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řżƟř�ŦƗŚŝƿŝ�Ƃǀ�ƱŚżƳōƿŶŞţ�Ʈƿƪ�ƵŶƴƴĩ�ƽ�TNF-a��ƹ�ŮƐſƫŚƘƟǀ�ŢNF-kB��Ưƾ��ŵƺƃ���
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źƏƿřżƟř�Ƣƿŝ�Ƃǀ�ƱŚżƳōƿŶŞţ�Ʈƿƪ�ƵŶƴƴĩ�ƽ�TNF-a��ƹ�ŮƐſƫŚƘƟǀ�ŢNF-kB��ƭŚŬƳř�Ưƾ�ŶƷŵ���

�ƱŚĭĥřƹƬĩǀŶƽ��ƷǀƀĩźĜƾŹŚŝƺƯŹƺƳ�ƿř�ƶŝ�ƪưŰţ��ĨƿĪƀưƾ��żƜƯ�ƽƶŤĪſ���ƽżƜƯ�ƽƬƣŚƳ��ǀſř�ƲǀŚƷŶƽō��Ưǀƶƴ�ƽźŰţ�ƿĪƾ���ŮƐſƫŚƘƟǀ�ŢNF-kB��
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ƪƿŶŞţ�ƮƿżƳō�ƱŚǀƯ�ƱřżǀƯ�ƾſŹźŝ�ƵŶƴƴƧ�ŮƐſ�ƹ���� 
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ƪŝŚƤŤƯ����ŢƓŚƠů��Ưƾ����Ŷºƴĩ�æ�����ºŝ�Źŵǀ��ŽźŤºſř�Ʋ��ŚºƷƽ����ƞºƬŤŴƯ�
ƷǀƀºººĩƺĜƾ��ç�ř��ºººƿĪƀưƾ��è���ŪƴƄºººţ����é�ƀºººĩƺƳō��ƾ��ê���� �

ƀƟřĭŵźƾ�źƄŤƴƯ��ë��ŚƯźĭ����ì��ŽźŤſř���ƀĩřǀţřŶǀƺ��í��ţ��ǀ��Śŝ�ŹŚư
ºººſřǀŚƷŶƽŚŞºººƃř�śźºººģ�ƵŶƄºººƳ�ƕ��î�ƵŶºººƴƴĩŹŚƸƯ�ƹ��ŚºººƷƽ�

ŹƺƠƀƟƿſǈǀ�ƀĩř�ƱƺǀţřŶǀƺ��æå��źƟ�ōƿ���������źºŝřźŝ�Źŵ�żºƜƯ�ƪºưŰţ�Ŷºƴ
řƿĪƀưƾ������ƪƯŚĩƿ�ƳƺƳŚĩ�Śƾ������ŚºƤƫř�řŹ���ºƯƾ��Ŷºƴƴĩ���Ŷºƴģ�ƿ���ƁŹřżºĭ�Ʋ

���Ʒ�ƶĩ�ŵŹřŵ�ŵƺūƹǀƀĩźĜƾ�Ƴ�ǀ��������ř�ƶºŝ�ƪºưŰţ�Żƹźºŝ�ŦƗŚŝ�ż�ºƿƨƀưƾ���
�Ưƾ��ŵƺƃ�æç��ææ����
ěǀƂ�Əźƃƾ�ŻŚſƽ�řźŝ�ƽ�ř�ƿ���ř�ƶŝ�ƪưŰţ�ŵŚŬƿĪƀưƾ���Ŷě�ƿƵŶ�řƽ��Ţſř�

���ƵŹƹŵ�Ʊō�Źŵ�ƶĩ�ŚƷƽ��ſō�ƵŚţƺĩ�ǀ�Ơų�Ŝǀ�Ż�ƞ�ºƿź�����ŢºƓŚƠů��ƵŶƴƄºĩ
ŶƴưţŹŶƣƽ����Ż�ŹŚŧō�źŝřźŝ�Źŵ�ƿƱŚ��ř�Źƹō�ºƿĪƀưƾ������ƳǇƺºƏ��ƵŶƴƄºĩ�ƾ��ƹ�

ƫřƺŤƯƾ���ŚƤƫř���Ưƾ���Ŷƴĩ�æè���źŰţƿ��Ż�šŚºĪƿ�����ƵŵƺƫŚºƃ�ƶºĩ�ƵŶƴƄºĩź�ƽ�
ƶƘƣřƹ��ƽ�ě�ǀƂ�Əźƃƾ�ŻŚſƽ���řŹ���Ưƾ��������Źŵ�ƶºƧ�Ţſř�ƕƺƴŤƯ�ǈƯŚĩ�ŵŻŚſ

��Ŷƃ�źĩŷ�ǇŚŝ��ŝ�ř�ƶƿ�ţźţ�Ʋ�ºǀ��ƵŵƹŶºŰƯ��Ŝ�ƽ�����ř�ƶºŝ�ƪºưŰţ��ºƿĪƀưƾ���
ſƹǀ�Ţſř�Ɩ���ƠƯ�ŹŚŧōǀ�ě�ŶǀƂ��Əźºƃƾ��ŻŚºſƽ�ºƫƹř�ǀ���ŜºƬƣ�Źŵ�ŹŚºŝ�Ʋ

��Ŷƃ�Ƶŵřŵ�ƱŚƄƳ�������ě�ƶĩ�Ţſř�ƵŶƃ�ƲƃƹŹ�ƱƺƴĩřǀƂ��Əźºƃƾ��ŻŚºſƽ�
�Ưƾ���ř�ƶºŝ�ƪºưŰţ�ŶƳřƺţ�ºƿĪƀưƾ���ƭřŶºƳř�Źŵ�řŹ���ƹ�ŚºƷ �ƵŚĮŤºſŵ��ŚºƷƽ�

�ř�ƞƬŤŴƯ�������ƵŵƹŹ��ŶºŞĩ��ŜºƬƣ��żƜƯ�ƶƬưū�Ż�ƽ����ƶƬƌºƗ��Ĩºģƺĩ��ƽ�
ŤƬĪſřƾŹ�ƹ�ƿƶ��Ŷƴĩ�ŚƤƫř�ŚƷ�æë�æé�����

�ŻƹźºƨƳ�ŹƺƯƺţ�ŹƺŤƧŚƟ���ŚºƠƫō�[TNF-á]�Tumor Necrosing Factor- á��

�ƳŚƨƯ�ŹŵǀƮƀ�ŚƷƽ��żƜƯ�ŢƓŚƠů�ƽ���ſō�źŝřźŝ�Źŵ�ǀŜ�ŚƷƽ����Żř�ƪºƇŚů�
řººƿĪƀưƾ��ųř�ººǀ�Ż�ŹřŶººƤƯ�ƶººŝ�řźººƿŵŚƽţ�ŵŹƺººƯ�ŐĩººǀŹřźººƣ�Ŷ� �

���Ţſř�ƶŤƟźĭ�çå�æì���Śŝ��������żºƜƯ�ŢºƓŚƠů�ƂƤƳ�ƲŤƟźĭ�źƔƳ�Źŵ�ƽ�
TNF-á�ųźŝ��ƾ���Ƶŵřŵ�ƱŚƄƳ�šŚƘƫŚƐƯ�����ƶĩ�ŶƳřTNF-á�����ƱřƺºƴƗ�ƶºŝ�

ººƿ�Ĩ�ƯººǀŬƳŚƾƬĩ�ººǀŶƽŹŵ��Ƃǀººě�ƾƏźººƃ��ƾưĪƀººƿř�ƽŻŚººſ���� �
�Ischemic Preconditioning [IPC]����ƪưƗ�Ưƾ��Ŷºƴĩ��çæ�çç� 

TNF-á�ƶƐººſřƹ�ƶººŝ�ƽ��ŢººƫŚů�ƶººŝ�ŚƄººƛ�ƶººŝ�ƪƈººŤƯ�ŻŚººŘţƹźě�� �
��ŚººƷŹ�ƩƺººƬŰƯ�ººƯƾ�ŵƺººƃ��řººƿżººƳō�Ʋƿƶººŝ�Ʈ�Řţƹźººě�ƱřƺººƴƗ�ǀ�Ʋ

ƛ�ººǀź�ƘƯŚūºººǀŢ��ƵŶºººƴƷŵ�ŵºººƿž�řƿźºººĮŤƴƿƲ��ŘţƹźěƺƫŚŤƯ�ƹǀ�ŻŚºººƴ� �
�[ADAM]�A Disintegrin and Metalloproteinase��

��żƳō�ƶŝ�ƭƺſƺƯƿ��ŶºŞţ�Ʈƿƪ��ƵŶºƴƴĩ��ƽ�TNF-á��TACE/ADAM��

��ƪưƗ��Ưƾ���Ŷƴĩ�çè���ƮƷ�ƴģǀ�ƤƤŰƯ��Ʋǀ�ųř�Ʋǀ��Ƶŵřŵ�ƱŚƄºƳ�řź����ƶºĩ�ŶºƳř
�ě�Żř�ŶƘŝǀƂ�Əźƃƾ�ŻŚſƽř�ƶŝ�ƿĪƀưƾ��ƶƐſřƹ�ƶŝ��ƽųźŝ�ƾ��ƪºƯřƺƗ�
ŚƤƫř�ŶƴƳŚƯƽƹźŰƯ��Ưǀƀĩř�Ţǀ��řźºƃ�Źŵ�żĩƺºƬĭ�ƹ�ƱĦƿ�Ǝin vitro��

żººƳōƿƮ��[TACE]�TNF-a Converting Enzyme��ŹŚººģŵ
Ɣƴţǀ�řżƟř�ƮƿƄƾ���Ưƾ����ů�ƂƤƳ�ƹ�ŵƺƃǀţŚƾ����żºƜƯ�ŢƓŚƠů�Źŵ�ƽ�ř�ƿ�ŚºƠ�

��Ưƾ�����Ŷƴĩ�çé���ŚŤƳƿ�ƱŚƄƳ�Ū�Ưƾ�řżƟř�ƶĩ�ŶƷŵƿŚƤƫř�Ƃƽ�ƹźºŰƯ��Ư�ºǀ�Ţ
ƀĩřǀ��żĩƺºƬĭ�ƹ�ƱĦ�[OGD]�Oxygen Glucose Deprivation���

�ũŹŚų�šŚƯŚţƺƬĭ�ƫƺƬſƾ���ŰƯ�Źŵ�řŹ�ǀƎ�ŚƷƽ������ƉźºƘƯ�Źŵ�ƶĩ�ŢƄĩ�
ěǀƂ�Əźƃƾ�ŻŚſƽ��ř�ƶŝ�ƿĪƀưƾ�����Źřźƣ���Ưƾ�ĭǀ�Śě�ŶƳźǀƿ��Ʋ��Ưƾ�ŵŹƹō��řƿ�Ʋ

���Ǝſƺţ�źŧřBB3103���ƵŶºƴƴĩŹŚƸƯ�ƽ�TACE����ºŤƳō�ƹƾ�TNF-á�
�ħƺººƬŝ�ººƯƾ���ººſŚŝƺĪƳř�Śººŝ�ƹ�ŵƺººƃǀººƬŞƣ�Ʊƺƾ�Śººŝ�TNF-áƬƤţ�ººǀ�Ŷ�� �

Ưƾ�����ŵŵźĭ�è���řźŝŚƴŝƿ�ŵ�ƲĭŹ�ºǀźƽ��żºƳō�ƿ��ƮTACE���ƹ�TNF-á��Źŵ�
ěǀƂ�Əźƃƾ�ŻŚſƽ���ƹźŰƯ�Żř�ƪƇŚů���Ư�ºǀ��ƀºĩř�Ţǀ�����Źŵ�żĩƺºƬĭ�ƹ�ƱĦ

řźƃƿ�Ǝ in vitro��ºſŹ�šŚŞŧř�ƶŝǀ��Ţºſř�ƵŶ�çéƹæ�çæ������źºŧř�ŚºƯř
ƷǀƀƧźĜƾ���źŝ���Ưǀ�ŝ�Ʊřż�ºǀ���żºƳō�Ʊĥ�ƱŚƿ��ŶºŞţ�Ʈƿƪ��ƵŶºƴƴƧ�ƽ�TNF-á��ƹ�

���ƭźºſ�ŮƐºſ TNF-á�řźºƃ�Źŵ�ƿƎ� in vitro�ƹin vivo��ŻƺºƴƷ�
��Ţºſř�ƶŤųŚƴƃŚƳ���ř�Źŵ�ºƿ�ƐƯ�Ʋ����Ʒ�źºŧř�ƶºƘƫŚǀ�ƀºĩźĜƾ�ŹƺƳ�ŹŚŝƺƯ�ºƿ�Ĩ
��ŚƸƴţ�ƶŝ�śƹŚƴŤƯƾƿ�ƹ��ƷǀƀĩźĜƾ�ƺţ�ŏ��ř�Śŝ�ƭƿĪƀưƾ����Ɯţ�źŝǀǀ��šřźŝǀ�ƱŚ

�żºƳōƿŶººŞţ�Ʈƿƪ��ƵŶºƴƴĩ�ƽ�TNF-a��TACE��ƹ�ƫŚƘƟººǀ�ŢNF-kB�
ſŹźŝ�ŵŹƺƯƾ�Źřźƣ��Ưƾ�ĭǀŶƳź���

��
�Á����]�Ê��
������Ŷƴŝ�Ƶƹźĭƽ�ů��ºǀ�ŚƯŻō�Ʊřƺ�ºƿƷŚĮƄƾ���ƁƺºƯ��ŚºƷƽ��řźŰºƇƾƿ�� �
Ĝſřǀƺĭřź��ƫřŵƾ�çêå�Śţ�èêå�ƭźĭ���Ə�ƶŝ��ƟŵŚƈţ�Źƺƾ����ƶºŝ�ƹŵ���Ƶƹźºĭ�
ƹŚůƽ�çå�ů�ǀ�ƀƤţ�Ʊřƺǀ��Ʈ���ºƿŵźĭŶ���Ƶƹźºĭ�Ʃƹř�����ƶºŞƘū�ƱƹŹŵ�Źŵ��ƽ�
ƀººĩřǀŢººƔƬƛ�Śººŝ�ƱĦǇŚººŝ�ƽ�îå��ŶººƇŹŵřźººƃ�ƱřƺººƴƗ�ŢººŰţƿ�Ǝ

ƷǀƀĩźĜƾ����Ƶŵřŵ�Źřźƣ��ŶƳŶƃ���ŹƺƏ�ƶŝƽ��ƶºĩ��������śƹŚºƴŤƯ�šŹƺºƇ�ƶºŝ�� �
�é�������šŶƯ�ƶŝ�ŻƹŹ�Źŵ�ŢƗŚſë�ŻƹŹ������ƀºĩř�ƉźƘƯ�Źŵǀ��ǇŚºŝ�ƱĦƽ�

îå����Źřźƣ�ŶƇŹŵ���ŶƴŤƟźĭ��InHO�����Ƶƹźĭ�ŵƿ��ƘºƋƹ�źĮǀ���ƶŝŚƄºƯ�Ţ
ŝŚ������ř�Śºŝ�ŶƴŤƃřŵ�Ʃƹř�Ƶƹźĭ��ºƿ��������śƹŚºƴŤƯ�šŹƺºƇ�ƶºŝ�ƶºĩ�šƹŚºƠţ�Ʋ� �
�é����šŶººƯ�ƶººŝ�ŻƹŹ�Źŵ�ŢƗŚººſëŻƹŹ����ƀººĩř�ƉźººƘƯ�ŹŵǀƱĦ� �
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ŶưŰƯ�źŤƧŵ�ƹ�ŚưƴƷŹ�ƽŶƸƯ�źŤƧŵ��ƾƫŶĮǀŝ�ŚƋŹ 

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

̌̋

çæ����Źřźƣ�ŶƇŹŵ�����ŶƴŤƟźĭ��InRA���ůǀƱřƺ��������šŶºƯ�ƶºŝ�žĜºſ�ŚºƷ� �
çé���řƺƷ�Źŵ�ŢƗŚſ�ƽ���ơŚţř��çæ�ŶƇŹŵ����ŵ�Źřźƣ��Ŷºƃ�ƵŵřŶƳ���žĜºſ�

����ř�Żř�ƭřŶºĩ�źƷ�ºƿ��Ƶƹźºĭ�Ʋ�������Ż�ƶºſ�ƶºŝ�ŚºƷƿ���ƀºƤţ�ƵƹźºĭźǀƮ����ŶƳŶºƃ��
ŻƿƵƹźĭź�ŚƷƽ�����šŶºƯ�ƶŝ�Ʃƹř�ëåƣŵ�ǀ���ºůřźū�ŢºŰţ�ƶºƤƾ��ŵřŶƀºƳř�

źƃƿ�żĩźƯ�ƱŚƽ��MCAO���Źřźºƣ��ĭ�ºŤƟź�ƹ�ƶ�çé������Żř�ŶºƘŝ�ŢƗŚºſ�
�ƆƤƳ�ƑŚŰƫ�ŚƷƽ�Ťĩźů�ƾ�ĥƺƫƹŹƺƳ�ƿ�����Źřźƣ�ƶƘƫŚƐƯ�ŵŹƺƯ�Ĩ��ŶƴŤƟźĭ��

ŻƿƵƹźĭź�ŚƷƽ�������ŚƯŻō�ƪĩƺţƹźě�Ʈƃ�Ƶƹźĭ�ƱřƺƴƗ�ƶŝ�ƭƹŵ�ƿƄƾ���Ƶƹźºĭ�
Źŵ�řŹ�Ʃƹřƿ�ŢººƟŚ�ř�Śººŝ�ŶººƳŵźĩººƿřźū�ƶººĩ�šƹŚººƠţ�Ʋººůƾ�ƱƹŶººŝ�
MCAO��ř�Źŵ�ƿ�ů�Ʋǀ���šŹƺƇ�šŚƳřƺ��ŢƟźĭ��ŻƿƵƹźĭź�ŚƷƽ��ƭƺſ�

��ŚƯŻō�ƪĩƺţƹźě�ƵŵŹƺŴƳ�Ţſŵ�Ƶƹźĭ�ƱřƺƴƗ�ƶŝ�ºƿƄƾ��řŹ�Ʃƹř�Ƶƹźºĭ�
Źŵƿ��ŢƟŚ����ř�Śŝ�ŶƳŵźĩƿ����ºƷ�ƶĩ�šƹŚƠţ�ƲǀĢ����ºůřźū�ƶºƳƺĭƾ��Ʊō�Źŵ����ŚºƷ

ŢººƟźĮƳ�šŹƺººƇ��řººƿřźººŝ�Ƶƹźººĭ�ƹŵ�ƲƽººſŹźŝ�ƾ�ƆƫŚººų�źººŧř�
ººěǀƂ�Əźººƃƾ�ŻŚººſƽƷ�Śººŝ�ǀƀººĩźĜƾŹŚŝƺƯŹƺƳ�ººƿĨ�źººŝ�śƹŚººƴŤƯ�� �

��Ưǀ��Ʊřżŝǀ�żƳō�ƱŚƿ�ŶŞţ�Ʈƿƪ��ƵŶºƴƴĩ��ƽ�TNF-a��TACE����ŮƐºſ�ƹ� �
Phospho-IêBá�ůřźƏƾ��ŶƳŵƺŝ�ƵŶƃ����řźºŝƽ�ŻŹř��ºƿŝŚƾ���ŮƐºſ�
Phospho-IêBá��Ż�Źŵƿź�Ƶƹźĭ�ŚƷƽ���ƹ�ƶƬºƇŚƟǈŝ��ƭƺºſ�ƹ�ƭƹŵ�

éíººě�Żř�ŶººƘŝ�ŢƗŚººſ�ǀƂ�Ʒ�Śººŝ�ƱŚººƯŹŵǀƀººĩźĜƾŹŚŝƺƯŹƺƳ�ººƿ�Ĩ
ƶƳƺưƳ�ĭǀźƽ�ƭŚŬƳř���Ŷƃ����
ƶŞƘū��ƽ�Ʒ�ǀƀĩźĜƾ��î��řźŰƇ�ƁƺƯƾƿ��ƪųřŵ�Źŵ��ƿ�����ƶºĩ�ƶºŞƘū�Ĩ
Śưţ��Ưƾ���ŚƷŻŹŵ�ƽ���������ŵŚºƘŝř�Źŵ�Ţºſř�ƵŶºƃ�ƶºŤƟźĭ�ƪºƯŚĩ�ŹƺƏ�ƶŝ�Ʊō�� �
�èå� èê �ëê���řźŬƯ�ƹŵ�ŚŝƽŵƹŹƹ�ƽūƹźų�ƹ�ƾ��Ƶŵřŵ�Źřźºƣ�
����ŶƃŶƳ��ƵŵŚƯ�řƽŝ�ƶ ��ƭŚºƳ��ƦºƷō�ŵƺºſ�Źřŵ��soda lime����śŷŚºū�
ŵƽ�ƀĩřǀŶ�Ʋŝźĩ���Ż�Źŵƿ��Źřźƣ�ƶŞƘū�ź����Ƶŵřŵ������ŵ�Śţ�Ŷƃƽ��ƀºĩřǀŶ���Ʋŝźºĩ

ƫƺţººǀŶƽ�Ŷººƴĩ�śŸººū�řŹ���ººŝƶ��řººƿƲ��ţźţººǀƜţ�ƱŚººĪƯř��Ŝººǀǀ�ź� �
����������ƪƣřŶºů�ƶºŝ�ƶºŞƘū�ƪųřŵ�ŻŚĭ�ŢƔƬƛ���ºſŹǀŶ���ƀºĩřǀ���ƆƫŚºų�ƱĦ� �

�îê�ŶƇŹŵ�FIO2 =��ƿřƺƷ�Śƽ�Źŵ�ơŚţř��Ưǀ�Ʊřżèƫ�ǀ�ƣŵ�Źŵ�źºŤǀ��ƶºƤ
řźŝƽ�ţ�ǀ���ƶŞƘū�ƶŝ�ƱřŹƺƳŚū�ŹŚư�ƽ��ƹŚºů�ƽ��ƁƺºƯ������ƪƈºŤƯ�ŚºƷ�����Ŷºƃ��
řźŝƽ�řżƟř�ƿ����ŚºƯŻō�Ţºƣŵ�Ƃƿ��Ƃ�ºƿ������ƀºĩř�ƂŬƴºſ�ŵƹźºŤĪƫř�Ĩǀ�ƱĦ� �
ƳººǀŞƘţ�ƶººŞƘū�ŹŚººƴĩ�Źŵ�żººǀƶ������ƀººĩř�ŢººƔƬƛ�Śººţ�Ŷººƃǀ�ƪººųřŵ�ƱĦ� �

�ƵŻřŶººƳř�řŹ�ƶººŞƘū�ĭººǀźƽ�Ŷººƴĩ��ƂŬƴººſ���ƾƳŚƿźººƃ�ƽŚººƷŻŚĭ� �

�[ABG]�Atrial Blood Gases���Źŵ�ƹŵ�źƷ��Ƶƹźºĭ��ƭŚºŬƳř
Ŷƃ���
řƿ���ƶŤĪºſ�ƩŶƯ�ŵŚŬ�ƽ��żºƜƯ�ƽ�����źºƃ�ŵřŶƀºƳřƿ��żºĩźƯ�ƱŚƽ��żºƜƯ����

ƁƺƯ����Żƺţ�Żř�ŶƘŝ�ŚƷƿ��ƹŹřŵ�Śŝ�Ʋƽ�šřźƬĩ��Ʒǀ��šřŹŶ���ƱŚºưƫō��ħźƯ��� �
�éåå��ƯǀºººƬƾ�ĩ�Źŵ�ƭźºººĭǀƹ�ƭźĭƺºººƬƱŶºººŝ�ƱŻ��źŞºººƃƺƷƽ� �
��Ưƾ�ŶƳŶƃ��ůřźūƾ�ƩŶƯ���ŻŚºſƽ�MCAO�����ƪưƘƫřŹƺŤºſŵ�ƢŝŚºƐƯ�

�����ƭŚŬƳř�ƂƳřŹŚĪưƷ�ƹ�ŚĮƳƺƫ����Ŷƃ��çê��������ŢºŰţ��ƶºƇǈų�ŹƺºƏ�ƶºŝ
ůřźūƾ���ƯǀěƺĪſƹźĪƾ���ƿ��Ŵŝ�ŲƳ�Ĩ�ºǀƶ��ƽ��ŚºƳ�ƿƱƺƬ��źƏ�Żř�ºƿ��ƶºƴţ�Ƣ�

��ƾūŹŚºų�ŶǀţƹŹŚƧ�ƱŚƿźƃ�External Carotid Artery [ECA]� 
īŹ�ŵŹřƹ������ººſŹ�Śººţ�ƹ�Ŷººƃǀƶººŝ�ƱŶźººƃ�ƿźººſ�ƱŚřŶººƣ�Ʃřźŝ�ººƯƾ� �

��Anterior Cerebral Artery [ACA]����ŻřƯ�ŚºǀƱ�źºƃ�ƿ�ƱŚ
ţƹŹŚĩǀ�ºƬųřŵ�Ŷƾ��ICA]�Internal Carotid Artery [���Śºŝ�

źţƿţǇŚěƺĮǀ�������Ƶŵřŵ�ƶºƯřŵř�ƶŤƀºŝ�Ʋ�����Ŷºƃ���������Ŵŝ�ŲºƳ�ŽŚºưţ�źºŧř�Źŵ�ºǀ�ƶ
ƹACA�źū�ƿ������ƶºŝ�ƝźƏ�źƷ�Żř�Ʊƺų�ƱŚ��źºƃ�ƿ����Ʃřźŝźºſ�ƱŚ��Ư�ºǀƳŚƾ� �
�Middle Cerebral Artery [MCA]���ƶŤƀºŝ����Ŷºƃ��ř�ºƿ�Ʋ

���źƏ�Żř�ƱŶƃ�ƶŤƀŝ�ºƿ�������ě�Źŵ�ƹ�ŢºƯƹŚƤƯ�ŽŚƀºůř�Ƣ�ºǀƹźƄƽ����ƹ�ŲºƳ�
���ŵƹŶů�ŵƹŹƹçå���ƯǀƬƾ�������ƶƴţ�Żř�ŲƳ�ƩƺƏ�źŤƯECA���ƆŴƄƯ������Ŷºƃ��

���Żř�ŶƘŝëå�ƣŵ�ǀ�ř�ƶƤƿĪƀưƾ���Źřźƣźŝ��ƽ��źū�ŵŶŬƯ�ƿ���šŹƺƇ�Ʊƺų�ƱŚ
���ŢƟźĭ��ŚƯŵƽ���źƏ�Żř�ƱŶŝ�ƿ��ƵŻřŶƳř�ƭƺŤĩŹ�Ƣ�ĭǀźƽ����ƹ�Ư�ºǀ��Źŵ�ŚºƯŵ�Ʊřż

ƫřƺůƾ�èìƶūŹŵ��ƽ�ŤƳŚſƾ��ŵřźĭ�ƒƠů��ƃŶ���
ŻŹřƿŝŚƾŹŚŤƟŹ�ƽƶŤĪſ�Żř�ƪƇŚů���ŚƘƯƿƶƴ�ŚƷƽĥƺƫƹŹƺƳ�ƿ�Żř�ŶƘŝ�Ĩ
çé����ƭŚŬƳř�ŢƗŚſ�ƹ����ƩƺƏ�Źŵ�çé��������ŵřŶƀºƳř�ƕƹźºƃ�Żř�ŶºƘŝ�ŢƗŚſ�

�ƳŚŝźƣ�Śţƾ��ů�ƱŶƃ�ǀ�ŢŞƣřźƯ�Ʊřƺ�ŚƷƽ�ƹ�ƿ���ƭŚŬƳř�ƵĦ����Ŷºƃ��ƿ�ƶºŤƟŚ��ŚºƷƽ�
ĥƺƫƹŹƺƳƿĪƾ�Źŵ�êƤƯ�ǀƶŤſŵ�ŽŚ�Ŷƴŝƽ�����ƃŶŶƳ����
ƵŹŚưººƃ�ƽźƠººƇ��ººƷ�ǀĢ�ƶººƋŹŚƗ�ƶººƳƺĭ�ƽĥƺƫƹŹƺƳ�ººƿƱŚƄººƳ�Ĩ�

Ƴưƾ����ƵŹŚưƃ��ŶƳŵřŵ�ƽ�ƿĨ��ŚſŹŚƳ�ƾƿ����ŚºƸŤƳř�Źŵ�ƪƯŚĩ�ƽ��ƶºŬƴě���ŚºƷƽ�
ƺƬūƾƿ���ƶĩ��ƿ���ĥƺƫƹŹƺƳ�ƆºƤƳ�Ĩ�ºƿ��ƳƺƳŚºĩ�Ĩƾ�Ơų��ºǀ����źºƔƳ�Źŵ�ƞ

�ƶººŤƟźĭ�ººƯƾ�ŵƺººƃ��ƵŹŚưººƃ�ƽƹŵ��ųźģ�Ěººģ�ƶººŝ�ººǀƱŶ��ƆººƤƳ�
ĥƺƫƹŹƺƳƿ�ƳƺƳŚĩ�Ĩƾ�ƎſƺŤƯ����ƵŹŚưºƃ��ƽ��ƶºſ���������Ţưºſ�ƶºŝ�ƱŵŚºŤƟř�

��ƳƺƳŚĩ�ƆƤƳ�Ěģƾ�Ŷƃ�ƿ����ƹ�ŶƴŤƀƷ�ŶƁƺƯ�ŚƷƽ��ƵŹŚưºƃ��ƽ��ŹŚºƸģ�
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ƪƿŶŞţ�ƮƿżƳō�ƱŚǀƯ�ƱřżǀƯ�ƾſŹźŝ�ƵŶƴƴƧ�ŮƐſ�ƹ���� 

ƶƬŬƯ�ƽƾưƬƗ��ě�ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦ�ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƽ�æ�ƵŹŚưƃ���ƽ�����żǀƿŚě�í� 

̌̌

��ƺų�ŹƺƏ�ƶŝŵƺŴŝ�ŵƽƳ�ưƾ�ƵřŹ�ŶƴƳřƺţ����ºƃƺƷ�ŮƐºſ�ƹ�ŶºƳƹźŝǀŹŚƽ�
ŚěǀƿŶƳŹřŵ�Ʋ����

ŻŹřƿŝŚƾ��ƶŤĪſ�ƮŬů��ƽ�żƜƯ�ƽ��ƳŚŝźƣ�Żř�ŶƘŝƾ�Ʊŵźĩ�ƁƺƯ����Śºŝ�ŚºƷ
ƩřźƬĩ�Ʒǀ��šřŹŶ�íåå���ƯǀƬƾ���ĩ�Źŵ�ƭźĭǀ��ƱŶŝ�ƱŻƹ�ƭźĭƺƬ���Ʊō�źſ����ŚƷ

����żƜƯ�ŢƗźſ�ƶŝ�ƹ�řŶū�����ƫŚſ�Źŵ�ƹ�ũŹŚų�ŚƷǀ��Ʋé������šŶºƯ�ƶºŝ�ƶūŹŵ�
æê�ƣŵ�ǀ�ŹřŶƸĮƳ�ƶƤƽ�����ŶƳŶƃ����ŝ�Ɓźŝ�ŢƄƷ���ŢƯŚŴƋ�ƶç���ƯǀƬƾ���źºŤƯ

�ƶƐſřƹ�ƶŝ�ƩŚƳƹźĩ�šŹƺƇ�ƶŝ�ƽźţŚƯ�ƵŚĮŤſŵ�ƿƸţ�żƜƯ�žĪǀ�ƶ����Ŷºƃ
��Ʊō�ƕƹźƃ�ƶĩ���ě�Żř�ŚƷǀ�ƺŝ�ŻŚƿŚƾƿ�ŵƺŝ���Ɓźŝ������šŶºƯ�ƶŝ�ŚƷæê�ƣŵ�ǀ��ƶºƤ

�ŚƯŵ�Źŵƽ�èì�ƶūŹŵ����ƾŤƳŚſ�ƽ��ŵřźĭ�����ƩƺºƬŰƯ�Źŵ�ç����ŶºƇŹŵ�ç�è�ƹê�
źţƽ�ƴƟǀƪ�ƫƹŻřźŤţǀƭƺ�řźƬĩ�ºƿ��ŹřŶºƸĮƳ�Ŷƽ����ŶºƃƵ������ºŝŹƹŵ�Śºŝ�žĜºſ�ǀ�Ʋ
ŵƿŬǀ�ƩŚººŤ�ĩƺƳººǀ�Śëëèå��ĜƯŚººĩ�ƶººŝ�ƩŚƈººţř�ƪººŝŚƣ�ƶººĩǀ�ŵƺººŝ�źţƺ

ƺƈţƿŹřŵźŝźƽ���ŶƳŶƃ��������ƹŚƈºţ�ƩŚºƤŤƳř�Żř�ŶºƘŝƿ����ĜƯŚºĩ�ƶºŝ�źǀ��ƶºŝ�źţƺ
ƶƐſřƹ�ƽƭźƳ���ŹřżƟřImage Tools��ůřƺºƳ�ŢůŚƀƯ�ƾ�Ơºſ�ǀ�ƹ�Ŷ

ţźţ�ƶººŝ�żººƯźƣººǀůřƺººƳ�ƱřƺººƴƗ�ƶººŝ�Ŝƾººſō�ǀŵ�Ŝººƿ�ƮƫŚººſ�ƹ�ƵŶ
ƵŻřŶƳř�ĭǀźƽ��ŶƳŶƃ���ůřƺƳ�ƮŬůƾ�ſō�ǀ�ŵ�Ŝƿ���Ɓźŝ�ƮƫŚſ�ƹ�ƵŶ���Żř�ŚƷ
źƏƿ�ƶŞſŚŰƯ�Ƣ��ƽ�ƪƇŚů��ƀƯ�śźƋŚ�ůřƺƳ�Ţůƾ��Ɓźŝ�ŹƺĩŸƯ����ŚºƷ

��ŢƯŚŴºƋ�Źŵç��Ưǀ�ºƬƾ����Ţººſŵ�ƶºŝ�Ɓźºŝ�źººŤƯ�������ƶººŝ�žĜºſ�ƹ�ŶºƯō
ƶƐſřƹ�ƽ�ƶƫŵŚƘƯ���ƽ�Ż�ƿ�����ƵŶºƃ�ŭǈºƇř�ƮŬů�ź��ƽ�ůŚƳ��ºǀƶ�ƽ��ºſō�ǀ�Ŝ

ŵƿ�ƶŞſŚŰƯ�ƵŶ��Ŷƃ��çë����
��

�Ƴ�ƮŬů�ǀƵźĪư�ƽ�Ěģ�� ƵŶƃ�ŭǈƇř�ƮŬů�ƽůŚƳ�ǀƶ�ƽſō�ǀŜ�ŵƿƵŶ��
��ƶººǀůŚƳ�ƮººŬů�ƽŜǀººſō���ƵŶººƿŵ��ƵźººĪưǀƳ�ƮººŬů��ƽŢººſřŹ��� �
��

ƫŚƳōǀż�ƱźŤſƹ�šǈŝ�żƳō�ƿ�ŶŞţ�Ʈƿƪ�ƵŶƴƴĩ�ƽ�TNF-a����řźºŝ�řŶŤŝřƽ�
����������Ż�šŹƺºƇ�ƶŝ�řŹ�ƱĥƺưƷ�źƟŚŝ�żƜƯ�ŢƟŚŝ�Ʊŵźĩ�ƱĥƺưƷ�ºƿ��ƵŵŚºƯō�ź

��Ưƾ�ŵźĩƿƮ���ƹŚů�źƟŚŝƽ�èçå���ƯǀƬƾ�ŹǇƺƯ����Żƹźĩƺſ���ƱŚºưƫō��ħźƯ���
ººƿ�Ĩ�ƯǀººƬƾ�ŹǇƺººƯ ŵƽ�ŵ�Ʃřƽţ�ǀźţƺƿ��ƩƺººŤæå��Ưǀ�Źŵ�ƭźººĭƹźĪ
�ƯǀººƬƾ�ƫǀŹŚººƸƯ�źººŤ�ƵŶººƴƴĩ�ƽźţ�ƿƀººĜǀƲ�ƺººſƿŞǀƲ��ƱŚººưƫō��ħźººƯ��� �
ç����ŶººººƇŹŵSDS��ƱŚººººưƫō��ħźººººƯ��æåå��ƯǀŹǇƺººººƯƹźĪ� �
æƹæå��ƫƹźŤƳŚƴƟ�ǀƲ���ƱŚưƫō��ħźƯ�����ºƿ����ŶºƇŹŵ�ĨPMSF���ƹ�êå�
��ƯǀƬƾ�źţŹǇƺƯƿ��ž�źƷƺŝƿźĮƴ��ƸƳŚƯ�ǀ�ƱŚưƫō��Ʈ�����ŚºƯŵ�Źŵ�ƶºĩ�ŵƺŝ��ƽ�

çå�ƶūŹŵ��ƽ�ſ�ƾŤƳŚ��ŵřźĭ���Śŝ�HCl���ƶŝ�ì pH���ƵŶƳŚſŹ���Ŷƃ��è����Źŵ

ƶƬůźƯ�ƽ����ŵƹŶů�ŶƘŝ�æêå���ƯǀƬƾ���Śŝ�Żř�ƭźĭ�����żºƜƯ�ŢºƟ�éí���ŢƗŚºſ�
��Śě�Żř�ŶƘŝƿ�Ʒ�ƱŚǀ�ƀºĩźĜƾ�ě�ǀ���ŤƯ�ƹ�ƶŤºſƺ�ºƴ��śƹŚ�ºƿ��ƀºĩƺƯŹƺƳ�Śƾ���Żř

ůŚƳǀƶ�ƽ���ůŚƳ�Śŝ�ƺƀưƷ�ǀƶ�ƽ�ſō�ǀ�żƜƯ�Ŝƽ�����řŶºū�řŹ����ŵźºĩƿƮ����ŢºƟŚŝ
����ŚƯŵ�Źŵ�řŹ�ƵŶƃ�řŶūƽ�é�ƶūŹŵ��ƽ��ſŤƳŚƾ�ŵřźĭ���Źŵ�é��ƹŚů�ƮŬů�ƽ�
������Źřźºƣ�ƱĥƺºưƷ�źƟŚŝ��ŵřŵ�ºƿƮ��çè�������ƶƐºſřƹ�ƶºŝ�žĜºſ��ƽ���ƵŚĮŤºſŵ�

Ƴƺſǀ������šŶºƯ�ƶºŝ�ŹƺţŚĪæå�ƳŚŧ��ºǀ���ƶê�åƳŚŧ�Źŵ�Źƹŵ��ºǀ��ƶºƴƯřŵ�ƹ�ƶëå�
��żƜƯ�ŢƟŚŝ�ŶƇŹŵƽ����ƱĥƺưƷ�řŹ���ŵźĩƿƮ����žě���Ʊō�Żř�����šŶºƯ�ƶºŝæå�

ƣŵǀ�ƹŚů�źƟŚŝ�ƶƤƽ����ŢƗźºſ�Śºŝ�řŹ�ƱĥƺºưƷ�ƩƺƬŰƯ�îåååŹŵ�Źƹŵ��
ƣŵǀŚººƯŵ�Źŵ�ƶººƤƽ�éźŤƳŚººſ�ƶººūŹŵ�ƿ�ĥƺƟƺƮƿŵƺººưƳ����žĜººſæå�
��ƯǀƫƹźĪǀ��������ƶƳƺưƳ�źƟŚŝ�Śŝ�řŹ�ƱĥƺưƷ�ƩƺƬŰƯ�źŤ2x�����ƹ�Ƶŵźºĩ�ƍƺƬŴƯ�

�šŶººƯ�ƶººŝêƣŵ�ǀ�ƶººƤ��ŚººƃƺūŶƳƿƮ�éå��ƯǀƹŹ�řŹ�Ʊō�Żř�ƭźººĭƹźĪƽ�
ĨƷŚģ�ŚƷƽ����ŵƺƫ�Ʃĥ����ŵźºĩƿ��ƮºƷ��Ʈ��ºƴģǀ��ƫƺºĪƫƺƯ�ƱŻƹ�ƱŚºŝŵźƳ�Ʋƾ�
Řţƹźěǀƴƾ��,SM0671��ŻŚºŤƴƯźƟ�����ƵŻřŶºƳř�ƶºŝ�ƽ�ê���ƯǀƫƹźĪǀ���Źŵ�źºŤ

ƿĪƾ��ĨƷŚģ�Żř�����ŵƺƫ�ŚƷ��Ŷºƃ���ŘţƹźºěǀƲ���������Źŵ�ƵŻřŶºƳř�ŽŚºſř�źºŝ�ŚºƷ� �
SDS-PAGE�æå�ŶƇŹŵ�řŶū��ŶƳŶƃ����
ƶƟŚººƋř�Żř�ƪººŞƣ�ººŤƳō�Ʊŵźººĩƾ�ŵŚººŝƽ�Řţƹźººě�ǀƲ�ŚººƷƽŵŹƺººƯ����źººƔƳ� �

ŚƄºººººƛƽ�PVDF�ƎºººººſƺţƵŵŚºººººƯ��ƽħƺºººººƬŝ��ƵŶºººººƴƴĩ� �
�źƯō�ƭŚƃ��GE Healthcare���šŶƯ�ƶŝƿ�ħƺƬŝ�ŢƗŚſ�Ĩ��Ŷƃ��

ŘţƹźººěǀƲ�ƹŹ�źººŝ�ŚººƷƽŚƄººƛ�ƽ�PVDFººŤƳō�Śººŝ�ƾ�ŵŚººŝƽ�ŚººƷƽ�� �
ºººƬěƾ�ƇŚƈºººŤųř�ƩŚºººƳƺƬĩƾƬƗ�ºººǀƶżºººƳō�ƿŶºººŞţ�Ʈƿƪ�ƵŶºººƴƴĩ�ƽ� �

TNF-a�(Prosci-incorporated)��ŢººººƣŹ�Śººººŝ�æ�çååå�
�����żºŝ�Żř�ƪƇŚů�ºƿ����ºŤƳō�Śºŝ�Śƾ��Śºŝŵƽ��ƇŚƈºŤųř�ƾ�ƬƗ��ºǀ��ŚºŤŝ�ƶ��ºŤĩřǀ�Ʋ� �

�Prosci-incorporated���šŶººƯ�ƶººŝººƿ�ƶººŝƺĪƳř�ŢƗŚººſ�Ĩ
��ŶƳŶƃ��żƳōƿŶŞţ�Ʈƿƪ�ƵŶƴƴĩ�ƽ� TNF-aŚŤŝ�ƹ�Ťĩřǀ��ƶƐºſřƹ�ƶºŝ�Ʋ�ƽ�

ŤƳōƾ�ŵŚŝƽ�ƇŚƈŤųř�ƾƫƹř�ǀŚſŚƴƃ�ƶƾƿ������Ʊō�ƶºŝ�ƹ�ŶƳŶºƃ����ƩŚƈºţř�ŚºƷ
��ƿŶƴŤƟŚ��ŤƳō�žĜſƾ�ŵŚŝƽ�ŚƷƽ�ƺƳŚŧ�ƿ�ƇŚƈŤųř�ƶƾ�����ƪƈºŤƯ�Ɓƺºĭźų�� �

��ƶºŝ�[HRP]�Hourse Radish Peroxidase�����ƥŹŚºưƳřŵ
ƲƄǀƯƺǀţŚſƺƧřŵ��řźŝƽ��ŚºſŚƴƃ�ƾƿ��ºŤƳō�ƾ��ŵŚºŝƽ��ŚºƷƽ�ƬƗ��ºǀ�ƶ�żºƳōƿ�Ʈ

ŶŞţƿƪ�ƵŶƴƴĩ�ƽ� TNF-aŚŤŝ�ƹ��Ťĩřǀ���ŢºƣŹ�Śºŝ�Ʋæåååå�æ��ŵŹƺºƯ�
���Źřźƣ�ƵŵŚƠŤſř��ŢƟźĭ��ſŚŝƺĪƳřǀ�ŤƳō�Ʊƺƾ�ŵŚŝƽ�ƺƳŚŧ�ƿ����šŶƯ�ƶŝ�ƶ�ºƿ�Ĩ
�ŚƯŵŹŵ�ŢƗŚſƽ����šŹƺƇ�ơŚţř���ŢƟźĭ����ƺƄºŤƀƃ�Żř�ŶƘŝƽ�ŚƄºƛ�ƽ�
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ŶưŰƯ�źŤƧŵ�ƹ�ŚưƴƷŹ�ƽŶƸƯ�źŤƧŵ��ƾƫŶĮǀŝ�ŚƋŹ 

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

̌̀

PVDFƺºººººƬŴƯ�ƏƾŻř�řźŤƀºººººŝƺſ�ƽA, B, ���ƭŚºººººƃźƯō
žǀƳŚſƺǀŝECL ��Źŵ�ŹŚţƿĪƾƹŹ�źŝ�ƽ�ƶƟŚƋř�ŚƄƛ��Ưƾ���Źŵ�ƹ�Ŷºƃ

��Ʊō�Ƃƴĩřƹ�źŧř����Śŝ�ŚƷHRP��ƫƺţ�ŹƺƳ�ǀ��Ŷ����Ŷƃ��Ʊō�ĭ��Ɵ�ƵŚǀ���ŽŚƀºů�ƮƬ
ŵřŹƿĥƺƫƺƽ�����šŶƯ�ƶŝ�řŹ�æ�ƣŵ�ǀ��ƹŹ�źŝ�ƶƤƽ������Źřźºƣ�šǈºŝ��ŵřŵ�ºƿ���Śºţ�Ʈ
Ɵǀ�ŵřŹ�ƮƬƿĥƺƫƺƽ��ŤƯ�řŹ�Ő�ŵŻŚſ�źŧ��ŝ�ř�ƶƿ�ţźţ�Ʋ�ºǀ����Řţƹźºě�ŵƺºūƹ�Ŝǀ�Ʋ

�ŹŚĪƃō���ƃŶ����
ŚƯŻōƿ�ƫř�Ƃǀ��řżPhospho-IêBá����ƶƳƺưƳ�Żř�ŶƘŝ�ĭǀźƽ��żºƜƯ�ƽ��

Phospho-IêBá�ƶƐºººſřƹ�ƶºººŝ��ƽĩ�ºººǀƵŻřŶºººƳř�Ţ�ĭºººǀźƽ� �
Phospho-IêBáĩ�ƪưƘƫřŹƺŤººſŵ�ŽŚººſřźŝ�ººǀ�ƭŚººŬƳř�Ţ�Ŷººƃ� �

��ƨƫō��ƩŚƨǀưƧƺǀŝƀžǀ��������ƶƇǈų�ŹƺƏ�ƶŝê���ƯǀƬƾ������ŢºƟŚŝ�Żř�ƭźºĭ
żƜƯƽ�ůŚƳ�ǀƶ�ƽ���Ƴ�Źŵ�ƺƀưƷ�ǀƵźĪư�ƽ�ƛ�ǀź�řƿĪƀưƾ������źƟŚŝ�ƩƺƬŰƯ�Źŵ�
ŚƠƀƟ���ŚƯŵ�Źŵ�ŵźſ�šƽ�é���������šŶƯ�ƶŝ�ŹŚŝ�ƹŵ�ƹ�řŶū�ƶūŹŵ�ê�ƣŵ�ǀ��ƶºƤ
źŤƳŚſƿ��ĥƺƠ���Ŷƃ���ƫŵŚƘƯ�ƮŬů�žĜſƾƫ�źƟŚŝ�Żř�ǀż�����ƮºŬů�ƶºŝ�ƵŶºƴƴĩ

������šŶƯ�ƶŝ�ƹ�ƶƟŚƋř�ŢƟŚŝèå�ƣŵ�ǀ��ŚƯŵ�Źŵ�ƶƤƽ�é����ƶŝƺĪƳř�ƶūŹŵ��Ŷƃ��
Ʊō�����šŶƯ�ƶŝ��ƵŚĭæå�ƣŵ�ǀ��ŚƯŵ�Źŵ�ƶƤƽ�é������ŢƗźºſ�Śŝ�ƶūŹŵ�æçååå�

��ƣŵ�Źŵ�Źƹŵǀ��źŤƳŚºſ�ƶƤƿ��ĥƺƠ�ŵźĭ�ºƿŶ�����źěƺºſ�ƩƺºƬŰƯ��řźºŝ�ŢƳŚţŚƳƽ�
ƵŻřŶƳř�ĭǀźƽ�Řţƹźě�ŢƔƬƛ�ǀƖưū�Ʋ�Źƹōƽ��Ŷƃ��ƩƺƬſ�ƩƺƬŰƯ��ŚºƷƽ�

ƫǀ�����ŢƔƬƛ�Śţ�ƵŶƃ�żæ���ƯǀƬƾ����Źŵ�ƭźĭ��ƯǀƬƾ�ƫǀ����ħƺºƬŝ�źƟŚŝ�Źŵ�źŤ���ƵŶºƴƴĩ
ƣŹǀ��Ƣ��Ŷƃ���ŤƳō�žĜſƾ�ŵŚŝƽ�ŹŚĪƃō������ħƺºƬŝ�ƩƺƬŰƯ�Źŵ�ƵŶƴƴĩ���ƵŶºƴƴĩ

���ŢƣŹ�Śŝæ�çåå���ƶƟŚƋř������šŶƯ�ƶŝ�ƹ�ºƿ�����ŚºƯŵ�Źŵ�ŢƗŚºſ�Ĩƽ���ơŚºţř�

��ƶŝƺĪƳř����Ŷƃ�����Żř�ŶƘŝ�ƺƄºŤƀƃ�Strep-HRP������ŢºƣŹ�Śºŝ�æ�æååå�
��ƶƟŚƋř��šŶƯ�ƶŝ�ƹƿŚƯŵ�Źŵ�ŢƗŚſ�Ĩƽ�ƶŝƺĪƳř�ơŚţř��Ưƾ�Ŷƃ����ŶºƘŝ

�����ĨƷŚģ�ƶŝ�řźŤƀŝƺſ�ƩƺƬŰƯ��ƺƄŤƀƃ�Żř��ƹ�ƶƟŚƋř�ŚƷ���ƶƬºƇŚƟ�Źŵç�
��Śţæå�ƣŵ�ǀ������řźŤƀŝƺſ�ƱŵƹżƟř�Żř�ŶƘŝ�ƶƤ��Ưǀ��ƫƺţ�ŹƺƳ�Ʊřż�ºǀŶƽ���Ǝºſƺţ�
ƺººƫ�ººƯƾ��ŹƺţŚººƳ���ŹżǀƫŚººƳō�ƾººſřƺƳƺưƿř�žƳŚººſŚƴǀƯƺƫƺưƧ��Ʋǀººģ��

ƵŻřŶƳř�ĭǀźƽ�����Ŷƃ���
ƬŰţºººǀŚºººŤƳ�ƪƿƁƹŹ�ƹ�Ū�ŚºººƷƽƫŚºººƳō�ǀŹŚºººƯō�żƽ��Ƶŵřŵ�ŚºººƷ� �

�šŹƺƇ�ƶŝ�ƲǀĮƳŚǀƯ����ŹŚǀƘƯ�ƝřźŰƳř�ŝǀ����Ţºſř�ƵŶºƃ�ƱŚ���ŢºƔƬƛ� �
Phospho-IêBá����Ưǀŝ�Ʊřżǀ�ƱŚżƳōƿŶŞţ�Ʈƿƪ��ƵŶºƴƴĩ�ƽ�TNF-á��

ŚƷŻŚĭƽ�Ƴƺų�ƾ�źƃ�ƿƳŚƾ���ſō�ƮŬů�ƹ�ǀ��ŤƟŚºŝ�Ŝƾ��źƏ�Żř��ºƿ��Ƣ��Ţƀºţ
��ƶƟźƏ�Ʀƿ�ƽřƺƳō���ƹ�T-Test��ƵŶƃ�ƶŞſŚŰƯ��ŶƳř��ŤƯřǀ�ƆƤƳ�ŻŚ��ŚºƷƽ�

ƺƫƹŹƺƳĥƿ�Żř�ƵŵŚƠŤſř�Śŝ�ĨMann-Whitney U Test�ƫŚºƳō�ǀ�ż
Ţſř�ƵŶƃ��åê�å P < ƴƘƯƾ�Ţſř�ƵŶƃ�ƶŤƟźĭ�źƔƳ�Źŵ�Źřŵ����

��
ËÄf§Z�ZÅ��

�����ŚººƷźŤƯřŹŚěƽřźººƃ�ƿŚººƯŻō�ƎƿƂ��ŻŹř�ŽŚººſřźŝººƿŝŚƾ�ŚººƷƽ� �
ŚƯŻōƿ�ŚƷŻŚĭ�Ƃƽ��źƃ�Ʊƺų�ƿƳŚƾ��ABG���ƀĩř�ŹŚƄƟǀ�źƃ�ƱĦƿƳŚƾ�

�řźƃ�Źŵƿ�Ʒ�ƎǀƀĩźĜƾ�ƀŝ�ǀ�����ƀºĩř�ŹŚƄƟ�Żř�źţǇŚŝ�ŹŚǀ��źºƃ�ƱĦƿƳŚƾ��Źŵ
řźƃƿƀĩƺƯŹƺƳ�Ǝƾ�Ţſř���ƩƹŶūæ����

��

� �

�ƩƹŶūæ�ƘƋƹ�ǀŚƷŻŚĭ�Ţƽźƃ�Ʊƺų�ƿƳŚƾƀƠƴţ�ƹ�ƾŚě�Źŵ�ƿţ�ƱŚǀƷ�Śŝ�ŹŚưǀƀĩźĜƾŹŚŝƺƯŹƺƳ�ƿĨ 

 

��
�Ʒ�ŹŚŧōǀ�ƀºĩźĜƾ�ŹŚŝƺƯŹƺƳ��ºƿ�����ŤƯř�źºŝ�śƹŚºƴŤƯ�Ĩǀ�ŚºƷŻŚƽ���ƆºƤƳ�

ĥƺƫƹŹƺƳºººƿĨ���ƯǀƶºººƳŚ�ƽŤƯř�ǀŚºººƷŻŚƽĥƺƫƹŹƺƳ�ƆºººƤƳ�ºººƿ�Ĩ� �
�[NDS]�Nuerologic Defect Score��ƶƐºººſřƹ�ƶºººŝ�ƽ�

ĭŹřźƣººǀźƽƷ�ƉźººƘƯ�Źŵ�ǀƀººĩźĜƾŹŚŝƺƯŹƺƳ�ººƿ��ŹƺººƏ�ƶººŝ�Ʀ

ƪººŝŚƣ��ƂƷŚººĩ�ƶººƔůǈƯ�ººƯƾ�ƿŶººŝŚ���ƯǀƶººƳŚ�ƽŤƯř�ǀŚººƷŻŚƽ�ƆººƤƳ�
ƹŹƺƳĥƺƫƿ���Ƶƹźºĭ�Źŵ�Ĩ��ŚºƷƽ�Ʒ�ǀ�ƀºĩźĜƾ�ŹŚŝƺƯƺƳ��ºƿ����ƹ�śƹŚºƴŤƯ�Ĩ

ƀººĩƺƯŹƺƳƾŹŚŝƺƯŹƺƳ�ººƿ��ƩƹŶººū�Źŵ�ƹ�śƹŚººƴŤƯ�ĨçƱŚƄººƳ�� �
Ţſř�ƵŶƃ�Ƶŵřŵ���

Ƶƹźĭ�ŚƷƽŚƯŻō�ƿƄƾ��pH��PCO2 (mmHg)��PO2 (mmHg)���Ưǀ�žƠƴţ�Ʊřż�żţźƷ���
RAśƹŚƴŤƯ� åè�å±é�ì é�æ±æë�éæ è�è±í�îç åî�å±ëç�æ 

HOśƹŚƴŤƯ���åç�å±è�ì��î�æ±ç�èî��ë�æì±æ�èêæ��æ�å±èì�æ 
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ƪƿŶŞţ�ƮƿżƳō�ƱŚǀƯ�ƱřżǀƯ�ƾſŹźŝ�ƵŶƴƴƧ�ŮƐſ�ƹ���� 

ƶƬŬƯ�ƽƾưƬƗ��ě�ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦ�ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƽ�æ�ƵŹŚưƃ���ƽ�����żǀƿŚě�í� 

̌́

�ƩƹŶūç�Żƺţ�ƿŤƯř�ƖǀŚƷŻŚƽĥƺƫƹŹƺƳ�ƿŚƤƯ�ƹ�Ƶƹźĭ�źƷ�Źŵ�Ĩƿƶƀ�ƽŹŚƯō�ƽƱō��ŚƷ��

����������ƱŚưƷ��ƶƔůǈƯ�ƶƧ�ƽŹƺƏ�ƾƯ�ƶƀƿŚƤƯ�ŶǀƴƧ�ƽƵƹźĭ���ƞƿŵŹ�ƽŚƷæ�çŢſř��

��ŹŵƁƺƯ�ŚƷƾƿ���ƶƐſřƹ�ƶŝ�ƶĩ��ƽŹřźƣ��Ʒ�ƉźƘƯ�Źŵ�ƲŤƟźĭǀ�ƀºĩźĜƾ�
ƷǀĢ���ƺƫƹŹƺƳ�ƆƤƳ�ƶƳƺĭĥƿ���Źżţ�Śŝ��ŵƺŝ�ƵŶƄƳ�ƵŶƷŚƄƯ�Ĩƿ�žƳřƹř�Ƣ
ŝōƾ�ř��ƿ���ůŚƳ�Źŵ�ĬƳŹ�Ʋǀƶ�ƽ��żºĩźƯ�ƽ������ƵŶƷŚƄºƯ�ƶŤĪºſ����Ŷºƃ��ř�ºƿ�Ʋ

���ƱŚƄƳ�ħŹŶƯ��Ưƾ������Ƭĩ�Źŵ�ƶĩ�ŶƷŵǀƶ��ƽ�ƁƺƯ��ŚºƷƽ�����ŵřŶƀºƳř�ŹƺĩŸºƯ�
źƃƿ�żĩźƯ�ƱŚƽ���ƶŤƟźĭ�šŹƺƇ�żƜƯ��ƫƹƾ��ƫŵ�ƶŝ�ǀ���Ŷě�Żƹźºŝ�ƪ�ºƿƵŶ�ƽ�

��ř�ƶŝ�ƪưŰţƿĪƀưƾ���ŚƤƫř�ƾƿ�Ʒ�ǀƀĩźĜƾ��ƹ�ƶŝ�ƿ��ůŚƳ�Źŵ�ƵĦǀƶ�ƽ��řźŞƯƺºƴě�
ŤſřƳƺų�Ŷſ�ƭŚĪŰƾ��żƜƯƽřżƟř�ƿ�ƂƿŢſř�ƶŤƟŚ���

�Ʒ�źŧřǀƀĩźĜƾ�ŹŚŝƺƯŹƺƳ�ƿ�śƹŚƴŤƯ�Ĩ���źŝ���ƶŤĪºſ�ƮŬů�ƽ��żºƜƯ�ƽ��
��ƪĪƃæ���ƱŚƄƳ����ºƯƾ������Ʒ�ƶºĩ�ŶºƷŵǀ�ƀºĩźĜƾ�ŹŚŝƺƯŹƺƳ��ºƿ���śƹŚºƴŤƯ�Ĩ

�InHO���ŚƤƯ�Źŵƿ��ƀĩƺƯŹƺƳ�Śŝ�ƶƀƾ�ŹŚŝƺƯŹƺƳ�ƿ��Ĩ�RA����ŦºƗŚŝ
ſō�ƮŬů�ƂƷŚĩǀŤƟŚŝ�Ŝƾ��Ưƾ�ŵƺƃ���

��
��
��
��
��
��
��

��

��
��
��
��

��ƪĪƃæ���ſō�ƮŬů�ǀ�ŤƟŚŝ�Ŝƾ��ř�ƪƇŚů��ƶŤĪſ�Ż��ƽ�żƜƯ�ƽ��Ƶƹźĭ�Źŵ��ŚƷƽŚƯŻō�ƿƄƾ�
ƷǀƀĩźĜƾŹŚŝƺƯŹƺƳ�ƿ�śƹŚƴŤƯ�Ĩ�InHO�řƺƷ�ƹ�ƽ�ơŚţř��RA�.��
��

ŹŚººƯō�šƹŚººƠţƽƵƹźººĭ��ŚººƷƽƷ�ǀƀººĩźĜƾŹŚŝƺƯŹƺƳ�ººƿ�śƹŚººƴŤƯ�Ĩ
�InHO����ƀººĩƺƯŹƺƳ�Ʈººƃ�Ƶƹźººĭ�ƶººŝ�ŢŞƀººƳƾŹŚŝƺƯŹƺƳ�ººƿĨ� �

ººƴƘƯƾ�Ţººſř�Źřŵ��åæ�å�P<���ººſō�ƮººŬů�ƂƷŚººĩǀŤƟŚººŝ�Ŝƾ��ƹ
ƆººƤƳ�ŚººƷƽĥƺƫƹŹƺƳ�ººƿźººŧř�Ĩ�ŶěººƿƵŶ�ƽƪººưŰţ�ř�ƶººŝ�ººƿĪƀƾư��� �

Ʒ�Żř�ƪºººƇŚůǀƀºººĩźĜƾ��šŚºººŞŧř�řŹ�ƾºººƯ�Ŷºººƴĩ���ƪƨºººƃæ��� �
�Ʒ�źŧřǀƀĩźĜƾ�ŹŚŝƺƯŹƺƳ�ƿ��Ʒ�ƹ�śƹŚƴŤƯ�Ĩǀ�ƀºĩźĜƾŹŚŝƺƯŹƺƳ��ºƿĨ�

�ƺºººţ�śƹŚºººƴŤƯŏř�Śºººŝ�ƭºººƿĪƀưƾ���źºººŝ�ŝºººǀ�Ʊĥ�ƱŚżºººƳōƿ�Ʈ� �
ŶŞţƿƪ�ƵŶƴƴĩ�ƽ�TNF-á��ƪĪƃ�ç���ƱŚƄƳ���ºƯƾ�����Ʒ�ƶºĩ�ŶºƷŵǀ�ƀºĩźĜƾ�

ŹŚŝƺƯŹƺƳƿĨ����śƹŚºƴŤƯ��S-InHO���ŚƤƯ�Źŵ�ºƿ����ƀºĩƺƯŹƺƳ�Śºŝ�ƶƀƾ�
ŹŚŝƺƯŹƺƳºººƿ�Ĩ�S-RA��řżºººƟř�ŦºººƗŚŝƿ�Ƃŝºººǀ�Ʊĥ�ƱŚżºººƳōƿ�Ʈ

ŶººŞţƿƪ�ƵŶººƴƴĩ�ƽ�TNF-a��ººƯƾ�ŶƳƺººƃ��ƺººţ�źººŧř�ŏƷ�ƭǀƀººĩźĜƾ�
ŹŚŝƺƯŹƺƳ�ººƿ�ř�ƹ�śƹŚººƴŤƯ�ĨºººƿĪƀưƾ����MCAO-InHO���Źŵ

ŚƤƯƿ���Śŝ�ƶƀƀĩƺƯŹƺƳƾ�ŹŚŝƺƯŹƺƳ�ƿĨ��řżƟř�ŦƗŚŝƿ�ŝ�Ƃǀ���Ʊĥ�ƱŚżƳōƿ�Ʈ
ŶŞţƿƪ�ƵŶƴƴĩ��ƽ�TNF-a��Ţſř�ƵŶƃ����ŹŚºƯō�šƹŚƠţƽ��Ƶƹźºĭ���ŚºƷƽ�

ƴƘƯ�ŹƺĩŸƯƾ�Ţſř�Źřŵ��åæ�å�P<���ƪĪƃ�ç����
��

��

��
S-InHO*I- InHO * MCAO-InNBHO*S-RA��

��

��
��ƪĪƃç��ō�ƫŚƳǀ�����ƵŹŚưƃ�šŚƯŚţƺƬĭ�ƪƣŚƳ�šǈŝ�ƱźŤſƹ�ż��ƽ�è�����Ʈƃ�Ƶƹźĭ�Źŵ��S���ƹ

���ƵŵŹƺŴƳ�Ţſŵ�I��ƷǀƀĩźĜƾ�ŹŚŝƺƯŹƺƳ�ƿ������ŚºƸƴţ�ƶºŝ�śƹŚºƴŤƯ�Ĩƾƿ��InHO���ƹ
ƷǀƀĩźĜƾ�ŹŚŝƺƯŹƺƳ�ƿ���ƺºţ�śƹŚƴŤƯ�Ĩŏ���ř�Śºŝ�ƭ�ºƿưĪƀƾ����MCAO-InHO���Źŵ� �
ŚƤƯƿƀĩƺƯŹƺƳ�Śŝ�ƶƀƾŹŚŝƺƯŹƺƳ�ƿ�Ĩ�RA����

ƆƤƳ�ŵřŶƘţ�ŚƷƽĥƺƫƹŹƺƳ�ƿƵƹźĭ�źƷ�Źŵ�Ĩ�� ƵŹŚưƃ��Ƶƹźĭ�ŚƷƽŚƯŻō�ƿƄƾ��
å æ ç è é ê 

ƪĩ�ŵřŶƘţ���ǀƯƶƳŚ��ŚŤƳƿŹŚƯō�Ūƽ��ŹřŶƤƯP���

æ��RAśƹŚƴŤƯ���å��ç��é��ç��å��å��í��ç��æ�çƴƘƯ�ƾŵ�Źř��åê�å P<���
ç��HOśƹŚƴŤƯ���è è æ å å��å��ì��å  
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ŶưŰƯ�źŤƧŵ�ƹ�ŚưƴƷŹ�ƽŶƸƯ�źŤƧŵ��ƾƫŶĮǀŝ�ŚƋŹ 

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

̌̂

�Ʒ�źŧřǀ�ƀºĩźĜƾ�ŹŚŝƺƯŹƺƳ��ºƿ����ě�ƹ�śƹŚºƴŤƯ�Ĩǀ��Ʒ�ƹ�ƶŤºſƺǀ�ƀºĩźĜƾ�
ŹŚŝƺƯŹƺƳººƿ�ƺººţ�śƹŚººƴŤƯ�Ĩŏř�Śººŝ�ƭººƿĪƀưƾ���ŢººƔƬƛ�źººŝ�� �

Phospho-IêBá����ƪĪƃè����ƱŚƄºƳ����ºƯƾ�������Ʒ�ƶºĩ�ŶºƷŵǀ�ƀºĩźĜƾ�
ŹŚŝƺƯŹƺƳƿ���śƹŚƴŤƯ�Ĩ�I-InHO�����ě�Żř�ŶƘŝ�ƶƬƇŚƟǈŝ�ǀƂ���ƱŚºƯŹŵ�
�ŚƤƯ�Źŵƿ���Śŝ�ƶƀƀĩƺƯŹƺƳƾ�ŹŚŝƺƯŹƺƳ�ƿ��Ĩ�I-RA����řżºƟř�ŦƗŚŝƿ�Ƃ

�ŢººƔƬƛ�ƺƠƀººƟIêBá -��ººƯƾ�ŶƳƺººƃ���ƺººţ�źººŧřŏƷ�ƭǀƀººĩźĜƾ�
ŹŚŝƺƯŹƺƳ�ººƿ�ř�ƹ�śƹŚººƴŤƯ�ĨºººƿĪƀưƾ����MCAO-InHO���Źŵ

ŚƤƯƿ���Śŝ�ƶƀƀĩƺƯŹƺƳƾ�ŹŚŝƺƯŹƺƳ��ºƿĨ���ƹ�Ʒǀ�ƀºĩźĜƾ�ŹŚŝƺƯŹƺƳ��ºƿ�Ĩ
śƹŚººƴŤƯ�řżººƟř�ŦººƗŚŝƿ�ŢººƔƬƛ�ƂƺƠƀººƟ-�IêBá�Ţººſř�ƵŶººƃ�� �

�åæ�å�P<���ƷǀƀĩźĜƾ�ŹŚŝƺƯŹƺƳ�ƿ��ŚºƴŤƯ�Ĩ��śƹ�I-InHO����ŶºƘŝ�
�Żřéí�ººě�Żř�ŢƗŚººſ�ǀ�ƱŚººƯŹŵ�ƂŚƤƯ�Źŵ�ººƿ�ƀººĩƺƯŹƺƳ�Śººŝ�ƶƀƾ�

ŹŚŝƺƯŹƺƳººƿ�Ĩ�I-RA��Ɯţ�źººŝººǀǀ�ź�ŢººƔƬƛPhospho-IêBá�
ƯƴƘƾ��Ƴ�ŹřŵǀŢƀ���ŹŚƯō�šƹŚƠţƽ�Ƶƹźĭ��ŚƷƽ��ƹ�ŹƺĩŸƯ���ŚƤƯ�Źŵƿ�Śŝ�ƶƀ�

ƀĩƺƯŹƺƳƾŹŚŝƺƯŹƺƳ�ƿƴƘƯ�Ĩƾ�Ţſř�Źřŵ��åæ�å�P<���ƪĪƃ�è����

 
TACE��

��

��

ƪĪƃ�è��ƫŚƳōǀ�ƫř�żǀ��řżƺƠƀƟ-�IêBá���Ʒ�Ƶƹźĭ�ŹŵǀƀĩźĜƾ�ŹŚŝƺƯŹƺƳ�ƿ���śƹŚºƴŤƯ�Ĩ
�ŚƸƴţ�ƶŝƾƿ��InHO���Ʒ�ƹǀƀĩźĜƾ�ŹŚŝƺƯŹƺƳ��ºƿ����ƺºţ�śƹŚºƴŤƯ�Ĩŏ���ř�Śºŝ�ƭ�ºƿưĪƀƾ���

�MCAO-InHO��ŚƤƯ�ŹŵƿƀĩƺƯŹƺƳ�Śŝ�ƶƀƾŹŚŝƺƯŹƺƳ�ƿ�Ĩ�RA�� 

��

hv]��
�������ƩŶƯMCAO��ƶƐſřƹ�ƶŝ��ƽ��Ŵŝ�ŲƳ�ǀ�ř�ƶƿ��ŵŚŬ��Ưƾ��ƹ�ŵƺƃ�ºƿ�Ĩ

���ƪŝŚƣ�ƹ�ƲŘưƐƯ�ƩŶƯ��ŵ�ŹřźĪţ�ƩŶƯ�Ź�ŚƷƽů�ǀƳřƺƾ��ŚŝƶŤĪſ�ƽżƜƯ�ƽ�
Ţººſř��çì��çê���řźººƃƿƟ�ƎǀżƿĥƺƫƺººƿĨººƏ�Źŵ�ƾŚººƯŻō�ƿ�Źŵ�Ƃ

ƵŵƹŶŰƯ�ƽ�ŞƏ�ǀƘƾ��ƵŚºĮƳ��Ťºƃřŵ���ƶ���ºƯƾ��Ŷºƃ������Ƶƹźºĭ�Źŵ��ƶºŤŞƫř���ŚºƷƽ�
ƷǀƀĩźĜƾ�������ǇŚºŝ�ŢºƔƬƛ�ŢºƬƗ�ƶŝ�ƽ��ƀºĩř�ǀ��ƺºŤŰƯ��ƱĦƽ��ƀºĩř�ǀ�ƱĦ

řżƟřƿ��Ƃ������ƂƷŚĩ�žƠƴţ�žƳŚĩźƟ�ƹ��Ưƾ�ƿŢƟŚ���ŚºŤƳƿ�ř�Ū�ºƿ���ƶºƘƫŚƐƯ�Ʋ
��ƱŚƄƳƾƯ��ŵƷŶ���Ʒ�ƶºĩ�ǀ�ƀºĩźĜƾ�ŹŚŝƺƯŹƺƳ�ºƿ��Ĩ�śƹŚºƴŤƯ�����ŢºƬƗ�ƶºŝ�

�ŤƯř�ƂƷŚĩǀ��ĥƺƫƹŹƺƳ�ƆƤƳ�ŻŚƿ����źŧř�Źŵ�Ĩëå�ƣŵ�ǀ��ř�ƶºƤ�ºƿĪƀưƾ����Źŵ�
ŚƤƯƿ���ƀĩƺƯŹƺƳ�Ƶƹźĭ�Śŝ�ƶƀƾ�ŹŚŝƺƯŹƺƳ�ƿ��ř�ŦƗŚŝ��Ĩƿ��ƬŝŚƣ�ŵŚºŬ�ºǀ�Ţ

��ř�ƶŝ�ƪưŰţƿĪƀưƾ����Ţſř�ƵŶƃ������Ƴ�ƂƳřŹŚĪưƷ�ƹ�ĬƳřĥǀ����ƭŚºŬƳř�Śŝ�ż
řƿ�ŚƯŻō�Ʋƿ�Ŷě�ƂƿƵŶ��ƽ����ř�ƶºŝ�ƪºưŰţ��ºƿĪƀưƾ����Żř�ŶºƘŝ�çé��ŢƗŚºſ�
ƷǀƀĩźĜƾ�ŹŚŝƺƯŹƺƳ�ƿ�ě�Ĩǀ���Ƶŵźĩ�ƁŹřżĭ�řŹ�ƶŤſƺ��ŶºƳř���ƮºƷ��ºƴģǀ�Ʋ

�Ƶŵźĩ�ƁŹřżĭ���Ʒ�ƶĩ�ŶƳřǀƀĩźĜƾ�ŹŚŝƺƯŹƺƳ�ƿ�ě�ĨǀƮĩ�ƶŤſƺ���Żř�źºţçé�
�Ŷě�ŢƗŚſƿƵŶ�ƽ���ř�ƶŝ�ƪưŰţ��ºƿĪƀưƾ������Ƴ�ƱŚƄºƳ�řŹ��ºưƾ������Śºŝ�ƹ�ŶºƴƷŵ

ŹżţƿŚƷźĮŤƟŹ�Ƣƽ��[ROS]�Reactive Oxygen Spcies��
ƣŵǀ����Żř�ƪŞƣ�ŚƤçé��Ʒ�ŢƗŚſ�ǀƀĩźĜƾ�ŹŚŝƺƯŹƺƳ�ƿ�ě�Ĩǀ�Ŷě�ƶŤſƺƿƵŶ��ƽ�

��ř�ƶŝ�ƪưŰţ�ºƿƀĪưƾ������Ţºſř�ƵŶƄºƳ�Ƶŵřŵ�ƱŚƄºƳ���ææ����ŚºŤƳƿř�Ū�ºƿ�Ʋ
�ŚŤƳ�Śŝ�ƂƷƹĦěƿ�ƳřƺºŴưƷ�ƂƳřŹŚĪưƷ�ƹ�ĬƳřĥ�ŪƾŵŹřŵ����řźŝŚºƴŝƿ��Ʋ

ƷǀƀĩźĜƾ�ŹŚŝƺƯŹƺƳ�ƿ��ĨśƹŚƴŤƯ��řżƟř�Śŝ�ǇŚưŤůř�ƿ�ƂROS�ƀºƯ�ǀ�ź
ěººǀƭŚ�ƳŚººſŹƾƫƺƬººſ�ƾººě�ǀƂ�Əźººƃƾ�ŻŚººſƽř�ººƿĪƀưƾ��ƵřŹ�ƶººŝ�řŹ����
Ưƾ�ŵŻřŶƳř����ƂƷƹĦºě�Źŵ��ŚºƷƽ������������ƶºĩ�Ţºſř�ƵŶºƃ�Ƶŵřŵ�ƱŚƄºƳ�ƪºŞƣ�
ƷǀƀĩźĜƾ�ŹŚŝƺƯŹƺƳ�ƿ���ř�ŦƗŚŝ�śƹŚƴŤƯ�Ĩƿ���ř�ƶŝ�ƪưŰţ�ŵŚŬ�ºƿĪƀưƾ���

���żƜƯ�Źŵ��Ưƾ�ŵƺƃ��æè���ƮƷ�ƴģǀ�����������ƶºĩ�Ţºſř�ƵŶºƃ�Ƶŵřŵ�ƱŚƄºƳ�Ʋé�
Ʒ�ŢƗŚººſǀƀººĩźĜƾŹŚŝƺƯŹƺƳ�ººƿŶě�ŵźººƠƴƯ�ĨººƿƵŶ�ƽ�ƶººŝ�ƪººưŰţ�

řƿĪƀưƾ����Ƴ�ƱŚƄƳ�żƜƯ�Źŵ�řŹ�ưƾ���ŶƷŵ��ææ������ƂƳřŹŚºĪưƷ�ƹ�ĬºƳƹŵ
Ƶŵřŵ�ƱŚƄººƳ��ººě�ƶººĩ�ŶººƳřǀƂ�Ʒ�Śººŝ�ƱŚººƯŹŵǀƀººĩźĜƾƷ�ǀŹŚŝźĜººƿ�Ĩ� �

�ê�ç�źƠƀưţř���Ʒ�ƹǀƀĩźĜƾ�ŹŚŝƺƯŹƺƳ�ƿ����šŹƺƇ�ƶŝ�Ĩƿ��ŢƗŚſ�Ĩ
�����šŶƯ�ƶŝ�ŻƹŹ�Źŵêř�ŦƗŚŝ�ŻƹŹ�ƿŶě�ŵŚŬƿƵŶ�ƽř�ƶŝ�ƪưŰţ�ƿĪƀưƾ���

����Ţſř�ƵŶƃ�Ɓƺĭźų�ƕŚŴƳ�Źŵ��æç���ŚŤƳƿ���ŚŤƳ�źƋŚů�ƂƷƹĦě�Ūƿ�Ū
�����ţ�řŹ�ƂƳřŹŚºĪưƷ�ƹ�ĬƳƹŵŐ�ºǀƿ��Ŷ���ºƯƾ��Ŷºƴĩ���řźŝŚºƴŝƿ�����ƶºŝ�ƪºưŰţ��Ʋ

řƿĪƀưƾ����ŢƟŚŝ�Źŵ��ŚƷƽ�żƜƯ�ƽ���ŚºƯŻō�ŵŹƺƯ�ƿ�������šŶºƯ�ŽŚºſř�źºŝ�Ƃ
ƯŻ��ƀĩř�ŢƔƬƛ�ŹřŶƤƯ�ƹ�ƱŚǀ���ŵƺºŝ�ŶºƷřƺų�šƹŚºƠŤƯ�ƱĦ��ĩư�ºǀ�ƹ�Ţ
ĩǀƠǀ�ƺŬţ�Ţƿ�ƀĩř�żǀ��ŚƤƫř�Źŵ�ƱĦƽ����ř�ƶºŝ�ƪưŰţ��ºƿĪƀưƾ����ƉŹřƺºƗ��

ŞƳŚūƾ��ƺưƀƯ�ƹ���ƯǀŢ�ŚƷƽ���ƹŹ�źŝ�Ʊō�ƽ���Ʒř�ƱŶºŝ�ư�ºǀ�ŵŹřŵ�Ţ���ŚºŤƳƿ�Ū
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ƪƿŶŞţ�ƮƿżƳō�ƱŚǀƯ�ƱřżǀƯ�ƾſŹźŝ�ƵŶƴƴƧ�ŮƐſ�ƹ���� 

ƶƬŬƯ�ƽƾưƬƗ��ě�ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦ�ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƽ�æ�ƵŹŚưƃ���ƽ�����żǀƿŚě�í� 

̀˹

řƿ����ƱŚƄƳ�ƂƷƹĦě�Ʋ��Ưƾ���Ʒ�ƶĩ�ŶƷŵǀƀĩźĜƾ�ŹŚŝƺƯŹƺƳ�ºƿ���śƹŚºƴŤƯ�Ĩ
�řżƟř�ŦƗŚŝƿƂ�ŝ�ǀ��żºƳō�ƱŚƿ��ŶºŞţ�Ʈƿƪ��ƵŶºƴƴĩ�ƽ�TNF-á����ºƯƾ��ŵƺºƃ��

ƮƷ�ƴģǀ��Ʋźŧř�Ʒ�ǀƀĩźĜƾ�ŹŚŝƺƯŹƺƳ�ƿĨ�śƹŚƴŤƯ���ƺºţŏ���ř�Śºŝ�ƭ�ºƿĪƀưƾ���
�ƶŝ�ŢŞƀƳ�ƷǀƀĩźĜƾ�ŹŚŝƺƯŹƺƳ�ƿ�śƹŚƴŤƯ�Ĩ��ŚƸƴţ�ƶŝ�ƾƿ����řżºƟř�źºŝ�ƿ�Ƃ

ŝǀ�żƳō�ƱŚƿƮ�ŶŞţƿƪ�ƵŶƴƴĩ�ƽ�TNF-áŝ�ǀŢſř�Ƶŵƺŝ�źŤƄ����šŹŚºŞƗ�ƶŝ
ŵƿ���źĮřƿĪƀưƾ���ƹ��Ʒǀ�ƀºĩźĜƾ�ŹŚŝƺƯŹƺƳ��ºƿ���Źŵ�Ĩ��Ư�ºǀ�ŝ�Ʊřż�ºǀ��Ʊĥ�ƱŚ
ƯŒ�Ţſř�źŧ���ƃŹřżĭ�ƱƺƴĩŚţƾ�ƴŞƯ�ƾ��ř�źŝ�ƿŚŬ����ř�ƶºŝ�ƪưŰţ�ŵ�ºƿĪƀưƾ���

�ƶƐſřƹ�ƶŝ�ƽ��řżºƟř�ƿ��Ƃŝ�ºǀ��żºƳō�ƱŚƿ��ŶºŞţ�Ʈƿƪ��ƵŶºƴƴĩ�ƽ�TNF-á��Żř
źƏƿ�Ʒ�ƢǀƀĩźĜƾ�����Ţſř�ƵŶƄƳ�źƄŤƴƯ�żƜƯ�Źŵ��������ƵŶºƃ�Ƶŵřŵ�ƱŚƄƳ�ŚƯř

����ě�źŧř�Źŵ�ƶĩ�ŢſřǀƂ�Əźƃƾ�ŻŚſƽ�ř�ƿĪƀưƾ����źƏ�Żř�ƿ�ƵŹƹŵ�Ƣ��ŚºƷƽ�
ř�ƵŚţƺĩƿĪƀưƾ��řźƃ�Źŵ�ƿ�Ǝin vitro��çí�çî���Ưǀ�Ʊřżŝǀ�żºƳō�ƱŚƿ�Ʈ

ŶŞţƿƪ�ƵŶƴƴĩ�ƽ�TNF-ářżƟř�ƿ�Ƃ�Ưƾ�ƿ�ŶºŝŚ��řźºƃ�Źŵ�ƿ�Ǝin vivo�
Ƴººǀ�ż��Ţººſř�ƵŶººƃ�Ƶŵřŵ�ƱŚƄººƳ�çî��ƶººĩ��Ưººǀ�ƱřżŝººǀżººƳō�ƱŚƿ�Ʈ

ŶŞţƿƪ�ƵŶƴƴĩ�ƽ�TNF-á��ř�Źŵ��ƵŹƹŵ�źŧ�ŚƷƽ��ř�ƵŚţƺĩ��ºƿĪƀưƾ���Ɯţ��ºǀǀ�ź
��Ưƾ���Ŷƴĩ���ŝ�Śŝ�ƹ�ǀ�ƬƣŚƳ�ƱŚǀ���Ţſř�ƎŞţźƯ�šŚƯŚţƺƬĭ�Ʋ��ŵ�ƝźƏ�Żřƿ���źºĮ
ƿººƃŚƯŚǀźººƃ�Źŵ�ƂƳřŹŚººĪưƷ�ƹ�ŚŤřƿƎ�in vivoƬƣŚººƳ�ƂººƤƳ�ǀ�Ʋ

ŚººƯŚţƺƬĭ�ƕƺººƳ�šé�ƹ�æ��EAAT4�ƹ�EAAT1/GLAST�� �
��ƩƺƬſ�Źŵ�řŹ�ŚƷƽ�ĩŹƺě�ǀ�ƂƸū�ƁƺƯ�ƶĤŴƯ�Ħƴ�ƿſō�Żř�ŶƘŝ�ƶŤƟŚǀ�Ŝ
��ř�Żř�ƪƇŚůƿĪƀưƾ����ſŹźŝ�ŵŹƺƯ�ƾ��������ŶºƳŵźĩ�ƁŹřżºĭ�ƹ�ŶƳŵřŵ�Źřźƣ�
�ƁƺƯ�ƶĩ�ŚƷƽ�ƂƸū��ƿ���������ƕƺºƳ�šŚºƯŚţƺƬĭ�ƪºƣŚƳ�ƶºŤƟŚæ�����ƶºŝ�ŢŞƀºƳ�

ƁƺƯ�ŚƷƽ���ƂƸū�ƿ������ƕƺºƳ�šŚºƯŚţƺƬĭ�ƪƣŚƳ�ƶŤƟŚé�ºſō�ǀ�Ÿºě�Ŝƿ�źţź
ŶƳŵƺŝ��èå���ŚŤƳƿ����ƱŚƄƳ�ŹƺŝżƯ�Ū���ºƯƾ����������šŚºƯŚţƺƬĭ�ƪºƣŚƳ�ƶºĩ�ŶºƷŵ� �
��ƕƺƳæ���ƾƯ���ŶƳřƺţ�ƸƯ�ƂƤƳưƾ����ĭƺƬū�Źŵ�ǀźƽ�������ºſ�ŹŚºŧō�Żƹźºŝ�Żř�ưƾ���

��źŰţ�Żř�ƪƇŚůƿ���ŶƃŚŝ�ƶŤƃřŵ��Ĩ��řźŝŚƴŝƿ���ƲƿĪƾ����ƂƷŚĩ�ƪƯřƺƗ�Żř�
��Ưǀ��ƆºƤƳ�Ʊřż��ŚºƷƽ�ĥƺƫƹŹƺƳ��ºƿĨ��ř�ƹ�ƿ��Ŷě�ŵŚºŬ�ºƿƵŶ�ƽ�����ƶºŝ�ƪºưŰţ�
řƿĪƀưƾ���řżƟř�ƿƂ�ŝ�ǀ�żƳō�ƱŚƿ�ŶŞţ�Ʈƿƪ�ƵŶƴƴĩ�ƽ�TNF-á���ŞƳŵ�ƶŝ�ƹ��ƩŚ

�řżƟř�Ʊōƿ�ŝ�ƂǀƱŚ�ƬƣŚƳ�ǀƲ��Ţſř�šŚƯŚţƺƬĭ���ƮƷ��ƴģǀ��Ʋ���ƵŶºƃ�ƁŹřżĭ
����ƶºĩ�Ţſř��Ư�ºǀ��������ƕƺºƳ�šŚºƯŚţƺƬĭ�ƪºƣŚƳ�Ʊřżæ����ƶƐºſřƹ�ƶºŝ��ƽ���ŹŚºƸƯ�

ĭǀƵŶƳź�ƽ�TNF-á�Ɯţ�ǀǀ�ě�źǀ�Ƴ� řŶưƾ���Ŷƴĩ��çî���řƿ����ƱŚƄºƳ�ŜƬƐƯ�Ʋ
��Ưƾ���řżƟř�ƶĩ�ŶƷŵƿ�ŝ�Ƃǀ���ƪºƣŚƳ�Ʊĥ�ƱŚ������ƕƺºƳ�šŚºƯŚţƺƬĭæ���ƀºƯ�Źŵ�ǀ�ź
ěººǀƭŚ�ƳŚººſŹƾ�TNF-á�ŵŹřŶººƳ�Źřźººƣ���ŚººŤƳƿř�Ūººƿ�Ʋ�ƂƷƹĦººě� �

ƱŚƄƳ���Ưƾ�ŶƷŵ��Ʒ�ƶĩ�ǀƀĩźĜƾŹŚŝƺƯŹƺƳ��ºƿ�Ĩ�śƹŚºƴŤƯ��ŚºƸƴţ�ƶºŝ�ƾƿ�ƹ�
ƺţŏ��ř�Śŝ�ƭƿĪƀưƾ����řżƟř�ŦƗŚŝ�ƿ��ƂŮƐſ�ƺƠƀƟIêBá-���Ưƾ�ŵƺƃ���ƶºĩ�
ººŝř�ƶººƿţźţ�ƲººǀřżººƟř�źĮƳŚƄººƳ�Ŝƿ�Ƃ�ŮƐººſƫŚƘƟººǀ�ŢNF-kB�� �

Ţſř��èæ����ƃŹřżĭ�ƱƺƴĩŚţƾ�ƴŞƯ�ƾ��ř�źŝ�ƿ���ř�ƶŝ�ƪưŰţ�ŵŚŬ�ºƿĪƀưƾ���
�ƶƐſřƹ�ƶŝ��ƽ�řżƟř�ƿ��Ƃ��ŮƐſƫŚƘƟǀŢ�NF-kB��źƏ�Żřƿ�Ʒ�ƢǀƀĩźĜƾ�

����Ţſř�ƵŶƄƳ�źƄŤƴƯ�żƜƯ�Źŵ������������źºŧř�Źŵ�ƶºĩ�Ţſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ�ŚƯř
ěǀƂ�Əźƃƾ�ŻŚſƽ�ř�ƿĪƀưƾ����źƏ�Żř�ƿ�ƵŹƹŵ�Ƣ�ŚƷƽ���ř�ƵŚºţƺĩ��ºƿĪƀưƾ���

řźºººƃ�Źŵƿ�Ǝin vitro��ŮƐºººſƫŚƘƟºººǀ�ŢNF-kB�řżºººƟřƿ�Ƃ� �
��Ưƾ�ƿ�ŶºŝŚ��æ������ƲǀºƴĤưƷTNF-á�ŝ��ºǀ��ƱŚEAAT2/GLT1��řŹ�

řżƟřƿ��Ƃ��Ưƾ����������ƺŬţ�Żř�ŶƘŝ�řŹ�šŚƯŚţƺƬĭ�ƲŤƟźĭ�ƹ�ŶƷŵƿ��żLPS��ǇŚŝ�
��Ưƾ���ŵźŝ��èç�����ř�źŝ�ƵƹǈƗ�ºƿ��ƲTNF-á�ŝ��ºǀ�����ƬƣŚºƳ�ŵźºĪƬưƗ�ƹ�ƱŚǀ�Ʋ

����řŹ�ƞƬŤŴƯ�ŵřƺƯ���ºƯƾ���řżƟř�ºƿ��řźŝŚºƴŝ�Ŷƿ��řżºƟř��Ʋƿ��Ƃ���ŮƐºſƫŚƘƟ�ºǀŢ� �
NF-kB���Ưƾ�������ƱřƺºƴƗ�ƶºŝ�ŶƳřƺţƿ�ºĪƾ����ř�ƪºƯřƺƗ�Żř�ƿ�ŵŚºŬ��ƵŶºƴƴĩ�ƽ�

ŶěƿƵŶ�ƽ���ř�ƶŝ�ƪưŰţ�ƿĪƀưƾ����ŶƃŚŝ�ŭźƐƯ���ƿƶŤƟŚ�ŚƷƽř��ºƿƤŰţ�Ʋ�ºǀ�Ƣ
Ƴǀ���Śŝ�żƿƶŤƟŚ��ŚºƷƽ��ºƤƤŰƯ�ǀ�ºƯ�Ʋ�ƳřƺºŴưƷ�ŹƺĩŸƾŵŹřŵ����ƮºƷ��ºƴģǀ�Ʋ

ŶƷřƺƃƽ��������ƕƺƳ�šŚƯŚţƺƬĭ�ƪƣŚƳ�ƶĩ�ŵŹřŵ�ŵƺūƹ�è���ř�Żř�ŶƘŝ�ƿĪƀưƾ���
ƃŚƳƾ���Żř�MCAO��Ɣƴţ�ŹŚģŵ�ǀ�řżƟř�ƮƿƄƾ���Ưƾ���ŶƳƺƃ��řżƟřƿ�ŝ�Ƃǀ�ƱŚ

��ƕƺƳ�šŚƯŚţƺƬĭ�ƪƣŚƳèř�Żř�ŶƘŝ�ƿĪƀưƾ��Ŷů�Śţ�Ţſř�ƲĪưƯ�ƽ��ƶºŝ�
ƫƺţººǀ�ŶTNF-áƀººƯ�ƹ�ǀź��TACE/TNF-á��ƎŞţźººƯŶººƃŚŝ��� �
�æ��çî���ŚŤƳƿ�ř�ŪƿƲ�ƤŰţ�ǀ�Ƴ�Ƣǀ���ƱŚƄƳ�ż��Ưƾ�����Ɯţ�ƶĩ�ŶƷŵǀǀ��šřź��ŮƐºſ

ƫŚƘƟǀ��ŢNF-kB���ƹ��Ưǀ��Ʊřżŝǀ�żƳō�ƱŚƿ��ŶºŞţ�Ʈƿƪ��ƵŶºƴƴĩ�ƽ�TNF-a�
ƶººƐŝřŹ�ƽƤŤƀººƯ�ǀŶººƳŹřŵ�Ʈ����ƱŚƄººƳ�šŚººƘƫŚƐƯ�ººƯƾ���ƶººĩ�ŶººƷŵ

ƀĩřǀƱĦ�ƳŚſŹƾ�����ƫƺţ�ŹŚºŬƠƳř�ƶºŝ�źŬƴƯ�ŵŶŬƯ��ºǀ�ŶROS���ºƯƾ�����ŵƺºƃ
�ƯǀŤŹŶƴƧƺƽ����ƫƺţ�ƖŞƴƯ�ƱřƺƴƗ�ƶŝ��ºǀ�����źĮƀºů�ƹ�ŶROS���śƺƀºŰƯ�
��Ưƾ�ŵƺƃ���èç���řżƟřƿ��ƂROS���źū�Żř�ƪƇŚů�ƿ�����ŵŶºŬƯ�Ʊƺºų�ƱŚ

��řżºƟř�ŦƗŚŝƿ��ºſō�Ƃǀ��ŤƟŚºŝ�Ŝƾ�������řżºƟř�ŜºūƺƯ�ƹ�ƵŶºƃ�ƿ�ƫƺţ�Ƃ�ºǀŶ�
TNF-á�Śººſ�ƹƿººſ�źǀĩƺŤǀƲ��ŚººƷ�ººƯƾ�ŵƺººƃ��ººŝř�ƶººƿţźţ�ƲººǀŜ� �
TNF-áźƏ�Żř�ººƿĭ�ƢǀƵŶººƳź�ƽ��ƶƐººſřƹ�ƶººŝ�ǇŚººưŤůř�ŵƺººų��ƽ�

ƩŚƘƟ�ŻŚſƽ�NF-êB���Ư�ºǀ�ŝ�Ʊřż�ºǀ���ƬƣŚºƳ�Ʊĥ�ƱŚǀ�����Źŵ�řŹ�šŚºƯŚţƺƬĭ�Ʋ
ƩƺƬſ�ŚƷƽ��ŞƈºƗ�ƾ��řżºƟř�ƿ��Ƃ���ºƯƾ��ŶºƷŵ�æ��çî�����ř�źºŝ�ƵƹǈºƗ�ºƿ�Ʋ
Ʊĥ�ŚƷƽ�ŵ�ƿźĮƽ���Źŵ�ƪůřźƯ�ě�ǀƂ�Əźƃƾ��ŻŚºſƽ������ƶºĩ�ŵŹřŵ�ŵƺºūƹ�
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ŶưŰƯ�źŤƧŵ�ƹ�ŚưƴƷŹ�ƽŶƸƯ�źŤƧŵ��ƾƫŶĮǀŝ�ŚƋŹ 

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

̀˺

�řżƟř�ŦƗŚŝƿŹŚĭŻŚſ�ŶƳƹŹ�Ƃƽřźƃ�Śŝ�ƩƺƬſ�ƿř�ŢŴſ�Ǝ�ºƿĪƀưƾ���
��Ưƾ�����řżºƟř�ƪƯŚƃ�ƶĩ�ŵƺƃƿ�������ƹ�Ʊƺºų�ŵŚºƤƘƳř�ƱŚºƯŻ�Ƃ��żºǀƳ���řżºƟř�ƿ�Ƃ
řƿĩƺƫźŤƴǀƲ���ŚƷƾƯ��ŶƴƃŚŝ��Ʊĥ�ŚƷƾƿ���ƃŻŚſ�ŶƳƹŹ�ƶĩ�ƾřźŝ�ƽř�ƿĪƀưƾ���

Źŵ��Ŷě�šŹƺƇ�ƶŝ�řŹ�ŢƟŚŝƿŶƵ�ƽř�ƶŝ�ƪưŰţ��ºƿĪƀưƾ����ŚºưƳ�ƶºŝ�ƿ�Ƃ
��Ưƾ����ŶƴţŹŚŞƗ�ŶƳŹřŸĭ�Żř��řżƟřƿƂ��ƵŶƴƷŵ����ŚƷ��Ưǀ�ƀĩř�Ʊřżǀ��ƺºŰţ�ƱĦƿƬƾ��

ƔƴţǀƮ�ƵŶƴƴĩ�ŚƷƽ�ĥźƳř�ƽ��ƫƺŝŚŤƯ�ƹ�ǀ��řżƟř�ƹ�ƮƀƿƵŶƴ�ŚƷƽ����ŚºƤŝ�Ʊřƺºţ�ƾƿ�
ŚƳřƺţ�ƹ�ƩƺƬſƾƿŨĪţ�ǀƱō�ź��èç����

��
f¿ÌÄn�³Ì�É��
�����ŚŤƳƿ�ř�Ūƿ�ƤŰţ�Ʋǀ���ƱŚƄƳ�Ƣ��Ưƾ�ŶƷŵ��æ��Ʒ�ǀƀĩźĜƾ�ŹŚŝƺƯŹƺƳ�ƿ�Ĩ

ŚƴŤƯ���ř�ƶŝ�ƪưŰţ�śƹ�ºƿĪƀưƾ���������ŵƺºūƹ�ƶºŝ�řŹ����ºƯƾ������ŦºƗŚŝ�ƹ�ŶºƳŹƹō
�ƂƷŚººĩƯººǀĥƺƫƹŹƺƳ�ƆººƤƳ�Ʊřżººƿ�Ĩ�ººƯƾ�ŶƳƺººƃ��ç�Ʒ�ǀƀººĩźĜƾ�
ŹŚŝƺƯŹƺƳƿ���śƹŚƴŤƯ�Ĩ��ƹƷǀƀĩźĜƾ�ŹŚŝƺƯŹƺƳ�ƿ���śƹŚƴŤƯ�Ĩƺţŏ���Śºŝ�ƭ

řƿĪƀưƾ���ŝ�ºǀ��żºƳō�ƱŚƿ��ŶºŞţ�Ʈƿƪ��ƵŶºƴƴĩ�ƽ�TNF-á�����šŚºūŹŵ�Źŵ�řŹ
�řżƟř�ƞƬŤŴƯƿ�Ƃ�Ưƾ�ŶƴƷŵ��řƿŶů�Śţ�źŧř�Ʋƽ��Ưƾ�����ƶºŝ�ƪºưŰţ�ŶºƳřƺţ

řƿĪƀưƾ�����řŹ��ƾŬƳŚºǀƯ�����ŶºƿŚưƳ�ƽźºĭ��è��Ʒǀ�ƀºĩźĜƾ�ŹŚŝƺƯŹƺƳ��ºƿ�Ĩ
��śƹŚƴŤƯ��ƹƷǀƀĩźĜƾ�ŹŚŝƺƯŹƺƳ��ºƿ����śƹŚºƴŤƯ�Ĩ�ƺºţŏ���ř�Śºŝ�ƭ�ºƿĪƀưƾ���
ŮƐſ�ƺƠƀƟIêBá-������řżºƟř�ƞƬŤŴƯ�šŚūŹŵ�Źŵ�řŹ�ƿ��Ƃ���ºƯƾ��ŶºƴƷŵ��

é�����Ʒ�ƁƹŹ�Żř�ƵŵŚƠŤſř�ǀƀĩźĜƾ�ŹŚŝƺƯŹƺƳ�ƿ��řźŝ�śƹŚƴŤƯ�Ĩƽ�ŚƤƫř�ƽ�
ŶěƿƵŶ�ƽ���ř�ƶŝ�ƪưŰţ�ƿĪƀưƾ���ŜſŚƴƯ�����Ţºſř�źºţ�����ƠŤºſř��řŸºƫ��Żř�ƵŵŚ
ƷǀƀĩźĜƾ�ŹŚŝƺƯŹƺƳ�ƿ��Ĩƿ�ůřźƏ�Śƾ�ŵřƺƯ�ƽ������ƬƤţ�ƶºŝ�ŹŵŚºƣ�ƶĩ��ºǀ��Żř�Ŷ

�Ʒ�ŹŚŧōǀƀĩźĜƾ�ŹŚŝƺƯŹƺƳ�ƿ��řżƟř�Źŵ�Ĩƿ�ŝ�Ƃ�ºǀ��ƫŚƘƟ�ƹ�ƱŚ�ºǀ��ƬƣŚºƳ�Ţǀ�Ʋ
�����ƹ�ƁƹŹ��ŶƴƃŚŝ�šŚƯŚţƺƬĭźǀƀƯ�Ŷū�ƿŶƽ���Źŵ�ƞƄƧ�����ƶºŝ�ŚºƷƹŹřŵ�

���������ºſō�ƱŶƳŚºſŹ�ƪƣřŶºů�ƶºŝ�Źŵ�ƶºĩ�ŵŹƹō�ŶºƷřƺų�ŵƺūƹǀŜ��ŚºƷƽ�
ƳƹŹƺƳƾ�Ə�ƾ�ř�ƿĪƀưƾ���żƜƯ�ƽ��ºƿ��Ś���ƽŹŚºưǀŝ�ƽƹźƄºǀě���ŚºƷ���ƲƯżºƯ�ƽ

�����������ŵźºƧ�ŶƷřƺų�ƦưƧ�ƦƿźŰţ�Żř�ƾƃŚƳ�ƾưſ�źŧř�Śŝ�ƾŞƈƗ�ƪǀƬŰţ�
��

�]ZÀ»��

1- Romera C, Hurtado O, Botella S, et al. In vitro ischemic tolerance involves upregulation of glutamate 

transport partly mediated by the TACE/ADAM17�tumor necrosis factor- á pathway. J Neurosci. 2004; 

24(6): 1350 �7. 

2- Gidday JM, Fitzgibbons JC, Shah AR, Park TS. Neuroprotection from ischemic brain injury by 

hypoxic preconditioning in the neonatal rat. Neurosci Lett. 1994; 168: 221� 4. 

3- Kitagawa K, Matsumoto M, Tagaya M, et al. Ischemic tolerance phenomenon found in the brain. 

Brain Res. 1990; 528: 21�4. 

4- Plamondon H, Blondeau N, Heurteaux C, Lazdunski M. Mutually protective actions of kainic acid 

epileptic preconditioning and sublethal global ischemia on hippocampal neuronal death: involvement of 

adenosine A1 receptors and K(ATP) channels. J Cereb Blood Flow Metab. 1999; 19: 1296 �308. 

5- Perez-Pinzon MA, Mumford PL, Rosenthal M, Sick TJ. Anoxic preconditioning in hippocampal 

slices: role of adenosine. Neuroscience. 1996; 75: 687�94. 

6- Matsushima K, Hogan MJ, Hakim AM. Cortical spreading depression protects against subsequent 

focal cerebral ischemia in rats. J Cereb Blood Flow Metab. 1996; 16: 221�6. 

7- Chopp M, Chen H, Ho KL, et al. Transient hyperthermia protects against subsequent forebrain 

ischemic cell damage in the rat. Neurology. 1989; 39: 1396�8. 

www.SID.ir



Arc
hi

ve
 o

f S
ID

ƪƿŶŞţ�ƮƿżƳō�ƱŚǀƯ�ƱřżǀƯ�ƾſŹźŝ�ƵŶƴƴƧ�ŮƐſ�ƹ���� 

ƶƬŬƯ�ƽƾưƬƗ��ě�ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦ�ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƽ�æ�ƵŹŚưƃ���ƽ�����żǀƿŚě�í� 

̀˻

8- Ohtsuki T, Matsumoto M, Kuwabara K, et al. Influence of oxidative stress on induced tolerance to 

ischemia in gerbil hippocampal neurons. Brain Res. 1992; 599: 246�52. 

9- Patel AJ, Honore´ E, Maingret F, et al. A mammalian two pore domain mechanogated S-type K+ 

channel. EMBO J. 1998; 17: 4283�90. 

10- Riepe MW, Esclaire F, Kasischke K, et al. Increased hypoxic tolerance by chemical inhibition of 

oxidative phosphorylation: �chemical preconditioning.� J Cereb Blood Flow Metab. 1997; 17: 257�64. 

11- Zhang X, Xiong L, Hu W, et al. Preconditioning with prolonged oxygen exposure induces ischemic 

tolerance in the brain via oxygen free radical formation. Can J Anesth. 2004; 51: 258�63. 

12- Dong H, Xiong L, Zhenghua Z, et al. Preconditioning with hyperbaric oxygen and hyperoxia induce 

tolerance against spinal cord ischemia in rabbits. Anesthesiology. 2002; 96: 907-12. 

13- Downey JM, Cohen MV, Ytrehus K, Liu Y. Cellular mechanisms in ischemic preconditioning: the 

role of adenosine and protein kinase C. Ann NY Acad Sci. 1994; 723: 82�98. 

14- Baxter GF. Ischaemic preconditioning of myocardium. Ann Med. 1997; 29: 345�52. 

15- Carroll R, Yellon DM. Myocardial adaptation to ischaemia - the preconditioning phenomenon. Int J 

Cardiol. 1999; 68: S93�S101. 

16- Edwards RJ, Saurin AT, Rakhit RD, Marber MS. Therapeutic potential of ischemic preconditioning. 

Br J Clin Pharmacol. 2000; 50: 87�97. 

17- Barone FC, Feuerstein GZ. Inflammatory mediators and stroke: new opportunities for novel 

therapeutics. J Cereb Blood Flow Metab. 1999; 19: 819�34. 

18- Shohami E, Ginis I, Hallenbeck JM. Dual role of tumor necrosis factor alpha in brain injury. 

Cytokine Growth Factor Rev. 1999; 10: 119�30. 

19- Del Zoppo G, Ginis I, Hallenbeck JM, et al. Inflammation and stroke: putative role for cytokines, 

adhesion molecules and iNOS in brain response toischemia. Brain Pathol. 2000; 10: 95�112. 

20- Hallenbeck JM. The many faces of tumor necrosis factor in stroke. Nat Med. 2002; 8: 1363�68. 

21- Liu J, Ginis I, Spatz M, Hallenbeck JM. Hypoxic preconditioning protects cultured neurons against 

hypoxic stress via TNF-á and ceramide. Am J Physiol Cell Physiol. 2000; 278: C144�C153. 

22- Wang X, Li X, Erhardt JA, Barone FC, Feurstein GZ. Detection of TNF-á mRNA induction in 

ischemic brain tolerance by means of realtime polymerase chain reaction. J Cereb Blood Flow Metab. 

2000; 20: 15�20. 

23- Hurtado O, Lizasoain I, Fernandez-Tome P, et al. TACE/ADAM17-TNF-á pathway in rat cortical 

cultures after exposure to oxygen-glucose deprivation or glutamate. J Cereb Blood Flow Metab. 2002; 

22: 576�85. 

www.SID.ir



Arc
hi

ve
 o

f S
ID

ŶưŰƯ�źŤƧŵ�ƹ�ŚưƴƷŹ�ƽŶƸƯ�źŤƧŵ��ƾƫŶĮǀŝ�ŚƋŹ 

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

̀˼

24- Pradillo J, Hurtado O, Romera C, et al. TNF-R1 mediayes increased neuronal membrane EAAT3 

experession after in vivo cerebral ischemic preconditioning. J Neurosci. 2006; 138, 1171�8. 

25- Longa E, Weinstein P, Carlson S, Cummins R. Reversible middle cerebral artery occlusion without 

craniectomy in rats. Stroke. 1989; 20: 84-91. 

26- Swanson RA, Morton MT, Tsao-Wu G, et al. A semiautomated method for measuring brain infarct 

volume. J Cereb Blood Flow Metab. 1990; 10(2): 290-3. 

27- Dittmar M, Spruss T, Schuierer G, Horn M. External carotid artery territory ischemia impairs 

outcome in the endovascular filament model of middle cerebral artery occlusion in rats. Stroke. 2003; 34:  

2252-7. 

28- Robinson MB. The family of sodium-dependent glutamate transporters: a focus on the GLT-

1/EAAT2 subtype. Neurochem Int. 1998; 33: 479�91. 

29- Namura S, Maeno H, Takami S, et al. Inhibition of glial glutamate transporter GLT-1 augments brain 

edema after transient focal cerebral ischemia in mice. Neurosci Lett. 2002; 324: 117�20. 

30- Yamashita A, Makita K, Kuroiwa T, Tanaka K. Glutamate transporters GLAST and EAAT4 regulate 

postischemic Purkinje cell death: An in vivo study using a cardiac arrest model in mice lacking GLAST 

or EAAT4. Neurosci Res. 2006; 55: 264�70. 

31- Rosenzweig HL, Minami M, Lessov NS, et al. Endotoxin preconditioning protects against the 

cytotoxic effects of TNFalpha after stroke: a novel role for TNFalpha in LPS-ischemic tolerance. J 

Cereb Blood Flow Metab. 2007;.27(10): 1663-74. 

32- Murry CE, Jennings RB, Reimer KA. Preconditioning with ischemia: a delay of lethal cell injury in 

ischemic myocardium. Circulation. 1986; 7: 1124 � 36. 

��
��

www.SID.ir



Arc
hi

ve
 o

f S
ID

ƪƿŶŞţ�ƮƿżƳō�ƱŚǀƯ�ƱřżǀƯ�ƾſŹźŝ�ƵŶƴƴƧ�ŮƐſ�ƹ���� 

ƶƬŬƯ�ƽƾưƬƗ��ě�ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦ�ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƽ�æ�ƵŹŚưƃ���ƽ�����żǀƿŚě�í� 

̀̊

Investigation of TNF-a Converting Enzyme and Activity of NF-KB in Tolerance to 

Ischemia Induced by Intermittent Normobaric Hyperoxia in Rat Model   

 

Rahnema M, Bigdeli MR  

Corresponding Author′s Address: Department of Biology, Islamic Azad University of zanjan, Iran. 

Email: meh_rahnema@yahoo.com 

 

Background and objective: Recent studies suggest that intermittent and prolonged normobaric hyperoxia 

(HO) results in ischemic tolerance to reduce brain injury. In this research attempts were made to see the 

changes in TNF-a converting enzyme (TACE) and NF-kB activity following intermittent HO and ischemia 

preconditioning.  

Materials and Methods: The rats were divided into two experimental groups, each consisted of 20 animals. 

The first group was exposed to 95% inspired HO for 4h/day for 6 consecutive days (intermittent HO; InHO). 

The second group acting as the control, was exposed to 21% oxygen in the same chamber (normobaric 

normoxia or room air; RA) continuously for six days (intermittent RA; InRA). Each main group was 

subdivided to MCAO-operated (middle cerebral artery occlusion), sham-operated (without MCAO), and 

intact (without any surgery) subgroups. After 24hr, MCAO-operated subgroups were subjected to 60 min of 

right MCAO. After 24 h reperfusion, neurologic deficit score (NDS) and infarct volume were assessed in 

MCAO-operated subgroups. Immediately and 48 h after pretreatment, blood sampling for assessment of 

serum TNF- levels were subjected. Then, the effect of intermittent HO and ischemia on NF-kB activity and 

TACE expression were measured.  

Results: Preconditioning with intermittent HO and ischemia decreased NDS and infarct volume. Moreover 

InHO and MCAO-InHO upregulate TACE and increase NF-kB activity significantly.  

Conclusion: Although further studies are needed to clarify the mechanisms of ischemic tolerance, InHO and 

ischemia seem to partly exert their effects via increase upregulation of TACE and NF-kB activity.  
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