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NMRI�ŝ�ƶ�ƺƴƗ�ů�Ʊř�ºǀ����ŚºƯŻō�ŵŹƺºƯ�Ʊřƺƿ����Ŷºƃ�ƵŵŚƠŤºſř�Ƃ��Żř�ƶºĩ

ŤƀƳřǀ���ŹƺŤſŚě�ƺŤ�źų�ƱřźƸţƿŹřŶƽ���ƹ�ŹřŶƸĮƳƽ�����Śºŝ�ƢŝŚƐƯ�šŚƳřƺǀů�
ŚưƴƷřŹƽ�ř�ƺŤǀŤƀƳƽ�ƬƯ�ƾ����ƭŚŬƳř�ŢƯǈſ�ŵźĭ�ºƿŶ���ř�Źŵ�ºƿ��ƶºƬůźƯ�Ʋ�

řźŝƽ�����Źƺſ�ƁƺƯ�źſ�Ƃƃ�ŵřŶƘţ�Ƶƹźĭ�źƷ�Źŵ�Żƹŵ�źƷ�ƽ��ŹŚºĩ�ƶŝ�
�Ŷƃ�ƶŤƟźĭŶƳ�ƹ��ƁƺƯ��ŚƷƽ�ŹřŵŹŚŝ���ƶºſ�ƶºŝ��Ƶƹźºĭ��ƀºƤţ�ǀƮ�ŶƳŶºƃ���� �

Î�����ƩźŤƴĩ�Ƶƹźĭ��ŧŐţ�ƱƹŶŝǀ��źTiOÏ��Ï�����Ʈºƃ�Ƶƹźĭ����ŚºŝŹżţ�ºƿ�Ƣ
��ŵ�źƐƤƯ�śōƿŚƳƺƿ�ŝ�żƶ����Ʃǈů�ƱřƺƴƗTiOÏ����ŻƹŹ�ŹŵÎÎ��ĮƬƯŚºů�ƾ��

Ð��ººŝźŬţ�Ƶƹźººĭƾ��Źżţ�ŚººŝººƿƢŢººƔƬƛ��ŚººƷƽ�ÐÍ��ÎÒÍ�ƹ�ÒÍÍ�
ƯǀƬƾ�ƭźĭ��ĩǀ��Żř�ƁƺºƯ�ƱŻƹ�ƭźĭƺƬTiOÏ����źºƐƣ�Śºŝ nmÎÍ �Źŵ

�ŻƹŹÎÎĮƬƯŚººů�ƾ��ŚººƷŻƹŵƽř�Źŵ�ƵŵŚƠŤººſř�ŵŹƺººƯ�ººƿƤŰţ�ƲººǀƢ� �
ÐÍ��ÒÍ��ÎÒÍ��ÐÍÍ�ƹ�ÒÍÍƯ�ǀººƬƾ�ƭźººĭ��ĩǀ�ƁƺººƯ�ƱŻƹ�ƭźĭƺººƬ

ŧŚººţ�ƶººŝ�ƶººūƺţ�Śººŝ�ƶººĩ�ŶººƳŵƺŝǀŚººƷŻƹŵ�źººŤưĩ�šřźƽ�ÒÍƹ�ÐÍÍ��� �
řƿ�����ŚºƷŻƹŵ�ƹ�ƝŸů�ŚƷŻƹŵ�Ʋƽ�ÐÍ���ÎÒÍ���ƹ�ÒÍÍ����ºſŹźŝ�ŵŹƺºƯ�ƾ�

�ŶƴŤƟźĭ�Źřźƣ�������ŻƹŹ�Źŵ�žĜºſÎÒ��ĮƬƯŚºů�ƾ���ƁƺºƯ��ŚºƷƽ��ŹřŵŹŚºŝ��
���źţř�Ǝſƺţƿ��ŝ�ƭźƟƹźƬĩ�Śǀ����ƹ�ŶƳŶºƃ�ƁƺºƸ��ŶºƘŝ���źºŝ�ƹŹ�ƽ���ĨŤƄºţ�

źƄţƿ�ƶŝ�Ů����������Ţºſƺě�ƹ�ƵŶºƃ�ƵŶºƳŚŝřƺų�ŢƄě�������Ɓźºŝ�ŚºƸƳō�ƮĪºƃ� �
�Ŷƃ�Ƶŵřŵ��ƶƫƺƫ�žĜſ��ŚƷƽ�ºưůŹ�ƾ������řŶºū�ŹŵŚºƯ�ƱŶºŝ�Żř�Ţºƣŵ�Śºŝ�

ŵźĭƿ�����ƪųřŵ�Źŵ�ƹ�ƵŶƿ��źŤě�ƝźƓ�Ĩƽ�ƹŚů�ƽ��Ɵ�ƭźſ�ǀżƿ�ĥƺºƫƺƽ��ƹ�
ŶƘŝ�Źŵ�HBSS��Hanks balanced salt solution��Źřźƣ�

����ŶƳŶƃ�Ƶŵřŵ�ƺƄŤƀƃ�ƹ�ƶŤƟźĭ�����ºƴū�ŶºƘŝ�ƶƬůźƯ�ŹŵǀƲ��Ż�Źŵ�ŚºƷ�ºƿ�ź
ƯǀźŤººſř�ęƺĪººſƹźĪƿƺ���ƩŶººƯOlympus cxÐÎ��ŢººƟŚŝ�Żř�

ưůŹƾ���ƹ���ƴƯō�Ƶŵźºě�žĜſ�ºǀƳƺƾ����ũŹŚºų����ƹ�ŶƳŶºƃ����ƭřŶºƳř�ƶºƳřƺū
Ťĩźůƾ�ƺƬūƾƿ�Ʊō����ŵźĭ�řŶū�ŚƷƿ�������źºŤě�ƝźºƓ�ƪųřŵ�Źŵ�ƹ�Ŷƽ��ƶºĩ�
ƹŚůƽ�HBSS�����ŶƳŶƃ�Ƶŵřŵ�Źřźƣ�ŵƺŝ�ƵŻŚţ������ƶºƳƺưƳ�žĜºſ�����ƶºŝ�ŚºƷ

����Ɵ�Źŵ�ŢƗŚſ�ƹŵ�šŶƯǀ��Ɵ�Ʋŗƺŝ�ŹƺţŚƀĪǀ�ƪůřźƯ�ŶƘŝ�ƹ�ŶƳŶƃ�žĪ
Įŝōǀźƽ��ƩƺƳŚţř���ŻŚſ�ƝŚƠƃ��ƽ���Ʋŗƺºƫƺţ��������Śºŝ�ƲŤųŚºſ�ƶŤƄºƛō��
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�ƟřŹŚě�ƭŚưůǀ��ĭ�ŜƫŚƣ��Ʋǀźƽ��ƟřŹŚě�Śŝ�ǀ����ŢºƟźĭ�ƭŚºŬƳř�Ʋ�����Żř�žĜºſ
ŜƫŚƣ�ŚƷƽ�Ƹţ�ǀ�ƵŶƃ�ƶ���Ư�ƵŚĮŤºſŵ�Żř�ƵŵŚƠŤºſř�Śŝ�ǀ��ŹŚºţƹŹ�ƭƺºţƹźĪƽ�
Ɓźŝ�ŚƷƾƿ����ŢƯŚŴƋ�ƶŝ�Ó�Í�Ư�ǀ�Ƹţ�źŤƯƹźĪǀ�����ºŝ�ŶƘŝ�ƹ�Ŷƃ�ƶ���ĬºƳŹ�Ś

ƀĩƺţŚưƷǀƬǀƲ��Żƺŗřƿ��ƯŚºĮƳŹ�Ʋǀżƽ����ŢºƟźĭ�šŹƺºƇ���ÏÍ����Źŵ�ƹ�
Śěƿ����Ǉ�Żř�ŶƘŝ�ƖƏŚƤƯ�ƱŚ���ŹřŸºĭ�ƪºƯƽ������ŶƳŶºƃ�ƶºƘƫŚƐƯ�ƵŵŚºƯō�����ŶºƘŝ
ƭǇ�ŚºººƷƽƸţ�ºººǀƯ�šŚºººƘƫŚƐƯ�ŢºººŰţ�ƵŶºººƃ�ƶǀěƺĪºººſƹźĪƾƹ��

ěƺĪſƹźĩŚƯƾ����ƜŤƯ�ƹ�ŶƴŤƟźĭ�ŹřźƣǀǀŚƷźƾƿ��Şƣ�Żř��ºǀ������ƭřŶºƳř�ƩƺºƏ�ƪ
����ƩƺƬºſ�ŵřŶƘţ��Ţſƺě�ŢƯŚŴƋ��ŚºƷƽ��ƄºƳřżƯ�ǀưƾ��ºſƹŹŶƴĩ��ǀŤƾ��

ſƹŹŶƴĩǀ������ºſƹŹŶƴĩ��ŢůřźŤºſř�ƩŚů�Źŵ�Ţǀ����ŨĪţ�ƩŚºů�Źŵ�Ţ�ºǀ��ź
ſƹŹŶƴĩǀŢ�ŚƷ�ƿƟƹźţźĜƾ�ſƹŹŶƴĩ��ǀ��Ţ����żºƯźƣ�ƩƺºŞƬĭ��ƵŶƃ�ƵźƳĥŵ

�ƄººƳřżƯ�ƩƺƬººſ��ƱƺººųǀưƾƀººƤţ�ƩŚººů�Źŵ�ǀƯ�Ʈǀ�ƩƺƬººſ�ƹ�ŻƺººŤ
ƄƳřżƯǀưƾ�Ɵƹźţō�ǀ��ſŹźŝ�ƵŶƃ�ƶƾ�ŶƳŶƃ������ř�ƶŝ�ƶūƺţ�Śŝƿ��ř�źŧř�ƶĪƴƿ�Ʋ

���ƹŹ�źŝ�ƵŹŷ�ƺƳŚƳƽ�ř�ƿ�ƜŤƯ�Ʋǀǀ�����ŹŚºŬƴƷŚƳ�ƶºŝ�źŬƴƯ�ŚƷźƽ�����ƹ�ŶºƃŹ�Źŵ�
��Ťĩźů�ƭřŶƳř�ƺưƳƾ�Ư�ƾ���ưƷř�řŸƫ��ŵŵźĭǀ�ſŹźŝ�Ţƾ���źƷ��ºƿ��ř�Żř�Ĩ�ºƿ�Ʋ

ƜŤƯǀǀ�ººƯ�ƆŴƄººƯ�ŚººƷźƾ�ŵƺººƃ���Żř�ƖººƐƤƯ�ƹŵ�Źŵ�žĜººſÑ�ƭǇ�� �
ƩƺººƏ�ůřƺººƳƾƶººƳřƺū�ƞººƬŤŴƯ��ţřźĭ�Żř�ƵŵŚƠŤººſř�Śººŝ�ŚººƷǀ�ƩƺººĪ� �
Ɛųƾ�ƵŻřŶƳř�ĭǀźƽ��ÏÍ��ƩƺƬºſ�ŵřŶƘţ�ƹ����ŵźĭ�ƁŹŚưºƃ�ŚºƷ�ºƿŶ� � �
ŚººŤƳƿ��ĜƯŚººĩ�ƶººŝ�ƭŚººų�ŵřŶººƗř�šŹƺººƇ�ƶººŝ�ƵŶººƯō�ŢººſŶŝ�Ūǀ�źţƺ� �

�Ŷƃ�Ƶŵřŵ���ƬŰţ�ƵŚĮƳō�ƹ�ºǀ��ŚƤƯ�ƹ�ƪ�ºƿ�Ư�ƶƀ�ºǀĮƳŚǀƲ��������Żř�ƵŵŚƠŤºſř�Śºŝ�ŚºƷ
�ƭźºƳ��ŹřżºƟř�Źŵ�ÍÍÎ�Í�P<� ,ÍÎ�Í�P<�,�ÍÒ�ÍP< ���źºƔƳ�Źŵ�Śºŝ�

��ƲŤƟźĭŚƐųƽ�ŵŹřŶƳŚŤſř���SE��ƹ������ƫŚºƳō�Żř�ƵŵŚƠŤſř�Śŝ�ǀ�Źřƹ�ż�ºƿ�žƳŚ
ƿƶƟźƏ�Ĩ�(one-way ANOVA)�ĩƺºţ�Ţƀţ�ƹ�ƾ�(Tukey)�

�ŵźĭ�ƭŚŬƳřƿ��������ƭźºƳ�Żř�ƵŵŚƠŤºſř�Śŝ�žĜſ�ƹ�Ŷ��ŹřżºƟř��Ʒ��ºǀƭřźĭƺŤƀ���ŚºƷ
ſźţǀŶƳŶƃ�Ʈ���
��
ƿŚƷ�ƶŤƟŚ��

�����ƶƳřƺū�ŚƷƽ��Ťĩźů�ƭřŶƳř�ƾ��ƺºƬū�ƾƿ����ŻƹŹ�Źŵ�ÎÒ������ƺºưƳ�ƹ�ŶºƃŹ�
ūƴǀƴƾƴū�ƱŶŝ�Żř�ǀŶƳŶƃ�řŶū�Ʋ���

 

b   
                                                   a��

�ƪĪƃÎ�ƯƺŤƟ�ǀŤĩźů�ƭřŶƳř�ƶƳřƺū�ƩŚŤƳƹźƟ�ƖƐƤƯ�ƝřźĭƹźĪƾƺƬū�ƾƿƩźŤƴĩ�ƶƳƺưƳ���a��ƹƶƳƺưƳ��Ʈƃ��b��ŻƹŹ�Źŵ�ÎÒƴū�ǀƴƾ�ƂŴŝ�
ƀĩřźěǀ�ƩŚư��ƪĪƃǇŚŝ��ŵ�ƂŴŝ�ƹƿ�ƩŚŤƀ��ƪĪƃŚěǀƿƲ���Ɵƹźƌƛ�šŚƘưŬţƾ��Î�īŹ�ƖƏŚƤƯ���ŚƷƽƳƺų�ƾ��Ï��ƃ�ƹǀŚƷŹŚƽŤƄĮƳř�ƾ��Ð��

Ư�ƆŴƄƯƾ�ŶƴƃŚŝ���ŚưƴĭŹżŝƾƿ� ÑÍ����

� 
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��

��Ʊō�ƝřźĭƹźĪǀƯƺŤƟ�źƿƹŚƈţ�����ƩŚĪƃř�Źŵ�ŚƷÎ���ƹ�Ï����ƵŶºƃ�Ƶŵřŵ�ƱŚƄƳ�
žººĪƗ�ƹ�Ţººſř��Ţººſř�ƶººƘƫŚƐƯ�ƲǀººưƷ�ƶººŝ�ƍƺººŝźƯ�ŚººƤǀƣŵ�ŚººƷ��

ƶƳřƺū���������������ƹ�Ʈºƃ��ƩźºŤƴĩ�Ƶƹźºĭ�Ūƴºě�Źŵ�ƾƿƺƬū�ƾŤĩźů�ƭřŶƳř�ƽŚƷ
Ƶƹźºººĭ�ƾºººŝźŬţ�ƽŚºººƷ�Î��Żƹŵ�ÐÍ�ƾºººŝźŬţ���Ï���ŻƹŵÎÒÍ���ƹ

ƾŝźŬţÐ����ŻƹŵÒÍÍ�ƾƬǀƯ���ƭźºĭ���ƺºƬǀĩ�����ƁƺºƯ�ƱŻƹ�ƭźºĭ����ŢºŰţ
�ƾºſŹźŝ��ƹ�ŶººƴŤƟźĭ�Źřźººƣ�ƾěƺĪººſƹźĩŚƯ�ƹ�ƾěƺĪººſƹźĪǀƯ�ƽŚººƷ

ƶŝ����������ƱŶƿŵ�ƪŝŚƣ�ƮƄģ�Śŝ�ƶĩ�ƾĪƿĥƺƫƺƟŹƺƯ�šřźǀǀƜţ��ƽźƷŚƓ�ƑŚŰƫ
ƶƳřƺū�ƭŚưţ�ƹ�ŢƃřŶƳ�ŵƺūƹ�ŶƃŚŝ�ŶƳŵƺŝ�ƮƫŚſ�ŚƷ.��

��

��

��

��
�ƪĪƃÏ�ƯƺŤƟ�ǀźƟ�ƖƐƤƯ�ƝřźĭƹźĪŤĩźů�ƭřŶƳř�ƶƳřƺū�ƩŚŤƳƹƾƺƬū�ƾƿŝźŬţ�ƶƳƺưƳ�ƾ��ŻƹŵÐÍ��a��ŝźŬţ�ƶƳƺưƳ�ƾ��ŻƹŵÎÒÍ��b���ƶƳƺưƳ�ƹ
ŝźŬţƾ��ŻƹŵÒÍÍ��c���ŻƹŹ�ŹŵÎÒƴū�ǀƴƾ��ƀĩřźě�ƂŴŝǀ�ƩŚư�ŢſřŹ�ƪĪƃ��ŵ�ƂŴŝ�ƹƿ�ƩŚŤƀ�Ěģ�ƪĪƃ���Ɵƹźƌƛ�šŚƘưŬţƾ��Î���

īŹ�ƖƏŚƤƯ�ŚƷƽƳƺų�ƾ��Ï��ƃ�ƹǀŚƷŹŚƽŤƄĮƳř�ƾ��Ð��Ư�ƆŴƄƯƾ�ŶƴƃŚŝ���ŚưƴĭŹżŝƾƿ� ÐÏ����
��

��
��
��
��
��
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��
��

�ſŹźŝ�Śŝƾ�ƯǀěƺĪſƹźĪƾ�ƯƺŤƟ�ǀƝřźĭƹźĪ�ŚƷƽ�ƶƳřƺū���ŚºƷƽ���ƭřŶºƳř�
Ťĩźůƾ�ƺƬū�ƾƿ������ŝźŬţ�ƹ�Ʈƃ��ƩźŤƴĩ�Ƶƹźĭ�ƶſ�ƾ��ŹƺŤĩŚºƟ���ŚºƷƾƿ��Żř�

Şƣǀ����ƶƤƐƴƯ�ƩƺƏ�ƪÎ���Ǝſƹ�ŢƄĮƳř��ĢƯ�Śţ��Ţſŵ������ƶºƤƐƴƯ�ƩƺºƏ��
Ï��ĢƯ�Ţſŵ���ŪƳŹō�Śţ��������ƶƤƐƴƯ�ƩƺƏÐ����ŢƳř�Śţ�ŪƳŹō�ŚƷƽ��ƹŻŚºŝ����

�����ƭřŶƳř�ƪĩ�ƩƺƏ�Ƙţ��Ţſƺě�ŢƯŚŴƋƩƺƬſ�ŵřŶ��ŚºƷƽ�ƄºƳřżƯ�ǀưƾ��
ſƹŹŶƴĩǀŤƾ�ſƹŹŶƴĩ��ǀ�������ºſƹŹŶƴĩ��ŢůřźŤºſř�ƩŚºů�Źŵ�Ţǀ��Źŵ�Ţ

�ŨĪţ�ƩŚůǀ�ſƹŹŶƴĩ��źǀ�ŚƷ�ŢƿƟƹźţźĜƾ�ſƹŹŶƴĩ��ǀ������ƵŶºƃ�ƵźºƳĥŵ�Ţ
���ƩƺƬſ��Ʊƺų�żƯźƣ�ƩƺŞƬĭ��ƄºƳřżƯ�ǀưƾ���ƀºƤţ�ƩŚºů�Źŵ�ǀƯ�Ʈǀ��ƹ�ŻƺºŤ

�ƩƺƬſƄƳřżƯǀưƾ�Ɵƹźţōǀŵźĭ�ƆŴƄƯ�ƵŶƃ�ƶƿ�Ŷ��ƩŚĪƃřÐ�ƹ�Ñ�� 
ŚƤƯ�Śººŝººƿƶƀ�ƽƷ�ººǀƭřźĭƺŤƀ�ŚººƷ��Î��Ï� Ð��Ñ�ƹ�Ò�ƩƹřŶººū�ƹ�� �

�Ó�Î����źƷ�ƿ��ř�Żř�Ĩƿ�ƶƳƺưƳ�Ʋ����Śŝ�ŚƷƿŶĪƿ���ºƴƘƯ�ƝǈŤųř��źĮƾ�Źřŵƽ�
ŵźĭ�ƵŶƷŚƄƯƿ�Ŷ�ÍÍÎ�ÍP<� ,ÍÎ�ÍP<�,�ÍÒ�ÍP<����

��

��
�ƪĪƃÐ�ƯƺŤƟ�ǀŤĩźů�ƭřŶƳř�ƶƳřƺū�ƝřźĭƹźĪƾƺƬū�ƾƿƩźŤƴĩ�ƶƳƺưƳ���a���Ʈƃ�ƶƳƺưƳ�ƹ�b��ŻƹŹ�Źŵ�ÎÒƴū�ǀƴƾ��ſƹŹŶƴĩ�ƩƺƬſǀ�ƩŚů�Źŵ�Ţ

ŨĪţǀź��Î�ŹŶƴĩ��ſƹǀŚƷ�ŢƿƟƹźţźĜƾ�ƵŶƃ��Ï�ſƹŹŶƴĩ��ǀ�ƵŶƃ�ƵźƳĥŵ�Ţ�Ð��żƯźƣ�ƩƺŞƬĭ���Ñ��Ɵƹźţō�ƩƺƬſ�ƹǀ�ƵŶƃ�ƶ�Ò��Ư�ƆŴƄƯƾ��ŶƴƃŚŝ
�ŚưƴĭŹżŝƾƿ ÑÍÍ����

 ��
�ƪĪƃÑ�ƯƺŤƟ�ǀŤĩźů�ƭřŶƳř�ƶƳřƺū�ƝřźĭƹźĪƾƺƬū�ƾƿŝźŬţ�ƶƳƺưƳ�ƾ�Î��a��ŝźŬţ�ƶƳƺưƳ�ƾ�Ï��b���ƹŝźŬţ�ƶƳƺưƳƾ Ð��c���ŻƹŹ�ŹŵÎÒƴū�ǀƴƾ�

ſƹŹŶƴĩ�ƩƺƬſǀů�Źŵ�ŢŨĪţ�ƩŚǀź��Î�ſƹŹŶƴĩ��ǀŚƷ�ŢƿƟƹźţźĜƾ�ƵŶƃ��Ï�ſƹŹŶƴĩ��ǀ�ƵŶƃ�ƵźƳĥŵ�Ţ�Ð��żƯźƣ�ƩƺŞƬĭ���Ñ��Ɵƹźţō�ƩƺƬſ�ƹǀ�ƶ
�ƵŶƃ�Ò��Ư�ƆŴƄƯƾ�ŶƴƃŚŝ���ŚưƴĭŹżŝƾƿ ÑÍÍ����
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��
��

Ʒǀ�ƭřźĭƺŤƀÎ�ŚƤƯ�ƿƶƀ�ƽ��ƶƤƐƴƯ�ƩƺƏÎ��ĢƯ�Śţ�Ǝſƹ�ŢƄĮƳřŢſŵ���ƶƤƐƴƯ��Ï��ĢƯŢſŵ�ŪƳŹō�Śţ���ƶƤƐƴƯ��Ð��ŚƸŤƳř�Śţ�ŪƳŹōƽƹŻŚŝ����ƹ
Ťĩźů�ƭřŶƳř�ƶƳřƺū�ƪĩ�ƩƺƏƾƺƬū�ƾƿŹŵ�Ƶƹźĭ��ŚƷƽŝźŬţ�ƹ�Ʈƃ��ƩźŤƴĩ�ƾ��

��

��
 

Ʒǀ�ƭřźĭƺŤƀÏ�ŚƤƯ�ƿƶƀ�ƽŢſƺě�ŢƯŚŴƋ��ƶƤƐƴƯ�Î��Ǝſƹ�ŢƄĮƳř�ħƺƳ��ƶƤƐƴƯ��Ï��ŶƗŚſ���ƶƤƐƴƯ�ƹÐ��ƹŻŚŝ�Ťĩźů�ƭřŶƳř�ƶƳřƺū�ƾƺƬū�ƾƿ�
Ƶƹźĭ�Źŵ�ŚƷƽŝźŬţ��Ʈƃ��ƩźŤƴĩ�ƾÎŝźŬţ��ƾÏŝźŬţ�ƹ�ƾ�Ð����
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Ʒǀ�ƭřźĭƺŤƀÐ��ŵřŶƘţƺƬſ�Ʃ�ŚƷƽƄƳřżƯ�ǀưƾŤĩźů�ƭřŶƳř�Źŵ�ƾƺƬū�ƾƿ��ƞĩ�ƶƤƐƴƯ�Źŵƹ�Ţſŵ�ĢƯƵƹźĭ�Źŵ��ŚƷƽƩźŤƴĩ���ƮƃŝźŬţ��ƾ�Î��

ŝźŬţƾ�ÏŝźŬţ�ƹ�ƾ�Ð���
��

 
 

Ʒǀ�ƭřźĭƺŤƀÑ�ŵřŶƘţ�ƩƺƬſ��ŚƷƽſƹŹŶƴĩ�ǀŤƾƩŚů�Źŵ�ŨĪţ�ǀŤĩźů�ƭřŶƳř�Źŵ�źƾƺƬū�ƾƿŹŵ�ƶƤƐƴƯ��ƹŻŚŝƵƹźĭ�Źŵ��ŚƷƽƩźŤƴĩ���ƮƃŝźŬţ��ƾ�Î��
ŝźŬţƾ�ÏŝźŬţ�ƹ�ƾ�Ð���
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Ʒǀ�ƭřźĭƺŤƀÒ��ŵřŶƘţƺŞƬĭ��Ʃ�ŚƷƽŤĩźů�ƭřŶƳř�Źŵ�Ʊƺų�żƯźƣ�ƾƺƬū�ƾƿŢƄĮƳř�ƶƤƐƴƯ�Źŵ�Ţſŵ�Ƶƹźĭ�Źŵ��ŚƷƽƩźŤƴĩ���ƮƃŝźŬţ��ƾÎ���
ŝźŬţƾÏŝźŬţ�ƹ�ƾ�Ð���

��
ƩƹŶū�Î��ŪƿŚŤƳ�ƪǀƬŰţ�ƽŹŚƯō�ƩƺƏ�ƶƤƐƴƯ�Î��ŢƄĮƳř�Ǝſƹ�Śţ�ĢƯ�Ţſŵ���ƶƤƐƴƯ�Ï��ĢƯ�Ţſŵ�Śţ�ŪƳŹō��ƹ�ƶƤƐƴƯ�Ð��ŪƳŹō�Śţ�ƽŚƸŤƳř�ƹŻŚŝ��

Źŵ�Ƶƹźĭ�ŚƷƽ��ƩźŤƴĩ��Ʈƃ�ƾŝźŬţ�Î��ƾŝźŬţ�Ï�ƹ�ƾŝźŬţ�Ð ± SE) �(����
ƾŝźŬţ�Ð ƾŝźŬţ�Ï ƾŝźŬţ�Î Ʈƃ ƩźŤƴĩ ƵŶƷŚƄƯ�ŹŚưǀţ 

ÔÏ�ÎÖ±ÎÏ�ÎÐÏÕ ÐÑ�ÕÎ±ÎÏ�ÎÖÔÕ ÔÑ�ÏÑ±ÎÏ�ÏÏÍÐ ÒÖ�ÐÒ ±ÏÒ�ÎÕÒÓ ÑÒ�ÐÓtÓÏ�ÎÕÒÑ ƶƤƐƴƯ�Î�(µm) 

ÒÏ�ÏÎ±ÏÒ�ÎÏÒÓ ÔÖ�ÑÐ±ÐÔ�ÎÔÐÑ ÎÖ�ÑÏ±ÏÒ�ÎÕÍÓ ÒÑ�ÖÒ ±ÐÔ�ÎÐÕÑ ÎÐ�ÖÒ±ÓÏ�ÎÐÕÒ ƶƤƐƴƯ Ï(µm) 

ÒÎ�ÎÑ±ÕÔ�ÎÓÏÎ ÑÖ�ÔÐ ±ÏÍÍÍ ÑÕ�ÏÖ±ÓÏ�ÏÕÑÍ ÓÓ�ÎÓ±ÕÔ�ÎÐÑÓ ÑÏ�ÎÔ±ÎÏ�ÎÐÑÕ ƶƤƐƴƯ�Ð�(µm) 

 
ƩƹŶū�Ï��ŪƿŚŤƳ�ƪǀƬŰţ�ƽŹŚƯō�ŢƯŚŴƋ�Ţſƺě�ƶƤƐƴƯ�Î��ħƺƳ�ŢƄĮƳř�Ǝſƹ���ƶƤƐƴƯ�Ï��ŶƗŚſ��ƹ�ƶƤƐƴƯ�Ð��ƹŻŚŝ��Źŵ�Ƶƹźĭ�ƽŚƷ��ƩźŤƴĩ�

�Ʈƃ�ƾŝźŬţ�Î��ƾŝźŬţ�Ï�ƹ�źŬţƾŝ�Ð ± SE) �(����
ƾŝźŬţ�Ð ƾŝźŬţ�Ï ƾŝźŬţ�Î Ʈƃ ƩźŤƴĩ ƵŶƷŚƄƯ�ŹŚưǀţ 

ÖÒ�Ï± ÔÒ�ÏÕ ÓÔ�Ï± ÑÒ ÔÔ�Ð ± ÑÒ ÒÍ�Ð ± ÔÒ�ÏÕ ÏÐ�Ð  ±ÏÒ�ÏÓ ƶƤƐƴƯÎ(µm) 

Í�±ÏÍ ÓÐ�Ï ± ÏÒ�ÐÓ ÏÔ�Ð± ÑÒ Í± ÐÍ ÏÓ�Ï± ÔÒ�ÏÕ ƶƤƐƴƯÏ (µm)� 

ÕÕ�Î ±ÐÒ ÏÓ�Ï ±ÔÒ�ÑÕ ÎÖ�Ñ ± ÏÒ�ÕÓ ÓÐ�Ï ±ÏÒ�ÏÓ ÏÔ�Ð ± ÏÒ ƶƤƐƴƯÐ(µm) 
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ƩƹŶū�Ð��ŪƿŚŤƳ�ƪǀƬŰţ�ƽŹŚƯō�ŵřŶƘţ�ƩƺƬſ�ƽŚƷ�ƾưǀƄƳřżƯ�Źŵ�ƢƏŚƴƯ��ŢƄĮƳř�ƞĩ�ƹ�ĢƯ�Ţſŵ�Źŵ�Ƶƹźĭ�ƽŚƷ��ƩźŤƴĩ��Ʈƃ�ƾŝźŬţ�Î��
ƾŝźŬţ�Ï�ƹ�ƾŝźŬţ�Ð ± SE) �(����

ƾŝźŬţ�Ð ƾŝźŬţ�Ï ƾŝźŬţ�Î Ʈƃ ƩźŤƴĩ ƵŶƷŚƄƯ�ŹŚưǀţ 

Ó�Î ±ÔÒ�Õ ÍÑ�Ð±ÎÏ�ÎÖ ÔÖ�Ò±ÕÔ�ÑÑ ÑÏ�Í ±Ó ÑÒ�Í±ÔÒ�Ò ŢƄĮƳř 

ÖÏ�Ï±Ò�ÏÏ ÖÔ�Ï±ÎÏ�ÏÐ ÖÕ�Ð±ÏÒ�ÏÓ ÖÒ�Ò±ÔÒ�ÒÕ ÍÔ�Ô±ÕÔ�ÒÕ ƞĩ�ƹ�ĢƯ 

 
ƹŶūƩ�Ñ��ŪƿŚŤƳ�ƪǀƬŰţ�ƽŹŚƯō�ŵřŶƘţ�ƩƺƬſ�ƽŚƷ�ƾŤǀſƹŹŶƴĩ�Źŵ�ƩŚů�źǀŨĪţ�Źŵ�ƢƏŚƴƯ�ƞĩ�ƹ�ĢƯ��Ţſŵ�ŶƗŚſ�ƹ�ƹŻŚŝ�Źŵ�Ƶƹźĭ�ƽŚƷ��ƩźŤƴĩ�

�Ʈƃ�ƾŝźŬţÎ��ƾŝźŬţÏ�ƹ�ƾŝźŬţ�Ð ± SE) �(����
ƾŝźŬţ�Ð ƾŝźŬţ�Ï ƾŝźŬţ�Î Ʈƃ ƩźŤƴĩ ƵŶƷŚƄƯ�ŹŚưǀţ 

Í ÐÏ�Ó±ÏÒ�ÎÓ ÐÐ�ÎÔ±ÐÔ�ÐÖ Í Í ƞĩ�ƹ�ĢƯ 

ÔÏ�Ñ±ÏÒ�ÏÐ ÍÎ�Ô ±ÏÔ ÐÎ�Ð±Ò�ÏÒ ÓÎ�Ð±ÔÒ�ÏÍ ÒÍ�Ð±ÏÒ ŶƗŚſ 

ÐÕ�ÐtÔÒ�ÏÍ ÑÔ�Ö±ÏÒ�ÐÏ ÏÔ�Ñ±ÐÔ�Ö ÕÏ�Ò±ÏÒ�ÓÏ ÔÎ�Ò±ÐÔ�ÓÏ ƹŻŚŝ 

 
ƩƹŶū�Ò��ŪƿŚŤƳ�ƪǀƬŰţ�ƽŹŚƯō�ŵřŶƘţ�ƩƺŞƬĭ�ƽŚƷ�żƯźƣ�Ʊƺų�Źŵ�ƢƏŚƴƯ��ŢƄĮƳř�ƞĩ�ƹ�ĢƯ��Ţſŵ�ŶƗŚſ�ƹ�ƹŻŚŝ�Źŵ�Ƶƹźĭ�ƽŚƷ��ƩźŤƴĩ��Ʈƃ�

ƾŝźŬţ�Î��ƾŝźŬţ�Ï�ƹ�ƾŝźŬţ�Ð ± SE) �(��
ƾŝźŬţ�Ð ƾŝźŬţ�Ï ƾŝźŬţ�Î Ʈƃ ƩźŤƴĩ ƵŶƷŚƄƯ�ŹŚưǀţ 

ÓÒ�Î±ÓÏ�Ö ÏÓ�Î±ÏÒ�Ó ÑÓ�Î±ÐÔ�Ó ÕÒ�Ï±ÎÏ�ÎÖ ÔÓ�Ï±ÏÒ�ÎÕ ŢƄĮƳř 

ÑÐ�Î ±ÎÍ ÖÔ�Î ±ÐÔ�Ó ÐÒ�Î±ÏÒ�Ò ÖÖ�Ï±ÔÒ�ÎÐ ÔÎ�Ï ±ÎÐ ƞĩ�ƹ�ĢƯ 

ÖÖ�Ï±ÔÒ�ÎÓ ÖÎ�Î ±ÐÔ�ÎÒ ÓÒ�Ñ±ÔÒ�ÏÔ ÏÎ�Ð±ÐÔ�ÎÓ ÖÍ�Ï ±ÏÒ�ÎÓ ŶƗŚſ 

ÖÍ�Î±ÎÏ�ÎÕ ÓÎ�Î ±ÓÏ�Ô ÔÏ�Î ±ÔÒ�ÎÏ ÖÒ�Ñ ±ÕÔ�ÏÏ ÔÖ�Ñ±ÕÔ�ÏÏ ƹŻŚŝ 

 
ƩƹŶū�Ó��ŪƿŚŤƳ�ƪǀƬŰţ�ƽŹŚƯō�ŵřŶƘţ�ƩƺƬſ�ƽŚƷ�ƾưǀƄƳřżƯ�Źŵ�ƩŚů�ƮǀƀƤţ�ŻƺŤǀƯ�Źŵ�ƢƏŚƴƯ�ŢƄĮƳř�ƹ�ƞĩ�ƹ�ĢƯ�Ţſŵ�Źŵ�Ƶƹźĭ�ƽŚƷ�

�ƩźŤƴĩ��Ʈƃ�ƾŝźŬţ�Î��ƾŝźŬţ�Ï�ƹ�ƾŝźŬţ�Ð ± SE) �(����
ƾŝźŬţ�Ð ƾŝźŬţ�Ï ƾŝźŬţ�Î Ʈƃ ƩźŤƴĩ ƵŶƷŚƄƯ�ŹŚưǀţ 

ÑÖ�Í±ÓÏ�Ï ÎÕ�Í±ÒÍ�Í ÏÒ�Í±ÔÒ�Í ÒÖ�Í±ÏÒ�Ð ÔÍ�Í±Ð ŢƄĮƳř 

ÑÏ�Í��tÍÒ�Ï Í ÎÕ�Í±ÓÏ�Í ÖÕ�Í±ÐÔ�Ñ ÍÐ�ÎtÓÏ�Ñ ƞĩ�ƹ�ĢƯ 

��
ŦŰŝ 

�����ŝ�řżƟř�Śƿ�ŚƷŵźŝŹŚĩ�Ƃƽ�����šřŹŷ�ƺƳŚºƳ�TiOÏ���ĭŶºƳŻ�Źŵƾ���źƄºŝ�
��ƯƺưƀƯ�Żƹźŝ�ƩŚưŤůřǀŢ�ŚƷƽ��ºƃŚƳ�ƾ��ř�Żř��ºƿ���Ƴ�ƵŵŚºƯ�Ʋ�ºǀ��řżºƟř�żƿ�Ƃ

Ưƾ�ƿŶŝŚ��ƶŝ�ưƷǀ������ƀºŝ�šŚºƘƫŚƐƯ�ŹƺºƔƴƯ�ƲǀŹŚƽ���ƹŹ�źºŝ�ƽ��ŧŚºţ�ǀ�šřź
ưſǀŢ�řŻƾƿ�ř�ƿ����ƭřŶƳř�Źŵ�ƵŹŷ�ƺƳŚƳ�Ʋ�ŚƷƽ������ƶºŤƟźĭ�šŹƺºƇ�ƞƬŤŴƯ�

Ţſř���ƶƘƫŚƐƯ�ƱƺƴĩŚţ�řƽ��ƹŹ�źŝ�ƽ���ŵ�ƺƳŚƳ�šřźŧř�ƽ�ƀĩř�ǀ�ţ�Ŷǀ�ƳŚºŤǀ�ƭƺ
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�ƶƳřƺū�źŝ��ƽ��Ťĩźů�ƭřŶƳř�ƾ���������ŚºƷŹŚĩ�ƵŶºưƗ�ƹ�Ţſř�ƶŤƟźĮƳ�šŹƺƇ�
�ſŹźŝ�ƶŝƾ��ř�źŧř�ƿ���ƹŹ�źŝ�ƵŵŚƯ�Ʋƽ�Ź�ƿ��Ƭĩ��ŶŞĩ��ƶǀ�����ƹ�ŜºƬƣ��ƩŚŰƏ��ƶ

��ƶºŤųřŵźě�żƜƯ��ŶºƳř��ř�Źŵ�ºƿ�ƤŰţ�ŹŚºĩ�Ʋǀ�ţŚºƤƾ���ºſŹźŝ�ƶºŝ�ŚºƯ�ƾ��źºŧř�
ŵƽ�ƀĩřǀ�ţ�ŶǀƳŚŤǀ��ƭƺÎÍ�ƺƳŚƳ����źŤƯ�ƹŹ�źŝƽ��ƶºƳřƺū���ƽ����ºŤĩźů�ƭřŶºƳř�ƾ�

ƺƬūƾƿřźƃ�Źŵ�ƁƺƯ�ƿ�Ǝin vivoźě�ŤųřŵǀƮ� ŚŤƳƿſŹźŝ�Ūƾ�ŚƷƽ�
ųřǀ��ŵřŵ�ƱŚƄƳ�ź������šřŹŷ�ƺƳŚºƳ�ƶĩ�TiOÏ����ŚºƤƫř�ŦºƗŚŝƽ����ƹ�ŻƺºŤěƺěō�

ƀĩř�ŽźŤſřǀţřŶǀƩƺƬſ�Źŵ�ƺ�ŚƷƽěř�ǀƬŤǀŹ�ƩŚƿƺƽƯ�ƾ���ŵƺºƃ�ÏÎ�� 

�����ºſŹźŝ�Źŵ�ƶĩ�ŹƺƏ�ƱŚưƷƾ��ŚºƷƽ����ŚºƯ�TiOÏ���ŚºƷŻƹŵ�Źŵ�ƽ��Śºě�ƿǀ�Ʋ
�źƀţ�ŦƗŚŝƿ��ƖƟƹźţōǀ��ƩƺƬſ�ƱŶƃ�ƶ����ƬŤŴƯ�ƢƏŚƴƯ�Źŵ�ŚƷ�ƶƳřƺū�ƞ��ƽ�
Ťĩźů�ƭřŶƳřƾƺƬū�ƾƿŶƃ����
��ƱŚƤƤŰƯ�ƶƘƫŚƐƯ�Źŵ�řƽ��ſŹźŝ�ƶŝ�ƾ�����ŞƈºƗ�ƩƺƬºſ�ŶƃŹ�ƾ���ƹŹ�źºŝ�ƽ�

ŹŚŤųŚººſ�ƺƳŚººƳ�ŭƺƐººſƽ�ŻŚººţŚƳō�TiOÏ�ŶººƴŤųřŵźě��ƀººĩřǀŚƷŶƽ�
ţǀƳŚŤǀ�ƫŚƘƟ�ƭƺǀ��ŝŚƸŤƫř�ŶƋ�Ţƾ���ƹ�ƹ�ŵŹřŵ�ƿĭĦƾ�ŚƷƽ��ºƃƹźŤĪƫř�ǀưǀŚƾƿ�

�Ʊō�ƶĩ��������řźºŝ�śŷŚºū�ŵřƺºƯ�řŹ�ŚƷƽ��ŚºƷŵźŝŹŚĩ�ƽ�Ż��ºƿ��Īºƃżě�Ţƀƾ�
Ưƾ�ŵŻŚſ���ř�Źŵƿ��ŹŚĭŻŚſ��ƶƘƫŚƐƯ�Ʋƽ�źŤƯƺƳŚƳ�ƿ�ŚƷŻŚƟ�Ĩƽ�ě��ºƃƺǀ�ƵŶ

���Żř�ƵŶƃTiOÏŚƯŵ�Źŵ�ƽŚě�ǀƿƱƹŹƺƳ�Śŝ�Ʋ���Źŵ�ŚºƷÑ�ƹ�ŻƹŹ�ÎÍ�ŻƹŹ�
����ƫŚĮģ�Żř�ƵŵŚƠŤſř�Śŝ��ŢƄĩƾ�ŚƷƽ�ƫƺƬſ�ƾ��řźŝ�šƹŚƠŤƯ�ƽ���ƂŬƴºſ�

ŚººƤŝººſ�ƽƬƫƺƾ�ººſŹźŝ�Ʊƺƀººĩō�ƁźŤƀººĭ�ƹ�ƾŶººƃ���řŶººƷƿ�Ţ
�ŝ�ŚƷřźŤƀŝƺſƶ�ſƹǀƶƬ��ƽ�Ǉ�ƿƶ��ƽ�ƀĩř�ǀ�źŤƯƺƳŚƳ�Ŷƿ�ƛ��Ĩǀ���ƹ�ŵƺŞƳ�ƩŚƘƟź

ŝƶ����Ŷƃ�ƵŵŚƠŤſř�ŚƷŵƹźŤĪƫř�ƱřƺƴƗ��ƟǀƮƬ�ŚƷƽ�TiOÏ������ƶºĩ�ŵřŵ�ƱŚƄºƳ
�ŚƷŹŚŤųŚſ�ƺƳŚƳƽ�ƃƺě�ǀ����Śŝ�ƵŶƃ�ƵŶTiOÏ����žƳǇřƹ�ŚƟźƇ��Ti�Ñ��Źŵ
���ƛ�ƹ�ŻŚţŚƳō�ŻŚƟǀ��Ư�ŹƺƬŞŤƯ�źƾ�ŶƴƃŚŝ��Ťƣƹƾ����ºƟ�ƶºưƷ�ǀƮƬ������ºƬě�Śºŝ�ŚºƷƾ�

ƫǀżƿ��ºƃƺě�Ʋǀ������ŝƺºų�ŢºƇźƟ�ŶƳŶºƃ�ƵŶƾ��řźºŝ�ƽ�����Şƀºģ�ƹ�ŚºƤŝ�ǀ�ƱŶ
ƱƹŹƺƳ���ŝ�ƪƣřŶů�ŚƷƶ���šŶƯÎÍ�ŰƯ�Źŵ�ŻƹŹ�ǀ�ŵƺºŝ�ŢƄĩ�Ǝ����ŚºƯƺưƗ

Ʊō��ŚƤƯ�Źŵ�řŹ�Ʊƺƀĩō�ŶƃŹ�ŚƷƿ�ƶƀ���ƫƺƬºſ�ŢƄºĩ�Śºŝƾ��ƝƹźºƓ�Źŵ�
ƃǀƶƄ�řƽ�ſƹźŝ�ǀƬǀţŚĪƾ����ŹŶºƳŵ�Śºŝ�ƿŢ��ŚºƷƾƿ����ŧŚºţ�ƶºĩ�ǀ��Ÿºě�źƿ��Żř�źţź

Ʊƺƀººĩō��ŶººƳŵřŵ�ƂƷŚººĩ��ŶƴŤƀººƷ�ŚººƷ�ÏÏ���ƱŚººưƷ��Źŵ�ƶººĩ�ŹƺººƏ
ººſŹźŝƾ�ŚººƷƽƳ�ŚººƯ�ººǀ�Źƺƌººů�Źŵ�żTiOÏ��ŵřŶººƘţ�ƩƺƬººſ��ƽŚººƷ

�ƂƷŚĩ�ŻƺŤǀƯ�ƮǀƀƤţ�ƩŚůŹŵ�ƾưǀƄƳřżƯƿŶƴŤƟŚ���
�ƶƘƫŚƐƯ�Źŵ�řƽ�ŵ�ƿ��ſŹźŝ�ƶŝ�źĮƾ��ưºſ�ǀ�ŝ�Ţǀ�ºƃƺǀưǀŚƾƿ����ƺƳŚºƳ��šřŹŷ

��ŻŚţŚƳōTiOÏ��ƁƺƯ�Źŵ������Ŷºƃ�ƶºŤųřŵźě�ŚºƷ���ř�Źŵ�ºƿ��ºſŹźŝ�Ʋƾ���ƶºŝ��

�ŻŹř�ŹƺƔƴƯƿŝŚƾ�ŝ��ºǀ��ưºſ�źŤƄǀ�����šřŹŷ�ƺƳŚºƳ�ŢTiOÏ�����ŻŚºţŚƳō�ƺƳŚºƳ��
TiOÏ�nm �Ò ưĪƃ�ƵźƠů�ƱƹŹŵ�ƶŝƾƁƺƯ��ŚƷƽ�ICR�ŻƹŹ�źƷ�

ƶŝ���šŶƯÎÑ��Źżţ�ŻƹŹ�ƿ�Ŷƃ�Ƣ��ŚŤƳƿ���������řżºƟř�Śºŝ�ƶºĩ�ŶºƳŵřŵ�ƱŚƄƳ�Ūƿ�Ƃ
�ř�Żƹŵƿ���źƋ��šřŹŷ�ƺƳŚƳ�Ʋƿ����Ƭĩ��ŶŞĩ�Źŵ�ƖưŬţ�Ŝǀ��Ə�ƹ�ƶ����Ʈºĩ�ƩŚºŰ

�řżƟř�Ʈĩƿ��Ƃƿ��ƫŚů�Źŵ��ŢƟŚƾ���Ź�Źŵ�ƶĩƿ��ŹŶºţ�ƶŝ�żƜƯ�ƹ�ƶƿ��ƂƷŚºĩ�Ū
ƿ����Ɯţ�ŜƬƣ�Źŵ�ƹ�ŢƟŚǀǀ�źŤưĩ�źƽ��Ţºƃřŵ�����ŝ�ƶºŝ�ºǀ�ŵ�ƱŚƿ����ƖºưŬţ�źºĮ
ţǀƳŚŤǀ���ţźţ�ƶºŝ�ƭƺ�ºǀ���ŶºŞĩ�Źŵ�Ŝ��Ƭĩ��ºǀƶ���ƩŚºŰƏ���Ź��ºƿƶ���żºƜƯ�����ŜºƬƣ�
Ưƾ�ŶƃŚŝ��ŚƷźŤƯřŹŚěƽ�ŝ�ǀƃƺǀưǀŚƾƿ�����������ŻŚºţŚƳō�ƺƳŚºƳ�źºŤưĩ�Żŵ�Śºŝ�ƭźſ�

TiOÏ�Ɯţǀǀ�źŤưĩ�źƽ���ŚƤƯ�Źŵ�řŹ�ƿ��ƺºƯ�Śŝ�ƶƀƁ��ŚºƷƽ���ƱŚƄºƳ�ƩźºŤƴĩ�
��ƫŚů�Źŵ��ŵřŵƾ����ŝ�Żŵ�Śŝ�ƶĩǀ�ŚƷźĭŚſŚƴƃ�źŤƄƽ���Şƣ�Żř�ŶŞĩ�ǀ��ƫŚºĪƫō�ƪǀ�Ʋ
�ƳǇō��ŻŚţŚƠƀƟǀ�Ưō�ƲǀŘţƹźě��ŻřźƠƀƳřźţ�ƺƴǀƯƺŞƫō�ŮƐſ�ƹ�ƩŚţƺţ�Ʋǀ�Ʋ

��ĮưƄģ�ŹƺƏ�ƶŝǀ�řżƟř�źƿ��ƂƿŢƟŚ��ŚƷźĭŚſŚƴƃƽ��Ƭĩ�ŵźĪƬưƗ��ºǀ��Żř�ƶ
Şƣǀ�ſř�ƪǀ�Źƹř�Ŷƿ��Ƴ�ƹ�Ĩǀ���ƂƷŚĩ�Ʊƺų�ƵŹƹř�ƱĥƹźŤƿ�ƫŚƘƟ��ŢºƟŚ�ºǀ�Ţ

ŚƷźĭŚſŚƴƃƽ�ưƗ��ƶƬƌƗ�ŵźĪƬ��ƽ���Şƣ�Żř�ŜƬƣ��ºǀ�Ưō�ƪǀ����ŻřźƠƀºƳřźţ�ƺºƴ
�ţřźĩ��šŚţŹŚĜſōǀ�ĩ�Ʋǀ��Ʒŵ�šŚŤĩǇ��ŻŚƴ�ºǀ��řżºƟř��ŻŚƳĥƹŹŶƿ��Ƃƿ�ŢºƟŚ��

ƶŝ��Ƭĩ�ŹƺƏƾ����ŻŚţŚƳō�ƺƳŚƳ��TiOÏ�����ſō�ŜŞſ�źţǇŚŝ�Żƹŵ�Źŵǀ�Ŷū�Ŝƽ�
�Ƭĩ��ŶŞĩǀ��ƶƬƌƗ�ƹ�ƶ��ƽ����ƁƺºƯ�Źŵ�ŜƬƣ�����������ƮƷźºŝ�ŜºūƺƯ�ƹ�Ŷºƃ�ŚºƷ

ŝźģ�ƹ�Ŷƴƣ�ƩŵŚƘţ�ƱŵŹƺųƾŵźĭ�Ʊƺų�ƿ�Ŷ�ÏÐ�� ŚŤƳƿ�ŪƿƶŤƟŚ��ŚºƷƽ�
ŚƯ�Śţ�ǀƿ�ƵŶƴƴĩ�Ŷ��ƽ�ř�ƿ��Ư�źƯř�Ʋƾ�����ƺƳŚƳ�ƶĩ�ŶƃŚŝTiOÏ�����ŵƺºų�ƖưŬţ�Śŝ

�Żƹŵ�Źŵ�ŚƷƽ�Śě�ǀƿ����ŨĪţ�ƹ�ŶƃŹ�ŦƗŚŝ�Ʋǀ�ƩƺƬſ�ź������šřźŧř�Śŝ�ƹ�ƵŶƃ�ŚƷ
ưſǀŢ�řŻƾƿ���Ɵƹźţō�ƹ�ƱŶƃ�ƵźƳĥŵ�ƶŝ�źŬƴƯ�ŵƺų�ǀƩƺƬſ�ƱŶƃ�ƶ���ŚºƷ
Ưƾ�ŵƺƃ����ƱŚƤƤŰƯ�ƶƘƫŚƐƯ�Źŵ�řƽ�ŵ�ƿźĮ��ſŹźŝ�ƶŝƾ�ŚƤƫř�ƽ�ŹƺƳ�ƽ��ƺƳŚƳ�

��ŹŚŤųŚſTiOÏ����ƩƺƬſ�ƱŚƯŹŵ�Źŵ�ƩƺƬŰƯ��ŚºƷƽ��ƳŚƏźºſ�ƾ�ěř�ǀƬŤ�ºǀ�ƩŚ
ſǀ�ŶƴŤųřŵźě�ƶƴ���ř�Źŵƿ��ƫŚƘƟ��ƶƘƫŚƐƯ�Ʋ�ºǀ�Ż�Ţ�ºƿŤƀƾ��ŚºƤƫř�ƽ��ŹƺºƳ�ƽ�

TiOÏ���Ƙţ�ƁƹŹ�Źŵǀǀ�řźƃ�Ʋƿ��ƫŚţŚĩƺţƺƟ�ƱŚƯŹŵ�ƎǀŤǀ�ƩƺƬſ�Ĩ�ŚƷƽ�
ƳŚƏźſƾ��ƴĤưƷ�ƹ�ǀ�ƳŚĪƯ�ƲǀƮƀ�ŚƷƽ�ƫƺĪƫƺƯ�ƾ��ř�Źŵ�ƿ�ōźƟ�Ʋƿ��ŵŹƺƯ�Ŷƴ
ºººſŹźŝƾ�ŶºººƴŤƟźĭ�Źřźºººƣ��MCF-Ôƹ�MDA-MB-ÑÓÕ �
ƩƺƬſ�ŚƷƽ�ěř�ǀƬŤǀ��ſ�ƱŚƏźſ�ƩŚǀ��ŵřŵ�ŢƄĩ�ƶƴ�������Żř�ƵŵŚƠŤºſř�Śºŝ�ƵŶƃ�Ƶ
ƶƘƃř��ƽ�UV���ũƺƯ�ƩƺƏ�ÐÒÍ�ƺƳŚƳ���źŤƯ������šŶºƯ�ƶŝÏÍ�ƣŵ�ǀ���Źŵ�ƶºƤ

��ŚƷŹŚŤųŚſ�ƺƳŚƳ�Źƺƌůƽ�ţ�ǀƳŚŤǀ���ƴĪţ�Żř�ƵŵŚƠŤºſř�Śºŝ�ƩƺƬŰƯ�ƭƺ�ºǀ�Ĩ
���Ʃĥ��ƪſ�ƳŚƯŹŵ�ƺţźěƾ��ŶƳŶºƃ����ƴĪţ�ƹŵ�ºǀ�������ŹƺºƔƴƯ�ƶºŝ�šƹŚºƠŤƯ�Ĩ
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ſŹźŝƾ�ŧŚţ�ǀ��ƹŹ�źŝ�šřźƽ�ſ�ǀ�ƫƺƬſ�ƪĪƾ��Ż�ƹ�ƿ�Ÿě�Ţƀƿźƽ���ŢƄºĩ�
�Ŷƃ�ƶŤƟźĭ�ŹŚĩ�ƶŝ�ƱŚƯŹŵ���

Î�ƯŻō�ŚƿŻŚŬƯ�Ƃ�FACScan�iodide = PI)�Propidium�Śŝ�
ƿ�źū�Ĩƿ�Śſ�ƱŚƿźŤƯƺŤƿĨ��řźŝ�ƽ�ŚſŚƴƃ�ƾƿ��ŧŚºţ�ǀ���ƹŹ�ƱŚºƯŹŵ�šřźƽ�
ſǀƫƺƬſ�ƪĪƾ��
Ï� MTT assays řźŝƽƫŚƳō�ǀŻ�żƿŢƀ�ŸěƿźƽƫƺƬſ�ƾŝ�ƶĩ��ºǀ�ƱŚ
ƣŵǀ�ŶƇŹŵ�Ƣƽ��ƩƺƬſ�Żř���������������ƹ�ƵŶºƳŻ�ŻƺºƴƷ�ƱŚºƯŹŵ�Żř�ŶºƘŝ�ƶĩ�řŹ�ŚƷ

Ư�ƵŻŚūř�ŶƴŤƀƷ�ƩŚƘƟƾ�ŶƷŵ���
ƿ��ŝŚŴŤƳř�ƪưƗ�Ĩƾ�����źºƷ�Żř������šřŹŷ�ƺƳŚºƳ�ƹŵTiOÏ�����ƱŶºƃ�ƩŚºƘƟ�ƹ

ƫŚţŚĩƺţƺƟǀŤǀƫŚĪƾ�ţ�ǀƳŚŤǀ��ƹŹ�źŝ�ƭƺƽ��ƩƺƬºſ���ŚºƷƽ��ųŶºŝ�ǀƮMDA-

MB-ÑÓÕ ƃ�ƵŶƷŚƄƯ��Ŷ�ÏÑ����ƶĩ�Ŷƃ�ƵŶƷŚƄƯ�ŚƯ�šŚƘƫŚƐƯ�Źŵ
TiOÏ��ŚƷŻƹŵ�Źŵ�ƽ�Śě�ƿǀ�ŦƗŚŝ�Ʋ�ŚƤƫřƽ�Ɵƹźţō�ǀ��ƩƺƬſ�ƱŶƃ�ƶ���Źŵ�ŚƷ

ƶƳřƺū�ƞƬŤŴƯ�ƢƏŚƴƯ�ƽŤĩźů�ƭřŶƳř�ƾƺƬū�ƾƿŶƃ����
�ſŹźŝ�Źŵƾ�ŵ�ƿ��ƶƘƫŚƐƯ�ƶŝ�źĮ��ƽ�ƠƳ���ŚƳřƺţ�ƹ�ŷƺƾƿưſ�ǀ��šřŹŷ�ƺƳŚºƳ�Ţ

TiOÏ��������������Źŵ��ƺºƯ�ƱƹŶºŝ�Ţºſƺě�ƲŤƟźĭ�Źřźƣ�ƉźƘƯ�Źŵ�ƩŚŞƳŵ�ƶŝ�
řźƃƿƎ�in vivoŶƴŤųřŵźě���ř�ŹŵƿſŹźŝ�Ʋƾř�Żř�ŶƘŝ��ºƿ���źºŝ�ƶºĩ�Ʋ
ƹŹƽ���ƶƳƺĭ�Ɓƺĭ�Ţſƺě��řƽ��������šŶºƯ�ƶºŝ�ħƺų�Żř�ÐÍ����ŵŹƺºƯ�ŻƹŹ�

���šřŹŷ�ƺƳŚºƳ��ŶºƴŤƟźĭ�Źřźƣ�ƵŵŚƠŤſřTiOÏ��nmÓÍ ƹ nm Ñ��Żř�
Ưǀ�Ǉ�ƱŚƿƶ��ƽ�ųŚƃ�ƾ���źºĩ�ŷƺƠƳ����Ǉ�Źŵ�ƹ�Ƶŵ�ºƿƶ��ƽ�ưƗ��ºǀ�ěř�Ƣ�ºǀƯŹŶǀ�ž

�ŶƳŶƃ�źƤŤƀƯ����ř�źŝ�ƵƹǈƗƿ��ƁƺƯ�Źŵ�Ʋ�ŚƷƽ��������Żř�ŶºƘŝ�ƺºƯ�ƱƹŶŝ�ÓÍ�� �
� �

��������šřŹŷ�ƺƳŚƳ��ƲŤƟźĭ�Źřźƣ�ƉźƘƯ�Źŵ�ŻƹŹTiOÏ��Ư�Żř�ǀ���Ţºſƺě�ƱŚ
���ŢƟŚŝ�ƹ�Ƶŵźĩ�ŷƺƠƳ�ŚƷƽ�ţƹŚƠŤƯ�ƾ�����ŧŚºţ�ŢºŰţ�řŹ�ǀ������ƹ�ŶºƳŵřŵ�Źřźºƣ�ź

ſōǀŜ�ŚƷƽ�ĥƺƫƺţŚě�ƿĪƾ�ƗƺƴŤƯ�ƾ���Ŷƴģ�Źŵ�řŹ�ƿ��ƬƇř�ƭřŶƳř�Ʋƾ�ř�ƿ�ŵŚŬ
ŶººƳŵźĩ��ŵř�ŹººƿººſŹźŝ�Ʋƾŝ�ŶººŞĩ�ƹ�Ţººſƺě�ººǀźŤƄƿƜţ�Ʋººǀǀ�šřź
ĥƺƫƺţŚěƿĪƾ��ŶƳŵřŵ�ƱŚƄƳ�řŹ���ÏÒ��ſŹźŝ�Źŵ�ƾ�ŚƷƽ�Ŷƃ�ƵŶƷŚƄƯ�ŚƯ�

���Śě�Żƹŵ�Źŵ�ƶĩǀƿ���Źƺƌů�ƲTiOÏ���ƫƹř�ƪůřźƯ�Źŵ��ºǀ������ƺºưƳ�ƹ�ŶºƃŹ�ƶ
ƴūǀƴƾ��řżƟř�ŦƗŚŝ��ƿ�����ƶƳřƺū�ƞƬŤŴƯ�ƢƏŚƴƯ�Ţſƺě�źƐƣ�Ƃ��ƽ��ƭřŶƳř�

Ťĩźůƾ�ř�ƶĩ�ŶƃƿřżƟř�ƲƿſŹ�ƪƣřŶů�ƶŝ�ǇŚŝ�Żŵ�Źŵ�ƂǀŶ���
 
ŤƳǀ�ƶŬĭǀźƽ��

������ř�ƶŝƿ�ţźţ�Ʋǀ�ŚŤƳ�Ŝƿ���ƀƳŚŤě�ŵƺūƹ�ƶŝ�Ūǀ��ř�ƶƳŚĭƹŵ�ƪƿ����ƵŹŷ�ƺƳŚºƳ�Ʋ
�ưſ�ŹŵǀŢ�řŻƾƿ��źŰţ�ƹ�ƿ�ōźƟ�ĨƿŚƷŶƴƽ����ƺºưƳ�ƹ�ŶƃŹ�ƽ����ƁƺºƯ�Źŵ�
Źƺſƽ��ŵŹřŵ�ƵŹŚƃř���řƿ����Śě�Żŵ�Źŵ�ƵŵŚƯ�Ʋǀƿ�ƇŚų�Ʋǀ�ưſ�ŢǀŢ�řŻ�ƾºƿ�
ƳřƹřźƟƾ����ƸƯ�Śŝ�ƹ�ƶŤƃřŵ��żƳō�ŹŚƿƮ�ŚƷƽ���������ŦºƗŚŝ�ƺºưƳ�ƹ�ŶƃŹ�Źŵ�źŧƺƯ�

ŢƟŚŝ�ƱŶƃ�ƵŻƹźĪƳ�ŚƷŹƺſ�ƁƺƯ�Źŵ�ƽ�Ưƾŵƺƃ�����
 

ŶƤţƿźĪƄţ�ƹ�ź��
�����Ŷººŝƿººſƹ�ƲǀŹŚººĪưƷ�Żř�ƶƬƽƀººƯ�ƺ��Ƶƹźººĭ�ƭźººŤŰƯ�ƱǇƹ
ŻƿŢƀ�ſŚƴƃƾ��ƵŶĪƄƳřŵ�ƹ���ƽ��Śě�ƭƺƬƗ��ºƿ�����Ưǈºſř�ŵřŻō�ƵŚĮƄºƳřŵ�ƶƾ�

���ƤŰţ�ƹ�ƭƺƬƗ�Ŷůřƹǀ���ƯŚţ�Źŵ�ƱřźƸţ�šŚƤǀ��řźūř�šŚƳŚĪƯř�Ʋ�ƾºƿ�ř��ºƿ�Ʋ
ƳřŵŹŶƣ�ƹ�źĪƄţ�ŭźƏƾƯ�ƾ�ŵƺƃ� 
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Embryos In vivo 
 

Hayati Roodbari N1, Parivar K1, Badiei B2, Zolfaghari Barogh S1 
1Dept. of Biology, Science and Research Branch, Islamic Azad University,  Tehran, Iran. 

2Dept. of Chemistry, School of Sciences, University of Tehran, Tehran, Iran. 

 

Correspond Author: Hayati Roodbari N, Dept. of Biology, Science and Research Branch, Islamic Azad University,  

Tehran, Iran 

E-mail: nasimhayati@yahoo.com 

Received: 26 Jan 2013           Accepted: 7 Oct 2013 

 

Background and Objective: Due to inclusion of nano titanium dioxide in substances such as sunscreens and 

detergents which may be used by pregnant mothers and regarding that the studies on the effects of such 

substances have not yet been clearly elucidated, therefore, we conducted this study to investigate the effect 

of TiO2 on forelimb buds in mouse embryos. 

Materials and Methods: In this study, five groups of forelimb buds including control, sham, experimental 

group 1 (using a dose of 30 mg/kg), experimental group 2 (using a dose of150 mg/kg) and  experimental 

groups 3 (using a dose of 500 mg/kg), were investigated. On day 11 of gestation, control group without the 

effect of TiO2, sham group with injection of deionized water as TiO2 solvent and experimental groups with 

injection of TiO2  (10 nm particles) with doses of 30, 150 and 500 mg/kg mouse weight were examined. 

Then, on day 15 of gestation, embryos were removed from the mothers� body and their forelimb buds were 

amputated. 

Results: The findings revealed a significant increase in doses 30 and 150 mg/kg in the total length of limb 

bud, skin thickness, the number of mesenchymal cells in fingers, degenerating chondrocyte cells in arm, and 

a significant decrease in the number of proliferating chondrocyte cells in arm, mesenchymal cells in palm 

and wrist, mitotic dividing mesenchymal cells in fingers and red blood cells in fingers. Meanwhile, it was 

found that the dose of 500 mg/kg led to a significant decrease in the total length of limb bud, skin thickness 

of arm, number of proliferating chondrocytes in arm, red blood cells in fingers and mesenchymal cells in 

palm and wrist. 

Conclusion: The findings of this study revealed decreasing and increasing effects of cytotoxicity of TiO2 

nanoparticles on the growth of forelimb bud in mouse embryos under in vivo conditions. 
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