$$&/ %,2)/8:

$TXDFXOWXUH $TXDULXP &RQVHUYDW

 QWHUQDWLRQDO -RXUQDO RI WK

&DODQRLG FRIHGFRLVWUDWLRQ IHFGGOURA HV
WDLO FORZQPISKKLSULRQ FOODNYLFXOWXUH

ELRFKHPLFDO RPQIBGFXODU LPSOLFDWLRQV
,NH20LYRWWBWWHR$$HOO,DDEH ®OON W LATRV W BR UUR Q L
$GHRXWLIJQDQR 20LDQDUQHYDOL

'HSDUWPHQW RI ODULQH 6FLHQFHV 8QLYHUVLWj 3ROLWHFDREHKD GHOOH
$1 VRF FRRSDUMSPHQW RIQH 6FLHQFHYV 8QLYHUVLWj] 3ROLWHFQLFD G
$QFRQD ,WWMWMD]LRQH =RRORJLFD $QWRQ 'RK&IF LVBROIXWWDEL\ &KLPLF
%LRPROHFRODUH 1BSROHVSRMBLQ) DOLKRWWRLYRWWR#XQLYSP LW

SEVWUDFMWVKLY VWXG\ ZH HYDOXDWHG WKH HIIHFW$ URN HIP IR\QD/QUGRDA) GG U R W L DHUGY D
FRSHSRGIQWURSDJHV HDSMHEVGLHW$BSKLRULRQ PODYNEXOWXUH 2Q GD\ SRVW KD\
ODUYDH &HGN\SLFXKRZHG EHWWHU VXUYLYDO DQG WUWRR2AWKR VAR PISIUHG VWDQGDUG
URWLSHWHPGDHW AV PP YV “ PP “PJ YV “ PJ
UHVSHFWLYHO\ )XUWKHU PROHFXODU DQDOWLRQOMGH EHQVFORVWHIKDR FK ODUYD
VDPSOHV WR FODULI\ WKH HIILRIGIEDVRG DGIHFRBHSHVSHFW WR FRQWURO ,Q SDL
SHUR[LVRPH SUROLIHUDWRU DFVBESDWA GIMWORHSWBHVVIBRQ ZKLFK DUH LQYROYHG L
ELRORJLFDO SURFHVVHVY VXFK DV OLSLG PHWDEROLVBS$5WKH YIROW HGRLE ¥ EW® RIHF I$ <
PHWDEROLVP DQG WKH KHDW VKRFN SURWHLQ +63 D ELRPDUNMUNWGRE\FHOOXOI
UHDMLPH 3&5 GXULQJ WKH ODUYDO GHYHORSPHQW 7KH UHVXOWY REWDLQHG DUH U
RI OLYH SUH\V XVHG 7KH VEZBBWIURBDNHRIMASHERG GLHW UHVSHFW WR D VWDQGDUG
$SUWHPR@H KDV EHHQ GHP®QWWHDMW UHVXOWV DUH HVVHQWLDO WR LPSURYH FDSWL
FODUMKURXJK D FORVHG VI\VWHP DQG LQ WXUQ WR SUHVHUYH QDWXUDO VWRENV
.H\ ZRUGV¥FRSHSRGV IDWW\ DFLGV FORZQILVK $UWHPLD URWLIHUV

5LDVVXQVWORTXHVWR VWXGLR VRQIR MONDIW LHWODIX WDWQD GLHW 3 WWHRIEOQE D URWLIH
EDVH GL FRSEBQ®URSDJIJHV BXUTFFEWH OD OD UY LFRIDWINOWUDGGEL JLRUQL SRVW VFKLXVE
ODUYH DOLPHQWDWH FRQ L FRSHSRGL PRVWUDYDQR XQ WDVVRUGL URWVISHRLWD B V
TXHOOH DOLPHQWDWH FRQ GLHWD VWDQGDUGPP YVYV * “ PP “PJ YV
PJ ULVSHWWLYBPHWWHMHRUL DQDOLVL PROHFRODUL VRQR VWDWH FRQGRWWH V

JLRUQL SRVW VFKLXVD DOFRP®HUBQGHUIM IRIHIILFLHQ]D GHL FRSHSRGL FRPH SU
SDUWLFRODUH OfHVSUH VSHRRM VIR B BGILIHUDWRU DFWLYDWAHGFBHEM 8WWUVL B3$5
GLYHUVL SURFHVVL ELRORJLFL FRPH LO PHWDEROLVPR OLS5$BILFRR LN @ QWHRV IQQROLF T
PHWDEROLVPR GHOOD YLWDPHQLD $ H GHOOTKHDW VKRFN SURWHLQ +63 XQ E
GHOOR VWQURWWDR/L YDOXWDWL TRHPGLB&INB XSHDONVH OR VYLOXSSR ODUYDOH , ULV
VRQR VWDWL VXFFHVVHODMHQIWHOPRERIPSRVL]ILRQH OLSLGLFD GHOOH SUHGH YLYH LP
GLPRVWUDWD OD VXSHULRULWj] GHL FRSHSRGL ULVSHWWR D XQD GLABWDEV®WDQGDUG
SHU PLJOLRUDUH OD SURG X]L®R QFHO D@ NEDUWHW HYIAD B BHRO DOLIR/DX.U D O L
3DUROH FKIARGHSRGL SHVFH SDJOLDFFLR DFLGL JUDVVL $UWHPLD URWLIHUL

5H]XPDWQ SUHJHQWXO VWXGLX DP HYDOXDW HIHFWH O $ UGN RVED. RRWASRWDHORU VWD
XQHGLHVED]DWH BSHIREHQWURSDJIHV WVHNFXMWHI LL ODUYHORIKVSHEREGIUN L
SHWHFORZ®Y JLXD D XQVSUH]HFHD GXSD HFOR]LXQ& VO\BSUW BN EHI KWDW. \WHP BX EXQ
VXSUDEXHUH SL FUHSWHUH FRPS$SDKDWQEBWWNPLD YV * “ PP YV *

PP UHVSHFWLY PJ YV  * PJ $QDOQHIROHFXODUH XOWHULRDUH DX IRVW HIIHFV
JLOHOSIL GXSD HFORJLXQH SHQWUX D FODLWLILFAX HIREHISQED KBSFUWDWWRWD OR
(ISUHVLD JHEBOREI33$5A FDUH VXQW LPSOLFDWH vQ FKWHYD SURFHVH ELRORJLFH SU
OLSL®LEBHFHSWRUXOXL DFLGS®IXLABSONEQRLFQ PHWDEROLVEBYXODYSWDWHQBAHL$SGH SRF
WHUPLF+63 XQ ELRPDUGH VVEHBX ®XUIRVW SXVH B SHMLGG WK I DABIDP B& 55 H
GXUDWD GH]YROW B HI XOMDWRRIGHIX RE VXQW FRUUHODWH FX FRPSRIL@RD YEL]LORU
XWLOLPDWRDUHD VXSHULRDU RHEQWHWKRSGIDX A\ KUFXN@E GH URWLIHUHOH VWDQGDUG
IRVW GHPRQVWUDW LDU UH]XOWEWBHIO N XEGX\WD QREDOOW FUHSWHULL SH DHSURGXFH!
VSHFLHL $WHSAORAIWHP vQEFKIGHFL OD FRQVHUYDUHD SRSX®DEILORILQDWXUDOH GH
&XYLQWH FKRISHSRGDFL]ISOUBHSWHOH FORZQ $UWHPLD URWLIHUH
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,QWURGXFVWOQRIQRI WKH PDLQ IDFWRUV WKDW FDQ QHJDWLYHO\ DIIHFW
DQG ZHOIDUH LV PDOQXWULWLRQ ZKLFK KD W KHPH)WDAVRHNQOLYMO X G |

+HDW VKRFN SURIWHL@WYH® KDV EHHQ IRXQG WR EH FRUUHODWHC
VWUHVVRUV ZLWKLQ DQ HFRORJLFDOO\ UHOHYDQW UDQJH DQG WKX
UHVSRQVH DW WKH FHOOXODU OHYHO PD\ SOD\ DQ LPSRUWRIQW UROF
VWUHVVHG ILVK ,ZDPD HKMHDBIRUH +63V KDYH EHHQ SURSIRWHRI DV ELF
FHOOXODU VWUHVV 6RQGHWUWRQVSHFLILF HDUO\ R[QELHAPSRRYYHRI W
*ROWRQH HW DO

BUREOHPV VXFK DV UHGXFHG JURZWK DQG PDOIRUPDWLRQV DUH |
ILVK DWXERMMHG WR VWUHVV 20LYRWWR HW DOUHFHQ@WOQ K WHQ W IQRED XC
LQVKH VWUHVVRUV OLVW DQG LQ SDUWLFXODU WKH ODFN RI HVVHQW!I
QHHGHG IRU RSWLPDO ODUYDO GHYHORSPHQW DQG JURRWEUHDWKH |
UHOHYDQFH &DKX HW DO

8VXDOKLIK VXUYLYDO DQG JURZWK UDWHV DUH FKDUDFWHULVWL
UHDUHG RQ QDWXUDO DVVHPEODJHV RI P FRISHIS RERMBOXSERRNRU RQ

YDQ GHU OHMUBQ H 2O0LYRWWWREHWRSHSRGY QRW RQO\ SUHVHQW
UDQJH RI ERG\ VL]JH EHWZHHQ QDXSOLL DQG DGXOWV DQG W\SLFDO PR
UHVSHFW WR WKH PRAHMG DIROMIOSUW BDFRRDXSOLL D ELRFKHPLFDO FRPSIH
WKDW PDWFKHV WKH QXW UHQWIVR R D OL WK TOMMIBR HW DO%®O HW DO

'HOEDUH HW DQOLYRWWR HIV ROLRRNWWWDOE

$W GDWHQHILFLDO HIIHFWVDBPLFRISHBRBWLRQ GXULQJ HDUO\ ODU
FDQ EH UHODWHGMWRFRRBRVEMILREY HW DO LQ SDUWLFXOMPRQWR QWK H
DQG UDWLR Rl WKH SROIRQYWOWXRIDBNH@8)$V 7KHVH IDWW\ DFLGV L
HLFRVDSHQWDHQRLF DFLG O®@% GRPORVDKH[DHQRLF DFLG 'B®H Q
HIWUHPHO\ LPSRUWDQW IRU ODUYD®G IUVRZWKUYLQYG VHYHUDO VWXC
GHPRQVWUDWHG WKDW WKH\ DUH HVVHQ W\ DHW LEDOO D U'Y % & O30L HHWV D ® D U
20LYRWWR HW DO )DXON +ROW RO L¥IRW®R XHOV DDVOX UDWH G I [
DFLGV +8)$V DUH DEOH WRQMMKHGIHBRWBHYLDLF QXFOHDU UHFHSWRI
SHUR[LVRPH SUROLIHUDWRU DFWLYDWMHGDQBFA SRV BIHE WUDQVFUL
IDFWRUV EHORQJLQJ WRFWIKHVOHGDQEFOHDU KRUPRQM PLIORHWRU V)
ELQGLQJ OLJDQGV 33%WSHWURBUPHUH ZLWK 5:5 W RVIDIFQ®FEWIDSMH RVK IR | WD
JHQHWKHVH QXFOHDU UHFHSWRUV DUH LQYROYHG LQ VHYHUDO ELR
VNHOHWDO GHYHORGPHR@QWRIHQHVLY %XUGLFN *HBMPDDGL
DGLSRJHQHVLYV OLSLG KRPHRWMDMBEROLVP UHJXODWLRQ OLSLG WUI
JOXFRVH R[LGDWLRQ SHUR[LVRPDO ELRJHQHVLV LPPXQH IXQFWLRC
HSLWKHOIGDOIRHBQWLDWLRQ %XUGLFN HW DO

6LQFH PDULQH ILVK ODUYDH DUH SUHGRPLQRBW®WHTXIMXDOD SU
IXQFWLRQDO UHWLQD DW WKH RQVHW RI ILUVW IHHGLQJ ,Q \RXQJ GHY]I
38)$V GHILFLHQF\ LV NQRZQWXR QA MFXLW\ 1HXULQJHU HW DO +UE|

$ VLPLODU ORVV LQ YLVXDO IXQFWLRQ GDVYBBHRRBEISHDYHG L
KDUHQJXWoHOOLFN '+$ GHSULYDWLRQ FDXVHG LPSDLUHG YLVXDO
SDUWLFXODUO\ DW ORZ OLJKW LQWHQVLWLHV ZKHQ URG FHOOV DU
-DSDQHVH UHVHDUFKHUV KDYH VXJJHVWHG SWDM V LRQDRIGH W\ RQWL R OA
+8)$V VXSSOHPHQWDWLRQ ZLWK DGHTXDWH YLWDPLQ $ LV YLWDO IRU
DQ®&/LVXDO DFXLW\ .DQD]DZD HW DO L@LMNRUHQYHDIQVK ODUYDH )RU
WKH DWWHQWLRQ RI VFLHQWLVWWH LL\P RIZWIREG KN HG RMKM ODUYLFXO W
QXWULHQWYV VXFK DV YLWDPLQV DQG SLJPHQWYV ZKLFK DUH HVVHQWLDC
JURZWKPDQLQH ILVK ODUYDH &DKXGHVLBOHQF\ LQ GLHWDU\ YLWDPLQ $
D SUHFXUVRU RI UKRGRBXSW WUDQVPLVVLRQ EHWZHHQ WKH H\H DQG )
YLWDPLQ $ PD\ EH FRQVLGHUHG DQ LPSRUWDQW HOHPHQW LQ ILVK F
UHPLQGHG WKDW D VXUSOXV RI YLWDPLQ $ RU LWV GHULYDWHV UHW
HITHFWV RQ QEBPB GRSPHQW &DKX HWS$DODOLG DQG VDIH ZD\ WR SUR
YLWDPLQ $ WR ODUYDO ILVK LV WKH XVH RI FDURWHQRLGV ZKLFK |
FRPSRXQGV DEXQGDQW LQ WKH SODQNWRQULFXULQHFBRE8MWIRIRWL ® SLJIF
BKLHOGV HW DO OHHU HEHWHW DOLQFOXGLQJ MRGR GLHVWHUV RI
DVWD[DQWKLQ DV ZHOO DV XQHVWHULILSHGV B FFRD VD DML Q RZ KK UTHIDWQ W |
RI WKH UHODWHG FDURWHQRLG FDQWKD[DQWKLQ HWFHKULVL B G HNRHUPW

356



.ULQVN\ HW DO HWY DG HWHQ HW D®OWKRXIK ERWK FDQWKD[DQWKL
DVWD[DQWKLQ FDQ EH FRQYHUWHG/ WWR YV R@PLRHSKLQKHU TXDQWLW\
WRWDO FDURWHQRLGV XVXDOO\ SUHVHQW LQ FRSHSRGV PD\ DOOR:
PHWDEROLVPVRIWLKWH PIWHBXEVRUV IHG IEREHSRGY FRPSDUHG ZLWK WK
$UWHPEDWDPLQ $ DEARDMWLYH PHWDEROLWHY KDYH SOHLRWURSLF HII
YHUWHEUDWH RUJDQLVPV LQYROYLQJ FHOOXODU GHYHORSPHQW

PHWDEROD®G DSRSWRRFUD QH 7KH XQGHUVWDQGLQJ RI WKH PR
PHFKDQLVP Rl UHWLQRLG DFWLRQ ZDV DGYDQFHG ZKHQ WKH QXFOHL
FORQHG RQGDFWHUL]JHG OHQJHOGRUQ WWHDQXFOHXV WKHUH DUH WZR
FODVVHV Rl UHWLQRLGH UHPMISO\RRFV DRLIG UHFHSWRU 5$5 DQG UHWLH
5:5 ,Q DGGLWLR® WORVMWKHFEWD®GEG 5;5 JHQHY DQG WKHLU UHVSHFWI
LVRIRUPHVY WKHLU ELRORJLFDO DFWLYLW\ LV DOVR UHJXODWHG E\

UHFHSWRUV ZLWK HDWKHAH SQXEOV 0OESVDQH 7KXV VLQFH 5%$5V DUH
OLJD@BSHQGHQW WUDQVFULSWLRQ IDFWRUV KDYLQJ WKH DELOLW\ W
DEHQFH RI OLOH>QOQH D OLQHDU UHODWLRQVKLS EHWZHHQ 5%$5 H

OLIJDQG DPRXQW HD® EH VWDW

7KH DLP RI WKLV VWXG\ ZzDV WR FRPSDUH WKH IDWW\ DFLG FRPS|
OLYH SUH\V XVHG DQG WR UHO BWHOW NKUY IWHD/X OWR ZNRK DQG PRGXOD)
VRPH JHQHV LQYROYHG LQ RURSIDGPBERYGEROWYR DQG VWUHVYV 7KLV V
LPSRUWDQW WR LPSURYH WKH VXUEWLYROPD R QD SWKHY BURRGXQ FORZQILV
WXUMHSUHVHQW DQ HQYLURQPHQWDO IULHQGO\ DOWHUQDWLYH WR ZL
EH XVHIXO IRU WKH FRQVHUYDWILRQVRI ZLOG SRSXOD

ODWHULDO BWERGV

=RRSODQNWRW XU ILHQWURSDJIHV MRSHBRGY ZHUH FXOWXUHG DW WKH
=RRORJLFD $QWRQ 'RKUQ RIQUBXODMWWLKJ V\VWHP ,1129$48$ VUO 5HJJL
,WDO\ DW D WHPSHUDWXUH RI f& A VDOWQEUND SKGRWKSBULRG |
-DQXDU\ WR $SULO &RSHSRGV ZHUH IHG ZLWK D PL[WXUH RI S
+HWHURFDSVD QLHL 7HWUDVHOPLV VXHFLFDWDBREQ AHRFW U DWLVRID/OE D Q
[ DQG [ FHOOV P/ UHVSHFWBRIOGLFRWBHVERXW PJ FHOC

RI HDFK DOJDH 1DXSOLL DQG FRSHSRGLWHV ZHUH FROOHFWHG DW GL
IURP QDXSOLDU VWDJH , 1, —P OHQJWK WR FRSHSRGLGV ,,, &,,,
XVHG IRU WKH IHHGLQJ VWXGLHV IADH\S @QHW I @AW WRISHS\REL LQWR D
—P PHVK QHW VL]H ILOWHU FDJH XVLQJ D OLJKW DXWRPDWLFDOO\ FR
ILQDOO\ FRQFHQWUDWHG LQ / Rl VHDZDWHU $ IXUWKHU FRQFHQWUD'
—P PHVK QHW DIWHU WKLV HGRGEWHY DAHIMERBIGHG LQ P/ RI —P
ILOWHUHG VHDZDWHU DQG WRROWHWG RIQ PVXEDFK GHOLYHUHG LQ GURS
JHLFD VWHUHRPLFURVFRSH :LWK WKLV PHWKRG ZH ZHUH DEOH WR
FRSHSRGLWHV VLQFH WKH\ UHRRQMFH & PHDOWUDBGXBHY RI VHDZDWHU %
DGPLQLVWUDWLRQ WR WKH ODUYDH QDXSOLL DQG FRSHSRGLWHV ZHU!I
/ VHDZDWHU DQG JUDGKXDIDFRRFOLPDWHG WR WX VAKHDRL FRQGLWLRQV RI
ODUYDO WDQNV )RU WHDWXWKHZIVMRSDGXDOO\ f& K LQFUHDVHG WR
VDOLQLW\ ZDV JUDGXDOO\ GHFUHDVHG WR A $IWHU WKLV QDXSOLI
ZDV FKHFNHG DJDLQ

SRWLIMUMWDFKLRQXV SOGKPDWEWHWL]HG E\ DQ DYHUDJH VL]H RI
FXOWXQHGRFXODWD FHOOV P/ LQ / WDQNV VDOLQLW\ DARGS+ 1
1+ PJ/ DQG VXEMHFWHG WR FRQVWDQW OLJKW (DFK GD\ WKH D
WUDQVIHUUHG WRVKDSHREBQWDQNY IRU HQULFKPHQW (QULFKPHQW ZDV
$OJDPDF $TXDIDX@DRBDULQH ,QF +DZWKRBBRHXBQJ J PLOOLRQ
URWVYIH®OJDPDF ZDV KRPRJHQL]HW® LDOW ZDWHU IRU PLQ DQG \
GLVWULEXWHG WR WKH URWLIHUV IRU HQULFKPHQW $V UHFRPPHQGHC
ODVWHG IRU

$) $UWHPREAWWY ,QYH 7HFKQRORJLHV %HOJLXP ZHUH LQFXEDV
IROORZLQJ ,19( LQVWUXFWLRQV 7KH F\VW W KIHIHG KWIVFK W G L QQ DRURMQLH |
VHDZDWHU 3URGDF ,QW &LWWDGHOOD ,WDO\ BOQGLDLW)\ A s+
PJ/ DW D GHQVLW\JRF\WWV / RI ZDWHU 7KH WHPSHUDWXUH LQ WKH K
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ZDV PDLQWDLQHG DW f& DQG WKH SKRWRSHULRG FRQVLVWHG RI FRQ
DHUDWLRQ ZDV YLJRURXV WR NHHS DOO F\WWV LQ VXVSHQWM®® WKURX
GLVVROYHG R[\JHQ ZDV PDLQWDLQHG JUHDWHU WKDQ PJ/ 8QGHU WK
KDWFKHG LQ DERXW K $IWHU KDWFKLQJ WKH QDXSOLL ZHUH VHS
VLSKRQLQJ DQG HQULFKPHQW ZDV SHUIRUPHG ZLWK $CSLUDNWPHFL D
QDXSOLL LEXFNHWV ILOOHG ZLWK ILOWHUHG VHDZDWHU DW D FRQF}
P/" IRUK DW f& XQGHU FRQWLQXRXV DHUDW®RQRD & G HH®XPL QIRWW R
ODUYDH URWLIHWWPRORSOLL ZHUH FRQFHQWUDWHG RQ D G —P PHVI
VHYHUDO WLPHV ZLWK FOHDQ VHDZDWHU VDOLQLW\ A LQ RUGHU
HQULFKPHQW

([SHULPHQWDBO®LIQ,PPHGLDWHO\ DIWHU KDWFKLQJ ODUYDH ZHUH GL
HISHULPHQWDO JURXSV “ ODUYDH SHU JURXS LQ OMKRIHWH UHSOLFELC
*URXS FRQWURLOG URWERHBDNKLRQXYV SOLHAIMELPLVIURP GD\ WR GD\
SRVW KDWFKLQJ SK IROORZWGERDX)SOLL LQG P/ LQWURGXFHG IUR|
SK WLOO WKH HQG RI WKH H[SHULPHQW
*URXS % &H®&/\SLBRDODWKSOLQG PUL IURP GD\ WR GD\ SK E&ROWOREZHXGVE\
FRSHSRGLWHYV LQG P/ LOQWURGXFHG IURP GD\ SK WLOO WKH HQG RI
7KH IHHGLQJ H[SHULPHQWY ZHUH FRQGRPWWMBOLY DQOQN¥FXEODLYRWW|
F FROQQHFWHG WR WKH ENRROGMIPRPIQGVIWKH SK\WRKERQRNWRQ
LOWURGXFHG DW K ZDV XVHG FHOOV P/ WR FR
ZDWHU IURP GD\' WR GD\ S

6DPSOLQJ AIUYDHWDPSOHV RI ODUYDH “ LQ WKUHH UHSOLFDWI
HISHULPHQW JURXPBRQOIMFWHG DQG GD\V SK 7KH H[SHULPHQW WHU

SK VLQGFHODUYRIGHUJRHWDPRUSKRVLY DURX@GBX GO VDPSOLQJV ZHUF
SHUIRUPHG DW K SULRU WR IHHGLQJ WKH ODUYDH 7HQ ODUYDH ZH
PHDVXUHPHQWY OWRMWK 7/ DQG ZHW ZHLJKW XVLQJ D 6WHPL
PLFURVFRSH DQG D PLFUREDODQFH 2+$86 ([SORUHU ( DFFXUDWEH
UHPDLQLQJ ODUYDH ZHUH&&VMRUMHROBEWXODU DQDO\VLYV

(YHU\ GD\ DW DQG GHDG ODUYDH ZHH WK N WsIX@RKY HR WWRRP DQ

FRXQWHG LQ RUGHU WR HVWLPDWH VXUYLYDO UDWH

/JLSLGQDO\VWOWHH IDWW\ DFLGV ZHUH H\WBREMHBGI VP SOHV RI URWL
$UWHPDQG&ERSHSRGY QDXSOLL DQG FRSHSRGLWHV LQ WULSOLFDWH\
VDPSOHV LQ HWR CRIP FKORURIRUP PHWKDQRO Y Y XVLQJ D .
KRPRJHQL]HU

$FFRUGLQJ WR 05 PROGEKHPHWKRG +DPLOWRQWHW BDRORJLFDO
PDWHULDO ZDV VXVSHQGHG LQ D FKORURIRUP PHWKDQRO PL[WXUH
VRQLFDWHG IRU PLQLHXNYWHWLREQWU PLQ@IPW WKH VXSHUQDWDQW Z
WUDQVIHUUHG LQ D QHZ WXEH DQG GULHG XQGHU QLWURJHQ VWUHDP
ZDV GLVVROYHG ZLWK GLHWK\O HWKHU DQG PHWK\DDWHG ZIPWR GLD]R
DW URRP WHPSHUDWXUHW 1KH HIABYMQZDV UHPRYHG XQGHU QLWURJF
GHULYDWL]HG UHVLGXH UIKKMSHQGRG IRQ *&06 DQDO\VLV )RFXV *&

3RODULV 4 7KHUPR ZLWK D P | PPPIL'OP WKLFNQHVY FDSLOODU\ F
GLSKHQ\O GLPHWK\O SRO\WLOR[DQH (OXWLRQ RI IDWW\ DFLG PH
WHPSHUDWXUH SURJUDPPH VWDUWLQQ ZRWBRZHMHGIRUD P®HPEXS
WR f& DQG WKHQ X& MIR) & 6DPSOHV ZHUH GLUHPFW®\ R YMOEWH G
PRGH ZLWK D EOLQN ZLQGRZ RI PLQ 7KH LQMHFWLRQ WHPSHU
DW f& DQG WKH WUDQVIHU OLEBQDWSHF\V&U PXDHOUM DFTXLUHG IURP
P ]
,QGLYLGXDO PHWK\O HVWHUV ZHUH LGHQWLILHG E\ FRPSDULVRC
6XSHOFR 38)BULQH VRXUFH DQG /LSLG 6WDQGDUGV )DWW\ $FLG OHW
& & DQG E\ UHIHUHQFH WR SXEOLVKHG GDWD
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51%$ (( WUDFWLRQ DQG\GWEHVILRWDO 51% ZzDV H(WUDFWHG IURP WKH ODU
OLQLNLW 51$HDV\S 4LDJHQ H[WUDFWLRQ NLW IROORZLQJ WKH PDQXIDF
FRQFHQWUDWLRQV ZHUH GHWHUPLQHG E\ RSWLFDO GHQVLW\$PHDVXUHI
LQWHJULW\ ZDV YHULILHG E\ HWKLGLXP EURPLGH VWDLQLQJ RI 6 DQG
RQ DJDURVH JHO 7RWDO 51% ZDV WUHDWHG ZLWK "1$VH 8, DW )
JHUPHQWDYV D WRWDO DPRXQW RI PJ RI 51% ZDV XVHG IRU F'1$ V\(
L6BLSW F'1$ 6\QWKHVIB\DGLW %LR

SULPHWVLIGKH IROORZLQJ SULPHUV ZHUH XVHG DW ILQDO FRQFHQWUD
%$&7 )RU 7THK&ET&*$T7$7**$*7& &7 5HY Wr***&$S7*$7&77*$7 &7

338D )RUT 77& $*& *$& $7* $7* *$* F&S5HYT &$* 777 &7* &$* &$* $77

** 33$E )RUT $** $*$ 7$* *** 7$& $&* 7*1 5S5HYT &$* *$$ &7& &&*

**7 &$& $$ 15%5) )RUY $7* 7*$ $** $** $** 7**x 7*  B5HY| &*7 77&

7TT7T* *7* $*& 777 *&) +63 JRUT $&* *$* $*7 &*$ 777 &*$ 7 S5HYT

*$$ **E &$T7 &B* &*S &$$ &%

5HDQ@PH 3&5 7ULSOLFDWH 3&5 UHDFWLRQV ZHUH FDUULHG RXW IRU H
$IWHU WHP® FRQGLWLRQV RSWLPL]DWLRQ WKH 3&5V ZHUH SHUIRUP
PHWKRG LQ D L4 L&\ FOHU WKHEUP®O FRHOWKD PWIRRQV ZHUHEHHW RQ D
SODWH EQPLJRU HDFKSOH E/ Rl GLOXWHG F'1$ E/ Rl ; FRQFHQV
70 6<%5 *UHHQ 6XSHUBDG %ERQWDLQLQJ 6<%5 *UHHQ DV IOXRUHVFHQV
DIJHQW E0 IRUZDUG SULPHU DQG E0 RI UHYHUVH SULPHU 7KH W
UHDFWLRQV ZDV f&PRQG WKHQ F\FOHV RI V DW f& V DW f& DC

f& 7KH IOXRUHVFHQFH PRQLWRULQJ RFFXUUHG DW WKH HQG RI
GLVVRFLDWLRQ FXUYH DQDO\VLV ZDV SHUIRUPHG DQG VKR3B® D VLQJC
ZDV XVHG DV D KHRXMMH NHQH LQ HDFK VDPSOH LQ RUGHU WR VWDQGDU
HOLPLQDWLQJ YDULDWLRQ LQ P51$ DQG F'1$ TXDQWLW\ DQG TXDOLW\
ZDV REVHUYHG LQ QHJDWLYH FRQWGLRPG\ DRGPQWLRO ZMY REVHUYHG
FRQWURO WHPSODWHV

'DWDQPO\WEIZKH UMDIOPH GDWD ZHUH DQDO\JHG XVLQJ WKH L4 RSWLFDO
YHUVLRQ 5 R ORGLILFDWLRQV RI JHQH H[SUHVVLRQ DUH UHSUHVH
FRQWURO VDPSOHG DW WKH VDPH WLPH RI WKH WUHDWPHQW ZKLFK L
RI 7TKH OHYHO IRU DFFHSWHG VWDWLVWLFDOORUBXIRORIDQFBIOZDW G3
VXUYLYDO GDWD DUH H[SUHVVHG DV PHDQV “VG D@0\ ZHZB$ DQDO\]H
IROORZHG E\ 7XNH\ V WHVW 7KH OHYHO IRU DFFHSWHG VWDWLVWLFDO

S5HVXOD\G 'LVFXVVLRQ

6XUYLYPQ GD\ SK JURXS $ ODUYDH FRQWURO IH&EUWRWILDNS®UROOR:
KDG “ VXUYLYDO ZKLOH JURXS % ODUYDH IHGIRD FRSHGRE QD.
FRSHSRGLWHV VKRZMBUYLYDO )LJ 6LIJQLILFDQW GLULIHVNKQ¥HY 3O
EHWZHHQ WKHVH WZR JURXSV ZDV HYLGHQW IURP GD\ SK ,Q SDUWL|
KLIKHU PRUWDOLW\ ZDV REVHUYHG EHWZBY® HCMDX DAGE ZHAKHQILUVWC
DGPLQLVWHUHG

ORUSKRPHWUH¥XB®VWVRQ GD\ SK QR VLJQLHLAD@AMH GHLWKHU LQ 7/ RU E

ZHLJKW ZDV REVHUYHG EHWZHHQ JURXS $ DQG % ODUYDH “ YV

“ YV “ PIJUHVSHFWLYHO\ ,Q FRQWUDVW RQ GD\ SK JURX
FRSHSRGV VKRZHG EHWWHU JURZWK ERWK EZ@LMWKWPFRRISDUBQGNRRIUR)
$ ODUYDH IHG D VWDQ&DWBPERMM. IMUV YV “ PP “ YV

) PJ UHVSHFWLYHO\

/ILSLGQPO\WVLY 7TDEOBUH UHSRUWHG WKH RI IDWW\ DFLG LQ WKH GLIIF
RQ *&®6 GDWD DQGVNHJHWY UHODWLYH DUHD SHUFHQWDJH RQ WRWDO
SRWLIHUWWDWWIBRADXSOLL ERWK HQULFKHG ZLWK $OJDPDF S WKH UH
DQG '+$ UDQJHG EHWZHHQ WR UHVSHFW WR WKH RWKHU IUHH IL
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'+$ (3$ EHORZ WWKH RI WRWDO Z DUH OHVV WKDQ 7TDEOH 2Q WK
&HQWURSDJHV QDXISEXM. DQG FRSHSRGLWHV WKH UDWLR '+$ (3% LV
SDUWLFXODU LQ WKH QDXSOLL VDPSOH '+$ ZDV WKH KLJKHVW UHFRL
UHVSHFW WR LIPRISHSRG YV ,Q WKLV VSHFLHYV Rl Zz IDWW\ DFLGV
ZLWK WKH PD[LPXP YDOXH&RIW\SLERRORWKSOLL 7DEOH

120
100
80

60 -

Goup A
40 -

Nuber of Larvae

Group B

20

Days ph

JLIXUH$ FODUWAUYLYDO SHUFHQWDJH LQ JURXSV $ DQG % ODUYDH IHC

7TDEOH

3HUFHQWDUHOPIWLYH IDWW\ DFLG FRQWH\Y WPQDXSRWLIHQYLFREG ZL WK
$0OJDPDF S DQ&GHQWURSDJIJHV DSEBXY DQG FRSBI\WRGIDWHE PRQWHQW
ZDV EDVHG R '@WD DQG H[SUHVVHG DV UHODWLYH DUHD SHUFHQWD.
DFLG DRHMIDVXUHG E\ SHDN LQWHJUDWLRQ 7KH EHVW IDWWA\ DFLG SURI

W\SLFEDXSOLL DQG FRSHSRGLWHYV UH$SWHFLWR URWLIHUV DQ

UHODWLYH WRWD®GUV $OJPPWHPLD & WASLFX&V W\SLFXV
IUHH IDWW\ DFLG QDXSOLL $OJDPDFDXSOLLFRSHSRGLWHV
(3%

'+ g

'+$ (3%

OROHFXORD®\VINKH H[SUHVVLRQ RI WKH GLIITHUHQW JHQHWEZ®W DQDO!
35 DQG D SDUWLDO QXFOHRWLGH VHG XHRQF H\D FAH RH DIDESW D L\@ H U
KRPRORJ\ FDOFXOXHNVLRBUH GHSIRYLWKEB *HQ%DQN ,Q SBEAVLFXODU
) - VKRZHG D VLPLODURW\]ZDWIODSSBEHEHV +63 - D
VLPLODULW\&IZAKDKOVRPD GEBPBHUXY3$5 )- D VLPLODULW\
ZLWKLFHQWUDUFKXV 3@9EUDI3I$5A )- D VLPLODULW\ ZLWK
'LFHQWUFKXV ODEBBO[ A$&7 )- D VLPLODULWGS SDWXY DXADWD
$&7 2Q GD\ SK DQ LQFUHDVH 3 . ALGS$BI$BHQH H[SUHADMRQ
REVHUYHG LQ JURXS 9% OW\BSLEMDKS®LL )LJ $ % & 2Q WKH FRQWUDU!
SK DLVYQLILFDQW 3 LQFUHD\DH) BQ BA$5H[SUBIVADLR HYLGHQW LQ
JURXS $ ODIBIGDHNHP@DXSOLL UHVSHFW WR JURX SV ¥ IOARSWISR GHL®/ H V
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)LJ $ % B5HIJDUGERA LWV JHQH H[SUHVVLRQ ZDV VLJQLILFDQWO\ KLJ
JBRXS % ODUY DMKIHQSIHWORUPHG VDPS@QLQY&V )LJ

$ %
Day 5 Day 5

*
50 1 B — 60 = *

40 4 501

40 4
30 4
30 4

20 1

PPARB mRNA (A.U.)

20 4

PPARo mRNA (A.U.)

T T
Group A Group B Group A Group B

Day 5 Day 5

30 1 * 129

25 4 1,0 4
5 20 - 3 084

0,6 9

RARy mRNA (A.U.)
>
HSP70 mRNA (A.U.)

0,4 4

5 0,2 4

——
0 T 0,0 T
Group A Group B Group A Group B

&

JLIXUH $ % 83$DDQEUHWLQRLF DFLGDUHFHSBRIQH H[SUHVWLRQ LQ
FODWNLWYDH IHG GLYHH SHEWDW GD\V SK QHEVWBWIHWNVWDWLVWLFDO VL.
EHWZHHQ JURXS $ DQG %

)LQDOO\ +63 JHQH H[SUHVVLRQ ZDV DOZD\V QHMYL IHFDUHVOHG3 LQ
ODUYDH. IHMBSLEXVLQJ ERWK VDPSOLQJV )LJ

ODULQH ILVK ODUYDH XQGHUJR PDMRU DQG PRUSKRORJLFDO FKD(
PRPHQW RI WKHLU OLIH KLVWRU\ 6HYHUDO IDFWRUV FDQ LQWHUIHUH Z
WKH ODUYDH DQG DIIHFW WKHLU TXDOLW\ DPRQJ WKHVH RI JUHDW LQ\
IRRG RIITHUHG

,W LV ZHOO NQRZQ WKDW +8)$V PDLQO\ (3% DQG '+$ DUH HVV}
GHYHORSPHQW DQG VXWUQYHYDOKRO POYDH 6DUJHQWRNYWRCHW IDQOL
20LYRWWR HW DQ SDEWLFXWIHQW DQG FRZRUNHUW UHF RFPHQ W LR
LQ OLYH IHHG Rl RU PRUH LQ UHODWLRQ WR WKH |DW¥HN@JF LH3NFR® SR

7KLV LV VXSSRUWHG E\ WKH IDFW WKE®W GHFRQW®U DMM & DWK DW
OLYH SUH\ HQULFKPHQWS$YHWR D H$VDRU FRSHSRGY DGPLQLVWUDWLRQ
DUH NQRZQ WR EH ULFRQIQRSY®\R HW DO D 20 L ¥RMDMR SH\R PIRAV H
ODUYDO ILVK JURZWK
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Day 11
Day 11

0,8 9
0,8 4

0,6 1
0,6 1

PPARB mRNA (A.U.)

044
0,4 4

PPARq mRNA (A.U.)

0,2 4 02

00 000 o e

T T
Group A Group B Group A Group B

Day 11 Day 11

0,8 4

0,6 4
0,8 4

RARy mRNA (A.U.)

0,6 9 0,4 4

HSP70 mRNA (A.U.)
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& '

JLIXUHS$ % & '33$DDQGUHWLQRLF DFLGDQIFHGBIWRQH H[SUHVWLRQ LQ
FODWNLWYDH IHG GLIIHUHQW OLYH SUH\ DW  GD\V SK $VWHULVN L
VLIJQLILFDQFH EHWZHHQ JURXS $ DQG %

+LJKO\ XQVDWXUDWHG IDWW\ DFLGV +8)$IH QCRPM GY.IUBI FABE F IR Q FWQHF O
UHFHSWRUV WKH SHUR[LVRPH SUROLIHUDWRU DFWLYDWHG UHFHSWI
FRQVLGHUHG JRRG IDWW\*DERPBOWGHQVRIKN VLIQLILFDQW LQFUHDVH RI
DQG A JHQH H[SUHVVLRQ REVHUYHG LQ HBRXSE MV GKUYRE WHNSIPRO/
QDXSOLL UHVSHFW WR JURXS $ ODUYDH IHG URWLIHUV PD& WKXV EH
W\SLFEWXSOLL SUHVHQW DW WKLV GHROMNRSBPH Q\Y DO FWW DEIHHV DG HV EH L
QDWXUDO OLYH SUH\ IRU PDURSHSR&KQDYSYDH DBH DQ LPSRUWDQW
SKRVSKROLSLGY DQG HVVHQWLDO KLJKO\ X6DWDIWRWD MG DOWW\ DF
(VSHFLDOO\ WKH WZR ORQJ FKDLQ SRO\XQVDWXUDWHG IDWW\ DFLGYV
Q DQG GRFRVDKH[DHQRLF DFLG D#$H UH@XLUHG LQ RUGHU WR
QRUPDO JURZWK DQG GHYHORSPHQW WKURXJK PDLQWDLQLQJ WKH
LQWHJULW\ RI FHOO PHPEUDQHV DQG DV SBGBEXHQRUMW DQLERVDQRLG
WKH OLSLG DQDO\VLV FDUULHG RXW HRWY IOG Y& KBS \RXIDHS ®RIEL DUH
SDUWLFXODUO\ ULFK LQ WKHVH WZR IDWW\ DFLGY DQG WKDW WKH '+$ |
DIJUHHPHQW ZLWK ZKDVE\V6JUBIN@WGIW DOKHVEBDWD DUH LQ IDFRRUG Z
SUHYLRXV VWXGLHVR®H GHRUHRHGHSRRG VSHFLHV 3D\RIH QJIDOH
(YMHPR HW DQOLYRWWR HW DO D 20LYRWWR HW DO E YDQ GHO
LQ ZKLFK LW KDV EHHQ GHPRQVWUDWHG WKDW '+$ ZDV SDUWLFXODUC
QDXSOLDU VWDJH LQGLFDWLQJ WKHVLPBRWWDGEB RQ WKH QXWULWL
KDWFKHG ODUYDH $Q KLJKHU DQG ZHOO EDODQFHG FRQWHQW RI +8)
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UHVSHFW WR URWLIHUV PD\ WKXV UHVXOW LQ D PRUH HIILFLHQW OL
ODUYDO JURZWK WKLV LQ DBSRRBHILWK WKNY®RWVYV REWDLQHG LQ WKL)
DQG OHQJWK DQG ZLWK OVKH JAORZOLK | DFW RIHQ 6\ RIYSWDHWIMRL RQ DQDO\V
SHUIRUPHG LQ D SUHYZQRXWRWWIRGHE/ DO
2Q GD\  SK DQ LQYHUVH WUD@® RH GHSIB[SUHYNVYREVHUYHG ,Q
IDFW KLJKHU JHQH H[SUHVVLRQ ZDV RE®UHW M PED XS OQ D UYIDW KIHHIG WK D Q
ODUYDH&IMGSLFKRSHSRGLWH® 7RMWHLEHQWDJIH LV KLIJKHBUMMHPIQNLFKH
QDXSOLL UHVSHMWSMWARRSHSRGLWHYV VLQFH DWHQ\WDWVD &SWAGIRE P
QDXSOLL VWLOO SUHVHQW D \RON %D MV \BLARRBG SRICSLLVENYVZKD®H DOUH
H[KDXVWHG LW (YHQ LI WKH WRWDO DPRXQW URNVHP)EBVSH¥WKLWRH U
FRSHSRGILWHNY GLITUFRXOW WRG IDWW)\ ODLRWE LYU A LLYOBISYHR\ HW DO
(VWHYH] HW DO 6KLHOGYYMWPERRW DO (YMHPR HW DO YDQ
GHU OHHUHQ HWW.@FHS$UWHP[3$ FDWDEROLVP LV ORZHU WEKOQRWKDW F
LQ WKLV YWXTLGHQFHG $UKDMRUMKIE QQRW RQO\ VKRZHG WKH ORZHVW FF
'+$ EXW DOVR DFFRUGLQJ WR WKDW VXJJHVWHG E\ 6DUJHQW DQG FF
ZRUVW '+$ (3$ UDWLR 7KHUHURBH SMIKHRWPDH)FH RI FRESIBRIGE WH W K
$SUWHPQD>E.L UHIOHFWV DW OBDMMDWLYSHIDUWGHILFLHQF\ RI '+$ L
VXSSOHPHRWWHGP ZBLVVUYSSRUWHG E\ VHYHUDRUPWE GRGVLRHIUYK 5HLWD
HW DO 6KLHOGV HW DO &DKX A% PORXU DQDO\VLV
6LQFH PDULQH ILVK ODUYDH DUH YLVXDO ISQR@DWADY WHKW\L QB TDXW
RQVHW RI ILUVW IHHGLQJ $V DOUHDG\ FLWHG LW LV ZHOO HVWDEOL\
FDXVH ERWK LQ PDPPDOV DQ G LYQL VIX\DIO O XAFFWOR BN 5{QQHVWDG
/LH 6KLHOGV HW DIOH DOGHK\BHRIRWLWDPLQ $ IRUPV WKH SKRWRU}
SURVWKHWLF JURXS RI RSVLQV SUHVHQW LQ WKH UHWLQD $QLPDOV F
QRYMQG D VRXUFH PXVW EH DYDLODEOH WR WKHP LI QRUPDO UHW
DFKLHYHG 1DWXRIDHDSOMWV W DJHWDIRQQRVFIOKBRISHSRGY KRZHYHU VHYHU
DQDO\]HG FRSHSRG VSHRFHIPRWXFKXDW HPR U D Q& HQWUR SDLIG \Q RW
FRQWDLQ DQ\ IRUP RI ¥|QQBR/MDD BH ORUHQ HW DO +DPUH HW |
,Q IDFW LW LV ZWEOWQRYQWERPLQ $ LV PDLQO\ GHULYHG IURP S
VXFK DV FDURWHQRLGS CSUHVWR QL RGBWRIQVY 5iQQHVWD/GH
6KLHOGV HW DO +DPUH HW DO YDQ G H & RSHSRERIHH W VIXD O O \
ULFK LQ DVW IRQWHELNW H PERQWQV ORZHU TXDQWLWLHV Rl W&H UHODW
FDQWKD[DQWKLQ 6KLHOGD OW HH® Q H U YDQ GHU OHHUHQ HW DO
DQG ERWK RI WKHP FDQ EH FRQYHUWHG WR YLWDPLQ $
6LQFH WKHUH LV D OLQHDU UHODWLRQYK LI$[ FHRWZ HDH)G 5G6JDQ G
DPRXQOF*UDQH ZH FDQ VWDWH WKDW WKHIRHIKHEJUSHSLRQ REVHUY
LQ JURXS % ODWY DM SHEOXSORQORZHG E\ FRSHSRGLWHOD WBI\GEWR D
KLJKHU FRQWHQW RI WRWDO FDURWHQRLGY HVSHFLDOO\ DWRND[DQW!|
$UWHPIZKH DEXQGDQFH RI WKLY SREMS®REY KDV PDLQO\ EHHQ UHODYV
DFWLYLW\ LQ FRSHSRG PHWDEROLVP HJ DQWLR[LGDQW ZLWKLQ IRRG
DQG FKHPRUHFHSWLY HRSUWREFRHW VIMY DQG LV VXSSRUWHG VB\G VHWHUDO
FRQGXFWHG RQ GRNHBROGWSHFLHY 6KLHOGV HW DO $QGHUVVRC
6RPPHU HW DO YDQ GHU OHHUHQRWWRIYBU D VWXG\ FRQGXFWH(
3VHXGRFDODQXV DWXMBBAW®DDHVGHSHQGHQWRIFROQWHOBMQWKLQ LQ WK
FRSHSRGIFAL$YV LQGLFDWLQJ WKDW ERWK QDXSOLL DQG FRSHSRGLWHYV
“ EJ J RI FRSHSRGV LQ QDXSE@LU LQ FRSHSRGLWHG, *
EJ J RI FRSHSRGV LQ FRSHSR@IRFND W DO
$VWKD[DQWLQ KDV DOVR GRPRQY® DRDWHE[BEGDQW SURSHUWLHV L
VXSSUHVVLQJ OLSLG SAHURPLBWWIGPGDLUPHQW Rl VXUYLYDO DQG JURZV
IHG R[LGL]HG OLSLGV KDV EHHQ REVHUYLIQE OQWWEDHE REZ OWUSRKFL HVH O O F
WDLO DQG $IULFDYEOFDWW VKO %DNHU 'DYLHV $QWLR[LGDQWV VXFK D
YLWDPLQ $ DUH UHJDUGHG WR EH YHU\ LPSRUWDQW IRU WKH SUHYHQW
LV GHJUDGHG WR SURWHFW 38)$V DJDLQVW 6JUGIHOW RNVLRBOBUGDO ILV
JURZWK RQ@E®OWLRQ Rl FHOO PHPEUDQHV LQ IDVW JURZLQJ ODUYDO IL\
UHTXLUHPHQW ZLWK WKH ULVN RI KLYKORPHIBWLINW DWUHVV 3DODFH
"HUQHU 2[LGDWLYH VWUHVV LV NQRZQ WR LPSDLU VXUYLYDO DQG JU
0OXUDLW HDO %DNHU 'DYLHV 3DODFH HW DO)UR +63 JHQH
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HISUHVVLRQ DQDO\VLVY ZH REVHUYHG WKDW ILVK IHG FRSHSRGV D
HISUHVVLRQ RI WKLV JHQH WKLV PD\ EH UHODWHG WR WKH KLJKHU FR(
DVWD[DQWKL QVKBIQEHWWHU IDWW\ DFLG SURILOH R$URMRHRDIRGY UDWI
URWLIHUV

&RQFOXVLRDWKLY VWXG\ ZH HYLG HQFHENKDPW. L DGPLQLVWUDWLRQ SF
DIIHFWHG WK HSUHHYN BRIB$5 A DQG 5$5 A LQ DGGLWLRQ WR WHJIQLILFD¢
WKH H[SUHVVLRQ Rl +63 ORUHRYHU SERW K 6B SHEREORGKW MK RZHG

D EHWWHU FRQWHQW DQG UDWLR RI '+$ DQG (3$ UHVSHFW WR WKH WL
$UWHPQDXSOLL DQG D EHWWHU FRQWHQW RI FDURWH QIRLIZY WGE X O W |
JURZWK $RI FODUDIDUYDH 7KHVH WH\HWQOWME MAMKH VXSHULRWKHXDOLW\
OHGLWHUUDQHDQ FDOD& RWES ERBWUSIRGH S ($H\FIRIUONDLLY LFXOWXUH DQG D
HVVHQWLDO IRU D IXWXUH GHYHORSPHQW RI WKH ADSWLYH SURSDJDWL

$FNQRZOHGJIHPHEEWYLDO WKDQWNNM MM WWIPUDGRQQDDWDUUR 5XL] 6
20LYHWUEt ODO]JROAMU WKHLU KHOS DW YDULRXV YW@GHY JRIRW KW K LWWXVEX G
ZDV SURYLGHG E\ WKH 3)RQGL GL $WHQHR " ,2 DQG&DP DML B\ WKH
SURMHFW '*5 Q@f WR ,%

5HIHUHQFHYV

$KOHPH\HU % %DXHUEDFK ( 30DWK 0 6WHXEHU 0 +HHUV & 7HJW|
5HWLQRLF DFLG UHGXFHV DSRSWRVLV DQGHR MWD MR HR IV BRIGH

SURWHLQ OHYHOFMIHRORDGDQG OHGLFLQH

$QGHUVVRQ 0 9DQ 1LHXZHUEXUJK / 6QRHIPMWYW3S WUDQVIHU IUR
SK\WRSODQNWRQ WR ]JRR SODQNWRQ ZLWK HPSKDVLV RQ DVWD]
%DOWLF VHD IBRGLDHE (FRORJ\ 3URJUHVV

$YHD® 0 20LYRWWRDEFKLQL * ODUDGRQQD ) &DUQKWDOROMH RI
IDWW\ DFLIGRKPMHH@WY LQ WKH ODUYLFXOWXUH RI §P®KIHS SHRIF X O D
RFHOOBUKDFXOWXUH

%DNHKU7 0 'DYLHV -6 ORGXODWLRQ ROBHWRKRISKHURO LQ $IULFDQ FI
& JDULHSLIQIGV R[LGL]HG RLOV DQG WKH FRPSHQVDWRU\ HIIHFV
GLHWDU\ YLWDPLQ ( $TXDFXOWXUH 1IXWULWLRQ

%HOO'DFN -5 7KH DSSHDUDQFH RIHURGW IRQ MHKUULQJ DQGLLQFUHD)
GLFVDKH[DHQR\O PROHFXOMIUSKRNWBIKRROLSLGY -RXU®DRORD\ODUL
$VVRFLDWLRQ 8.

%HOO* - OF(YR\ -7TRFKHU5 6DUJHQW - 'HSOHWLRQ'RFRSKHURO DQG
DVWD[DQWKLQ LQ $W OFDWPIRF WIIDIIARFEQV V D X W R [ LKE@WH. DK @ HD W W \
DFLG PHWDEROLVP -RXUQDO RI $tXWULWLRQ

%HOO - * OF(YR\ / $ (VWHYH] $ 6KLHOGV 5 - 6DUJHQWS- 5
QXWULWLRQHHG LIQIVMPDWILVK ODUYDH $TXDFXOWXUH
%XUGI$FN .LP' - 3HUDJID$ *RQ]JDOM} 3HWHUWV - 7KH UROH RI

SHUR[LVRPH SURDEWUDWRIG WAFHRWRIBLWKHOLDO FM®® JURZ
GLIIHUHQWL DWXR@®U&LIJQDOOLQJ

&DKX & =DPERQLQR ,QVDNMMNFKL 7 1XWULWLRQDO FRPSRQHQWYV DI
VNHOHWDO GHYHORSPHQW LQ IXWK ODU¥DH $TXDFXOW

'HOEDUH ' 'KHUW 3 /DYHQV 3 SRRSODQN@R@YHQV 3 OKRRWJIH
3 (GV 0DQXDO RQ WKH 3URGXFWLRQ DQG 8VH RI /LYH )RRG |
JLVKHULHV 7HFKQLFDO 3DSHUV 5RPH ,WDO\

(VWpYH] $ OF(YRN %HOO*- 6DUJHQW - *URZWK VXUYLYDO OL¢
FRPSRVLWLRQ DQG SLJPHQWEBWSRIORIXW PWDERRMXYYDH IHG RQ OLYH
SUH\ HQULFKHG IRDBBDRKE GLFRVDSHQWIKQRXP \WRUG

(YMHPR - 2 'DQEZHOVROQVHQ < /RVVHV RI OLSLG SURWML\Y\ DFE QY
LQ HQULBKMWGPLD IUDQNM/IFDYHG DW GLIITHUHQW $WHPRHUMD XXHU H \
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(YMHPR2 B5HLWDQ 20VHQ < &RSHSRGV DV OLYH IRRG RUJDQLVPV LQ
UHDULQJ RI KDOLEXWRAIDRBRYDNKV KLSSRJITRWKXYV S/HF KDY LHP & Q
WKH QXWULWLRQDO YDOXH $TXDFXOWXUH

)DXON .& +ROW-* $GYDQFHV LQ UHDHDBK\FREMOURQ FORDGIR LQ
UHFLUFXODWLQJ DTXDFXOWXUH V\VWHPV /LYH ZDUWEN FEK@WDEKIP H Q \
$TXDFXOWXUH

*ROGVWROH +DPGRXQ $ Y% ROMRZDYWVKE\ 0 1HEHUWGBFDO®\ 'HDQ
0 (SHO ' +DKQ( 6WHJIHPDQ- - 7KH FKHPLFDO GHIHQVRPH
HQYIQPRIQWDO VHQVLQJ DQG UHVSROWHK RGO R FIHD WEKRW XV SXUS!
JHQRPH'HYHORSPHQWDO %LROLRORJ\

*ULPDQO3G & 5HIJXODWRU\ IXQFWLRQV Rl 33%$5A LQ PHWDEROLVP LP
WUHDWPHQW RI PHWD E ROLRFKMRGUNRPAIR SK\VLRORJ\ $FWD
+DPLOWRQ 6 +DPLOWRHZHO OGS 3 (( WUDFWLRQ RIQOGLSH®VYDWLYH

IRUPDWLRQ 3DJHY/LSLG DQDO\VLV $ SUDFW(QG\D O+DBBOWRREKS5
DQG +DPLOWR® BUHVV DW 2[IRUG 8QLYHUVLW\ 3UHVV 1HZ <RUN

+DPUH . +ROHQ ( ORUHQ3QJPHQWDWLRQ DQG H\H PLJUDWLRQ LQ $W
+LSSRJORVVXV KLSS5RJIRWDH L@QKEZ QJV DSFONVKHVHY $TXDFXOWX |
IXWULWLR®

+UERWLFNWODFNLQ®RQ ,QQLV06 SHWLQD IDWW\ DFLG FRPSRVLWLRQ
IHG IURP ELUWK ZLWK OLFRXRGHMIDFEEORLELO IRUPXOD IRU LQIDQWYV
-RXUQDO RI &OLQRBDO 1XWULW

,ZDPD . 7TKRPDY )JRUVHBWK 9LMD\D® +HDW MMKRBURWHLQ/HRRUHV
LQ ILVK 5HYLHZ )LVK %LRORJ\ DXQG )LVKHULHV
.DQD]DZ® IXWULWLRQDO PHFKDQLVPV LQYROYHG LQ WKH RFFX

SLIJIPHQWDWLRQHU®Q KHDDWMHAKG IODWILVK -RXUQDO RI :RUOG $TXDFX!

.ULQVN) 7KH FDURWHQRLGV RI WKH $EUVQBLERESPIDWLYH
% LFRKHPLVWUBKR\WERORJ\

JRWRFOND6\F]\QVNRUHZLF]%OHG]N& / &KDQJHV LQ FDURWHQRLG FRPSF
LQ GLIIHUHQW GHYHORSPHQWDO 3WHXHR/F R D B R X N SIRFGFLSIHW L D
VSS-RXUQID®OR Q NSHR/®I BU F

ODQJHOGRUI 8PHVRQR . .GLEYHWRUJPHSHWRQJ 6 (YDQV 6
$ GLUHFW UHSHDW LQ WKHEE®GDXDDSURIMHMLIQRDSH ,, JHQH |
GLIIHWHQO UHJXODWLRQ E\&HDDOQG 5$5

OF(YRV $ 1DHVV %HOO -/LH /LSLG DQG IDWW\ DFLG FRPSRVLWLRQ
DQGLFRVDSHIRLBHDFLGY $TXDFXOWXUH

OF*UDQWH 0 9LWDPLQ $ UHJXODWLRQ RI JHQH H[BHRANDRRQP RRAOHF X

SURWRW\SH JHQH -RXUQDO RI 1XWULWLRQ DQG %LRFKHPLVWU\

OLNL 1 7DQLJXFKL 7 +#DP®DNPIZGD < 6DINXUD\5HGXFWLRQ RI DOELQL\
LQ KDWFKHU\ UHDUHG IORZQREUYIKEWXMRHGLQJ URWLHBUXLMWEUL FK
YLWDPLQH $ $TXDFXOWXUH

ORUHQ 0 *XQGHUYHQ+DPUH . AXDQWLWDWLYH DQG TXDOLWDWLYH
UHWLQRGEGWHPL@G FRSHSRGV E\ +3/& DQG GLRGH DUUD\ GHWHFWL

+

OXUDL 7 $NL\DPD 7 2JDWD + 6X])XPKHUDFWLRQ RI GLHWDU\ R[LGL]F
DQG JOXWDWKLRQH RQ ILQJHBOLDNNVQ TNPOREWERAQ 6XLVDQ
*DNNDLVKL

IHXULQJHU 0 &RQOWQ 3HWWH®D&VWDG / 'LHWDU\ RPHIIDNW\ DFLG
GHILFLHQF\ DQG YLVXDO ORVV LQ LORBQQDWKRN & LRRFMDD\ ,QYHVW]

20LYRWWSRROOR $ 6X0S3LYJHBOD 0 7RVWL /L ZDUQHY%NGIHGLQJ DQG
UHDULQJ WKH VXQULKNHXRRWKERPNLY |10 DMWKK HIPBRUWDQFH RI OL
SUH\ HQULFKPHQW GXULQJ OD $YTXO FGHOYWHORS P HQW

20LYRWWR %XWWLOR 3LFHRWUWR QDO]ROQH* &DUQHYDOL E
7KH XVH Rl WKH OHGLWHUUDQHD Q& FROVRALDG HAR B SREBEX® RZW D L O
FORZQISPISKLSULRQ FGDUWWLAXS NN RBKO W X U H
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20LYRWWR 6 $+RQIUQHYD®ROW - D 6SDZQLQJ HDUO\ GHYHORSPHQW
ILUVMHGLQJ LQ WKH OHPRQS HH® WQRIS\O H. VIO D YA TV PXWW X U H

20LYRWWR , 0$¥H®BOPSDROHVL * 3@ RFLAMWD/WUR 5XL] 3 &DUQHYDO
F %UHHGLQJ DQG WKIHD WRQJIVQRXW+VEOIRRLUKFHXYV SYHDGLQJ
DQG IHHGLQJ WWXBEKUWXUH
20LYRWWD SULRWWL ) , %¥%YWOID@R 9LWLHOOR 9 OPUBGRQE®DOL 2
D 7KHKXVH RDUSBEFRLG FRSHSRGV DV GPYSHKLS UHRMDRIW L L
ODUYLFXOWXUH HIIHFWV RQ ODUYDO VXUYLYDO DQG JURZWK $TX
20LYRWWR , &DUGLQDOL O %DUEDUHVL / 0D U D G&RRUDDD )UHAMD UQH YD
EUHHGLQJ WKH VHFUHWYV RTXXDRKOWSHFL HV
20LYRWWR RQORVFODUDGRQQD ) &DUGLQDOL O S CSUDARHEVXD/O 1 X %/
LQWHUBHWMXQaWDU\ UHVSRQVH FKHPLFDO FRPPXQLEB®YHBQOLQ V\
DQG &RPSDUDRWR¥HLQRORJI\

20VRQ $ BURYLWDPLQ $ IXQFWLRQ RI FDYHRWWHLRRAHRVD W R H RAVRIDQ H
LQWR YLWDPLQH $ -RXUQDO RI 1IXWULWLRQ

3DODBH3 .KDSHL 4LQ 4 6LQJDO. 3 $QWLR[LGDQW SRWHQWLDOV RI )
DQG FDURWHQRLGYV DQ® QWKR LKHDHWHGIWHDBBGLFDO %LRORJ\ D
OHGLFLQH

3DODFH3 :HUQHU - 9LWDPLQV $ DQG ( LQ WKH PDWHUQDO GLHW LQIOC

DQG HDUO\ OLIH VWDJH GHYHORSPHQW LQOLYIQI BVRYRBZ ,Q 20|

(GV 5HFHQW $GYDQFHV GQ RVKHWWXJV DQG /DUYDH 6F+ ODU 6
3D\QH 0) 5LSSLQJDOH 5 B5HDULQJ ZHVW $XVWUDOEDSSRFDRKRUW H

VXEHORQJIMKY\WHQLOHYV RQ FRSHSRG QDX SKWIWH B ISMEX B DXIQ WG

S5HLWDQ 5DLQX]]IB 20VHQ < ,QIOXHOQRI OLSLG FRPSRVLWLRQ RI OLY
JURZWK VXUYLYDO DQG BLIJRNMQBRW LARRMUYDH $TXDFXOWXUH ,(

5{QQHVWDGLH * JHHGLRUWHPWR ODUYDH RI $WO DQ\8 B R JOIRVLVBXW
KLSSRJORVVMMVIXOWYV LQ ORZHWDPDWYWDBORRMWSIUMG ZLWK IHHGLQ
FRSHSR&WVXDFXOWXUH=

6DQGHU\ % BWUHVV SURWHLQV LQ DTXDWLF RUJDQLYIPVV DHFWQYHU
&ULWBRYOHR[LFRORJ\

6DUJHQ® OFYR\/ (VWHYHIHOO * %HEQ®HUYRQ7RFKHU -
/JLSLG QXWULWLRQ RI PDULQH ILVK GXULQJ HDUO\ GHYHORSPHQW
GLUHFWESRM@FXOWXUH =+

6DUJHQW - 5 OFGYR%UHOO - SHTXLUHPHQWY SUHVHQWDWLRQ DQG
SRO\XQVDIWHXCUIWW\ DFLGV L@®OPDYDQHHHWGK $TXDFXOWXUH

BKLHOGY %HOO - /XL]JL6 *DUWD %URPDJH 6DUJHQW - 1DWXUDO
FRSHSRGV DUH VXSHULRU$UWRH LU LFIKMSIOHHEG IRU KDOLEXW OD
+LSSRJORVVEYRXORVYRVY WHUPV RI VXUYLYDO SLJPHQWDWLRQ
PRUSKRORJ\ UHODWLRQ WMR WGLLDHON DDW WAV DFLGV -RXUQDO RI 1X

BRPPHU ) $JXUWR & +HQURNERB 32 $VWD[DQWKLQ LQ WKH FDODQRLG
&DODQXV KG®URXBDIQDPLFV RI HVWHULILFDWLRQ DQG YHUWLFDO
*HUPDQ %LJKW 1RUWK 6HD ODULQH (FRORJ\ 3URJUHVYV

6WiWWUXS 1RUVNHU+ 1 SBURGXFWLRQ DQG XVHVRLOQFAPPDHIIRBE ILVK
ODUYLFX®WOOFENOWXUH
9DQHU HUH®D 20VH{J +DPUH )\KQ +- %LRFKHPLFDO FRPSRVLWLR

FRSHSRGV IRU HYDOXDWLRQ RI IHHG TXDOLW\ PRPQUBQRGIXNKLRQ
$TXDFXOWXUH
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5HFHLYHG XO\ $FFHSWH@FWREHU 3XEOLVROGLQH2FWREHU

$XWKRUV

,NH2OLYRWWR 'HSDUWPHQW RI ODULQH 6FLHQFHV 8QLYHUVLWj 3ROLWHFQLFD GHOOH 0DU

$QFRQD ,WIR\LYRWWR#XQLYSP LW

ODWWSHORHVVD BB OD 'HSDUWPHQW RI ODULQH 6FLHQFHV 8QLYAKH LWD3ROHWHIFQLFD GHC

%LDQFKH $QFRQD ,WDO\

VDEHOOXWWWEWR]LRQH =RRORJLFD $QWRQ 'RKUQ 9LOOD &RPXQDOH 1DSROL ,WDO\

ODWWHRUURQL 'HSDUWPHQW RI ODULQH 6FLHQFHV 8QLYHUVLW] 3BROLWHFQLFD GHOOH 0D

$QFRQD ,WDO\

$GH®IWLIQDQR &15 ,VWLWXWR GL &KLPLFD %LRPROHFRODUH YLD &DPSL )OHJUHL

20LD@DUQHYBODUWPHQW RI ODULQH 6FLHQFHV 8QLYHUVLWj 3ROEWHFIQDEPKEHOOH 0DUFK
$QFRQD ,WDO\

+RZ WR FLWH WKLV DUWLFOH

20LWWRRV, $YHOOD 0 $ %XWWLQR , &XWLJQDQ®DHDARRUQHRBGISRG DGPLQLVWUDWLRQ LI

\HOORZ WDLO F{PRKQISWIKRQ_FODUWWIAXOWXUH ELRFKHPLFDO DQG PHBGHBX®DOX[PSOLFDWLR

3ULQWHG YHUVYLRQ ,66
2Q0LQH YHUVLRQ ,661DYDLODEOH DW KWWS ZZZ ELRIOX[ FRP URSGRFV
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