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�����<DQJ�7���/LX�-���/XR�)���/LQ�4���5RVRO�7��-���'HQJ�;��$QWL-
FDQFHU� SURSHUWLHV� RI� 0RQDVFXV� PHWDEROLWHV�� An-
ti-Cancer Drugs��������9RO������3�����²����

�����<DQJ�;���6XQ�*���<DQJ�&���:DQJ�%��1RYHO�UKHLQ�DQD-
ORJXHV�DV�SRWHQWLDO�DQWLFDQFHU�DJHQWV��Chem. Med. 
Chem��������9RO�����3������²�����

�����=HFKQHU�'���%XUWLQ�)���$OEHUW�$��&���=KDQJ�;���.XPV-
WHO�6���6FKRQURJJH�0��,QWUDWXPRUDO�KHWHURJHQHLW\�RI�
WKH�WKHUDSHXWLFDO�UHVSRQVH�WR�JHPFLWDELQH�DQG�PHW-
IRUPLQ��Oncotarget��������9RO�����3�������²������

�����=KDQJ�'��:���)X�0���*DR�6��+���/LX�-��/��&XUFXPLQ�DQG�
GLDEHWHV��D�V\VWHPDWLF�UHYLHZ��Evid. Based Comple-
ment. Alternat. Med��������9RO��������3���������

�����=KDQJ�/���/L�-���=RQJ�/���&KHQ�;���&KHQ�.���-LDQJ�=��5H-
DFWLYH� R[\JHQ� VSHFLHV� DQG� WDUJHWHG� WKHUDS\� IRU�

SDQFUHDWLF� FDQFHU�� Oxid. Med Cell Longev�� ������
9RO��������3����������

�����=KDR�=���5XDQ�-���-LQ�-���=RX�-���=KRX�'���)DQJ�:��
)ODYDQ���RO�JO\FRVLGHV�IURP�WKH�UKL]RPHV�RI��$ED-
FRSWHULV�SHQDQJLDQD��J. Nat. Prod��������9RO������
3�����²����

�����=KRX�&���4LDQ�:���0D�-���&KHQJ�/��� -LDQJ�=���<DQ�%��
5HVYHUDWURO� HQKDQFHV� WKH� FKHPRWKHUDSHXWLF� UH-
VSRQVH�DQG�UHYHUVHV�WKH�VWHPQHVV�LQGXFHG�E\�JHP-
FLWDELQH�LQ�SDQFUHDWLF�FDQFHU�FHOOV�YLD�WDUJHWLQJ�65(-
%3���Cell Prolif��������9RO������3��H������

�����=KRX�-��+���&KHQJ�+��<���<X�=��4���+H�'��:���3DQ�=���
<DQJ�'��7��5HVYHUDWURO�LQGXFHV�DSRSWRVLV�LQ�SDQFUH-
DWLF� FDQFHU� FHOOV�� Chin. Med. J.� ������ 9RO�� �����
3������²�����

ǟǐǖ���������������������������������������
GRL�����������YNS�����������

ǝǱǷǱǶǾǴǮǹȇǱ�ȀǴǾǺȁǴǸǴȃǱǽǶǴǱ�ǮǱ�
ȅǱǽǾǮǬ��ǹǬȂǱǷǱǹǹȇǱ�ǹǬ�ǳǮǱǳǰȃǬǾȇǱ�
ǶǷǱǾǶǴ�ǻǺǰǲǱǷǿǰǺȃǹǺǵ�ǲǱǷǱǳȇ���
ǶǬǶ�ǹǺǮȇǱ�ǬǹǾǴȀǴǭǼǺǾǴȃǱǽǶǴǱ�
ǬǯǱǹǾȇ�ǻǼǴ�ȁǼǺǹǴȃǱǽǶǺǸ�ǻǬǹǶǼǱǬǾǴ�
ǾǱ�Ǵ�ǼǬǶǱ�ǻǺǰǲǱǷǿǰǺȃǹǺǵ�ǲǱǷǱǳȇ

3��5DPDNULVKQDQ���:��0��/RK���6��&��%��*RSLQDWK�����6��5��%R�
QDP���,��0��)DUHH]���5��0DF�*XDG���0��6��6LP���<��6��:X�
1ǔǽǽǷǱǰǺǮǬǾǱǷȈǽǶǬȋ� ǯǼǿǻǻǬ� ǻǺ� ǻǼǺǭǷǱǸǬǸ� ǽǾǬǼǱǹǴȋ�
Ǵ� ǮǺǳǼǬǽǾǹȇȁ� ǼǬǽǽǾǼǺǵǽǾǮ�� ǸǱǰǴȂǴǹǽǶǴǵ� ȀǬǶǿǷȈǾǱǾ�
�ǘǬǷǬǵǽǶǺǯǺ�ǿǹǴǮǱǼǽǴǾǱǾǬ��ǖǿǬǷǬ�ǗǿǸǻǿǼ��ǘǬǷǬǵǳǴȋ
2ǖǬȀǱǰǼǬ� ȀǬǼǸǬǶǺǷǺǯǴǴ�� ǸǱǰǴȂǴǹǽǶǴǵ� ȀǬǶǿǷȈǾǱǾ��
�ǘǬǷǬǵǽǶǴǵ�ǿǹǴǮǱǼǽǴǾǱǾ��ǖǿǬǷǬ�ǗǿǸǻǿǼ��ǘǬǷǬǵǳǴȋ
�ǤǶǺǷǬ� ǴǹǲǱǹǱǼǴǴ� ǭǴǺǻǼǺȂǱǽǽǺǮ�� ǟǹǴǮǱǼǽǴǾǱǾ�
�ǘǬǷǬǵǳǴǴ�ǛǱǼǷǴǽ��ǌǼǬǿ��ǘǬǷǬǵǳǴȋ
�ǔǹǽǾǴǾǿǾ� ǹǬǹǺȉǷǱǶǾǼǺǹǹǺǵ� ǴǹǲǱǹǱǼǴǴ�� ǟǹǴǮǱǼǽǴǾǱǾ�
ǘǬǷǬǵǳǴǴ�ǛǱǼǷǴǽ��ǖǬǹǯǬǼ��ǘǬǷǬǵǳǴȋ
�805������� ǙǢǙǔ�ǤǾǼǬǽǭǿǼǯǽǶǴǵ� ǿǹǴǮǱǼǽǴǾǱǾ�� ǍǴǺ-
ǾǱȁǹǺǷǺǯǴȋ� Ǵ� ǶǷǱǾǺȃǹǬȋ� ǽǴǯǹǬǷǴǳǬȂǴȋ�ǗǬǭǺǼǬǾǺǼǴȋ�
ǻǱǼǱǰǺǮǺǯǺ�ǺǻȇǾǬ�ǘǱǰǬǷǴǽ��ǔǷȈǶǴǼȄ��ǠǼǬǹȂǴȋ
�ǖǬȀǱǰǼǬ� ǭǴǺǷǺǯǴǴ� ǻǺǷǺǽǾǴ� ǼǾǬ� Ǵ� ǭǴǺǸǱǰǴȂǴǹǽǶǴȁ�
ǹǬǿǶ�� ǽǾǺǸǬǾǺǷǺǯǴȃǱǽǶǴǵ� ȀǬǶǿǷȈǾǱǾ�� ǿǹǴǮǱǼǽǴǾǱǾ�
�ǘǌǡǓǌ��ǝǱǷǬǹǯǺǼ��ǘǬǷǬǵǳǴȋ
7ǖǬȀǱǰǼǬ�ǭǴǺǸǱǰǴȂǴǹǽǶǴȁ�ǹǬǿǶ�Ǵ�ǾǱǼǬǻǴǴ��ȀǬǶǿǷȈǾǱǾ�
ǸǱǰǴȂǴǹȇ� Ǵ� ǸǱǰǴȂǴǹǽǶǴȁ� ǹǬǿǶ�� ǟǹǴǮǱǼǽǴǾǱǾ� ǘǬǷǬǵ-
ǳǴȋ�ǝǬǭǬȁ��ǖǺǾǬ�ǖǴǹǬǭǬǷǿ��ǘǬǷǬǵǳǴȋ
�ǖǬȀǱǰǼǬ� ȀǬǼǸǬȂǱǮǾǴȃǱǽǶǴȁ� ǹǬǿǶ� Ǻ� ǲǴǳǹǴ�� ȀǬǼǸǬ-
ȂǱǮǾǴȃǱǽǶǴǵ� ȀǬǶǿǷȈǾǱǾ��ǘǬǷǬǵǽǶǴǵ� ǿǹǴǮǱǼǽǴǾǱǾ�� ǖǿǬ-
ǷǬ�ǗǿǸǻǿǼ��ǘǬǷǬǵǳǴȋ
9ǖǬȀǱǰǼǬ�ǭǴǺȁǴǸǴǴ��ȀǬǶǿǷȈǾǱǾ�ǸǱǰǴȂǴǹȇ��ǭǴǺǷǺǯǴȃǱ-
ǽǶǴȁ�ǹǬǿǶ�Ǵ�ǽǱǽǾǼǴǹǽǶǺǯǺ�ǰǱǷǬ��ǿǹǴǮǱǼǽǴǾǱǾ�ǘǌǡǓǌ��ǝǱ-
ǷǬǹǯǺǼ��ǘǬǷǬǵǳǴȋ
ǝǾǬǾȈȋ� ǺǻǿǭǷǴǶǺǮǬǹǬ� Ǯ� ǲǿǼǹǬǷǱ� Acta Pharm. Sin. B��
������9RO������1R����3�����²����
ǖǷȊȃǱǮȇǱ�ǽǷǺǮǬ��ǳǮǱǳǰȃǬǾȇǱ�ǶǷǱǾǶǴ�ǻǺǰǲǱǷǿǰǺȃǹǺǵ�ǲǱ-
ǷǱǳȇ��ǻǼǺǾǴǮǺȀǴǭǼǺǳǹȇǵ��ȁǼǺǹǴȃǱǽǶǴǵ�ǻǬǹǶǼǱǬǾǴǾ��ǼǬǶ�
ǻǺǰǲǱǷǿǰǺȃǹǺǵ�ǲǱǷǱǳȇ��ȀǴǾǺȁǴǸǴȃǱǽǶǴǱ�ǮǱȅǱǽǾǮǬ��ǶǿǼ-
ǶǿǸǴǹ��ǼǱǽǮǱǼǬǾǼǺǷ��ǼǱǴǹ��ȉǸǺǰǴǹ��ǶǬǾǱȁǴǹ�ǳǱǷǱǹǺǯǺ�ȃǬȋ
ǌǶǾǴǮǴǼǺǮǬǹǹȇǱ� ǻǬǹǶǼǱǬǾǴȃǱǽǶǴǱ� ǳǮǱǳǰȃǬǾȇǱ� ǶǷǱǾǶǴ�
�ǛǓǖ��ȄǴǼǺǶǺ�ǻǼǴǳǹǬǹȇ�ǶǷȊȃǱǮȇǸ�ǻǼǱǰȄǱǽǾǮǱǹǹǴǶǺǸ�

58

ǴǳǭȇǾǺȃǹǺǯǺ�ǻǬǹǶǼǱǬǾǴȃǱǽǶǺǯǺ�ȀǴǭǼǺǳǬ��ǶǺǾǺǼȇǵ�ȋǮǷȋ-
ǱǾǽȋ�ǶǼǴǾǴȃǱǽǶǴǸ�ǻǼǴǳǹǬǶǺǸ�ȁǼǺǹǴȃǱǽǶǺǯǺ�ǻǬǹǶǼǱǬǾǴ-
ǾǬ��ǡǛ��Ǵ�ǱǯǺ�ǯǼǺǳǹǺǯǺ�ǬǽǽǺȂǴǴǼǺǮǬǹǹǺǯǺ�ǳǬǭǺǷǱǮǬǹǴȋ�³�
ǼǬǶǬ�ǻǺǰǲǱǷǿǰǺȃǹǺǵ�ǲǱǷǱǳȇ��ǜǛǒ���ǞǬǶǴǸ�ǺǭǼǬǳǺǸ��Ǭǹ-
ǾǴȀǴǭǼǺǾǴȃǱǽǶǬȋ�ǾǱǼǬǻǴȋ�ǭȇǷǬ�ǴǰǱǹǾǴȀǴȂǴǼǺǮǬǹǬ�ǶǬǶ�
ǹǺǮǬȋ�ǾǱǼǬǻǱǮǾǴȃǱǽǶǬȋ�ǽǾǼǬǾǱǯǴȋ�ǷǱȃǱǹǴȋ�ǡǛ�Ǵ�ǜǛǒ�ǻǿ-
ǾǱǸ�ǾǬǼǯǱǾǴǼǺǮǬǹǴȋ�ǛǓǖ��ǔǳǿȃǱǹǴǱ�ǭǺǷȈȄǴǹǽǾǮǬ�ǬǹǾǴ-
ȀǴǭǼǺǾǴȃǱǽǶǴȁ�ǬǯǱǹǾǺǮ�ǺǯǼǬǹǴȃǴǮǬǱǾǽȋ�ǶǷǴǹǴȃǱǽǶǴǸǴ�
ǴǽǻȇǾǬǹǴȋǸǴ�,�,,�ȀǬǳȇ�ǽ�ǿȃǬǽǾǴǱǸ�ǬǹǬǷǺǯǺǮ�ǮǴǾǬǸǴǹǺǮ��
ǶǺǾǺǼȇǱ�Ǯ�ǴǳǺǭǴǷǴǴ�ǽǺǰǱǼǲǬǾǽȋ�Ǯ�ǷǱǶǬǼǽǾǮǱǹǹȇȁ�ǼǬǽ-
ǾǱǹǴȋȁ�Ǵ�ǺǶǬǳǬǷǴǽȈ�ǻǱǼǽǻǱǶǾǴǮǹȇǸǴ�ǰǷȋ�ǶǷǴǹǴȃǱǽǶǺǯǺ�
ǻǼǴǸǱǹǱǹǴȋ�� ǔǽǻǺǷȈǳǺǮǬǹǴǱ� ȀǴǾǺǸǱǰǴȂǴǹǽǶǴȁ� ǻǼǱ-
ǻǬǼǬǾǺǮ�Ǯ�ǶǬȃǱǽǾǮǱ�ǹǺǮȇȁ�ǬǹǾǴȀǴǭǼǺǾǴȃǱǽǶǴȁ�ǽǼǱǰǽǾǮ�
ǭȇǷǺ� ǻǼǴǸǱǹǱǹǺ� Ǯ� ǼǬǳǷǴȃǹȇȁ� ǶǺǸǻǷǱǸǱǹǾǬǼǹȇȁ� Ǵ�
ǬǷȈǾǱǼǹǬǾǴǮǹȇȁ�ǻǺǰȁǺǰǬȁ��ǢǱǷȈ�ȉǾǺǯǺ�ǺǭǳǺǼǬ�ǽǺǽǾǺȋǷǬ�
Ǯ�ǾǺǸ��ȃǾǺǭȇ�ǻǼǱǰǽǾǬǮǴǾȈ�ȂǱǷǱǹǬǻǼǬǮǷǱǹǹǿȊ�ǺǭǹǺǮǷǱǹ-
ǹǿȊ�ǴǹȀǺǼǸǬȂǴȊ�Ǻ�ǽǱǷǱǶǾǴǮǹȇȁ�ǹǺǮȇȁ�ǻǺǾǱǹȂǴǬǷȈǹȇȁ�
ǬǹǾǴȀǴǭǼǺǾǴȃǱǽǶǴȁ�ǬǯǱǹǾǬȁ��ǮǶǷȊȃǬȋ�ǶǿǼǶǿǸǴǹ��ǼǱǽǮǱ-
ǼǬǾǼǺǷ�� ǼǱǴǹ�� ȉǸǺǰǴǹ�� ǻǼǺǴǳǮǺǰǹȇǱ� ǶǬǾǱȁǴǹǬ� ǳǱǷǱǹǺ-
ǯǺ� ȃǬȋ�� ǸǱǾȀǺǼǸǴǹ�� ȉǼǿǭǱǼǴǹ� ǌ� Ǵ� ȉǷǷǬǯǺǮǿȊ� ǶǴǽǷǺǾǿ��
Ǯ�ǭǺǼȈǭǱ�ǽ�ǬǶǾǴǮǬȂǴǱǵ�ǛǓǖ�Ǯ�ǸǺǰǱǷȋȁ�ǡǛ�Ǵ�ǜǛǒ��ǚǹ�
ǭȇǷ� ǹǬǻǼǬǮǷǱǹ� ǹǬ� ǺǻǴǽǬǹǴǱ� ǸǱȁǬǹǴǳǸǬ��ǺǮ�� ǴǽǻǺǷȈ-
ǳǿǱǸȇȁ�ȀǴǾǺȁǴǸǴȃǱǽǶǴȁ�ǮǱȅǱǽǾǮ�� ǶǬǶ�ǻǺ�ǺǾǰǱǷȈǹǺǽǾǴ��
ǾǬǶ�Ǵ�Ǯ�ǶǺǸǭǴǹǬȂǴǴ��Ǵ�ǽǮȋǳǬǹǹȇȁ�ǽ�ǹǴǸǴ�ǸǺǷǱǶǿǷȋǼǹȇȁ�
ǸǴȄǱǹǱǵ�� ǍǺǷȈȄǴǹǽǾǮǺ� Ǵǳ� ǹǴȁ� ǭȇǷǴ� ǻǼǺǾǱǽǾǴǼǺǮǬǹȇ�
ǹǬ�ǸǺǰǱǷȋȁ�ǜǛǒ�ǽ�ǬǹǬǷǺǯǴȃǹȇǸ�ǸǱȁǬǹǴǳǸǺǸ�ǰǱǵǽǾǮǴȋ��
Ǵ�ǶǿǼǶǿǸǴǹ�ǭȇǷ�ǻǼǺǾǱǽǾǴǼǺǮǬǹ�ǺǽǺǭǱǹǹǺ�ǴǹǾǱǹǽǴǮǹǺ��
ǍǿǰǿȅǴǱ�ǴǽǽǷǱǰǺǮǬǹǴȋ�ǸǺǯǿǾ�ǭȇǾȈ�ǹǬǻǼǬǮǷǱǹȇ�ǹǬ�Ǵǳǿ-
ȃǱǹǴǱ�ǮǺǻǼǺǽǺǮ�ǭǴǺǰǺǽǾǿǻǹǺǽǾǴ��ǰǴǳǬǵǹǬ�ǻǼǴǸǱǹǱǹǴȋ�
ǷǱǶǬǼǽǾǮǱǹǹȇȁ� ǽǼǱǰǽǾǮ� Ǵ� ǹǬǹǺȀǺǼǸǴǼǺǮǬǹǴȋ� ǰǷȋ� ǰǺ-
ǽǾǴǲǱǹǴȋ�ǿǽǻǱȄǹȇȁ�ǶǷǴǹǴȃǱǽǶǴȁ�ǼǱǳǿǷȈǾǬǾǺǮ�ǽ�ǸǹǺǯǺ�
ǺǭǱȅǬȊȅǱǵ�ǬǶǾǴǮǹǺǽǾȈȊ�Ǵ�ǻǱǼǱǹǺǽǴǸǺǽǾȈȊ�

ǟǐǖ���������������������������������������
GRL�����������YNS�����������

ǝǱǷǱǶǾǴǮǹȑ�ȀȑǾǺȁȑǸȑȃǹȑ�ǼǱȃǺǮǴǹǴ��
�ǹǬȂȑǷǱǹȑ�ǹǬ�ǳȑǼȃǬǽǾȑ�ǶǷȑǾǴǹǴ�ǻȑǰȄǷǿǹ�
ǶǺǮǺȒ�ǳǬǷǺǳǴ��ȋǶ�ǹǺǮȑ�ǬǹǾǴȀȑǭǼǺǾǴȃǹȑ�
ǬǯǱǹǾǴ�ǻǼǴ�ȁǼǺǹȑȃǹǺǸǿ�ǻǬǹǶǼǱǬǾǴǾȑ�
ȑ�ǼǬǶǿ�ǻȑǰȄǷǿǹǶǺǮǺȒ�ǳǬǷǺǳǴ

3�� 5DPDNULVKQDQ��� :�� 0�� /RK��� 6�� &�� %�� *RSLQDWK�����
6��5��%RQDP���,��0��)DUHH]���5��0DF�*XDG���0��6��6LP���
<��6��:X�

8$
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ŠœřŠŢŭ

ŔŗţŤşŚŜ�ŜŝťœŒ�šŒşŜŢŗŒŤŠŝŠŕŠŔ�ŞŒś�����

1ǐǺǽǷȑǰǹǴȂȈǶǬ�ǯǼǿǻǬ�ǳ�ǻǼǺǭǷǱǸ�ǽǾǬǼȑǹǹȋ�ȑ�ǮȑǶǺǮǴȁ�ǼǺǳ-
ǷǬǰȑǮ��ǸǱǰǴȃǹǴǵ�ȀǬǶǿǷȈǾǱǾ�ǘǬǷǬǵǽȈǶǺǯǺ�ǿǹȑǮǱǼǽǴǾǱǾǿ��
ǖǿǬǷǬ�ǗǿǸǻǿǼ��ǘǬǷǬǵǳȑȋ
2ǖǬȀǱǰǼǬ� ȀǬǼǸǬǶǺǷǺǯȑȒ�� ǸǱǰǴȃǹǴǵ� ȀǬǶǿǷȈǾǱǾ�� ǘǬǷǬǵ-
ǽȈǶǴǵ�ǿǹȑǮǱǼǽǴǾǱǾ��ǖǿǬǷǬ�ǗǿǸǻǿǼ��ǘǬǷǬǵǳȑȋ
�ǤǶǺǷǬ� ȑǹǲǱǹǱǼȑȒ� ǭȑǺǻǼǺȂǱǽȑǮ�� ǟǹȑǮǱǼǽǴǾǱǾ� ǘǬǷǬǵǳȑȒ�
ǛǱǼǷȑǽ��ǌǼǬǿ��ǘǬǷǬǵǳȑȋ
�ǃǹǽǾǴǾǿǾ� ǹǬǹǺǱǷǱǶǾǼǺǹǹǺȒ� ȑǹǲǱǹǱǼȑȒ�� ǟǹȑǮǱǼǽǴǾǱǾ�
�ǘǬǷǬǵ�ǳȑȒ�ǛǱǼǷȑǽ��ǖǬǹǯǬǼ��ǘǬǷǬǵǳȑȋ
�805�������ǙǢǙǐ�ǤǾǼǬǽǭǿǼǳȈǶǴǵ�ǿǹȑǮǱǼǽǴǾǱǾ��ǍȑǺǾǱȁ-
ǹǺǷǺǯȑȋ�ȑ�ǶǷȑǾǴǹǹǬ�ǽǴǯǹǬǷȑǳǬȂȑȋ�ǗǬǭǺǼǬǾǺǼȑȋ�ǻǱǼǱǰǺǮǺ-
ǯǺ�ǰǺǽǮȑǰǿ�ǘǱǰǬǷȑǽ��ǃǷȈǶȑǼȄ��ǠǼǬǹȂȑȋ
�ǖǬȀǱǰǼǬ�ǭȑǺǷǺǯȑȒ�ǻǺǼǺǲǹǴǹǴ�ǼǺǾǬ�ȑ�ǭȑǺǸǱǰǴȃǹǴȁ�ǹǬǿǶ��
ǽǾǺǸǬǾǺǷǺǯȑȃǹǴǵ�ȀǬǶǿǷȈǾǱǾ��ǿǹȑǮǱǼǽǴǾǱǾ�ǘǌǡǓǌ��ǝǱǷǬǹ-
ǯǺǼ��ǘǬǷǬǵǳȑȋ
7ǖǬȀǱǰǼǬ�ǭȑǺǸǱǰǴȃǹǴȁ�ǹǬǿǶ�ȑ�ǾǱǼǬǻȑȒ��ȀǬǶǿǷȈǾǱǾ�ǸǱǰǴ-
ȂǴǹǴ� ȑ� ǸǱǰǴȃǹǴȁ� ǹǬǿǶ�� ǟǹȑǮǱǼǽǴǾǱǾ� ǘǬǷǬǵǳȑȋ� ǝǬǭǬȁ��
�ǖǺǾǬ�ǖȑǹǬǭǬǷǿ��ǘǬǷǬǵǳȑȋ
�ǖǬȀǱǰǼǬ�ȀǬǼǸǬȂǱǮǾǴȃǹǴȁ�ǹǬǿǶ�ǻǼǺ�ǲǴǾǾȋ��ȀǬǼǸǬȂǱǮ-
ǾǴȃǹǴǵ�ȀǬǶǿǷȈǾǱǾ��ǘǬǷǬǵǽȈǶǴǵ�ǿǹȑǮǱǼǽǴǾǱǾ��ǖǿǬǷǬ�ǗǿǸ-
ǻǿǼ��ǘǬǷǬǵǳȑȋ
9ǖǬȀǱǰǼǬ� ǭȑǺȁȑǸȑȒ�� ȀǬǶǿǷȈǾǱǾ� ǸǱǰǴȂǴǹǴ�� ǭȑǺǷǺǯȑȃǹǴȁ�
ǹǬǿǶ�ȑ�ǽǱǽǾǼǴǹǽȈǶǺȒ�ǽǻǼǬǮǴ��ǿǹȑǮǱǼǽǴǾǱǾ�ǘǌǡǓǌ��ǝǱǷǬǹ-
ǯǺǼ��ǘǬǷǬǵǳȑȋ
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ǖǷȊȃǺǮȑ�ǽǷǺǮǬ��ǳȑǼȃǬǽǾȑ�ǶǷȑǾǴǹǴ�ǻȑǰȄǷǿǹǶǺǮǺȒ�ǳǬǷǺǳǴ��
ǻǼǺǾǴȀȑǭǼǺǳǹǴǵ�� ȁǼǺǹȑȃǹǴǵ� ǻǬǹǶǼǱǬǾǴǾ�� ǼǬǶ� ǻȑǰȄǷǿǹ-
ǶǺǮǺȒ�ǳǬǷǺǳǴ��ȀȑǾǺȁȑǸȑȃǹȑ�ǼǱȃǺǮǴǹǴ��ǶǿǼǶǿǸȑǹ��ǼǱǽǮǱǼǬ-
ǾǼǺǷ��ǼǱȒǹ��ǱǸǺǰǴǹ��ǶǬǾǱȁȑǹ�ǳǱǷǱǹǺǯǺ�ȃǬȊ

ǌǶǾǴǮǺǮǬǹȑ�ǻǬǹǶǼǱǬǾǴȃǹȑ�ǳȑǼȃǬǽǾȑ�ǶǷȑǾǴǹǴ��ǛǓǖ��ȄǴǼǺǶǺ�
ǮǴǳǹǬǹȑ� ǶǷȊȃǺǮǴǸ� ǻǺǻǱǼǱǰǹǴǶǺǸ� ǹǬǰǷǴȄǶǺǮǺǯǺ� ǻǬǹ-
ǶǼǱǬǾǴȃǹǺǯǺ� ȀȑǭǼǺǳǿ�� ȋǶǴǵ� ȏ� ǶǼǴǾǴȃǹǺȊ� ǺǳǹǬǶǺȊ� ȁǼǺ-
ǹȑȃǹǺǯǺ�ǻǬǹǶǼǱǬǾǴǾǿ� �ǡǛ�� ȑ�ǵǺǯǺ�ǯǼȑǳǹǺǯǺ�ǬǽǺȂȑǵǺǮǬǹǺǯǺ�
ǳǬȁǮǺǼȊǮǬǹǹȋ�³�ǼǬǶǿ�ǻȑǰȄǷǿǹǶǺǮǺȒ�ǳǬǷǺǳǴ��ǜǛǓ���ǞǬǶǴǸ�
ȃǴǹǺǸ��ǬǹǾǴȀȑǭǼǺǾǴȃǹǬ�ǾǱǼǬǻȑȋ�ǭǿǷǬ� ȑǰǱǹǾǴȀȑǶǺǮǬǹǬ�ȋǶ�
ǹǺǮǬ�ǾǱǼǬǻǱǮǾǴȃǹǬ�ǽǾǼǬǾǱǯȑȋ�ǷȑǶǿǮǬǹǹȋ�ǡǛ�ȑ�ǜǛǓ�ȄǷȋȁǺǸ�
ǾǬǼǯǱǾǿǮǬǹǹȋ� ǛǓǖ�� ǎǴǮȃǱǹǹȋ� ǭȑǷȈȄǺǽǾȑ� ǬǹǾǴȀȑǭǼǺǾǴȃ-
ǹǴȁ� ǬǯǱǹǾȑǮ� ǺǭǸǱǲǿȏǾȈǽȋ� ǶǷȑǹȑȃǹǴǸǴ� ǮǴǻǼǺǭǿǮǬǹǹȋǸǴ��
,�,,�ȀǬǳǴ�ǳǬ�ǿȃǬǽǾȊ�ǬǹǬǷǺǯȑǮ�ǮȑǾǬǸȑǹȑǮ��ȋǶǴȁ�ǮǰǺǽǾǬǷȈ�ǿ�Ƿȑ-
ǶǬǼǽȈǶǴȁ�ǼǺǽǷǴǹǬȁ�ȑ�ȋǶȑ�ǮǴȋǮǴǷǴǽȋ�ǻǱǼǽǻǱǶǾǴǮǹǴǸǴ�ǰǷȋ�
ǶǷȑǹȑȃǹǺǯǺ� ǳǬǽǾǺǽǿǮǬǹǹȋ�� ǎǴǶǺǼǴǽǾǬǹǹȋ� ȀȑǾǺǸǱǰǴȃǹǴȁ�
ǻǼǱǻǬǼǬǾȑǮ� ȋǶ� ǹǺǮǴȁ� ǬǹǾǴȀȑǭǼǺǾǴȃǹǴȁ� ǳǬǽǺǭȑǮ� ǭǿǷǺ� ǳǬ-
ǽǾǺǽǺǮǬǹǺ�Ǯ�ǼȑǳǹǴȁ�ǶǺǸǻǷǱǸǱǹǾǬǼǹǴȁ� ȑ�ǬǷȈǾǱǼǹǬǾǴǮǹǴȁ�
ǻȑǰȁǺǰǬȁ��ǘǱǾǬ�ȂȈǺǯǺ�ǺǯǷȋǰǿ�ǻǺǷȋǯǬǷǬ�Ǯ�ǾǺǸǿ��ȅǺǭ�ǻǺǰǬǾǴ�
ȂȑǷǱǽǻǼȋǸǺǮǬǹǿ� ǺǹǺǮǷǱǹǿ� ȑǹȀǺǼǸǬȂȑȊ� ǻǼǺ� ǽǱǷǱǶǾǴǮǹȑ�
ǹǺǮȑ�ǻǺǾǱǹȂȑǵǹȑ�ǬǹǾǴȀȑǭǼǺǾǴȃǹȑ�ǬǯǱǹǾǴ��ǮǶǷȊȃǬȊȃǴ�ǶǿǼ-
ǶǿǸȑǹ�� ǼǱǽǮǱǼǬǾǼǺǷ�� ǼǱȒǹ�� ǱǸǺǰǴǹ�� ǻǺȁȑǰǹȑ� ǶǬǾǱȁȑǹǿ� ǳǱ-
ǷǱǹǺǯǺ�ȃǬȊ��ǸǱǾȀǺǼǸȑǹ��ǱǼǿǭǱǼǴǹ�ǌ�ǵ�ǱǷǬǯǺǮǿ�ǶǴǽǷǺǾǿ��
ǿ�ǭǺǼǺǾȈǭȑ�ǳ�ǬǶǾǴǮǬȂȑȏȊ�ǛǓǖ�ǿ�ǸǺǰǱǷȋȁ�ǡǛ�ȑ�ǜǛǓ��ǎȑǹ�ǭǿǮ�
ǽǻǼȋǸǺǮǬǹǴǵ�ǹǬ�ǺǻǴǽ�ǸǱȁǬǹȑǳǸǿ��ȑǮ��ǮǴǶǺǼǴǽǾǺǮǿǮǬǹǴȁ�
ȀȑǾǺȁȑǸȑȃǹǴȁ� ǼǱȃǺǮǴǹ�� ȋǶ� ǺǶǼǱǸǺ�� ǾǬǶ� ȑ� Ǯ� ǶǺǸǭȑǹǬȂȑȒ�� ȑ�
ǻǺǮ·ȋǳǬǹǴȁ�ǳ�ǹǴǸǴ�ǸǺǷǱǶǿǷȋǼǹǴȁ�ǸȑȄǱǹǱǵ��ǍȑǷȈȄȑǽǾȈ�ȑǳ�
ǹǴȁ� ǭǿǷǴ� ǻǼǺǾǱǽǾǺǮǬǹȑ� ǹǬ� ǸǺǰǱǷȋȁ� ǜǛǓ� ǳ� ǬǹǬǷǺǯȑȃǹǴǸ�
ǸǱȁǬǹȑǳǸǺǸ�ǰȑȒ��ȑ�ǶǿǼǶǿǸȑǹ�ǭǿǮ�ǻǼǺǾǱǽǾǺǮǬǹǴǵ�ǺǽǺǭǷǴǮǺ�
ȑǹǾǱǹǽǴǮǹǺ��ǘǬǵǭǿǾǹȑ�ǰǺǽǷȑǰǲǱǹǹȋ�ǸǺǲǿǾȈ�ǭǿǾǴ�ǽǻǼȋǸǺ-
ǮǬǹȑ�ǹǬ�ǮǴǮȃǱǹǹȋ�ǻǴǾǬǹȈ�ǭȑǺǰǺǽǾǿǻǹǺǽǾȑ��ǰǴǳǬǵǹǿ�ǳǬǽǾǺ-
ǽǿǮǬǹǹȋ�ǷȑǶǬǼǽȈǶǴȁ�ǳǬǽǺǭȑǮ�ȑ�ǹǬǹǺȀǺǼǸǿǮǬǹǹȋ�ǰǷȋ�ǰǺǽȋǯ-
ǹǱǹǹȋ�ǿǽǻȑȄǹǴȁ�ǶǷȑǹȑȃǹǴȁ�ǼǱǳǿǷȈǾǬǾȑǮ�ȑǳ�ǭǬǯǬǾǺǺǭȑȂȋȊȃǺȊ�
ǬǶǾǴǮǹȑǽǾȊ�ǵ�ǻǱǼǱǹǺǽǴǸȑǽǾȊ�

6HOHFWLYH�SK\WRFKHPLFDOV�WDUJHWLQJ�
SDQFUHDWLF�VWHOODWH�FHOOV�DV�QHZ�DQWL�
ÀEURWLF�DJHQWV�IRU�FKURQLF�SDQFUHDWLWLV�
DQG�SDQFUHDWLF�FDQFHU

3�� 5DPDNULVKQDQ��� :�� 0�� /RK��� 6�� &�� %�� *RSLQDWK�����
6��5��%RQDP���,��0��)DUHH]���5��0DF�*XDG���0��6��6LP���
<��6��:X�
1$JHLQJ�DQG�$JH�$VVRFLDWHG�'LVRUGHUV�5HVHDUFK�*URXS��
)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�0DOD\D��.XDOD�/XPSXU��
0DOD\VLD
2'HSDUWPHQW�RI�3KDUPDFRORJ\��)DFXOW\�RI�0HGLFLQH��8QL-
YHUVLW\�RI�0DOD\D��.XDOD�/XPSXU��0DOD\VLD
�6FKRRO� RI� %LRSURFHVV� (QJLQHHULQJ�� 8QLYHUVLWL� 0DOD\VLD�
3HUOLV��$UDX��0DOD\VLD
�,QVWLWXWH�RI�1DQR�(OHFWURQLF�(QJLQHHULQJ��8QLYHUVLWL�0D-
OD\VLD�3HUOLV��.DQJDU��0DOD\VLD
�805�������&156�8QLYHUVLW\�RI�6WUDVERXUJ��%LRWHFKQRO-
RJ\�DQG�&HOO�6LJQDOLQJ�/DERUDWRU\�RI�([FHOOHQFH�0HGDOLV��
,OONLUFK��)UDQFH
�'HSDUWPHQW� RI� 2UDO� %LRORJ\� DQG� %LRPHGLFDO� 6FLHQFHV��
)DFXOW\�RI�'HQWLVWU\��0$+6$�8QLYHUVLW\��6HODQJRU��0DOD\VLD
7'HSDUWPHQW� RI� %LRPHGLFDO� 6FLHQFH� DQG� 7KHUDSHXWLFV��
)DFXOW\�RI�0HGLFLQH�DQG�+HDOWK�6FLHQFH��8QLYHUVLWL�0DOD\-
VLD�6DEDK��.RWD�.LQDEDOX��0DOD\VLD
�'HSDUWPHQW�RI�3KDUPDFHXWLFDO�/LIH�6FLHQFHV��)DFXOW\�RI�
3KDUPDF\��8QLYHUVLW\�RI�0DOD\D��.XDOD�/XPSXU��0DOD\VLD
9'HSDUWPHQW�RI�%LRFKHPLVWU\��)DFXOW\�RI�0HGLFLQH��%LRVFL-
HQFH�DQG�1XUVLQJ��0$+6$�8QLYHUVLW\��6HODQJRU��0DOD\VLD
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.H\�ZRUGV��SDQFUHDWLF�VWHOODWH�FHOOV��DQWL�ÀEURWLF��FKURQ-
LF�SDQFUHDWLWLV��SDQFUHDWLF�FDQFHU��SK\WRFKHPLFDOV��FXU-
FXPLQ��UHVYHUDVWURO��UKHLQ��HPRGLQ��JUHHQ�WHD�FDWHFKLQ

$FWLYDWHG� SDQFUHDWLF� VWHOODWH� FHOOV� �36&V�� KDYH� EHHQ�
ZLGHO\� DFFHSWHG� DV� D� NH\� SUHFXUVRU� RI� H[FHVVLYH� SDQ-
FUHDWLF� ÀEURVLV�� ZKLFK� LV� D� FUXFLDO� KDOOPDUN� RI� FKURQLF�
SDQFUHDWLWLV��&3��DQG�LWV�IRUPLGDEOH�DVVRFLDWHG�GLVHDVH��
SDQFUHDWLF�FDQFHU��3&���+HQFH��DQWL�ÀEURWLF�WKHUDS\�KDV�
EHHQ�LGHQWLÀHG�DV�D�QRYHO�WKHUDSHXWLF�VWUDWHJ\�IRU�WUHDW-
LQJ�&3�DQG�3&�E\�WDUJHWLQJ�36&V��0RVW�RI�WKH�DQWL�ÀEURWLF�
DJHQWV�KDYH�EHHQ�OLPLWHG�WR�SKDVH�,�,,�FOLQLFDO�WULDOV�LQ-
YROYLQJ�YLWDPLQ�DQDORJV��ZKLFK�DUH�DEXQGDQW�LQ�PHGLF-
LQDO�SODQWV�DQG�KDYH�SURYHG�WR�EH�SURPLVLQJ�IRU�FOLQLFDO�
DSSOLFDWLRQ��7KH�XVH�RI�SK\WRPHGLFLQHV��DV�QHZ�DQWL�À-
EURWLF�DJHQWV��KDV�EHHQ�DSSOLHG�WR�D�YDULHW\�RI�FRPSOH-
PHQWDU\� DQG� DOWHUQDWLYH� DSSURDFKHV�� 7KH� DLP� RI� WKLV�
UHYLHZ�ZDV�WR�SUHVHQW�D�IRFXVHG�XSGDWH�RQ�WKH�VHOHFWLYH�
QHZ� SRWHQWLDO� DQWL�ÀEURWLF� DJHQWV�� LQFOXGLQJ� FXUFXPLQ��
UHVYHUDWURO�� UKHLQ�� HPRGLQ�� JUHHQ� WHD� FDWHFKLQ� GHULYD-
WLYHV��PHWIRUPLQ�� HUXEHULQ�$�� DQG�HOODJLF�DFLG�� LQ� FRP-
EDWLQJ�36&�LQ�&3�DQG�3&�PRGHOV�� ,W�DLPHG�WR�GHVFULEH�
WKH�PHFKDQLVP�V�� RI� WKH� SK\WRFKHPLFDOV� XVHG�� HLWKHU�
DORQH�RU�LQ�FRPELQDWLRQ��DQG�WKH�DVVRFLDWHG�PROHFXODU�
WDUJHWV��0RVW� RI� WKHP�ZHUH� WHVWHG� LQ� 3&�PRGHOV�ZLWK�
VLPLODU�PHFKDQLVP�RI�DFWLRQV��DQG�FXUFXPLQ�ZDV�WHVWHG�
LQWHQVLYHO\�� )XWXUH� UHVHDUFK�PD\�H[SORUH� WKH� LVVXHV�RI�
ELRDYDLODELOLW\��GUXJ�GHVLJQ��DQG�QDQR�IRUPXODWLRQ��LQ�RU-
GHU�WR�DFKLHYH�VXFFHVVIXO�FOLQLFDO�RXWFRPHV�ZLWK�SURPLV-
LQJ�DFWLYLW\�DQG�WROHUDELOLW\�
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