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)UHTXHQW�DSSOLFDWLRQ�RI�V\QWKHWLF�LQVHFWLFLGHV�WR�SUHYHQW�SRVW�KDUYHVW�ORVVHV�IURP�VWRUHG�SURGXFW�
SHVWV�KDV�KHLJKWHQHG�QHJDWLYH�LPSDFWV�RQ�WKH�HQYLURQPHQW�DQG�SXEOLF�KHDOWK��GULYLQJ�GHPDQG�IRU�
VXVWDLQDEOH�DOWHUQDWLYHV��3ODQW�EDVHG�HVVHQWLDO�RLOV��(2V��KDYH VLJQLILFDQW�SRWHQWLDO�WR�EH�XVHG�DV�
ELR�LQVHFWLFLGHV�� +RZHYHU�� WKHLU� UDSLG� GHJUDGDWLRQ� DQG� HYDSRUDWLRQ� IUHTXHQWO\� OLPLW� WKHLU�
HIIHFWLYHQHVV�LQ�SUDFWLFDO�DSSOLFDWLRQV��(QFDSVXODWLQJ�(2V�LQ�QDQRHPXOVLRQV�DLPV�WR�LQFUHDVH�WKHLU�
SUDFWLFDO� IHDVLELOLW\� E\� HQVXULQJ� SURWHFWLRQ� IURP� H[WHUQDO� IDFWRUV� ZKLOH� HQKDQFLQJ� IXQFWLRQDO�
UHDFWLYLW\� DQG� VWDELOLW\�� 7KLV� VWXG\� GHYHORSHG� DQG� FKDUDFWHUL]HG� QDQRHPXOVLRQV� �&01(V��
FRQWDLQLQJ� ��� �Y�Y�� &LWUXV� PD[LPD SHHO� HVVHQWLDO� RLO� �&0(2��� DV� ZHOO� DV� HYDOXDWHG� WKHLU�
LQVHFWLFLGDO� FRQWDFW�� IXPLJDQW�� DQG� UHSHOOHQW� HIILFDF\� DJDLQVW� 6LWRSKLOXV� RU\]DH�� &KHPLFDO�
FRPSRVLWLRQ�RI�&0(2�ZDV�DQDO\]HG�YLD�*DV�&KURPDWRJUDSK\�0DVV�6SHFWURVFRS\��*&�06���7KH�
&0(2�ZDV� HQFDSVXODWHG� WKURXJK� XOWUDVRQLF� HPXOVLILFDWLRQ� ZLWK� 7ZHHQ��� DV� WKH� VXUIDFWDQW� WR�
REWDLQ� 1(V� DW� WZR� (2�7ZHHQ��� FRPELQDWLRQV�� &01(�� ������ DQG� &01(�� ��������� )RU� 1(V��
IROORZ�XS�HYDOXDWLRQV�RI�WKHLU�SK\VLFDO�FKDUDFWHULVWLFV�DQG�WKHUPRG\QDPLF�VWDELOLW\�ZHUH�FDUULHG�
RXW�DW�URRP�WHPSHUDWXUH����KRXUV�DQG���PRQWKV�DIWHU�IRUPXODWLRQ��7KH�*&�06�DQDO\VLV�RI�&0(2�
UHYHDOHG�G�OLPRQHQH���������DV�WKH�PDMRU�FRQVWLWXHQW��7KH�DPSOLILHG�FRQFHQWUDWLRQ�RI�7ZHHQ���LQ�
&01(��UHVXOWHG�LQ�WKH�UHGXFWLRQ�RI�WKH�SDUWLFOH�VL]H�RI�&01(��IURP�������QP�WR�������QP��ZKLOH�
WKH�3',�FKDQJHG�IURP�����DQG������IRU�&01(��DQG�&01(�� UHVSHFWLYHO\��IDYRULQJ�QHJDWLYH�]HWD�
SRWHQWLDO�ZLWK� ������P9�IRU�&01(�� WR� ������P9�IRU�&01(��DW����K��1RWDEO\�� WKH�QDQRVFDOH�
SURSHUWLHV�RI�GHYHORSHG�QDQRHPXOVLRQV�ZHUH�PDLQWDLQHG�HYHQ�DIWHU���PRQWKV�RI�VWRUDJH�ZLWK�QR�
YLVLEOH�PDFURVFRSLF�FKDQJHV�DQG�WKH\ UHPDLQHG�VWDEOH�DIWHU�XQGHUJRLQJ�YDULRXV� WKHUPRG\QDPLF�
VWDELOLW\� WHVWV� VXFK� DV� FHQWULIXJDWLRQ�� KHDWLQJ�FRROLQJ�� DQG� IUHH]H�WKDZ� F\FOHV�� ZLWK� QR� SKDVH�
VHSDUDWLRQ�REVHUYHG��(QFDSVXODWLQJ�&0(2�LQ�1(V�UHVXOWHG�LQ�VLJQLILFDQW�ERRVW�LQ�FRQWDFW�WR[LFLW\�
ZLWK��&01(��H[KLELWLQJ�DSSUR[LPDWHO\���WLPHV�KLJKHU�WR[LFLW\�DQG�&01(��DURXQG���WLPHV�KLJKHU�
WR[LFLW\�DIWHU����KRXUV�RI�SRVW�WUHDWPHQW��)XPLJDQW�WR[LFLW\�ZDV�LQFUHDVHG�LQ�&01(��DQG�&01(��
E\�DSSUR[LPDWHO\���DQG���IROGV��UHVSHFWLYHO\��FRPSDUHG�WR�&0(2��7KH�UHSHOOHQF\�LQ�&01(V�ZDV�
VLJQLILFDQWO\�HQKDQFHG��UHDFKLQJ URXJKO\���WLPHV�JUHDWHU�WKDQ�&0(2�DW���K�RI�H[SRVXUH��2YHUDOO��
WKH�FXUUHQW�VWXG\�OD\V�WKH�JURXQGZRUN�IRU�GHYHORSLQJ�&01(V��HQKDQFLQJ�WKH�VWDELOLW\�RI�&0(2�
DQG�LWV�ELR�HIILFDF\��,W�VXJJHVWV�D�VXVWDLQDEOH�DQG�HIIHFWLYH�PHWKRG�IRU�PDQDJLQJ�VWRUHG�JUDLQ�LQVHFW�
SHVWV�ZKLOH�XWLOL]LQJ�3RPHOR�SHHO��DQ�XQGHU�XWLOL]HG�E\�SURGXFW�
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