstained with hematoxylin.  
     To determine the ploidy of hepatocytes, the computer 
program Image J was used. The nuclei of 500 hepatocytes 
were measured on the corresponding histology sections. 
Based on the obtained data the diagrams were built for the 
squares roughly similar to their size. The first peak corre-
sponded to 2C, subsequent peaks - 4C (2Cx2) and 8C 
(4Cx2). Tissue samples (3����������mm3) were taken from the 
central and peripheral areas of all liver lobes.  
     The part of these samples being weighed, homogenized 

and placed in scintillation fluid, were placed in a scintilla-
tion counter "Beta-2" (Scientific-Research Institute of 
Medical Industry at Russian Academy of Medical Sciences, 
Moscow, USSR) for determining of the number of andro-
gen receptors (AR) in liver (counting the radioactive im-
pulses).   
      The quantities of DNA and RNA in liver were studied 
by radioactive H3-thymidine and H3-uridine as it was de-
scribed before3,5.  
     The study corresponded to the principles of the Guide 
for the Care and Use of Laboratory Animals (NRC 2011) 
and approved by the Commission on Bioethics at Al. 
Natishvili Institute of Morphology, Iv. Javakhishvili Tbilisi 
State University.     
     The obtained data were compared by using t test. p 
values less than 0.05 were considered statistically signifi-
cant. Statistical analysis was conducted using SAS 9.2 soft-
ware. 
 
Results and Discussion  

      The development of adequate model of experimental 
diabetes is confirmed by alteration of the pancreatic islets 
with destruction of the part of their �¢-cells - on all studied 
terms from Alloxan injection (Figure 1). The structural 
disorders  in the islets are accompanied by decrease of 
blood concentration of Insulin and Testosterone and in-
crease of Glucose.  
      A reliable decrease in insulin concentration is observed 
on the 15th and 30th days of alloxan-induced diabetes. As 
for the 45th day, its decrease is no longer reliable (Table 
N1). This may be related to gradual leveling of the deleteri-
ous effect of alloxan on the 45th day of the experiment and 
to the initiation of pancreatic �¢-cell regeneration6. 
      The dynamics of insulin concentrations decrease is 
respectively reflected in the dynamics of increasing glucose 
concentration  in blood: This increase is significant on the 
15th and 30th days of the experiment, but on the 45th day 
the increase of glucose concentration is no longer statisti-
cally reliable compared to the previous period (Table N1). 
      The decrease of the testosterone concentration was 
observed in the presence of the experimental diabetes, the 
dynamics of which is directly correlated with the dynamics 
of insulin concentration decrease: Testosterone concentra-
tion is decreased by 34.7% on the 15th day of the experi-
ment, by 47,9% on the 30th day, and by 48.7% on the 45th 
day in comparison ,with the control data.  These data are 
consistent with the results of other authors1,2,6.  
     Hypoinsulinemia and decreased glucose utilization is 
accompanied by inhibition of DNA and RNA synthesis in 
hepatocytes. DNA synthesis was decreased by 44% and 
RNA synthesis by 29% at 15th day of the experiment 
which might be related with increased production of hy-
droxyl radicals, increasing the amount of Bcl-2-associated 
X protein (BAX-protein), stimulating the release of cyto-
chrome C from mitochondria with activation of caspase-3 
depended pathway of apoptosis7.  
      Injections of methyltrionolone, synthetic testosteron, 
lead to the reliable increase in the testosterone indicator 

https://www.google.ge/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiZ9LS7963PAhVHWxQKHWZ5ANkQFggeMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FBcl-2-associated_X_protein&usg=AFQjCNE4wAxDGHraoG-Aqrujq-729o6ZbQ
https://www.google.ge/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiZ9LS7963PAhVHWxQKHWZ5ANkQFggeMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FBcl-2-associated_X_protein&usg=AFQjCNE4wAxDGHraoG-Aqrujq-729o6ZbQ
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(although, do not reach the norm figures), but do not 
change the concentration of insulin in the blood (it does 
not differ from the data of the 30th and 45th days of alloxan
-induced diabetes); In addition, the concentration of glu-
cose is significantly reduced and statistically is  no longer 
different from the data of the 15th day of the experiment. 
     Exogenous androgen supplementation significantly 
increases DNA (24%) and RNA (8%) synthesis in liver 
followed by a raise on the amount of polyploid hepato-
cytes in compare with 30th and 45th days of AD model 
(Figure 2), although no increase in the number of Ki-67 
positive hepatocytes was observed. 
      At the 15th day of alloxan-induced diabetes it was ob-
served an increase of hepatic AR expression (Table N 1 
and Diagram 2).  As we previously supposed, this can be 
explained by down-regulation of testosterone and in-

creased number of free AR enabled to interact with radio-
active androgen (H3-methyltrionolone). The further deficit 
of testosterone provoces violent down-regulation of AR 
expression and signaling8.  Methyltrienolone supplementa-
tion leads to upregulation and activation of ARs, which in 
their turn, bind to radioactive H3-methyltrienolone (see 
above Materials and Methods) and increase in AR expres-
sion in liver cells. 
      Our study provides the additional data, that admin-
�L�V�W�U�D�W�L�R�Q���R�I���P�H�W�K�\�O�W�U�L�H�Q�R�O�R�Q�H���U�H�G�X�F�H�V���W�K�H���´�V�W�U�H�V�V�µ���R�I���D�O�O�R�[��
an-induced diabetes in liver cells. The intensification of 
DNA/RNA synthesis in hepatocytes by methyltrienolone 
might be realized through the regeneration of active an-
drogen receptors of liver cells.   
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0.61***  

<0.0001* 
 
<0.0001** 
<0.0001*** 

<0.0001* 
 
<0.0001** 
<0.0001*** 

<0.0001* 
<0.0001** 
<0.0001*** 

<0.0001* 
<0.0001** 
<0.01***  

�9 Methyltrienolone��
�V�X�S�S�O�L�P�H�Q�W�D�W�L�R�Q��
�G�X�U�L�Q�J���������G�D�\�V��

�I�U�R�P�������W�K���G�D�\���R�I��
�'�L�D�E�H�W�H�V 

���������� 
�� 

�������� 

�������� 
�� 

�������� 

�������� 
�� 

�������� 

������������������ 
�� 

���������� 

������������������ 
�� 

���������� 

�������������� 
�� 

���������� 

�������������������������� 

p value 
  

<0.0001* 
0.08** 

<0.0001**
*  

<0.0001**
**  

<0.0001* 
<0.0001** 
0.14***  
0.32****  

<0.0001* 
<0.0001** 
<0.0001*** 
<0.0001****  

<0.0001* 
<0.0001** 
<0.0001*** 
<0.0001****  

<0.0001* 
<0.0001** 
<0.0001*** 
<0.0001****  

<0.0001* 
<0.0001** 
<0.0001*** 
<0.0001****  

<0.0001* 
<0.0001** 
<0.0001*** 
<0.0001****  

Table 1. Blood concentration of glucose, immunoreactive insulin (IRI), testosterone (�L����in rats; activity of nucleic acids (DNA 
and RNA) synthesis; expression of androgen receptor (AR); the hepatocytes ploidy. 
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�&�]�P�í�X�����]�•�Œ�µ�‰�š������ �v�}�Œ�u���o�� ���Œ���Z�]�š�����š�µ�Œ���� �}�(�� �‰���v���Œ�����Ÿ���� �]�•�o���š�•��

�}�v���í�ñ�š�Z���~���•�U���ï�ì�š�Z���~���•�����v�����ð�ñ�š�Z���~���•�������Ç�•���}�(�����o�o�}�Æ���v-�]�v���µ��������

���]�������š���•�X�� 

Necrosis of ��-cell - ;  swelling of the intercellular 

substance - ;  hypertrophy and vacuolization of ��-

cells - ; ��-cells nuclear pyknosis (irregular hyper-

chromic nuclei) -  ; cytoplasmic degenerative changes 

in center of the islet - ; apparent decrease in cell 

density -   
 
 
 

�&�]�P�î�X�� �W�o�}�]���Ç�� �}�(�� �Z���‰���š�}���Ç�š���•�� ���š�� �ï�ì�š�Z�������Ç�� �}�(�� ���o�o�}�Æ���v�� �]�v�r
���µ�����������]�������š���•���~���U�����•�U�����v�������š���í�ñ�š�Z�������Ç���}�(�����Æ�}�P���v�}�µ�•�����v�r
���Œ�}�P���v���•�µ�‰�‰�o���u���v�š���Ÿ�}�v���~���U�����•�X 

���]�‰�o�}�]�����v�µ���o���]��-�� �š���š�Œ���‰�o�}�]�����v�µ���o���]��-��  
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Introduction

���–�� �‹�•�� �‡�•�–�ƒ�„�Ž�‹�•�Š�‡�†�á�� �–�Š�ƒ�–�� �–�Š�‡�� �–�‡�•�–�‘�•�–�‡�”�‘�•�‡�� �†�‡�Ð�‹�…�‹�‡�•�…�›�� �’�”�‘�•�‘�–�‡�•��
�–�Š�‡���†�‡�˜�‡�Ž�‘�’�•�‡�•�–���‘�ˆ���–�Š�‡���•�‡�–�ƒ�„�‘�Ž�‹�…���•�›�•�†�”�‘�•�‡�á���‹�•�•�—�Ž�‹�•���”�‡�•�‹�•�–�ƒ�•�…�‡�á��
�–�›�’�‡���t���†�‹�ƒ�„�‡�–�‡�•���•�‡�Ž�Ž�‹�–�—�•�á���Š�›�’�‡�”�‰�Ž�›�…�‡�•�‹�ƒ�á���ƒ�•���™�‡�Ž�Ž���ƒ�•���†�›�•�Ž�‹�’�‹�†�‡�•�‹�ƒ��
�ƒ�•�†�� �ƒ�”�–�‡�”�‹�ƒ�Ž�� �Š�›�’�‡�”�–�‡�•�•�‹�‘�•�á�� �™�Š�‹�…�Š�á�� �‹�•�� �–�—�”�•�á�� �‹�•�…�”�‡�ƒ�•�‡�•�� �–�Š�‡�� �”�‹�•�•��
�‘�ˆ�� �˜�ƒ�•�…�—�Ž�ƒ�”�� �†�‹�•�‡�ƒ�•�‡�•�� ���s�æ�y���ä�� ���‘�•�˜�‡�”�•�‡�Ž�›�á�� �‹�•�� �–�Š�‡�� �…�ƒ�•�‡�� �‘�ˆ�� �Š�‹�‰�Š�� �Ž�‡�˜�‡�Ž��
�‘�ˆ�� �–�‡�•�–�‘�•�–�‡�”�‘�•�‡�á�� �‹�•�•�—�Ž�‹�•�� �”�‡�•�‹�•�–�ƒ�•�…�‡�� �†�‡�…�”�‡�ƒ�•�‡�•�� �ƒ�•�†�� �–�Š�‡�� �”�‹�•�•�� �‘�ˆ��
�†�‡�˜�‡�Ž�‘�’�•�‡�•�–�� �‘�ˆ�� �†�‹�ƒ�„�‡�–�‡�•�� �‹�•�� �•�‹�‰�•�‹�Ð�‹�…�ƒ�•�–�Ž�›�� �”�‡�†�—�…�‡�†�� ���z�á�{���ä�� ���•��
�ƒ�†�†�‹�–�‹�‘�•�á�� �–�Š�‡�� �†�‡�…�”�‡�ƒ�•�‡�� �‹�•�� �–�Š�‡�� �‹�•�†�‡�š�� �‘�ˆ�� �‹�•�•�—�Ž�‹�•�� �”�‡�•�‹�•�–�ƒ�•�…�‡�� �‹�•�� �‹�•��
�Š�‹�‰�Š�‡�”�� �…�‘�”�”�‡�Ž�ƒ�–�‹�‘�•�� �™�‹�–�Š�� �ˆ�”�‡�‡�� �–�‡�•�–�‘�•�–�‡�”�‘�•�‡�� �–�Š�ƒ�•�� �™�‹�–�Š�� �–�Š�‡�� �–�‘�–�ƒ�Ž��
�–�‡�•�–�‘�•�–�‡�”�‘�•�‡�����w�á�s�r�á�s�s���ä�����—�’�’�Ž�‡�•�‡�•�–�ƒ�–�‹�‘�•���‘�ˆ���–�‡�•�–�‘�•�–�‡�”�‘�•�‡���‹�•���•�ƒ�Ž�‡�•��
�™�‹�–�Š���†�‹�ƒ�„�‡�–�‡�•���•�‡�Ž�Ž�‹�–�—�•���”�‡�†�—�…�‡�•���–�Š�‡���Ž�‡�˜�‡�Ž���‘�ˆ���‰�Ž�—�…�‘�•�‡���‹�•���ˆ�ƒ�•�–�‹�•�‰���ƒ�•�†��
�ƒ�ˆ�–�‡�”���‡�ƒ�–�‹�•�‰�á���ƒ�•���™�‡�Ž�Ž���ƒ�•���Ž�‡�˜�‡�Ž���‘�ˆ���‰�Ž�›�…�‘�•�›�Ž�ƒ�–�‡�†���Š�‡�•�‘�‰�Ž�‘�„�‹�•�����s�t�á�s�u����
�ƒ�•�†���ƒ�Ž�Ž�‘�™�•���–�‘���”�‡�†�—�…�‡���–�Š�‡���†�‘�•�‡���‘�ˆ���–�Š�‡���‹�•�•�—�Ž�‹�•���‹�•���‹�•�•�—�Ž�‹�•�æ�†�‡�’�‡�•�†�‡�•�–��
�’�ƒ�–�‹�‡�•�–�•�����u�á�s�v���ä��

���•�� �–�Š�‹�•�� �„�ƒ�…�•�‰�”�‘�—�•�†�á�� �‹�–�� �‹�•�� �‹�•�–�‡�”�‡�•�–�‹�•�‰�� �–�‘�� �•�‘�–�‡�� �–�Š�ƒ�–�� �–�Š�‡�� �”�‡�•�—�Ž�–�•��
�‘�ˆ�� �•�‡�˜�‡�”�ƒ�Ž�� �•�–�—�†�‹�‡�•�� �†�‡�•�›�� �–�Š�‡�� �•�–�ƒ�–�‹�•�–�‹�…�ƒ�Ž�Ž�›�� �•�‹�‰�•�‹�Ð�‹�…�ƒ�•�–�� �†�‹�ˆ�ˆ�‡�”�‡�•�…�‡��
�„�‡�–�™�‡�‡�•�� �–�Š�‡�� �’�ƒ�–�‹�‡�•�–�•�� �™�‹�–�Š�� �•�‡�–�ƒ�„�‘�Ž�‹�…�� �•�›�•�†�”�‘�•�‡�� �ƒ�•�†�� �–�›�’�‡�� �t��
�†�‹�ƒ�„�‡�–�‡�•�á���–�”�‡�ƒ�–�‡�†���™�‹�–�Š���–�‡�•�–�‘�•�–�‡�”�‘�•�‡���ƒ�•�†���™�‹�–�Š�‘�—�–���‹�–�ä�����Š�‹�•���‹�•�†�‹�…�ƒ�–�‡�•��
�–�Š�‡���•�‡�‡�†���–�‘���…�‘�•�–�‹�•�—�‡���”�‡�•�‡�ƒ�”�…�Š���‹�•���–�Š�‹�•���†�‹�”�‡�…�–�‹�‘�•�����s�w�á�s�x���ä

 
Discussion 

���–�� �‹�•�� �…�‘�•�Ð�‹�”�•�‡�†�� �–�Š�ƒ�–�� �‘�„�‡�•�‹�–�›�� �ƒ�•�†�� �ƒ�•�•�‘�…�‹�ƒ�–�‡�†�� �™�‹�–�Š�� �‹�–��
hyperinsulinemia stimulates the formation of testosterone, 
�„�—�–�� �•�—�’�’�”�‡�•�•�‡�•�� �–�Š�‡�� �•�›�•�–�Š�‡�•�‹�•�� �‘�ˆ�� �•�‡�š�� �Š�‘�”�•�‘�•�‡�� �„�‹�•�†�‹�•�‰�� �‰�Ž�‘�„�—�Ž�‹�•��
���������
�����ƒ�•�†���–�Š�—�•���”�‡�†�—�…�‡�•���–�Š�‡���•�—�•�„�‡�”���‘�ˆ���…�‹�”�…�—�Ž�ƒ�–�‹�•�‰���–�‡�•�–�‘�•�–�‡�”�‘�•�‡��
���s�y�á�s�z���ä�� ���‘�™�� �Ž�‡�˜�‡�Ž�•�� �‘�ˆ�� �–�‡�•�–�‘�•�–�‡�”�‘�•�‡�� �ƒ�•�†�� �������
�� �ƒ�”�‡�� �…�‘�•�•�‹�†�‡�”�‡�†��
�ƒ�•�� �ƒ�� �’�”�‡�†�‹�…�–�‘�”�•�� �‘�ˆ�� �–�Š�‡�� �†�‡�˜�‡�Ž�‘�’�•�‡�•�–�� �‘�ˆ�� �•�‡�–�ƒ�„�‘�Ž�‹�…���•�›�•�†�”�‘�•�‡�� �ƒ�•�†��
�†�‹�ƒ�„�‡�–�‡�•�� �•�‡�Ž�Ž�‹�–�—�•�� �–�›�’�‡�� �t�� ���s�{�á�t�r���� �ƒ�•�†�� �˜�‹�…�‡�� �˜�‡�”�•�ƒ�� ���t�s���ä�� ���•�•�—�Ž�‹�•��
�”�‡�•�‹�•�–�ƒ�•�…�‡�� �‹�•�� �–�Š�‡�� �…�‘�•�†�‹�–�‹�‘�•�� �‘�ˆ�� �–�Š�‡�� �ƒ�•�†�”�‘�‰�‡�•�� �†�‡�Ð�‹�…�‹�‡�•�…�›�� �‹�•�� �Ž�‹�•�‡�Ž�›��
�–�‘�� �„�‡�� �ƒ�•�•�‘�…�‹�ƒ�–�‡�†�� �™�‹�–�Š�� �–�Š�‡�� �…�Š�ƒ�•�‰�‡�•�� �‘�ˆ�� �•�‡�•�•�‹�–�‹�˜�‹�–�›�� �‘�ˆ�� �–�Š�‡�� �•�•�‡�Ž�‡�–�ƒ�Ž��
�•�—�•�…�Ž�‡�� �–�‘�� �‹�•�•�—�Ž�‹�•�ä�� ���ƒ�•�–�”�ƒ�–�‹�‘�•�� �‘�ˆ�� �”�ƒ�–�•�� �…�ƒ�—�•�‡�•�� �–�Š�‡�� �‡�š�’�”�‡�•�•�‡�†��
�‹�•�•�—�Ž�‹�•�� �”�‡�•�‹�•�–�ƒ�•�…�‡�� �‹�•�� �•�•�‡�Ž�‡�–�ƒ�Ž�� �•�—�•�…�Ž�‡�•�á�� �™�Š�‹�…�Š�� �‹�•�� �…�‘�•�’�Ž�‡�–�‡�Ž�›��
�”�‡�•�–�‘�”�‡�†�� �„�›�� �–�”�‡�ƒ�–�•�‡�•�–�� �™�‹�–�Š�� �’�Š�›�•�‹�‘�Ž�‘�‰�‹�…�� �†�‘�•�‡�•�� �‘�ˆ�� �–�‡�•�–�‘�•�–�‡�”�‘�•�‡��
���t�t���ä�� ���‡�•�–�‘�•�–�‡�”�‘�•�‡�á�� �‡�š�…�‡�’�–�� �–�Š�‡�� �‡�ˆ�ˆ�‡�…�–�� �‘�ˆ�� �•�‡�•�•�‹�–�‹�˜�‹�–�›�� �–�‘�� �‹�•�•�—�Ž�‹�•�á��
�…�ƒ�•�� �†�‹�”�‡�…�–�Ž�›�� �‹�•�Ð�Ž�—�‡�•�…�‡�� �‘�•�� �’�ƒ�•�…�”�‡�ƒ�–�‹�…�� �>�æ�…�‡�Ž�Ž�•�� ���t�u���ä�� �	�‘�Ž�Ž�‘�™�‹�•�‰�� �–�Š�‡��
�ƒ�•�†�”�‘�‰�‡�•�� �•�—�’�’�”�‡�•�•�‹�‘�•�� �–�Š�‡�”�ƒ�’�›�� �‡�š�’�”�‡�•�•�‡�†�� �Š�›�’�‡�”�‰�Ž�›�…�‡�•�‹�ƒ�� �ƒ�•�†��
�>�æ�…�‡�Ž�Ž�•�� �ˆ�—�•�…�–�‹�‘�•�� �ˆ�ƒ�‹�Ž�—�”�‡�� �ƒ�”�‡�� �”�‡�˜�‡�ƒ�Ž�‡�†�� ���t�v���á�� �™�Š�‹�Ž�‡�� �•�–�”�‡�’�–�‘�œ�‘�–�‘�…�‹�•�æ
�‹�•�†�—�…�‡�†���‡�ƒ�”�Ž�›���ƒ�’�‘�’�–�‘�–�‹�…���†�ƒ�•�ƒ�‰�‡���‘�ˆ���>�æ�…�‡�Ž�Ž�•���‹�•���…�ƒ�•�–�”�ƒ�–�‡�†���ƒ�•�‹�•�ƒ�Ž�•���‹�•��
�’�”�‡�˜�‡�•�–�‡�†���„�›���–�‡�•�–�‘�•�–�‡�”�‘�•�‡���”�‡�’�Ž�ƒ�…�‡�•�‡�•�–���–�Š�‡�”�ƒ�’�›�����t�w���ä��
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Abstract

���Š�‡�� ���•�Ð�Ž�—�‡�•�…�‡�� �‘�ˆ�� �ƒ�•�†�”�‘�‰�‡�•�•�� �‘�•�� �†�‹�ƒ�„�‡�–�‡�•�� �•�‡�Ž�Ž�‹�–�—�•�� �‹�•�� �ƒ�� �•�—�„�Œ�‡�…�–�� �‘�ˆ�� �‡�š�–�‡�•�•�‹�˜�‡�� �†�‹�•�…�—�•�•�‹�‘�•�ä�� ���‡�•�–�‘�•�–�‡�”�‘�•�‡�� �‡�ˆ�ˆ�‡�…�–�� �‹�•�� �…�Ž�‹�•�‹�…�ƒ�Ž�� �–�”�‹�ƒ�Ž�•�� �…�‘�•�•�‘�•�Ž�›�� �‹�•��
�‡�˜�ƒ�Ž�—�ƒ�–�‡�†���‹�•���’�ƒ�–�‹�‡�•�–�•���™�‹�–�Š���†�‹�ƒ�„�‡�–�‡�•���–�›�’�‡���t�ä�����•���ƒ�†�†�‹�–�‹�‘�•�á���–�Š�‡���•�–�—�†�‹�‡�•���…�‘�•�†�—�…�–�‡�†���‘�•���‡�š�’�‡�”�‹�•�‡�•�–�ƒ�Ž���•�‘�†�‡�Ž�•���‘�ˆ���†�‹�ƒ�„�‡�–�‡�•�����ƒ�Ž�Ž�‘�š�ƒ�•�æ���ƒ�•�†���•�–�”�‡�’�–�‘�œ�‘�–�‘�…�‹�•�æ
�‹�•�†�—�…�‡�†���†�‹�ƒ�„�‡�–�‡�•�����ƒ�Ž�•�‘���•�Š�‘�™�‡�†���’�‘�•�‹�–�‹�˜�‡���‡�ˆ�ˆ�‡�…�–�•���‘�ˆ���ƒ�•�†�”�‘�‰�‡�•�ä�����‘�•�•�‹�†�‡�”�‹�•�‰���–�Š�ƒ�–���‡�š�’�‡�”�‹�•�‡�•�–�ƒ�Ž���†�‹�ƒ�„�‡�–�‡�•���‹�•���•�‘�”�‡���‹�•���Ž�‹�•�‡���™�‹�–�Š���†�‹�ƒ�„�‡�–�‡�•���–�›�’�‡���s�á���‹�–���…�ƒ�•���„�‡��
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Conclusion
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reziume

�%�5�$�)��antisxeulebis  eqspresia  farisebri  
jirkvlis  sxva d asxva tipis kvan Zovani d a- sxvad asxva tipis kvan Zovani d a-sxvad asxva tipis kvan Zovani d a- tipis kvan Zovani d a-tipis  kvanZovani d a- kvanZovani d a-kvanZovani  d a- d a-d a-
zianebis  dros

e. barabaZe, v. munjiSvili, g. burkaZe

daviT tvildianis sax. samedicino univer -
siteti, Tbilisi, saqarTvelo

kvlevis mizans warmoadgenda �%�5�$�)��an-
tisxeulis eqspresiis Sefaseba farisebri 
jirkvlis gansxvavebuli histoti pis da 
agresiulobis mqone kvanZovani dazianebebis 
pirobebSi.  qirurgiuli CareviT miRebul 
54  SemTxvevaze Catarda imunohistoqimiuri 

kvleva. SemTxvevebi moicavda avTvisebian 
da keTilTvisebian procesebs da dajgufda 
simsivnis agresiulobis mixedviT. kvlevisT -
vis gamoyenebuli iyo Semdegi antisxeulebi: 
�%�5�$�)��antisxeuli �����&�'�����������&�.�����������+�%�0�(������da���.�,��
������ adenomuri hiperplaziis da folikuluri 
adenomebis SemTxvevaSi �%�5�$�)��antisxeulis 
dadebiTi eqspresia ar gamovlinda. papila -
ruli karcinomis inkafsulirebuli formebi 
sustad dadebiTi, an uaryofiTi aRmoCnda 
�%�5�$�) antisxeulis mimarT. AmiRebulma 
Sedegma gaamyara hipoTeza imis Sesaxeb, rom 
papilaruli karcinomis inkafsulirebul 
formebs SedarebiT mSvidi mimdinareoba 
axasiaTebs da genetikurad gansxvavdeba in -
filtraciuli simsivneebisagan. papilaruli 
mikrokarcinomebis SemTxvevaTa 55,5%-Si �%�5�$�)��
antisxeuli eqspresirda, rac miuTiTebs, rom 
am tipis simsivneebisadmi rekomendebulia 
meti sifrTxiliT midgoma. kvlevaSi CarTul 
histopaTologiur jgufebs Soris �%�5�$�)��an-
tisxeulis eqspresia matulobda simsivnis 
agresiulobis zrdasTan erTad ���3����,005). 
papilaruli karcinomis yvela SemTxvevam 
eqstraTireoiduli gavrcelebiT, an mul -
ticentruli dazianebiT gamoavlina �%�5�$�)��
antisxeulis mkveTri eqspresia.
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�W�K�H���X�V�H���R�I���V�X�U�J�L�F�D�O���W�R�R�O�V����

�)�R�U�� �W�K�H�� �K�L�V�W�R�O�R�J�L�F�D�O�� �L�Q�Y�H�V�W�L�J�D�W�L�R�Q�� �R�I�� �S�D�Q�F�U�H�D�W�L�F�� �D�Q�G��
�O�L�Y�H�U���W�L�V�V�X�H�V�����W�K�H�L�U���I�U�D�J�P�H�Q�W�V���Z�H�U�H���¿�[�H�G���L�Q���������I�R�U�P�D�O�G�H-
�K�\�G�H�� �S�U�H�S�D�U�H�G�� �R�Q�� ���������������� �S�+�� �S�K�R�V�S�K�D�W�H�� �E�Xu�H�U�� �D�Q�G�� �O�D�W�H�U��
�H�P�E�H�G�G�H�G���L�Q���W�K�H���S�D�U�Dv�Q���D�F�F�R�U�G�L�Q�J���W�R���V�W�D�Q�G�D�U�G���S�U�R�W�R�F�R�O�V����
���������—�P���W�K�L�F�N���V�D�P�S�O�H�V���Z�H�U�H���V�W�D�L�Q�H�G���Z�L�W�K���K�H�P�D�W�R�[�\�O�L�Q���H�R�V�L�Q��
���+�	�(�������7�K�H���V�O�L�F�H�V���Z�H�U�H���V�W�X�G�L�H�G���E�\���O�L�J�K�W���P�L�F�U�R�V�F�R�S�H�����0�L-
�F�U�R�V�����H�T�X�L�S�S�H�G���Z�L�W�K���D���G�L�J�L�W�D�O���F�D�P�H�U�D���������D�Q�L�P�D�O�V���I�U�R�P���H�D�F�K��
�J�U�R�X�S���Z�H�U�H���V�X�E�M�H�F�W�H�G���W�R���P�R�U�S�K�R�P�H�W�U�L�F���D�Q�D�O�\�V�L�V�����������V�D�P�S�O�H�V��
�Z�H�U�H���V�W�X�G�L�H�G���I�U�R�P���H�D�F�K���D�Q�L�P�D�O�����$�G�R�E�H���3�K�R�W�R�V�K�R�S���V�R�I�W�Z�D�U�H��
�Z�D�V���X�V�H�G���W�R���G�H�W�H�U�P�L�Q�H���W�K�H���D�Y�H�U�D�J�H���V�L�]�H���R�I���W�K�H���S�D�Q�F�U�H�D�W�L�F��
�L�V�O�H�W�V�����W�K�H���D�U�H�D���R�F�F�X�S�L�H�G���E�\���W�K�H���L�V�O�H�W�V�����P�H�D�V�X�U�H�G���L�Q���—�P�������D�V��
�Z�H�O�O���D�V���W�R���P�H�D�V�X�U�H���W�K�H���D�U�H�D�V���R�I���Q�H�F�U�R�W�L�F���I�R�F�L���L�Q���W�K�H���L�V�O�H�W�V����
�7�K�H���G�H�J�U�H�H���R�I���W�K�H���O�L�Y�H�U���G�D�P�D�J�H���Z�D�V���D�V�V�H�V�V�H�G���E�\�������S�R�L�Q�W�V��
�³�Y�L�V�X�D�O���V�F�D�O�H�´�����Z�K�H�U�H���³���´���F�R�U�U�H�V�S�R�Q�G�V���W�R���W�K�H���Q�R�U�P�����S�U�D�F�W�L-
�F�D�O�O�\���Z�L�W�K�R�X�W���F�K�D�Q�J�H�V�����D�Q�G���³���´�������Z�L�W�K���V�H�Y�H�U�H���G�H�J�H�Q�H�U�D�W�L�Y�H��
���Q�H�F�U�R�W�L�F�����F�K�D�Q�J�H�V������

Results and thier discussion. �7�K�H���V�W�U�X�F�W�X�U�H���R�I���S�D�Q-
�F�U�H�D�W�L�F���L�V�O�H�W�V���D�Q�G���O�L�Y�H�U���W�L�V�V�X�H���R�I���W�K�H���U�D�W�V���L�Q���W�K�H���F�R�Q�W�U�R�O���J�U�R�X�S��
�Z�H�U�H���L�Q���I�X�O�O���F�R�P�S�O�L�D�Q�F�H���Z�L�W�K���W�K�H���V�W�D�Q�G�D�U�G���P�R�U�S�K�R�O�R�J�\���R�I��
�W�K�H�V�H���W�L�V�V�X�H�V���L�Q���U�R�G�H�Q�W�V�����G�H�V�F�U�L�E�H�G���L�Q���Q�X�P�H�U�R�X�V���V�W�X�G�L�H�V����

�,�Q���S�D�U�W�L�F�X�O�D�U�����W�K�H���S�D�Q�F�U�H�D�W�L�F���L�V�O�H�W�V���D�U�H���G�L�V�W�L�Q�J�X�L�V�K�H�G��
�D�V���Q�R�Q���H�Q�F�D�S�V�X�O�D�W�H�G�����F�R�P�S�D�U�D�W�L�Y�H�O�\���S�D�O�H���F�R�O�R�U�H�G���U�R�X�Q�G��
�R�U���R�Y�D�O���D�U�H�D�V���I�R�U�P�H�G���E�\���W�K�H���Y�D�U�L�R�X�V���F�H�O�O���J�U�R�X�S�V���V�H�S�D�U�D�W�H�G��
�E�\���W�K�H���F�D�S�L�O�O�D�U�\���Q�H�W�Z�R�U�N�����7�K�H�\���D�U�H���Z�H�O�O���L�V�R�O�D�W�H�G���I�U�R�P���W�K�H��
�D�G�M�D�F�H�Q�W���H�[�R�F�U�L�Q�H���W�L�V�V�X�H�����0�D�L�Q�O�\�������F�H�O�O�V���D�U�H���O�R�F�D�W�H�G���L�Q��
�W�K�H���F�H�Q�W�H�U���R�I���W�K�H���L�V�O�H�W�V�����K�R�Z�H�Y�H�U�����U�D�U�H�O�\���W�K�H�\���F�D�Q���F�U�H�D�W�H��
�W�K�H�� �U�R�Z�� ���F�H�O�O�� �O�L�Q�H���� �E�R�U�G�H�U�L�Q�J�� �W�K�H�� �L�V�O�H�W�V�� �I�U�R�P�� �W�K�H�� �W�L�V�V�X�H��
�R�I���W�K�H���H�[�R�F�U�L�Q�H���S�D�Q�F�U�H�D�V�����V�L�P�L�O�D�U�O�\���W�R���³�E�R�U�G�H�U�L�Q�J���S�O�D�W�H�´��
�L�Q���W�K�H���O�L�Y�H�U�������)�L�J�������$������
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Figure 1.
A. Pancreatic islets with endocrine cells. Control 

group. H&E Obj.x20, Oc.x15. 
�%����Disrupted normal architecture of pancreatic is-

lets on 15th day of Alloxan-induced diabetes. H&E Obj.
x20, Oc.�[���������Q�H�F�U�R�V�L�V���R�I�������F�H�O�O�������������������V�Z�H�O�O�L�Q�J���R�I���W�K�H���L�Q�W�H�U-
cellular substance -      ; hypertrophy and vacuolization of 
��-cells   -    ; ��-cells nuclear pyknosis (irregular hyper-

chromic nuclei) -   . 
C. Structure of pancreatic islets on 30th day after 

Alloxan-induced diabetes. Combination of necrotic foci 
with less damaged cells. H&E Obj.x20, Oc.x15. Degenera-
tive changes in the islet -  .

D. Structure of pancreatic islets after 15-days treat-
ment with methyltrienolone. The cellular composition is 
almost similar to normal. H&E Obj.x20, Oc.x15. 

E. Liver tissue on 30th day of Alloxan-induced dia-
betes. H&E Obj.x20, Oc.x15. 

F.  Liver tissue after 15-days treatment with methyl-
trienolone. H&E Obj.x20, Oc.x15. 

�+�H�S�D�W�R�F�\�W�H�V�� �D�U�H�� �R�U�J�D�Q�L�]�H�G�� �L�Q�W�R�� �S�O�D�W�H�V�� �V�H�S�D�U�D�W�H�G�� �E�\��
�Y�D�V�F�X�O�D�U�� �F�K�D�Q�Q�H�O�V�� ���V�L�Q�X�V�R�L�G�V������ �0�D�M�R�U�L�W�\�� �R�I�� �K�H�S�D�W�R�F�\�W�H�V��
�F�R�Q�W�D�L�Q�� �W�K�H�� �V�L�Q�J�O�H�� �G�L�S�O�R�L�G�� �Q�X�F�O�H�L���� �H�[�F�H�S�W�� �I�R�U�� �V�R�P�H�� �F�D�V�H�V��
�Z�K�H�U�H���W�K�H���Q�X�F�O�H�L���D�U�H���W�H�W�U�D�S�O�R�L�G����

�'�H�V�W�U�X�F�W�L�Y�H�� �F�K�D�Q�J�H�V�� �L�Q�� �����F�H�O�O�V�� �Z�H�U�H�� �U�H�Y�H�D�O�H�G���L�Q�� �W�K�H��
�D�Q�L�P�D�O�V���R�I���D�O�O���H�[�S�H�U�L�P�H�Q�W�D�O���J�U�R�X�S�V���Z�L�W�K���$�,�'�0�����7�K�L�V���F�D�Q��
�E�H���H�[�S�O�D�L�Q�H�G���E�\���W�K�H���W�D�U�J�H�W�L�Q�J���G�D�P�D�J�H���R�I�������F�H�O�O�V���E�\���$�O�O�R�[�D�Q��
���W�K�L�V���V�S�H�F�L�¿�F���Hu�H�F�W���V�H�U�Y�H�V���D�V���D���E�D�V�L�V���I�R�U���W�K�H���P�R�G�H�O�L�Q�J���R�I��
�G�L�D�E�H�W�H�V�����>�����@��

�:�L�W�K�L�Q���������G�D�\�V���R�I���$�,�'�0�����W�K�H���G�H�J�H�Q�H�U�D�W�L�Y�H���F�K�D�Q�J�H�V��
�D�Q�G���Q�H�F�U�R�W�L�F���O�H�V�L�R�Q�V���Z�H�U�H���P�R�V�W�O�\���H�[�S�U�H�V�V�H�G���L�Q���W�K�H���S�D�Q�F�U�H�D�W�L�F��
�L�V�O�H�W�V�� �Z�K�L�F�K�� �D�U�H�� �D�G�M�D�F�H�Q�W���W�R���W�K�H�� �O�D�U�J�H�� �E�O�R�R�G���Y�H�V�V�H�O�V�����7�K�H��
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�Q�H�F�U�R�W�L�F���F�K�D�Q�J�H�V���Z�H�U�H���U�H�Y�H�D�O�H�G���L�Q���S�D�U�W���R�I���W�K�H�������F�H�O�O�V�����V�R�P�H��
�R�I���W�K�H�P���X�Q�G�H�U�Z�H�Q�W���Y�D�F�X�R�O�L�]�D�W�L�R�Q�����Z�K�L�O�H���R�W�K�H�U�V���H�[�S�U�H�V�V�H�G��
�S�D�O�H���F�R�O�R�U�H�G���S�\�N�Q�R�W�L�F���Q�X�F�O�H�L�����6�R�P�H�W�L�P�H�V���W�K�H���G�H�J�H�Q�H�U�D�W�L�Y�H��
�F�K�D�Q�J�H�V���Z�H�U�H���Y�L�Y�L�G�O�\���V�H�H�Q���D�W���W�K�H���S�H�U�L�S�K�H�U�\���R�I���L�V�O�H�W�V�����Z�K�H�U�H��
�W�K�H�� �³�Z�K�L�W�H�´�� �Y�D�F�X�R�O�D�W�H�G�� �F�H�O�O�V�� �I�R�U�P�H�G�� �³�E�R�U�G�H�U�L�Q�J�� �S�O�D�W�H�´����
�K�R�Z�H�Y�H�U�����P�R�U�H���R�I�W�H�Q���W�K�H���F�K�D�Q�J�H�V���Z�H�U�H���V�H�H�Q���F�H�Q�W�U�D�O�O�\���±���Z�H�U�H��
�Y�D�F�X�R�O�L�]�H�G���R�U���I�R�D�P���O�L�N�H���F�H�O�O�V���Z�L�W�K���W�U�D�Q�V�S�D�U�H�Q�W���F�\�W�R�S�O�D�V�P��
�Z�H�U�H���J�U�R�X�S�H�G���L�Q���W�K�H���F�O�X�P�S�V�����'�H�V�S�L�W�H���F�R�O�O�L�T�X�D�W�L�R�Q���R�I���W�K�H���S�D�U�W��
�R�I���W�K�H���G�D�P�D�J�H�G���F�H�O�O�V�����W�K�H���L�V�O�H�W�V���Z�H�U�H���V�K�U�X�Q�N�����G�X�H���W�R���Z�K�L�F�K��
�W�K�H���L�G�H�Q�W�L�¿�F�D�W�L�R�Q���R�I���F�D�S�L�O�O�D�U�\���O�X�P�H�Q�V���D�V���Z�H�O�O���D�V���W�K�H���H�Q�G�R-
�W�K�H�O�L�R�F�\�W�H�V���Z�D�V���G�Lv�F�X�O�W�����$�W���W�K�H���V�D�P�H���W�L�P�H�����W�K�H���H�S�L�W�K�H�O�L�X�P��
�R�I���S�D�Q�F�U�H�D�W�L�F���D�F�L�Q�L�����E�O�R�R�G���Y�H�V�V�H�O�V���R�I���Y�D�U�L�R�X�V���G�L�D�P�H�W�H�U�V���D�Q�G��
�F�R�Q�Q�H�F�W�L�Y�H���W�L�V�V�X�H���V�W�U�X�F�W�X�U�H�V���P�D�L�Q�W�D�L�Q�H�G���W�K�H���Q�R�U�P�D�O���V�W�U�X�F�W�X�U�H��
���Y�D�F�X�R�O�L�]�D�W�L�R�Q���R�I���W�K�H���F�\�W�R�S�O�D�V�P���L�Q���W�K�H���F�H�O�O�V���R�I���V�R�P�H���D�F�L�Q�L��
�P�D�\���E�H���U�H�J�D�U�G�H�G���D�V���D�Q���H�[�F�H�S�W�L�R�Q���������)�L�J���������%����

�$�O�O���G�H�V�F�U�L�E�H�G���F�K�D�Q�J�H�V���D�U�H���W�\�S�L�F�D�O���I�R�U���$�,�'�0���L�Q���U�R�G�H�Q�W�V��
�D�Q�G���L�Q�G�L�F�D�W�H���W�K�D�W���V�X�E�V�W�D�Q�W�L�D�O���G�D�P�D�J�H���R�I���L�V�O�H�W�V���G�L�U�H�F�W�O�\���F�R�U�U�H-
�O�D�W�H�V���Z�L�W�K���W�K�H���F�K�D�Q�J�H�V���L�Q���L�Q�V�X�O�L�Q���D�Q�G���J�O�X�F�R�V�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V��
�L�Q���E�O�R�R�G�����D�V���L�W���Z�D�V���V�K�R�Z�Q���S�U�H�Y�L�R�X�V�O�\���>�����@�����,�W���L�V���D�V�V�X�P�H�G���W�K�D�W��
�G�H�D�W�K���R�I�������F�H�O�O�V�����Z�K�L�F�K���P�D�\���E�H���H�[�S�U�H�V�V�H�G���E�\���Q�H�F�U�R�V�L�V���R�U��
�F�D�V�S�D�V�H���G�H�S�H�Q�G�H�Q�W���D�S�R�S�W�R�V�L�V�����U�H�S�U�H�V�H�Q�W�V���³�Z�H�O�O���H�V�W�D�E�O�L�V�K�H�G�´��
�V�W�D�J�H���R�I�� �H�[�S�H�U�L�P�H�Q�W�D�O���G�L�D�E�H�W�H�V���>���@���� �&�R�Q�V�L�G�H�U�L�Q�J���W�K�H���I�D�F�W����
�W�K�D�W���R�Q�������W�K���G�D�\���R�I���H�[�S�H�U�L�P�H�Q�W�D�O���G�L�D�E�H�W�H�V�����W�K�H���Q�X�P�E�H�U���R�I��
�F�H�O�O�V���Z�L�W�K���Q�H�F�U�R�W�L�F���F�K�D�Q�J�H�V���H�Y�L�G�H�Q�W�O�\���S�U�H�Y�D�L�O���W�K�H���Q�X�P�E�H�U���R�I��
�F�H�O�O�V���Z�L�W�K���D�S�R�S�W�R�W�L�F���E�R�G�L�H�V�����W�K�H�V�H���E�R�G�L�H�V���Z�H�U�H���U�H�Y�H�D�O�H�G���L�Q��
�R�Q�O�\���V�P�D�O�O���Q�X�P�E�H�U���R�I�������F�H�O�O�V�������L�W���P�L�J�K�W���E�H���F�R�Q�F�O�X�G�H�G���W�K�D�W��
�'�L�D�E�H�W�H�V���K�D�V���Q�R�W���V�W�L�O�O���U�H�D�F�K�H�G���W�K�H���S�H�D�N���R�I���L�W�V���G�H�Y�H�O�R�S�P�H�Q�W��
�R�Q���W�K�H�������W�K���G�D�\���R�I���W�K�H���$�O�O�R�[�D�Q���L�Q�M�H�F�W�L�R�Q��

�2�Q�� �W�K�H�� �����W�K�� �G�D�\�� �I�U�R�P���$�,�'�0���� �W�K�H�� �P�R�U�S�K�R�O�R�J�\�� �R�I��
�S�D�Q�F�U�H�D�W�L�F���L�V�O�H�W�V���U�H�Y�H�D�O�H�G���W�K�H���F�K�D�Q�J�H�V���R�I���W�K�H���V�D�P�H���W�\�S�H���D�V��
�R�Q���W�K�H���G�D�\�������W�K�����+�H�U�H�E�\�����W�K�H���L�Q�W�H�Q�V�L�W�\���R�I���G�D�P�D�J�H���L�Q���V�R�P�H��
�L�V�O�H�W�V���Z�D�V���V�L�J�Q�L�¿�F�D�Q�W�O�\���K�L�J�K�����Z�K�L�F�K���Z�D�V���H�[�S�U�H�V�V�H�G���L�Q���D�O-
�W�H�U�Q�D�W�L�Q�J���Q�H�F�U�R�W�L�F���I�R�F�L���D�Q�G���O�H�V�V���G�D�P�D�J�H�G���F�H�O�O�V�������)�L�J���������&������
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Diagram. Change of islet area and areas of necrotic foci 
on various terms of Alloxan-induced diabetes and after 
treatment with methyltrienolone
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testosteronis gavlena virTagvis pankreasis 
kunZulebis da RviZlis qsovilis morfolo -
giur cvlilebebze aloqsanuri diabetis 
pirobebSi
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gamokvleulia egzogenuri testosteronis 
(meTiltrienolonis) roli pankreasis kun -
Zulebis da RviZlis qsovilis dazianebuli 
ujredebis koreqciaSi aloqsanuri diabetis 
dros. Ddiabetis modelireba ganxorcielda 
aloqsanis erTjeradi SeyvaniT intraperito -
nealurad, doziT 2,0 mg 10g wonaze. pankreasis 

da RviZlis qsovilis gamokvleva xdeboda 
parafinSi Cayalibebul da hematoqsiliniTa 
da eoziniT SeRebil 3-4  mkm-is sisqis anaT-
lebze, xolo pankreasis qsovilis histolo -
giur anaTlebze -  kunZulebis identifika -
cia da masSi ��-ujredebis raodenobis da 
dazianebis xarisxis Sefaseba. kompiuterul 
programa …�$�G�R�E�H�� �3�K�R�W�R�V�K�R�S-is gamoyenebiT 
izomeboda pankreasis kunZulebis da maTSi 
nekrozuli ubnebis farTobi. RviZlis da -
zianebis xarisxi fasdeboda 5-baliani “vi -
zualuri skaliT”. 
aloqsaniT gamowveuli eqsperimentuli 
diabetis pirobebSi gamovlinda pankreasis 
kunZulebisa da RviZlis qsovilis degenera-
ciuli cvlilebebi, romelTa intensivobac 
korelaciaSia diabetis modelirebidan ga -
sul drosTan. Ees cvlilebebi Seesabameba im 
metabolur darRvevebs, romlebic aRwerilia 
d iabetis r o go rc sxva d asxva eqsperimentuli 
modelis, ise klinikuri mimdinareobis dina-
mikaSi. 
aloqsanuri diabetis testosteroniT (meTil -
trienoloniT) mkurnalobis fonze aRiniSna 
pankreasis kunZulebis da RviZlis qsovilis 
struqturul cvlilebaTa reversia. A
amdenad, eqsperimentuli diabetiT cxovelebis 
testosteroniT mkurnaloba koreqcias uwevs 
ara marto darRveul bioqimiur maCveneblebs 
(rogorc adre iyo aRwerili), aramed, pankrea -
sisa da RviZlis morfologiuri struqturis 
paTologiur cvlilebebsac. 
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