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$EEUHYLDWLRQV�� 7%$56�� WKLREDUELWXULF� DFLG� UHDFWLYH� VXEVWDQFHV�

*3[��JOXWDWKLRQH�SHUR[LGDVH��*5��JOXWDWKLRQH� UHGXFWDVH��*�3'+�

JOXFRVH���SKRVSKDWH�GHK\GURJHQDVH��*67��JOXWDWKLRQH�WUDQVIHUDVH�

$EVWUDFW

,Q� RUGHU� WR� GHYHORS� D� SUHYHQWLYH� VWUDWHJ\� DJDLQVW

HWKDQRO�LQGXFHG�R[LGDWLYH�GDPDJHV�RQ�YDULRXV� WLV�

VXHV�DQG�RUJDQV��ZH�KDYH�H[DPLQHG�WKH�SURWHFWLYH

HIIHFW�RI�DVSDUWDWH�RQ�WKH�SDWKRJHQHVLV�RI�WHVWHV�LQ

WKH� HWKDQRO� WUHDWHG� DQLPDOV�� $GXOW� PDOH� 6SUDJXH�

'DZOH\�UDWV�ZHUH�JLYHQ�HWKDQRO�LQ�DQ�DPRXQW�RI����

RI� WRWDO� FDORULHV� YLD� /LHEHU�'H&DUOL� OLTXLG�GLHW� IRU� �

ZHHNV�ZLWKRXW�RU�ZLWK�DVSDUWDWH����P0�LQ�WKH�GLHW��

7KH�FRQWURO�JURXS�ZDV�SDLU�IHG� WKH�GLHW�FRQWDLQLQJ

LVRFDORULF� GH[WULQ�PDOWRVH� LQVWHDG� RI� HWKDQRO�� 7KH

SDWKRJHQHVLV�RI� WHVWHV� DW�SRVW�� ��ZHHNV�RI� H[SHUL�

PHQWV�ZHUH�FDUULHG�RXW�E\�KLVWRFKHPLVWU\�DQG�ELR�

FKHPLFDO� SDUDPHWHUV� IRU� R[LGDWLYH� VWUHVV� VXFK� DV

WKH� OHYHO�RI� WKLREDUELWXULF�DFLG� UHDFWLYH�VXEVWDQFHV

�7%$56�� DQG� WKH� DFWLYLWLHV� RI� JOXWDWKLRQH� XWLOL]LQJ

HQ]\PHV�ZHUH� DOVR�H[DPLQHG��&KURQLF�HWKDQRO� DG�

PLQLVWUDWLRQ� UHVXOWHG� LQ� WKH� LQFUHDVHG� DPRXQW� RI

WKLREDUELWXULF�DFLG� UHDFWLYH�VXEVWDQFHV� �7%$56�� LQ

WKH�WHVWHV��ZKLFK�ZDV�VLJQLILFDQWO\�OHVVHQHG�E\�FRQ�

FXUUHQW�DVSDUWDWH�WUHDWPHQW��S � �������,Q�DGGLWLRQ�WR

WKLV�� OLYHU� IXQFWLRQ� WHVW� LQGLFDWHG� E\� DONDOLQH� SKRV�

SKDWDVH�DFWLYLW\� LQ�VHUXP�VKRZHG�WKDW� WKH�HWKDQRO�

LQGXFHG� KHSDWRWR[LFLW\� ZDV� VLJQLILFDQWO\� DPHOLR�

UDWHG�E\�DVSDUWDWH�DGPLQLVWUDWLRQ��$QG�WKH�DFWLYLWLHV

RI� JOXFRVH���SKRVSKDWH� GHK\GURJHQDVH� DQG� JOXWD�

WKLRQH�WUDQVIHUDVH�LQ�WHVWLV�F\WRVRO�ZHUH�GHFUHDVHG

LQ�WKH�HWKDQRO�WUHDWHG�UDWV��S � �����DQG�� �������UH�

VSHFWLYHO\���7KHVH�GDWD�VXJJHVW� WKDW�DVSDUWDWH�PD\

DWWHQXDWH�WKH�HWKDQRO�LQGXFHG�R[LGDWLYH�WLVVXH�GDP�

DJH� LQ� UDW� WHVWHV� SRVVLEO\� WKURXJK� D� UHGR[�UHODWHG

SURWHFWLYH�HIIHFW�RQ�SHUR[LGDWLRQ�

.H\ZRUGV�� $VSDUWDWH�� 2[LGDWLYH� VWUHVV�� 7%$56�� *OX�

WDWKLRQH��7HVWHV

,QWURGXFWLRQ

$OFRKRO� DEXVH� OHDGV� WR� WHVWLFXODU� OLSLG� SHUR[LGDWLRQ

�5RVHQEOXP�HW�DO����������ZKLFK�PD\�EH�UHVSRQVLEOH�IRU

HWKDQRO�LQGXFHG� WHVWLFXODU� WR[LFLW\�� 7HVWLFXODU� PLWRFKRQ�

GULDO� PHPEUDQHV� HQULFKHG� ZLWK� SRO\XQVDWXUDWHG� OLSLGV�

PD\� EH� WKH� SULQFLSDOO\� DIIHFWHG� VLWHV� IRU� SXWDWLYH� SHU�

R[LGDWLRQ� LQMXU\� DQG� FRQWULEXWH� WR� WKH� WHVWLFXODU� PHP�

EUDQH� LQMXU\�� UHVXOWLQJ� LQ�JRQDGDO�G\VIXQFWLRQ�� FRPPRQ

LQ�DOFRKRO�DEXVH�DQG�RU�FKURQLF�XVH��9LOODOWD�HW�DO���������

5RVHQEOXP� HW� DO�� ������� VXJJHVWHG� WKDW� WKH� HWKDQRO�

LQGXFHG� R[LGDWLYH� GDPDJH� FDQ� EH� PRUH� SURPLQHQW� LQ

WHVWHV� WKDQ� OLYHU� WLVVXHV�� EHFDXVH� RI� D� UDSLG� GHSOHWLRQ

RI� WHVWLFXODU� JOXWDWKLRQH�E\� HWKDQRO� DQG� ORZHU� DFWLYLWLHV

RI� DQWLR[LGDQW� HQ]\PHV� LQ� WKLV� RUJDQ� �3HOWROD� HW� DO��

������

7KH� LQFUHDVHG� F\WRVROLF� 1$'+�1$'� UDWLR� LQ� HWKDQRO

R[LGDWLRQ� VWHSV� ZRXOG� LQGXFH� FRQYHUVLRQ� RI� [DQWKLQH

GHK\GURJHQDVH� �;'+�� WR� [DQWKLQH� R[LGDVH� �;2�� IDFL�

OLWDWLQJ� JHQHUDWLRQ� RI� IUHH� UDGLFDOV� �(QJHUVRQ� HW� DO��

�������7KXV��ORZHULQJ�WKH�OHYHO�RI�F\WRVROLF�1$'+�ZRXOG

H[SHGLWH� HWKDQRO� R[LGDWLRQ� DQG� UHGXFWLRQ� RI� IUHH� UDGLDO

IRUPDWLRQ��$VSDUWDWH�KDV�EHHQ�GHPRQVWUDWHG�WR�UHVWRUH

WKH� F\WRVROLF� 1$'+�1$'� UDWLR� DQG� LPSURYH� WKH� IXQF�

WLRQDO�UHFRYHU\�HLWKHU�IURP�LVFKHPLD�UHSHUIXVLRQ�LQMXU\�RU

IURP�HWKDQRO�LQGXFHG�WR[LFLW\�LQ�WKH�OLYHU��3DUN�DQG�3DUN�

������3DUN�HW�DO����������,Q�WKLV�VWXG\��WHVWHV�ZHUH�FKRVHQ

IRU�D�SRVVLEOH�WDUJHW�RUJDQ�IRU�WKH�HWKDQRO�LQGXFHG�R[LG�

DWLYH�FHOOXODU�GDPDJHV�DQG�ZDV�H[DPLQHG�WKH�SURWHFWLYH

HIIHFW� RI� DVSDUWDWH� E\� PRGXODWLQJ� WKH� UHGR[� SRWHQWLDO�

([DPLQDWLRQ�RI�WKH�SDWKRORJLF�FKDQJHV�DQG�ELRFKHPLFDO

SDUDPHWHUV�IRU�R[LGDWLYH�VWUHVV�VXFK�DV�OHYHO�RI�WKLREDU�

ELWXULF�DFLG� UHDFWLYH�VXEVWDQFHV� �7%$56��DQG� WKH�DFWL�

YLWLHV�RI�JOXWDWKLRQH�XWLOL]LQJ�HQ]\PHV�VKRZHG�WKDW�WKHUH

ZHUH�VLJQLILFDQW�GLIIHUHQFHV�RQ�ELRFKHPLFDO�SDUDPHWHUV

IRU� R[LGDWLYH� VWUHVV� EHWZHHQ� WKH� WUHDWHG� DQG� FRQWURO

JURXSV�DQG�DGGLWLRQ�RI�DVSDUWDWH�DWWHQXDWHG�VXFK�R[LG�

DWLYH� WLVVXH�GDPDJHV�
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0DWHULDOV�DQG�0HWKRGV

$QLPDOV

:HDQOLQJ�PDOH�6SUDJXH�'DZOH\�UDWV�ZHUH�IHG�VWDQGDUG

ODERUDWRU\�UDW�FKRZ��6DP\DQJ��6HRXO��.RUHD��DQG�ZDWHU

XQWLO���������J�RI�ERG\�ZHLJKW�ZDV�UHDFKHG��7KHQ� WKH

UDWV�ZHUH�GLYLGHG�LQWR�ZHLJKW�PDWFKHG�SDLUV�DQG�DOORFDW�

HG�WR�WKH�UHVSHFWLYH�H[SHULPHQWDO�JURXSV����JURXSV�RI��

DQLPDOV�HDFK���×��IDFWRULDO�GHVLJQ���7KH\�ZHUH�KRXVHG
LQ�WKH�LQGLYLGXDO�VWDLQOHVV�VWHHO�ZLUH�ERWWRPHG�FDJHV�DQG

NHSW� DW� �����R&� ZLWK� ��� K� OLJKW�GDUN� F\FOH�� $OO� DQLPDO

SURFHGXUHV� DQG� KDQGOLQJ� ZHUH� LQ� FRPSOLDQFH� ZLWK� WKH

6HRXO� 1DWLRQDO� 8QLYHUVLW\� *XLGHOLQHV� IRU� KDQGOLQJ� DQG

FDUH�RI�H[SHULPHQWDO�DQLPDOV��

([SHULPHQWDO�GHVLJQ

5DWV� LQ� HWKDQRO� JURXS� ZHUH� JLYHQ� WKH� /LHEHU�'H&DUOL

OLTXLG� GLHW� FRQWDLQLQJ� ���� RI� HQHUJ\� DV� HWKDQRO� DG

OLELWXP��ZLWK�RU�ZLWKRXW���P0�DVSDUWDWH�LQ�WKH�GLHW���DQG

WKH�SDLU�IHG�FRQWURO�DQLPDOV� UHFHLYHG� LVRFDORULF�DPRXQW

RI�GLHW��ZLWK�RU�ZLWKRXW���P0�DVSDUWDWH��FRQWDLQLQJ�GH[W�

ULQ�PDOWRVH�LQVWHDG�RI�HWKDQRO�RQ�IROORZLQJ�GD\��(WKDQRO

ZDV� LQWURGXFHG�LQWR�WKH�GLHW�JUDGXDOO\�VWDUWLQJ�IURP���

DQG� LQFUHDVLQJ� WR� ILQDO���� LQ�RQH�ZHHN�SHULRG��2Q� WKH

��VW�GD\�RI�H[SHULPHQW��UDWV�ZHUH�JLYHQ�WKH�GLHW� LQ� WZR

KDOI� SRUWLRQV�� RQH� LQ� WKH�PRUQLQJ� DQG� WKH� RWKHU� LQ� WKH

HYHQLQJ�� 7KH� DQLPDOV� ZHUH� SXW� LQ� HXWKDQDVLD� RQ� WKH

IROORZLQJ� PRUQLQJ� E\� GHFDSLWDWLRQ�� 1RQ�OLTXLG� FRPSR�

QHQW�RI�WKH�GLHW�ZDV�VXSSOLHG�E\�'\HWV�,QF���%HWKHOHKHP�

3$�� 86$�� DQG� SUHSDUHG� ZLWK� G�+�2� DQG�RU� HWKDQRO

HYHU\GD\�DFFRUGLQJ� WR� WKH�FRPSRVLWLRQV��7KH�FRPSRVL�

WLRQ�RI� OLTXLG�GLHW� LV�VKRZQ� LQ�7DEOH���

6DPSOH�SUHSDUDWLRQ

%ORRG�ZDV�WDNHQ�IURP�WKH�QHFN�YHVVHOV�DQG�OHW�VWDQG�IRU

���PLQ� DW� URRP� WHPSHUDWXUH�� 6HUXP�ZDV� REWDLQHG� E\

FHQWULIXJDWLRQ�DW����� J�IRU����PLQ�DQG�VWRUHG�DW����R&

LQ�DOLTXRWV�XQWLO�DQDO\VLV��7HVWHV�ZHUH�KRPRJHQL]HG�ZLWK

JODVV�7HIORQ�KRPRJHQL]HU��7HVWLV�KRPRJHQDWHV�ZHUH�SUH�

SDUHG�ZLWK���YROXPHV�RI� LFH�FROG������J�/�.&O�ZLWK����

PPRO�/�SKHQ\OPHWK\OVXOIRQ\OIOXRULGH��306)��DQG���PPRO�

/� GLWKLRWKUHLWRO� �'77�� XVLQJ� XS� DQG� GRZQ� VWURNHV� DQG

ILOWHUHG�WKURXJK���OD\HUV�RI�JDX]H�WR�UHPRYH�FRQQHFWLYH

WLVVXHV��&HOO�GHEULV�DQG�QXFOHL�ZHUH�UHPRYHG�E\�FHQWUL�

IXJDWLRQ� DW� ��� J� IRU� ���PLQ�� 7KH� VXSHUQDWDQW�� D� VXV�

SHQVLRQ�RI�PL[HG�DQG�SUHVHUYHG�RUJDQHOOHV��ZDV�FHQWUL�

IXJHG� DW� ������ J� IRU� ��� PLQ�� 7KH� SRVW�PLWRFKRQGULDO

��������J��VXSHUQDWDQW�ZDV�FHQWULIXJHG�DJDLQ�DW���������J

IRU� ��� PLQ� WR� VHSDUDWH� F\WRVRO� IURP� PLFURVRPDO

IUDFWLRQV��7KHQ��WKH�VXSHUQDWDQW�IUDFWLRQV��F\WRVRO��ZHUH

UHFHQWULIXJHG�DW���������J�IRU�DQRWKHU����PLQ�WR�UHGXFH

FURVV�FRQWDPLQDWLRQ��7KH�F\WRVRO� IUDFWLRQV�ZHUH�VWRUHG

DW� ���R&� LQ�DOLTXRWV��7KH�ZKROH�SURFHGXUH�ZDV�FDUULHG

RXW�DW����R&��

+LVWRORJLFDO�DQDO\VLV

7HVWLV�IURP�HDFK�DQLPDO�ZDV�IL[HG�LQ�IRUPDOLQ�DV�D�ZKROH�

HPEHGGHG� LQ� SDUDIILQ� DQG� VHFWLRQV� ZHUH� FXW� LQ� ��PP

WKLFNQHVV�� (DFK� VHFWLRQ� ZDV� VWDLQHG� ZLWK� KHPDWR[\OLQ

DQG�HRVLQ��/HH���������7KH�WHVWHV�ZHUH�HYDOXDWHG�KLVWR�

ORJLFDOO\�IRU�WKH�FURVV�VHFWLRQDO�VL]H�YDULDWLRQ�RI�VHPLQL�

IHURXV� WXEXOHV�

%LRFKHPLFDO�SDUDPHWHUV�RI�OLYHU�IXQFWLRQ

$FWLYLWLHV�RI�DONDOLQH�SKRVSKDWDVH��$/3��DQG�ODFWDWH�GH�

K\GURJHQDVH� �/'+��� DQG� WKH� VHUXP� OHYHOV� RI� XULF� DFLG

�8$���FKROHVWHURO��&+2���WRWDO�SURWHLQ��73���WRWDO�ELOLUXELQ

�7%,/�� DQG� GLUHFW� ELOLUXELQ� �'%,/�� ZHUH� PHDVXUHG� LQ

VHUXP�E\�7HFKQLFRQ�DXWRDQDO\]HU� �7HFKQLFRQ� ,QF��1<��

$FWLYLWLHV�RI�DVSDUWDWH�DPLQRWUDQVIHUDVH��$67��DQG�DOD�

QLQH� DPLQRWUDQVIHUDVH� �$/7�� LQ� VHUXP�ZHUH�PHDVXUHG

XVLQJ�FRPPHUFLDOO\�DYDLODEOH�GLDJQRVWLF�NLWV��1R�������

DQG� 1R�� ������� 6LJPD� &KHPLFDO� &R��� 6W�� /RXLV�� 02�

86$��

7KLREDUELWXULF�DFLG�UHDFWLYH�VXEVWDQFHV��7%$56�

7KH�FRQWHQW�RI���WKLREDUELWXULF�DFLG�UHDFWLYH�VXEVWDQFHV

�7%$56��LQ�WKH�WHVWLV�KRPRJHQDWH�ZDV�PHDVXUHG�DV�D

PDUNHU�RI�OLSLG�SHUR[LGDWLRQ�E\�WKH�PHWKRG�RI�8FKL\DPD

DQG�0LKDUD��������XVLQJ���������WHWUDHWKR[\SURSDQH��7(3�

DV�D�VWDQGDUG��$EVRUEDQFH�RI�EXWDQRO�SKDVH�ZDV�UHDG

DW� ���� DQG� ���� QP� DJDLQVW� Q�EXWDQRO�� 7KH� GLIIHUHQFH

ZDV�XVHG� LQ�FDOFXODWLRQ�RI�7%$56�FRQWHQW�DJDLQVW� WKDW

RI���������7(3�

7DEOH����&RPSRVLWLRQ�RI�OLTXLG�GLHW�IRU�UDW

&RPSRQHQW�
&RQFHQWUDWLRQ

�J�OLWHU�������NFDO�OLTXLG�GLHW��

�&DVHLQ� ����

�/�&\VWLQH� �����

�'/�0HWKLRQLQH� ����

�&RUQ�RLO� ����

�2OLYH�RLO� ����

�6DIIORZHU�RLO� ����

�'H[WULQ�PDOWRVH� ��������

�&KROLQH�ELWDUWUDWH� �����

�)LEHU� �����

�;DQWKDQ�JXP� ����

�9LWDPLQV�DQG�PLQHUDOV���

�� ,Q�WKH�HWKDQRO�IRUPXOD��UHSODFHG�E\������J�RI�GH[WULQ�PDOWRVH�DQG����J�RI
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FDOFLXP�� ������ SKRVSKRUXV�� ������ VRGLXP�� ����� SRWDVVLXP�� ����� PDJQH�
VLXP�������PDQJDQHVH�������� LURQ�������FRSSHU�������]LQF������� LRGLQH�������
VHOHQLXP�� ������� FKURPLXP�� ����� FKORULGH�� ����� VXOIDWH�� ����� DQG� IOXRULGH�
�����



(WKDQRO�LQGXFHG�R[LGDWLYH�VWUHVV�LQ�WHVWHV ��

(Q]\PDWLF�DVVD\V

*OXWDWKLRQH�SHUR[LGDVH� �*3[�� LQ� WKH� WHVWLV� F\WRVRO�ZDV

DVVD\HG�LQ����P0�7ULV������P0�('7$�EXIIHU��S+������E\

PHDVXULQJ� WKH� R[LGDWLRQ� RI� 1$'3+� DW� ���� QP� ZLWK

FXPHQH� K\GURSHUR[LGH� DV� D� VXEVWUDWH� �7DSSHO�� ������

*OXWDWKLRQH� UHGXFWDVH� �*5�� LQ� WKH� WHVWLV� F\WRVRO� ZDV

DVVD\HG� LQ� ����0�SRWDVVLXP�SKRVSKDWH� EXIIHU�� S+����

E\�PRQLWRULQJ� WKH�R[LGDWLRQ�RI�1$'3+�DW�����QP�ZLWK

*66*�DV�D�VXEVWUDWH��&DUEHUJ�DQG�0DQQHUYLFN��������

*OXFRVH���SKRVSKDWH�GHK\GURJHQDVH� �*�3'+��DFWLYLW\

LQ�WKH�WHVWLV�F\WRVRO�ZDV�PHDVXUHG�DW���R&�DFFRUGLQJ�WR

/|KU� DQG�:DOOHU� �������� $VVD\� RI� JOXWDWKLRQH� WUDQVIHU�

DVH��*67��DFWLYLW\�LQ�WKH�WHVWLV�F\WRVRO�ZDV�SHUIRUPHG�LQ

SKRVSKDWH�EXIIHU��S+������XVLQJ���FKORUR�����GLQLWUREHQ�

]HQH��&'1%��DV�D�VXEVWUDWH�DQG�WKH�DEVRUEDQFH�FKDQJH

ZDV� UHFRUGHG� DW� ���� QP� �+DUELJ� HW� DO��� ������� 7KH

DFWLYLW\�ZDV�FDOFXODWHG�XVLQJ�H[WLQFWLRQ�FRHIILFLHQW�RI����

P0−�⋅ FP−���

3URWHLQ�DVVD\

3URWHLQV�ZHUH�DVVD\HG�ZLWK�WKH�%UDGIRUG�PHWKRG�������

XVLQJ�ERYLQH�VHUXP�DOEXPLQ�DV�D�VWDQGDUG�

6WDWLVWLFDO�DQDO\VLV

'DWD�ZHUH� H[SUHVVHG� DV�PHDQ � VWDQGDUG� HUURU� RI� WKH

PHDQ��6(0���7ZR�ZD\�DQDO\VLV�RI�YDULDQFH�ZDV�SHUIRUP�

HG�WR�GHWHUPLQH�WKH�HIIHFW�RI�HWKDQRO��DVSDUWDWH�DQG�WKHLU

LQWHUDFWLRQ��$QG�VWDWLVWLFDO�VLJQLILFDQFH�RI� WKH�GLIIHUHQFH

DPRQJ� JURXS� PHDQV� ZDV� GHWHUPLQHG� E\� 'XQFDQ¶V

PXOWLSOH� UDQJH� WHVW�

5HVXOWV

,Q�VSLWH�RI�WKH�VLPLODU�IRRG�LQWDNH�SURYLGHG�E\�SDLU�IHHG�

LQJ��HWKDQRO�IHG�UDWV�JDLQHG�OHVV�ERG\�ZHLJKW�WKDQ�SDLU�

IHG�FRQWUROV�GXULQJ�WKH�VWXG\�SHULRG������������YV�����

������J�G��S����������$QG�WKLV�HWKDQRO�HIIHFW�RQ�ERG\

ZHLJKW� JDLQ� ZDV� PDLQWDLQHG� HYHQ� ZLWK� WKH� LQWDNH� RI

DVSDUWDWH������������YV�����������J�G��S���������)LJXUH

���ZKLFK�ZDV�H[SHFWHG� WR� KDYH� VRPH�DIIHFW� RQ�EDODQ�

FLQJ� LQ� UHGR[� VWDWH�� &RQWUDVWLQJ� WR� WKLV�� WHVWLV� ZHLJKW

VKRZHG� D� WUHQG� LQ� RSSRVLWH� GLUHFWLRQ � KHDYLHU� WHVWLV� LQ

HWKDQRO�IHG� JURXSV�� +RZHYHU�� WKH� GLIIHUHQFH� RI� PHDQV

GLG� QRW� UHDFK� VWDWLVWLFDO� VLJQLILFDQFH� �)LJXUH� ���� :KHQ

WKH�FURVV�VHFWLRQDO� DUHD�RI� VHPLQLIHURXV� WXEXOHV�RI� WKH

UDW�WHVWLV�ZDV�FRPSDUHG�RQ�KHPDWR[\OLQ�DQG�HRVLQ�VWDLQ�

HG�VHFWLRQV��WKHUH�ZHUH�QR�VLJQLILFDQW�GLIIHUHQFHV�DPRQJ

JURXSV�� DQG� QR� VLJQLILFDQW� HIIHFW� RI� HLWKHU� HWKDQRO� RU

DVSDUWDWH�ZDV�REVHUYHG� �7DEOH�����

$IWHU�HWKDQRO�DQG�RU�DVSDUWDWH�KDG�EHHQ�DGPLQLVWHUHG

IRU� �� ZHHNV�� DQLPDOV� ZHUH� VDFULILFHG� DQG� WKH� ELR�

FKHPLFDO� PDUNHUV� RI� OLYHU� IXQFWLRQ� LQ� VHUXP� ZHUH

PRQLWRUHG�� 7KH� DFWLYLWLHV� RI� DONDOLQH� SKRVSKDWDVH� DQG

DODQLQH� DPLQRWUDQVIHUDVH�� DQG� WKH� OHYHO� RI� WRWDO� FKROH�

VWHURO�� WRWDO� ELOLUXELQ�� DQG� GLUHW� ELOLUXELQ� LQ� VHUXP� ZHUH

VLJQLILFDQWO\� JUHDWHU� �S��������� �������� ����� ����� DQG

������ UHVSHFWLYHO\�� LQ� WKH�HWKDQRO�JURXS��$QG�DVSDUWDWH

WUHDWPHQW�QHJDWHG� WKH�HIIHFW�RI�HWKDQRO�RQ� WKH�DONDOLQH

SKRVSKDWDVH� DFWLYLW\� UHWXUQLQJ� WR� WKH� QRUPDO� FRQWURO

OHYHO�� %\� ��ZD\� $129$�� HWKDQRO�� DVSDUWDWH� DQG� WKH

LQWHUDFWLRQ� HIIHFW� ZHUH� VKRZQ� WR� EH� KLJKO\� VLJQLILFDQW

�7DEOH�����2WKHU�ELRFKHPLFDO� LQGLFHV��KRZHYHU��ZHUH�QRW

VLJQLILFDQWO\�GLIIHUHQW�DPRQJ�WKH�JURXSV� �7DEOH�����

7KH�7%$56�OHYHOV�LQ�WKH�UDW�WHVWLV�KRPRJHQDWHV�ZHUH

KLJKHU� LQ� WKH� FKURQLF� HWKDQRO� JURXS� WKDQ� WKH� SDLU�IHG

FRQWURO�JURXS������������YV�����������QPRO�PJ�SURWHLQ�

)LJXUH�����2Q�WKH�FRQWUDU\��WKH�DVSDUWDWH�WUHDWPHQW�FDXVHG

D�PDUNHG�UHGXFWLRQ�LQ�WHVWLV�7%$56�OHYHO�RI�WKH�FKURQLF

HWKDQRO�JURXS�UHVXOWLQJ�LQ�WKH�OHYHO�VLPLODU�WR�WKH�SDLU�IHG

FRQWURO������������YV�����������QPRO�PJ�SURWHLQ��)LJXUH����

2Q�WKH�RWKHU�KDQG��WKH�DFWLYLWLHV�RI�WKH�HQ]\PHV�UHODWHG

WR�UHGR[�VWDWH�LQ�WHVWLV�F\WRVRO�VKRZHG�VRPHZKDW�GLIIHU�

)LJXUH����(IIHFW�RI�FKURQLF�HWKDQRO�FRQVXPSWLRQ�ZLWK�DQG�ZLWKRXW�DVSDUWDWH
RQ�ERG\�ZHLJKW�JDLQ�DQG�ZHLJKW�FKDQJHV�RI� WHVWHV��(DFK�YDOXH�UHSUHVHQWV
WKH�PHDQ � 6(0�RI���UDWV��0HDQV�ZLWK�VDPH�VXSHUVFULSW�DUH�QRW�VLJQLILFDQWO\
GLIIHUHQW�DW�S������E\�'XQFDQ¶V�PXOWLSOH�UDQJH�WHVW��$EEUHYLDWLRQV�XVHG�IRU
WUHDWPHQWV� DUH� DV� IROORZV�� &2 SDLU�IHG� FRQWURO� GLHW�� (2 HWKDQRO� GLHW�
&$ SDLU�IHG�FRQWURO�GLHW � DVSDUWDWH� WUHDWPHQW��($ HWKDQRO�GLHW � DVSDUWDWH
WUHDWPHQW��

7DEOH����(IIHFW�RI�FKURQLF�HWKDQRO�DGPLQLVWUDWLRQ�ZLWK�RU�ZLWKRXW�DVSDUWDWH
RQ�FURVV�VHFWLRQDO�DUHD�RI�VHPLQLIHURXV�WXEXOHV

*URXSV
7KH�DUHD�RI�VHPLQLIHURXV�

WXEXOHV��×����µP��

&2�� �����������

(2� ���������

&$ ���������

($ ���������

6LJQLILFDQFH�OHYHO�RI�HIIHFW�E\���ZD\�$129$

(WKDQRO 16

$VSDUWDWH 16

,QWHUDFWLRQ 16

��$EEUHYLDWLRQV�XVHG�IRU�WUHDWPHQWV�DUH�DV�IROORZV��&2 SDLU�IHG�FRQWURO�GLHW�
(2 HWKDQRO�GLHW��&$ SDLU�IHG�FRQWURO�GLHW � DVSDUWDWH�WUHDWPHQW��($ HWKDQRO
GLHW � DVSDUWDWH�WUHDWPHQW��
��0HDVXUHPHQW�ZHUH�SHUIRUPHG�RQ�SKRWRPLFURJUDSKV��× ����REWDLQHG�IURP
LQGLYLGXDO�DQLPDO�WHVWLV��9DOXH�UHSUHVHQWV�WKH�PHDQ � 6(0�DQG�WKHUH�ZDV�QR
VLJQLILFDQW�GLIIHUHQFH�DPRQJ�PHDQV�DW�S������E\�'XQFDQ
V�PXOWLSOH� UDQJH
WHVW��



�� ([S��0RO��0HG��9RO��������������������

HQW�UHVXOW��$FWLYLWLHV�RI�JOXWDWKLRQH�SHUR[LGDVH�DQG�JOXWD�

WKLRQH�UHGXFWDVH�ZHUH�QRW�GLIIHUHQW�DPRQJ�JURXSV�ZLWK

D�FRQVLGHUDEOH�GHFUHDVH�LQ�JOXWDWKLRQH�UHGXFWDVH�DFWLYLW\

LQ� HWKDQRO�DVSDUWDWH� JURXS�� +RZHYHU�� WKH� DFWLYLWLHV� RI

JOXFRVH���SKRVSKDWH� GHK\GURJHQDVH� DQG� JOXWDWKLRQH

WUDQVIHUDVH�ZHUH�UHGXFHG�LQ�WKH�FKURQLF�HWKDQRO�JURXSV

VXJJHVWLQJ�D�VWDWLVWLFDOO\�VLJQLILFDQW�HWKDQRO�HIIHFW��7DEOH����

'LVFXVVLRQ

,VRFDORULF�VXEVWLWXWLRQ�RI�FDUERK\GUDWHV�E\�HWKDQRO�IRU��

ZHHNV� UHVXOWHG� LQ� D� GHFUHDVHG�ZHLJKW� JDLQ� LQ� VSLWH� RI

VLPLODU�IRRG�LQWDNH�EHWZHHQ�HWKDQRO�DQG�FRQWURO�JURXSV

�)LJXUH�����DV�UHSRUWHG�EHIRUH��3LUROD�DQG�/LHEHU�������

.DZDVH�HW�DO����������7KLV�HQHUJ\�GHILFLW�KDV�EHHQ�DWWUL�

EXWHG�WR�LQGXFWLRQ�RI�PLFURVRPDO�HWKDQRO�R[LGL]LQJ�V\VWHP�

LQFUHDVHG� V\PSDWKHWLF� WRQH� DQG� DVVRFLDWHG� WKHUPR�

JHQHVLV��DQG�RU�HQKDQFHG�$73�EUHDNGRZQ��&XQQLQJKDP

DQG�6SDFK��������/LHEHU���������7KH�UHGXFWLRQ�RI�ZHLJKW

JDLQ� LQ� WKH�FKURQLF�HWKDQRO�JURXS�VXJJHVWHG� WKH�HIIHF�

WLYH� DSSOLFDWLRQ� RI� HWKDQRO� LQ� WKLV� DQLPDO� PRGHO�� 7KH

DGPLQLVWUDWLRQ�RI�DVSDUWDWH��KRZHYHU��GLG�QRW�UHVWRUH�WKH

GLIIHUHQFH� LQ�ZHLJKW�JDLQ�GXH� WR�HWKDQRO�

7KH� WHVWLV� LV� NQRZQ� WR�EH�YHU\� YXOQHUDEOH� WR� FKURQLF

HWKDQRO� IHHGLQJ��ZKLFK� OHDGV� WR� WHVWLFXODU�DWURSK\� �9DQ

7KLHO�HW�DO���������9LOODOWD�HW�DO����������,Q�WKLV�VWXG\��WKH

FKURQLF�HWKDQRO�DGPLQLVWUDWLRQ�KDG�D�VLJQLILFDQW�HIIHFW�RQ

WKH� OHYHO� RI�7%$56� LQ� WHVWHV�RI�DQLPDOV� �)LJXUH����� DV

UHSRUWHG� EHIRUH� �5RVHQEOXP� HW� DO��� ������ ������ �����

1RUGPDQQ�HW� DO��� ������ .DVKNR�HW� DO��� ������ %HNSLQDU

DQG� 7XJUXO�� ������� 6LQFH� WKH� HQKDQFHG� WHVWLFXODU� OLSLG

SHUR[LGDWLRQ� LV� D� PHWDEROLF� FRQVHTXHQFH� RI� FKURQLF

7DEOH����(IIHFW�RI�FKURQLF�HWKDQRO�FRQVXPSWLRQ�ZLWK�RU�ZLWKRXW�DVSDUWDWH�RQ�FOLQLFDO�VHUXP�YDULDEOHV�RI�VWDQGDUG�OLYHU�IXQFWLRQ�WHVW

VHUXP�YDULDEOHV
�*URXSV� �6LJQLILFDQFH�OHYHO�RI�HIIHFW�E\���ZD\�$129$

&2��� (2 �&$ ($ �(WKDQRO� $VSDUWDWH �,QWHUDFWLRQ

$/3���XQLWV�O� ��������D�� ������E�� ������D� ������D� ������ ������ �������

$67��XQLWV�O�� ������ ������� ������ ������� 16� �16 �16

$/7��XQLWV�O�� ����D� ����E�� ����D� ����E�� ������ �16 �16�

8$��PJ�GO� �������� � ������� �������� ��������� 16 �16� �16

&+2��PJ�GO�� ���� ���� ����� ���� ���� �16 �16

73��J�GO�� � ������� � ������� ��������� ��������� 16 �16 �16

7%,/��PJ�GO�� � �������DE� � �������D� �������E� ��������DE� ���� �16 ��16�

'%,/��PJ�GO�� � �������DE� � �������D� ��������E� ��������D�� ����� �16 ��16

/'+��XQLWV�O���� �������� �������� �������� ��������� 16 �16 ��16

��$EEUHYLDWLRQV� XVHG� IRU� WUHDWPHQWV� DUH� DV� IROORZV�� &2 SDLU�IHG� FRQWURO� GLHW�� (2 HWKDQRO� GLHW�� &$ SDLU�IHG� FRQWURO� GLHW � DVSDUWDWH�WUHDWPHQW�� ($ HWKDQRO
GLHW � DVSDUWDWH�WUHDWPHQW�
��$EEUHYLDWLRQV�$/3��DONDOLQH�SKRVSKDWDVH��$67��DVSDUWDWH�DPLQRWUDQVIHUDVH��$/7��DODQLQH�DPLQRWUDQVIHUDVH��8$��XULF�DFLG��&+2��FKROHVWHURO��73��WRWDO�SURWHLQ�
7%,/��WRWDO�ELOLUXELQ��'%,/��GLUHFW�ELOLUXELQ��DQG�/'+��ODFWDWH�GHK\GURJHQDVH��
��(DFK�YDOXH�UHSUHVHQWV�WKH�PHDQ � 6(0�RI���UDWV��0HDQV�ZLWK�VDPH�VXSHUVFULSW�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�DW�S������E\�'XQFDQ¶V�PXOWLSOH�UDQJH�WHVW��

)LJXUH����(IIHFW�RI�FKURQLF�HWKDQRO�DGPLQLVWUDWLRQ�ZLWK�DQG�ZLWKRXW�DVSDUWDWH
RQ�HWKDQRO�LQGXFHG� OLSLG�SHUR[LGDWLRQ� LQ� WHVWHV��7KLREDUELWXULF�DFLG� UHDFWLYH
VXEVWDQFHV�LQ�WKH�WHVWLV�ZHUH�PHDVXUHG�DV�DQ�LQGLFDWRU�RI�OLSLG�SHUR[LGDWLRQ�
6DPSOHV� ZHUH� ���� WHVWLV� KRPRJHQDWH�� (DFK� YDOXH� UHSUHVHQWV� WKH
PHDQ � 6(0�RI� �� UDWV��0HDQV�ZLWK� VDPH� VXSHUVFULSW� DUH� QRW� VLJQLILFDQWO\
GLIIHUHQW�DW�S������E\�'XQFDQ¶V�PXOWLSOH�UDQJH�WHVW��$EEUHYLDWLRQV�XVHG�IRU
WUHDWPHQWV� DUH� DV� IROORZV�� &2 SDLU�IHG� FRQWURO� GLHW�� (2 HWKDQRO� GLHW�
&$ SDLU�IHG�FRQWURO�GLHW � DVSDUWDWH� WUHDWPHQW��($ HWKDQRO�GLHW � DVSDUWDWH
WUHDWPHQW��

7DEOH����(IIHFW�RI�FKURQLF�HWKDQRO�DGPLQLVWUDWLRQ�ZLWK�DQG�ZLWKRXW�DVSDUWDWH
RQ�IUHH�UDGLFDO�VFDYHQJLQJ�HQ]\PH�DFWLYLWLHV�LQ�UDW�WHVWHV

*URXSV *3[��
*5 �*�3'+ �*67

��QPROHV�PLQ�PJ�SURWHLQ�

&2�� ����������� �������� �������DE� �����������D�

(2� ��������� �������� �������DE�� �����������E�

&$ ��������� ��������� �������D�� �����������D�

($ ��������� ��������� �������E� �����������DE�

6LJQLILFDQFH�OHYHO�RI�HIIHFW�E\���ZD\�$129$

(WKDQRO 16 16 ���� �����

$VSDUWDWH 16 ���� 16 16

,QWHUDFWLRQ 16 16 16 16

��$EEUHYLDWLRQV�� *3[�� JOXWDWKLRQH� SHUR[LGDVH�� *5�� JOXWDWKLRQH� UHGXFWDVH�
*�3'+�� JOXFRVH���SKRVSKDWH� GHK\GURJHQDVH�� *67�� JOXWDWKLRQH� WUDQVIHU�
DVH��
��$EEUHYLDWLRQV�XVHG�IRU�WUHDWPHQWV�DUH�DV�IROORZV��&2 SDLU�IHG�FRQWURO�GLHW�
(2 HWKDQRO�GLHW��&$ SDLU�IHG�FRQWURO�GLHW � DVSDUWDWH�WUHDWPHQW��($ HWKDQRO
GLHW � DVSDUWDWH�WUHDWPHQW��
��(DFK� YDOXH� UHSUHVHQWV� WKH� PHDQ � 6(0� RI� �� UDWV�� 0HDQV� ZLWK� VDPH
VXSHUVFULSW� DUH� QRW� VLJQLILFDQWO\� GLIIHUHQW� DW� S � ����� E\� 'XQFDQ¶V� PXOWLSOH
UDQJH�WHVW��



(WKDQRO�LQGXFHG�R[LGDWLYH�VWUHVV�LQ�WHVWHV ��

DOFRKRO�FRQVXPSWLRQ��LW�FDQ�EH�DVVXPHG�WKDW�WKH�HQKDQ�

FHG�OLSLG�SHUR[LGDWLRQ�PLJKW�EH�DVVRFLDWHG�ZLWK�HWKDQRO�

LQGXFHG� LPSDLUPHQW�RI� WHVWLFXODU� IXQFWLRQ��

+RZHYHU�� WKH�PRUSKRORJLFDO� DQDO\VLV� RI� WHVWLV� LQ� WKH

SUHVHQW� H[SHULPHQW� VKRZHG� QR� VLJQLILFDQW� GLIIHUHQFHV

EHWZHHQ�WKH�FKURQLF�HWKDQRO�IHG�DQG�WKH�SDLU�IHG�JURXSV

LQ�WHUPV�RI�FURVV�VHFWLRQDO�DUHD�RI�VHPLQLIHURXV�WXEXOHV

�7DEOH�����$Q�REVHUYDWLRQ� WKDW�DQLPDOV� WUHDWHG�ZLWK� WKH

VWDQGDUG�/LHEHU�'H&DUOL� HWKDQRO� OLTXLG�GLHW� IRU� ���GD\V

UHVXOWHG� LQ� ORZHULQJ� RI� WKH� WHVWRVWHURQH� SURGXFWLRQ

�5RVHQEOXP�HW�DO��� ������� VXJJHVWV� VHQVLWLYH�QDWXUH� RI

SK\VLRORJLFDO�IXQFWLRQV�RI�WHVWLV�DIIHFWHG�E\�DQ�LQFUHDVH

RI� OLSLG� SHUR[LGHV� LQ� WKH� WLVVXH� ZLWKRXW� DQ\� DSSDUHQW

PRUSKRORJLFDO�DOWHUDWLRQV� LQ� WKH�FKURQLF�HWKDQRO�JURXS�

,Q�RXU�H[SHULPHQW��DVSDUWDWH�DGPLQLVWUDWLRQ�ZLWK�HWKDQRO

QRUPDOL]HG� WKH� OLSLG� SHUR[LGDWLRQ� LQ� WHVWHV� �)LJXUH� ���

LQGLFDWLQJ�WKH�SRVVLEOH�LQWHUFHSWLRQ�E\�DVSDUWDWH�RI�HWKDQRO�

LQGXFHG�UDGLFDO�JHQHUDWLRQ��3UHYLRXVO\��ZH�KDYH�VKRZQ

WKDW�DVSDUWDWH�FDQ�UHVWRUH�WKH�1$'+�1$'��EDODQFH�GLV�

WXUEHG� E\� HWKDQRO� R[LGDWLRQ� LQ� WKH� OLYHU� DQG� KHDUW� SHU�

IXVLRQ�PRGHO� �3DUN� DQG�3DUN�� ������3DUN�HW� DO��� �����

3DUN�HW�DO���������DQG�VXJJHVWHG�D�SUREDEOH�PHFKDQLVP

RI� FRXSOHG� UHDFWLRQ� RI� DVSDUWDWH� DPLQRWUDQVIHUDVH� DQG

PDODWH�GHK\GURJHQDVH�LQ�PDODWH�DVSDUWDWH�VKXWWOH��$FFRUG�

LQJO\��WKH�PRGXODWLRQ�RI�F\WRSODVPLF�1$'+�1$'��UDWLR�E\

DVSDUWDWH�PLJKW� DWWHQXDWH� WKH�1$'+�GHSHQGHQW� JHQH�

UDWLRQ�RI�HWKDQRO�LQGXFHG�IUHH�UDGLFDOV��7KH�UHGXFHG�OHYHO

RI�OLSLG�SHUR[LGHV�E\�DVSDUWDWH�LQ�WKH�FKURQLF�HWKDQRO�IHG

UDW�WHVWHV�VXJJHVWHG�D�ELRORJLFDO�HIIHFWLYHQHVV�RI�DVSDUW�

DWH�DJDLQVW�HWKDQRO�GULYHQ�GLVRUGHUV�

:H�DOVR�DQDO\]HG�WKH�FDSDFLW\�RI�WHVWLFXODU�DQWLR[LGDQW

GHIHQVH�V\VWHP�XVLQJ�JOXWDWKLRQH�DIWHU�FKURQLF�HWKDQRO

IHHGLQJ�� 7KH� DFWLYLWLHV� RI� JOXWDWKLRQH� SHUR[LGDVH� DQG

JOXWDWKLRQH� UHGXFWDVH� LQ� WKH� WHVWLV�ZHUH�QRW�DIIHFWHG�DW

DOO�E\�FKURQLF�HWKDQRO�IHHGLQJ��7DEOH�����+RZHYHU��WKHUH

ZDV� D� VLJQLILFDQW� HIIHFW� RI� HWKDQRO� �E\� ��ZD\� $129$�

S������� RQ� GHFUHDVLQJ� WKH� DFWLYLW\� RI� JOXFRVH���SKRV�

SKDWH�GHK\GURJHQDVH� �7DEOH�����6LQFH�*�3'+�FDQ�EH

LQDFWLYDWHG�E\�WUDQV���K\GUR[\���QRQHQDO��+1(���D�NQRZQ

WR[LF�SURGXFW�RI�PHPEUDQH�OLSLG�SHUR[LGDWLRQ��6]ZHGD�HW

DO����������RXU�UHVXOW�RI�ORZHU�*�3'+�DFWLYLW\�E\�HWKDQRO

ZKLFK�GLGQ¶W�UHDFK�VWDWLVWLFDO�VLJQLILFDQFH�LQ�JURXS�FRP�

SDULVRQ�FRXOG�EH�UHODWHG� WR� WKH� LQFUHDVHG� OLSLG�SHUR[LG�

DWLRQ�� &RQVLGHULQJ� WKH� SK\VLRORJLFDO� UROH� RI� *�3'+� LQ

VXSSO\LQJ�1$'3+�IRU�F\WRVROLF�*5�DQG�PLFURVRPDO�PL[�

HG�IXQFWLRQ� R[LGDVH� V\VWHP�� WKHUH� FRXOG� EH� DQ� LQHIILFL�

HQF\� LQ� FRXSOLQJ� RI� *3[�*5� IRU� JOXWDWKLRQH� UHF\FOLQJ

SRVVLEO\�GXH�WR�D�OLPLWHG�VXSSO\�RI�1$'3+�E\�*�3'+�

$FFRUGLQJO\�� WKH� GHFUHDVH� LQ� WKH� DFWLYLW\� RI�*�3'+�E\

FKURQLF�HWKDQRO�DGPLQLVWUDWLRQ�PD\�VXJJHVW�D� OLPLWDWLRQ

LQ�JOXWDWKLRQH�XWLOL]DWLRQ�LQ�WHVWHV�RI�HWKDQRO�IHG�DQLPDOV�

6LQFH�WKH�UHGR[�F\FOH�RI�JOXWDWKLRQH�LV�LPSRUWDQW�IRU�WKH

HIILFLHQF\� RI� JOXWDWKLRQH�XWLOL]LQJ� GHWR[LILFDWLRQ�� WKH� LQKLEL�

WLRQ�RI� WKH�JOXWDWKLRQH� UHF\FOLQJ�HQ]\PH�ZRXOG�H[DFHU�

EDWH�WKH�HWKDQRO�LQGXFHG�R[LGDWLYH�VWUHVV��&KURQLF�HWKDQRO

DGPLQLVWUDWLRQ� FDXVHV� D� VLJQLILFDQW� GHSOHWLRQ� RI� *6+

FRQWHQW� LQ� WKH� WHVWHV� �5RVHQEOXP� HW� DO��� ������ �����

������1RUGPDQQ�HW�DO���������%HNSLQDU�DQG�7XJUXO�������

LQ�FRQWUDVW�WR�OLYHU�WLVVXH��ZKHUH�WKH�PHWDEROLF�DGDSWLYH

V\VWHP�LV�LQ�DFWLYH�RSHUDWLRQ��2K�HW�DO����������:LWK�WKH

LQFUHDVHG� GHPDQG� IRU� WHVWLFXODU� *6+� GXULQJ� R[LGDWLYH

VWUHVV��IRUHPHQWLRQHG�GHSOHWLRQ�RI�*6+�PLJKW�HQKDQFH

OLSLG�SHUR[LGDWLRQ��7KHUHIRUH��WKH�UHGXFWLRQ�LQ�FRQWHQWV�RI

WRWDO�JOXWDWKLRQH�DV�ZHOO�DV�LQ�JOXWDWKLRQH�UHF\FOLQJ�HQ]\�

PLF� DFWLYLWLHV� E\� FKURQLF� HWKDQRO� WUHDWPHQW� ZRXOG� EH

UHVSRQVLEOH� IRU�� DW� OHDVW� LQ� SDUW�� WKH� HWKDQRO�LQGXFHG

R[LGDWLYH� WLVVXH�GDPDJHV��7KH�GHFUHDVH� LQ� WKH�DFWLYLW\

RI�*67�DIWHU�FKURQLF�HWKDQRO�WUHDWPHQW�PLJKW�DOVR�LPSDLU

WKH�WLVVXH�GHWR[LI\LQJ�SRWHQWLDO�DJDLQVW�R[\JHQ�IUHH�UDGL�

FDOV� �7DEOH�����

:H� HDUOLHU� IRXQG� QR� VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ

FKURQLF�HWKDQRO�JURXS�DQG�SDLU�IHG�FRQWURO�JURXS� LQ� WKH

LQGLFHV�RI�R[LGDWLYH� OLYHU�GDPDJH��QDPHO\��7%$56�DQG

FDUERQ\O�JURXS�FRQWHQW� LQ�FRQWUDVW� WR� WHVWHV� WLVVXH� �2K

HW�DO����������7KLV�DEVHQFH�RI�R[LGDWLYH�OLYHU�GDPDJH�LQ

WKH� HWKDQRO� JURXS� OHG� XV� WR� SRVWXODWH� WKDW� FKURQLF

HWKDQRO� IHHGLQJ� KDV� SURPSWHG� WKH� LQGXFWLRQ� RI� VWURQJ

UDGLFDO� VFDYHQJLQJ� DFWLYLWLHV� LQ� WKH� OLYHU� WLVVXHV� ZKHUH

ULVH�LQ�KHSDWLF�JOXWDWKLRQH�6�WUDQVIHUDVH�ZDV�HQVXHG��,Q

FRQWUDVW�WR�OLYHU�WLVVXHV��*67�DFWLYLWLHV�ZHUH�UHGXFHG�LQ

WKH�WHVWHV�RI�WKH�FKURQLF�HWKDQRO�WUHDWPHQW��7KH�DVSDUW�

DWH�VXSSOHPHQWDWLRQ�WR�HWKDQRO�WUHDWPHQW�SDUWLDOO\�UHVXPHG

WKH�*67�DFWLYLWLHV��ZKLFK�PLJKW�H[SODLQ�LWV�SURWHFWLYH�HIIHFW

LQ� WKH� WHVWHV� IURP� HWKDQRO�LQGXFHG� R[LGDWLYH� GDPDJHV

�7DEOH�����

7R[LF� HIIHFWV� RQ� WHVWHV� HOLFLWHG� E\� HWKDQRO� WUHDWPHQW

ZHUH�UHYHUVHG�E\���PHWK\OS\UD]RO��DQ� LQKLELWRU�RI�DOFRKRO

GHK\GURJHQDVH��2USDQD���������,QKLELWLRQ�RI�DOFRKRO�GH�

K\GURJHQDVH�FDWDO\VLV� OLNHO\�SUHYHQWV� WKH�DFFXPXODWLRQ

RI�DFHWDOGHK\GH�DQG�PDLQWDLQLQJ�WKH�VDPH�1$'+�1$'�

UDWLR��FRPSDUDEOH�ZLWK�WKRVH�UHVXOWV�REWDLQHG�E\�DVSDUW�

DWH� WUHDWPHQW� �3DUN�HW�DO��� �������7KXV��DQ� LQFUHDVH� LQ

1$'+�1$'��UDWLR�PLJKW�KDYH�JUHDWO\�FRQWULEXWHG�IRU�WKH

NQRZQ� WR[LF�DIIHFW�RI�DOFRKRO�RQ� WHVWHV�

7KHVH�UHVXOWV�GR�LQGLFDWH�WKDW�DVSDUWDWH�VXSSOHPHQWD�

WLRQ�WR�WKH�HWKDQRO�IHHGLQJ�ZRXOG�SURWHFW�WKH�WHVWHV�IURP

WKH�HWKDQRO�LQGXFHG�R[LGDWLYH�GDPDJHV�E\�DIIHFWLQJ�WKH

FHOOXODU� UHGR[� SRWHQWLDO�� (YHQ� WKRXJK� SKDUPDFRORJLFDO

GRVH� RI� YLWDPLQ� $� KDG� EHHQ� VXJJHVWHG� IRU� WHVWLFXODU

SURWHFWLRQ� IURP�HWKDQRO�LQGXFHG� WR[LFLW\� �5RVHQEOXP�HW

DO����������WR[LFLW\�RI�ORQJ�WHUP�XVH�RI�KLJK�GRVH�YLWDPLQ

$�OLPLWV�LWV�JHQHUDO�XVH��7KHUHIRUH�WKH�DVSDUWDWH�VKRXOG
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IURP�FKURQLF�HWKDQRO�GULYHQ�SHUR[LGDWLYH�GDPDJH��

$FNQRZOHGJHPHQW

7KLV�ZRUN�ZDV�VXSSRUWHG�E\�WKH�JUDQWV�IURP�WKH�.RUHD

5HVHDUFK� )RXQGDWLRQ� IRU� +HDOWK� 6FLHQFH� DQG� 6HRXO



�� ([S��0RO��0HG��9RO��������������������
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9RURQRY� 33�� ,QIOXHQFH� RI� HWKDQRO� DQG� HWKDQRO�LQGXFHG� OLSLG

SHUR[LGDWLRQ� RQ� WKH� VWHURLGRJHQLF� DFWLYLW\� RI� WHVWLFOHV�� 8NU�
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.DZDVH� 7�� .DWR� 6�� /LHEHU� &6�� /LSLG� SHUR[LGDWLRQ� DQG� DQWL�

R[LGDQW� GHIHQVH� V\VWHP� LQ� UDW� OLYHU� DIWHU� FKURQLF� HWKDQRO
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5ROH� RI� HWKDQRO� PHWDEROLVP� LQ� WKH� LQKLELWLRQ� RI� WHVWRVWHURQH

ELRV\QWKHVLV� LQ� UDWV� LQ� YLYR�� LPSRUWDQFH� RI� JDQDGRWURSLQ

VWLPXODWLRQ��-�6WHURLG�%LRFKHP�0RO�%LRO���������������

3DUN� -:��&KXQ�<6�� .LP�06�� 3DUN� <&�� .ZDN�6-�� 3DUN� 6&�

0HWDEROLF� UHJXODWLRQ� RI� FHOOXODU� UHGR[� SRWHQWLDO� FDQ� LPSURYH

FDUGLDF� UHFRYHU\� IURP� LVFKHPLD�UHSHUIXVLRQ� LQMXU\�� ,QW� -
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5RVHQEOXP�(5��*DYDOHU�-6��9DQ�7KLHO�'+��/LSLG�SHUR[LGDWLRQ�

D� PHFKDQLVP� IRU� HWKDQRO�DVVRFLDWHG� WHVLFXODU� LQMXU\� LQ� UDWV�

(QGRFULQRORJ\����������������

5RVHQEOXP� (5�� *DYDOHU� -6�� 9DQ� 7KLHO� '+�� 9LWDPLQ� $� DW

SKDUPDFRORJLF�GRVHV�DPHOLRUDWHV�WKH�PHPEUDQH�OLSLG�SHUR[LG�

DWLRQ� LQMXU\� DQG� WHVWLFXODU� DWURSK\� WKDW� RFFXUV� ZLWK� FKURQLF
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5RVHQEOXP�(5��*DYDOHU�-6��9DQ�7KLHO�'+��/LSLG�SHUR[LGDWLRQ�

D�PHFKDQLVP� IRU�DOFRKRO�LQGXFHG� WHVLFXODU� LQMXU\��)UHH�5DGLF
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	Aspartate modulates the ethanol-induced oxidative stress and glutathione utilizing enzymes in rat testes.

