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&H GRFXAM®YPZWH IUXLW G XQ ORQJ WUDYDL
VRXWHQDQFH HW PLV |J GLVSRVLWLRQ
FRPPXQDXWp XQLYHUVLWDLUH pODUJLH

,O HVW VRXPLV j OD SURSULpWpP LQWHO(
LPSOLTHMHREQLJDWLRQ GH FLWDWLRQ HW G
OTXWLOLVDWLRQ GH FH GRFXPHQW

' DXWUH SDUW WRXWH FRQWUHIDoORQ SC
HQFRXUW XQH SRXUVXLWH SpQDOH

&RQWDE WRKHWVIRYWRBOWYRUUDLQH

&RGH GH OD 3URSWHOWp ,UNHLAF@HHIRAN/X

&RGH GH OD 3URSULpWp QWHOOHFWXHOOH DUW
KWWS 72727 FIFRSLHV FRP 9 OHJ OHJBGURL SKS

KWWS 7727 FXOWXUH JRBUDWLEFXBDWBKURUIWYRVYURY
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7KLV WKHVLV LV WKH UHVXOW RI D FROODERUDWLRQ EHW.
31&$ , ILUVW ZRXOG OLNH WR WKDQN *XLGR 5\FKHQ 3DV
JURPHQWLQ DQG &ODLUH *DXR IZRKRDLIQ@ WRB DR UHVISPAAWLY

, ZDQW WR WKDQN ERWK RI P\ DGYLVRUV /DXUHQW OLFOR
DV ZHOO DV &pOLQH &DNLU .LHIHU DQG &DWKHULQH &KDXP
\RX IRU JLYLQJ PH WKH RSSRUWXQLW\ WR FRQGXFW WKLV Z
GXULQJ WKHVH SDVW IHZ \HDUYV

, ZRXOG OLNH WR WKDQN DOO WKH PHPEHUV RI WKLV WKH’
SHFLR IRU DFFHSWLQJ EHLQJ UDSSRUWHXUV DV ZHOO DV ,V
EHLQJ HI[DPLQHUV RI P\ WKHVLV

,GHHSO\ ZDQW WR WKDQN &DWKHULQH DJIJDLQ 7KHVH QHI\
WKDQNV , RZH \RX 7KDQN \RX IRU LQYHVWLQJ VR PXFK KXF
IRU DOZD\V EHLQJ WKH *URXQG &RQWURO WR DOO RI P\ OD
GHHSO\ PLVV DOO RI RXU FRQYHUVDWLRQV DQG DOO RI R
FROOHDJXHV ZLOO EH DW ODVW UHOLHYHG WKDW ZH ZLOO ¢

+XIJIWKDQNV WR -HVVLFD ZKR KDV EHHQ VXSHUYLVLQJ W
,QJUHGLD 7KDQN \RX IRU DOZD\V EHLQJ DYDLODEOH JLYL
DWWHQWLYH GXULQJ WKLV FROODERUDWLRQ ,Q DGGLWLRQ
WKH SURMHFW DQG KDV VHHQ WKH FRPSOHWLRQ RI WKLV V

$IJUHDW WKDQN WR DOO WKH SHRSQHDRIWS RS J LW R\NRKNWF VI3
WR $QQH ODULH DQG 3LHUUH +HQUL IRU ZDUPO\ ZHOFRPLQ.
OLWOH NLG LQWHUQ WR OLFKHOLQH RU ZDV LW -XOLHQ"
*XLOODXPH WR KHOS PH DHUDWH P\ OXQJV WR 'DOLOD IRU
IRU DOORZLQIPHWR VWDUW WRUWXULQJ VWXGHQWYV WHDI
ZD\ Rl WKLQNLQJ ZKLFK , QRZ WU\ WR DSSO\ WR *LOOHYV
$QQH IRU \RXU ZDUP VPLOHYVY DQG IRU KHOSLQJ PH ZLWK WHK
FRPSHOOLQJ OXQFKWLPH FRQYHUVDWLRQV WR &KULVWLDC

L



WKH $JURfV FRXUW\DUG , ZRXOG DOVR OLNH WR WKDQN |
/RUUDLQH IRU ZHOFRPLQJ PH WR 1DQF\ DQG VXSSRUWLQJ
SHULRG WKDW LV UHGDW MR QVKDQRQN/GW\R LIRO RI1 P\ QHZ FR
DVSHFLDO WKDQNV WR (OHRQRUH 1DWKDOLH )DWLPD DQG

ODVVLYH WKDQNV WR DOO RI P\ IHOORZ RIILFH PDWHYV SI
RXU 3*R7 QHXUR JHHNV® FRQYHUVDWLRQV WR ODULRQ 6 ZL
DQG IURP ZKRP , OHDUQW D ORW GXULQJ P\ LQWHUQVKLS
ZDV RQO\ PDWFKHG E\ \RXU DSSHWLWH WR &DUROLQH DQ
DJULYDO LQ WKH ODE WR 2GLOH IRU DOO RI RXU KDSS\ FRI
XS WKH FKDOOHQJH WR 6DQGUD .DWOHHQ 5RPDLQ DQG (L
NQRZ \HW WR ORXQLUD 2SKpOLH IRU ZHOFRPLQJ PH WR 1
OHDVW WR *DEULHOOH &OpOLD ZKR KDYH EHHQ P\ WUXH
ZHVSHQW WRJHWKHU *LJDQWLF WKDQNV WR (VWHIDQtD
SHIRUPDQW JQXV ZLWK WKH KHOS RI ,ULVK EODFN GULQNYV

*UHDW WKDQNV WR 1DWKDOLH 6DUDK DQG $QWRLQH ZKR
HDFK DQG ZKR SURYLGHG PRUH WKDQ YDOXDEOH DVVLVWDC
KDV EHHQ D SOHDVXUH WR LQWURGXFH \RX WKUHH WR WKH

/IRWV Rl WKDQNV WR 2SKpOLH OHXQLHU IURP OR6$5 WR L
2EVHUYHU VRIWZDUH DV ZHOO DV 20LYLHU 5DPSLQ $XGU!
EHLQJ RXWVWDQGLQJ LQWHUORFXWRUV IRU DOO RI P\ WRR
*UHDW WKDQNV WR 1LFRODV 9LROOH IRU RXU YHU\ LQWHU

FDVR]JHSLQH WKDW KHOSHG PH D ORW 7KDQNV WR ODULO!
LQ -RYQRVDV DV ZHOO DV )UDQORLVH *DXGLQ DQG 3DWULFF
WR XVH WKHLU GLITHUHQW VOLGHV GLJLWL]JHUV

(YHQWXDOO\ , ZRXOG OLNH WR WKDQN P\ IDPLO\ DQG P\ |
PH GXULQJ WKHVH SDVW IRXU \HDUV ZLWKRXW DOZD\V XQC(
, 100 DERIZW LW PD\ KDYH WHRPHWH. PRHY FERHHMMR R EXW QRW DOC
DUH ORVW«

LL
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FDVR]J]HSLQH . &=3 LV D GHFDSHSWLGH WKDW PHGLDWHE
WU\SWLF K\GURO\WBDMMHIRQ ERVIHQPH QW SURSHUWLHV RI . &=
SHSWLGH FORVH WR WKH EHQ]JRGLD]HSLQH IDPLO\ WKH PR)
FRQWUDVW RWKHU UHVXOWYV VXJJHVW D GLVWLQFW PRGH
HVSHFLDOO\ WKH IDFW WKDW WKH SHSWLGH GRHV QRW KDY
WKH PDLQ K\SRWKHVLV RI WKH PRGH RI DFWLRQ RI . &=3 QF
VKRZQ EHIRUH 7KH ZRUN DFKLHYHG LQ WKLV WKHVLV GL\
SURSHUWLHV RI . &=3 DIWHU D VLQJOH LQWUDSHULWRQHD
D PRGXODWLRQ RI FHUHEUDO DFWLYLW\ LQ VHYHUDO UHJLR
VXFK DV WKH DP\JGDOD WKH KLSSRFDPSDO IRUPDWLRQ WI|
WKH K\SRWKDODPXV RU UDSKH %HVLGHV WKHVH PRGXODYV
VDPH DV WKRVH REWDLQHG DIWHU DQ LQMHFWLRQ RI GLD]H
D GHULYDWLYH RI . &=3 HYHQ WKRXJK REVHUYHG EHKDYLR
GHPRQVWUDWHG WKDW DQ DQ[LHW\ LQGXFLQJ VLWXDWLRQ
. &=3 7KLV ZRUN DOORZHG D EHWWHU XQGHUVWDQGLQJ RI
IURP DOLPHQWDU\ RULJLQ WKDW KDV D SRVLWLYH DFWLRQ

.H\ZRUGV . FDVR]JHSLQH ELRDFWLYH SHSWLGH DQ[LHW\

LLL
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/. FDVR]pSIBEA HVW XQ GpFDSHSWLGH SRUWHXU GHV S
OTK\GURO\VDW W U\NSBRYIXGHG HLFIpYHIQMHY SURSULpWpPYV RQW
GH OD IDPLQ®RK ITHWYSE®HY OHV DQ[LRO\WLTXHV OHV SOXV
GLIIpUKERRHAWWDPPHQW XQH DEVHQFH GYHIIHWV VHFRQGDLU
07&=3 GHV EHQ]JRGLD]pSLQHV %LHQ TXH GH QRPEUHX[ pOpl
FHQWUDOH UHVWH OJK\SRWKqVH SULRFI SDOFHXGK PpBERQDW
OYDFWLYLWp GH JRQHV FpUpPEUDOHY QIDYDLW pWp PRQWUp
SX PRQWUHU TXH OHV SURS &EBSWHR/Q I PLVRARFOLH PHR\G IGI H FD WV
OFWLYDWLR KPR XORQORXKULY DSUQV XQH XQLTXH LQMHF
GLIIpUHQWHY UpJLRQV LPSOLTXpHV GDQV OD UpJXODWLRC
IRUPDWLRQ KLSSRFDPSDOH @B \QRY R DFE N REHKQYRNWWK B A DW
'H SOXV FHV PRGDIRWDWLEDQRQEOWUEXDWQDIMH H[DFWHPHQW O
FHOOHV REVHUYpHY DYHF OH GLD]pSDP XQH EHQ]JRGLD]pSL
</*</ XQ SHSWLGH &BULENHGQHT ®ILO H[LVWH GHV VLPLOLWXC
GH OfDQLPDO VXLWH DX[ GLIIpUHQWY WUDLWHPHQWYV HIIHE
DQ[LRJJQH HVW LQGLVSHQVDEOH SRXU UpYpOHU FHW HIIHW
GIDYDQFHU GDQV OD FRPSUpPKHQVLRQ GX PRGH GIDFWLRQ
SRVLWLIV VXU OH FRPSRUWHPHQW HW OHV pPRWLRQV GH V

ORWV FOMIVR]pSLQH SHSWLGH ELRDFWLI DQ[LpWp DFW
DQLPDO
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$FNQRZOHGJIJHPHQWYV

$SEVWUDFW LILL
SpVXPp ¢
7TDEOH RI FRQWHQWYV YLEL

/ILVW RI DEEUHYLDWLRQV

JRUHZRUG * )RRG IRU PRRG

3DUW |, + *HQHUDO LQWURGXFWLRQ

%LRDFWLYH SHSWLGHV IURP PLON SURWHLQV

*$%$SHUJILF V\YWHPRDKQSL QH

%HKDYLRXUDO DQG QHXUDO EDVHV RI DQ[LHW\

5RGHQWVY PRGHOV RI DQ[LHW\

3bUuw ,, £+ SHUVRQDO ZRUN

2EMHFWLYHY RI WKH UHVHDUFK SURMHEW

(YDOXDWLRQ RI WKHiPU FEFDWBEO VOHH-GY RQ WKI DQ[LHW

ORGXODWLRQ RI QHXUDO DFWDYRWIL@HALFH LQG X

FHG E\

(YDOXDWLRQ RI WKH DQ[LRO\WLF DFWLYLW\ RI

DJG WKH F

GHULYDWLFMDHVRJRBLQH

" QYHVWLJDWLRQV FRQFHUQLQJLWKHS BRGEDWLRI® R

QM Q[LRC

3DUW ,,, *+t *HQHUDO GLVFXVVLRQ DQG FRQFOXVLROQ

"HFLSKHULQJ WKH FHOWUDURIRGHQRI DFWLRQ RI

&RQFOXVLRQ DQG B3HUVHFWLYHYV

w

DUW $Q0OH [

SpVXPp VXEVWDQWLHO

/ILVW RI FRPPXQLFDWLRQV

/ILVW RI )LIXUHYV

/ILVW RI 7TDEOHV

IR

%LEOLRJUDSK\
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+7s BHURWRQLQ W\SH $ UHFHSWRU

$FE $FEXPEHQV QXFOHXYV

$&7+ $GUHQRFRUWLFRWURSLQ KRUPRQH

$ $Q[LHW\ GLVRUGHU

$)66% $JHQFH )UDQoDLVH GH 6pFXULWp 6DQLWDL
$160 $JHQFH 1DWLRQDOH GH 6pFXULWp GX 0pGL
$93 $UIJLQMOMRSUHVVLQ KRUPRQH

%, 6 %HKDYLRXUDO LQKLELWLRQ V\VWHP

%/ $ %DVRODWHUDO QXFOHXV Rl WKH DP\JGDOI
%0$ %DVRPHGLDO QXFOHXV RI WKH DP\JGDOD
%167 %HG QXFOHXV Rl WKH VWULD WHUPLQDOL\
%2/' VLI %ORMRGIHIHYHO GHSHQGDQW VLJQDO

% =" %HQ]RGLD]JHSLQH

&' % &RQGLWLRQHG GHIHQVLYH EXU\LQJ

&H$ &HQWUDO QXFOHXV RI WKH DP\JGDOD

&+ 7U\SWLF K\GURO\VBWWHRRERYLQH

&16 &HQWUDO QHUYRXV VA\VWHP

&5+ &RUWLFRWURSLQ UHOHDVLQJ KRUPRQH

' 'RSDPLQH W\SH UHFHSWRU

'D 'DOWRQ

'60 9 'LDJQRVWLFLFQO® ®WOQOWRUWI OHQWDO 'LVR
((* (OHFWURHQFHSKDORJUDSK\

)'$ $PHULFDQ )RRG DQG 'UXJ $GPLQLVWUDWLF
105, )XQFWLRQDO PDJQHWLF UHVRQDQFH LPDJIL
*$%$ DPLQREXW\ULF DFLG

*$ %S *$%$ W\SH $ UHFHSWRU

*$ % *$%$ W\SH % UHFHSWRU

*$%$ *$9% W\SH & UHFHSWRU

*$% *$%$ WUDQVDPLQDVH HQJ\PH

*g *OXWDPLF DFLG GHFDUER[\ODVH HQJ]\PH

*$! *HQHUDOLVHG DQ[LHW\ GLVRUGHUYV

L[
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391
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*HQHUDOO\ 5HFRJQLVHG DV 6DIH
+\SRWKD®IDPXMVEDHQDO D[LV
,QWUDSHULWRQHDO

+DOI PD[LPIVGRUQRRBDEHQWUDWLRQ
,QGXVWULDO WU\SWLEWEFBVROQVEWHMRIXEF
OHGLDO QXFOHXV RI WKH DP\JGDOD
ODJQHWRHQFHSKDORJUDSK)\

1XFOHDU PDJQHWLF UHVRQDQFH
2EVHVFRFEXOVLYH GLVRUGHUYV
3HULDTXHGXFWDO JUH\

3RVLWURQ HPLVVLRQ WRPRJUDSKM\ VFDQ
3UHIURQWDO FRUWH]
3DOYHQWULFXODUQXFOHXV RI WKH K\SRWK
BRGLXP GRGHF\O VXOIDWH

86 'HSDUWPHQW RI $JULFXOWXUH

. FDVR]HSLQH

.v FDVHLQ

FDVRPRUSKLQ

FDVHLQ
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'"HVSLWH IRRG LV WUDGLWLRQDOO\ EHLQJ FRQVLGHUHG D
WKH RUJDQLVP LWV DELOLW\ WR DYHUW RU SURWHFW DJDL
*yPH] 3LQLOOD $PRQJVW WKH GLITHUHQW SRWHQWLD¢
DFWLRQ RQ WKH FHQWUDO QHUYRXV VI\VWHP DQG PRUH VS
SDVW GHFDGHV D FOHDUHU OLQN KDV EHHQ PDGH EHWZHH!
HPRWLRQDO VWDWH ORRGV DUH FRPPRQO\ GHVFULEHG DV
PRRGY RU D QHJDWLYH YDOHQFH ppEHLQJ LQ D EDG PRRGT
GHSUHVVLRQ DQ[LHW\ DJJUHVVLRQ DQG RU SRRU VHOI H
HYHU\GD\ OLIHVW\OH +RZUHQ DQG 6X0OV

7TKBHYV D JURZLQJ ERG\ RI HYLGHQFH DV ZHOO DV SHUVR
WKDW PRRG GLUHFWO\ LQIOXHQFHYVY ZKDW ZH HDW IRU LQV
ZKLOH EHLQJ XQGHU D QHIJDWLYH PRRGH\W HOWS L WHR WHKY. N UE H |
WKH FRQYHUVH PD\ DOVR EH WUXH LQGLFDWLQJ WKDW VHY
RU QHJDWLYH RQ PRRG 7KH XQGHUO\LQJ SULQFLSOH ZRXC
RUJDQLVPYV FKHPLVWU\ WR WULJJHU PRRG FKDQJHV 7KLV
SKDUPDFRORJLFDO FRPSRQHQWY RQ WKH IRRG LWVHOI VX
ODUWHQV 1HKOLRW DO :DERZHYHU WKH FRPSRVLWLRQ
PLFURQXWULHQWY PD\ DOVR H[HUWV HIIHFWV RQ PRRG

$V DQ H[DPSOH WKH HIIHFWV RI RPHJD IDWW\ DFLGV RQ
GHSUHVVLRQ KDYH EHHQ H[WHWWLY HONBUHYVFVHE HO DWP P R
IDWW\ DFLGV ZzDV REVHUYHG DPRQJVW SDWLHQWYV ZLWK PDN
WKLV VDPH SRO\XQVDWXUDWHG DFLGV ZRXOG KHOS WR UHG
$PHULFDQ 3V\FKLDWULF $VVRFLDWLRQTV &RPPLWWHH RQ 5
VRPH JXLGHOLQHV IRU WKH XVH RI VXSSOHPHQWDWLRQ LQ F
GLVRUGHUWWUMHHPDQ\SWRSKDQ DQ HVVHQWLDO DPLQR DF
PRRG UHJXODWLRQ DV D GHSOHWLRQ LQ WKH GLHW WULJJH
GLVWUDFWLELOLW\ HYHQ ZLWKLQ KHDOWK\ VXEMHFWYV &DV
VXJIJHVWHG WKDW FDUERK\GUDWHYVY PLJKW KHOS WR UHOLH
WKRXJKW WR IDYRXU WKH DEVRUSWLRQ RI WU\SWRSKDQ LQ
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IXWULWLRQ KDV WKHQ EHHQ HQULFKHG ZLWK WKH FRQF
VXSSRVHG WR KDYH D SRVLWLYH HIITHFW RQ WKH FRQVXPHL
WKH DFW RI IHHGLQJ LV D KXPDQ URXWLQH HPSKDVL]HV WK
DQG PHQWDO KHDOWK 7KLV JHQHUDWHV WKH SRVVLELOLW
WR HQKDQFH PRRG RU SUHYHQW SV\FKRORJLFDO GLVRUGHL
R RYHU LOWHUSUHWLQJ +LSSRFUDWHVY IDPRXV FLWDWLRQ
WK\ IRRGY DQG WKLQNLQJ WKDW IRRG ZLOO RQH GD\ VXE
FRPSOH[LW\ RI WKH SKHQRPHQRQ LV \HW WR EH IXO0O\ XQGH
D GUDPDWLF LPSDFW RQ PRRGYVY DQG EHKDYLRXUV

$PRQJVW WKH GLITHUHQW FRPSRQHQWY SUHVHQW LQ IRRC
DUH ELRDFWLYH SHSWLGHV 3HSWLGHV RIITHU QHZ WKHUDSH
DEWQV FRPSDUHG WR VPDOO PROHFXOHV O6RPH KDYH EHHC(
VI\VWHP ERWK GLUHFWO\ RU LQGLUHFWO\ ORUH VSHFLILFD
PLON FDVHLQ KDV EHHQ LGHQWLILHG WR KDYH DHQY)LRO\WLF
$OWKRXIK WKH GLITHUHQW UHVXOWY REWDLQHG VXSSF
PRGH RI DFWLRQ RI WKH SHSGVEGBHRKBY QRW EHHQ HOXFLGD

7KLV WKHVLVY WKHQ ZLOO WU\ WR GHFLSKHU WKH FHQWUD
JHWWLQJ LQWR VFLHQWLILF UHVXOWYVY WKH JHQHUDO LQWU
RUJDQLVDWLRQ WKDW ZLOO DOORZ D EHWWHU XQGHUVWDQ
LQ D ELJIJHU SLFWXUH 7KH ILUVW VHFWLRQ ZLOO WKHQ |
ELRDFWLYH SHSWLGHV DQG ZLOO IRFXV VSHFLILFDOO\ RQ
PLON SURWHLQV 7KH VHFRQG VHFWLRQ ZLOO QH[W IRFXYV
LWV VSHFLILF UROH LQ DQ[LHW\ UHJXODWLRQ EHIRUH LQW
r FDVRJ]HSLQH 7R GLJ GHHSHU LQWR DQ[LHW\ WKH WKLUG
DVVRFLDWHG SV\FKRORJLFDO GLVRUGHUV DQG KDYH D JO
OLQNLQJ XS WKH VFLHQWLILF UDWLRQDOH DQG WKH ZRUN X
VHWLRQ ZLOO FRQFHQWUDWH RQ VSHFLILF DQLPDO PRGHO
DFWLYLW\
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&RQWHQWYV

$GYDQFHYV LQ WKHUDSHXWIFVPRBOGHEXDHY SHSWLGH

%LRDFWLYH SHSWLGHYVY GHULYHG IURP ERYLRH PLON

&HQWUDO HIIHFWV RI ELRDFWLYH SHSWLGHY GHULY
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6RPH HYLGHQFHV VWDWHG WKDW IRRG FDQQRW EH RQ
PDFURQXWULHQWY DQG PLFURQXWULHQWY DQG WHKDW PDQ
LW 6RPH PROHFXOHV KDYH DOUHDG\ EHHQ LGHQWLILHG
1RQJRQLHUPD DQG )LW]*HUDOG $ URDHFW RY HW & H S W L
FRPLQJ IURP K\GURO\VLV Rl IRRG SURWHLQV

%LRDFWLYH VXEVWDQFHV DUH pIRRG FRPSRQHQWY WKDW
DQG KHQFH KDYH DQ LPSDFW RQ ERG\ IXQFWLRQHRUDERQGL
6FKUH]HQWPIDIOU 7KLV GHILQLWLRQ LV XVXDOO\ GHYHO
WKH LPSDFW VKRXOG DIIHFW D PHDVXUDEOH ELRORJLFD(
WKH ELRDFWLYLW\ EHLQJ PHDVXUHG PXVW DIIHFW KHDO
SRWHQWLDOO\ GDPDJLQJ HIIHFWV WR[LFLW\ DOOHUJ\ RU |
GHILQHG DV pVSHFLILF SURWHLQ IUDJPHQWY WKDW KDYH
FRQGLWLRQV DQG PD\ XOWLPDWHO\ LQIOXHQFH KHDOWKY

TKLVHFWLRQ ZLOO WKHQ UHYLHZ VRPH WKHUDSHXWLF
FROQFHQWUDWLQJ RQ SHSWLGHYV ZKLFK KDYH D FHQWUDO DF

$GYDQFHVY LQ WKHUDSHXWLF PROHFXOHVY SHSWLGH ED

$V LW LV JRLQJ WR EH[2BU PIFEdH P RDW HRU WRHFG UXJV GHYF
QRZDGD\V ZHUH VPDOWEPROHKFX OBHM. QW KRHWHQ FDOOHG WKH
ZHUH VXSSRVHG WR EH RQO\ VPDOO PROHFXOHV GXH WR
E /LSHOVMIO QR PRUH WKDQ + ERQG GRQRUV QR PRUH
PROHFXODU ZHLJKW XQGHU QR ITUHD WBOFWRDY HG7&RY3L
SURSHUWLHV WKDW ZRXOG PDNH D PROHFXOH D OLNHO\ RU
FRQVLGHUHG DV SRWHQWLDO HIILFLHQW GUXJV

,Q WKH ODWHU*sBQWXRI\ WIKH)HZ FODVV Rl WKHUDSHXWLF'
HIHFWV 7KLV QHZ FODVV LV UHIHUUHG DV PELRORJLFVTYT L

ORJ FRQFHQWUDWLRQ LQ RFW DFRO PR QBHQWGLIFWG WRRQ) LRI MKW HSR W H
DFFXPXODWH LQ ELROR JIFIKM B MPKEH DQMAL RWWKH KLIJKHU WKH ELRDFFX|
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LOQVXOLQ DQWLERGLHV RU JURZWK IDFWRUV +RZHYHU WK
WKH\ GLVRERMNMWHKH UXOH

6PDOO PROHFXOHYV ‘D DQG ELRORJLFV ! ‘D DUH Wi
LQ PROHFXOQMURZHILIJKWOHFXOHY ILOOLQJ WKLV JDS KDYH
GHYHORSPHQW RI QHZ WKHUDSHXWLF GUXJV VLQFH UHFHQYV

),*85( *t6FKHPDWLF LOOXVWUDWLRQ RI WKH

EHWZHHQ FRQYHQWLRQDO VPDOO PROHFXOH
! 'D
& U 2taN

SHSWLGHV VKDUH DGYDQWDJHV RI ERWK GUXJ FODVVHV \
RI ELRORJLFVY DVVRFLDWHG ZLWK D VPDOOHAALNLIH ORNG FKHI
XS WKH VWUHQJIJWKY DQG ZHDNQHVVHV RI SHSWLGHV XVHG
VPDOOHU WKDQ DPLQR DFLBWBWLGXHYVY LQ VL]H 90LHJKH

'"HVSLWH D ODUJH DPRXQW RI WKHVH SHSWMWGEB® ERIUQJ V\
GHULYHG IURP QDWXUDO GHIHQFHV RHWR DID Q IDVP V QFARKD b V
QXPEHU RI WKHP LV FRPLQJ IURP IRRG <RVKLNDZD Z
RUDO DGPLQLVWUDWLRQ
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7$%/( +$QDO\VLV Rl WKH VWUHQJWKYV ZHDNQHVVHVY RSSRUWXQLWLE
RFFXUULQJ SHSWLGHV LQ WKHLU XVH DV WKHUDSHXWLFV
& U BLaN JRVJHUDX DQG +RIIPDQQ
BWUHQJIWKYV "HDNQHVVHV
*RRG HINLWDAHW\ DQG WRC &KHPLFDOO\ DQG SK\VLFCL
+LJK VHOHFWLYLW\ DQC 3URQH WR K\GURO\VLV D¢
3UHGLFWDEOH PHWDE 7HQGHQF\ IR Wl RQH
6KRUWHU WLPH WR PLC 6KRUWOKDIDQG IDVW HOI
/JRZHU DWWULWLRQ U 8VXDOO\ QRW RUDOO\ [
BWDQGDUG VI\QWKHWLF /JRZ PHPEUDQH SHUPHDE

%LRDFWLYH SHSWLGHV GHULYHG IURP ERYLQH PLON SL

OLON LV DQ HVVHQWLDO YHFWRU IRU WKH GHOLYHU\ RI Q:
HIHFWV WKDW JR EH\RQG WKLVLWHEQR DAWILHY 1B ONXAE \DWDNQUFLHE)
FRORVWUXP LV PRWKHU ODQJXDJH RHQVDD\OX E'$W W WHK BEBIWIHW
ELRDFWLYH SHSWLGHYVY DUH GHULYHG IURP ERYLQH PLON SLU

%LRDFWLYH SHSWLGHV GHULYHGLIURE HRQ\Q N BEWR RCHVW A O H
K\GURO\VLY PLFURELDO IHUPHQW D lYRIP\RB/UURLL@IWI FRRVE L RUDFOF
%KBW DO .RUKRQHQ HWOBRDQMWH XVH RI GLIITHUHQW
PD\ OHDG WR GLIIHUHQW UHOHDVHG SHSWLGHV DV WKH FOF
RU GLJHVW UN&URE O\ PHO 0N D O

IXPHURXV GLIITHUHQW DFWLYLWLHYVY KDYH EHHQUACLIJKOLJIK

133 FDUGLRYDVFXODU KHDOWK GLJHVWLYH KHDOWK LPPXC(

ERQH KHDOWK GHQWDO KHDWKBW RO ZHH UKW B BB HDFOH Q W

ORKDAW\DO 0|OBWUDO 1DJBWODO 1RQJRQLHUPD D¢
JLW]*HUDOG& QXPEHU RI LQFUHDVLQJ FOLQLFDO VWXGLHV KE
SHSWLGHV LQ KiPOI® K DPDGWKR XK DOD RE WKHP DUH DOUHDG
DV GDLU\ SURGXFWV RU A@D[DME LY Q.\R U KZRGHQK HD O W K
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),*85( + 6FKHPH RI SRVVLEOH GLIIHUHQFH'
UHOHDVHG IURP SUHFXUVRU SURWHLQV
JDVWURLQWHVWLQDO GLJHVWLRQ

$G D S WHRGR | O @tHl

),*85( *+ )RUPDWLRQ RI ELRDFWLYH SHSWL
SURWHLQVY DQG WKHLU SRWHQWLDO KHDOWK '
$GDSWHG. RWKRQHQ 3DUN DQG 1DP
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1$%/( +*+ &RPPHUFLDO GDLU\ SURGXFWYV DQG LQJUHGLHQWY ZLWK KHDC
RQ ELRDFWLYH SHSWLGHYV

$GDSWHG IURP .RUKRQHOQ _RUKRQHQ DQG 3LKODQWR
%UDQG Q 7\SH RI SURG! %i%;imﬁ¢ﬁQgQ +FE§B{EJ ODQXIDFW
9D®URUROBURUR
&DOSLV 6RXU PLON GHULYHGADRRLQ ~°HGXFWLE &DOSLV .

fEDVHLQ EORRG SU -DSDQ

9DBOURUR 30BUR

&DOFLXP HQU S5HGXFWLF 9DOLR 2

(YROXV GHULYHGADRRLQ
IHUPHQWHG PL CEDVHLO EORRG SU  )LQODQ
S F\GURO\VHG ZKF SHGXFWLF |
%LR=DW Snbe i ioFwrioREXOLC SHEATVILE pyLvER
3UHYHQWI
GHQWDO F
LQIOXHQF
%LR38503 :KH\ SURWHLQ C%?::;S§URSH FORWWLQJ 'DYLVFR
SURWHFV
DJDLQXWH
DQG EDFV
352", (7 JODYRXUHG PLjLi%%T&&%OXQé SHGXFWLF ,QJUHGL
) IDFWL. FRQIHFWLRQHU X e U VWUHVV H  )UDQFH
077 $JULI
)HVWLYI)HUPﬁEW$$ﬁOR 'vFDYR £ 2 1R KHDOWI 5HVHDUF
- )LQODQ
&Q\WWHLC OLON Surwmye  SLCGYV WR QxﬁUQD
3HswLg QJUHGLHQW K SHSWLGH HQWﬁ;Afy WK H
THWKHUC
09
SHGXFWLF ,QWHUQD
& /QIUHGLHQW K\ &DVHLQ GHiswi O tSXEVE b
THWKHUC
$UOD )RF
&DSROD JQIJUHGLHQ' &DVHLQRSKRVsk FTHOSV PLC o UHGLI
DEVRUSW
6ZHGHQ
PSURYH .c0 poc
DWKOHV  gsHFLDO
3HSWR3l ,QJUHGLHQW K\ &DVHLQ GHULYH SHUIRUPD
DG PXVF( WKH
S LRVl LHWKHUC
%RUFXOR
$LGV UHOI ,QJUHGL
‘ . c ,
9LYLQDO ! ,QJUHGLHQW K\ :KH\ GHULYHG ¢ PLRI AR G HER
THWKHUC
SHFDOGH &KHzLQJ yxp &DOFLXP FDVHLC ¢owpuLr: ($DCGEXU

FDOFLXP SKRV $GDPV 8
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$PRQJVW WKH GLIIHUHQW PLON SURWHLQV FDVHLQV DUH
DQG FDVHLQ LV WKH ULIHVW ZIAWELS WIKHPVIHT EHRQYE D HR IP %O Y

8QL3

URW.% + 3 DQG LWV SUHGLFWHG V HEBRRTA

DU\ VWU

DQG QXPHURXV SHSWLGHV ZLWK GLITHUHQW ELRORJLF DFW
K\G UR|OABVELNVA T

7$%/( +*&KDUDFWHULVWLFV RI ERYLQH PLON SURWHLQV
1XPEHU RI UHVLG!: &RQFHQWUDWLRQ
.v FDVHLQ
.v FDVHLQ
FDVHLQ
FDVHLQ
+tODFWRJOREXO WR
. ODFWDOEXPLQ
IDFWRIHUULQ WR
).*85( + 6GHTXHQFH B8QL3IURW.% DQG SUWHH

VHFRQGDU\ VWUXFWXURD R H E@DIIQIHQ W



3$57,+*(1(5%/ ,1752'8&7,21

T$%/( +*%LRDFWLYH SHSWLGHY EDFMHLYHG IURP .

FDQ EH REWDLQHG YLD D WU\SWLF K\GURO\VLY 6 LQGLFI
JLW]JHUDOG DQG OXUW MO +HUYQWYIEH]HAM@H/POHLVHO DQG
%RFNHOPDQQ HW DDQFBGROYD DQG ODOFDWD

%LRORJLFDO D JUDJPHQW 6HTXHQFHYV

$QWLK\SHUWH | 53.+3,.+4

I ))

| ))9$3

| ))9$3)3(9)*.

| 9%$3

| )3(9)*.

I /1$<)<3

| <3

| '$<36*$:

| 7703/:

$QWLPLFUREI | 53.+3,.+4*/34(9/1(1//5)
$Q[LRO\WLF | </*<]
| </*</(4
| </*</(4115
2SLRLG | 5</*</

| 5</*</(
,PPXQRPRGXOD | 53.+3,.+4*/34(9/1(1//5)

| 40($(6.666(,93169(4.

| 7703/:
OLQHUDO FKHC | X B(67('4$0(",.

| *6(67('4%0(

| 40($(6,666(,93169(4.

| 666(,931

| 934/(,936%((5
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‘H ZLOO QRZ IRFXV RQ ELRDFWLYH SHSWLGHYV GHULYHG 1U
HITHFW RQ WKH QHUYRXV VA\VWHP

&HQWUDO HIIHFWV RI ELRDFWLYH SHSWLGHYVY GHULYHG

$ SRVLWLYH LPSDFW RI PLON FRQVXPSWLRQ RQ PRRG DQ
\HDUV ,QGHHG LW ZDV LGHQWLILHG WKDW WKH FRQVXPSW
WR GHFUHDVHG PRYHPHQWY GXULQJ VOHH® DDLUGRDBIG 'Ut
PRUH VSHFLILF WKH VDPH P&QWK MS&HRQHPIVHRRIOURNWOH YV
DPRQJVW \RXQJ DGXOWV ZKLOH LW LQFUHDVHG VOHHS WR
ZDNHIXOQHVV DPRQJVW ROGHU DGXOWV %UH]JLQRYi DQG
FRQFHQWUDWLQJ RQ PLON FROOHFWHG DW QLJKW KDYH VS
FRQFHQWUDWLRQ LQ PHODWVORP@HIM VDQ G GAHUD BHABRISHID Q
9DOWRWHIMO 7KLV FRPHVY EDFN WR WKH LGHD WKDW VRPH V
VSHFLILFDOO\ DIIHFW EUDLQ DQG LWV IXQFWLRQLQJ

2SLRLG SHSWLGHV GHULYHG IURP FDVHLQ ZHUH WKH I
FDVRPRUSKLBW DEUDQWO+HQWMKID®@ /RWWNWHDBK
'"LIIHUHQW SHSWLGHV ZHUH WKXV LGHQWLILHG UHROHDVHG L
RI FDVKB)B <3)3* FDVRPRUSKLQ <3)&m <3)3*3/
FDVRPIRUSK&O DQG VR RQ« ,QWHUHVWLQJO\ FRPSDUHG \
KDYH ERWK DQ DIILQLW\ IRU RSLDWH UHFHSWRUV DQG R
QDOR[RQH WKH\ GR QRW KDYH WKH W\SLFDO 1 WHUPLQDO
&0 DQG &0 KDYH ERWK DQ DIILQLW\ HRWURSLDWH) — UHF
KDYLQJ DQ DIILQLW\ WLPHV ORZHU WKDQ WKDW RI PRUSK
ORZHU WKDQ WKDW RIWP RO S KSLIQBHQVJYDIDD QDAY MAK L BI ®
FDVRPRUSKLQ KDV EHHQ LGHQWLILHG LQ SRUFLQH LQW
ZKLOH &0 ZDV LGHQWLILHG LQ KXRD\Q D/P D@0 FPW HVE/ 1$Q
YDULDQW WKH SHSWLGH ERQG EHWZHHQ UHVLGXH RI LVRC
UMLVWDQW WRZDUGV HQ]J\PDWLF K\GURO\VLV WKDQ WKDW 2
UHVLGXH RI KLVWLGLQH DV LQ $ RU % YDULDQWV 7KXV &
$ DQG % YDULDQWYV E\ JDVWURHQWB®W LEIDVH B @QP HY W U DA
LOMHFWA@ Q&R +Q UDWV WKH SHSWLGH ZDV DFFXPXODWHC
DUHDV (HWLBPK ZKLOH LQWUDYHQRXV LQMHFWLRQ RI &0
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F)RV D QHXURQDO D@LWL{WNHW&R@UPF{EGXODWLRQ LQ E
VFKL]RSKUHQLD DHWG IDXW LWWS 6B VRPH LQFUHDVLQJ ELROF
HJ DXWLVP FDUGLRYDVFXODU GLVHDYVHVQODQIBRQWBRYH Y, RS L D
VWXGLHV IRU &0 ()6$ KDV VWDWHG WKDW QR FDXVDO HII
HW DO

6RPH RWKHU RSLRLG SHSWLGHV ZHUH LY RO U WIHEG MHRRHEH
=LRXGIWRRO ,GHQWLILFDWLRQ Rl WKH SHSWLGHV OHG WR
DQG 5</*</( UHVSHFWLVKRO\IIUDJPEGGANVI . RM EDVHLQ
IRXNHDW DO 5</*</ LV PRUH SRWHQW WKDQ LWV DQDORJXH
GLVSOD\HG DQ DIILQLW\ IRU RSLDWH UHFHSWRUV EXW WK
1 WHUPLQDO HQG LQFUHDVLQJ WKH SRWHQF\ E\D WR ID
VLPLODULWLHV ZLWK WKH SUHYLRXVO\ GHVFULEHG FDVR
SWWWHUQ KDV EHHQ LGHQWLILHG DV FUXFLDO IRU WKH DIILQ
HQG ZLWK DQRWKHU DURPDWLF DPLQR DFY°R UV'SKRI\DLBDRO Q
&KDBW DO

(YHQWXDOO\ WKUHH RSLRLG DQWDJRQLVW SHSWLGHV Z
FDVHLQ H&®KD®BD 7KH IROORZLQJ VHTXHQFHY ZHUH KHQFH
&1 | <36<*/&1 | DQG < I

'"HVSLWH D JUHDW QXPEHU RI RSLDWH SHSWLGHV HQFU\S
VRRWKLQJ HIITHFW RI PLON PD\ DOVR EH H[SOLFDWHG E\ RW
*$%$HUJIJLF VI\VWHP KDV EHHQ H[WHQVLYHO\ GHVFULEHG IR
QHUYRXV VA\VWHP DQG VSHFLILFDOO\ IRU LWV UROH LQ DQJ
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&RQWHQWYV

*$%% DQG *S$UPFHSWRUYV

*DPPDPLQREXW\ULF DFLG *$%$

*$%$UHFHSWRUV

6WUXFWXUH

%UDLQ ORFDWLRQ

*$%% DQG 58MFHSWRU UROH LQ DQ[LHW\

*$%$ UHFHSWRUV SKDUPDFRORJLFDO PRGKODWLR:

$VVRFLDWHG DQ[LRO\WLFV WKH EHQ]JRGLD]JHSLQHYV

&KHPLVWU\

TKHUDSHXWLF HITHFWYV

OHFKDQLVP RI DFWLRQ

6LGH HDIQIGVGVWIDOOV

7KHy FDVHLQ WU\SWLF K\GURO\VDWH &+

%LRORJLFDO SURSHUWLHV QONHRBEHRIWEY® EHQ]JRGI

6HFXULW\ SURILOH DEVHQFH RI EHQ]JRGLP]JHSLQH

8VH LQ YHWHULQDU\ PHGLFLQH

&OLQLFDO VWXGLHYVY XVH DV D IRRG VXSSOHPHQW

. FDVR]JHSLQH D GHFDSHSWLGB ADHUU\LIQBWWKRI D@ [ |

Q YIOLVRRYGQIYEYRSHUWLHV

. FDVR]JHSLQH GHULYDWLYHV

2WKHU DQ[LRO\WLF SHEFWYRBHVSGRMWLYHG IIURP .

$ SRWHQWLDO FHQWUPDVRRIBSHLRHDFWLRQ R
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7KLV VHFWLRQ PRVWO\ IRFXVHV RQ RQH QHXURWUDQVP
FP LWV LPSOLFDWLRQ L .14Q[DHW\ W KK XIDDDWRIFR. Q WHIG SK |
OHYHU WR GHDO ZLWK DQ[LHW\ G[2.¥R UH DOV J KWK HZ IEGI@ R IS H €
RQ D WU\SWLF K\GURGDADHNLIQ RIKEFEXLBHHUWY DQ[LRO\WLF C
EHQ]RGLD]H%[Q[B{QG FHYHQWXDOO\ RQ . FDVR]JHSLQH D GHF
K\GURO\WDWH DQG VRXJKW WR EH WKH FE@JLHU RI WKH DQ

*$%$ DQG *$WHBFHSWRUV
*DPPD DPLQREXW\ULF DFLG *$%$

VDPLQREXW\A\ULF DBEUEFRHEIHG LQ HW BZDSDWDNKH PDLC
LQKLELWRU\ QHXURWUDQVPLWWHU LQ WKH PDPMDOIDOIDQ FH
*$%%$ PHHW WKH ILYH FULWHULD IRU DVVLIJQPHQW DV
WHUPLQDOV UHOHDVH IURP HOHFWULFDOO\ VWLPXODWHG
WKH UHOHDVH RI WKH QHXURWUDQVPLWWHU DSSOLFDWLR
QHUYHV H[LVWHQFH RI VSHFLILF UHFHSWRUV %HWZHHQ
VIQDSVHV %ORRP DQG ,YHUVHQ *$% S KVORQYWKHVLVHG IURI
E\ JOXWDPLF DFLG GHFDUER[\ODVH HQ]MNH WEBJ O X W DLWD ACHV
*$%$ WUDQVDPLQDVH HQJ\PH *$%$ 7 WR IRUP VXFFLQLF
FiIcGure2.l] DQG VXFFLQLF VHPLDOGHK\GGH R[LGLVHG WR VXFFL

$ PDLQ SDUW RI *$%$ QHXURQV DUH ORFDO LQWHUQHXUR(
QHXURQV ZLWK VPDOO D[RQV ZKLFK IRUP FRQQHFWLRQV ZL\
RI LQIRUPDWLRQ D JUHDW QXPEHU RI WKHP EHLQHWQKLEL
DO *$%$HUJLF LQWHUQHXURQV KDYH EHHQ LGHQWLILHG
WR DQ[LHW\ UHJXODWLRQ WKH DP\JGDOD DQG PRUH VSHFL
F[321]1 6XQ DQG &DVVHOO 7KHVH QHXURQV PD\ EH LF
FHQWUDO DP\JGDOD QHXURQV SURMHFWLRQV WR EUDLQV
UHJXODWLRQ RI WKH UHVSRQVHHMQDWLDWHG E\ WKH DP\JGEC
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),*85( **$%$ PHWDEROLVP

*$%$7 *$%$ WUDQVDPLQDXWDPHF DF[\® \HFD:
QLFRWLQDPLGH DGHQLQH GLQXFOHRWLGH
GHK\GUR JHQ Bl &tHD

*$SUHFHSWRUYV
2.1.2.1 Structure

*$%$ QHXURQDO LQKLELWLRQ LV PHGLDWHG E\ WZR GL|
*$%$ DQG W\SH % UHRHEWRDY| *3#WG&ESUHFHSWRUV DUH FF
LQGLWHBPWORWHLQV WRRJ FKWRKWAD® WR SURGXFH VORZ DQG

UHVSRQVHV %RZHU\ $ WKLUGZPODMWVGH WG IYOQOW HIG H
YHUWHEUDWHVY UHWLQD &KW DL EXWXWONMLBUIHFIQRZ YLI
YDULDQW RIUHPBHSEWRUYV H[FOXVLYHO\ FRPSRVHG RI ! VX

I1RPHQFODWXUH &RPPLWWHH RI WKH ,QWHUQDWLRQDO 8C
GHVLIQDWH WKHBHRPHSWRUYV 20VHQ DQG 6LHIJKDUW
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), *85( +*$%$DQG *$HWWSHFHSWRUV

*$%$ UHFHSWRUV DUH FKDQQHO UHFHSWRUV
WKH QHXURWUDQVPLWWHUHFHS WARAU\D HHU RABHI
FRXSOHG WR DQ LR%QDFRIQDEG 9 HQQRW

*$%$ UHFH DVWRIUWHWHUR ROLJRPHUV FRPSRVHG Rl SURWH
PHPEUDQH DQG IRUPL GXD[FRELBGVIEQ DQG 7RELQ %
RI *$%$ RQ LWV VLWH RQ WKH UHFHSWRU RSHGW QURKN[FKO]
DFFRUGLQJ WR WKH FRQFHQWUDWLRQ JUDGLHQW &HO
K\SHUSRODULVDWLRQ DQG WKXV D GHFUMDDNE G 6\ ELIDELVQ I
WKH PHPEUDQH SRWHQWLDO *$%$ DOORZV DQ XSNHHS RI
HIITHFWV Rl RWKHU H[FLWDWRU\ QHXURWUDQVPLWWHUV H .
VLWH DQWDJRQLVWHRH SVKRHU ¥$ 9EXW VWXGLHV SRLQWHG RX!
DOORVWHULF LQKLELWRU E\ ELQGLQJ WR RWKHU VLWHV RI

8HQR HW DO

7KH UHFHSWRU VXEXQLWY FDQ EH JURXSHG LQ VHYHQ IDP|
VXEXQLWY DUH HYHQ FRPSRVHG RI GLITHUHQW YDULDQWYV
RI UHVLGXHV 6LHJKDUW DQGs6BHEHMSWRUV7BYN FBPSRVHG
DPRQJV W * * /0 @& I DQBGKH PDMRULW\ RI WKHVH L
DVVHPEOHG ZLWK WKH VDPH EDVH PRGHO WZR . VXEXQL
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' KLWLQJ 7KLV FRPELQDWLRQ LV UKTXHBHSWRU 05 QXG0
DQG ODFGRQDOGs UHFHSWRUV Z5WW WHKWBQ. WKXV DFFRXQW I}
UHFHSWRUV LQ WKH PDPPDOLDQ EUDLQ OF.HUQDQ DQG :KL
7KH . VXEXQLWY DUH WKH PRVW LQWHUHVWLQJ DNQMGKH\ DL
VXEXQLWYV DQG EHQ]RGROPHSVIEXQEWWZHHQWLRQ RQ WK
RQ WKH [FBFRESIVRU

),*85( *6FKHPDWHSUHVHGQWD®ERIGIFHSWRUV
$( SHSWLGHV ORRSV %= ZEHWXHRGLO
6 LHHWOD O

2.1.2.2 Brain location

‘KLOH *$%$ VIQDSVHV VHHP WR EH RPQLSUHVHQW LQ WKH
XS WR RI WKH &16 VIQDSVHV VRPH EUDLQ UHJLRQV FRQFH
QHXURQV DUH WKXV PRVWO\ ORFDWHG LQ WKH FHUHEHOOD
RI UDW EUDHW D®GLB@EYHFHSWRUV DUH IDLUO\ ZLGHVSUHLE
GHQVLWLHVY DUH SDUWLFXODUO\ KLJK LQ WKH FHUHEHOO
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KLSSRFDPSDO IRUPDWLRQ DQG

%YRZHHIW DO 3DOPDWLBY

UHVSHFWLYHO\

V‘{E{GHJRE_-MJ HEU BMMWPFR OWH[ LQ

<RXQJ DQG &KX KLSSRFDPSDO IRUF
DQRG FHUHEUDO FRUWH[ UHJLRQV DUH KB2IKDPDE@EBANHG WR

),*85( +/RFDOLVDWLRQUHFHSWSRUV LQ WKH |
/HIW DEWSLUHFHSWRU DQWIGESG\$ DXIKRW DG LI

FHUHEUDO FRUWH]

& (

FHUHEHOOXP + LRLBS

FROOLFXOXV 6 FRUSXV VWULDWXP 61 GWX%®
al <RXQJ DQG &KX

W KDV VLQFH WKHQ EHHQ GHPRQUHFUBWRG W IGIHE HMBEHLEQ
VXEXQLWV FRPSRVLWLRQ DUH GLIIHUHQWO\ H[SUHVVHG LC

OF.HUQDQ DQG :KLWLQJ

6LH

]]AQI[ElZ.ﬂ/ VOXQPPE XSHWMKH GLIITH

PDMRU §$YVSEWI\SHVY GHSHQGLQJ RQ WKHLU VXEXQLWYV FRF
ORFDWLRQ ,W KDV DOVR EHHQ SRLQWHG RXW WKDW WKH H
UHJLRQV YDU\ GXULQJ WKH GHYHOGRSG PEOQW RI WKH RUJDQLYV
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1$%/( T'LVWULEXWLRQ RI WKHHEHGRURUSHWSEWI\SHY LQ WKH UDW EUDLQ
OF.HUQDQ DQG :KLWLQJ 8XVL 2XNDUL DQG .RUSL

5HODWLYH DEXQGLE

6 XEW\SH EUDLQ

&16 ORFDWLRQC

ORVW EUDLQ DUHDYV
LQ KLSSRFDPSDO
FHUHEUDO FRUWH]

6SLQDO FRUG PRW
KLSSRFDPSDO IR

&KROLQHUJILF I
Q PRQRDPLQHUJLF ¢

Q /LPELF V\VWHP
+LSSRFDIFRAPMD W L

&HUHEHOOXP

/ &HUHEHOOXP

7TKDODPXV DQG KL
IRUPDWLRQ

2ZWKHU PLQRU VX SUHVHQW WKURXJ

$V IDU DV . VXEXQLWYV DUXE¥QQWHUQWE&HVPRNWW ZLGHVSUH
GLVWULEXWHG LQ WKH EUDIDQ®KBXNEDWY DUH FRQILQHG Wi
EUDLQ U[rcikeRG|\WD [F@BLE 22] 'T+XOMWDO )JULWVFK\ DQG ORKOH!I
BLHIJKDUW DQG 6SHUN VXEXQKXVLVWKRVWO\ ORFDWHG LQ V
KLJKHVW FRQFHQWUDWLRQ EHLQJ LQ WKH ROIDFWRU\ EX¢
KLSSREFDPSDO IRUPDWLRQ DP\JGDWDE XOQLGV K\S BW KB 8 Q XVQ
EXOE FHUHEUDO FRUWH[ WK DOOFPXYLW @0 VDPGHDVWID LA KHL
KLSSRFDPSDO IRUPDWLRQ D@RERQIDFVERYV\EKWEFWKIE LQ \
IRUPDWLRQ ROIDFWRU\ EXOE VX8 BEX\ERW KRDDD\PKXWHAKL@WM L
7R JR IXUWKHU VSHFLILFE UHJLRQV VXFK DV WKH DP\JGDOTL
RI *$%UHFHSWRUV . VXEXQLWY ,QGHHG RQO\ WKH FHQWU
RI WKHWXEXQLW ZR/IXEKQLKAH ZDV PRGHUDWHO\ H[SUHVVHG V

.DXIPHQQ DO
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7KH LQKLELWRU\ SURSHUWLHV Rl *$%$ QHXURWUDQVPLWW
*$%$ UHFHSWRUV LQ WKH EUDLQ PDNH WKLV *$%$HUJLF V\V
UHIJXODWLRQ RI DQ[LHW\

),*85( *5HJLRQDO YDULD
DOSKD VXEXQLWWRFHSWR
&RORRIGHG LPPXQRKLVWR
VWRQJHVW VLIQDO LV GHS
WKH EDFNJURXQG LV LQ ¢
QXFOHXV DF DQWHULRU
DQWHULRU ROIDFWRU\ |
FDOORVXP &3X FDXGDW
LQIHULRU FROOLFXOXV

OD\HU Rl WWKRHURBEXIDE ,QW
FHUHEHOODU QXFOHXV
ODWHUDO YHQWULFOH P
OR PRWRU WULJHPLQDO
FKLDVP 3Q SRQWLQH QXF
WKDODPLF QXFOHXV 6&

VFS VXSHWUHEWORDU SH(
WKDODPXV 77 WHQLD W
WXEHUFOH 93 YHQWUDO
QXFOHXYWVFK\ DQG ORKO}
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T$%/( +%UDLQ ORFDWLRQ RVXEXD t WS
$GDSWHG IURPBtal'f+XOYWLWVFK\ DQG ORKOHU 8XVL 2XNDUL DQG .RU
VX.EX‘ +LJK H[SUHVVLRQ EUDLQ ( (I1THFW
OHGLDWLRQ RI VHGI!
GLD]HSDP
FHUHEUDO FRUWH|[] EDVDO IRUHI OHGLDWLRQ RI DPQl
WHFWXP FHUHEHOOXP GLD]JHSDP
OHGLDWLRQ RI DQV
DFWLRQ RDFRGL®DH SV
OHGLDWLRQ RI DQJL
ROIDFWRU\ EXOE FHUHEUDO F GLD]HSDP
IRUPDWLRQ DP\JGDOD VWULDW
QXFOHL OHGLDWLRQ RI P\RU

RI GLD]JHSDP SDLU

ROIDFWRU\ EXOE FHRPYEWDLID® FR OHGLDWLRQ RI P\RUF
WKDODPXV RI GLD]JHSDP SDLU

ROIDFWRU\ WXEHUFOH KLSSRFD

WKDODPXV 1%

ROIDFWRU\ EXOE KLSSRFDPSLC OHGLDWLRQ RI P\RUF
WULIJHPLQDO QXFOHXYV RIGLD]J]HSDP SDU\

FHUHEHOOXP 13

*$%% DOQG ¢ VWFHIWRYH LQ DQ[LHW\

ODQ\ OLQNV ZHUH PDGH EHWZHHQ *$%$ WUDQVPLVVLRQ L
IXWW 1XVV +HUH DUH D IHZ H[DPSOHV

6RPH DQ[LHW\ OLNH EHKDYLRXUV DUH DVVRELDWHG ZLWK
LQFUHDVHG *$%$HUJLF WUDQVPLVVLRQ LQ WKH DP\JGDOD O
DQG LQYHUWHW DODBKHNWDWMO 6LPLODUO\ JOXWDPLF DFLG
*$' H21] NQRFNRXW PLFH GLVSOD\HG LQFUHDHMMM ® ®Q[LHW\
(YHQWXDOO\ WKH WUDQVSODQW RI *$%$HUJLF QHXUDO JU
DP\JGDOD QXFOHL GHFUHDVHG WKH DQ[LRO\WLF OLNH EHK
&XQQLQHWDPO ,Q FRQWUDVW ZLWK WKH SUHYLRXV REVI
SUHVHQWHG DQ LPEDODQFHG *$%$HUJLF QHXURWUDQVPLV
DQG UHOHDVH LQ WKH DP\JGDOD FRPSDUHG WR ORZ DQIL
PHFKDQLVP RI RYHUVWLPXODWLRQ RI WKH OLPELF V\VWHP
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$V IDU DV 8945 SWRUV DUH FRQFHUQHG pKDQGOLQJ KDEL
GD\ FRQVHFXWLYH GD\V H[KLELWHG D KLJKHU QXPEHU |
LQ WKHLU KRPH FDJH IRW DOGDOW KDBAM WKRQ EH K\SRWKHVLYV
KDELWXDWHGY UDWV UHSUHVHQWHG DQ XQVWUHVVHG JURX
VDFULILFH FDXVHG DQ HPRWLRQDO GLVWUHVNQ I DKH V M KIH "
KDQGOLQJ KDELWXDWHG DWW X3 LV @HXGRE \K LURRUNKS FH
HQDWYHY UDWV (YHQWXDOO\ LW ZDV DO \VRLY VGLW $GDWK® \
ORZHU H[SUHVWLBROFRBWRABY LQ WKH FHQWUDO DP\JGDOD F
6Ny U]HEAWNDO

*$%BSUHFHSWRUV SKDUPDFRORJLFDO PRGXODWLRQ

W KDV DOVR EHHQ GLVFRYHUHS& UMKBI\WWR%SY BBQ LRIQHRQE 1
E\ VHYHUDO RWKHU VLWHV SRWHQWLDWLQJ RU LQKLELWLQ
HIITHFW RQ WKH &16 DQ RSHQLQJ sRUMFKIIS W R Q VF EQ QERHO DR K
LQGXFLQJ VHGDWLYH DQ[LRO\WLF DQWLFRQYXOVDQW PXV
ZKLOH FORV LFKD Q/&HO&WULIJIJHUV VWLPXODWLQJ DQ[LRJHQ
HITHFWVHBLBOHO

7KHDOORVWHULF PRGXODWLQJ VLWHV DUH WKH IROORZ
EDUELWXUDWH VLWH QHXUR [FWIREUZSL GODIQW P RDGIG XSLHFWY KD R
EH LGHQWLILHG DV DOORVW Hg$J IUH FPHRIXRW VER U V[ RW LVOK H W
SUHYLRXVO\ PHQWLRQHG VLWHV O|KOHU 20VHQ

VSHFLILF UROH LQ DQ[LHW\ ZLOO PR.36 HW/XDMHRGE® MIMVEHED UE |
SRWHQWLDWHYtBKHDBWHR/GHFWLYH VLWHV WKXV KDYLQJ P
DQ[LRO\WLF SURSHUWLHY 20VHQ ORUH VSHFLILFDOO
ELQGLQJ RI *$%$ DQG EHQ]JRGLD]JHSLQH SUFRORQHMJIZWKG
LOQKLELWLQJ WKH sEDQWDQR @®ULVW¥¥$ ODFGRQDOG DQG 20VHQ
WKH UHFHSWRU PD\ YDU\ IURP D EUDLQ UHJLRQ WR DQRWHF
VLWXDWHG EHWZHHQ WKH . DQG WKH *VXEXQLWV FORVH
KW EHHQ GHPRQVWUDWHG WKDW SURJHVWHURQH SRWHQWLI
DQG DQ[LRO\WLF SURSHUWLHY ZKLOH RWKHU JRQDGDO VW
IXQFWLRQ ODFGRQDOG DQG 20VHQ 'LOVRQ (YHQV
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SODQWVY WKDW SRVVHVVHV WKH DELO L FPWR RXR QFRE SHRAKLM
DFW DV D FRQYXOVDQW 20VHQ

),*85( *ORGXODWLRQ E\ GLIIHUHQW PROHFX!
UHFHSWRU LQ DQ[LHW\
%'= V EHQ]RGLDpDRICERIVG

7KH GLVFRYHU\ Rl VSHFLILF DJRQLVWY DQWDJRQLVWYV RI
DQ[LRO\WLF GUXJV WR VRRWKH DQ[LHW\ GLVRUGHUV 1H[
EHQ]JRGLD]HSLQH IDPLO\

$VVRFLDWHG DQ[LRO\WLFV WKH EHQ]J]RGLD]JHSLQHV IDP
&KHPLVWU\

7KH GLVFEWMUREGLD]HESLQHNY DQ H[DPSOH RI VHUHQGLSLYV
WKH ZRUN RI /HR 6WHUQEDFK DQ $XVWUR +XQJDULDQ
TXLQRORQH TXLQD]JROLQH GHULYDWLYHV IRU WKH PDQXIDF
:RUOG :DU ,, WR WKH 8QLWHG 6WDWHVY KH VWDUWHG WR ZF
ILQG D PROHFXOH WR UHSODFH PHSURE BBRW R UFKIKG BXR) VM
KLV UHVHDUFK KH SXW VHYHUDO RI KLV VDPSOHV DVLGH
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FROOHDJXH WKDW VWURQJ FDOPLQJ SURSHUWLHYV ZHUH DV
FRPELQHG ZLWK LIQ O'FREFKORUG L WHER . DYV WKXV GLVFRYHUI
VROG LQ IROORZHG VRPI—FI‘G‘tIF&lZ.gl CDWNMHWH G LQJHSD M Q(
ZRXOG UHYROXWLRQLVH WKH DQWL DQ[LHW\ GUXJV PDUNHW

&KHPLFDOO\ WKHVH WZR PROHFXOHV DUH GHULYHG IURP
ULQJ WKDW LV WKH FRPELQDWLRQ RI D EHQ]JHQH DQG D GLI
ZLWK WZR QLWURJHQ DQG ILYH FDUERQ DWRPV DQG WKH PI
1LWURJHQ DWRPV FDQ EH SUHv@g STRKVUHML RQMVVHV RR
FDQ WKHQ EH GLVFHUQHG EXW PRVW SUHVFULEHG EHQ]R
LQWHUHVWLQJ SKDUPBERORJLFDO SURSHUWLHYV

),*85( +*&KHPLVWU\]RGEBIHSLQHYV

7RS OHIWEHQ]RGLD]HSLQH ULQJSKWMRBCEHDER

> @GLD]HSRQH ERWMREHQ]RGLD]JHSLQH EI
EHQJRGLD]HSLQH ERBHWORRQLIDIKMLQH
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6RPH VXEVWLWXWLRQV FDQ EH SHUIRUPHGFWRERPBRGLI\ WKt

X 6XEVWLWXWIHRGNY W WRULWKR@PRVW FRPPRQ WR LQFL
RI WKH PROHFXOH WKH HOHFWURQHJDWLYH SURSHUMW
WKH %='" UHFHSI\WR®WU&)&0 ! 2RWKHUVVXEYWLWXWH WU
K\SQRWLF SURSHUWLHVY WR WKH PROHEXOH H J I10XQ

X 6XEVWLWXWLRQV SIRYEWHIRWDY IMRVD @ NWODW LR Q

X BXEVWLWXMARQQ SBOM WIDRQHOHFWURQHJIJDWLYH DWR]
FRPPRQ LQ WKH ILUVW JHQHUDWLRQ RI %='V ZKHUHC
VXEVWLWXWLRQV LQ WKLV SRVLWLRQ

X ,] WKHUH LV QR VWKW GWHRVLRQ R MKB K\GUR[\O IXQ
2+ HJ R[DJHSDP WKH SRODULW\ Rl WKH PROHFXOH
LQ WKLV SRVLWLRQ DOORZV D IDVWHU HOLPLQDWLRQ

X (YHQWXDOO\ VXEVEHQXWHRPPVQRQVR/ KWHADNH SODFH
VXEVWLWXWLRQ ZLWK D IOXRULQH RU D FKORULQH D\
HOHFWURQ ZLWKGUDZLQJ JURXS DQRWKHU ULQJ O
VXEVWLWXWH WKH EHQJHQH ULQJ HJ LQ WHWUD]HSE
ULQJ HJ LQ EURPD]HSDP

7KH %='V KDYH EDVLF SURSHUWLHY ZKLFK DOORZ WKHP V
IDVW EORRG WUDQVSRUW 7KH\ DUH DOVR YHU\ OLSRSKLOL
EDUULHU D FRPPRQ REVWDFOH WR WKH GHYHORSPHQW RI ¢

6RPH EHQ]JRGLD]J]HSLQHY OLNH PROHFXOHV ZHUH DOVR IRX
HW DO 3HKkW DO 1R IXUWKHU DWWHPSW WR LGHQWLI\ WK
PDGH
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&KORUGLD]H! 'LD]JHSDP $OSUD]ROD &ORED]DP
ILEUL XP 9DOEXP :DQP] S8UEDQ\O
2[D]JHSDP YOXQLWUDI]H 7HWUD]HSD %URPD]HSD
6HUHVWD 5RK\SQRO 0\RODYWDC( /H[RPLO

),*85( +([DPSOHV RI EHQ]J]RGLD]HSLQHV PRO}

&KORUGLD]JHSR[LGH ILUVW %=' WR E|
VHFRQG %=' WR EH GLVFRYHUHG

%="LQ DQLPDO VWXGLHV $OSUD]ROI
&ORED]DP DH) RI[MPSO %=' 2[D]JHSDP
K\GUR[\ODWLRQ LQ WKH WKLUG SRVL'
12 VXEVWLWXWLRQ LQ WKH VHYHQ
7HWUD]HSDP DQ H[DPSOH RI EHQ]H!
UHOD[DQW %=' %URPBS$K$DPRI DEHQ
VXEVWLWXWLRQ ZLWK D EURPH LQ VH'
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TKHUDSHXWLF HIITHFWYV

%='V DUH SV\FKRDFWLYH GUXJV DQG EHORQJ WR WKH GHS
DFWLYLW\ DQG KHQFH H[HUW VHGDWLYH HIIHFWV %='V DUH

K\SQRWLF DQWLFRQYXOVDQW DQG PXVFOH UHOD[DQW SU]I
HITHFWYV
'LITHUHQW IRUPV RI DGPLQLVWUDWLRQ FDQ EH XVHG 2UL

ZLWK DQ HIIHFW REWDLQHG [DalE Z4K RM{ LHVF W MVBIWHL @ OIRZ W U R\
DGPLQLWADRDWMLRWUDPXVFXODU LOQMHFWLRQ (YHQWXDOO\
ZKHQ DQ LQWUDYHQRXV LOQMHFWLRQ FDQQRW EH SHUIRUPH
WKH &16

, Q WZHQW\ WZR %='V ZHUH FRPPHUFLDOLVHG LQ )UDQ
IDYRXUHG GHSHQGLQJ RQ WKH PROHFXOH VWUXFWXUH DQG
IRU WKHLU DQ[LRO\WLF DQMBLERI3| KPS RAM|L B SAOR SHU W, IWH VLV
KRZHYHU VRPHWLPHYVY KDUG WR GLVWLQJXLVK WKH WZR HII
GURZVLQHVYV ZKLOH K\SQRWLF %=V DUH DOVR NQRZQ WR E

DUH SUHVFULEHG WR GHDO ZLWK WKH GLI

7$%/(
$160

BHUH GWKBMRQH W \

*7KHUDSHXWLF HIITHFWV RI EHQ]JRGLD]HSLQHYV

$FWLRQ

&OLQLFDO XVH

IXPEHU RI %="'V
FRPPHUFLDOLVHG L!

$Q[LROYWQRLELW D
+\SQRWWRJLJJHU VI

OXVFOH UHOS®HPB QWD
PXVFOH WRQH

$SQWLFRQYXOXNDIUM'
H[FHVVLYH ILULQJ F

$PQHV+BOLPLQDWH
WHUP PHPRULH)

$Q[LHW\ GLVRUC
,QVRPQLD

OXVFOH VSDVPV S
K\SHUQHH[ LD

(SLOHSWLF VHL]

SUHPHGLFDWLRQ 11
RSHUDWLRQV VHGD
VXUJHULHV




3$57,+*(1(5%/ ,1752'8&7,21

'LDJHSDP LVRUWOWKHDOWK 2UJDQL]DWLRQ V MWYXW RRVWVI
LPSRUWDQW PHGLFDWLRQ QHHGHG LQ D EDVLF KHDOWK V\V
SURSHUWLHV :RUOG +HDOWK 2UJDQL]DWLRQ IRUD]HS
IRU WKHLU DQWLFRQYXOVDQW DQG VHGDWLYH HIITHFWV UH

7$%/( +$Q[LRO\WLF %='V LQ )UDQFH
$160
<HDU 7LPH WR SI (OLPLQD
OROHFXOH ( &Rz??%5UD DSSURY}I RQVHW RI D KD ©ILIH
YUDQFH KRXUV KRXUV
:DQB[ JHQHU
$OSUD]JROI GUXIV
/IH[RPLQHQHL
0,
%URPD]HSEL GUXJIV
&KORUGLD]H ILEUD]
&ORED]DP S8UED«Q\O
&ORUDI]HSI 7UDQ[HQH 9DULDEO!
&ORWLD]JH 9HUDWUDC
'LD]JHSDP 9DOEXP
(WK\O LRIOD 9LFWDQ

/RUD]HSDP 7THPHYWDHQH!

GUXJV

1IRU®]HSDF 1RUGD]
6HUHVWB QH L

2[D]JHSDP GUXIV
3UD]HSDP /I\VDQ}{LDHQH

GUXJV

%HQ]RGLD]JHSLQHV DQ[LRO\WLF HIIHFWV ZHUH DOVR XQHTL
WKH SUHGLFWLYH FULWHULD ZKLFIZDVHXYHBOMR DOMY G GROX
+DQGOH\ DQG OLWKDQL OLJKW GDUN ER[ &UDZOH\

RU FRQGLWLRQHG GHHWWIOYH EXU\LQJ 7UHLW
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OHFKDQLVP RI DFWLRQ

7KH UHFHSWRUV IRU %='V DUH H[FOXVLYHO\ ORFDWHG LQ
SKDUPDFRORJLFDO HIILFLHQF\ LV GHSHQGHQW RQ WKH DIII
DQG 2NDGD /IDWHU WKHVH UHFHSWRRORAROLY%H'\Z LKDKY
*$%$ UHFHSWRUV EHIRUH WKH LGHQWLILFDW LsRWHRH ®WRIH F
6FKRAK DO 6LHJKDUW DQGKEBBIENY DFW DV DOORVWHULF F
*$%$ UHFHYWRWo='V OLQN WR D VLWH GLIIHUHQW IURP WKH
DIILQLW\ RI *$%$ DQG LQFUHDVH WKH SUREDELOLW\ RI WKH
LQFUHDVH LQIOX[ RI FKORULGH LRQV DQUGTAWE XS BQWWHHUS
DQG *XLGRWWL 0LOODQ 7KH IDFWV WKDW *$%$ LV
PD\ H[SODLQ WKH OHVVHU WR[LFLW)\ RI| sMKHHRHBE & RBXJ T LIRS
DV HWKDQRO RU EDUELWXUDWHY ZKLFK GLUHFWO\ DEW ZLW

7$%/( +* 6FKHPDWLF UHSUHVHQWDWLRQ RI WKH HIIHFWV Rl D EHQ]RGL
DQWDJRQLVWsRIHESIBH® RU IXQFWLRQ
$WDFN

“$%$ 1R %=' OLJD! )XO0O DJRQL $QWDJRQLV

(I[DPSOH 'LD]JHSDP JOXPD]HQL

2XWVLGH F

&OLQIOY[

,QVLGH FH

5HVWLQJ SRW + P9 + P9 + P9
IHXURQDO H[F 1RUPDO +\SHUSRODUL 1RUPDO

/IHVV H[FLWL
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7KH VHDUFK IRU HQGRJHQRXV OLJDQGV RI WKLV VLWH I
HQGR]JHSLQHV PROHFXOHV ZLWK DQ EHQ]JRGLD]JHSLHMMH ULQJ
DO 7KHVH HQGR]JHSLQHV ZHUH IRXQG XQHYHQO\ GLV
FRQFHQWUDWLRQ EHLQJ VSRWWHG LQ WKH VHSWXP DP\JC

'ROIPDI) DO EXW D SRVVLEOH FRQWDPLQDWLRQ RI H[WH

)DU]DPBRXDO

%' VLWH DQWDJRQLVWY H J IOXPD]JHQLO KDYH OLWWOH
WKH IL[DWLRQ RI %="'VIARO2B KHHQWKFHBEWRHWY,W LV VSHFLILF
XVHG IRU %=' RYHUGRVH 37UHDWPHQW Rl EHQ]JRGLD]HSL
)OXPD]HQLO LQ %HQ]JRGLD]JHSLQH ,QWR[LFDWLRQ HWODML FH Q

$V SUHYLRXVO\ VNLPP K ® MFKISRVRIBY *$¥9$EXQLWYV PD\ QRW
PDQQHU WKH GLIIHUHQW W REELEDRS|H FAROAF R KIH PWW \RH OFH WR |
DQ . DQGold SDWWHUQ UHFHSWRU LV HVVHQWLDO WR FRQ
$QJHORWWL DQG ODFGRQDOG ) U L WHWAF D\OD Q & BB K O H U
UHFHSWRUV FRIQWGUKEGXQLWY GLVSOD\HG D YHU\ ORZ DIILC
JULWVFK\ DQG ORKOHHW DO /*IG\GBHMIQDO :KLOFRQWDLQLQJ
*$%$ UHFHSWRUV PHGLDWH VSHFLILFDOO\ WKH VHGDWLY
DQWLFRQYXOVDQW HIIHAWY QR 0F="WUHMD D®O H3 X G RW/S K O
.FRQWDLQLQUHPBHIWRUV PHGLDWH WKH DQ[LRO\WLF

0|KOHU HWUDQV 5XGROSK DQG 0|KOHU 6PLWK DQ
,QGHHG DGPLQLVWUDWLRQ Rl GLD]JHSDP GLG QRW LQGXFH:

VXEXQLWWLDPRQ 7KLV VXEXQLW DOVR KDYH D OHVVHU URO
HIITHFWV RI GLD]H®DPO)UDKID IROXERQRLWY LQ WKH DQ[LRO\
%="V LV PRUH FRQWURYHUVLDO 5XGROSK DQG .QRIODFK
GLD]HSDP2L®LFH VWLOO LQGXFHG DQ{WRDOWL E »SW RS N 8 WE HI
DIJRQLVWXEIXQLWV FRASVDHPDHOWRSY GLVSOD\HG DQ[LRO\WI
'LDWW DO
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1$%/( t7KH HIIHFWV Rl EHQ]JRQMUHDQHSEWQHMABHSWRUVY . VXEXQLWYV
$GDSWHG IURP 1XWWetal 5XGROSK

(IMTHFWV R
EHQ]RGILIL]Q

6HGDWLR + * *
$Q[LRO\VI * + +
$PQHVLD

O\RUHODI[D +

$QWLFRQY?> + +

%=V UHFHSWRUV DUH ZLGHO\ ORFDWHG LQ WKH URGHQW
HW DO 5HILRQV VKRZLQJ KL JKUGH @8 MWRIUHN PRIG$@BWHG E\
FHUHEUDO FRUWLFHY FHUHEHOOXP DP\JGDOD KLSSRFDPS
QXFOHXV 5LFKDUGYV DQG O0|KOHU

$ IHZ VWXGLHV KDYH LGHQWLILHG WKH EUDLQ UHJLRQV
GLD]HSDP 'H OHGHLURY DQG FROOHDJXHV LGHQWLILHG WKI
WUHDWHG DQLPDOV GLVSOD\HG D GHFUHDVHG QHXURQDO
KLSSRFDPSDO IRUPDWLRQ DQG DQ LQFUHDVHG QHXURQDC
DP\JGDOD FRPSDUHG WR WKH FHRWQWOR O8 IMRY KDYH@HEHHQ
LQ DQ HOHYDWHG SOXV PDJH WKH GLD]JHSDP WUHDWHG U
DFWLYLW\ LQ WKH FHQWUDO QXFOHXV RI WKH DP\JGDOD DQ
DFFXPEHQV QXFOHXV DQG KLSSRFDPSDO IRUPDWLRQ KDYF
JURXS 3DQKHODLQHQ DQG .RUSL )LQDOO\ WKH DQ[LR
VWUHVV LQ UDWV ZHUH FRXSOHG ZLWK D GHFUHDVHG QHXU
LQ DQ[LHW\ UHJXODWLRQ FHUHEUDO FRUWH[ DFEXPEHQ)\
K\SRWKDODPXV DQG DQ LQFUHDVHG DFWLYLW\ LQ WKH FHQ
FRQWURO JURXSHWNRDJYDYHKUBQO GHVSLWH VRPH GLIITHUHC
PRGHOV XVHG RU GRVHV LQMHFWHG GLD]HSDP GHFUHDVH
LPSOLFDWHG LQ DQ[LHW\ EXW LQFUHDVHG QHXURQDO DEFWL
DP\JGIDOWXE QXFOHXV RI[3WKH DP\JGDOD F|
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6RPH VWXGLHYVY ZHUH DOVR FRQGXFWHG ZLWK KXPDQV X
GHFUHDVHG QHXURQDO DFWLYLW\ LQ WKH FHUHEUDO FRUW
DQ[LHW\ FKDOOHQJH DQWLFLSDWLRQ RI DYHUVLYH HOHFW
UHVRQDQFH LPDJLQJ I105W BOXG WHKKXQPBRH ZD\ WULD]ROD
%=" GHFUHDVHG QHXURQDO DFWLYLW\ LQ FHUHEUDO FRUW|
KLSSRFDPSDO IRUPDWLRQ GXULQJ DQ HSLVRGLF PHPRU\ FK
SRVLWURQ HPLVVLRQ WRPRJUBMK\O 3(7 VWXGLHV OLQW]HU

+REYHU WKH p*$%$ K\SRWKHVLVY RQ DQ[LHW\ UHJXODWLF
QHXURQV DQWBHFHEWRUV DUH LQGHHG IDU WRR2ZRGHO\ GLV
DQG DOO GUXJV HQKDQFLQJ *$%$HUJLF WUDQVPLVVLRQ GR
ORUHRYHU %=' UHFHSWRUV DUH KLJKO\ IRXQG LQ WKH FHUH
GLUHFWO\ UHODWHG WR DQ[LHW\ UHJXODWLRQ 5LFKDUGYV I
WR NQRZ ZKHWKHU WKH DQ[LRO\WLF HIIHFWV Rl %='V DUH
VHGDWLYH DQG DQWLFRQ YsX@LVDQWE WH I THPWV RI DOO *$%$

6LGH HIITHFWV DQG SLWIDOOV

%='"V DUH ZHOO NQRZQ IRU WKHLU BWPBIOR2YVEWLGI) HIIHF
6WHZDUW DQG :HVWWW DO 97ROWDWLPH VHGDWLRQ GUR:
DQG IDWLJXH LV GLUHFWO\ OLQN HsGUW RHS WHR DVF WHLR®H R L 4G
ORFDWHG LQ WK[H2HHDWEEHO0ORXRRPAURXY QXPEHU RI FRJQLW
LOQDWWHQWLRQ DPQHVWLF HIIHFWV DQG GLVLQKLELWLRQ
DQG 6WHZDUW

%YH\RQG WKHVH VSHFLILF VLGH HIIHFWV %='V DOVR VKDUl
SRGKRUQD DOQGIWBOOGLEWWR@ERWPRBKU GUXJV WKDW WL
V\VWHP 3KDUPDFRORJLFDO RU SK\WVLRORJLFDO GHSHQGHC
WKH IRUPHU EHLQJ W\SLFDO RI WKH ODWWHU GHVSLWH QR
GHSHQGHQFH LV D QDWXUDO SK\WLRORJLFDO DGDSWDWLRQ
RI GUXJV WULJIJHULQJ ERWK WROHUDQFH DQG ZLWKGUDZDC
LQ WKH ILIWK HGLWLRQ RI WKH 'LDIJQRVWLF DQG 6WDWLVW
LPSOLHV FRPSXOVLYH XVH DQG GUXJ VHHNLQJ EHKDYLRXU
VIPSWRPV DPRQJVW RWKHUV $PHULFDQ 3V\FKLDWULF $VVF
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6RPH FOLQLFDO VWXGLHY DOVR VSRWWHG DQ DVVRFLDWL
ULVN RI GHPHQWLDHWb DO L EWIW MK HWVIHHUHVXOWY DUH EHLC
VWXGLHV HWIQ@ODRXRU VSHFLILFDOO\ DVVRFLDWHG WR WKH
%='V HJ GLDJHSDW DGKDMKHQFK $JHQF\ IRU WKH 6DIHW\ R
$IJHQFH 1DWLRQDOH GH 6pFXULWp GX 0AlbPD RBDY W W D/WGHEY
WKH XVH RI %=V DPRQJVW HOGHUO\ RYHU \HDUV ROG OL
ULVN RI GHPHQWLD $160

'"HVSLWH WKHLU LQYDOXDEOH XVH DV D WKHUDSHXWLF WU
D SRWHQWLDO RI DEXVH RIWHQ XVHG LQ DVVRFLDWLRQ Z
SKDUPDFRORJLFDO GHSHQGHQFH DQG DGGLFWLRYLQ@TEULH
WHUPV RI GHSHQGHQFH SK\VLFDO DUP DQG VRFLDO KDUP 1
GUXJV HW\WD W/

+RZHYHU GHVSLWH DOO WKHVH VLGH HIIHFWV %='V DUH
GLVRUGHUYVY HVSHFLDOO\ LQ )UDQ|EB2 6 REMH QHZ ©O/QDPKRO\WLF
WKHQ QHHGHG WR RYHUFRPH %='VY] VLGH HIIHFWV $PRQJV
PLIKW KHOS UHSODFH %=V ELRDFWLYH SHSWLGHV RU IR/
VSHFLDO LQWHUHVW GXH WR WKHLU OHVVHU SRWHQWLDO

7KH FDVHLQ WU\SWLF K\GURO\VDWH &+
%LRORJLFDO SURSHUWLHY LQ URGHQWY EHQ]RGLD]HS

$WU\SWLF K\GURO\V BWWHR IQELRW. QBHISHULWRQHDOO\ L S L
GLVSOD\HG DQ[LRO\WLF OLNHH®URSH UM WWZ R QG UIDMWH QOW F
EHKDYLRXUDO PRGHOV RI DQ[LHW\ WKH HOHYDWHG SOXV P
WHVWAM.] FI7TKHVH UHVXOWV ZHUH FRQILUPHG DIWHU DQ RI
K\GURO\WDWH L&+ LQGXVWUQDOH RLDP X)WD QMH WL PUDW V

PINJ LQ ERWK HOHYDWHG SOXV PD]JH DQG FRQEWWRBQHG

$VVRFLDWHG WR WKHVH DQ[LRO\WLF SURSHUWLHYV L&+ D
,QGHHG DQ RUDO DGPLQLVWUDWLRQ RI L&+ PJ NJ SUHYI
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Uubwv WKH VORZ ZDYH VOHHS WLPH ZDV SUHVHUYHG DQG V
LPSURYHG WVLARQ 7KHVH HIIHFWYV ZHUH DOVR REVHUY
DGPLQLVWUDWLRQ RI L&+ PJ NJ HQKDQFHG WKH VOHFE

PJ NJ L S E\ LQFUHDVLQJ GXUDWLRQ RI VOHH®W BXOW QF

(YHQWXDOO\ DQ L S LQMHFWLRQ RI &+ PJ NJ LQKLEL
LOQMHFWLRQ RI SHQW\OHQHWHWUD]R®HWO PJ NJ LQ D UDW

6HFXULW\ SURILOH DEVHQFH RI EHQ]JRGLD]J]HSLQHVY VL

$V VKRZQ RYHUKHDG WKHVH HIIHFWV DUH FRPSDUDEOH \
VRPH %="OLNH SURSHUWLHV $ VFUHHQLQJ IRU DQ\ VLGH H

&RPSDUHG WR GLD]JHSDP L&+ RUDOO\ DGPLQLVWHUHG L
QHLWKHU WROHUDQFH VHYHQ GD\V RI DGPLQLVW®DWLRQ |
QRU PHPRU\ LPSDLULQJ HIIHFWYV SDVVLYH DYRLGDQFH
SUHIHUHQFH HOWWYWDRXKH DEVHQFH RI VHGDWLRQ ZDV DOV
DIWHU DQ RUDO DGPLQLVWUDWLRQ WR PJ NJ LQ ERW
DQG URWDURG SHUIRUPDQFH 'XQKDP DN DQ@\D PRGHO

8VH LQ YHWHULQDU\ PHGLFLQH

7KH DQ[LRO\WLF OLNH SURSHUWLHV RI L&+ ZHUH WKHQ W
RUGHU WR DSSO\ WKH HIITHFWV RI WKH K\GURO\VDWH LQ YH'

$Q RUDO VXSSOHPHQWDWLRQ PJ NJ RI L&+ IRU GD)\
UHGXFHG WKH JOREDO VFRUH RI DQ[LHW\ PRUH VSHFLILFD(
JHQHUDO IHDUV IHDU UHODWHG DJJUHVVLRQV DQG DXWR
WUHDWPHGAW DEHDWOD KH VWXG\ ZDV UHLWHUDWHG DPRQJ\
VXSSOHPHQWDWLRQ PJ NJ GXULQJ GD\V $W WKH HQG
WKH DQ[LHW\ VFRUH DPRQJVW GRJV DQG QR GLIIHUHQFH
VSHFLILF LQKLELWRU RI PRQRDPLQH R[LGDVH XVHG DV
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K\ SHUVHQVLWLYLW\ VHSDUDWLR® ®E [LEMQRWX BRRE L WK H %+
D GD\V DFFHVV WR D GLHW FRQWDLQLQJ L&+ RQ EHKDYLR
HYDOXDWHG DPRQJVW WZR JURXSV Rl %HDJOH GRJV DQJ
WKH HQG RI WKH LOQWHUYHQWLRQ WKH L&+ VXSSOHPHQW
REVHUYDWLRQV DQG VLJQLILFDQWO\ GHFUHDVHG SODVPD
3DOHWWURQ L

(HIHFWV RI L&+ ZHUH DOVR HYDOXDWHG DPRQJVW VHPL IH
WUDQVLWLRQ WR GRPHVWLF PDQDJHRHR®W D@®DOKIR)GWKBOE
UHFHLYHG DQ RUDO VXSSOHPHQWDWLRQ RI L&+ PJ GD\
GXULQJ WZR ZHHNV VWDUWLQJ GD\V EHIRUH WKH WUDQVL
WUHDWHG SRQLHV GLVSOD\HG EHWWHU EHKDYLRXUDO VFRI
RI GRPHVWLF WUDLQLQJ $ VHFRQG VWXG\ ZDV SHUIRUPHG |
KHDOWKFDUH SURFHBWUBY OFRQRHROOWKHP UHFHLYHG T
VXSSOHPHQWDWLRQ PJ GD\ IRU D ZHLJKW UDQJLQJ IURF
ZHUH VFRUHG DW WKH HQG Rl WKH WUHDWPHQW SHULRC
LPSURYHPHQW IRU VHYHQ Rl WKH WHQ DYHUVLRQV VWXGLH
RQ VOLJKWO\ DYHUVLYH URXWLQH KHDOWKFDUH DFWLRQV

&OLQLFDO VWXGLHVY XVH DV D IRRG VXSSOHPHQW

7KH QH[W VWHS ZzDV WKHQ WR LQYHVWLJDWH WKH DQ[LRO
$ ILUVW GRXEOH EOHWGD®OW X®GV HFHDQRILWHG RXW RQ ZRPHC
UHFHLYLQJ PJ NJ RI L&+ GXULQJ GD\V +HDUW UDWH DQ
DQG GD\V RI WUHDWPHQW XVLQJ WKH 6WURRS WHVW D
WKH LQFUHDVH RI EORRG SUHVVXUH LQGXFHG E\ WKH WHVW

$ VHFRQG GRXEOH EOLAW®W DWXD\VVHVYVIBDPR®WEHH DQ[LRO\WL
DQ RUDO VXSSOHPHQWDWLRQ RI L&+ PJ FRPSDUHG WR D
PJ DPRQJVW PHQ H[SRVHG WR WZR W\SHV RI VWUHV'
UHVSRQVHV 7KH WZR VWUHVVRUV ZFWtRE2.% VD RIGRD B KLV D BDI
RQH FROG $lbHREYROU WKIWW XSSOHPHQWDWLRQ ZDV JLYHQ W
H[SHULPHQW DW DP DQG S P DQG WKH GD\ RI
&RPSDUHG WR WKH SODFHER L&+ GHFUHDVHG WKH DXJPHQ\
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SODVPD FRUWLVRO FRQFHQWUDWLRQ LQ PHQ H[SRVHG WR
DURXVDO KHDUW UDWH DQG DPEXODWRU\ EORRG SUHVVXULE
DEORFNHU QRU D K\SRWHQVLYH DJHQW

),*85( +$ BWURRS WHVW H[DPSOH

7KLV WHVW LV EDVHG RQ WKH IDFW WKDW QDI
DQG LV PRUH SURXH QV R/ KW FROWR XU RI WKH L
QDPH RI WKH FRORXU 7KH JRDO RI WKLV WHV
WKH ZRUG LV ZULWWHQ DQG QRW WKH ZRUG
DERYH PXVW EH UHDG 3UHG D Q GWXHQ JISHHIXG
LQ SVI\FKRORJLFDO VWXGLHV WR HYDOXDWH
WULJJHU VWUHVV UHVSRQVHV DPRQJVW LQGL"
HUURUV WR VBKIQ 3XOG D)W ORQGLQ

$ WKLUG GRXEOH EOLQG HW RDWY RYDHUUWWHWXOEGVHGEGPDPRQJVW
GLVSOD\LQJ VWUHVYV VI\IPSWRPV :RPHQ ZHUH JLYHQ HLWKHU
PLON SRZHU PJ GD\ GXULQJ D ILUVW GD\V SHULRG IF
WKHQG RI ZKLFK WUHDWPHQWYVY ZHUH VZLWFKHG GXULQJ
HYDOXDWHG WKH LPSDFW RI ERWK WUHDWPHQWY RQ SK\\
FDUGLRYDVFXODU V\VWHP ORFRPRWRU V\VWHP RWKHU SK\
LOQWHOOHFWXDO IXQFWLRQV HPRWLRQDO DUHD DUHD LPS
VWDUW RI HDFK LQWHUYHQWLRQDO SHULRG
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), *85( *7KH FROG SUHVVRU WHVW

7KLV LV D FDUGLRYDVFXODU WHVW WKDW FRC(C
LQWR VOXVK\ LFH ZDWHU 7KH WHPSHUDWXUH
UDWH || RWVHGVRDQ PLOQXWH WKLV WHVW FD!
LV VRPHWLPHY DOVR HYHQ XVHG DV D SDLQ W

(YHQWXDOO\ D FOLQLFDO GRXEOH EOLQG VWXG\ HYDO)
7$5*(7S FRPSRVHG RI L&+ DV VR FIOMXMWGE ZR MRKF MXYX E HQMOLE R
JLQVHQJ DQ% DP[WURBHDHWDU\ PHORQ MXLFH FRQFHQWUDW
DPRQJVW SDUWLHM S DQW¥DUMATRUSW QWY UHFHLYHG D ZF
RI HLWKHU 9$5*(7PJ GD\ FRQWDLQLQJ PJ RI L&¥ RU SO
VLIJQLILFDQWO\ LPSURYHG WKH VIPSWRPV RI SDUWLFLSDQW

$IWHU VRPH UHMHFWYV IURP WKH JUHQFK )RRG 6DIHW\ $J
6DQLWDLUH GHV $OLPHQWV $IVVD +LUVWFK &+ ILQDOO\ JR
WKH FODLP *FDQ PRGHUDWH WKH EORRG SUHVVXUH UHVSR
DUH SDUWLFXOD®WOLNG®VLWLYRKH $PHULFDQ )RRG DQG 'l
)'$ UHFRJQLIHGDDPWORHRIDOO\ 5HFRJQLVHG DV 6DIH *5$¢
,QJUHGLHQW 1', )'$ ZKLOH LQ WKH $XVWUDOLDQ 1
UHJLVWHURN @ QDWWH XPXVWUDOLDQ 5HJLVWHU RI 7KHUDSHXV
/IDFWLZHPUH DOVR UHFRJQL]HG E\ .RUHD )RRG DQG 'UXJ $GPL

ISHXW PRGpUHU OD UpSRQVH WHQVLRQQHOOH DX VWUHWYYV FKH] OHYV |
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FDVR]HSLQH D GHFDSHSWLGH FDUU\LQJ WKH DQ[LRO\
Invitro GLVFRIVWMI\SURSHUWLHYV

7KH %='" OLNH SURILOH RI &+ DQG RU L&+ DQ[LRO\WL
DQWLFRQYXOVDQ@WISORSHWWLWNMH II\SRWKHVLVY WKDW RQH
FRPSRVLQJ &+ PD\ KDYH DQ DIILQGLWAFIRIWRYVWLWH RQ *$%$

7KH GLIIHUHQW SHSWLGHV FRPSRVLQJ &+ ZHUH WKHQ VFU]
+@OXQLWUD]HSDP RI W KeHU% £'H'S MINRKWR | DG BCHR+ GLVSOD\HG |
DIILQLW\ IRU WKH % =UHNAMSWRU*$®$ ,Q WKH H[DFW VDPH FI
WHQ UHVLGXH SHSWLGH FRUUHVSRPGLIQUOWVR WRHIRBWLXP.
DERXW Rl &+ DOVR GLVSOD\V DQ DIILOQW\7KRHU SMIS M 6G=H
QDPHEDVR]HS&OMH DQG LWV VHTXHQFH ZDV IRXQG WR EH </
,Q WKH VDPH FRQGRUWSLLFDQN S WK D ¥ Q0 . &=3 VKRZLQJ Wk
ORZHU DIILQLW\ IRU WKHHFHSWRIH RKDRUSLD]HSDP $ V\QWHI
WHVWHG EXW ZDV IRXU WLPHV OHVV SRMWHQWR QH RQ WKH R
SHSWLGHVY FRPSRVLQJ &+ KDG DIILQUWRHRBWRMKH %=' VLWH |

$ VWXG\ RI WKH FRQIRUPDBDWIOBQ WRH Y.HO-GBHGYVWEKDW WKH SH
UuLJLG KHOLFRLG VWUXFWXUH LQ ZDWHU 6'6 PLFHOODU PH(
W\URVLQH DURPDWLF ULQJY DQG WKH GLVWDQFH EHWZHHQ
DURPDWLF ULQJV LQF@U&IM]HB BRXMDWXEO 7KLV PLIJKW H[SC
WKH DIILQLW\ RI WKH SHSWLGHFHIWRE' VLWH RI *$%$

7KH DQ[LRO\WLF OLNH SURSHUWLHV RI . &=3 ZHUH WKHQ C
EXU\LQJ WHVW LQ DHWDWOPR&® A DLEQRHFWLRQ RI WKH SH
GLVSOD\HG DQ[LRO\WLF OLNH HIITHFWV FRPSDUHG WR YHKLF

PJ NJ L S . &=3 PLIKW WKHQ EH WKH FDUULHU Rl &+ D
OLNH SURSHUWLHY ZHUH DOVR FRQILUPHG DIWHU DQ L S
DGPLQLVWUDWLRQ PJ NJ LQ D PLFH PRGHO HKXWLDRO WK

E



*$%%$5*%,& 6<67(0 $L'&$62=(3,1(

rEDVR]JHSLQH 1LWUD]HSDP

),*85( *&RPSDULVRQ RI DWKHHUBWIHP WWUXFW

ODVWLFRRVHPRRIGUHVWRIOHFXODU G\QDPLFV V
&=3 ZLWK WKH VWUXFWXUH RI WHHSDHQ]RGLD]

6WUXFWRDWRRHSLQH $URPDWLF ULQJ"
DQG VKRXOG EH FRPSDUHG ZLWK WK
IHFRXNW\DO

FDVR]JHSLQH GHULYDWLYHV

$V WKH LQWDFW VHTXHQFH RI . &=3 VHHPHG WR EH QHF
DFWLLYQ WIGKURVWLELOLW\ RI . &=3 ZDV DVVHVVHG WR LQYH
LQ WKH JDVWUR LQWH VW QDE W$ VHW RIDGELUHUHQMW SURWH
ZDV FKRVHQ SHSVLQ FK\PRWU\SYLQSWSVSE QL Q R OSORIRITGE
FK\PRWU\SVLQ WU\SVLQ RU SHSYLJKR ERRZNG SH)HYRIDR\O D §
IUDJPHQW ZHUH UHVLVWDQW WR K\GURO\VLV LQGXFHG E\ W
IUDJPHQ8N I. = </*</(4 DV ZHOO DV WKHK &1t| tUDJPHQW
</*</ ZHUH IRXQG LQ VLJQLILFDQW DPRXQW ZHWKR@ DOO K\
7KH DQ[LRO\WLF O{8H BWRSHWWHLHW\WRHV.VHG LQ UDWV

LQMHFWLRQ PJ NJ LQ FRQGLWLRQHG GHIHQVLYH EXU\LC
7KH DQ[LRO\WLF Q&NH HIIHEMWHRYLPLODU WR WKDW RI GLD]
DQG . &=3 PINJ LS 7KLV IURJPHOQRVFPM\UWKH QR EH &%RH

OLNH DFWLYLW\
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TKHQ YIDEVRUSWLRQ RI . &=3 DQG | # ZDV WKHQ HYDO
PROQRGU WR PLPLF WKH LQWHVWLQDO HSLWKHOLXP ZLWK C
ELOH H[WUDFW HTXLPRODU PL[WXUH RI WDXURFKRODWH
DSSUR[LPDWH SK\VLR@RNLEDBDMWFB@®LW I (RYKH SUHVHQFH RI
WKH 1 WHUPLQDO SDUW VR&1EIRWK ZD&+3UBDRVIGVWDQW WR EL
SHSWLGDVHV 2Q WKH RWKHU KDQG WKH & WHUPLQDO SDL
IRUPDWLR@Q1RI +. 7KH ELOH VDOWVYV DOVR LQFUHDVHG W
FRHIILFLHQW RI BERR&IKI|. % =3 WRKB ODWWHU EHLQJ PRUH DEVF

2WKHU DQ[LRO\WLF SHSWLGHV GHULYHG IURP . FDVR]H

2WKHU SHSWLGHYV GHULYHG IURPRI &=3 DFWLARWR EH WKH |

</* v &l | % H[KLELWV DQ[LRO\WLF OLNH DFWLYLW\ LQ "
PRGBIIGWHU HLWKHU DQ L S LQMHEWLRQ PJ NJ RUHBQ RUD
DO E 7KLV WULSHSWLGH GLG QRW KDYH DQ\ VHGDWLYH
LQMHFWLRQ PJ NJ

,W ZzDV DOVR VWDWHG W&DW WKHGGVYSBOWHE&E B X/LRO\WLF
DIWHUDQL S LOMHFWLRQ PLQLPXP PJ NJ DQ RUDO DG
LOWUDFHUHEURYHQWULFXODU LQMHFWLRQ QPRO PRXVH
.DQHJIBWDDO </ GLG QRW H[KLELW VHGDWLRQ LQ WKH RSH

PJ NJ 5HVXOWV RI WKH DQ[LRO\WLF OLNH SURSHUWLH'
DGPLQLVWUDWLRQ PJ NJ LQ D PLFH PRGHO XVH@YWJDWMWKH H

D E

7KHVH UHVXOWV ZHUH ZLGHQHG WR DOO DURPDHMWLPOPLQ

D )/ DQG :/ DOVR H[KLELWHG DQ[LRO\WLF OLNH SURSH!
HLWKHU DQ L S LQMHFWLRQ PJNJ RUDQ RUDO DGPLQLYV
KDYH DQ\ HITHFW L S LQMHFWHG PJ NJ FRPSDUHG WR W}
DQ\ VHGDWLYH HIIHFWV LQ WKH RSHQ ILHOG WHVW
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$ SRWHQWLDO FHQWUDO PRGH RI DFWLRQ RI . FDVR]HS

6LQFH WKH GLVFRYHU\ RI . &=31V DIld QHFH SRUR oL '\G VLA
DWWHPSWV WR XQGHUVWDQG WKH PRGH RI DFWLRQ RI WKH
SULYLOHJHG DV . &=3 GR QRW KDYH DQ\ DIILQLWA\W RO WKH

W ZDV DOVR VWDWHG WKDW L&+ *ZIKQIFKXF R Q VOBLXQNR E @ E
FHOO FXOWXUH LQ D GRVH GHSHDGHQWM LPD QQIHOX [ 'BEDWY BE R
ELFXFXOOL@WQWPIRRLVW -RKQVWRQ ZKLFK JRHV LQ
KEDIILQLW)\ |RWHFHESHN R UV

7KH LQYROYHPHQW RI GLIIHUHQW QHXURWUDQVPLWWHU
GRSDPLQHUJLF LQ WKH PRGH RI DFWLRQ RI . &=3 RU VRPH
XVLQJ GLIIHUHQW WHFHERWRBQLQSWRIGF GRSDPUIFHSWRUV
DQWDJRQLVWYV %LFXFXOODRQWZIRQXVWG -RKQVAI RS X3
+7s DQWDJRQL VW POHWF®E Us & + DQWDIRQLVW +\WWH
. &=3 PJNJ </* PJNJ </ PJIJNJ ) PJNJ DQG :/
OLNH DFWLYLWLHY LQGXFHG E\DQ L S LQMHFWLRQ LQ D PL
E\LS LQMHFWLRQ RI ELFXFXOOLQH :$< RU 6&+ =
UWSHFWLYHO\ HW Q& JMZ PX VHW JBO D E </ DQ[LRO\WLF SU
ZHUH IXUWKHU EORFNHG E\ DQ LS LQMHFWLRQ RI IOXPD
%HQWXpHW UMUMHU 7KLV LQGLFDWHYV sW KHLY\W [DQNG GGHROB\DVP L*GB B $
UHFHSWRUV DUH LPSOLFDWHG LQ WKHVH SHSWLGHV DQ[LR
DQG :/ DW —0 IRU DOO WKHVH UHF HSW ROV @ DN\K BRMIOIML J L E
DO D E

(YHQWXDOO\ D PRGH RI DFWLRQ ZDY W WDRSBRVHGHIRWQ W
DIRQLVWYV § RUH'BRABRODQG GRSDBHBHSWRUV 2PXBBZPRO
DQG 6.) ZHUH XVHG LQ WKH HOHYDWHG SOXV PD]H FR
DERYH 7KH IROORZLQJ K\SRWKHVLV ZDV WKHQ IRUPXODWH
</ <WVHURWRQWQ #¥i§ OHBEMSBGRSD P L Q HWU HUIOHFIHSH\ERAS
UHOMD$%S$ UHFHBW@RUWRO\WLF (FIcNRd 2DBWEZKHWRADLQ OLPLW L«
PRGHO LV WKDW QR OLQN EHWZHHQ </ DQG VHURWRQLQ LV
DUH EURDGO\ ORFDWHG LQ WKH EUDLQ DQG QRQ VSHFLILFD
ZLWK GLIIHUHQW FRPELQDWLRQV RI DQWDJRQLVWY ZRXOG |
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),*85¢( *$ PRGHO RI WKH FHQWUDO PRGH RI I
OLNH DFWLYLW\
.DQHIBXWDDO

1RZ WKDW WKH EHQ]JRGLD]JHSLQHYV DQG . &=3 KDYH EHHQ
*$%$SHUJIJLF VI\VWHP DQG LWV LPSOLFDWLRQ LQ DQ[LHW\ UHJ.
WR EHWWHU XQGHUVWDQG ZKDW DQ[LHW\ LV DQG KRZ LW L
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&RQWHQWYV

$Q[LHW\ DQ DGDSWLYH EHKDYLRXUDO UHVSIRQVH W

$Q[LHW\ LQ SKOYLHREORWLRQDO PHFKDQLVP|RI GHIH

6RXUFHV RI FRQIXVLRQ VWUHVV DQG IHDU

6WDWH DQG WUDLW DQ[LHW\

I1HXUDO FLUFXLWYV RI DQ[LHW\

, QWHUSUHWLQJ WKH WKUHDW

$P\JGDOD

((WHQGHG DP\JGDOD WKH %HG 1XFOHXNM RI WK}

+LSSRFDPSDO IRUPDWLRQ

(YDOXDWLQJ WKH WKUHDW

SUHIURQWDO FRUWH]

$SFFXPEQXQROH XV

SHVSRQVH LQLWLDWLRQ

+\SRWKDIL DWAFFOHQDO D[LV

%UDLQVWHP

SDWKRORJ\ RI DQ[LHW\

$Q[LHW\ GLVRUGHUV

SUHYDOHQFH RI DQ[LHW\ GLVRUGHUY DQG WUHDW
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$Q[LHW\N LV D FRPSOH[ SKHQRPHQRQ ZLWK VHYHUDO FI
SVI\FKRORJLFDO RQHV 7KLV FRQFHSW XQGHUWRRN D FRQVYV
WKLY HYROXWLRQ PD\ QRW HYHQ EH FRPSOHWH \HW 7KLV C
WKH GHYHORSPHQW RI WKH FRQFHSW RI DQ[LHW\ VWDUWL
DQJORY HIKH QHXUDO FLUFXLWV XQGHUO\LQJ WKLV SKHQRP
D WHPSRUDO SHUVSHFWLYH IURP WKH GHWHFWiARQ RI D
(YHQWXDOO\ WKH GLVRUGHUVY DVVRFLDWHG ZLWK KLJK OH
UHYLHA4335 FI

$Q[LHW\ DQ DGDSWLYH EHKDYLRXUDO UHVSRQVH WR W

JURP D KLVWRULFDO SR LDQWHRIS B HIBRUHBKHH WIHIMWRW LPH L Q
WKH 'DQLVK SKLORVRSKHU 6{UHQ .LHUNHJDDKIG ®RQFMHIRD [RQ
$Q[LHAMIUHEHW BIQMWMUP ZDV ERDQR XN BANVRER/D WLIQI KW T
GHULYHG |U RPQUWH(HANHRIUET XHH]HYT $Q[LHW\ LV WKHQ GHILQ!
IUHHGRPY] IHOW E\ DQ LQGLYLGXDO ZKHQ KH LV FRQIURQWH
SKLORVRSKHU ODUWLQ +HLGHJJHU FRPSOHWHG WKLV ILUVW
WH(X QBBHDQW DO PRRG RI H[LVWHQFH WKDW SODFHV XV LQ IU
IRUPHG IURP WKH OLEHUW\ Rl FKRLFH LQ IURQW RI DOO
HILVWHQFH RI ERWK DWWUDFWLRQ DQG UHSXOVLRQ 7KLV
ZKLFK JHQHUDWHY DQ[LHW\ LQ WKH3EHEDYLRXUDO LQKLELW

'HVSLWH WKH IDFW WKDW WKLV WHUP VSHFEMNFEARQWXWUDSS
GLIIHUHQW WHUPV ZHUH SUHYLRXVO\ XVHG WR GHVFULEH Z}
FRQVHQVXV RQ WKH WHUPV XVHG IRU D FRPSOHWH UHYLHZ
“RKQ /RFNH (QJOLVK SRINO-RQMR S K H UG R VBT W ROEER SWLQ RI
WKH ERG\ RI ZKDW VRUW VR HYHU DQG GLVTXLHW RI WKH
WR GHVLUH DQG GHVLUH OHDGV WR DFWLRQ Z&LEK JRDOV
&DXVHV Rl WKLV XQHDVLQHVV FDQ EH GLYHUVH LQFOXG
ZHDULQHVV DQG WLUHGQHVV RU SDVVLRQV DYHUVLRQ |
XQHDVLQHVV LV FORVH WR PRGHUQ GHILQLWLRQV RI DQ[LH!

W PD\ DOVR EH QRWHG WKH DOPRVW VLPXOWDQHRXV DSS
RIWKH'KFHQWXU\ ZKHUH ZRPHQ VKLQHG LQ )RU WKH ILUV
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HISHULHQFH DSSUHKHQVLRQ ZLWKRXW UHDO FDXVHV WKUR
ZRUNV FDQ HYHQ EH IRXQG LQ 9ROWDLUH FRUUHVSRQGHQF
LW $Q KLVWRULDQ VLIQDOOHG WKDW EHIRUH WKLV SHULRC
IDPLQH LOOQHVV RU ZDU $FFRUGLQJ WR KLP WKH DSSDL
PDWFKHV ZLWK WKH GLVDSSHDUDQFH RI UHDO IHDU ZLWK W

7KH HPHUJHQFH RI GLIIHUHQW SV\FKLDWULF GLVRUGHUV

UDQ[LHW\ GLFRY GHD\DIP WROMKH DGYHQW RI DQ[LHW\ ZLWK ¢
GHILQLWLRQV Rl QHXURVHV $FFRUGLQJ WR KLP DQ[LHW\

MWHJRULHVY REMHFWLYH RU QHXURWLF 2EMHFWLYH DQ[LH
HWHUQDO REMHFWLYH WKUHDW L H D ILUH RU D KXUULFDG
QHXURWLF DQ[LHW\ LV D UHDFWLRQ WR LQWHUQDO WKUHDW
WKDW WKUHDWHQ WR HQWHU FRQVFLRXVQHVV ,W DULVHV \
HJ RHGLSDO FRQIOLFWV ZKLFK ZHUH SXQLVKHG LQ FKLC
JUHXG DQ[LHW\ LV WKHQ H[SUHVVHG LI RQH LV UH H[SHULH
SX®PHQW WKHVH UHDFWLRQV EHLQJ GLVSURSRUWLRQDWH
RI DQ[LHW\ LV IRU WKH ILUVW WLPH VWDWHG DIWHU EHLQJ

,QGHHG W& MQAWMXU\ WKH ILUVWLRODRMOHBNEWD R QG RF WHRW
GLG QRW HYRNH D QL HW\W IQRWD BR BH PMIGD.G DK MF L HQ F H
'LFWLRQQDLUH GHV VFLHQFHV $YEQEDIOHE EHIPW ZHHURO X P HD(
$PpGpH 'HFKDPEUH ORUHRYHU LQ )UHQFK SV\FKLDWULF O]
WKUHH WLPHVHIQWWKHDQG DOZD\V DV D UHIHUHQFH WR PHC
WKH SV\FKLDWU\ GLVFLSOLQH “EPHWWMN UWMHEZREGHKDW | ERHFWO R
VIPSWRP RI SV\FKF@DWKRORJ\ Fl

7KH SKLORVRSKLFDO DVSHFW RI DQ[LHWHRRXXAG XMW O XEV
OLNH -HDQ 3DXO 6DUWUH EDVHG RQ .LHUNHJDDUG ZRUNYV
FRQVFLHQFH RI $RPRQOVWHHMVWHQWLDOLVWY SKLORVRSK

pH QT\ FURLY SDV ®DLV MTHQ DL SHXU
BKIHVW GDQV OTDQJRLVVH TXH GH+RPPH BHNUHWWYEBIFRQVFLHQF
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EHORQJV WKHUH LV VWLOO WKLV GLVWLQFWLRQ EHWZHHCQ
SHRSOHJG DQ[LHW\ DJDLQVW RQHVHOI

$Q[LHW\ LQ SK\WVLRORJ\ DQ HPRWLRQDO PHFKDQLVP RI

7KLV VHEWLRQ IXUWKHU GHILQHV DQ[LHW\ WKURXJK WK
$FRUGLQJ WR 2[IRP[CREGFWERQRQDU\ Rl OQ[QHWK LV HLWK
HZRUU\ RYHU WKH IXWXUH RU DERXW VRPHWKLQJ ZLWK DQ
DERXW D SHUVRQ VLWXDWLRQ HWF § RU uD WURXEOHG VW
7KHVH GHILQLWLRQV FRQVLGHU WKH GLIIHUHUMN FXLDRY P
+HLGHJJHUTVY QRWLRQV RI FKRLFH DQG FRQIOLFW )UHXGT
IRENHYV VWDWH RI PLQG WULJJFHUHEHE\QRWHRA RLVDXQDVLIFR
FRQVHBEYSW\ FKLDWULVWY DV DQ[LHW\ LV pWKH DQWLFLSD
3V\FKLDWULF $VVRFLDWLRQ

$FRUGLQJ WR SK\WWLRORJLVWV DQ[LHW\ LV GHVFULEHG
VXFFHVVLYH VWHSV DQG FRPSRQHQWY $XWRPDWLF SK\VL
UHVSLUDWRU\ UK\WKP SLORHUHFWLRQ EOXVKLQJ« DUH "
UHJXODWHG E\ QHXURWUDQVPLWWHUY DQG KRUPRQHV 7K
MXPSLQJ IUHH]LQJ RU DJJUHVVLRQ IDFLDO DQG YRFDO
VXEMHFWLYH H[SHULHQFH &KDUOHV 'DUZLQ LQLWLDOO\ VW

32 $Q[LHW\ WKXV PHHWV .OHLQJLRWQIVBPIGU.QH LIQIILW DPQFR I

DQ HPRWLRQ LV D FRPSOH[ VHW RI LQWHUDFWLRQV DF
PHGLDWHG E\ QHXUDO KRUPRQDO V\VWHPV ZKLFK FDQ
VXFK DV IHHOLQJV Rl DURXVDO SOHDVXUH GLVSOHDVX
D/ HPRWLRQDOO\ UHOHYDQW SHUFHSW X OF H BIFW WWD \DIS$
ZLGHVSUHDG SK\WLRORJLFDO DGMXVWPHQWY WR WKH
EHKDYLRXU WKDW LV RIWHQ EXW QRW DOZD\V H[SL
.OHLQJLQQD DQG .OHLQJLQQD

HIHQIHU FYHYW OHV DXWUHV
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$V IDU DV EHKDYLRXUDO FRPSRQHQW LV FRQFHUQHG DQG
LV H[SUHVVHG ZKHQ WKH GDQJHU KDV QRW \HW KDSSHQHG
WKH LQGLYLGXDO LV JRLQJ WR DQ XQIDPLOLDU SODFH EXW
GDQJHU WR|ABSFEBRDFRW D VXUYLYDO PHFKDQLVP RI GHIHQF
SUHSDULQJ WKH RUJDQLVP WR XSFRPLQJ WKUHDWYV DQJL}
1HXURORJLFDO FRPSRQHQWY RI DQ[LHW\ ZL®BQ EH GHWDLOF

), *85( +&0ODVVLILRDWIHR/GRQVHY DQG DVVRF

LQ IURQW RI GLITHUHQW FODVVHV RI GDQJHU
'LYHUVH EHKDYLRXUV FDQ EH VFRUHG LQ WK
GDQJHU 7KHVH EHKDYLRXUVKHRRBDWHPDKWGUHL.
DVVRFLDWHG ZLWK FOLQLFDO GLVRWDGHUV RE’

6RXUFHV RI FRQIXVLRQ VWUHVV DQG IHDU

7KH WHUWPURWH/UP GIHRPYRGGHWMH@EAKHURZQHVY RSSUHVVL
XVHG ZKHQ GHVFULELQJ DQ[LRXV VWDWHYV 7KLV WHUP LV |
WHKLGHD EHLQJ WDNHQ IURP PHFKDQLVPV ZKHUH VWUHVV pl
SDUWLFOHV RI D FRQWLQXRXV PDWHULDO H[HUW RQ HDEK
PDWHULDO VWUDLQ § 7KH FRQFHSW ZDV WKHQ DGDSWHG V
$XVWXRJIDULDQ HQGRFULQRORJLVW ZKR GHILQHG VWUHVYV
VXFK DV DQ HQYLURQPHQWDO FRQGLWLRQY 6HO\H 7K
WKDW QRQ VSHFLILE VWHUHRW\SHG DQVZHUV FDXVHG E\ ¢
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DPRQJVW DQLPDOV WKHVH UHDFWLRQV EHLQJ GULYHQ E\ V
*HQHUDO $GDSWDWLRQ 6\QGURPH *$6 JRDO LV WR UH HV
RUJDQI$YPXQIROGY LQ WKUHH SKDVHV GHILQHG DV WKH DOI
IL@D\ WKH H[KDXVWLRQ SKDVH 6HO\H LQ WKH HDUO\ Vv
XQOLNH PDQ\ RWKHU GLVHDVHV WK HLRRXW QQLRAR TW KUHH WKRIG
DJHQW $Q[LHW\ LV SDUW RI WKH SV\FKRORJLFDO FRPSRQH

$Q[LHW\ LV DOVR RIWHDQ&RRS DUVHHGE ERWKNVUHVY WKH GLVV
DQG DQ[LHW\ LV IDU YDJXHU $FFRUGLQJ WR 2[IRUG GLFW
XQHDVLQHVV FDXVHG E\ WKH VHQVH RI LPSHQGLQJ GDQJHU
2[IRUG 'LFWLRQDU\ Rl (KMOIGHILQLWLRQ LV RSSRVHG WR
3V\FKLDWULF $VVRFLDWLRQ WKDW GLVWLQJXLVK IHDU DQG
HIHDU LV WKH HPRWLRQDO UHVSRQVH WR UHDO RU SHUFI
DQWLFLSDWLRQ RI IXWXUH WKUHDWY $PHULFDQ 3V\FKLDW
DOUHDG\ PHQWLRQHG EHIRUH WR GLVFULPLQDWH IHDU DQC
FKDUDFWHULVWLFV L LW LV DQ HPRWLRQDO VWDWH VRP
VWLPXOXV ZKLFK LV SULQFLSDOO\ UHVSRQVLEOH GRHV QF
SDQWLFLSDWHG  LQ WKH IXWXUHY (VWHV DQG 6NLQQHU
DDVR EHHQ LQWURGXFHG E\ %ODQFKDUG DQG %ODQFKDUG
GDQJHU IHDU EHLQJ HO L HEWREG LG %00 K R H Gi DRSS % OPIQ F K
+HLGHJJHU DOVR GLVWLQJXLVKHG IHDU DQG DQ[LHW\ FR
SDUWLFXODU ZKHUHDV DQ[LHW\ LV PRUH LQGHWHUPLQDWH
RQ GLIIHUHQFHVY EHWZHHQ WKHVH WZR ZRUGV IRU D JUHDV
SDUWV Rl WKH VDPH SKHQRPHQRQ ,QGHHG ERWK DUH DGD
WR VHQVH WKUHDWHQLQJ VLWXDWLRQV DQG EHLQJ DQ HYF
2Q D QHXURORJLFDO SRLQW RI YLHZ DQ[LHW\ HYHQ G
LQYROYLQJ WKH VDPH FHUHEUDO BHJLRQV /H'RX]

,Q ERWK (QJOLVK DQG *HUPDQ pDQ[LHW\Y HGUHDGY uDQ.
FDOO WKH VDPH SKHQRPHQRQ ,Q JUHQFK RQ WKH RWKHU K
DQ[LpMPG LIDPUMUYAMLFK GHILQLWLRQV FKDQJH EHWZHHQ
WKHP DQ[LHW\ LV WKH SV\FKRORJLFDO SDUW Rl WKH SKHQ
VIPSWRPV ZKHUHDV IRU RWKHU DXWKRUV LW LV WKH RSSH
LOQWHQVH DQ[LHW\ RWKHU FRQVLGHULQJ RQ WKH RWKHU KL
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GXUDEOH (YHQWXDOO\ VRPH ZLOO GHILQH DQJVW DV WKH
WKH SK\VLRORJLFDO IDFHW RI WKH VDPH SKHQRPHQRQ :H |
uDQ[LHW\Y WR GHVFULEH ERWK WKHVH SKHQRPHQD LQ WKH

6WDWH DQG WUDLW DQ[LHW\

,Q WKH 6SLHOEHUJHU GHYHORSHG D PXOWLIDFWRULDC
D UHDFWLRQ DQG DQ[LHW\ DV DQ XQGHUO\LQJ SUHGLVSRVL)
7KH IRUPHU zDV QDPHG VWDWH DQ[LHW\ WKH ODWWHU WUL

6WDWH DQ[LHW\ LV D GLVFUHWH WUDQVLWRU\ UHVSRQVH
VLWXDWLRQ /LVWHU ,W LV RIWHQ FRQVFLRXVO\ SH
.RFRYVNL DQG LW LQYROYHY DQ DFWLYDWLRQ RI WKI|
GLITHUHQW SK\WLRORJLFDO DQG EHKDYLRXUDO FKDQJHV VZ
DQG UHVSLUDWLRQ EHKDYLRXUDO LQKLELWLRQ YLJLODQ
DQ[LHW]Y FI

7UDLW DQ[LHW\ RQ WKH RWKHU KDQG GRHV QRW YDU\ R
RI DQ LQGLYLGXDO PHHWLQJ *RUGRQ $OOSRUWTfV WUDLW
RQHYV SUHGLVSRVLWLRQ WR H[SHULHQFH DQ[LRXV V\PSYV
DQ[LRIJHQLF VWLPXOL RU QRW 7UDLW DQ[LHW\ DPSOLILHV
KLJK WubDLW DQ[LHW\ OHYHOV DUH PRUH SURQH WR H[SHUL
WR LQGLYLGXDOV ZLWK ORZHU OHYHOV RI WUDLW DQ[LHW\
HHHUJ\ VWDWH DQ[LHW\ DQG SRWHQWLDO HQHUJ\ WUDLW
HI[SHULHQFLQJ DUDFKQRSKRELD PD\ KDYH D QRUPDO WUDLMW
OHYHOV XQGHU PRVW FLUFXPVWDQFHYVY EXW ZKHQ D VSLGHL
MXPS (QGOHU DQG .RFRYVNL 7UDLW DQ[LHW\ LV FORYV
QHXURWLF[DQ[LHW\ FI 31
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1IHXUDO FLUFXLWV RI DQ[LHW\

7KH QHXUDO V\VWHP LV DW WKH LQWHUIDFH RI DQ RUJDQL
VWDWH DQG H[WHUQDO VWLPXOL LQ RUGHU WR SURGXEFH
SDUWLFXODU FDWHJRU\ RI LQGLYLGXDOVY SV\FKRORJLEDO |
WKHRU\ VWDUWHG RXW ZLWK &KDWEHV([BUEVYLRD RI WIKWK(
LQ 0DQ DQGZHWPHD B¥ SRLQWHG RXW WKDW HPRWLRQV ZHU
VHOHFWLRQ DQG WKDW WKH\ FDQ WKHQ EH REVHUYHG DFUF

7KH ILUVW FHQWUDO FLUFXLW RI HPRW|ER®RA3.ZDYDFSRHJQHG E
7KLV FLUFXLW ZDV GHVFULEHG DV D ORRS EHWZHHQ
K\SRWKDODPXV DQG WKH KLSSRFDPSXV 7KH FRUWH[ DQG
UHVSRQVLEOH IRU WKH JHQHUDWLRQ RI IHHOLQJYVY DQG ERG
WKDW DUH VWLOO GHVFULEHG LQ SURFHVVLQJ HPRWLRQV

7KH QH[W SURSRVLWLRQ ZDV WKHQ IRUPXODWHG LQ
DUFKLWHFWXUH WKHRU\ ODF/HDQ $FFRUGLQJ WR
WKUHH GLITHUHQW HQWLWLHY DVVHPEOLQJ WKHPVHOYHV D
OHDVW HYROYHG DQG FRQYHUVHO\
X TKH UHSWLOLDRRFERYBE[RI WKH EUDLQ VWHP ZDV UH"
EHKDYLRXUV VXFK DV DJJUHVVLRQ GRPLQDQFH RU UF
Xx 7TKH SDOHRPDPPDOLDQ FRPSOHURVW GHNEFULA EMGNBE@D W
3DXO %YURFD LQ %YURFD ZDV GHGLFDWHG WR
FRPSRVHG RI bOO WKH VWUXFWXUHV RI WKH 3DSH] Fl
DP\UJGDOD DQG WKH SUHIURQWDO FRUWH]
Xx TKH @BRDOLDQ FRFNSERHSRVHG RI WKH QHR FRUWH]
FRIQLWLYH IXQFWLRQV VXFK DV ODQJXDJH DEVWUDF

7KLY PRGHO KRZHYHU VXIIHUV IURP GLIITHUHQW FULWLFV
WKDW WKH EUDLQ ZRUNV DV D ZKROH DQG WKDW FRPSOHT \
EUDLQ UHJLRQV UHJIJDUGOHVV RI WKHLU WULXQH FRPSOH
HPRWLRQV DV LW KDV EHHQ GHPRQVWUDWHG WKDW RQO\ W
DRIGDOD ZHUH DOZD\V UHODWHG WR HRWRWOA R®BOH W\D WHKX"
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QRW D VSHFLDOLVHG VA\VWHP LQ WKH WUHDWPHQW RI HPRW
GLYHUVLW\ RI HPRWLRQV /H'RX][ OLOODAQ

),*85( *7KH HYROXWLRQ RI WKH HPRWLRQDC
7TRS 7KH 3DSH] FLUFXLW (PRWLRQDO H WIKmDX
ZKLFK VHQG RXWSXWV WR ERWK FRUWLFHYV C
SURGXFHV pIHHOLQJVY ZKLOH K\SRWKDODPXV
TR&SRZQ DQG EBWOMRREBY DUH PDGH YLD KLSSF
DQWHULRU VZWKODOMBR XK

%RWWRP &RPSDULVRQ RI WKH OLPELF V\VW
ULJKW $FFXPEHQV QXFOHX\DO®DUNHHXH EH
WKH VWULD WHUPLQDOLYV %167 OLJKW EO’
K\SRWKDODPXV \HOORZ ROIDFWRU\ EXOEV
6RNRORZVNL DQG &RUELQ
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6HYHUDO PRGHOV KDYH WKXV EHHQ SURSRVHG WR PRGHC
ZLOO DGRSW D WHPSRUDO SRLQW RI YLHZ XYIOREBIIPRGHO S
&DOKRRQ DQG 7\H ROQFH WKH WKUHDW KDV EHHQ GH\
FRUWLFHY DQG WKH WKDODPXV WKLV VWHS ZLOO QRW EH U
WKH WIBPHDWRBILQJ WKH WKUHDW ZLWK DQ HPRWLRQDO YDC
WKH WK8BHPWQEI WR WDNH D GHFLVLRQ DERXW WKH PRVW
(YHQWXDOO\ VSHFLILF UHJLRQV ZLOO WULJIJHUV WKH SK\
DGRSWHG EHKDIYLRXU FI 3.23

&DSLWDO LQIRUPDWLRQ LV WR NHHS LQ PLQG WKDW WKF
VWUHDP Rl LQIRUPDWLRQ PDNLQJ LW KDUGHU WR IX0O0\ X
$Q[LHW\ DV RWKHU FRPSOH[ SKHQRPHQRQ GR QRW UHO\ R
UHVXOW RI DQ LQWHUDFWLRQ EHWZHHQ GLIIHUHQW UHJLR
GLIIHUHQFH EHWZHHQ SUH FOLQLFDO DQG FOLQLFDO UHV
XQGHUVWDQG WKLV SKHQRPHQRQ

),*85( +*&LUFXLW RUJDQLVDWLRQ LQ DQ[LHW
$GDSWHG&D®RRRQ DQG 7\H
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, QWHUSUHWLQJ WKH WKUHDW
3.2.1.1 Amygdala

$P\JGD®DV QRW FRQVLGHUHG DV D SDUW RI WKH OLPELF
VXSSRVHG WR EH D GHIHQVLYH VWUXFWXUH DW WKH ILUV
+HLQULFK .0O+YHU DQG 3DXO %XF\ GLVFRYHUHG LQ WK |
FRQWDLQ WKH DP\JGDOD LQ PRQNH\V PDGH WKHP OHVV IHL
SKHQRPHQRQ DPRQJVW KXPDQV FRLQLQJ WKH .0O«YHU %XF\
‘HLVNUDQW] GLVFRYHUHG WKDW WKH VROH DEODWLRQ RI |
6LQFH WKHQ DP\JGDOD KDV EHHQ H[WHQVLYHO\ VWXGLHG IF
LWV UROH LQ DQ[LHW\ LV OHVV HYLGHQW GXH WR WKH GL
IH'RX] BWHLPHU

&RQFHUQLQJ KXPDQV LW KDV EHHQ VKRZQ WKDW D ODUJI
GHSUHVVLYH GLVRWGH®YV GHQSIMW VRPH VWXGLHV VKRZLQ
DQG UHGXFHG DP\JGDOD YROXPHV KDYH EHHQ D VR\REWBIWHG
HW DO ,W KDV DOVR EHHQ VKRZQ WKDW VRPH DQ[LHW\ GLV
DQ[LHW\ ZHUH DVVRFLDWHG ZLWK D LQFUHDVHG DFWLYL
WHFKQLTXHW BDXFEQRWKHU VWXG\ GLVSOD\HG WKH IDEW W
LQ WKH SURFHVV WDNLQJ SODFH ZKLOH IOHHLQHWPRD YL

$V IDU DV URGHQWY DUH FRQFHUQHG WKH DP\JGDOD LV |
GLVWLQFW QXFOHL GLVWLQJXLVKHG RQ KLVWRORJLFDO FL
DQG VL]H RI VWDLQHG FHOOV WKH WUDMHF@I ILEUHYV
BLWNHOWHRO 1RPHQFODWXUH RI WKH QXFOHL ZLOO RIWHQ (
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),*85( *t6WUXFWXUDO RUJDQLVDWLRQ RI WKH DP\JG
3DQHO $ LV PRVW URVWUDO DQG SDQHO 'LV PRVW FD
"HHXIXFOHL

/IDWHUDO Q X Hdamshlataral division (La), ventrolateral division (L), medial
division (Lm)

%DVDO QXFOidaghocelkdar division (Bmc), intermediate division (Bi),
parvicellular division (Byc)

$FFHVVRU\ EDVD Ot @aghaéliXar didision (ABmc), parvicellular division
(ABpc)

6XSHUILFLDO QXFOHL

I1XFOHXV RI WKH ODWHUDO ROIDFWRU\ WUDFW 1/27

%HG QXFOHXV RI WKH DFFHVVRU\ ROIDFWRU\ WUDF)

$OQOWHULRU FRUWLFDO QXFOHXV &2

OHGLDO QXF @strdl\ivigion (M;), central division dorsal part (Mcg), central
division ventral part (M), caudal division (Mc)

3HULDP\JG D O ReanfygialaMddgrtex (PAC), periamygdaloid cortex, medial
division (PACn), periamygdaloid cortex, sulcal division (PACs)

SRVWHULRU FRUWIFDO QXFOHXV &2

2WKHU DP\JGDORLG DUHDYV
$QWHULRU DP\JGDORLG DUHD $$$%
&HQWUDO QXFOHDXSW X®DU GLYIODWAURQ GLYQWHR®
GLYLVLROH&(LDO GLWLVLRQ &(
$P\JGDRRS DPB DO DUHP HGHSD O GLY VDR HIHSO G loY
, QWHUFDODWHG QXFOHL |,

3LW N eQaH Q
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7KH EDVRODWHUDO QXFOHXV %/$ LV RIWHQ FRQVLGHUF
UHFHLYLQJ WKH SULQFLSDO RXWSXWV RI WKH VWUXFWXUH
FIGURE 3.5] /H'RX] [HHWXD O 2ZWKHU QXFOHL DOVR FR
LQIRUPDWLRQ VXFK DV WKH PHGLDO QXFOHXV O0OH$ ZLWK
EDVRPHGLDO %0$ ZLWK DXGLWRU\ DQG YLVXDO FXHV *UR
WKLV VXJIJHVWYV WKDW WKH DP\JGDOD LV D FUXFLDO UHOD
RFFXSLHVY D FHQWUDO UROH LQ LQWHJUDWLQJ WKH VHQVR
DSSURSULDWH EHKDYLRXUDO FXHV O6WHLQ DQG 6WHFNOHU
LQIRUPDWLRQ FRPLQJ IURP RWKHU VWUXFWXUHV VXFK DV
IRUPDWLRQ /H'RX][

QIRUPDWLRQ PRVWO\ WUDYHOV XQLGLUHFWLRQDOO\ IUR
ZKLFK LV WKH PDLQ RXWSXWFREWEBSFWXQUHWR D® KH PDADMKRDO D
SDUW RI WKH LQIRUPDWLRQ ZLOO IORZ WR WKH K\SRWKD
EHKDYLRXU ZL IF@UFEI—S.G_QFB.MLDWHG

1XFOHL RI WKH DP\JGDOD GR QRW PHGLDWH EHKDYLRXUV
WKH DP\JGDOD LV DQ[LRO\WLF LQ WKH HOHYDWHG SOXV PC
QHHGHG IRU WKH DYRLGDQFH RI RSHQ VSDFHV ZKLFK LV I
ORMLHW DO ,Q D PRUH VXEWOH DSSURDFK WKH SKDUPDFF
Ubwv WULJJHUV DQ[LHW\ EXW WKH DFWLYDWLRQ RI WKH V
GHFUHDVHV DHQW/LB®\ $WVHHQ ZLWK WKH FOLQLFDO UHYVXC(
DP\JGDOD DV DQ[LRO\WLF RU DQ[LRJHQLF LV WKHQ RYHUVL

&RQFHUQLQJ DQ[LHW\ UHODWHG GUXJV X\/@J LDV PDIW H U
GHPRQVWUDWHG WKDW GLIITHUHQW DQ[LRJHQLF GUXJV LQFU
ubwv 6LQWHZOOGHVSLWH VRPH RWKHU DXWKRUV UHSRUWL
LQ WKH &H$ FDQ EH IRXQG UHJDUGOHVV RI WKH DQ[LRJHQL
7TKRPSVRQ DQG 5RVHQ 7KH &H$ LV DOVR WKH PDLQ Pl
RI PHRGLD]J]HSLQHYVY LW DWYV &DUYDOKR
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),*85( *,QSXWV DQG RXWSXWV RI WKH DP\JC
$EEUHYLDWLRQV RI DP\JGDOD D UHDY
QXFOHXV LWF LQWHUFDODWHG FHOO
6HQVRU\ DEEUHYLDWLRQV DXG DX
VRPDWRVHQVRU\ JXV JXVWDWRU\ W
DEEUHYLDWLRQV 1( QRUHSLQHSE&K
DFHW\OFKROLQH +7 VHURWRQLQ ¢
SDUDV\PSDWKHWLF QHUYRXV V\VWHP
VA\VWHPRX |
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),*85( *&RQQHFWLRQV Rl WKH FHQWUDO DP)

6FKHPDWLF GLDJUDP VKRZLQJ GLUHFW FRQQH
RI WKH DP\JGDOD DQG D YDULHW\ Rl K\SRWKEC
WKDW PD\ EH LQYROYHG LQRG Il HBU QWG ©@QQRH
K\SRWKDO K\SRWKDODPXV $&K DFHW\OFKR
KRUPRQH ((* HOHFWURHQFHSKDORJUDP &
UH VSR QDR

(YHQWXDOO\ VRPH QXFOHL GLVSOD\ KLJK GHQVLWLHYV

&DSRJQD EXW PRVW RI WKHP DUH JDWKHUHG DV LQ
LQIRUPDWLRQ IORZV DV LQKH®LWA U ¥ LIQMUHHF@IIS XURRIQN G LIS |
VSHFLILF SURILOH GHSHQGLQJ RQ WKH QXFOHL WKH FHQW
UHFHSWRUV PHGLDWLQJ WKH DQ[LRO\VEP.H 9XRSEPKAWDIOV RI
.DXIPBI@QDO 2SLRLGV UHFHSWRUV DUH DOVR IRXQG L
WKH DQ[LRO\WLF HIIHFWV RI EMQTIRGLBDPHEEDGIO H BB BPBNERX)
&RQYHUVHO\ LW KDV DOVR EHHQ VKRZQ WKDW VR
FKORUGLD]HSR[LGH DQG GLD]HSDM QGG FBHS VDR LD L WX WRQ

UHFHSWRUV &R[ DQG &ROOLQV
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7R VXP XS WKH UROH RI @J(}:@@JMEQLNQWHMLFN LQ
Rl VHQVRU\ FXHV YLD WKH WKDODPXV DP\JGDOD FDQ WULJJ
WKH VHQVRU\ FXHV ZLWK DQ HPRWLRQDO YDOXH H J WKH
ILUVW LQIRUPDWLRQ LV UDWKHU VNHWFK\ DQG WKH LQWHU
VHQVRU\ FXHV 5HLQWHUSUHWDWLRQ LV DOVR VRPHWLPHYV (
E\ WKH DP\JGDOD PD\ EH ZURQJ H J DVVRFLDWLQJ WKH YL

),*85( + WAXLFN DQG GLUW\Y YHUVXV uVvVoOfF
LQWHUSUHWDWLRQ

7KH FDW SURGXFHV D YLVXDO VW L®P EO XK & KUK
SURFHVVHG E\ WKH YLVXDO WKDODPXV 7KH
LQIRUPDWLRQ uTXLFEN DQG GLUW\Y LQWHUSU
DQ HVFDSH UHVSRQVH LQ WKH PLQLPXP RI G
VRSKLVWLFDWDBI\GIRIQWRHYUWWURXJIJK WKH YL
GHWDLOHG FODVVLILFDWLRQ RI WKH VWLPXO)>
7KLV VHFRQG LQIRUPDWLRQ HLWKHU FRPSOHV
LW LI WKH uTXLFN DQG GLUW\TQ\QMWWBGBDR WD\
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3.2.1.2 Extended amygdala: the Bed Nucleus of the Stria Terminalis (BNST)

6RPH VWXGLHV SRLQWHG RXW WKH IDFW WKDW OHVLRQV
EHKDYLRXUDO WHVWV DV WKH HOHYDWHG SOXV PD]H RU FR
VWLOO H[HUWHG LW DQ[LRO\WLF HIIHEFWV LQ D PRGHO RI DP
EUDLQ VWUXFWXUHV PXVW WKHQ EH DOVR LQYROYHG LQ W
WKDW QRUPDOO\ SDVVHVEWBURXBE R HXPAJGIDWRH MMULMD WHU
RQH Rl WKHP %167 LV VLPLODU WR WKH DP\JGDOD LQ W
PRUSKRORJ\ DQG KDV WKXV EH LQWHJUDWHG WR D FRPSOH
W DOVR UHFHLYHV VWURQJ SURMHFWLRQV IURP WKH L

DQG WKH EUDLQVWHP

SDWLHQWYV ZLWK D JHQHUDOLVHG DQ[LHW\ GLVRUGHU GL
ZKHQ SXW LQ D JDPEOLQJ VLWXDWLRQ ZLWK KLJK XQFHUW
<bDVWW DO $V IRU WKH DP\JGDOD H[SHULPHQWYV ZLWK URG
EHFDXVH RI WKH H[LVWHQFH RI VXEQXFOHL ZLWKLQ WKH %1
WULJJHU WKH VDPH EHKDYLRXUDO FXHV $GKLNDUL &D

%W67 LV WKHQ WKRXJKW WR PHGLDWH VXVWDLQHG IHDU DC
PRUH DFXWH RU SKDVLHFWUBOSR®YW H\WQ HODDRSEHOH WKH %167 F
FRPSHQVDWRU\ DUHD WR WUHDW DQ[LHW\ LQ %/$ OHVLRQHC
IXOO\ FRPSHQVDWH WKH W \VLA& Q 1§ GPBKIURQ@ J3 RXIGRWYV WKH
DQ[LHW\ ZKLOH DP\JGDOD PHGLDWHY VWDWH DQ[LHW\

3.2.1.3 Hippocampal formation

7KH KLSSRFDPSDIDMEARBWHR®HQVLYHO\ GHVFULEHG IRU |
OHDUQLQJ DQG QDYLJDWLRQ +RZHYHU WKLV UHJLRQ FDO
UHJXODWLRQ $QDWRPLFDOO\ VSHDNLQJ WKH GRUVDO KLS?
PHPRU\ ZKLOH WKH YHQWUDO SDUW RW LB\ P HTKIDMWZD/V DEX] V H
RQ WKH IDFW WKDW SHUPDQHQW RU WHPSRUDU\ OHVLRQV |
ZD\ DV DQ[LRO\WLF GUXJV RQ EHKDYLRXUDO WHVWYV
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$QRWKHU UHDVRQ LV WKDW WKH KLSSRFDPSDO IRUPDWL
,QKLELWLRQ 6@1 GH& FULEHG E\ *UD\ *UD\ K HC
DQ[LRJHQLF VLWXDWLRQ L H D VLWXDWLRQ RI FRQIOLFW
VLIJQDOV RI QRQ UHZDUG QRYHO V[ P ¥XH CRUG DQ@IQLPW K6 WH
WKH FHQWUDO QHUYRXV V\VWHP KDV WR DGRSW DQ DSSUR
UHVXOWY LQ LQFUHDVHG DURXVDO LQFUHDVHG DWWHQMW
SURJUDPPHVY EHKDYLRXUDO LQKLELWLRQ 7KH UROH RI V
H[SHFWHG VWLPXOL LI WKHUH LV D GLIITHUHQFH EHWZHHQ \
DUH LQKLELWHG ZKLOH DWWHQWLRQ DQG DURXVDO DUH LQ
E\ GHFUHDVLQJ WKH QHXUDO DFWLYLW\ RI WKH KLSSRFDP
RUJDQLVP SK\VLRORJLFDOHMWERQVHY GH OHGHLURYV

),*85( *+7KH EHKDYLRXUDO VWKPEWWHR®Q\V\

7TKH EHKDYLRXUDO LQKLELWLRQ VA\VWHP LV W
GDQJHU WR DSSURDFK 7KH LQGLYLGXDO UHV
JHQHUDWLRQ ZLWK DOO RI LWV SRVVEEBDH RX

7KLV LQWHUSUHWDWLRQ UROH RI VHQVRU\ FXHV E\ WKH Kl
DQLPDO H[SHULPHQWY )RU H[DPSOH UDWYV FDQ EH KDELWX
D WRQH IROORZHG E\ D FRQVWDQW OLJKW YHUVXV D FOLFN
DQG YLVXDO FXHV DUH PLVPDWFKHG D QHZ EHKDYLRXU ZL
DVVRFLDWH WKH WZR FXHV +RZHYHU UDWYV ZLWK KLSSRFDI
WR WKH QHZ FXHV GLVSOD\LQJ D LQFRQVHWVBIQF\ WR LQW't
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&RQFHUQLQJ FOLQLFDO UHVXOWY LW KDV DOVR EHHQ RE)\
%2/' VLIQDO LQ WKH KLSSRFDPSDO IRUPDWLRQ ZDV UHG)
DQI[LRIJHQLF VLWXDWLRQ WULJIJHUHG ZLWK YLVXDBI® AXHV FI

(YDOXDWLQJ WKH WKUHDW

3.2.2.1 Prefrontal cortex

$Q[LHW\ DULVHV IURP DFWLYLW\ ZKHQ DPELJXRXV VWLPXC
DQG 7\H JRU LQVWDQFH D ORXG QRLVH FDQ EH LQWHF
UHVXOWLQJ LQ RSSRVLQJ EHKDYLRXUV RQH FDQ WKLQN RI
DQRWKHU PD\ WKLQN DERXW D JXQVKRW DQG VWDUW WR K
FRUWH[ 3)& LV WKRXJKW WR DFW LQ DQ[LHW\ UHJXODWLRC

,Q D JHQHUDO VHQVH WKH 3)& LV WKH ORJLF DQG FRJ
EHKDYLRXUV RSSRVLQJ WKH DP\JGDOD ZKLFK LV WKH HPF
ZLWK HDFK RWKHU WKH 3)& UHJXODWLQJ DP\JGDOD RXWSX
QRW \HW IXOO0\ XQGHUDWRR® BQGGRQPOQ -XVW DV DE
UHJLRQV WKH 3)& LV FRPSRVHG RI GLIIHUHQW UHJLRQV \
VLWXDWLRQV HJ GHMLWIRQ PDNLQJ 6 X0

TKWDPH KDV EHHQ REVHUYHG DPRQJVW KXPDQV GXULQJ IC
LQ WKH 3)& LV REVHUYHG LQ DQ[LRXV SDWLHWWW GRULQJ C
DPRQJVW ZRPHQ VXIWVWWUHPQWLFRPWSRRWWYD O UAHH@HUDQ LQFUH
DFWLYLW\ ZDV QRWHG LQ WKH VDPH UHJLRMQWZD WK D UHPRW

$Q LQFUHDVH RI QHXURQDED DEF WKH. W)&P RDWHWHHQFREVHU"®
LQ GLITHUHQW DQ[LRJHQLF VLWXDWLRQV .RYIiFV RU DIV
6LEIZDE DO 2Q WKH RWKHU KDQG D GHFUHDVH RI WKH D
LQ JHQHWLFDOO\ VHOHFWHG W\BBUDIHURRY HUWD WR Q QOHE MXV/LARK(
WKH %/$ DQG WKH 3)& KDYH EHHQ VKRZQ WR PHGLDWH WK}
XQGHUOLQLQJ WKH UROH RI WKLV VWVHWPBPWXUH LQ WKUHDW
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7KH JUHDWHVW SUREOHP LQ VWXG\LQJ WKH UROH RI WKH
UHJDUGLQJ WKH HTXLYDOHQFH RI WKLV UHNLR®V OFGHRYVEY G
DV DQ[LHW\ LV GHILQHG LQ KXPDQV DV W KHIF /SR WH DVRX I
EHLQJ PRVWO\ OLQNHG WR D JUHDWHU GHYHORSPHQW RI W]
LQ EHKDYLRXUDO WHVWV XVLQJ URGHQWY 7KLV VSHELILF E
UROH LQ WKH UHJXODWLRQ LQ KXPDQ DQ[LHW\ WKDW FDQQ
HW DO

3.2.2.2 Accumbens nucleus

ORWLYDWLRQDO HIITHFWV RI HPRWLRQDOO\ VLIJQLILFDQW V
QXFOHXV $FE ZKLFK LV SDUW RI WKH YHQWUDO VWULDW?>
WKH OLPELF V\VWHP EXW UHFHLYHV VWURQJ GRSDPLQHUJL
EHHQ GHVFULEHG DV D pOLPELHRVWRO/ORU AKIWHWHDER @ V &ODOM
HIWHQVLYHO\ VWXGLHG IRU LWV UROH LQ PRWLYDWLRQ DC
TKRPDV , NHPRWR DQG 3DQNVHSS

7KH GULYH VWDWH RI DQ LQGLYLGXDO ZLOO WKHQ DOVR K
7\H ,QGHHG LQ URGHQWY PRVW WHVWYV DUH EDVHG

411 ZKHUH WKH DQLPDO KDV WR FKRRVH EHWZHHQ D SRW

UHZDUGLQJ RSWLRQ DSSURDFK RU WR VWD\ LQ D VDIHU RS
FDQ DOVR EH REVHUYHG LQ WKH ZLOG H J JRLQJ WR WKH W
OHYHO Rl WKH DQLPDO DQG DUH SDUWO\ GULYHQ E\ WKH
EHKDYLRXUDO PRGHOV KDYH DQ LQIOXHQFH RQ WKH SODVW
&DUYBWKRO 7KH UROH RI WKLV VWUXFWXUH KDV DOVR E|
FRQGLWLRQLQW BOUGLQDO

5HVSRQVH LQLWLDWLRQ
3.2.3.1 Hypothalamic-pituitary-adrenal axis

TKEK\SRWKDODPXV GULYHV D FHUWDLQ QXPEHU RI FULWLF
DQG WKH VvVXUYLYDO RI WKH VSHFLHV HJ HDWLQJ EHKDYL
IHDU DQ[LHW\ UHVSRQVHVY EHORQJ WR WKHP ,Q WKLV ZD\ |
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WKH K\SRWKDODPXV IRU SDWLHQWY ZLWK SDQLF GLVRUGHU
QHXURQDO DFWLYLW\ XVLQJ LPHX® DOLWRV RS R WRLHFG @ @ DLONF|
K\SRWKDODPLF DFWLYLW\ DPRQJVW UR &HIOW \R G XARLFQLD O HMW
/NKDJY DWW UDHI®D

7KH K\SRWKDODPLF SLWXLWDU\ DGUHQDO +3$%$ D[LV SOD\
WKH RUJDQLVP DQ[LHW\ EHLQJ D[FRIP SRQN QDN LR/ MWKD F WILHAX
D VWUHVVIXO VWLPXOXV UHVXOWLQJ LQWR WKH VHFUHWLR
VSHFLILF QXFOHXV RI WKH K\SRWKDODPXV WKH SDUDYHC
HPLQHQFH D FLUFXPYHQWULFXODU L H[F@E®WIOR X WKIEWRRG
WULJJHUV WKH UHOHDVH RI DGUHQRFRUWLFRWURSLQ KRUPI
$93 E\ WKH SLWXLWDU\ JODQG ZKLFK WDUJHWV WKH DC
FRUWLVRO IRU KXPDQV FRUWLFRVWHURQH IRU URGHQWYV
HITHFWV GHSHQGLQJ RQ WKHLU WDUJHW RUJDQ LQFUHDVH
DFWLYDWLRQ RI WKH V\PSDWKHWLF V\WVWHP GHFUHDVH RI
ORRSY DUH WKHQ PHGLDWHG E\ WKH JOXFRFRUWLFRLGV WR

7KH 391 UHFHLYHV GLIIHUHQW DIIHUHQWY SURMHFWLRQV
IURP DP\JGDOD %167 KLSSRFDPSDO IRUPDUHIURQV\
+HUPBW DO $Q RYHU H[SRVLWLRQ RI WKH EUDLQ WR FK
DQ[LHW\ ZLWK JOXFRFRUWLFRLGY KDV EHHQ SURYHQ WR G
IRUPDWLRQ DQG WKH SUHIURQWDO FRUWH[ ODK HW DO

3.2.3.2 Brainstem

$W ODVW WKH EUDLQVWHP LV DOVR LQYROYHG LQ WKHF
DQ[LRIJHQLF VLWXDWLRQ HVSHFLDOO\ PRWRU DQG DXWRQR

7KH SHULDTXHGXFWDO JUH\ DUHD 3%* LV RQH RI WKH PI
DQI[LRXV EHKDYLRXUV DQG LW LV VXSSRVHG WR PHGLDWH
EHKDYLRXUV 7KH IUHH]JLQJ EHKDYLRXU RI DQLPDOV LQ DQ |
LQFUHDVHG DFWLYLW\ RIHWW/ B @ $*ZIKQ QJH WY HYSRIHNV/BI@QLIFH R
SUHGDWRU DOVR UDLVHV WKH DFWLYLWHWIIXXPDQV LQ DQ |
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),*85( *#7KH K\SRWKBQWRLMEUHQDO D[LV
JURP KHDG WR ERWWRP 391 SDUDYHQWULFX
0( PHGLDQ HPLQHQFH &5QUHRRHDVLEORWKRS!
DUJLYIDQMRSUHVVLQ KRUPRQH $&7+ DGUHC
=LHJOHU DQG +HUPDQ

),*85( + /LPELF DIIHUHQWQ\B LRRMMEW LRDUD"
QXFOHXV Rl WKH K\SRWKDODPXV

%167 EHG QXFOHXV RI WKH VWULD WHUPLQI
DP\JGDOD +LSS KLSSRFDPSDO IRUPDWLRQ
DP\JGDOD 391 SDUDYHQWULFXODU QXFOHX
QXFOHXV Rl WKH WUDFWXV VROURPED LXV $GD
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SDWKRORJ\ RI DQ[LHW\

$V VHHQ DBEEYHOQHLHW\ LV D VXUYLYDO PHFKDQLVP WR S
WKUHDWHQLQJ VLWXDWLRQV VWDWH DQ[LHW\ +RZHYHU
I[UHTXHQW RU ZKHQ WKH LQGLYLGXDOV KDYH D SUHGLVSRV/
WKUHDWHQLQJ VLWXDWLRQV KLJK OHYHOV RI WUDLW DQILF
IRU WKH LQGLYLGXDO E\ OHDGLEWW® DQ[LHW\ GLVRUGHUYV

(DFK KLVWRULFDO SHULRG XVHV VSHFLILF ‘PA16QADXQ \WNED \Z |
KDXQWHG E\ IDWLJXH DV D UHFR & &HRMORED RD Q/GXEBUNLG
VHFRQG KDOI LV NQRZQ DV WKH $JH RI $Q[LHW\ ZLWK WKH
$ &DPXV PXVLFLDQV / %HUQVWHLQ HI SKLO®NB SKGIG V
.RFRYVNL

JURP WKH PHGLFDO VLGH FRQFHUQ DERXW DfHOQWMXGLVR
&DUO :HVWSKDO ILUVWO\ GHVFULEHG DJRUDSKRELD LQ
RFXODU GLVRUGHU -DFRE OHQGHV 'D &RVWD DQ $PHULF
HLUULWDEOH KHDUWY DPRQJVW ZRUQ RXW VROGLHUV LQ
QRZ ZHOO NQRZQ DV DQ DQ[LHW\ GLVRUGHU V\PSWRP 'D &
(PPDQXHO 5pJLV GHILQHG PtHU\WKURSKRELDY WKH IHDU RI |
FLWHG EXW WKH UHDO UHFRJQLWLRQ RI DQ[LHW\ GLVRUGH
KLV QHXURWLF DQ[LHW\ FRPSDUHI WHRXRBEWHFWLQY[H HWQ[ IZH
GHVFULEHG DV XUJHV PRVWO\ VH[XDO WKDW ZHUH SXQLVK
DQ[LHW\ LQ DGXOWKRRG LI WKH XUJHV DUH EHLQJ H[SUHV
UHDFWLRQV ZHUH GLVSURSRUWLRQDWH WR WKH OHYHO RI \
GHILQLWLRQ RI DQ[LHW\ GLVRUGHUV

$Q[LHW\ GLVRUGHUV

'LITHUHQW GLVRUGHUV GHILQHG E\ SUHFLVH FULWHULD
VHFWLRQLRIQRR/AWWLF DQG 6WDWLVWLFDOYWPQXWBRR OHQWD
$PHULFDQ 3V\FKLDWULF $VVRFLDWLRQ 7TKHVH GLVRU
DVVRFLDWHG ZLWK H[FHVVLYH IHDU DQG RU DQ[LHW\
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6HSDUDWLREFRHAHHQV LQGLYLGXDOV EHLQJ DQ[LRXV WF
DWWDFKPHQW ILJXUH WR D GHJUHH EHLQJ LQDSSURSULDW
FDQ EH WULJJHUHG E\ WKH DQ[LHW\ RI DWWDFKPHQW ILJIJXUL
RU WKH UHOXFWDQFH WR OHDYH DWWDFKPHQW ILIJXUHYV
FKLOGKRRG WKH\ PD\ SHUVLVW GXULQJ DGXOWKRRG

6HOHFWLYHWPOPWIRWDO LQDELOLW\ IRU RQH WR H[SUHVV
WKHUH LV DQ H[SHFWDWLRQ WR VSHDN H J FDRKRFON ZQUN
RWKHU VLWXDWLRQV

6SHFLILF SKREDODFWHULVHG DV REMHFWV RU VLWXDWL
DYRLGDQFH 7KHVH EHKDYLRXUV DUH XVXDOO\ LPPHGLDWF
SHUVLVWHQW DQG RXW RI SURSRUWLRQ IDVKLRQ

BRFLDO DPRRIOHFMUQV LQGLYLGXDOV ZKR DUH DQ[LRXV LQ
ZKHUH WKH\ KDYH WKH SRVVLELOLW\ WR EH VFUXWLQLVHG
VLWXDWLRQ ZKHUH WKH LQGLYLGXDOV PD\ EH REVHUYHG F
LQGLYLGXDOV KDYH WR H[SUHVV WKHPVHOYHV LQ IURQW RI
QHJDWLYH HYDOXDWLRQ Rl EHLQJ HPEDUUDVVHG KXPLOL
RITHQGLQJ RWKHUV

3DQLF GLWRHODHWHNY WR LQGLYLGXDOV H[SHULHQFLQJ UHF)
,QGLYLGXDOV DUH FRQVWDQWO\ FRQFHUQHG DQG ZRUULHG
WKHLU EHKDYLRXUV LQ D QRQ DGDSWHG IDVKLRQ WR DYRL!
SODFHV 3DQLF DWWDFNV DUH VXUJHV RI LQWHQVH IHDU R
DQG RU PHQWDO V\PSWRPV ZKLFK SHDNV FDQ EH DWWDLQ
H[SHFWMGAQ WKH FDVH RI D VSHFLILFDRQN [$IIDE\RIGGRE K H ¥ W
DUH WULJJHUHG ZLWKRXW DSSDUHQW UHDVRQ 3DQLF DWV
ZKLFK DUH QRW OLPLWHG WR DQ[LHW\ GLVRUGHUV H J \
GLVRUGHUV

,QGLYLGXDOV VBIRHULKIRBHOP Q[LRXYV LQ WZR RU PRUH R
VLWXDWLRQV XVLQJ SXEOLF WUDQVSRUWDWLRQ EHLQJ LQ
LQ OLQH RU EHLQJ LQ D FURZG EHLQJ DORQH RXWVLGH RI
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WKHVH VLWXDWLRQV E\ EHLQJ DQ[LRXV RI QRW EHLQJ DEOI
DVWDFN RU DQRWKHU LQFDSDFLWDWLQJ RU HPEDUUDVVLQJ

,QGLYLGXDHYHUIDMOK VHG DQ [M$H WD UGL VRAHGAHULW HO\ DQ[LRXYV
LQ VHYHUDO VLWXDWLRQV LQFOXGLQJ VFKRRO RU ZRUN DC
JXUWKHUPRUH LQGLYLGXDOV H[SHULHQFH SK\VLFDO V\PS!
ZHDULQHVYV GLIILFXOW\ WR IRFXV LUULWDELOLW\ PXVFOH

(YBWXDOOX\EWKPHQFH PHGLFDWLRQ L QIXHOHGGBIQ) QHMHAWA LW E
E\ D VXEVWDQFH LQWR[LFDWLRQ RU ZLWKGUDZDO RI E\ D P}

,Q WKH SUHYLRXV HGLWLRQ RI WKH '60 $PHREVBQVEVYHHKIL
FRPSXOVLYH @RBVRUDBHIWW DOVR LQFOXGHG LQ WKH DQ[LHW)
KDYH WKHLU RZQ VHFWLRQ HQWLWOHG 2&'V DQG UHODWHG
HLVW EHWZHHQ DQ[LHW\ GLVRUGHUV DQG 2&'V 7KLV QH:
FKDUDFWHULVHG E\ WKH SUHVHQFH RI pREVHVVLRQVY UH
LPDJHV WKDW DUH H[SHULHQFHG DV LQWUXVLYH DQG XQf
EHKDYLRXUV RU PHQWDO DFWV WKDW DQ LQGLYLGXDO IHHC
VRPH VSHFLILF UXOHV WKDW PXVW EH VWULFWO\ DSSOLHG

X 2&'V SURSHUO\ VSHDNLQJ

X %RG\ G\WPRUSKLREZIGLFMRUGHKDUDFWHULVHG E\ DQ H[F
RI RQH RU PRUH SK\VLFDO GHIHFWV RU IODZV WKDW
H[SUHVVHG E\ UHSHWLWLYH EHKDYLRXUV H J PLUUF
FRQVWDQW UHDVVXUDQFH VHHNLQJ RU PHQWDO DFW\
RI RWKHU SHRSOH

Xx +RDUGLQJ GLVRUGHU FKDUDFWHULVHG E\ WKH GLIILF
ZKDW WKHLULVPWXRPLDIWIGHZLWK ERWK WKH QHHG WF
WR WKURZ WKHP DZD\

x TULFKRWLOWIRRADOXDOLQJ GLVRUGHU LV WKH UHFXUL
ILQDOO\ OHDGLQJ WR DORSHFLD

x ([FRULDWNBRQFNLQJ GLVRUGHU LV WKH FRQVWDQW SL
FDXW.NQLQ OHVLRQV

X 6XEVWDQFH PHGLFDWLRQ LQGXFHG 2&'V
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BUHYDOHQFH RI DUQPLHGY WG H\DRVWUFGHD W V

ORVW Rl WKH GLVRUGHUV FLWHG DERYH GHYHORS GXULQJ
Q WKH JUHQFK JHQHUDO SRSXODWLRQYV PRQWK SUF
ZDV HVWLPDWHG WR EH ZKLOH WKH OLIHWLPH SUHYDOHQ
/JHUBIW DO &RQVLGHULQJ HDFK VSHFLILF DQ[LHW\ GLVRUCG
SUHYDOHQFHV ZHUH UHVSHFWLYHO\ *$' DQG SDQLF C

DQG VREFLDO SKRELD DQG VSHELILF SKRELD
SUHYDOHQFH HYDOXDWHG DPRQJVW ZRPHQ ZDV WZLFH DV
TABLE3.1]] 7KHVH GLVRUGHUV KDYH EHHQ VKRZQ WR KDYH KLJ
HYHQ RIWHQ OHDGLQJ WR MRE TXLW &RKLGRQ 2WKH
ZHUH KLJKO\ DVVRFLDWHG ZLWK DQ[LHW)\ G GWKU GHAG/L FWEF

RU GHSUHVVLRQ &RKLGRO®W DO +RHHBLBGU 6HYLQ

7$%/( *3UHYDOHQFH RI DQ[LHW\ GLVRUGHUV LQ J)UHQFK SRSXODWLRQ
$GDSWHG IURP &RKLGRQ

0HQ 'RPHQ
$W $W
$JRU 6RFL $JRU 6RFL
* Q! * @
$° 3DQI skRrRE skRE OQF $° 3DQI skRE sSkRE OQF
n % % % % % n % % % % %

$JH
DQC
PRU

TRW
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$Q[LRO\WWLFVY KDYH D FOLQLFDO GHILQLWLRQ 7KH\ VKRXO
GLVRUGHUVY GHVFULEHG IRU L3BMW DAY RMHK EX VW IDHIHEW Q Q F IC
SV\FKRORJLFDO VWDWH RU VIQGURPH *UD\ 7TDNHQ DV
WKH GHILQLWLRQ DV IRU LQVWDQFH WKH\ DUH LQHIILFLH¢
*RUGRQ +RZHYHU WDNHQ DORQH QR GUXJ KDV EHH
DQ[LHW\ GLVRUGHU 'HVSLWH PRVW GUXJV EHLQJ DEOH WR
IODJUDQW ZLWK SKRELD ZKLFK GR QRW KDYH WKH VDPH HW
DQ[LHW\ GLVRUGHWYVD QU H&ERJFAHN DRIPLRO\WLFV KDYH DOVR EH
GHSUHVVLRQ DV WKHVH WZR GLVRUGHUV GLVSOD\ KLJK FRF

JLYH JHQHUDWLRQV RI DQ[LRO\WLFV ZHUH LQWURGXFHG D
DOFRKRO VLQFH HWKDQRO SRWHQWLDWHY WKH LQKLELWRL
6ROHGMR DO FE14 EXW LWV QXPHURXV VLGH HIIHFWV GHSUL
PDGH LW PRUH WKDQ FOLQLFDOO\ XQDWWUDFWLYH 7KH
EDUELWXUDWHYV ZKLFK DJDLQ LQFUHDVHE.*§ % $W. QK LPEROWWRQ
XVHG WRGD\ DV D VHGDWLYH RQO\ ,Q WKH V WKDOLGI
ZLWKGUDZQ IURP WKH PDUNHW GXH WR LWV WHUDWRJHQLF
IDWH LQ EHLQJ DV XQDSSHDOLQJ DV DOFRKRO 7KH Il
MFODVVLFDOY DQ[LRO\WLFV LQWURGXFHG LQ WKH V LV
WRGDO22FILHYHUWKHOHVYV WKHVH GUXJV DUH QRZ EHLQJ FK
DQ[LRO\WLFV FRPSRVHG RI EXVSLURQH DQG RI D QHZ XVH |

$V IDU DV %='V DUH FRQFHUQHG LQ PLOOLRQV RI )UF
%=' RXW RI WKH PLOOLRQV ZKR FRQVXPHG DW OHDVW R
LV RYHU WKH \HDU $160 ORVW F[RONXXBHDYG D W KLWHE
RI ZRPHQ RYHU FRQVXPH DW OHDVW RQH DQ[LRO\WLF %-="
FRQVXPSWLRQ PLOOLRQ %='V] SDFNDJHV VROG LQ DJ
QXPEHU RI FRQVXPHUV UHPDLQLQJ VWDEOH VLQFH )U
FRXQWU\ LQ (XURSH EHKLQG 3RUWXJDO *HQHUDO SUDFWL
FRQVXPSWLRQ WLPH LV KLJKHU WKDQ WKH UHFRPPHQGHC
2YHUFRQVXPSWLRQ LV DOVR PRVWO®W ®OH WR PLVGLDJQRVL
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(WKDQRO

SHQWREDUELWDO

7 KD CALIGFH OHSUREDPDWH

7KUHH RI WKH PRVW FRPPHUFLDOLVHG DQ[LRO\WL
/HIW DOSUD]RODP PLGGOH ERUPD]HSDP ULJK

%XVSLURQH 7ULF\FOLF DQWLGHSUH
/HIW LPLSUDPLQH ULJKW

),*85( +*+ 2YHUYLHZ RI VRPH SDVW DQG ¥
PROHFXOHV
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1$%/( *+'HPRJUDSKLF UHSDUWLWLRQ RI DQ[LRO\WLF %=" WUHDWHG VXE

$GDSWHG IURP $160

OHDQ DJH \HDUV (

OHGLDQ DJH \HDU

I+
I+

$JH n
\HDUV
WR \HDUV
WR \HDUV
WR \HDUV
WR \HDUV

! \HDUYV

‘RPHQ n

$Q[LHW\ GLVRUGHUV DUH WKHQ GHVFULEHG DV D KXPD
XQGHUVWDQG WKH XQGHUO\LQJ EHKDYLRXUDO DQG QHXUL

GHYHORSHG RYHU WKH SDVW GHFDGHV WR PLPLF WKHVH GL
&16
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&RQWHQWYV

$Q[LHW\ DQG DQLPDOV

%YHKDYLRXUDO PRGHOV

7TUDLW PRGHOV

$Q HI[DPSOH RI EUDLQ DFWLYLMY HMDROXKBDMWAL RQ WRRC

F)RV PDUNHU RI QHXURQDO DFWLYLW\

F)RV LQ WKH VWXG\ RI DQ[LHW\
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7KLV VHFWLRQ ZLOO WKHQ ILUVW DLP WR SUHVHQW VRPI
UHSURGXFH KXPDQ DMIHWK KB MHRRRHBUSDBW ZLOO IRFXV R
VWXG\ QHXURQDO DFWLYLW\ LP URGHQWYV WKH F )RV SURW

$Q[LHW\ DQG DQLPDOV

(YHQ WKRXJK ZH KDYH GHVFULEHG EDI.Q:{(_HEBPN\VPIRH/WEH\KWLIR
UHPDLQV WR XQGHUVWDQG ZKHWKHU WKLV SKHQRPHQRQ KL
VFHLILFDOO\ DPRQJVW PDPPDOV DQG PRUH SDUWLFXODUC
SDUWLFXODUO\ WLPLG RQ WKHLU DQVZHUV WR WKDW TXHVYV

&RQVHTXHQWO\ &DVVDQR GHVFULEHG LQ

IHDU LV D SULPLWLYH VWDWH RI PLQG IRXQG WKURXJKF
LV SDUW RI FRQVFLRXV H[SHULHQFH DQG WDNHV VKDSH
7TKXV WKH DJH RI DQ[LHW\ FRXOG EH VDLG WR EHJLQ ZL
DQ[LHW\ XQOLNH IHDU WKHUH PD\ EH QR WKUHDWHQLC

2QH RI WKH PDQ\ DUJXPHQWY RQ WKDW PDWWHU RI WKH
WKH QRWLRQ RI IXWXUH DV VHHQ WKH GHILQLWIBRO®V SURS
DR|(&1.2 ZKLFK LV VXSSRVHG WR EH D KXPDQ FRQFHSW /LNH
D IHUYHQW GHIHQGHU RI WKH H[LVWHQFH RI D SDLQ FRQFH
WKDW WKH QHUYRXV V\VWHP RI WKHVH ODWWHU ZDV WRR
HPRWLRQV VXFK DV DQ[LHW\

2IILFLDO WH[WV DOVR FDPH GRZQ RQ WKDW TXHVWLRQ
$JULFXOWXUH 86'$ VWDWHG LQ HWKH ZRUG DQ[LHW\
[BSOLFDEOH WR KXPDQVY u$Q[LHW\Y KDV VLQFH WKHQ EHF
GHVFULSWLYH RI WKH SK\VLFDO YLVLEOH VWDWH RI DQLPD

+RZHYHU EHKDYLRXUDO DQG SK\WLRORJLFDO UHVSRQVHYV
EH REVHUYHG LQ D@PWBRY &MQQRQ FRLQHG WKH WHUP ulILJ
KLRGLO\ &KDQJHV LQ 3DLQ +XQJHU )HDU DQG 5DJH $Q $F
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)XQFWLRQ RI (PRWLR,Q DK K[ FAMHPMPWSUHGDWRU PRVW R
DQLPDO WKH ODWWHU ZLOO LQLWLDWH D GHIHQVLYH DWW
DQLPDO ZLOO EH PRVW OLNHO\ WR IOHH pIOLJKWY D IUHH]I
EH SHUIRFWBRE@1 7KHVH EHKDYLRXUV DUH DFFRPSDQLHG &
FKDQJHV PRWRU W HQVAR@ ¥ WKGRR DBV HDMWI\QY SRXQGL
KHDUW LQFUHDVHG SXOVH UDWH DQG UH\DSSWHKHRY L YH
H[SHFWDWLRQ = LQKLELWLRQ Rl EHKDYHKR XU DIDWWHSHUMYRILG
YLIJLODQFH VFDQQLQJ 'H*UD]LD DQG 5RZDQ DOO WK
GHVFULEHG LQ KXPDQVEDRDIFEV\ (¥ HQRWEHIDA MIKH SULQFL
RI WKH H[LVWHQFH RI DQ DQ[LHW\ SKHQRPHQRQ ZLWKLQ DQ

WR ERWK DQ[LRO\WLF DQGHW D® J HAXLF IHOPWEH GLHMFQ L E H
VHEWLRQ

),*85( *7KH ILJKW DQG IOLJKW V\VWHP DFFF
GLVWDQFH

$QRWKHU FODVVLILFDWLRQ RI GHIHQVLYH E|
DFFRUGLQJ VDR FMKUHE GW VIWIHSBPQDW LQJ WKH L
SUH\ IURP WKH WKUHDWUBNUH D SUHGDWRU

7R VXP XS LW WKXV H[LVWV VLPLODULWLHV LQ EHKDYLR
SDWLHQWY GLDJQRVHG ZLWK DQ[LHW\ GLVRUGHUV DQG LQG
DQ[LHW\ LQGXFLQJ VLWXDWLRQV %\ DSSO\LQJ ORUJDQYV FI
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EH LQWHUSUHWHG LQ WHUPV RI KLJKHU SV\FKRORJLFDO SU
RI SURFHVVHV ZKLFK VWDQG ORZHU LQ WKH VFDOHLRI SV\F
WKHQ FDQ EH FRQFOXGHG WKDW pKXPDQ DQ[LHW\ RU VRPH
*UD\ 7KH FRPSOH[LW\ WR VWXG\ WKLY SKHQRPHQRQ L
KXPDWWH\ GR QRW VSHDN WR FRPPXQLFDWH

7ZR WUDLOV KDL MMWMIQ EWHG EHKDYLRXUDO PRGHOV WK
RI WREFHQWXU\ DQG FRPSOHPHQWDU\ JHQHWLF PRGHOV ZK
WEHQWXU\ $FFRUGLQJ WR :LOOLDP OF.LQQH\ DQ DQLPDO
DIJLYHQ VSHFLHV LQ RUGHU WR VWXG\ D SKHQRPHQRQ RFF;
ZDV DOUHDG\ VSHFLI\LQJ LQ WKDW DQ DQLPDO PRGHO
VWUXFWXUH RI WKH KXPDQ EHKDYLRXU RU SDWKRORJ\ 'LII
VHW ERXQGDULHV WREE @l DRGURRGH O GFIXQJ DQG /HPRLQH

7$%/( +7KH FULWHULD RI YDOLGLW\ IRU DQLPDO PRGHOV
$GDSWHG IURP %HO]XQJ DQG /HPRLQH

.LQ®! YDOL $VSHFW RI Y 2EMHFW RI YDOLGLW\
+RPRORJL 6SHFLHV YD 6SHFLHV
YDOLGLV
6WUDLQ YD« BWUDLQ
3DWKRJH( 2QWRSDWKR ,QWHUDFWLRQ WUDQVIRUPLQJ D
YDOLGLV YDOLGLW YXOQHUDEOH RUJDQLVP
7ULJJHULIQEL" ,QWHUDFWLRQ WUDQVIRUPLQJ D
RUJDQLVP LQWR D SDWKRORJ
OHFKDQLYV 7KHRUHWLFDO FRJQLWLYH RU QH:
YDOLGLYV SURGXFLQJ WKH REVHUYDEOH H
)DFH YDOL (WKRORJLFDC YHKDYLRXUDO V\PSWRPV RI W
%LRPDUNHU ° %LRPDUNHUV DVVRFLDWHG ZL

UHODWLRQ

BUHGLFW ,QGXFWLRQ 5HODWLRQ EHWZHHQ WKH WULJ
YDOLGLYV REVHUYDEOH HIIHFWV RI Wk
5HPLVVLRQ Y 5HODWHLWRBDHEIQ WKH WKHUDSHXW

REVHUYDEOH HIIHFWV RI WE¥
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),*85( *7KH FULWHULD RI YDOLGLW\ IRU DQL

7KH GLIIHUHQW FULWHULD OLQNLQJ D KXPDQ:!
PRGHO DW WKH WRS (YHU\ VWHS IURP WKH
WR WKH SDWKRORJLFDO RUJDQLVP DQG LWV
LQWR DFBROQXQJ DQG /HPRLQH

%YHKDYLRXUDO PRGHOV

$V LW LV QRW SRVVLEOH WR H[DFWO\ UHSURGXFH WKH V¢
DHWLRA®RI] EIHKDYLRXUDO PRGHOV GHYHOR SWHE HIQQV WK\H
UHSURGXFHG VLWXDWLRQV WULJJHULQJ KLJK DQ[LRXV VW
BWHLPHU 7KHVH PRHROW KIHU @ HVIKGIL QL RARHIRY [V MAD WIHH O\
LQ D JLYHQ @XDWLRQ Fl
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$V VHHQ RYHUKHDG EHKDYLRXUDO PRGHOV KDYH WR UHV
WKHVH PRGHOV LQ UHJDUG WR KXPDQ DQ[LRO\WLF GLVRUGI
UHWDLQHG IRU WKHVH PRGHOV %HO]XQJ DQG *ULHEHO

X )DFH YDAMRWSBKLVP PRGHO WKH EHKDYLRXUDO DQG
WKH DQLPDO PXVW EH UHODWHG WR WKDW RI KXPD
PRGDOLW\ Rl WKH UHVSRQVH WR WKH WKUHDWHQLQJ
UXQQLQJ 10\LQJ RU VZLPPLQJ DZD\ IURP WKH GDQJH
WR HYDOXDWH GXH WR WKH DEVHQFH Rl VSHHFK DPR

x (FRORJLFDO WKLO/L GUWWHULRQ LV D FRQVHTXHQFH R
SHUWLQHQFH RI WKH WKUHDWHQLQJ VWIQPEOSW HD® G
EHKDYLRXUDO UHVSRQVH KDYH WR EH FRKHUHQW ZLW
DQLPDOV

Xx &RQVWUXFW KRPROGRWRXV PRGHO QHXURORJLFDO
PHFKDQLVPV XQGHUO\LQJ WKH DQ[LHW\ UHODWHG EHHI
KXPDQV DQG DQLPDOV ,QGHHG EHKDIY/WRXKN DDPHHWE
WKH REVHUYHG EHKDYLRXU LV WKH UHVXOW Rl WKH L¢
SODFHV LQ RUJDQV LQ LQWHUDFWLRQ ZLWK H[WHUQD
FULWHWLRORUWDQW IRU WKH XQGHUVWDQGEL|QJ RI WK

Xx 3UHGLFWLRQ FRUQHIIWNLRQDO PRGHO FOLQLFDOO\
DQ[LRJHQLF GUXJV FDQ EH GHWHFWHG XVLQJ WKH PR
QRW KDYH DQ\ LPSDFW RQ KXPDQ DQ[LHW\ VKRXOG QF
VXHUHG VRPH GLIILFXOWLHVY UHFHQWO\ DV PRVW R
EHQ]JRGLD]HSLQHV DQG VLQFH WKHQ QHZ FOLQLFDC
EXVSLURQH DQG DQWLGHSUHVVDQWY ZHUH QRW GHW

YHKDYLRXUDO WHVWVY DUH WUDGLWLRQDOO\ GLVWLQJXLV
WHVYVM Y42 %HO]XQJ DQG *ULHEHO HWRXOLQLOOD@DPSRYV
6WHLPHUSQFRQGLWL DQHGEWHWNBE\RQ WKH H[SORUDWLRQ RI C
FKDUDFWHULVWLFV HJ HOHYDWHRQ G 1 RYBE G\DRIWAREY RHXQ |
QR[LRXV VWLPXOXV ZKLFK WULJJHU WKH DQ[LHW\ EHKDYLF
VWURQJO\ UHOLDQW RQ WKH ORFRPRWLRQ RI DQLPDOV EXW

DQRG VRPH WHVWV XVHG LQ DQ[LHW\ HYDOXDWLRQ DUH
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bQLPDOV WR GHWHFW VHGDWLYH SURSHUWLHYV RI PROHFXO
HW DO

$VDQ H[DPSOHJKWKEDLWNRER] Rl WKH ILUVW HWKRORJLFDO
VWXG\ DQ[LHW\ LQ URGHQWYVY &UDZOH\ DQG *RRGZLQ
FRPSDUWPHQWY RQH LV EULJKWO\ OLW ZKLOH WKH RWKHU
)DFH YDOLGLW\ LV UHVSHFWHG DV OLJKW VHUYHV KHUH DV
EHWZHHQ WKH DVSLUDWLRQ WR H[SORUH DQG WKH DVSLU!
/LVWHU 'LIITHUHQW SDUDPHWHUV FDQ EH VFRUHG GXU
XQNQRZQ FRPSDUWPHQW WUDQVLWLRQV EHWZHHQ WKH W
FRPSDUWPHQW UHDUV LQ WKH OLW FRPSDUWWHR® %RXU!I
+DVFRsSW DQG %RXULQ 7KH PRUH WLPH WKH DQLPDOV
DQ[LRXV WKH\ DUH WKRXJKW WR EH ORUHRYHU GUXJV WKD
LPSDFWLQJ WKH ORFRPRWRU DFWLYLW\ RI DQLPDOV DUH \
SUHGLFWLRQ YDOLGLW\ &UDZOH\ &UDZOH\ DQG *RRGZ|

$QRWKHU H[DPSOH RI XQFRR®MQ WILHRMERYWY VDKV W 7IKW W WHI V W
FRQVLVWY DJDLQ LQ SODFLQJ DQ DQLPDO LQ DQ XQNQRZQ C
WR VSHQG PRUH WLPH LQ WKH SHULSKHU\ Rl WKH GHYLFH |
RI LW WK\JPRWD[LF EHKDYLRXU 7KH UDWLR PQXPEHU RI V'
YLVLWHG RQ SHULSKHU\Y{ LV WKHQ D JRRG PDUNHU WR HYD
WKH PRUH DQ[LRXV WK H VW @LP DGKLNVUWHY%R XL KRZHYHU D
XVHG DV D ORFRPRWRU WHVW E\ VHYHUDO ODERUDWRULH
FRPSRXQGV 'HOWDD®HXBHVWHDMRD® ,W LV WKHQ VRPHWLPI
GLIIHUHQWLDWH WKH ORFRPRWRU DQG WKH DQ[LHW\ FRPSR
DEVHQFH RI D VWDQGDUGLVHG GHYLFH GLIIHUHQW GHYLFH
HLWKHU FLUFXODU RU UHFWBWJX®@DU OLW RU QRW « %RX|

(YHQWXDOO\ DQ H[DPSOH RI D FFRQGWWR B QG ® REGIHIDQRNVR X (
WHVW &Ws LV EDVHG RQ D VWHUHRW\SHG URGHQWVY] EHKTC
REMHFWV E\ SURMHFWLQJ PDWHULDO HJ SLQH QHHGOHYV
7KH &'% VWULFWO\ VSHDNLQJ ZDV LQWURGXFHG LQ 3
FKDPEHU LQ ZKLFK DQLPDOV DUH KDELWXDWHG E\ UHSHDW
LOQOWURGXFHG LQ WKH FKDPEHU 2QFH WKH DQLPDO WRXFKH
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EULHI VKRFN DQG VWDUWYV WKHQ WR EXU\ WKH SUREH ZKLT

7TKH GXUDWLRQ RI EXU\LQJ LV UHODWHG WARVWIOH DAXHHW\

SUHGLFWLYH FULWHULD LV UHVSHFWHG DVZZRQ[ERUBWUR GH X

RU WULF\FOLF DQWLGHSUHVVDQWY GHFUHDVH WKH GXUDW
7TUHWWD O

7$%/( tORVW FRPPRQO\ XVHG EHKDYLRXUDO WHVWV WR VWXG\ DQ[LHW

*$' JHQHUDOLVHG DQ[LHW\ GLVRUGHU 376' SRVW WUDXPDWLF VWUHVYV
$GDSWHG IURP %HO]XQJ DQG *ULHEHO etal %RXUUQHEHO SOPFESRROPH)

0LOODQ 6WHLPHU
7THVW $Q[HW\ <HDU R 1XPEHU S5HIHUHQ
GLVRUG LQWURGX XWLOLVE
EHWZHH
DQG

81&21',7,21(' 7(676
([SORUDWLRQ EHKDYLRXUV DEBKBPDERXMWRLGDQF

(OHYDWHG®DgB XV

e +DQGOH
OLWKDQL
/LJKW GDUN ER
&UDZOH\
*$ *RRGZL(
2SHQLHOG
'"HQHQEF

* g

6RFLDO EHKDYLRXUV

6RFLDO LQWHUD
*$' 69 )LOH
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S8OWUDVRQLF GL
YRFDOLVDWLR:

ey *DUGQF
$QWLSUHGDWRU EHKDYLRXUV
ORXVEHIHQFH WHVYV
*$' SDQL .
GLVRUG 1% QODQEK
376"
&21',7,21( 7(676
&RQIOLFW SURFHGXUHYV
9RJHO
g 9RJéta
*H O OBHHW | W H U
Y *HOOHU
BHLIWHU
1IRERQIOLFW SURFHGXUHYV
&RQGLWLRQHG Gt
EXU\LQJ
e 1s 7 U Etlaw
BWUHW\GXFHG K\SHL
/HF&al
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'HVSLWH WKH JUHDW XVHIXOQHVV RI WKH RYHUKHDG PHC(
OLPLWYV ,QGHHG WKH EHKDYLRXUDO WHVWV HYDOXDWH PR
E\' WKH '60 9 H[FHVVLYHO\ DQ[LHMBEELQ namﬂmm/mwxow
DQ[LRO\WLF GUXJV VFUHHQHG RQ WKHVH WHVW PD\ WKHQ
GLVRUGHUV H J SDQLF GLVRUGHUV RU VSHFLILF SKRELD
WKHVH JDSV ([SRVLWLRQ WR D SUHGDWRU RGRXU W\ EH D
DO D E 'LHOHQEHUJ DQG OF*UHJRU 7KH GHIHQF
%ODQFKDUG ZKLFK SXWV URGHQWYV LQ WKH SUHVHQFH RI C
JRRG PRGHO IRU SDQLF GLVRUGHUV GHAORQGHKDUODBGY WKH E
%ODQFKDUG DQG %OD@WKDWG O0RUHINIDHEHO

(YHQWXDOO\ WKH PDUEOH EX QW JWRHE WU \ WKKHVY @ R BVADRRE R |
PDUEQ@AVVDZGXVW LV WKRXJKW WR EH P SRAGLPRGHO/RR
(JDVKHWDDO 1MXQJY( DQG +DRG®RRG ZD\ WR VFUHHQ D
FRPSRXQGV LV ILQDOO\ WR WHVW WKHBDARWKLQ6BRHHUHQ
DXWKRUV DOWR BRREIRQHLWE&B RBKIQ HDH N MVQHGWKHX @ LIKW G
LQWR RQH XZDPRW WaVW

),*85( *#7KH LQWHJUDWLRQ RI WKUHH ZLGHO
7KLV WHVW FRPELIQHYD GVKMHWRWIKE WRS PWKHH
WKH PLGGOH DQG WKH OLJKW GDU D EHR[S ®WE k
FHQWUH RI MLBMDRSHBHKDYLRXUV D WPH QX \BBWE

et al
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$QRWKHU JUHDW SLWIDOO RI WKHVH WHVWYV LV WKH RQH |
WB EHKDYLRXUDO WHVW GHHSO\ DITHFWV WKH EHKDYLRXUYV
WDVN 5RGJHUV DQG 6KHSKHUG ,W LV WKHQ JUHDWO\
RQFH LQ DJLYHQ WHVW 1HZ SURFHGXUHY DUH WKHQ EHLQJ
WKH WULSOH WHVW SUHMHWHDRDWHG RYHUKHDG +XVVLQ

7TUDLW PRGHOV

'LITHUHQW PHWKRGY DUH XVHG WR HYDOXDWH WUDLW DQ]
OLOODQ GHOHWLRQ RI VSHFLILF JHQHV LQYROYH
VHURWRQLQ W\SH HWUMHF HSOLREHX. QOQG +ROPHYV RU VH(
EDVHG RQ WKHLU EDVDO DQ[LHW\ OHYHOV IRU LQVWDQFH
ODWWHU PHWKRG +RZHYHU GHVSLWH XVLQJ WKHVH GLIIHL
OHYHOV VWLOO QHHG WR EH HYDOXDWHG XV§EQJ WKH EHKD\)

7KH XVH Rl VSHFLILF LQEUHG RU RXWEUHG VWUDLQV ZKL
mMQ EH DQ HI[DPSOH DV PLFH VWUDLQV GR QRW SHUIRUP WK
HV DO &UDHADE\ $V IDU DV PLFH DUH FRQFHUQHG & %O
UHFRPPHQGHG IRU DQ[LHW\ HYDOXDWLRQ GXH WR WKHLU
+DVFRsW &UDZOH\ DQGHWYDR®© $PROQIMD WKHVH VSHFL
WKH VHOHFWLRQ RI VSHFLILF LQGLYLGXDOV ZLWK KLJK R
SHUIRUPHG /DQGJUDI DQG HWJIH®W 6DCGRPHEYNVFKYHQWXDOO\
Lw KDV EHHQ VKRZQ WKDW IHPDOHVY ZHUH PRUH VHQVLWLY
'‘DOKOW DO 3DODQ]D EXW WKH LQIOXHQFH RI PHQVWUX
DVVRFLDWHG EHKDYLRXUV P®%RNNMNWRKH® K OQJGOHW VDR VW X G\
*DOHHYD DQG 7XRKLPBW DO *RXYHLD

IDEV FRQGLWLRQV DOVR KDYH DQ LPSDFW RQ WKH EDVDO
UHSHDWHG KDQGOLQJ DQG HVSHFLDOO\ WDLO SLFNLQJ L
XQGLVWXUEHG DQHWDDY %#DEGOHNRPEHKDOVND DQG %XJDMVNI
"HVW IRHIRWDLD®R LQGLFDWLQJ WKDW PLFH GR QRW KD
FRPSDUHG WR WD WY %LKHLW\SH RI KRXVLQJ DOVR LPSDFW
VHSDUDWHMWRIVHYA G WR HH RRIVGH] DM DMWAIU RN KR XVLQJ |
+RZHYHU WKHVH UHVXOWYV PD\ EH GLVFXVVHG GHSHQGLQJ
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+DPEO\ ORUH DQHFGRWDOO\ PDOH H[SHULPHQWHUV KI
OHYHOV Rl URGHQWYV LQ ODE FRIWGDWLRQV %DWHVRQ

7TKH DGYDQFHV LQ DQLPDO PRGHOOLQJ RI DQ[LHW\ GLVRL
ERWK WKH QHXURORJLFDO PHFKDQLVPV XQ32H WD GQW KHK H
SKDUPDFRORJ\ DQG WKHUDSHXWLF WDUJHWYEYWR GHDO ZLW

),*85( +$GYDQFHV PDGH LQ WKH PRGHOOLQ
LQ KXPDQV FRPSDUHG WR WKH LQWURGXFWI
FODVVHV DFURVV WKH SDVW FHQWXU\

&U\DQ DQG 6ZHHQH\

$Q H[DPSOH RI EUDLQ DFWLYLW\ HYDOXDWLRQ WRRO V

6HYHUDO WHFKQLTXHY KDYH EHHQ GHYHORSHG WR VWXG\
(OHFWURSK\VLRORJ\ DQG LQ D ODUJHU zZzD\ HOHFWURHQFH
QHXURQDO YOLMAPWKHWUHFRUGLQJ RI HOHFWULF FXUUHQ
ODIQHWRHQFHSKDORJUDSK\ O0(* LV VLPLODU WR ((* EXW C
HOHFWULFDO QHXURQDO DFWLYLW\ (YHQ LI DOO WKHVH PH
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VXIIHU IURP D EDG VSDWLDO UHVROXWLRQ HOHFWURSK\VLF
ZKLOH ((* 0(* DUH PRVWO\ OLPLWHG WR FRUWLFDO DFWLYL
KDYH WKHQ EHHQ VHW XS :KLOH 3(7 VFDQV DQG 105, DUH
DFWLYLW\ HYDOXDWLRQ LQ FOLQLFDO VWXGLHV WKH GLU}
QHXURQDO DFWLYLW\ PDUNHU LQ URGHQWY DOORZV WKH El
DERYH :H ZLOO WKHQ QRZ IRFXV RQ WKDBPPRER RO\ R AR HPH
WHFKQLTXHV DQIGUKEHFHWHPWDRQ Rl WKH F )RV SURWHLQ

F )RV PDUNHU RI QHXURQDO DFWLYLW\

7KIF )RV SURWBLQ UHVLGXH N'D WUDQVFULSWLRQ IDF

EBRQJV WR WKH 3LPPHGLDWH HDUO\ JHQHV  IDPLO\ ZKLFKk
RWKHU H[DPSOHV DUH (JU 7HXV¥ )BUFBRMY HW¥ FKDUDFWHUL
WKDW DOORZ LW WR EH XVHG DV D PDUNHU Rl QHXURQDO D
X F )RV H[SUHVVLRQ LV ORZ LQ WKH LQWDBHW UHIIIL @ X§

SREHUWVRQ .RYiFV
x F)RV LV VWHUHRW\SLFDOO\ LQGXFHG LQ UHVSRQVH
.RYIiFV , QWUDFHOOXODU FDOFLXP LQIOX[ DIWHU

FWLYEWRMRH H[SYHRKHR@®$3. PLWRJIJHQ DFWLYDWHG
SDWKZD\ $V 0$3. LV VORZ DQG UHTXLUHV VWURQJ H
FDOFLXP LQIOX[ ZHDN VWLPXOL DUH OHVV OLNHO\ W
&KXQJ 7R PD[LPLVH WKH VLJQDO D QRYHO VW
ZKLOHRQWUDVW UHSHW LM SHHE W WGE PR BW P RQMVB WHAK H
Xx F )RV UHVSRQVHODYLWDO @W.YHHONVRI WKH F )RV SURWHL
DQG KRXUV DIWHU WKH VWLPXODWLRQ DQG F )RV J
WKH VWLPXOXV .RYiFV 7KLV PIRIEW5G X HD @R WK
WKH DXWR UF$SRWMMQWRFURSWLRQ &KXQJ

+RHYHU F )RV XVH DV D PDUNHU RI QHXURQDO DFWLYLV
GHWHFWLRQ JLYHV QR LGHD RI WKBODQBMWXUHQR IZD WKLY Q R/\M
LV VRPHWLPHVY QHHGHG WR SUHFLVH WKH QDWXUH RI WKHP
VRPH QHHGLQJ D VWURQJ VWLPXOXV HJ YLVXDO FRUWH
DP\JGDOD DQG ILQDOO\ VRPH UHJLRQV GR QRW H[SUHVYV
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'UDJXQRZ DQG )DX0O RYIiFV (YHQWXDOO\ WKHUHI
DOVR EH FRQVLGHUHG DV D OHDUQLQJ PDUNHU GXH WR WK
FRFDLQH FRQVXPSWLRQ LQFUHDVH F )RV H[SUHVVLRQ RYF
VWLPXOL VXFK DV VRFLDO GHIHDW GHFUHDVH F )RV H[SUH

F)IRV LQ WKH VWXG\ RI DQ[LHW\

F )RV H[SUHVVLRQ KDV WKHQ EHHQ H[WHQVLYHO\ XVHG WF
WKH HIITHFW RI GLIIHUHQW SK\VLFDO DQG HPRWLRQDO FKD(
UHJUR®Y¥43] $V IDU DV DQ[LHW\ LV FRQFHUQHG WZR VWXG
HOHYDWHG S[@X¥ BBEPRQMWUDWLQJ WKDW WKLV WHVW UDL\
EUDLQ UHJLRQV LQYROYHG LQ DQ[LHW\ UHJXODWLRQ LQ
IRUPDWLRQ DQG DMWGDOD6LROXYFRYD HW DO

7KLV WHEKQLTXH KDV DOVR EHHQ XVHG WR VWXG\ WKH t
[FWLYLW\ 6RPH H[DPSOHV FDQ WKHQ EH FLWHG ZLWK GLI
FROOHDJXHV XVLQJ UDWV LQ D UHVWUDLQW VWUHVV SUR\
GHFUHDVHG F )RV H[SUHVVLRQ LQ KLSSRFDPSDO VRUPDW
H[SUHVVLRQ VSHFLILEDOO\ LQ WKH FHQWUDHWQXBOHXV RI
$QRWKHU VWXG\ IURP /NKDJYDVXUHQ DQG FROOHDJIXHV VKE
WKH LQFUHDVHG F )RV H[SUHVVLRQ LQGXFHG E\ D VRFLDO
LQFUHDVLQJ LW DJDLQ LQ WKH FHQWUDO QXFOHXV RI WKH
DV WKHUH LV GRVH UHVSRQVH HIIHFW RI GLD]HSDP %HFN D
XVGHWR WULJJHU F )RV H[SUHVVLRQ LQGXFHG GLIIHUHQW F )

2WKHU DQ[LRO\WLF OLNH PROHFXOHYV KDYH EHHQ WHVWH (
\RNXNDQVDQ D WUDGLWLRQDO KHUE PHGLFLQH GHEUHDVH
DIWHU D UHVWUDLQW SDUDGLJP LQ WKH FHQWUDO DQG EDV
GHFUHDVLQJ HIIHFWV LQ GLIIHUHQW K\SRWKDODPLF QXFO
H[DPSOH FRXOG EH ODYHQGHU RLO DQ HVVHQWLDGBVWRLO Wk
DO ZKLFK KDV QR HIIHFW RQ F )RV H[SUHVVLRQ LQ WKH
EXW GHEWHDYHWNVVLRQ LQGXFHG E\ DQ RSHQ ILHOI®& WBVW L
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1$%/( *t6XPPDU\ RI F )RV LQGXFWLRQ IROORZLQJ HPRWLRQDO DQG SK\

%167 EHG QXFOHXV RI WKH VWULD WHUPLQDOLY 3%$* SHULDTXHGXFWD
WKH K\SRWKDODPXV 176 QXFOHXV RI WKH WUDFWXV VROLWDULXYV $GLC

$LU
SXII

PPROIRRW 671 p 30X ¢3JUHVV )HDU $XGL (WKF 3DL

SHILRQ ELC VKRF PD]F

SHWDLC

Cortices

Frontal cortex

I+
I+

Cingulate cortex

I+

I+

Orbital cortex

I+

Pyriform cortex

Hippocampal
formation

I+
I+

Hypothalamus

PVN parvocell

I+
I+

I+
I+

PVN magnocell

I+

Supraoptic

I+

Dorsomedial

I+
I+

Ventromedial

Amygdala

I+

Basolateral

Central

I+
I+
I+
I+

Cortical

Medial

I+

BNST

I+
I+

Lateral septum

I+
I+

PAG

Locus coeruleus

NTS

I+
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2%-(&7,9(6 2) 7+( 5(6($5&+ 352-(&7

7TKH REMHFWLYH RI WKLV WKHVLV LV WR XQGHUVWDQG E

FDVR]HS&G3H ORUH VSHFLILFDOO\ WKLV WKHVLV ZLOO IR
QHXUDO DFWLYLW\ WKH DLP ZDV WR FKDUDFWHULVH WKH Fl
LQ WKH PRGXODWLRQ RI DQ[LHW\ DIWHU D XQLTXH LQWUDSI
KDV EHHQ FKDUDFWHULVHG DV D EH];)D?ZEJP]I—GS_L[I]HSCDLH\IHDS
UHIHUHQFH EHQ]J]RGLD]HSLQH ZDV XVHG LQ SDUDOOHO WR F
PROHFXOHYV

‘'LITHUHQW VWXGLHV KDYH UHSRUWHG D EHWWHU HIIHFW
LQGLYLGXDOV ,QGHHG D VWXG\ FRQGXFWHG RQ UDWV SR
HITHFWV Rl &+ ZHUH RQO\ REVHUYDEOH ZKHQ WKH UDWYV Z
*XHVGIRQ DO S3DOHVWULQL DQG FROOHDJXHV UHYHDOHG
SRVLWLYHO\ DITHFWHG EHKDYLRXUDO DQG SK\VLRORJLFDO
VDPH GLHW VHHPHG WR KDYH OHVV HIHW VO Q &RMF B Q QLR
FOLQLFDO VWXGLHVY UHVSRQVHV WR WKH DQ[LRODMLG OLNF
KLIXWUHVYV LQGLYLGXDOV $ ILUVW VWXG\ FRQGXFWHG DPR
FIGURE 29 H[SRVHG WKDW D VXSSOHPHQWDWLRQ RI PJ GD
DXJPHQWDWLRQ RI EORRG SUHVVXUH WULJJHUHG E\ WKH V
+RZHYHU WKLV HIIHFW FRXOG EH REVHUYHG DIWHU RQO\
VWUHVYV LQGLYHWXDO V(Y HWRALDOO\ D VHFRQG FOLQLFDO V
VWURQJHU HIIHFW Rl &+ DIWHU D GD\V VXSSOHPHQWDWL
VHOl UHSRUWHG THKMVIWQRQQDLUH .LP

,Q RUGHU WR EHWWHU XQGHUVWDQG WKH DQ[LRO\WLF OL
VHSDUDWLRQ RI ORZ DQG KLJK VWUHVVGHYGHYRGXD QY WRH
D VSHFLILE UHVSRQVH DPRQJVW 7ERJK R VWILHEL\D LIMDLGHLVY LZAX
FRQGXFWHG

X WKH VHSDUDWLRQ RI DQLPDOV DFFRUGLQJ WR WKHLU
414 XVLQJ DQ RSHQ ILHOG GHYLFH

X WKH VHSDUDWLRQ RI DQLPDOV LQWR WZR GLIIHUHQW

DQLPDOV DUH OHIW XQGLVWXUEHG LQ WKHLU KRXVL




2%-(&7,9(6 2) 7+( 5(6($5&+ 352-(&7

VLWXDWLRQ VWD#MH DQKHW\ PRIGRHBON DUH SODFHG
WHVW VXFK DV WKH OLJKW GDUN ER]

$ JOREDO DSSURDFK RI . &=3 DFWLRQ RQ &¥ XHMH® DE/RLYYL
DQ[LHW\ LV D FRPSOH[ SKHQRPHQRQ WKDW LV UHJXODWH
FB2 6WXG\LQJ D VLQJOH DUHD ZRXOG WKHQ QRW EH UHOH
KHPLVSKHUH XVLQJ VDJLWWDO VHFWLRQV ZLOO WKHQ JL)
EUDLQ UHJLRQV LQYROYHG LQ DQ[LHW\ UHJXODWLRQ DW W
EHWZHHQ WKH DGPLQLVWUDWLRQ RI . &=3 D YHKLFOH WKDYV
D UHIHUHQFH EHQ]JRGLD]JHSLQH DFWLQJ DV D SRVLWLYH FR
HYHQ EH FRQILUPHG XVLQJ FRURQDO VHFWLRQV XQGHU W
DFWLYLW\ ZDV HYDOXDWHG E\ ODEHOOLQJ QHXURQDO DFWL
EUDL@Y FI

$V GHULYDWLYHV Rl . &=3 PD\ DOVR SDUWLFPSOWHMWR LW
FDQ EH K\SRWKHVLVHG WKDW . &=3 DQG LWV GHULYDWLYHYV
$ FRPSDULVRQ EHWZHHQ WKH DFWLRQ RI . &=3in@®& RQH R
GLIJHVWLRQ </*</ R QVNQHKUIDIOWKHVYBPH H[SHULPHQWDO SD
WKHQ EULQJ OLJKW RQ WKDW K\SRWKHVLYV
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(9$/8$7,21 2) 7+( 0,&(6 %$6(' 21 7+(,5 %$6%$/ /(9(/6 2)
$1;,(7<
, QWURGXFWLRQ

$Q[LHW\N LV WKH UHDFWLRQ RI DQ LQGLYLGXDO WR DQ XS
GHYHORSHG D PXOWLIDFWRULDO WKHRU\ RI DQ[LHW\ PDNL
WKUHDW VWDWH DQ[LHW\ DQG WKH SUHGLVSRVLWLRQ WR
,W KDV VLQFH EHHQ VWDWHG WKDW LQGLYLGXDOV ZLW
VWDWH DQ[LHW\ OHYHOV LQ D JLYHQ VLWXDWLRQ *UD]LDQ
DQ LQGLYLGXDO FRXOG WKHQ DOORZ XV WR VHOHFW WKH R

6HYHUDO PRGHOV KDYH EHHQ GHYHORS WR PLPLF WUDL\
PHWKRGV EHKDYLRXUDO PRGHOV LQEUHHGLQJ PRGHOV
« %HKDYLRXUDO PRGHOV DUH HDVLHU WR VHW XS %\
DRLPDOV L H ZLWKRXW DQ\ WUHDWPHQW RI VSHFLILF FRQG
KLIJK +$% RU ORZ /$% DQ[LHW\ UHODWHMSWEBRD YLRXWYV L
GLVFULPLQDWLRQ LV FRPPRQO\ XVHG LQ UDWV PRGHOV EX
'LJJHU

2QH RI WKH PRVW IUHTXHQWO\ XVHG HWKRORJLFDO WHYV\
ZKLFK FRQVLVWY RI DQ XQHVFDSDEOH DUHQD ZKHUH W
PRUH DQ[LRXV WKH DQLPDO LV WKH PRUH WLPH LW ZLOO V¢
WKH OHVV WLPH LQ WKHHWFBQW UK IR QMW XGNEZYPIO WKHQ IRF)
LV SRVVLEOH RU QRW WR GLVFULPLQDWH 6ZLVV PLFH RQ W
WHVW

ODWHULDO DQG PHWKRGYV
$QLPDOV

$O00 H[SHULHQFHV ZHUH DSSURYHG E\ WKH )J)UHQFK (
OY$JURDOLPHQWDLUH HW GH OD )RUrW RQ WKH UHFRPPI
([SPULPHQWDWLRQ $QIRAVDO/H RA -RX\ ODOH 6ZLVV PLFH -
JUDQFH DIHG RI ZHHNV ROG DW WKH UHFHSWLRQ ZHUH |
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YHEUXDU\ DQG )HEUXDU\ 1XPEHU RI PLFH SHU EDWF
PLFH %DWFK PLFH %DWFK PLFH %DWFK
@Qrwpo PLFH OLFH ZHUH KRXVHG LQGLYLGXDOO\ DQG PDLQ\

RFOH OLJKWV RII DW DP DQG FRQWUROOHG HQYLUFR

:DWHU DQG IRRG ZHUH DYDLODEOH DG OLELWXP OLFH
H[SHULPHQWHU DQG SDUWLFXODU FDUH ZDV WDNHQ WR OL
OLIJIKW QRLVH RU RGRXU %HKDYLRXUDO WHVWYV ZHUH SHU]I

S P

$OEODWFKHY ZHUH SXW LQ WKH H[DFW VDPH FRQGLWLRQV
FRQGLWLRQV RQ DQLPDOVY EHKDYLRXUV $IWHU D ZHHN RI
EDVHG GLHW 2QH ZHHN ODWHU WKHLU EDVDO DQ[LHW\ OH)

2SHQ ILHOG

7KLV GHYLFH FRQVLVWV LQ D 7 FP DUHQD ZLWK FP K
HVFP®®RE21] %HKDYLRXUDO WHVWV ZHUH FRQGXFWHG XQGH
SHUFHLYH EXW DOORZHG WKH UHFRUGLQJ Rl EHKDYLRXUV
VHVVLRQV 7KH\ ZHUH SXW LQ WKH FHQWUH RI WKH DSSDUL
UHFRUGHG XVLQJ D FDPHUD /RJLWHFK 6ZLW]JHUODQG ZKL
RI WKH URRP LQ RUGHU WR QRW GLVWXUE WKH EHKDYLRXU
WKH WUDQVLWLRQV LQ WKH SHULSKHU\ ZHUH UHFRUGHG XQ

1ROGXV 7KH 1HWKHUODQGY 7KUHH SDUDPHWHUV ZHUF
FHQWUH Rl WKH GHYLFH WKH SHUFHQWDJH RI WLPH VSHC
WUDQVLWLRQV DV WKLV WHVW LV GHSHQGHQW RQ WKH ORI
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),*85( +'LDJUDP RI WKHHROS3H Q

/HIW VLGH YLHZ
5LIJKW 7RS YLHZ FHQWUH LQ UHG SHULSKHU

6WDWLVWLFDO DQDO\VLYV

'DWD ZHUH HYDOXDWHG ZLWK RQH ZD\ DQDO\VLV RI YDUL
DQDO\VLYVY ZDV SHUIRUPHG ZLWK %YRQIHUURQL SRVW KRF WH
DUH UHSRUWHG DV PHDQ “ 6" 'LITHUHQFHV ZSHUH FKRHOMH G HU

SHVXOWYV

$ WRWDO RI PLFH ZHUH ILQDOO\ DQDO\WHG DERXW
RXW RI WKH GHYLFH )LQDO QXPEHU RI DQLPDOV SHU EDW
%O WFK PLFH %DWEFK PLFH %DWEFK PLFH DQG %D

6RPH GLIITHUHQFHYVY ZHUH IRXQG EHWZHHQ WKH GLITHUHQ'
VFRWFHGE 2.2 1R GLITHUHQFH ZDV IRXQG IRU WKH WRWDO C(
EDWFKHV +RZHYHU DQLPDOV IURP %DWFK DQG %DWEFK
LOQGXFLQJ FHQWUH FRPSDUHG WR DQLPDOV IURP %DWEFK D
vew PRUH WLPH LQ WKH FHQWUH FRPSDUHG WR WKH RWHK
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),*85( +3DUDPHWHUV VFRUHGLH® GV KRIU RESIHFY
PLFH WR

7TROXPEHU BLHWWQ WKH FHQWUH

OLGGOH WLPH VSHQW LQ WKH FHQWUH WLPH
%RWWFRPNDO QXPEHU RI WUDQVLWLRQV
OHDQV ZLWK GLIIHUHQW OHWW H UVR W i IR REGRLE

p
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$00 EDWFKHV ZHUH WKHQ SRROHG WR HYDOXDWH WKH U
SDUDPHWHUYV VFRUP@I&B@&W@TNMHA@Q& 7KH QXPEHU
Rl HQWULHV LQ WKH FHQWUH DQG WKH WRWDO QXPEHU R
DFFRUGLQJ WR WKHSKDSLUBQGON WHVW UHVSHFWLYHO\
KRG WKH WLPH VSHQW LQ WKH FHQWUS GLG QRIQI® ®PERH D
SUHFLVHO\ GXH WR WKH DQLBDOV FRPLQJ IURP %DWFK

'LVFXVVLRQ

$FFRUGLQJ WR WKHVH UHVXOWY DQLPDOV KDYH WKH VD
GLIITIHUHQW EDWFKHV 2QO\ DQLPDOV FRPLQJ IURP %DWEFK
WKH DQLPDOV FRPLQJ IURP RWKHU EDWFKHV 'HVSLWH WK
PRVWO\ DOO SDHOPRWUHRNORQAVWULEXWLRQ ZLWK DOO WKH
ZD\ QR ELPRGDO GLVWULEXWLRQ ZDV REVHUYHG IRU WKH
EH REVHUYHG LQ SUHYLRXV SDSHUV GLVFULPLQDWHWJ DQLI
DO 6DARWP DO <H® DO

$ ILUVW GLIIHUHQFH WR EH QRWHG ZDV WKDW DQLPDOV R
JHQHUDWLRQV WR RQO\ NHHS DQLPDOV ZLWK H[WUHPH UHD
GLUHFWO\ FRPLQJ IURP WKH VXSSOLHU DQG ZHUH QRW VSHF
ORUHRYHU HYHQ LI WKLV W\SH RI VHOHFWLRQ KDV EHHQ X\
WKH OLWHUDWXUH 7KH FKRLFH RI WKH VWUDLQ DOVR KDYH
Dv 6ZLVV PLFH KDYH EHHQ FKDUDFWHULVHG DV EHLQJ OHVYV
YDQ %RWHWN +RZHYHU WKH XVH RI RXWEUHG VWUDLQV
EHWWHU PRGHO RI D JHQHWLFDOO\ GIPYSHOFWH. @ R SXIRBW E R/Y

2WKHU SDUDPHWHUV KDYH EHHQ SURSRVHG LQ WKH OLWF
WHVW HJ WKH UDWLR UQXPEHU RI WUDQVLWLRQV LQ WKH
UWLPH VSHQW LQ WKH FHQWUH WLIPW DOHQWREZBYWKH BKHL
KLIJIKO\ FRUUHODWHG ZLWK WZR RI VBUICHESITARDPMMIRUV VFRUI

$V WKHVH UHVXOWY GLG QRW DOORZ XV WR VHOHFW DQLF
WR DUWLILFLDOO\ FUHDWH KLJK YHUVXV ORZ DQ[LHW\ DQI
LQGXFLQJ VLWXDWLRQ WR LQFUHDVH WKHLU VWDWH DQ[LH\
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),*85( *5HSDUWLWLRQ RI PLFH DFFRUGLQJ W
WKH RBH®D G

7TRQXPEHU RI HQWULHV LQ WKH FHQWUH
OLGGOH WLPH VSHQW LQ WKH FHQWUH WLPH
%RWWRPNDO QXPEHU RI WUDQVLWLRQV
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(9$/8%$7,21 2) 7+( 0,&(6 %$6("

6833/(0(17$5< '$7$

+ &8RUUHODWLRQV EHWZHHQ WKH GLIITHUHQW SDUDPHWHUV VFRUHC
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02'8/$7,21 2) 1(85%/ $&7,9,7< ,1 0,&( ,1'8&(" %<
&$62=(3,1(

7KH REMHFWLYH RI WKLV VWXG\ ZDV WR HYDOXDWH WKH L
PRGHO 'LD]J]HSDP ZDV XVHG DV D SRVLWLYH FRQWURO ZK
PROHFXOHYV ZDV XVHG DV D QHJDWLYH FRQWURO

OLFH ZHUH SXW LQWR WZR GLITHUHQW VLWXDWLRQV DIWHL
D FRQWURO VLWXDWLRQ ZKHUH PLFH ZHUH OHIW XQGLVWX
LOQGXFLQJ VLWXDWLRQ ZKHUH PLFH ZHUH SXW LQ D OLJKW
SHUIXVHGUW®QKVIRWMRP RO %UDLQV ZHUH KDUYHVWHG IUR]JHQ I

7KH XVH RI VDJLWWDO VHFWLRQV ZDV SULYLOHJHG RYHL
LQYHVWLIDWLRQ RI WKH EUDLQ DV WKH SUHFLVH VLWH RI [
FRURQDO VHFWLRQV FRXOG EH XVHG ODWHU WR SUHFLVH W

TKHQXFOHDU SURWHLQ F )RV zZzDV XVHG DV D PDUNHU RI Q
HYDOXDWHG ZLWK LPPXQRIOXRUHVFHQFH 7KH GHQVLW\ RI
ZDV XVHG DV D HYDOXDWLRQ RI WKH DFWLYLW\ RI WKLV DU
LGHQWLILFDWLRQV RI VHYHUDO UHJLRQV LQYROYHG LQ
KLSSRFDPSDO IRUPDWLRQ K\SRWKDODPXV SUHIURQWDO FF

7KH UHVXOWY RI WKLV VWXBXKQIF¥E RHMPQENWHERIQOKH GRREG V
%HQRLW 6 &KDXPRQWHW & 6FKzZDU] - &DNLU .LHIH
ODSSLQJ LQ PLFH WKH EUDLQ UHJLRQV LQYROYHG LQ WKH D
WU\SWLF SHSWLGH GHULYHG IURP ERYLQH .V FDVHLQ -RXL
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,Q VXPPDWLRQ

0 $Q DQ[LOWXFLQJ VLWXDWLRQ LV PDQGDWH
OLSHRSHUW&HY RI

o 7KLV LV RQH RI WKH ILUVW WLPH WKDW D
WR WULJIJHU PRGXODWLRQ RI QHXURQDO
LOMHFWLRQ LQ D PRXVH PRGHO

0 7TKH PRGXODWLRQ RI QHXURQXG 3 FWALY LAWY
IURP WKDW RI GLD]HSDP

Xx . &=3KDG QR LPSDFW RQ WKH DFWL
FRUWH[ ZKLOH GLD]JHSDP GHFUHDYV,

X . &=3LQFUHDVHG WKH DFWLYLW\ RI
GLD]JHSDP KDG QR HIIHFW RQ LW
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(9$/8$7,21 2) 7+( $1;,2/<7,& $&7,9,7< 2)+($1' 7
02'8/$7,21 2) %5%,1 $&7,9,7</*%k $ '(5,9$7,9( )520
r &$62=(3,1(

7KH REMHFWLYH RI WKLV VHFRQG VWXG\ ZDV WR HYDOXD
</*</ D SHSWLGH GHLQ WHIA URRW BRIGHRIQ. D PXULQH PRGHO

KDV EHHQ IRXQG LQ VLJQLILFDQW TXDQWLW\ LQ WKRHJK\GUR
D FRPELQDWLRQ RI SHSVIRHDIQRSS RRWRFODWKLY3QHZ SHSWLGH
RI EUDLQ DFWLYLW\ ZDV DOVR DVVHVVHG LQ FRPSDULVRQ Z

,Q YLHZ RI WKH UHVXOWY REWDLQHG LQ WKH SUHYLRXV \
DQ[LHW\ LQGXFLQJ VLWXDWLRQ WULJIJHUHG E\ WKH OLJKW (
YHKLFOH . &=3 </*</ RU GLD]J]HSDP OLFH WKHUHDIWHU X
SUHYLRXVO\ PLFH ZHUH DQWHY WXWWK VRGPRQG ESUHU®@V HAH U
IURJHQ DQG WKHQ VOLFHG ZLWK D FU\RVWDW

+RZHYHU WKLV WLPH FRURQDO VHFWLRQV ZHUH FKRVH
VKRZLQJ GLITHUHQFHY LQ WKH PRGHV RI DFWLRQ RI . &=3 D
WKH SUHYLRXV VWXG\ L H SUHIURQWDO FRUWH[ DQG DP\JC
DOORZHG DQ HDVLHU VWXG\ RI QHZ UHJLRQV VLWXDWHG L
DQ[LHW\ UHJXODWLRQ WKH SHULDTXHGXFWDO JUH\ WKH
VROLWDULXYV 1HXURQDO DFWLWUIMKH BYSRENFN LIRXD IRQ WK HE OE
UHYHDOHG ZLWK LPPXQRIOXRUHVFHQFH



</[*</[] $ 129(/ $1;,2/<7[&( 3(37,'(

,Q PPDWLRQ

o 7KH DQ[LEDNWLFURSHUWLHV RI </*</ ZHUH
LS LOMHFWLRQ LQ WKH P)XGADUWNHBPRGHO R

o 7KLV SHSWLGH DOVR PRGXODWHY QHXURQ
WR DQ[LHW\ UHJXODWLRQ ZKLOREWERHQHEH
. &=3 ZHUH FRQILUPHG LQ WKLV VWXG\ ZLW

o0 .&=3 DQG LWV GHULYHG SHSWLGH </*</ GH
UHJXODWLRQ RI QHXURQDO UHJXODWLRQ

X . &=3 KDG LQFUHDVHG QHXURQDO I
DP\JGDOD ZKLOH <HKILEYHRQMOLQ V
VSHFLILF QXFOHL

x 1HXURQDO DFWLYLW\ ZDV PRUH LQ
UDSKH QXFOHL DIWHU WKH LQMHF\
LOQOMHFWER® RI
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SHVHDUFK DUWLFOH

</*</ D QRYHO SHSWLGH GHULYHG IURP SURWHRO\VLV RI . F
SURSHUWLHYV ZLWK D GLITHUHQW SDWWHUQ RI EUDLQ PRGX(
6LPRQ %YHQ&DWKHULQH &KDIWAFOWEHRWDDQH &DNL'D QLHIM U

7TRPp/DXUHQW OLFOR

8QLYHUVLWpP GH /RUUDLQH 8QLWp GH 5HFKHUFKH © $QLPD
a 85 $)3%$ eTXLSH © 3URWPpPRO\WH %LRIRQFWLRQQDOLWp
3% 3 9DQG@EPQH\ ) )JUDQFH

,15$ 8QLWp GH 5HFKHUFKH © $QLPDO HW JRQFWLRQQDOLW
8QLWp 6RXV &R QW U DI Q P\D @ G ° XIYDUHF H

805 31&$% $JUR3DULV7HFK ,15% 8QLYHUVLWp 3DULV 6DFOD

L QJUHGLD $UUDV ) JUDQFH

&RUUHVSROIGRIFBHHQRLW
$GGUHVV &DOELQRWR[ )DFXOWp GHV 6FLHQFHYV HW 7HFKQ]

IDQG YD F\ &HGH]

( PDLO D[GGUHVV

6KRUW IPWOH QRYHO DQ[LRO\WLF OLNH SHSWLGH
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$EEUHYLDWLRQWVDV&IBILDA[LHW\ LQGXBAIBY &H G XQDWF DRIV F
WKH VWULD %%¥HEPRIQQRGLEEHSWQYNSWLF K\GUROWBIWH IR} ER
*$%$ DPLQR EXW\BLPWBDG H L VOR QK\W GEIYBNQERDHXV RI1 Wk

WUDFWXYV 38R OEMWDUOTWMHGXFWDO JUH\

'RUG FREEDWMWUDFW ,QWURGXFWLRQ ([SHULPHQWDO SURF!
7DEOHV DQG7 PIEJXHYM X UH V

SHIHUHQFHYV
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$%75%$&7

. &DVR]HSEO8 LV DQ DQ[LRO\WLF OLNH ELRDFWLYH GHFDS
FDVHLQ 7KH 1 WHUPLQDO SHSWLGH </*</ ZDV SUHYLRXVO
RULJLQDO SHISQV IYGEW UHRY WORQ PRGHO ,WV SXWDWLYH DQJL
HYDOXDWHG LQ D 6ZLVV PLFH PRGHO XVLQJ D OLJKW GDUN

PJ NJ 7KH HIIHFW RI </*</ RQ F )RV H[SUHVVLRQ LQ E
UHJXODWLRQ ZHUH DIWHUZDUGY HYDOXDWHG YLD LPPXQRIC
DQG GLD]HSDP D UHIHUHQFH DQ[LRO\WLF EHQ]JRGLD]HSLQ}
SURSHUWLHYV LQ WKH /'% VXFK DV . &=3 DQG GLD]HSDP 7KI
GLIIHUHQFHV ZLWK GLD]JHSDP LQ WHUPV RI F )RV HYSBHVVLF
DP\JGDOD WKH QXFOHXV RI WKH WUDFWXV VROLWDULXV W
QXFOHXV LPSO\LQJ D SRWHQWLDO GLIIHUHQW PRGH RI DFW
H[SUHVVLRQ LQ WKH DP\JGDOD DQG LQ RQH RI WKH UDSKEF
SDWWHUQ RI DEFWLYDWLRQ DV . &=3 1HYHUWKHOHVV VRPH
WZR SHSWLGHVY PDNLQJ LW SRVVLEOH WR IRUPXODWH WKH
GLIIHUHQW PRGH RI DFWLRQ 7DNHQ WRJHWKHU WKHVH UH

WR WXMRYRUDOO DFWLRQ RI . &=3
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,1752'8&7,21
$ WU\SWLF K\GUROWBDAHHRQ ERKLEBMHNVY DQ[LRO\WLF OLNE

LOMHEWLRQ LOWUD®WYV PTHWOR/VRFLDWHG LQGXVWULDO IRUI
DQ[LRO\WLF OLNH HSHFIRWPLQ LYDWNHM\BBU DNRAEBEO0 DV RW
DQLPDO VSHFLHV FDWV @RBWIDROPLHV BEQ GFKRWYB® O

3DOHNWUWL@I&OLQLFDO WULDOV UHYHDOHG WKDW WKLYV
LQIOXHQFH RQFHORPWEKQEKSV\FKRORJIJLEFDO DQ[LHW\ V\PSWRPV
VXEMHERMW DO /DQRMWO OHVVBRXBO %HVLGHV LWV DQILF
OLNH SURSHUWLHVY WKH K\GURO\WDWH GHRRERWWLMDWHG DC
DV ZHO O DWRWHFWMEL QJ H I FKXHW @ R/QDOR EBQWMWXDO 7KHVH
SURSHUWLHV EURXJKW WKH K\GURO\WDWH FORVH WR WKH
FRPPRQ DQ[LRO\WLF GUXJV IDPLO\ GHVSLWH LW GLG QRW

WR WKH %='V VXFK DEDJWDERYPVAIKIGR Q R U O/HH3WM X1DO

7KH VFUHHQLQJ RI WKH GLITHUHQW SHSWLGHV RIsWKH WL
UHFHSWRUV OHG WR WKH GLVFRYHU\ RI . FDVR]JHSLQH . &:
I[UDJPHQW RIFORMAL@H </*</(4//5 HWLFOR 7KLV ELRDFWL
SHSWLGH DOVR GLVSOD\HG DQ[LRO\WHW OIONEH BLHWFRDO LQ |
DV ZHOO DV LQ MHWH OE | XYKEBHKQW ILQGLQJV KDYH UHY
FDQ PRGXODWH QHXURQMD® DPFEWLPPWORKLNORFWHBLVWU\ |
UHJLRQV OLQNHG WR DQ[LHW\ UHJXODWLRQ LQ D PRXVH PF

DQI[LRO\WWLF OLNH SMBRSHUWLHV %HQRLW

$QLQ YIGWIRVWLRQ PRGHO RI . &=3 UHYHDOHG WKDW WKH .

WRZDUG JDVWULF DQG SDQFUHDWLF SURWHDVHV SHSVLQ



3$57,,+3(5621%/ :25.

&RURODVH 33E EXW WKH DPRXQW RI SHSWLGH FURVVLQJ W
H[SODLQ LWV DEFWLYLW\ +RZHYHU D SHSWLGH ZDV IRXQG L
WKH DFWLRQ RI WKHVH GLITHUHQW SURWMHDWHIM </ZKLFHK IDC
GLVSOD\HG DQ[LRO\WLF OLNH HIIHFWV LQ UBWVDIOE WKUHH
7KH DEVRUSWLRQ RI WKLV SHSWLGH WKURXJK D &DFR PRQC
ELOH VDOWYV H&WDNOW .LHKHUREVHUYHG DQ[LRO\WLEF DFWLRQ

DFWLRQ RI WKH WZRQSHSIWILGHYV . &=3

,Q WKH VWXG\ Rl &DNLU .LHIHU HW DO LW ZDV REVHUYHC
WKH 1 WHUPLQDO SDUW RI . &=3 ZHUH WRWDOO\ UHVLVWDQ\
HW DOE 7KH UHVXOWLQJ SHSWLGH </*</ FRUUHVSRQGLC
.v FDVHLQ ZDV DOVR IRXQG LQ WKH K\GURO\VLV PHGLD E
v &1 | 6LQFH WKH ERQGV Rl WKLV SHSWLGH DUH SDUYV
FDQQRW EH HF®XGHG WRR®G. DOVR SDQWRKNIRSLD/OH DR [WR &
OLNH HIIHFWV Rl . &=3 7KH SUHVHQW VWXG\ Z0V YWKRQ G
DQ[LRO\WLF OLNH SURSHUWLHVY DQG LWV DFWLRQ RQ EUDLC
D QHXURQDO DFWLYLW\ PDUNHU &KXQJ .RYiFV )R
LQ DQ[LHW\ UHJXODWLRQ DQG PRUH VSHFLILEFDOO\ RQ EUL

VSRWWHG EHWZHHQ .L&8% DIYKR GWDHERPWH[ B@YGDP\JGDOD

0$7(5,$/6 $1' 0(7+2'6

"UXJIV
. &=3 PJNJLH —PRO NJ *HQRVSKHUH %LRWHFKQROR
L H —PRO NJ *HQRVSKHUH %LRWHFKQRORJLHV )UDQFH

9DOLXP 5RFKH 6ZLW]J]HUODQG ZHUH GLOXWHG LQ D Y Y
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DTXHRXV VROXWLRQ (DFK FRPSRXQG ZDV LQMHFWHG E\ LC

P/ NJ ERG\ ZHLJKW 7KH FRQWURO JURXS UHFHLYHG WKH V

$QLPDOV

$00 H[SHULHQFHV ZHUH DSSURYHG E\ WKH )UHQFK 3
OY$JURDOLPHQWDLUH HW GH OD )RUrW RQ WKH UHFRPPI
([SPULPHQWDWLRQ $i@RMDVH 1RI -RX\ ODOH 6ZLVV PLFH Q
/IDEV )UDQFH DJHG RI ZHHNV DW DUULYDO ZHUH KRXVH
LQYHUVHG OLJKW GDUN F\FOH OLJKWV RII DW DP DC
“ f& KXPLGLW\ ‘:DWHU DQ® GRRICEZMPAYR ZHYUH. B DBGB H G
GD\ E\ WKH VDPH H[SHULPHQWHU DQG SDUWLFXODU FDUH ZI
YDULDWLRQV LQ OLJKW QRLVH RU RGRXU %HKDYLRXUD

SHULRG

ILIJKW GDUN ER[ /'%
$ KRPHPDGH DSSDUDWXV ZDV XVHG IRU WKH OLJKW GDUN
FRQGLWLRQVY DQG SURFHGXUH DQG FROOHFWHG GBWD ZHU

DO

7R ILUVWO\ DVVHVV WKH DQ[LRO\WLF OLNH SURSHUWLHYV
Q JURXS ZHUH SODFHG LQ WKH /"% WKLUW\ PLQXWHV D
ZHLIJKW RI HLWKHU YHKLFOH . &=3 PJ NJ </[*</ PJ
%HKDYLRXUV ZHUH UHFRUGHG IRU ILYH PLQXWHYV DQG D

H[SHULPHQWDO SURFHGXUH GHVFULEHG EHORZ
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1IHXURQDO DFWLYLW\ HYDOXDWLRQ SURFHGXUH
OHWKRGV IRU QHXURQDO DFWLYDWLRQ HYDOXDWLRQ XVL(

SUHYLRXVO\ GHVFULEH® DPWORFHGXUH %HQRLW

%ULHIO\ DIWHU D ZHHN RI DFFOLPDWLRQ WR WKH ODE FR
GLHW VWDQGDUG $,1 0 GLHW FRQWDLQLQJ RI WRWDO H
DV FDUERK\GUDWH LQ RUGHU WR H[FOXGH WKH IRUPDWLR
SHSWLGHV 7ZR ZHHNV ODWHU DQLPDOV UHFHLYHG DQ L S
YHKLEFOH . &=3 PJ NJ </*</ PJ NJ RU GURPHSDRKLWPW
PLQXWHY ODWHU DQLPDOV ZHUH SODFHG LQ WKH /'% GHYLF

KRXVLQJ URRP

1ILQHW\ PLQXWHY ODWHU DQLPDOV UHFHLYHG D OHWKDO
PJ NJ &HYD 6DQWp $QLPDOH )UDQFH DQG ZHUH VXEVHTXI
VXSSOHPHQWHG ZLWK |IRO@R/ZHID EA P/ RI Y Y IRUF
OLFURP OLFURWHFK )JUDQFH %UDLQV ZHUH KDUYHVWHG F
$HVDU *HUPDQ\ VROXWLRQ IRU KRXUV DW f& DQG VXEV
DW f& GXULQJ KRXUV 7KH\ ZHUH DIWHUZDUGV VQDS IUR
VHFWLRQLQJ &RURQDO VHFWLRQV —P ZHUH FXW XVLQJ
VWRUHG DW + f& 7KH\ ZHUH UHK\GUDWHG WKUHH WLPHV L
LQFXEDWHG LQ D 3%6 VROXWLRQ FRQWDLQLQJ Y'Y 7UL

KRXU DW URRPHDVQIEPSEXEWDMIXXHQWO\ LQFXEDWHG LQ D 3%6
FRQWDLQLQJ LQ DGGLWLRQ Y Y JRDW VHUXP DQG UDEE
$E &DOELRFKHP )UDQFH GXULQJ KRXUV MWW f& 6

WLPHV LQ 3%6 GXULQJ PLQ DQG WKHQ LQFXEDWHG LQ D :
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$OH[D )OXRU VHFRQGDU\ DQWLERG) OROHFEXODU 3
WHPSHUDWXUH (YHQWXDOO\ VOLFHV ZHUH ZDVKHG WKUHH
FROQWDLQLQJ 1 GLDPLGLQR SKHQ\OLQGROH '$3, 9HFWR
QHJDWLYH FRQWUROV REWDLQHG E\ RPLWWLQJ HLWKHU W
SURFHVVHG GXULQJ HDFK H[SHULPHQW WR FKHFN IRU QHJD
WKHVH WZR FRQWUROV GDWD QRW VKRZQ 60OLFHV ZHUH
RQO\ &RFKLQ +LVW,0 )DFLOLW\ 3HUNLQ (OPHU 86% XV

HSLIOXRUHVFHQFH RU DQ HSIIEOXRDHMFHQFRFHPYYURNVEFRSE\

7KH VDPH DXWRPDWHG FRXQWLQJ ZDV XVHG ZLWK ,PDJH-
Rl F )RV QHXURQV HWPBO %YH®BBDWQ UHJLRQV ZHUH LGHC

VWHUHRWD[LF DWODV 3D[LQRV DQG JUDQNOLQ

6WDWLVWLFDO DQDO\VLV
%HKDYLRXUDO DQG LPPXQRKLVWRFKHPLFDO UHVXOWYV ZF
YDULDQFH $129% DIWHU DVVHVVLQJ WKH QRUPDO GLVYV
FRPSDULVRQ DQDO\VLV ZDV SHUIRUPHG ZLWK %RQIHUURQL
$00 GDWD DUH UHSRUWHG DV PHDQ “ 6(0 'LITHUHQFHYV

WKH S OHYHO

5(68/76
$Q[LRO\WLF OLNH SURSHUWLISQ RIS</tQMHFWKRQ Bl </*</ DV
PLQ EHIRUH WKH WHVW LQFUHDVHG WKH WUDQVLWLRQ
) S WKH WLPH VSHQW LQ WKHSOLW ERDVi )

ZHOO DV WKH QXPEHU RI UHDUV LQ WKH OLWRER§DUHG WR
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YHKLFOH LQMHFWLRQ LQ WKH VDPH FRQGLWLRQV . &=3 L

LQFUHDVHG WKH WLPH 8§ ) DQG WKH QXPEHU RI UHI
) S LQ WKH OLW ER[ ZKLOH GLD]HSDP RQO\ LQF
ER[ 1 ) S FRPSDUHG WR WKH YHKLFOH /'% UH\
JLIXUH

ORGXODWLRQ RI QHXURQDO DFWLYLW\ LQGXFHG E\ LQWUDS
. &=3 RU GLD]HSDP LQ DQ DQ[LHW\ LQGXFLQJ VLWXDWLRQ
</*</ LQFUHDVHG F )RV H[SUHVVLRQ LQ WKH DQWHULRU
DP\JGDOD i ) S DQG i ) S UHVSHFWLYH
DV ZHOO DV WKH UDSKH PDJQXV QXFOHXV 5FRPBDUMNG WR \

YHKLFOH

. &=3 LQFUHDVHG F )RV H[SUHVVLRQ JOREDOO\ LQ WKH
S DQG PRUH VSHFLILFDOO\ LQ WKH EDVRODWWKWHD O
EDVRPHGLDO i )S DQG WKH PHGLDO S )

QXFOHL FRPSDUHG MMBHWWHGH BICAVCRH LQRKUHDVHG F )RV H[

PDJQXV QXFOHXV FRPSDUHG WR WKH YHKLFOH 1 )

(YHQWXDOO\ RQO\ GLD]HSDP LQFUHDVHG F )RV H[SUHVVLF
i ) S DQG GHFUHDVHG LW LQ WKH SUHIURQW
JUH\ 38%* i ) s DQG 1| ) S

UHVSHFWLYHO\ FRPSDUHG WR WKH YHKLFOH 'LD]JHSDP DO\

LQ WKH FHQWUDO QXFOHXV RI WK8S DP\JGDOD i )
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6RPH GLITHUHQFHY ZHUH DOVR REVHUYHG EHWZHHQ </*</

KLJKHU F )RV H[SUHVVLRQ LQ WKH UDSKH PDJQXV QXFOHXV

S F )RV H[SUHVVLRQ UHVXOWY DUH VXPPHG XS LQ 7D
',6&866,21
7KLV VWXG\ UHYHDOHG WKDW D XQLTXH PJ NJ —PRO

6ZLVV PLFH WULJJHUHG VRPH DQ[LRO\WLF OLNH SURSHUWLL
RI WKH WLPH VSHQW LQ WKH GDUN DUHD Rl WKLY DSSDUDW
SURSHUWLHYV RI D PROHEFXOH %RXULQ DQG +DVFRsW L
DW WKH VDPH PRODU FRQFHQWUDWLRQ DQG GLD]JHSDP D
ZHOO HVWDEOLVKHG 7KH UHVXOWVY REWDLQHG ZLWK YHKLF
GHYLFH KDYH DOUHDG\ EHH M WXEO LMK G E[H RROAM/ L % HDQ R IHWS
RI . &=3 LQ URGHQWY KDYH DOUHDG \&DHH® | HMO O OGRFXP H Q
OLF®IRV DO OL]XWKWJIJBO E7KXV WKH VKRUWH U GLH/SWIDGHG <D
VLPLODU DOQNRMPMEYLW\ DV V&KB OKRQYHKD S HBOMLHEHG \. E H H
ZLWK WKH </*</(4 SHSWLGH&DDAMRN GH IHW HD® EURA YV VXJIIHVW
W KIDQVW HUP LQ D®RYDW WRHULD J WKH WZR W\URVLQH HHRY G XH\
WR EH WKH DFWLYH VWUXFWXUdH EHWE HP IS8 S \BERAHB | DV RUWH
HV DO E /HFRXWHDO 7KH OR®HUPIRQRIO&SBUPNDO ORZ WKH

PDLQWH Q DVQXALHW RE GH @ IRWIEBTHW RIY SDWWHUQ LPSO\LQJ WKH
GHVSLWH WKH FRQVWUDLQWYV F DXO\WHZG \EN LVDKOH EBG\S RW HRIQ W
DQ[LROWMHFSURSHUW LEHYFR| WWKKHH<BHHSPWMLLESEHG < /DUH IRUPHG

LQPIRGHGCOHG\SVIRE@DWNLHIHW DOE WKH RYHUDOO DQ[LRO\W|
. &=P D\ EH GXHGAR MR FDIGW KHKBHEWHFY (S BRBM @WVY. GH VW U XF V)

PDAIDFLOWWB VWD VFOWL RORDUBPDAUY +RZHYHU LW PXVW EF
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FHUHEUDO VWUXFWXUHV PRGXODWHG E\ WKH SHSWLGHV DU
</* ZKLFK DUH FRQWDLQHG LQ WKH WKUHH ODUJHU SHSWLG
RI DFWLRQ RI WKHVH VKRUW SHSWLGHV GRHVs QRW HSVERUY V
.DQHJIJBEWDDO OL]XWWIHOE ZKHUHDV . &=3 GLVSOD\V DQ DIl

OLFBW DO

7KH LS LQMHFWLRQ RI PJNJ . &=3 LQGXFHG FKDQJHV LQ
DQ DQ[LHW\ LQGXFLQJ VLWXDWLRQ L H WKH /'% LQ WKH
LOMHFWLRQ 7KH DQ[LHW\ LQGXFLQJ VLWXDWLRQ XVLQJ DQ
WKH DQ[LRO\WLF OLNH SURSHUWLHV RI . &=3 DQG REVHUY
UHJLRQV OLQNHG WR DQHMHIV®O UHXHODBMWRRQ BB EHKLQG W
SDUDGLJP LV WKDW DQ[LRXV RU VWUHVVIXO VLWXDWLRQV \
OLNH SURSHUWLHYV RI WKH WURB WH EQK FROR\D VQ MWH R I&ERY DY
EHHQ REVHUYHG LHOWUD® V GRHW GIBW H/O U IRQJL KXPDHQV .LP

DO W ZDV WKHQ REVHUYHG WKDW LQ WKLV DQ[LHW\ L
. &=3 GHFUHDVHG F )RV H[SUHVVLRQ LQ KLSSRFDPSDO IR
GRUVRPHGLDO SDUDYHQWULFXODU DQG YHQWURPHGLDO ¢
QXFOHXV RI WKH VWULD WHUPLQDOLV %167 ZKLOH LW LC
%BHQRUWO 7KLV LQFUHDVHG F )RV H[SUHVVLRQ LQ WKH DF
RI WKH DFWLRQ RI GLD]JHSDP LQ WKLY UHJLRQ 7KH UHVXOW
VHW RI DQLPDOV WKH LQFUHDVHG LQ F )RV H[SUHVVLRQ L
EDVRODWHUDO EDVRPHGLDO PHGLDO DQG SRVWHURODWE
PJ NJ . &=3 FRPSDUHG WR D YHKLFOH LQMHFWLRQ 7KH I
SUHIURQWDO FRUWH[ FRPSDUHG WR WKH YHKLFOH ZDV DO\

ZKLFK VHUYHG KHUH DV D SRVLWLYH FRQWURO GLVSOD\HG
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F )RV H[SUHVVLRQ LQ WKH SUHIURQWDO FRUWH[ FRPSDUH
FRKHUHQW ZLWK WKH SUHYLRXVO\ REWDLQHG UHVXOWYV X
% HQRWVWD O 7KHVH SDWWHUQV KDYH EHHQ H[SODL@HG E\ W
UHFHSWRUV LQ WKH EUDLQ ERWK GLD]JHSDP DQG . &=3 KD

IL[IDWLRQ VHWHOOLFOR

1HZ UHVXOWY REWDLQHG LQ WKH 176 3%$* DQG 50J DOVR
. &=3 DQG GLD]J]HSDP ,QGHHG . &=3 LQFUHDVHG F )RV H[SUI
LQFUHDVHG F )RV H[SUHVVLRQ LQ WKH 176 DQG GHFUHDVH
JURXS 7KHVH WKUHH UHJLRQV DUH ORFDWHG LQ WKH EUDL(
176 VHUYHVY DV WKH UHOD\ RI YDJDO DIIHUHQFHV sWR WKH
UHFHSWRUV KDYH EHHQ FKDUD HWHNQVIBRKWLW®&LV3IBHILRQ
LV WKH VWUXFWXUH DVVRFLDWHG ZLWK IUHH]LQJ DQG HVF
50 EHORQJV WR WKH UDSKH QXFOHL V\VWHP ZKLFK LQQHL
SURMHFWLRQV 0LOODQ 7TKHVH QHZO\ REVHUYHG GLIIH
D GLITHUHQW PRGH RI DFWLRQ EHWZHHQ . &=3 DQG GLD]JHS
VLGH HIITHFWV RI WKH WU\SWLF K\GURPW DWH 'HRQ@WMMxPL QJ

DO

%HVLGHY WKH L S LQMHFWLRQ RI </*</ DOVR LPSDFWHG F
UHJLRQV ,QGHHG WKH DGPLQLVWUDWLRQ RI WKH SHQWDS
QHXURQV LQ WKH DQWHULRU FRUWLFDO DQG SRVWHURODW
WKH 50J FRPSDUHG WR WKH YHKLFOH W WKHQ DSSHDUYV V
QXFOHL DQG QRW WKH EDVRODWHUDO EDVRPHGLDO DQG PF

WR WKH DGPLQLVWUDWLRQ RI . &=3 ZKLOH WKH LQFUHDVH
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WKDQ WKDW RI . &=3 7KHVH GLIIHUHQFHVY EHWZHHQ . &=3
LOQWHUSUHWHG E\ VRPH GLIITHUHQFHYVY LQ WKHLU PRGHV RI D
FRXOG PHDQ WKDW WKLV SHSWLGH ZRX0OG HLWKHU UHDFK
QHZ UHFHSWRUV LQ WKH EUDLQ DV EHLQJ OHVV VWHULFDO
VKRZV VRPH VLPLODULWLHV ZLWK 5</*</ ZKLFK KDV VRPH L
HW DO DQG DV WKH $U;;$U ZKHUH $U LV DQ DURPDWLF UF
IRU WKH DIILQLW\ RI RFWMDWB SMSWL BEWB\RWIKHDWLY RI DQ LQY
RSLRLG VI\VWHP LQ WKH PRGH RI DFWLRQ RI </*</ VKRXOG E
GLIlTHUHQFHY REVHUYHG EHWZHHQ . &=3 DQG </*</ LQ WKH F
DP\JGDOD DQG WKH 50J FRXOG DOVR EH LQVLJQLILFDQW L

JXUWKHU ZRUN LV QHHGHG WR H[SORUH ERWK K\SRWKHVHV

(YHQWXDOO\ </* DQG </ SHSWLGHV KDYH EHHQ SUHYLRXVO
SURSHUWLHV LQ URW HXQON \0 L ] B @HdAl IBEDD E </* FRUUHVSR
WR WKH IUDJPHQW v FDVRHLBRFQGHLY UHOHDVHGLQ IWHUUR S
GLIHVWLRQWILQ OHM\VXQ2HEH 7KH DQ[LRO\WLF OLNH SURSHU
</* ZDV EORFNHG E\ DQWDJRQLVWY GRSDPHURWRAEDS UJILF
UHFHSWRUV ZLWKRXW D GLUHFW DJRQLWW DG WQR]QX QL IHK H
HW DOE 7KH DQ[LRO\WLF OLNH SURSHUWLHV RI </ ZHUH D(
UHFHSWRUVHWQBJIJDZO WKH RWKHU KDQG . &=3 ZDV VHOHF!
EHQ]JRGLD]HSLQH VHWHSRN RHW $0Q FOFRRQILUPHG ZLWK D GLUH
WKHVH UHFHSWHRW\D O HOMK BHXBVV RI WKH <;;< SDWWHUQ LQ
PHDQ D SRWHQWLDO ORVV RI WKH EHQ]JRGLD]JHSLQH VLWH D
WKH WZR W\URVLQH DURPDWLF ULQJV KDV EHHQ VKRZQ WR

DURPDWLF ULQJV LQ QLWUD]HSDRWDDBH Q DREHR¥ISU Q W KHH Pl
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WKH WKLV SDWWHUQ FRXOG DOVR PHDQ D SRWHWLDO® OR'
,Q VXPPDU\ LW FRXOG WKHQ EH K\SRWKHVLVHG WKDW

QRW KDYH WKH VDPH PRGH RI DFWLRQ LQ WHUPV RI WDUJH\

,Q FRQFOXVLRQ D XQLTXH L S LQMHFWLRQ RI </*</ DQ . &
33 RU SHSVLQH &RURODVH 33E& K\GURO\VLY WULJJHUHG D
PRGHO XVLQJ WKH /'% SDUDGLJP DW D PRODU FRQFHQWUDW
RQ QHXURQDO DFWLYLW\ LQ WKH SUHIURQWDO FRUWH[ DQ
DQ[LHW\ LQGXFLQJ VLWXDWLRQ ZDV FRQILUPHG LQ WKLV
VSRWWHG EHWZHHQ WKH SHSWLGH DQG D UHIHUHQFH EHQ]
</*</ KDG DOVR IDLUO\ VLPLODU HIIHFWV DV . &=3 RQ QHXU|
GLD]JHSDP LQ WKH VDPH VLWXDWLRQ 6RPH GLIIHUHQFHV LC
SRLQWHG RXW EHWZHHQ WKH WZR SHSWLGHV DQG IXUWH!

XQGHUVWDQG WKH PRGH RI DFWLRQ RI WKHVH IRRG GHULYF

$&.12:/('*0(176
7KH DXWKRUV JUHDWO\ DFNQRZOHGJH ODU\OLQH )DYLHU DW
WKH PLFURVFRSH VOLGH VFDQQHU 7KH DXWKRUV ZRXOG [

+DGGDG DQG 1DWKDOLH $WDOODK IRU WKHLU FRQWULEXWI

*5$176
6 %HQRLW UHFHLYHG JUDQWYV IURP 'pSDUWHPHQW $OLPHC

1IDWLRQDO ,QVWLWXWH IRU $JULFXOWXUDO 5HVHDUFK ,15%
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' 6&/2685(6
'XULQJ WKH FRXUVH RI WKH ZRUN - B6FKZDU] ZDV KLUHG E\
LW ,QJUHGLD 6$ SDUWLDOO\ ILQDQFLDOO\ VXSSRUWHG WKI

DQG H[HFXWLRQ RI WKH ZRUN 7KH UHPDLQLQJ DXWKRUV GF

$87+25 &2175,%87,216
6% && &&. '7 DQG /0 FRQFHLYHG DQG GHVLJQHG WKH H[S
WKH H[SHULPHQWYVY 6% && -6 &&. '7 DQG /0 DQDO\WHG W

DXWKRUV KDYH DSSURYHG WKH ILQDO DUWLFOH

5()(5(1&(6

%DUURQ .: 3DYHOND 60 *DUUHWW .0 'LDJHSDP VHQVL
176 SDUWLFLSDWH LQ FBUBLRYIHM XODU FRQWURO

%HDWD & %HDXPRQW *UDII ( &ROO 9 KWRUBMD - (I0BDBPWRRI 0
DOSKD FDVR]JHSLQH =\ONHQ@HWR®HKD[Y RW\L QRO$EBW \BHV

%HDWD & %HDXPRQW *UDII ( 'LD] & ODHW. M@ B O(DNMDOV IR |0
DOSKD FDVR]JHSLQH =\ONHQH YHUVXV VHOHJLOLQH K\GL
GLVRUGHUVIHW GRHKDY &0LQ#SSO 5HV

%HQRLW 6 &KDXPRQWHW & 6FKzZDU] - &DNLU .LHIHU & 7R
PLFH WKH EUDLQ UHJLRQV LQYROYHG LQ WKH DQ[LRO\WL
SHSWLGH GHULYHG IURPXERM.QRRBA FDVHLQ

%RXULQ O +DVFRsW 0 7KH PRXWH ®KDKWDERON ER[ WH

&DNIWHIHU & OLFOR / %DODQGUDV ) 'DU\'$ 6ROLJRW & 5R)
&DFR FHOO PRQROD\HU DQG VHQVLWLYLW\ WR K\GURO\

FDVHLQ . FDVR]JHSLQH DQG .V FDVHBQUILF )RRG RRKMMRI
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+

&DNIWHIHU & 5RX[ < /H %DODQGUDV ) 7UBBDDA@ 0,0DU\ $
YLWUR GLJHVWLELOLW\ RI . FDVR]JHSLQH D EHQ]JRGLD]HS
ELRORJLFDO DFWLYLW\ RI LW\ PDLR)BBRVWHKREP\WLF [UDJF

&DUULYH 3 7KH SHULDTXHGXFWDO JUD\ DQG GHIHQVL
DQG QHXUR QD ORI .DYQ% DDA IQR BH V

&KDQJ .- /LOOLDQ $ +D]XP ( &XDWUHFDVDV 3 &KDQJ -.
SKH SUR &2+1 D SRWHQW DQG VSHFLILF PERIQQFMW IRU P

+

&KXQJ / $ %ULHI ,QWURGXFWLRQ WR WKH 7UDQVGXFW
'HY 5SHSURGt

*XHVGRQ % OHVVDRXGL 0 /HIUDQF OLOORW & )URPHQWLQ *
K\GURO\VDWH IURP ERYLQH PLON DOSKD6 FDVHLQ LPSUTF
PLOG VAMISMAM\G HV +

.DQHJDZD 1 6X]XNL & 2KLQDWD . 'LSHSWLGH 7\U /HX
DFWLYLW\ DIWHU RUDO DGPLQLVWUDWLRQ YLD DFWLYD
*$%$$ UHFHSWR)(% 6L OH R/ Ht

.LP -+ 'HVRU ' .LP <7 <RRQ :-HWPD® -MQLF®F\ RI DOSKDV |
K\GURO\VDWH RQ VWUHVV UKXOWDWEGLDPLXWRPY LQ ZRPHC

.RYiFV .- F )RV DV D WUDQVFULSWLRQ IDFWRU D VWU
IHXURFKHP ,GW

/IDQRLU ' &DQLQL ) OHVVDRXGL 0 /HIUDQHWLDORWR&J HPD.
WHUP HIIHFWV RI D ERYLQH PLON DOSKD V FDVHLQ K\GU
UHVSROWHHVYV

/IHFRXYH\ 0 )J)URFKRW & OLFOR / 2UOHAWWIDG 'ULZRX $ /I
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GLPHQVLRQDO + 105 DQG &' VWUXFWXUDO DQDO\VLV L

DOSKD6 FDVHLQ IUDJPHQW KDYLQJ(EHQ]®GRBKHI:XQH OLN

IRXNDV 6 O9DURXFKD ' =LRXGURX & 6WUHDW\ 5 D .OHH
VWUXFWXUHV Rl DOSKD FBVREQHEHUWWHNG H[RUSKLQYV
OF'RQQHOO 60 OLOOHU - 9DDOD : &DOPLQJ %HQHILW
6XSSOHPHQWDWLRQ 'XULQJ $FFOLPDWLRQ WR 'RPHVWL

7UDLQLQJ RI $GXOW BHPXL)QIH DEVERELHV

OF'RQQHOO 60 OLOOHU - 9DDOD : ORGHVWO\ LPSUR
FRPIRUW RI KRUVHV ZLWK DYHUVLRQV WR PLOGO\ DYH
IROORZLQJ VKRUW WHUP DOSKD FDVRIKISQBH 9WWS SEFH
GRL M MHYV

OHVVDRXGL 0 /DORQGH 5 B6FKURHGHU + 'HVRU ‘' $Q
SURILOH RI D WU\SWLF K\GURO\VDWH |UR® GIRPY L&IH. @ O
3KDUPDFRO%

OHVVDRXGL 0 /HIUDQF OLOORW & 'HVRU ' 'HPDJQ\ % %RXU
K\GURO\VDWH IURP ERYLQH PLON DOSKD6 FDVHLQ RQ |
KXPDQ YROXQWHHUV IDFLQJ VXFFHVVLYH(PHQWR®WQG S

+

OLFOR / 3HUULQ ( 'ULRX $ 3DSDGRSRXORWW9D@®RXMUDG
&KDUDFWHUL]FWVRPHBLQOSEDVU\SWLF SH SADLVGH QURPVKR
EHQ]RG L I]HSH @FMI%LW\ +

0OLOODQ 0- 7KH QHXURELRORJ\ BOBJFRIOWWRED RO DQ[LR

OL]XVKLJH 7 .DQHJDZD 1 <DPDGD $ 2WD $ .DQDPRWR 5

DPLQR DFLG OHXFLQH GLSHSWLGHV H[KLELMWXD®MROAMM A
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+

OL]XVKLJH 7 6DZDVKL < <DPDGD $ .DQDPRWR 5 2KLQDWD

7\U /HX *O\ D QRYHO DQ[LRO\WLF OLNH SHSW&@H UHOHL
+

3DOHVWULQL & OLQHUR 0 &DQQDV 6 %MUNG V KIOICADF\ 6AD J
D GLHW FRQWDLQLQJ FDVHLQDWH K\GIUHRVD \% B WHY REO Y QJI§
5HV =

3D[LQRV * )UDQNOLQ .%- $FDGHPLFKHUMHRXN K PANDH QG,DP6 W H
&RRUGLQDWHYV

3HXD ,-, '"HOD .LP +- OD 3HXD -% GH .IHWOD @ R V& DWQD\5 & £ F <
K\GURO\VDWH IURP ERYLQH PLON .V FDVHLQ HQKDQFHYV
YLD WKH *$%$®6BIKBNSWRDLQ FHV

5 &RUH 7HDP 5 $ ODQJXDJH DQG HQYLURQPHQW
KWWS ZZZ U SURMHFW RUJ !

5DVEDQG :6 ,PDJH- DW KWWS LPDJHM QLK JRY LM !

6X]XNL O 1LVKLQD O 1DNDPXUD 6 ODUX\DPD . %HQ]RG
UHFHSWRUV LQ WKH FRPPLVVXUDO VXEQXFOHXV RI Wk
FKHPRUHFHSWR $XWMWRQH] HOQU B B ALY

9LROOH 1 OHVVDRXGL 0 /HIUDQF OLOORW &WHNY®RU ' 1HM
(WKRORJLFDO FRPSDULVRQ RI WRKBWHLQFWV\BW D FERNGLQR

GLD]J]HSDP RQ WKH EHKDYLRXU RI BODWP DO RODZRB LRFGH G VY

+
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S -
IIMHAS HIM M dASHIAT19 904 733 BIREBHMDWHTHINHS AdZ MAHM d®MABA8HIOH%
HXLHAIXMOHIMAHNM 13 AMAHIITH HXM MdHMHD HO $EETOHIAX 9HA\OADOA HNHZ
nc O AOTAN3 H41d ¥4 AQHNA MAOGIOHH HA DWIT/RdHSE \MTATMAAHNEOXdd1 Ad(d
XOD HIMdASHIANTIODdNY €N rd TP/ DITMTHNOE=8 1 0d 1d AMdHIIH HMYHO3A.
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JLIXUH7KH HIITHFWV RI DQ L S LQMHFWLRQ RI . &=3 PJ I
DQG GLD]HSDP PJ NJ RQ WKH EHKDYLRXUDO UHVSRQVH
PLFH 5HVXOWYV ZHUH DQDO\WHG XVLQJ D RQH ZD\ $129% W
WUHDWPHQW RQ WKH VWXGLHG EHKDYLRXUDO VFRUHV 'DW

S S FRPSDUHG WR WKH YHKLFOH



3$57,,+3(5621%/ :25.

JLIXUH3BKRWRPLFURJUDSKY LOOXVWUDWLQJ WKH HIIHFW R
L S </[*</ PJ NJ L S DQG GLD]JHSDP PJ NJ L S RQ
LPPXQRUHDFWLYLW\ RQ WKH SUHIURQWDO FRUWH[ %UHJIPD
IURQWDO DVVRFLDWLRQ FRUWH[ 3U/ SUHOLPELF FRUWH]

ODWHUDO RUELWDO FRUWH[ 92 YHQWUDO RUELWDO FRUWtE
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JLIXUHBKRWRPLFURJUDSKY LOOXVWUDWLQJ WKH HIIHFW R
L S </[*</ PJ NJ L S DQG GLD]HSDP PJ NJ L S RQ
LPPXQRUHDFWLYLW\ RQ WKH DP\JGDOD %UHJIPD PP {
EDVRODWHUDO QXFOHXV &H$ FHQWUDO QXFOHXV %O0$

SRVWHURODWHUDO FRUWLFDO QXFOHXV $&R DQWHULRU F|
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JLIXUHBKRWRPLFURJUDSKY LOOXVWUDWLQJ WKH HIIHFW R
L S </[*</ PJ NJ L S DQG GLD]HSDP PJ NJ L S RQ
LPPXQRUHDFWLYLW\ RQ WKH QXFOHXV RI WKH WUDFWXV VI

EDU —P $3 DUHD SRVWUHPD 176 QXFOHXV RI WKH WUI
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,19(67,*$7,216 &21&(51,1* 7+( 0(',$7,21 2) $1:,2/<7,&
/,.( 3523(57,(6 2)&$62=(3,1(

$IWHU XQGHUVWDQGLQJ ZKLFK EUDLQ UHJLRQV ZHUH DVV]
RI . &=3 D QH[W VWHS ZRXOG EH WR XQGHUVWDQG KRZ WKt
LQYHVWLIJDWLRQ ZHUH WKHQ LQLWLDWHG KRZ DUH WKH DQ
WKH JDVWURLQWHVWLQDO WUDFW WR WKH EUDLQ DQG ZKL
SURSHUWLHV" 7KUHH VHWV Rl H[SHULPHQWVY ZHUH WKHQ G*

7ZR PDMRU ZD\V Rl FRPPXQLFDWLRQ H[LVW EHWZHHQ WKH
EORRG FLUFXODWLRQ DQG WKH YDJXV QHUYH $ ILUVW H[SH
RI WKH ODWWHU LQ WKH PHGLDWLRQ RI WKH DQ[LRO\WLF OL
RI ERYWQRDVHLQ FRQWDLQLQJ . FDVR]HSLQH L&+ 5DW
VXEGLDSKUDJPDWLF YDJRWRP\ VXUJHU\ DQG ZHUH WKHQ J|
WKHUHDIWHU FKDUDFWHULVHG LQ D FRQGLWLRQHG GHIHQV
DQLPDOV DOVR DGPLQLVWHUHG ZLWK L&+ DV ZHOO DV FRQ
VXUJHU\ QRU UHFHLYHG L&+

7ZR RWKHU VHWV Rl H[SHULPHQWY ZHUH GHVLJQHG
QHXURWUDQVPLWWHUVY UHFHSWRUNMQ 6$ %Ii$ WR\S R GL Q HVF HBIHW

+7s LQ WKH PRGH RI DFWLRQ RI ERWK L&+ DQG . &=3
ELEXFXOOLQH DQG 1$1 UHVSHEWLYHO\ ZHUH L S LQM]
RI L&+ RUDQ L S LQMHFWLRQ RI . &=3 %HKDYLRXUV ZHUH |
EXU\LQJ PRGHO 'LD]HSDP ZDV XVHG DV D SRVLWLYH FRQWL
WKH VDPH H[SHULPHQWDO SDUDGLJP

$00 WKHVH H[SHULPHQWY DUH GHULYHG IURP DQ
FROODERUDWLRQ EHWZHHQ ,QJUHGLD DQG (7%$3 /DE
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7KH UHVXOWYV REWDLQHG LQ WKHROWX®O BD YIH \E H HW L\RXQE
5HVHDUFK RQ -XO\

YHQRLW 6 &KDXPRQWHW & &DNLU .LHIHU & 7RPp
(YDOXDWLRQ RI WKH LQYRGYHPOGW §RSYPHIW R YE WKH D
OLNH SURSHUWLHYV RI D WUVSRDLWHK QG BRQWDLVOH R1 ERD VR HH

7KH UHVSRQVH RI WKH (GLWRU ZDV UHFHLYHG RQ 6HSWHI
VRPH SRVLWLYH FRPPHQWYV RQ WKH QRYHOW\ RI WKH H[SHU
WKH SHUVSHFWLYH WKH\ EULQJ WR WKH XQGHUVWDQGLQJ
ZHOO DV WKH zZD\ WKH PDQXVFULSW ZDV ZULWWHQ DQG LO¢
WZR UHYLHZHUYV

2QH ZDV FRQFHUQLQJ WKH ZD\V RI DGPLQLVWUDWLRQ DQG
ZDV RUDOO\ DGPLQLVWHUHG DW WKH GRVH RI  PJ NJ ZKL¢
PJ NJ 7KH VHFRQG GRVH EHLQJ WKHQ KLJKHU WKDQ WKH
DIWHU RUDO JDYDJH &RI3LUHSUBIGHB® V ry FORMHERYLQHPJ IRL
PJ EXW UHSUHVHQWV RI WKH SHSWLGH FRQWHQW RI L

$QRWKHU RQH ZDV FRQFHUQLQJ WKH FKRLFH RI WsKH DQWI
DQWDJRQLVW ZKLOH 1%$1 KDV EHHQ VKRG Q HDOR IOVFRUKID-HE
(YHQWXDOO\ WKH ODVW DQG ELJJHVW FRQFHUQ ZDV WKDW
HISHULPHQWDO SDUDGLJP ,QGHHG WKH FRQWUROV ZLWK R
VROXWLRQ RI LQWHUHVW HLWKHU L&+ . &=3 RU GLD]HSD
LWKRXW WKHVH LQIRUPDWLRQ LW ZDV WKHQ GLIILFXOW W
1%$1 PD\ DOVR KDYH VRPH DQ[LRO\WLF OLNH RI DQ[LRJHQ|

&RQVHTXHQWO\ WKH SKDUPDFRORJLFDO H[SHULPHQWYV Z|
WDNHQ LQWR DFFRXQW $00 WKH QHJDWLYH FRQWUROV L
WKLV WLPH LQFOXGHG LQ WKH H[SHULPHQWDO GHVLJQ )O}
WKLY QHZ DQWDJRQLVW LV VSHFEIUARARBWRAH %$1 VLEHEWKR
FRQVHUYHG DV PRVW RI WKH+DY DOVREWDKR 2 QARP HRQR @ WAS HFE|
L $< LV D IXOO GRSDPLQH ' UHFHSWR UV DREHWWLDIOLOH
DQG+7- DJRQLVW 2QO\ L&+ ZDV WHVWHG LQ WKLV QHZHU
DQDO\VLV
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(YDOXDWLRQ RI WKH LQYROYHP DQW R$WIE FX'\S QR UW
LQ WKH DQ[LRO\WLF OLNH SURSHUWLHD, FEDDHLQ\S\

FRQWDRODYR]HSLQH

6LPRQ %HQRIDWKHULQH &&EPXP®RKD VEDW L'D QILHIG U7/DXL HQ W

OLFOR1ILFRODV HWRWOGFW 6FKZDU]

8QLYHUVLWp GH /RUUDLQH 8QLWp GH 5HFKHUFKH © $QLPDO HW )RQFV

eTXLSH © 3URWPRO\VH %LRIRQFWLRQQDOLWpPV GHYD @WRWPLQHY HW GH)

JUDQFH

,15$ 8QLWp GH 5HFKHUFKH © $QLPDO HW )RQFWLRQQDOLWDpPV GHV 3URC
9IDG°XVUMDQF\ ) )UDQFH

805 3K\WVLRORJLH GH OD 1XWULWLRQ HW GX &RPSRUWHPHQW $OLPHQV

6DFOD\ 3DULJYUPQFH

(7$3 /IDE 9DQG°XYUH OqV 1DQF\ ) JUDQFH

,QJUHGLD 6$ $UUDV ) JUDQFH

&RUUHVSRQGHQFH
6LPRQ %YHQRLW O06F
SRVWDO $GGUHVV $JUR3BDULV7HFK 31&$%$ UXH &ODXGH %}

)D[ QXPEHU

( PDLO DIGGHHRWVV

.H\ZRUGWVHLQ WU\SWLF K\GURO\VDWH +7s DORS| H$ FH Y

UHFHSWRUV DQ[LRO\VLV
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$SEEUHYLDW&RQRWDVR]JHSLQH %LF ELFXFXOOLQH &+ W
.wv FDVHLQ IURP ERYLQH PLON *$%$%$ s DREREBRWRW\ULPFPLRIRE
DFLG W\SH $L WBHFRHE WIRSH ¥ TWWRKHDSON R U K\GUR[\WU\SWDPL

$ UHFHSWRU

'RUGYV FBEQWUDFW ODQXVFULSW

7TDEOHV DQG/PEEIXHWY )LIXUHV

SHIHUHQFHV
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$EVWUDFW

6FRS$H WU\SWLF K\GURQ\¥DWHILRI ERYHPHUWY DQ[LRO\WLF
PDQ\ DQLPDO VSHFLHV LQFOXGLQJ KXPDQV 7KLV ZDV PI

FDVR]JHSLQH . &=3 ZKLFK \LHOGV WKHVH SURSHUWLHV LQ
WKH UROH RI WKH YDJXV QHUYH LQ WKH+FR®H RI* %W LRQ
UHFHSWRUV LQ WKH DQ[LRO\WLF OLNH SURSHUWLHV RI ERW

OHWKRGYV DQGKHHNFRQWIMWLRQHG GHIHQVLYH EXU\LQJ WHV\
SDUWLFLSDWLRQ RI WKH YDJXV QHUYH LQ WKH PRGH RI DFV
RI DQ[LHW\ LQ YDJRWRPLVHG UDWV ZDV QRW VLJQLILFDQW
DQLPDOV %RWK &+ DQG . &=3 DQ[LRO\WLF OLNH+S4JRSHUWL
UHFHSWRUV ,QKEEHEWERQR WK REIH KDG D WHQGHQF\ WR VX
OLNH DFWLRQ

&RQFOXYKR@K\WVLRORJLFDO WDUJHWYV RI &+ DQG . &=3 FR
OHYHO WKDQ WKH JXW 7KH VOLJKWEFHUWUH BIKBOEHW ER B © HUHQD
PD\ EH H[SODLQHG E\ DGPLQLVWUDWLRQ zZD\V ,QWUDSHULW
VWUXFWXUH DQG WKHUHE\ BWAK DQI1H LW\ SREBWISGH FRPSR

K\GURO\WDWH GXULQJ GLIJIHVWLRQ FRXOG DOVR EH LQYROYI
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,QWURGXFWLRQ

+\GURO\VLV RI PLON SURWHLQV UHOHDVHV GLIITHUHQW SHSYV
SURSHUWLHV +HUQWQDBE] /8 GHW\SIVLF KVGRIRGHAVQ WHRRIERY L
PLON H[HUWV DQ[LRO\WLF OLNH DQG DQKMM PRQ YXQH LMNDD W
LQGXVWULDO FRXQWHHBOLEWW ¥ +W KBIF WDKK DQ[LRO\WLE OLN
HW DO DQG LQ KXAWQDO .Le@HVVBIRX®IO DV ZHOO DV VO
PRGXODWLQJ SURSHUWWWQQ $RW\OOANHWEIRRBEHUWLHV R
FRQILUPHG DPRQJVW RWKHAHHMDPD®V G KDBIWD B D\E V
SRQLHAVRQQHHWODO DQG KRWAVRAQQHWODO 7KH DQ[LRIONMLF
SURSHUWLHY ZHUH DVVRFLDWH G MAFD SHSRERGHRM HERAYHL @ H W K
FDVHLQ </*</(4//5 FDOROHG&OH ZKLFK GLVSOD\V WKHVH H
OLFER DO ,Q YIGNURVWIER@ RHYHDOHG WKDW WL YHK® UWRIR) ¢
. &=3 </*</(4 VROSRVVHVVOLMH RRWREHUW &BW LIBQ HWK 1B OJ DW

E DQG FRXO G BAKK\HHQL\@ RVGQUKRS H USA3R |

$Q[LHW\ LV D FRPSOH[ SKHQRPHQRQ LQYROYLQJ VHYHUDO E
QHXURWUDQVPLWWHU V\VWHPV LQFOXGLQJ WKH *$%$HUJLF
WKH PRVW SUHVFULEHG DQ[LRO\WLF GUXJV 5XGROSK DQG
VIVWHP ZZWKHFHSWRUV OLOOWW DO DPOWIOHHWDUJIHW IRU I
GUXJV BWUNY 7KH GHFDSHSWLGH . &=3 H[KLELWV DIILQLW
RI *$%$UHFHSWRUV EXW WKLV RQH LV WLPHV ORZHU
GLD]JHSDP '|SHWODFEORZKLOH &+ HIIHFW RQ FKORULGH LRQ |
FHOO FXOWXUH ZDV EORFNHG E\ ELFXFXOOLQHW D O$%$$ UH I
&RPSDUHG WR ']S &+ GLG QRW LQGXFH PHPRU\ LPSDLUPHQV

LQ UDWV 0tHHW WIR XGL
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7KH DLP Rl WKLV VWXG\ ZDV WR EHWWHU XQGHUVWDQG WKFE
DQ[LRO\WLF OLNH DEWLYLWLHV $ QXPEHU RI DUJXPHQWYV )
FRXOG EH FHQWUDO 1HYHUWKHOHVV WKH TXHVWLRQ RI D !
UHPDLQV ,QGHHG DV UHFHQWO\ VKRZQ WKH JXW EUDLQ D
UROH LQ DQ[LHW\ UHJXODWLRQ 9DJDO DIIHUHQWYV PRGXO!
OLPELF V\VWHR DIDDUBPQG WKH DQ[LRO\WLF OLNH HIITHEW\
DGPLQLVWHUHG DUH PHGLDWHHGWED OV K¥ ULIVIROD Q HKXN ®H U
ILUVW H[SHULPHQW DVVHVVHG WKH DFWLYLW\ RI DQ RUD:
VXEGLDSKUDJPDWLF YDJRWRP\ LQ UDWV $ VHFRQG H[SHUL
DQG *$UWHFHSWRUV LQ WKH DQ[LRO\WLF OLNH DEWLYLWLHV
DQWDJRQLVWY 1$HW DOOHIIUREBLFXFXOOLQH UHVSHFWLYH(
SURSHUWLHV RI &+ DQG . &=3 DUH HYDOXDWHG XVLQJ WKH
DQG 7UHLW{VHIRD® 7DMLWKH DQ[LRO\WLF OLNH DFWLYLWL

SHSWLGH ZHUH ZHOO DVVHVWHW 0L WKRWEMRFHGXUH OLFC

ODWHULDOV DQG PHWKRGV

2.1. Animals

$00 H[SHULPHQWY DGKHUHG WR WKH JXLGHOLQHV SURYLG
XVH RI DQLPDOV LQ UHVHDUFK $QLPDO %HKDYLRU

$QLPDO &DUH DQG DOO SURFHGXUHV DUH LQ FRPSOLDQFH
'"LUHFWLYH RI I1RYHPEHU ((& ([SHULPHQWYV ZH
OHJLVODWLRQ 7KH DVVHVVPHQW RI WKH DFWLYLW\ RI RUD
YDIJRWRP\ ([SHULPHQW ZDV FDUULHG RXW XVLQJ PDOH
IHWKHUODQGYV ZHLJKLQJ + J DW WKHLU DUULYDO 7K€F

([SHULPHQW  ZDV FDUULHG RXW RQ PDOH :LVWDU $) (
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ZHLJKLQJ + J DW WKHLU DUULYDO 5DWV ZHUH KRXVHG
i 1 FP 8%5 )UDQFH LQ D UHJXODWH HQYLURQPHQW

“ f& OLJKWV RII D P = SP 5DWV ZHUH DOOR
SHOOHWYV 0 'LHWH[ )UDQFH IRU ([SHULPHQW RU IRRG
([SHULPHQW DQG WDS ZDWHU XQWLO WKH GD\ EHIRUH WK
RI GD\V DIWHU WKH GD\ RI WKHLU DUULYDO WKHQUDWV Zt

JURXS IRU ([SHULPHQW DQG IRXUWHHQ JWRXSV 1RH ([BW

WKH GLITHUHQW JURXSV ZHUH DOO KDQGOHG LQ WKH VDPH

2.2. Experimental procedure

(ISHULPHQW
6LIWHHQ DQLPDOV ZHUHLDRIQWWEKMWRQYHBEI ZLMIKNDQFHSURF
&DOPLYHW 9pWRTXLQRO DUDQMHFWIRGRRHG P DNG NHWDF
JUDQFH DQG WKHQ VXEMHFWHG WR D FRPSOHRNH VWKDHEG L [
RSHUDWLRQ»WULHIO\ DIWHU ODSDURWRP\ WKH WZR WUXQN
XQGHU DQ RSHUDWLQJ PLFURVFRSH %RWK WUXQNV ZHUH
YDIJRWRP\ WKH YDJXV QHUYH ZDV VLPLODUO\ H[SRVHG EXV
SHULRG RI ZHHNV zZzDV DOORZHG EHIRUH WKH FRQGLWLRQH
7KUHH GD\V DIWHU WKH FRQGLWLRQHG GHIHQVLYH EXU\LQJ
E\ WKH PHDVXUH Rl IRRGLDMWBWHRDJIVVRHUNBER QHXURSHSWL
JUDQFH DW D GI'&VH/BF\?VI:)QR]NUJ—IGLD JUDQFH ZDV GLVVROY
GLVWLOOHG ZDWHU VXEVHTXHQWO\ EHIRUH DQ RUDO DGPLQ

EHIRUH WHVWLQJ
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([SHULPHQW
&+ IDFWLXRQWKHWLE . &=3 1HRO036 )UDQFH ']S+BRFKH )U
DQWDJRQLVW 7RFULV 8. PRGWVALFXFXOWLQHIPB %R DQFH :
LQ ZY PHWK\OFHOOXORVH VROXWLRQ ZLWK D PDJQHWLTF
SUHSDUHG MXVW EHIRUH WKHLU DGPLQLVWUDWLRQ *URXS\
7R HYDOXDWH DFWLYLW\ RI &+ DIWHU RUDO DGPLIQSVWUDW
LOMHEWHG PLOQXWHV EHIRUH WKH WHVW DW D GRVH RI
DGPLQLVWHUHG PLQXWHV EHIRUH WKH WHVW PJ NJ DQ:
RI . &=3 DIWAMHFWLRQ 1$1 L SROAMHEWHABY PLQXWHV EHIRL
GRVH RI PJ NJ ZKHUHDV S&8HFWHS ZDRLQXWHYV EHIRUH W
DQG PJ NJ UHVSHFWLYHO\ &R QFHBLQ)MHFWAWR DY LW\ SRIH
UHFHSWRUV DQWDJRQLVWYV 1$1L S RWP UFWADA HHGR UG LW WH
GRVH RI  PJ NJ ZKHUHDV ']S ZDV DGPLQLVWHUHG S PLQXV

9ROXPHV DGPLQLVWHUSDX BH UM/ NB/RNUDO O\

2.3. Conditioned defensive burying Test
$SSDUDWXYV

7TKH FRQGLWLRQHG GHIHQVLYH EXU\LQJ WHVW XVHG LQ WKI
SURFHGXUMW DOHLMDELWXDWLRQ VKRFNLQJ DQG WHRWLQJ Z
FOHDU 30H[LJODV FKDPEHU ZKLFK IORRU ZDV HYHQO\ FRYFE
ZRG VDZGXVW 2Q WKH FHQWUH RI RQH ZDOO FP DERYH W
SUREH FRXOG EMN LBVOBIOWRGH 7KH VKRHAN IS U REPHIPORH) V1O DAWH
VOLGH RYHUODLG ZLWK D FRSSHU ZLUH LQWHJUDWHG FLUF

ZKLFK FDQ GHOLYHU WR P$ 23(1 6\VWHPV )UDQFH 7KH
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WKH RSHUDWRU ,Q WKH VOLJKWO\ OLW WHVW URRP D &&' 7

UHFRUGHG IURP D QHLJKERXULQJ URRP

SURFHGXUH

JRU KDELWXDWLRQ WR WKH H[SHULPHQWDO FRQGLWLRQV |
FKDPEHU ZLWKRXW WKH VKRFN SUREH IRU PLQXWHYV GXU
VKRBENREH ZDV LQVHUWHG LQWR WKH FKDPEHU EHIRUH WKH
LQ WKH WHVW FKDPEHU RQ WKH VLGH RSSRVLWH WR WKH
SUREH ZLWK LWV IRUHSDZV WKH H[SHULPHQWHU GHOLYHU
VKRFN DGPLQLVWUDWLRQ WKH EHKDYLRXU RI WKH UDW ZLC
ZDV FKDQJHG HDFK GD\ RI WHVWLQJ DQG VPRRWKHG WR D
WHVW 5DWV WKDW GLG QRW WRXFK WKH SUREH ZLWKLQ

FRQGLWLRQHG GHIHQVLYH EXU\LQJ WHVW ZDV SHUIRUPHG

ZKLFK LV WKH SHULRG ZKHUH WKH UDWV DUH PRUH DFWLYH

6WXGLHG SDUDPHWHUYV
7KH IROORZLQJ SDUDPHWHUYV ZHUH VFRUHG E\ DQ H[SHULPH
RI SUREH EXU\LQJ QXPEHU RI KHDG VWUHWFKLQJV WRZDUG
WKH SUREH DQG QXPEHU RI UHWUHDWY DZD\ IURP WKH SUF
QXPEHU RI UHWUHDWY DOORZHG WR FDOFXODWH WKH S}
IROORZHG E\ UHWUHDWYV

JQI>AKNBNAPNA=PO
Hsrr
JQI>AKNB=-LLNKA

'LWKLQ HDFK RI WKH YDULDEOHVY GXUDWLRQ RI SUREH EXU

WKH SUREH DQG SHUFHQWDJH RI DSSURDFKHVY WRZDUGYV \
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ZHUH FODVVLILHG LQ LQFUHDVLQJ RUGHU DQG WKHQ WUDQ"

WKH VXP RI WKH UDQNV RI WKH WKUHH YDULDEOHYV UHSUHYV

2.4. Statistical analysis

$00 GDWD DUH H[SUHVVHG LQ SHUFHQWDJH WR WKH YHKLF
6(0 'DWD ZHUH HYDOXDWHG ZLWK RQH ZD\ DQDO\VLV RI YDL
DEDO\VLY zZzDV SHUIRUPHG ZLWK 7XNH\ +6' SRVW KRF WHY\

'LITHUHQFHYV ZHUH FRQVLGHUHG WR EH VLIJQLILFDQW DW

5HVXOWV

$Q[LRO\WLF SURSHUWLHV Rl &+ DIWHU RUDO DGPLQLVWUDW
&RPSDUHG WR YHKLFOH &+ RUDOO\ DGPLQLVWHUHG DW C
GHFUHDVHG WKH JOREDO VFRUH RI DQ[ISHW\ Rl YKDPUPRDOH
PHDVXUHG LQ FRQGLWLRQHG GHIHQVLYH EXU\LQJ WHVW $
DQ[LHW\ FRPSDUHG WR WKH YHKLFOH JURXS ZDV DOVR RE
S 1R GLIIHUHQFH EHWZHHQ VKDP RSHUDWHG DQG YL
GHWHFWHS 6XUJHU\ ZDV D VXFFHVV IRU DOO YDJRW
VKRZQ WKDW IRRG LQWDNH LGEL® NDHRFW GRIG URH D&/&. DA WG D WDQ
&&. VDWLDWLQJ DFWLRQ EHLQJ PHGHIWHIG E\ WKH YDJXV QI
(HHFWW RIRU *$WBHFHSWRU DQWDJRQLVWY RQ DQ[LRO\WLF
DGPLQLVWUDWLRQ

$QLPDOV LQ ERWK WKH ']S DQG &+ JURXSV VKRZHG D VLJQL
LQ FRPSDULVRQ WR UDWV WKDW UHFHLXGIG ®KH YHKLFOH
UHVSHFWLYHO\ )LJXUH &+ 1$1 WUHDWHG UDWV KDG |

DQ[LHW\ WKDQ UDWYV LQSWKH &+ IRRFBXSIHUHQFH ZDV REVHUY
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WR WKH &RQWURO JURXS 2Q WKH RWKHU KDQG UDWV LQ \
UDWV LQ WKH &+ RU &RQWURO JURXS

(HHFWWRIRU *$WHFHSWRU DQWDJRQLVWY RQ DQ[LRO\WLF

LOMHEWLRQ

$QLPDOV UHFHLYLQJ ']S RU . &=3 GLVSOD\HG D VLJQLILFD
FRPSDULVRQ ZLWK &BRQWURODQ@®\BYV i UHVSHFWLYHO\ )L.
$QLPDOV LQ WKH . &=3 1$1 JURXS VKRZHG D VLJQLILFDQ'
FRPSDULVRQ ZLWK UDWV LQ SWVKH . &=3RIGRXIHUHQFH ZDV R
ZLWK WKH &RQWURO JURXS 2Q WKH RWKHU KDQG . &=3 %LI
WKH JOREDO VFRUH RI DQ[LHW\ FRPS®PUHG WRIWIKH Il &8 B QE
ZDV REVHUYHG EHWZHHQ . &=3 %LF DQG &RQWURO JURXSYV

(HIHFWV¥7RIRU *$WHFHSWRU DQWDJRQLVWY RQ DQ[LRO\WLF S
LOMHEWLRQ

'LD]JHSDP KDG D WHQGHQF\ WR GHFUHDVH WKH JOREDO VER
LOMHFWLBQ i JLIXUH $QLPDOV LQ WKH ']S 1$1 JUR X
ORZHU JOREDO VFRUH RI DQ[LHW\ FRPS®UHG WRDQEBHQRRQ
GLIIHUHQFH ZDV REVHUYHG Z&EWK WKH1IRSGIURNBHJFH ZDV R

EHWZHHQ WKH ']1S %LF DQG WKH &RQWURO JURXS i

'LVFXVVLRQ
$Q[LRO\WLF OLNH SURSHUWLHV RI ERWK &+ PJ NJ RUDO
L SZHUH FRQILUPHG LQ WKH GHIHQVLYH EXU\LQJ WHVW LC
SUHYLRXV UHVXOWY XWW\WJIDWK OV FWR@GBH® FKHFORHVXOWYV VK
WKDW WKH DQ[LRO\WLF OLNH DFWLRQ RI &+ LV SUREDEO\ Q

RI DFWLRQ RI ERWK &+ DG UBREBIWRBMW®W KHLU DQ[LRO\\
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ZHUH UHYHUVHG E\ WKH 1$1 DQ DU\OSLSHUD]E®QH GHULY
UHFHSWRU 2Q WKH RWKHU KDQG ELFXFXOOLQH LV D *$%$
RI WKLV QHXURWUDQYVPLWWUWHHE B 5 WRHQ \DHRE TWKEH HEWBEW R
ELFXFXOOLQH RQ &+ DQG . &=3 DQ[LRO\WLF OLNH DFWLYLW)\

. &=3 VHHPV WR LQYROYH WKHVH UHFHSWRUYV

9DJRWRP\ LQ FRPSDULVRQ WR VKDP RSHUDWHG UDWV GLG G
&+ RQ WKH JOREDO VFRUH RI DQ[LHW\ LQ WKH FRQGLWLF
DQ[LRO\WLF OLNH SURSHUWLHV RI &+ DUH QRW PHGLDWHG
WKDW WKH SHSWLGH V FDUU\LQJ WKH ELRDFWLYLW\ LQVLC
WKDW LV QRW WKH LQWHVWLQDO RQH 21 WKH GLIITHUHQW S
WKDW DW OHDVW WKH GHFDSHSWLGHy.FD\BHIMHTXNQFHEDUL
WKH &+ DQ[LRO\WLF OHWHDDF VL YL®NIRYRWQELOLW\ RI WKLV
DOUHDG\ EHHQ DVVHVVHG DQG WKH IUDJPHQW FRUUHVSRQ
VLIJQLILFDQW DPRXQW LQ WKH K\GURO\VLY PHGLXP DQG ZD\
OLNH SURSHUWLHYV DVHW&B® E&D BIHY LGHWULW ZDV VWDWHG
ERQGYV LQ WKH 1 WHUPLQDO UHJLRQ RI . &=3 DUH QR
SHSVLQ $ FK\PRWU\SVLQS 3BU\VQOQ ®M\G LR KRODEHHQ UHS|
WUDQVSRUW DFURVV &DFR FHOOV LV IDFLOLWDWHG LQ W
IRUPDWLRQ RI WKH IUBWPHQW &BMNVB WHVKOWY DJUHH
RI RQH RU PRUH SHSWRXHY EROREKBHVE4UHDP DQG WKH SHSV

FDQGLGDWH DV FDUULHU RI WKH DQ[LRO\WLF DFWLYLW\ DIW

,W KDV EHHQ ¥Y¥KRZIWFWEWWU DIJRQLVWY H[KLELW DQ[LRO\WLI

HITHFWYV GDWDYOGDDQG WKDWHFHSWRU NQRFNRXW PLFH VK
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DQ[LHW\ OLNH EHHKD DICR X6 BBXBH® ,Q WKH SUHVHQW VWXG
VHOHFWLYH DQWDJRQIHWW DIG 1 S U H YOIIYAQVQFEQWKH DQ[LRO\WLF
ERWK &+ DQG . &=3 ZKHUHDV WKH DQ[LRO\WLF SURSHUWLHYV
ZKLFK ZDV QRW GHVFULEHG EHIRUH 7KLV WKHUHE\ VXJ.

&+ DQG . &=3 LQ FRQWUD¥W WHE HSWRQYIRDBHAD\ WKDW LV Q
1$1 KDV EHHQ UHFHQWO\ GHP RGWWMQBWHGEF WR CHSWRR B R
QHXURQV RI JXLQHD SLJV )RRQJ DQG %RUQVWHLQ L W
DQG . &=3 LQWHUDFW GLUHFWO\ RU LQGLUHFWO\ ZLWK W
XVLQJ HLWKHOs DQRMPKRQLVW H J :$<HW DO)OHRWFKNWBHOHFW
DGUHQHUJLF UHFHSWRU H J %5/ $OEHUWYV FD

ZLWK

7KH UROH RUHMFHUSWRUV LQ &+ DQG . &=3 DQ[LRO\WLF SURSH
DQ DQWDJRQLVW Rd 8% Bl ROPRSYWEKLFK DUH WKH WKHUDSH X\
6WDKO UHYHUVHG WKH DQ[LRO\WLF SURSHUWLHV RI1 "
ZLWK . &=3 GHVSLWH QR VLIJQLILFDQW GLIIHUHQFH FRPSDU
QRW DIIHFW WKH JOREDO VFRUH RI DQ[LHW\WRFHRWR/UWD A
FRPSRVHG RI VXEXQLWY DQG VKRZ GLIITHUHQW FRPELQDWI
ORFDOLVDWLRQV LQ WKH EUDLQ DVXEHOIDLWWGEHIPHURI W WKI
LQ WKH DQ[LRO\WLF SURSHUWWHN ORI $A\K AWKH UH 6 R\WU RUDAW H
KDYH WKH VLGH HIIHFWV RI WKH EHQ]JRGLD]JHSLQHV . &=3
</*</(4 PLIJKW ELQG RQO\ WR D VSHFUHHRHSRRXODXHW XD HV
FRXOG H[SODLQ WKH ORZHU DIILQU WR HEIWRKIL W ISBI\§ WIDG/H Gl IR
FRPSHWLWLRQ ZLWK WULWLDWHG IOXQLWUD]JHSDRHRW DO WLI

JOXQLWUD]HSDP LV D QRQ VHOHFWLYH BH®G HSGLPYN SZLO
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LQ DGGLWLRQ WR DQG. RUXBPXEXNQUMMWDIRX ,Q WKLV VWXG\
LQKLELWLRQ RUMKHSWsRABY E\ ELFXFXOOLQH RQO\ KDG D W
DQ[LRO\WLF OLNH SURSHUWLHV 7KLV O RZWHFHB\DEEWW R EDVGI
PLJKW EH FRQVLVWHQW ZkWHK FH 8 WRHFWEW VWB\HR/| E$% & =3 VL

LQVHQVLWLYH *$%$ UHFHSWRUV ZHUH GLVFRYHUHG -RKQV\

BUHYLRXV ZRUN RQ DQ[LRO\WLF SHIOWIHGVVE&REZHGHE KIDW PDI
DGPLQLVWUDWLRQ RI . &=3 LQ PLFH WKH DQ[LRO\WLF OLNF
SOXV PD]JH PRGHO ZHUH EORFHK GGR\SW R HOQLHY LAEH. MH R RRJIV
OLIXVKHWHDOE $ VPDOOHU SHSWLGH </ WKDW FRUUHVSR

RI ERWBBIVHLQ EXW WKDW PD\ EH DOVR UHOHDVHG IUF
VHTXHQFH IUHTXHQF\ LV DERWWDO DORR GHRWYIHMWHG DQ[L
SURSHUWLHV ZKLFK ZHUB PSHIEAIDQHE'G$BASIFHSWRUV GHVSLW
QR DIILQLW)\ IRU DQ\ RI WKHVH UHFHSWRUV DQG WKLV GLSFH
WKH IROORZ1I+Q@¢J FRBRGIDEP LMGIG' HYHQW X NBIG H SYWRU H.W @HI D Z D

'LSHSWLGH </ ZDV L@RWGIRHRYSD BRG HR) & RUFBCRIDWH. U

.LHIHW DOE DQG ZDV SUHVHQW DW RQO\ D PDWHUQGLJ

OLIXVKHHWHD O E

7KH REVHUYHG GLIIHUHQFHV EHWZHHQ WKH UHVXOWV REWD
D GLIIHUHQW PRGH RI DFWLR«s'UHAMSWRHVSDMWXZNWGD\WYR
ELQGLQJ Rl . &=3URIFHSWRU VXEW\SHV ZKLFK DERIQWOIYIRILYHIC
*$%$ UHFHSWRUNWW DRUUEXW QRW WR WKRVH LQYROYHG L¢
VHGDWIFR@W.DLQ s QUHFHEBINV R UWHW 5XG REOBXOG H[SODLQ WKH L

VLGH HIIHFWV IRU &+ ZKLFK DUH WUDGLWLRQDOO\ DVVR
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LPSDLULQJ WROHUDQFH RWW HSHQGH @HGLWHR QD RVKGIL REV
&+ DQG . &=3 H[KLELW YHU\ VLPLODU SKDUPDFRORJLFDO SU
EH H[SODLQHG E\ WKHLU PRGH RI DGPLQLVWUDWLRQ DV &+
LOQMHFWHG LQWUDSHULWRQHDOO\ 7KH DPRXQWYV RI DGPLQIL
GRVH RI SHSWLGH DGPLQLVWHUHG YLD WKH K\GURO\VDWH .
E\L SLQMHFWLRQ ZDV PJ NJ 7KH KLIJIKBHUIQKBRNWLRIQ. REGQ

UHYHDOHG WKH DIILQLW\ RUMAHEWREW LMGKIDMR FRE®DE QRW I
ORZHU GRVH ZKLFK ZzDV RUDOO\ DGPLQLVWHUHG ORUHRYHL
LQFOXGLQJ . &=3 XQGHUJR K\GURO\VLV E\ SURWHDVHV RI
GLIITHUHQFHY LQ PRGHV RI DFWLRQ FDQ UHVXOW RI WKLV 2\
ZLWK . &=3 DQG PRGXODWH LWV DQ[LRO\WLF OLNH SURSFH

GLIIHUHQFHY EHWZHHQ &+ DQG . &=3 PRGHV RI DFWLRQ

$XWKRU FRQWULEXWLRQV
BWXG\ FRQFHSW DQG GHVLJQ 19 -6 $FTXLVLWLRQ RI G
,QWHUSUHWDWLRQ Rl GDWD 6 % /0 19 'UDIWLQJ WKH

PDQXVFULSW IRU LPSRUWDQW LQWHOOHFWXDO FRQWHQW ¢

$FNQRZOHGJPHQWYV

7KLV VWXG\ ZDV VXSSRUWHG E\ JUDQWYV IURP "'pSDUWHPHC
IDWLRQDO ,QVWLWXWH IRU $JULFXOWXUDO 5HVHDUFK ,15%

DV IURP ,QJUHGLD 18$ $UUDV )UDQF
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&RQIOLFW RI LQWHUHVW

-6 ZRUNV DW ,QJUHGLD 6% $UUDYV

SHIHUHQFHYV

$OEHUWYV 3 6 XEW\SH FODVVLILFDWLRQHQ SKBVPPFrRWL

+

%HDWD & %HDXPRQW *UDII ( &ROO0O 9 KRWRULAHD - (I0BBEWRRI O

DOSKIVR]HSLQH =\ONHQH- REBW Q[HKIN RQ LF®DWYSO 5HV

%HDWD & %HDXPRQW *UDII ( 'LD] & ODHWALP@ B ODONMDAOV IRIO
DOSKIDVR]HSL@H APBHMWXV VHOHJLOLQH K\GURFKORULGH

GLVRUGHUVIHQVARHKDY &OLQ(x3$SSO 5HV

%HUFLN 3 3DUN $- 6LQFODLU ' HW®WMVK®SBHGCKH DXQ{LRRDWUF; F
RI %LILGREDFWHULXP ORQUXP YREDO $SOQWRBPDDLQIRU

FRPPXQLABWURQDVWURHQWHURO ORWLO

%UDYR -$ )RUV\WKH 3 &KHZ 0 9 (VFDUDYDHW (DGGDYLJQDEF
,QJHVWLRQ RI /I DFWREDFLOOXV VWUDLQ UHJXODWHV HPR

HISUHVVLRQ LQ D PRXVBURDBP WKHOYPRXY QHUWY 6 $

&DNUWHIHU & OLFOR / %DODQGUDV ) 'DU\ $ 6ROLJRW & 5R?
&DFRFHOO PRQROD\HU DQG VHQVLWLYLW\ WRRRGVRO\VL)

FDVHE@QVR]JHSLQHDV®GQVHIIHFW RI -EEOHLFNDRRE &KHP

s

&DNILWHIHU & 5RX[ < /H %DODQGUDV ) 7UBBDDEE 0 ,QDU\ $
YLWUR GLJHVWVRLOSMQHR ID. EGIQNRGYIDGHSIWRP ERYLQH FD

ELRORJLFDO DFWLYLW\ RI LW\WPDLR)BBBWHKRHE\WLF IUDJI
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JOHWFKHU $ %LOO '- %LOO 6- &OLHMA D 'RBKHU *0 PRUVW
QRYHO VHOHFWLYH DQWDJRW®Y VYD DIMSSUHNHGSINRWVFE D Q

SKDUPDFRO%

JRRQJ -33 %RUQVWHLQ -& +7 DQWDJRQLVWYV 1$1

DGUHQRFHSWRUV 1Q@XWRHHXRE)WD SLJ

*OHQQRQ 5$ 1DLPDQ 1$ 3LHUVRQ 0( 7LWHOHIBD /\RQ 5%
DQ DU\OSLSHUD]LQH DQDORJ WKDW DQWD IRRQIRIOY. WK H \

K\GUR[GQSURS\ODPLQRZWRBWUDOLQ SKDUPDFRO

*XHVGRQ % OHVVDRXGL 0O /HIUDQF OLOORW & )URPHQWLQ *
K\GURO\VDWH IURP ERYDNMHL @ L®PNS DROYSKD& OHHS LQ UDWYV

PLOG VAMEMAMNG H V+

+HUQIQGH] /HGHVPD % *DUFtD 1HERW 0- )HUQIQGH] 7RPp 6

SURWHLQ K\EHIRWNGBWHRU KIOWKUEHQHILWYV

-RKQVWRQ * D 5 $GYDQWDJHV RI DQ DQWDJRQLVW ELF

%U - SKDUPDFRO

.DQHJIDZD 1 6X]XNL & 2KLQDWD . 'LSHSWLGH 7\U /HX
DFWLYLW\ DIWHU RUDO DGPLQLVWUDIWLRRS ¥RDQBIFW LDYQX(

*$%$$ UHFHSWR)Y% 6L QH PV H

.LP -+ '"HVRU ' .LP <7 <RRQ :-HWPD® -HQLF®F\ RI DOSKDV [

K\GURO\VDWHHREDWRHWIWRFV (QWZRROQQ 1XWU

.ODUHU 0 $UQROG 0 *QWKHU / LQWHU & /DQJKDQV : O0OH\

GLITHUHQWLDOO\ PRGXODWH LQOQBYWUHRVEOLEHW\ DQG OHDL

Mz . &UHVWDQL ) .HLVW 5 %HQNHHW ®BO-QUOROHBPRKQNVB D C

QHXURQDO VXEVWUDWH IRU WKH NVMHOHAWEYH DWWHQXDW
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ODWVXGD 7 6RPERRQWKXP 3 6X]XNL 0O $VDQR 6 %DED $

E\ SRVWV\OD $WIHFHS WIRRQ DLRQWRYBHBEKDUPDFRO

OF'RQQHOO 60 OLOOHU - 9DDOD : &DOPLQJ %HQHILW
6XSSOHPHQWDWLRQ 'XULQJ $FFOLPDWLRQ WR 'RPHVWL

7UDLQLQJ RI $SXDOV BRHPXHQHLOHW 6 F

OF'RQQHOO 60 OLOOHU - 9DDOD : ORGHVWO\ LPSUR
FRPIRUW RI KRUVHV ZLW K YORYURMALWLER QAR XWWR. (PH. OKGHD\O W K
IROORZLQWHVRRUBDBRMHSLQH VXSSOHAFMQWHD WRRW 6FL

GRL M MHYYV

OHVVDRXGL 0 /DORQGH 5 6FKURHGHU + 'HVRU ' $QI
SURILOH RI D WU\SWLF K\GUROFDIVWHQ | U R EGIDRHYMUEOH (D O

SKDUPDFRQ@

OHVVDRXGL 0 /HIUDQF OLOORW & 'HVRU ' '"HPDJQ\ % %RXU
K\GURO\WVDWH IURP ERNFDQHLRLRQ RBBROGBEQDPLF UHVSRC
KXPDQ YROXQWHHUYV IDFLQJ VXFFHVVLYH(RPBHQWRWIWD QG S

+

OLFOR / 3HUULQ ( 'ULRX $ 3DSDGRSRXORNWOD@GRXMUDG

&KDUDFWHUL]IFWVRQPHRLQ@W® SBDNVU\SWLF SHSAMMEFH QUARPNKR

EHQ]RG L ID]HSH @FMBI%LW\ +
0OLOODQ 0- 7KH QHXURELRORJ\ BOBJFRIOWWRED RO DQ[LR

OL]XVKLJH 7 6DZDVKL < <DPDGD $ .DQDPRWR 5 2KLQDWD .

/IHX¥O\ D QRYHOOOL.QIHL RROAASWMLEGH UHOHPIVWHSE ®URP- ERYLQH

+

ORUDQ 7+ %DOGHVVDULQL D 5 6DORULR &) /RZHU\ 7 6FK.
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HITHUHQW FRQWULEXWLRQV WR WKH LQKISPLWBRQ/IRRARR

5

ORUULYV + 9 '‘DZVRQ *5 5H\QROGV '6 $WDFN -5 6WHSKHQ'®
DOSKD *$%$UWHHEVEVERY PHGLDWH WKH DQ[LRO\WLF SUR

OLJDQGV LQ WKH FRQGLWLRQHGXHPRWLROAOVEUHVSRQVH

20LYLHU -'$ 9LQNHUV &+ 20OLYLHU % 7KH UROH RI WK

WUDQVODDWEBRDFKHY LQ GUXJ GLVFRMNRHUN IR DPDIFRW\ G

S3DUNV &/ 5RELQVRQ 36 6LELOOH ( 6KHQN 7 7RWK O

WKH VHURWRQRIQR¥ UBDMHBEWRIG 6FkE 8 6 $

3HxD ,-, '"HOD .LP +- OD 3HxXD -% GH .LHPNOD® RVEDWQD\E WL F<
K\GURO\VDWH IURP FERWHIQ}H HPQRODQ.FH\Q S M BDAR E/DHELSN DD

YLD WKH *$%$$BIKPHSWRLDLQ 5HV

5 &RUH 7HDP 5 $ ODQJXDJH DQG HQYLURQPHQW

KWWS ZJUEWMWHRUJ !

5XGROSK 8 &UHVWDQL ) %HQNH ' %U<QLHW, DBHQVRQ -
%HQ]RGLD]JHSLQH DFWLRQV PHGPROYRBXW\ULFEHBEILG $JDL

VXEWILIPDHWXUH =+

5XGROSK 8 .QRIODFK ) %H\RQG FODVVLFDO EHQ]RGLD

RI *$%$$ UHFHSWRDW XBWYENY 'L\MAFRY

6WDKO 60 'RQTW DVN GRQYW WHOO EXW EHQ]JRGLD]H

DQ[LHW)\ GLVRIUBGBV\FKLBWU\

6WHLPHU 7 7KH ELRORJ\ RI IHDU 'D@RD R HVH &Q LLLH OHDXW

+

6WUDXVYV &9 GH $ 9LFHQWH 6% WVHD/QVHERREY BRHFHSWRUV LQ W



O(,$7,21 2) 7+( $1;,2/<7,& 3523(57,(6 RR$62=(3,1(

EDVRODWHUDO DP\JGDOD LQGXFHV ERWKHKDYROUWLE b
+
7TUHLW ' 3LQHO -3 )LELJHU +& &RQGLWLRQHG GHIHQV

VWXG\ RI DQ[LRBEDWLFD B RIODQWIMR FKHP %HKDY

B8HQR 6 %UDFDPRQWHYV - =RUXPVNL & 'HLVV '6 6WHLQEDFK

DUH DOORVWHULF LQKLELWRUV Rl FKDQ®KORSHQLQJ RI

9LROOH 1 OHVVDRXGL O /HIUDQF OLOORW &WHDRU ' 1HM
(WKRORJLFDO FRPSDULVRQ RI WKMHVHLG®RAMNMRVICF KREURKE

GLD]HSDP RQ WKH EHKDYLRXU RI| BIODWWP DG RODZR LIREE H® VY
+
9RQGHUYLV]W ) 0iWUDL * B6LPRQ , &KDUDFWHULVWLF
DPLQR DFLGV, QW S URAG MO GRFRM:

<RX + .R]XVND -/ 3DXOVHQ ,0 'XQQ 60- %HQ]RGLD]H

*$%%$% UHFHSWRU . /| VXEW\SH H[SUHNXUBSIKQ@ URQRBRR

+
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TDEOHWXPPDU\ RI WKH WHVWHG SURGXFWV XVHG GRVHV ZD\V RI

DGPLQLVWUDWLRQ EHIRUH WHVWLQJ DQG JURXSY QDPHV RI WKH

7THVW SURGXFW $QWDJIJRQLVW
Time Time *URXS QDP n
Dose, administration Dose, administration
before test before test

7TU\SWLF FDVHLQ K\GURO\VDWH &+

9HKLFOH 9HKLFOH
PLQ PLQ &RQWURDO
P/ Nperos P/ Nidp.
‘LD]JHSDP 9HKLFOH
PLQ PLQ 1S
PJ Npéros P/ Nib.
&DVHLQ K\GU 9HKLFOH
PLQ PLQ &+
P J Npgros P/ NiJp.
&DVHLQ K\GU 1%1
PLQ PLQ &+ 1$%1
P J Npér os PJ N.p.
&DVHLQ K\GU WLFXFXOOLQ
PLQ PLQ &+ %LF
P J Npér os PJ N.p.

. FDVR]JHSLQH

9HKLFOH 9HKLFOH
PLQ PLQ &RQWURDO
P/ Nibp. P/ Nibp.
'LD]JHSDP 9HKLFOH
PLQ PLQ ']S
PJ N.p. P/ Nibp.
. FDVR]HSLQF 9HKLFOH
PLQ PLQ . &=3
PJ Np. P/ Nib.
. FDVR]HSLQF 1%$1
PLQ PLQ . &=31%1
PJ NP. PJ N.p.
. FDVR]HSLQF %BLFXFXOOLQ
PLQ PLQ . &=3 %LF

PJ Ng. PJ N.p.
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"LD]JHSDP
9HKLFOH 9HKLFOH
PL PL &RQWURC
P/ Nib. P/ Nib.
'LD]JHSDP 9HKLFOH
PL PL ']S
PJ N.. P/ Nibp.
'LD]JHSDP 1$1
PL PL ']S 131
PJ N.. PJ N..
'LD]JHSDP %LFXFXO
PL PL ']S %LF

PJ N.p. PJ N.p.
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JLIXUH(ITHFWV Rl &+ RUDOO\ DGPLQLVWHUHG DW D VLQJOH GRVH

RI DQ[LHW\ LQ D FRQGLWLRQHG GHIHQVLYH EXU\LQJ PRGHO LQ W

n 'DWD DUH PHDQ “ 6(0 OHDQV ZLWK GLIITHUHQW OHWWHUV D

SRVW KRF
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JLIXUH(ITHFWV RI 1$1 ip. PDQG ELFXFXOOIPQHRQ BRF NJ PJ NJ
RUDO DQ[LRO\WLF DFWLRQ LQ D FRQGLWLRQHG GBHIWDQBUWH EXU\

PHDQ “6(0 OHDQV ZLWK GLIITHUHQW OHWWHUY DUH VLJQLILFDQW

p
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JLIXUH(ITHFWV RI 1$1 ,ip. PDQG ELFXFXOOIpQHRQ P B NI
PJ Ng. DQ[LRO\WLF DFWLRQ LQ D FRQGLWLRQHG GHIHQVLYH E

'DWD DUH PHDQ “ 6(0 OHDQV ZLWK GLIITHUHQW OHWWHUV DUH VL.

p
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JLIXUH(ITHFWV RI 1$1 ip. PDQG ELFXFXOOIPQHRQ BLINJHSDP
PJ Nip. DQ[LRO\WLF DFWLRQ LQ D FRQGLWLRQHG GHIB@WLYH E>»

DUH PHDQ “p6(0 FRPSDUHG WR WKH 9HKLFOH JURXS 7XNH\ SRV
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7KH SULPDU\ REMHFWLYH RI WKLV WKHVLV ZDV WR HYDC
DQ[LRO\WLF GHFDSHSWLGHFONHLYH®DGBRPQERMHGW RQ WKH
VIVWHP DQG PRUH VSHFLILFDOO\ LQ WKH EUDLQ UHJLRQV L
VXVSHEWHG IRU WKH LQGXV\BUEDOHWQ \SWVKLH K \UBWR OAW B &
FKDQUEBMHXURQDO DFWLYLW\ ZHUH RQO\ GHWHFWHG LQ DQL
VKWWLRQ %RWK VWXGLHV DOVR SRLQWHG RXW WKDW WKH
LOQMHFWLRQ RI . &=3 ZHUH QRW WKH VDPH DV DIWHU DQ
EHQ]JRGLD]HSLQH RU PRUH LPSRUWDQWO\ DV DIWHU DQ LQI
&=3 7KLV VHFWLRQ UHYLHZV WKHVH GLIIHUHQW UHVXOWYV
FHQWUDO PRGH RI DFWLRQ RI . &=3

&HQWUDO HIIHFWV RI . FDVR]JHSLQH

7KH UHVXOWYVY VKRZHG WKDW DQ L S LQMHFWLRQ RI . &=3
LPSDFW RQ WKH DFWLYLW\ RI FHQWUDO FLUFXLWYV LPSOLF|
Ficurell 7KH PRGXODWLRQ RI F )RV H[SUHVVLRQ GLIIHUHG E
WKDW ZHUH VWXGLHG ORUH VSHFLILFDOO\ WKH L S LQMHF
WKH DFFXPEHQV QXFOHXV WKH KLSSRFDPSDO IRUPDWLRQ
%167 DV ZHOO DV WKH SDUDYHQWULFXODU WKH GRUVRPH
K\SRWKDODPXV ,Q GRAQWW BR@) BWKHGCGLBHHXURQDO DFWLYLW\
WKH DP\JGDOD DV ZHOO DV LQ WKH UD&KSG P® JRKW DXFODF
QHXURQDO DFWLYLW\ LQ WKH SUHIURQWDO FRUWH[ WKH St
WUDRWXWDNULXV

7KLV GHPRQVWUDWHG WKDW D ELRDFWLYH SHSWLGH GHU
FHQWUDO QHUYRXV V\VWHP DIWHU DQ L S LQMHFWLRQ 7K
GHULYHG IURP QDWXUDO SURGXPWD & XRK DRNGNDBY G B U 6/LF
OL]JRIXFKL D WUDGLWLRQDO -DSDQHVH UHPHG\ RQ F )i
%RWK FRPSRXQGV KDG OHVV LPSDFW RQ QHXURQDO DFWLY
WR WKH SURWRFRO RU WR WKH IDFW WKDW OHVV EUDLQ D!
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),*85( *(IIHFW BRE3 RQ QHXUDO DFWLY LLWQ\GXF
VLWXDWVOLRRPSDULVR QY BKWKOWK H

$FE DFFEXPEHQV QXFOHXV $P\ DP\JGDOD %1
WHUPLQDOLV '0+ GRUVRPHGLDO QXFOHXV R
QXFOHXV RI WKH DP\JGDOD +LSS KLSS
K\SRWKDODPXV 3$%* SHULDTXHGHKIFNRDW DO HR |
SDUDYHQWULFXODU QXFOHXV RI WKH K\SRW
VROLWDULXV 50J UDSKH PDJQXV QXFOHXV 9
K\SRWKDODP XV

2QH SRVVLEOH H[SODQDWLRQ RI WKH VSHFLILF DFWLRQ
H[SUHVVLRQ LQ WKH PRXVH EUDLQ LV WKWHE HS W &R IUB/X MQ RWX |
,QGHHG DV WKLV SHSWLGH GLVSOD\V DQHFHB@LRW\VIEUWKKD
RI PO OLFBW DO LWV DOUNROBSWRSHUWLHY FDQ EH SDUWO\ |
RQ WKLV VLWH $V WU\SWLF K\GURO\WDWH FRQWDLQLQJ
SURSHUWLHYV RI %='V VXFK DV VHGDWLYH RUHRHPRU\ LPSD
'HOD 3HWDDO LW FRXOG EH K\SRWKHVLVHG WKDW WKLV SH

FROQWDLQIQHESBWRUYV ZKLFK VSHFLILFDOO\ PHGLDWH Wt
O|KOHU ,QWH U HVR\Q\QD O Q Ly@BHRBHSIW RUV DUH KLJKO\ FR
WKH OLPELF VWUXFWXUHV VXFK DV WKH DP\JGDOD WKH
IRUPDWLRQHW HX®VWZKHUH . &=3 PRGXODWHY QHXURQDO [
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FKURQRORJ\ E\ ZKLFK UHJLRQV DUH PRGXODWHG E\ WKH S
H[SHULPHQWY FRQGXFWHG LQ WKL WHFHNVSW RIQVIXEWNHD\F \W
DQ VXEXQLW VWLOO UHPDLQV DV DQ K\SRWKHVLV ,QGHHG

RI WKH ¢ 9HEHSWRU ZDV GHWHUPLQHG LQ FRPEEMWIOWLRQ ZL
D QRQ VHOHFWLYH EHQ]JRGLD]HSLQH UHFHGMWRWLD] HFRIPVDILLQ(
VXEXQLW EXW DOVR WR WRRWHXERQWWLOQRGIHYHQ WR UHFH
WKH/ XEXQLW WKDW DUH VDLG LQWHXQO/LWLYH WR GLD]HSDP

$Q DQ[LHW\ GHSHQGHQW DFWLRQ

7KLV ZRUN GHPRQVWUDWHG WKDW DQ DQ[LHW\ LQGXFLQ
FKDQJHV RQ QHXURQDO DFWLYDWLRQ DIWHU DQ L S LQMHF
VWXGLHV VKRZLQJ WKDW &+ ZDV PRUH DFWLYH LQ DQ[LRX\
GHPRQVWUDWHG WKDW WKH SRVLWLYH HIIHFWV Rl &+ RQ V
ZKHQ VXEPLWWHG WR D FKUR® DROPLIDDWWWHY Y L *XOE GRO O |
WKDW LQ %HDJOH GRJV WKH FRQW&XBES\E LRROWRD O W R R GVHK®IUS.
DQ[LRXV DQLPDOV ZKLOH LW GHFUHDVHG WKH OHWHIDORI D
$IWHU GD\V RI WKLY GLHW WKH DQ[LHW\ OHYHO RI W
WKDW RI QRQ DQ[LRXV DQLPDOV ,Q WKH VDPH ZD\ WKH S
DVVRFLDWHG V\PSWRPV DIWHU D GD\V VXSSOHPHQWDWLR
KLJK LQWHQVLWLHY VIPSWRPV DW WHW BBJLQQLQJ RI WKH \

7KHVH UHVXOWV VHHP WR FRQWUDGLFW RWKHU VWXGLH
DQ[LRXV SRSXODWLRQV EXW WKDW VWLOO GHPRQVWUDWEF
[PRQJVW URGH@®WD/O ORPO&K+ LQ FOLQLFDCHWWXGS L HK L ¥ HVIVHD\R
LQ WKH VSHFLILFLW\ RI WKH SURWRFROV XVHG WR VWXG\ V
,QGHHG WKH HYDOXDWLRQ RI DQ[LHW\ OHYHOV DPRQJVW U]
LQGXFLQJ VLWXDWLRQ WKXV UDLVLQJ PRPHQWDULO\ WKH
RQHV 7KLV LV TXLWH WKH VDPH ZLWK FOLQLFDO VWXGLHYV
SUHVVRU WHVW UDLVLQJ WKH VWDWH DQ[LHW\ OHYHOV RI
DQ[LHW\ SDUWLFLSDWH WR WKH DQ[LHW\ OHYHOV WKDW FED(
WR EH DEOH WR GLVWLQJXLVK WKHP 6SLHOEHUJHU
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7KH SUHVHQW UHVXOWVY UHYHDOHG WKDW WKH OLJKW GDLU
LQGXFLQJ VLWXDWLRQ UDLVHG QHXURQDO DFWLYLW\ LQ V|
VXFK DV WKH SUHIURQWDO FRUWH[ WKH KLSSRFDPSDO IRL
DQG VRPH QXFOHL RI WKH K\SRWKDODPXV SDUDYHQWULFX
FIGUREL?] 7KHVH UHVXOWYV DJUHH ZLWK SUHYLRXV REVHUYDW

PRGROWQ[LHW\ RQ QHXURQDO DFWLYLW\ VXFK DV WKH HOH
WKH DYHUVLRQ RI URGHQWYV IRW DIOGGHREWEYKW DUHRM L'G@RE
RI QHXURQDO DFWLYLW\ LQ WKHVH UHJLRQV PD\ H[SODLQ S
VLWXDWLRQ WR REVHUYH . &=3 DQ[LRO\WLF OLNH SURSHUW
GRZQ UHJXODWH QHXURQDO DFWLYLW\ LI WKH UHJLRQV ZKt

DQ DQLIGKWFLQJ VLWXDWLRQ

),*85( *(IIHFW Rl /'% RQ QHXUQOFRFHMOLYLWA
QRQ DQILBI@XFLQJ VLWXDWLRQ

$FE DFFXPEHQV QXFOHXV $P\ DP\JGDOD %1
WHUPLQDOLBRUWRPHGLDO QXFOHXV RI WKF
KLSSRFDPSDO IRUPDWLRQ +\S K\SRWKDODP >
SDUDYHQWULFXODU QXFOHXV RI WKH K\SRWK
RI WKH K\SRWKDODPXV
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W KDV DOVR EHHQ GHPRQVWUDWHG WKDW VWUHVV DQG
GLVRUGHUV RU GHSUHVVLRQ LQGXF HDUGNAMI VDXL QDX ISKK\V L
SLHSIMUDO 270DIWH)O 7KHVH FRDE LHF U HMHUP MIXELOLW\ R
LQWODVWWEDUULHU LQDQGUBINY GFRIRGL. Y/ LGV BB SWE GHEW R U 8 W
LQFOX®EQ@DIWHU DQ RUDO DGPLQLVWUDWLRQ

,V . FDVR]JHSLQH D EHQ]J]RGLD]J]HSLQH PLPHWLF SHSWLGF

. &=3 VKDUHG VRPH VLPLODULWLHV ZLWK GLD]HSDP DFWL
WKH\ ERWK GHFUHDVH WKH DFWLYLW\ Rl WKH DFFXPEHQV Q
QXFOHL Rl WKH K\SRWKDODPXV SDUDYHQWULFXODU GRUV
WR WKH YHKLFOH LQ DQ HQdurHW) LORSHFLIQU VQXPHIUWRXR/QG L |
HLVW EHWZHHQ WKH WZR PROHFXOHV LQ WHUPV RI QHXURQ
GLD]JHSDP DOVR GHFUHDVHG WKH DFWLYLW\RRV R QXIFT HAK
RI WKH DP\JGDOD DQG RI WKH UDSKH QXFOHXV FRPSDUHG \
WKH RWKHU KDQG GLD]HSDP GHFUHDVHG DFWLYLW\ LQ W
KLSSRFDPSDO IRUPDWLRQ LV JUHDWHU WKDQ WKDW RI . &
FHQWUDO QXFOHXV RI WKH DP\JGDOD D{FGURILW}KH 176 FRPS

7KHVH GLITHKHN@AHRY WKH EHQ]JRGLD]JHSLQH OLNH QDWXUF
LGHQWLILFDWLRQ RI . &=3 ZDV SHUIRUPHG E\ D VFUHHQLQJ
ELQGLQJ VLWHV YLD D UDGLRODEH@ONXQ LOVIDIPES WADVIDLF O\

$V WKLV SHSWLGH ZDV DOVR VKRZQ WR FDUUHWQ[LRO
DO LW DSSHDUHG TXHVWLRQDEOH WKDW D SHSWLGH ZL!
YLD WKH ZURQJ UHFHSWRU VFUHHQLQJ WHVW ORUHRYHU V
EHHQ VKRZQ WR UHGXFH WKH HSLOHSWLF V\PSWRPWY BFOXVH

ZKLOHQLWMMFWR RQ RQ FKORULGH LRQ LQIOX[ ZRBV EOREI
UHFHSWRU DQWDJRQLVMO 'HODNBRYDWKHP DUJXPHQWYV LC
EHQ]RGLD]HSLQH PLPHWLF K\SRWKHVLV 7ZR K\SRWKHVHV
GLIIHUHQFHV REVHUYHG EHWZHHQ . &=3 DQG GLD]HSDP UF
DFWLYLW\



(3,1(
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),*85( *$FWLYLWIRDWRJHSLQH DQG GLPIBODPWLHY DQG GLIIHUHQFH® @ ® QH.
LQGXFLQJ VLWXDWLRQ

$FE DFFXPEHQV QXFOHXV $P\ DP\JGDOD %167 EHG QXFOHXV
RI WKH K\SRWKDODPXV &H$ FHQWUDO QXFOHXV RI WKH DP\JGDC
SHUWGXFWDO JUH\ 3)& SUHIURQWDO FRUWH[ 391 SDUDYHQW
WUDFWXV VROLWDULXYVY 50J UDSKH PDJQXV QXFOHXV 90+ YHOQ\
EOXH GLIITHUHQFHYV LQ UHG
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$VVXPLQJ WKDW . &=3 LV D %=" OLNH SHSWLGH LW KDV EH}
*$%%$ VXEW\SHVY PHGLDWH GLIIHUHQW FHQWUDO HIIHFWV RI
K\SQRVLV 1XWW $V . &=3 GR QRW WULJJHU VHGDWLY
DVVRFLDWHG ZLWK %=' FRIWXPS W' HRO®D HOM XDOD RW GFIR X O G EH
K\SRWKHVLVHG WKDW . &=3 KDV D VSHFLILF DIILQLW)\ IRU UF
SURSHUWLHY RRQMWDLQIsQUHFHEMWRUV 0|KOHU +LJK FR
WKHVH UHFHSWRUV KDYH EHHQ PHDVXUHG LQ WKH OLPEL
DFFXPEHQV QXFOHXV RU WKH KLS$RWF IDRGS D OZ KRIWRD W ER ®
PRGXODWHVY QHXURQDO DFWLYLW\ DV VARQWDELRNIDJI 2*G W
UHFHSWRUV PHGLDWLQJ WKH VHGDWLYH HIIHFWV RI %='V
WKDODPXV DQG WKH FHUHEUDO FRUWLFHV DQG QRWDEO\
HIITHFW RQ QHXURQDO DFWRQWD L QRUHANKBIV RWKHDFFRXQW

RI WKH W RMDHF HSMWER UV OF.HUQDQ DQG :KLWLQJ Pl
WKH DIILQLW\ Rl . &=3 IRU WKH %Y HRHBWRRY ZKWIFHKRL *$ %
ORZHU WKDQ WKDW HRW ®ID]HSDP OLFOR

$QRWKHU K\SRWEHYIPRVW VOKDNWO\ LQYROYH RWKHU QHXU
DQG PRUH SDUWLFXODUO\ WK HQGHIWREW R @EQ HLUIF B H\D\WMGH RV |
UDSKH QXFOHXV ZKLFK JDWKHUV WKH PDMRULW\ RI VHURWI
ORUHRYHU LW VHHPV WKDW WKH DQ[LRO\WLF OLNH SURSF
UHFHSWRUV+WaSHKI$OH WKRVH Rl GLD]JHSDP GLG QRW XQSX|
WKH VHURWRQLQHUJLF K\SRWKHVLV . &=3 FRXOG WKHQ DO\
WKH EXVSLURQH %HVEGBHYHFHSSWRDOWLRQLRIN PRGH RI DFWL
WKLV DQ[LRO\WLF GUXJ VKDUH ZLWK . &=3 DQ DEMMQFBE RI \
DQG PXVFOH UHOD[DQW DQG DHYWDGR QI XOR PIQDW H Gl HA
%=V ORUHRYHU LW GRHV QRW LQGXHAMW FRYQLWROH ULPSD}
GHSHQGHQFH RU ZLWKGUDZDO HIIHFWV DV ZHOO DMWW GRF

DO XQOLNH %=V (YHQWXDOO\ LWV HIIHFWV DUH REVHU®
LQ KXPDQV /DGHU DQG 20DMLGH ZKLFK FDQ BW FRPSI
DO W FRXOG WKHQ EH K\SRWKHVLVHG WKDW . &=3 UHO

WHUP HIIHFW DQG WKHQ RQ WKH VHURWRQLQHUJLF V\VV
SURSHUWLHYV
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,Q DGGLWLRQ . &=3 GLVSOD\V VRPH DP LR DWHGS W B WX
DOUHDG\ LGHQWLILHG LQHRL @M SURWHHGY WHKUHHR X GURXP L QD
</*</(4//5 VHTXHQFH RI . &=3 LV FORVH WR WKH 5</</ DQG 5%
SHSWLGHV LGHQWLILHK G DVRIPQWKHT EHRGE GCHO R X KIONW SDW W H U
FRQVLVWLQJ RI D W\URVLQH LQ WKH 1 WHUPLQDO HO&G DVVF
RU WKSHRVLWLRQ KDV EHHQ SURYHQ WR EH FUXFLDO WR FDU!
HW DO $V . &=3 FRQWDLQV WKLV SDWWWKDW MK HF ORCS LDROL\GR V
PHGLDWHY SDUW RI WKH DQ[LRO\WLF OLNH SURSHUWLHV RI
IRRSLDWH UHFHSWRUV VXFK DV 5</*</ DQG 5</*</( RU WUL.
WKH RSLRLG V\VWHP VXFK DV GLD]JHSDP JRLQJ LQ WKH pEH
7KRPSHWRIQDO 7KH GHOWD DQG PX UHFHSWRUV FDQ EH FDC
OHUUWIW DO 3HUWHM QEQHO 1HYHUWKHOHVV SHSWLGHV ZLWK
DPLQR WHUPLQDO SRVLWLRQ GLVSOD\ RSLRLG DFWLYLW\ LC
FRUUHVSRQGLQJ SHSWLGHV ODFNLQJ WKLV UHVLGXH </*</
WKHVH PRGHON DI@XNDWLO QRZ D ORQJHU SHSWLGH H[WHQ
SDUW DQG FRUUHVSRQGLQJ WR . &=3 KDV QHYHU EHHQ WHYV

'R SHSWLGHY GHULYHG IURP . FDVR]JHSLQH DV </*</ DI

,W KDV EHHQ SUHYLRXVO\ VKRZQ WKDW </*</(4 ZDV D P
K\GURO\VLV RIQ. RISAWBRNVWLRQ FRQGLWWRDY E & DN . & H BHALUL (
GLVSOD\V DQ[LRO\WWLF OLNH SURSHUWLHYVY LQ EHKDYLRXUD
PDMRU SURGXFW RI K\GURO\VLYV LQ WKH VDMHWHD)SHULPHQW
,Q WKH SUHVHQW ZRUN ZH KDYH VKRZQ WKDW WKLV SHSWL
PLFH 1HYHUWKHOHVV </*</ GLVSOD\HG VRPH GLIIHUHQFH
DFWLYLW\ PRGXODWLRQ FRPSDUHG WR WKHF¥WKL4OH LQ D
,QGHHG ZKLOH . &=3 LQFUHDVHG F )RV H[SUHVVLRQ LQ DOO
RQO\ LQFUHDVHG QHXURQDO DFWLYLW\ LQ WKH FRUWLFDO
KDQG WKH LQFUHDVHG RI F )RV H[SUHVVLRQ LQ WKH UDSKF
LS LQMHFWLRQ WKDQ DIWHU . &=3 LOQMHFWLRQ FRPSDUHG
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),*85( + . FDVR]JHSLQH DQG </*</ GLIIHXH
DFWLYDWIRQ D DLQ@Q[GKRAHG VLWXDWLRQ

$P\ DP\JGDOD 3$* SHULDTXHGXFWDO JUH\
QXFOHXV Rl WUDFWXV VROLWDULXV 50J UDS

7KLV UDLVHV WKH TXHVWLRQ ZKHWKHU . &=3 DQG LWV GH
VDPH ZD\ WR WULJJHU WKHLU DQ[LRO\WLF OLNH SURSHUWIL
TXHVWLRQ DQG IXUWKHU H[ISHYRR® Y\BW 0L IRFORYQ. RIL F DWW KVWH
DUH UHTXLUHG WR IXUWKHU H[SORUH WKHVH PHEKDQLVPV
DIILQLWLHV IRU VSHFLILF QHXURWUDQVPLWWHUV UHFHSWR
SHSWLGHHWBRODVWKLY SDWKZD\ FRXOG EH IDYRXUHG DOWI
</*</ DV DOPRVW LQDFWLYH LQ WKH H[SHULPHQWDO PRGHO

TKHDQ[LRO\WLF DFWLYLW\ RI . &=3 FRXOG EH D YHU\ FRPSES
GHULYHG SHSWLGHV PRGXODWH WKH QHXURQDO DFWLYLW\
DRG </* WKDW FRUUHVSRQG WR IUDJPHQWYV RI WKH SHSWLGI
SURSRVHG PHWDEROLF FDVFDGH WKDW FRXOG OHDG WR
EHQ]JRGLD]JHSLQH VLWH Rl *$%H% DBFHSMRIUTXBQWILRDDY RI
SHSWLGH V LV DUH PRVW OLNHO\ WR FURVV SK\WLRORJL
BDFK WKH DUHD V WULJJHULQJ WKH DQ[LRO\WLF DFWLYL\
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7KH OLPLWV RI F )RV VWXGLHV

F )RV VWXGLHY KROG VHYHUDO DGYDQWDJHV )LUVWO\
QHWZRUN YLD WKH VWXG\ RI WKH ZKROH EUDLQ ZKLOH Ql
FHOOXODU UHVROXWLRQ ORUHRYHU DV D GHOD\HG PDUNH
ZLWK RWKHU PDQLSXODWLRQ FORVH WR WKH DQLPDO G|
SHQWREDUELWDO )LQDOO\ LW DOUHDG\ H[LVWV D ZLGH O
QHXURQDO DFWLYLW\ PDUNHU ZKLFK DOORZV PXOWLSOH F
GDWDEDVH

+RZHYHU GHVSLWH LWV XVHIXOQHVV WR PHDVXUH QHXUF
DFWLYLW\ YLD F )RV KDV VHYHUD @ )®RIVPLW QW WRDQ \G LTUKH W BY
WKH QHXURQDOHIVSWWYDWKR@XPEHU RI VWXGLHY OLQNLQJ
GHSRODULVDWLRQ LW LV LPSRUWDQW WR UHPLQG WKDW
WUDQVGXFWLRQ SDWKZD\ DGE W R IP\D\YKHQGH/SR O D U L \$D SR\
ZD WR HYDOXDWH GLUHFW QHXURQDO DFWLYDWLRQ ZRXOG
GLUHFWO\ PHDV X UHQQWPRERHD M. BL PR DOIVWKHWLVHG URGHQ\
SKDUPDFRORJLFDO WUHDWPHQWY WR PLPLF DQ[LHW\ RU
EHQ]JRGLD]HSLQHV &UHVSL +RZHYHU LW LV KDUGHU W
DQG LW PXVW WKHQ EH UHSHDWHG WR HYDOXDWH GLIIHUH:¢
RI HOHFWURHQFHSKDORJUDSK\ RU PDJQHWRHQFHSKDORJUI
ZKROH EUDLQ +RZHYHU WKH VSDWLDO UHVROXWLRQ LV OH
PRUH XVHG WR HYDOXDWH FKDQJHV RI EUDLQ DFWLYLW\ RY
DV DFWLYLW\ YHUVXV VOHHS WKDQ WR HYDOXDWH WKH VS
ZLWK DQ H[FHSWLRQ IRU WKH KH®SRPDP 3R QFWUP@NL PP J
UHVRQDQFH LPDJLQJ 105, LQ URGHQW LV VS1\DODRD X ®/ MRR)
LQ VPDOO DQLPDOV

$VD GRZQVLGH RI LWV GHOD)RE QXIXHBQDORPDD NOHRZ WLPH
DV WKH H[SUHVVLRQ RI WKH SURWHLQ LV HYDOXDWHG DUR>
WKH ELDV VHW E\ WKH SURWRFRO FRQGLWLRQV WKH VWXC
EHWZHHQ JURXSV WR OLPLW SDUDVLWH VWLPXOL ORUHRYH
WR GHFUHDVH F )RV VLIJQDO $V D GLUHFW FRQFOXVLRQ \
PDUNHU DV ZHOO DV D QHXURQDO PDUNHU &KXQJ
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W KDV DOVR EHHNKDBWPRROMWQBWHREQV GR QRWZWHDRJJIHU
VWLPXODWHG ZKLOH RWKHUV DOZD\V H[SUHVV WKMKSIURW H
VSHFLILF FKHPLFDO QDWXUH RI WKH DFW LYYLIDW\M KSL § HAXHIIRKQL
DQG GRXEOH ODEHOOLQJ PHWKRGV WDUJHWLQJ QHXURW
(YHQWXDOO\ DV D SRVW PRUWHP WHFKQLTXHKDRX. PDOV F
LPSDFW WKH UHVXOWYV LI WKH VWLPXOXV LV QRW ZHOO FKR

7R FRPSHQVDWH WKH OLPLWV RI F )RV RWKHU WUDQVFU
PDUNHU FDQ EH XVHG VXFK DV (DUO\ JURZWK UHVSRQVH SL
UHVSRQVH HOHPHQW ELQGLQJ SURWHLQ S&5(% (JU LV VL
IDEFWRU +RZHYHU LWV EDVBOVNKPSUMMWOLMRRIOFAYR® DQ XK Ik
LQGXFWLRQ LV GLIIHUHQW F )RV EHLQJ WUDQVLHQW ZKLO}
&KDXGKXUL 2Q WKH RWKHU KDQG S&5(% LV UHODWH
OLQNHG WR F )RV H[SUHVVLRQ +RNIPDQ DQG /\R 6LOYD
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7KLV ZRUN VKRZHG WKDW L DQ DQ[LHW\ LQGXFLQJ VL\
DQ[LRO\WLF OLNH SURSHUWLHV RI . &=3 LL D ELRDFWLYH
LPSDFW EUDLQ DFWLYDWLRQ LQ VSHFLILF UHJLRQV LQYRO
SDWWHUQV WULJJHUHG E\ . &=3 LOQOMHFWLRQ DUH GLIIHUHQ'
GLD]JHSDP D UHIHUHQFH EHQ]JRGLD]JHSLQH DW WKH VDPH F
FRPLQJ | ULFOPYWWHHRVIWER® RQG DOVR GLVSOD\LQJ DQ[LRO\WL
QRW PRGXODWH EUDLQ DFWLYLW\ H[DFWO\ WKH VDPH DV . &

TKIZRUN FRQWULEXWHY WR WKH XQGHUVWDQGLQJ RI WKH
WKH PRGH RI DFWLHR®&QRR2ZIWKEHBSHSWQGHKHVWLRQVY KDYH EHH
VWLPXODWH IXWXUH UHVHDUFK RQ WKLV SHSWLGH

'RHV WKH SHSWLGH DHWS IL\§ HVIKI EXBQ B QJ WKH &16 DFWL)
SURYHQ WKDW WKHLSWMEMW E®D IDF I VG WEKHFMKD\QJHY REVHUYH (
SHULSKHUDO DFWLYDWLRQ Rl DQRWKHU PHGLDWRU $Q LQ\
FRXOG WKHQ SDUWO\ DQVZHU WKDW TXHVWLRQ LW FDQQR\
WKDW ZD\ EXW WKDW DIWHU DQ RUDO DGPLQLVWUDWLRQ
DQ[LRO\WLF OLNH SURSHUMLKIORIVVE&E KDV EHHQ VKRZQ V
PRGXODWLQJ WKH QHXURQDO DFWLYLW\ ZLWKRXW EHLQJ K
GLJHVWLYH WUDFW WR LQGXFH WKH IRUPDWLRQ RI DQ DFW
HOLPLQDWHY WKH FRQWULEXWLRQ RI GLJHVWLYH WUDFW

5HDVRQLQJ DV D GLHWWD WKHKSEOWRBBW.Y WR EH JLYHQ D
ZLWKLQ &+ FDUU\LQJ RQ WKH HIIHFWV RI DQ RUDO DGPLQLYV
QHHGV WR EH FRQVLGHUHG DV WKH GLIIHUHQFH RI WKH Z
DFWLYLW\ $V D GLHWDU\ VXSSOHPHQW WKH SHSWLGH LV I
RQFH &RPSDULVRQ EHWZHHQ DQ DFXWH DQG D FKURQLF
GLIIHUHQFHV EHWZHHQ WKH WZR W\SHV RI DGPLQLVWUDWL|
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'KLFK UHFHSWRUV DQG QHXURWUDQVPLWWHUV VWMVHPV D
VRH EUDLQ VWUXFWXUHV LQYROYHG LQ WKH PRGH RI DFWLR
DUH SKDUPDFRORJLFDO VWXGLHV LGHQWLI\LQJ WKH QHXU
DFWLRQ RI . &=3 WKH QH[W VWHS ZRXOG EH WR FRPELQ}
XQGHUVWDQGLQJ Rl WKH PHFKDQLVPV 7KH LQMHFWLRQ F
VWUXFWXUHV XVLQJ VWHUHRWDI[LF VXUJHU\ FRXOG EH D Z
DQG *$%$HUJLF VIVWHPV KDYH DOUHDG\ EHHQ LGHQWLILHG
WKHP DQG IRU LQVWDQFH LQ WKH DP\JGDOGRQ W @ BO F I* BloF$
UHFHSWRUV FRXOG DOVR EH WHVWHG ZLWRQ2 PRG QN *B% 9\
UHFHSWRUV $V WKH SHSWLGH DOVR GLVSOD\ VRPH VLPLO
. &=3 IRU RSLDW®O VIMHRBRWROWY WKH LQYROYHPHQW LIRMRRSL
HIITHFWV Rl . &=3 VKRXOG DOVR EH HYDOXDWHG $QRWKHL
WHFKQLTXHV WR LGHQWLI\ WKH FK M PIDFFFDXQ R DONXORWHH \RF HDJFRAHL

, V. LW WKH VDPH7IRH KXWVOIEWOH HITHFW V. Rl WKH DGPLQLV
EUDLQ DFWLYLW\ VKRXOG DOVR EH DGGUHVVHG ,QGHHG D
KXPDQV ZLWK DQ[LHW\ LVVXHV FOLQLFDO VWXGLHV QHHG
EUDLQ DFWLYLW\ LQ KXPDQV $V WKH GHYHORSPHQW RI V
EHWZHHQ KXPDQV DQG URGHQWY FRUWH[ EHLQJ OHVV GH
. &=3 KDV EHHQ SURYHQ QRW WR LPSDFW WKH DFWLYLW\ I
H[SHFWHG EHWZHHQ WKH PRGXODWLRQ RI EUDLQ DFWLYLW\
XVH RI WHFKQLTXHVY VXFK DV HOHFWURHQFHSKDORJUDP DV
KHOS WR DQVZHU WKDW TXHVWLRQ 3ODFLQJ LQGLYLGXDOV
ZKHUH &+ KDV SURYHQ WR EH HIILFLHQW FRXOG PLPLF WKF
WKH SUHVHQW ZRUN



&21&/86,21 $1' 3(56(&7,9(6

),*85( +8QGHUVWDMIGL ®RGH RI D FVBLAR|® RiQ.!
URGHQWIM §ith ARG HO V
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5(680( 68%67%$17,(/
,QWURGXFWLRQ JpQpUDOH

ID GpFRXYHUWH GH PROpFXOHV GYRULJLQH DOLPHQWDLU
GHOj] GHV VLPSOHV DSSRUWYVY HQ QXWULPHQWY SRXU OfTRUJ
GIDFWLRQ SRXU OH GpYHORSSHPHQW GH PROEHKOMMGEBYLQ
ELRDFWKXILY VRQW GHV IUDJPHQWYV SURWPpPLTXHV D\DQW GH
OTRUJDQLVPH .LWWV DQG :HLOHU .RUKRQHQ HQ
GLIlpUHQWY DYDQWDJHV SDU UDSSRUW DX[ PROpFXOHV S
SHUPHWWUDLHQW GYfrWUH XWLOHLW pb/OH Q RVpIGIRIPBPLXQ Bl (KX R B LI

ERQQH HIILFDFLWp PHLOOHXUH VPpOHFWLYLWpP ERQ S
IDFLOH j VIQWKpWLVHU« /H ODLW GH YDFKH TXL FRQWLHQV
HVW OXQH GHV VRXUFHVY GTREWHQWLRQ GH FHV SHSWLGH
QRPEUKMHSWLGHYV LVVXV GHV SURWpPLQHY ODLWLQUHV FHU
FHQWUDO HQ YLVDQW FHUWDLQV VA\VWgPHV GH QHXURWUDQ
DYHFtGFDWRPRUSKLQHYV TXL SHUPHWWUDLW HQWUH DXWI
FDOPDQWY DVVRFLpV j OD FRQVRPPDWLRQ GH ODLW GH YDF
HW DO

JIFLGWPLQREXWRNMEBVWHHVW OH SULQFLSDO QHXURWUDQV
VIVWgPH QHUYHX[ FHQWUDO 6D OLDLVRQ VX UHDNWUDp RIS
LQIOX[ GJLRQV FKORUXUH GDQV OH QHXURQH SHUPHWWDOC
VODSWLTXH HW DLQVL XQH LQKLELWLRQ GH VRQ DFWLYLW
XELTXLWDLUH GDQV OH FHUYHDX OHV VIQDSVHV *$%$HUJL"
UpJXODWLRQ GH OfDQ[LpWp &H U{OH @V \RpG I BD®D WU V
EHQ]JRGLD]PSLQOHWKHVW LPSRVpH FRPPH WUDLWHPHQW FOL
GHSXLV OD VHFROUGWLRRQWL pHGWX FHV PROpPFXOHV RQW SRXL
OHV XQ VLWH GH UpJXODWLRG WD VOX D LDAXRIQ OGHHNY pFBAVGKI
UpJXOOMXBRSHUPHW GTHQWUDLQHU XQH PHLOOHXUH IL[DWL!
HW GH PpGLHU OHV GLIIpUHQWY HIITHWVYpEDWQRTDXHQ PL\RY
P\RUHOD[DWLRQ HW DH) WH W HVO\SRIFR @ N XUP\FIHSRADHK G\H SK%6E S >
rWUH LGHQWLILpY HW SHUPHWWHQW GYH[SOLTXHU OHV GLI
WASHHVW DVVRFLp DX[ HITHWV VpG B WRYEWS H U PARNY OVID DRYGELLD !
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GH OHXUV HIIHWV DQ[LRO\WLTXHV 'H PDQLQUH LQWpUHVVE
VRXV W\SHV GH URFBBWHXYWVWHIBHEOW SDV OD PrPH UpSDUYV
FPUPEUDOHV &HSHQGDQW PDOJUp XQH HIILFDFLWp UHFRQ!
MXVTXT] EHQ]JRGLD]pSLQHV DQ[LRO\WLTXHVHIRPRPABUFLDC
7HPHVWMD OXP OHV %='V FXPXOHQW GLIIpUHQWY HIIHWV \
VBDWLRQ VRPQROHQFH DPQpVLH« &HOD QTH[FOXW FHSHQC
GHV IDPLOOHYV GH PpGLFDPHQWY OHV SOXV FRQVRPPpPHV HQ
RQWRQVRPPp XQH EHQ]JRGLD]pSLQH DQ[LRO\WLTXH HOQ
VXRGVRPPDWLRQ pWDQW SULQFLSDOHPHQW GXH j GHV HUUF
JpQpUDOLVWHW BPOLYYRPRHVVLWp GH WURXYHU GHV DOW
GYHIIHWV VHFRQGDLUHV IDLW GRQF SDUWLH GHV SULRULW
+ROPHV

$LQVLO D pWp PRQBWROTXDXQ GH\SEDMPERWISRVVGH GHYV
SURSULpWpV DS [LROL W MTFRMD RMOSERMQID 3QURRG qOH GIDQ[Lp
UDWM.FER DO /fpTXLYDOHQW LQGRVYWIAID 6$DBSWhXPAQWH
SURSULYWpPW DGPLQL¥FWHID@/ig RRDMWW DO D L WKIH FEFRPPH
.LPHW DO OHVVBRXDBO /HV SURSULpWpPV DQ[LRO\WLTXHV C
GHSEKWYRQILUPPpHVIFYUHD W H VFKP&YAMDD O D FKL%E MDD O

E SRQOIF'RQQHW DO HW FKEFMRQQHW DO /IDGGLWLRQ G
SURSULpPMRQYYBRQWRLYBOWHWO HW K\SQRWHWERWDO 'HOD
3HX®DW DO FKH] OH URQJHXIWEODJH GX SHSWLGH DFWLI VXU
*$%$ OLFEW DO DLQVL TXTX@HYRRW RRTD F WhFH SWS BogUW
FLEMOKpUDSIBHWLEXE M G LIDQPSHIHD O RQW SHUPLKHWHFBIDS S U
K\GURO\VDW GH OD IDPLOOH GHV EHQ]JRGLD]pSLQHV &HS]
OYK\GURO\VDW QH SRVVgGH DXFXQ GHV HIIHWV VHFRQGDLU
GH PpGLFDWROQWWDQFH GpSHQGDQFE&WVRE DWRHEFIDRWGEGW DF
DO 'H O D H3W XDO

/ID UHFKHUFKH G{XQ SHSWLGH SRUWHXU GH OYDFWLYLWp
DERXWL j OfLGHQRMDMRFDINIGRBQ GWFODHPHSWLGH GH FRPSRVL'
GIYDFLGHV DPLOQpRV*EGHQWLOLPERW DO &H SHSWLERHSRVV(Qg

< W\URVLOWXFLQB\FLQBIF(GH JOXWDPXWOR DQHLELQH
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DIILQLWpP SRXU OH VLWH %$=EGHQ U XHHSWWWUHY DH$SSLWp V
LQIPULHXUH j FHOOH GX GLD]pSDP HW SRVVgGH DXVVL GHV
HW DO /fpWXGH GH OQ GIGWHURRW SEISOLIMEH SDU GLITpUHQWH\
HW SDQFUpDWLTXHV D SHUPLV GH H@® QDWHRW LTV BIL G Hi KX IH CBW
</*<] HW </*</(% DO DG UDY FH GHUQLHU SRVVpGDQW
DQ[LRO\WLTXHV FKH] OHQUP IWWHIWRD ¥ WDD WD PRBYBH GH EDU
&DNLU HWIBOD E /HPRGH GIDFWLRQ SUpFLV SHUPHW\
[LRO\WLTXHBEMWH HQFRUH LQFRQQX ELHQ TXH GH QRP
DFWLRQ FHQMWUIHOH GX SHS

6L OYDQ[LpWp D MRXp XQ U{OH LQGLVSHQVDEOH ORUV C
OfRUJDQLVPH j XQH VLWXDWLRQ GDQJHUHXVH XQH DQ[LpW
QpIDVWH SRXU OJRUJDQLVPH (O"M LIGHRD HGHISHKE \D BY \8 pBX\D X
JUHXG GLWMIPBKBDOWHARQW[ISKKXfWUH LGHQWLILpY FKH] Of+RPP
ODQXHO GLDJQRVWLTXH HW VWDWLVWLTXH GHV WURXEOHYV

DQ[LpWp VRFLDOH WURXEOHV SDQLTXHV SKRELHV \
WURXEOHV VRQW GHYHQXV OHV SOXV IUpTXHQWYV GHV WUR]
XQH SUpYDOHQFH GH YLH HQWLqUH WRXFKDQW GH OD
$XWRULWpP GH '6DQRRMEUHX[ WUDYDX[ VFLHQWLILTXHV j OD
OfDQLPDO RQW SHUPLV GH PLHX[ FRPSUHQGUH OHV PpFDC
GH FH SKpQRPgQH 8Q HQVHPEOH GH UpJLRQV UHJURXSp
VI\VWgPH OLPEUTXHL. SX rWUH LGHQWLILp HW VHUDLW j OfRU
SOXV JpQpUDOHPHQW GHV pPRWLRQV 1RXV QRXV SURSR
SKpPQRPQQHV FHQWUDX[ LPSOLTXpV GDQV OfDQ[LpWp DX UL
7\H LPSOLTXDQW WURLV JUDQGHV pWDSHV OfLQWHUSUpW
HILQ OYLQLWLDWLRQ GH OD UpSRQVH FRPSRUWHPHQWDOH
/ITLQWHUSUpWDWLRQ pPRWLRQQHOOH VH IDLW SULQFLSDO
IRUPDWLRQ KLSSRFDPSDOH VWUXFWXUHVY LPSOLTXpHV HC
/TPYDOXDWLRQ GH OD PHQDFH VH IHUD SDU GHV VWUXFEWXI
SOXV FRPSOH[HV WHO TXH OH FRUWH[ SUpIURQWDO RHX
FRPSRUWHPHQWY PRWLYpVY WHO TXH OH QR\DX DFFXPEHQ
SK\WLRORJLTXHV VH IHUD SULQFLSDOHPHQW SDU OH ELDL
K\SRWKDODPR K\SRSK\VR VXUUpPQDOLHQ TXL GpFOHQEKHUD
OD FLUFXODWLRQ VDQJXLQH WDQGLV TXH OHV UpSRQVH)
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SLORWpPHY SDU GHV UpJLRQV GX WURQF FpUpEUDO ,0 HVW
VH IRQW SDV GH PDQLQUHV OLQpDLUHV HW HQ VHQV XQLTX
HQWUH WRXWHVY OHV UpJLRQV VDQV VHQV SDUWLFXOLHU

3RXU SHUPHWWUH XQH PHLOOHXUH FRP &Yp KHIGQWW R QN & ¥V
DSSOLTXHUD GLIIpPUHQWHY WHFKQLTXHV H[SpUPRHMEWDOH\
FRPSUHQGUH OH IRQFWLRQQHPHQW FHQWUDO GHV WURXEC
YROHW FRPSRUWHPHQW D OPRIGD KV DRIIRP 6 R GRMHPOURISEGIVY D X |
FRXUV GH OD VHFRQGH PRLWLp GX ;;qPH VLEHIHHPREP RN OL
OTHQIRXLVVHPHQW G pLHOEHOFRQ G LMRERRHPR GqOHY SHUPHW
UHSURGXLUH GHV VLWXDWLRQV DQ[LRJGQHV SRXU OfDQLP
FKRF Q8BRIV XQ HQYLURQQHPHQW FRQWU{Op HW UHSURG X
GIpWXGLHU OfLQIOXHQFH G i S\W 5 WLGHG® DY ERONNELT QW ¥ W X
FPUPEUDOHYV YLDOOQHK pY DKW GREQE BES WRNHE WQ XIQHI D F W H X U
WUDQVFULSWLRQ TXL MRXH DXVVL OH U{OH GH PBUFKINXU G
6D UpYpODWLRQ SRXU pYDOXHU VRQ H[SUHVVLRQ SHXW HOQ

7TUDYDX[ SHUVRQQHOV

%LHQ TXH GH QRPEUHX[ UpVXOWDWYV O D L.V&/4BQNW WS S QR/FHK-
GH FHOXL GHV %='V FHUWDLQHV TXHVWLRQV UHVWHQW HQ
RQW pWp HQYLVDJpHV SRXU \ UpSRQGUH
X 30XVLHXUV UpVXOWDWY ODLVVHQW SHQVHU TXH OHV
VRQW SOXV IDFLOHPHQW RIQGHW H®Xp/Y & B H QY E A XFKLH] UGIH
%ULDQG HW HD/GB R.QHPW DO 3 DO HWVDQQL,O VHUDLW
GRQF LQWpUHVVDQW GH FRPSDUHU OfHIILFDFLWp GX
GHV LQGLYDIEKMNXPRQ
x /TK\SRWKgVH GTXQ PRGH GYDFWLRQ FHQWUDO HVW L
OYDGPLQLY 4D WRRQIYT W p SRXYEDDWHHGRQF GRQQHU
LQIRUPDWLRQV TXDQW R HWWBMMWK HSR WYHJG/HHNG FHHE X S H ¢
VXU OfDFWLYLW@HVHNXPR@EIMVHLEBQVTXpHY GDQV OD U
HW GH FRPSDUMWDW\H Y UM X QH %M GH DJp S QFH
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X (QILQ OTEWXNGHPB&EBSRXUUDLW QRXV SHUPHWWUH GH
GHUQLHUV DJLVVHQW GH &3 RPN LP B EVqEH IPXH @QRHV
VRXOLJQpPHV

6POHFWLRQ GHV DQLPDX[ DQ[LHX]

3RXU UpSRQGUH j OD SUHPLgqUH SLVWH VRXOHYpH SUpFp
GRLYHQW SRXYRLU rWUH GLVFULPLQpPHY SDU OHXU QLYHDX
GDQV XQ GLVSRVLWLI SHUPHWWDQW G pYDIXE U &I B Q VLSRN
FRQVLVWH HQ XQH ERVWH FDUUpH GH 1 FP GRQW OfDQL!
HQ VXUIDFHV OH FHQWUH SDUWLFXOLqUHPHQW DQ[LRJq

R[LRJIqQH

(Q PHVXUDQW OHV WUDQVLWLRQV GHV DQLPDX[ GIXQH [R
SRVVLEOH GfpYDOXHU OYDQ[LpWp GHV GLIIpUHQWYV DQLI
FHQWUH WUDQVLWLROWWBQW R ERW.SRBUEDWHXU GplLQL
HW DO 8Q WRWDO GH DQLPDX[ UpSDUWL HQ ORWV C
GLVSRVLWLI &RPPH DXFXQH GLIIpUHQFH VWDWLVWLTXHPH
GLIIpPUHQWY ORWYV GIDQLPDX[ OHV UpVXOWDWYVY RQW DLQV
DQLPDX[ HQ IRQFWLRQ GX SDUDPgQWUH FLWp FL GHVVXV FH
VXLYHQW XQH ORL QRUPDOH ,0 QTH[LVWH DLQVL SDV GH U,
LO HVW GRQF LPSRVVLEOH GH GLVFULPLQHU OHV LQGLYLGX

(O UpVXPpGLIILFXOWp GH OD GLVFULPLQDWLRQ GH GHX[ J
OHXU QLYHDX GIDQ[LpWp j OFfDLGH GX SURWRFROH XWLOLYV
SURWRFROH SRXU GLIIpUHQFLH WD LYY IGO0 HQ WR Q EQV
HVW LPSRVVLEOH GH GLVFULPLQHU OHV LQGLYLGXV HQ DPR
VLWXDWLRQ DQ[LRJgJQH SRXU XQH SDUWLH GHV LQGLYLGXV
FRQQXH HW GRQF QRQ DQ[LRJGQH VLWXDWLRQ FRQWU{OH
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ORGXODWLRQ GH OYDFWENMVW pp FIKMHHEQWD VR XSDLW O v

8Q SURWRFROH GH PLVH HQ VLWXDWLRQ DQ[LRJgQH D pWj
SD YRLH LQWUDSpULWRBXDGHD]¥BRPFXOH EHQJRGLD]pSLQH
UplpUHQFH ORYBSDLWPWXY pTXLWDEOHPHQW GDBVWWGH X[ VL\
VLW X D W LHRGO HR/QMQUMY RXUQHQW GDQV OHXU SLqFH GYKpEH!
UpDOLVpPH FH TXL SHUPHW GfpYLWHU GHV VWLPXOHEREOR®
HVXWQH VLWXDWLRQOBQ[DRILFIBAR¥RYWEDQV OH GRLAWSBHR VLW
FODREWFXUH &H GLVSRVLWLI HVW FRQVWLWXp GH GHX[ F
OYDQLPDO SHXW FLUFXOHU OLEUHPHQW /fXQ GHV FRPSDUYV
OHV DQLPDX[ /H WHPSV SDVVp GDQVHYUFRP Y WD R HZWD G\
DQLPDRXPXVFREHIOWW pOHYp PRLQV OHV DQLPDX[ VRQW DQ[LH
GH.®%3 RQW DLQVL SKRONUGGPBEDERUGLVSRVLWLI HQ FRPS
GLD]pEBWPVRQW HQ DFF RNV DRRFFS RUW HRWQXW VX[ REWHQXV
GIDXWUHV HVSQqFHYV

/I fpYDOXDWLRQ GH OD PRGXODWLRQ GH OYDFWLYLWp FpUp
GH OD SURWpPLQH F )RV PLVH HQ pYLGHQFH SDU LPPXQRI
WUDQVFULSWLRQ XWLOLVp FRPPH PDUTXHXU GH OTDFWLYL
.RYIFV (Q HITHW VRQ H[SUHVVLRQ HVW WUqV IDLEOH Y
XQ VWLPXOXV HVW QpFHVVDLUH SRXU SRXYRLU REVHUYHU
QHXURQHV DFWLYpV [/HV GHX[ VLWXDWLRQV FRQWU{OH
WUDLWHPHQWY MRXHQW OH U{OH GH VWLPXOXV GDQV OH F
HQ SODFH DYHF OH ORJLFLHO ,PDJH- SRXU SHUPHWWUH XQF

/HV FHUYHDX[ RQW DLQVL pWIpQSVBWK DL PBX[qD XS HRIURRIO
FRQJpODWLRQ GHV FRXSHV VDJLWWDOHY SHUPHWWDQW O
PrPH FRXSH GH FHUYHDX RQW pWp UpDOLVpHV DX PR\H(
OfKpPLVSKQqUH JDXFKH /D GHQVLWpP GHV QHXURQHV F )R
LPSOLTXpHV GDQV OD UpJXODWLRQ GH OfDQ[LpWp SHUPHW
UpJLRQ HW GH FRPSDUHU OHV GLIIpUHQWHY VLWXDWLRQV F

(QFRPSDUDQW OHV SURILOV GYH[SUHVVLRQ GH F )RV HQW
D\DQW UHoX XQB8 X QEKIEMKIIRY OH VWLPXOXV FUpp SDU OD V
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