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Á�ÄÀÌ»��¥Y|ÅY� řżƟřƿŚſƹ�Żř�ƵŵŚƠŤſř�ƂƿƬƾŚƸƴƠƬţ�ŶƴƳŚƯ�ƽř�ƵřźưƷ�ƿě�řŹ�Ʃřƺſ�ƲǀƯ�Ƃƾ�ō�ƶĩ�ŵŹƹōƿũřƺƯř�ŚƪƿŚſƹ�Ʋƿř�ƹŹ�źŝ�ƽŤƟŚŝ�ŚƸƽ�ƱŚƀƳř�ƱŶŝ�ƞƬŤŴƯ�

ŧŚţǀŶƳŹřŵ�ź��Śţ�ŚƘƫŚƐƯ�ƱƺƴĩŻ�šƿŵŚƽŧŚţ�ŵŹƺƯ�Źŵ�ǀŹřŸĭ�źƽř�ƿƹŹ�źŝ�ũřƺƯř�ƲƽŚƸƳŚĭŹř�ƽżƜƯ�ŶƴƳŚƯ�ƞƬŤŴƯ���Ƭĩǀƶ�ƹ�����źƔƳ�ŻřŹŚŤųŚſřźƟƽ�ƭŚŬƳř�ƿŢſř�ƶŤƟŚ��ĪŞƃǀ�ƶ
ƳǀƘƣƺƯ�ƶŝ�ƶūƺţ�Śŝ�żǀĭŹřźƣ�ŢǀźƽƁř��ƤŤƀƯ�ƂŝŚţ�ƉźƘƯ�Źŵ�ǀř�ƮƿŵŹřŵ�Źřźƣ�ũřƺƯř�Ʋ��ř�Źŵ�ŚƯ�ƝŶƷƿſŹźŝ�ƶƘƫŚƐƯ�Ʋƾ�ƹźŤĪƫř�ũřƺƯř�źŧř�ƏŚƴƜƯǀƀƾ�žƳŚĩźƟ�Śŝ�êå�
ŚţëåƜţ�źƔƳ�Żř�żţźƷ�ǀǀŚſřźƟ�šřźŹŚŤųƽźŤƯƺƟŹƺƯ�ƹ�ƿǇ�ĨƿŚƷ�ƶƽĪŞƃ�ǀƯ�ƶƾŶƃŚŝ����

�Á��Á�{YÂ»�ZÅ��ŚƸƃƺƯ�ƽřźŰƇ�ƾƿƹŵ�ƶŝ�źƳ�Ƶƹźĭ���ŚƯŻōƿƂƹ���ƩźŤƴĩƀƤţǀŶƳŶƃ�Ʈ��ŚƯŻō�Ƶƹźĭƿ�šŶƯ�ƶŝ�ƂéŧŚţ�ŢŰţ�ƶŤƠƷ�ǀƯ�źǀƏŚƴƜƯ�ƱřŶǀƀƾ�šŹŶƣ�ƶŝ�è�
�ƾƬǀƯŢƟźĭ�Źřźƣ�ǈƀţ�Ƴ�Ʒ�ƶƳƺưŚ�Ư�ƎſƺţǀŹƺƳ�ęƺĪſƹźĪƽƳƹźŤĪƫř�ƹ�ƾſŹźŝ�ŵŹƺƯ�ƾŶƴŤƟźĭ�Źřźƣ����
ËZÅ�Äf§Z���Źŵ�ƂƿŚƯŻō�ƽŚƸţŹéƶŤƠƷ���ţŹ�ƪĩ�ŢƯŚŴƋǀ�Ʋìí�ìtæèçŚƤƯ�Źŵ�ƶĩ�ŵƺŝ�ƿƩźŤƴĩ�Ƶƹźĭ�Śŝ�ƶƀíè�ètéì�íî�ƴƘƯ�ŹƺƏ�ƶŝƾŹřŵ�ƽřżƟř�ƿ�Ƃƿŵƺŝ�ƶŤƟŚ�

�ååæ�åP<���ƴĤưƷǀǇ�ŢƯŚŴƋ�ƲƿūŹŚų�Źřŵ�ƶŤƀƷ�ƶƾ�Ƶƹźĭ�Źŵ�ōŚƯŻƿ�Ƃç�ètçè�èçƯ�ǀ�ŵƺŝ�ƱƹźĪĩŚƤƯ�Źŵ�ƶƿ�ƩźŤƴĩ�Ƶƹźĭ�Śŝ�ƶƀ�éè�ætæê�çåƯ�ǀƱƹźĪ��ŹƺƏ�ƶŝ�
ƴƘƯƾŹřŵ�ƽřżƟř�ƿ�Ƃƿŵƺŝ�ƶŤƟŚ��ååæ�åP<���ŚƯŻř�Ƶƹźĭ�Źŵƿ�Źŵ�ŚƸƫƺƬſ�ƶŤƀƷ�ŵřŶƘţ�ƂźƷçê�çêƯ�ǀŚưƴĭŹżŝ�Śŝ�ƭǇ�ŮƐſ�Żř�ƱƹźĪƾƿ�ìçå��íî�åtëé�æè�Źŵ�ƶĩ�ŵƺŝ�
ŚƤƯƿ�ƩźŤƴĩ�Ƶƹźĭ�Śŝ�ƶƀ�å�îêtèå�ì�ƶŝ��ƴƘƯ�ŹƺƏƾ�Źřŵƽ�řżƟřƿ�Ƃƿŵƺŝ�ƶŤƟŚ��ååæ�åP<���ƴĤưƷǀŚƸƫƺƬſ�ƶŤƀƷ�ŵŚƘŝř�Ʋƽĭ�ǀ�Ƶƹźĭ�Źŵ�ŹƺƳ�ƵŶƳźōŚƯŻƿƂ�èë�åtíê�è�

�ƩźŤƴĩ�Ƶƹźĭ�ƶŝ�ŢŞƀƳçè�åtëç�ç�ƴƘƯ�ŹƺƏ�ƶŝƾ�ŹřŵƽřżƟř�ƿ�Ƃƿŵƺŝ�ƶŤƟŚ��ååæ�åP<������
f¿Ì³�ÄnÌ�É��ŚƸƫƺƬſƽĭ�ǀǀŧŚţ�ŢŰţ�ŹƺƳ�ƵŶƳźƯ�źǀƏŚƴƜƯ�ƱřŶǀƀƾřżƟř�ŹŚģŵ�ƿƫŚƘƟ�ƂǀŨĪţ�ŢǀźƽƯ�ƾ�ŶƳƺƃ���
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ŵŚƤƯ�Śŝ�ŵŹƺųźŝƿŻ�źƿƏŚƴƜƯƹźŤĪƫř�ũřƺƯř�ŵŚǀ�ƶŝ�ǇŚŝ�žƳŚĩźƟ�Śŝ�ž
ƶƘƃř�ŶƴƳŚƯ�ŵŚů�ŹƺƏ�Įƹ��ƹřźŤƫƹř�ũřƺƯřƿƵŶƃ�ŢŝŚŧ�šřźŧř�ƶƫƺ�řƽźŝ��

ƹŹƽĪŞƃ�ǀƶ�ƽŵŹřŵ�ƱŚƀƳř�ƮƄģ��æ�ƬƗƾř�ƮƛŹ�ƿƘƣřƹ�Ʋǀ�ŵŹƺųźŝ�ƶĩ�Ţ
ƏŚƴƜƯƹźŤĪƫř�ũřƺƯř�Śŝ�ŵŚůǀŻř�ƶĩ�ž�ŚƷ�ƶƘƃřƽƛ�ǀ�źƿƳƺǀ�ŶƴŤƀƷ�Ʊřż

ĥƺƫƺţŚě� šřźŧřƿŰƋřƹ�Ĩƾŝ�źƹŹƽĪŞƃ�ǀ� ƶƽŵŹřŵ� ƱŚƀƳř� ƮƄģ����

ƏŚƴƜƯƹźŤĪƫř�ũřƺƯř�Śŝ�ŵŹƺųźŝ�šřźŧřǀżƯ�ŹƺƏ�ƶŝ�žƳŚĩźƟ�Ʈĩ�ž�ƲƯ
ŰƯ� ƭŚưţ� ƶĩǀŚƯ�ƝřźƏř� Ǝ�ĭ� řźƟ� řŹ� ƶŤƟźƯ�ƆŴƄƯŚƳ� ŶƳřƾ�ŶƃŚŝ�ç�

ƾƨƿźŤƨƫř�ƱřŶǀƯ�Ʀƿ�Żř�Ţſř�ƾŞǀƧźţ�žǀƏŚƴƜƯƹźŤƨƫř�ƽŚƷƺţźě��ƹ�
ƾƯ�ŹŚƄŤƳř�ŚƌƟ�Źŵ�ƮƷ�źŝ�ŵƺưƗ�ƶƧ�źǀƜŤƯ�ƾƀǀƏŚƴƜƯ�ƱřŶǀƯ�Ʀƿ�ŶƴŝŚƿ�è�

ŝŚƯ�ƍŚŞţŹřǀƯ�ƲǀŚƸƳřŶƽƏŚƴƜƯƹźŤĪƫř�ǀƀƾưſƺƫ�ƹ�ƾ�ŭźƐƯ�ƱŚĩŵƺĩ�Źŵ�
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Ţſř�ƵŶƃ�é�ƴĤưƷǀƲ�ƍŚŞţŹř�EMFƹ�ƶƔƟŚů�ƂƷŚƧ�Śŝ���Źŵ�ŵŹŵźſ
Ţſř� ƵŶƃ�ƵŶƿŵ�ƵřźưƷ�ƲƠƬţ�Żř�ƱŚĭŶƴƴƧ� ƵŵŚƠŤſřê� ��Ʋƿř�źŝ� ƵƹǈƗ��

ƵŵźŤƀĭ�šŚƘƫŚƐƯ�řƽźŝ��ƹŹƽŧŚţ�ǀř� źƿƯ� Ʋǀźŝ� ŚƸƳřŶ�ſǀŞƈƗ� ƮŤƀƾ�
ŵŹřŵ�ŵƺūƹ��ţŹǀƳ�Ʋǀ�ƶŝ�ƶūƺţ�Śŝ�żřƿŌżū�ƶĪƴ�ſǀŞƈƗ�ƮŤƀƾ�śƺƀŰƯ�

Ưƾ��ŵƺƃ�Ưƾ�ŧŚţ�ŢŰţ�ŶƳřƺţǀř�źƿƯ�Ʋǀĭ�Źřźƣ�ŚƸƳřŶǀŵź��ţŹǀŞƈƗ�Ʋƾ�Żř�
Ǉ�Żř�ƪųřŵ�ƶŝ�ũŹŚųƿŚƷ�ƶƽţ�ƞƬŤŴƯ�ĪƄǀŢſř�ƵŶƃ�ƪ�ë�Żř�ƭřŶĩ�źƷ�

řƿǇ�Ʋƿƶ�ŚƷƽơƺƟ��Ư�źĩŸƫřƾ��Źŵ�ŶƴƳřƺţƏŚƴƜƯƹźŤĪƫř�ũřƺƯř�ƉźƘƯǀƀƾ�
ĭ�ŹřźƣǀŶƳź��ř�ƶŝ�ƶūƺţ�Śŝ�ŚƇƺƈŴƯƿƯƺţŚƳō�ƶĩ�ƲƾƘƣƺƯ�ƹ�ǀ�Źřźƣ�Ţ

ĭǀźƽƮƄģ�ƅŚų�� �řƿƺƌƗ�Ʋ�ƤŤƀƯ�ƉźƘƯ�Źŵ� řŹ�ƮƸƯǀƮ�ũřƺƯř�
ƏŚƴƜƯƹźŤĪƫřǀƀƾƯ� Źřźƣ�ƾ�ŶƷŵ�ì�ŧŚţǀƏŚƴƜƯƹźŤĪƫř� ũřƺƯř� źǀƀƾ�

ŚƸƀƳŚĩźƟ� Śŝ� ŚƇƺƈŴƯƽř� Źŵ� ǇŚŝ�ƿŝ� ŵŚŬǀŹŚưƿŚƸƽƯřŶƣ� ƱŚưĮſ�ƾ�
ĩ�ƪŨƯ�ƮƄģŢſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ�ŢĩřŹŚţŚ�í�ř�Źŵ�ŚƯ�ƝŶƷƿ�ƶƘƫŚƐƯ�Ʋ

ſŹźŝƾŧŚţ�ǀƏŚƴƜƯƹźŤĪƫř�ũřƺƯř�źǀƀƾ�šŹƺƇ�ƶŝ�in vivo��ĪŞƃ�źŝǀ�ƶ
ƽřźŰƇ�ƁƺƯ�ƾƿ��ƹ�Ţſř�Ư�ŻřǀŚƸƳřŶƽƏŚƴƜƯ�ǀƀƾŚě�žƳŚĩźƟ�Śŝ�ǀƿ�Ʋ

Ţſř� ƵŶƃ� ƵŵŚƠŤſř���êå�Śţ�ëå�żţźƷ��ƯŚưţ� ƶĩƾ�šŹƺƇ�ƶŝ� ŵřźƟř�
ŶƳŹřŵ�ŹŚĩ�ƹźſ�Ʊō�Śŝ�ƶƳřŻƹŹ�řżƟřƿř�ƂƯ�ũřƺƯř�Żř�ƵŵŚƠŤſǀƹƹźĪƿƺ���ƶĩ

ř� ƶŝ� źŬƴƯƿƯ� ŵŚŬǀŚƸƳřŶƽƴƜƯƹźŤĪƫř�ƏŚǀƀƾŚě� žƳŚĩźƟ� Śŝ�ǀƿƲ��
ŚƸƴƠƬţ�Źŵ�ŚƇƺƈŴƯƽƵřźưƷ��ƹ�řżƟř�ŜūƺƯ�ŹřŵřŹƿ�Śŝ�ŵřźƟř�ŽŚưţ�Ƃ

řƿř�ƹ�ũřƺƯř�ƲƿƳřźĮƳ�ŵŚŬǀŚƸƽŻ�ƿŵŚƽř�Źŵ�ƿƯŻ�ƲǀŢſř�ƵŶƃ�ƶƴì��Źŵ�
ƤŰţǀƤƾ�ƶĩ�Zwishka���Korkzala�ƹ�ƹŹ�źŝ�ƱřŹŚĪưƷƽŧŚţ�ǀƺƯř�ź�ũř

ƏŚƴƜƯƹźŤĪƫřǀŚě� žƳŚĩźƟ� Śŝ� žǀƿ� Ʋ�èåå��çååżţźƷ�� ��šŹƺƇ� ƶŝ
,QYLWURƹŹ�źŝ�ƽŚƸƫƺƬſ�ƽŵō�ƿſƺĜǀŶƳŵřŵ�ƭŚŬƳř�Ţ��Źŵƿř�ƶĩ�ŶƴŤƟŚƿ�Ʋ

ŻŚſ�ŶƴƳŚưƷ�ƹ�ƶưūźţ�ũřƺƯřƽƳĥ�ƾƜţ� řŹ�ǀǀŚưţ�ŢƗźſ�ƹ�Ƶŵřŵ�źƿ�ż
ƫƺƬſƾ�ƹ�ƫŚƘƟǀżƳō�ŢƿưƾŧŚţ�ŢŰţřŹ�ǀŹřźƣ�ź�Ưƾ�ŶƴƷŵî���

�Źŵƿ�ƶƘƫŚƐƯ�Ĩƽŵ�ƿ�źĮJowanovic�ƹ�Ʒ�ƶĩ�ŶƳŵřŵ�ƱŚƄƳ�ƱřŹŚĪư
ƯǀƱřŶ�ŚƷƽźŤĪƫř�ƿĪƾƯ�źŧř�żƜƯ�ŢƟŚŝ�ƶŝ�ƶĩ�ƾŶƴƴĩ��řźƃ�Źŵ�ƿƫƺƬſ�Ǝƾ�

ŧŚţ� ƱōǀƯ� źƾ�ŶƳŹřŸĭæå� �Mathieř� ƶƘƫŚƐƯ� Źŵ� ƱřŹŚĪưƷ� ƹ�ƽŧŚţ�ǀ�ź
ƯǀŚƸƳřŶƽƏŚƴƜƯƹźŤĪƫř�ǀƀƾŚě�žƳŚĩźƟ�Śŝ�ǀƿƲ��ëåżţźƷ���ƹŹ�źŝ�řŹƽ�

ŚƸƫŚƳŚĩƽ�ƿƳƺƾŚƸƫƺƬſ�ƽŞƈƗ�ƾſŹźŝ�ƾř� ƶŝ� ƹ� ŶƳŵźĩ�ƿŤƳ� Ʋǀ�ƶŬ
ŹſǀƯ�Śŝ�ƶƸūřƺƯ�ƶĩ�ŶƳŶǀƏŚƴƜƯ�ƱřŶǀƀƾƃŚƳ�ƾŚƸƀƳŚĩźƟ�Żř�ƽëåżţźƷ��
ƿřźƟ�Ĩƿźĭ� ƶƐſřƹ� řŹ� ƲƷō� ƶŝ� ƶŤƀŝřƹ� ŶƴƽƯ�ƾ�� Ŷƴĩ�Ƃƴĩřƹ�ƪŨƯ�

IHQWRQ� �řżƟř� ŦƗŚŝ� ƶĩƿŵřŹ� ƂƿŚƸƫŚĪƽŚƸƫƺƬſ� Źŵ� ŵřŻō�ƽżƜƯ�ƽ�
Ưƾ�ƫƺƬſ�īźƯ�ŦƗŚŝ�ƮƷ�Ʊō� ƹ� ŵƺƃƾŬƳŻ�ŢƀĪƃ� ƹ�ǀźƵ�'1$�
Ưƾ�ŵŵźĭææ��ſƹŹ� Źŵǀ� ƶ0HUNORXDŧŚţ�ǀź�žƫŚěƹźŤƨƫř���řŹ� ƾƀǀƏŚƴƜƯ�

ƹŹ�źŝƽƬĮƳŚĭ�ǀƳ�ƱƺŚŴƗƾ��šŹƜţ�źƔƳ�ŻřǀǀŹŚŤųŚſ�řźƟ�šřźƽ�ŵŹƺƯ�
ſŹźŝƾŵřŵ� Źřźƣ��� ƶĩ� Ŷƃ�ƆŴƄƯ�(0)�ƱŵŹƺų�ƮƷ� ƶŝ�ŜūƺƯ�
ƳŚĭŹřǀſřżǀŵźĪƬưƗ�Ʊƺƽ���ƯƺţŚƳōǀĪƾŚƸƫƺƬſ�ƽƱƺǀƬĮƳŚĭ�ƾƳƹŹƺƳ��ƹ�

ŚƸƫƺƬſƽƳƺų�ơƹźƗ�ƾƬĮƳŚĭ�Źŵ�ǀƳ�ƱƺŴƗŚƾƯ�ƾ�ŵƺƃæç���Źŵ�ƮƷ�ŻŚŝ
ƿſŹźŝ�Ĩƾŵ�ƿŹŵ� źĮſƹŹ�ǀ� ƶ0HGDYHG� HYA�ŧŚţ� ƱřŹŚĪưƷ� ƹǀ�ź

Ư�ƹźŤĪƫř�ũřƺƯřƏŚƴƜǀƷ�źŝ�žǀſŹźŝ�ƶŝźĭ�ŽƺƯǇŚţƺĜƾ�ƱŚƄƳ�ƹ�Ƶŵźĩ�
Ɯţ� ƶĩ� ŶƳŵřŵǀǀƶƬůźƯ� ƶſ� šřź�řƽ�UHDFWLYH��GHVWUXFWLYH��

UHVWRUDFWLYHƷ�Źŵ�ǀƯ�ƵŶƷŚƄƯ�ƶŝźĭ�ŽƺƯǇŚţƺĜƾŵƺƃ�æè���
%DUGDVRQRŧŚţ�ƱřŹŚĪưƷ�ƹ�ǀƯ�źǀƏŚƴƜƯ�ƹźŤĪƫř�ƱřŶǀƀƾ�ëåżţźƷ��

ƿųřƺƴĪƹŹ�źŝ� řŹ�ŢƽŚƷ�ƩƺƬſ�ƽě�ǀƗƺƳ�Ʃō�ƶƴƾ�źƔƳ�Żř�źţƺŞĩ��řźƟ

� ƽŹŚŤųŚſſŹźŝ� ŵŹƺƯƾ� ƶĩ� ŶƳŶƃ� ƶūƺŤƯ� ƹ� ŶƳŵřŵ� Źřźƣ�çåŚţèå�
ř�ŶƇŹŵƿř�Śŝ�ƶƸūřƺƯ�Źŵ�ŚƸƫƺƬſ�ƲƿƯ�ƲǀƯ�ƱŚƄƳ�Ƃƴĩřƹ�ƱřŶƾŶƴƷŵ���

řƿ�šŹƺƇ�ƶŝ�Ƃƴĩřƹ�ƲƿřżƟř�Ĩƿźĩƺěō�Ůƃźţ�Źŵ�ŮƋřƹ�Ƃƿř�Ʋƿ�Ʋ
ŵƺŝ�ŚƸƫƺƬſæé��Dini LƩŚſ�Źŵ�ƱřŹŚĪưƷ�ƹ��çååê�ƶĤƫ�ƵŚĮƄƳřŵ�Źŵ�

řƿƫŚŤǀŚţ�ŚŧǀƏŚƴƜƯ�ƹźŤĪƫř�ũřƺƯř�źǀŰƯ�Źŵ�ƎſƺŤƯ�šŹŶƣ�Śŝ�žǀŚƷ�Ǝƽ�
ƫƺƬſ�ŢƄĩƾſŹźŝ�ŵŹƺƯ�ƾŚŤƳ�ƶŝ�ƹ�ŶƳŵřŵ�Źřźƣ�ƿƸūƺţ�ŜƫŚū�Ūƾ�Źŵ�

řƿƯŻ�Ʋǀ�Ţſŵ�ƶƴƿźƏŚų�ƶŝ�ƶĩ�ŶƴŤƟŚŚƸƫƺƬſ�Śŝ�ƍŚŞţř�ƭŶƗ�ƽŞƈƗ�ƾ�ƹ�
ƬſŚƷ�ƩƺƽſŚƀů�ƶţŹ�ǀ�ƶĩ�ƲƯ�ŚƯ�ŦŰŝ�ƕƺƋƺƯƾ�źĩŷ�Żř�ƶĩ�ŶƃŚŝ�
ōŵ�ŚƸƳř�ŹƿŹřŵŵƺų�Ţưƀƣ�ƲƽƯ�ƾŵŵźĭ�æê��Merkulova LM�ƵƹǈƗ�

ſŹźŝ� źŝƾƜţ�ǀǀŹŚŤųŚſřźƟ� šřźƽ� ũřƺƯř�(0)ƹŹ� źŝ�ƽŚƸƫƺƬſ�ƽ�
ƬĮƳŚĭǀƳƺƾĩ� ŵřŵ� ƱŚƄƳ� ƕŚŴƳ�ŝ� źƔƳ� Żř� ƶǀƃ� ƺǀưǀŚƾƿƳ�ǀŢŞƀƳ� ż�

ƷǀƯŚŤƀǀƳƺţƹźſ�ƶŝ�Ʋǀř�Źŵ�Ʋƿ�Śŝ�ƶƸūřƺƯ�ƩŚŞƳŵ�ƶŝ�ƱŚĭŹř�Ʋ(0)Ɯţ�ǀǀ�ź
ƯƾŶƴĩ�æë�� �ſŹźŝƾƜţ�ǀǀƃŚƳ� šřźƾŚưţ� Żř��ũřƺƯř� Śŝ� ƲƯżƯ� Ž
ƯǀƹƹźĪƿǇŚŝ� žƳŚĩźƟ� Śŝ� ƺƽ�çéêåƜţ� żţźƷŚĮƯ�ǀǀ�ƹźŤĪƫř� šřź

ƟřźĭƺƫŚƠƀƳřǀŚƸƫŶƯ�Źŵ�Ĩƽů�ǀƳřƺƾŵřŵ�ƱŚƄƳ���řƿƜţ�Ʋǀǀ�ƶŝ�ƍƺŝźƯ�šřź
ř�ƾţŹřźů�źǀƛ�šřźŧřƿŵƺŝ�ũřƺƯř�Ʋ�æì�ř�ƶƘƫŚƐƯ�ŹŵƽŚƯŻō�Źŵ�ƶĩ�ƿ�ƵŚĮƄ

ƤŰţǀţŚƤƾŹƺƬƟ�ƵŚĮƄƳřŵ�ƿ�ƩŚſ�Źŵ�řŶçååèưƄģ�šřźŧř�Ŷƃ�ƭŚŬƳř�ƾ�
ũřƺƯřƏŚƴƜƯ�ƹźŤĪƫř�ǀſŹźŝ�žƾŶƃ���ř�Źŵƿř�ƶƘƫŚƐƯ�Ʋƿ�ŢĩřŹŚţŚĩ�ŵŚŬ

Ư�Śŝ�ŽŚưţ�Śŝ�Ɓƺĭźų�ƮƄģ�ŹŵǀƏŚƴƜƯ�ƹźŤĪƫř�ƱřŶǀ�žƳŚĩźƟ�Śŝ�ž
�ǇŚŝçéêåżţźƷŚĮƯ�řźŝ�ƽŝ�ǀ� Żř�Ƃèåƣŵ�ǀŶƃ� Ƶŵřŵ� ƱŚƄƳ� ƶƤ� �ƫƹƾ�

Ư�ƮƄģ�Źŵ�ŢĩřŹŚţŚĩǀưƷ�Śŝ�ŚƸƳƺưǀƯ�ƲǀĥźƳř�Ʊřżƽř�ƿŶƄƳ�ŵŚŬ��ƫƹƾ�
Ɯţǀǀźƣ�šřźƿř� ƶƴƽƜţ� ƹ�ǀǀƬưƗ�šřźŵźĪƽţŹ�ǀř� Źŵ�Ʋƿ�ƶŝ� ƶƘƫŚƐƯ�Ʋ

ř�Śŝ�ŽŚưţ�ƩŚŞƳŵƿĥźƳř�ŮƐſ�ƲƽŶƄƳ�ƵŶƷŚƄƯ�æí��ř�ƶƫŚƤƯ�Źŵƽ�Źŵ�ƶĩ�
�ƶƬŬƯƽ�Ophthalmologica�ƩŚſ�Źŵ�çååíŧŚţ�Ţſř�ƵŶƃ�ęŚģ�ǀ�ź
Ư�ũřƺƯřǀƹƹźĪƿƹŹ�źŝ�ƺƽŚƸƫƺƬſ�ƽƬĮƳŚĭ�ǀƳƺƾŰƯ�Źŵ�ǀ�ŵŹƺƯ�ŢƄĩ�Ǝ

ŢƟźĭ�Źřźƣ�ƶƘƫŚƐƯ��ŚŤƳƿř�ƶŝ�ŪƿƷƹźĭ�ƶưƷ�Źŵ�ƶĩ�ŵƺŝ�Źřźƣ�ƲƸŚƾƿ��ƶĩ
ŵřŹ�ŢŰţƿſŚǀƜţ� ŶƳŵƺŝ� ƶŤƟźĭ� Źřźƣ� ƱƺǀǀĥƺƫƺƟŹƺƯ� Źŵ� źƽƫƺƬſ�ƾ�

Ư�ƹ�Ŷƃ�ƵŶƷŚƄƯǀĩ�ƮƷ�ŚƸƫƺƬſ�ŌŚƤŝ�Ʊřżě�ƂƷŚǀěō�ƹ�Ƶŵźĩ�řŶŻƺŤěƺƿ�ž
ŚƸƫƺƬſ�Źŵ�ŽŹŵƹŻƾƿƯ�ũřƺƯř�ŢŰţ�ƶĩ�ǀƹƹźĪƿ�ŶƳŵƺŝ�ƶŤƟźĭ�Źřźƣ�ƺ

Ŷƃ�ƵŶƷŚƄƯæîƹçæ���ƶƬŬƯ�Źŵƽ�Jpn J. Ophthalmol�źŞƯřƺƳ�Źŵçååì��
ƶƫŚƤƯ�ƽř�ſŹ�ęŚģ�ƶŝ�ǀŶŧŚţ�ƶĩ�Ţſř�ƵǀƯ�ũřƺƯř�źǀƹƹźĪƿƹŹ�źŝ�řŹ�ƺƽ�

ŚƸƫƺƬſƽěř�ƾě�ǀſŶƗ�ƩŚŤƾſŹźŝ�ƮƄģ�ƾƯ�ƾŶƴĩ��çå���
��

ZÆ�Á��Á�{YÂ»��
Ƙưūǀř� Źŵ� ƶƘƫŚƐƯ� ŵŹƺƯ� ŢƿſŹźŝ� ƲƾŚƸƃƺƯ�ƽ�ŵřĦƳ� šŹ�

�wistar� �ů� Żř� ƶĩ� ŶƳŵƺŝǀ� ƶƳŚŴƳřƺƽƵŶĪƄƳřŵ��ƽŻŚſƹŹřŵ�ƽƸţ�ǀ�ƶ
ŶƳŶƃ��řźŝƽř�ƭŚŬƳř�ƿſŹźŝ�ƲƾŶƫƺƯ�ƵŚĮŤſŵ�Żř��ƯǀƏŚƴƜƯ�ƱřŶǀž�ƶĩ�

ƯǀƳřŶƾ�šŶƃ� ƶŝ�è�ƯǀƬƾƫƺţ� ǈƀţ�ǀƯ� Ŷƾ�ƹ� ŵźĩ��ŢƟŚŝ�ƂŴŝ� Źŵ
ſŚƴƃƾůřźƏ�ƾƹ��ŵƺŝ� ƵŶƃ� ƶŤųŚſ�ŵźĭ� ƵŵŚƠŤſřƿŶ� �ŶƫƺƯ� ƵŚĮŤſŵ�

Ưǀźŝ�ƱřŶ�ŹƺŘţ�ŽŚſřƽě�ǀƶĤ�ƽ�Śŝ�ƶƐŝřŹ�Źŵ�ƶĩ�ƵŶƃ�ƶŤųŚſ�żţƺƸưƬƷ�
řƿŵŹřƺƯ�śŚŴŤƳř�ƲƽŞƣ�Żř�ǀƳ�ƪǀŻŚ�Ťſŵ�ƶŝǀŝŚƾ�ƶŝ�ƿƯ�Ĩǀ�ƱřŶƿ�ŢųřƺƴĪ
ƹ�ƘƯ�šŶƃ�ŚŝǀƳ�ƹ�ƲǀŰƯ�żŵƹŶƿŢ�ŚƷƽƸţ�ƭƹżƫ�ƱƺĤưƷ�ƞƬŤŴƯ�ǀƶ�ƽ�

ŞſŚƴƯ� ŚŤŞƀƳ�ƪŰƯƾřźŝ�ƽŻ�ƿ�ŹƺƯřŻř� ƵŚĮŤſŵ�ƪųřŵ�Źŵ�ŚƷ�šŹ�Ţƀ
Ƙţǀǀŵƺŝ�ƵŶƴƴĩ�Ʋ��Śŝ�źū�šŶƃ�ƶŝ�ƶūƺţƿƟźƈƯ�ƱŚƾ�šŶƯ�ƹ�ŶƫƺƯ�
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ƳǇƺƏ� ƱŚƯŻƾŻř� ƵŵŚƠŤſř��Ə� Źŵ� ƱōƾŻƹŹ��řźŝ� ƶĩ� Ţſř� ƭŻǇƽ�
ƺƬūĭǀźƽƺƸţ� ƹ� ƵŚĮŤſŵ�ƱŶƃ� ƭźĭ� Żř�ƿ� ƶƽ�Żř�Ʊō�ƪųřŵ�ŜſŚƴƯ�

ĩ�ƶĪƴěǇŚŝ�Źŵ�ƶƽŵźĭ�ŜƈƳ�ƵŚĮŤſŵ�ƿŵƺƃ�ƵŵŚƠŤſř�ƵŶ��Ƭĩ�ŹƺƏ�ƶŝƾ�
ſ�ƹŵ�ƪƯŚƃ�ŶƫƺƯ�ƵŚĮŤſŵǀě�ƮǀƯ�ƮƷ�ƞƫŚŴƯ�ŢƸūŹŵ�Ģƾ��ƶĩ�ŶƃŚŝ

Ưǀ�ƱřŶƿŤųřƺƴĪƾŹŵ�řŹ��ĭŹřźƣ�ƪŰƯ�ƶĩ�ƵŚĮŤſŵ�żĩźƯǀźƽů�ǀ�šŚƳřƺ
Ưƾř�ŶƃŚŝ�ƿƯ�ŵŚŬƾŚưƳ�ƿŶ��řźŝƽƫƺţ�ǀƯ�ŶǀŻř�ƱřŶ�źūƿśƹŚƴŤƯ�ƱŚêå�

�żţźƷƯ�ƵŵŚƠŤſřƾ�ŵƺƃ��ř�ŹŵƿſŹźŝ�ƲƾŚƸƃƺƯ�Żř�ƽ�ŵřĦƳ�šŹ� wistar�
ŝ�ƶĩ�Ţſř� ƵŶƃ�ƵŵŚƠŤſřǀ�Ʋæêå�Śţ�çåå�źĭƹ�ƱŻƹ�ƭ�ê��Ʋſ�ƶŤƠƷ

ŶƴŤƃřŵ��ƶŝ�ŚƷ�šŹ ƹŵ�ŚƯŻō�ƵƹźĭƿƂ�ƹ�ƀƤţ�ƩźŤƴĩǀƹ�ŶƳŶƃ�Ʈ�Źŵ�źƷ�
�ƵƹźĭæåŶƴŤƟźĭ�Źřźƣ�ƶƘƫŚƐƯ�ŢŰţ�ƁƺƯ���Ƶƹźĭ�ŹŵƂƿŚƯŻō��ŚƷ�šŹ�

� ƶƳřŻƹŹê�ƹ� ŢƗŚſ�řźŝƽ� šŶƯ�éŧŚţ� ŢŰţ� ƶŤƠƷ�ǀƯ� źǀ�ƱřŶ
ƏŚƴƜƯƹźŤĪƫřǀšŶƃ�ƶŝ�ž�è�ƯǀƬƾŶƴŤƟźĭ�Źřźƣ�ǈƀţ���Żř�žě��ƭŚưţř

�šŶƯé�Żř� ƵŵŚƠŤſř� Śŝ� ƶŤƠƷ�ŝǀƃƺƸƾƹ�ŶƳŶƃ�ƶŤƄĩ��Źřŵźŝ� ƶƳƺưƳƽ�
ŢƟźĭ� ƭŚŬƳř��ƩźŤƴĩ� Ƶƹźĭ���řźƃƿŻ�ƎƿŸƜţ� ƹ�ŢƀƿŹŵ� ƶ�řƿ�Ƶƹźĭ�Ʋ

ŚƯŻō� Ƶƹźĭ� Śŝ� ƶŝŚƄƯ� ǈƯŚĩƿƹ� ŵƺŝ� Ƃ�ŧŚţ� ŢŰţ� ƎƤƟǀƯ� źǀ�ƱřŶ
ƏŚƴƜƯƹźŤĪƫřǀưƳ�Źřźƣ�žƾ�ŶƴŤƟźĭ��Źŵ�řƿ�Ƶƹźĭ�ƲƳǀż�ŚƸƷƹźĭ�ŶƴƳŚưƷƽ�

ŚƯŻōƿƂæå�ƹ�šŹŻř�žě�ƶĩ�Ţƃřŵ�ŵƺūéƶŤƠƷ�ƹ�ŶƳŶƃ�ƶŤƄĩ���ƶƳƺưƳ
ŹřŵźŝƽŚƸƷƹźĭ�ƪŨƯ�ƽŚƯŻō�ƿŶƃ� ƭŚŬƳř�Ƃ��Źŵ�šŹ� řŶŤŝř��Ǝſƺţ� ŚƷ
ƶŞƴě�ƽ�Źŵ�ƭźƟƹźƬĩ�ƶŝ�ƶŤƄƛō�ƿŤſǈě�ƝźƓ�ĨǀĪƾŝ�ƶŤƀŝ�Źŵ�ǀ�ƁƺƸ

ŶƳŶƃ��ů�źſ�žĜſǀřŹ�Ʊřƺ�ůŚƳ�Źŵǀƶ�ƽƣ�Ǝſƺţ�ƱŶŝ�Żř�Ʊŵźĭ�ǀĤƾ�
ƹ� Ƶŵźĩ� řŶū�źƷ�ů�ƮƄģ�ƹŵǀƃƹŹ� Śŝ� řŹ�ƱřƺƾſǈĩƺƳř� ƶŝŚƄƯ�ǀ�Ʊƺ

ŚƌƟ� Żř� ƱŚƀƳř� ƮƄģƽŝŹř�ǀƯ� ũŹŚų� Ţƾƴĩ�ǀƹ� Ʈ��Ǝſƺţ� ŚƸŝƺƬĭ
� šŚƠƀƟ� źƟŚŝ� ƩƺƬŰƯæ�å�Ư� Ƶŵřŵ� ƺƄŤƀƃ� ŹǇƺƯƾ�ŵƺƃ��žĜſ�

ƶƳƺưƳ��ƹ� ƽŹƺƳ� ęƺƨſƹźƨǀƯ� Ǝſƺţ� ƾſŹźŝ� ƽřźŝ� ƭŻǇ� ƽŚƷ
�ƺƬŝ� ƱŶǀŗƺƫƺţ� ƽżǀƯō� ĬƳŹ� ŢŰţ� Ŝǀţźţ� ƶŝ� ƹ� ƶǀƸţ� ƾƳƹźŤƨƫř

źƣ�śźſ�šřźŤǀſƹŶƴŤƟźĭ�Źř��ƶƳƺưƳ�ŚƷƽƳ�ǀħŻŚƳ�ƶư��éêå�źŤƯƺƳŚƳƽ��
Ư� Żř� ƵŵŚƠŤſř� ŚŝǀŹƺƳ� ęƺĪſƹźĪƽ�o/ympns/3H-2�ƹ��Śŝ

ŚưƴĭŹżŝƾƿéåƹ�æååƯ� Źřźƣ� ƶƘƫŚƐƯ� ŵŹƺƯ�ƾ�ƹ� ŶƴŤƟźĭ��ŢƸū
ƺŤƟ�ƯǀƹźĪ�Ɲřźĭ�Ư� Żř� ŚƷǀƟ� ƹ� ƵŶƃ� źĩŷ� ęƺĪſƹźĪǀūƺƟ� ƮƬƾ 

ASA=400�Ư� ƵŵŚƠŤſřƾ�Ŷƃ��ƴĤưƷǀƶƳƺưƳ� Ʋ ŚƷƽħŻŚƳ���ëå�
źŤƯƺƳŚƳƽ���ŚŝƯ�Żř�ƵŵŚƠŤſřǀżƳřźţ�ęƺĪſƹźĪƿ�Źřźƣ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƩŚƴƄ
ŶƴŤƟźĭ��řźŝƽƸţ�ǀƶ�ƽƯ�ƱƹźŤĪƫř�ǀƝřźĭ�ƹźĪ�Ư�Żř�ŚƷǀ�źĩŷ�ęƺĪſƹźĪ

Żř� ƹ� ƵŶƃ�Sheet filmř�Ţſř� ƵŶƃ� ƵŵŚƠŤſ��Źƹō� ƖưūƽƵŵřŵ��ŚƷƽ�
ưĩƾƵŻřŶƳř�ƹ� ŚƸƫƺƬſ�ƁŹŚưƃ�Śŝ��ƶƿǇ�ŢƯŚŴƋ�ƽźǀĭ��ƹ�ƲǀţŹ�ƽŚƷ

źŤƯƺƟŹƺƯƽƺƈţ�ƩŚƤŤƳř�Śŝ�ƹ�ƿĜƯŚĩ�ƶŝ�źǀƺ�ŹřżƟř�ƭźƳ�Żř�ƵŵŚƠŤſř�Śŝ�ƹ�źţ
ŢƟźĭ� ƭŚŬƳř� ęŚƃƺŤƟ��ƫŚƳō� ƭŚŬƳř� ŢƸūǀż�ŹŚƯōƽŚƷ� Ƶŵřŵ�ƽ�

źŤƯƺƟŹƺƯƿŻř� Ĩ�ŚƸƃƹŹƽŹŚƯō�ƽƇƺţ�ǀƠƾŚƸƈųŚƃ� �ƽżĩźƯ�ƽ�
�ƯǀĮƳŚǀ�ƲtƘƯ�ƝřźŰƳř�ǀŹŚ��ŚƸƈųŚƃ�ƹƽĭŶƴĩřźě�ƾƹ��ſŹźŝ�ŢƸūƾ�

Żƺţ�Ʊŵƺŝ�ƩŚƯźƳƿŻř�ŚƷ�Ƶŵřŵ�Ɩ�ŹŚƯō�ƱƺƯŻōƽKolmogorov-Smirnov�
ƹ�ƵŶƃ�ƵŵŚƠŤſřƵŵřŵ�ƖƿŻƺţ�Ʊŵƺŝ�ƩŚƯźƳ�ƭŶƗ�ƪǀƫŵ�ƶŝ���ƭŚŬƳř�ŢƸū�ŚƷ

ŚƤƯƿƶƀ�ƽŝ�ǀŚƸƷƹźĭ�Ʋ��ŚƯŻō�Ƶƹźĭ�Śŝ�ƩźŤƴĩ�Ƶƹźĭƿ�Ƃé�Ƶƹźĭ�ƹ�ƶŤƠƷ�
ŚƯŻōƿ�Ƃé� Śŝ� ƶŤƠƷ�æåƶŤƠƷ� �Żř�ŹŚƯō�ƱƺƯŻōƽU.mann-Whitney 

Testŵźĭ� ƵŵŚƠŤſř�ƿƹ� ƵŶ�ƯŚưţ� Źŵƾ�ŵŹřƺƯ�åê�å�PƴƘƯ�ƾ�Źřŵ�ƤƬţƾ�
Ţſř�ƵŶƃ���

ZÅ�Äf§ZË��
Źŵ��ƪĩ�ŢƯŚŴƋ� ŵŹƺƯţŹǀƯ�ƲǀĮƳŚǀř�ƲƿŹŵ�ŢƯŚŴƋ�Ʋ��Ƶƹźĭ
ŚƯŻōƿ�Ƃé� Śŝ� źŝřźŝ� ƶŤƠƷ�ì�æèçƘƯ�ƝřźŰƳř� Śŝ� ƱƹźƨǀƯ�ǀŹŚ�ìí�ì�
Ưƾ�ŶƃŚŝ��ç�ææî min�ƹæ�æéé max���ƯǀĮƳŚǀţŹ�ƪĩ�ŢƯŚŴƋ�Ʋǀ�Ʋ
Źŵ�ƩźŤƴĩ� Ƶƹźĭ�éì�íîƘƯ�ƝřźŰƳř� Śŝ� ƱƹźƨǀƯ�ǀŹŚ�íè�èƯ�ƾ�ŶƃŚŝ�
�é�íè min�ƹë�æåå max��ŚƤƯƿƶƀ�ƽŹŚƯō�ƽţŹ�ƪĩ�ŢƯŚŴƋ�ǀ�Ʋ
ŝǀƹźĭ�ƲŚƯŻō�ƵƿƂéƹ�ƶŤƠƷ��Ư�ƱŚƄƳ�ƩźŤƴĩƾ��ƪĩ�ŢƯŚŴƋ�ƶĩ�ŶƷŵ
ţŹǀŚƯŻō�Ƶƹźĭ�Źŵ�ƲƿŚƤƯ�Źŵ�ƂƿƴƘƯ�ŹƺƏ�ƶŝ�ƩźŤƴĩ�Ƶƹźĭ�Śŝ�ƶƀƾŹřŵ�ƽ�
řżƟřƿě�ƂǀŢſř�Ƶŵźĩ�řŶ���ååæ�åP<��ƶƤŞƏ�ƽƶŤƀƷ��ūŹŚų�Źřŵƾ�ƶĩ�

ƶŤƀƷ�ƶŝ�ƍƺŝźƯ�ƽŚƸƫƺƬſ�ƽƯ�ŹƺŤĜſŹƺţƺƟ�ƾ�ŹƺƏ�ƶŝ�ŶƃŚŝ��Źŵ�ŮƋřƹ
ŚƯŻō�ƵƹźĭƿŚƤƯ�Źŵ�ƂƿŤƴĩ�Ƶƹźĭ�Śŝ�ƶƀřżƟř�Ʃźƿě�ŢƯŚŴƋ�Ƃǀ�Ƶŵźĩ�řŶ

Ţſř��ƯǀĮƳŚǀř�ŢƯŚŴƋ�ƲƿǇ�ƲƿŚƯŻō�Ƶƹźĭ�Źŵ�ƶƿ�Ƃçè�èç�Ưǀ�ƱƹźĪ
ƘƯ� ƝřźŰƳř� ŚŝǀŹŚ�ç�è�ƯǀƯ� ƱƹźĪƾ�ŶƃŚŝ��èå�çë minimum�

ƹì�èì maximum��ƫŚů�Źŵƾř�ƶĩ�ƿŵŚƤƯ�Ʋƿřźŝ�źƽ�ƶŝ�ƩźŤƴĩ�Ƶƹźĭ�
Ż�ŭźƃƿƯ�źƾŶƃŚŝ���ƯǀĮƳŚǀƶƤŞƏ�ŢƯŚŴƋ�Ʋ�ƽūŹŚų�Źřŵ�ƶŤƀƷ�ƾ�Źŵ�

� ƩźŤƴĩ� Ƶƹźĭæê�çå�ƘƯ� ƝřźŰƳř� Śŝǀ� ŹŚéè�æ�ƯǀƯ� ƱƹźĪƾ�ŶƃŚŝ��
��æå�æì minimum�ƹé�çè maximum���ŚƤƯƿƶƀ�ƽŹŚƯō�ƽ�

ƶƤŞƏ�ŢƯŚŴƋ�ƽūŹŚų�Źřŵ�ƶŤƀƷ�ƾŝ�ǀƹŵ�Ʋ�Śŝ�Ƶƹźĭ�ååæ�åP<�ƱŚƄƳ�
ƯƾƴƘƯŹƺƏ�ƶŝ�ƶĩ�ŶƷŵ�ƾŹřŵ�ƽ�ƶƤŞƏ�ŢƯŚŴƋ�ƽƶŤƀƷ��ūŹŚų�Źřŵƾ�

ŚƯŻō� Ƶƹźĭ�ŹŵƿřżƟř�ƩźŤƴĩ� Ƶƹźĭ�ƶŝ�ŢŞƀƳ�Ƃƿě�ƂǀŢſř� Ƶŵźĩ� řŶ���
ååæ�åP<�źŝ� ƵƹǈƗ�ŚƤƯƿƶƀ�ƽŝ� ŢƯŚŴƋ�ǀƶƤŞƏ� Ʋ�ƽ�Źřŵ� ƶŤƀƷ�
ūŹŚųƾŹŵ��ŚƯŻō� ƵƹźĭƿƶŤƀƷ� Ʈĩřźţ� ŶƷŚƃ� ƹ� Ƃ�ƽŚƸƫƺƬſ�ƽ�

Ƴ�ŹƺŤĜſŹƺţƺƟǀż��Źŵê�ƟǀŻř�ƭřŶĩ�źƷŻř�ƞƬŤŴƯ�ŶƬæåƸţ�ƭǇ�ǀ�ƵŶƃ�ƶ
ŚƤƯ�ŵŹƺƯƿŢƟźĭŹřźƣ�ƶƀ��řźŝƽř�ƿƶŤƀƷ�ŵřŶƘţ�ƝŶƷ�Ʋ�ƽ�Źŵ�ŚƸƫƺƬſ�
ŚƷŹŵŚĩƽ�çê�çêƱƹźƨǀƯ�Źŵ��ŚƸƯǇƽĭŹżŝ� Śŝ�Śưƴƾƿìçå��ŵŹƺƯ

ŢƟźĭ�Źřźƣ�ƁŹŚưƃ��ŚƯŻō�Ƶƹźĭ�ŹŵƿƂé�ƶŤƀƷ�ŵřŶƘţ�ƶŤƠƷ�ƽ�ŚƸƫƺƬſ�
źƷ�Źŵ�ŹŵŚƧëé�æè�ƘƯ�ƝřźŰƳř�ŚŝǀŹŚ�íî�å�ŵƺŝ��Źŵ�ƫŚůƾ��ƵƹźĭŹŵ�ƶĩ
ř�ƩźŤƴĩƿ�Śŝ�źŝřźŝ�ŵřŶƘţ�Ʋèå�ì�ƘƯ�ƝřźŰƳř�ŚŝǀŹŚ�îê�å�ŵƺŝ��ŚƤƯƿ�ƶƀƽ�
ŹŚƯōƽř�ƿƵŵřŵ� Ʋ�Ư� ƱŚƄƳ� ŚƷƾ�ŹƺƏ� ƶŝ� ƶĩ� ŶƷŵ�ŰƋřƹƾ�Ƶƹźĭ� Źŵ�
ŚƯŻōƿƶŤƀƷ�Ʈĩřźţ�Ƃ�ƽŚƸƫƺƬſ�ƽƳ� ŹƺŤĜſŹƺţƺƟ�ǀ�Ƶƹźĭ� ƶŝ�ŢŞƀƳ� ż

řżƟř�ƩźŤƴĩƿ�ƂƿŢſř�ƶŤƟŚ��ååæ�åP<���ƪĪƃæƹç�Ɯţǀǀ�ƍƺŝźƯ�šřź
řżƟř� ƶŝƿţŹ�ŢƯŚŴƋ�ƂǀƶƤŞƏ� ƹ� Ʋ�ƽūŹŚų� Źřŵ� ƶŤƀƷ�ƾ�Ʈĩřźţ� ƹ�
�ƶŤƀƷƽŚƸƫƺƬſ�ƽŝ�řŹ�ŹƺŤĜſŹƺţƺƟ�ǀƲƹŵ�Ư�ƱŚƄƳ�Ƶƹźĭ�ƾ�ŶƷŵ���ƖŞţ�ƶŝ
řżƟřƿŚƸƫƺƬſ� ŵřŶƘţ�ƂƽŹƺŤĜſŹƺţƺƟ��ƹ�ƟřřżƿƶƤŞƏ�ŢƯŚŴƋ�Ƃ�ƽ�

Ƭųřŵ� Źřŵ� ƶŤƀƷƾǇ� ŢƯŚŴƋ�ƿƶ�ƽūŹŚų� ƂŴŝ�ƾŚƸƫƺƬſ�ƽ�
ƶƳřƺŤſř�řƽƏƹźŴƯ�ƹ�ƾƳ�ǀřżƟř�żƿ�ƂƿŢſř�ƶŤƟŚ��ƶƤŞƏ�Źŵ�ƽ�Źřŵ�ƶŤƀƷ�
Ƭųřŵƾŝ�ǀŚƸƫƺƬſ� ƲƽŤƄě�ǀŚƸƫƺƬſ� ƹ� ƱŚŞƽŞƈƗ�ƾŻ� ŵřŶƘţ�ƿŵŚƽ�

ŚƯŻō�ƵƹźĭŹŵ�ƪŗƺĩřƹƿƹŹ�ƪŝŚƣ�ƂƿƯ�Ţƾ�ƫŚů�Źŵ�ŶƃŚŝƾƵƹźĭ�Źŵ�ƶĩ��
ř�ƩźŤƴĩƿ�ƪŝŚƣ�ŢƫŚů�ƲƳ�ƵŶƷŚƄƯǀŢƀ���ƂƿŚƯŻō�Ƶƹźĭ�Źŵ�ƲǀƴĤưƷ

�ƩźŤƴƧ� Ƶƹźĭ� Źŵ� ƶƧ� ŵƺƃ�ƾƯ� ƵŶƷŚƄƯ� ƾƿŚƷŚƌƟ� ŚƸƫƺƬſ� ƲǀŝŚƯ� Źŵ
ŵŹřŶƳ�ŵƺūƹ��Źŵ�ŚƯŻō�ƵƹźĭƿŹŵ�Ƃ�ƶƤŞƏ�ŵŹƺƯ�ƽŚƸƫƺƬſ�ƽƬĮƳŚĭ�ǀƳƺƾ�

ƳǀſŹŵ� żǀŻ� ŵřŶƘţ� ŚƸƫƺƬſ� ƮſǈěƺŤƿŵŚƽƯ� ƵŶƷŚƄƯ� ƪŝŚƣ� ƪŗƺĩřƹ�ƾ�
ŶƃŚŝƾƯ� ƵŶƷŚƄƯ�ƾƿŚƷŚƌƟ� ŚƸƫƺƬſ�ƲǀŝŚƯ� Źŵ� ƹ��ŵ� ƶƧ� ŵƺƃ�Ƶƹźĭ� Ź

ŵŹřŶƳ� ŵƺūƹ� ƩźŤƴƧ����ŚưƴĭŹżŝ� Śŝƾƿìçå��ƦƿĥƺƫƺƟŹƺƯ� źƔƳ� Żř��
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ŰƋřƹ�ƝǈŤųřƾŝ�ǀ�ƶƤŞƏ�ƲƽƬųřŵ�ĨŞƄƯ�ƾŝ�ǀ�ƵŶƷŚƄƯ�Ƶƹźĭ�ƹŵ�Ʋ
ưƳƾŵƺƃ���Ǉ�ƾſŹźŝ� Źŵƿƶ�ƽŚƸƫƺƬſ�ƽƶƳřŵ��Ƭųřŵ� ŹřŵƾŚƸƫƺƬſƹ�ƽ�

ƬĮƳŚĭǀƳƺƾſƹ�ƶŝ�ǀƶƬ�ƽřżƟř��ƾƳƹźŤƨƫř�ęƺƨſƹźƨǀƯ�ƿŝ�ƪƇřƺƟ�Ƃǀ�Ʋ
ƫƺƬſƾƬŗƺĩřƹ� ƹ�ǀſřżǀřŵ� ƱƺƫƺƬſ� ƪųƾŚƯŻō� Ƶƹźĭ� Źŵ�ƿ�ƪŝŚƣ� Ƃ

Ţſř� ƵŶƷŚƄƯ���Źŵ�źƷæå�ƶƳƺưƳ�ƽſŹźŝ�ƾƯ� Śŝ� ƵŶƃ�ǀ�ęƺĪſƹźĪ
ƳƹźŤĪƫřƾ��Źŵ�ƫŚůƾƴģ� ƶĩ�ǀŤƫŚů�Ʋƾ�ƿƴƘƾŗƺĩřƹ� ŵƺūƹ�ǀƬǀſřżǀ�Ʊƺ

ƫƺƬſ� ƪųřŵƾřżƟř� ƹ�ƿŝ� ƪƇřƺƟ� ƂǀƫƺƬſ� ƲƾƷ� Źŵ�ǀ� ĢƿŻř� Ĩ�
ƶƳƺưƳ�ŚƷƽ�ƵŶƷŚƄƯ� ƪŝŚƣ� ƩźŤƴĩ� Ƶƹźĭ� ƶŝ� ƍƺŝźƯ� ŢƯŚŴƋ� ƭŚưţ�

ƳǀŢƀ���ƶŤƀƷƽŚƸƫƺƬſ�ƽƬųřŵ�Źřŵ�ƶƳřŵ�ƾƹ��ŚƸƫƺƬſƽƬĮƳŚĭ�ǀƳƺƾŻř��
Ư�źƔƳǀţŚƯƹźĩ�ƱřżǀƴǀƀǀŚƸƷƹźĭ�Źŵ�ƶŤƽŚƯŻō�ƿƹ�Ƃ�ţƹŚƠţ�ƩźŤƴĩƾ�Śŝ�

ŶƳŹřŶƳ�ƮƷ��Źŵ�Ǉƿƶ�ƽŹřŵ�ƶƳřŵ��ūŹŚųƾƶŤƀƷ�ƱŚưƷ�ƶĩ��ƽŚƸƫƺƬſ�ƽ�
ŹƺŤĜſŹƺţƺƟ�ƯƾƶŤƀƷ�ŶƴƃŚŝ��ƽŚƸƫƺƬſ�ƽŚƯŻō�Ƶƹźĭ�ƿ�ƹ�źŤƴƃƹŹ�Ƃ

ƿţŚƯƹźĩƺǀƲ�Ư�źƔƳ�ƶŝ�źţƾ�ƹ�ŶſŹ�ƴĤưƷǀŻř�Ʋ�źƐƣ�ƵŻřŶƳř�źƔƳ�ƶŤƀƷ�ƽ�
ŚƸƫƺƬſƽŚƯŻō�Ƶƹźĭ�ƿŚƤƯ�Źŵ�ƂƿřżƟř�ƩźŤƴĩ�Ƶƹźĭ�Śŝ�ƶƀƿě�Ƃǀ�Ƶŵźĩ�řŶ

źĮƳŚƄƳ� ƶĩ� Ţſř�� ƶūŹŵƽǇŚŝ�ƽƫŚƘƟ�ǀŝ� Ţǀĥƺƫƺƿř�Ĩƿ�ŚƸƫƺƬſ� Ʋ
Ưƾ�ŶƃŚŝ� ��ƵŻřŶƳř�ĭǀźƽ�Źŵ� ƶŤƀƷ� Ĩģƺĩ� ƹ� īŹżŝ� ŹŚƐƣř�
ƯǀƝřźĭƹźĪ�ŚƷƽƳƹźŤĪƫř�ƾƯ� ƶĩ� ŵřŵ� ƱŚƄƳ�ǀĮƳŚǀ�Źŵ� ƶŤƀƷ� źƐƣ� Ʋ

ŚƸƫƺƬſƽƺƟ�� Ƶƹźĭ� Źŵ� ŹƺŤĜſŹƺţé ƶŤƠƷ�íê�è�ƝřźŰƳř� Śŝ� ƱƹźƨǀƯ�
ƘƯǀŹŚèë�åƯ�ƾŶƃŚŝ���ƫŚů�Źŵǀř�ƩźŤƴĩ�Ƶƹźĭ�Źŵ�ƶĪƿƯ�Ʋǀ�Śŝ�źŝřźŝ�Ʊřż
ëç�çƘƯ�ƝřźŰƳř� Śŝ� ƱƹźƨǀƯ�ǀŹŚçè�åƯ�ƾ�ŶƃŚŝ��ŚƤƯƿŹŚƯō� ƶƀƽř�ƿ�Ʋ
ŵŚƤƯƿź�Ư� ƱŚƄƳƾ�Ư� ƶĩ� ŶƷŵǀĮƳŚǀƶŤƀƷ� ŹŚƐƣř� Ʋ�ƽŚƸƫƺƬſ�ƽ�ƺţƺƟ�

�Ƶƹźĭ�Źŵ�ŹƺŤĜſŹéŚƤƯ�Źŵ�ƶŤƠƷ�ƿŚŝ�ƶƀƴƘƯ�ŹƺƏ�ƶŝ�ƩźŤƴĩ� Ƶƹźĭ�ƾ�
ŹřŵƽřżƟř�ƿ�ƂƿŢſř� ƶŤƟŚ��ååæ�åP<�� ��ƪƨƃè�ƹé��ƵŻřŶƳř��ĭǀźƽ�

Ư�Źŵ�ƶŤƀƷ�Ĩģƺĩ�ƹ�īŹżŝ�ŹŚƐƣřǀƝřźĭƹźĪ�ŚƷƽƳƹźŤĪƫř�ƾ�ƱŚƄƳ�
Ư�ƶĩ�ŵřŵǀĮƳŚǀŚƸƫƺƬſ�Źŵ�ƶŤƀƷ�źƐƣ�ƲƽƬĮƳŚĭ�ǀƳƺƾ�Ƶƹźĭ�Źŵ��é�ƶŤƠƷ�

éç�êƘƯ�ƝřźŰƳř�Śŝ�ƱƹźƨǀƯ�ǀŹŚ�é�åƯ�ƾ�ŶƃŚŝ� ƫŚů�Źŵƾ��Ƶƹźĭ�Źŵ�ƶĩ
ĩř� ƩźŤƴƿƯ� Ʋǀ� Śŝ� źŝřźŝ� Ʊřżéè�êƘƯ� ƝřźŰƳř� Śŝ� ƱƹźƨǀƯ�ǀŹŚéè�å�
Ưƾ�ŶƃŚŝ��řƿƵŵřŵ�Ʋ�řŹřŵ�ŚƷƽŻƺţ�ƿŚƤƯ�ƹ�ŶƳŵƺŝ�ƩŚƯźƳ�Ɩƿ�ƶƀƽ�Śŝ�ŚƸƳō�

�ƁƹŹIndependent samples T-Test�Ư� ƱŚƄƳƾ��šƹŚƠţ� ƶĩ� ŶƷŵ
ƴƘƯƾŹřŵ�ƽŝ�ǀƵŻřŶƳř�Ʋ�ƽƶŤƀƷ��ƽŚƸƫƺƬſ�ƽƬĮƳŚĭ�ǀƳƺƾ� Ƶƹźĭ�Źŵ�é�

ŚƤƯ�Źŵ�ƶŤƠƷƿŤƴĩ�Ƶƹźĭ�Śŝ�ƶƀŵŹřŶƳ�ŵƺūƹ�Ʃź��îç�å P����
��

�� ��
ƪƨƃæ���ƺŤƟ�ƹźƨǀƯ��ƂƿŚƯŻō�Ƶƹźĭ�šŹ�ƲǀţŹ�ƪƧ�Żř�ƾƟřźĭéƶŤƠƷ������

�ƾƿŚưƴĭŹżŝèëåźŝřźŝ���

 ��
ƪƨƃç���ƺŤƟ�ƹźƨǀƯ�ƩźŤƴƧ�Ƶƹźĭ�šŹ�ƲǀţŹ�ƪƧ�Żř�ƾƟřźĭ��ƾƿŚưƴĭŹżŝ��èëåźŝřźŝ���

��

�� ��
�ƪƨƃè���ƂƿŚƯŻō�Ƶƹźĭ�šŹ�Źŵ�ŹƺŤĜſŹ�ƺŤƟ�ƩƺƬſ�Żř�ƾƟřźĭƹźƨǀƯƹźŤƨƫřé�Śŝ�ƶŤƠƷ�
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��

�� ��
�ƪƨƃé���ƺŤƟ�ƩƺƬſ�Żř�ƾƟřźĭƹźƨǀƯƹźŤƨƫř��Śŝ�ƩźŤƴƧ�Ƶƹźĭ�šŹ�Źŵ�ŹƺŤĜſŹ��

�ƾƿŚưƴĭŹżŝèååå��
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Żř� ƪƇŚů� ũřƺƯř� ƶƧ� Ţſř� ƵŶƃ� ƶŤųŚƴƃ� ƾŝƺų� ƶŝ��ƽŚƸƳřŶǀƯ

ƾƯ�ƩƺƬſ�Źŵ�ƾſŚſř�šřźǀǀƜţ�ŦƗŚŝ�ƾƀǀƏŚƴƜƯƹźŤƨƫř�ŶƳƺƃ�çç��
�ƶƧ�ƽř�ƶƘƫŚƐƯ�ŹŵZhou XRƹ���ƾƨƃżě�ƵŶƨƄƳřŵ�Źŵ�ƱřŹŚƨưƷ

�ŶƳŵřŵ�ƭŚŬƳř�ŢƄƧ�ƎǀŰƯ�Źŵ�ƾƳƺǀƬĮƳŚĭ�ƽŚƸƫƺƬſ�ƽƹŹ�źŝ�ƲǀŝŹŚƷ
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�ƽŚƸƫƺƬſ�žƿŻƺŤěƺěō�ƶŝ�źŬƴƯ�žǀƏŚƴƜƯƹźŤƨƫř�ũřƺƯř�ƶƧ�ŶƳŵřŵ�ƱŚƄƳ
ƾƯ� ƾƳƺǀƬĮƳŚĭ�ƶƘƫŚƐƯ� Źŵ� ƾƫƹ� ŶƳŵźĭ��ƽƹŹźŝ� ƽźŧř� Ʋǀƴģ� ŚƯ� ƽ

ŶƄƳ� ƵŶƷŚƄƯ� ƾƳƺǀƬĮƳŚĭ� ƽŚƸƫƺƬſ��Źŵ�ƶƘƫŚƐƯ��ƾſŹźŝ� Źŵ� ŚƯ� ƽ
źǀǀƜţ� ŚƸƴţ� ƽŹŚŤųŚſřźƟ�� Źŵ� ƵŶƷŚƄƯƾƳƺǀƬĮƳŚĭ� ƽŚƸƫƺƬſ��ƂƿřżƟř�

�Ʋƿř� ƮſǈěƺŤǀſ� Źŵ� ƱƺǀſřżǀƬŗƺƧřƹ� ŵŚŬƿř� ƹ� ƾƫƺƬſ� Ʋǀŝ� ƽŚƷŚƌƟ
ŵƺŝ�ŚƸƫƺƬſ���Ʋƿř�ŵŹřŵ�ŵƺūƹ�ƶƘƫŚƐƯ�ƹŵ�Ʋƿř�Ʋǀŝ�ƶƧ�ƾſŚſř�šƹŚƠţ

ƶƘƫŚƐƯ�Źŵ�ƶƧ�Ţſř��žƳŚƧźƟ�Śŝ�žǀƏŚƴƜƯƹźŤƨƫř�ũřƺƯř�Żř�ŹƺƧŸƯ�ƽ
ŵƺŝ�ƵŶƃ�ƵŵŚƠŤſř�ŵŚů�šŹƺƇ�ƶŝ�ƹ�ǇŚŝ��çéêåMHz� Źŵ�ƶƨǀƫŚů�Źŵ�

ƲǀƿŚě�žƳŚƧźƟ�Śŝ�žǀƏŚƴƜƯƹźŤƨƫř�ũřƺƯř�Żř�ŚƯ�ƽ�ƶƘƫŚƐƯ��êåHz��ƹ�
Ţſř� ƵŶƃ� ƵŵŚƠŤſř� ƾŬƿŹŶţ� ŽŚưţ� šŹƺƇ� ƶŝ���źĮƿŵ� ƽƺſ� Żř

šŹƺƇ�ƶŝ�ƲǀŝŹŚƷ�ƵŚĮƄƳřŵ�Źŵ�ƶŤƟźĭ�ƭŚŬƳř�ƽ�ƶƘƫŚƐƯin vitro �Źŵ�ƹ�
ƶƘƫŚƐƯ�ƾƫƹ�ƶŤƟźĭ�ƭŚŬƳř�ŢƄƧ�ƎǀŰƯ�šŹƺƇ�ƶŝ�ŚƯ�ƽ�in vivo�Ƶŵƺŝ�

Ţſřæî��Shin-Tsu Lu��ƹřŹŚƨưƷ�Źŵ�ƾţŚƤǀƤŰţ�żƧźƯ�Ʀƿ�Źŵ�ƶƧ�Ʊ
�ũřƺƯřźǀŧŚţ�ŽřżĮţhigh peak power��ƾƗƺƳ�ƽ�ƶǀǀƨŞƃ�ƽƹŹ�źŝ�řŹ

ƭŚƳ�ƶŝ�ƱƺưǀƯ�Rhesusŵ�šřźǀǀƜţ�ŵŚŬƿř�ƶūƺŤƯ�ŶƳŵźƧ�ƾſŹźŝ��������ƺǀţřźƳĦ
ŚƷŹƺŤĜſŹƺţƺƟ�ƾūŹŚų�ƂŴŝ� Źŵ��ƾūŹŚų�ƽ�ƶƿǇ�ƱƺǀſřżǀƬŗƺƧřƹ�

ƶǀƨŞƃ�ƨǀě�šřźǀǀƜţ�ƹ�ŚƷŹƺŤĜſŹƺţƺƟ�żǀƫƺƿŹŚƧŹŵ�Ʀǀţƺƴ��ƶƳřŵ�ƭƺǀƬŤǀěř
ƨŞƃ�ŹŵŹřŵƶǀ�ŶƳŶƃ�ƱƺưǀƯ�ƽ���ƢǀƤŰţ�Śŝ�ƶƘƫŚƐƯ�Ʋƿř�ƶƧ�ƾưƸƯ�šƹŚƠţ

ŚƯ�ŵŹřŵ� ��žǀƏŚƴƜƯƹźŤƨƫř� ũřƺƯř� ƽǇŚŝ�žƳŚƧźƟ� ƪŞƣ� ŵŹƺƯ� ŶƴƳŚưƷ
ƾƯ�ƶƘƫŚƐƯ�Ʋƿř�Źŵ�ƵŶƃ�ƵŵŚƠŤſř�ŶƃŚŝ���Śŝ�ŵŚů�ŵŹƺųźŝ�ƶƨƴƿř�ŵƺūƹ�Śŝ

�ŚƷŹƺŤĜſŹƺŤƟ�żǀƫƺƿŹŚƧ�ŜūƺƯ�ǇŚŝ�žƳŚƧźƟ�Śŝ�žǀƏŚƴƜƯƹźŤƨƫř�ũřƺƯř
ƾƯ��žƳŚƧźƟ� Śŝ�žǀƏŚƴƜƯƹźŤƨƫř� ũřƺƯř� Śŝ� ƲƯżƯ� ŵŹƺųźŝ� ƾƫƹ� ŵƺƃ

ƶưƷ�ƾĭŶƳŻ�Źŵ�ƵźƯŻƹŹ�ŹƺƏ�ƶŝ�ƶƧ�ƲǀƿŚě�ŵřźƟř�ƽ�ƾƯ�ơŚƠţř�ŶŤƟř���ŶƴƳŚƯ
ƪƿŚŝƺƯ�ũřƺƯř��źǀŨƨţ�ƂƿřżƟř�ŜūƺƯ�ƾƯ�ŹƺŤĜſŹƺŤƟ�ƽŚƸƫƺƬſ�ŵƺƃçè��
ƶƘƫŚƐƯ� Źŵ�ƹ� ƾŞƐƣ� ƹŵ� ƽŚƸƫƺƬſ� ƱƺǀſřżǀƬŗƺƧřƹ� ŚƯ� ƽ�ƶƿǇ��ƽ

Ŷƃ� ƵŶƷŚƄƯ� ƾƳƺǀƬĮƳŚĭ��Źŵ�źŝ� ƶƧ� ƽźĮƿŵ� ƶŝŚƄƯ� ƾſŹźŝ��ƽƹŹ
šŹ� Źŵ� ƶǀƬƧ� ƱŚưŤųŚſ��šŶƯ� ƶŝ� ƶƧ� ƾƿŚƷêç�ƹ� ŻƹŹ��Ʀƿ�ƽŻƹŹ

�ŶƴŤƟźĭ�Źřźƣ�ƲǀƿŚě�žƳŚƧźƟ�Śŝ�ƾƀǀƏŚƴƜƯ�ƱřŶǀƯ�ƉźƘƯ�Źŵ�ŢƗŚſ
Ŷƃ� ƭŚŬƳř� ƾƳƹźŤƨƫř� ƹ� ƽŹƺƳ� ęƺƨſƹźƨǀƯ� Śŝ� ƾſŹźŝ� Źŵ��

ƶǀůŚƳ� Źŵ� ƶǀƬƧ� ƽŚƸƫƺŝƺţ� ƭƺǀƬŤǀěř� ƱƺǀſřżǀƬŗƺƧřƹ��żǀƳ� ƹ� ƾſřŹ� ƽ
ŵ�šřźǀǀƜţ�������Śŝ�ƾſŹźŝ�Źŵ�ƶƧ�Ŷƃ�ƵŶƿŵ�ƶǀƬƧ�ƽŚƸƫƹźƯƺƬĭ�Źŵ�ƺǀţřźƳĦ

�ƪƳŚĭŹř�ƭŹƺţźŝ�ƢŞƐƴƯ�ƱƺǀſřżǀƬŗƺƧřƹ�Ʋƿř�żǀƳ�ƾƳƹźŤƨƫř�ęƺƨſƹźƨǀƯ
Źřŵ� ŌŚƄƛ� ƾưſǈěƺŤǀſ� ƪųřŵ� ƽŚƷ�ƶƨŞƃ� ƹ� ƽŹŶƴƧƺŤǀƯ� ŶƴƳŚƯ��ƽ

ŵƺŝ�ƾưſǈěƹŶƳōçé��ŢǀſƹźŤſō�Źŵ�ƶƧ�ƵŶƃ�ƁŹřżĭ�ƮƷ�ǈŞƣ��Źŵ�ƽŚƷ
�ƉźƘƯEMF�ů�ƥƺƃ�źǀŧŚţ�ƪǀƫŵ�ƶŝ�ƂƿřżƟř�ŚƸƫƺƨƿŻƹƹźƨǀƯ�ƾţŹřź

ƾƯ�ƽř�ƶƿŸƜţ�ƽŚƷŻŚǀƳ�ƱŵźƧ�ƵŵŹƹōźŝ�ŢƸū�ƶƧ�ŶŝŚƿ�ƾƯ�ŶƃŚŝçê���Źŵ
ƶƘƫŚƐƯ� Ʀƿ��Źŵ� ŵƺūƺƯ� ƽŚƷĥŚƟƹźƧŚƯ� ŵřŶƘţ� ƂƿřżƟř� źĮƿŵ� ƽ

šŹ�ƱřŶưŴţ�ƽŚƯƹźŤſř�ƹźŤƨƫř�ƱřŶǀƯ�źǀŧŚţ�ŢŰţ�ƽŚƷ��ƱŚƄƳ�žǀƏŚƴƜƯ
�Ţſř�ƲǀţŹ�ƽƹŹ�źŝ�ƶƘƫŚƐƯŹŵ�ŚƯ�ƽ�ƶŤƟŚƿ�ƶŝŚƄƯ�ƶƧ�Ţſř�ƵŶƃ�Ƶŵřŵ

ƶƧ�ũřƺƯř�EMF�Ƭſ�ŵřŶƘţ�ƂƿřżƟř�ŜūƺƯ�ŶƴƳřƺţ�ƾƯƶƿǇ�ƽŚƸƫƺ���ƽ
ŶƳŵźĭ� ŹƺŤĜſŹƺŤƟçë���ƽŚƸƳřŶǀƯ� šřźŧř� ƾſŹźŝ� ƲǀƴĤưƷ

ƹźŤƨƫř�šŹ�ƽƹŹ�źŝ�ƾưůŹ�ƽŚƷ�ƶƫƺƫ�ƹ�ƮůŹ�ƽƹŹ�źŝ�žǀƏŚƴƜƯ��ƽŚƷ
�šŶƯ� ƶŝ� ƶƧ�ƾƜƫŚŝèƵŚƯ���îå�ŻƹŹ��� ƶƳřŻƹŹé��źǀŧŚţ�ŢŰţ�ŢƗŚſ

EMF��šŶƃ� Śŝ50GHz�ŶƴŤƃřŵ� Źřźƣ� �� Ŷƃ� Ƶŵřŵ� ƱŚƄƳƶƤŞƏ� ƶƧ��ƽ

ƮǀŴƋ� ƩźŤƴƧ� Ƶƹźĭ� ƶŝ� ŢŞƀƳ�ƂƿŚƯŻō� Ƶƹźĭ� źŤƯƹŶƳō��ƹ� ƵŶƃ� źţ
ƾƯ�ƾưůŹ�ŵŶƛ�ƽŵŚƿŻ�ŵřŶƘţ�ƽƹŚů�ƶƬůźƯ�ƶƧ�ŵŵźĭ��ƽźţ�ƶŤƟźƄǀě�ƽ

ƾƯ�ƱŚƄƳ�řŹ�ƱƺǀſřźƠǀƫƹźě�ŻŚƟ�Żř�ŶƷŵçì��ƶŬǀŤƳ��ŶǀƿŚţ�żǀƳ�ƶƘƫŚƐƯ�Ʋƿř�ƽ
ƵŶƴƴƧ�ƶƘƫŚƐƯ�ƽ��ƺŤƟ�ƽ�ƶƿǇ�Źŵ�ƾƫƺƬſ�źǀŨƨţ�ƂƿřżƟř�ƶƧ�Ţſř�ŚƯ�ƽ

ţŹ�ŹƺŤĜſŹŵřŵ�ƱŚƄƳ�řŹ�Ʋǀ��ƶƘƫŚƐƯ�Źŵ��ƽŚƸƫƺƬſ�ŵřŶƘţ�ƂƿřżƟř�ŚƯ�ƽ
ƾūŹŚų�Źřŵ�ƶƳřŵ�ƽ�ƶƿǇ��ƶƿǇ�ŚƷ�ŹƺŤĜſŹ�ƺŤƟ�ƽ���ƹ�ŮƐſ�Ŷůřƹ�Źŵ

ƶŬǀŤƳ� Źŵ� ƹ� ƶƿǇ� Ʋƿř� ŢƯŚŴƋ� ƂƿřżƟř� ƲǀƴĤưƷ��ƂƿřżƟř� Ʊō� ƽ
�ƂƿŚƯŻō�Ƶƹźĭ�Źŵ�ƲǀţŹ�ƪƧ�ŢƯŚŴƋéŶƃ�ƵŶƷŚƄƯ�ƶŤƠƷ����ƽƺſ�Żř

ƾƯ� ƶƧ� ŹƺƏ� ƱŚưƷ� źĮƿŵ�ƽŹƺŘţ� ƮǀƳřŵ�ūƹ� ƾƿŚƷ�ƶƧ� ŵŹřŵ� ŵƺ
ſ�řŹ�ƭƺŤſǈŝƺƴǀţŹƾƯ�ŹƺŤĜſŹ�ƺŤƟ�ƽŚƸƫƺƬſ�ƱŚƏź���ŶƳřŵ�Ʋƿř�ƶƬưū�Żř

ƪŨƯ�ƾƫƺƬſ�ũŹŚų�ŵřƺƯ�ƭƺŤſǈŝƺƴǀţŹ�ƽŹƺƯƺţ�ƽŚƸƫƺƬſ�ƶƧ Inter 

photo receptor retinoid binding protein ��ƽ� ƵŵŚƯ�Ʀƿ� ƶƧ� řŹ
ƶƿǇ�ƽŚƸƫƺƬſ�ƽŶǀƫƺţ��ƽ�ŹƺŤĜſŹƺţƺƟ�� ƩŚƯźƳřŢſ� �ƾƯ� Ŷǀƫƺţ�ŶƴƴƧ��

Ƭſ� ƲǀƴĤưƷ�ƎǀŰƯ� Źŵ� ƵŶƃ� Ƶŵřŵ� ŢƄƧ� ƽŚƯƺŤſǈŝƺƴǀţŹ� ƽŚƸƫƺ
ƾƯ�Żƹźŝ� řŹ�żƯźƣ�ƹ�żŞſ�ƱŚưĮǀě�ƺŤƟ�Ʊĥ�ŢƄƧ��ŵŹřƺƯ�Ʋƿř�ƶƧ�ŶƴƷŵ

ƾƯ� ŚƯƺŤſǈŝƺƴǀţŹ� ƽŹƺŤĜſŹ� ƺţƺƟ� ŚƄƴƯ� Żř� ƵŶƴƴƧ� ŢƿŚưů�ŶƃŚŝçí��
�źǀŨƨţ�ƂƿřżƟř�ƽ�ƵŶƷŚƄƯ�ƶŤƀƷ�ƽ�ƵŻřŶƳř�ƂƿřżƟř��ƺţƺƟ�ƽŚƸƫƺƬſ�ƽ

ŹƺŤĜſŹ@�ƾūŹŚų�Źřŵ�ƶƳřŵ�ƽ�ƶƿǇ>��ƫŚƐƯ�Źŵ�ŹŚǀƀŝ�Ʃřƺſ�Ʋƿř�ŚƯ�ƽ�ƶƘ
ƾƯ�źŝ� řŹ�ƮƸƯ��ƹ�ŚƯƺŤſǈŝƺƴǀţŹ�Ʋǀŝ� ŚƯ�ƾƏŚŞţŹř� Śƿō�ƶƧ�ŵżǀĮƳřEMF�

� �źǀų� Śƿ� ŵŹřŵ� ŵƺūƹ�ƯƵŵřŵ� ƱŚƄƳ� ƦƿĥƺƫƺǀƯŶǀěř� šŚƘƫŚƐ�ŶƳř� ��Źŵ
ƾƯ�ƾĭŶƳŻ�ƹźǀƳ�ƍƺƐų�ƕřƺƳř�Żř�ƾƌƘŝ�ƶŝ�ƦƿŵżƳ�ƶƧ�ƾƳŚƧŵƺƧ��ŶƴƴƧ

Ţſř� ƩŚƯźƳ� Ŷů� Żř� źţǇŚŝ� ƾưſƺƫ� ƶŝ� ǈŤŝř� ƱřżǀƯë���Ư�šŚƘƫŚƐ
�Źŵ� žǀƏŚƴƜƯƹźŤƨƫř� ƽŚƸƳřŶǀƯ� ƶƧ� Ţſř� Ƶŵřŵ� ƱŚƄƳ� ƦƿĥƺƫƺǀƯŶǀěř

ƾƯ�ƱŚƏźſ�ŵŚŬƿř�ŦƗŚŝ�ǇŚŝ�ŹŚƄƟ�Śŝ�ơźŝ�ƖŝŚƴƯ�ƝřźƏř�ŶƳƺƃçî���źŤŞƫŚū
šŚƘƫŚƐƯ�Ʋƿř�ƽ�ƶưƷ�Żř��Ʋǀŝ�ƍŚŞţŹř�ŵŹƺƯŹŵ�EMF�ƽř�ƶƫŚƤƯ�źƀƳŚƧƹ�

Źŵ�ƱřƺƴƗ�ŢŰţ�ŢƳźŤƴƿř�Scientists link Eye cancer to mobile 

phoneŹŵ��ƩŚſ�çååî�Ţſř�ƶŤƟŚƿ�ŹŚƄŤƳř���Ʋƿř�źŝ�ƶƫŚƤƯ�Ʋƿř�ƱŚƤƤŰƯ
ƭƺƳǈƯ�Ʋǀŝ�ƾƨƿŵżƳ�ƍŚŞţŹř�ƶƧ�ŶƳŹƹŚŝ���Śŝ�ƾưƄģ�ƖƿŚƃ�ƱŚƏźſ�źĮƿŵ

ƹźŤƨƫř� ũřƺƯř�Ţſř� ŵƺūƺƯ� ƪƿŚŝƺƯ� Ǝſƺţ� ƵŶƃ� Ŷǀƫƺţ� žǀƏŚƴƜƯ��
�ƹźŤƨƫř� ũřƺƯř� � Ǝſƺţ� ƭƺƳǈƯ� ŵŚŬƿř� ŢƬƗ� Ʊō� Śŝ� ƶƧ� ƾưƀǀƳŚƨƯ

ŢƀǀƳ�ƆŴƄƯ�ŚƤǀƣŵ�ŵƺƃ�Ƶŵřŵ�ŭźƃ�žǀƏŚƴƜƯ��ƳŚƨƯ�ƾƫƹ�ƶƧ�ƾưƀǀ
ƮƄģ�ƾƨŝō�ƎǀŰƯ�ƶƧ�Ţſř�Ʋƿř�Ţſř�ƵŶƃ�Ƶŵřŵ�ŮǀƋƺţ���ƹ�ƶǀūŚūŻ

ƶǀƫǇŻ��ƾƯ�ƦưƧ�ƱƺǀſŚƿŵřŹ�ũřƺƯř�ũřƺƯř�śŸū�ƶŝ�ƹ�ŶƴƴƧ�Źŵ��ƶŬǀŤƳ
ƹźŤƨƫř�ũřƺƯř�źŤƄǀŝ�śŸū�Śŝ��ŶǀŗƹŹƺƧ�ƾŤǀſƺƳǈƯ�ƽŚƸƫƺƬſ�žǀƏŚƴƜƯ

ƱŶƃ�ƾƳŚƏźſ�ƶŬǀŤƳ�Źŵ�ƹ�źŤƄǀŝ�ƮǀƀƤţ�ƶŝ�ƦƿźŰţ�ƾƯ���ŶƳƺƃ�èå���Ʋƿř
ŵŹƺƯ�Źŵ�ƽŹƺŘţƶƿǇ�ƽŚƸƫƺƬſ���ƽŚƸƫƺƬſ�ƶŝ�ŢŞƀƳ�ƶƧ�ŹƺŤĜſŹƺŤƟ�ƽ

ƶŤƟźĭ�Źřźƣ�ŽƹźŤƿƹ�ƶŝ�źŤƨƿŵżƳ�ƾŤǀſƺƳǈƯ�ŶƳř��Ţſřźţ�ƪưŤŰƯ���
��
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ŨĪţ�ƶŝ�ƶūƺţ�ŚŝǀǇ�źƿ�ƶƽūŹŚų�Źřŵ�ƶŤƀƷ�ƾřƹř�Źŵ�ƿĭŶƳŻ�ƪƾ�
ř�ƍŚŞţŹř�ƹ�ŚƸţŹƿř�Śŝ�ƶƫŚƀƯ�ƲƿţŹ�ŵŚŬǀŚƯƺŤſǈŝƺƴ���ƶƘƫŚƐƯƽ�ƱŚĪƯř�ŚƯ�

ŝ�ŚƯ�ƍŚŞţŹř�ŵƺūƹǀţŹ�ƲǀřżƟř�ƹ�ŚƯƺŤſǈŝƺƴƿ�ƹźŤĪƫř�ũřƺƯř�Żř�ƵŵŚƠŤſř�Ƃ
ƏŚƴƜƯǀƀƾƯ�ŭźƐƯ�řŹ�ƾ�ƀŝ�ŶƴƳŚƯ�ƹ�ŶƴĩǀŹŚƽŵ�ƿ�Źŵ�ƶĩ�šŚƘƫŚƐƯ�Żř�źĮ

ƏŚƴƜƯ� ƹźŤĪƫř� ũřƺƯř� ƍŚŞţŹř� ŵŹƺƯǀƀƾŤƯǈſ� ƱŵŚŤƟř� źƐų� ƶŝ� Śŝ�ƾ�
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ŵŹřŵ�ŵƺūƹ�ƱŚƀƳř���řƿƯ�ŭźƐƯ�řŹ�ƶƫŚƀƯ�Ʋƾ�Śŝ�ƶĩ�ŶƴĩƿƵŵŚƠŤſř�Źŵ�Ŷ�ƽ�Żř�ƵŵźŤƀĭ�řƿŹŵ�ũřƺƯř�Ʋ�ĭŶƳŻƾ�ŻƹŹ�ƺų�ƵźƯŵŹřŵƽŵźĩ������
��

References: 

1. Thomas J, Gregory L, Louis B. American academy 
of ophthalmology, Retina and Viterous, 12th ed, San 
Francisco 2007; PP: 305-309. 

2. Kultursay N, Koprubasi N. Video display terminal- 
The risk of trisomy 18. Clin Genet 1994; 45: 270-
271. 

3. Khaki AA, Zarrintan S, Khaki A, Zahedi A.The 
effects of electromagnetic field on the 
microstructure of seminal vesicles in rat: a light and 
transmission electron microscope study.Pak J Biol 
Sci. 2008; 11(5):692-701. 

4. Wayne,Overbeck. 2000Electromagnetic fields and 
your health. October 23.2003,from http : //www 
.arrl .org Edelstyn, Nicola,Oldeershow,Anna:The 
acute effects of exposure to the electromagnetic 
field emitted by mobile phones on human 
attention.J neuroreport 2002:13(1): 119-121. 

5. Thomas J, Gregory L, Louis B. American academy 
of ophthalmology, Fundamental and principles of 
ophthalmology.2nd ed. The Eye M.D. Association, 
San francisco, 2007; PP: 77. 

6. Vignal R, Crouzier D, Dabouis V, Debouzy JC. 
Effects of mobile phones and radar 
radiofrequencies on the eye, Pathol Bio 2008; 
24(2); 271-275. 

7. Elder JA. Ocular effects of radiofrequency energy. 
Bioelectromagnetics 2003; 6(3): 148-161. 

8. Zwirska K, Korczala K, Adamczyk S. Effect of 
extremely low frequency electromagnetic fields on 
cell proliferation antioxidative enzyme activities 
and lipid peroxidation. Journal of physiology and 
pharmacology 2005; 11(3): 170-176. 

9. Jelenkovic A, Jowanovic DM, Vasiljevic I. Effect  
of low frequency magnetic field in the brain of rat. 
Brain research bulletin 2005; 68(5): 355-360. 

10. Mathie A, Kennard LE, Veal El. Neuronal ion 
channels and their sensitivity to extremely low 
frequency weak electric field effects. Radiation 
Protection Dosimetry 2003; 106: 311-315. 

11. Merkulova LM, Sysoeva LA. Reaction of the 
ultrastructure of the rat spinal ganglion to exposure 
to a pulsed electromagnetic field. Arkh Anat Gistol 
Embriol 1988; 95(11): 38-42. 

12. Medvedeva MV, Kucherenko RP, Usova IP, 
Suvorov NB, Ur'iash VV. Ultra structure of cells of 
the lateral field of the hypothalamus of the cat after 
exposure to electromagnetic radiation. .  Arkh Anat 
Gistol Embriol 1985; 89(7): 5-10. 

13. Bardasano JL, Meyer AJ, Picazo L. Ultra structure 
of the pineal cells of the homing pigeon Columba 
livia and magnetic fields (first trials). J Hirnforsch 
1985; 26(4): 471-475. 

14. Dini L, Abbro L. Bioeffects of moderate-intensity 
static magnetic fields on cell cultures. Micron 2005; 
36(3): 195-217. 

15. Merkulova LM. The effect on an impulse 
electromagnetic field on the bioamine allowance of 
the spinal ganglion in rats under whole-body 
exposure. Radiobiologii 1990; 30(2): 252-255.  

16. Sinha RK, Aggarwal Y, Upadhyay PK, Dwivedi A, 
Keshri AK, Das BN. Neural network-based 
evaluation of chronic non-thermal effects of 
modulated 2450 MHz microwave radiation on 
electroencephalogram.  Ann Biomed Eng 2008; 
36(5): 839-851. 

17. Dovrat A, Berenson R, Bormusov E, Lahav A. 
Localised effects of microwave radiation on the 
intact eye lens in culture conditions. 
Bioelectromagnetics 2005; 26: 398-405. 

18. Zhou XR, Yuan HP, Qu W, Ma CY, Li HY, Wang 
Y. The study of retinal ganglion cell apoptosis 
induced by different intensities of microwave 
irradiation. Ophthalmologic 2008; 222(1): 6-10. 

19. Li HW, Yao K, Jin HY, Sun LX, Lu DQ, Yu YB. 
Proteomic analysis of human lens epithelial cells 
exposed to microwaves. Jpn J Ophthalmology 
2007; 51(6): 412-416. 

20. Yang R, Chen J, Deng Z, Liu X. Effect of vitamin 
E on morphological variation of retinal ganglion 
cells after microwave radiation. Wei Sheng Yan Jiu 
2001; 30(1): 31-33. 

21. Bellavite P,Signorini A:Biological effects of 
electromagnetic field, in: fundamental research in 
ultra high � dilution and homeopathy (j Schulte and 
P.C.En dler, eds). Kluwer Acad. Puble, dordrech, 
the Netherlands 2003; 127 � 142. 

22. Lu ST, Mathur SP, Stuck B, Zwick H, D'Andrea 
JA, Ziriax JM, Merritt JH, Lutty G, McLeod DS, 
Johnson M. Effect of high peak power microwaves 
on the retina of rhesus monkey. 
Bioelectromagnetics 2000; 21(6): 439-454. 

23. Nergiz Y, Ketani A, Akdag Z, Resitersay A, Celik 
S. Effect of low intensity microwave radiation on 
rat kidney: an ultra structural study. Turk J Medsci 
2000; 30: 223�227.  

24. Golfert F, Hofer A, Thummler M, Baucer H, Funk 
RH. Extremely low frequency electromagnetic 
fields and heat shock can increase microvesicle 
motility in asto0cytes. Bioelectromagnetics 2001; 
22(2): 71-78. 

25. Khaki AA, Tubbs RS, Shoja MM, The effects of an 
electromagnetic field on the boundary tissue of the 
seminiferous tubules of the rat: A light and 
transmission electron microscope study. Folia 
Morphol (Warsz). 2006; 65(3):188-94. 



���
�Ê�Ì�ZÀ¤»Á�f°·Y�ÉZÆ¿Y|Ì»�cY�iY�®Ë�f»Â§�Â»�Á�É�ZfyZ�Y�§�Ê���] 

26. Solimani rad J,Roshangar L,Karimi K. The effect of 
electromagnetic field on fallopian tube,IFFS 
selected free CD mmunicotions, 
Melbourne(Australia). Monduzzi editore, 
International proceedings division 2001; 25-30. 

27. Thomas J, Gregory L, Louis B. American Academy 
of Ophthalmology, Ophthalmic Pathology and 
Intraocular Tumors. 4th ed. The Eye M.D. 
Association, San Francisco, 2007; PP: 171-172. 

28. Kavet R. The possible role of contact current in 
cancer risk associated with residential magnetic 
fields. Bioelectromagnetics 2000; 21(7): 538-553.  

29. Jonathan Leake. Scientists link eye cancer to 
mobile phones. 2001. http://www.emf-
health.com/reports-eyecancer.htm (Accessed 10 
June 2009). 

 
��

http://www.emf-

