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���¸É�1 

���Îµ 

1.1 �ªµ¤Á�}�¤µÂ¨³�ªµ¤­Îµ�´��°��{�®µ 

�µ¦�»��µ¤�n°­»�£µ¡�°�¤�»¬¥r�µ��¨�°�Ã¨®³®�́��nµ��Ç��́Ê��®¨´��Ç�Â¨oªÁ�·��µ��µ¦
­´¤�́­­µ¦�³�´Éª��Â��Á¤¸¥¤���¦°���Â¨³­µ¦®�¼�Ã¨®³®�́��¼�Ä�o°¥nµ�Â¡¦n®¨µ¥¤µ�µ��ªnµ¡´��e�
Â¤oªnµ�¨Á­¸¥�n°­»�£µ¡�µ�Ã¨®³®�́��³Á�}��¸É�¦µ��´��̧¤µÁ�}�Áª¨µ�µ�Â¨oª�Â�n�µ¦­´¤�́­�n°­µ¦
Ã¨®³®�́�¥´���¤¸°¥¼n°¥nµ��n°Á�ºÉ°��Â¨³¥´�Á¡·É¤�¹Ê�Ä��µ��¦·Áª��°�Ã¨�°̧��oª¥��{��»�´��̧Ê�µ¦Ä�o
Â��Á¤¸¥¤¥´��¼�Ä�o°¥nµ�Â¡¦n®¨µ¥Ä�Â��Á�°¦̧É�(re-chargeable nickel-cadmium batteries) �µ¦­¼�
�»®¦̧É�ÈÁ�}�­µÁ®�»Ä®�n�¸É�ÎµÄ®oÅ�o¦́�Â��Á¤¸¥¤��o°¤¼¨Á¦Èª�Ç��̧Ê�n��¸Êªnµ�¨Á­¸¥�n°­»�£µ¡�µ��µ¦­´¤�́­
Â��Á¤¸¥¤­µ¤µ¦�Á�·��¹Ê�Å�oÂ¤oÅ�o¦́�Â��Á¤¸¥¤Ä��¦·¤µ�Á¨È��o°¥�­nª�­µ¦�¦°��́Ê�Å�o¦́�¤µ�µ�
°µ®µ¦Ã�¥¤¸�¨µÁ�}�Â®¨n��¸É­Îµ�´��¦ª¤�¹��µ¦°»�¢{�Ã�¥Ä�o­µ¦°¤´¨�´¤�oª¥�Ä��nª�«�ª¦¦¬�¸É�nµ�
¤µ��µ¦Â¡¦n�¦³�µ¥�°�­µ¦�³�´ÉªÅ�­¼n°µ�µ«¦°��µ¥Á¦µ­n��¨Ä®oÁ�·�¤¨£µª³�µ�°µ�µ«°¥nµ�¤µ��
­nª�Ä®�nÅ�o¤µ�µ��µ¦Á�µÅ®¤o�°��ÊÎµ¤´�Á���·���µ��o°¤¼¨Á¦Èª�Ç��̧Ê�¸Êªnµ�³�´Éª°µ��³¤¸�¨�n°¦³��
�¦³­µ�Â¤oÁ¡¸¥�¦³�́��°�­µ¦�³�´ÉªÄ��¦·¤µ��¸É�ÉÎµ�ªnµ�nµ�¸É�µ��µ¦�rÅªo��µ¦­´¤�́­�´�­µ¦®�¼
Ã�¥¤µ�Å�o¦́�¤µ�´�°µ®µ¦Â¨³�ÊÎµ�ºÉ¤��µ¦Å�o¦́�­µ¦®�¼Á�}�¦³¥³Áª¨µ�µ��µ�Â®¨n��ÊÎµ�ºÉ¤�³
­´¤¡´��r�´��µ¦Á¡·É¤�ªµ¤Á­¸É¥��n°Ã¦�¤³Á¦È��·ª®�́��Â¨³°µ��³­´¤¡´��r�´�¤³Á¦È�°ºÉ��Ç��oª¥�(Jarup, 
2003) 

¤¸�µ¦«¹�¬µª·�́¥¤µ�¤µ¥°¥nµ��n°Á�ºÉ°�Á�¸É¥ª�´�­µ¦Ã¨®³®�́��nµ�ÇÁ®¨nµ�̧Ê��µ¦«¹�¬µ­nª�
®�¹É�¡�ªnµ�EDTA Chelation Therapy ¤¸�¦³­·��·�¨Ä��µ¦¦́�¬µ°µ�µ¦¡·¬�µ�­µ¦�³�´ÉªÂ¨³/®¦º°
­µ¦Ã¨®³®�́���·�°ºÉ�Å�o��µ¦«¹�¬µ�¨�°��µ¦�Îµ�¸Á¨�´��°��µ��³�Îµ�µ¦ª́��¦·¤µ��°�­µ¦
Ã¨®³®�́��nµ�Ç��µ�Á¨º°�®¦º°�{­­µª³Ã�¥�¦�Â¨oª�¥´�¤¸�µ¦�¦ª�Â��®�¹É��¸ÉÁ¦̧¥�ªnµ�Live Blood 
Analysis �¹É�Á�}��µ¦�¦ª��¸ÉÅ¤n¥»n�¥µ��Ã�¥Ä�o�́ª°¥nµ�Á¨º°�Á¡¸¥��1-2 ®¥��µ��¨µ¥�·Êª Ã�¥Ä�
�µ�ª·�́¥�̧ÊÅ�o�Îµ�µ¦«¹�¬µ�¨�°��µ¦�Îµ�¸Á¨�´��n°£µª³�Rouleau Formation Â¨³��µ��°��Crystal 
�µ��¨�Live Blood Analysis�Á¡ºÉ°�nª¥­�́�­�»��¨�°��µ¦�Îµ�¸Á¨�´�Ä®o¤¸®¨´��µ��µ��µ¦Â¡�¥r
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¤µ�¥·É��¹Ê� Â¨³�µ¦�¼ Crystal �µ��¨ Live Blood Analysis Ä��µ��¦́Ê�¥´�¤¸�o°­�­´¥ªnµ Crystal 
�¸ÉÁ®È��µ��¨ Live Blood Analysis �́Ê�Á�}� Artifact �µ� »i�¨³°°�®¦º°Å¤n �µ¦«¹�¬µª·�́¥Á�¦̧¥��
Á�¸¥���µ��°� Crystal �µ�­Å¨�r�¸É�nµ��µ¦Á�È�Â¨³Å¤nÁ�È��Îµ�ªµ¤­³°µ��oª¥�¦³�µ¬�/LQW�)UHH�
7LVVXH �¹É�Á�}��¦³�µ¬Á�È��Îµ�ªµ¤­³°µ��¸ÉÅ¤n�n°Ä®oÁ�·��¦µ�¦·Êª¦°¥�´��·ª­´¤�́­�n°��¹�¤̧�ªµ¤­Îµ�́� 
Ä��µ¦�¦́��¦»�Á���·��µ¦�¦ª� Live Blood Analysis Ä®o¤̧¤µ�¦�µ�¤µ�¥·É��¹Ê� 

1.2 ª´��»�¦³­��r�°�Ã�¦��µ¦ª·�´¥/�µ¦«¹�¬µ  

   ����� Á¡ºÉ°«¹�¬µ�¨�°��µ¦�Îµ�¸Á¨�´��n°��µ��°��&U\VWDO��µ��¨�/LYH�%ORRG�$QDO\VLV 
   ����� Á¡ºÉ°«¹�¬µ�¨�°��µ¦�Îµ�¸Á¨�´��n°�5RXOHDX�)RUPDWLRQ��µ��¨�/LYH�%ORRG�$QDO\VLV 
   ����� Á¡ºÉ°Á�¦̧¥�Á�¸¥���µ��°��&U\VWDO��µ��¨�/LYH�%ORRG�$QDO\VLV��n°�Â¨³®¨´��µ¦
Á�È��6OLGH��oª¥�¦³�µ¬�/LQW�)UHH�7LVVXH 

1.3 �ªµ¤­Îµ�´��°��µ¦ª·�´¥ 

����� Á¡ºÉ°�ÎµÄ®o�µ¦�Îµ�Live Blood Analysis �̧Ê¤¸®¨´��µ��µ��µ¦Â¡�¥rÁ¡·É¤�¹Ê� 
����� Á¡ºÉ°Ä®o�Live Blood Analysis ¤¸­nª��nª¥­�́�­�»��¹��¨�°��µ¦Å�o¦́��¸Á¨�´� 
����� Á¡ºÉ°�Îµ�o°¤¼¨Á�¸É¥ª�´��¨�¸ÉÅ�o®¨´��µ¦Ä�o�¦³�µ¬�/LQW�)UHH�7LVVXH�¤µ�¦́�Á�¨¸É¥�

Á���·�Ä��µ¦�¦ª��Live Blood analysis Ä®o¤¸�ªµ¤�nµÁ�ºÉ°�º°¤µ��¹Ê�  

1.4 ­¤¤�·�µ��µ¦ª·�´¥ 

����� �µ¦�Îµ�¸Á¨�´�­n��¨Ä®o£µª³ Rouleau Formation �µ��¨ Live Blood Analysis ¨�¨� 
����� �µ¦�Îµ�¸Á¨�´�­n��¨Ä®o��µ��°� Crystal �µ��¨ Live Blood Analysis ¨�¨� 
����� �µ¦Á�È�­Å¨�r�oª¥�¦³�µ¬�/LQW�)UHH�7LVVXH��nª¥¨��µ¦Á�·��Artifact Ä��µ¦�¼�Live 

Blood Analysis  
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1.5 �°�Á���°�Ã�¦��µ¦ª·�´¥ 

1.5.1 �¦³�µ�¦�̧ÉÄ�oÄ��µ¦ª·�´¥ 
  °µ­µ­¤´�¦�´Ê�Á¡«®�·�Â¨³Á¡«�µ¥�Ã�¥Å¤n�Îµ�´��nª�°µ¥» 

1.5.2 �¨»n¤�´ª°¥nµ��̧ÉÄ�oÄ��µ¦ª·�´¥ 
  °µ­µ­¤´�¦�¸ÉÁ�oµ¦́��µ¦�Îµ�¸Á¨�´��Îµ�ª�����¦́Ê��¸Éª·¨¨nµÁ¤�·�µ�¨·�·� �Îµ�ª��37 �� 

1.6 �o°�Îµ�́��°��µ¦ª·�´¥ 

  Á¡ºÉ°«¹�¬µÁ�¸É¥ª�´��¨�°��µ¦�Îµ�¸Á¨�´��n°�¨�Live Blood Analysis ®¨´��Îµ�¸Á¨�´��Ã�¥�³
Å¤n¦ª¤Å��¹��µ¦«¹�¬µÁ�¸É¥ª�´��¨�µ��¨¸�·�®¦º°�¨�n°�µ¦¦́�¬µÃ¦�Ä�¦³¥³¥µª�°��¼o�iª¥�®¨´�Á�oµ 
¦́��µ¦�Îµ�¸Á¨�´�� 

1.7 �µ¦Ä®o�Îµ�·¥µ¤Á�·���·�́�·�̧É�³Ä�oÄ��µ¦ª·�´¥ (operational definition) 

1.7.1 Rouleau Formation  
�º° �µ¦�·��´��°� Á¤È�Á¨º°�Â��Á�}��¨»n¤ �́�£µ¡�¸É�1.1 

 

£µ¡�̧É 1.1 Rouleau Formation 
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1.7.2 Crystal  
�º° �o°��¨¹� �¸ÉÁ�·�Å�o�µ�®¨µ¥�{��́¥�Á�n� �µ�­µ¦¡·¬�¸ÉÁ�·��µ�¤¨£µª³Ä�°µ�µ«, ­µ¦¡·¬

�¸ÉÁ�·��¹Ê��µ�¨ÎµÅ­o ¦ª¤�¹�­µ¦¡·¬ Ã¨®³®�́��nµ��Ç �́�£µ¡�¸É�1.2 

 

£µ¡�̧É�1.2 Crystal 

1.7.3 Chelation Therapy 
Á�}��µ¦Ä®o­µ¦ Chelating agents �µ�®¨°�Á¨º°� Ã�¥ Chelating agents �¸ÉÄ�o�´�¤¸®¨µ¥�́ª 

Á�n� EDTA, DMSA, DMPS Á�}��o�  

1.7.4 Live Blood Analysis  
Á�}��µ¦�¦ª�Ã�¥Ä�o�́ª°¥nµ�Á¨º°�Á¡¸¥� 1-2 ®¥��µ��¨µ¥�·Êª�°��¼oÁ�oµ¦́��µ¦�¦ª� �µ��́Ê�

�¹��ÎµÅ�­n°��¨o°��nµ�Á�¦ºÉ°� Dark Field Microscopy Á¡ºÉ°ª·Á�¦µ³®rÁ�¨¨rÁ¤È�Á¨º°��¸É¤¸�¸ª·� �ÎµÄ®oÁ¦µ
Å�o�o°¤¼¨Á�¸É¥ª�´�¦³��£¼¤·�»o¤�´�, £µª³�µ¦�µ�ª·�µ¤·�, �ªµ¤­¤�»¨�°�¦³��±°¦rÃ¤�, ¦³���µ¦
¥n°¥°µ®µ¦, ¦ª¤Å��¹��¦·¤µ��°�­µ¦¡·¬�nµ��Ç, ­¤�»¨�¦� �nµ�Ä�Á¨º°�, ¥¸­�r®¦º°Á�ºÊ°¦µÄ��¦³Â­
Á¨º°� Á�}��o�  

1.7.5 �¦³�µ¬�/LQW�)UHH�7LVVXH 
�Á�}��¦³�µ¬Á�È��Îµ�ªµ¤­³°µ� Å¤n�n°Ä®oÁ�·��¦µ�¦·Êª¦°¥�´��»��·ª­´¤�́­ °̧��´Ê�¥´��¼��¹¤

�°�Á®¨ªÅ�o°¥nµ�¤¸�¦³­·��·£µ¡ Ã�¥Ä��µ�ª·�́¥�̧ÊÅ�oÁ¨º°� �¦³�µ¬�¸ÉÄ�o�Îµ�ªµ¤­³°µ�­Å¨�r�º° 
�¦³�µ¬�.,0:,3(£�Á�ºÉ°��µ�Á�}��¦³�µ¬�¸É�·¥¤Ä�oÂ��®�¹É�Ä�®o°���·�´�·�µ¦Ä��nµ��¦³Á�«�
�oª¥Â�n�¡¨µ­�·� LINTGUARD£ �¸É�¦¦�»£́��r �¹�­µ¤µ¦�¨�Å¢¢jµ­�·�Â¨³ »i�Å�o�̧�Å¤n�·Ê� »i��»¥ 



 

    

 
���¸É�2 

Á°�­µ¦Â¨³�µ�ª·�́¥�¸ÉÁ�¸É¥ª�o°� 

2.1 Heavy Metal 

Á�}��¸É�¦µ��´�°¥¼nÂ¨oªªnµ�Ã¨®³®�́��́Ê�Á�}�¡·¬�n°¦nµ��µ¥¤�»¬¥r�Ã�¥¦³���¦³­µ�Á�}�
Á�jµ®¤µ¥�¸É­Îµ�´��°¥nµ�Å¦�È�µ¤¥´�¤¸°̧�®¨µ¥�ÎµÂ®�n�Ä�¦nµ��µ¥¤�»¬¥r�¸É�³Å�oÃ¨®³®�́�Á®¨nµ�̧Ê�³
Å��́�Å�oÃ�¥Á�¡µ³�¦·Áª�Ã�¦�̧��¸É��́��°�Á�¨¨r�Á�n���¸É�ion channels (Naydenova, Zheliaskova, 
Ugrinov, Marinov & Petrov, 2003) 
  ¤¸�µ¦«¹�¬µ�¹��¨�°�Ã¨®³®�́��n°�Lipid Bilayers Ã�¥Á�¡µ³Â��Á¤¸¥¤Â¨³�¦°��¡�ªnµ
Â��Á¤¸¥¤�ÎµÄ®oÁ�·��µ¦Á�d��°��channel �¸É�·ªÁ�¨¨r¤µ�¥·É��¹Ê��Â¨³¥·É��¦·¤µ��°�Â��Á¤¸¥¤Á¡·É¤¤µ�
�¹Ê�Å��¹��5 µM �¦³�»�¸É�lipid Bilayers ¥·É�¤¸�ªµ¤Å¤nÁ­�¸¥¦¤µ�¥·É��¹Ê��n°Ä®oÁ�·��µ¦­¨µ¥�́ª�°��·ª
Á�¨¨rÅ�o�­nª��¨�°��¦°��n°�¦³�¼�Channel �¸É�·ªÁ�¨¨r¡�ªnµ�oµ�¦°�Á¡·É¤�Îµ�ª��¹Ê��¹��3 µM �È
­µ¤µ¦�Á�¨¸É¥�Â�¨��¦³�»�¸É�·ªÁ�¨¨rÅ�oÂ¨oª (Naydenova, Mellor & Petrov, 2002)  

2.2 Lipid Bilayer 

Lipid Bilayer �º°�membrane �¸É�n°��oµ��µ��¦³�°��oª¥Ã¤Á¨�»¨�°�Å�¤´�Á¦̧¥��́ª�´�Á�}��
2 Â�ª�membrane Á®¨nµ�̧Ê�Îµ®�oµ�¸ÉÁ�}��nµ��j°��´�¦°� Ç Á�¨¨r���́�Á�¨¨r­nª�¤µ�Ä�­·É�¤¸�¸ª·�
¦ª¤�¹�Åª¦́­Á�}��Lipid Bilayer Á�n�Á�̧¥ª�´���́�¦°� Ç��°��·ªÁ�¨¸¥­�°�Á�¨¨rÂ¨³��́�Á�¨¨r�°�
Á¤È�Á¨º°�Â���oª¥ Lipid Bilayer Ã�¥���·Â¨oª­nª�¤µ��¦³�°��oª¥�phospholipids �°��µ��́Ê�¥´�
¤¸�sphingomyelin Â¨³sterol Á�n��cholesterol Á�}��o� �¹É�¤¸®́ª�oµ�®�¹É��¸É­µ¤µ¦�¨³¨µ¥Ä��ÊÎµÅ�o
�Hydrophilic head��Â¨³�2 ®µ��¸ÉÅ¤n­µ¤µ¦�¨³¨µ¥�ÊÎµÅ�o �Hydrophobic tails) Á¤ºÉ°�phospholipids 
­´¤�́­�´��ÊÎµ��¹��ÎµÄ®oÁ�·��µ¦Á¦̧¥��́ª�´��°��phospholipids Á�}��2 �´Ê� (bilayer) Ã�¥­nª�®µ��³�¸Ê
Á�oµ­¼n�¦��¨µ��oµ�Ä��°���́�Á�¨¨r�́�£µ¡�¸É�2.1 ­nª��Phospholipids ­nª�®́ª�³®́�°°��oµ��°��
Cholesterol �nª¥�ÎµÄ®o�lipid bilayer Â�È�Â¦�¤µ��¹Ê� 
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­nª�®́ª�¸É¨³¨µ¥�ÊÎµ�¸É°¥¼n�oµ��°��́Ê��³¤¸�phosphate group °¥¼n phospholipid �¸É¡�Á�}�
­nª��¦³�°�­nª�¤µ��¸É��́�Á�¨¨r�̧Ê¤¸�¦³�»¨��°��phosphate group  

 

£µ¡�̧É�2.1 Ã�¦�­¦oµ��°� phospholipids 3 ¨´�¬�³; liposome (a closed bilayer), micelle Â¨³ 
bilayer. 

  °�»¤¼¨°·­¦³�®¦º°�Free radical �º°�°³�°¤®¦º°Ã¤Á¨�»¨�¸É¤¸ unpaired electron (Halliwell, 
1994) °�»¤¼¨°·­¦³ °µ��³¤¸�¦³�»�ª����¦³�»¨��®¦º°Å¤n¤¸�¦³�»�ÈÅ�o�°�»¤¼¨°·­¦³Á®¨nµ�̧ÊÁ�}�
Ã¤Á¨�»¨�¸ÉÅ¤nÁ­�¸¥¦°µ��³Å�¤¸��·�·¦·¥µ�´�­µ¦°ºÉ� Ç Å�o�Á�n����·�·¦·¥µ�n°�Nucleophilic ions with 
á,â-unsaturated compounds (C=C�C=O) �́É��È�º°�¸É¡�Ä�Å�¤´�Å¤n°·É¤�́ª��·��nµ� Ç��¸É¡�Å�oÄ�
�¸ª·��¦³�Îµª́��Á�n���ÊÎµ¤´�¡º��Å�¤´��trans fat Å�o �µ���·�·¦·¥µ�̧Ê­n��¨Ä®oÁ�·��¦³�»�ª�Å�o� 

2.3 Chelation Therapy 

�Îµªnµ ��¸Á¨�´� (Chelation)� ¤¸¦µ�«´¡�r¤µ�µ�£µ¬µ�¦̧��Îµªnµ �Chele� �¸É¤¸�ªµ¤®¤µ¥ªnµ 
�µ¦¥¹��·��°��oµ¤�°��¼ ­µ¦�¸ÉÄ�oÄ��µ¦�Îµ�¸Á¨�´� Á¦̧¥�ªnµ Chelating agents �º° ­µ¦�¸É¤¸
�ªµ¤­µ¤µ¦�Ä��µ¦�¦·�µ�°·Á¨È��¦°�Ä®o�´�­µ¦°̧��́ª®�¹É� �¹�­µ¤µ¦��́��´�­µ¦�µ��́ª¦ª¤Å��¹�
­µ¦Ã¨®³®�́��nµ��Ç��oª¥ ¤¸�´Ê��¸ÉÁ�}�­µ¦�µ��¦¦¤�µ�·Â¨³­µ¦Á�¤¸­´�Á�¦µ³®r ¤¸�µ¦Ä�o­µ¦
­´�Á�¦µ³®r�¸ÉÁ�}� Chelating agents ®¨µ¥Ç �́ª Á�n� EDTA (Ethylene Diamine Tetra-Acetic acid), 
DMSA (Dimercaptosuccinic Acid), DMPS(2,3-Dimercapto-1-propanesulfonic acid) Á�}��o� 
Á�ºÉ°��µ�­µ¦Â�n¨³�́ª¤¸�ªµ¤­µ¤µ¦�Ä��µ¦�́��´�­µ¦Ã¨®³®�́�Å�oÂ���nµ��´� Á�n� DMSA ®¦º° 
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DMPS Á�}��́ª�́��¸É�̧­Îµ®¦́�­µ¦�¦°�, EDTA Á�}��́ª�́��¸É�̧­Îµ®¦́��³�´Éª, Â��Á¤¸¥¤, Á®¨È�, 
�°�Â��  

­µ¦ Chelating Agent �¸É�¼��ÎµÅ�Ä�o°¥nµ��ªoµ��ªµ�¤µ��¸É­»� �º° EDTA (Ethylene Diamine 
Tetra-Acetic acid) Á�}��¦�°³¤·Ã��́ª®�¹É��¸É­´�Á�¦µ³®r�¹Ê�¤µ°¥¼nÄ�¦¼�Â����­¸�µª ¤¸°¥¼nÄ�®¨µ¥
¦¼�Â���oª¥�´� Å¤nªnµ�³Á�}�Ä�¦¼��°�Á�¨º°Ã�Á�̧¥¤�(Na2EDTA), Á�¨º°Â�¨Á�¸¥¤ (CaNa2EDTA), 
®¦º°Á�¨º°Â¤��̧Á�¸¥¤ (MgNa2EDTA) 

2.3.1 Chemistry and pharmacological actions of EDTA 
  Ä��¸É�̧Ê�³�¨nµª�¹��disodiumEDTA Á�}�®¨´�  

EDTA = Ethylene Diamine Tetraacetic acid �́�£µ¡�¸É�2.2 

 

£µ¡�̧É�2.2 �Ã�¦�­¦oµ��°��EDTA 

Ethylene �́�£µ¡�¸É�2.3 

 

£µ¡�̧É�2.3 �Ã�¦�­¦oµ��°��Ethylene 
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Diamine = 2 Å�Ã�¦Á��°³�°¤®¦º°�amine groups �́��´��µ¦r�°�°³�°¤�°��Ethylene 
group �́�£µ¡�¸É�2.4 

 

£µ¡�̧É����� Ã�¦�­¦oµ��°��Diamine 

Tetraacetic acid = acetic groups 4 �¨»n¤��́��´�Å�Ã�¦Á���2 �ÎµÂ®�n� �́�£µ¡�¸É�2.5 

 

£µ¡�̧É�2.5  Ã�¦�­¦oµ��°��Tetraacetic acid 

EDTA ¤¸�Unshared electrons °¥¼n�6 �¼n��́É��º°¤´�­µ¤µ¦��¦·�µ�°·Á¨È��¦°�Ä®o�´��cation �́ª
°ºÉ�Å�o��́��́Ê��Îµ�Îµ�´��ªµ¤�°���¸Á¨�´��¹�Á�}���µ¦¦ª¤�́ª�´��°��µ�»Ã¨®³Å�Ä�Ã�¦�­¦oµ��°��
heterocyclic ring  
  ­µ¦�chelating agents �ª��»¤°³�°¤�°��µ�»�nµ��Ç�Ã�¥�µ¦Å��d��´Ê��reactive sites �°�
�µ�»�́Ê��Ç�Â¨³�j°��´�¡ª�¤´��µ��·��¦¦¤���·��¦µ���µ¦�r�̧Ê�º°�¨�°��EDTA �¦µ�Á�nµ�¸É¤´�¥´�
°¥¼nÄ�¦nµ��µ¥ �{��́¥�nµ��Ç��¸É¤¸�¨�n°Ã�¦�­¦oµ��¸É�´��o°�¦³®ªnµ��EDTA �´��°³�°¤�°��µ�»�nµ��Ç�
¤¸�́��̧Ê 
  �{��́¥Â¦���º°��ªµ¤Á�}��¦��nµ���oµ�ªµ¤Á�}��¦�Á¡·É¤�¹Ê���ªµ¤­µ¤µ¦�Ä��µ¦�́��´�­µ¦
°ºÉ��Ç��°��EDTA �³¤¸�ªµ¤¤´É���¤µ��¹Ê���́É��º° EDTA �³�¨��¨n°¥°³�°¤�°��µ�»�nµ��Ç�
�o°¥¨�� 
  �{��́¥�¸É­°���º°��ªµ¤Â�È�Â¦��°��µ¦�́��°��EDTA �n°�µ�»�nµ��Ç�affinity �°��cation �n°�
EDTA ­µ¤µ¦��¼Å�o�µ��nµ�Log K (�́��µ¦µ��¸É 2.1) 
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�µ¦µ��̧É�2.1  �nµ�ªµ¤Â�È�Â¦��°��µ¦�́��°��EDTA �n°�µ�»�nµ��Ç� 

In-Vitro Log Stability Constants EDTA 
Most stable    Least stable 
Cr Fe3+ Hg Cu Pb Ni Cd Zn Co Al Fe2+ Mn Ca Mg  
>26 25 21 18.8 18.5 16.6 16.5 16.3 16.1 14.3 14 10.9 8.6 
 Log constants    Log(K) 

  �{��́¥�¸É­µ¤�º°��ªµ¤Á�o¤�o��°��µ�»�nµ��Ç�Á�n���¹�Â¤oÄ��µ�»�¸É¤¸�affinity �ÉÎµÂ�n¤¸�ªµ¤
Á�o¤�o�­¼���È­µ¤µ¦�Å���Â���µ�»�¸É¤�̧stability ¤µ��ªnµÂ�n¤¸�ªµ¤Á�o¤�o��o°¥Å�o 

2.3.2 Pharmacological action  
  EDTA��¸ÉÄ®oÁ�oµÅ��³Å�¨�¦³�́�Â�¨Á�¸¥¤Ä�Á¨º°�Á¨È��o°¥��¹É��³�ÎµÄ®oÁ�·��µ¦�¦³�»o��µ¦
­¦oµ�±°¦rÃ¤��µ��n°¤¡µ¦µÅ�¦°¥�r��¹É��³Å��¹�Â�¨Á�¸¥¤�µ���́�®¨°�Á¨º°�Â¨³�µ¤Á�ºÊ°Á¥ºÉ°�nµ��Ç�
Â�¨Á�¸¥¤Á®¨nµ�̧Ê�³Å�¦ª¤�´��EDTA Å�Á�}��CalciumEDTA complex Â¨oª�´�°°��µ��{­­µª³�
Ä��µ��µ��§¬�¸Â¨oª�3 �¦́¤�°� EDTA �¸ÉÄ®o�µ�®¨°�Á¨º°��³�¹�Â�¨Á�¸¥¤Å�o�324 ¤·¨¨·�¦́¤��¹É�
Á�nµ�´��¦³¤µ��2 Á�nµ�°�Â�¨Á�¸¥¤�¸É�´�°°��n°ª́�  
  �¨�n°�¦³�¼���µ¦�¸É�EDTA �ÎµÄ®o¦³�́�Â�¨Á�¸¥¤Ä�Á¨º°�¨�¨���ÎµÄ®oÁ�·��µ¦Á¡·É¤�¹Ê��°�
±°¦rÃ¤�¡µ¦µÅ�¦°¥�r�Á¡ºÉ°�nª¥�¦́�Ä®o­¤�»¨Â�¨Á�¸¥¤°¥¼nÄ�Á���r���·�Á¦·É¤Â¦��³Å��¦³�»o�Á�¨¨r�
Osteoclast �n°��¦³¤µ��21 ª́��°¥nµ�Å¦�È�µ¤�È�³Å��¦³�»o�Á�¨¨r�Osteoblast �oª¥�­n��¨Ä®oÁ�·�
�µ¦­¦oµ��¦³�¼�Á¡·É¤�¹Ê�Ä��nª��120 ª́��Ã�¥­¦»�Â¨oª�¹��ÎµÄ®oÁ�·��µ¦Á¡·É¤�µ¦�¼��¹¤�°�Â�¨Á�¸¥¤
�¦³¤µ��120 ª́�®¨´��µ¦�Îµ�¸Á¨�´�Ä�Â�n¨³�¦́Ê���́��́Ê��DisodiumEDTA �¹��ª¦Á¡·É¤¤ª¨�¦³�¼�
Ã�¥¦ª¤�Â�n­Îµ®¦́��µ¦Ä�o�Calcium EDTA �³Å¤nÁ�¨¸É¥�Â�¨�¦³�́�Â�¨Á�¸¥¤Ä�Á¨º°���́��́Ê�­¤�»¨
Â�¨Á�¸¥¤�³Å¤nÁ�¨¸É¥�Â�¨�� 

2.3.3 Absorbtion and Metabolism of EDTA  
  EDTA �³Å¤n�¼��metabolized Ä�¦nµ��µ¥®¦º°�¼��¹¤�¨´��¸ÉÅ��Ã�¥�´ÉªÅ�Â¨oª�¼o�¸É�µ¦�Îµ�µ�
�°�Å�Á�}����·��nµ�half life �°��EDTA �³Á�nµ�´��45 �µ�¸Ã�¥�¦³¤µ��Ã�¥�´ÉªÅ�Â¨oª­µ¦ EDTA 
�̧Ê�¦³¤µ�Å¤nÁ�·� 8 �´ÉªÃ¤��³�¼��´�°°��µ�¦nµ��µ¥Á�º°��´Ê�®¤� Ã�¥�¸É°̧� 1-2% Á�nµ�́Ê��¸É�³¥´���
Á®¨º°°¥¼nÄ�¦nµ��µ¥°̧� 24 �´ÉªÃ¤� Â�nÄ��¦�¸�¼o�iª¥�¸É¤¸�µ¦�Îµ�µ��°�Å���¡¦n°�Å��°́�¦µ�µ¦�´�
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°°��È�³¨�¨��­µ¦ EDTA �̧Ê�³Å®¨Áª̧¥�Å��µ¤®¨°�Á¨º°� Ã�¥Å¤n­µ¤µ¦��nµ��´Ê��´Ê��°�­¤°� 
Â¨³ 95% �³�¼��´�°°��µ�Å� ­nª�°̧� 5% �¸ÉÁ®¨º°��³�nµ�Å��¸É�́�Â¨³�´�°°��µ��Îµ�̧  
  Â�n�EDTA Ä�¦¼�Â��¦́��¦³�µ��Á¡¸¥��5% Á�nµ�́Ê��¸É�³�¼��¼��¹¤Á�oµ­¼n¦nµ��µ¥��¸ÉÁ®¨º°�È�³
�¼��´�°°��µ�°»��µ¦³��́��́Ê� EDTA Ä�¦¼�Â���̧Ê�¹�Å�o�¨�o°¥�ªnµ�EDTA Ä�¦¼�Â��Ä®oÁ�oµ�µ�
®¨°�Á¨º°��EDTA ­µ¤µ¦��nµ�Á�oµ­¼n�Extracellular space Å�o�Â�nÅ¤n­µ¤µ¦��nµ�Á�oµ­¼nÁ�¨¨rÅ�o 

2.3.4 Contraindications 
  �o°®oµ¤Ä��µ¦Ä�o�EDTA °¥nµ�­·Ê�Á�·��º°�Ä�®�·��́Ê��¦¦£r�¥�Áªo��¦�¸�¸É¤¸£µª³Á�}�¡·¬�µ�
�³�´Éª°¥nµ�¦»�Â¦�Â¨³�´�¡¨´��Á�ºÉ°��µ��EDTA ¥´�Å¤nÅ�o¦́��µ¦¡·­¼��rªnµ�¨°�£́¥Ä�®�·��́Ê��¦¦£r�
�́��́Ê��¹�Â�³�ÎµÄ®o®¨¸�Á¨¸É¥��µ¦Ä�oÄ��¦�¸�̧Ê�°¥nµ�Å¦�È�µ¤�EDTA �¼��´�°°��µ�Å���́��́Ê��¼o�iª¥�¸É
¤¸£µª³Å�ªµ¥®¦º°�µ¦�Îµ�µ��°�Å���¡¦n°�°¥nµ�¦»�Â¦��¹�Å¤nÂ�³�ÎµÄ®oÄ�o�EDTA  
  Ä��µ¦�¸É�³�°��ªµ¤¦»�Â¦��°�£µª³Å�Á­ºÉ°¤Å�o��¼o�iª¥�ª¦�³¤¸�µ¦ª́��nµ�Creatinine 
Clearance �£µ���ª���� 
  °¥nµ�Å¦�È�µ¤Â¡�¥rÅ¤n�ª¦�¼�¸É�nµ�µ¦�Îµ�µ��°�Å�°¥nµ�Á�̧¥ª�Á�ºÉ°��µ��nµ�µ¦�Îµ�µ��°�
Å��³¥´���°¥¼nÄ�Á���r���·�¹�Â¤oªnµ®�oµ�¸É�µ¦�Îµ�µ��°�Å��³Á­¸¥Å�Â¨oª��nµ�µ¦�Îµ�µ��°�Å��³
Á¦·É¤Á�·��nµ���·Á¤ºÉ°Å�Á­ºÉ°¤¨�Å��¦³¤µ��50%�°��nµ���· 
  EDTA Á�}�­µ¦�¸É¤¸§��·Í�oµ�Á�¨È�Á¨º°���́��́Ê��¹�­µ¤µ¦�¦��ª��¦³�ª��µ¦Â�È��́ª�°�
®¨°�Á¨º°�Å�oÂ�nÅ¤n¤µ��́���́��́Ê��¼o�iª¥�¸É¤¸�¦³ª́�·Á¨º°�°°�Ä��µ�Á�·�°µ®µ¦�ª¦Ä�o�EDTA °¥nµ�
¦³¤´�¦³ª́��¦ª¤�¹��¼o�iª¥�¸É¤¸�{�®µÃ¦��́��¸É¤¸Á°�Å�¤r�́��¹Ê�­¼��Â¨³¤¸�ªµ¤�·����·�°��µ¦Â�È��́ª
�°�Á¨º°��Å¤n�ª¦�Îµ�EDTA chelation �n°¥¤µ�Á�·�Å��Â¨³Å¤n�ª¦Ä�o�¦·¤µ��EDTA ­¼�¤µ��́��Á¤ºÉ°
Á°�Å�¤r�́��¨´�¤µ°¥¼nÄ�Á���r���·�¹��n°¥Á¡·É¤�¦·¤µ��EDTA Å�Á�}��¦·¤µ����·Å�o�(Rozema, 
1997) 

2.3.5 �¦³Ã¥��r�°��µ¦�Îµ�¸Á¨�´� 
�µ¦«¹�¬µ­nª�Ä®�n¡�ªnµ EDTA Chelation Therapy ¤¸�¦³­·��·�¨Ä��µ¦¦́�¬µ°µ�µ¦¡·¬

�¸ÉÁ�·��µ�­µ¦�³�´ÉªÂ¨³/®¦º° ­µ¦Ã¨®³®�́���·�°ºÉ� Å�o°¥nµ�¤¸�́¥­Îµ�´�Á¤ºÉ°Á�¦̧¥�Á�¸¥��´���¨»n¤
�ª��»¤�(Controlled Group) (Chelation Medical Association Thai, 2008) Ã�¥�¸É Calcium Disodium 
EDTA Å�o¦́��µ¦¦́�¦°��µ�°��r�µ¦°µ®µ¦Â¨³¥µ�°�­®¦́�°Á¤¦·�µªnµ ­µ¤µ¦��ÎµÅ�Ä�o Ä��µ¦¦́�¬µ
°µ�µ¦¡·¬�¸ÉÁ�·��µ�­µ¦�³�´ÉªÂ¨³/®¦º°­µ¦Ã¨®³®�́���·�°ºÉ� (�µ���·�) Å�o°¥nµ�¤¸ �¦³­·��·£µ¡ 
(U.S FDA, 2008) ¦ª¤�¹�¤¸®¨´��µ�¥º�¥´��µ¦Ä�o Calcium Disodium EDTA Ä��µ¦¦́�¬µ¡·¬ �́��¨nµª
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Ä��¦³Á�«Å�¥�(Department of Medical Sciences, 2005) �´Ê��̧Ê��µ��¸ÉÄ�oÄ��µ¦Â�o¡·¬ �º° 30-50 
¤·¨¨·�¦́¤ �n°�ÊÎµ®�́��́ª 1 �·Ã¨�¦́¤ �n°ª́� Â�nÅ¤nÁ�·���µ� 2 �¦́¤�n°ª́� Ã�¥Â�n�Ä®o 2 �¦́Ê��nµ��µ�
®¨°�Á¨º°��Îµ®¦º°�nµ��µ��¨oµ¤Á�ºÊ° ®nµ��´�°¥nµ��o°¥ 12 �´ÉªÃ¤� Â¨³Ä®o�·��n°�´��µ� 3-5 ª́� 
Â¨oªÂ�n�¦�¸ (Department of Medical Sciences, 2005) ¤¸�µ¦«¹�¬µÄ�Á�È��ª��eÂ¦�Á�}�Á�È�®�·� 2 
��Â¨³Á�È��µ¥ 2 �� ¡�ªnµ Á�È�®�·� 1 ��Â¨³Á�È��µ¥ 1 ���¸ÉÅ�o¦́�¡·¬�µ�­µ¦�³�´Éª ¡�ªnµ¤¸�µ¦
¨�¨��°�¦³�́� �³�´ÉªÄ�Á¨º°�°¥nµ�¤¸�́¥­Îµ�´�®¨´�Å�o¦́� EDTA Chelation  
  �¦³­·��·�¨Ä��µ¦¦́�¬µ°µ�µ¦®¨°�Á¨º°��̧��́� ¤¸�µ¦«¹�¬µ�µ�­nª��¸É¦µ¥�µ� �¹�
�¦³­·��·�¨ �°� EDTA Chelation Therapy Ä��µ¦¦́�¬µ°µ�µ¦®¨°�Á¨º°��̧��́� �¹É�°µ�­n��¨�n°
�µ¦Á�·�Ã¦�Á¦ºÊ°¦́��nµ��Ç (Dans, Tan & Villarruz-Sulit, 2002) ®¨´��µ��µ¦���ª� �¨�µ�ª·�́¥
�¦³Á£� Randomized Controlled Trial (RCT) �¸ÉÁ�¸É¥ª�o°��´Ê�®¤� 5 ¦µ¥�µ� ­µ¤µ¦�­¦»�Å�oªnµ 
EDTA Chelation Therapy °µ��Îµ¤µÄ�oÄ��µ¦�Îµ�´�°µ�µ¦�°� Peripheral Vascular Disease Å�oÄ�
�¼o�iª¥�µ�¦µ¥ �´Ê��̧Ê°µ�µ¦�¸É�̧�¹Ê��µ�­nª�°µ�Á�}��¨�µ� Placebo Effect Á�ºÉ°��µ�¤¸Á¡¸¥� 2 ¦µ¥�µ��
(Chappell & Stahl, 1993; Olszewer, Sabbag & Carter, 1990) Á�nµ�́Ê� �¸É¦µ¥�µ��¹��¦³­·��·�¨
�́��¨nµª°¥nµ�¤¸�́¥­Îµ�´�  

°́�¦µ�µ¦�µ¥�µ�Ã¦�¤³Á¦È�¨�¨��90% Ä��nª��18 �e�¸É�·��µ¤�¼o�iª¥�Îµ�ª��59 ����¸ÉÄ�o�
CalciumEDTA Á¡¸¥��1 ��Á�nµ�́Ê�Ä��Îµ�ª��59 ����1.7%���¸ÉÁ­¸¥�¸ª·��µ�¤³Á¦È��Ä���³�¸É�30 ��Ä��
172 ���°��¨»n¤�ª��»¤��Á�nµ�´��17.6%���µ¥�µ�Ã¦�¤³Á¦È��(p=0.002) �µ¦�µ¥�µ�£µª³®¨°�
Á¨º°�Â�È��́ª�(artherosclerosis) �È¨�¨��oª¥��¼o�iª¥�¸É�nµ��µ¦¦́�¬µ�¸ÉÅ¤nÅ�o�iª¥Á�}�¤³Á¦È� ��Áª¨µ�¸É
Á�oµ­¼n�µ¦«¹�¬µ�̧Ê��µ¦­´�Á��Ä�Â�n�°��µ¦�j°��´��µ¦Á­¸¥�¸ª·�Ä�¦³¥³¥µª�µ�Ã¦�¤³Á¦È���oµÁ¦·É¤�Îµ
�¸Á¨�´��n°��¸É�³Á�·�Ã¦�¤³Á¦È��¹Ê���¼o�iª¥�¨»n¤�ª��»¤Â¨³�¼o�iª¥�¸ÉÅ�o¦́��µ¦¦́�¬µÂ¨oª�¸É°µ«´¥°¥¼nÄ�
�¦·Áª�Ä�¨oÁ�¸¥��´���·��´��´����­µ¥®¨´��¸É¤¸�µ¦�¦µ�¦�´��´É�Ä�Á¤º°�Á¨È��Ç��°��Swiss ¡�ªnµ�´Ê��2 
�¨»n¤Å�o¦́��¦·¤µ��³�´ÉªÄ��¦·¤µ�Ä�¨oÁ�¸¥��´��µ��µ¦�¨n°¥�ª́�Á­¸¥�µ�¦�¥��r��µ�Ã¦��µ��®¦º°
­µ¦�n°¤³Á¦È�°ºÉ��Ç��µ¦­´¤�́­�n°­µ¦�n°¤³Á¦È�Ä��¨»n¤�¦³�µ�¦�¸É«¹�¬µÅ¤nÅ�oÁ¡·É¤�¹Ê�¤µ��ªnµ�¸É¤¸°¥¼n
Ä��¦·Áª�Á¤º°�Ä®�n�´ÉªÃ¨���¨ª·Á�¦µ³®r�µ�­�·�·¡�ªnµ�µ¦�Îµ�EDTA Chelation therapy �ÎµÄ®oÁ�·�
�o°Â���nµ�°¥nµ�¤¸�́¥­Îµ�´�¦³®ªnµ��¨»n¤�ª��»¤Â¨³�¨»n¤�¸ÉÅ�o¦́��µ¦¦́�¬µ��¸É�ÎµÄ®oÁ�·��µ¦¨�¨�
°¥nµ�¤µ��°�°́�¦µ�µ¦�µ¥�µ�Ã¦�¤³Á¦È� (cancer mortality) Á¦µ�¦µ��´��̧ªnµ�EDTA Ä�oÄ��µ¦¦́�¬µ
­µ¦�³�´ÉªÁ�}�¡·¬�Â¨³¥´��nª¥�¹�­µ¦¡·¬Ã¨®³®�́��nµ�Ç�Â¨³�µ�»�µ��́ªÁ�n���µ�»Á®¨È��¹É�­n�Á­¦·¤Ä®o
Á�·�¤³Á¦È�Ã�¥�µ¦�¦³�»o�Ä®oÁ�·�­µ¦°�»¤¼¨°·­¦³�¹Ê��­µ¦�³�´Éª�µ��ª́�Á­¸¥Á�¦ºÉ°�¥��r��­µ¦�¸ÉÅ�o¤µ�
�µ��ÊÎµ¤´��dÃ�¦Á�¤¸�µ��automobile tires, Â��Á¤¸¥¤�Â¨³­µ¦�n°¤³Á¦È�°ºÉ��Ç��¸É¡�Ä��¦·¤µ��¸É­¼�
Ä��¦·Áª��¸ÉÄ�¨o�´����­µ¥®¨´��¸É�µ¦�¦µ�¦�´��´É��­µ¦Á®¨nµ�̧ÊÁ�}�­µÁ®�»�°�¤³Á¦È�Â¨³�¦³�»o�
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­µ¦�n°¤³Á¦È�°ºÉ��Ç��oª¥�¤¸¦µ¥�µ��n°�®�oµ�̧Êªnµ°́�¦µ�µ¦�µ¥�µ�Ã¦�¤³Á¦È�Ä��¼o�iª¥�Îµ�ª��231 ��
�¸É°µ«´¥°¥¼n�µ¤Â�ª���­µ¥®¨´��¸É¤¸�µ¦�¦µ�¦®�µÂ�n�¤¸°́�¦µ�µ¦�µ¥�¸É­¼��ªnµÁ¤ºÉ°Á�¸¥��´��¼o�iª¥
�¸É°µ«´¥°¥¼n�¦·Áª�����¸É�µ¦�¦µ�¦Á�µ�µ�Ä�Á¤º°�Á�̧¥ª�´���¹��¼��́Ê�­¤¤�·�µ�ªnµ�µ¦­´¤�́­­µ¦
�³�´Éª�µ� �ª́�Á­¸¥¦�¥��r°µ��³Á�}�­µÁ®�»®�¹É��°��ªµ¤Â���nµ��̧Ê (Blumer & Cranton, 1989) 

�µ¦«¹�¬µÄ��¼o�iª¥�30 ���¸É¤¸£µª³®¨°�Á¨º°�Â�È��́ª�(arteriosclerotic vascular disease)�¸É
Å�o¦́��µ¦¦́�¬µ�oª¥�3 �¦́¤�EDTA �µ�®¨°�Á¨º°���¼o�iª¥Á®¨nµ�̧ÊÅ�o¦́��µ¦�¦³Á¤·��µ¦�̧��°�Á­o�
Á¨º°��Internal carotid �¦��¦·Áª��Bifurcation �n°�Â¨³®¨´��µ¦�Îµ EDTA chelation �¼o�iª¥Ä�Â�n¨³
¦µ¥�¸ÉÅ�o¦́��µ¦¦́�¬µÄ��nª��¦³¤µ��10 Á�º°��Ã�¥¦ª¤Â¨oª�µ¦°»��́��°�®¨°�Á¨º°�Â��¨�¨��
20.9% +/- 2.3%(t�g.921. p<.001*) Ä��¼o�iª¥�¸É¤¸�µ¦�̧��́�¤µ��ªnµ�33% Á®�º°�nµÁ�¨¸É¥�¡�ªnµ¤¸
�µ¦¨�¨��°��µ¦�̧��́��35.00% +/- 4.3% ®¨´��µ¦¦́�¬µ�(t�S.178, p<0.001* n=16) (*¤¸�µ¦
Á�¨¸É¥�Â�¨�°¥nµ�¤¸�́¥­Îµ�´��µ�­�·�·Á¤ºÉ°Á�¦̧¥�Á�¸¥��´��nµÁ�¨¸É¥) (Rudolph, McDonagh & Barber, 
1991) 
  EDTA chelation therapy Á�}��µ¦¦́�¬µ�µ�Á¨º°�®�¹É�­Îµ®¦́��µ¦�Îµ�By-pass surgery Ä�
�¼o�iª¥Ã¦�®́ªÄ�Â¨³®¨°�Á¨º°�¤µ�µ��ªnµ�40 �e�¤´�Á�}��µ¦¦́�¬µ�¸ÉÅ¤nÅ�o¤¸¦µ�µÂ¡�¤µ�Á�·�Å��́�
Ä��µ¦¢g��¢¼�µ¦Å®¨Áª̧¥�Á¨º°�Ä��¼o�¸É¤¸®¨°�Á¨º°��̧�Â�È��°¥nµ�Å¦�È�µ¤�¦³Ã¥��r�°��µ¦�Îµ�
EDTA chelation ¥´���¤¸�o°Ã�oÂ¥o�Ä��µ¦́�¬µÃ¦�®́ªÄ��µ�Á¨º°���µ��µ¦­´�Á���¨�°��EDTA 
chelation �n°�exercise tolerance Ä�°µ­µ­¤´�¦�Îµ�ª��13 ���¸ÉÅ�o¦́��µ¦¦́�¬µÂ���conventional 
therapy Ã¦�®́ªÄ�Â¨³®¨°�Á¨º°��¸É¤¸°µ�µ¦��¼o�iª¥Â�n¨³��Å�o¦́��µ¦�Îµ�chelation °µ�·�¥r¨³�¦́Ê�
�Îµ�ª��30 �¦́Ê���µ��́Ê��ÎµÁ�º°�¨³�¦́Ê���Îµ�ª��12 �¦́Ê��µ¤�ACAM Protocol (American College 
for Advancement in Medicine) �µ¦�Îµ Chelation �̧Ê�Îµ¦nª¤Å��´��conventional therapies Ã�¥Â¡�¥r
�¦³�Îµ�́ª�¼o�iª¥�µ��µ�Ã¦�¡¥µ�µ¨��³¤¸�µ¦�¦ª��Stress ECG, echocardiography Â¨³�coronary 
angiogram �n°�Á¦·É¤�o��Îµ�µ¦¦́�¬µ�¦³¥³�µ��¸É�¼o�iª¥­µ¤µ¦�Á�·�Å�o�µ¤¡ºÊ�¦µ��¸É�ªµ¤Á¦Èª�µ�
�¨µ�Â¨³�Îµ�ª��´Ê��¸É�¼o�iª¥­µ¤µ¦�Á�·��¹Ê��´�Å����¦³�´É��¼o�iª¥Á¦·É¤¤¸°µ�µ¦Á�È�®�oµ°�®¦º°¦¼o­¹�
®µ¥Ä�Å¤n°·É¤Á�}��2 �́ªÂ�¦�°��exercise tolerance �¸É�³�o°��¼��´��¹�Á¡ºÉ°�°�¦³�́��°��angina 
�¼o�iª¥�³Å�o¦́��µ¦�¦ª�ª́��nµ�µ¦�Îµ�µ��°��́�Â¨³Å��°��Îµ�chelation �¦́Ê��¸É�1, �¦́Ê��¸É�5, �¦́Ê��¸É�
10, �¦́Ê��¸É�15, Â¨³�¦́Ê��¸É�30 �µ��¼o�iª¥�Îµ�ª��13 ���¡�ªnµ�Îµ�ª��11 ��¤¸¦³�́��ªµ¤¦»�Â¦��°��
angina �̧�¹Ê��Ä���³�¸É°̧��2 ��¡�ªnµÅ¤n¤¸�µ¦Á�¨¸É¥�Â�¨� �¼o�iª¥��®�¹É�¦³�́��ªµ¤¦»�Â¦��°��
angina �̧�¹Ê��µ�¦³�́��4 Å�Á�}�¦³�́��1, 6 ���̧�¹Ê��µ�¦³�́��3 Å�Á�}�¦³�́��1, Â¨³�1����̧�¹Ê��µ�
¦³�́��3 Å�Á�}�¦³�́��2, Â¨³°̧��2 ���̧�¹Ê��µ�¦³�́��2 Å�Á�}�¦³�́��1 �µ¦¨�¨�°¥nµ�¤¸�́¥­Îµ�´�
�µ�­�·�·�°��mean score (p=0.002) �¸É�6 Á�º°��°��µ¦¦́�¬µÁ¤ºÉ°Á�¦̧¥�Á�¸¥��´�Ä��nª�Á�º°�Â¦��¤¸



 13 
 

 

�µ¦Á¡·É¤�¹Ê��1.7 Á�nµ�°�¦³�́� SGPT�Ã�¥Á�¨¸É¥�Ä��nª��¸É�Îµ�Chelation �¦́Ê��¸É�30 Á¤ºÉ°Á�¦̧¥�Á�¸¥��´�
�¨Á¨º°��n°��µ¦¦́�¬µ�¡�ªnµÅ¤n¤¸�µ¦Á�¨¸É¥�Â�¨�°¥nµ�¤¸�́¥­Îµ�´��°�¦³�́��SGOT (p=0.664)�Å¤n
¤¸�¼o�iª¥��Ä��¸É¤¸£µª³�Hepatocellular damage �nµ�µ¦�Îµ�µ��°�Å�Ã�¥Á�¨¸É¥Â­��Ä®oÁ®È��¹�
Â�ªÃ�o¤�°��µ¦¨�¨�Ä�¦³®ªnµ��µ¦¦́�¬µ�Å¤n¡��¨�oµ�Á�¸¥�Ä�¦³®ªnµ��µ¦�Îµ�Intra- venous 
EDTA Chelation Á�n���µ¦�Îµ¨µ¥�́����µ¦�Îµ¨µ¥Å����µ¦Â¡o��£µª³Â�¨Á�¸¥¤Ä�Á¨º°��ÉÎµ�¸É¤¸°µ�µ¦
Â¨³��µ¦°́�Á­��°�®¨°�Á¨º°���́��́Ê��EDTA chelation therapy �µ¤�ACAM protocol Á�}��µ¦
¦́�¬µ�¸É�¨°�£́¥Â¨³¤¸�¦³­·��·£µ¡Ä��µ¦�¦́��¦»��exercise tolerance Ä��¼o�iª¥Ã¦�®́ªÄ��µ�
Á¨º°�Ä�¦³®ªnµ��µ¦¦́�¬µ�oª¥�conventional therapy (Goonasekera et al., 2010) 

2.3.6 Chelation Protocol 
EDTA Chelation Therapy Á�}��µ¦Ä®o�ÊÎµÁ�¨º°�¸É¤¸ EDTA �­¤°¥¼n�oª¥ Ã�¥Ä®o�µ�®¨°�

Á¨º°�°¥nµ��oµ�Ç Ã�¥¤¸�µ¦�Îµ�ª��¦·¤µ�­µ¦ EDTA �¸ÉÄ®o°¥nµ�Á®¤µ³­¤�n°� Ã�¥�Îµ�ª��µ�°µ¥», 
Á¡«, �Îµ®�́�, ­nª�­¼��°��¼o�iª¥ ¦ª¤Å��¹��µ¦�Îµ�µ��°�Å� �µ¦�Îµ�¸Á¨�´��oª¥�('7$�¤¸�3URWRFRO�
®¨´�°¥¼n���°́���º°�$&$0�3URWRFRO��µ��¦³Á�«°Á¤¦·�µ�Â¨³�$&1(0�3URWRFRO��¸É¤¸�µ¦Ä�o�´�Ä�
�¦³Á�«°°­Á�¦Á¨¸¥��́��̧Ê 
  $&$0�35272&2/ 
   ����FF�VWHULOH�ZDWHU    $VFRUEDWH����JUDPV 
   ��JUDPV�RI�1D�('7$   3RWDVVLXP�&KORULGH����P(T 
   ��JUDPV�RI�0DJQHVLXP�FKORULGH  3\ULGR[LQH������PJ 
   3URFDLQH�+&O������PJ   7KLDPLQH������PJ 
   +HSDULQ�������XQLWV    6RGLXP�%LFDUERPDWH������PJ 
   3DQWRWKHQLF�DFLG������PJ� 
  $&1(0�35272&2/ 
   72�����JUDP�RI�VRGLXP�('7$�DGG� 
   ����PO����GH[WURVH 
   ����PO�����PDJQHVLXP�VXOSKDWH 
   6RGLXP�DVFRUEDWH�����JUDPV 
   9LWDPLQ�%�FRPSOH[��������������PO 
  �µ¦�Îµ�('7$��¸Á¨�´��³�¨°�£́¥¤µ��oµ��·�´�·�µ¤�3URWRFRO�°¥nµ��¼��o°��¤¸�¦³ª́�·�µ¦Á�·�
�¨�oµ�Á�¸¥�Ä��¦�¸�¸ÉÄ�o�('7$�Ä��¦·¤µ��¸É­¼�¤µ����³�Îµ�¸Á¨�´���{�®µ�¸É¡��n°¥�º°�°µ�µ¦�ª��
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Â¨³¦¼o­¹�Å¤n­�µ¥�¸ÉÂ���­nª��¨�oµ�Á�¸¥�°ºÉ��Ç��¸É¡�Å�o��º°�£µª³Â�¨Á�¸¥¤Ä�Á¨º°��ÉÎµ���ÊÎµ�µ¨Ä�
Á¨º°��ÉÎµ��¦¼o­¹�¤¸Å�o�¦́É�Á�ºÊ°�¦́É��́ª�°n°�Á¡¨¸¥���¦³®µ¥�ÊÎµ���ª�«¸¦¬³�Á�}��o� 
  �µ¦�Îµ�ª��¦·¤µ��°�­µ¦�('7$��Îµ�ª�Ã�¥�µ¦Ä�o�nµ�&UHDWLQLQH�FOHDUDQFH 
   'RVH�('7$�PJ� ����PJ�('7$�SHU�NJ�;������;�&UCO���� 
�   Ã�¥�¦·¤µ��¸ÉÄ®oÅ�o¤µ��¸É­»��n°ª́��º°���JUDP��+URPHN������� 

2.4 Rouleau Formation 

Rouleau Formation Á�}��µ¦�·��´��°�Á¤È�Á¨º°�Â�� Ã�¥���·Â¨oª�¸É�·ª�°�Á¤È�Á¨º°�Â���³
¤¸�¦³�»¨��¹��ÎµÄ®oÁ�·��µ¦�¨´��´��°�Á¤È�Á¨º°�Â���Â�n�µ�­µÁ®�»®¨µ¥�¦³�µ¦ Ã�¥Á�¡µ³Á¤ºÉ°Á�·�
�¦³�»�ª��¹Ê���È�³�ÎµÄ®oÁ�·��µ¦�·��´��°�Á¤È�Á¨º°�Â��Å�o�Á�n� �µ¦¤¸­µ¦¡·¬Ã¨®³®�́�°¥¼nÄ�¦nµ��µ¥�
�¦³�»�ª��¸ÉÁ�·��µ���·�·¦·¥µ�°�°�»¤¼¨°·­¦³�n°Å�¤´�Å¤n°·É¤�́ª��¼o�¸É¡� Rouleau Formation °µ�¤¸
°µ�µ¦Å�o®¨µ�®¨µ¥�µ�£µª³�¸ÉÁ¤È�Á¨º°�Â����­n�°°��·Á��Å�oÅ¤nÁ¡¸¥�¡° Â¨³¦³���µ¦Å®¨Áª̧¥�
Á¨º°�Å¤n�̧Ã�¥�Á�¡µ³�µ¦Å®¨Áª̧¥�Å��µ¤®¨°�Á¨º°� °¥Á¨È��Ç Á�n� ¤¸°µ�µ¦°n°�Á¡¨¸¥, ®µ¥Ä�Å¤n°·É¤, 
�¨µ¥¤º°�¨µ¥Á�oµÁ¥È� (Coyle, 1988) 
  ¤¸�µ¦«¹�¬µ¡�ªnµ£µª³�µ¦�·��´��°�Á¤È�Á¨º°�Â���̧�¹Ê�®¨´��µ��µ¦Á�¨¸É¥�Â�¨��¸ª·��¦³�Îµ 
ª́�Â¨³�¦́�Ã£��µ�µ¦ ¦ª¤Å��¹��µ¦¦́��¦³�µ�°µ®µ¦Á­¦·¤Á¡·É¤Á�·¤ Á�n� ª·�µ¤·�°̧�(500 IU), 
ª·�µ¤·�� ̧(1000 mg bd) Â¨³�¸¨¸Á�̧¥¤ (200 mcg) (Vitetta, 2008) 
  ¤¸�µ¦«¹�¬µ¡�ªnµ Plasma macromolecular proteins ­µ¤µ¦��ÎµÄ®oÁ�·��µ¦Á�¨¸É¥�Â�¨� 
�°�£µª³ Rouleau Formation Â¨³ Erytrocyte aggregation (Weng, Cloutier, Beaulieu & Roederer 
1996) �µ¦�·��´��°� Á¤È�Á¨º°�Â�� (Erythrocyte aggregation) ¤¸�¨¤µ�µ��{��́¥Ä®�n 2 �{��́¥ �º° 
�¦³�»�¸É�·ª�°�Á¤È�Á¨º°�Â��Ã�¥���·Â¨oª�³¤¸�¦³�»¨��́��́Ê��È�³Á�·��µ¦�¨´��´��´�Á¤È�Á¨º°�Â���́
ª°ºÉ�Â�n�µ¦�̧É ¤̧£µª³Ã�¦�̧�Ã¤Á¨�»¨Ä®�n Ã�¥Á�¡µ³Á¤ºÉ°Á�·�¤̧�¦³�»�ª��¹Ê� �µ¦¤̧�ªµ¤®�º�Á¡·É¤�¹Ê� 
(Ballou & Kushner, 1996; Ballas, 1975) ¡µ¦µÃ�¦�̧� (Paraproteins) Á�}�Ã¤Á¨�»¨�̧É¤̧�¦³�»�ª� 
¡�¤µ�Ä�Ã¦� Multiple Myeloma ®¦º° Macroglobulinemia �È�³�ÎµÄ®oÁ�·�£µª³ Rouleau formation 
Á¡·É¤�¹Ê� (Smith & Samadian, 1994)  
  ­µ¤µ¦�¡� Artificial rouleau Å�o�µ� Peripheral blood smear �¸É¤¸�µ¦Á�¦̧¥¤­Å¨�r�¸ÉÅ¤n�̧�
®¦º°�µ¦�¼­Å¨�rÄ��ÎµÂ®�n��¸É¤¸Á¨º°�®�µ Ã¦��¸É¡�£µª³ Rouleau Formation Å�o�°��µ� Multiple 
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Myeloma, Macroglobulinemias Â¨oª ­µÁ®�»°ºÉ��¸É¡�Å�o �º°�µ¦�·�Á�ºÊ°�´�¡¨´�®¦º°Á¦ºÊ°¦́�, 
Ã¦��́�Á¦ºÊ°¦́�, Connective tissue diseases (Rouleaux Formation, 2006) 

2.5 Crystal 

­µÁ®�»�µ¦Á�·��Crystal �µ��¨�Live Blood Analysis ¥´�Å¤n¤¸�µ¦«¹�¬µ�¸ÉÂ�n�´��́���µ�ªnµ
�¨Å��µ¦Á�·��¨oµ¥�¨¹��´��plaque �¸É­³­¤�¸É��́�®¨°�Á¨º°��Ã�¥Á¦·É¤�o��µ��µ¦�¸É°�»¤¼¨°·­¦³��º°�
Reactive oxygen species (ROS) Å��Îµ��·�·¦·¥µ�Oxidation �´�Å�¤´��¨°Á¨­Á�°¦°¨�Â¨oª�¹�Á�·� 
�µ¦¦ª¤�́ª�´��´��¨¹�Â�¨Á�¸¥¤�(Brock, 2007)  

2.6 Darkfield microscopy 

  �µ¦Ä�o�¨o°��Darkfield microscopy �Îµ�µ��¨oµ¥�¨o°�¤µ�¦�µ��´ÉªÅ��Â�nÄ�o¦³��
�µ�°¥nµ��¸ÉÂ���nµ��´�Ä��µ¦�¼�¨Á¨º°���¨o°��´ÉªÅ�Ä�oÂ­��nµ�Å�¥´�Â�n�­Å¨�r�Â¨³­³�o°�Á�oµ­¼n
Á¨�­r��¹É�°µ��ÎµÄ®o¤°�Å¤nÁ®È�Ã�¦�­¦oµ�Á¨È��ÇÅ�o�Ä���³Á�̧¥ª�´��¨o°��Darkfield �³Ä�o�́ª¦ª¤
Â­�Á¡ºÉ°Ä®oÁ�·�Â­�­ªnµ�¤µ��¹Ê�Ä��µ¦�¼�́ª°¥nµ�Á¨º°���¹��ÎµÄ®oÃ�¦�­¦oµ��°�Á�¨¨r�­·É�¤¸�¸ª·�Á¨È��Ç�
Á¦º°�Â­��¹Ê��oµ��´�¡ºÊ�®¨´��¸É¤¸­¸�Îµ�¤¸�µ¦«¹�¬µ�¹��ªµ¤­´¤¡´��r¦³®ªnµ�Á�¦ºÉ°�¤º°�¸É�ºÉ°ªnµ�Energy 
Enhancement SystemTM �n°�¨�Live Blood Cell Analysis ¡�ªnµ¤¸�µ¦Á�¨¸É¥�Â�¨��°��¨Á¨º°�
°¥nµ�¤¸�́¥­Îµ�´��Îµ�ª��������µ��¨»n¤°µ­µ­¤´�¦�������Ã�¥Á�¦ºÉ°�¤º°�̧ÊÁ�}�Á�¦ºÉ°�¤º°�¸ÉÄ�o
�°¤¡·ªÁ�°¦r�Îµ�ª����������Â¨³�����́ªÄ��µ¦�¨·�¡¨´��µ��¹Ê�¤µ�¸ÉÁ¦̧¥�ªnµ�Scalar waves (Marconi, 
n.d.)  
 



 

    

 
���¸É�3 

¦³Á�¸¥�ª·�¸ª·�́¥ 

3.1 ¦¼�Â���µ�ª·�´¥ 

   Observational VWXG\ 

3.2 �¦³�µ�¦Â¨³� »̈n¤�´ª°¥nµ��̧ÉÄ�oÄ��µ¦ª·�´¥ 

3.2.1 �¦³�µ�¦�̧ÉÄ�oÄ��µ¦ª·�´¥ 
  °µ­µ­¤´�¦�´Ê�Á¡«¡�·�Á¡«�µ¥�Å¤n�Îµ�´��nª�°µ¥» 

3.2.2 �¨»n¤�´ª°¥nµ��̧ÉÄ�oÄ��µ¦ª·�´¥ 
 °µ­µ­¤´�¦�¸ÉÁ�oµ¦́��µ¦�Îµ�¸Á¨�´��Îµ�ª�����¦́Ê��¸Éª·¨¨nµÁ¤�·�µ�¨·�·� �Îµ�ª��37 �� 

Ã�¥¤¸Á���r�µ¦�´�Á¨º°��́��̧Ê� 
3.2.2.1 Á���r�µ¦�´�Á¨º°�°µ­µ­¤´�¦Á�oµ¦nª¤Ã�¦��µ¦�(Inclusion Criteria) 

1. Á¡«�µ¥®¦º°Á¡«®�·�  
2. �nµ��µ¦�Îµ�¸Á¨�´� �Îµ�ª��´Ê�®¤� 5 �¦́Ê�  
3. �¼o�¸ÉÅ�o¦́� Chelating agent Ä�¦¼��°�Á�¨º°Ã�Á�̧¥¤ (Na2EDTA) ®¦º°Á�¨º°

Â�¨Á�¸¥¤ (CaNa2EDTA)  
4. �¼o�¸É¤¸�¨ Live Blood Analysis �¦� 2 �¦́Ê� �º°�n°��Îµ�¸Á¨�´� Â¨³®¨´��µ��Îµ�¸

Á¨�´��¦� 5 �¦́Ê�Â¨oª 
5. �¼o�¸É¡�£µª³ Rouleau Formation ®¦º°¡� Crystal �́Ê�Â�n¦³�́� 1+ �¹Ê�Å� �µ�

�¨ Live  
6. Blood Analysis  
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3.2.2.2 Á���r�µ¦Â¥�°µ­µ­¤´�¦°°��µ�Ã�¦��µ¦ª·�́¥�(Exclusion Criteria) 
   �¼o�¸É¤¸�o°®oµ¤Ä��µ¦�Îµ�¸Á¨�´��Å�oÂ�n�£µª³®¦º°Ã¦��́��n°Å��̧Ê�: �¼o�¸É�́Ê��¦¦£r, ¤¸�¦³ª́�·
Â¡o�n°­µ¦�EDTA, Å�Á­ºÉ°¤®¦º°Å�ªµ¥�(Renal Failure) Ã�¥�oµ¤¸�ªµ¤¦»�Â¦��°�£µª³Å�ªµ¥°¥¼nÄ�
¦³�́�Á¨È��o°¥��¹��µ��¨µ�¥´�­µ¤µ¦�Ä®o�EDTA Å�o�Â�n�oµ�µ¦�Îµ�µ��°�Å�°¥¼nÄ�¦³�́�¦»�Â¦��º° 
Á�}��o°®oµ¤Ä��µ¦Ä®o�EDTA Ã�¥�Îµ�ª��ªµ¤¦»�Â¦��µ��Creatinine Clearance (�µ¤£µ���ª���) 

3.3 Á�¦ºÉ°�¤º°�̧ÉÄ�oÄ��µ¦ª·�´¥ 

3.3.1 Â��¢°¦r¤�¸ÉÄ�oÄ��µ¦�´��¹��¨�¸É�¦³Á¤·�¦³�́� Crystal Â¨³ Rouleau Formation 
Ã�¥Â¡�¥r�¼o�Îµ�µ¦ª·�́¥ �́�£µ���ª��� 

3.3.2 Á�¦ºÉ°��Dark Field Microscopy 
3.3.3 �́ª¥µ®¨´��¸ÉÄ�oÄ��µ¦ª·�́¥��º°�CalciumEDTA ®¦º°�disodiumEDTA 

3.4 ª·�̧�ÎµÁ�·��µ¦ª·�´¥ 

3.4.1 «¹�¬µ®µ�o°¤¼¨Â¨³�µ�ª·�́¥�¸ÉÁ�¸É¥ª�o°��´��µ¦�Îµ�¸Á¨�´� ¦ª¤�¹��¨�¸ÉÅ�o¦́��µ��µ¦
�Îµ�¸Á¨�´� ­µÁ®�»Â¨³¨´�¬�³�°� Crystal Â¨³ Rouleau Formation �µ��¨ Live Blood Analysis 
Ã�¥Ä�o�ÎµÄ��µ¦­º��o��º° �Chelation Therapy�, �Rouleau Formation�, �Crystal�, �Live Blood 
Analysis�  

3.4.2 �°°�»¤´�·�Îµ�µ¦«¹�¬µÄ��¼o�iª¥�µ���³�¦¦¤�µ¦�µ¦�¦·¥�¦¦¤Ä�¤�»¬¥r��°�
¤®µª·�¥µ¨´¥Â¤n¢jµ®¨ª� 

3.4.3 �Îµ�µ¦�´�Á¨º°��¼oÁ�oµ¦nª¤Ã�¦��µ¦ª·�́¥�¸ÉÁ�oµÅ�o�´�Á���r�µ¦�´�Á¨º°��¸É�Îµ®��Åªo�¦ª¤
�´Ê�®¤��37 ���Ã�¥�¼oÁ�oµ¦nª¤Ã�¦��µ¦ª·�́¥�³�o°��nµ��µ¦¦́��¦µ��o°¤¼¨�µ¦ª·�́¥Â¨³¥·�¥°¤Ä®o�Îµ
�µ¦ª·�́¥�n°�� 

3.4.4 �Îµ�µ¦­°��µ¤�¦³ª́�·Á�ºÊ°��o�Á�¸É¥ª�´��o°¤¼¨�´ÉªÅ�Â¨³�o°¤¼¨­»�£µ¡�°��¼oÁ�oµ¦nª¤
Ã�¦��µ¦�ª·�́¥��µ¤Â���´��¹��o°¤¼¨��́�£µ���ª��� 

3.4.5 Á�µ³Á¨º°��µ��¨µ¥�·Êª�°��¼oÁ�oµ¦nª¤Ã�¦��µ¦ª·�́¥��µ��́Ê�®¥�Á¨º°��¦³¤µ��2 ®¥��
Å�Ä�oÄ��µ¦�¼�Live Blood Analysis Ã�¥Ä�o�¨o°���·��Dark Field Microscopy �n°�Á¦·É¤�Îµ�¸Á¨�´��
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Â¨³®¨´��µ��Îµ�¸Á¨�´��5��¦́Ê��Ã�¥­Å¨�r�»�°́��¸É�³Ä�oÄ��µ¦�¼�Live Blood Analysis �³�o°��Îµ�µ¦
¨oµ��oª¥Â°¨�°±°¨r�n°� 

3.4.6 Á¨º°��°��¼oÁ�oµ¦nª¤Ã�¦��µ¦ª·�́¥�³�¼�®¥�¨���­Å¨�r���Â�n� 
Â�n��¸É��: �n°��µ¦�¼�Live Blood Analysis �Îµ�µ¦�Á�È�­Å¨�r �oª¥�¦³�µ¬�Lint Free 

Tissue Â¨³�Îµ�µ¦­n°��¨o°�Á¡ºÉ°�¦³Á¤·��n°��µ¦Ä�o�¦·�ªnµ�¦µ«�µ��Artifact �¸É�³�ÎµÄ®o�µ¦
�¦³Á¤·�Á�¸É¥ª�´��Crystal �·�¡¨µ�Å�o 

Â�n��¸É��: Å¤n¤¸�µ¦Á�È�­Å¨�r �n°��µ¦�¼�Live Blood Analysis  
Ã�¥�µ¦�¦³Á¤·��¨ Live Blood Analysis Á�oµ®�oµ�¸É�³�Îµ�µ¦�¦³Á¤·��¨£µ¡�nµ¥ Live 

Blood Analysis �°��¼oÁ�oµ¦nª¤Ã�¦��µ¦ª·�́¥�¸É�Îµ¨´� 40 Ã�¥�¼o�¦³Á¤·��¨Á�¸É¥ª�´���µ��°� Crystal 
Â¨³ �ªµ¤¦»�Â¦��°�£µª³ Rouleau Formation �°��¼oÁ�oµ¦nª¤Ã�¦��µ¦ª·�́¥Â�n¨³���³�¼��¦³Á¤·�
Ã�¥Á�oµ®�oµ�¸É��Á�̧¥ª�´�Â¨³�¼o�¦³Á¤·��¨�³Å¤n�¦µ�ªnµÁ�}��¨�Live Blood Analysis �n°�®¦º°
®¨´��µ¦�Îµ�¸Á¨�´��Ã�¥�Îµ®��Ä®oÁ���r�¸É�³�°�ªnµ¤¸�ªµ¤¦»�Â¦� Ä�¦³�́�Ä� �́Ê� ¤¸¦µ¥¨³Á°̧¥�
�́��̧Ê  

1. Rouleau Grading 
 0 �º°� Å¤n¡��Rouleau Formation  
 1+  �º°  ¡��µ¦�o°��´��´��°�Á¤È�Á¨º°�Â���2-4 �́ª 
 2+  �º°  ¤¸�µ¦Á¦̧¥��́ª�´��°�Á¤È�Á¨º°�Â��Á�}�­µ¥¥µª®¦º°Á�}��Chain >4��́ª�¹Ê�Å�  
 3+  �º°  ¤ ̧Clumping �°�Á¤È�Á¨º°�Â�� 
 �µ¦¦µ¥�µ��¨�³°°�¤µÁ�}� 0, 1+, 2+, 3+ 
2. Crystal Grading 

  0  �º°� Å¤n¡��Crystal 
 1+ �º°  Crystal ¤¸��µ�Á¨È��ªnµÁ¤È�Á¨º°�Â�� 
 2+ �º°  Crystal ¤¸��µ�Á�nµ�´�Á¤È�Á¨º°�Â�� 
  3+ �º°  Crystal ¤¸��µ�Ä®�n�ªnµÁ¤È�Á¨º°�Â�� 

 Ã�¥�³¡·�µ¦�µ��µ��°� Crystal Ã�¥�³¡·�µ¦�µ��µ��°� Crystal �µ�®¨µ¥�Ç�Field
°¥nµ��o°¥���Field Ã�¥Á¨º°��¸É¤¸��µ�Ä®�n�¸É­»� Â¨³¦µ¥�µ��¨°°�¤µÁ�}� 0, 1+, 2+, 3+ 

3.4.7 �´��¹��o°¤¼¨�¸ÉÅ�o¨�Ä�Â���´��¹��o°¤¼¨Á¡ºÉ°�Îµ¤µª·Á�¦µ³®r�n°Å� 
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3.5 �µ¦Á�È�¦ª�¦ª¤�o°¤¼¨�(data collection) 

  Â¡�¥r�¼o�Îµ�µ¦ª·�́¥Á�}��¼oÁ�È��o°¤¼¨�nµ��Ç ¨�Ä�Â���´��¹��o°¤¼¨Â¨³�°¤¡·ªÁ�°¦r 

3.6 �µ¦�¦³Á¤·��¨ 

3.6.1 Á�¦̧¥�Á�¸¥���µ��°� Crystal Â¨³ Rouleau Formation �µ��¨ Live Blood 
Analysis �n°�Â¨³®¨´��µ¦�Îµ�¸Á¨�´��¦� 5 �¦́Ê� Ã�¥­Å¨�r�³�Îµ�µ¦¨oµ��oª¥Â°¨�°±°¨rÂ¨³Á�È�
­Å¨�r�oª¥�¦³�µ¬�Lint Free Tissue��n°� 

3.6.2 Á�¦̧¥�Á�¸¥���µ��°��Crystal Ä��¨»n¤�¸ÉÁ�È�­Å¨�rÂ¨³Å¤nÁ�È�­Å¨�r�n°��µ¦�¼�Live 
Blood Analysis �´Ê�����nª�Áª¨µ�º°��n°�Â¨³®¨´��µ��Îµ�¸Á¨�´��¦�����¦́Ê� 

3.7 ­�·�·�̧ÉÄ�oÄ��µ¦ª·Á�¦µ³®r�o°¤¼¨ 

3.7.1 �o°¤¼¨�´ÉªÅ� ª·Á�¦µ³®rÃ�¥Ä�o­�·�·Á�·�¡¦¦�µ Å�oÂ�n �Îµ�ª� ¦o°¥¨³ �nµÁ�¨¸É¥ �nµ­nª�
Á�¸É¥�Á��¤µ�¦�µ� 

3.7.2 Ä�o­�·�·Ä��µ¦�¦³Á¤·��µ¦Á�¨¸É¥�Â�¨��n°�Â¨³®¨´��µ¦�Îµ�¸Á¨�´� 
3.7.2.1 �oµ�o°¤¼¨¤¸�µ¦�¦³�µ¥Â�����· Ä�o­�·�·Á�}� Pair T-test Á¡¦µ³Á�}��o°¤¼¨Á�·�

�¦·¤µ� �¹É�Á�¦̧¥�Á�¸¥�Ä��¼o�iª¥��Á�̧¥ª�´� �n°�Â¨³®¨´��µ¦¦́�¬µ 
3.7.2.2 �oµ�o°¤¼¨Å¤n¤¸�µ¦�¦³�µ¥Â�����· Ä�o­�·�·Á�}� Wilcoxon Match Pair Sign 

Rank test Á¡¦µ³Á�}��o°¤¼¨Á�·��¦·¤µ� �¹É�Á�¦̧¥�Á�¸¥�Ä��¼o�iª¥��Á�̧¥ª�´� �n°�Â¨³®¨´��µ¦¦́�¬µ 
 
 
 
 
 



 

    

 
���¸É�4 

�¨�µ¦ª·�́¥ 

�µ¦«¹�¬µ�¨�°��µ¦�Îµ�¸Á¨�´��n°�Rouleau Formation Â¨³��µ��°��&U\VWDO��µ��¨�/LYH�
%ORRG�$QDO\VLV�Ä��¼o�iª¥�¸ÉÁ�oµ¦́��µ¦¦́�¬µ�¸Éª·¨¨nµÁ¤�·�oµ�¨·�·���µ¦«¹�¬µÄ��¨»n¤�́ª°¥nµ��Îµ�ª��41 
¦µ¥�Ã�¥¤¸�4 ¦µ¥�¸ÉÅ¤n­µ¤µ¦�Ä�o�o°¤¼¨Ä��µ¦�¦³Á¤·��¨�µ¦ª·�́¥Å�oÁ�ºÉ°��µ��¨�Live Blood Analysis 
Á¦·É¤�o��¤¸�grading �°�£µª³�Rouleau Formation Â¨³��µ��°��crystal Á�}��grade 0 °¥¼nÂ¨oª�¹�Å¤nÁ�oµ
�´�Á���r�µ¦�´�Á¨º°��(inclusion criteria) ��¤¸�¼oÁ�oµ¦nª¤ª·�́¥�¸ÉÄ�oÁ�È��o°¤¼¨Å�o�37 ¦µ¥��¨�µ¦«¹�¬µ
�́��̧Ê 

4.1 �o°¤¼¨­´��¤�¦³�µ�¦�°�°µ­µ­¤́�¦ 

�»�¨´�¬�³�¦³�µ�¦�°�°µ­µ­¤´�¦�¡�ªnµ �¨»n¤°µ¥»�°�°µ­µ­¤´�¦­nª�Ä®�n°µ¥»¤µ��ªnµ�
50 �e�¦o°¥¨³�42.5 Ã�¥°µ¥»­¼�­»��77 �eÂ¨³�ÉÎµ­»��19 �e�Â¨³¤¸°µ¥»Á�¨¸É¥�47.43 �e�°µ�¸¡­nª�Ä®�n¤¸
�·��µ¦­nª��́ª¦o°¥¨³�52.5 ¦°�¨�¤µ°µ�¸¡¡�́��µ��¦o°¥¨³�22.5 ­nª�Ä®�n¤¸Ã¦��¦³�Îµ�́ª¦o°¥¨³�
55 �¹É�Á�}�Ã¦�£¼¤·Â¡o�8 ¦µ¥��ªµ¤�́�Ã¨®·�­¼��4 ¦µ¥�Á�µ®ªµ��3 ¦µ¥�Ã¦�®́ªÄ��2 ¦µ¥�Å�¤´�Ä�
Á¨º°�­¼��1 ¦µ¥�¤¸�¦³ª́�·�µ¦­¼��»®¦̧É¦o°¥¨³�15 �¦³ª́�·�µ¦°»�¢{�Ä�o°¤´¨�´¤¦o°¥¨³�75 ¦µ¥¨³Á°̧¥�
�́��µ¦µ��¸É�4.1 
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�µ¦µ��̧É 4.1 ��Îµ�ª�Â¨³¦o°¥¨³�°��¨»n¤�́ª°¥nµ��ÎµÂ���µ¤¨´�¬�³­´��¤�¦³�µ�¦ 

¨´�¬�³­´��¤�¦³�µ�¦ �Îµ�ª� ¦o°¥¨³ 
°µ¥» (�e�   

�o°¥�ªnµ 40 �e 13 35.14 
40-50 �e 8 21.62 
¤µ��ªnµ 50 �e 16 43.24 

Mean±SD 47.43±13.56 
Median(Min-Max) 47(19-77) 

°µ�¸¡   
�oµ¦µ��µ¦ 3 8.11 
Â¤n�oµ� 4 10.81 
¡�́��µ� 8 21.62 
�́�Á¦̧¥���́�«¹�¬µ 2 5.41 
�·��µ¦­nª��́ª 20 54.05 

�¦³ª́�·Ã¦��¦³�Îµ�́ª   
¤ ̧ 22 59.46 
Å¤n¤ ̧ 15 40.54 

�¦³ª́�·�µ¦­¼��»®¦̧É   
­¼� 6 16.22 
Å¤n­¼� 31 83.78 

�¦³ª́�·�µ¦�ºÉ¤­»¦µ   
�ºÉ¤�µ��Ç �¦́Ê���Å¤nÅ�o�ºÉ¤�»�­´��µ®r� 7 18.92 
�ºÉ¤Á�}��¦³�Îµ 5 13.51 
Å¤n�ºÉ¤ 25 67.57 

 
 



  

 

22

�µ¦µ��̧É 4.1 ���n°� 

¨´�¬�³­´��¤�¦³�µ�¦ �Îµ�ª� ¦o°¥¨³ 
�¦³ª́�·�µ¦°°��Îµ¨´��µ¥   

Å¤n°°��Îµ¨´� 15 40.54 
�o°¥�ªnµ®¦º°Á�nµ�´� 2 �¦́Ê��­´��µ®r 9 24.32 
¤µ��ªnµ 2 �¦́Ê��­´��µ®r 13 35.14 

�¦³ª́�·�µ¦�ºÉ¤�ÊÎµ   
�o°¥�ªnµ 1 ¨·�¦�ª́� 21 56.76 
¤µ��ªnµ 1 ¨·�¦�ª́� 16 43.24 

�¦³ª́�·�µ¦°»�¢{�Ä�o°¤´¨�´¤   
¤ ̧ 28 75.68 
Å¤n¤ ̧ 9 24.32 

4.2 �o°¤¼¨�Îµ�ª�� »̈n¤�´ª°¥nµ��°µ¥»�Â¨³�µ¦�¦³Á¤·� 

  �o°¤¼¨�Îµ�ª��¨»n¤�́ª°¥nµ��°µ¥»�°�°µ­µ­¤´�¦Ä�Â�n¨³¦µ¥�Â¨³�µ¦�¦³Á¤·��³Â���
Rouleau Grading Â¨³�Crystal Grading �ÎµÂ���µ¤�nª�Áª¨µ�º°��n°��Îµ�¸Á¨�´�Â¨³®¨´��Îµ�¸Á¨�´�
�¦��5 �¦́Ê��¡¦o°¤�´��µ¦­¦»��¨®¨´��µ��Îµ�¸Á¨�´�Ã�¥Â�n�Á�}��2 �¨»n¤�º°��̧�¹Ê�Â¨³�Å¤n�̧�¹Ê�®¦º°
Á�nµÁ�·¤�¦µ¥¨³Á°̧¥��́��µ¦µ��¸É�4.2-4.3 
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�µ¦µ��̧É�4.2   °µ¥»Â¨³�nµ�Rouleau Grading Á�¦̧¥�Á�¸¥�¦³®ªnµ��n°��Îµ�¸Á¨�´�Â¨³®¨´��µ��Îµ 
�¸Á¨�´��¦��5 �¦́Ê�Â¨oª 

¨Îµ�´��̧É °µ¥»���e� 
Á�È��Slide 

Result 
�n°��Îµ�¸Á¨�´� ®¨´��Îµ�¸Á¨�´� 

1 42 2+ 1+ + 
2 39 2+ 1+ + 
3 56 1+ 1+ - 
4 62 3+ 2+ + 
5 37 3+ 3+ - 
6 59 2+ 1+ + 
7 62 3+ 0 + 
8 47 2+ 1+ + 
9 49 1+ 2+ - 

10 38 3+ 0 + 
11 38 3+ 1+ + 
12 46 1+ 1+ - 
13 58 2+ 2+ - 
14 60 2+ 2+ - 
15 32 3+ 1+ + 
16 37 3+ 2+ + 
17 61 3+ 1+ + 
18 34 0 1+ - 
19 19 2+ 1+ + 
20 42 3+ 2+ + 
21 41 2+ 1+ + 
22 63 1+ 0 + 
23 72 2+ 1+ + 
24 36 3+ 1+ + 
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�µ¦µ��̧É�4.2  ��n°� 

¨Îµ�´��̧É °µ¥»���e� 
Á�È��Slide 

Result 
�n°��Îµ�¸Á¨�´� ®¨´��Îµ�¸Á¨�´� 

25 56 2+ 1+ + 
26 38 1+ 1+ - 
27 53 1+ 1+ - 
28 23 1+ 1+ - 
29 30 3+ 0 + 
30 51 1+ 0 + 
31 29 2+ 2+ - 
32 62 2+ 1+ + 
33 77 3+ 2+ + 
34 60 0 1+ - 
35 49 3+ 1+ + 
36 54 2+ 1+ + 
37 43 2+ 1+ + 

®¤µ¥Á®�»� +�Á�nµ�´���̧�¹Ê� 
- Á�nµ�´��Å¤n�̧�¹Ê�®¦º°Á�nµÁ�·¤ 
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�µ¦µ��̧É�4.3 °µ¥»Â¨³�nµ�Crystal Grading Á�¦̧¥�Á�¸¥�¦³®ªnµ��n°��Îµ�¸Á¨�´�Â¨³®¨´��µ��Îµ�¸Á¨�´� 
�¦��5 �¦́Ê�Â¨oª 

       

¨Îµ�´��̧É °µ¥»���e� Á�È��Slide Result 
�n°��Îµ�¸Á¨�´� ®¨´��Îµ�¸Á¨�´� 

1 42 1+ 0 + 
2 39 3+ 1+ + 
3 56 3+ 0 + 
4 62 3+ 0 + 
5 37 3+ 0 + 
6 59 2+ 1+ + 
7 62 3+ 0 + 
8 47 1+ 0 + 
9 49 2+ 0 + 

10 38 1+ 1+ - 
11 38 1+ 0 + 
12 46 3+ 1+ + 
13 58 1+ 0 + 
14 60 1+ 1+ - 
15 32 1+ 1+ - 
16 37 3+ 1+ + 
17 61 3+ 0 + 
18 34 0 1+ - 
19 19 3+ 1+ + 
20 42 3+ 1+ + 
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�µ¦µ��̧É�4.3  (�n°) 
       

¨Îµ�´��̧É °µ¥»���e� Á�È��Slide Result 
�n°��Îµ�¸Á¨�´� ®¨´��Îµ�¸Á¨�´� 

21 41 1+ 1+ - 
22 63 0 1+ - 
23 72 1+ 1+ - 
24 36 3+ 1+ + 
25 56 0 1+ - 
26 38 1+ 0 + 
27 53 2+ 0 + 
28 23 1+ 1+ - 
29 30 3+ 0 + 
30 51 1+ 0 + 
31 29 1+ 1+ - 
32 62 3+ 0 + 
33 77 3+ 0 + 
34 60 1+ 0 + 
35 49 2+ 0 + 
36 54 1+ 0 + 
37 43 1+ 0 + 

®¤µ¥Á®�»���+���Á�nµ�´���̧�¹Ê� 
-  Á�nµ�´��Å¤n�̧�¹Ê�®¦º°Á�nµÁ�·¤ 
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4.3 �Îµ�ª�Â¨³¦o°¥¨³�°�� »̈n¤�´ª°¥nµ� 

  �Îµ�ª�Â¨³¦o°¥¨³�°��¨»n¤�́ª°¥nµ���ÎµÂ��Á�}��¨�Rouleau Formation Â¨³��µ��°��
Crystal Ã�¥Ä�o�Grading Ä��µ¦�¦³Á¤·�Â¥�Á�}�¨Îµ�́��ªµ¤¦»�Â¦��µ��o°¥Å�¤µ���́��̧Ê 

1. Rouleau Grading 
0  �º°� Å¤n¡��Rouleau Formation  
1+  �º°  ¡��µ¦�o°��´��´��°�Á¤È�Á¨º°�Â���2-4 �́ª 
2+  �º°  ¤¸�µ¦Á¦̧¥��́ª�´��°�Á¤È�Á¨º°�Â��Á�}�­µ¥¥µª®¦º°Á�}��Chain >4��́ª�¹Ê�Å�  
3+  �º°  ¤ ̧Clumping �°�Á¤È�Á¨º°�Â�� 

2. Crystal Grading 
  0   �º°� Å¤n¡��Crystal 

1+ �º°  Crystal ¤¸��µ�Á¨È��ªnµÁ¤È�Á¨º°�Â�� 
2+ �º°  Crystal ¤¸��µ�Á�nµ�´�Á¤È�Á¨º°�Â�� 
3+ �º°  Crystal ¤¸��µ�Ä®�n�ªnµÁ¤È�Á¨º°�Â�� 

�µ¦�¦³Á¤·��³Â���°��Rouleau Grading ¡�ªnµ�n°�Á�oµ¦́��µ¦�Îµ�¸Á¨�´��¼oÁ�oµÃ�¦��µ¦ª·�́¥
­nª�¤µ��·�Á�}�¦o°¥¨³�37.84 �³¤¸�³Â��°¥¼n�¸É�2+ �º° ¤¸�µ¦Á¦̧¥��́ª�´��°�Á¤È�Á¨º°�Â��Á�}�­µ¥¥µª
®¦º°Á�}��Chain >4��́ª�¹Ê�Å� ¦°�¨�¤µ�³¤¸�³Â��°¥¼n�¸É�3+�º° ¤¸ Clumping �°�Á¤È�Á¨º°�Â�� �·�Á�}�
¦o°¥¨³�35.14 Â�n®¨´��µ��Îµ�¸Á¨�´��¦��5 �¦́Ê��¡�ªnµ�¦³¤µ�¦o°¥¨³�62.16 �°��¼oÁ�oµ¦nª¤
Ã�¦��µ¦ª·�́¥�³¤¸�¨�³Â���Rouleau Grading °¥¼n�¸É�1+��º° ¡��µ¦�o°��´��´��°�Á¤È�Á¨º°�Â��
Á¨È��o°¥�¦µ¥¨³Á°̧¥��́��µ¦µ��¸É�4.4 
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�µ¦µ��̧É�4.4  �Îµ�ª�Â¨³¦o°¥¨³�°��³Â���Rouleau Grading Á�¦̧¥�Á�¸¥�¦³®ªnµ��n°��Îµ�¸Á¨�´� 
Â¨³®¨´��Îµ�¸Á¨�´��¦��5 �¦́Ê� 

    

n 
Rouleau Grading 

0 1+ 2+ 3+ 
Á�È��Slide 
�n°��Îµ�¸Á¨�´� 37 2(5.41) 8(21.62) 14(37.84) 13(35.14) 
®¨´��Îµ�¸Á¨�´� 37 5(13.51) 23(62.16) 8(21.62) 1(2.70) 

�µ¦�¦³Á¤·��³Â���°��Crystal Grading ¡�ªnµ�n°�Á�oµ¦́��µ¦�Îµ�¸Á¨�´��¼oÁ�oµÃ�¦��µ¦ª·�́¥
­nª�¤µ��·�Á�}�¦o°¥¨³�43.24��³¤¸�³Â��°¥¼n�¸É�1+ �º° Crystal ¤¸��µ�Á¨È��ªnµÁ¤È�Á¨º°�Â���
¦°�¨�¤µ�³¤¸�³Â��°¥¼n�¸É�3+��º° Crystal ¤¸��µ�Ä®�n�ªnµÁ¤È�Á¨º°�Â����·�Á�}�¦o°¥¨³�37.84 Â�n
®¨´��µ��Îµ�¸Á¨�´��¦��5 �¦́Ê��Å¤n¡��³Â���2+ Â¨³�3+ ¡��¨�³Â���Crystal Grading ­nª�¤µ�
°¥¼n�¸É�³Â���0 �º°�Å¤n¡��Crystal��·�Á�}�¦o°¥¨³�54.05 ¦µ¥¨³Á°̧¥��́��µ¦µ��¸É�4.5 

�µ¦µ��̧É�4.5  �Îµ�ª�Â¨³¦o°¥¨³�°��³Â���Crystal Grading Á�¦̧¥�Á�¸¥�¦³®ªnµ��n°��Îµ�¸Á¨�´�
Â¨³®¨´��Îµ�¸Á¨�´��¦��5 �¦́Ê� 

    

n 
Crystal Grading 

0 1+ 2+ 3+ 
Á�È��Slide     
�n°��Îµ�¸Á¨�´� 37 3(8.11) 16(43.24) 4(10.81) 14(37.84) 
®¨´��Îµ�¸Á¨�´� 37 20(54.05) 17(45.95) - - 
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  �µ¦�¦³Á¤·��¨�°��µ¦�Îµ�¸Á¨�´��¡�ªnµ�®¨´��Îµ�¸Á¨�´��¦��5 �¦́Ê���³Â���°��Rouleau 
Formation �̧�¹Ê��·�Á�}�¦o°¥¨³�67.57 Ä���³�¸É�³Â���°���µ��°��Crystal �̧�¹Ê��·�Á�}�¦o°¥¨³�
72.97 ¦µ¥¨³Á°̧¥��́��µ¦µ��¸É�4.6 

�µ¦µ��̧É 4.6 ��¨�°��µ¦�Îµ�¸Á¨�´��n°£µª³�Rouleau Formation Â¨³��µ��°��Crystal  

Grading 
 

�¨�°��µ¦�Îµ�¸Á¨�´� 
p-value 

 
Á�nµÁ�·¤�Â¥n¨�  �¸�¹Ê� 

n % n % 
Rouleau grading 12 32.43 

 
25 67.57 0.033* 

Crystal grading 10 27.03 
 

27 72.97 0.005* 

®¤µ¥Á®�»���*�ªµ¤Â���nµ�°¥nµ�¤¸�́¥­Îµ�´��¸É=0.05 

  �µ��µ¦µ��¸É�4.6 Â­��Â��£¼¤·Á�¦̧¥�Á�¸¥�Ä®oÁ®È�ªnµ¨´�¬�³�µ¦Á�¨¸É¥�Â�¨��°��¨�°�
�µ¦�Îµ�¸Á¨�´��¦��5 �¦́Ê��n°£µª³�Rouleau Formation Â¨³��µ��°��Crystal ��́�£µ¡�¸É�4.1 Â¨³
4.2� Ã�¥Â�n��µ¦¦µ¥�µ��¨°°��Á�}��2 �¨»n¤�º°��¨»n¤�¸É¤¸�¨�Rouleau Grading ®¦º°�Crystal Grading 
�̧�¹Ê�Â¨³�¨»n¤�¸É¤¸�¨�Rouleau Grading�®¦º°�Crystal Grading�Å¤n�̧�¹Ê�®¦º°Á�nµÁ�·¤ 

 

£µ¡�̧É�4.1  ¦o°¥¨³�°��µ¦Á�¨¸É¥�Â�¨�£µª³�Rouleau Formation ®¨´��Îµ�¸Á¨�´��¦��5 �¦́Ê� 

Rouleau Grading 
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£µ¡�̧É�4.2  ¦o°¥¨³�°��µ¦Á�¨¸É¥�Â�¨� Crystal Grading ®¨´��Îµ�¸Á¨�´��¦��5 �¦́Ê� 

4.4 �µ¦Á�¦̧¥�Á�̧¥��ªµ¤Â���nµ��°��nµÁ�¨̧É¥�³Â���Rouleau Grading�Â¨³�Crystal  
 Grading 

  �µ¦Á�¦̧¥�Á�¸¥��ªµ¤Â���nµ��°��nµÁ�¨¸É¥�³Â���Rouleau Grading ¦³®ªnµ��n°��Îµ�¸Á¨
�´�Â¨³®¨´��Îµ�¸Á¨�´��¦��5��¦́Ê� ¡�ªnµ®¨´��Îµ�¸Á¨�´�¤¸�nµÁ�¨¸É¥�°��³Â��¨�¨��µ��2.03 Å�Á�}��
1.14 �́��µ¦µ��¸É�4.7 

�µ¦µ��̧É�4.7  �nµÁ�¨¸É¥�°��³Â���Rouleau Grading Á�¦̧¥�Á�¸¥�¦³®ªnµ��n°��Îµ�¸Á¨�´�Â¨³®¨´��Îµ 
�¸Á¨�´��¦��5 �¦́Ê� 

         
  Mean SD Median Min Max 
Á�È��Slide      
�n°��Îµ�¸Á¨�´� 2.03 0.90 2 0 3 
®¨´��Îµ�¸Á¨�´� 1.14 0.67 1 0 3 

�µ��µ¦µ��¸É�4.7 Â­��Â��£¼¤·Á�¦̧¥�Á�¸¥�Ä®oÁ®È�¨´�¬�³�µ¦Á�¨¸É¥�Â�¨��°��Rouleau 
Grading Á�¦̧¥�Á�¸¥��2 �nª�Áª¨µ��º°�n°��Îµ�¸Á¨�´�Â¨³®¨´��Îµ�¸Á¨�´��¦��5 �¦́Ê����́�£µ¡�¸É�4.3� 

Crystal Grading 
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£µ¡�̧É�4.3  �µ¦Á�¨¸É¥�Â�¨��nµÁ�¨¸É¥�°��nµ�Rouleau Grading �µ¤Áª¨µ�µ¦�¦³Á¤·��¦³¥³�n°��Îµ 
�¸Á¨�´� (Before) Â¨³¦³¥³®¨´��Îµ�¸Á¨�´��¦��5 �¦́Ê���After� 

�µ¦Á�¦̧¥�Á�¸¥��ªµ¤Â���nµ��°��nµÁ�¨¸É¥�³Â���Crystal Grading ¦³®ªnµ��n°��Îµ�¸Á¨�´�
Â¨³®¨´��Îµ�¸Á¨�´��¦��5��¦́Ê� ¡�ªnµ®¨´��Îµ�¸Á¨�´�¤¸�nµÁ�¨¸É¥�°��³Â��¨�¨��µ��1.78 Å�Á�}�� 
0.46 �́��µ¦µ��¸É�4.8 

�µ¦µ��̧É�4.8   �nµÁ�¨¸É¥�°��³Â���Crystal Grading Á�¦̧¥�Á�¸¥�¦³®ªnµ��n°��Îµ�¸Á¨�´�Â¨³®¨´��Îµ 
�¸Á¨�´��¦��5 �¦́Ê� 
 

  Mean SD Median Min Max 
Á�È��Slide      
�n°��Îµ�¸Á¨�´� 1.78 1.06 1 0 3 
®¨´��Îµ�¸Á¨�´� 0.46 0.51 0 0 1 

�µ��µ¦µ��¸É�4.8 Â­��Â��£¼¤·Á�¦̧¥�Á�¸¥�Ä®oÁ®È�¨´�¬�³�µ¦Á�¨¸É¥�Â�¨��°��Crystal 
Grading Á�¦̧¥�Á�¸¥��2 �nª�Áª¨µ��º°�n°��Îµ�¸Á¨�´�Â¨³®¨´��Îµ�¸Á¨�´��¦�� 
5 �¦́Ê� (�́�£µ¡�¸É�4.4) 
 
 

Rouleau Grading 

SD=0.90 
SD=0.67 
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£µ¡�̧É�4.4 �µ¦Á�¨¸É¥�Â�¨��nµÁ�¨¸É¥�°��nµ�Crystal Grading �µ¤Áª¨µ�µ¦�¦³Á¤·��¦³¥³�n°��Îµ 

�¸Á¨�´��(Before)�Â¨³¦³¥³®¨´��Îµ�¸Á¨�´��¦��5 �¦́Ê���After� 

�µ¦µ��̧É�4.9  �ªµ¤Â���nµ��nµÁ�¨¸É¥�°��³Â���Rouleau Grading ¦³®ªnµ��n°��Îµ�¸Á¨�´�Â¨³®¨´�
�Îµ�¸Á¨�´��¦��5 �¦́Ê� 

 
n 

 
Mean±SD Median 

(Min-Max) 
p-value 

 

Á�È��Slide <0.001 
�n°��Îµ�¸Á¨�´� 37 2.03±0.90 2(0-3) 
®¨´��Îµ�¸Á¨�´� 37 1.14±0.67 1(0-3) 

�µ¦�¦³Á¤·��ªµ¤Â���nµ��nµÁ�¨¸É¥�°��³Â���Crystal Grading ¦³®ªnµ��n°��Îµ�¸Á¨�´�Â¨³
®¨´��Îµ�¸Á¨�´��¦��5 �¦́Ê�¡�ªnµ¤¸�ªµ¤Â���nµ��´�°¥nµ�¤¸�́¥­Îµ�´��µ�­�·�·��p <0.001���́��µ¦µ��¸É�
4.10 

 

 

Crystal Grading 

SD=1.06 

SD=0.51 
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�µ¦µ��̧É�4.10  �ªµ¤Â���nµ��nµÁ�¨¸É¥�°��³Â���Crystal Grading ¦³®ªnµ��n°��Îµ�¸Á¨�´�Â¨³®¨´�
�Îµ�¸Á¨�´��¦��5 �¦́Ê� 

 n Mean±SD Median 
(Min-Max) p-value 

Á�È��Slide <0.001 
�n°��Îµ�¸Á¨�´� 37 1.78±1.06 1(0-3) 
®¨´��Îµ�¸Á¨�´� 37 0.46±0.51 0(0-1)   

  �µ¦Á�¦̧¥�Á�¸¥��nµÁ�¨¸É¥�°��³Â���Crystal Grading ¦³®ªnµ��µ¦Á�È�­Å¨�rÂ¨³Å¤nÁ�È�
­Å¨�r�oª¥�¦³�µ¬�Lint Free Tissue �n°��µ¦�¼�¨�Live Blood Analysis ¡�ªnµ¤¸�ªµ¤Â���nµ��´�
°¥nµ�¤¸�́¥­Îµ�´��µ�­�·�·Ä��nª�¦³¥³®¨´��µ¦�Îµ�¸Á¨�´��¦µ¥¨³Á°̧¥��́��µ¦µ��¸É�4.11 
 
�µ¦µ��̧É�4.11 Á�¦̧¥�Á�¸¥��nµÁ�¨¸É¥�°��³Â���Crystal Grading ¦³®ªnµ��µ¦Á�È�­Å¨�rÂ¨³Å¤nÁ�È�

­Å¨�r�oª¥�¦³�µ¬�Lint Free Tissue 

 

Á�È��Slide Å¤nÁ�È��Slide p-
value Mean±SD Median 

(Min-Max) Mean±SD Median 
(Min-Max) 

Crystal grading      
�n°��Îµ�¸Á¨�´� 1.78±1.06 1(0-3) 1.95±0.91 2(0-3) 0.373 
®¨´��Îµ�¸Á¨�´� 0.46±0.51 0(0-1) 0.97±0.73 1(0-3) 0.001 

 1.32±1.25 1(-1-3) 0.97±1.19 1(-1-3) 0.182 

�µ��µ¦µ��¸É�4.11 Â­��Â��£¼¤·Á�¦̧¥�Á�¸¥�Ä®oÁ®È�¨´�¬�³�µ¦Á�¨¸É¥�Â�¨��nµÁ�¨¸É¥�°��nµ�
Crystal Grading Á�¦̧¥�Á�¸¥�¦³®ªnµ��µ¦Á�È�­Å¨�r�´�Å¤nÁ�È�­Å¨�r�Ä��nª�Áª¨µ�n°��Îµ�¸Á¨�´�Â¨³
®¨´��µ��Îµ�¸Á¨�´��¦��5 �¦́Ê�Â¨oª�µ¤¨Îµ�́����́�£µ¡�¸É 4.5 Â¨³�4.6� 
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£µ¡�̧É�4.5  �µ¦Á�¨¸É¥�Â�¨��nµÁ�¨¸É¥�°��nµ�Crystal Grading Á�¦̧¥�Á�¸¥�¦³®ªnµ��µ¦Á�È�­Å¨�r� 
 �´�Å¤nÁ�È�­Å¨�r�Ä��nª�Áª¨µ�n°��Îµ�¸Á¨�´� 

 

 
 
£µ¡�̧É�4.6 �µ¦Á�¨¸É¥�Â�¨��nµÁ�¨¸É¥�°��nµ�Crystal Grading Á�¦̧¥�Á�¸¥�¦³®ªnµ��µ¦Á�È�­Å¨�r�´�

Å¤nÁ�È�­Å¨�r�Ä��nª�Áª¨µ®¨´��Îµ�¸Á¨�´��¦��5 �¦́Ê� 

 

 

 

�n°��Îµ�¸Á¨�´� 

®¨´��Îµ�¸Á¨�´� 

SD=1.06 SD=0.91 

SD=0.51 
SD=0.73 
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�́ª°¥nµ��¨�Live Blood Analysis �°�°µ­µ­¤´�¦�Â­���µ¦Á�¨¸É¥�Â�¨��¸É�̧�¹Ê��°��
Rouleau Formation ®¨´��µ¦�Îµ�¸Á¨�´��¦��5 �¦́Ê� ��́�£µ¡�¸É�4.7, 4.8� 

 

£µ¡�̧É�4.7  Rouleau Formation �µ��¨�Live Blood Analysis Ä��nª�Áª¨µ�n°��Îµ�¸Á¨�´� 
 
 

 

£µ¡�̧É�4.8  Rouleau Formation �µ��¨�Live Blood Analysis Ä��nª�Áª¨µ®¨´��Îµ�¸Á¨�´� 
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�́ª°¥nµ��¨�Live Blood Analysis �°�°µ­µ­¤´�¦�Â­���µ¦Á�¨¸É¥�Â�¨��¸É�̧�¹Ê��°���µ�
�°��Crystal ®¨´��µ¦�Îµ�¸Á¨�´��¦��5 �¦́Ê� ��́�£µ¡�¸É 4.9, 4.10� 

 

£µ¡�̧É�4.9  Crystal��µ��¨�Live Blood Analysis Ä��nª�Áª¨µ�n°��Îµ�¸Á¨�´� 

 

£µ¡�̧É�4.10 �Crystal �µ��¨�Live Blood Analysis Ä��nª�Áª¨µ®¨´��Îµ�¸Á¨�´� 
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�́ª°¥nµ��¨�Live Blood Analysis �°�°µ­µ­¤´�¦ Â­����µ��°��Crystal Á�¦̧¥�¦³®ªnµ�
�µ¦Á�È�­Å¨�rÂ¨³Å¤nÁ�È�­Å¨�r�n°��µ¦�¼�¨�Live Blood Analysis ��́�£µ¡�¸É�4.11 Â¨³�4.12� 

 

£µ¡�̧É�4.11 �Crystal �µ��¨�Live Blood Analysis �°�­Å¨�r�¸ÉÅ¤n�nµ��µ¦Á�È��n°� 
 

 

£µ¡�̧É�4.12 �Crystal �µ��¨�Live Blood Analysis �°�­Å¨�r�¸É�nµ��µ¦Á�È��n°� 



 

    

 
���¸É�5 

­¦»��°£·�¦µ¥�¨�Â¨³�o°Á­�°Â�³ 

�µ¦«¹�¬µ�¨�°��µ¦�Îµ�¸Á¨�´��n°�Rouleau Formation Â¨³��µ��°��&U\VWDO��µ��¨�/LYH�
%ORRG�$QDO\VLV�Ä��¼o�iª¥�¸ÉÁ�oµ¦́��µ¦¦́�¬µ�¸Éª·¨¨nµÁ¤�·�oµ�¨·�·��Îµ�ª��37 ¦µ¥�¹É��¼oÁ�oµ¦nª¤
Ã�¦��µ¦ª·�́¥��³Á�oµ¦́��µ¦�Îµ�¸Á¨�´��Îµ�ª��´Ê�®¤��5 �¦́Ê�Ã�¥�³¤¸�µ¦Á�È��́ª°¥nµ�Á¨º°�Á¡ºÉ°�ÎµÅ�
�¦³Á¤·��¼�¨�Live Blood Analysis �n°�Â¨³®¨´��µ¦�Îµ�¸Á¨�´��Â¨³Á�¦̧¥�Á�¸¥�¦³®ªnµ��µ¦Á�È�
­Å¨�rÂ¨³Å¤nÁ�È�­Å¨�r�Á¡ºÉ°«¹�¬µ�¨�°��µ¦�Îµ�¸Á¨�´��n°��µ��°��Crystal Â¨³�n°£µª³�Rouleau 
Formation °̧��´Ê�¥´�Á�¦̧¥�Á�¸¥���µ��°��Crystal �n°�Â¨³®¨´��µ¦Á�È�­Å¨�r�oª¥�¦³�µ¬�Lint 
Free Tissue �o°¤¼¨�¼�ª·Á�¦µ³®r�oª¥¦³���°¤¡·ªÁ�°¦r��oª¥­�·�· Wilcoxon Signed Ranks Test��́�
­¦»��¨°£·�¦µ¥Â¨³�o°Á­�°Â�³�n°Å��̧Ê 

5.1 ­¦»��¨�µ¦ª·�´¥ 

5.1.1 �o°¤¼¨�»�¨´�¬�³�¦³�µ�¦ 
  �»�¨´�¬�³�¦³�µ�¦�°��¨»n¤�́ª°¥nµ��¡�ªnµ �¨»n¤°µ¥»�°��¨»n¤�́ª°¥nµ�­nª�Ä®�n°µ¥»
¤µ��ªnµ�50 �e�¦o°¥¨³�42.5 Ã�¥°µ¥»­¼�­»��77 �eÂ¨³�ÉÎµ­»��19 �e�Â¨³¤¸°µ¥»Á�¨¸É¥�47.43 �e�°µ�¸¡­nª�
Ä®�n¤¸�·��µ¦­nª��́ª¦o°¥¨³�52.5 ¦°�¨�¤µ°µ�¸¡¡�́��µ��¦o°¥¨³�22.5 ­nª�Ä®�n¤¸Ã¦��¦³�Îµ�́ª
¦o°¥¨³�55 �¹É�Á�}�Ã¦�£¼¤·Â¡o�8 ¦µ¥��ªµ¤�́�Ã¨®·�­¼��4 ¦µ¥�Á�µ®ªµ��3 ¦µ¥�Ã¦�®́ªÄ��2 ¦µ¥�Å�¤´�
Ä�Á¨º°�­¼��1 ¦µ¥�¤¸�¦³ª́�·�µ¦­¼��»®¦̧É¦o°¥¨³�15 �¦³ª́�·�µ¦°»�¢{�Ä�o°¤´¨�´¤¦o°¥¨³�75  

5.1.2 �µ¦�¦³Á¤·�£µª³�Rouleau Formation Â¨³��µ��°��Crystal 
5.1.2.1 �µ¦�¦³Á¤·�£µª³�Rouleau Formation  

   �µ¦�¦³Á¤·�£µª³�Rouleau Formation �µ��¨�Live Blood Analysis ¡�ªnµ�n°��Îµ�¸Á¨
�´�¤¸°µ­µ­¤´�¦�Îµ�ª��14 ���·�Á�}�¦o°¥¨³�37.84 �¸É¤¸�Rouleau Grading Á�nµ�´��2+��¤¸�Îµ�ª��13 
���·�Á�}�¦o°¥¨³�35.14 �¸É¤¸�Rouleau Grading Á�nµ�´��3+��¦o°¥¨³�21.62 �¸É�Grading 1+ Â¨³¦o°¥¨³�
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5.41 �¸É¤¸�Grading Á�nµ�´��0 (�́��µ¦µ��¸É�5) Ã�¥®¨´��Îµ�¸Á¨�´�¡�ªnµ¤¸�Îµ�ª��25 ¦µ¥��·�Á�}�¦o°¥¨³�
67.57 �¸É¤¸�¨�³Â���Rouleau Grading �̧�¹Ê��Â¨³�¼oÁ�oµ¦nª¤Ã�¦��µ¦ª·�́¥­nª�®�¹É��Îµ�ª��12 ���·�
Á�}�¦o°¥¨³�32.43 ¤¸�¨�³Â���Rouleau Grading Á�nµÁ�·¤®¦º°Â¥n¨� 

5.1.2.2 �µ¦�¦³Á¤·���µ��°��Crystal 
   �µ¦�¦³Á¤·���µ��°��Crystal �µ��¨�Live Blood Analysis ¡�ªnµ�n°��Îµ�¸Á¨�´�¤¸
°µ­µ­¤´�¦�Îµ�ª��16 ���·�Á�}�¦o°¥¨³�43.24 �¸É¤¸�Crystal Grading Á�nµ�´��1+��¤¸�Îµ�ª��14 ���·�
Á�}�¦o°¥¨³�37.84 �¸É¤¸�Crystal Grading Á�nµ�´��3+��¦o°¥¨³�10.81 �¸É¤¸�Grading 2+ Â¨³¦o°¥¨³�8.11 �¸É¤¸�
Grading Á�nµ�´��0 (�́��µ¦µ��¸É�7) Ã�¥®¨´��Îµ�¸Á¨�´�¡�ªnµ¤¸�Îµ�ª��27 ¦µ¥��·�Á�}�¦o°¥¨³�72.97 �¸É¤¸�¨
�³Â���Crystal Grading �̧�¹Ê��Â¨³�¼oÁ�oµ¦nª¤Ã�¦��µ¦ª·�́¥­nª�®�¹É��Îµ�ª��10 ���·�Á�}�¦o°¥¨³�27.03 
¤¸�¨�³Â���Crystal Grading Á�nµÁ�·¤®¦º°Â¥n¨� 

5.1.3 �µ¦Á�¦̧¥�Á�̧¥��ªµ¤Â���nµ��nµÁ�¨¸É¥¦³®ªnµ��n°��ÎµÂ¨³®¨´��µ¦�Îµ�¸Á¨�´� 
  �µ¦Á�¦̧¥�Á�¸¥��ªµ¤Â���nµ��nµÁ�¨¸É¥�°��³Â���Rouleau Grading Â¨³�Crystal Grading 
¦³®ªnµ��n°�Â¨³®¨´��µ¦�Îµ�¸Á¨�´��¦��5 �¦́Ê�� 

5.1.3.1 �µ¦�¦³Á¤·�£µ¥Ä��¨»n¤�°��nµ�Rouleau Grading 
   �³Â���°��Rouleau Grading ¦³¥³�n°��Îµ�¸Á¨�´��´�¦³¥³®¨´��Îµ�¸Á¨�´��¤¸�nµÁ�¨¸É¥
�°��³Â���Rouleau Grading Â���nµ��´�°¥nµ�¤¸�́¥­Îµ�´��µ�­�·�·�(p<0.001)�Ã�¥�nµÁ�¨¸É¥�°�
�³Â���Rouleau Grading ¨�¨��µ��2.03 Å�Á�}��1.14 ��́��µ¦µ��¸É�8� 

5.1.3.2 �µ¦�¦³Á¤·�£µ¥Ä��¨»n¤�°��nµ�Crystal Grading 
   �³Â���°��Crystal Grading ¦³¥³�n°��Îµ�¸Á¨�´��´�¦³¥³®¨´��Îµ�¸Á¨�´��¤¸�nµÁ�¨¸É¥
�°��³Â���Crystal Grading Â���nµ��´�°¥nµ�¤¸�́¥­Îµ�´��µ�­�·�·�(p<0.001)�Ã�¥�nµÁ�¨¸É¥�°�
�³Â���Crystal Grading ¨�¨��µ��1.78 Å�Á�}��0.46 ��́��µ¦µ��¸É�8� 

5.1.4 �µ¦�¦³Á¤·���µ��°��Crystal �n°�Â¨³®¨´��µ¦Á�È�­Å¨�r 
  �µ¦�¦³Á¤·���µ��°��Crystal Á�¦̧¥�Á�¸¥�¦³®ªnµ��¨»n¤�¸ÉÄ�o�¦³�µ¬�Lint Free Tissue Á�È�
­Å¨�r�n°��µ¦�¼�¨�Live Blood Analysis �oª¥�¨o°��Dark Field Microscopy Â¨³�¨»n¤�¸ÉÅ¤n¤¸�µ¦Á�È�
­Å¨�r�n°��¡�ªnµ��nµÁ�¨¸É¥�°��³Â���Crystal Grading Ä��¨»n¤�¸ÉÅ¤n¤¸�µ¦Á�È�­Å¨�r�n°��µ¦�¼�Live 
Blood Analysis Á�¦̧¥�Á�¸¥��´��¨»n¤�¸É¤¸�µ¦Á�È�­Å¨�rÄ��nª�Áª¨µ®¨´��µ¦�Îµ�¸Á¨�´��Â���nµ��´�
°¥nµ�¤¸�́¥­Îµ�´��µ�­�·�·(p =0.001) Ã�¥�µ¦�¸ÉÅ¤nÁ�È�­Å¨�r¡�ªnµ�³Â���°��Crystal grading 
¤µ��ªnµ �º°�nµÁ�¨¸É¥Á�nµ�´��0.97 Ä��¦�¸�¸ÉÅ¤nÁ�È�­Å¨�r�Â¨³��nµÁ�¨¸É¥Á�nµ�´��0.46 Ä��¦�¸�¸ÉÁ�È�­Å¨�r 
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5.2 °£·�¦µ¥�¨�  

  �µ¦�¦³Á¤·��¨�°��µ¦�Îµ�¸Á¨�´��n°£µª³�Rouleau Formation �µ��¨�Live Blood 
Analysis ¡�ªnµ��µ¦�Îµ�¸Á¨�´��5 �¦́Ê�¤¸�¦³­·��·�¨�ÎµÄ®o£µª³�Rouleau Formation �̧Ä�¦³�́�®�¹É��
Ã�¥¤¸�Îµ�ª��25 ¦µ¥��·�Á�}�¦o°¥¨³�67.57 �¸É¤¸�¨�³Â���Rouleau Grading �̧�¹Ê� ��́�Á�¨¨r�°�Á¤È�
Á¨º°�Â��Á�}��Lipid bilayer �¹É�­nª�¤µ��¦³�°��oª¥�phospholipids Á¦̧¥��́ª�´�Á�}��2 �´Ê�Ã�¥­nª�
®µ��³�¸ÊÁ�oµ­¼n�¦��¨µ��oµ�Ä��°���́�Á�¨¨r�­nª�®́ª�³®́�°°��oµ��°� phospholipid �¸É¡�Á�}�
­nª��¦³�°�­nª�¤µ��¸É��́�Á�¨¨r�̧Ê¤¸�¦³�»¨��°��phosphate group �¹É�­µ¦Ã¨®³®�́��nµ��Ç��³¤¸
�¦³�»�ª��Á�n��Hg2+, Cd2+ Á�}��o� Ã¨®³®�́��́�°¥¼n�´�Ã�¦�̧��¸É��́�Á�¨¨rÅ�o�Â¨³¥·É��oµ�¦·¤µ�­µ¦
Ã¨®³®�́�¤µ�¥·É��¹Ê��¦³�»�¸É�·ª�°���́�Á�¨¨r®¦º°�Lipid Bilayer ¥·É�¤¸�ªµ¤Å¤nÁ­�¸¥¦¤µ�¥·É��¹Ê��
(Naydenova et al., 2002) �¹��n°Ä®oÁ�·��µ¦Á�¨¸É¥�Â�¨��¦³�»�¸É�·ª�°�Á¤È�Á¨º°�Â�� �ÎµÄ®oÁ¤È�Á¨º°�
Â���¸É�ª¦�³¤¸�¦³�»¨��Á¡ºÉ°Ä®oÁ�·��µ¦�¨´��´��´�Á¤È�Á¨º°�Â���́ª°ºÉ��­nª�®�¹É��¨µ¥Á�}��¦³�»�ª�
�°�Ã¨®³®�́���¹��ÎµÄ®o�·ª�°�Á¤È�Á¨º°�Â��Á�}��´Ê��¦³�»�ª�Â¨³¨���¹�Á�·��µ¦�·��´��°�Á¤È�
Á¨º°�Â��Å�o��́��́Ê��µ¦�Îµ�¸Á¨�´��¸É�nª¥Ä��µ¦�́��´�­µ¦Ã¨®³®�́�°°�Å��µ�¦nµ��µ¥��¹�­n��¨Ä®o
�µ¦�¦³�µ¥�́ª�´��°�Á¤È�Á¨º°�Â���̧�¹Ê�Å�o°¥nµ�¤¸�́¥­Îµ�´��µ�­�·�·�(p<0.001) 
  �¼oÁ�oµ¦nª¤Ã�¦��µ¦ª·�́¥­nª�®�¹É��£µª³�Rouleau Formation ®¨´��µ¦�Îµ�¸Á¨�´�Â¥n¨�®¦º°Å¤n
¤¸�µ¦Á�¨¸É¥�Â�¨��·�Á�}�¦o°¥¨³�32.43��´Ê��̧ÊÁ�ºÉ°�¤µ�µ�£µª³°ºÉ��Ç��¸É¥´�Á�}�­µÁ®�»Ä®o�¦³�»�¸É�·ª
�°�Á¤È�Á¨º°�Â��¥´�¤¸�¦³�»�ª�°¥¼n�Á�n���¦³�»�ª��¸ÉÁ�·��µ���·�·¦·¥µ�°�°�»¤¼¨°·­¦³�n°Å�¤´�Å¤n
°·É¤�́ª��¸É¡�Ä��ÊÎµ¤´�¡º����ÊÎµ¤´��°��µ��³ª́��Â¨³�¸É­Îµ�´��º°Å�¤´��trans fat �¹É�Á�}�Å�¤´�Å¤n 
°·É¤�́ªÂ�n¤¸�»�­¤�´�·Á®¤º°�Å�¤´�°·É¤�́ª� 

trans fat �́Ê�Å�o¤µ�µ�Å�¤´�Å¤n°·É¤�́ª�°�¡º��Ã�¥�ÎµÅ��nµ��¦³�ª��µ¦Â�¦­£µ¡�µ�
Á�¤¸Ã�¥°µ«´¥��·�·¦·¥µÅ±Ã�¦�·Á��´���Hydrogenation) �³�ÎµÄ®oÁ�·��¦�Å�¤´���·��¦µ�­r��Trans 
Fatty Acid) �¹É�¤¸�»�­¤�´�·Á®¤º°�Å�¤´�°·É¤�́ª�¸É¤µ�µ�­´�ªr�º°�­µ¤µ¦�Â�È��́ªÅ�o�¸É°»�®£¼¤·®o°��
trans fat ¡�Å�oÄ�°µ®µ¦®¨µ�®¨µ¥��·��Á�n� �»p��¸Ê�¤µ�µ¦̧��Á�¥�µª��¦̧¤Á�¸¥¤�Á¢¦�¢¦µ¥�r Å�n
�°��Á�}��o���¹É���·�·¦·¥µ�°�°�»¤¼¨°·­¦³�n°Å�¤´�Å¤n°·É¤�́ªÁ®¨nµ�̧Ê�n°Ä®oÁ�·��¦³�»�ª��¹Ê�Å�o�
�́��́Ê�Ä��¼oÁ�oµ¦nª¤Ã�¦��µ¦ª·�́¥�µ�¦µ¥�¸É¥´���¦́��¦³�µ�Å�¤´�Ä��¨»n¤�̧Ê°¥¼n��¹�°µ�Á�}�­µÁ®�»®�¹É�
�¸É�µ¦�·��´��°�Á¤È�Á¨º°�Â��¥´�Å¤n�̧�¹Ê�®¨´��Îµ�¸Á¨�´�Â¨oª�®¦º°°̧��¦�¸®�¹É��µ�ª·�́¥�̧Ê¥´�Å¤nÅ�o¤¸
�µ¦ª́��¦·¤µ�­µ¦Ã¨®³®�́�Ä�¦nµ��µ¥Ä®o�´�Á����́��́Ê��¹�°µ�Á�}�Å�Å�oªnµ�µ¦�Îµ�¸Á¨�´�Á¡¸¥��5 
�¦́Ê�°µ��³Å¤nÁ¡¸¥�¡°�¸É�³�Îµ�́�­µ¦Ã¨®³®�́�Ä®o®¤�Å�Å�o�µ�¦nµ��µ¥Ä��¼o�iª¥�µ�¦µ¥ 
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  �µ¦�¦³Á¤·��¨�°��µ¦�Îµ�¸Á¨�´��n°��µ��°��Crystal �µ��¨�Live Blood Analysis ¡�ªnµ�
�µ¦�Îµ�¸Á¨�´��5 �¦́Ê��­µ¤µ¦��ÎµÄ®o��µ��°��Crystal ¨�¨�Å�o Ã�¥®¨´��Îµ�¸Á¨�´�¡�ªnµ¤¸�Îµ�ª��
27 ¦µ¥��·�Á�}�¦o°¥¨³�72.97 �¸É¤¸�¨�³Â���Crystal Grading �̧�¹Ê���µ¦«¹�¬µÁ¦Èª Ç �̧Ê��Ercal, Gurer-
Orhan & Aykin-Burns, 2001) ¡�ªnµÃ¨®³®�́��Îµ®�oµ�¸ÉÁ�}��́ª�catalysts Ä��oxidative reaction 
�oª¥ Ã�¥­µ¤µ¦�Á¡·É¤�µ¦­¦oµ�°�»¤¼¨°·­¦³��º°�reactive oxygen species (ROS)�Å�o�Á�n��hydroxyl 
radical (HO.), superoxide radical (O2.-) ®¦º°�hydrogen peroxide (H2O2) �¹É�­µÁ®�»�µ¦Á�·��
Crystal �µ��¨�Live Blood Analysis ¥´�Å¤n¤¸�µ¦«¹�¬µ�¸ÉÂ�n�´��́���µ�ªnµ�¨Å��µ¦Á�·��¨oµ¥�¨¹��´��
plaque �¸É­³­¤�¸É��́�®¨°�Á¨º°��Ã�¥Á¦·É¤�o��µ��µ¦�¸É°�»¤¼¨°·­¦³��º°�Reactive oxygen species 
(ROS) Å��Îµ��·�·¦·¥µ�Oxidation �´�Å�¤´��¨°Á¨­Á�°¦°¨�Â¨oª�¹�Á�·��µ¦¦ª¤�́ª�´��´��¨¹�
Â�¨Á�¸¥¤�(Brock, 2007) �µ¦�Îµ�¸Á¨�´��nª¥Ä��µ¦�́��´�­µ¦Ã¨®³®�́�°°�Å��µ�¦nµ��µ¥ �́��́Ê�
Á¤ºÉ°Ã¨®³®�́��¹É�Á�}��́ª�¦³�»o�®�¹É��¸É�ÎµÄ®oÁ�·��oxidative stress ­n��¨Ä®oÁ�·��lipid peroxidation �¸É
�µ�ªnµ�ÎµÄ®oÁ�·��µ¦¦ª¤�́ª�´�Á�}��Crystal ¨�¨�Â¨oª �́��́Ê��µ¦�Îµ�¸Á¨�´��¹�­n��¨Ä®o��µ��°��
Crystal ¨�¨�Å�o°¥nµ�¤¸�́¥­Îµ�´��µ�­�·�·��p<0.001�  
  Â�n�µ¦�¦³Á¤·��¨�Live Blood Analysis �°��¼oÁ�oµ¦nª¤Ã�¦��µ¦ª·�́¥­nª�®�¹É��Îµ�ª��10 
���·�Á�}�¦o°¥¨³�27.03 Å¤n¤¸�µ¦Á�¨¸É¥�Â�¨���µ��°��Crystal ®¨´��nµ��µ¦�Îµ�¸Á¨�´��¦��5 �¦́Ê�
Â¨oª�Â¨³°̧�­nª�®�¹É�¤¸��µ��°��Crystal Á¡·É¤�¹Ê���´Ê��̧Ê°µ�Á�ºÉ°�¤µ�µ�¥´�¤¸°�»¤¼¨°·­¦³°¥¼nÄ�
¦nµ��µ¥Ä��¦·¤µ�¤µ���¹É�°�»¤¼¨°·­¦³­µ¤µ¦�Á�·��¹Ê�¤µÅ�o�»�ª́�Ä�¦nµ��µ¥Á¦µ°¥¼nÂ¨oª�Á�n��°µ�Á�·�
¤µ�µ�¦́�­¸�µ�­·É�Âª�¨o°¤�nµ��Ç��®¦º°�¦³�ª��µ¦­´��µ�°µ®µ¦�°�¦nµ��µ¥�Á�}��o���¹�¥´���¡�� 
Crystal Ä��¨�Live Blood Analysis Å�o�¹�Â¤o�³�nµ��µ¦�Îµ�¸Á¨�´�Â¨oª�È�µ¤ 

�µ¦Á�¦̧¥�Á�¸¥���µ��°��Crystal �µ��¨�Live Blood Analysis �n°�Â¨³®¨´��µ¦Á�È�
­Å¨�r�oª¥�¦³�µ¬�Lint Free Tissue �n°��µ¦�¼�Live Blood Analysis ¡�ªnµ���µ��°��Crystal 
¨�¨�°¥nµ�¤¸�́¥­Îµ�´��µ�­�·�·�(p =0.001) Ã�¥�µ¦�¸ÉÅ¤nÁ�È�­Å¨�r¡�ªnµ�³Â���°��Crystal 
grading ¤µ��ªnµ �º°�nµÁ�¨¸É¥Á�nµ�´��0.97 Ä��¦�¸�¸ÉÅ¤nÁ�È�­Å¨�r�Â¨³��nµÁ�¨¸É¥Á�nµ�´��0.46 Ä��¦�¸�¸É
Á�È�­Å¨�r��´Ê��̧ÊÁ�ºÉ°�¤µ�µ�Á���·��µ¦�¦ª��Live Blood Analysis �¸É­Îµ�´��¦³�µ¦®�¹É���º°�µ¦Á�È�
­Å¨�r�n°��µ¦�¼�¨�Live Blood Analysis Á¡ºÉ°¨�°́�¦µ�µ¦Á�·��Artifact �µ� »i�¨³°°��nµ� Ç��¸É
°µ��³¡�Å�o�µ�­Å¨�r�¸ÉÅ¤n�nµ��µ¦�Îµ�ªµ¤­³°µ��n°��(Coyle, 1988)� 
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5.3 �o°Á­�°Â�³ 

5.3.1 �ª¦�Îµ�µ¦«¹�¬µª·�́¥Ä�¦³¥³Áª¨µ�¸É¥µª�µ�¤µ��¹Ê���º°°µ��³«¹�¬µ®¨´��nµ��µ¦
�Îµ�¸Á¨�´��¦��10 �¦́Ê�Â¨oªÁ�}��o� 

5.3.2 �ª¦�Îµ�µ¦«¹�¬µª·�́¥Ã�¥�µ¦Á�µ³Á¨º°��¼�¨�Live Blood Analysis Á¡ºÉ°�¦³Á¤·��¼
£µª³�Rouleau Formation Â¨³���µ��°��Crystal �»��Ç��¦́Ê�®¨´��µ¦�Îµ�¸Á¨�´���º°®¨´��µ¦�Îµ�¦́Ê��¸É�
1��®¨´��µ¦�Îµ�¦́Ê��¸É�2 Å�Á¦ºÉ°¥�Ç�Á�}��o��Á¡ºÉ°�³Å�o�¦µ�ªnµÃ�¥�ªµ¤Á�}��¦·�Â¨oªÃ�¥Á�¨¸É¥�¨�Live 
Blood Analysis �³Á¦·É¤¤¸�µ¦Á�¨¸É¥�Â�¨�®¨´��µ¦�Îµ�¸Á¨�´��¦́Ê��¸ÉÁ�nµÅ¦�Ä��¼o�iª¥Â�n¨³�� 

5.3.3 �µ��¨�µ¦ª·�́¥�̧Ê¡�ªnµ�µ¦�Îµ�¸Á¨�´��ÎµÄ®o��µ��°��Crystal �¸É�n��°��¹�­µ¦¡·¬
Ã¨®³®�́��nµ��Ç��́Ê�¨�¨���́��́Ê��¹��ª¦¤¸�µ¦«¹�¬µª·�́¥Á¡ºÉ°�¦ª�ª́��¦·¤µ�­µ¦Ã¨®³®�́��nµ��Ç�
Ä�Á¨º°�°°�¤µ�Ä��¦�¸�¸É¡��Crystal °¥¼nÄ��¦·¤µ��¸É¤µ�Á¡ºÉ°¡·­¼��rªnµ�Crystal �¸É¤¸°¥¼nÄ�Á¨º°��́Ê�
­´¤¡´��r�´��¦·¤µ�Ã¨®³®�́�®¦º°Å¤n 

5.3.4 �µ¦�·��µ¤�¨�°��µ¦�Îµ�¸Á¨�´��n°�¨�Live Blood Analysis ¥´�¤¸�o°¤¼¨�n°��oµ�
�o°¥��¹��ª¦¤¸�µ¦«¹�¬µª·�́¥Á¡·É¤Á�·¤¤µ��¹Ê� 

5.3.5 �ª¦�Îµ�µ¦«¹�¬µª·�́¥Á�¸É¥ª�´���·�Â¨³�¦·¤µ��°��EDTA �¸ÉÄ�oÄ��µ¦�Îµ�¸Á¨�´��¸É
Â���nµ��´��n°�¨�Live Blood Analysis Á¡ºÉ°Å�o�o°¤¼¨�¸É�´�Á���¹Ê� 

5.3.6 �ª¦�Îµ�µ¦«¹�¬µª·�́¥Á¡·É¤Á�·¤Á�¸É¥ª�´�¦µ¥¨³Á°̧¥��°�Á���·��µ¦�¼�Live Blood 
Analysis Á�n���µ¦Á¨º°�­Å¨�r�¸ÉÄ�o��»�¨´�¬�³®¦º°�»�£µ¡�°�­Å¨�r�¸ÉÄ�o�nµ��Ç��´�¤¸�¨�n°�¨�°��
Live Blood Analysis ®¦º°Å¤n 

5.3.7 �ª¦«¹�¬µ�¨�Live Blood Analysis �¸É­´¤¡´��r�´�°µ�µ¦�µ��¨¸�·��°��¼o�iª¥Á¡·É¤Á�·¤�
Á�n�Ä��¼o�¸É­¼��»®¦̧ÉÂ¨³¤¸£µª³�Rouleau Formation 
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£µ���ª��� 

Â���´��¹��o°¤¼¨�¼oÁ�oµ¦nª¤Ã�¦��µ¦ª·�́¥ 

�o°¤¼¨�́ÉªÅ� 
ª́�/Á�º°�/�e�¸ÉÁ�È��o°¤¼¨���������...H.N.(Hospital Number)����������. 
�ºÉ°����������..�µ¤­�»¨����.����.Á¡«:������..°µ¥»�����e 
°µ�¸¡�������������¸É°¥¼n���������������������������������������������������������������������������������������.����  
�����������������...Á�°¦rÃ�¦«´¡�r��������������... 
�o°¤¼¨­»�£µ¡ 
Vital Signs: �ªµ¤�́�Ã¨®·������.mm/Hg  �¸¡�¦�����.BPM 
  °»�®£¼¤·����.c    �µ¦®µ¥Ä������./min
�ÊÎµ®�́��������.���   ­nª�­¼������������������������¤� 
Ã¦��¦³�Îµ�́ª:��������������������������.������� 
�¦³ª́�·�µ¦Â¡o¥µ:  Å¤nÂ¡o  Â¡o�Ã�¦�¦³�»������������� 
�¦³ª́�·�µ¦­¼��»®¦̧É:  Å¤n­¼� ­¼�   �ªµ¤�¸É��������������. 
�¦³ª́�·�µ¦�ºÉ¤­»¦µ:  �ºÉ¤  Å¤n�ºÉ¤ �ªµ¤�¸É ������................................ 
°µ®µ¦:���������������������.��µ¦�ºÉ¤�ÊÎµ������.Â�oª/ª́� 
�µ¦�°�®¨´�:�����������������������.���������� 
�µ¦°°��Îµ¨´��µ¥:��������ª́��­´��µ®r��·��¦¦¤�¸É�Îµ��..������������. 
�¦³ª́�·°»�¢{�°¤´¨�´¤�Å¤nÄ�n�Ä�n��Îµ�ª��¸É���.. 
¦³¥³Áª¨µ�¸ÉÁ�oµ¦́��µ¦�Îµ�¸Á¨�´��¦� 5 �¦́Ê� �����­�́�µ®r 
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�¨�Live Blood Analysis 
Rouleau Grading 

Before Chelation After Chelation 
 
0  1+  2+  3+ 

 
0  1+  2+  3+ 

Crystal Grading 

Before Chelation After Chelation 
 
0 1+ 2+  3+ 

 
0 1+  2+  3+ 

 
�n°��Îµ�¸Á¨�´� 
&U\VWDO�*UDGLQJ 
Á�È�­Å¨�r Å¤nÁ�È�­Å¨�r 
 
0 1+ 2+  3+ 

 
0 1+ 2+  3+ 

 
®΅��Îµ�¸Á¨�´� 
&U\VWDO�*UDGLQJ 
Á�È�­Å¨�r Å¤nÁ�È�­Å¨�r 
 
0 1+ 2+  3+ 

 
0 1+ 2+  3+ 
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£µ���ª��� 

�µ¦�Îµ�ª��nµ�Creatinine Clearance 

�Îµ�ª��µ��Modified Cockcroft-Gault Equation: 
Creatinine Clearance(ml/min) = (140 � age in years) x (LBW kg x 1.33) 

      72 x serum creatinine in mg/dl 
­Îµ®¦́��¼o®�·��Ä®o�¼��oª¥����� 
LBW = Lean Body Weight in kg: 
Males 50 kg + 2.3 kg for each inch over 5 feet 
Females 45.5 kg + 2.3 kg for each inch over 5 feet 
 
�µ¦µ��̧É�����Severity of renal failure �¦³Á¤·��µ��nµ�����´ÉªÃ¤��urinary creatinine clearance 

Renal Failure �nµ�µ¦�Îµ�µ��°�Å� 
(Serum creatinine) EDTA Chelation 

¦»�Â¦� > 2.5 mg/dl NO 
�µ��¨µ� 2-2.25 mg/dl With care 
Á¨È��o°¥ 1.6-2 mg/dl With care 
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£µ���ª��� 

Rouleau Grading 

  
 
£µ¡�̧É���� Grade 0 �º° Å¤n¡� Rouleau Formation Grade 1+ �º° ¡��µ¦�o°��´��´��°�Á¤È�Á¨º°�Â��� 

2-4 �́ª 

   

£µ¡�̧É���� Grade 2+ �º° ¤¸�µ¦Á¦̧¥��́ª�´��°�Á¤È�Á¨º°��Grade 3+ �º° ¤¸ Clumping �°�Á¤È�Á¨º°�Â�� 
Á�}�­µ¥¥µª®¦º°Á�}��Chain >4��́ª�¹Ê�Å� 

 
 



 

    

 
 
 
 
 
 
 
 

�¦³ª́�·�¼oÁ�̧¥� 
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�¦³ª́�·�¼oÁ�̧¥� 

 
�ºÉ°-­�»¨ �µ�­µª¡¦·¤¦�µ �·¥³�·��µ 

ª´�Á�º°��eÁ�·� 12 �»¨µ�¤  2525 

­�µ��̧É°¥¼n�{��»�´�  19/37 �Îµ�¨�µ�Â�oª  °ÎµÁ£°�µ�¡¨ ̧ 
 �́�®ª́�­¤»�¦�¦µ�µ¦ 10540 

�¦³ª´�·�µ¦«¹�¬µ  
2548 �¦·��µ�¦̧�Â¡�¥«µ­�¦�´��·� 
 ¤®µª·�¥µ¨´¥�Á¦«ª¦ 

�¦³ª´�·�µ¦�Îµ�µ�  
2552-�{��»�´� Â¡�¥r�¦³�Îµ 
 �¨·�·�ª·¨¨nµÁ¤�·�oµ (�¦³Á�«Å�¥) 
2551 Â¡�¥r�¦³�ÎµÃ¦�¡¥µ�µ¨�°��ÎµÄ�o  
 �́�®ª́�¡³Á¥µ  
2550 Â¡�¥rÁ¡·É¤¡¼��´�¬³Ã¦�¡¥µ�µ¨¡³Á¥µ  
 �́�®ª́�¡³Á¥µ 
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