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��ƝŶƷ�ƹ�ƶƴǀƯŻ������ŵƹŶů�Ʊřźƿř�Źŵèí��������źǀƯ�ƹ�īźƯ�ƪƬƗ�Żř�ŶƇŹŵ�řŹ�ƽŹŚưǀŝ���İŞƬƣ�įŚƷ����İƣƹźƗ���ƾºƯ�ƪǀƨƄţ���ŶºƷŵ�����������ºĩ�Ţºſř�ƵŶºƃ�ƆŴƄºƯ�ƵŻƹźºƯř�ƶ� �
�źƐų�ƪƯřƺƗ��ƽŹŚưǀŝ�ŪƿřŹ���İŞƬƣ�įŚƷ��İƣƹźƗ�����ƾƿŚƸƴţ�ƶŝİưƳ�������Ŷƴƴĩ�ƶǀūƺţ�řŹ�įŹŚưǀŝ�įǇŚŝ�ƕƺǀƃ�ŶƴƳřƺţ���ŽźŤſř�ƂƤƳ�šŚƘƫŚƐƯ�İųźŝ��Źŵ�řŹ�ƺǀţřŶǀƀĩř

ƹ�īźƯ�ƂƿřżƟř�ƶŤƀƳřŵ�ƪǀųŵ�įŹŚưǀŝ�Żř�İƃŚƳ�źǀƯ�ŶƳř��ƆųŚƃ�İŝŚƿŻŹř�ƶƘƫŚƐƯ�Ʋƿř�Żř�ƝŶƷ�ŽźŤſř�įŚƷ��ŵřźƟř�Źŵ�ƺǀţřŶǀƀĩř�ŚŝƹźƗ�İĮŤƟźĭźƳƹźĩ�ơ�
�ƱřŹŚưǀŝ�żǀƳ�ƹ�ƶŝ�ǈŤŞƯƶŤĪſ�ƽİƯ�ƩźŤƴĩ�Ƶƹźĭ�Śŝ�ƶƀƿŚƤƯ�Źŵ�İŞƬƣ��ŶƃŚŝ���
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İƿŚưſǈě���ƲǀƯŚŤƿƹE������ơƹźƗ�İĮŤƟźĭ�ŚƸƴţ�ƶĩ�İƳřŹŚưǀŝ�Źŵ�źƳƹźĩ��ŶƴŤƃřŵ����ƹ����ŹŚưǀŝ�Ƶƹźĭ�ƹŵ�źƷ�ƱƺǀţŚţƺƬĭ����������ƱŚƄºƳ�ƂƷŚºĩ�ƩźºŤƴĩ�Ƶƹźºĭ�Śŝ�ƶƀƿŚƤƯ�Źŵ�
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ƶŬǀŤƳ�įźǀĭ���ƩƺĪƫƺƯ�ƂƷŚĩ���İŤƳō�įŚƷ�ŝ�ƱřŶǀƀĩřƶ��ƾŝźģ�ƂƿřżƟř�ƹ�ƱƺǀţŚţƺƬĭ�ƵĦƿƹ�ŚƤƫř�ƢƿźƏ�Żř�ƵŶǀƀĩř�įŚƷ�ƽ�ŶƿŚƃ�ƩŚƴĮǀſ�ƩŚƤŤƳř�įŚƷźǀƀƯ�İųźŝ�
ƽŹŚưǀŝ�żƳĥƺţŚě�Źŵ�ŶƳřƺŤŝ�İŞƬƣ�įŚƷ�ŶƃŚŝ�ƪǀųŵ�ƶƏƺŝźƯ�İŤƟŚŝ�šŚƯŶƇ�ƹ�İƣƹźƗ�����

ƱŚĭĥřƹ�įŶǀƬĩ��ǀţřŶǀƀĩř�ŽźŤſř��źƳƹźĩ�ơƹźƗ�İĮƴţ�ƲǀƯŚŤƿƹ��ƺEƱƺƫŚƯ��ƱƺǀţŚţƺƬĭ���įŵ�ŶƫōŗŶǀ��
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ƆųŚƃ��ƺǀţřŶǀƀĩř�ŽźŤſř�įŚƷƹźƳƹźĩ�ơƹźƗ�İĮƴţ���
 

ƶƬŬƯ�ƽƾưƬƗ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƳŻ�ƾƳŚƯŹŵ�ƵŹƹŵ��ƱŚŬ�ƽ�Î�ƵŹŚưƃ���ƽ�����żǀƿŚě�Õ�  

48 

�Ư�ƂƤƳ�ŶƳŹřŵ�İưƸ�������ŵƹŶů�ŵƺūƹ�Ʋƿř�Śŝçå������ťŵřƺºů�Żř�ŶºƇŹŵ�
İººŞƬƣ��İººƯ�űŹ�įŵřźººƟř�Źŵ�İººƣƹźƗ���ĢǀººƷ�ƶººĩ�ŶººƷŵ��Żř�ƭřŶººĩ� �

�źƐų�ƪƯřƺƗ����ŶƳŹřŶƳ�řŹ�ŹƺĩŸƯ��ç�������źºǀųř�šŚºƘƫŚƐƯ�Żř�įŹŚǀƀºŝ
�������ƶºƳƺĭ�Ŷºǀƫƺţ�ƂƿřżƟř�ƱŚǀƯ�ƍŚŞţŹř�ŵƺūƹ�����ƹ�ƱĦǀƀºĩř�ƩŚºƘƟ�įŚºƷ

ƽŹŚưǀŝ�įŚƷ�İŞƬƣ�ƶŤųŚſ�ŭźƐƯ�řŹ�İƣƹźƗ�ŶƳř����
ŢƔƬƛ��įǇŚŝ�įŚƷ�ƶƳƺĭ���������İºƯ�ƱĦǀƀºĩř�ƩŚºƘƟ�įŚºƷ�����ŦºƗŚŝ�ŶºƴƳřƺţ

��ƱƺǀſřŶǀƀĩřźěƾŝźģ��ƽŚƷ��İƿŚƄƛ����ƲǀŘţƹźºě�źǀǀƜţ���ŚºƷ���ŢƀºĪƃ
DNA����ƪǀƟƹźţƺƳ�ƱŶƃ�ƩŚƘƟ����������ƩŚºƤŤƳř�įŚƷźǀƀºƯ�Źŵ�ƩǈŤºųř��ŚºƷ

��������ƩƺƬºſ�ƮǀºƔƴţ�Źŵ�ƩǈŤºųř�żǀƳ�ƹ�ƩŚƴĮǀſ����ƹ�ơƹźºƗ�ŹřŶºū�įŚºƷ�
ƩƺƬſ����İŞƬƣ�įŚƷŶƳƺƃ��é��è������������ƪºƯřƺƗ�ƶºǀƬƗ�ƕŚºƟŵ�ŢºƸū�ƱŶŝ

��ƀǀſ�ƶŝ�ƱřŶǀƀĩřƮŤ��İŤƳō�įŚƷ���������Żř�ƶºĩ�Ţºſř�ƶŤƄĭ�żƸŬƯ�ƱřŶǀƀĩř
��ƩŚĪƿŵřŹ�įŻŚƀĩŚě�ƢƿźƏ�����ơƹźºƗ�ŵźºĪƬưƗ�ŵƺŞƸŝ�ŦƗŚŝ�ŵřŻō�įŚƷ

���İƯ�żƳĥƹźţō�ŹŚƸƯ�ƹ�ƺƃ��ŵ�ê�������ƲǀƯŚºŤƿƹ�ƂºƤƳ�ŚŤſřŹ�Ʋƿř�Źŵ���įŚºƷ
���ŝ�İŝźģ�Źŵ�ƩƺƬŰƯƶ�����ƲǀƯŚŤƿƹ�ƵĦƿƹE��İŤƳō�ƹ���ƱřŶǀƀºĩř�����ŻŚºƟ�įŚºƷ

������ƲǀƯŚŤƿƹ�ƹ�ƱƺǀţŚţƺƬĭ�ƪƯŚƃ�İŝōC��ƶŤƀūźŝ�ŹŚǀƀŝ��ŶƳř��ƿƹ��ƲǀƯŚŤE�
ƵŹŷ�Źŵ�ƶººĩ�ƽ��[LDL]�Low Density Lipoprotein���ŢººƟŚƿ

İººƯ�ƽŶººǀĜǀƫ�ƱƺǀſřŶǀƀººĩřźě��ŵƺººƃ�İººƯ�ŹŚººƸƯ�řŹ�ŚººƷ��Ŷººƴĩ�ë���
ƱƺǀţŚţƺƬĭ��įźţ��ŶǀŤĜě�Ʃƺǀţ����������ƶºĩ�Ţºſř�İƴǀƿŚě�İƫƺĪƫƺƯ�ƭźū�Śŝ�Źřŵ

����ƩŚĪƿŵřŹ�ƶǀƬƗ�İƗŚƟŵ�Ǝų�Ʋǀƫƹř����ƪǀĪƄţ�řŹ�ŵřŻō�įŚƷ�İƯ���ŶƷŵ�ì���
�ƂƤƳ�ƵŻƹźƯř��ƽŚƷ�����ŚºţƺƬĭ�įřźŝ�İưƸƯ���������ƹ�Ʊĥ�ƱŚºǀŝ�ƮǀºƔƴţ�Źŵ�Ʊƺǀţ

���ƪºųřŵ�ƩŚƴĮǀſ�ƩŚƤŤƳř�������������ŢºǀưƷř�ƶºĩ�Ţºſř�ƵŶºƃ�ŭźºƐƯ�İƫƺƬºſ
�Ʊō�ƂŬƴſ�������ŽźŤºſř�ƆųŚƃ�ƱřƺƴƗ�ƶŝ�řŹ���ƹŵ�ƺǀţřŶǀƀºĩř���ƱřŶºƴģ
���Ţſř�Ƶŵźĩ�î���í���������řŹ�ƱƺǀţŚţƺƬĭ�İŝŚƿŻŹř�ŶƿŶū�šŚƘƫŚƐƯ�İųźŝ

��������������ƶºǀƫƹř�ŻƹźƬĪºſřƹźţō�źºƐų�Źŵ�ƶºĩ�ƮƫŚºſ�ŵřźƟř�İƿŚſŚƴƃ�ŢƸū
��Ƶŵźĩ�ŵŚƸƴƄǀě��ŶƴŤƀƷ����ŶºƳř�æå����������Ʋºƿř�źºŝ�ƵƹǈºƗ�ƾĭƺºƧ���ŚºƯŚƿ��ƹ�

�������������ƶºĩ�İƳřŹŚºưǀŝ�ƶºŝ�ƱƺǀţŚºţƺƬĭ�ƢƿŹżţ�ƶĩ�ŶƳŵřŵ�ƱŚƄƳ�ƂƳřŹŚĪưƷ
���ƵŶºƃ�ŻƹźƬĪſřƹźţō�ŹŚģŵ����������įŵŚƄºĭ�ƂƿřżºƟř�ŦºƗŚŝ�ŶºƳř��ơƹźºƗ
ƪǀŤſř�ƶŝ�ŲſŚě�Źŵ�Ĩģƺĩ�İƯ�Ʋǀƫƺĩ��ŵƺƃ�ÎÎ�����

������ƱƺǀſřŶǀƀĩř�ƂƿřżƟř�ƶŤƃŸĭ�šŚƘƫŚƐƯ�ŹŵLDL�����ŭƺƐºſ�źºǀǀƜţ��
ƮƿżƳō���İºŤƳō�įŚƷ����ƱƺǀţŚºţƺƬĭ�ƱřŶǀƀºĩř����źěƺºſ��ŻřŶǀƀºĩřźě���Ŷǀƀºĩř

�����ƲǀƯŚºŤƿƹ�ƂƷŚºĩ�żºǀƳ�ƹ�ŻǇŚºţŚĩ��ŻŚţƺưƀºƿŵ���įŚºƷE� C �ƹA�ƹ�

���İŤƳō�ƪĩ�ŢǀƟźƓ�ƂƷŚĩ�����������İºĮƴţ�ƶºŝ�ǈŤºŞƯ�ƱřŹŚºưǀŝ�Źŵ�İƳřŶǀƀĩř
�������������Ţºſř�ƵŶºƃ�Ƶŵřŵ�ƱŚƄºƳ�šřźºĩ�ƶŝ�źƳƹźĩ�ơƹźƗ�æì�æç�����ŚºƯř

Ʊō�Źŵ�ƶººĩ�İţŚººƘƫŚƐƯ�İººŤƳō�ŭƺƐººſ�ŚººƷ�ƱřŶǀƀººĩř�ººŝ�ŚººƷƶ���ƵřźººưƷ
������ŶƃŚŝ�ƵŶƃ�ƵŶǀŬƴſ�ƱƺǀţŚţƺƬĭ����İºƯ�ŵƹŶºŰƯ�ŹŚǀƀŝ����ŶºƃŚŝ�æí���

��������������ƲǀƯŚºŤƿƹ�İƿŚưºſǈě�ŭƺƐºſ�İŝŚºƿŻŹř�ƶºƘƫŚƐƯ�Ʋƿř�Żř�ƝŶƷE��
�ƱƺƫŚºƯ�ƹ�ƱƺǀţŚţƺƬĭ�įŵ�Ŷƫōŗ�Ŷºǀ��Malon Di Aldehid [MDA]��

������ƱƺǀſřŶǀƀĩřźě�ƆųŚƃ�ƱřƺƴƗ�ƶŝŝźģƾ���������ŚºƸƴţ�ƶºĩ�įŵřźºƟř�Źŵ
����ţ�źºƳƹźĩ�ơƹźƗ�İĮŤƟźĭŐ�����������ƹ�ŶƴŤºƃřŵ�İƟřźĭƺºƿĦƳō�Śºŝ�ƵŶºƃ�Ŷºǀƿ
����źĭ�źŝ�ƵƹǈƗ�ƶĩ�İƳřŹŚưǀŝ����ƶŤĪſ�ŹŚģŵ�źƳƹźĩ�ơƹźƗ�İĮŤƟ��ƽ��İŞƬƣ�

İƯ�ƩźŤƴĩ�Ƶƹźĭ�Śŝ�ƶƀƿŚƤƯ�Źŵ�ŶƳŵƺŝ�ƵŶƃ�żǀƳ�ŶƃŚŝ���
��

Ê���]��Á���
�����ƶƘƯŚū��ƽ���������İƟřźĭƺƿĦƳō�ŢƸū�ƶĩ�įŵřźƟř�ƱŚǀƯ�Żř�ƶƘƫŚƐƯ�ŵŹƺƯ�

��������ƶºƘūřźƯ�ƶºǀƯƹŹř�İƳŚºƤƫŚƏ�ƱŚŤºſŹŚưǀŝ�ơƹźºƗ�ƹ�ŜºƬƣ�ƂŴŝ�ƶŝ
İƯ����ŶƳŵźĩśŚŴŤƳř�ŶƳŶƃ����������ƪƯŚºƃ�Ƶƹźºĭ�ƶſ�ƢǀƤŰţ�Ʋƿř�Źŵ��èí�
Śưǀŝ�ŝ�ŹŚ����������ƶŤĪºſ�ƶºĩ�źºƳƹźĩ�ơƹźºƗ�İºĮŤƟźĭ���ƽ�����ŶƴŤºƃřŶƳ�İºŞƬƣ�� �
���Ƶƹźĭæ���çå��ŝ�ŹŚưǀŝ�Ś������ƶŤĪºſ�ŹŚģŵ�ƶĩ�źƳƹźĩ�ơƹźƗ�İĮŤƟźĭ��ƽ�

����ŶƳŵƺŝ�ƵŶƃ�İŞƬƣ���Ƶƹźĭç�����ƹ�êê�����ƮƫŚſ�ƆŴƃ�źƠƳ�����Ƶƹźºĭè���
�����ĢǀƷ�Źŵ�İƟřźĭƺƿĦƳō�ƑŚŰƫ�Żř�ƶĩ���īŹ�Żř�Ĩƿ�������ŜºƬƣ�źºƳƹźĩ�įŚºƷ

��������śŚŴŤƳř�ƩźŤƴĩ�Ƶƹźĭ�ƱřƺƴƗ�ƶŝ�ŶƴŤƃřŶƳ�İĮŤƟźĭ�ºƃŶƳŶ��ţ��İƯŚºư
���Ƶƹźĭ�ƱřŹŚưǀŝæ�����īŹ�Żř�İĪƿ�Źŵ�ƪƣřŶů�������ŜºƬƣ�źƳƹźĩ�İƬƇř�įŚƷ

���Żř�Ƃǀŝîå�������ţ�İƟřźĭƺƿĦƳō�Śŝ�ƶĩ�ŶƴŤƃřŵ�İĮŤƟźĭ�ŶƇŹŵ�Ő��ƵŶƃ�Ŷǀƿ
ŵƺŝ��ĢǀƷ�������ŶƴŤƃřŶƳ�ŢŝŚƿŵ�ƶƘƫŚƐƯ�ŵŹƺƯ�ŵřźƟř�Żř�ƭřŶĩ��ƅźƣ���įŚºƷ

����įŚƷƹŹřŵ��ƲǀƯŚŤƿƹ�įƹŚůƴƷŚƧƵŶ��ƽ�������ƝźƈºƯ�ŶºǀĜǀƫ�ƹ�ƩƹźŤƀƬĩ�
İưƳ�ŶƳŵźĩ���
ƶƳƺưƳ�įźǀĭ��ƶƳƺưƳ���ƽ�ų���Ʊƺ�����Żř�žºě�ƽŶƿŹƹæå��Śºţ�æç��ŢƗŚºſ��
ŚŤƃŚƳ��Ƶƹźĭ�Żř����ƹ�ŹŚưǀŝ�įŚƷ��šŚƗŚſ�Ʋǀŝ�ƩźŤƴĩèå�ì��Śºţ�î��ŮŞºƇ�

�ƶƫƺƫ�Źŵ����įƹŚů�įŚƷK2-EDTA�Ɩưū���Ŷƃ�įŹƹō�����ƶºǀƸţ�ŢºƸū��ƽ�
ƶººƳƺưƳ��Śưººſǈě��įřźººŝ�ŚººƷæå�Źŵ�ƶººƤǀƣŵ�Źƹŵ�æêåå�ĥƺƠƿźŤƳŚººſ�

ŶƳŶƃ���������ƭŚŬƳř�ƱŚƯŻ�Śţ�ƵŶƃ�řŶū�įŚưſǈěšŚƄƿŚƯŻō��ŵŹƺºƯ����źºƔƳ
�ŹżƿźƟ�Źŵíå��ūŹŵ�ƶ��ƽ�İŤƳŚſ����Ŷƃ�įŹřŶƸĮƳ�ŵřźĭ����ƱřŹŚưǀŝ�İƯŚưţ
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����������Ʊō�Żř�ƹ�Ƶŵƺºŝ�ƵŚºĭō�ŭźºƏ�ƝřŶƷř�Żř����ŢƿŚºƋŹ�ŚºƷ��ƶºƯŚƳ��ƽ���İºŞŤĩ�
�ƵŶƃ�ŢƟŚƿŹŵŵƺŝ� 

ƁƹŹ�����ƂƿŚºƯŻō�ƭŚºŬƳř�įŚƷ���ƵŻřŶºƳř��������İƿŚưºſǈě�ŭƺƐºſ�įźºǀĭ
�ƲǀƯŚºººŤƿƹE��ƵŚĮŤºººſŵ�Żř�ƵŵŚƠŤºººſř�Śºººŝ�HPLC�ŵŹřŶƳŚŤºººſř�ƹ�� �

ŚƠƫō�ƩƹźƟƺĩƺţ�����ŢƔƬƛ�Śŝ�šŚŤſřæå����ƾƬǀƯ�źƷ�Źŵ�ƭźĭƹźƨǀƯ���źºŤǀƫ�
�Śººŝ�ũřźŴŤººſř�Żř�ŶººƘŝ�Ʃǈººů�ƱƺŤººſ�Żř�ƵŵŚƠŤººſř�Śººŝ�ƱŚººŤĜƷC18�� �

�ç
æå�İŤƳŚºſ���źºŤƯ��Netherlands ID Chrompack����ƱŚºƿźū�ƹ
����ƩƺƳŚŤƯ�ħźŰŤƯ�ŻŚƟîê�����ŢƗźſ�Śŝ�ŶƇŹŵ�ê�å�İƬǀƯ�����ƶƤǀƣŵ�Źŵ�źŤǀƫ

�ũƺƯ�ƩƺƏ�Źŵçíç�ŢƟźĭ�šŹƺƇ�źŤƯƺƳŚƳ��æî����
ƱƺǀţŚţƺƬĭƶųźģ�İưƿżƳō�ƁƹŹ�Śŝ��ƹ�įř�Ʋưƫř�ƝźƘƯ�Ĩưĩ�ƶŝ �Śƿ

įŵ��ƹźŤǀƳƺºǀţ���Ŷǀºſř�Ĩºǀƿƹżƴŝ �Dithionitro Benzoic Acid����Śºŝ
Żř�ƵŵŚƠŤºººſř�ƲǀţƺºººĪǀƳ�ŶºººǀƯō�ƲǀºººƳŵō�įŵ�ŶºººǀţƺŘƬĩƺƳ�šŚƠƀºººƟ� �

�Nicotine Amid Adenine Dinucleotide Phosphate��
ƹ�ƱƺǀţŚţƺƬĭ���ŝ�ŻŚŤĩƹŵŹƶ����Śǀůř�ƪƯřƺƗ�ƱřƺƴƗ�������ũƺºƯ�ƩƺºƏ�Źŵ�ƵŶƴƴĩ

�ÎÏƵŻřŶƳř�źŤƯƺƳŚƳ���Ŷƃ�įźǀĭ�çå�� ��
��ƂŬƴſƱƺƫŚƯ�įŵ�Ŷƫōŗ��ƶƿŚě�źŝ�Ŷǀ��ƽ������ƩƺºĪƫƺƯ�Ĩƿ�Ƃƴĩřƹ�MDA�

���������Ŷǀºſř�ĨºƿŹƺŤǀŝŹŚŝƺǀţ�ƩƺºĪƫƺƯ�ƹŵ�Śŝ�TBA������ƪǀĪƄºţ�ŢºƸū
���ǇŚŝ�įŚƯŵ�Źŵ�İĮƳŹ�žĪƬĜưĩ�æååƶūŹŵ��ƽİŤƳŚſ��ŵřźĭ����ŢºŰţ
���ŢƟźĭ�šŹƺƇ�įŶǀſř�Ǝƿřźƃ�����įŹƺƳ�śŸūƶƗƺưŬƯ��ƽ��ƪƇŚů�

��ƩƺººƏ�Źŵ�ƩƺƳŚººţƺŝ�Śººŝ�ũřźŴŤººſř�Żř�ŶººƘŝ�ũƺººƯ�ÐÏ�źŤƯƺƳŚººƳ�
ƵŻřŶƳř�Ŷƃ�įźǀĭ��çæ�����

�įźţ��ƩƹźŤƀƬĩ����ƹ�ŶƿźƀǀƬĭHDL����������Ţĩźºƃ�Ţºǀĩ�Żř�ƵŵŚƠŤºſř�Śºŝ�
���������ƩŶºƯ�ŹżǀƫŚƳōƺţř�ƵŚĮŤſŵ�Śŝ�ƹ�ƱƺƯŻō�ŽŹŚěìåé�����ŵŹƺºƯ�İģŚºŤǀƷ�

��ŢƟźĭ�Źřźƣ�ƂŬƴſ���ƶŞſŚŰƯ�įřźŝ��ƽ�LDL���Żř�ƩƺƯźƟ���ƩřƹŶºƿźƟ�
�ƵŵŚƠŤſřŶƃ���

��

LDL=Total cholesterol-(HDL+TG/5)��
��

��źƿŚſšŚƄƿŚƯŻō�������ƹ�Ʋǀƴǀţřźĩ��żĩƺƬĭ�ƪƯŚƃ�İƴǀƫŚŝ�Ŷǀſř�ƹřĨƿŹ��żǀƳ��
�Ţǀĩ�Żř�ƵŵŚƠŤſř�ŚŝƵŻřŶƳř�ƱƺƯŻō�ŽŹŚě�Ţĩźƃ�Ŷƃ�įźǀĭ����
įŹŚºººƯō�ƪºººǀƬŰţ�� Ƶŵřŵ�ƪºººǀƬŰţ�įřźºººŝ�ƭźºººƳ�Żř�ŚºººƷ�ŹřżºººƟř� �

Windows Version 11� SPSSŻř�ƹ�T- Test���Ŷºƃ�ƵŵŚƠŤºſř��Żř�
ƱŚƄƳ�įřźŝ�Ʊƺſźǀě�ƱƺƯŻō�Ʊŵřŵ�correlation �Ŷƃ�ƵŵŚƠŤſř���

Äf§ZË�ZÅ 

��������ƶŝ�ƍƺŝźƯ�ƶǀƫƹř�šŚƗǈƏř����Ƶƹźĭ�ƹŵ���������Ƶƹźºĭ�ƵřźºưƷ�ƶºŝ�ŹŚºưǀŝ
��ƩƹŶū�Źŵ�ƩźŤƴĩÎ��Ţſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ��įźţ�ŭƺƐſ����ŶƿźƀºǀƬĭ

�ƩƹźŤƀƬĩƭŚţ�ƹ�[HDL]�High Density Lipoprotein��Ƶƹźĭ�ƹŵ
��İºººƴƘƯ�ƂƿřżºººƟř�ƩźºººŤƴĩ�Ƶƹźºººĭ�ƶºººŝ�ŢŞƀºººƳ�ŹŚºººưǀŝ�įŹřŵ� �

ŵřŵ�ƱŚƄººƳ���ŮƐººſ�Ʋǀººŝ�ŚººƯřLDL��Ƶƹźººĭ�Śººŝ�ŹŚººưǀŝ�Ƶƹźººĭ�ƹŵ�� �
ŢºººƃřŶƳ�ŵƺºººūƹ�İºººƟǈŤųř�ƩźºººŤƴĩ��ƪºººƿŚƟƹźěŤƀºººƬƧ���Ʃƹź

ƽźţ�ƹ�ŶƿźƀǀƬĭHDL ����İºƴƘƯ�šƹŚºƠţ�ŹŚºưǀŝ�Ƶƹźºĭ�ƹŵ�Źŵ���įŹřŵ
�řŶƳ�ƱŚƄƳŵŶƳ�����ƩƹŶū�Źŵç��ƆųŚƃ�ŪƿŚŤƳ���ŽźŤſř�įŚƷ��ƺǀţřŶǀƀĩř

Ƶƹźĭ���������Ţºſř�ƵŶºƃ�ƱŚǀŝ�ƩźŤƴĩ�ƹ�ŹŚưǀŝ�įŚƷ������İƿŚưºſǈě�ŭƺƐºſ
��ƲǀƯŚŤƿƹE������Ƶƹźĭ�ƱřŹŚưǀŝ�Źŵ�ƎƤƟæ��������ƩźºŤƴĩ�Ƶƹźºĭ�Śŝ�ƶƀƿŚƤƯ�Źŵ�� �
�ƂƷŚººĩƾººƴƘƯ�ƽŹřŵŵřŵ�ƱŚƄººƳ���ŢŞƀººƳ�ŚººŤƿƹ�įŚººƷ�ƲǀƯE�ƶººŝ�

���ƲǀƯŚŤƿƹ��ƩƹźŤƀƬĩE���ƶŝ�LDL���ƲǀƯŚŤƿƹ��E�įźºţ�ƶŝ����ƹ�ŶƿźƀºǀƬĭ
��ƲǀƯŚŤƿƹE�ƶŝ�ƭŚţ�ŶǀĜǀƫ��ƩźºŤƴĩ�Ƶƹźĭ�ƶŝ�ŢŞƀƳ�ŹŚưǀŝ�Ƶƹźĭ�ƹŵ�Źŵ�

�İººººƴƘƯ�ƂƷŚººººĩ�ŶƴŤººººƃřŵ�įŹřŵ���źƿŵŚººººƤƯƱƺǀţŚººººţƺƬĭ� �
��ƹMDA���ºŝ�ƩźºŤƴĩ�Ƶƹźĭ�Śŝ�ƶƀƿŚƤƯ�Źŵ�ŹŚưǀŝ�Ƶƹźĭ�ƹŵ�ƶ���Ŝºǀţźţ

�����ŶºƳŵřŵ�ƱŚƄºƳ�İƸūƺººţ�ƪºŝŚƣ�ƂƿřżºƟř�ƹ�ƂƷŚºĩ��ƭŻǇ�źººĩŷ�ƶºŝ�� �
ĢǀººƷ�ƶººĩ�Ţººſř�ƆųŚººƃ�Żř�ƭřŶººĩ��ƺǀţřŶǀƀººĩř�ŽźŤººſř�įŚººƷ� �

�İººƴƘƯ�ƝǈŤººųř�ŹŚººưǀŝ�Ƶƹźººĭ�ƹŵ�Źřŵ�ƽŶƴŤººƃřŶƳ����ƱřŹŚººưǀŝ�Źŵ� �
�Ƶƹźºººĭæ�ƲǀƯŚºººŤƿƹ�ŭƺƐºººſ�Ʋǀºººŝ�Eįźºººţ�Śºººŝ����ŶƿźƀºººǀƬĭ� �

�åê�å��P��ëåí�å� �r��ƲǀƯŚºººŤƿƹ��E��ƩƹźŤƀºººƬĩ�Śºººŝ�ƭŚºººţ�� �
�åê�å��P��ëéì�å �r��ƲǀƯŚºººŤƿƹ��E�Śºººŝ�LDL��åê�å��P��

êëæ�å �r�����ƲǀƯŚŤƿƹ�ƹE�����ƱƺǀţŚºţƺƬĭ�Śŝ��åê�å��P��éìì�å r��
ƹ�ƮǀƤŤƀºººƯ�ƍŚºººŞţŹř�İºººƴƘƯ��ƲǀƯŚºººŤƿƹ�źƿŵŚºººƤƯ�Ʋǀºººŝ�ƹ�ŹřŵE� �

�ŚºººŝMDA��åê�å��P��éæî�å� �r����ƹ�ŽƺºººĪƘƯ�ƍŚºººŞţŹř� �
İººƴƘƯ�Ŷººƃ�ƵŶƷŚƄººƯ�įŹřŵ���Ƶƹźººĭ�ƱřŹŚººưǀŝ�Źŵç�źƿŵŚººƤƯ�Ʋǀººŝ�� �

��ƲǀƯŚŤƿƹE��įźţ�Śŝ����ŶƿźƀǀƬĭ�åê�å��P��ìéë�å �r��ƹ����ƲǀƯŚºŤƿƹ�
E�ŤƀƬĩ�Śŝ��Ʃƹź�ƭŚºţ��åê�å��P��ëíç�å �r����ƹ�ƮǀƤŤƀºƯ�ƍŚºŞţŹř�

İººººƴƘƯ����ƲǀƯŚººººŤƿƹ�ŭƺƐººººſ�Ʋǀººººŝ�ƹ�ŹřŵE�Śººººŝ�MDA�� �
�åê�å��P��ëåê�å� �r���İºººƴƘƯ�ƹ�ŽƺºººĪƘƯ�ƍŚºººŞţŹř��įŹřŵ

ƃ�ƵŶƷŚƄƯŶ����
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��

�ƩƹŶūæ���źƳƹźƧ�ơƹźƗ�ƵŶƃ�šŚŞŧř�ƾĮƴţ�Śŝ�ŵřźƟř�ƪƯŚƃ�ƶƘƫŚƐƯ�ŵŹƺƯ�ŵřźƟř�ƶǀƫƹř�šŚƗǈƏř��Ƶƹźĭæ��ƶŤƨſ�Śŝ�ŵřźƟř�ƹ�ƽ�ƾŞƬƣ���Ƶƹźĭç���
��

źǀƜŤƯ��ŶƷŚƃ�Ƶƹźĭ��
êên=��

�Ƶƹźĭ�ƱřŹŚưǀŝæ��
��èí n����

�Ƶƹźĭ�ƱřŹŚưǀŝç��
çå n��

�Ʋſ�ƩŚſ�              �������������������������������������ê�ítí�éî��ë�ítê�êë��ì�ìtí�êå��
�žƴū�ŵźƯ�ƱŻ��   �         ��     �������������������������ç�èæ��ç�æê��æí�ç��
įźţ��ŶƿźƀǀƬĭ�İƬǀƯ�ƭźĭ��İſŵ�źŤǀƫ����   �������������ç�êætç�æêê��

*�é�æåætçèé��*�ë�îætçéé��
�ƩƹźŤƀƬĩ�İƬǀƯ�ƭźĭ�İſŵ�źŤǀƫ�           �����ê�êçtì� æíè��

*�è�éçtçèì��*�ì�êætçéè��
LDL��İƬǀƯ�ƭźĭ�İſŵ�źŤǀƫ�� ���������������������������ç�êété�æêæ��è�èìtî�æëå��é�èìtê�æìæ 

HDL��İƬǀƯ�ƭźĭ�İſŵ�źŤǀƫ�           ������     ���ì�æçtèî��*�í�æætí�èç��*
�æ�ìtæ�èè��
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�������ƢǀƤŰţ�Ʋƿř�Źŵ�ƆųŚƃ��Ʒ�ŽźŤſř�įŚ����Źŵ�ƺǀţřŶǀƀĩř��İƳřŹŚºưǀŝ

��ƶŤĪſ�ŹŚģŵ�ƶĩ��ƽ��ƵŶƃ�İŞƬƣ�������������İºĮŤƟźĭ�ƎºƤƟ�ƶºĩ�įŵřźºƟř�ƹ�ŶºƳř
������������ŵŹƺºƯ�ƩźºŤƴĩ�Ƶƹźĭ�Śŝ�ƶƀƿŚƤƯ�Źŵ�ŶƴŤƃřŵ�źƳƹźĩ�ơƹźƗř��İŝŚºƿŻŹ

Źřźƣ��ŢºƟźĭ���ƹ�������ƾºƬŞƣ�šŚºƘƫŚƐƯ�Źŵ����ƵŶºƃ�Ƶŵřŵ�ƱŚƄºƳ��Ţºſř���ƶºƧ��
MDA��ƶŬǀŤƳ�Źŵ���ƽ����Ŷºƴģ�Śŝ�śźģ�įŚƷŶǀſř�ƺǀţřŶǀƀĩř�ŢƀĪƃ�

���İƯ�ƪƇŚů�ƶƳŚĭƹŵ�ŶƳŚŝ�ŵƺƃ��������řżºƟř�ƶºƘƫŚƐƯ�Ʋºƿř�Źŵ���ŭƺƐºſ�Ƃƿ
MDA�������������Ƶŵřŵ�ƱŚƄºƳ�ƩźŤƴĩ�Ƶƹźĭ�ƶŝ�ŢŞƀƳ�ŹŚưǀŝ�Ƶƹźĭ�ƹŵ�źƷ�Źŵ�

������ŭƺƐſ�Źŵ�İţƹŚƠţ�ŚƯř��ŶƃMDA�������ƵŶƷŚƄºƯ�ŹŚưǀŝ�Ƶƹźĭ�ƹŵ�Ʋǀŝ�
ƄƳŶ� Źřŵźſ�ƂƿřżƟř�ƂƳřŹŚĪưƷ�ƹİƿŚưſǈě�ŭƺƐſ��MDA��řŹ

�������������Źŵ�ƶºĩ�źºƳƹźĩ�ơƹźºƗ�İĮƴţ�ƶŝ�ǈŤŞƯ�ƱřŹŚưǀŝ�Ƶƹźĭ�ƶſ�Źŵæ��ç�
ƹè�����Żř�Ƃǀŝ�īŹ�ìå��������řŹ�ŶƴŤºƃřŵ�İºĮŤƟźĭ�ŶƇŹŵ������Śºŝ�ƶƀºƿŚƤƯ�Źŵ

���Ƶŵřŵ�ƱŚƄƳ�ƩźŤƴĩ�Ƶƹźĭ�ŶƳř����������ƶºƘƫŚƐƯ�Źŵ�Ʋºƿř�źºŝ�ƵƹǈºƗ��ƽ�Ʊō����ŚºƷ
��������ŭƺƐºſ�ƶƘƿŚºƋ�šŶƃ�Śŝ�ŜſŚƴŤƯMDA�����įźŤƄºǀŝ�ƂƿřżºƟř�Żř�

��ŵƺººŝ�ŹřŵŹƺººųźŝ�æë���ƶººƘƫŚƐƯ�ƽ�ƺººƬţƺƯ�ƹ�ƂƳřŹŚººĪưƷ�żººǀƳ�
ƱŚƄƳ�ƵŶƴƷŵ��ƽ���ƂƿřżƟř�MDA��������ơƹźºƗ�İĮƴţ�ƶŝ�ǈŤŞƯ�ƱřŹŚưǀŝ�Źŵ�

�İƯ�źƳƹźĩ����ŶºƃŚŝ�çç���MDA����Ţºſř�ŹŵŚºƣ����Ź�Śºŝ��ƶƄºƿ��ƽ���Ʋƿżºǀƫ�
ƲǀŘţƹźěƺĜǀƫƺěōB��APO-B���ƵŹŷ�Źŵ��ƽ�LDL����İƀºƳǇřƺĩ�ŶƳƺǀě�
�ŶƷŵ�ƪǀĪƄţ��APO-B�źǀǀƜţ���������ƅřƺºų�źºǀǀƜţ�ŦƗŚŝ�ƶŤƟŚƿLDL�
��Ʊō�ƹ�ƵŶƃ����ƵŹŷ�ƶŝ�řŹ��ƽ���İƯ�ƩŶŞƯ�Ʊĥƹźţō�����ŵřŶºųŹ�Ʋǀƫƹř�ƶĩ��ŵŻŚſ

����İƯ�śƺƀŰƯ�ŻƹźƬĪſřƹźţō�ƕƹźƃ�Źŵ���ŵŵźĭ�çè�������Ʋºƿř�źŝ�ƵƹǈƗ
řƺǀƯ���ƹ���ƶƐŝřŹ�ŵƺūƹ�ƂƳřŹŚĪưƷ��ƽ�ŤƀƯ������ƂƿřżºƟř�Ʋǀŝ�ƮǀƤ��ŭƺƐºſ

İƿŚưſǈě�MDA�ƹ��ƪƿŚưţ LDL���ƱřŹŚºưǀŝ�Źŵ�ƱƺǀſřŶǀƀºĩř�ƶŝ
Ƶŵźĩ�ŭźƐƯ�řŹ�źƳƹźĩ�ơƹźƗ�İĮƴţ�ƶŝ�ǈŤŞƯ��ŶƳř�çé����

��ƲǀƯŚŤƿƹE�żū�ƹ�ƮƸƯ����İºŤƳō�Ʋƿźţ��ƱřŶǀƀºĩř��������Źŵ�įŶºǀĜǀƫ�ŻŚºƟ�įŚºƷ
ƮŤƀǀſ����ƾºƯ�śƺƀºŰƯ�İŤƀƿŻ�įŚƷ��ƺºƃ�ŵ�çê������Żř�ŢºƔƟŚŰƯ�Śºŝ
ŚƄƛƽ�ƩƺƬſ������ſřŶǀƀĩř�ŹŚƸƯ�ƹ�ŵŹŚĩƺǀƯ�įŚƷ��Ʊƺǀ�ƲǀŘţƹźěƺºĜǀƫ����ŚºƷ

��ƲǀƯŚŤƿƹE���������żƳĥƹźţō�ƶŝ�źŬƴƯ�ƶĩ�İƿŚƄƛ�ƺǀţřŶǀƀĩřźě�šŚƯŶƇ�Żř�
İƯ�ƺƃ����ºŝ�įźǀĭƺºƬū��ŵƶ����İºƯ�ƪºưƗ���ŵŹƹō�çë���������Ʋºƿř�źºŝ�ƵƹǈºƗ

��ƲǀƯŚŤƿƹE������ŚƷŹ�ƹ�ƱŚǀŝ�ƂƷŚĩ�ƢƿźƏ�Żř�����ƲǀĩƺºƫźŤƴƿř�įŻŚºſ����ƹ�ŚºƷ

Ʋǀĩƺưĩ����ƶĩ�İƿŚƷƩŚƈţř�ŢǀſƺƳƺƯ����ƶƿǇ�ƶŝ�ŚƷ��ƽ���ơƹźƗ�ƩŚǀƬţƹŶƳř�
��İƯ�ƪǀƸƀţ�řŹ����Ŷƴƴĩ�������İºƯ�ŹŚºƸƯ�řŹ�ŻƹźƬĪſřƹźţō�ŶƳƹŹ�ƕƹźƃ���Ŷºƴĩ

�çí��çì����ƶƘƫŚƐƯ�Źŵ��ƽ�����ƲǀƯŚŤƿƹ�ŭƺƐſ�źƋŚů�E����ƶĩ�įŵřźƟř�Źŵ�
���Ƶƹźººĭ�Śººŝ�ƶƀººƿŚƤƯ�Źŵ�ŶƴŤººƃřŵ�źººƳƹźĩ�ơƹźººƗ�İººĮŤƟźĭ�ŚººƸƴţ� �

����ŵřŵ�ƱŚƄƳ�įźǀĮưƄģ�ƂƷŚĩ�ƩźŤƴĩ���ƲǀƄºǀě�šŚƘƫŚƐƯ�ƢŝŚƐƯ�ƶĩ�
İººƯ��ŶººƃŚŝ�æë��æê���ƹ�ƩźººŤƴĩ�Ƶƹźººĭ�Ʋǀººŝ�ŚººƯř��ƶººĩ�İƳřŹŚººưǀŝ� �

�ŹŚººģŵƶŤƨººſ��ƽƾººŞƬƣ�ƵŶººƃ���ŶƄººƳ�ƵŶƷŚƄººƯ�İººƟǈŤųř�ŶººƳŵƺŝ��� �
�����������ƲǀƯŚºŤƿƹ�ƂƷŚºĩ�Śŝ�ŜſŚƴŤƯ�ƶĩ�Ţſř�ƶūƺţ�ƱŚƿŚƃE����Ƶƹźºĭ�Źŵ�

���ŭƺƐſ�ƭƹŵMDA�����������Żř�Ʃƹř�Ƶƹźºĭ�ƶºŝ�ŢŞƀºƳ�żºǀƳ�ƱřŹŚºưǀŝ�Ʋƿř�
����Ţºººſř�Ƶŵƺºººŝ�ŹřŵŹƺºººųźŝ�įźŤƄºººǀŝ�ƂƿřżºººƟř���ƂƷŚºººĩ� �

��ƲǀƯŚŤƿƹE�İƯ�����������żºǀƳ�ƹ�ƾƧřŹƺºų�ŢºƟŚƿŹŵ�ƂƷŚºƧ�ƪºǀƫŵ�ƶŝ�ŶƳřƺţ
��Ƃƴººĩřƹ�İººƏ�Źŵ�Ʊō�ƝźƈººƯ�ƂƿřżººƟř��İººŨƴų�įŚººƷ��įŻŚººſ� �

ŶƃŚŝ�ŚƷŶǀƀĩřźě�ŶǀĜǀƫ��ƶƘƫŚƐƯ�Źŵ�ƽ�Health Study�Nurse��źŝ
�įƹŹíìçéê�ººŝ�ƶººĩ�ŹŚŤººſźě�ƱŻ�ƶ���šŶººƯí�ƲǀƯŚººŤƿƹ�ƩŚººſ�E�

İĩřŹƺººų��Żř�ƂǀººŝèåƲǀººŝ�Ŷººůřƹ��ƬưƫřººƬŻƹŹ�Źŵ�ƾ��ŢººƟŚƿŹŵ�
İƯ����ƂƷŚĩ��ŶƳŵźĩ�ŹŚưǀŝ�źƐųƽ���������źºƳƹźƧ�ơƹźºƗ�ƽŚƷ���Ƶŵřŵ�ƱŚƄºƳ
��Ŷƃ�çî����ƶƘƫŚƐƯ�Źŵ��ƽ�����Ź�źŝ�ŶƴƷ�Źŵ�įźĮƿŵ������ŹŚºģŵ�ƱřŹŚºưǀŝ�įƹ
ƶŤƨſ���ƾŞƬƣ�ƽ���ƶǀůŚƳ�ŢƘſƹ�ƂƷŚĩ���ƽ�ŻƹźĪƳ����ƵŶƃ���ƂƷŚºĩ�żǀƳ�ƹ�� �

�ƶŤĪſ�ƉŹřƺƗ��ƽ��������ƲǀƯŚºŤƿƹ�Żř�İŞǀĩźţ�ƶĩ�İƳřŹŚưǀŝ�Źŵ�İŞƬƣ����įŚºƷ
E���C���ƹ�A��İƯ�ƝźƈƯ���������Ŷºƃ�ƵŶƷŚƄºƯ��ŶºƳŵźĩ�èå����ƶºƘƫŚƐƯ��ƽ�

ŽƹŚģ��Cambridge Heart Antioxidant Study [CHAOS]��
������ƲǀƯŚŤƿƹ�ƝźƈƯ�ƶĩ�ŵřŵ�ƱŚƄƳE���Śºĩ�ŦƗŚŝ���ƂƷ���źºƐų�ƶŤĪºſ��ƽ�

��������źºƳƹźĩ�ơƹźƗ�ŻƹźƬĪſřƹźţō�ƶŝ�ǈŤŞƯ�ƱřŹŚưǀŝ�Źŵ�İŞƬƣ��ƾºƯ���ƺºƃ�ŵ
�èæ��������ƵŶºƴƿō�šŚºƘƫŚƐƯ�ƪŝŚƤƯ�Źŵ������Ʊō�Źŵ�ƶºĩ�įźºĮƳ�����ƝźƈºƯ�ŚºƷ

��ƲǀƯŚŤƿƹE�ĢǀƷ���ţ�ƶƳƺĭŐ���źŝ�įźǀŧźƐų�ƽŹŚưǀŝ���İŞƬƣ�įŚƷ�����İºƣƹźƗ
�����������Ţºſř�ƵŶºƃ�ƁŹřżºĭ�żºǀƳ�Ţſř�ƶŤƃřŶƳ�èè��èç�����ƱƺǀţŚºţƺƬĭ�

źƟřƱřƹ���Ʃƺǀţ�Ŝǀĩźţ�Ʋƿźţ��źǀƛ�Źřŵ������İƬºƇř�ƂƤƳ�ƶĩ�Ţſř�İƴǀŘţƹźě
����ƱƺǀſřŶǀƀĩř�ƩŵŚƘţ�įŹřźƣźŝ�Źŵ�řŹ��Śǀůř��ƽ�ųřŵ�ƪ����ƮǀºƔƴţ��İƫƺƬſ

�ƩŚƴĮǀſ�įŚƷźǀƀƯ�����ŽźŤſř�Śŝ�ƵŶƃ�ŚƤƫř�İƷŵ�����ƹ�ƝŸů�ƹ�ƺǀţřŶǀƀĩř
��źě�ŶǀĜǀƫ�įŻŚƀĩŚě��������ºŝ�ƱřŶǀƀºĩř�šŚŞǀĩźţ�źƿŚſ�ƹ�ŚƷŶǀƀĩřƶ����ƵŶºƸƗ
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��ŵŹřŵ�èê��èé��������������ƹŵ�źºƷ�ƱƺǀţŚºţƺƬĭ�ŭƺƐºſ�Ʋǀŝ�ƶƘƫŚƐƯ�Ʋƿř�Źŵ�
�ưǀŝ�Ƶƹźĭ��������İºƴƘƯ�ƂƷŚºĩ�ƩźŤƴĩ�Ƶƹźĭ�ƶŝ�ŢŞƀƳ�ŹŚ���ƵŶƷŚƄºƯ�įŹřŵ� �

������������ŶƄºƳ�ƵŶƷŚƄºƯ�İºƟǈŤųř�ŹŚºưǀŝ�Ƶƹźĭ�ƹŵ�Ʋǀŝ�ŚƯř��Ŷƃ���Ūƿźºŝ��ƹ�
����ƩƺŞƬĭ�ƱƺǀţŚţƺƬĭ�ŮƐſ�ƂƷŚĩ�ƂƳřŹŚĪưƷ����żºƯźƣ�įŚºƷ���ƱřŹŚºưǀŝ

��ĢǀƷ�ŚƯř��ŶƳŵřŵ�ƱŚƄƳ�řŹ�źƳƹźĩ�ơƹźƗ�İĮƴţ�ƶŝ�ǈŤŞƯ���ƍŚºŞţŹř�ƶƳƺĭ
İƴƘƯ�����������ŶºƴŤƟŚǀƳ�ƶƘƿŚºƋ�šŶƃ�ƹ�ƱƺǀţŚţƺƬĭ�ŮƐſ�Ʋǀŝ�įŹřŵ�æí���

�ƶƘƫŚƐƯ�Źŵ��ƽ�źƋŚů�İƯ�ƱƺǀţŚţƺƬĭ�ƂƷŚĩ��ŝ�ŶƳřƺţƶ����ƝźƈºƯ�ƪǀƫŵ
�ƶººŬǀŤƳ�Źŵ�Ʊō�ƱŶººƃ�ƽ�ŽźŤººſř�ŹŚƄººƟ��ŵŹřƹ�ƺǀţřŶǀƀººĩřŶººƃ��Ƶ� �

ƹ��ŝ�żǀƳƶ���Ʊō�įźǀĭŹŚĩ������İºŤƳō�İŝŚƿŻŚŝ�ƹ�Śǀůř�ŢƸū���ƱřŶǀƀºĩř���įŚºƷ
��ƲǀƯŚºººŤƿƹ�ŶºººƴƳŚƯ�ƵŶºººƃ�ƝźƈºººƯE�ŶºººƃŚŝ��èë����ŵƺºººūƹ� �

�����İºƴƘƯ�ƹ�ƮǀƤŤƀºƯ�ƍŚŞţŹř�������ƲǀƯŚºŤƿƹ�ƱŚºǀƯ�ŹřŵE���ŚºţƺƬĭ�ƹ���Źŵ�Ʊƺǀţ
�Ƶƹźºººĭ�ƱřŹŚºººưǀŝæ�ţŐŶºººǀƿ�ƵŶºººƴƴĩ�ƽİºººƯ�źºººƯř�Ʋºººƿř��ŶºººƃŚŝ��� �

�ƶŤƟŚƿ�İųźŝ������������įŚºƷŹƺŤĩŚƟ�İƌºƘŝ�ŢºǀƫŚƘƟ�ƶĩ�Ţſř�Ƶŵřŵ�ƱŚƄƳ�ŚƷ
ŶƴƳŚƯ�İƀƿƺƳƹŹ�NF-k â��Nuclear Factor kappa Beta� ƹ� 

�AP-1��Activator Protein 1���ŢǀƘºººººƋƹ�Ǝºººººſƺţ
ƱƺǀſřŶǀƀĩř����ƪºųřŵ�Śǀůř����ºŝ�İƫƺƬºſƶ��������ƩźºŤƴĩ�ƱƺǀţŚºţƺƬĭ�ƵĦºƿƹ

İƯ�ƺƃŵ����������ºţƺƯƹźě�ŵŶºƘŤƯ�İůřƺƳ�ƶŝ�İƀƿƺƳƹŹ�įŚƷŹƺŤĩŚƟ�Ʋƿřƺ�Ź

Ʊĥ���İƯ�ƪƈŤƯ�İƿŚƷ�ƺƃ�������ŻƹźƬĪºſřƹźţō�żƳĥƺţŚºě�Źŵ�ŚưǀƤŤƀƯ�ƶĩ�ŶƳ
�İƯ�ƪǀųŵ��ŶƴƃŚŝ�èì���Źŵ�ŽźŤſř�ƂƿřżƟř�ƶƘƫŚƐƯ�Ʋƿř���ƺǀţřŶǀƀºĩř

�źŝ�ƹ���ƩŵŚƘţ�ƱŵŹƺų�ƮƷ�İŤƳō�ƱřŶǀƀĩř���ƱřŶǀƀºĩř���Źŵ�����ƶºĩ�įŵřźºƟř
�����ŹŚºưǀŝ�żºǀƳ�ƹ�ŶƴŤºƃřŵ�źƳƹźĩ�ơƹźƗ�İĮŤƟźĭ�ƎƤƟ��ƶºĩ�İƳř��ŹŚºģŵ

ƶŤĪſ��ƽ����������Ŷƃ�Ƶŵřŵ�ƱŚƄƳ�ƩźŤƴĩ�Ƶƹźĭ�ƶŝ�ŢŞƀƳ�ŶƳŵƺŝ�İŞƬƣ����İºƫƹ
������ŶƄƳ�ƵŶƷŚƄƯ�ŹŚưǀŝ�Ƶƹźĭ�ƹŵ�ƱŚǀƯ�İţƹŚƠţ���ƩƺĪƫƺƯ�ƂƷŚĩ���įŚºƷ

İŤƳō��ŝ�ƱřŶǀƀĩřƶ�������ƾºŝźģ�ƂƿřżƟř�ƹ�ƱƺǀţŚţƺƬĭ�ƵĦƿƹ����Ŷǀƀºĩř�įŚºƷ�
Ŷƃ���ŚƤƫř�ƢƿźƏ�Żř�Ƶƽ�����ŶƳřƺŤŝ�ŶƿŚƃ�ƩŚƴĮǀſ�ƩŚƤŤƳř�įŚƷźǀƀƯ�İųźŝ�

��ƽŹŚưǀŝ�żƳĥƺţŚě�Źŵ���įŚƷİŞƬƣ��������ƶºƏƺŝźƯ�İŤƟŚŝ�šŚƯŶƇ�ƹ�İƣƹźƗ�
ŶƃŚŝ�ƪǀųŵ����

��
ÄnÌf¿�É�Ì³��
������ƩƺĪƫƺƯ�ƂƷŚĩ����İºŤƳō�įŚƷ���ƶºŝ�ƱřŶǀƀºĩř����ƹ�ƱƺǀţŚºţƺƬĭ�ƵĦºƿƹ�

�ƾŝźģ�ƂƿřżƟř�Ŷǀƀĩř�įŚƷŶƃ�ŚƤƫř�ƢƿźƏ�Żř�Ƶ���įŚƷźǀƀºƯ�İųźŝ�ƽ
�����������ƽŹŚºưǀŝ�żƳĥƺţŚºě�Źŵ�ŶºƳřƺŤŝ�ŶƿŚºƃ�ƩŚƴĮǀºſ�ƩŚƤŤƳř�������İºŞƬƣ�įŚºƷ

ŶƃŚŝ�ƪǀųŵ�ƶƏƺŝźƯ�İŤƟŚŝ�šŚƯŶƇ�ƹ�İƣƹźƗ����

��

��]ZÀ»��
æ��ƲƀŰƯ�įƺƤţ����Źŵ�īźƯ�įŚưǀſçèŹƺƄĩ�ƱŚŤſř���Ʃƹř�ęŚģ��ŢƯǈſ�ŢƳƹŚƘƯ��ƱřźƸţ�������İĪºƃżě�ƁŻƺºƯō�ƹ�ƱŚºƯŹŵ��ŢºƃřŶƸŝ�šŹřŻƹ�

æèíé�ƶŰƠƇ��æåé� 

2- Bassuk SS, Rifai N, Ridker PM. High-sensitivity C-reactive protein: clinical importance. Curr Probl 

Cardial. 2004; 29(8): 439-93� 

3- Ambrosio G, Tritto I. Reperfusion injury: experimental evidence and clinical implications. Am Heart J. 

1999; 138: 69-75. 

4- Griendling KK, Sorescu D, Lasse gue B, Ushio-Fukai M. Modulation of protein kinase activity and gene 

expression by reactive oxygen species and their role in vascular physiology and pathophysiology. 

Arterioscler Thromb Vasc Biol. 2000; 20: 2175-83. 

5- Schwenke DC. Antioxidants and atherogenesis. J Nutr Biochem. 1998; 9: 424-45. 

6- Princen HM, Van Poppel G, Vogelezang C, Buytenhek R, Kok FJ. Supplementation with vitamin E but  

 

www.SID.ir



Arc
hi

ve
 o

f S
ID

Ƙū�źŤƧŵŻƹŹƺƳ�źƠ�ƱřŹŚƨưƷ�ƹ�ƵŵřŻ  

ƶƬŬƯ�ƽƾưƬƗ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƽ�Î�ƵŹŚưƃ���ƽ�����żǀƿŚě�Õ�  

53 

not beta-carotene in vivo protects low density lipoprotein from lipid peroxidation in vitro. Effect of cigarette 

smoking. Arterioscler Thromb. 1992; 12: 554-62. 

7- Pastore A, Federici G, Bertini E, Piemonte F. Analysis of glutathione: implication in redox and 

detoxification. Clin Chim Acta. 2003; 333: 19-39. 

8- Sen CK. Redox signaling and the emerging therapeutic potential of thiol antioxidants. Biochem 

Pharmacol. 1998; 55: 1747-58.� 

9- Arrigo AP. Gene expression and the thiol redox state. Free Radic Biol Med. 1999; 27(9): 936-944. 

10- Ashfaq S, Abramson JL, Jones DP, et al. The relationship between plasma levels of oxidized and reduced 

thiols and early atherosclerosis in healthy adults. J Am Coll Cardiol. 2006; 47: 1005-011. 

11- Kugiyama K, Ohgushi M, Motoyama T, et al. Intracoronary infusion of reduced glutathione improves 

endothelial vasomotor response to acetylcholine in human coronary circulation. Circulation. 1998; 97: 2299-

2301. 

12- Weinbrenner T, Cladellas M, Covas MI, et al. High oxidative stress in patients with stable coronary heart 

disease. Atherosclerosis. 2003; 168(1): 99-106. 

13- Azarsiz E, Kayikcioglu M, Payzin S, Yildirim Sozmen E. PON1 activities and oxidative markers of LDL 

in patients with angiographically proven coronary artery disease. Inter J Cardiol. 2003; 91: 43-51.  

14-Yegin A, Yegin H, Aliciguzel Y, Deger N, Semiz E. Erythrocyte selenium-glutathione peroxidase 

activity is lower in patients with coronary atherosclerosis. Jpn heart J. 1997; 38: 793-8. 
15- Delport R, Ubbink JB, Human JA, Becker PJ, Myburgh DP, Vermaak WJH. Antioxidant vitamins and 

coronary artery disease risk in South Aferican males. Clin Chim Acta. 1998; 278: 55-60. 

16- Serdar Z, Aslan K, Dirican M, Sarandol E, Yesilbursa D, Serdar A. Lipid and protein oxidation and 

antioxidant status in patients with angiographically proven coronary artery disease. Clin Biochem. 2006; 39: 

794-803. 

17- Nojiri S, Daida H, Mokuno H, et al. Association of serum antioxidant capacity with coronary artery 

disease in middle-aged men. Jpn Heart J. 2001; 42: 677-90. 
18- Bridges AB, Scott NA, Pringle TH, McNeill GP, Belch JJ. Relationship between the extent of coronary 

artery disease and indicators of free radical activity. Clin Cardiol. 1992; 15: 169-74. 

19- Nourooz-Zadeh J, Tajaddini-Sarmadi J, Birlouez I, Wolff SP. Measurement of hydroperoxides in edible 

oils using the ferrous-oxidation in Xylenol Orange assay. J Agric Food Chem. 1995; 43(1): 17-21. 

20- Tietze F. Enzymic method for quantitative determination of nanogram amounts of total and oxidized 

glutathione: applications to mammalian blood and other tissues. Anal Biochem. 1969; 27: 502-22.  

21- Lepage G, Munoz  G, Champagne J, Roy CC. Preparative steps necessary for the accurate measurement 

of malondialdehyde by high-performance liquid chromatography. Anal Biochem. 1991; 197(2): 277-83. 

www.SID.ir



Arc
hi

ve
 o

f S
ID

ƆųŚƃ��ƺǀţřŶǀƀĩř�ŽźŤſř�įŚƷƹźƳƹźĩ�ơƹźƗ�İĮƴţ���
 

ƶƬŬƯ�ƽƾưƬƗ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƳŻ�ƾƳŚƯŹŵ�ƵŹƹŵ��ƱŚŬ�ƽ�Î�ƵŹŚưƃ���ƽ�����żǀƿŚě�Õ�  

54 

22- Mutlu-Turkoglu U, Akalin Z, Ilhan E, et al. Increased plasma malondialdehyde and protein carbonyl  

levels and lymphocyte DNA damage in patients with angiographically defined coronary artery disease. 

Clin Biochem. 2005; 38(12): 1059-65. 

23- Steinberg D, Parthasarathy S, Carew TE, Khoo JC, Witztum JL. Beyond cholesterol Modifications of 

low-density lipoprotein that increase its athrogenisity. N Engl J Med. 1989; 320(14): 915-24. 

24- Miwa K, Miyagi Y, Fujita M. Susceptibility of plasma low density lipoprotein to cupric ion-induced 

peroxidation in patients with variant angina. J Am Coll Cardiol. 1995; 26(3): 632-8. 

25- Nagel E, Meyer zu Vilsendorf A, Bartels M, Pichlmayr R. Antioxidative vitamins in prevention of 

ischemia/reperfusion injury. Int J Vitam Nutr Res. 1997; 67(5): 298-306. 

26- Upston JM, Terentis AC, Stocker R. Tocopherol-mediated peroxidation of lipoproteins: implications for 

vitamin E as a potential antiatherogenic supplement. FASEB J. 1999; 13: 977-94. 

27- Singh U, Devaraj S, Jialal I. Vitamin E, oxidative stress, and inflammation. Annu Rev Nutr. 2005; 25: 

151-74. 

28- Singh U, Jialal I. Anti-inflammatory effects of alpha-tocopherol. Ann N Y Acad Sci. 2004; 1031: 195-203. 

29- Stampfer MJ, Hennekens CH, Manson JE, et al. Vitamin E consumption and the risk of coronary disease 

in women. N Engl J Med. 1993; 328(20): 1444-9. 

30- Singh RB, Niaz MA, Rastogi SS, Rastogi S. Usefulness of antioxidant vitamins in suspected acute 

myocardial infarction (the Indian experiment of infarct survival-3). Am J Cardiol. 1996; 77(4): 232-6.  

31- Stephens NG, Parsons A, Schofield PM, et al. Randomised controlled trial of vitamin E in patients with 

coronary disease: Cambridge Heart Antioxidant Study (CHAOS). Lancet. 1996; 347: 781-6. 

32- Yusuf S, Dagenais G, Pogue J, Bosch J, Sleight P. Vitamin E supplementation and cardiovascular events 

in high-risk patients. The heart outcomes prevention evaluation study investigators. N Engl J Med. 2000; 

342(3): 154-60. 

33- DeMaio SJ, King SB, Lembo NJ, et al. Vitamin E supplementation, plasma lipids and incidence of 

restenosis after percutaneous transluminal coronary angioplasty (PTCA). J Am Coll Nutr. 1992; 11(1): 68-73.  

34- Haddad JJ, Olver RE, Land SC. Antioxidant/pro-oxidant equilibrium regulates HIF-1á and NF-kâ redox 

sensitivity. J Biol Chem. 2000; 275(28): 21130-9. 

35- Pompella A, Visvikis A, Paolicchi A, De Tata V, Casini AF. The changing faces of glutathione, a 

cellular protagonist. Biochem Pharmacol. 2003; 66(8): 1499-1503. 
36- Jacob RA. The integrated antioxidant system. Nutr Res. 1995: 15(5): 755-66. 

37- Sen CK, Packer L. Antioxidant and redox regulation of gene transcription. FASEB J. 1996; 10(7): 709-20. 

www.SID.ir



Arc
hi

ve
 o

f S
ID

Ƙū�źŤƧŵŻƹŹƺƳ�źƠ�ƱřŹŚƨưƷ�ƹ�ƵŵřŻ  

ƶƬŬƯ�ƽƾưƬƗ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƽ�Î�ƵŹŚưƃ���ƽ�����żǀƿŚě�Õ�  

55 

Evaluation of Measures of Oxidative Stress in Patients with Proven Coronary Artery 

Disease (CAD) Compared with Normal Persons 

 
Nourooz-Zadeh J, Eftekhar E, Haghparast F, Khademwatan K, Ekhlasmand M 

Corresponding Author′s Address: Department of Biochemistry and Nutrition, Urmia University of Medical Sciences, 

Urmia, Iran. 

Email: jnouroozzadeh@yahoo.co.uk  

 
Background and objective: Cardiovascular disease accounts for about 38% of the cause of death in Iran. The 

traditional risk factors can not justify the high prevalence of the disease, and therefore oxidative stress has 

been proposed as a contributing factor in morbidity and mortality. The aim of this study was to evaluate the 

plasma measures of oxidative stress in patients with CAD presented with myocardial infarction (MI) or 

without MI compared with the control group.  

Materials and Methods: This study consistsed of three groups as follow: 38 patients suffering from CAD 

without MI (mean age: 56.558.64), 20 CAD patients with MI (mean age: 50.857.79) and 55 healthy 

subjects (mean age: 49.858.5) as controls. Vitamin E concentration was determined through HPLC. and the 

amounts of glutathione and malondialdehyde were measured by spectrophotometer. 

Results: Plasma malondialdehyde levels were markedly higher in patient groups than in control groups 

(P<0.05). Lower glutathione levels were observed in patient groups compared with control group, whereas, 

reduced Vitamin E was only noted in CAD patients without MI (P<0.05). No significant differences were 

seen between measures of oxidative stress in patient groups. 

Conclusion: Reduction of glutathione molecules as antioxidants and enhanced lipid peroxidation may be 

involved in pathogenesis of CAD through up-regulation of signaling pathways leading to tissue damage.  

 

Key words: Coronary artery disease, Oxidative stress, Vitamin E, Glutathione, Malondialdehyde 

 

www.SID.ir

mailto:jnouroozzadeh@yahoo.co.uk

