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ABSTRACT 

 Most of cells in human body need oxygen in metabolic pathways that produce various 
free radicals. The free radical can effect the health deteriorations, including skin health which 
causes skin aging (wrinkle). There are some substances that can reduce free radical toxicity, 
calling antioxidants. Nowadays there is an increasing trend of people consuming antioxidants 
such as vitamin C, vitamin E, etc. in order to prevent skin aging process. However, there is still 
lacking the data base about correlation of plasma vitamin C, vitamin E with the wrinkle of Thai 
people. 

 Objective of this study is to evaluate the correlation between plasma vitamin C and 
vitamin E levels with the facial wrinkle. All 40 volunteers are female, age between 40-45 years 
old with Fitzpatrick skin type 3-4. All volunteers had been given the questionnaires to fill in. The 
levels of plasma vitamin C and vitamin E were measured by High Performance Liquid 
Chromatography after 12 hours fasting. The skin evaluation process had been done for each 
volunteer, including wrinkle at the certain area on face�by Visioscan® VC98. The correlation of 
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plasma vitamin C and vitamin E with facial wrinkle were analyzed by ANOVA and linear 
regression at 95% CI. 

 Results are shown that all volunteers were divided into 4 groups based on the plasma 
vitamin C and vitamin E level. The concentration of plasma vitamin C in each group was 
55.41±4.812, 46.54±1.370, 40.07±3.565, and 30.36±5.104 micromole, respectively. The numbers 
of facial wrinkle were 35.37 ± 2.205, 35.65 ± 2.547, 36.44 ± 4.789, and 38.40�± 2.868, 
respectively. 32 volunteers were analyzed the correlation between plasma vitamin C level and 
facial wrinkle. The result shows statistically significance (p<.05). The levels of  plasma vitamin E 
from 4 groups were 35.01±5.086, 29.09±1.092, 25.26±1.394, and 20.46±1.879 micromole, 
whereas the facial wrinkle were 35.14 ± 2.974, 36.38 ± 2.391, 36.37 ± 3.048, and�38.47 ± 3.777, 
respectively. Volunteers were also analyzed the correlation between plasma vitamin E level and 
facial wrinkle. The results show statistically significance (p<.05). 

 This study indicates that the plasma levels of vitamin C and vitamin E with facial wrinkle 
were correlated with statistically significance. The high levels of plasma vitamin C and vitamin E, 
the low numbers of wrinkle were observed.    

Keywords:  Antioxidant / Plasma vitamin C / Plasma vitamin E / Wrinkle  
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���Îµ 

1.1 �ªµ¤­Îµ�´�Â¨³�̧É¤µ�°��{�®µ�̧É�Îµª·�´¥ 

  �µ¦�Îµ�µ��°�Á�¨¨rÄ�¦nµ��µ¥¤�»¬¥r­nª�Ä®�nÄ�o°°��·Á��Ä��µ¦­´��µ��Å¤nªnµ�³Á�}�
�µ¦Á�¨¸É¥�­µ¦°µ®µ¦�¸É¦nµ��µ¥Å�o¦́�Á�}�¡¨´��µ���µ¦�·�Á�ºÊ°��ªµ¤Á�¦̧¥���µ¦­¼��»®¦̧É��µ¦Å�o¦́�
�µ¦�¦³�»o��µ�£µ¥�°�Á�n��Â­�Â���¤¨¡·¬�­·É�Á®¨nµ�̧Ê¨oª��ÎµÄ®oÁ�·��°�Á­¸¥�´É�Ä�¦nµ��µ¥�­n��¨
Ä®oÁ�·��¦³�ª��µ¦�¦µÄ�¦nµ��µ¥��¹É��³Á®È�Å�o�µ��{�®µ�µ�­»�£µ¡�nµ��Ç�¦ª¤�¹��µ¦Á�¨¸É¥�Â�¨�
�µ��·ª®�́��(Wikipedia, 2009: Online) 

1.1.1 °°��·Á��´��®¤µ¥�¹��µ¦�¸É­µ¦Ä��Ç��Îµ��·�·¦·¥µ�´�°°��·Á���¹É�Á�}�Â�p­®¦º°�µ�»�¸É¤¸
¡¨´��µ�Ä��́ªÁ°�­¼��Ã¤Á¨�»¨�°�°°��·Á���µ���·�Á¤ºÉ°Á�oµ�Îµ��·�·¦·¥µ�´�­µ¦�¸ªÃ¤Á¨�»¨Ä�¦nµ��µ¥�
�Ã�¦Ã¤Ã�¤�Ã�¦�̧���¦�°³¤·Ã��Å�¤´���µ¦rÃ�Å±Á�¦����ÎµÄ®oÁ�·�Á�}�°�»¤¼¨°·­¦³�¹É�Á�}�­µ¦Å¤n
���́ª�¤¸¡¨´��µ�­¼��Á�·��µ¦�Îµ¨µ¥°¥nµ�¤µ�¤µ¥Â¨³�n°Á�ºÉ°��Á�}��¨Ä®oÁ�·��µ¦�Îµ�µ��°�Á�¨¨r
�·����·�¦nµ��µ¥�¹�Á�·�Ã¦�Â¨³¡¥µ�·­£µ¡�nµ��Ç�Á�n����́�®¨°�Á¨º°�Â�È��́ª��ÎµÄ®oÁ�·��¦³�ª��µ¦
°́�Á­���µ¦�Îµ¨µ¥Á�ºÊ°Á¥ºÉ°�¦»�Â¦��¹Ê���¹É�Á�}�­µÁ®�»Ä®oÁ�·��ªµ¤�¦µÂ¨³�ªµ¤Á­ºÉ°¤�°�Á�¨¨r 
(Wikipedia, 2009: Online; �¦³£µ«¦̧�Á¨µ®Áª�ªµ�·�, 2547) 
  �¦³�ª��µ¦�¦µ�µ��·ª®�́�¤¸�2 �¦³Á£� (Elson, 2005; Yaar & Gilchrest, 2008)  

1.1.1.1 Intrinsic aging Á�}��¦³�ª��µ¦�¦µ�µ¤�¦¦¤�µ�· �¹Ê��´��¦¦¤¡´��»r�Á�·��µ�
�µ¦­³­¤­µ¦°�»¤¼¨°·­¦³Ä�¦nµ��µ¥� 

1.1.1.2 Extrinsic aging Á�·��µ��{��́¥£µ¥�°�¦nµ��µ¥Á�n��Â­�Â�� �µ¦­¼��»®¦̧É�Â¦�
Ã�o¤�nª�Ã¨���µ¦Â­��°°��µ�­¸®�oµ�¤´�Á�·��ª��¼n�´��¦³�ª��µ¦�¦µ�µ¤�¦¦¤�µ�·�Á�}�
�¦³�ª��µ¦�¸É�ÎµÄ®oÁ�·��µ¦�¦µ�n°�ª́¥°́��ª¦� 
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1.1.2 ­µ¦�oµ�°�»¤¼¨°·­¦³��Antioxidant)��º°­µ¦�¸É¤¸�»�­¤�´�·Ä��µ¦¥´�¥´Ê���·�·¦·¥µ¨¼�Ã�n
�°�°�»¤¼¨°·­¦³�®¦º°�Îµ¨µ¥§��·Í�°�°�»¤¼¨°·­¦³��ÎµÄ®o°�»¤¼¨°·­¦³®¤��ªµ¤­µ¤µ¦�Ä��µ¦Á�oµ
�́��´�­µ¦�¸ªÃ¤Á¨�»¨�́ª°ºÉ��(Wikipedia, 2009: Online;  �¦³£µ«¦̧�Á¨µ®Áª�ªµ�·�, 2547) 
  ª·�µ¤·�Á�}�­nª�®�¹É��°�­µ¦°µ®µ¦�Á�}�­µ¦�¸É¦nµ��µ¥�o°��µ¦Á¡¸¥�ª́�¨³�o°¥�Â�n¤¸�ªµ¤
�Îµ Á�}��n°�µ¦�Îµ�µ��°�¦nµ��µ¥��́Ê�Â�n�µ¦®µ¥Ä��°�Á�¨¨r��µ¦�ÎµÃ�¦�̧��Å�¤´��Â¨³
�µ¦rÃ�Å±Á�¦��Ä�oÄ��µ¦­¦oµ�Á�ºÊ°Á¥ºÉ°�Â¨³�¨·�¡¨´��µ�­Îµ®¦́��µ¦�Îµ¦��¸ª·��¦nµ��µ¥Å¤n­µ¤µ¦�
­¦oµ�ª·�µ¤·�Å�o�´Ê�®¤���µ���·��¸É­¦oµ�Å�o�ÈÅ¤nÁ¡¸¥�¡°�´��ªµ¤�o°��µ¦��{��»�´�ª·�µ¤·��¹�Á�}�
°µ®µ¦Á­¦·¤�¸É�¦³�µ�¦­nª�¤µ�Ä®o�ªµ¤­Îµ�´��(�́��µ¡¦ �́Ê�Á­�¸É¥¤ª·­´¥, ¤������ 

  ª·�µ¤·��¸�(Wikipedia, 2010: Online) Á�}�ª·�µ¤·��¸É¨³¨µ¥Ä��ÊÎµ��¼��Îµ¨µ¥Å�o�nµ¥�oª¥Â­��
�ªµ¤¦o°��Â¨³­µ¦Á�¤¸�Á�}�­µ¦°µ®µ¦�¸É�ÎµÁ�}��´�¤�»¬¥r�Å¤n­µ¤µ¦�­¦oµ�Á°�Å�oÄ�¦nµ��µ¥
Á�n�Á�̧¥ª�´��Guinea pigs ���µ���·��Â¨³�oµ��µª�Á�ºÉ°��µ��µ�Á°�Å�¤r�Gulonolactone oxidase 
�¹É�Ä�oÄ��´Ê��°�­»��oµ¥�°��µ¦­¦oµ�ª·�µ¤·��¸�(Naidu, 2003)��ÎµÁ�}�­Îµ®¦́���·�·¦·¥µÁ¤�µ�°¨·­¤�
Á�}�­µ¦�oµ�°�»¤¼¨°·­¦³�¸É­Îµ�´���°��µ��̧Ê¥´�¤¸®�oµ�¸ÉÁ�¸É¥ª�´��µ¦­¦oµ�­µ¦�¸É�Îµ®�oµ�¸É¥¹�Á�¨¨rÄ�
Á�ºÊ°Á¥ºÉ°Ä®o°¥¼n�oª¥�´��Å�oÂ�n�®¨°�Á¨º°� °¥��¦³�¼��¢{��Â¨³¡´��º���nª¥�µ¦­¦oµ�Á­o�Ä¥�°¨¨µÁ���
�µ¦®µ¥�°�Â�¨ (Sukla, 1969)�¤¸�¦³Ã¥��rÄ��¼o�iª¥Ã¦�Á�µ®ªµ���nª¥Á¡·É¤¦³��£¼¤·�»o¤�´��(Campbell, 
Cole, Bunditrutavorn & Vell, 1999) ¥´�¥´Ê��µ¦Á�·���·�·¦·¥µ°°��·Á��´É��°��low density lipoprotein 
(LDL) (Frei, England & Ames, 1989) �nª¥¨��ªµ¤�́�Ã¨®·��(Block, Christopher, Edward, Hudes 
& Patricia, 2008)��nª¥��¦³�́��Glutathione �¹É�Á�}�­µ¦�oµ�°�»¤¼¨°·­¦³�¸É­Îµ�´�¥·É��°�¦nµ��µ¥���¼o�¸É
¡¦n°�ª·�µ¤·��¸�³¤¸°µ�µ¦Á¨º°�°°��µ¤Å¦¢{���ÊÎµÁ¨º°�¢��ÊÎµ�µ¤¦nµ��µ¥�°n°�Á¡¨¸¥��·�Á�ºÊ°�nµ¥�Â�¨
®µ¥�oµ��ª��o°��ÊÎµ®�́�¨� (Wikipedia, 2010: Online)��¨Å¤o�¸É¤¸ª·�µ¤·��¸¤µ�Ä��¦³Á�«Å�¥Å�oÂ�n�
 ¦́É��¤³�µ¤�j°¤�¤³�µ¤Á�«�Á�µ³�¨¼�¡¨´��­�¦°Á�°¦̧É�¤³¨³�°�(�́�¥µ���Ä�Á�«, ¤������ 
  ª·�µ¤·�°̧ (Wikipedia, 2010: Online)�Á�}�ª·�µ¤·��¸É¨³¨µ¥Ä�Å�¤´���¦³�°��oª¥�8 ¦¼�Â��
�¸ÉÂ���nµ��´�Å�oÂ�n�á,â,,-Tocopherol Â¨³�á,â,,-Tocotrienol ¦¼�Â���¸É¤¸¤µ��¸É­»�Ä�Á�ºÊ°Á¥ºÉ°
Â¨³Á¨º°��º°�á-Tocopherol�ª·�µ¤·�°̧¤¸®�oµ�¸É�n°�oµ��µ¦Á�·���·�·¦·¥µ°°��·Á��´É��Á�n�Á�̧¥ª�´��Ã�
Á°�Å�¤r�·ªÁ���ª·�µ¤·�Á°�ª·�µ¤·��¸�Â¨³Á��oµÂ�Ã¦�¸���°��µ��̧Ê¥´��nª¥¨�°µ�µ¦¦o°�ª¼�ªµ�Ä�
���¸É�µ�±°¦rÃ¤�Á°­Ã�¦Á����nª¥¨�°»�´�·�µ¦�r�µ¦Á�·�Ã¦�®́ªÄ���oµ��µ¦Â�È��́ª�°�Á¨º°��¨�
¦³�́��ªµ¤�́�Ã¨®·���j°��´�Ã¦��ªµ¤�ÎµÁ­ºÉ°¤�(Alzheimer�s disease) Á¡·É¤¦³��£¼¤·�»o¤�´��Á¡·É¤
�ªµ¤­µ¤µ¦��°�°·��¼¨·���³¨°�µ¦Á­ºÉ°¤�°�Á�¨¨rÂ¨³Á�ºÊ°Á¥ºÉ°�­µÁ®�»�°��µ¦�µ�ª·�µ¤·�°̧Å�oÂ�n�
­¼��»®¦̧É��µ¦�ºÉ¤Â°¨�°±°¨r �¨Å¤o�¸É¤¸ª·�µ¤·�°̧¤µ�Ä��¦³Á�«Å�¥�Å�oÂ�n���»���¤³�µ¤Á�«�¤³¤nª�
Á�¸¥ªÁ­ª¥�¤³Á�º°Á�«��¨oª¥Å�n�Â�oª¤´��¦���́�¥µ���Ä�Á�«, ¤������ 
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  ­Îµ®¦́��µ��oµ��·ª®�́��´Ê�ª·�µ¤·��¸�Â¨³ª·�µ¤·�°̧�¤¸�¦³Ã¥��r�nª¥¨�Á¤È�­¸�·ª�¨�Á¨º°�¦·Êª¦°¥�
�nª¥Ä®oÂ�¨®µ¥Á¦Èª�¹Ê���j°��´��µ¦Á­ºÉ°¤�°��·ª®�́��n°�ª́¥°́��ª¦��¹É��µ¦Á­ºÉ°¤­£µ¡�°��·ª®�́�
�́��¨nµª¤´�Á�·��µ��{��́¥£µ¥Ä��Á�n�°µ¥»�¸É Á¡·É¤�¹Ê���ªµ¤Á�¦̧¥���µ¦¡´��n°�Å¤nÁ¡¸¥�¡°��µ¦
Á�¨¸É¥�Â�¨��°�±°¦rÃ¤�Ä�¦nµ��µ¥�Â¨³�µ¦�µ�­µ¦°µ®µ¦�¸É�ÎµÁ�}��n°¦nµ��µ¥�Â¨³Á¤ºÉ°�¼��¦³�»o�
�oª¥�{��́¥£µ¥�°�Á�n��Â­�Â����ªµ¤¦o°��Â¨³¤¨£µª³�nµ�Ç��È�³­n��¨Ä®o�·ªÁ­ºÉ°¤­£µ¡Å�o¤µ�
¥·É��¹Ê����́��µ¡¦�Á¨µ®Áª�ªµ�·�, ¤�������¤¸�µ¦«¹�¬µ¦³�́�ª·�µ¤·��¸�¸ÉÁ¡·É¤�¹Ê��ÎµÄ®o�ªµ¤¦»�Â¦��°�
�µ�Ã¦�¨�¨��Á�n��ªµ¤�́�Ã¨®·�¨�¨�®¨´��µ�¦́��¦³�µ�ª·�µ¤·��¸��¹É�­´¤¡´��r�´�¦³�́�ª·�µ¤·��¸Ä�
Á¨º°��¸ÉÁ¡·É¤�¹Ê���Block et al., 2008)�¡�ªnµ�µ¦�µª·�µ¤·�°̧Ä�®�¼��¨°���³�nª¥¨��lipid peroxidation, 
cutaneous photoaging, immunosuppression Â¨³�photocarcinogenesis (Placzek, Gaube, Kerkmann, 
Gilbertz, Herzinge, Haen & Przybilla, 2005) 
  �µ¦�µª·�µ¤·�°̧Ä��·ª¤�»¬¥r¡�ªnµ�nª¥¨��µ¦Â���µ��µ¦Å�o¦́�Â­�°́¨�¦µÅªÃ°Á¨� 
(Potapenko, Abijev & Pliquett, 1980) 

  ¤¸�µ¦«¹�¬µ¡�ªnµ�µ¦¦́��¦³�µ�ª·�µ¤·��¸¦nª¤�´�ª·�µ¤·�°̧��³¤¸�¦³­·��·�¨Ä��µ¦Á�}�
­µ¦�oµ�°�»¤¼¨°·­¦³¤µ��ªnµ�µ¦¦́��¦³�µ�ª·�µ¤·��¸�®¦º°ª·�µ¤·�°̧°¥nµ�Á�̧¥ª�Ã�¥�¦³Á¤·��¨Á�}�
�µ¦�Îµ¨µ¥�°� DNA �¹É��¼��¦³�»o��oª¥¦́�­¸°́¨�¦µÅªÃ°Á¨���¸�Â¨³�ÎµÄ®o�Minimal erythema dose�
¤¸�nµ­¼��¹Ê��(Placzek et al., 2005) 

  ª·�¸�µ¦�¦³Á¤·�¦³�́�ª·�µ¤·� ­Îµ®¦́�ª·�µ¤·��¸��³�¦ª�ª́�¦³�́��ªµ¤Á�o¤�o��°�ª·�µ¤·��¸
Ä�Á�ºÊ°Á¥ºÉ°�®¦º°Ä�Á¨º°��Ã�¥�´ÉªÅ�Â¨oª�µ¦�¦ª�Ä�Á�ºÊ°Á¥ºÉ°�³¤¸�nµ�¸É���́ª¤µ��ªnµ�Á�¨¸É¥�Â�¨��µ¤
ª·�µ¤·��¸ÉÅ�o¦́��µ�£µ¥�°�Å�o�o°¥�ªnµÄ�Á¨º°��°¥nµ�Å¦�È�µ¤�o°�°µ«´¥Á�¦ºÉ°�¤º°¡·Á«¬Â¨³�o°�Ä�o
­·É�­n��¦ª��º°Á�ºÊ°Á¥ºÉ°��¹�Å¤nÁ�}��¸É�·¥¤Á�nµ�´��µ¦�¦ª�Ä�Á¨º°� (Á¤È�Á¨º°��µª) �¹É��{��»�´�¤¸ª·�¸�¸É
Á�ºÉ°�º°Å�o�Ã�¥Ä�o�High performance liquid chromatography ­Îµ®¦́�ª·�µ¤·�°̧��³�¦ª�ª́�¦³�́�
�ªµ¤Á�o¤�o��°�ª·�µ¤·�°̧Ä�Á¨º°��Ã�¥ª·�¸Á�̧¥ª�´��µ¦ª́�¦³�́�ª·�µ¤·��¸Ä�Á¨º°��(Pasha, Verjeea, 
Alex, Adelia & Adelia, 2005; Wikipedia, 2010: Online) 
  Á¤ºÉ°Á¦µ�¦µ�ªnµÄ��¦³�ª��µ¦�¦µ�µ��·ª®�́�¤¸�ªµ¤Á�¸É¥ª�o°��´�°�»¤¼¨°·­¦³�¸ÉÁ�·��µ�
�¦³�ª��µ¦Á¤�µ�°¨·­¤��ªµ¤Á�¦̧¥��£µª³�»¡Ã£��µ�µ¦�®¦º°­·É�Âª�¨o°¤£µ¥�°��Â¨³
�µ¦«¹�¬µÁ�¸É¥ª�´�¦³�́�­µ¦�oµ�°�»¤¼¨°·­¦³�´�­»�£µ¡�·ª®�́�¥´�¤¸°¥¼n�o°¥�Â¨³Á¡ºÉ°�¸É�³Á�}�
®¨´��µ��µ�ª·�¥µ«µ­�¦r�¸É�´�Á��¥·É��¹Ê��¹��ªµ¤­´¤¡´��r�̧Ê�Á�ºÉ°��µ�ª·�µ¤·��¸Â¨³ª·�µ¤·�°̧¤¸°¥¼nÄ�
�¨Å¤o®¨µ¥��·��́��́Ê�Ä��µ¦«¹�¬µ�¦́Ê��̧Ê�³¤»n�Á�o�Á�¡µ³�ªµ¤­´¤¡´��r�°�¦³�́�ª·�µ¤·��¸Â¨³
ª·�µ¤·�°̧�¹É�Á�}�­µ¦�oµ�°�»¤¼¨°·­¦³�¸É¤¸°¥¼nÄ�Á¨º°���´��ªµ¤�¦µ�°��·ª®�́���¹É��¦³Ã¥��r�¸ÉÅ�o¦́�
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�µ��µ¦ª·�́¥�̧Ê�³�ÎµÅ�­¼n�µ¦�́��µ¦Á�¸É¥ª�´��µ¦�¦·Ã£�°µ®µ¦®¦º°°µ®µ¦Á­¦·¤�¸É¤¸�¨�n°�µ¦�³¨°
�ªµ¤�¦µ�µ��oµ��·ª®�́��¸É�´�Á���n°Å� 

1.2 ª´��»�¦³­��r�°��µ¦ª·�´¥ 

�������Á¡ºÉ°ª́�¦³�́�ª·�µ¤·��¸�ª·�µ¤·�°̧�Ä�Á¨º°��Ã�¥ª·�¸�HPLC 
�������Á¡ºÉ°�¦³Á¤·�­£µ¡�°��·ª®�́��¦·Áª�®�oµÃ�¥Á�¦ºÉ°�¤º°¡·Á«¬ 
�������Á¡ºÉ°«¹�¬µ�ªµ¤­´¤¡´��r�°�¦³�́�ª·�µ¤·��¸�ª·�µ¤·�°̧Ä�Á¨º°���´�¦·Êª¦°¥�°��·ª®�oµ 

1.3 �ªµ¤­Îµ�´��°��µ¦ª·�´¥ 

  �o°­¦»��°��µ¦«¹�¬µª·�́¥�̧Ê�³Á�}��o°¤¼¨­�́�­�»�Ä��µ¦�́�­·�Ä�Ä��µ¦Á¨º°�Ä�o°µ®µ¦
Á­¦·¤�­µ¦�oµ�°�»¤¼¨°·­¦³Ä��µ¦¢g��¢¼Â¨³�³¨°ª́¥�µ��oµ��·ª®�́��Ã�¥Á�¡µ³°¥nµ�¥·É�Ä��¼o�¸É¤¸
¦³�́�­µ¦�oµ�°�»¤¼¨°·­¦³�ÉÎµ�°µ�Á�}��µ¦¦́�¬µ¦nª¤Ä��µ¦¨�Á¨º°�¦·Êª¦°¥�¨�­¸�·ª�Á¡·É¤�ªµ¤�»n¤�ºÊ�
�°��·ª®�́� 
  �°��ªµ¤­´¤¡´��r�°�¦³�́�­µ¦�oµ�°�»¤¼¨°·­¦³��´�­£µ¡�·ª®�́��Á¡ºÉ°�¸É�³�ÎµÅ��Îµ�ª�
��µ��°�­µ¦�oµ�°�»¤¼¨°·­¦³�¸É�³Ä®oÄ��µ¦¦́�¬µ�Â¨³�ÎµÅ�­¼n�µ¦�́��µ¦Á�¸É¥ª�´��µ¦�¦·Ã£�
°µ®µ¦®¦º°°µ®µ¦Á­¦·¤�¸É¤¸�¨�n°�µ¦�³¨°�ªµ¤�¦µ�µ��oµ��·ª®�́��¸É�´�Á���n°Å� 

1.4 �Îµ�µ¤®΅��°��µ¦ª·�´¥ 

  ¦³�́��ªµ¤Á�o¤�o��°�ª·�µ¤·��¸Â¨³ª·�µ¤·�°̧Ä�Á¨º°�¤¸�ªµ¤­´¤¡´��r�´�¦·Êª¦°¥�¦·Áª�
�·ª®�oµ®¦º°Å¤n 

1.5 �§¬�¸�­¤¤�·�µ��®¦º°�¦°�Â�ª�·��°�Ã�¦��µ¦ª·�´¥ 

1.5.1 ­¤¤�·�µ���¼o�¸É¤¸¦³�́�ª·�µ¤·��¸�ª·�µ¤·�°̧Ä�Á¨º°�­¼��­µ¤µ¦��³¨°¦·Êª¦°¥�°�
�·ª®�oµÅ�o�̧�ªnµ�¼o�¸É¤¸¦³�́�ª·�µ¤·��¸�ª·�µ¤·�°̧Ä�Á¨º°��ÉÎµ 
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1.5.2 �¦°�Â�ª�·��°�Ã�¦��µ¦ª·�´¥� 

Ultraviolet
Smoking
Pollution

Oxidative stress

↑ Antioxidant Property

Plasma antioxidant; Vitamin C & E level
Wrinkle

Pigmentation
Humidity

Vitamin C Vitamin E

 

£µ¡�̧É�1.1 ��¦°�Â�ª�·�Ã�¦��µ¦ª·�́¥ 

  �{��́¥£µ¥�°��¸É�ÎµÄ®oÁ�·��¦³�ª��µ¦�¦µÅ�oÂ�n��µ¦­´¤�́­¦́�­¸°́¨�¦µÅªÃ°Á¨���µ¦­¼�
�»®¦̧É�¤¨£µª³�nµ�Ç��ÎµÄ®o¦nµ��µ¥°¥¼nÄ�£µª³Á�¦̧¥�°°��·Á��´É��(Oxidative stress) �oµ¦nµ��µ¥¤¸­µ¦
�oµ�°�»¤¼¨°·­¦³­¼�Á�n�ª·�µ¤·��¸�ª·�µ¤·�°̧��È­µ¤µ¦��́��µ¦�´�­µ¦°�»¤¼¨°·­¦³�¹É�Á�·��µ�£µª³
Á�¦̧¥�°°��·Á��´É�Å�o�Â¨³�³�ÎµÄ®o�µ¦Á­ºÉ°¤�¦µ�°��·ª¡¦¦��nµ�Ç¨�¨�Á�n���µ¦¨��µ¦Á�·�¦·Êª¦°¥�
­¸�·ª®�́�Å¤n®¤°��¨ÊÎµ��·ª®�́�¤¸�ªµ¤�»n¤�ºÊ�Â¨³¥º�®¥»n��̧ 

1.6 �°�Á���°��µ¦ª·�´¥ 

  °µ­µ­¤´�¦®�·�°µ¥»¦³®ªnµ��40 - 45 �e��Îµ�ª��40 ¦µ¥��¸É¤µ¦́��µ¦�¦ª��¸ÉÃ¦�¡¥µ�µ¨
¤®µª·�¥µ¨´¥Â¤n¢jµ®¨ª���¦»�Á�¡¤®µ��¦ Ä��nª�¦³®ªnµ��1 �»¨µ�¤�2552 �¹��31 ¤�¦µ�¤�2553 
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1.7 �o°��¨�Á�ºÊ°��o� 

  °µ­µ­¤´�¦�»���Á�}��¼o�¸É¤¸­»�£µ¡Â�È�Â¦��Å�o¦́�Â��­°��µ¤�o°¤¼¨Á�ºÊ°��o�Â¨³�µ¦
�¦·Ã£�°µ®µ¦Á­¦·¤Ã�¥�³�o°��¦°�Â��­°��µ¤�µ¤�ªµ¤Á�}��¦·� 

1.8 �o°�Îµ�́��°��µ¦ª·�´¥ 

  �µ¦«¹�¬µª·�́¥�̧ÊÁ�}��µ¦«¹�¬µ�ªµ¤­´¤¡´��r�°�¦³�́�ª·�µ¤·�Ä�Á¨º°��Â¨³¨´�¬�³�°�
�·ª¡¦¦��Å¤nÅ�o�°��ªµ¤Á�}�Á®�»Á�}��¨�´���́��́Ê�Á¤ºÉ°Á¦µ�¦µ�ªnµ­µ¦�oµ�°�»¤¼¨°·­¦³�́ªÄ�¤¸
�ªµ¤­´¤¡´��r��³Á�}��¦³Ã¥��rÄ��µ¦�Îµª·�́¥�n°Å�Ä�Á¦ºÉ°���µ��°�°µ®µ¦Á­¦·¤�¸É�³�nª¥�³¨°
�ªµ¤�¦µ�µ��oµ��·ª¡¦¦������������ 
  �o°�Îµ�´��µ��¦³�µ�¦Â¨³�Îµ�ª��́ª°¥nµ� 
  �o°�Îµ�´��µ��µ¦Á�µ³Á¨º°����¥oµ¥�́ª°¥nµ�­n��¦ª� 

1.9 �·¥µ¤«´¡�rÁ�¡µ³ 

1.9.1 ¦·Êª¦°¥�®¤µ¥�¹�¦n°�®¦º°¦·Êª���·ª®�́��Á�}��¨¤µ�µ��¦³�ª��µ¦�¦µ�µ¤°µ¥»��µ¦
Â­��°°��µ�­¸®�oµ�n°¥�Ç�Â­�Â���¤¨£µª³��µ¦­¼��»®¦̧É��µ¦�µ��ÊÎµ��ªµ¤Á�¦̧¥� �¹É��´Ê�®¤��¸É
�¨nµª¤µ�̧Ê¨oª��n°Ä®oÁ�·�­µ¦°�»¤¼¨°·­¦³Ä�¦nµ��µ¥ �¦·Áª��¸É­´¤�́­Â­�Â��¤µ��³�ÎµÄ®oÁ�·�¦·Êª¦°¥
Å�o¤µ��ªnµ�¦·Áª��¸É­´¤�́­Â���o°¥�ªnµ��µ¦�¦³Á¤·��¨�ªµ¤�¦µ�°��·ª®�́��µ��oµ�¦·Êª¦°¥�¹�
Â�n�Á�}��2��ÎµÂ®�n�Å�oÂ�n� 

1.9.1.1 Ã®��Â�o¤�oµ��ªµ��ÎµÂ®�n�Ä�¨o�»��́��°��¨µ¥�¤¼�Â¨³�°�Á�oµ�µ�oµ��°�
�°��µ�ªµ (�¦·Áª��¸É­´¤�́­Â­�Â��) 

1.9.1.2 �·ª®�́��¦·Áª�Ä�o�µ��(�¦·Áª��¸ÉÅ¤n­´¤�́­Â­�Â��) 

1.9.2 ­¸�·ª��µ¦�¦³Á¤·��¨�ªµ¤�¦µ�°��·ª®�́��µ��oµ�­¸�·ª�¹�Â�n�Á�}��2��ÎµÂ®�n�Å�oÂ�n 
1.9.2.1 Ã®��Â�o¤�oµ��ªµ��ÎµÂ®�n�Ä�¨o�»��́��°��¨µ¥�¤¼�Â¨³�°�Á�oµ�µ�oµ��°�

�°��µ�ªµ��¦·Áª��¸ÉÁ�}�­¸�·ª���·�Å¤n¤¸�¦³� jµ�®¦º°�»��nµ��Îµ (�¦·Áª��¸É­´¤�́­Â­�Â��) 
1.9.2.2 �·ª®�́��¦·Áª�Ä�o�µ��(�¦·Áª��¸ÉÅ¤n­´¤�́­Â­�Â��) 
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1.9.3 �ªµ¤¥º�®¥»n��°��·ª®�́�� 
  �µ¦�¦³Á¤·��¨�ªµ¤�¦µ�°��·ª®�́��µ��oµ��ªµ¤¥º�®¥»n��¹�Â�n�Á�}��2��ÎµÂ®�n�Å�oÂ�n� 

1.9.3.1 Ã®��Â�o¤�oµ��ªµ��ÎµÂ®�n�Ä�¨o�»��́��°��¨µ¥�¤¼�Â¨³�°�Á�oµ�µ�oµ��°�
�°��µ�ªµ (�¦·Áª��¸É­´¤�́­Â­�Â��) 

1.9.3.2 �·ª®�́��¦·Áª�Ä�o�µ��(�¦·Áª��¸ÉÅ¤n­´¤�́­Â­�Â��) 

1.9.4 �ªµ¤�»n¤�ºÊ��°��·ª 
  �µ¦�¦³Á¤·��¨�ªµ¤�¦µ�°��·ª®�́��µ��oµ��ªµ¤�»n¤�ºÊ��¹�Â�n�Á�}��2��ÎµÂ®�n�Å�oÂ�n� 

1.9.4.1 Ã®��Â�o¤�oµ��ªµ��ÎµÂ®�n�Ä�¨o�»��́��°��¨µ¥�¤¼�Â¨³�°�Á�oµ�µ�oµ��°�
�°��µ�ªµ�(�¦·Áª��¸É­´¤�́­Â­�Â��) 

1.9.4.2 �·ª®�́��¦·Áª�Ä�o�µ��(�¦·Áª��¸ÉÅ¤n­´¤�́­Â­�Â��) 

1.9.5 ­µ¦�oµ�°�»¤¼¨°·­¦³ �º°Ã¤Á¨�»¨®�¹É��¸É�³�³¨°®¦º°�j°��´��µ¦Á�·���·�·¦·¥µ°°��·
Á��´É��°�Ã¤Á¨�»¨°ºÉ��Ç��¹É���·�·¦·¥µ°°��·Á��´É��ÎµÄ®oÁ�·�°�»¤¼¨°·­¦³Ä�¦nµ��µ¥��ÎµÅ�­¼n�µ¦�Îµ¨µ¥
�°�Á�¨¨r�Ä��¸É�̧Ê­µ¦�oµ�°�»¤¼¨°·­¦³Å�oÂ�n�ª·�µ¤·��¸�ª·�µ¤·�°̧� 

1.9.6 Mexameter �º°Á�¦ºÉ°�¤º°ª́��µ��·ª®�́��Á�¸É¥ª�´�­¸�·ª�(Á¤È�­¸Á¤¨µ�·��Â¨³�ªµ¤Â��
�°��·ª)  
  Á�¦ºÉ°�¤º°�Mexameter® MX18  

Dimensions: 13*24 Á���·Á¤�¦ 
Measuring surface Á­o��nµ�«¼�¥r�¨µ��5�¤·¨¨·Á¤�¦�(19.6 �µ¦µ�¤·¨¨·Á¤�¦) 
Probe cable 1.3 Á¤�¦ 
Weight 85 �¦́¤�(¦ª¤�ÊÎµ®�́��oµ¤�º°) 
3 �nª��ªµ¤¥µª�¨ºÉ�Å�oÂ�n�Á�¸¥ª�(568 nm) Â���(660nm) °·�¢¦µÁ¦� (870 nm) 
Accuracy +/- 5%  

1.9.7 Visioscan �º°Á�¦ºÉ°�¤º°ª́�­£µ¡�·ª®�́��Ä��µ¦ª·�́¥�̧ÊÄ�oÁ�}�Á�¦ºÉ°�¤º°ª́�¦·Êª¦°¥
Á�¦ºÉ°�¤º°�Visioscan® VC98 

Dimensions 118*56*48 Á���·Á¤�¦ 
�ÊÎµ®�́��250 �¦́¤ 
Image size 6*8 ¤·¨¨·Á¤�¦    
Resolution 640*480 pixel on PC screen 
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Light source UVA (340-400 nm, peak at 375 nm) 
Video sensor 1/3� CMOS chip 
Power supply 100-240 V AC, 0.3 A, 50 � 60 Hz 
Video digitalization unit: Image transfer via FireWire, Interface USB 

1.9.8 Cutometer �º°Á�¦ºÉ°�¤º°ª́��ªµ¤¥º�®¥»n��°��·ª®�́� 
Á�¦ºÉ°�¤º°�Cutometer® MPA 580 

Dimensions: Device 26*25.5*7 Á���·Á¤�¦, Probe 12 Á���·Á¤�¦�Á­o��nµ�«¼�¥r�¨µ��2�
¤·¨¨·Á¤�¦ 

   �ÊÎµ®�́��Device 3.2 �·Ã¨�¦́¤�Probe with cable 170 �¦́¤�Cable length 1.5 Á¤�¦ 
   Power supply 100 � 240 V AC, 1.4 A 50 � 60 Hz, Interface USB 

1.9.9 Corneometer��º°Á�¦ºÉ°�¤º°ª́��ªµ¤�»n¤�ºÊ��°��·ª®�́� 
  Á�¦ºÉ°�¤º°�Corneometer® CM825 

Dimensions: �ªµ¤¥µª�11�Á���·Á¤�¦��ÊÎµ®�́��41��¦́¤ 
Measuring surface 49��µ¦µ�¤·¨¨·Á¤�¦ 
Measurement frequency 0.9 � 1.2 MHz 
Accuracy +/- 3% 



 

 
���¸É�2� 

���ª�ª¦¦��¦¦¤ 

2.1 ­µ¦�oµ�°�»¤¼¨°·­¦³� 

  ­µ¦�oµ�°�»¤¼¨°·­¦³��Antioxidant)��º°­µ¦�¸É¤¸�»�­¤�´�·Ä��µ¦¥´�¥´Ê���·�·¦·¥µ¨¼�Ã�n�°�
°�»¤¼¨°·­¦³�®¦º°�Îµ¨µ¥§��·Í�°�°�»¤¼¨°·­¦³Ã�¥­µ¦�oµ�°�»¤¼¨°·­¦³�³�Îµ®�oµ�¸ÉÁ�}��́ªÄ®o
°·Á¨È��¦°�Â�n°�»¤¼¨°·­¦³�­n��¨Ä®o°�»¤¼¨°·­¦³¤¸�ªµ¤���́ª®¦º°Á�·��ªµ¤Á­�¸¥¦��ÎµÄ®o°�»¤¼¨
°·­¦³®¤��ªµ¤­µ¤µ¦�Ä��µ¦Á�oµ�́��´�­µ¦�¸ªÃ¤Á¨�»¨�́ª°ºÉ���oµ¦nµ��µ¥¤¸­µ¦°�»¤¼¨°·­¦³Á�·��¹Ê�
¤µ��®¦º°§��·Í�µ¦�Îµ�µ��°�­µ¦�oµ�°�»¤¼¨°·­¦³¤¸�o°¥�È�³Á�·�£µª³�¸ÉÁ¦̧¥�ªnµ�oxidative�stress ¤¸
­µ¦°�»¤¼¨°·­¦³Å��Îµ°́��¦µ¥­nª��¦³�°��°�Á�¨¨rÂ¨³Á�ºÊ°Á¥ºÉ°�Å�oÂ�n��̧Á°�Á°�Ã�¦�̧��Â¨³�¦�
Å�¤´���·�Å¤n°·É¤�́ª��¹É�Á�}�­nª��¦³�°��°���́�Á¥ºÉ°®»o¤Á�¨¨r  
  °°��·Á��Á�}�Ã¤Á¨�»¨�¸ÉÅª�n°�µ¦Á�·���·�·¦·¥µ�¹É�­µ¤µ¦��Îµ¨µ¥­·É�¤¸�¸ª·�Ã�¥�µ¦Á�·��
reactive oxygen species (Davies, 1995)��¹É�­µ¦°�»¤¼¨°·­¦³�¸ÉÁ�·��¹Ê�­µ¤µ¦��n°Ä®oÁ�·��¦³�ª��µ¦
�¦µ�n°�ª́¥°́��ª¦�(Morris et al., 1998)�¤¸�µ¦«¹�¬µ¡�ªnµ­µ¦�oµ�°�»¤¼¨°·­¦³¤¸�¦³Ã¥��rÁ�¸É¥ª�´�
Ã¦��µ��µ¥�¸ÉÁ�¸É¥ª�o°��´��¦³�ª��µ¦�¦µ�Â�n¥´�Å¤n¤¸�µ¦«¹�¬µÁ¡¸¥�¡°Á�¸É¥ª�´��ªµ¤�¨°�£́¥�°�
°µ®µ¦Á­¦·¤�¦³Á£��̧ÊÄ��»�­¤�´�·�µ¦Á�}� prooxidant, oxidant ®¦º°�antioxidant (Bonnefoy, Drai 
& Kostka, 2002)��°��µ��̧Ê¡�ªnµ­µ¦�oµ�°�»¤¼¨°·­¦³Å¤nÅ�o¤¸�¦³Ã¥��rÁ¡¸¥�Â�n�Îµ�́�­µ¦°�»¤¼¨
°·­¦³Á�nµ�́Ê��Â�n¥´��nª¥�ÎµÄ®o­µ¦°�»¤¼¨°·­¦³Ä�¦nµ��µ¥°¥¼nÄ�¦³�́��¸ÉÁ®¤µ³­¤°̧��oª¥ (Rhee, 
2006) 

  ¡�ªnµ�µ¦¤¸¦³�́�­µ¦�oµ�°�»¤¼¨°·­¦³Ä�¦nµ��µ¥�ÉÎµ��¹É��ÎµÄ®oÁ�·��µ¦Á¡·É¤�¹Ê��°�¦³�́��µ¦
�Îµ¨µ¥�µ�­µ¦°�»¤¼¨°·­¦³�(Free radical damage)��³­n��¨Ä®oÁ�·��µ¦®µ¥�°��µ�Â�¨�oµ�(Delayed 
wound healing) Ä�®�¼��¨°��¸É¤¸°µ¥»Â¨³Ä�®�¼��¨°��¸ÉÁ�}�Á�µ®ªµ��(Anamika, Rasik & Shukla, 
2001) 
  ª·�µ¤·��¸ (Ascorbic acid)�Â¨³ª·�µ¤·�°̧ (Alpha-tocopherol) Á�}�­µ¦�oµ�°�»¤¼¨°·­¦³�Îµ
®�oµ�¸ÉÁ�}�­µ¦�j°��´��µ¦Á�·� reactive oxygen species�Â¨³¨��µ¦Á�·�£µª³Á�¦̧¥�°°��·Á��´É� 
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  �� 

(Oxidative stress) (Young & Walker, 2008) �́��́Ê��µ¦¦́��¦³�µ�°µ®µ¦�¸É¤¸­µ¦�oµ�°�»¤¼¨°·­¦³¤¸
�¦³Ã¥��rÄ��µ¦�j°��´�­µ¦¦́�­¸�Â¨³¤¸���µ�Ä��µ¦�j°��´�Ã¦��µ��µ¥�nµ��Ç (Fang, Yang & 
Wu, 2002) 
  ­µ¦�oµ�°�»¤¼¨°·­¦³Â�n�Á�}��2��¦³Á£�Å�oÂ�nÁ°�Å�¤r�(Superoxide dismutase,�Catalase, 
Glutathione)�Â¨³Å¤nÄ�nÁ°�Å�¤r�(ª·�µ¤·�Á°��¸�°̧) (Wikipedia, 2009: Online; �¦³£µ«¦̧�Á¨µ®Áª�ªµ�·�, 
2547) 

2.1.1  Superoxide dismutase (Wikipedia, 2009: Online) 

O2                             Superoxide                          Hydrogen peroxide                         Water 
 
  
  Á�¨¨r�¼����j°��µ�£µª³Á�¦̧¥�°°��·Á��´É�Ã�¥�Îµ��·�·¦·¥µ�´�Á�¦º°�nµ¥­µ¦�oµ�°�»¤¼¨
°·­¦³�¸ÉÁ�}�Á°�Å�¤r�Á¤ºÉ°Á�·�­µ¦°�»¤¼¨°·­¦³�¸ÉÁ�}��Superoxide (O2

-) �³¤¸�Superoxide dismutase 
(SOD) �Îµ®�oµ�¸ÉÁ�¨¸É¥�­µ¦°�»¤¼¨°·­¦³�́��¨nµªÄ®oÁ�}��Hydrogen peroxide (H2O2) �¹É�¤¸§��·ÍÄ�
�µ¦�Îµ¨µ¥�o°¥�ªnµ�Â¨³�n°�µ��́Ê��Catalase �³�Îµ®�oµ�¸ÉÁ�¨¸É¥� Hydrogen peroxide (H2O2) Ä®o
�¨µ¥Á�}��ÊÎµ (Bannister, Bannister, W., & Rotilio, 1987; Zelko, Mariani & Folz, 2002) 
  Á°�Å�¤r�SOD ¡�­nª�Ä®�nÄ�Á�¨¨r�¸ÉÄ�o°°��·Á���Â¨³Ä��ÊÎµ�°�Á�¨¨r�(Johnson & Giulivi, 
2005) ¤¸Ã¨®³�µ���·�Á�n���°�Â���­´��³­¸�Â¤��µ�̧­�®¦º°Á®¨È��Á�}�°��r�¦³�°��Ä�¤�»¬¥r
¡�ªnµ�copper/zinc SOD Á�}�¦¼�Â���¸É¡�Ä��´¥Ã��°¨�(�ÊÎµÄ�Á�¨¨r) ��³�¸É�manganese SOD Á�}�
¦¼�Â���¸É¡�Ä�Å¤Ã�¦�°�Á�¦̧¥��¹É�Á�}�­nª�­Îµ�´��¸É­»��¤¸�µ¦«¹�¬µÄ�®�¼��¨°��¸É�µ�¦¼�Â���̧Ê
�³�µ¥®¨´�Á�·�Å¤n�µ��(Melov et al., 1998)�Ä��µ��¦��oµ¤®�¼�¸É�µ��copper/zinc SOD (SOD1) �³
¤¸�¸ª·�°¥¼nÅ�oÂ�n¤¸¡¥µ�·­£µ¡�nµ�Ç�µ��µ¥�¦ª¤�¹��µ¦¤¸°µ¥»�´¥�¸É­´Ê�¨��Â¨³¡�ªnµ�®�¼�¸É�µ�Á°�Å�¤r�
SOD Ä��ÊÎµ�°�Á�¨¨r�³¤¸�¨�¦³���o°¥¤µ��(Ho, Magnenat, Gargano & Cao, 1998; Reaume, 
Elliot & Hoffman, 1996) 

  2.1.2  Catalase 
  Á�}�Á°�Å�¤r�¸É¤¸ Hydrogen peroxide (H2O2) Á�}�­µ¦�́Ê��o���³�Îµ®�oµ�¸ÉÁ�¨¸É¥� Hydrogen 
peroxide (H2O2)  Ä®o�¨µ¥Á�}��ÊÎµÂ¨³°°��·Á���Ã�¥¤¸Á®¨È�®¦º°Â¤��µ�̧­Á�}��cofactor (Chelikani, 
Fita & Loewen, 2004; Zamocky & Koller, 1999) �¹�Â¤oªnµÁ°�Å�¤r�̧Ê�³¤¸���µ�­Îµ�´�Ä��µ¦

SOD Peroxidase  Catalase 



  �� 

�Îµ�́� H2O2�Â�nÄ����¸ÉÁ�}�Ã¦��¦¦¤¡´��»r�¸É�µ�Á°�Å�¤r�̧Ê�(Acatalasemia) ®¦º°Ä�®�¼��¨°��¸ÉÅ¤n¤¸
Á°�Å�¤r�̧ÊÅ¤n�n°¥­n��¨�n°°µ�µ¦Á�È��iª¥�(Mueller, Riedel & Strmmel, 1997; Ogata, 1991) 

  2.1.3  Glutathione 
  �¦³�°��oª¥�Glutathione, Glutathione reductase, Glutathione peroxidase (GPX) Â¨³�
Glutathione S-transferase (Meister & Anderson, 1983) ¡�Å�oÄ�­´�ªr�¡º��Â¨³­·É�¤¸�¸ª·���µ�Á¨È��
(Creissen, Broadbent, Stevens, Wellbum & Mullineaux, 1996; Meister & Anderson, 1983) Á°�Å�¤r�
GPX �¦³�°��oª¥�¸¨¸Á�̧¥¤�4�°³�°¤��Îµ®�oµ�¸É�Îµ�́��H2O2�Â¨³�Organic hydroperoxide GPX ¤¸
®¨µ¥¦¼�Â���(Isoform) GPX 1 Á�}�¦¼�Â���¸É¤¸¤µ��¸É­»�Â¨³¤¸�¦³­·��·£µ¡¤µ��¸É­»�Ä��µ¦�Îµ�́� 
H2O2�®�¼��¨°��¸É�µ��GPX 1 ¤¸°µ¥»�´¥���·�(Ho et al., 1997)�Â�n¤¸��·�·¦·¥µÅª�n°£µª³Á�¦̧¥�°°��·
Á��´É��(Haan et al., 1998) Ä���³�¸É�GPX 4 Á�}�¦¼�Â���¸É�Îµ�́��lipid hydroperoxide Å�o�̧�¸É­»� 

  2.1.4 �ª·�µ¤·�Á°�(ª·�·¡¸Á�̧¥�­µ¦µ�»�¦¤Á­¦̧,�2553: °°�Å¨�r) 
  ¤¸�¨�n°�µ¦­¦oµ��¦³�¼��Â¨³¦³��­º�¡´��»r�Á­¦·¤­¦oµ�£¼¤·�»o¤�´���ÎµÄ®o�·ªÂ¨³�¤Â�È�Â¦�
ª·�µ¤·�Á°�Â�n�°°�Á�}�����¨»n¤ 

2.1.4.1 Proformed Vitamin A�(Retinol)�Â®¨n��¸É¡�Å�oÂ�nÁ�ºÊ°­´�ªr�Á�n���ÊÎµ¤´��́��¨µ� 
2.1.4.2 Provitamin A�(Carotene)�Á¤ºÉ°¦́�Á�oµ­¼n¦µ��µ¥�o°�Á�¨¸É¥�Á�}�ª·�µ¤·�Á°�¡�

¤µ�Ä��́�­¸�nµ��Ç�Á�n��Â�¦°���́�Ã�¤� 
  �¦³Ã¥��r�°�ª·�µ¤·�Á°Å�oÂ�n��nª¥�Îµ¦»�­µ¥�µ�Â¨³Â�oÃ¦��µ¤´ª�°��¨µ��º���Night 
Blindness)��nª¥Ä®o�¦³�¼���¤�¢{��Â¨³Á®�º°�Â�È�Â¦��­¦oµ��ªµ¤�oµ��µ�Ä®o¦³��®µ¥Ä���nª¥Ä�
Á¦ºÉ°��°��·ª¡¦¦��¨��µ¦°́�Á­��°�­·ª�Â¨³�nª¥¨��»��nµ��Îµ�Â®¨n�ª·�µ¤·�Á°Å�oÂ�n��́��¨Å¤o�¸É¤¸­¸
Á®¨º°��­o¤�Â���Â¨³Á�¸¥ªÁ�o¤�Á¡¦µ³¤¸Á��oµÂ�Ã¦�¸�Â¨³Â�Ã¦�°¥�r 
  °́��¦µ¥�µ��µ¦�µ�ª·�µ¤·�Á°Á�¸É¥ª�´�Ã¦��·ª®�́�Å�oÂ�n��·ª®�́�Â®o��®¥µ��¦oµ��­·ª�Ã¦�
�·�Á�ºÊ°°ºÉ��Ç� 

2.1.5 ª·�µ¤·�� ̧
  Ä��oµ��µ¦Á­¦·¤­¦oµ�Á­o�Ä¥�°¨¨µÁ���¡�ªnµÄ��µ¦Á¡µ³Á¨¸Ê¥�Å¢Ã�¦�¨µ­�r�ª·�µ¤·��¸
­µ¤µ¦��¦³�»o��µ¦­¦oµ��°¨¨µÁ��Å�o�(Peterkofsky, 1972)�Â¨³�ªµ¤­µ¤µ¦�Ä��µ¦�¦³�»o��µ¦
­¦oµ��°¨¨µÁ��Ä�Á�¨¨rÅ¢Ã�¦�¨µ­�r�̧Ê�Ã�¥ª·�µ¤·��¸Å¤n�¹Ê��´�°µ¥»�°�Á�¨¨r (Phillips, Combs & 
Pinnell, 1994) �¹É��¦³�ª��µ¦­¦oµ��°¨¨µÁ���́��¨nµª�³¤¸���µ�®�oµ�¸ÉÄ��´Ê��°��°���·�·¦·¥µ 
Å±�¦°��·Á¨�´É��(Hydroxylation) �°�Ã¡¦¡·¨Â¨³Å¨�·¨Á¦�·�́ª�(Propyl and lysyl residues) (Kivirikko 
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& Prockop, 1967)�ª·�µ¤·��¸¥´�­µ¤µ¦�Á¡·É¤­µ¦¡´��»�¦¦¤ (Transcription genes) Ä��µ¦­¦oµ��°¨¨µ
Á��Â�����Â¨³���Ä��·ª®�́��(Geesin, Darr, Kaufman, Muard & Pinnell, 1988) °̧��´Ê�ª·�µ¤·��¸Á¡·É¤
�ªµ¤­µ¤µ¦��°�Á°�Å�¤rÅ±�¦°��·Á¨­�(Hydroxylase) Â¨³Á¡·É¤¦³�́��°��procollagen mRNA�
(Lyons & Schwarz, 1984; Padh, 1990) 
  ¤¸�µ¦«¹�¬µ¡�ªnµ�µ¦�µª·�µ¤·��¸�¸É�o�Â��Ä��¼o®�·�ª́¥®¤��¦³�ÎµÁ�º°���³Á¡·É¤¦³�́�­µ¦
¡´��»�¦¦¤�(mRNA level) �°��°¨¨µÁ����·����Â¨³���Â¨³Á¡·É¤¦³�́� Tissue inhibitor of matrix 
metalloproteinase 1 mRNA (TIMP-1) (Nusgens�et al., 2001) 
  Ä��oµ��µ¦�oµ�­µ¦°�»¤¼¨°·­¦³�¡�ªnµ Ascorbic acid phospholic ester magnesium salt�
­µ¤µ¦�¨�¦³�́�£µª³Á�¦̧¥�°°��·Á��´É��(Oxidative stress) ¨��µ¦­´Ê�¨��°�Á�Ã¨Á¤¸¥¦r�(Telomere 
shortening) Â¨³¨��¦³�ª��µ¦�¦µ�°�Á�¨¨rÄ�®¨°���¨°��(Kashino et al., 2003) ¤¸�µ¦«¹�¬µ
¡�ªnµª·�µ¤·��¸�nª¥���j°�Á�¨¨r�(Cytoprotective effect) �µ�Å±Ã�¦Á��Á�°¦r°°�Å��r Å�o�̧�ªnµ
ª·�µ¤·�°̧Ä�Á�¨¨rÁ¡µ³Á¨¸Ê¥�Å¢Ã�¦�¨µ­�r�¸É¤¸°µ¥»�(Aged human fibroblast cell culture) (Davidson, 
LuValle, Zoia, Quaglino & Giro, 1997) �Â¨³¥´�­µ¤µ¦����j°�Á�¨¨r�·ª®�́�Á�¦µ�·Ã��´¥�r�
(keratinocyte) �µ��µ¦�Îµ¨µ¥Ã�¥¦́�­¸°́¨�¦µÅªÃ°Á¨���·�Á°�(UV-A) (Tebbe, Wu, Geilen, Eberle, 
Kodelja & Orfanos, 1997) �°��µ��̧Ê¡�ªnµ�Red orange extract �¹É��¦³�°��oª¥�Phenolic compounds 
Â¨³ª·�µ¤·��¸�­µ¤µ¦��n°�oµ���·�·¦·¥µ�¸ÉÁ�·��µ�¦́�­¸°́¨�¦µÅªÃ°Á¨���·��¸�Â¨³Ã�¥Á�¡µ³°¥nµ�¥·É�
�¸ÉÁ�¸É¥ª�´��µ¦°́�Á­�Â¨³�µ¦�µ¥Â��°³¡°¡Ã��·­�Á�ºÉ°��µ�­µ¦�¦³�°��́��¨nµª�³¥´�¥´Ê��µ¦Á�·�
£µª³Á�¦̧¥�°°��·Á��´É��°�Á�¨¨r�(Cimino, Cristani, Saija, Bonina & Virgili, 2007) 
  ¤¸�µ¦«¹�¬µ¡�ªnµ�µ¦Ä®o magnesium-L-ascorbyl-2-phosphate�Á�oµ�µ�®�oµ�o°�Ä�®�¼
��¨°��´��¸�n°�­´¤�́­¦́�­¸°́¨�¦µÅªÃ°Á¨���·��¸�(UV-B)��³�nª¥¨�°µ�µ¦°́�Á­��µ��·ª®�́��¸É
Á�·��µ��µ¦­´¤�́­Â­�� (Kobayashi, Takehana, Itoh & Ogata, 1996)  
  ª·�µ¤·��¸Å¤n­µ¤µ¦�­¦oµ�Á°�Å�oÄ�¦nµ��µ¥ �́��́Ê��µ¦�¦·Ã£�°µ®µ¦�¸É¤¸ª·�µ¤·��¸­¼�
­´¤¡´��r�´��µ¦¨��µ¦Á�·�¦·Êª¦°¥�(Wrinkle) Â¨³�ªµ¤Â®o��°��·ª®�́��¸ÉÁ�·��µ��¦³�ª��µ¦�¦µ 
(Senile dryness) (Cosgrove, Franco, Granger, Murray & Mayes, 2007; Grumman, 2008)) °̧��´Ê�¥´�
���j°��·ª®�́��µ�¦́�­¸°́¨�¦µÅªÃ°Á¨��¹É�Á�}��́ª�µ¦­Îµ�´�Ä��µ¦Á�·��¦³Â¨³­¸�·ªÅ¤n­¤ÉÎµÁ­¤° 
(Mottled complexion)�(Grumman, 2008) ��µ��ªµ¤�o°��µ¦ª·�µ¤·��¸�¸É�Îµ®��Ã�¥�The North 
American Dietary Reference Intake �º°�9��¤·¨¨·�¦́¤�n°ª́��Å¤nÁ�·��2,000 ¤·¨¨·�¦́¤�n°ª́��(United 
States Recommended Dietary Allowance [USRDA.], 2009) Â¨³��µ��ªµ¤�o°��µ¦ª·�µ¤·��¸Á¡ºÉ°
�j°��´�Ã¦�¨´��d�¨´�Á�d��º°�����¤·¨¨·�¦́¤�n°ª́� (Bartley, Kerbs & O�Brien, 1953) 
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2.1.6 ª·�µ¤·�° ̧
  �µ¦�¸É�·ª®�́�­´¤�́­­µ¦�n°°�»¤¼¨°·­¦³�µ�°¥nµ�Á�n��¦́�­¸°́¨�¦µÅªÃ°Á¨��Ã°Ã���³�ÎµÄ®o
Á�·��µ¦¡¦n°�ª·�µ¤·�°̧°¥nµ�¤¸�́¥­Îµ�´��(Packer & Valacchi, 2002)��¹É��µ¦�¸É¤¸¦³�́�ª·�µ¤·�°̧�
(Tocopherol) Ubiquinol-10 Â¨³ª·�µ¤·��¸ (Ascorbic acid) �ÉÎµÄ��·ª®�́���³Á�}��́ª�n��°��¹��µ¦
Á�·���·�·¦·¥µ¨¼�Ã�n°°��·Á��´É��µ�­µ¦°�»¤¼¨°·­¦³�(Free radical chain oxidation) Â¨³�Singlet 
oxygen dependent oxidation (Yamamoto, 2001) 
  ¤¸�µ¦«¹�¬µ¡�ªnµ­µ¦�n°°�»¤¼¨°·­¦³¨��µ¦­¦oµ�Á­o�Ä¥�°¨¨µÁ���Â¨³Á¡·É¤�µ¦­¦oµ�Å�¨
Ã�­°³¤·Ã�Å�¨Â���(Glycosaminoglycan, GAGs) �¹É�Á�oµÅ�o�´��¦³�ª��µ¦�¦µ�µ��·ª®�́��¸ÉÁ�·�
�µ�Â­�Â���(Photoaging) ­µ¦�oµ�°�»¤¼¨°·­¦³°́�Å�oÂ�n�Catalase Â¨³ª·�µ¤·�°̧�(Alpha-tocopherol) 
�³�nª¥�j°��´��µ¦Á�·�­µ¦°�»¤¼¨°·­¦³�¹É��³Å��ÎµÄ®oÁ�·��µ¦Á�¨¸É¥Â�¨��°�Á­o�Ä¥�°¨¨µÁ��Â¨³
Å�¨Ã�­°³¤·Ã�Å�¨Â���(GAGs)��́��¨nµª (Tanaka, Okada, Konishi & Tsuji, 1993)  
  ª·�µ¤·�°̧­µ¤µ¦�¥´�¥´Ê�®�oµ�¸É�°�Ã�¦�̧�Å�Á�­�¸�(Protein kinase C) Â¨³¨�¦³�́��µ¦
Â­��°°��°�Á°�Å�¤r�°¨¨µ�̧Á�­�(Collagenase) Ã�¥Å¤nÁ�¨¸É¥�Â�¨�¦³�́��°��Tissue inhibitory 
of matrix metalloproteinase-1 �¹É�Á�}�Á°�Å�¤rÄ�Á�ºÊ°Á¥ºÉ°�¸É�j°��´��µ¦�Îµ¨µ¥Á­o�Ä¥�°¨¨µÁ���
(Ricciarelli, Maroni, Ozer, Zingg & Azzi, 1999) 
  ¡�ªnµª·�µ¤·�°̧�nª¥���j°��·ª®�́��µ�£µª³Á�¦̧¥�°°��·Á��´É��(Oxidative stress) �µ�
�¦³�ª��µ¦�¦µÁ�ºÉ°��µ�Â­�Â���(Photoaging) Ã�¥Ã¤Á¨�»¨�µ�Á�¤¸Â¨³®�oµ�¸É�µ��µ¥£µ¡Á�}�
­µ¦�¸É¤¸§��·Í�oµ�°�»¤¼¨°·­¦³Â¨³¨��µ¦°́�Á­�Ã�¥�¦��Ã�¥Á�¡µ³°¥nµ�¥·É�¤¸�»�­¤�´�·�´�
�¦³�ª��µ¦�¦µ�¸ÉÁ�¸É¥ª�o°��´�Â­�Â���(Nachbar & Korting, 1995) �́��³Á®È�Å�oªnµ�µ¦
¦́��¦³�µ�ª·�µ¤·�°̧������°·�Á�°¦rÁ��´�Â�¨¥¼�·��(IU) �»�ª́�Á�}�Áª¨µ���­´��µ®r�³�nª¥Ä®oÁ¡·É¤�nµ
�¦·¤µ�Â­��¸É�o°¥�¸É­»��¸É�ÎµÄ®oÁ�·�°µ�µ¦Â���¸É�·ª®�́��°¥nµ�¤¸�́¥­Îµ�´��(Minimal erythema dose; 
MED) �µ�����Á�}�����¤·¨¨·�¼¨�n°�µ¦µ�Á���·Á¤�¦�(Mireles, Galindo, Huerta, Trujillohemandez & 
Cortes-Franco, 2002) 

  Ä��oµ��µ¦���j°��·ª®�́��ª·�µ¤·�°̧�(Tocopherol) ­µ¤µ¦�¥´�¥´Ê��COX-2 activity Ã�¥Å¤n
Á�¸É¥ª�o°��´��»�­¤�´�·�µ¦Á�}�­µ¦�oµ�°�»¤¼¨°·­¦³��¹É��COX-2 Á°��³Á�}��́ª�ÎµÄ®oÁ�·���·�·¦·¥µ�µ¦
°́�Á­��µ��µ¦­´¤�́­Â­��(Early photo-inflammation) (Konger, 2006) ��°��µ��̧Ê¥´�¡�ªnµª·�µ¤·�
°̧Ä�¦¼��µ¦�µÂ¨³�µ¦¦́��¦³�µ�¤¸�»�­¤�´�·�oµ��µ¦Á�·�¤³Á¦È� (Anticarcinogenic)��j°��´�Â­�Â���
(Photoprotective)�Â¨³�Skin barrier-stabilizing properties (Thiele, Hsieh & Ekanayake, 2005)  Â¨³¡�
�¨Å��µ¦���j°��·ª®�́��µ��µ¦­´¤�́­Â­�Â��Ã�¥�µ¦¥´�¥´Ê��µ¦�Îµ�µ��°��NADPH oxidase 
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�j°��´��IL-8 up regulation Â¨³¥´�¥´Ê��µ¦Á¡·É¤�AP-1 activation �¹É�Á�}��¨¤µ�µ��µ¦­´¤�́­¦́�­¸
°́¨�¦µÅªÃ°Á¨���·�Á°�(Wu, Gao, Dinh, Chen & Fimmel, 2008)   
¤¸�µ¦«¹�¬µ¡�ªnµ�µ¦Å�o¦́�°µ®µ¦Á­¦·¤�¸É�¦³�°��oª¥Â�Ã¦�¸�°¥�r�(Carotenoid) ª·�µ¤·�°̧�Â¨³
�¸¨¸Á�̧¥¤��³�nª¥�ÎµÄ®o�ªµ¤�¦»�¦³�(Roughness) Â¨³�µ¦Á�}��»¥�¸É�·ª®�́��(Scaling skin) �¸ÉÁ�·��µ�
�¦³�ª��µ¦�¦µ�̧�¹Ê��(Heinrich, Tronnier, Stahl, Béjot & Maurette, 2006) 
   Dunn et al. ¡�ªnµ�¼o®�·�ª́¥®¤��¦³�ÎµÁ�º°��°µ¥»�40��e�¹Ê�Å��¸ÉÅ�o¦́��µ¦¦́�¬µ�oª¥±°¦rÃ¤�
Á°­Ã�¦Á��¤¸�¨Ä��µ¦�j°��´��µ¦Á�·�¦·Êª¦°¥Â¨³�·ªÂ®o��(Dunn, Damesyn, Moore, Reuben & 
Greendale, 1997) 

2.1.7 �¦³­·��·£µ¡�°��µ¦Å�o¦́�ª·�µ¤·��¸¦nª¤�´�ª·�µ¤·�°¸ 
  ª·�µ¤·��¸�³­µ¤µ¦��nª¥�ÎµÄ®o�»�­¤�´�·Ä��µ¦Á�}�­µ¦�oµ�°�»¤¼¨°·­¦³�°�ª·�µ¤·�°̧¤µ��¹Ê��
Ã�¥�µ¦¦·�·ª�r�Tocopherol radical Á�}��Tocopherol �¹É�­µ¤µ¦��Îµ�¨´�¤µÄ�o�n°�oµ�°�»¤¼¨°·­¦³Å�o°̧� 
(Packer, Slater & Wilson, 1979)  �́�£µ¡�¸É�2.1 �́��́Ê�Ä��µ���·�´�·��µ¦Ä�oª·�µ¤·��¸¦nª¤�´�ª·�µ¤·�°̧�³
¤¸�¦³­·��·£µ¡�µ¦���j°��·ª®�́��µ�°�»¤¼¨°·­¦³Å�o�̧¥·É��¹Ê���́�Á�n��µ¦¦́��¦³�µ�ª·�µ¤·��¸¦nª¤�´�
ª·�µ¤·�°̧Ä��¦·¤µ��ÉÎµ�¤¸�¦³­·��·£µ¡Ä��µ¦�́��µ¦£µª³Á�¦̧¥�°°��·Á��´É��(Oxidative stress) Ä��́�
­´�ªr��¨°���¹É��¦³Á¤·�Ã�¥��µ¦ª́�¦³�́��Glutathione, Glutathione reductase, Glutathione peroxidase 
Â¨³�Superoxide dismutase (Ashwani, Anju & Bimla, 2000) ��µ¦�µª·�µ¤·��¸¦nª¤�´�ª·�µ¤·�°̧Ä�
­´�ªr��¨°��³�j°��´�¦́�­¸°́¨�¦µÅªÃ°Á¨���·��¸Å�o�̧�Â�nª·�µ¤·��¸�j°��´�¦́�­¸°́¨�¦µÅªÃ°Á¨���·�Á°
Å�o�̧�ªnµª·�µ¤·�°̧°¥nµ�¤¸�́¥­Îµ�´� (Darr, Dunston, Faust & Pinnell, 1996) Ä�¤�»¬¥r¡�ªnµ�µ¦
¦́��¦³�µ�ª·�µ¤·��¸�1 �¦́¤�¦nª¤�´�ª·�µ¤·�°̧�500 IU��n°ª́�Á�}�¦³¥³Áª¨µ�3�Á�º°��­µ¤µ¦�¨���·�·¦·¥µ
�·ªÅ®¤oÂ���¸ÉÁ�·��µ�¦́�­¸°́¨�¦µÅªÃ°Á¨���·��¸Å�o°¥nµ�¤¸�́¥­Îµ�´��Ã�¥�¦³Á¤·��µ��¦·¤µ��Thymine 
dimmer Ä��·ª®�́��¸É¨�¨��(Placzek et al., 2005) 
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 Tocopherol
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£µ¡�̧É�2.1  �µ¦�Îµ�µ�¦nª¤�´��°�­µ¦�oµ�°�»¤¼¨°·­¦³ 

  ¦́�­¸°́¨�¦µÅªÃ°Á¨�­µ¤µ¦��ÎµÄ®o¦nµ��µ¥­¦oµ�­µ¦°�»¤¼¨°·­¦³�¹Ê��Ã�¥�´ÉªÅ�¦nµ��µ¥�³¤¸
�¨Å��µ¦�j°��´�Ã�¥�µ¦Ä�oª·�µ¤·�°̧�ª·�µ¤·��¸��¨¼�oµÅ�Ã°��Á¤ºÉ°ª·�µ¤·�°̧¦́�°·Á¨È��¦°�°·­¦³�µ�
­µ¦°�»¤¼¨°·­¦³��³Á�¨¸É¥��́ªÁ°�Å�Á�}��á-Tocopherol radical �¹É�Å¤n­µ¤µ¦��Îµ�́�­µ¦°�»¤¼¨°·­¦³
Å�o°̧��Â�nª·�µ¤·��¸­µ¤µ¦��ÎµÄ®o á-Tocopherol radical�Á�¨¸É¥��¨´�Å�Á�}� á-Tocopherol �Îµ¤µÄ�o
Ä��µ¦�oµ�°�»¤¼¨°·­¦³Å�o°̧��Ã�¥°µ«´¥�¨¼�oµÅ�Ã°�Ä��µ¦Á�¨¸É¥��Semi � ascorbyl radical Á�}��
Ascorbate 

�°��µ��µ¦���j°�¦́�­¸°́¨�¦µÅªÃ°Á¨���·��¸Â¨oª�¥´�­µ¤µ¦�Á¡·É¤¤¸�¦³­·��·£µ¡�µ¦
�j°��´�¦́�­¸°́¨�¦µÅªÃ°Á¨���·�Á°Å�o°̧��oª¥�(König & Ring, 2005) 
  ¤¸�µ¦«¹�¬µ¡�ªnµ�µ¦¦́��¦³�µ�ª·�µ¤·��¸¦nª¤�´�ª·�µ¤·�°̧­µ¤µ¦�Á¡·É¤�¦·¤µ�Â­��¸É�o°¥
�¸É­»��¸É�ÎµÄ®oÁ�·��µ¦Â���¸É�·ª®�́��(Minimal erythema dose) °¥nµ�¤¸�́¥­Îµ�´��Á¤ºÉ°Á�¦̧¥�Á�¸¥��´�
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�µ¦¦́��¦³�µ�ª·�µ¤·��¸®¦º°ª·�µ¤·�°̧°¥nµ�Á�̧¥ª�(Fuchs & Kem, 1998)�Â¨³¡�ªnµ�µ¦¦́��¦³�µ�
ª·�µ¤·��¸¦nª¤�´�ª·�µ¤·�°̧Á�}�Áª¨µ����ª́��­µ¤µ¦��j°��´��µ¦��£¼¤·�»o¤�´�Á�¡µ³�¸É�¦·Áª��·ª®�́��
�¸ÉÁ�·��µ��µ¦­´¤�́­Â­�°µ�·�¥r�(Fuchs & Packer, 1999) 
  �oµ��µ¦¨��µ¦Á�·�¦·Êª¦°¥¡�ªnµ�µ¦Ä®o®�¼��¨°��(SKH-1 hairless mice) ¦́�­µ¦�oµ�°�»¤¼¨
°·­¦³�¸É¤¸­nª��­¤�°�ª·�µ¤·��¸�ª·�µ¤·�°̧�¡·�Ã��·�°¨�(Pycnogenol) Â¨³°̧¢�·É�¡·¤Ã¦­°°¥¨r�
(Evening primrose oil) Ã�¥�µ¦¦́��¦³�µ��®¨´��µ��́Ê��µ¥¦́�­¸°́¨�¦µÅªÃ°Á¨�Á�}�¦³¥³Áª¨µ�10�
­´��µ®r�3��¦́Ê��n°­´��µ®r��¨�¸ÉÅ�o�º°Ä��¨»n¤®�¼�¸ÉÅ�o¦́�­µ¦�oµ�°�»¤¼¨°·­¦³�́��¨nµª­µ¤µ¦�¨� 
¦·Êª¦°¥�¸ÉÁ�·��µ�¦́�­¸°́¨�¦µÅªÃ°Á¨�Å�o°¥nµ�¤¸�́¥­Îµ�´�Á¤ºÉ°Á�¸¥��´��¨»n¤�ª��»¤�(Cho et al., 2007) 

  �oµ��µ¦­¦oµ�Á¤È�­¸Á¤¨µ�·� ¡�ªnµ�µ¦Ä®oª·�µ¤·��¸�ª·�µ¤·�°̧�Â¨³�¸­Á�°̧��Ä�®¨°���¨°��
�ÎµÄ®o�Îµ�ª�Á�¨¨rÁ¤¨µÃ��´¥�r�¸É¤¸Ã��jµ�(Dopa-positive melanocyte) ¨�¨�°¥nµ�¤¸�́¥­Îµ�´�Á¤ºÉ°
Á�¸¥��´��¨»n¤�¸ÉÅ�oª·�µ¤·��¸°¥nµ�Á�̧¥ª�Â¨³¡�ªnµÄ��¨»n¤®�¼�³Á£µ�¸Å�o¦́�ª·�µ¤·��¸�ª·�µ¤·�°̧�Â¨³
�¸­Á�°̧��ÎµÄ®o�Melanin content Â¨³�Tyrosinase activity ¨�¨�°¥nµ�¤¸�́¥­Îµ�´� (Fujiwara�et al., 2004) 

2.2 Ã�¦�­¦oµ��·ª®�´� (David, 2008) 

  �·ª®�́��Îµ®�oµ�¸É���j°�¦nµ��µ¥�µ�­·É�Âª�¨o°¤£µ¥�°��Á�}�Á�¦µ³�j°��´��µ��µ¥£µ¡��µ¦
�·�Á�ºÊ°��ª��»¤°»�®£¼¤·�¦́��ªµ¤¦¼o­¹�­´¤�́­ (Sensation) �j°��´�°́��¦µ¥�µ�¦́�­¸°́¨�¦µÅªÃ°Á¨��
�nª¥Ä��µ¦�n°¤Â�¤Á�o°Á¥ºÉ°Á¤ºÉ°¤¸�µ�Â�¨�¤¸�ªµ¤®�µ�´Ê�®¤��1.5-4.0 ¤·¨¨·Á¤�¦��¦³�°��oª¥ 3 �´Ê� 
�º° 

2.2.1 �´Ê�®�́��Îµ¡¦oµ��Epidermis)  
  Á�}��´Ê��¸É°¥¼n��­»��́�£µ¡�¸É�2.2 ¤¸°��r�¦³�°�®¨´���º°�keratinocytes ¦³®ªnµ�Á�¨¨r�
keratinocyte ¤¸Á�¨¨r�nµ��Ç�Â�¦�Å�oÂ�n�melanocytes, Langerhans cells, Merkel cells Â¨³�lymphocytes 
¤¸�ªµ¤®�µÃ�¥Á�¨¸É¥�¦³¤µ��0.4 �¹��1.5 ¤·¨¨·Á¤�¦�Â���nµ��´�Å�Ä�Â�n¨³�¦·Áª��°�¦nµ��µ¥ Â�n�
°°�Á�}��4��´Ê�Å�oÂ�n�basal layer, spinous layer, granular layer Â¨³�stratum corneum �¹É�Á�}��´Ê�
��­»��¤¸®�oµ�¸É­Îµ�´�Ä��µ¦���j°��·ª®�́���j°��´��µ¦­¼�Á­¸¥�ÊÎµ�Â¨³�j°��´��µ¦�¹¤�nµ��°�
­µ¦¨³¨µ¥­·É�Âª�¨o°¤£µ¥�°�Á�oµ­¼n¦nµ��µ¥�Ä��µ�­nª��°�¦nµ��µ¥�¸É¤¸�·ª®�́�®�µÁ�n� iµ¤º°� iµÁ�oµ�
�³¤¸�·ª®�́�°̧��1 �´Ê��º°�stratum lucidum 
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2.2.2 �´Ê�®�́�Â�o��Dermis)  
  Á�}��´Ê��¸É°¥¼nÄ�o�´Ê�®�́��Îµ¡¦oµ�°��r�¦³�°�®¨´���º°�collagen ¤¸�hair follicles, sebaceous 
glands, apocrine glands Â¨³ eccrine glands ¦ª¤°¥¼n�oª¥ �°��µ��́Ê�¥´�¤¸®¨°�Á¨º°��®¨°�
�ÊÎµÁ®¨º°�Â¨³Á­o��¦³­µ�Á�}��Îµ�ª�¤µ� Á�¨¨r�¸É°¥¼nÄ��´Ê��̧ÊÅ�oÂ�n�fibroblasts, macrophages, mast 
cells Â¨³Á�¨¨r�¸ÉÁ�¸É¥ª�´�¦³��£¼¤·�»o¤�´���´Ê�®�́�Â�o¤¸®�oµ�¸ÉÁ�¸É¥ª�´��ªµ¤¥º�®¥»n��°��·ª®�́�
Á�ºÉ°��µ��¦³�°�Å��oª¥�Á­o�Ä¥�°¨¨µÁ���Á­o�Ä¥°̧¨µ­�·���°��µ��̧Ê¥´�¤¸®�oµ�¸ÉÄ��µ¦�ª��»¤
°»�®£¼¤·�¦́��ªµ¤¦¼o­¹���n°¤Â�¤�·ª®�́�� 
  �´Ê�®�́�Â�oÂ�n�°°�Á�}��2��´Ê��́�£µ¡�¸É�2.3 Å�oÂ�n�Upper papillary dermis Â¨³�Deeper 
reticular dermis �´Ê��reticular dermis �¦³�°��oª¥�°¨¨µÁ��­µ��´�Á�}�Á­o�Ä¥��µ�Ä®�nÁ¦̧¥��́ª
�´��Â¨³°̧¨µ­�·�¦°��Ç�Á­o�Ä¥�°¨¨µÁ����´Ê�¨nµ�­»��·��n°�´��´Ê��hypodermis �¹É�Â¥��µ��´�Ã�¥�
fibrous connective tissue 

 

£µ¡�̧É�2.2��Ã�¦�­¦oµ��µ��·ª®�́��´Ê��Epidermis 
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£µ¡�̧É�2.3 �Ã�¦�­¦oµ��·ª®�́��´Ê��Dermis  
  

2.2.3 �´Ê��Hypodermis (Subcutaneous fat ®¦º°�Subcutis)  
  ¤¸®�oµ�¸É­Îµ�´�Ä��µ¦Á�}�Â®¨n�°µ®µ¦Â¨³¡¨´��µ�Ä®o�·ª®�́�­nª����Á�}�Á­¤º°�Á�µ³�´�
�µ¦�¦³���¦³Á�º°��µ�Â¦�£µ¥�°���¦³�°��oª¥�Å�¤´���Adipose tissues) Â¨³Á�ºÊ°Á¥ºÉ°Á�¸É¥ª¡´�
�¸É°¥¼n�´�°¥nµ��®¨ª¤�Ç��Loose connective tissues) Ä�Â�n¨³­nª��°�¦nµ��µ¥¤¸�Îµ�ª�¤µ��o°¥
Â���nµ��´� �°��µ��̧Ê¥´�¤¸®¨°�Á¨º°���µ�Ä®�n�Á­o��¦³­µ��hair follicle Â¨³�n°¤Á®�ºÉ°�(Sweat 
gland)  

2.3 ­¸�·ª 

  Â�n��µ¤�Fitzpatrick Classification Scale Ã�¥¡·�µ¦�µ¨´�¬�³­¸�·ªÂ¨³��·�·¦·¥µ�n°�µ¦
­´¤�́­Â­�Â���́��µ¦µ��¸É�2.1 (Richard, Hunter, Savin & Dahl, 2008) 
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�µ¦µ��̧É�2.1��¨´�¬�³­¸�·ª�µ¤�Fitzpatrick Classification Scale  

®¤µ¥Á®�»���¨´�¬�³­¸�·ª�µ¤�Fitzpatrick Classification Scale Â�n�Á�}��6 Â���Ä��µ¦ª·�́¥�̧Ê�´�Á¨º°���������� 
�°µ­µ­¤´�¦�¸É¤¸¨´�¬�³�·ªÂ���¸É�3 (�·ª�¸É¤¸��·�·¦·¥µ�n°�µ¦­´¤�´­Â­�Â��Â¨oªÅ®¤o 
�Á�¦¸¥¤Á¨È��o°¥Á�}��µ��¦́Ê��Â¨³�n°¥�Ç�Á�¨¸É¥�Á�}�­¸Â��Å�o)�Â¨³Â���¸É�4 (�·ª�¸É¤¸ 
���·�·¦·¥µ�n°�µ¦­´¤�́­Â­�Â��Â¨oªÅ¤n�n°¥�³Å®¤oÁ�¦̧¥¤�Â¨³Á�¨¸É¥�Á�}�­¸Â��Å�o�nµ¥) 

2.4 �¦³�ª��µ¦�¦µ�µ��·ª®�´�� 

  ®¤µ¥�¹��µ¦¨�¨��°�®�oµ�¸É­¼�­»��°��·ª®�́��(Maximal function) Ã�¥�´ÉªÅ�Á�¨¨r�°�
­·É�¤¸�¸ª·��¸ÉÁ¨¸Ê¥�¨¼��oª¥�ÊÎµ�¤�³¤¸�¸��Îµ�´�Ä��µ¦Â�n��́ª�Â¨³­µ¤µ¦�®¥»�Â�n�°¥nµ��µª¦��¸ÉÁ¦̧¥�ªnµ�
replicative senescence �¦³�ª��µ¦�¦µ�µ��·ª®�́�Â�n�°°�Á�}��2 �¦³Á£��Å�oÂ�n (Elson, 2005; 
Yaar & Gilchrest, 2008) 

Skin 
Type 

Skin Color Characteristics 

1. White; very fair; red or blond hair; blue eyes; 
freckles 

Always burns, never tans 

2. White; fair; red or blond hair; blue, hazel, or green 
eyes 

Usually burns, tans with 
difficulty 

3. Cream white; fair with any eye or hair color; very 
common 

Sometimes mild burn, 
gradually tans 

4. Brown; typical Mediterranean caucasian skin Rarely burns, tans with ease 

5. Dark Brown; mid-eastern skin types very rarely burns, tans very 
easily 

6. Black Never burns, tans very easily 
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2.4.1 Intrinsic aging  
  Á�}��¦³�ª��µ¦�¦µ�µ¤�¦¦¤�µ�· �¹Ê��´��¦¦¤¡´��»r�Á�·��µ��µ¦­³­¤­µ¦°�»¤¼¨°·­¦³
Ä�¦nµ��µ¥�¤´�Á¦·É¤Á�·�Á¤ºÉ°°µ¥» 25 �e��µ¦­¦oµ�Á­o�Ä¥�°¨¨µÁ��¨�¨��Á­o�Ä¥°·¨µ­�·�¤¸�ªµ¤¥º�®¥»n�
�o°¥¨��Â�nÄ�°µ¥»�́��¨nµªÁ�}��µ¦¥µ��¸É�³Á®È��µ¦Á�¨¸É¥�Â�¨��µ��·ª®�́��oª¥�µÁ�¨nµ ¨´�¬�³
�°��µ¦Á�¨¸É¥�Â�¨�Å�oÂ�n�¦·Êª¦°¥¨³Á°̧¥��(Fine wrinkle) �·ª�µ���µ��ªµ¤�»n¤�ºÊ���¦»�¦³�(dryness/ 
roughness)�Å�¤´�Ä�o�·ª®�́�¨�¨��Á®�ºÉ°°°�¨�¨��Actinic keratoses�­¸�·ªÅ¤n­¤ÉÎµÁ­¤°�(Freckling, 
lentigenes, guttate hypomelanosis, diffuse irreversible hyperpigmentation) Stellate pseudoscar 
�·ª®�́��µ��ªµ¤¥º�®¥»n��­¸�¤Á�¨¸É¥���¤¦nª� 
  �¨Å��µ¦Á�·��º°�Á¤ºÉ°¦nµ��µ¥Ä�o�µ¦Á�µ�¨µ�Â��Ä�o°°��·Á���(Aerobic metabolism) �Îµ
Ä®oÁ�·�­µ¦°�»¤¼¨°·­¦³­³­¤��¹É��³Á�}�°́��¦µ¥�n°­µ¦�¸ªÃ¤Á¨�»¨Ä�¦nµ��µ¥Á�n��­µ¦¡´��»�¦¦¤�
­n��¨Ä®oÁ�·��senescence ®¦º°�µ¦�µ¥Â��°³¡°¡Ã��·­�¦³���µ¦�j°��´��°�¦nµ��µ¥Ã�¥Ä�o­µ¦
�oµ�°�»¤¼¨°·­¦³¨�¨��µ¤°µ¥»�¸ÉÁ¡·É¤�¹Ê��°̧��´Ê��ªµ¤­µ¤µ¦�Ä��µ¦�n°¤Â�¤­µ¦¡´��»�¦¦¤�¸É�¼�
�Îµ¨µ¥¥´�¨�¨��oª¥�(Yaar & Gilchrest, 2008) 
  Ã�¥�´ÉªÅ��ªµ¤®�µÂ�n��°�Á­o�Ä¥�°¨¨µÁ��¨�¨�¦o°¥¨³�1 �n°�e�­nª�Á­o�Ä¥�°¨¨µÁ��
�¸ÉÁ®¨º°�³¤¸�µ¦Á¦̧¥��́ª�¸É�·����·�¤¸�µ¦­¦oµ�Á­o�Ä¥�°¨¨µÁ��Â���1 Â¨³�3 ¨�¨��¤¸�¨�ÎµÄ®oÁ�·�¦·Êª
¦°¥���·ª®�́��Ä��oµ��°�Á­o�Ä¥°̧¨µ­�·��́Ê�¤¸�µ¦¨�¨��°��Îµ�ª�Â¨³��µ��¤¸�·Ê�­nª��°��µ¦
�Îµ¨µ¥�°�°̧¨µ­�·� (Fragmented elastin) Â¨³¤¸�µ¦­³­¤�°�Â�¨Á�¸¥¤�¦·Áª�Á­o�Ä¥��ÎµÄ®o�µ¦
¥º�®¥»n��°��·ª®�́�¨�¨� 
  GAGs Â¨³�proteoglycans Á�}�­µ¦�¸É�ÎµÄ®o�·ª®�́�¤¸�ªµ¤�»n¤�ºÊ�Á�ºÉ°��µ�­µ¤µ¦�°»o¤�ÊÎµÅ�o�
1000 Á�nµ�°��ÊÎµ®�́��́ªÁ°��(Yaar & Gilchrest, 2008) Â�nÄ��¦³�ª��µ¦�¦µ­µ¦Á®¨nµ�̧Ê�³¤¸
�¦·¤µ�¨�¨��¹�­n��¨Ä®oÁ�·��µ¦Â®o��°��·ª®�́� 

2.4.2 Extrinsic aging  
  Á�·��µ��{��́¥£µ¥�°�¦nµ��µ¥Á�n��Â­�Â�� �µ¦­¼��»®¦̧É�Â¦�Ã�o¤�nª�Ã¨���µ¦Â­��°°�
�µ�­¸®�oµ�¤´�Á�·��ª��¼n�´��¦³�ª��µ¦�¦µ�µ¤�¦¦¤�µ�·�Á�}��¦³�ª��µ¦�¸É�ÎµÄ®oÁ�·��µ¦�¦µ
�n°�ª́¥°́��ª¦�Ã�¥Á�¡µ³°¥nµ�¥·É�Â­�Â�� Á�}��{��́¥�¸É­Îµ�´��¹É��¦³�ª��µ¦�¦µ�̧Ê�³Á�·��¹Ê�¤µ�
�o°¥�¹Ê�°¥¼n�´��­¸�·ªÂ¨³¦³¥³Áª¨µ/�ªµ¤Á�o¤�°��µ¦­´¤�́­Â­�Â���¨´�¬�³�µ¦Á�¨¸É¥�Â�¨��µ�
�·ª®�́�Å�oÂ�n��·ªÂ®o���¦»�¦³�(Dryness/ roughness) ­¸�·ªÅ¤n­¤ÉÎµÁ­¤°�(Freckles, lentigene, bronzing, 
guttate hypomelanosis) ¦·Êª¦°¥��·ª®�́��µ��ªµ¤¥º�®¥»n� 
  ¨´�¬�³Á�n��°��·ª®�́��¸Á�·��¦³�ª��µ¦�¦µ�µ�Â­�Â���º°�Elastosis ¤¸¨´�¬�³�µ�
�¨·�·��º°�·ªÁ�¨¸É¥�Á�}�­¸Á®¨º°�Â¨³�¦»�¦³�(Pebbly surface) ¨´�¬�³�µ�¡¥µ�·ª·�¥µ�º°��o°�°̧¨µ
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­�·��¸ÉÁ¦̧¥��́ª�·����·�(Amorphous mass) �°��µ��̧Ê¤¸�µ¦Á�¨¸É¥�Â�¨��°�Á­o�Ä¥�°¨¨µÁ���º°
�¦·¤µ�¨�¨��Á�ºÉ°��µ�Â­�Â���ÎµÄ®oÁ�·�­µ¦°�»¤¼¨°·­¦³Ä�¦nµ��µ¥��¦³�»o��µ¦�Îµ�µ��°� MMP 
�¹É��ÎµÄ®oÁ�·��µ¦­¨µ¥Á­o�Ä¥�°¨¨µÁ�� 
  �¦³�ª��µ¦�¦µ�°��·ª®�́��µ�Â­�Â��¤´�Á�·�Ä����·ª�µª�(Skin phototype 1 Â¨³�2) 
¤µ��ªnµ���·ª�¨ÊÎµ�Á�ºÉ°��µ����·ª�¨ÊÎµ¤¸Á¤È�­¸Á¤¨µ�·��nª¥���j°��·ª®�́��µ�Â­�Â���¨´�¬�³�µ�
�¨·�·��°����·ª�µª�º°�·ª�µ��actinic keratoses Â¨³¤³Á¦È��·ª®�́���¹É��nµ��µ�¨´�¬�³�µ��¨·�·�
�°����·ª�¨ÊÎµ�º°�³Á®È�Á�}��·ª®�µ�®¥µ��¦oµ��¦n°�¨¹� (Furrowing) lentigene 
  ¨´�¬�³�·ª®�́��°���Á°Á�¸¥�¸ÉÁ�·��¦³�ª��µ¦�¦µ�µ�Â­�Â��Å�oÂ�n�solar lentigene ­¸�·ª
Å¤n­¤ÉÎµÁ­¤°�(Mottled pigmentation) Á�n� jµ�Â¨³�µ¦¤¸¦·Êª¦°¥ 
  �¨Å��µ¦Á�·��º°�Á¤ºÉ°Á�¨¨r­´¤�́­¦́�­¸°́¨�¦µÅªÃ°Á¨�Ã�¥Á�¡µ³°¥nµ�¥·É��UVA��³Á�·��µ¦
­¦oµ�­µ¦°�»¤¼¨°·­¦³�¹Ê�Ä�¦nµ��µ¥��¹É��³Å��¦³�»o��µ¦�Îµ�µ��°�¦nµ��µ¥°̧�®¨µ¥­nª���́�£µ¡�¸É�
2.4 �¨nµª�º° 

1. NF-KB �ÎµÄ®oÁ�·��µ¦®¨´É�­µ¦�cytokine Á�n��IL1, IL6, TNF-á Á�¸É¥ª�o°��´�
�¦³�ª��µ¦°́�Á­��Â¨³�ÎµÄ®oÁ�·��µ¦�´É��°�Ã�¦�̧��¸É�¼��Îµ¨µ¥ 

2. MMP ®¦º°�collagenase �¼��¦³�»o���ÎµÄ®oÁ�·��µ¦­¨µ¥Á­o�Ä¥�°¨¨µÁ�� 
3. �¦³�»o�Á¤È�Á¨º°��µª��·��neutrophil Ä®o®¨´É��MMP8 �¹É��È�º°�collagenase 
4. ¥´�¥´Ê�Á°�Å�¤r�phosphatase �ÎµÄ®oÁ�}��µ¦�¦³�»o��́ª¦́��(Membrane receptor) Á�·�

�µ¦�Îµ¨µ¥­µ¦¡´��»�¦¦¤�Â¨³�ÎµÄ®oÁ�·��µ¦­´Ê�¨��°��telomere 
5. �¦³�»o��µ¦�Îµ�µ�Â¨³�µ¦Â�n��́ª�°�Á�¨¨r­¦oµ�Á¤È�­¸�(Melanocyte) �nµ��µ��µ¦

­¦oµ��NO (Nitric oxide) �¹É��¦³�»o��µ¦�Îµ�µ��°�Á°�Å�¤r�tyrosinase �¸ÉÄ�oÄ��µ¦­¦oµ�Á¤È�­¸Á¤¨µ
�·� 
  �°��µ��̧Ê¦́�­¸°́¨�¦oµÅªÃ°Á¨�¥´��¦³�»o�Ã�¥�¦��n°�nucleus AP-1 �ÎµÄ®o¤¸�µ¦
Á�¨¸É¥�Â�¨��dermal matrix 

1. ¤¸�µ¦�¦³�»o��°��MMP� 
2. ¤¸�µ¦¨�¨��°��procollagen 1 Â¨³�3 (�¹É�Á�}�­µ¦�́Ê��o��°��µ¦­¦oµ�Á­o�Ä¥�°¨¨µÁ��)  
3. ¨��́ª¦́��TGF-â �ÎµÄ®o�µ¦¦́�­´��µ��µ¦­¦oµ�Á­o�Ä¥�°¨¨µÁ��¨�¨� (Collagen 

gene transcription) 
4. �¦³�»o�Å�¤´��¸ÉÁ¥ºÉ°®»o¤Á�¨¨rÄ®o®¨´É��Diacylglycerol (DAG) Å��¦³�»o��protein 

kinase C-â �ÎµÄ®oÁ°�Å�¤r�tyrosinase �Îµ�µ�¤µ��¹Ê� 
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  �¹É��´Ê��5 �¦³�ª��µ¦�¸É�nµ��µ�­µ¦°�»¤¼¨°·­¦³�Â¨³�4 �¦³�ª��µ¦�µ�¦́�­¸°́¨�¦µÅªÃ°Á¨�
Ã�¥�¦��n°Á�¨¨r�́��¨nµª�ÎµÄ®oÁ�·��¦³�ª��µ¦�¦µ�°��·ª¡¦¦��°́�Å�oÂ�n�¦·Êª¦°¥�­¸�·ªÅ¤n­¤ÉÎµÁ­¤°�
�·ªÂ®o� 

  Aerobic metabolism

Activate R membrance

Vitamin C

Vitamin E

SUN
ULTRAVIOLET Nucleus AP - 1

ROS

NF - KB MMP Neutrophil
Inhibit

Phosphatase
Melanocyte
Proliferation

Vitamin C Vitamin E

   IL 1, IL6         Inflam provoking
   VEGF
   TNF 
   Accomulation of damage protein

MMP 8 - DNA damage
- Telomere Shortening

Pigmentation 
Delay tanning

-  MMPs
-  Procollagen I, III 
   TGF -  Receptor           Collagen gene transcription

Dermal matrix formation

Aging Skin Sign
-  Wrinkle
-  Skin darkening      Solar lentigenes, mottle pigmentation, Melasma
-  Dryness

Smoking
Poor Nultrition  
Pollution

ROS

Collagen Elastin
Hyaluronic 

Acid

DEGRADATION

Vitamin C Vitamin E

Procollagen

Vitamin C

 

£µ¡�̧É�2.4 ��¨Å��µ¦Á�·��¦³�ª��µ¦�¦µ�°��·ª®�́� 
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2.5 �¨�°�±°¦rÃ¤��n°�·ª®�´� (Yaar & Gilchrest, 2008) 

  Á°­Ã�¦Á��Á�}�±°¦rÃ¤��¸É­Îµ�´�­Îµ®¦́��¼o®�·��ª́¥�n°�®¤��¦³�ÎµÁ�º°��³¤¸�Estradiol 
­¦oµ��µ�¦́�Å�nÁ�}�±°¦rÃ¤��¸ÉÁ�n��¹É�¤¸§��·Í�µ¦Á�}�Á°­Ã�¦Á��­¼��ªnµ�Estrone �¹É�Á�}�Á°­Ã�¦Á���¸É
¡�Á�n�Ä��¼o®�·�ª́¥®¤��¦³�ÎµÁ�º°� 
  �µ¦Á�¨¸É¥�Â�¨��µ��·ª®�́��°��¼o®�·�ª́¥®¤��¦³�ÎµÁ�º°��¸É­´¤¡´��r�´�¦³�́�Á°­Ã�¦Á��
Ä�Á¨º°��¸É¨�¨�Å�oÂ�n�Á­o�Ä¥�°¨¨µÁ��¨�¨���µ¦¥º�®¥»n��°��·ª®�́�¨�¨��Â¨³�µ¦®¥n°�¥µ��°�
�·ª®�́���ªµ¤�»n¤�ºÊ��°��·ª®�́�¨�¨��Á�·�¦·Êª¦°¥ �µ¦Á�¨¸É¥�Â�¨��̧ÊÁ�·��¹Ê�Å�o¤µ��ªnµ�¨�µ�
�¦³�ª��µ¦�¦µ�µ¤°µ¥»�(Intrinsic aging) °¥nµ�Á�̧¥ª� 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
� 



 

 
���¸É�3 

¦³Á�¸¥�ª·�¸ª·�́¥ 

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

3.1.1 �¨»n¤�¦³�µ�¦: �¦³�µ�¦Ä��¦³Á�«Å�¥ 

3.1.2 �¨»n¤�´ª°¥nµ�: �¼o¥·�¥°¤Á�oµ¦nª¤ª·�́¥�¸ÉÁ�oµ¦́��µ¦�¦ª��¸ÉÃ¦�¡¥µ�µ¨¤®µª·�¥µ¨´¥ 
Â¤n¢jµ®¨ª��¦»�Á�¡¤®µ��¦Ä��nª��1 �»¨µ�¤�2552 �¹��31 ¤�¦µ�¤�2553 �Îµ�ª��40 �� 

3.1.3 ¦¼�Â���µ�ª·�´¥�Cross sectional study 

3.1.4 Á���rÄ��µ¦�´�Á¨º°��¼oÁ�oµ¦́��µ¦¦́�¬µ (Inclusion criteria) 
3.1.4.1 ­»�£µ¡Â�È�Â¦� 
3.1.4.2 Á¡«®�·��°µ¥»�40 - 45 �e 
3.1.4.3 Fitzpatrick skin type 3, 4  
3.1.4.4 ¦́��¦µ��o°¤¼¨Ä�¥·�¥°¤Á�oµ¦nª¤�µ¦ª·�́¥�Â¨³¨��ºÉ°Á�}�¨µ¥¨´�¬�r°́�¬¦ 

3.1.5 Á���rÄ��µ¦�´�°°��µ��µ¦«¹�¬µ (Exclusion criteria) 
3.1.5.1 ¦́��¦³�µ�ª·�µ¤·��¸�Â¨³ª·�µ¤·�°̧�®¦º°­µ¦�¸É�ÎµÄ®o�·ª�µª�1 � 90 ª́��n°�

Á¦·É¤�Îµ�µ¦ª·�́¥ 
3.1.5.2 Å�o¦́�°µ®µ¦Á­¦·¤�¸É¤¸�¨�n°ª·�µ¤·��¸Â¨³ª·�µ¤·�°̧�®¦º°°µ®µ¦Á­¦·¤�¸É¤¸­nª�Ä� 

�µ¦�oµ�°�»¤¼¨°·­¦³�Á�n���¨¼�oµÅ�Ã°��Ã�Á°�Å�¤r�·ªÁ�È��1 � 90 ª́��n°�Á¦·É¤�Îµ�µ¦ª·�́¥ 
3.1.5.3 Ä�o�¦̧¤�¸É�ÎµÄ®o®�oµ�µªÁ�n���Hydroquinone ª·�µ¤·��¸�ª·�µ¤·�°̧�®¦º°ª·�µ¤·�Á°�

1 � 28 ª́��n°�Á¦·É¤�Îµ�µ¦ª·�́¥ 
3.1.5.3 Å�́¦́�±°¦rÃ¤�Á°­Ã�¦Á���(Hormone replacement therapy) 
3.1.5.4 �¼o®�·�ª́¥®¤��¦³�ÎµÁ�º°�®¦º°¤¸�{�®µ�µ��oµ��¦̧Áª� 
3.1.5.5 �¼o�¸É�¸��Botulinum toxin �¦·Áª�Â�o¤£µ¥Ä��12�Á�º°��n°��µ¦ª·�́¥ 
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3.1.5.6 �¼o�¸É�¸��Collagen �¦³Á£��Semipermanent ®¦º°�Nonpermanent �¦·Áª�Â�o¤
Ã�¥�́��µ�ª́��¸É¥µ®¤�°µ¥»Å��6�Á�º°��n°��µ¦ª·�́¥ 

3.1.5.7 �¼o®�·��́Ê��¦¦£r�®¦º°Ä®o�¤�»�¦ 
3.1.5.8 Ã¦��¦³�Îµ�́ªÁ¦ºÊ°¦́��¸É�ª��»¤Å¤nÅ�o�Á�n��Ã¦�Á�µ®ªµ��Ã¦��ªµ¤�́�Ã¨®·�­¼� 
3.1.5.9 Ã¦�¤³Á¦È� 

3.2 Á�¦ºÉ°�¤º°�̧ÉÄ�oÄ��µ¦ª·�´¥ 

  3.2.1  Visioscan® VC98 
3.2.2  Mexameter® MX18 
3.2.3  Corneometer® CM825 
3.2.4  Cutometer® MPA 580 
3.2.5   Á�¦ºÉ°�¤º°­Îµ®¦́�ª·Á�¦µ³®rÂ¥���·��Â¨³®µ�¦·¤µ�­µ¦Ä�­£µª³�°�Á®¨ª (High 

Performance Liquid Chromatography) 
3.2.6  Â��­°��µ¤ 

3.3 �µ¦Á�È�¦ª�¦ª¤�o°¤¼¨ 

  �¼oÁ�oµ¦nª¤�µ¦ª·�́¥�³�o°��nµ��µ¦¦́��¦µ��o°¤¼¨�µ¦ª·�́¥Â¨³¥·�¥°¤Ä®o�Îµ�µ¦ª·�́¥�n°��
�¼o Á�o µ¦nª¤ª· �́¥¤µ�µ��¼o�¸É Á�o µ ¦́��µ¦�¦ª�¦́�¬µ�¸É Ã¦�¡¥µ�µ¨¤®µª·�¥µ¨´¥Â¤n¢j µ®¨ª��
�¦»�Á�¡¤®µ��¦�Ã�¥�³�Îµ�µ¦­°��µ¤�o°¤¼¨Á�ºÊ°��o���¦°�Â��­°��µ¤�Â¨³�Îµ�µ¦�¦ª�
¦nµ��µ¥Ã�¥Â¡�¥r�¼o�Îµ�µ¦ª·�́¥��³�´�Á¨º°��¼oÁ�oµ¦nª¤ª·�́¥�¸ÉÁ�oµÅ�o�´��o°��¨��°��µ¦ª·�́¥�¦ª¤
�´Ê�®¤��40�����¹É��³¤¸�µ¦�ÎµÁ�·��µ¦ª·�́¥�n°Å��́��̧Ê 

 3.3.1 �µ¦Á�µ³Á¨º°�Á¡ºÉ°�¼¦³�́��ªµ¤Á�o¤�o��°�ª·�µ¤·��¸Â¨³ª·�µ¤·�°̧Ä�Á¨º°�Ã�¥ª·�¸�High 
Performance Liquid Chromatography��µ¦Á�µ³Á¨º°��³�Îµ�¸É�o°¡´�Â���oµ�Ä��oµ�®�¹É��Ä�oÁ¨º°�
�¦³¤µ��5 ¤·¨¨·¨·�¦��¼oÁ�oµ¦nª¤ª·�́¥�³�¼��°��¨nµª�n°�®�oµ�̧ÊÄ�Á¦ºÉ°��µ¦��°µ®µ¦�n°�Á�µ³Á¨º°��12�
�´ÉªÃ¤��Ã�¥�³¤¸�µ¦Á�µ³Á¨º°��1 �¦́Ê��¸ÉÃ¦�¡¥µ�µ¨¤®µª·�¥µ¨´¥Â¤n¢jµ®¨ª���¦»�Á�¡¤®µ��¦�­n�Á¨º°�
�¦ª��¸ÉÃ¦�¡¥µ�µ¨�Îµ¦»�¦µ¬�¦r 
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 3.3.2  �µ¦ª́�¦³�́�­¸�·ª�¦·Áª�Ã®��Â�o¤�oµ��ªµ��ÎµÂ®�n�Ä�¨o�»��́��°��¨µ¥�¤¼�Â¨³
�°�Á�oµ�µ�oµ��°��°��µ�ªµ��¦·Áª��¸ÉÁ�}�­¸�·ª���·�Å¤n¤¸�¦³� jµ�®¦º°�»��nµ��Îµ (�¦·Áª��¸É­´¤�́­
Â­�Â��)�Â¨³�·ª®�́��¦·Áª�Ä�o�µ��(�¦·Áª��¸ÉÅ¤n­´¤�́­Â­�Â��)�Ã�¥Á�¦ºÉ°��Mexameter �Îµ�ª��3 
�¦́Ê�Â¨oª®µ�nµÁ�¨¸É¥ � 

 3.3.3  �µ¦ª́�¦·Êª¦°¥�¦·Áª��¦·Áª�Ã®��Â�o¤�oµ��ªµ��ÎµÂ®�n�Ä�¨o�»��́��°��¨µ¥�¤¼�
Â¨³�°�Á�oµ�µ�oµ��°��°��µ�ªµ�(�¦·Áª��¸É­´¤�́­Â­�Â��)�Â¨³�·ª®�́��¦·Áª�Ä�o�µ��(�¦·Áª��¸É
Å¤n­´¤�́­Â­�Â��)�Ã�¥Á�¦ºÉ°��Visioscan �Îµ�ª��3 �¦́Ê�Â¨oª®µ�nµÁ�¨¸É¥  

 3.3.4  �µ¦ª́��ªµ¤¥º�®¥»n��°��·ª®�́��¦·Áª�Ã®��Â�o¤�oµ��ªµ��ÎµÂ®�n�Ä�¨o�»��́��°�
�¨µ¥�¤¼�Â¨³�°�Á�oµ�µ�oµ��°��°��µ�ªµ�(�¦·Áª��¸É­´¤�́­Â­�Â��) Â¨³�·ª®�́��¦·Áª�Ä�o�µ��
(�¦·Áª��¸ÉÅ¤n­´¤�́­Â­�Â��) Ã�¥Á�¦ºÉ°��Cutometer �Îµ�ª��1 �¦́Ê� 

 3.3.5  �µ¦ª́��ªµ¤�»n¤�ºÊ��°��·ª®�́��¦·Áª��Ã®��Â�o¤�oµ��ªµ��ÎµÂ®�n�Ä�¨o�»��́��°�
�¨µ¥�¤¼�Â¨³�°�Á�oµ�µ�oµ��°��°��µ�ªµ�(�¦·Áª��¸É­´¤�́­Â­�Â��) Â¨³�·ª®�́��¦·Áª�Ä�o�µ��
(�¦·Áª��¸ÉÅ¤n­´¤�́­Â­�Â��) Ã�¥Á�¦ºÉ°��Corneometer �Îµ�ª��3 �¦́Ê�Â¨oª®µ�nµÁ�¨¸É¥  
Ä�ª́��¦ª�Ä®o�¼oÁ�oµ¦nª¤�µ¦ª·�́¥¨oµ�®�oµ�n°��¦ª�­£µ¡�·ª®�oµ�2 �´ÉªÃ¤��Â¨³�µ¦�¦ª�­£µ¡
�·ª®�́�Ã�¥Ä�oÁ�¦ºÉ°�¤º°�Mexameter, Visioscan, Corneometer Â¨³�Cutometer �³�¦³Á¤·�Ã�¥
Â¡�¥r�¼o¦́��·��°�Ã�¦��µ¦ª·�́¥ 

3.4 �µ¦ª·Á�¦µ³®r�o°¤¼¨ 

 3.4.1  �Îµ�o°¤¼¨�°�°µ­µ­¤´�¦�´Ê��40 ��¤µ®µ­¤�µ¦�ªµ¤­´¤¡´��r¦³®ªnµ�­£µ¡�·ª®�́�
Â¨³¦³�́�ª·�µ¤·��¸�ª·�µ¤·�°̧�Â¨³­µ¦�oµ�°�»¤¼¨°·­¦³°ºÉ��Ç�Ä�Á¨º°��Ã�¥Ä�o�Linear regression 

 3.4.2 �Â�n��¼oÁ�oµ¦nª¤ª·�́¥�µ¤¦³�́�ª·�µ¤·�Â�n¨³��·�Ä�Á¨º°�°°�Á�}��4��¨»n¤ 
Ã�¥�́�Á¦̧¥�¦³�́�ª·�µ¤·�Ä�Á¨º°��µ¤�ªµ¤¤µ��o°¥ 
  10 ��Â¦� �  �́�°¥¼nÄ��Quartile 1  (Q1) 
  ���¸É�11 � 20  �́�°¥¼nÄ��Quartile 2  (Q2) 
  ���¸É�21 � 30  �́�°¥¼nÄ��Quartile 3  (Q3) 
  ���¸É�31 � 40  �́�°¥¼nÄ��Quartile 4  (Q4) 
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   3.4.2.1 �µ¦­¦»��o°¤¼¨¡ºÊ��µ��´ÉªÅ�� 
1. �o°¤¼¨�»�£µ¡�Å�oÂ�n�Á¡«�­�µ�£µ¡­¤¦­�­¼��»®¦̧É��ºÉ¤Â°¨�°±°¨r��µ¦Ä�o­µ¦

�´�Â���Moisturizer �¦̧¤ª·�µ¤·��¸��¦̧¤ª·�µ¤·�°̧ �µ¦¦́��¦³�µ�°µ®µ¦Â¨³°µ®µ¦Á­¦·¤�­¦»�
�o°¤¼¨Á�}��Îµ�ª���ªµ¤�¸É¦o°¥¨³Ä�Á¨º°�Â�n¨³�¨»n¤�Quartile 

2. �o°¤¼¨�¦·¤µ��Å�oÂ�n�°µ¥»�¦³¥³Áª¨µ�µ¦­´¤�́­Â���n°ª́��­¦»��o°¤¼¨Á�}�
�nµÁ�¨¸É¥�Â¨³­nª�Á�¸É¥�Á��¤µ�¦�µ�Ä�Á¨º°�Â�n¨³�¨»n¤�Quartile 
   3.4.2.2 ��µ¦­¦»��o°¤¼¨�¸Éª́�Å�o�  

1. ¦³�́�ª·�µ¤·��¸Â¨³ª·�µ¤·�°̧Ä�Á¨º°�� 
2. ¦³�́�­µ¦�oµ�°�»¤¼¨°·­¦³°ºÉ�ÇÄ�Á¨º°�� 
3. �µ¦ª́��ªµ¤Á�o¤�°�­¸�·ªÃ�¥Á�¦ºÉ°��Mexameter 
4. �µ¦ª́��nµ¦·Êª¦°¥�°��·ª®�́�Ã�¥Á�¦ºÉ°��Visioscan 
5. �µ¦ª́��nµ�ªµ¤¥º�®¥»n��°��·ª®�́�Ã�¥Á�¦ºÉ°��Cutometer 
6. �µ¦ª́�¦³�́��ªµ¤�»n¤�ºÊ��°��·ª®�́�Ã�¥Á�¦ºÉ°��Corneometer 

¦µ¥�µ��¨Á�}��nµÁ�¨¸É¥�Â¨³­nª�Á�¸É¥�Á��¤µ�¦�µ��°�Â�n¨³�¨»n¤ 
�µ¦ª·Á�¦µ³®r�ªµ¤Â���nµ��°��o°¤¼¨Â�n¨³�Quartile Ä�o�ANOVA analysis 

 
 
 
 
 
 
 
 
 



 

                                         
���¸É�4 

�µ¦�ÎµÁ­�°�o°¤¼¨ 

4.1 �µ¦�ÎµÁ­�°�o°¤¼¨�°�ª·�µ¤·��̧ 

  °µ­µ­¤´�¦Á¡«®�·��Îµ�ª��40����¸É�nµ�Á���r�µ¦�´�Á¨º°��°��µ¦«¹�¬µ�̧Ê�¤¸°µ­µ­¤´�¦
�Îµ�ª��32����¸É�Îµ¤µª·Á�¦µ³®r�ªµ¤­´¤¡´��r�°�ª·�µ¤·��¸Â¨³¦·Êª¦°¥�Á�ºÉ°��µ��nµ�ªµ¤Á�o¤�o��°�
ª·�µ¤·��¸Ä�Á¨º°��°�°µ­µ­¤´�¦�¸ÉÁ®¨º°�Îµ�ª��8 ��¤¸�ªµ¤�·�¡¨µ���´Ê��̧Ê¤¸�µ¦Á�È��o°¤¼¨¡ºÊ��µ�
�°�°µ­µ­¤´�¦�´Ê��32 ��Å�oÂ�n�°µ¥»��́��̧¤ª¨�µ¥�Ã¦��¦³�Îµ�́ª��µ¦­´¤�́­Â���n°ª́����µ�¸���µ¦
�ºÉ¤�ÊÎµ�n°ª́���Â�oª���µ¦�°�®¨´��n°ª́����´ÉªÃ¤����¦·¤µ��µ¦­¼��»®¦̧É��¤ª��n°­´��µ®r���¦·¤µ�
�µ¦�ºÉ¤Â°¨�°±°¨r��Â�oª�n°Á�º°����µ¦¦́��¦³�µ�°µ®µ¦Á­¦·¤��Å�oÂ�nª·�µ¤·��¸�ª·�µ¤·�°̧ 
Ã�Á°�Å�¤r�·ªÁ�È����µ¦�¦³Á¤·��ªµ¤Á�¦̧¥��µ��µ���µ¦Ä�o�¦̧¤�´�Â����µ¦Ä�o�¦̧¤ª·�µ¤·��¸��µ¦
Ä�o�¦̧¤�Îµ¦»���Moisturizer) �́�Â­��Ä��µ¦µ��¸É 4.1 

�µ¦µ��̧É�4.1  �o°¤¼¨¡ºÊ��µ��°�°µ­µ­¤´�¦Ã�¥Â�n�Á�}��4 �¨»n¤�µ¤¦³�́��ªµ¤Á�o¤�o��°�ª·�µ¤·�
�¸Ä�Á¨º°�� 

Characteristic � »̈n¤�̧É 1 � »̈n¤�̧É 2 � »̈n¤�̧É 3 � »̈n¤�̧É 4 ¦ª¤ 
�Îµ�ª����� 8 8 8 8 32 
°µ¥»Á�¨¸É¥(�e) 
SD. 

41.9±1.46 42.5±1.60 41.9±1.46 42.5±1.93 42.2±1.58 

BMI (kg/m2 ) 21.48±2.198 20.73±2.087 23.02±3.750 22.67±4.194 21.97±3.178 
Ã¦��¦³�Îµ�́ª���� 

-Å¤n¤̧ 
-¤̧ 

 
8 
0 

 
7 
1 

 
6 
2 

 
8 
0 

 
29 (90.625%) 

3 (9.375%) 
­´¤�́­Â�����µ�/̧ª́�) 37.9±21.19 37.9±36.84 30.0±18.52 43.1±29.87 37.2±26.38 
�¦·¤µ��µ¦�ºÉ¤�ÊÎµ��Â�oª/ª́�� 6.6±1.64 6.5±1.41 5.5±1.93 6.1±0.93 6.2±1.52 
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�µ¦µ��̧É�4.1  (�n°� 

Characteristic � »̈n¤�̧É 1 � »̈n¤�̧É 2 � »̈n¤�̧É 3 � »̈n¤�̧É 4 ¦ª¤ 
�¦·¤µ��µ¦�°���´ÉªÃ¤�� 7.13 ±0.835 6.75±0.845 6.75±0.886 6.44±0.729 6.77±0.823 
­¼��»®¦¸É �¤ª�/­´��µ®r� 6.1±17.32 0.1±0.35 1.9±5.30 0 2.0±8.97 
�ºÉ¤Â°¨�°±°¨r �Â�oª/Á�º°�� 4.5±12.73 0.9±2.1 4.5±12.73 0.78±2.11 2.7±8.87 
�ªµ¤Á�¦¸¥��µ��µ¦�Îµ�µ����� 
-Å¤nÁ�¦¸¥� 
-Á�¦¸¥��µ��¨µ� 
-Á�¦¸¥�¤µ� 

 
 

3 
5 
0 

 
 

1 
5 
2 

 
 

0 
6 
2 

 
 

1 
6 
1 

 
 

5(15.6%) 
22(68.8%) 
5(15.6%) 

¦´��¦³�µ�°µ®µ¦Á­¦·¤���� 
-ª·�µ¤·�� ̧
-ª·�µ¤·�° ̧
-Ã�Á°�Å�¤r�·ªÁ�È� 

 
 

4 
3 
1 

 
 

4 
2 
1 

 
 

2 
1 
0 

 
 

0 
0 
0 

 
 

10(31.3%) 
6(18.8%) 

2(6.3%) 
Ä�o�¦¸¤�´�Â������� 
-Ä�o°¥¼n 

 
7 

 
8 

 
3 

 
6 

 
24(75%) 

Ä�o�¦¸¤ª·�µ¤·��¸���� 1 2 0 0 3(9.4%) 
Ä�o�¦¸¤�Îµ¦»����� 7 7 4 6 24(75%) 

®¤µ¥Á®�»����¨»n¤�¸É�1, 2, 3 Â¨³�4�¤¸¦³�́��ªµ¤Á�o¤�o��°�ª·�µ¤·��¸Ä�Á¨º°�Á�¨¸É¥�55.41±4.812,    
 46.54±1.370, 40.07±3.565 Â¨³�30.36±5.104 micromole �µ¤¨Îµ�́� 

  �¨�µ��µ¦ª́�¦·Êª¦°¥�¦·Áª�®�oµÁ�¨¸É¥�°�Â�n¨³�¨»n¤Á�}�Å��µ¤�µ¦µ��¸É 4.2 Â¨³£µ¡�¸É�4.1 
�³Á®È�Å�oªnµ�¨»n¤�¸É¤¸¦³�́�ª·�µ¤·��¸Ä�Á¨º°�­¼��¤¸¦·Êª¦°¥Á�¨¸É¥�¦·Áª�®�oµ�o°¥�ªnµ�¨»n¤�¸É¤¸¦³�́�
ª·�µ¤·��¸Ä�Á¨º°��ÉÎµ  
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�µ¦µ��̧É 4.2� �nµ¦³�́��ªµ¤Á�o¤�o��°�ª·�µ¤·��¸Ä�Á¨º°�Á�¨¸É¥Â¨³­nª�Á�¸É¥�Á��¤µ�¦�µ��Â¨³�nµ 
¦·Êª¦°¥Á�¨¸É¥Â¨³­nª�Á�¸É¥�Á��¤µ�¦�µ��¦·Áª�®�oµ�¸Éª́�Å�o�µ�Á�¦ºÉ°��visioscan®�Ã�¥��� 
Â�n��µ¤�¨»n¤ª·�µ¤·�� ̧

�¨»n¤ª·�µ¤·�� ̧ ¦³�´�ª·�µ¤·��¸Ä�Á¨º°�
(µmole)  ± SD. 

�nµ¦·Êª¦°¥�¦·Áª�®�oµ 
 ± SD. �Îµ�ª�°µ­µ­¤´�¦�(��) 

1 55.41 ± 4.812 35.37 ± 2.205 8 
2 46.54 ±1.370 35.65 ±2.547 8 
3 40.07 ± 3.565 36.44 ± 4.789 8 
4 30.36 ± 5.104 38.40 ± 2.868 8 
¦ª¤ 43.10 ± 10.042 36.46 ± 3.323                   32 

 

Error Bars show Mean +/- 2.0 SD
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£µ¡�̧É�4.1  �nµÁ�¨¸É¥Â¨³­nª�Á�¸É¥�Á��¤µ�¦�µ��°�¦·Êª¦°¥�¦·Áª�Ä�®�oµÄ�Â�n¨³�¨»n¤ª·�µ¤·��¸ 

  Á¤ºÉ°�Îµ­�·�·�Linear regression Á¡ºÉ°®µ­¤�µ¦�ªµ¤­´¤¡´��r�°�¦³�́�ª·�µ¤·��¸Ä�Á¨º°��´�
�nµ¦·Êª¦°¥��Ä�®�oµ��́�Â­��Ä�£µ¡�¸É�4.2 
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£µ¡�̧É 4.2  �µ¦�¦³�µ¥�°��o°¤¼¨Á¡ºÉ°�¼�ªµ¤­´¤¡´��rÂ��Á­o��¦�¦³®ªnµ� 
��������������������������������������¦³�́�ª·�µ¤·��¸Ä�Á¨º°��´��nµ¦·Êª¦°¥�¦·Áª�®�oµ 

  �³Å�o­¤�µ¦�́��̧Ê 
  �nµ¦·Êª¦°¥�¦·Áª�®�oµ�=�42.198 � 0.133 (¦³�́��ªµ¤Á�o¤�o��°�ª·�µ¤·��¸Ä�Á¨º°�)� 
Ã�¥¤¸�nµ­�·�·�p value = 0.023 
  �°��µ��̧Ê�µ��¼oª·�́¥Å�o�¦ª��nµ¦·Êª¦°¥�¦·Áª��°�Á¤È�­¸�·ª�°�®�oµÂ¨³�°��ªµ¤�»n¤�ºÊ��°�
�·ª®�oµÂ¨³�°��ªµ¤¥º�®¥»n��°��·ª®�oµÂ¨³�°�Á¡ºÉ°Á�¦̧¥�Á�¸¥�®µ�ªµ¤­´¤¡´��r�´�¦³�́�ª·�µ¤·�
�¸Ä�Á¨º°���́��µ¦µ��¸É 4.3 �³Á®È�Å�oªnµ�nµ¦·Êª¦°¥Á�¨¸É¥�¦·Áª��°Ä��¨»n¤�¸É¤¸¦³�́�ª·�µ¤·��¸Ä�Á¨º°�­¼��
��¨»n¤�¸É�1��¤¸Â�ªÃ�o¤�¸É�³¤¸�nµ¦·Êª¦°¥Á�¨¸É¥�o°¥�ªnµ�¨»n¤�¸É¤¸ª·�µ¤·��¸Ä�Á¨º°��ÉÎµ�ªnµ���¨»n¤�¸É�2, 3, 4��
Å�oÂ�n�40.10±3.399, 42.33±5.230, 43.13±2.477 Â¨³�42.98±7.894 �µ¤¨Îµ�́��Â�nÁ¤ºÉ°ª·Á�¦µ³®rÁ�·�
­�·�·Â¨oª¡�ªnµÅ¤n¤¸�ªµ¤­´¤¡´��r�´�°¥nµ�¤¸�́¥­Îµ�´��µ�­�·�· 
  �nµÁ¤È�­¸�·ª��ªµ¤�»n¤�ºÊ��·ª�Â¨³�ªµ¤¥º�®¥»n��°��·ª�¦·Áª�®�oµÂ¨³¨Îµ�°�°��¨»n¤ª·�µ¤·�
�¸�´Ê��4 �¨»n¤�Å¤n¤¸�ªµ¤­´¤¡´��r�´��´�°¥nµ�¤¸�́¥­Îµ�´��µ�­�·�· 
 
 



 

�µ¦µ��̧É�4.3  �nµÁ�¨¸É¥�µ¦�¦ª�­£µ¡�·ª®�oµÂ¨³�°Ä�Â�n¨³�¨»n¤ª·�µ¤·��¸ 

�¨»n¤ª·�µ¤·�� ̧ ¦·Êª¦°¥�° 
± SD. 

Á¤È�­̧®�oµ 
± SD. 

Á¤È�­̧�° 
 ± SD. 

�ªµ¤�»n¤�ºÊ�®�oµ 
 ± SD. 

�ªµ¤�»n¤�ºÊ��° 
 ± SD. 

�ªµ¤¥º�®¥»n�®�oµ 
 ± SD. 

�ªµ¤¥º�®¥»n��° 
 ± SD. 

1 40.10 ± 3.399 188.21±40.773 205.04±35.374 35.58±9.634 41.82±7.512 72.42±11.769 79.00±12.376 
2 42.33±5.230 217.04±61.535 232.06±62.725 40.25±10.725 43.58±8.744 77.35±10.253 83.79±7.436 
3 43.13±2.477 206.20±57.513 235.38±54.980 34.74±7.224 39.18±8.824 74.45±12.409 80.73± 10.192 
4 42.98±7.894 204.06±47.885 219.46±52.474 30.06±7.776 39.85±11.986 68.30±10.190 82.15±7.884 
¦ª¤ 42.13±5.076 203.88±51.035 222.98±51.210 35.16±9.266 41.10±9.116 73.13±11.155 81.42±9.370 

Pearson 
Correlation -.216 -.083 -.113 .229 .080 .180 -.261 

Sig. (2-tailed) .235 .650 .537 .208 .663 .324 .150 
�Îµ�ª������ 32 32 32 32 32 32 32 

32 
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4.2 �µ¦�ÎµÁ­�°�o°¤¼¨�°�ª·�µ¤·�°̧ 

  °µ­µ­¤´�¦Á¡«®�·��Îµ�ª��40����¸É�nµ�Á���r�µ¦�´�Á¨º°��°��µ¦«¹�¬µ�̧Ê�Â¨³�Îµ¤µ
ª·Á�¦µ³®r�ªµ¤­´¤¡´��r�°�ª·�µ¤·�°̧Â¨³¦·Êª¦°¥��´Ê��̧Ê¤¸�µ¦Á�È��o°¤¼¨¡ºÊ��µ��°�°µ­µ­¤´�¦�´Ê��40 
��Å�oÂ�n�°µ¥»��́��̧¤ª¨�µ¥�Ã¦��¦³�Îµ�́ª��µ¦­´¤�́­Â���n°ª́����µ�¸���µ¦�ºÉ¤�ÊÎµ�n°ª́���Â�oª���µ¦
�°�®¨´��n°ª́����´ÉªÃ¤����¦·¤µ��µ¦­¼��»®¦̧É��¤ª��n°­´��µ®r���¦·¤µ��µ¦�ºÉ¤Â°¨�°±°¨r��Â�oª
�n°Á�º°����µ¦¦́��¦³�µ�°µ®µ¦Á­¦·¤��Å�oÂ�nª·�µ¤·��¸�ª·�µ¤·�°̧�Ã�Á°�Å�¤r�·ªÁ�È����µ¦�¦³Á¤·�
�ªµ¤Á�¦̧¥��µ��µ���µ¦Ä�o�¦̧¤�´�Â����µ¦Ä�o�¦̧¤ª·�µ¤·��¸��µ¦Ä�o�¦̧¤�Îµ¦»���Moisturizer) �́�Â­��
Ä��µ¦µ��¸É 4.4 
�µ¦µ��̧É�4.4 ��o°¤¼¨¡ºÊ��µ��°�°µ­µ­¤´�¦Ã�¥Â�n�Á�}��4 �¨»n¤�µ¤¦³�́��ªµ¤Á�o¤�o��°�ª·�µ¤·�°̧

Ä�Á¨º°�� 
 

Characteristic � »̈n¤�¸É 1 � »̈n¤�¸É 2 � »̈n¤�¸É 3 � »̈n¤�¸É 4 ¦ª¤ 
�Îµ�ª����� 10 10 10 10 40 
°µ¥»Á�¨¸É¥(�e) 
SD. 

41.6±1.51 42.1±0.88 43.2±1.87 42.8±1.99 42.43±1.68 

BMI (kg/m2 ) 21.65±3.75 22.69±3.302 22.93±2.488 20.46±3.004 21.93±3.20
1 

Ã¦��¦³�Îµ�́ª���� 
-Å¤n¤̧ 
-¤̧ 

 
7 
3 

 
9 
1 

 
10 
0 

 
10 
0 

 
36 (90%) 
4 (10%) 

�µ¦­´¤�́­Â�����µ�/̧ª́�� 27.0 ±19.89 33.1±21.20 40.0±28.40 50.5±29.67 37.8±25.86 
�¦·¤µ��µ¦�ºÉ¤�ÊÎµ��Â�oª/ª́�� 6.1 ±1.85 6.3±1.23 6.1±2.03 6.2±1.48 6.2±1.62 
�¦·¤µ��µ¦�°���´ÉªÃ¤�� 6.9 ±1.10 7.1±0.69 6.3±0.92 6.6±0.76 6.7±0.90 
­¼��»®¦¸É �¤ª�/­´��µ®r� 4.9 ±15.50 0.1±0.316 0 1.5±4.74 1.63±8.041 
�ºÉ¤Â°¨�°±°¨r �Â�oª/Á�º°�� 3.6 ±11.38 0.5±1.27 0.6±1.89 4.2±11.33 2.2 ±7.98 
¦´��¦³�µ�°µ®µ¦Á­¦·¤���� 

-ª·�µ¤·�� ̧* 
-ª·�µ¤·�° ̧
-Ã�Á°�Å�¤r�·ªÁ�È� 

 
7 (�µ��9 ��� 

5 
3 

 
1(�µ��8 ��� 

1 
0 

 
2(�µ��7 ��� 

1 
0 

 
0(�µ��8 ��� 

1 
1 

 
10(31.25%) 

8 (20%) 
4 (10%) 
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�µ¦µ��̧É��4.4  (�n°) 

Characteristic �¨»n¤�̧É 1 �¨»n¤�̧É 2 �¨»n¤�̧É 3 �¨»n¤�̧É 4 ¦ª¤ 
�ªµ¤Á�¦̧¥��µ��µ¦
�Îµ�µ����� 

-Å¤nÁ�¦̧¥� 
-Á�¦̧¥��µ��¨µ� 
-Á�¦̧¥�¤µ� 

 
 

3 
6 
 

1 

 
 

1 
9 
 

0 

 
 

3 
5 
 

2 

 
 

0 
8 
 

2 

 
 

7 (17.5%) 
28 (70%) 

 
5 (12.5%) 

Ä�o�¦̧¤�́�Â������� 
-Ä�o°¥¼n 

 
8 

 
9 
 

 
7 

 
7 

 
31 (77.5%) 

Ä�o�¦̧¤ª·�µ¤·�°̧���� 1 2 1 1 5 (12.5%) 
Ä�o�¦̧¤�Îµ¦»� (��) 8 7 7 8 30 (75%) 

®¤µ¥Á®�»�� �µ¦�¦·Ã£�°µ®µ¦Á­¦·¤ª·�µ¤·��¸Å�oÄ�o�o°¤¼¨�°�°µ­µ­¤´�¦�Îµ�ª��32 ���¸É�Îµ¤µ���������������
ª·Á�¦µ³®rª·�µ¤·��¸Á�nµ�́Ê���¨»n¤�¸É�1, 2, 3 Â¨³�4�¤¸¦³�́��ªµ¤Á�o¤�o��°�ª·�µ¤·�°̧Ä�
Á¨º°�Á�¨¸É¥�35.01±5.086, 29.09±1.092, 25.26±1.394 Â¨³ 20.46±1.879 micromole 
�µ¤¨Îµ�́� 

  �¨�µ��µ¦ª́�¦·Êª¦°¥�¦·Áª�®�oµÁ�¨¸É¥�°�Â�n¨³�¨»n¤Á�}�Å��µ¤�µ¦µ��¸É�4.5 Â¨³Â��£µ¡
�¸É 4.3 �³Á®È�Å�oªnµ�¨»n¤�¸É¤¸¦³�́�ª·�µ¤·�°̧Ä�Á¨º°�­¼��¤¸¦·Êª¦°¥Á�¨¸É¥�¦·Áª�®�oµ�o°¥�ªnµ�¨»n¤�¸É¤¸
¦³�́�ª·�µ¤·�°̧Ä�Á¨º°��ÉÎµ  
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�µ¦µ��̧É 4.5 ��nµ¦³�́��ªµ¤Á�o¤�o��°�ª·�µ¤·�°̧Ä�Á¨º°�Á�¨¸É¥Â¨³­nª�Á�¸É¥�Á��¤µ�¦�µ��Â¨³�nµ 
�¦·Êª¦°¥Á�¨¸É¥Â¨³­nª�Á�¸É¥�Á��¤µ�¦�µ��¦·Áª�®�oµ�¸Éª́�Å�o�µ�Á�¦ºÉ°��visioscan® Ã�¥��� 
�Â�n��µ¤�¨»n¤ª·�µ¤·�°̧ 

�¨»n¤ª·�µ¤·�° ̧ ¦³�´�ª·�µ¤·�°¸Ä�Á¨º°�
(µmole)  ± SD. 

�nµ¦·Êª¦°¥�¦·Áª�®�oµ 
 ± SD. �Îµ�ª�°µ­µ­¤´�¦�(��) 

1 35.01 ± 5.086 35.14 ± 2.974 10 
2 29.09 ±1.092 36.38 ± 2.391 10 
3 25.26 ± 1.394 36.37 ± 3.048 10 
4 20.46 ± 1.879 38.47 ± 3.777 10 
¦ª¤ 27.45 ± 6.051 36.59 ± 3.204 40 

 

Error Bars show 95.0% Cl of Mean

1 2 3 4

gr.e

34.000

36.000

38.000

40.000

v
is
io
.f









 

£µ¡�̧É 4.3  �nµÁ�¨¸É¥Â¨³­nª�Á�¸É¥�Á��¤µ�¦�µ��°�¦·Êª¦°¥��¦·Áª�Ä�®�oµÄ�Â�n¨³�¨»n¤ª·�µ¤·�°̧ 

  Á¤ºÉ°�Îµ­�·�·�Linear regression Á¡ºÉ°®µ­¤�µ¦�ªµ¤­´¤¡´��r�°�¦³�́�ª·�µ¤·�°̧Ä�Á¨º°��´�
�nµ¦·Êª¦°¥��Ä�®�oµ��́�Â­��Ä�Â��£µ¡�¸É 4.4 
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£µ¡�̧É 4.4 �µ¦�¦³�µ¥�°��o°¤¼¨Á¡ºÉ°�¼�ªµ¤­´¤¡´��rÂ��Á­o��¦�¦³®ªnµ�¦³�́�ª·�µ¤·�°̧Ä�Á¨º°� 
   �´��nµ¦·Êª¦°¥�¦·Áª�®�oµ 
 

  �³Å�o­¤�µ¦�́��̧Ê 
  �nµ¦·Êª¦°¥�¦·Áª�®�oµ�=�41.956 � 0.196 (¦³�́��ªµ¤Á�o¤�o��°�ª·�µ¤·�°̧Ä�Á¨º°�)� 
Ã�¥¤¸�nµ­�·�·�p value = 0.019 

  �°��µ��̧Ê�µ��¼oª·�́¥Å�o�¦ª��nµ¦·Êª¦°¥�¦·Áª��°�Á¤È�­¸�·ª�°�®�oµÂ¨³�°��ªµ¤�»n¤�ºÊ��°�
�·ª®�oµÂ¨³�°��ªµ¤¥º�®¥»n��°��·ª®�oµÂ¨³�°�Á¡ºÉ°Á�¦̧¥�Á�¸¥�®µ�ªµ¤­´¤¡´��r�´�¦³�́�ª·�µ¤·�°̧
Ä�Á¨º°���́��µ¦µ��¸É�4.6 
  �³Á®È�Å�oªnµ�nµ¦·Êª¦°¥Á�¨¸É¥�¦·Áª��°Ä��¨»n¤�¸É¤¸¦³�́�ª·�µ¤·�°̧Ä�Á¨º°�­¼����¨»n¤�¸É�1, 2��¤¸
Â�ªÃ�o¤�¸É�³¤¸�nµ¦·Êª¦°¥Á�¨¸É¥�o°¥�ªnµ�¨»n¤�¸É¤¸ª·�µ¤·��¸Ä�Á¨º°��ÉÎµ�ªnµ���¨»n¤�¸É 3, 4��Å�oÂ�n�40.38±4.585, 
40.34±4.216 Ä��¨»n¤�¸É�1 Â¨³�2 �µ¤¨Îµ�́��Á�¸¥��´��43.09±6.088, 43.54±4.821 Ä��¨»n¤�¸É�3 Â¨³�4 
�µ¤¨Îµ�́��Â�nÁ¤ºÉ°ª·Á�¦µ³®rÁ�·�­�·�·Â¨oª¡�ªnµÅ¤n¤¸�ªµ¤­´¤¡´��r�´�°¥nµ�¤¸�́¥­Îµ�´��µ�­�·�· 
  �nµ�ªµ¤�»n¤�ºÊ��·ª�¦·Áª�®�oµ�¨»n¤�¸É¤¸¦³�́�ª·�µ¤·�°̧Ä�Á¨º°�­¼����¨»n¤�¸É�1��¤¸Â�ªÃ�o¤�¸É�³
¤¸�nµ�ªµ¤�»n¤�ºÊ�Á�¨¸É¥¤µ��ªnµ�¨»n¤�¸É¤¸ª·�µ¤·�°̧Ä�Á¨º°��ÉÎµ�ªnµ���¨»n¤�¸É 2, 3, 4��Å�oÂ�n�37.08±10.210, 
36.20±13.967, 34.30±6.841 Â¨³ 33.35±5.123 �µ¤¨Îµ�́��Â�nÁ¤ºÉ°ª·Á�¦µ³®rÁ�·�­�·�·Â¨oª¡�ªnµÅ¤n¤¸
�ªµ¤­´¤¡´��r�´�°¥nµ�¤¸�́¥­Îµ�´��µ�­�·�· �nµÁ¤È�­¸�·ª�ªµ¤¥º�®¥»n��°��·ª�¦·Áª�®�oµÂ¨³¨Îµ�°�
�ªµ¤�»n¤�ºÊ��·��¦·Áª��°��°��¨»n¤ª·�µ¤·�°̧��´Ê�����¨»n¤Å¤n¤¸�ªµ¤­´¤¡´��r�´�°¥nµ�¤¸�́¥­Îµ�´��µ�­�·�·



 

�µ¦µ��̧É�4.6  �nµÁ�¨¸É¥¦·Êª¦°¥�¦·Áª��°�Á¤È�­¸�·ª�¦·Áª�®�oµÂ¨³�°��ªµ¤�»n¤�ºÊ��·ª�¦·Áª�®�oµÂ¨³��°��ªµ¤¥º�®¥»n��¦·Áª�®�oµÂ¨³�°�Ä�Â�n¨³�¨»n¤ª·�µ¤·�°̧ 

�¨»n¤ª·�µ¤·�° ̧ ¦·Êª¦°¥�° 
 ± SD. 

Á¤È�­̧®�oµ 
 ± SD. 

Á¤È�­̧�° 
 ± SD. 

�ªµ¤�»n¤�ºÊ�®�oµ 
 ± SD. 

�ªµ¤�»n¤�ºÊ��° 
 ± SD. 

�ªµ¤¥º�®¥»n�®�oµ 
 ± SD. 

�ªµ¤¥º�®¥»n��° 
 ± SD. 

1 40.38±4.585 214.67±55.275 233.43±69.274 37.08±10.210 39.21±8.557 74.99±12.680 81.35±7.652 
2 40.34±4.216 206.09±57.809 211.93±46.152 36.20±13.967 40.78±7.980 76.48±7.434 82.99±11.518 
3 43.09±6.088 189.29±40.116 207.73±49.404 34.30±6.841 38.90±8.611 71.90±12.922 82.54±4.839 
4 43.54±4.821 203.34±60.813 231.49±53.585 33.35±5.123 41.48±12.843 75.04±11.586 82.48±11.270 
¦ª¤ 41.84±5.013 203.35±52.788 221.15±54.396 35.23±9.390 40.09±9.378 74.60±11.056 82.34±8.900 

Pearson Correlation -.262 .019 -.066 .172 .002 .158 -.093 
Sig.  

(2-tailed) .103 .906 .687 .288 .992 .329 .570 

�Îµ�ª������ 40 40 40 40 40 40 40 
  

 

�� 
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  �µ��µ¦«¹�¬µ�̧Ê�³Á®È�ªnµ�´Ê�¦³�́��ªµ¤Á�o¤�o��°�ª·�µ¤·��¸�Â¨³ª·�µ¤·�°̧Ä�Á¨º°���nµ��È¤¸
�ªµ¤­´¤¡´��r�´��nµ¦·Êª¦°¥�°��·ª®�oµ �µ��¼oª·�́¥�¹��Îµ�¨»n¤ª·�µ¤·��¸�´Ê��4��¨»n¤�¤µ®µ�nµÁ�¨¸É¥Â¨³
­nª�Á�¸É¥�Á��¤µ�¦�µ��°�¦³�́�ª·�µ¤·�°̧Ä�Á¨º°�Á¡ºÉ°�¼Â�ªÃ�o¤�nµª·�µ¤·�°̧Ä�Á¨º°��́��µ¦µ��¸É 4.7 

�µ¦µ��̧É�4.7 ��nµÁ�¨¸É¥�ªµ¤Á�o¤�o�ª·�µ¤·�°̧Ä�Á¨º°��Ä�Â�n¨³�¨»n¤ª·�µ¤·��¸�¨»n¤�¸É�1, 2, 3 Â¨³ 4  

�¨»n¤ª·�µ¤·�� ̧ ¦³�´�ª·�µ¤·��¸Ä�Á¨º°�(µmole) 
 ± SD 

¦³�´�ª·�µ¤·�°¸Ä�Á¨º°�(µmole) 
 ± SD 

1 55.41 ± 4.812 32.11 ± 6.444 
2 46.54 ± 1.370 26.79 ± 5.143 
3 40.07 ± 3.565 28.12 ± 6.686 
4 30.36 ± 5.104 24.02 ± 4.536 
¦ª¤ 43.10 ± 10.042 27.76 ± 6.233 

�Îµ�ª�°µ­µ­¤́�¦����� 32 32 

  �³Á®È�ªnµ�¨»n¤�¸É¤¸¦³�́�ª·�µ¤·��¸­¼����¨»n¤�¸É�1��¤¸�nµª·�µ¤·�°̧Ä�Á¨º°�­¼��ªnµ�¨»n¤�¸É¤¸¦³�́�
ª·�µ¤·��¸�ÉÎµ�ªnµ���¨»n¤�¸É�2, 3, 4�� 
  Â¨³Å�o�́��Îµ�¨»n¤ª·�µ¤·�°̧¤µ®µ�nµÁ�¨¸É¥Â¨³­nª�Á�¸É¥�Á��¤µ�¦�µ��°�¦³�́�ª·�µ¤·��¸Ä�
Á¨º°��́�Â­��Ä��µ¦µ��¸É�4.8 

�µ¦µ��̧É�4.8  �nµÁ�¨¸É¥�ªµ¤Á�o¤�o�ª·�µ¤·��¸Ä�Á¨º°��Ä�Â�n¨³�¨»n¤ª·�µ¤·�°̧�¨»n¤�¸É�1, 2, 3 Â¨³ 4  

�¨»n¤ª·�µ¤·�° ̧ ¦³�´�ª·�µ¤·��¸Ä�Á¨º°� (µmole) 
 ± SD 

¦³�´�ª·�µ¤·�°¸Ä�Á¨º°��(µmole) 
 ± SD 

1 47.96 ± 9.182 35.01 ± 5.086 
2 47.36 ± 10.498 29.09 ± 1.092 
3 39.10 ± 7.845 25.26 ± 1.394 
4 36.85 ± 8.689 20.46 ± 1.879 
¦ª¤ 43.10 ± 10.042 27.45 ± 6.051 
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  �°��µ��̧Ê�µ��¼oª·�́¥Å�oÁ�È�¦ª�¦ª¤�o°¤¼¨¦³�́�­µ¦�oµ�°�»¤¼¨°·­¦³°ºÉ�Ç°̧�Å�oÂ�n�Á¦�·
�°¨ (Retinol), Â�¤¤nµÃ�Ã�Á¢°¦°¨ (Gamma Tocopherol), Å¨Ã��e� (Lycopene), °́¨¢iµÂ�Ã¦�¸� 
(Alpha carotene), Á��oµÂ�Ã¦�¸� (Beta carotene)�Â¨³Ã�Á°�Å�¤r�·ªÁ�È��(Coenzyme Q10) Á¡ºÉ°
�Îµ¤µª·Á�¦µ³®rÁ¡·É¤Á�·¤Á�¸É¥ª�´��ªµ¤­´¤¡´��r�°�­µ¦�oµ�°�»¤¼¨°·­¦³°ºÉ��¸É¤¸�¨�´�­£µ¡�·ª®�́�Ä�
�Îµ�°�Á�̧¥ª�´�ª·�µ¤·��¸�ª·�µ¤·�°̧��¹É��µ��¼oª·�́¥¡�ªnµ¤¸­µ¦�oµ�°�»¤¼¨°·­¦³�µ��́ª�¸É¤¸�ªµ¤­´¤¡´��r
�´�­£µ¡�·ª°¥nµ�¤¸�́¥­Îµ�´��µ�­�·�·�́��̧Ê 

4.3 �¦³�´�Á¦�·�°¨Ä�Á º̈°��́�¦·Êª¦°¥�¦·Áª��°  

  Á¤ºÉ°�Îµ¤µª·Á�¦µ³®r�ªµ¤­´¤¡´��r¦³®ªnµ�¦³�́�Á¦�·�°¨Ä�Á¨º°��´�­£µ¡�·ª®�́��¦·Áª�
®�oµÂ¨³�°¡�ªnµ¤¸�ªµ¤­´¤¡´��r�´�Ä��oµ��ªµ¤¦·Êª¦°¥�¦·Áª��°�́��µ¦µ��¸É 4.9 
 
�µ¦µ��̧É�4.9 ��nµ­�·�·�ªµ¤­´¤¡´��r¦³®ªnµ�¦³�́�Á¦�·�°¨Ä�Á¨º°�Â¨³­£µ¡�·ª®�́�Å�oÂ�n�¦·Êª¦°¥��� 

�Á¤È�­¸�·ª��ªµ¤�»n¤�ºÊ���ªµ¤¥º�®¥»n��¦·Áª�®�oµÂ¨³�°��µ¤¨Îµ�́� Ã�¥�Îµ®���nµ�ªµ¤ 
�Á�ºÉ°¤´É��95% 

 

Á¦�·�°¨ ¦·Êª¦°¥
®�oµ 

¦·Êª¦°¥
�° 

Á¤È�­̧
®�oµ 

Á¤È�­̧
�° 

�ªµ¤
�»n¤�ºÊ�
®�oµ 

�ªµ¤
�»n¤�ºÊ�
�° 

�ªµ¤
¥º�®¥»n�
®�oµ 

�ªµ¤
¥º�®¥»n�
�° 

Pearson 
Correlation 

-.020 -.341 -.169 -.181 .035 .143 .133 -.130 

Sig. (2-tailed) .902 .031 .298 .262 .828 .380 .414 .424 
�Îµ�ª�°µ­µ­¤́�¦�
���� 

40 40 40 40 40 40 40 40 

  
  �µ��¼oª·�́¥¡��ªµ¤­´¤¡´��r¦³®ªnµ�Á¦�·�°¨Ä�Á¨º°�Â¨³¦·Êª¦°¥�¦·Áª��°�Ã�¥¤¸�nµ­�·�·�p 
value 0.031 Â¨³Å�o­¤�µ¦�ªµ¤­´¤¡´��r�́��̧Ê 
  �nµ¦·Êª¦°¥�¦·Áª��°�= 46.99 � 3.225 �¦³�́��ªµ¤Á�o¤�o��°�Á¦�·�°¨Ä�Á¨º°�� 
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  Á¤ºÉ°Â�n��¨»n¤�µ¤¦³�́�Á¦�·�°¨Ä�Á¨º°�°°�Á�}��4 �¨»n¤�¡�ªnµÂ�n¨³�¨»n¤Á¦�·�°¨¤¸�nµÁ�¨¸É¥
Â¨³­nª�Á�¸É¥�Á��¤µ�¦�µ��°�¦³�́�Á¦�·�°¨Ä�Á¨º°�Â¨³¦·Êª¦°¥�¦·Áª��°�́�Â­��Ä��µ¦µ��¸É 
4.10 Â¨³£µ¡�¸É�4.5 

�µ¦µ��̧É 4.10  �nµÁ�¨¸É¥Â¨³­nª�Á�¸É¥�Á��¤µ�¦�µ��°�¦³�́�Á¦�·�°¨Ä�Á¨º°��Â¨³¦·Êª¦°¥�¦·Áª��°�
Ä�Â�n¨³�¨»n¤Á¦�·�°¨ 

�¨»n¤Á¦�·�°¨ ¦³�´�Á¦�·�°¨Ä�Á¨º°�(µmole) 
 ± SD 

¦·Êª¦°¥�¦·Áª��° 
 ± SD 

1 2.22±.566 41.63±3.280 
�Îµ�ª�°µ­µ­¤́�¦����� 10 10 

2 1.67±.061 39.01±4.668 
�Îµ�ª�°µ­µ­¤́�¦����� 10 10 

3 1.44±.109 41.30±4.269 
�Îµ�ª�°µ­µ­¤́�¦����� 12 12 

4 .96±.264 46.46±5.758 
�Îµ�ª�°µ­µ­¤́�¦����� 8 8 

¦ª¤ 1.60 ± .530 41.84±5.013 
�Îµ�ª�°µ­µ­¤´�¦����� 40 40 
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£µ¡�̧É 4.5���nµÁ�¨¸É¥Â¨³­nª�Á�¸É¥�Á��¤µ�¦�µ��°��nµ¦·Êª¦°¥�¦·Áª��°Ä�Â�n¨³�¨»n¤Á¦�·�°¨ 
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  �³Á®È�Å�oªnµ�¨»n¤�¸É¤¸¦³�́�Á¦�·�°¨Ä�Á¨º°�­¼����¨»n¤�¸É�1, 2, 3��¤¸�nµÁ�¨¸É¥¦·Êª¦°¥�¦·Áª��°
�o°¥�ªnµ�¨»n¤�¸É¤¸¦³�́�Á¦�·�°¨Ä�Á¨º°��ÉÎµ�ªnµ���¨»n¤�¸É�4�� 

4.4 ¦³�´�Á��oµÂ�Ã¦�̧�Ä�Á º̈°��́�¦·Êª¦°¥�¦·Áª�®�oµÂ¨³�ªµ¤�»n¤�ºÊ��¦·Áª�®�oµ� 

  Á¤ºÉ°�Îµ¤µª·Á�¦µ³®r�ªµ¤­´¤¡´��r¦³®ªnµ�¦³�́�Á��oµÂ�Ã¦�¸�Ä�Á¨º°��´�­£µ¡�·ª®�́��¦·Áª�
®�oµÂ¨³�°¡�ªnµ¤¸�ªµ¤­´¤¡´��r�´�Ä��oµ�¦·Êª¦°¥Â¨³�ªµ¤�»n¤�ºÊ��¦·Áª�®�oµ�́��µ¦µ��¸É 4.11 

�µ¦µ��̧É�4.11 ��nµ­�·�·�ªµ¤­´¤¡´��r¦³®ªnµ�Á��oµÂ�Ã¦�¸�Ä�Á¨º°�Â¨³­£µ¡�·ª®�́�Å�oÂ�n�¦·Êª¦°¥�
Á¤È�­¸�·ª��ªµ¤�»n¤�ºÊ���ªµ¤¥º�®¥»n��¦·Áª�®�oµÂ¨³�°��µ¤¨Îµ�́� Ã�¥�Îµ®���nµ
�ªµ¤Á�ºÉ°¤´É��95% 

Á��oµÂ�Ã¦�̧� ¦·Êª¦°¥
®�oµ 

¦·Êª¦°¥
�° 

Á¤È�­̧
®�oµ Á¤È�­̧�° 

�ªµ¤
�»n¤�ºÊ�
®�oµ 

�ªµ¤
�»n¤�ºÊ�
�° 

�ªµ¤
¥º�®¥»n�
®�oµ 

�ªµ¤
¥º�®¥»n�
�° 

Pearson 
Correlation 

-.316 -.196 .008 -.142 .387 .125 .241 .030 

Sig. (2-tailed) .047 .227 .962 .381 .014 .441 .133 .854 
�Îµ�ª�
°µ­µ­¤́�¦�
���� 

40 40 40 40 40 40 40 40 

  �µ��¼oª·�́¥¡��ªµ¤­´¤¡´��r¦³®ªnµ�Á��oµÂ�Ã¦�¸�Ä�Á¨º°��´�¦·Êª¦°¥�¦·Áª�®�oµ�Ã�¥¤¸
�nµ­�·�·�p value 0.047 Â¨³¡��ªµ¤­´¤¡´��r¦³®ªnµ�Á��oµÂ�Ã¦�¸�Ä�Á¨º°�Â¨³�ªµ¤�»n¤�ºÊ��¦·Áª�
®�oµ�Ã�¥¤¸�nµ­�·�·�p value 0.014�Å�o­¤�µ¦�ªµ¤­´¤¡´��r�́��̧Ê 
  �nµ¦·Êª¦°¥�¦·Áª�®�oµ�= 38.195 � 1.492 �¦³�́��ªµ¤Á�o¤�o��°�Á��oµÂ�Ã¦�¸�Ä�Á¨º°�� 
  �nµ�ªµ¤�»n¤�ºÊ��·ª�¦·Áª�®�oµ�= 29.460 � 5.358 �¦³�́��ªµ¤Á�o¤�o��°�Á��oµÂ�Ã¦�¸�Ä�
Á¨º°�� 
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  Á¤ºÉ°Â�n��¨»n¤�µ¤¦³�́�Á��oµÂ�Ã¦�¸�Ä�Á¨º°�°°�Á�}��4 �¨»n¤�¡�ªnµÂ�n¨³�¨»n¤Á��oµÂ�Ã¦�¸�
¤¸�nµÁ�¨¸É¥Â¨³­nª�Á�¸É¥�Á��¤µ�¦�µ��°�¦³�́�Á��oµÂ�Ã¦�¸�Ä�Á¨º°��¦·Êª¦°¥�¦·Áª�®�oµ�Â¨³�ªµ¤
�»n¤�ºÊ��¦·Áª�®�oµ�́�Â­��Ä��µ¦µ��¸É 4.12 £µ¡�¸É�4.6 Â¨³�4.7 

�µ¦µ��̧É 4.12   �nµÁ�¨¸É¥Â¨³­nª�Á�¸É¥�Á��¤µ�¦�µ��°�¦³�́�Á��oµÂ�Ã¦�¸�Ä�Á¨º°��¦·Êª¦°¥�¦·Áª�
®�oµ�Â¨³�ªµ¤�»n¤�ºÊ��¦·Áª�®�oµÄ�Â�n¨³�¨»n¤Á��oµÂ�Ã¦�¸� 

�¨»n¤Á��oµÂ�Ã¦�̧� 
¦³�´�Á��oµÂ�Ã¦�̧�Ä�
Á¨º°�(µmole) 
 ± SD 

¦·Êª¦°¥�¦·Áª�®�oµ 
 ± SD 

�ªµ¤�»n¤�ºÊ��¦·Áª�®�oµ 
 ± SD 

1 1.93 ± .642 34.33 ± 1.399 42.31 ± 10.100 
�Îµ�ª�°µ­µ­¤́�¦����� 11 11 11 

2 1.11 ± .082 37.12 ± 3.463 31.67 ± 8.453 
�Îµ�ª�°µ­µ­¤́�¦����� 9 9 9 

3 .79 ± .166 38.09 ± 3.950 33.65 ± 9.561 
�Îµ�ª�°µ­µ­¤́�¦����� 10 10 10 

4 .40 ± .107 37.09 ± 2.589 32.23 ± 5.209 
�Îµ�ª�°µ­µ­¤́�¦����� 10 10 10 

¦ª¤ 1.08 ± .678 36.59 ± 3.204 35.23 ± 9.390 
�Îµ�ª�°µ­µ­¤´�¦����� 40 40 40 
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£µ¡�̧É 4.6  �nµÁ�¨¸É¥Â¨³­nª�Á�¸É¥�Á��¤µ�¦�µ��°�¦·Êª¦°¥ �¦·Áª�Ä�®�oµÄ�Â�n¨³�¨»n¤Á��oµÂ�Ã¦�¸� 
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£µ¡�̧É�4.7 ��nµÁ�¨¸É¥Â¨³­nª�Á�¸É¥�Á��¤µ�¦�µ��°��ªµ¤�»n¤�ºÊ� 
����¦·Áª�Ä�®�oµÄ�Â�n¨³�¨»n¤Á��oµÂ�Ã¦�¸� 

  �³Á®È�Å�oªnµ�¨»n¤�¸É¤¸¦³�́�Á��oµÂ�Ã¦�¸�Ä�Á¨º°�­¼����¨»n¤�¸É�1��¤¸�nµÁ�¨¸É¥¦·Êª¦°¥�¦·Áª�
Ä�®�oµ�o°¥�ªnµ�¨»n¤�¸É¤¸¦³�́�Á��oµÂ�Ã¦�¸�Ä�Á¨º°��ÉÎµ�ªnµ���¨»n¤�¸É�2, 3, 4��Â¨³¤¸�nµÁ�¨¸É¥�ªµ¤�»n¤�ºÊ�
�¦·Áª�Ä�®�oµ¤µ��ªnµ�¨»n¤�¸É¤¸¦³�́�Á��oµÂ�Ã¦�¸�Ä�Á¨º°��ÉÎµ�ªnµ���¨»n¤�¸É�2, 3, 4� 

4.5 ¦³�´�Ã�Á°È�Å�¤r�·ªÁ�È�Ä�Á º̈°��́�Á¤È�­¸�·ª�¦·Áª��°� 

  Á¤ºÉ°�Îµ¤µª·Á�¦µ³®r�ªµ¤­´¤¡´��r¦³®ªnµ�¦³�́�Ã�Á°È�Å�¤r�·ªÁ�È�Ä�Á¨º°��´�­£µ¡�·ª®�́�
�¦·Áª�®�oµÂ¨³�°¡�ªnµ¤¸�ªµ¤­´¤¡´��r�´�Ä��oµ�Á¤È�­¸�·ª�¦·Áª��°�́��µ¦µ��¸É 4.13 
  �µ��¼oª·�́¥¡��ªµ¤­´¤¡´��r¦³®ªnµ�Ã�Á°È�Å�¤r�·ªÁ�È�Ä�Á¨º°�Â¨³�nµÁ¤È�­¸�·ª�¦·Áª��°�
Ã�¥¤¸�nµ­�·�·�p value 0.039�Å�o­¤�µ¦�ªµ¤­´¤¡´��r�́��̧Ê 
  �nµÁ¤È�­¸�·ª�¦·Áª��°�= 261.156 - 41.121 �¦³�́��ªµ¤Á�o¤�o��°�Ã�Á°È�Å�¤r�·ªÁ�È�Ä�
Á¨º°�� 
  Á¤ºÉ°Â�n��¨»n¤�µ¤¦³�́�Ã�Á°È�Å�¤r�·ªÁ�È�Ä�Á¨º°�°°�Á�}��4 �¨»n¤�¡�ªnµÂ�n¨³�¨»n¤ 
Ã�Á°È�Å�¤r�·ªÁ�È�¤¸�nµÁ�¨¸É¥Â¨³­nª�Á�¸É¥�Á��¤µ�¦�µ��°�¦³�́�Ã�Á°È�Å�¤r�·ªÁ�È�Ä�Á¨º°��Â¨³
Á¤È�­¸�·ª�¦·Áª��°�́�Â­��Ä��µ¦µ��¸É�4.14 Â¨³£µ¡�¸É�4.8 
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�µ¦µ��̧É 4.13�� �nµ­�·�·�ªµ¤­´¤¡´��r¦³®ªnµ�Ã�Á°È�Å�¤r�·ªÁ�È�Ä�Á¨º°�Â¨³­£µ¡�·ª®�́�Å�oÂ�n 
¦·Êª¦°¥�Á¤È�­¸�·ª��ªµ¤�»n¤�ºÊ���ªµ¤¥º�®¥»n��¦·Áª�®�oµÂ¨³�°��µ¤¨Îµ�́� Ã�¥
�Îµ®���nµ�ªµ¤Á�ºÉ°¤´É��95% 

Ã�Á°È�Å�¤r�·ªÁ�È� ¦·Êª¦°¥
®�oµ 

¦·Êª¦°¥
�° 

Á¤È�­̧
®�oµ Á¤È�­̧�° 

�ªµ¤
�»n¤�ºÊ�
®�oµ 

�ªµ¤
�»n¤�ºÊ�
�° 

�ªµ¤
¥º�®¥»n�
®�oµ 

�ªµ¤
¥º�®¥»n�
�° 

Pearson 
Correlation 

.017 -.244 -.168 -.328 -.130 -.079 .286 .009 

Sig. (2-tailed) .919 .129 .301 .039 .425 .629 .073 .956 
�Îµ�ª�
°µ­µ­¤́�¦����� 

40 40 40 40 40 40 40 40 

 

�µ¦µ��̧É 4.14 � �nµÁ�¨¸É¥Â¨³­nª�Á�¸É¥�Á��¤µ�¦�µ��°�¦³�́�Ã�Á°È�Å�¤r�·ªÁ�È�Ä�Á¨º°��Â¨³Á¤È�­ ̧
�·ª�¦·Áª��°�Ä�Â�n¨³�¨»n¤Ã�Á°È�Å�¤r�·ªÁ�È� 

�¨»n¤Ã�Á°È�Å�¤r�·ªÁ�È� ¦³�´�Ã�Á°È�Å�¤r�·ªÁ�È�Ä�Á¨º°�(µmole) 
 ± SD 

Á¤È�­̧�·ª�¦·Áª��° 
 ± SD 

1 1.52 ± .491 202.73 ± 41.442 
2 1.01 ± .094 213.09 ± 51.212 
3 .79 ± .046 209.50 ± 61.350 
4 .58 ± .114 259.26 ± 50.043 
¦ª¤ .97 ± .434 221.15 ± 54.396 

�Îµ�ª�°µ­µ­¤´�¦���� 40 40 
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£µ¡�̧É 4.8 ��nµÁ�¨¸É¥Â¨³­nª�Á�¸É¥�Á��¤µ�¦�µ��°�Á¤È�­¸�·ª �¦·Áª��°Ä�Â�n¨³�¨»n¤Ã�Á°È�Å�¤r�·ªÁ�È� 

  �³Á®È�Å�oªnµ�¨»n¤�¸É¤¸¦³�́�Ã�Á°È�Å�¤r�·ªÁ�È�Ä�Á¨º°�­¼����¨»n¤�¸É�1,�2, 3��¤¸�nµÁ�¨¸É¥Á¤È�­¸�·ª
�¦·Áª��°�o°¥�ªnµ�¨»n¤�¸É¤¸¦³�́�Ã�Á°È�Å�¤r�·ªÁ�È�Ä�Á¨º°��ÉÎµ�ªnµ���¨»n¤�¸É 4�� 

 
 



 

 
���¸É�5 

°£·�¦µ¥�¨�­¦»��Â¨³�o°Á­�°Â�³ 

5.1 °£·�¦µ¥�¨ 

5.1.1 �ªµ¤­´¤¡´��r�°�¦³�´�ª·�µ¤·��¸Ä�Á¨º°��´�¦·Êª¦°¥�¦·Áª�®�oµ 
  Á�ºÉ°��µ�¤¸�µ¦�·�¡¨µ��°��¨�µ¦�¦ª�¦³�́�ª·�µ¤·��¸Ä�Á¨º°��°�°µ­µ­¤´�¦�Îµ�ª��8 
��­»��oµ¥�ÎµÄ®o°µ­µ­¤´�¦�¸É�Îµ¤µª·Á�¦µ³®rÁ®¨º°�32 ���¹��ÎµÄ®o��µ��́ª°¥nµ��o°¥¨��°µ�¤¸�¨�n°
�µ¦�Îµ�ª��µ�­�·�· 

5.1.1.1 °£·�¦µ¥�o°¤¼¨�´ÉªÅ� 
   Á¤ºÉ°¡·�µ¦�µ�µ��o°¤¼¨¡ºÊ��µ�Ä�Â�n¨³�¨»n¤ª·�µ¤·��¸�¡�ªnµ°µ¥»��́��̧¤ª¨�µ¥�Ã¦�
�¦³�Îµ�́ª��µ¦­´¤�́­Â����µ¦�ºÉ¤�ÊÎµ��µ¦�°�®¨´�¡´��n°���µ¦­¼��»®¦̧É��µ¦�ºÉ¤Â°¨�°±°¨r��¦·¤µ�
�µ¦¦́��¦³�µ�°µ®µ¦Á­¦·¤��ªµ¤Á�¦̧¥��µ��µ¦�Îµ�µ���µ¦Ä�o�¦̧¤�Îµ¦»�®¦º°�¦̧¤�¸É¤¸­nª��¦³�°�
�°�ª·�µ¤·��¸��°��»��¨»n¤ª·�µ¤·��¸Å¤n¤¸�ªµ¤Â���nµ��´�°¥nµ�¤¸�́¥­Îµ�´��µ�­�·�·��¹É��nª¥¨�°��·
�°�°µ­µ­¤´�¦Ä�Â�n¨³�¨»n¤ 
   ¤¸�µ¦«¹�¬µ�n°�®�oµ�̧Êªnµ�µ¦­¼��»®¦̧ÉÂ¨³�µ¦�ºÉ¤Â°¨�°±°¨r�ÎµÄ®oÁ�·�­µ¦°�»¤¼¨°·­¦³
Ä�¦nµ��µ¥��¹É�­n��¨�n°�·ª®�́�Ä�Á¦ºÉ°�¦·Êª¦°¥ (Daniel, 1971; Model, 1985)�Â�nÄ��¨»n¤�¸É�1 �¹É�¤¸
�¦·¤µ��µ¦­¼��»®¦̧ÉÂ¨³�ºÉ¤Â°¨�°±°¨r¤µ��¸É­»���¨´�Á�}��¨»n¤�¸É¤¸¦·Êª¦°¥�¦·Áª�®�oµ�o°¥�¸É­»��Â¨³
Ä��¨»n¤�¸É�1 Â¨³�3�¤¸�¦·¤µ��µ¦�ºÉ¤Â°¨�°±°¨rÁ�nµ�´��º°�4.5±12.73 Â�oª/Á�º°��Â�n�¨»n¤�¸É�1 ¤¸¦·Êª
¦°¥�¦·Áª�®�oµ�o°¥�ªnµ�¨»n¤�¸É�3��¼oª·�́¥�¹��·�ªnµ¦³�́�ª·�µ¤·��¸�¸É­¼�Ä�Á¨º°�­µ¤µ¦�¨��ªµ¤Á�}�¡·¬
�°�­µ¦°�»¤¼¨°·­¦³�¸ÉÁ�·��¹Ê�Å�o�¦·� 
   Ä��¨»n¤�¸É¤¸ª·�µ¤·��¸Ä�Á¨º°�­¼�¤¸�¦³ª́�·�µ¦Å�o¦́��µ�°µ®µ¦Á­¦·¤ª·�µ¤·��¸¤µ��ªnµ
�¨»n¤�¸É¤¸ª·�µ¤·��¸Ä�Á¨º°��ÉÎµ��¹��·�ªnµ�µ¦�¦·Ã£�°µ®µ¦Á­¦·¤ª·�µ¤·��¸­µ¤µ¦��nª¥Á¡·É¤¦³�́�ª·�µ¤·�
�¸Ä�Á¨º°�Å�o�¦·��Â¨³­´¤¡´��r�´��µ¦¤¸¦·Êª¦°¥�¦·Áª�®�oµ�o°¥°̧��oª¥��¹É��¦��´��µ¦«¹�¬µ�n°�®�oµ
�̧Ê�¸Éªnµ�µ¦�¦·Ã£�°µ®µ¦�¸É¤¸ª·�µ¤·��¸­¼�­µ¤µ¦�Á¡·É¤¦³�́�ª·�µ¤·��¸Ä�Á¨º°�Å�o°¥nµ�¤¸�́¥­Îµ�´��µ�
­�·�·�(Dehghan, Danesh,�McMillan & Thabane, 2007)  
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   Á¤ºÉ°¡·�µ¦�µ�{��́¥�ªµ¤Á�¦̧¥��µ��µ¦�Îµ�µ�¡�ªnµ�Îµ�ª��¼o�¸ÉÅ¤nÁ�¦̧¥�Ä��¨»n¤�¸É�1, 2, 3 
Â¨³�4�¤¸�3���, 1 ��, 0 �� Â¨³ 1 ���µ¤¨Îµ�́���¼o�¸ÉÁ�¦̧¥��µ��¨µ�Ä��¨»n¤�¸É�1, 2, 3 Â¨³�4�¤¸�5 ��, 
5 ��, 6 �� Â¨³6 ���µ¤¨Îµ�́���¼o�¸ÉÁ�¦̧¥�¤µ�Ä��¨»n¤�¸É�1, 2, 3 Â¨³�4�¤¸�0 ��, 2 ��, 2 �� Â¨³�1 
���µ¤¨Îµ�́� �³Á®È�Å�oªnµ�¨»n¤�¸É¤¸¦³�́�ª·�µ¤·��¸­¼�¤´��³Á�}��¼o�¸ÉÅ¤nÁ�¦̧¥��µ��µ¦�Îµ�µ��Â¨³Å¤n¤¸
°µ­µ­¤´�¦Ä��¨»n¤�¸É�1 �¸É¤¸�ªµ¤Á�¦̧¥��µ��µ¦�Îµ�µ�¤µ���¹É�°µ��°�Á�}��́¥ªnµ�ªµ¤Á�¦̧¥��¸ÉÁ¦µ
�¦µ��´��̧ªnµ�ÎµÄ®oÁ�·�­µ¦°�»¤¼¨°·­¦³�¹Ê�Ä�¦nµ��µ¥�­´¤¡´��r�´��µ¦¤¸¦·Êª¦°¥�¦·Áª�®�oµ 

1. Á¤ºÉ°Â¥��¼Á�¡µ³Ä��¼o�¸ÉÅ¤nÁ�¦̧¥�Á¨¥¡�ªnµ�¨»n¤�¸É�1�¤¸�Îµ�ª���¤µ��¸É­»���ÈÁ�}�
�{��́¥�nª¥­n�Á­¦·¤�µ¦Ä�o­µ¦�oµ�°�»¤¼¨°·­¦³�o°¥�Â¨³Á¤ºÉ°­µ¦°�»¤¼¨°·­¦³�¸ÉÁ�·��¹Ê�¤¸�o°¥�¹�Å�
�¦³�»o��µ¦Á�·�¦·Êª¦°¥�o°¥�ªnµ�¨»n¤°ºÉ�Ç� 

2. Á¤ºÉ°�¼Á�¡µ³�¨»n¤�¸ÉÁ�¦̧¥��µ��¨µ�¡�ªnµ�Îµ�ª�°µ­µ­¤´�¦Ä��¨»n¤�¸É�1 Á�nµ�´�
�¨»n¤�¸É�2 �º°�5 ��Â¨³�¨»n¤�¸É�3 Á�nµ�´��¨»n¤�¸É�4 �º°�6����Â�n�¨»n¤�¸É�1 Â¨³�3 ¤¸¦·Êª¦°¥�¦·Áª�®�oµ
�o°¥�ªnµ�¨»n¤�¸É�2 Â¨³�4 �µ¤¨Îµ�́��Â­��ªnµ�µ¦¤¸ª·�µ¤·��¸Ä�Á¨º°�­¼�­µ¤µ¦��ÎµÄ®o¦·Êª¦°¥�¦·Áª�
®�oµ�o°¥¨�Å�o� 

3. Á¤ºÉ°�¼Á�¡µ³�¨»n¤�¸ÉÁ�¦̧¥�¤µ�¡�ªnµ�¨»n¤�¸É�4�¤¸�Îµ�ª����¸ÉÁ�¦̧¥�¤µ��o°¥�ªnµ
�¨»n¤�¸É�2 Â¨³�3 �¹É��¼Á®¤º°��nµ�³¤¸¦·Êª¦°¥�¦·Áª�®�oµ�o°¥�ªnµ�¨»n¤�¸É�2 Â¨³�3 Â�n�¨´�¤¸¦·Êª¦°¥
�¦·Áª�®�oµ¤µ��¸É­»��°µ�Á�ºÉ°��µ��¨»n¤�¸É�4 ¤¸¦³�́�ª·�µ¤·��¸Ä�Á¨º°��ÉÎµ�¸É­»� 
   �µ¦Ä�o�¦̧¤ª·�µ¤·��¸°µ�Á�}�°̧��µ�Á¨º°�®�¹É�Ä��µ¦�³¨°¦·Êª¦°¥�¦·Áª�®�oµ�Â�n
Á�ºÉ°��µ��¦·¤µ�°µ­µ­¤´�¦�¸ÉÄ�o�¦̧¤ª·�µ¤·��¸¤¸�o°¥�¹�Å¤n­µ¤µ¦��°��¹��ªµ¤­´¤¡´��rÅ�o�´�Á�� 
   �µ¦Ä�o�¦̧¤�Îµ¦»�®�oµ­µ¤µ¦��ÎµÄ®o�·ª¤¸�ªµ¤�»n¤�ºÊ�Å�o�Â¨³�·ª�¸ÉÅ�o¦́��µ¦�Îµ¦»�Á�}�
�¦³�Îµ�È�³¤¸¦·Êª¦°¥�o°¥�ªnµ�·ª�¸É�µ��µ¦�Îµ¦»� (Hashizume, 2004)�Á¤ºÉ°ª·Á�¦µ³®rÁ¦ºÉ°��µ¦Ä�o�¦̧¤
�Îµ¦»��¡�ªnµ�¨»n¤�¸É�1, 2 Â¨³�4 ¤¸�Îµ�ª�°µ­µ­¤´�¦�¸ÉÄ�o�¦̧¤�Îµ¦»�Á�nµÇ�´��º°�7 ��, 7 ���Â¨³ 6 ��
�µ¤¨Îµ�́��Â�n�¨»n¤�¸É�1 ¤¸¦·Êª¦°¥Á�¨¸É¥�¦·Áª�®�oµ�o°¥�ªnµ�¨»n¤�¸É�2 Â¨³�¨»n¤�¸É�2 ¤¸¦·Êª¦°¥Á�¨¸É¥�¦·Áª�
®�oµ�o°¥�ªnµ�¨»n¤�¸É�4 °µ�¤¸Á®�»�¨¤µ�µ��µ¦�¸É�¨»n¤�¸É 1 ¤¸¦³�́�ª·�µ¤·��¸Ä�Á¨º°�­¼��ªnµ�¨»n¤�¸É�2 
Â¨³�4 �µ¤¨Îµ�́��­nª��¨»n¤�¸É�3 ¤¸�Îµ�ª��¼o�¸ÉÄ�o�¦̧¤�Îµ¦»��4�����¹É��o°¥�ªnµ�¨»n¤�¸É�4 Â�n¤¸¦·Êª¦°¥Á�¨¸É¥
�¦·Áª�®�oµ�o°¥�ªnµ�¨»n¤�¸É�4 °µ�Á�ºÉ°��µ��¨»n¤�¸É�3 ¤¸¦³�́�ª·�µ¤·��¸Ä�Á¨º°�­¼��ªnµ�¨»n¤�¸É�4��́É�Á°� 

5.1.1.2 °£·�¦µ¥�¨�µ¦«¹�¬µ 
 �  ¦³�́�ª·�µ¤·��¸Ä�Á¨º°�¤¸�ªµ¤­´¤¡´��r���́��´�¦·Êª¦°¥�¦·Áª�®�oµ°¥nµ�¤¸�́¥­Îµ�´�
�µ�­�·�·��¸É�p value 0.023 �¨nµª�º°�¼o�¸É¤¸¦³�́�ª·�µ¤·��¸Ä�Á¨º°�­¼��³¤¸¦·Êª¦°¥�¦·Áª�®�oµ�o°¥�
�nµ­�·�·�́��¨nµªÁ�}��nµ�¸ÉÅ¤n¤µ��Á¡¸¥�Â�n�°�Â�ªÃ�o¤�°��nµ¦·Êª¦°¥�¦·Áª�®�oµ°¥nµ��¦nµªÇÁ�nµ�́Ê��
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°µ�Á�ºÉ°��µ�¤¸��µ��́ª°¥nµ��o°¥�Â¨³¤¸�{��́¥°ºÉ�¤µÁ�¸É¥ª�o°�Á�n�¦³�́�ª·�µ¤·�°̧Ä�Á¨º°��¦³�́�Á��oµ
Â�Ã¦�¸�Ä�Á¨º°���¹É��¨�µ¦«¹�¬µÄ��¦́Ê��̧Ê­°��¨o°��´�®¨µ¥�µ¦«¹�¬µÅ�oÂ�n 

1. ª·�µ¤·��¸­µ¤µ¦��¦³�»o��µ¦­¦oµ�Á­o�Ä¥�°¨¨µÁ����´Ê�¦³�́�Ã¤Á¨�»¨Â¨³
¦³�́�¥¸��(Geesin et al., 1988; Kivirikko et al.,1967; Lyons et al., 1984; Padh, 1990; Peterkofsky, 
1972; Phillips et al., 1994) 

2. ª·�µ¤·��¸­µ¤µ¦�¨�¦³�́�£µª³Á�¦̧¥�°°��·Á��´É��¨��µ¦­´Ê�¨��°�Á�Ã¨Á¤¸¥¦r�
Â¨³¨��¦³�ª��µ¦�¦µ�°�Á�¨¨r (Kashino, 2003) 

3. �µ¦¦́��¦³�µ�°µ®µ¦�¸É¤¸ª·�µ¤·��¸­¼�­´¤¡´��r�´��µ¦¨��µ¦Á�·�¦·Êª¦°¥�
(Cosgrove et al., 2007)  
   �nµ¦·Êª¦°¥�¦·Áª�®�oµ�°��¨»n¤�¸É�1 Â¨³�4 ¤¸�ªµ¤Â���nµ��´�°¥nµ�¤¸�́¥­Îµ�´��µ�­�·�·�
(p=0.034) Á�ºÉ°��µ�¦³�́�ª·�µ¤·��¸Ä�Á¨º°��°��´Ê��2 �¨»n¤�nµ��´�¤µ��¸É­»���nµ¦³�́�ª·�µ¤·��¸Ä�
Á¨º°��°��¨»n¤�¸É�1 Â¨³�2 �nµ��´�Å¤n¤µ�Á�nµ�¨»n¤�¸É�1 Â¨³�¨»n¤�¸É�4 (8.463 Â¨³�25.055 �µ¤¨Îµ�́�) �¹�
Á®È�Å�oªnµ�nµ¦·Êª¦°¥Á�¨¸É¥�¦·Áª�®�oµ�°��¨»n¤�¸É�1 �nµ��´��¨»n¤�¸É�4 ¤µ��ªnµ�nµ��´��¨»n¤�¸É�2 (3.028 
Â¨³�0.279��µ¤¨Îµ�́�) �́�£µ¡�¸É�5.1�Ã�¥�³Á¦·É¤Á®È��nµ¦·Êª¦°¥Á¡·É¤�¹Ê�°¥nµ�Á®È�Å�o�´�Ä��¨»n¤�¸É�3 Â¨³
Á®È��ªµ¤Â���nµ��´�Á���¸É­»�Ä��¨»n¤�¸É�4� 
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£µ¡�̧É�5.1 ��nµÁ�¨¸É¥¦·Êª¦°¥�¦·Áª�®�oµÄ�Â�n¨³�¨»n¤�°�ª·�µ¤·�� ̧
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   �¼o�¸É¤¸¦³�́�ª·�µ¤·��¸Ä�Á¨º°�­¼�¥´�¤¸¦³�́�ª·�µ¤·�°̧Ä�Á¨º°�­¼��oª¥�°µ�Á�ºÉ°��µ��¨»n¤�̧Ê
¤¸�µ¦�¼Â¨��Á°��̧��¼Å�o�µ��Îµ�ª����¸ÉÅ�o¦́�°µ®µ¦Á­¦·¤ª·�µ¤·�°̧�Â¨³°µ®µ¦Á­¦·¤°ºÉ�ÇÁ�n��Ã�
Á°È�Å�¤r�·ªÁ�È�Ä��¨»n¤�¸É�1 Â¨³�2 ¤¸�Îµ�ª�°µ­µ¤­¤´�¦�¦·Ã£�°µ®µ¦Á­¦·¤�´Ê�ª·�µ¤·�°̧�Â¨³Ã�
Á°È�Å�¤r�·ªÁ�È�¤µ��ªnµ�¨»n¤�¸É�3 Â¨³�4 �µ¤¨Îµ�́��Â¨³�µ¦�¸É¤¸�´Ê�¦³�́�ª·�µ¤·��¸�Â¨³°̧­¼�Ä�Á¨º°��È
°µ�Á�}��́ªÁ¡·É¤�ªµ¤­´¤¡´��r�´�¦·Êª¦°¥�¦·Áª�®�oµ�Á�ºÉ°��µ��nµ��È¡��ªµ¤­´¤¡´��r¦³®ªnµ�ª·�µ¤·�
�¸�´�¦·Êª¦°¥�¦·Áª�®�oµ�Â¨³�ªµ¤­´¤¡´��r¦³®ªnµ�ª·�µ¤·�°̧�´�¦·Êª¦°¥�¦·Áª�®�oµ 
   Á¤ºÉ°�́�°µ­µ­¤´�¦�µ¤�¨»n¤ª·�µ¤·��¸��³Á®È�ªnµ¦³�́�ª·�µ¤·�°̧Â¨³Á��oµÂ�Ã¦�¸�Ä�
Á¨º°��́��µ¦µ��¸É 5.1 Â¨³£µ¡�¸É�5.2��¹É��nµ��ÈÁ�}�ª·�µ¤·��¸É¤¸�ªµ¤­´¤¡´��r�´�¦·Êª¦°¥�¦·Áª�®�oµ��È¤¸
¦³�́�­¼�Ä��¨»n¤�¸É�1 Â¨³¨��o°¥¨�Ä��¨»n¤�¸É�2, 3 Â¨³�4 �µ¤¨Îµ�́� �¹��ÎµÄ®o�¨»n¤�¸É�1 ¤¸¦·Êª¦°¥�¦·Áª�
®�oµ�o°¥�¸É­»��°µ�Á�ºÉ°��µ��µ¦Á­¦·¤°·��·¡¨�µ�Â�n¨³ª·�µ¤·�Ä�Á¨º°� 

�µ¦µ��̧É 5.1 ��nµÁ�¨¸É¥Â¨³­nª�Á�¸É¥�Á��¤µ�¦�µ��°�¦³�́�ª·�µ¤·��¸�ª·�µ¤·�°̧�Á��oµÂ�Ã¦�¸�Ä�
Á¨º°��Â¥��µ¤�¨»n¤ª·�µ¤·�� ̧

�¨»n¤ª·�µ¤·�� ̧
¦³�´�ª·�µ¤·��¸Ä�Á¨º°�

(µmole) 
± SD 

¦³�´�Á��oµÂ�Ã¦�̧�Ä�
Á¨º°�(µmole) 
 ± SD 

¦³�´�ª·�µ¤·�°¸Ä�Á¨º°�
(µmole) 
 ± SD 

1 55.41 ± 4.812 1.29 ± 1.009 32.11 ± 6.444 
2 46.54 ± 1.370 1.05 ± .509 26.79 ± 5.143 
3 40.07 ± 3.565 .78 ± .404 28.12 ± 6.686 
4 30.36 ± 5.104 .69 ± .320 24.02 ± 4.536 
¦ª¤ 43.10 ± 10.042 .95 ± .638 27.76 ± 6.233 

�Îµ�ª�°µ­µ­¤´�¦����� 32 32 32 
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£µ¡�̧É 5.2 ��nµÁ�¨¸É¥�°�¦³�́�ª·�µ¤·��¸�ª·�µ¤·�°̧�Á��oµÂ�Ã¦�¸�Ä�Á¨º°��Â¥��µ¤�¨»n¤ª·�µ¤·�� ̧

5.1.2 �ªµ¤­´¤¡´��r�°�¦³�´�ª·�µ¤·�°¸Ä�Á¨º°��´�¦·Êª¦°¥�¦·Áª�®�oµ 
5.1.2.1 °£·�¦µ¥�o°¤¼¨�´ÉªÅ� 

   �o°¤¼¨�´ÉªÅ��°�°µ­µ­¤´�¦�´Ê��40���Ä�Á¦ºÉ°��°�°µ¥»��́��̧¤ª¨�µ¥�Ã¦��¦³�Îµ�́ª�
�µ¦­´¤�́­Â����µ¦�ºÉ¤�ÊÎµ��µ¦�°�®¨´�¡´��n°���µ¦­¼��»®¦̧É��µ¦�ºÉ¤Â°¨�°±°¨r��¦·¤µ��µ¦
¦́��¦³�µ�°µ®µ¦Á­¦·¤��ªµ¤Á�¦̧¥��µ��µ¦�Îµ�µ���µ¦Ä�o�¦̧¤�Îµ¦»�®¦º°�¦̧¤�¸É¤¸­nª��¦³�°��°�
ª·�µ¤·�°̧�°��»��¨»n¤ª·�µ¤·�°̧Å¤n¤¸�ªµ¤Â���nµ��´�°¥nµ�¤¸�́¥­Îµ�´��µ�­�·�·��¹É��nª¥¨�°��·�°�
°µ­µ­¤´�¦Ä�Â�n¨³�¨»n¤ 
   Ä�Á¦ºÉ°��µ¦­¼��»®¦̧É�Â¨³�ºÉ¤Â°¨�°±°¨rÁ�}�Å��Îµ�°�Á�̧¥ª�´��´�ª·�µ¤·��¸�¨nµª�º°Ä�
�¨»n¤�¸É�1 ¤¸�¦·¤µ��µ¦­¼��»®¦̧ÉÂ¨³�ºÉ¤Â°¨�°±°¨r¤µ��¸É­»��Â�n�¨´�Á�}��¨»n¤�¸É¤¸¦·Êª¦°¥Á�¨¸É¥�¦·Áª�
®�oµ�o°¥�¸É­»��Á�}�Á¡¦µ³¦³�́�ª·�µ¤·�°̧Ä�Á¨º°�­¼�­»�� 
   Á¦ºÉ°��µ¦�¦·Ã£�°µ®µ¦Á­¦·¤�Ä��¨»n¤�¸É�1, 2, 3 Â¨³�4 ¤¸�Îµ�ª�°µ­µ­¤´�¦�¸É�¦·Ã£�
°µ®µ¦Á­¦·¤ª·�µ¤·�°̧�5 ��, 1 ��, 1���Â¨³ 1 ���µ¤¨Îµ�́���³Á®È�ªnµ�µ¦�¦·Ã£�°µ®µ¦Á­¦·¤
ª·�µ¤·�°̧Á¡·É¤Á�·¤­µ¤µ¦�Á¡·É¤¦³�́�ª·�µ¤·�°̧Ä�Á¨º°�Ä®o­¼��¹Ê�Å�o�¦·��Â¨³¤¸¦·Êª¦°¥Á�¨¸É¥�¦·Áª�®�oµ
�o°¥�¸É­»�� 
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   �µ¦�¦·Ã£�°µ®µ¦Á­¦·¤ª·�µ¤·��¸¤¸�Îµ�ª��7 ���(�µ��9 ���, 1 ���(�µ��8 ���, 2 ���
(�µ��7 ����Â¨³ 0 �� (�µ��8 �����µ¤¨Îµ�́��(�Îµ�ª�°µ­µ­¤´�¦�32 ��)�¦³�́�ª·�µ¤·��¸Á�¨¸É¥Ä�
Á¨º°�Ä��¨»n¤�¸É�1 ¤µ��ªnµ�¨»n¤�¸É�2, 3 Â¨³�4 �µ¤¨Îµ�́���¹É��ÈÁ�}��µ¦­�́�­�»�ªnµ�µ¦�¦·Ã£�°µ®µ¦
Á­¦·¤ª·�µ¤·��¸­µ¤µ¦�Á¡·É¤¦³�́�ª·�µ¤·��¸Ä�Á¨º°�Å�o�¦·�Á�n��´� 
   �ªµ¤Á�¦̧¥��µ��µ¦�Îµ�µ��¡�ªnµ�Îµ�ª��¼o�¸ÉÅ¤nÁ�¦̧¥�Ä��¨»n¤�¸É�1, 2, 3 Â¨³�4�¤¸�3���, 1 
��, 3 �� Â¨³ 0 ���µ¤¨Îµ�́���¼o�¸ÉÁ�¦̧¥��µ��¨µ�Ä��¨»n¤�¸É�1, 2, 3 Â¨³�4�¤¸�6 ��, 9 ��, 5 �� Â¨³ 
8 ���µ¤¨Îµ�́���¼o�¸ÉÁ�¦̧¥�¤µ�Ä��¨»n¤�¸É�1, 2, 3 Â¨³�4�¤¸�1 ��, 0 ��, 2 �� Â¨³�2 ���µ¤¨Îµ�́�� 

1. Ä��¨»n¤�¸ÉÅ¤n¤¸�ªµ¤Á�¦̧¥��µ��µ¦�Îµ�µ���¨»n¤�¸É�1 Â¨³�3 ¤¸�Îµ�ª���Á�nµ�´��
Â�n�¨»n¤�1��È¥´�¤¸¦·Êª¦°¥Á�¨¸É¥�¦·Áª�®�oµ�o°¥�ªnµ�¨»n¤�¸É�3�°µ�Á�ºÉ°��µ��¨»n¤�¸É�1 ¤¸¦³�́�­µ¦�oµ�
°�»¤¼¨°·­¦³Ä�Á¨º°��´Ê�ª·�µ¤·�°̧�ª·�µ¤·��¸�Â¨³Á��oµÂ�Ã¦�¸�­¼��ªnµ 

2. Ä��¨»n¤�¸É¤¸�ªµ¤Á�¦̧¥��µ��¨µ���¨»n¤�¸É�1 Â¨³�3 ¤¸�Îµ�ª���Á�nµÇ�´�Â�n�¨»n¤
�¸É�1��È¥´�¤¸¦·Êª¦°¥Á�¨¸É¥�¦·Áª�®�oµ�o°¥�ªnµ�¨»n¤�¸É�3�°µ�Á�ºÉ°��µ��¨»n¤�¸É�1 ¤¸¦³�́�­µ¦�oµ�°�»¤¼¨
°·­¦³Ä�Á¨º°��´Ê�ª·�µ¤·�°̧�ª·�µ¤·��¸�Â¨³Á��oµÂ�Ã¦�¸�­¼��ªnµ �¹É�Á�}�Ä��Îµ�°�Á�̧¥ª�´��´��¨»n¤�¸É�2 
Â¨³�4 

5.1.2.2 °£·�¦µ¥�¨�µ¦«¹�¬µ 
   �µ��¨�µ¦ª·�́¥¥´�¡�°̧�ªnµ¦³�́�ª·�µ¤·�°̧Ä�Á¨º°�¤¸�ªµ¤­´¤¡´��r���́��´�¦·Êª¦°¥
�¦·Áª�®�oµ°¥nµ�¤¸�́¥­Îµ�´��µ�­�·�·��¸É�p value 0.019 �¨nµª�º°�¼o�¸É¤¸¦³�́�ª·�µ¤·�°̧Ä�Á¨º°�­¼��³¤¸
¦·Êª¦°¥�¦·Áª�®�oµ�o°¥ �nµ­�·�·�́��¨nµªÁ�}��nµ­�·�·�¸É¤¸�́¥­Îµ�´�¤µ��ªnµª·�µ¤·��¸�Â�nÁ�ºÉ°��µ�¤¸
��µ��́ª°¥nµ��o°¥�Â¨³¤¸�{��́¥°ºÉ�¤µÁ�¸É¥ª�o°�Á�n�¦³�́�ª·�µ¤·��¸Ä�Á¨º°��¦³�́�Á��oµÂ�Ã¦�¸�Ä�
Á¨º°���¹��ÎµÄ®o�nµ�́¥­Îµ�´��̧ÊÅ¤n­¼�¤µ��Ç 
   �µ��¨�µ¦ª·�́¥�́��¨nµª­°��¨o°��´��µ¦«¹�¬µ�n°�®�oµ�̧Ê�º° 

1. ª·�µ¤·�°̧�nª¥���j°��·ª®�́��µ�£µª³Á�¦̧¥�°°��·Á��´É��µ��¦³�ª��µ¦�¦µ
�µ�Â­�Â�� (Nachbar et al., 1995; Wu et al., 2008) 

2. �µ¦Å�o¦́�°µ®µ¦Á­¦·¤�¸É�¦³�°��oª¥�Â�Ã¦�¸�°¥�r�ª·�µ¤·�°̧�Â¨³�¸¨¸Á�̧¥¤�
�nª¥�ÎµÄ®o�ªµ¤�¦»�¦³�Â¨³�µ¦Á�}��»¥�¸É�·ª®�́��¸ÉÁ�·��µ��¦³�ª��µ¦�¦µ�̧�¹Ê��(Heinrich et al., 
2006) 
   �nµ¦·Êª¦°¥�¦·Áª�®�oµÄ��¨»n¤�¸É�1 Â¨³�¨»n¤�¸É�4 Â���nµ��´�°¥nµ��´�Á���¸É­»��Â¨³
Â���nµ�°¥nµ�¤¸�́¥­Îµ�´��µ�­�·�·�(p=0.043)��µ��¼oª·�́¥Á�ºÉ°ªnµÁ�}��¨Á�ºÉ°��µ�¦³�́�ª·�µ¤·�°̧Ä�Á¨º°�
�¸É¤¸�nµÂ���nµ��´�¤µ��¸É­»��Â�n�µ¦�¸É�¨»n¤�¸É�2 Â¨³�3 ¤¸�nµ¦·Êª¦°¥Á�¨¸É¥�¦·Áª�®�oµÄ�¨oÁ�¸¥��´��º°�
36.376 Â¨³�36.367 �µ¤¨Îµ�́��Á�ºÉ°��µ�¦³�́�ª·�µ¤·�°̧Á�¨¸É¥Ä�Á¨º°�¤¸�nµÄ�¨oÁ�¸¥��´��́�£µ¡�¸É 5.3 
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£µ¡�̧É�5.3���nµÁ�¨¸É¥¦·Êª¦°¥�¦·Áª�®�oµÄ�Â�n¨³�¨»n¤�°�ª·�µ¤·�°̧ 

  Á¤ºÉ°¡·�µ¦�µ�µ�­µ¦�oµ�°�»¤¼¨°·­¦³°ºÉ��Ç��¸É¤¸�ªµ¤­´¤¡´��r�´�¦·Êª¦°¥�¦·Áª�®�oµÅ�oÂ�n�
ª·�µ¤·��¸�Â¨³�Á��oµÂ�Ã¦�¸��́��µ¦µ��¸É 5.2�Â¨³£µ¡�¸É�5.4 ¡�ªnµ 

1. ¦³�́�ª·�µ¤·��¸Á�¨¸É¥Ä�Á¨º°��µ¤�¨»n¤ª·�µ¤·�°̧�1, 2, 3 Â¨³�4 ¤¸�nµ¤µ�Å��o°¥
�µ¤¨Îµ�́��º°�47.964, 47.358, 39.100 Â¨³�36.85 micromolar �µ¤¨Îµ�́� 

2. ¦³�́�Á��oµÂ�Ã¦�¸�Á�¨¸É¥Ä�Á¨º°��µ¤�¨»n¤ª·�µ¤·�°̧�1, 2, 3 Â¨³�4 ¤¸�nµ¤µ�Å��o°¥
�µ¤¨Îµ�́��º°�1.226, 1.205, 1.076 Â¨³�0.801 micromolar �µ¤¨Îµ�́�� 
  �¹É�°µ�Á�}��µ¦Á­¦·¤�ªµ¤­´¤¡´��r�´�¦·Êª¦°¥�¦·Áª�®�oµ¤µ��¹Ê���¹�¤¸�ªµ¤­µ¤µ¦�Ä��µ¦
¨��ªµ¤Á�}�¡·¬�°�­µ¦°�»¤¼¨°·­¦³�¸Á�·��¹Ê�Å�o �ÎµÄ®o¦·Êª¦°¥�¦·Áª�®�oµ�o°¥¨� 
  �µ��¼oª·�́¥Å�o�́Ê��o°­´�Á��ªnµ�¨»n¤�¸É�1 �°��¨»n¤ª·�µ¤·��¸�Â¨³�¨»n¤�¸É�1 �°��¨»n¤ª·�µ¤·�°̧�nµ�
�ÈÁ�}��¨»n¤�¸É¤¸¦³�́�ª·�µ¤·��¸�ª·�µ¤·�°̧�Â¨³Á��oµÂ�Ã¦�¸�­¼��¸É­»��»��́ª��¹�­�́�­�»��µ¦ª·�́¥�¸É�Îµ
Ä®o�¨»n¤�̧ÊÁ�}��¨»n¤�¸É¤¸¦·Êª¦°¥Á�¨¸É¥�¦·Áª�®�oµÅ�o�o°¥�¸É­»� 
  �¨»n¤°µ­µ­¤´�¦�¸É�¦·Ã£�°µ®µ¦Á­¦·¤�´Ê�ª·�µ¤·��¸Â¨³ª·�µ¤·�°̧Á�}��¨»n¤�¸É¤¸¦³�́�ª·�µ¤·��¸
­¼��¸É­»��Â¨³¤¸¦³�́�ª·�µ¤·�°̧Ä�Á¨º°�­¼��(Á�}�°́��́��2 ¦°��µ��¨»n¤�¸É�¦·Ã£�ª·�µ¤·�°̧°¥nµ�Á�̧¥ª�
Á�ºÉ°��µ��¨»n¤�¸É�¦·Ã£�ª·�µ¤·�°̧°¥nµ�Á�̧¥ª¤¸�Îµ�ª�Á¡¸¥��1 ���ÎµÄ®o°µ�Á®È��ªµ¤Â���nµ�Å¤n¤µ�) 
�́��µ¦µ��¸É�5.3 
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�µ¦µ��̧É��5.2   �nµÁ�¨¸É¥Â¨³­nª�Á�¸É¥�Á��¤µ�¦�µ��°�¦³�́�ª·�µ¤·��¸�ª·�µ¤·�°̧�Á��oµÂ�Ã¦�¸�Ä�
Á¨º°��Â¥��µ¤�¨»n¤ª·�µ¤·�°̧ 

�¨»n¤ª·�µ¤·�° ̧
¦³�´�ª·�µ¤·��¸Ä�Á¨º°�

(µmole) 
 ± SD 

¦³�´�ª·�µ¤·�°¸Ä�Á¨º°�
(µmole) 
 ± SD 

¦³�´�Á��oµÂ�Ã¦�̧�Ä�
Á¨º°�(µmole) 
 ± SD 

1 47.96±9.182 35.01±5.086 1.23±.882 
�Îµ�ª�°µ­µ­¤́�¦����� 9 10 10 

2 47.36±10.498 29.09±1.092 1.21±.809 
�Îµ�ª�°µ­µ­¤́�¦����� 8 10 10 

3 39.10±7.845 25.26±1.394 1.08±.325 
�Îµ�ª�°µ­µ­¤́�¦����� 7 10 10 

4 36.85±8.689 20.46±1.879 .80±.573 
�Îµ�ª�°µ­µ­¤́�¦����� 8 10 10 

¦ª¤ 43.10±10.042 27.45±6.051 1.08±.678 
�Îµ�ª�°µ­µ­¤́�¦����� 32 40 40 
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£µ¡�̧É 5.4  �nµÁ�¨¸É¥�°�¦³�́�ª·�µ¤·��¸�ª·�µ¤·�°̧�Á��oµÂ�Ã¦�¸�Ä�Á¨º°��Â¥��µ¤�¨»n¤ª·�µ¤·�°̧ 
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  �¨»n¤�¸É�¦·Ã£�°µ®µ¦Á­¦·¤ª·�µ¤·��¸°¥nµ�Á�̧¥ª�¤¸¦³�́�ª·�µ¤·��¸Ä�Á¨º°�­¼��ªnµ�¨»n¤�¸ÉÅ¤n
�¦·Ã£�°µ®µ¦Á­¦·¤ª·�µ¤·��¸Á¨¥���¨»n¤�0, 2��Â�n�¨»n¤�¸É�¦·Ã£�°µ®µ¦Á­¦·¤ª·�µ¤·��¸°¥nµ�Á�̧¥ª�È¤¸
�¦·¤µ�ª·�µ¤·�°̧Ä�Á¨º°�­¼��ªnµ�¨»n¤�¸ÉÅ¤n�¦·Ã£�°µ®µ¦Á­¦·¤Á¨¥�Á�}��µ¦­�́�­�»�ªnµª·�µ¤·��¸¤¸
�ªµ¤­µ¤µ¦��ÎµÄ®oª·�µ¤·�°̧¤¸�»�­¤�´�·�µ¦Á�}�­µ¦�oµ�°�»¤¼¨°·­¦³Å�o¤µ��¹Ê��¹É�Á¦µ°µ��¼Å�o�µ�
�¦·¤µ�ª·�µ¤·�°̧Ä�Á¨º°��¸É­¼���¹É�­°��¨o°��´��µ¦«¹�¬µ�n°�®�oµ�̧Ê�º°�ª·�µ¤·��¸­µ¤µ¦��ÎµÄ®o�µ¦
Á�}�­µ¦�oµ�°�»¤¼¨°·­¦³�°�ª·�µ¤·�°̧¤µ��¹Ê�Ã�¥�µ¦¦·�·ª�r�Tocopherol radical Á�}��Tocopherol 
(Packer et al., 1979) 

�µ¦µ��̧É 5.3 �µ¦�¦·Ã£�°µ®µ¦Á­¦·¤Á�¸¥��´��nµÁ�¨¸É¥Â¨³­nª�Á�¸É¥�Á��¤µ�¦�µ��°�¦³�́�ª·�µ¤·��¸�
ª·�µ¤·�°̧�Á��oµÂ�Ã¦�¸�Ä�Á¨º°� 

�µ¦¦´��¦³�µ�°µ®µ¦Á­¦·¤ 
¦³�´�ª·�µ¤·��¸Ä�Á¨º°�

(µmole) 
 ± SD 

¦³�´�ª·�µ¤·�°¸Ä�Á¨º°�
(µmole) 
 ± SD 

¦³�´�Á��oµÂ�Ã¦�̧�Ä�
Á¨º°�(µmole) 
 ± SD 

0 40.06±10.102 25.05±4.356 .77±.443 
�Îµ�ª�°µ­µ­¤́�¦����� 21 21 21 

1 46.82±2.465 31.02±5.523 .93±.466 
�Îµ�ª�°µ­µ­¤́�¦����� 5 5 5 

2 36.54 34.67 1.34 
�Îµ�ª�°µ­µ­¤́�¦����� 1 1 1 

3 53.44±7.411 34.52±7.399 1.64±1.074 
�Îµ�ª�°µ­µ­¤́�¦����� 5 5 5 

¦ª¤ 43.10±10.042 27.76±6.233 .95±.638 
�Îµ�ª�°µ­µ­¤́�¦����� 32 32 32 

®¤µ¥Á®�».�� 0  �º° Å¤n�¦·Ã£�°µ®µ¦Á­¦·¤ª·�µ¤·��¸Â¨³ª·�µ¤·�°̧ 
������������� �     1  �º° �¦·Ã£�°µ®µ¦Á­¦·¤ª·�µ¤·��¸°¥nµ�Á�̧¥ª 
��������������    2  �º° �¦·Ã£�°µ®µ¦Á­¦·¤ª·�µ¤·�°̧°¥nµ�Á�̧¥ª 
������������� �    3  �º° �¦·Ã£�°µ®µ¦Á­¦·¤�´Ê�ª·�µ¤·��¸Â¨³ª·�µ¤·�°̧  
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  �µ¦�¸É�ªµ¤­´¤¡´��r�°�¦³�́�ª·�µ¤·��¸�ª·�µ¤·�°̧�Á��oµÂ�Ã¦�¸�Ä�Á¨º°� ¤¸�n°¦·Êª¦°¥�¦·Áª�
®�oµ�Â�nÅ¤n­´¤¡´��r�´�¦·Êª¦°¥�¦·Áª��°��µ��¼oª·�́¥�·�ªnµ 

1. �¨�°�¦³�́�ª·�µ¤·�Á®¨nµ�̧Ê°µ����j°��·ª�¸ÉÁ�·��µ��ªµ¤�¦µ�µ�Â­�Â���®¦º°
�ªµ¤�¦µ�¸ÉÁ�·��µ��{��́¥£µ¥�°�Å�o¤µ��ªnµ�µ¦�¦µ�µ¤�¦¦¤�µ�·� 

2. °µ�Á�}��µ�ª·�µ¤·�Á®¨nµ�̧Ê�³�nª¥�³¨°�µ¦Á�·�¦·Êª¦°¥�¸É¨³Á°̧¥��¹É��º°¦·Êª¦°¥�¦·Áª�
®�oµ��nµ��´��·ª�°�¸É¤´�Á�}�¦n°�¨¹��ªnµ�¹É�Á�·��µ�¨´�¬�³�·ª�nµ��¦·Áª��´��Â¨³���·�µ¦�Îµ¦»��·ª
�°�°µ­µ­¤´�¦­nª�Ä®�n¤´�Ä�oÁ�¡µ³�·ª®�oµ 

5.2 ­¦»��¨�µ¦ª·�´¥ 

  ¦³�́�ª·�µ¤·��¸�Â¨³ª·�µ¤·�°̧Ä�Á¨º°��nµ��È¤¸�ªµ¤­´¤¡´��r�´�¦·Êª¦°¥�¦·Áª�®�oµ°¥nµ�¤¸
�́¥­Îµ�´��µ�­�·�·�Ã�¥�¼o�¸É¤¸¦³�́�ª·�µ¤·��¸�ª·�µ¤·�°̧­¼�Ä�Á¨º°��¤¸Â�ªÃ�o¤�³¤¸¦·Êª¦°¥�¦·Áª�®�oµ
�o°¥�ªnµ�¼o�¸É¤¸¦³�́�ª·�µ¤·��´Ê�­°�Ä�Á¨º°��ÉÎµ�ªnµ 

5.3 �o°Á­�°Â�³ 

5.3.1 �ª¦¤¸�µ¦«¹�¬µÄ��Îµ�ª��¨»n¤�́ª°¥nµ��¸É¤µ��¹Ê��Á¡ºÉ°Ä®o�µ¦�¼�ªµ¤­´¤¡´��r¦³®ªnµ�
­µ¦�oµ�°�»¤¼¨°·­¦³�´�­£µ¡�·ª�oµ��nµ�Ç¤¸�ªµ¤�´�Á���¹Ê� 

5.3.2 �ª¦¤¸�µ�ª·�́¥�n°Å�Ä�Á¦ºÉ°��¦·¤µ��µ¦�¦·Ã£�°µ®µ¦�¸É¤¸ª·�µ¤·��¸�ª·�µ¤·�°̧�Á��oµ
Â�Ã¦�¸�­¼��®¦º°�µ¦�¦·Ã£�°µ®µ¦Á­¦·¤�¸É�´�Á���Á¡ºÉ°�µ¦�ÎµÅ�Ä�o�¦³Ã¥��r�µ��¨·�·��¸ÉÁ�¸É¥ª�´�
Á¦ºÉ°�¦·Êª¦°¥�n°Å� 

5.3.3 �ª¦¤¸�µ¦�´��¹�ª́�Â¦��°��µ¦¤¸�¦³�ÎµÁ�º°��¦́Ê�­»��oµ¥�n°��µ¦Á�µ³Á¨º°��Á¡ºÉ°�¼
°·��·¡¨�°�±°¦rÃ¤�Á¡«�¸É¤¸�n°¦³�́�­µ¦�oµ�°�»¤¼¨°·­¦³Â¨³¦·Êª¦°¥ 

5.3.4 �µ¦«¹�¬µ�̧Ê¤¸�µ¦Á�µ³Á¨º°�­n��¦ª���¹É�­�µ��¸ÉÁ�µ³Á¨º°��ª¦°¥¼nÄ�¨o®¦º°Á�}��¸É
Á�̧¥ª�´��´��¸É�¦ª�Á¨º°��Â¨³�ª¦Á�µ³Á¨º°�Ä�ª́��¸É¤¸�µ¦�¦ª�Á¨º°��´��¸�Á�ºÉ°��µ�­µ¦�oµ�°�»¤¼¨
°·­¦³�µ���·�°µ�¤¸�µ¦­¨µ¥Å��oµ¤¸�µ¦��­n�Â¨³Á�È�¦́�¬µÅ¤n�¼��o°������ 
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£µ���ª����� 
 

®�´�­º°¥·�¥°¤Á�oµ¦nª¤Ã�¦��µ¦ª·�́¥ 
�Informed Consent Form�



 
 

 

®�´�­º°¥·�¥°¤Á�oµ¦nª¤Ã�¦��µ¦ª·�́¥ �Informed Consent Form� 
      

ª́��¸É���������Á�º°�����������������������������������¡�«������������� 
 �oµ¡Á�oµ���µ¥��µ���µ�­µª������������������������������������������������������������������������°µ¥»���������������e���� 
�oµ�Á¨��¸É�����������®¤¼n�¸É����������������������������������������������������Îµ�¨�������������������������������������������������������°ÎµÁ£°
������������������������������������������´�®ª́����������������������������������������������������¦®´­Å�¦¬�̧¥r������������������������� 
�°�Îµ®�´�­º°Â­���ªµ¤¥·�¥°¤Á�oµ¦nª¤Ã�¦��µ¦ª·�´¥Á¡ºÉ°Á�}�®΅��µ�Â­��ªnµ 

����oµ¡Á�oµ¥·�¥°¤Á�oµ¦nª¤Ã�¦��µ¦ª·�´¥�°��Â¡�¥r®�·�°»Å¦ª¦¦��Ã¨®³°�´��r¡�«r��®´ª®�oµÃ�¦��µ¦��
Á¦ºÉ°��ªµ¤­́¤¡́��r�°�¦³�´��ªµ¤Á�o¤�o��°�­µ¦�oµ�°�»¤¼¨°·­¦³Ä�Á º̈°��́��ªµ¤�¦µ�µ��oµ��·ª¡¦¦���oª¥
�ªµ¤­¤́�¦Ä��Ã�¥¤·Å�o¤̧�µ¦�´���́�®¨°�¨ª�Â�n�¦³�µ¦Ä��Â¨³¡¦o°¤�³Ä®o�ªµ¤¦nª¤¤º°Ä��µ¦ª·�¥́ 

����oµ¡Á�oµÅ�o¦́��µ¦°�·�µ¥Â¨³�°��o°­�­́¥�µ��¼oª·�´¥Á�̧É¥ª�́�ª́��»�¦³­��r�µ¦ª·�´¥�ª·�̧�µ¦ª·�´¥��ªµ¤
�¨°�£́¥�°µ�µ¦�®¦º°°́��¦µ¥�¸É°µ�Á�·��¹Ê��¦ª¤�´Ê��¦³Ã¥��r�¸É�³Å�o¦́��µ��µ¦ª·�´¥�Ã�¥¨³Á°̧¥�Â öª�µ¤Á°�­µ¦
�̧ÊÂ���¼oÁ�oµ¦nª¤�µ¦ª·�´¥Â���oµ¥ 
  ����oµ¡Á�oµÅ�o¦́��µ¦¦́�¦°��µ��¼oª·�´¥ªnµ�³Á�È��o°¤¼¨­nª��´ª�°��oµ¡Á�oµÁ�}��ªµ¤΅���³Á�d�Á�¥Å�o
Á�¡µ³Ä�¦¼�Â���°��µ¦­¦»��¨�µ¦ª·�´¥Á�nµ�´Ê� 
  ����oµ¡Á�oµÅ�o¦́��¦µ��µ��¼oª·�´¥Â öªªnµ�®µ�Á�·�°́��¦µ¥Ä�Ç��µ��µ¦ª·�´¥��¼oª·�´¥�³¦́��·��°��nµ
¦́�¬µ¡¥µ�µ¨�¸ÉÁ�}��¨­º�Á�ºÉ°��µ��µ¦ª·�´¥�¸Ê 
  ����oµ¡Á�oµÅ�o¦́��¦µ�ªnµ��oµ¡Á�oµ¤̧­·��·�¸É�³�°��´ª°°��µ��µ¦ª·�´¥�¦́Ê��¸ÊÁ¤ºÉ°Ä��ÈÅ�o�Ã�¥Å¤n¤̧
�¨�¦³��Ä�Ç��n°�µ¦¦́�¬µ¡¥µ�µ¨�µ¤­·��·Í�¸É�oµ¡Á�oµ�ª¦Å�o¦́� 
  �oµ¡Á�oµÅ�o°nµ�Â¨³Á�oµÄ��o°�ªµ¤�µ¤®�´�­º°�¸ÊÂ öª��¹�Å�o¨�¨µ¥¤º°�ºÉ°ÅªoÁ�}�­Îµ�´��¡¦o°¤�́�®´ª®�oµ
Ã�¦��µ¦ª·�´¥Â¨³¡¥µ� 
                              

                ¨��ºÉ°����������������������������������������������������������¼o¥·�¥°¤/�¼o���¦°� 
     �������        ������������������������������������������������������������������ 

              ¨��ºÉ°���������������������������������������������������������®´ª®�oµÃ�¦��µ¦ 
     ��������       ��������Â¡�¥r®�·�°»Å¦ª¦¦��Ã¨®³°�´��r¡�«r� 

¨��ºÉ°���������������������������������������������������������¡¥µ� 
 ��������������������������������������������������������������������������������������������������������������������������������������  

¨��ºÉ°���������������������������������������������������������¡¥µ� 

     �������������������������������������������������������(��������������������������������������������������������� 
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�¦³ª´�·­nª��´ªÁ�ºÊ°��o� 
 
�ºÉ°����������������������������������������������������µ¤­�»¨������������������������������������������������������°µ¥»�������������������������e 
ª́��Á�º°���eÁ�·��������������������������������������������������������������������������������������������������������������������������������..... 
�ÊÎµ®�́�����������������������������������������������������·Ã¨�¦́¤�­nª�­¼��������������������������������������������������Á���·Á¤�¦ 
Underlying Disease:���������������������������������������������������������������������������������������������������������������������������� 
����������������������������������������������������������������������������������������������������������������������������������������������������������... 
¥µ�¸É¦́��¦³�µ�Á�}��¦³�Îµ�������������������������������������������������������������..................................................... 
�¸É°¥¼n��Address): �����������������������������������������������������������������������������������������������������������������������������������
Á�°¦rÃ�¦«´¡�r�oµ���Telephone): �������������������������������������������������������������������������������������������������������� 
Á�°¦rÃ�¦«´¡�r�oµ�¤º°�º°���Mobile phone): ���������������������������������������������������������������������������������������� 
1. �µ¦¦́��¦³�µ� (£µ¥Ä�¦³¥³Áª¨µ�1 Á�º°��̧É�nµ�¤µ) 
1.1 �µ¦�¦·Ã£�°µ®µ¦®¨´�  
®¤¼n�¸É�1�°µ®µ¦Ã�¦�̧���¤�Å�n�Á�ºÊ°­´�ªr�nµ�Ç��´ÉªÁ¤¨È�Â®o�Â¨³�µ �������..Á�°¦rÁ�È��r 

 
­´��µ®r�̧É�1 
�¦·¤µ�Á�}��¸� 1 2 3 4 5 6 7 

®¤¼        
Á�ºÊ°        
Å�n        
�¨µ        
�´ÉªÂ¨³�µ        
°ºÉ�Ç        



  72 

­´��µ®r�̧É�2 
�¦·¤µ�Á�}��¸� 1 2 3 4 5 6 7 

®¤¼        
Á�ºÊ°        
Å�n        
�¨µ        
�´ÉªÂ¨³�µ        
°ºÉ�Ç        

 
®¤¼n�¸É�2 °µ®µ¦�µ¦rÃ�Å±Á�¦���oµª�Â�j��Á�º°��¤´���ÊÎµ�µ¨ �������..Á�°¦rÁ�È��r 

 
­´��µ®r�̧É�1 
�¦·¤µ�Á�}��¸� 1 2 3 4 5 6 7 
�oµª        
Â�j�        
�ÊÎµ�µ¨        
Á�º°�/¤´�        
°ºÉ�Ç        
°ºÉ�Ç        
°ºÉ�Ç        
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­´��µ®r�̧É�2 
�¦·¤µ�Á�}��¸� 1 2 3 4 5 6 7 
�oµª        
Â�j�        
�ÊÎµ�µ¨        
Á�º°�/¤´�        
°ºÉ�Ç        
°ºÉ�Ç        
°ºÉ�Ç        

 
®¤¼n�¸É�3 �́��nµ��Ç�          �������..Á�°¦rÁ�È��r 

 
 
�¦·¤µ�Á�}��¸� 1 2 3 4 5 6 7 
­´��µ®r�¸É�1        
­´��µ®r�¸É�2        

 
®¤¼n�¸É�4 �¨Å¤o�nµ�Ç          �������..Á�°¦rÁ�È��r 
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�¨Å¤o�̧É¤¸ª·�µ¤·��¸¤µ� �¦·¤µ��µ¦¦́��¦³�µ��n°ª´� 
(1 �̧� = 100 �¦́¤) 

 ¦́É��¨¤­µ¨¸É (�·Ê��®¦º°�¦³¤µ�Á�}��¸�)  
 ¦́É�Å¦oÁ¤¨È� (�·Ê��®¦º°�¦³¤µ�Á�}��¸�)  
¤³�µ¤�j°¤ (¨¼�®¦º°�¦³¤µ�Á�}��¸��)  
¤³�µ¤Á�«�( {�®¦º°�¦³¤µ�Á�}��¸��)  
Á�µ³Ã¦�Á¦̧¥� (¨¼�®¦º°�¦³¤µ�Á�}��¸��)  
¨¼�¡¨´� (¨¼�®¦º°�¦³¤µ�Á�}��¸� )  
­�¦°Á�°¦r¦̧É�(�¨ ®¦º°�¦³¤µ�Á�}��¸�)  
¤³¨³�°­»� (�·Ê��®¦º°�¦³¤µ�Á�}��¸�)  
­o¤Ã°�µª�(�·Ê��®¦º°�¦³¤µ�Á�}��¸�)  
Â���ªµ (¨¼��®¦º°�¦³¤µ�Á�}��¸�)  
 

�¨Å¤o�̧É¤¸ª·�µ¤·�°¸¤µ� �¦·¤µ�Á�¨¸É¥Ä��µ¦¦́��¦³�µ��n°­´��µ®r 
(1 �̧� = 100 �¦́¤) 

��»�®�́��(�·Ê��®¦º°�¦³¤µ�Á�}��¸�)  
¤³�µ¤Á�« ( {��®¦º°�¦³¤µ�Á�}��¸�)  
¤³¤nª�Á�¸¥ªÁ­ª¥�·� (¨¼��®¦º°�¦³¤µ�Á�}��¸�)  
¤³Á�º°Á�«¦µ�·�̧ (�·Ê��®¦º°�¦³¤µ�Á�}��¸�)  
¤³¤nª�Á�¸¥ªÁ­ª¥­»��(¨¼��®¦º°�¦³¤µ�Á�}��¸�)  
¤³¤nª��ÊÎµ�°�Å¤o­»��(¨¼��®¦º°�¦³¤µ�Á�}��¸�)  
¤³¤nª�¥µ¥�¨ÉÎµ­»��(¨¼��®¦º°�¦³¤µ�Á�}��¸�)  
Â�oª¤´��¦Á�ºÊ°­¸�¤¡¼ (¨¼��®¦º°�¦³¤µ�Á�}��¸�)  
­�¦°Á�°¦r¦̧É�(�¨�®¦º°�¦³¤µ�Á�}��¸�)  
�¨oª¥Å�n�(�¨�®¦º°�¦³¤µ�Á�}��¸�)  
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�¨Å¤o°ºÉ�Ç�¸É¦́��¦³�µ��n°¥�º°����������������������������������������������¦³¤µ�����������������������¨/¨¼��(®¦º°
�¦³¤µ�����������������������������¸�) �n°­´��µ®r�� 

®¤¼n�¸É�5 °µ®µ¦Å�¤´�Â¨³�ÊÎµ¤´�    �������..Á�°¦rÁ�È��r 

 
  
�¦·¤µ�Á�}��¸� 1 2 3 4 5 6 7 
­´��µ®r�¸É�1        
­´��µ®r�¸É�2        

 
1.2 °µ®µ¦�Fast food �����  

o Å¤n�µ�Á¨¥����� 
o 1-2 �¦́Ê�/­´��µ®r����� 
o 3-4 �¦́Ê�/­´��µ®r�������� 
o ¤µ��ªnµ�5�¦́Ê�/­´��µ®r 

  Å�oÂ�n����������������������������������������������������������������������������������������� 
�¦·¤µ�®¦º°�ÊÎµ®�́��(�¸�)����������������������������������������������������������� 

 
 
 
 
 
 

1 �o°��µ�= ����������������������¦́¤ 
1 �o°�Ã�p³ =                      �¦́¤ 
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1.3 °µ®µ¦Á­¦·¤�    
1. ª·�µ¤·��¸������� 

o Á�¥ �� 
¦́��¦³�µ�°¥¼n�Â¨³�µ�¤µ�µ������������������Á�º°� 
(��µ��¸É¦́��¦³�µ��������..�¤·¨¨·�¦́¤�n°ª́�) 

 ®¥»�¤µ�µ����������������������������Á�º°� ������������������������� 
o Å¤nÁ�¥  

2. �ª·�µ¤·�°¸������ 
o Á�¥ �� 

¦́��¦³�µ�°¥¼n�Â¨³�µ�¤µ�µ������������������Á�º°� 
(��µ��¸É¦́��¦³�µ��������..�¥¼�·��n°ª́�) 
®¥»�¤µ�µ����������������������������Á�º°� 

o Å¤nÁ�¥ 
3. �Ã�Á°�Å�¤r�·ªÁ�È����� 

o Á�¥ �� 
¦́��¦³�µ�°¥¼n�Â¨³�µ�¤µ�µ������������������Á�º°� 
(��µ��¸É¦́��¦³�µ��������..�¤·¨¨·�¦́¤�n°ª́�) 
®¥»�¤µ�µ����������������������������Á�º°� 

o Å¤nÁ�¥ 
    

4. Á��oµÂ�Ã¦�̧������� 
o Á�¥ ��  

¦́��¦³�µ�°¥¼n�Â¨³�µ�¤µ�µ������������������Á�º°� 
(��µ��¸É¦́��¦³�µ��������..�¤·¨¨·�¦́¤�n°ª́�) 
®¥»�¤µ�µ����������������������������Á�º°� 

o Å¤nÁ�¥ 
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5. °ºÉ��Ç�Á�n� 
Glutathione� 

o Á�¥ ��  
¦́��¦³�µ�°¥¼n�Â¨³�µ�¤µ�µ������������������Á�º°� 
(��µ��¸É¦́��¦³�µ��������..�¤·¨¨·�¦́¤�n°ª́�) 
®¥»�¤µ�µ���������������������������Á�º°�� �� 

o Å¤nÁ�¥ 
Fish oil 

o Á�¥ ��  
¦́��¦³�µ�°¥¼n�Â¨³�µ�¤µ�µ������������������Á�º°� 
(��µ��¸É¦́��¦³�µ��������..�¤·¨¨·�¦́¤�n°ª́�) 
®¥»�¤µ�µ���������������������������Á�º°�� �� 

o Å¤nÁ�¥ 
 

    ��������������������������������������������������������������� 
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2. �·�ª´�¦�¦³�Îµª´� 
 2.1 °µ�¸¡�������������������������. 
 2.2 ª́�Â¦��¸É�¦³�ÎµÁ�º°�¤µ�¦́Ê�¨nµ­»����������������������������������������������������� 
 2.3 �µ¦­´¤�́­Â����nª�Á�oµ�7.00 � 13.00 �������������������������������µ� ̧
 ���������� �����������nª��nµ¥�13.00 � 18.00 �����������������������������µ� ̧

­µ¦�´�Â��������� 
o Ä�o 

   SPF�������� 
o Å¤nÄ�o 

2.4 �ºÉ¤�ÊÎµª́�¨³�����������������������Â�oª 
 2.5 �µ¦¡´��n°���°�®¨´�����������������������������´ÉªÃ¤�/ª́� 
  Á�oµ�°�Áª¨µ�����������������������������ºÉ��°�Áª¨µ�������������������������������� 
 2.6 �µ¦°°��Îµ¨´��µ¥ (�¦́Ê�¨³°¥nµ��o°¥�30 �µ�¸�n°Á�ºÉ°��´� 
¦³�»�¦³Á£�Â¨³Áª¨µ (�µ�)̧����������������������������������������������������������������������������������������������� 

o Å¤n°°��Îµ¨´��µ¥ 
o �o°¥�ªnµ�3�ª́��n°­´��µ®r 
o 3-5 ª́��n°­´��µ®r 
o ¤µ��ªnµ�5 ª́��n°­´��µ®r 

 2.7 �µ¦�´��nµ¥ 
  2.7.1 ¨´�¬�³ 

o Â®o��Â�È�Á�}��o°�Á¨È�ÇÁ®¤º°��¸ÊÂ¡³Ä�o¥µ¦³�µ¥Á�}��¦³�Îµ 
o Á�}��ÊÎµ 
o Á�}��o°��»n¤ 
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2.7.2 �ªµ¤�¸É 
o �o°¥�ªnµ�3��¦́Ê��n°­´��µ®r 
o 4-6 �¦́Ê��n°­´��µ®r 
o ª́�¨³�1-3 �¦́Ê�  
o ¤µ��ªnµª́�¨³�3 �¦́Ê�  

2.8�­¼��»®¦̧É�������������� 
o ­¼�Á�}��¦³�Îµ�Á�}��Îµ�ª���������������¤ª�/ª́��­´��µ®r¨³����������ª́��
Á�}�Áª¨µ���������������e 

o ­¼��µ¤�µ�­´�­¦¦�r��ªµ¤�¸É�������������������¦́Ê�/Á�º°�� 
���������¦́Ê�¨³�����������������¤ª��������� 
o ®¥»�­¼��µ����������������e�Ã�¥Á�¥­¼�¤µ�µ������������������������e�
�Îµ�ª������������������¤ª�/ª́������ 

o Å¤n­¼� 
2.9 Â°¨�°±°¨r�¦³�»�¦³Á£���������������������������������������������������������������������������������������� 

o �ºÉ¤Á�}��¦³�Îµ��¦·¤µ�����������������Â�oª/�¦́Ê������������������¦́Ê�/­´��µ®r�
Á�}�Áª¨µ��������������e               

o �ºÉ¤�µ¤�µ�­´�­¦¦�r���ªµ¤�¸É�������������������¦́Ê�/Á�º°�� 
���������¦́Ê�¨³����������������Â�oª 
o ®¥»��ºÉ¤Â¨oª������������������e�Ã�¥Á�¥�ºÉ¤¤µ�µ�������������������������e 
o Å¤n�ºÉ¤ 

2.10 �nµ��·�ªnµ�·�ª́�¦�¦³�Îµª́��nµ�Á�}��¼o�¸É¤¸¨´�¬�³ 
o Active 
o Semi-active 
o Inactive 
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2.11 ¨´�¬�³�µ��°��nµ��ÎµÄ®o�nµ�¦¼o­¹� 
o Á�¦̧¥�¤µ� 
o Á�¦̧¥��µ��¨µ� 
o Á�¦̧¥�Á¨È��o°¥ 
o Å¤nÁ�¦̧¥� 

 
3. �¨·�£´��r�̧ÉÄ�o�´�Ä�®�oµÂ¨³¨Îµ�° 

­µ¦�´�Â�� 
o Ä�o 

SPF��������������.. 
o Å¤nÄ�o  

�¨·�£́��r Á�oµ Á¥È� Ä�o¤µ�µ�
(Á�º°�) 

®¥»�¤µ�µ�
(Á�º°�) 

vitamin C     
vitamin E     

whitening*     
Moisturizer     

°ºÉ�Ç����������������������������     
°ºÉ�Ç����������������������������     

     
 
 
    ¨��ºÉ°���������������������������������������������������������°µ­µ­¤´�¦ 
   ��������������������������������������������������������������������� 
��������������������������ª́��¸É�������������������������������������������������������� 

 
                  



 

 
�������������������������� 

 
 
 
 
 
 
 
 
�¦³ª́�·�¼oÁ�̧¥� 
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�¦³ª́�·�¼oÁ�̧¥� 

�ºÉ° �µ�­µª�°»Å¦ª¦¦���Ã¨®³°�́��r¡�«r 

ª´��Á�º°���eÁ�·� 27 ¡§¬£µ�¤�2525 

­�µ��̧É°¥¼n�{��»�´� 21/33 ®¤¼n�oµ�­·��ª̧�2����°�µ¤´¥�µ¤Á�¦·�� 
 Â�ª��nµ�oµ¤�Á���µ��»�Á�¸¥���¦»�Á�¡²� 

�¦³ª´�·�µ¦«¹�¬µ     
����� �¦·��µ�¦̧Â¡�¥«µ­�¦�´��·�� 
 Â¡�¥«µ­�¦r��»¯µ¨��¦�r¤®µª·�¥µ¨´¥� 

�¦³ª´�·�µ¦�Îµ�µ� 
2551-�{��»�´� Â¡�¥r�¦³�Îµ 
 Â¡�¥r�»Å¦¦́��r�¨·�·�  
 �·ª�̧�¨·�·� 
2550 � 2551  Â¡�¥r�¦³�ÎµÂ����»¤µ¦Áª��¦¦¤ 
 Ã¦�¡¥µ�µ¨¡»���·�¦µ��¡·¬�»Ã¨� 
2548 � 2549  Â¡�¥rÁ¡·É¤¡¼��´�¬³  
 Ã¦�¡¥µ�µ¨¡»���·�¦µ��¡·¬�»Ã¨� 
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