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ěƹŹƺŘƫƹřǀ�����ſō�ƩŚŞƣ�Źŵ�ŢƓŚƠů�ŜŞſ�Ʋǀ�ƀĩř�ŜǀţřŶǀ���ƪºƇŚů�ƺ
��ŻřI-R��ƺŤŰƯ��ƵŶƃ�ƽ�Řţƹźě�ǀ�Ƴƺŝźĩ�Ʋǀ��ƪ�(PC���ƿ�ŝ�Ĩǀ��źĩŹŚƯ�ƺ

�ƀĩř�ŽźŤſřǀţřŶǀŚě�řŹ�ƺǀƿ�Ţſř�ƵŵŹƹō�Ʋ�Ö��ţ�ǀŹŚư���ƲºƛƹŹ�Śºŝ�
Żƿ��ŚƷŻƹŵ�Śŝ�ƱƺŤƽ�Ò�Í���ƹ�ÔÒ�Í�Ư�ǀƬƾ�ƫǀ�ĩ�źŝ�źŤǀ�ƱŶŝ�ƱŻƹ�ƭźĭƺƬ

�řżƟř�ŦƗŚŝƿ��Ÿě�ƭŚĪŰŤſř�Ƃƿźƽ��Ƴƺų�Ŷſ�ƾ-�żƜƯƽ���ºƫƹ�ƵŶƃ�ƾ�
��Śě�Żƹŵ�Źŵǀƿ��ƲƿƴƘƾ�ÏÒ�Í�Ư�ǀƬƾ�ƫǀ��ĩ�źŝ�źŤǀ�ř�ƱŶŝ�ƱŻƹ�ƭźĭƺƬ�ºƿ�Ʋ

�ŵ�źŧřƿ�ưƳ�ƵŶƾ����ŵƺºƃ�ÎÍ������ř�Źŵ�ŚºƯ�ºƿ����Ƙºſ�ƶºƘƫŚƐƯ�Ʋƾ��ŵźºĩ�ƿ�Ʈ
ººŝ�ƍŚººŞţŹřǀƜţ�Ʋººǀǀ�ƩƹźŤƀººƬĩ��ƩƹźŤƀººƬĩ�ŮƐººſ�ź�ƹ�źŤººſř�

źţƽ�Ƭĭǀźƀƿ�żƜƯ�Ŷƽ���ŸƜţ�źŧř�Źŵ�ƿ����Ż�ƲºƛƹŹ�Śŝ�ƶƿ���Ư�ƹ�ƱƺºŤ�ºǀ�Ʊřż
ĪƄţǀ��żƜƯ�ƭŵř�ƪƽ���ƶŤĪſ�ƩŶƯ�Źŵ���ƽ��żºƜƯ�ƽ�����ºſŹźŝ�ŵŹƺºƯ�řŹ�ƾ�

Ʒŵ�ŹřźƣǀƮ���
��

�ƁƹŹƾſŹźŝ��
�����ƁƺƯ�ŚƷƽ����ƹ�ŵřĦƳ�ƚƫŚŝ�źƳ�ƿ��ƵŵƹŶŰƯ�Źŵ�ŹŚŤƀ�ƽ��ºƳŻƹ�ƾ�ÏÍÍ�
��ŚţÐÍÍ���ƵŶĪƄƷƹĦě�Żř�ƭźĭ���ƽ�������Ƹºƃ�ƵŚĮƄºƳřŵ�śŚƈºƗř�ƭƺƬƗ�ǀ�Ŷ

ŤƄƸŝƾ�źų�ƿŹřŶƽ�ƵŶƃ����ŵ�Źŵ�ƵŹƹ��ƽ�����ŹŚºţ�ƶŤƗŚºſ�ƵŵŻřƹŵ�ƿĪƾ��
ŚƴƃƹŹƾƿ��ŚƯŵ�Źŵ�ƽ�ÏÏ�ƶūŹŵ���ƽ�ſ�ǀƀƬǀ�Žƺ��ŵŹřŶƳŚŤºſř�ƽřŸƛŚŝ
ƁƺƯ��řźŰƇ�ƽŚƷƾƿ�Ƹţ��ºǀ�����ŤƀºƳř�Żř�ƵŶºƃ�ƶǀ��řŹƺŤºſŚě�ƺŤƿ��Źŵ�Ʊřź

���ŶƳŶƃ�ƽŹřŶƸĮƳ�ƶƘƫŚƐƯ�šŶƯ��ƁƺƯ��ŚºƷ����ƶºŝ�Ò����ƬºƇř�Ƶƹźºĭ�ƾ�
ƀƤţǀ�ƃ�ƮŶ��ŶƳ��ƹ����ƪƯŚƃ�ƭřŶĩ�źƷÎÏ�ů�ǀ��Ʊřƺŵƺŝ�������šŶºƯ�ƶºŝ�ƶºĩ�
ÐÍ�����ŢƗŚſ�Źŵ�ŻƹŹ�ÎÎ���Śţ�ÎÏ�ƶŝ�����šŹƺºƇ�ĩřŹƺºųƾ��źƏ�Żř��ºƿ�Ƣ

��ĥřƹŚĭ�Ż�ƲƛƹŹƿƱƺŤ�Źŵ�ƿŶƳŵźĩ�ŢƟŚ�����źºƐƤƯ�śō�ƩźºŤƴĩ�Ƶƹźºĭ�
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Źŵƿ����ƹ�ŵźĩ�ŢƟŚÐ���ŚƯŻō�Ƶƹźºĭ��ºƿƄƾ�ŵ�ƿ����Ż�ƲºƛƹŹ�źºĮƿ����Śºŝ�ƱƺºŤ
ŚƷŻƹŵƽ�ÏÒ�Í���Ò�Í���ƹ�ÔÒ�Í�Ư�ǀƬƾ�ƫǀ��ĩ�źŝ�źŤǀ���ƱŶºŝ�ƱŻƹ�ƭźĭƺºƬ
�źƏ�Żřƿ��Źŵ�ĥřƹŚĭ�Ƣƿ�ŶƳŵźĩ�ŢƟŚ����Źŵ��ţ�Ʈƃ�Ƶƹźĭǀ����ŚºƤƫř�ƹ�ŹŚºưƽ�

řººƿưĪƀƾ�šŹƺººƇ�ŢººƟźĮƳ�ŚººƷŻƹŵ�ƽŝŚººŴŤƳř�ƾř�źººŝ��ŽŚººſ
ƵŶƃ�ƭŚŬƳř�šŚƘƫŚƐƯ�ƽƬŞƣ�ƾ�Ǝºſƺţ�Gonzalez-Correa ��ƹ

��ƂƳřŹŚĪưƷŵƺŝ��ÎÎ������Ư�ŽŚºſř�źŝ�ƹ�ºǀĮƳŚǀ�����ƲºƛƹŹ�ƝźƈºƯ�Ʋ
Żƿ��ŶƯ�Źŵ�ƱƺŤƿ���ƶĩ�ƶƳřźŤÑÓ�����Ţºſř�ŻƹŹ�Źŵ�ƭźĭ�������Ŷºƃ�śŚºŴŤƳř�
�ÎÏ�������źųō�Żř�ŶƘŝ�ŢƗŚſ�ƹŵƿ�ţ�Ʋǀ���ƬƇř�Ƶƹźĭ�źƷ�ŹŚưƾ��Ż�ƶŝ�ƿ�ź

��ƵƹźºĭMCAO��Middle Cerebral Artery Occlusion���
�n=Ó����ƶĩ��źƃ�ŵřŶƀƳř�ŢŰţƿ�Ư�ƱŚǀƳŚƾ��żºƜƯ�ƽ������ƹ�ƶºŤƟźĭ�Źřźºƣ�
řźŝƽ�ƵŻřŶƳř��ĭǀźƽ�Ư�ǀ��żƜƯ�ƭŵř�Ʊřżƽ�ŶƴŤƟŹ�ŹŚĩ�ƶŝ�Ż�ƹ��ºƿ��Ƶƹźºĭ�ź

������řźºŝ�ƶºĩ�ƵŵŹƺºŴƳ�Ţſŵƽ��ƫŚºƳō�ǀ�ƫ�żǀĜ�ºǀŚƷŶƽ��żºƜƯ�ƽ�����ŹŚºĩ�ƶºŝ
Ưƾ�ŶƴŤƟŹ��ƀƤţ�ǀ�Ŷƃ�Ʈ��ƶŝ��ř�ŹƺƔƴƯƿ���ŵŚºŬ���ƶŤĪºſ�ƩŶºƯ��ƽ��żºƜƯ�ƽ�
��źƃ�ŵřŶƀƳřƿ�żĩźƯ�ƱŚƽ��żºƜƯ����ƁƺºƯ�����ŚºƷ��Żƺºţ�Żř�ŶºƘŝƿ��Śºŝ��Ʋ

ƹŹřŵƽƩřźƬĩ�Ʒ�ǀšřŹŶ��ƱŚưƫō��ħźƯ� ƶŝ�Ưǀ�ƱřżÑÍÍ�ƯǀƬƾ���ƭźºĭ
�ĩ�źŝǀ���ŝ�ƱŶŝ�ƱŻƹ�ƭźĭƺƬǀ��ŶƳŶºƃ�ƁƺºƸ���ºůřźūƾ�ƩŶºƯ���ŻŚºſƽ�

�źººƃ�ŵřŶƀººƳřƿƯ�ƱŚººǀƳŚƾ�żººƜƯ�ººƿ�ƱŚººưƷ�ŚMCAO�ƢŝŚººƐƯ�
ƪưƘƫřŹƺŤººſŵLonga ����Ŷººƃ�ƭŚººŬƳř�ƂƳřŹŚººĪưƷ�ƹ�ÎÐ��� �

ƶººŝ��ººůřźū�ŢººŰţ��ƶººƇǈų�ŹƺººƏƾƯ�ǀěƺĪººſƹźĪƾ��ººƿ�Ĩ� �
Ŵŝ�ŲººƳººǀŚººƳ�ƶƿ�ƱƺƬÍŚººţ�ÐźƏ�Żř�ººƿźººƃ�ƶººƴţ�ƢƿŹŚĩ�ƱŚţƹººǀŶƽ 

ūŹŚųƾ���źƃ�īŹ�ŵŹřƹ�ƿƳŚƾ����ſŹ�Śţ�ƹ�Ŷƃ�ŢſřŹ�ǀ�źºƃ�ƶŝ�ƱŶƿ�ƱŚ
żººƜƯƽƯřŶººƣ�ƾƯ�Żř�ººǀźººƃ�ƱŚƿţƹŹŚĩ�ƱŚººǀŶƽººƬųřŵ�ƾ�Śººŝ�
źŤěƿţǇŚěƺĮǀ�����Ƶŵřŵ�ƶƯřŵř�ƶŤƀŝ�ƲŶƃ��������Ŵŝ�ŲºƳ�ŽŚºưţ�źºŧř�Źŵ��ºǀƶ� �

(Anterior Cerebral Artery) ACA�źūƿ�źƷ�Żř�Ʊƺų�ƱŚ
ƶŝ�ƝźƏ(Middle Cerebral Artery ) MCA �ƶŤƀŝ��Ŷƃ��

řƿ����ºƃ�ƶŤƀºŝ�Ʋ��źƏ�Żř�ƱŶ�ºƿ������ě�Źŵ�ŢºƯƹŚƤƯ�ŽŚƀºůř�Ƣ�ºǀƹźƄƽ� �
�ŵƹŶºººů�ŵƹŹƹ�ƹ�ŲºººƳÏÍ�ƯǀºººƬƾ�ƶºººƴţ�Żř�ŲºººƳ�ƩƺºººƏ�źºººŤƯ� �

(External Carotid Artery) ECA��ƆŴƄƯŶƿŵźĭ��ŶƘŝ�
��ŻřÓÍ�ƣŵ�ǀ�ř�ƶƤƿưĪƀƾ�Źřźƣźŝ��ƽ��źū�ŵŶŬƯ�ƿ����šŹƺºƇ�Ʊƺų�ƱŚ

ŢƟźĭ.�ŚƯŵ�ƽ���źƏ�Żř�ƱŶŝ�ƿ�����ŵ�ŪƴſŚƯŵ�Ĩưĩ�Śŝ�ƭƺŤĩŹ�ƢƿŬǀƫŚŤƾ�
�Geratherm Color, Germany��ƵŻřŶººƳř�ĭººǀźƽ�Źŵ�ƹ�

��ŵƹŶůÐÔ�ƶūŹŵ���ƽ�ƀƬſ�ǀ��Ŷƃ�ƒƠů�Žƺ������ŻŚºſřŶū�Żř�ŶºƘŝƽ�
�ů�źſǀ���Ŷƃ�ũŹŚų�żƜƯ��Ʊřƺ������żºƜƯ�ƪºě��ƶĤŴƯƽ��ě�ƹ��ǀ�ŚºƷŻŚƽ�

ƺŝƿŚƾƿ������ƵźƨưǀƳ�ƆƫŚų�ƱŻƹ�ƹ�ŶƳŶƃ�řŶū�������żºƜƯ�ƽŚºƷ�WW��
ƵŻřŶƳř�ĭǀźƽ��Ŷºƃ���������ĨƄºų�ƱŻƹ�žĜºſ�DW�������Źřźºƣ�Żř�ŶºƘŝ

��ƲŤƟźĭÏÑ�����ŚƯŵ�Śŝ�Ʊƹō�Źŵ�ŢƗŚſ�ƽ�ÎÏÍ�ƶūŹŵ���ƽ�ƾŤƳŚſ����ŵřźºĭ
ƵŻřŶƳř�ĭǀźƽ��Ŷºƃ����ŚƸƳ�Źŵ�ºƿ��ƺºŤŰƯ��Ţƽ��������ŽŚºſř�źºŝ�żºƜƯ�śō�

�ƩƺººƯźƟ�[(WW-DW)/WW]×ÎÍÍ��ƵŻřŶººƳř�ĭººǀźƽŶººƃ��
�ÎÑ����Śě�Źŵƿ��ſ�ŻƹŹ�ƱŚƾ�����ƭŚºưţ�ƭř�ƁƺºƯ��ŚºƷ�źƏ�Żř��ºƿŹżţ�Ƣ�ºƿ�Ƣ

��ƣŚƠºƇ�ƪųřŵƾ���Ʒ�ƩřźºƬĩ��ºǀ���Żƹŵ�Śºŝ�šřŹŶÕÍÍƯ�ǀ�ºƬƾ����źºŝ�ƭźºĭ
ĩǀƺƬ����������ŶƘŝ�ƱŚƃżƜƯ�ƹ�ŶƳŶƃ�ƶŤƄĩ�ƱŶŝ�ƱŻƹ�ƭźĭ��Żř���Ʊŵźºĩ�řŶū

�������Ƴ�ƹ�ƵŶºƃ�ũŹŚų�ŢƗźſ�ƶŝ�ƱŚƃźſǀ�źºĪưƵ�ƽ������Żř�żºƜƯ�ŢºſřŹ�
Śſƿ�Ţưƀƣ�ź�ŚƷƽ���Ƴ�ƪŨƯ�żƜƯ�ǀ�ƵźºĪư�ƽ���������ƪºě�ƹ�ƶºĤŴƯ�ƹ�Ěºģ�
żƜƯƽ��ƵŶƃ�řŶū����ŚƯŵ�Źŵ�ƽ�ÕÍ���ƶºūŹŵ���ƽ�ſ�ǀ�ƀºƬǀ��řźºŝ�Žƺƽ�
ƫŚƳōǀŚººƷżƽƫ�ǀĜººǀŶƽŹřŶººƸĮƳ�ƽŶººƃ���ƶººƳƺưƳ�ƽżººƜƯ�ƽ�Śººŝ�Ò�
ƯǀƬƾ�ƫǀ�������ƮŬů�Śŝ�ƩƺƳŚŤƯ�ƹ�ƭŹƺƟƹźƬĩ�źŤÎ�ƶŝ�Î�ƹ�Ò�ÍƯ�ǀƬƾ�ƫǀ��źºŤ

��ƹŹ�źƐƤƯ�śōƽ�ŤƴĮƯ��ºǀ��Ťºſř�Ĩǀ���ŚºƯŵ�Źŵ�Źźƽ������ºƯ�ƶºŝ�ơŚºţř��šŶ
��ƪƣřŶůÕ������ř�Śŝ�ƹ�Ŷƃ�ƶŤƃřŸĭ�ŢƗŚſ�ƿ����ƫ�ƪºĩ�ƁƹŹ�ƲǀĜ�ºǀ��Żř�ŚƷŶ

�żƜƯ�ŢƟŚŝƽ�ŻŚſřŶū�ƽ�Ŷƃ������Żř�ŶƘŝÕ�����ƹŹ�Żř�ƶºƳƺưƳ�ŢƗŚſ�ƽ�
Ťſřǀ�ƶŤƃřŵźŝ�Źź�����šŶƯ�ƶŝ�ÎÍ�ƣŵ�ǀ�Źƹŵ�Śŝ�ƶƤgÎÏÍÍźŤƳŚſ�ƿƠǀ�ĥƺ
Ưƾ��������ƣŚŝ�śƺſŹ�ƹ�ƵŶƃ�ƶŤƃřŵźŝ�ŢƳŚţŚƳźěƺſ�žĜſ�ŵƺƃǀ��ƵŶºƳŚư

ººƟźƓ�ƹƾ�Śººŝ�řŹ�ƵŶººƃ�ƱĥƺººưƷ�Ʊō�Źŵ�żººƜƯ�ƶººĩ�ÏƯ�ǀººƬƾ�ƫǀźººŤ�
��ƮººŬů�Śººŝ�ƩƺƳŚººŤƯ�ƹ�ƭŹƺººƟƹźƬĩÎ��ƶººŝÎ�ƵŹŚººŝƹŵ�ƹ�ƶŤƀººƃ�

źŤƳŚſƿƠǀ�Ư�ĥƺƾ�ƴĩǀ�������ŢƳŚţŚƳźěƺſŚŝ�ƹ�ƶŤƃřŵźŝ�řŹ�ŢƳŚţŚƳźěƺſ�ƹ�Ʈ
ƫƹřƾ�ĩźţ�ǀ�Ư�Ŝƾ�ƴĩǀ�ŚƯŵ�Źŵ�ƹ�Ʈƽ�ÑƶūŹŵ��ƽſ�ǀƀƬǀ�řźºŝ�Žƺƽ�

ŻŚſřŶūƽ����ŻŚºſ�ƆƫŚų�ƹ�ƽ���ŚºſŚƴƃ�ƹ�ƾƿ�ƫ�ǀĜ�ºǀ��ŹřŶºƸĮƳ�ŚƷŶƽ�
Ŷƃ��ŻŚſřŶūƽ�ƫ�ǀĜǀ��������ƟřźĭƺţŚºƯƹźĩ�ƱƺŤºſ�Żř�ƵŵŚƠŤºſř�Śºŝ�ŚƷŶƾ�

DEAE - sephadex�ƭŚŬƳř���ŢºƟźĭ������ƵŵŚºƯō�Żř�ŶºƘŝ�ƱƺŤºſ
ŻŚſƽ������Ʃǈů�Śŝ�ŹŚŝ�ƹŵ�A���ƭŹƺƟƹźƬĩ�ƪƯŚƃ�ƶĩ����ƩƺƳŚºŤƯ��ƹ���śō�

���ƮŬů�ŚŝÕ�ÓÍ�ÐÍ�ŵƺŝ����ƫ�ƹ�Ŷƃ�ƶŤƀƃ�ǀĜǀŶ�ŚƷƽ�Ũƴų�ƾ���Ʃǈů�Źŵ�
A�Ɩưū��Źƹōƽ�ƃ�Ŷ��ř�ƶĩ�ŶƳƿƲ��Śƃ�ŚƷ������ƩƹźŤƀºƬĩ�ƹ�ƩƹźŤƀºƬĩ�ƪƯ

��źţ�ƹ�źŤſřƽ�Ƭĭ�ºǀźƀƿ��Ŷ�ŶºƳŵƺŝ��ÎÒ���ƫǀĜ�ºǀ���ƹŹ�źºŝ�ŚƷŶƽ�Ƭě��ºǀŢ� �
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ÎÍ×�ÏÍ�ººſǀƬǀ�ƩĥŚĪHPTLC�ÓÍ�,���ƱŚººưƫō�ƹ�ħźººƯ���Śººŝ
���ƵŚĮŤºſŵ�Żř�ƵŵŚƠŤºſřHPTLC��ƩŶºƯ�Camag � linomat 

auto TLC � spotterŹřŸĭ�ƶƐƤƳ�ƽ��ŶƳŶºƃ�����ƭŚºưţř�Żř�ŶºƘŝ
�ŹřŸĭ�ƶƐƤƳƽ�Ƭě�ǀŢ���źƟŚŝ�Źŵ�ŚƷƽ����ƭźºƟƹźƬĩ�ƪƯŚƃ�ƶĩ����ƩƺƳŚºŤƯ���
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Ƶƹźĭ�ŚƷ �ŢŞƀºƳ �ƶºŝ �ƩźºŤƴĩ �źţǇŚºŝ �Ţºſř �ƶºŝ ƛ�ºǀź Żř �ŮƐºſ 

ƽźţ�ƬĭǀźƀƿŶ żƜƯ Źŵ �Ƶƹźºĭ �ŹŚºĭŹŚƯƿƲ �ŮƐºſ �źŤƀºƬĩƩƹ Źŵ 

Ƶƹźĭ Ż�ƲƛƹŹƿƱƺŤ �ƶºŝ �ŹƺºƏ �ĮưƄºģǀƽź �ŢŞƀºƳ �ƶºŝ �Śºſƿź 
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Ƶƹźĭ�ŚƷ źţǇŚŝ Ţſř ƛ�ƶŝǀź Żř Ƶƹźĭ ƲƛƹŹ ƱřŵźĮŝŚŤƟō �ŮƐºſ 

ƽźţ�ƬĭǀźƀƿŶ żƜƯ ƵƹźĭŹŵ �ƲºƛƹŹ Żƿ�ƱƺºŤ �ŢŞƀºƳ �ƶºŝ �Śºſƿź 
Ƶƹźĭ�ŚƷ ƶŝ ŹƺƏ ĮưƄģǀźţǇŚŝ�ƽź Ţſř ƶŝ żū �Ƶƹźºĭ �ƲºƛƹŹ 

ƺſƿŚ� ƩƹźŤƀƬĩ ƽřźŝ żŤƴſ ŚƄƛ ƹ�ƫŚƘƟǀŢ�ƽŚƷ ŵƿźĮ ƩƺƬſ�ŚƷ 

ŝƶ ŹŚĩ Ưƾ��ŵƹŹ�ÏÍ���Śŝ ƶūƺţ ŚŤƳ�ƶŝƿŪ řƿƲ ŚƯŻōƿƂ�ŚƷ Ưƾ�Ʊřƺţ 

ŢƠĭ ƶĩ ƲĪưƯ Ţſř ƲƛƹŹ�ƝźƈƯ�ƽŚƷ ŰƯǀƐƾ ƶĩ �ŮƐºſ 

ƩƹźŤƀƬĩ ƹ ƩƹźŤƀƬĩ źŤſř Źŵ�ŵƺūƺƯ Ɓŵźĭ ſ�ºǀưŤƀǀĨ řŹ 
řżƟřƿƂ Ưƾ�ŶƴƷŵ Ưƾ�ŶƳřƺţ ŦƗŚŝ řżƟřƿ�ŮƐºſ�Ƃ �ƩƹźŤƀºƬĩ ƹ 

ƩƹźŤƀƬĩ źŤſř�ƽżƜƯ �ŵƺºƃ���żºƜƯ�ƭŵřƽ�ř�Żř�ŶºƘŝ��ºƿưĪƀƾ�ƹ�
ƳŚººſźƳƺųƾ�źŴţ�ŦººƗŚŝ�ŵŶººŬƯººƿƳƺººų�Ŷººſ�Ŝƾ���żººƜƯƽ�

Ưƾ�ŵƺƃ����żºƜƯ�ƭŵřƽ������ůřƺºƳ�Źŵ�řŶºŤŝř�Źŵ�ƾ�������ŻƺºƴƷ�ƶºĩ�řźŞƯƺºƴě�
ŹřŶƤƯƽ�ƳŚſźƳƺų�ƾ�Ư�ƾ���Ư�ơŚƠţř�ŶƳƺƃƾ��ŶºŤƟř�����ř�ƩŶºƯ�Źŵƿ��ŵŚºŬ

�żƜƯ�ƭŵřƽ����ƱŚĭŶƳƺū�Źŵ�Õ�����řŵ�ƲŤƀŝ�Żř�žě�ŢƗŚſ�ƿưƾ�źƃ�ƿ�ƱŚ
ƯǀƳŚƾ��żºƜƯ�ƽ�ƹ����żºƜƯ�ƭŵř�ƽ�ŝ��ºǀ��ůŚƳ�Źŵ�źŤƄ�ºǀ�����ƱƺƳŚºĩ�ŹƹŚºŬƯ�ƶ

�ŵ�ƶŤĪſƿ�Ư�ƵŶƾ�ŵƺƃ��Ư�ƭŵřżƜƽƳ�Ǝſƺţ��ºǀƵƹź��ŚºƷƽ��ƵŶºƳźŝƺƬū�
�źū�ƪŨƯƿ��ƱŚƿƱƺ�ŚƷƽ�Ŷſ�ƿ��ſŚŤě�ƹ�Ʈǀ��źū�ƹ�Ʈƿ�����Ţưºſ�ƶŝ�śō�ƱŚ

ůŚƳǀƶ�řƽ���ƳŚſźƳƺų�ǈƇř�ƶĩ�ƾ�ưƳ�ƾ��źū�ŵƺƃ�ºƿ��ºƯ�ƱŚƾ�ƿ�ŶºŝŚ���ƭŵř
řƿ���źŴţ�ŦƗŚŝ�ƵŶƃ�ŵŚŬ�ºƿ����Ƴƺºų�Ŷºſ�Ŝƾ����żºƜƯƽ��ºƯ�ƾ��ŵƺºƃ��

���Ƴƺų�Ŷſ�ƱŶƃ�ƶŤƀĪƃƾ��żƜƯƽ���ĥřŹƺưƷ�ƕƺƣƹ�ƹ�ƽ�Ư�ƾ��ŶƳřƺţ
ŤƳǀƶºººŬ�ƽŘţƹźěƺƫŚŤƯ�ƱŶºººƃ�ƩŚºººƘƟ�ǀŚºººƷŻŚƴƽźţŚƯ�ƿƀºººĪƾ� �
�Matrix Metalloproteinases�MMPs�ŶºººƃŚŝ��ÏÎ���

ƴĤưƷǀ��ƲMMP���źŴţ�ŦºƗŚŝ�ŚƷ�ºƿ��Řţƹźºě�ŜǀƲ��ŚºƷƽ��ƀºƯ�ƺ�Ʃƹ
řƿ�����ŵƺƬĩř�ƶƬưū�Żř�ƮĪŰƯ�šǇŚƈţř�ŵŚŬƿ���ŵƺºƬĩ�ƹ�Ʋƿ���ºƏ�Źŵ�Ʋƾ�
řººƿưĪƀƾƳŚººſźƳƺų�ƹ�ƾŵŶººŬƯ�ººƯ�ƾ�ŶƳƺººƃ����ƪººƇř�ƢººŞƏ

ƫŹŚŤſřǀ��ĮƳƺĮģ�ħŹŵ��Ĭƴƾ�ř�ƿ�������ŹƺŤĩŚºƟ�ƹŵ�ŢųŚƴƃ�ƶŝ�ƭŵř�ŵŚŬ
ƳººǀŵŹřŵ�ŻŚ��ººƃ��Ʃƹř�ŹƺŤĩŚººƟǀŚƷŹŚƄººƟ�ŜƽƷ�ǀţŚŤººſƹŹŶǀ�ƹ�Ĩ

żưſřƽ�����ŸěŷƺƠƳ�ƭƹŵ�ŹƺŤĩŚƟ�ƹ�Ţſř�ƿźƽ�ƺƯ�ƿīź�ŢſŚƷ���ŹƺŞƗ
���ƩƺƬſ�Żř�ŹƹźƯ�ƹ�ŚƷƽ�ƬţƹŶƳř�ǀƫŚƾ��źƏ�Żř��ƿ�ƩŚƳŚĩ�Ƣ��ŚºƷƽ��ºƿƳƺƾ��

ěǀſƺƴǀ��ƩŚƈţř�ƹ�ŻƺŤ�ŚƷƽ���ºŝ�ƮĪŰƯ�ǀ��ƩƺƬºſ�Ʋ��ŚºƷƽ��ƬţƹŶºƳř�ǀƫŚƾ�
��ºƯ�šŹƺƇƾ�ĭ�ºǀŵź������������ř�Żř�ƭřŶºĩ�źºƷ�ŵźºĪƬưƗ�Źŵ�ƩǈŤºųř�ºƿ�Ʋ
�Ư�ŚƷŹƺŤĩŚƟƾ�������żºƜƯ�ƭŵř�Żƹźºŝ�ŜŞſ�ŶƳřƺţƽ��ŵƺºƃ���ÏÏ����ŚºƸƯ�Ź

ĩźţ�Ǝººſƺţ�śŚººƸŤƫřǀƫƺººƴƟ�šŚººŞƾŻ�ƲººƛƹŹ�ƿººƯ�ƱƺººŤƾ��ŶººƳřƺţ� �
ƘƯŚū�ƒººƠů�ŢººƬƗººǀƳƺººų�Ŷººſ�Ţƾ��żººƜƯƽººƏ�ƾººſō�ǀ�Ŝ

řƿưĪƀƾ��ƳŚºſźƳƺųƾ����ŶºƃŚŝ�ŵŶºŬƯ�����ĩźţ�ǈŨºƯǀ���ƫƺºƴƟ�šŚºŞƾ� �
VOO��Virgin Olive Oil��ºƯƾ����ƫŚƘƟ�ŹŚºƸƯ�Śºŝ�ŶºƴƳřƺţ�ºǀ�Ţ

�ƺƳƹŹ�ŹƺŤĩŚƟƿƀƾ�NFқB�����ƱŶƃ�ƩŚƘƟ�Żř�MMPÖ���ŤƳ�Źŵ�ƹ�ǀ�ƶŬ
�źŴţ�Żřƿ����Ƴƺºų�Ŷºſ�Ŝƾ���żºƜƯƽ��ĭƺºƬū�ǀźƽ������ŦºƗŚŝ�ƹ�Ƶŵźºĩ�
��ƂƷŚĩƯǀ��żƜƯ�ƭŵř�Ʊřżƽ�ŶƳƺƃ�������Ƶŵřŵ�ƱŚƄºƳ�šŚºƘƫŚƐƯ�����ƶºĩ�ŶºƳř

ţǀ���Śŝ�ŹŚưVOO���Ƴ�ƂƷŚĩ�ŜŞſ��ǀźŤƿŢ��Ƴǀ��ŚƤƯ�Źŵ�šřźŤƿ���Śºŝ�ƶƀ
��Ư�ŶƷŚƃ�Ƶƹźĭƾ���ř�ƶĩ�ŵƺƃƿ���źŧř�ƲVOO��ƹŹ�źŝ�ƽ�����ƱŶºƃ�Ɩºưū�

NO���Nitric Oxide����ƫŚƘƟ�ƂƷŚºĩ�ŢºƬƗ�ƶºŝ�ǇŚưŤůř���ºǀ�Ţ
iNOS��Nitric Oxide Synthase��Ţſř��ÎÎ����

��
ŤƳǀĭ�ƶŬǀźƽ���

�������ŚŤƳ�ŽŚſř�źŝƿŪ���Ż�ƲƛƹŹ�ƿ����ºƯ�źºĪŝ�ƱƺŤƾ�����Ɯţ�Śºŝ�ŶºƳřƺţ�ºǀǀź�
�ƫ�ŮƐſǀĜǀŚƷŶƽ�żƜƯ�ƽ������żºƜƯ�ƭŵř�ƂƷŚºĩ�ƹƽ��ƶºŝ�����ƱřƺºƴƗ�ºƿ�Ĩ

żĭƿƶƴ�ř�ƿ��řźŝ�Ʃō�ƵŶƽě�ǀř�ƱŚƯŹŵ�ƂƿưĪƀƾ�żºƜƯ�ƽ�ƶºŝ����šŹƺºƇ
���ƹ�ŚƸƴţƿ��ƹŹřŵ�Ĩưĩ�Śƾƿ����ŵƺºƃ�ƶºŤƟźĭ�źºƔƳ�Źŵ��ř�Śºŝ��ºƿ��ƩŚºů�Ʋ

�ŝ�šŚƘƫŚƐƯǀźŤƄƽ�řźŝ�ƽƳŚĪƯ�Ʊŵźĩ�ƆŴƄƯ�ǀƮƀ��ŚºƷƽĭŹŵ��ºǀ�ź
ř�ƩŚưƗř�ŹŵƿƜţ�ƲǀƳ�ŵŹƺƯ�šřźǀŢſř�ŻŚ���

��
�ƹ�źƿŶƤţ�źĪƄţ��

������Śě�ŹŵƿŚ����Ư�ƭŻǇ�ŵƺų�źŝ�Ʊƾ�Ƴřŵǀ����ƤŰţ�ŢºƳƹŚƘƯ�Żř�Ʈǀ���ƹ�šŚºƤ
ŹƹŚƴƟƽ������Īºƃżě�ƭƺºƬƗ�ƵŚĮƄºƳřŵ�ƾ�������ƭƺºƬƗ�ƵŚĮƄºƳřŵ��ŵźĩźƸºƃ�
Īƃżěƾ�Ƹƃ�ǀ�ŤƄƸŝ�Ŷƾ��Ƭĩ�ƹ�ǀƶ��ƽ�żƗ�ƿƳřżƾ���������ƭŚºŬƳř�Źŵ�řŹ�ŚºƯ�ƶºĩ�

řƿƤŰţ�Ʋǀ�ƢƿŹŚƽŶƳŵƺưƳ��ƳřŵŹŶƣ�ƾŚưƳ�ǀƿƮ���
��
��
��
��
��

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

ƶŤĪſ�ƩŶƯ�Źŵ�ƽżƜƯ�ƭŵř�ƹ�ƽżƜƯ�ƽŚƷŶǀĜǀƫ�ƍŚŞţŹř����
 

ƶƬŬƯ�ŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽƵŹƹ��ƽÏÎƵŹŚưƃ����ƽÕÓ�ŹƺƿźƸƃ�ƹ�ŵřŵźƯ��ÖÏ 

62 

References  

1- Margaill S, Plotkin M, Lerouet D. Antioxidant 

strategies in the treatment of stroke �� Free Radic 

Biol Med. 2005; 39: 429-443. 

2- Flamm ES, Demopoulos HB, Seligma ML, 

Poser RG, Ransohoff J. Free radicals in cerebral 

ischemia.�Stroke. 1978; 9: 445-447.    

3- David SW, Huaxin S, Ines BH. Oxidants, 

antioxidants and the ischemic brain. J Exp Biol. 

2004; 207: 3221-3231. 

4- Wang L, Geng C, Jiang L, et al. The anti 

atherosclerotic effect of olive leaf extract is 

related to suppressed inflammatory response in 

rabbits with experimental atherosclerosis. Eur J 

Nutr. 2008; 47: 235-243. 

5- Omar SH. Oleuropein in olive and its 

pharmacological effects. Sci Pharm. 2010; 78: 

133-154. 

6- Visioli F, Poli A, Galli C. Antioxidant and 

other biological activities of phenols from olives 

and olive oil. Med Res Rev. 2002; 22; 65-75. 

7- Visioli F, Bellosta S, Galli C. Oleuropein, the 

bitter principle of olives, enhances nitric oxide 

production by mouse macrophages. Life Sci. 

1998; 62: 541-546. 

8- Stupans I, Kirlich A, Tuck KL, Hayball PJ. 

Comparison of radical scavenging effect, 

inhibition of microsomal oxygen free radical 

generation, and serum lipoprotein oxidation of 

several natural antioxidants. J Agric Food Chem. 

2002; 50: 2464-2469. 

9- Andreadou I, Iliodromitis EK, Mikros E, et al. 

The olive constituent oleuropein exhibits anti-

ischemic, antioxidative, and hypolipidemic 

effects in anesthetized rabbits. J Nutr. 2006; 136: 

2213-2219. 

10- Mohagheghi F, Bigdeli MR, Rasoulian B, 

Zeinanloo AA, Khoshbaten A. Dietary virgin 

olive oil reduces blood brain barrier permeability, 

brain edema, and brain injury in rats subjected to 

ischemia-reperfusion. Sci World J. 2010; 10: 

1180-1191. 

11- Gonzalez-Correa JA, Navas MD, Lopez- 

Villodres JA, Trujillo M, Espartero JL, Cruz JP. 

Dietary virgin olive oil reduces oxidative stress 

and cellular damage in rat brain slices subjected 

to hypoxia- reoxygenation. Lipids. 2007;  

42: 541-7. 

12- Panza F, Solfrizzi V, Colacicco AM, et al. 

Mediterranean diet and cognitive decline. Public 

Health Nutr. 2004; 7; 959�963. 

13- Longa EZ, Weinstein PR, Carlson S, 

Cummins R. Reversible middle cerebral artery 

occlusion without craniectomy in rats. Stroke. 

1989; 20: 84-91. 

14- Bigdeli MR, Hajizadeh S, Froozandeh M,  

et al. Normobarichyperoxia induces ischemic 

tolerance and upregulation of glutamate 

transporters in the rat brain and serum TNF-á 

level. Exp Neurol. 2008; 212: 298-306. 

15- Denny CA, Kasperzyk JL, Gorham KN, 

Bronson RT, Seyfried TN. Influence of caloric 

restriction on motor behavior, longevity, and 

brain lipid composition in sandhoff disease mice. 

J Neurosci Res. 2006; 83: 1028-1038. 

16- Macala LJ, Yu RK, Ando S. Analysis of 

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

ƱřŹŚƨưƷ�ƹ�ƾƘǀŝŹ�řźƷŻ��
 

ƶƬŬƯ�ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ��ƽÏÎƵŹŚưƃ����ƽÕÓ�ŹƺƿźƸƃ�ƹ�ŵřŵźƯ��ÖÏ 

63 

brain lipids by high performance thin-layer 

chromatography and densitometry. J Lipid Res. 

1983; 24: 1243-1250. 

17- Jason D, Richard D, and Stephen D. 

Molecular physiology and pathophysiology of 

tight junctions in the blood�brain barrier. Trends 

Neurosci. 2001; 24: 719-725. 

18- Owen RW, Giacosa A, Haubner R, 

Spiegelhalder B, Bartsch H. The 

antioxidant/anticancer potential of phenolic 

compounds isolated from olive oil. Eur J Cancer. 

2000; 36: 1235-47. 

19- Rubin LL, Staddon JM. The cell biology of 

the blood brain barrier. Annu Rev Neurosci. 1999; 

22: 11-28. 

20- Kurban S, Mehmetoglu I, Yilmaz G, Effect 

of diet oils on lipid levels of the brain rats. Ind J 

Clin Biochem. 2007; 22: 44-47. 

21- Pfrieger FW. Outsourcing in the brain: do 

neurons depend on cholesterol delivery by 

astrocyte. Bioessays. 2003; 25: 72-78. 

22- Ashai M, Wang X, Mori T, et al. Effects of 

matrix metalloproteinase-9 gene knock- out on 

the proteolysis of blood- brain barrier and white 

matter components after cerebral ischemia. J 

Neurosci. 2010; 21: 7724-7732. 

 

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

ƶŤĪſ�ƩŶƯ�Źŵ�ƽżƜƯ�ƭŵř�ƹ�ƽżƜƯ�ƽŚƷŶǀĜǀƫ�ƍŚŞţŹř����
 

ƶƬŬƯ�ŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽƵŹƹ��ƽÏÎƵŹŚưƃ����ƽÕÓ�ŹƺƿźƸƃ�ƹ�ŵřŵźƯ��ÖÏ 

64 

The Effect of Dietary Virgin Olive Oil on Brain Lipid Levels and Brain Edema in Rat 

Stroke Models 
 

Rabiei Z1, Bigdeli MR2, Asadi M3 

1Medical Plants Research Center, Shahr-e-kord University of Medical Sciences, Shahr-e-kord, Iran 
2Faculty of Biological Sciences, Shahid Beheshti University, Tehran, Iran 

3Shahr-e-kord University of Medical Sciences, Shahr-e-kord, Iran 

 

Corresponding Author: Bigdeli MR, Faculty of Biological Sciences, Shahid Beheshti University, Tehran, Iran 

Email: bigdelimohammadreza@yahoo.com 

Received: 15 Oct 2012       Accepted: 29 Apr 2013 

 
 

Background and Objective: Stroke is the third most common cause of death in industrialized countries after 

cardiovascular diseases and cancer. Despite numerous defenses, the brain is vulnerable to oxidative stress 

resulting from ischemia and reperfusion. Due to the relationship between olive oil consumption and low 

cardiovascular mortality and morbidity, this study was accomplished to investigate the relationship between 

dietary virgin olive oil (VOO) on brain lipids and formation of brain edema in rat stroke models.  

Materials and Methods: In this experimental study�60 Wistar rats were divided into five groups. First and 

second groups (control and sham) received distilled water, while all three treatment groups received oral 

VOO for 30 days (0.25, 0.5 and 0.75 ml/kg/day respectively). Two hours after the last dose, each main group 

was subdivided into two additional groups of middle cerebral artery occlusion (MCAO) for the assessment of 

neuropathology (brain edema) and intact group for brain lipid analysis. Data were analyzed using one way 

Anova LSD tests and Pearson correlation. 

Results: Pretreatment by VOO increased the brain cholesterol ester and cholesterol levels in doses of 0.5 and 

0.75 ml/kg/day. VOO in all three doses increased the brain triglyceride levels (p<0.05). Oral administration 

of VOO in doses of 0.5 and 0.75 reduced brain edema in mice. 

Conclusion: Results suggest that VOO may be taken as a valuable alternative for the pretreatment of 

ischemia via   inducing some changes in lipid profile and decreasing brain edema. 

  

Keywords: Virgin olive oil, Brain triglyceride, Cholesterol, Brain edema 
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