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HQGOHVV XQGHUVWDQGLQJ \KPFRMFE B BEMWWDEGULQF

GDXJKWHU 3+DIVDK’

, HIWHQ @ QNWRKVR P\ ULJEWRKDKHUW\'U $ODHGGLQ 'U $OL

DQG (QJ $EGX® OBDKOORWRUWKHLU HHGS | LKIDUHFLDO VXS

)LQDOO\ , ZRXOG OLNH WR WKDQN P\ I[ULHQGYV ZKR KHOS
EXW QRW OLPLWHG WR 3DXO 6WURQDFK 5LWD $PPDU
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6WDQGDUG '"HYLDWLRQ

XiX



6 (& 6L]H ([FOXVLRQ &KURPDWRJUDSK\

6*) 6LPXODWHG *DVWULF )OXLG

6,) 6LPXODWHG ,QWHVWLQDO )OXLG

7(0 7UDQVPLVVLRQ (RWFRWIRQ OLFU

7)$ 7ULIOXRURDBHWLF $

73 *ODVV WUDQVLWLRQ WHPSHUDWXUH

7P 7KHUPDO GHQDWXUDWLRQ WHPSHUDWXUH
8//4 8SSHU /LPLW Rl 4XDQWLWDWLRQ

89 8OWUD 9LROHW

XX



[LVW RI)LIXUHYV

J)LIXUH 7KH JHQHUDO VWUXFWXUH RI DPLQR DFLGV 7KH
DXWKRU XVLQJ &KHP 'UDZS$

J)LIXUH $PLQR DFLGV WZR GLIIHUFRQWLHRDDWILR@W D\Q G
FRQILIXUDWLRQV 7KH VWUXFWXUHV ZHUH GUDZQ E\ WKt
JLIXUH 1R®RODU RU K\GURSKRELF 5 JURXSY FRQWDLQLQ
VWUXFWXUHV ZHUH GUDZQ E\ WKH DXWKRU XVLQJ &KHP '
J)LIXUH 8QFKDUJHG RU K\GURSKLOLF 5 JURXSV FRQWDLQ
VWUXFWXUHV ZHUH GUDZQ E\ WKH DXWKRU XVLQJ &KHP '
J)LIXUH 1HJDWLYHO\ FKDUJHG 5 FARRXNBYL@MW) S $PLQR $FL!
VWUXFWXUHV ZHUH GUDZQ E\ WKH DXWKRU XVLQJ &KHP '
J)LIXUH 3RVLWLYHO\ FKDUJHG 5 BRRWDVL QRWJIS$PLQR $FLG
VWUXFWXUHV ZHUH GUDZQ E\ WKH DXWKRU XVLQJ &KHP '
J)LIXUH 7KH SULPDU\ VWUXFWXUH RI SURWHLQV )LIJXUH
'UDZ$

JLIXUH $OSHDOL[ DQ G KEHHWWDY VHFRQGDU\ VWUXFWXUH RI
ILJXUH ZDV REWD®QHG IURP

J)LIXUH 7KH WHUWLDU\ DQG TXDWHUQDU\ VWUXFWXUHV R
REWDLQHG IURP > @

J)LIXUH $ VFKHPDWLF GLDJUDP LOOXVWUDWLQJ ERWK RI
SDWKZD\V Rl SURWHLQ GHJUDGDWLRQ

J)LJIXUH $VSDUDJLQH $VQ GHDPLGDWLRQ UHDFWLRQ DQ
$VS WKLV ILIXUH ZDV @GDSWHG IURP

J)LIXUH 2[LGDWLRQ UHDFWLRQ RI PHWKLRQLQH DPLQR D

XXi



J)LIXUH )UDJPHQWDWLRQ RI SURWHLQV LQWR VPDOOHU ¢
J)LIXUH $ VFKHPDWLF GLDJUDP FRPSURPLVHV WKH 4E' D!
4 4 DQG 4

JLIXUH ,00XVWUDWLRFHRIEWWHHHQISBBO\PHULF QDQRFD
SRO\PHULF QDQRVSKHUH 7KH VRXUFH RI WKH LPDJH LV |
J)LIXUH 5LEERQ WAIWDMAM.RQ RI O\WWR]\PH 7KH VWUXFWXU|
SURWHLQ 'DWD %DQN 3'% ILOH ( 3

J)LIXUH 5LEERQ UHSUHWHQWDMQ RTXR VWUXFWXUH ZDV D
'DWD %DQN 3'% ILOH ) 0

J)LIXUH 5LEERQ UHSUHVHQWDWLRQ RI '"HR[\ 5LERQXFOHD
DGDSWHG IURP 3URWHLQ 'DWD %DQN 3'% ILOH )6-

JLIXUH &KHPLFDO VWUXFWXUH7KH3IQIXBRLZADY DGD@WHC

J)LIXUH &KHPLFDO VWUXF®/LHNPHFRUEDWH 7KH FKHPLFDO
VRGLXP DVFRUEDWH ZDV GUDZQ E\ WKH DXWKRU E\ XVLQ
JLIXUH &KHPLFDRUHNRIXFWHKDORVH 'LK\GUDWH 7KH FKH
WUHKDORVH GLK\GUDWH ZDV GUDZQ E\ WKH DXWKRU E\ X
J)LIXUH $ VFKHPDWLF GLDJUDP FRPSURPLVHV WKH 4XDOL
DV VWDWHG E\ ,&+ 4 4 DQG 4

JLIXUH ,0/WXUDWLQJ GLDJUDP IRU WKH JUDGLHQW UXQ DC
SKDVH $ DQG PRELOH SKDVH % ORELOH SKDVH $ FRPSRV
$PPRQLXP DFHWDWH EXIIHU PO DQG S+ ZKLOH PRE

DFHWRQLWULOHHWBMR EXPI DU PO DQG S+

J)LIXUH $ VFKHPDWLF GLDJUDP FRPSURPLVHV WKH 4E' DS

4 4 DQG 4

XXii



J)LIXUH $ GLDJUDP VKRZLQJ WKH GRXEOH HPXOVLRQ PHW
SUHSDUH 31&V $GDSWHG IURP > @

J)LIXUH (QFDSVXODWLRQ HIILFLHQF\ PHDVXUHPHQW VWH
VFKHPDWLF GLDJUDP

J)LIXUH )LVKERQH ,VKLNDZD GLDJUDP ZKLFK LOOXVWUEL
IDFWRUV WKXV DIIHFW LQIOXHQFH WKBVBIURQWHLQ LQWHJ
JLIXUH )DLOXUH ORGH (IIHFW $QDO\VLV )0($ JUDSK LV V
ULVN IDFWRUV DQG MVK\H & U LIRHOM.S\HFQWPYEHU 531

JLIXUH (IIHFW RI FKDQJHV LQ S+ YDOXH RQ XQIROGLQJ W
WU\SVLQ

JLIXUH %YLRORJLFDO DFWLYLW\ RI O\WWR]J\PH DQG WU\SVLC

JLIXUH &RHIILFLHQW GLDJUDPV DUH VKRZLQJ WKH HIIHF\
DQG WU\SVLQ 7P YDOXHV

JLIXUH7KH FRPSDULVRQ EHWZHHQ WKH HIITHFWV RI EXIIH
IRUPXODWLRQV 7P YDOXHYV

JLIXUH $ 5HVSRQVH FRQWRXU SORW RI /\VR]\PH XQIROC
&LWUDWH EXITHU % UHVSRQVH FRQWRXU SORW RI /\VR]
DFHWDWH EXIIHU DQG RXUS58H§VBWROQR/IH/WRQWH XQIROGLQ.
7P LQ 3KRVSKDWH BXUMHDQENHUHSUHVHQW S+ YDOXHV
FROQFHQWUDWLRQ UHVSHFWLYHO\ &RQWRXU OLQHV DUH
J)LIXUH 2EVHUYHG YHUVXV SUHGLFWHG SORW LOOXVWUD
O\WR]\PH DQG SURWHLQ PRGHOV

J)LIXUH 5HVLGXDO QRUPDO SUREDELOLW\ SORWYV IRU 0O\V

xXxiii



J)LJIXUH 5HVSRQVH VXUIDFH SORW RI /\VR]\PH XQIROGLQ.
SKRVSKDWH LQ WKH SUHVHQFH Rl WUHBKDRORVGIED\QG DVFEF
UHSUHVHQW S+ YDOXHV DQG EXIIHU FRQFHQW U EW DR GU
ZLWK WKHLU 7P YDOXHYV
J)LIXUH 5HVSRQVH VXUIDFH SORW RI WU\SVLQ XQIROGLQ
SKRVSKDWH Y8Q¥FKHRS WUUHKDORVH DQG BRXURQEMN ) 71
UHSUHVHQW S+ YDOXHV DQG EXIIHU FRQFHQWUDWLRQ U
ZLWK WKHLU 7P YDOXHYV
JLIXUH 2EVHUYHG YV SUHGLFWHG SORW LOOXVWUDWLQ.
O\WR]\PH DQG SURWHLQ PRGHOV
JLIXUH 5HVLGXDO QRUPDO SUREDELOLW\ SORWV IRU O\\
JLIXUH +6'6& JUDSK LOOXVWUDWLQJ WKH 7P YDOXH RI V
IRUPXODWLRQ
J)LIXUH 6(& FKURPDWRJUDP IRU O\WR]\PH ZLWK VRGLXP D
O\WR]\PH PLQXWH DVFRUEDWH PLQXWH 7KH FRQGL
PO SKRVSKDWH EXOHUFROXPQ A(& [ PP ZLWK LQWHUQ
WHPSHUDWXUH f& D IORZ UPDWH QEWFWICRPLORDP B H
J)LIXUH 6(& FKURPDWRJUDP IRU WU\SVLQ DERYH DQG O\
LQ DONDOLQH PHGLD 7KH FRQGLWLRQV ZHUH PRELOH Sk
DQG FROXPQ 6¢& [ PP ZLWK LQWHUQDO WHPSHUDWX|
UDWN ZPO PLQ DQG —O LQMHFWLRQ YROXPH
J)LIXUH $ 6L]H ([FOXVLRQ FKURPDWRJUDP IRU DJJUHJDW
ZHUHELPOH SKDVH PO SKRVSKDWH EXIIHU S+A DQG FR
[ PP ZLWK LQWHUQDO WHPSHUDWXUH f& Zp®K D It

LOMHFWLRQ YROXPH
XXIV



J)LIXUH &DOLEUDWLRQ FXUYH RI WU\SVLQ WKH FXUYHV F
FRQFHQWUDWLRQ ZLWK DQ DUHD XQGHU WKH FXUYH RYH
LQFOXGHG LQWR WKH OLQH

J)LJIXUH FDOLEUDWLRQ FXUYH RI O\WR]\PH WKH EXUYHV F
FRQFHQWUDWLRQ ZLWK DQ DUHD XQGHU WKH FXUYH RYH
LQFOXGHG LQWR WKH OLQH

J)LIXUH 6(& FKURPDWRBEZD®J WKH /RZHU /LPLW RI '"HWHFW
7U\SVLQ VDPSOH/ KH—FR®GLWLRQV ZHUH PRELOH SKDVH
EXIIHU S+ DQG FROX®Q 6(&PP ZLWK LQWHUQDO WHPS|
D IORZ UDWH ZDV uPOLPMMPWHGRQ YROXP

J)LIXUH 6(& FKURPDWRJUDP GHPRQVWUDWLQJ WKH VSHFL
FKDUDFWHULVH O\WR]\PH DQGHW B USPX@DMWIL RPWRFDSVXO0
J)LIXUH /\VR]\PH FDOLEUDWLRQ FXUYH DW FRQFHQWUDWL
IRUPXODWLRQV (UURULBIMRY VDKM QQF®DXGHG

J)LIXUH 7U\SVLQ FDOLEUDWLRQ FXUYH DW FRQFHQWUDWL
(UURU EDUV BPEH QWROWKH OLQH

JLIXUH 6(& FKURPDWRJUDP GHPRQVWUDWLQJ WKH VSHF
FKDUDFWHULVH 'HR[\UQEQDB@REOBOVYXOH IRUPXODWLRQYV
J)LIXUH 'HR[\ULERQXFOHDVH , FDOLEUDWLRQ FXUYH DW
IRUPXODW I(UURU EDUV DUH LQFOXGHG LQWR WKH OLQH
J)LIXUH +,/,& FKURPDWRJUDP LV VKRZLQJ WKH EDG UHVR
DG DVFRUEDWH SHDNV ZKHQ WKH XVHG EXIIHU ZDV DW S
J)LIXUH +,/,& FKURPDWRJUDP LV VKRZLQJ WKHRIRRG VHS

BOXURQLF ) ZKHQ PRELOH SKDVH $ ZzDV PDGH RI DF

XXV



JLIXUH +,/,& FKURPDWRJUDP VKRZLQJ WKH VHSDUDWLRC
PHWKRG DV UHIOHFWHG E\ WKH GLVWDQFH EWRQ@XHQH3O
ORELOH SKDVH $ ZDV DFHWRQLWULOH EXIIHU S+

PRELOH SKRVHWER PLQXWHV EHIRUH VWDUWLQJ WKH

J)LIXUH ,00XVWUDWLQJ GLDJUDP IRWWHRKH RUP G[LKQ W RIK

SKDVH $ DQG PRELOH SKDVH % ORELOH SKDVH $ FRPSRYV

$PPRQLXP DFHWDWH EXIIHU PO DQG S+ ZKLOH PRE
DFHWRQLWULOH $PPRQLXP DFHWDWH EXIIHU PO C

JLIXUH 3O0XURQLF ) 7UHKDORVH DQG $VFRUEDWH FD(

FRQFHQWUDWLRQ ZKLOH < D[KW IW\D WKHVS W2 N DI2H L H)IRIU

7DEOH(UURU EDUV DUH LQFOXGHG LQWR WKH OLQH

JLIXUH +,/,& FKURPDWRJUDRH VHNERZDYLRQ ZLWKLQ WU

ZKHQ WUHKDORVH VDPSOH ZDV SUHSDUHG LQ ZDWHU

JLIXUH)LVKERQH ,VKLNDZD GLDJUDP ZKLFK LOOXVWUD

LH PDWHULDO DWWULEXWHY SURFHVV SDUDPHWHUV D

LQIOXHQFH WKH GHVLUHG 4773V DQG &4$V

JLIXUH )0($ JUDSK VKRZLQJ WKH SUHGHWHUPLQHG ULVN

ULVN SULRULW\ QXPEHU 531

JLIXUH 7ZR GLIIHUHQW GRXEOH HPXOVLRQV VKRZLQJ Wi

WUDQVSDUHQF\

JLIXUH 7KH FRHIILFLHQWY JUDSKV IRU O\VR]\PH

JLIXUH 7KH FRHIILFLHQWY JUDSKV IRU WU\SVLQ

J)LIXUH 3KDVH GLDJUDP RI WKH WRWDO DPRXQW RI UHOH

QDQRFDSVXOHV LQ 6,) LQ WKH SUHVHQFH RI GLIITHUHQW

XXVi
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J)LIXUH 5HOHDVH SDWWHUQ RI O\WR]\PH IURP SRO\PHULF
DIWHU DGGLQJ SRO\HWK\OHQH JO\FRO DV D SODVWLFL]H
J)LIXUH 5HOHDVH SDWWHUQ RI O\WR]\PH IURP SRO\PHULF
DIWHU DGGLQJ SRO\HWK\OHQBW G\EIRDUDIND W &R Q FWQ WIU B
J)LIXUH 7TUDQVPLVVLRQ (OHFWURQ OLFURVFRS\ LPDJH RI
SRO\PHULF QDQRFDSVXOH DIWHU DGGLQJ Z Z 3RO\HWH
J)LIXUH 7UDQVPLVVLRQ (OHEFWURQ OLFURVFRS\ LPDJH RI
SRO\PHULF QDQRFDSVXOH DIWHU DGGLQJ Z Z 3RO\HWH
J)LIXUH 7UDQVPLVVLRQ (OHFWURQ OLFURVFRSH LPDJH V
'1DVH , FRQWDLQLQJ SRO\PHULF QDQRFDSVXOHV

J)LIXUH OHDQ HQFDSVXODWLRQ HIILFLHQF\ Rl 3RO\PHULF
HLWKHU WU\SVLQ RU O\WR]\PH )RU )RUPXODWLRQV FRPS
J)LIXUH 3RO\ /DFWEBHDSURODFWRQH [ /DFWLGH SDUW :
7KH ILJXUH ZDV DGDSWHG IURP > @

J)LIXUH 7UDQVPLVVLRQ (OHFWURQ OLFURVFRS\ LPDJH RI

ZLWKRXW WUHKDORVH )RU IRUPXODWLRQV FRPSRVLWLR
J)LIXUH OHDQ SDUWLFOHV VL]H RI 31&3V FRQWDLQLQJ WU
IRUPXODWLRQV FRPSRVLWLRQ UHIHU WR 7DEOH

J)LIXUH 5HOHDVH RI SURWHLQV IURP 31&V LQ 6*) ZLWKRY
O\WR]J\PH FRQWDLQLQJ 31&3V DQG % WU\SVLQ FRQWDLQ
FRPSRWLRQ UBEKWH WR

J)LIXUH 5HOHDVH RI SURWHLQV IURP 31&V LQ 6,) ZLWKRY
O\WWR]\PH FRQWDLQLQJ 31&3V DQG E WU\SVLQ FRQWDLQ

FRPSRVLWLRQ HHIHU WR 7DEO

XXVl
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J)LIXUH 3HUFHQWDJH SURWHLQ UHOHDVHG IURP 31&3V LC
f& $ /\WR]\PH FRQWDLQL®J BUESVLRQFRQWDLQLQJ 31&3V
IRUPXODWLRQV FRPSRVLWLRQV UHIHU WR 7DEOH
J)LIXUH 3HUFHQWDJH SURW HUQ 3M DB BYH Z LWRKR XW HQ]J\P
f& $ /\WR]\PH FRQWDLQLQJ 31&3V DQG % 7U\SVLQ FRQ\
IRUPXODWLRQV FRPSRVLWLRQ UHIHU WR 7DEOH

J)LIXUH 7UDQVPLVVLRQ (OHFWURQ OLFURVFRS\ 7(0 LPDJ
QDQRFDSVXOHV IRUPXODWLRQ $ EHIRUH DQG % DQG & |
J)LJIXUH FRPSDULVRQ EHWZHHQ FU\WWDOOLQH DQG DPRU
VWUXFWXUH 7KH ILJXUH ZDV GUDZQ E\ WKH DXWKRU RI
J)LIXUH 3HSVLQ FKURPDWRJUDPV DUH VKRZLQJ LWV OHY
VXSHUQDWDQW DIWHU QDQRFDSVXOHV ZDVKLQJ

J)LJIXUH FRQWURO O\WR]\PH FKURPDWRJUDP DIWHU KF
JOXLG 6*) DQG KRXUV LQ 6LPXODWHG ,QWHVWLQDO )
J)LIXUH %LRORJLFDO DFWLYLW\ RI O\WWR]J\PH DQG WU\SVL
VL[WHHQ GLIIHUHQW IRUPXODWLRQV )RU7RE®KODWLRQ)
J)LJIXUH ' UHVSRQVH FRQWRXU SORW VKRZLQJ WKH UHOI
SRO\PHU RQ WU\SVHQ/REOWGE YOLAMG DQTWKG VWDWH

J)LJIXUH &RPSDULVRQ EHWZHHQ WKH ELRORJLFDO DFWLY
ZLWKRXW WUHKDORVH

J)LIXUH 5HVSRQVH VXUIDFH SORW UHSUHVHQWY WKH LQ"
SRO\PHU DQG WUHKDORVH R®WIWUWYVLQ ELRORJLFDO D
J)LIXUH 7KH ELRORJLFDO DFWLYLWLHV DQG SK\VLFDO VW

O\VWR]\PH IRUPXODWLRQV DIWHU WKH VWRUDJH SHULRG R

XXViii



ZHUH SHUIRUPHG LQ WULSOLFDWH 6' LV SURYLGHG )RU |
7DEOH %$ELRORJLFDO DFWLYLW\ 6(& VL]H H[FOXVLRQ F
J)LIXUH 7KH ELRORJLFDO DFWLYLWLHGLDHI BRW LF DQ TWXW
IRUPXODWLRQV DIWHU WKH VWRUDJH SHULRG RI PRQW
LQ WULSOLFDWH 6' LV SURYLGHG )RU IRUPXODMWERQ FRF
ELRORJLFDO DFWLYLW\ 6(& VL]H HIFOXVLRQ FKURPDWR
J)LIXUH 7KH GHFUHDVH RI ELRORJLFDO DFWLYLW\ RI O\VF
SHULRG PRQWKY DW f&
J)LIXUH 7KH GHFUHDVH RI SK\VLFDO VWDELOLW\ RI O\VR]
VWRUDJH SHULRG PRQWKYVY DW f&
J)LIXUH 6L]H ([FOXVLRQ &KURPDWRJUDP LV VKRZLQJ WKH
PLFHOOHY DW D FRQFHQWUDWLRQ DERYH WKH &0&
JLIXUH 7KH ELRORJLFDO DFWLYLWLHYV DQG SK\VLFDO VW
O\WR]\PH IRUPXODWLRQV DIWHU WKH VWRUP&H SBYLRG R
5+ 7KH DVVD\V ZHUH SHUIRUPHG LQ WULSOLFDWH 6" S
FRPSRVLWLRQV UHIMAB WRLRDROHFDO DFWLYLW\ 6(& VL]
FKURPDWRJUDSK\
J)LIXUH 7KH ELRORJLFDO DFWLYLWLHY DQG SK\VLFDO VW
O\VWR]\PH IRUPXODWLRQV DIWHU WKH VWRUDJH SHULRG R
5+ “ 5+ 7KH DVNDW SHUIRUPHG LQ WULSOLFDWH 6' SU
FRPSRVLWLRQV UHIHMAB WRLRDROHFDO DFWLYLW\ 6(& VL]
FKURPDWRJUDSK\
JLIXUH 7KH ELRORJLFDO DFWLYLWLHYV DQG SK\VLFDO VW
IRUPXODWLRQV DIWHU WKH VWRUDJH SHULRG+R1 PRQW

5+ 7KH DvvD\V ZHUH SHUIRUPHG LQ WULSOLFDWH 6" SU

XXiX



FRPSRVLWLRQV UHIMAB WRLRDROHFDO DFWLYLW\ 6(& VL]

FKURPDWRJUDSK\

J)LIXUH $ VFKHPDWLF GLDJUDP FRPSULVHV WKH GHYHOR S
VWHS VWDUWLQJ ZLWK 4E' LPSOHPHQWDWLRQ DQG HQGI

WKHUDSHXWLF SURWHLQ

XXX



/[LVW Rl 7TDEOHYV

7DEOH JUHTXHQWO\ XVHG DQDO\WLFDO PHWKRGV IRU WK
GHJUDGDWLRQ 7DEOH DGDSWHG IURP GHQ (QJHOVPDQ H
7DEOH $ OLVW Rl WKH FKHPLFDOV XWLOLVHG LQ WKLV Sl
7DEOH $ WRWDO RI  /\WVR]\PH DQG  WU\SVLQ IRUPXODW
GHVLJQV RI H[SHULPHQWV

7DEOH $ WRWDO RI GLIIHUHQW DQDO\WLFDO FRQGLWLI
DQG WU\SVLQ IRUPXODWLRQV LQFOXGHG LQ RQH IUDFWL
7DEOH 7KH JUDGLHQW UXQ DQG WKH WLPH RI PL[LQJ PRE
% ORELOH SKDVH $ FRPSRVLWLRQ LV DFHWRQLWULOH
DQG S+ ZKLOH PRELOH SKDVH % FRPSRVLWLRQ LV
DFHWDWH EXIIBIQG SO0

7DEOH 7KH 'HVLJQ RI H[SHULPHQWYV FRPHEL DQL LV DBIN ¢
SUHSDUH HLJKW GLIIHUHQW VDPSOHV IRU HDFK SURWHL
7DEOH 7KH UDZ PDWWWKHLOVFBQEHQWUDWLRQV XVHG IRU
QDQRFDSVXOHV E\ WKH GRXE OH HPOHRXM LFEQ & VR® PG \WK |
7DBH $ WRWDO RI  O\WR]\PH IRUPXODWLRQV LQFOXGH
H[SHULPHQWV '2(D '2(E DQG '2(F

7DEOH $ WRWDO RI  WU\SVLQ IRUPXODWLRQV LQFOXGH:
H[SHULPHQWYV

7DEOH 7KH GHVLUHGDUXBI@LBWRGXFW 3URILOHV 47336 D
SWWULEXWHV &4$V

7DEOH 3RWHQW LWLO/O\ [KOLFIW R UVQRAORD WAKLU HHGG LITHUHQW FC

)DFWRUV FDQ EH XVHG DW GLIITHUHQW OHYHOVIDFRWRVKR >

XXXI



KDYH RQO\ RQH OHYHO RU VKRXOG E D HWRRBOR\VIGRE W G LH H
HIFOXGHG

7DEOH %YLRORJLFDO DFWLYLW\ RI O\WR]\PH DQG WU\SVLQ

7DEOH $ WRWDO RHYHAH QWAR]\PH IRUPXODWLRQV LQFOXC
H[SHULPHQWVY $00 7PV DUH WKH PHDQ RI WULSOLFDWH
7DEOH $ WRWDO RI QLQH WU\SVLQ IRUPXODWLRQV LQFO)
$00 7PV DUH WKH PHDQ Rl WULSOLFDWH '6& VFDQV 7P *
7DEOH 7KH VWDWLVWLFDO SDUDPHWHUV 4 5 REWDLQ!
DQDO\VLV

7TDEOH 6FDOHG DQG FHQWUHG FRHIILFLHQWY DORQJ ZLW

7DEOH 7TKRISWLPEXHBU FRQGLWLRQV DV REWDLQHG IURP
EXIIHUV PRGHOV JHQHUDWHG E\ 'HVLJQ RI ([SHULPHQW
7DEOH $ WRWDO RI  /\WVR]\PH DQG  WU\SVLQ IRUPXODW
GHVLJQV RI H[SHULPHQWV $00 7PV DUH WKH PHDQ RI W
7DEOH 7KH VWDWLVWLFDO4SREWPHQYHGEWDIBHU WKH WU\S
DQDO\VLV

7DEOH 6FDOHG DQG FHQWUHG FRHIILFLHQWY DORQJ ZLV
7DEOH 7KH RSWLPLVHG EXIIHU DQG H[FLSLHQW FRQGLW
DQG ILWWLQJ WKH H[FLSLHQW PRGHOV JHQHUDWHG E\ '
PHWKRGRORJ\

7DEOH 7KH REVHUYHG DQG SUHGLFWHG 7P Rl O\WR]\PH I

IRUPXODWLRQV

XXXIi



7DEOH %LRORJLFDO DFWLYLW\ Rl WKH RSWLPLVHG IRUP
VWRUDJH

7DEOH $QDO\VLV Rl O\WWR]\PH DQG WU\SVLQ EHWZHHQ UX
7DEOH $QDORVIOAVR]\PH DQG WU\SVLQ ZLWKLQ UXQ DFFX!
7DEOH7KH JUDGLHQW UXQ DQG WKH WLPH RI PL[LQJ PRE
% ORELOH SKDVH $ FRPSRVLWLRQ LV DFHWRQLWULO
PO DQG S+ ZKLOH PRELOH SKDVH % FRPSRVLWLRQ LV
DFHWDWH EXIIBIQG SPO

7DEOH 30XURQLF ) DVFRUEDWH DQG WUHKDORVH UDC
FRUUHODWLRQ FRHIILFLHQWYV

7DEOH 30XURQLF ) WUHKDORVH DQG DVFRUEDWH LQW
PLG DQG KLJK 4&

7DEOH 7KH GHVLUHG 4733V &4$V WKHLU WDUJHWV DQG
7DEOH SRWHQWUR®E\IREYWKRUYV FODVVLIMH G DVORIART WIH-/H H
IDFWRUV ZKLFK FDQ EH XVHG DW GLIIHUHQW OHYRKON DQ
IDFWRUV KDYH RQO\ RQH OHYHO RU VKR X®G® EBIFMMRIOR\H
VKRXOG EH H[FIOKGBIBWRUV ZKLFK WKHLU HIWRUWHG DEXSUHLD
WKH VWXG\

7DEOH $ WRWDO GLIIHUHQW 31&V IRUPXODWLRQV IRU
WU\VSVLIORQJ ZLWK WKHLU IDFWRUV DQG OHYHOV

7DEOH WKUHH GLIIHUHQW RUJDQLF VROYHQWYV WKHLU HI
VWVSHQGLQJ WKHP LQ —J PO

7DEOH 7KH VWDWLVWLFDO5 SREWPHQH® \D IWHU WKH WU\S

DQDO\VLV

XXXIii



7DEOH 7KH VWDWLVWLFDO5 SREWPHQHEWDIWHU WKH O\VR]
DQDO\VLV

7DEOH 7KH FRHIILFLHQWY RI WKH IDFWRUV DIIHFWLQJ W
FKDUDFWHULVWLFV WKHLU LQWHUDFWLRQ DORQJ ZLWK
7DEOH 7KH FRHIILFLHQWY RI WKH IDFWRUV DIIHFWLQJ W
FKDUDFWHULVWLEV WKHLU LOXVHNUREWHREKDORWR ZLW K
7DEOH 7KH RSWLPLVHG IRUPXODWLRQV FRQGLWLRQV DQ
UHVSRQVHYV

7DEOH 7RWDO PHDQ UHOHDVHG O\VR]\PH IURP 2DV VRWIPX
)OXLG 6*) DQG 6LPXODWHG ,QWHVWLQDO )OXLG 6,) LQ
FRQFHQWUDWLRQV )RU IRUPXODWLRQ FRPSRVLWLRQ Ut
7DEOH 7KH RSWLPLVHG IRUPXODWLRQV FRQGLWLRQV DC
UHVXOWV )RU WKH IRUPXODWLRQ FRPSRVLWLRQ VHH 7L
7DEOH 7KH WZR 'IDVH , FRQWDLQLQJ SRO\PHULF QDQRF

ZHUH SUHSDUHG DFFRUGLQJ WR WKH GHYHORSHG VWUDYV

7DEOH 7KUHH GLIIHUHQW RUJDQLF VROYHQWY DQG WKHL
DIWHU SUHSDULQJ VXVSHQVLRQV ZLWK D ILQDO FRQFHQ\
7DEOH $ WRWDO RI  WU\SVLQ DQG O\VR]\PH 31&V IRUPX
YDOXHV Rl WKH HQFDSVXODWLRQ HIILFLHQF\ 7KH H[SHU
7KH VWDQGDUG GHYLDWLRQ LV SURYLGHG

7DEOH )DFWRUV DQG WKHLU LQWHUDFWLRQ HIIHFW RQ O
HQFDSVXODWLRQ HIILFLHQF\ DV UHSUHVHQWID® XK WRKH F

HDFK IDFWRU

XXXIV



7TDEOH $ WRWDO 31&3V FRQWDLQLQJ WU\SVLQ DQG O\V

PHDQ SDUWLFOHV VL]H DQG SRO\GLFSRVUNVNWWR Q) RWHIR U PW

7DEOH 2YHUDOO SHUFHQWDJH RI WU\SVLQ DQG O\VR]\PH
DQG 6,* DRWHWQG RXMQUWRXUV UHVSHFWLYHO\ )RU IRUP
UHIHU WR 7DEOH

7DEOH 3HUFHQWDJH RI WKH UHPDLQLQJ O\WR]\PH IURP G
LQFXEDWLRQ LQ 6*) DQG 6,) IRU KRXU DQG KRXUV LQ
HQJ\PHV UHWH®I\FWRU IRUPXODWLRQV FRPSRVLWLRQ UH
7DEOH 7KH OHDQ ELRORJLFDO DFWLYLW\RJIL BD\ORP\P\M LIYQ X
HQFDSVXODWLRQ LQ HLJKW GLIIHUHQW SRO\PHULF QDQR
DFWLYLW)\ ZDV SHUIRUPHG LQ 7ULSOLFDWH 7KH FRHIILF]
IRUPXODWLRQV FRPSRVLWLRQ UHIHU WR 7DEOH

7DEOH )DFWRUV DQG WKHLU LQWHUDFWLRQ HIIHFW RQ W
WU\SVLQ ELRORJLFDO DFWLYLW\ DV UHSQUH YHIMEXISIRUW
HDFK IDFWRU

7DEOH 7KH OLVW RI IDEFWRUV ZK ERMKYKDG V\VIRJLPHEFD QW W
ELRORJLFDO DFWLYLW\ DORQJ ZLWK WKHLU FRHIILFLHQW
7DEOH %LRORJLFDO DFWLYAWWURS\Q\Y RJOPSHRODOPHULF QD
SRWWRUDJH IRU PRQWKV LQ D GHVLFFDWRU DW U0& D
IRUPXODWLRQV FRPSRVLWLRQ UHIHU WR 7DEOH

7DEOH 3K\VLFDO VWDELOLW\ RI O\WR]\PH DQG WU\SVLQ
VWRUDJH IRU PRQWKV LQ GHVLFFDWRU DW U0& DQG

IRUPXODWLRQV FRPSRVLWLRQ UHIHU WR 7DEOH

XXXV



7DEOH ORLVWXUH FRQWHQWYV RI SRO\PHULF QDQRFDS
DQG WU\SWIVORSRVW IRU PRQWKVDWQ GRVOEEDWU& DW

Q JRU IRUPXODWLRQV FRPSRVLWLRQ UHIHU WR 7DEO
7DEOH $ OLVW RI IRUPXODWLRQV UHWDLQHG PRUH WKDQ
SK\VLFDO VWDELOLW\ DIWHU f&KHf &H LR® RJ L\F\ R UDF\WM LY
SURWHLQ FRQWHWDRO X6H®H QRIWHIDWHY DQG H[FLSLHQW
7DEOH7KH RSWLPLVHG EXIIHU DQG H[FLSLHQW FRQGLWLI
DQG ILWWLQJ WKH H[FLSLHQW PRGHOWHHWQHRDWHG E\ 'l

PHWKRGRORJ\

XXXVi



&EKDSWHU 2QWURG XF\



L OWURGXFWLRQ

3URWHLQV DWPHR OBEXEBHM.EH PDGH RI RQH RU PRUH ORQJ
DFLGV DQG SOD\ HVVHQWLDO UROHYV ZKL PO @ QRO ®H ELR
PHFKDQRFW@ XFWXUDO HOHPHQWY DQG SK\VLRORJLFDO

UHDFWLRQV DO®@ HQJ\PHV

SURWHLOQ VWUXFWXUH

7K $PLQR DFLGY DUH FRQVLGHUHG WKH PDLQ EDFNER!
+HQFH WKH PDLQ UROH RI WKH DPINMIRROQEHQN LY IWW REJHH

DFFRPSWKWKVWUXFWXUH RI WKHSRO\SHSWLGH FKDLQ

$00 DPLQR DFLGV DUH FRP SRI$IBU I KKDOWIDFHRHE RQR F
&22+ DPLQH KYGURJHQ DQESXUIREBQWDLQURO B FKER
GULYHV WKH DPLQR DFLGV WR H[LVW LQ WZR SRVVLI

FRQILJXUDBRIR®R/ DFL®BRGR' DIELGUH

JLIXUH 7KHHQHUDO VWUXFWXUH7KIHDWW Q R FINB{WWBENZ DDE\ WKH DXWKRU
&KHP 'UDZS
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D-CONFIGURATION L-CONFIGURATION

)LIXUH $PLQR DFLGV WZR GLIIHUH@R QQ DXQUDLVRIPRRRQDIX U DAMKIR Q V
VWUXFWXUBVYDZHUB\ WKH DXWKRU XVLQJ &KHP 'UDZS

7KH FRQILJXUDWLRQ DPLQR DFLG LV WRAMWKGDIWURIMIDIO) RWA
7KH DPLOQRDWHLGVYQWHRGIRXU PDLQ GLITHUHQW JURXSV Gt

VWUXFWXUH RINWKHUS JLWIRXS$ )LIXUH DQGJIXUH
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|| i I 7
H,N——CH—C——OH H HoN——CH—C——0H | |
C——OH

HN—CH—C—0H CH;

CH;
| 2
.JH—
CH—CH, CH, T .
CH, CHs
L- Leucine (Leu) L- Alanine (Ala) L- Methionine (Met) L- Proline (Pro)
o 0 0
HN——CH—C—O0H HoN——CH—C——OH H~,N—CH—L|—OH
H,N——CH—C——0H | ?

CH; CH,
‘ CH—CH,
CH—CH,
‘ 7 CH,
CH, -8 CH,

L- Valine (Val) L- Tryptophan (Trp) L- Phenylalanine (Phe) L- isoleucine (lle)

JLIXUH 1RQRODU RU K\GURSKRELF 5 JURXSY FRQWDKGWXUHBFRLDHRUSIFGG Y Z QKEN WAKWH DXWKRU XVLQJ &KHI
4



0
HEN—CH—Ll—OH
CH,

C=—=0

NH»

L- Asparagine (Asn)

ﬁ

HyN=——=CH=—C=—0H

H

L- Serine (Ser)

o 0 ‘|:|’
|| || H-N——CH—C——OH
H-N CH C OH |
| H,N=——=CH=—C=—0H CH.
[
CH,
| - CH2
C——0
I'LH: SH OH
L- Glutamine (GIn) L- Cysteine (Cys) L- Tyrosine (Tyr)
O
I
H;N=—=CH=—C——0H Ho,N—— CH—C——OH
THz (|3H—OH
OH CHs

L- Serine (Ser) L- Threonine (Thr)

JLIXUH 8QFKDUJHG RU

K\GURSKLOLF 5 JURXSY FRQWDLQLQJ $PLQR $FLGV 7KH VWUXFWXUHV ZHUH GU|
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HoN CH—C OH ”
H-N CH C OH
CH-
S CHo
c——o C—0O
OH OH
L- Glutamic acid (Glu) L- Aspartic acid (Asp)

JLIXUH 1HJDWLYHO\ FKDUJHG 5 JURKGWDDQL®Y $PLQR $FLGV 7KH VWUXFWXUHV ZHUH GUDZQ E\ WKH D



ﬁ ﬁ |
HoN CH—C OH H-N CH—C OH H
H,N=——CH=—C=—0H
CH-
CH,
CH,
CH-
CH-
2 NH /\
NH- il \—NH

L- Lysine (Lys) L- Arginine (Arg) L- Histidine (His)

JLIXUH 3RVLWLYHO\ FKDUJBIW SHUWFFRMNVDLQLQJ $PLQR $FLGY 7KH VWUXFWXUHYVY ZHUH GUDZQ E\ WKH D
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$V LOOXVWIWDXWHGLIRUH )LIXUH DQGJXUH 5 JURXS PD\ E
QRORODU RU K\GURSKRELF DV LQ IRU H[DPSOH OHWKLRC
VXFK DV *OXWDPLF DFLG SRVLWVYXHRIO\DNK D WIHEWIRDUS GF

K\GURSKLOLF VWDWH HJ *OXWDPLQH

7KH DPLQR DFLGY OLQN WRIJHWKHU YLD FRYDOHQW DPLG

Rl DPLQR DFLGV RU WKH SULPDU)LMWUKXKFWXUH RI WKH SL

Primary structure of protein

O@-
-
O O

Peptide bond .
/ R

O
©
"'. Amino :cid

® |
HOOG = —MNH:
O |

R

JLIXUH 7KHULPD/WUXFWXUH R)LIXRBAUBDIZQVEN WKH DXWKRU XVLQJ &KF

7K ULPBWWU X RW YKH SIWR@HID@® WMGKH SRO\SHSWLGH FKDLQ
D FHUWDLQ QXPEHU RARDBHFE.DFHMSWLGH ERQGV LQ |
VHTXHQFH $V G&DPSHBOD HW WIOH SHSWLGHUERWES XIEW X |
FKHPLFDO ERQG ZKLFK LV IRUPHG E\ WHH DQ®RPDFWL

WHUPLQDOV Rl WZR DG M DAFK#DWPD PROQRRME Z O W HEU> @R O H F X



,Q /LQXV 3DBQBREHUW &RVFRYHUHGQWRH\ WHERXFW X U
SURWHLQ ED¥ROGHRMPWKWMU\ SULQFLSOH WKHLU H[SHULPF
IRUPHRLHQWLVWVY H[SODQDWLRQV 3DXOLQJ DQG &RUH\
DQG LGHWWH I WRRWPLP SRURWDIDM) FRQ I RKHP\DMR@EOXGHG W
FORVH UDQJH RI DPLQR DFLG UHVLGXHV RQ SULPDU\ V¢
K\GURJHQ ERQGV WR IRUP FWUVKBIOQ [VIKRHMH W U PIDAA RDD |

FRQIRUPD/\RLRRUHDWH WKH VHFRQGDU\ FRQ | RWHEIL RQADD

R H
R Hs g H\ '/:{ Rt
H'\\C A . /C\N"H OiC//C\ \\C/N-H
. .. .O%C (f: [{j N-He . . /
. A% 0= SHoe i CRe ™
n—H- o \C/R H l * 0 e C\
} N H- G .C\ (6 =5
o ” /\H . . ¥ NT’OH'/ R \C ‘
0 e 7 T ge aH  N-H
pd .0=0C N~y i\ —H
/C\ //H ¥ /. \C/ O:(l;“ @
N ¥ b i
H R / H R H R
Hydvrogen bond; between aminq acids . o helix
at different locations in polypeptide chain
R R R R
H | H H I H
‘e S, = v
C/N\ C-"N\ % C/N\ C/N\
O// Y 4 C O// c O// G
H iy oy Ay
N/ N/ 4 4 N/
C§ c o C
\C/C \C/C \C/ \C/C

Pleated sheet

JLIXUH $OSKBOL[ DQGVEKHWIHY VHFRQGDU\ VWUXFWXUH RI WKW SUF
REWDLUQRE8@

JLIXUHGHPRQVWUDWHNM WKIHQKSHHW VWRXWWHKUWHIJRWHLQV

FRPSURPLVHVY WKH VHFRQGDU\ VWUXFWXUH RI PRVW RI V
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VKDSHV VRPH Rl WKH SK\VLFRFKHPLFDO FKHPLFDO DQG
SURWHL®HOQL[ WKH PD[LPXP QXPEHU RV VKVYGALRVKIQQ BERIQHE
ERWYG+RZHYHU QR LQWUDPROHFXODU K\NKHRIW G BBIRE) S

DQG DOO K\GURIMROUPEG® ZHHQ GLIIHY@QW FKDLQV

$IWHU WKIRO\DWPKREHG Y IXUWKHU E\ IRUPLQJ K\GURDEQ E
K\GURSKRELF LQWHWXPWW KR QHRERGDEWK VBHHIP H Q VY RIQD 6 W X |
RI WISURWHLQV ZKLFK LV \ADOXRMEXMKKHHSWRWMLRQUWBRPH S
D KLJKHU OHYHO TXDWHUQDU\ VWUXFWXUH XRIERKRL W W

SRO\SHVWWWXIF&KHDY KDHPRJORELQJIJBEQB NHUDWLQ

Disulphide bond

{

F.o s
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—\-\. -\.\ 3 b
s l\..\' e |
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P o ne |
i i NS | |
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|

Tertiary Structure Quaternary Structure

JLIXUH 7KH WHUWLDU\ DQG TXDWHUQDU\ VWUXFVWOYHRERMDURHA GURYV
>@

5DQJZzDOD + HW@WODVVLILHG WKH SURWHLQV EDWIGHR Q
VWUXEWWRBWIARIUHQW PDLQ JURXSV D ILEURXV SURWH
JLEURXYV SORWHGEGRVMUKEWGWKHLU SRO\SHSWLGH FKDLQ\
VWUDQGY RU VKHHWY ZKLOH WKH SRO\SEBB8W UG BU®® L C

VSKHULFDX QRWU JOKIKSH ZzD\ WKDW WKH SRO\SIHWVWH GRHD/L @
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GHWHUPLQDQW RI WKHLU IXQFWLRQV DQGRWR O B WDWRY MDK+

EH GHWDLOHG ODWHU LQ WKLV SURMHFW

 VRHOHFWULFRS BIWRWHLQV

/ILNH DOO PROHFXOMHVFHIUWDWRLYY FDQ EH HLWKHU FKDU
FKDUJH GHSHQGVY HQWLUHO\ RQ WKHLU SULPDU\ VWUXFW
DFLGV 7KH 5 JURXSVY FRQQHFWHG WR WKH FKLUDO FDUE
FKDUJH RI WKIWE8UHRWMWKHIUR BQ/GLQI S+ 7KHUHIRUH WKH 3\
WR LGHQWLI\ WKH S+ YDOXH D W LZX IDF R HAXKNHU B ORWWHDL. W HS B
FKDWBWI@A,GHQWLI\LQJ WKH LVRHOHFWULF SRLQW RI SURWF

VRAXEW\ DQG DFWLYLW\ FRQGLWLRQV

JROGLQJ DOG XQIROGLQJ

,Q WKH GHIDXOW QDWLYH VWDWH \§ K E3AHR HQW WHRQDIE W R L
7KH SURSHU IROGLQJ RI WKH SURWHLQV LV DQ HVVHQW
$IWHU WKH JH@HWIOV FBGHWLRQ DQG WUDQVODWLRQ LQW
LPSXOVLYHO\ RO G VWW EGWKHDGWHL RAKTHY WSIXFPEZERUQE L |1 H U H ¢
K\SRW K¥V X DGO WK SRO\SHSW MEMAK HREBGQQYDPLFV DQG
PRGHOKHUPRGRIRIFALQJ DQG XQIROKGHL GEHPSBY L@ WKH |
RI WKH SURWHLQ L@ KEHRRVUKH WWBMHOA SURWHLQV LQ WKH

WKH PRVW WKHUPRG\QDPLFDOO\ VWD E® K B QRWKHDLYCH VX IQH!
11



VWDWWH URHDYy XOW GXH WR SK\WLFDO FKHPLFDO GLVUXS\
WHPSHUDWXUH RU S+ RU PRUMH MWKIDRDRERH RW WRKIHPH R W H |
VPDOORWHLQYV IROG WR WKHLU QDWLYH VWDWH RU YLFH

LOQWHUPHG@DWHYV

6RPH NLQHWLF PRGHODN QSO RQ GR Q G [REMHWARPUHR RV HW R N
DVVXPH WKDW SURWHLQV IROG DQG XQIROG LQ RQO\ V

XQIROGHG ZLWK QR LQWHUPEGLDWHY LQ EHWZHHQ

WLRORJLFDO IXOFWLROV DOG WKHUDSHXWLF SURWHLC

%LRORJLFEFDO IXQFWLRQV

7KH ELRORJLFOPWLRWRIQARAY RPUH GHWHUPLQHE ERRV KHLH SAW
LQ WKHLWRQUIIWPHIYV VRQAUDXGFWXUHY DUH DFWEDML F KSHIURN

VWUXPWXWHEH LQ D QOWRYE&HWNMHW H LWV GHVLUHG IXQF)\

3URWHLQV SODUXNW K Q@ DM@ & V6 K MY RVKRHI DELY Q@ QURFOWHM Q L
JURXSV GHWHUPLQH WIKIQIFWIS® WMKRORLRGROLFDO V\VWHP
SURWHLQV ODUJH DQG LQVROXEOH SURWHLQV H J

IXQFWLRQV )WHURXDBEAHW KRRPBWHAVWUXFWXUDO DQG P
IXQFWLRQV UDWKHU WKDQ SK\VLRORJL FDVKARYMV D EXQ GIlf
SURWHLQ LQ WKH D QLI @ D/ISH FIRP\S BQHQW RV LW KINGIBR Q

FRQVLGHUHG WKHRPDMRDPWRXH FH

12



BURWHLQV LQ WKH $QLPDO ERGLHV SUHVHQW LQ GLI
3K\WLRORJLF D ® WX®! RWHKENY @ X FIWROUHD BURWHLQV SK\VLROF
DUH FRQFOXGHG LQ WKH IROORZLQJ D HQJ]\PHXFKRDNR
DFHW\OFKROL@EH KRWRHRPNWW WR FRQWURO JURZWK DG
LQVXOLQ F W WDMRMS RIUWHUX® DOEXPLQ G PRWLRQ FRRU
P\RVLQ H DQWLERGLUWSRRQMHPPXIOH QHXURWUDQVPLW)\

UHFHSWRUV IRARXNVNKIQ\D 6 XBQWUDWH

KHUDSHXWLF SURWHLQV

7KH JHQHWLF UHYROXMWAR@RPQGHIWKH SURWHLQ V\QWK
EHIRDEG JHQHUDWHG WKH UHFRPELQDQW SURWHLQV LG
\HDVW RU PDPPDOLDQ 7KH UHFRPELQDQW SURWHLQ
SKDUPDFHXWLFDO XVHV DUH FDOOHSVW KMKD\GH YSW RFV S U
ZDV WKH ILUVW RQH WROFEKHL@QWHROXAN®BLFE SURWHLQYV
XVHG WR WUHDW EURDG UDQJH VHULRXV GLVHDWHMYRARU

VFLHQWLILF IIIHHAVG R @ DNGXHWWDD R

SURWHLQ SKDUPDFHXWLIFVYHO HRUHPIBGVWIMRQVRPLVLQJ WK
LQ UHFHQWONKUWGGUHVVHG WKDW WKH WKHUDSHXWLF
WKH QHZ GUXJV DSSURYHG UHFHQWG\DEQGWKIKXK B ®GWHGL @
)'$ > @7KH SURWHLQV LQ WKHVH HRU® XYOHNWLLR Q B WIKYRHK @
WKURXJKRXW WKH SKDUPDFHXWLFDO SURFHEHV® t1LRZRYBH L

ILQGLQJ VWDEOH IRUPXODWHRWQW RD @& W WHIUI HBWM VLWH C

13



SK\WLFDO DQG FKHPLFDO LQVWDELOLWLHV RI SURWHLQ"

RQHVY HYHQ GXULQJ VWRU®JH DV VWDWHG E\

SHFRPELQDQW SURWHLQV DUH | RWKH @D Sk MSRUERWBRIQMIN R
PRUH KXQGUHGY DUH VWLOO LQ FOLQLFDO WULDOV SKDYV
GLVRUGHUV LQIHFWLRQ\W @O0 RWKRNMHE LG BBKHH W\SHV R
WKHUD SHRWDBRGWODVVLILHG WKHP DFFRUGLQJ WR WKHL
ILYH GLIIHUHQKRHUWRMSNS LV WRK\SURWHRLOHSODFH D Gt
DEQRUPDOLWLHV RI WKHVHQGROQNGRE® \EBRIMHIO®LW XV 7\
VHFRQG HOPRP SDWKHVSURWHLQV DXJPHQW DQ H[LVWLQ
VXFK DV (UIAWWKURSRLHWLQ LQ DQDHP®@®D ,£D R G &G VEL RIGH QUDK
SURWHLQV PD\ SURYLGH D QRIWW® QRN R @ RO LDKW LAR
$ ZKHQ LW LV XVHG DV IBRSDUXUIHRNAKE RPHK VFGW WRQ®

ORUHRYHU VRRHDSWRWNH@® W RVWDKMHIGS\ERAD B @ADFRD IDYUL W \
LQWHUIHULQJ ZLWK D PR OMPKO BRRQRR 0 RMMDLO/ MQWLERC
LPPXQLW\ GLVRUGHUV )LQDBHLQY KRH G IDRMWGH QLYBUHQ J
PHGLFDWLRQV RU SURWHLQV H J *HPWX]XPDE LV XVHG

P\HORLG OH X NDHRIDOAL K @N V

3SDWKZD\V RI SURWHLQV GHJUDGDWLRQ

SURWHLQV VXFK DV WKHU® $HHA WIHY SSICRDN 'LLAWD D UROMHYV
VI\VWHPYV 7KXV WKHUDSHXWLF SURWHLQV PDQXIDFWXL

+RZHYHU WKH SURGXFWLRQ RI SURWHLQV LV TXLWH UHV
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DPRQJVW WKH UHDVRQV LYVWIKNHDRRP SRULIVFQPWHK RQ SUR
OR®HWWDELOLW\ ORUHRYHU WKH SURWHLQV DUH S

LQVWDELOLWLHYVY ZKLFK OLPLWY¥ WKH FKRLFHV RI GRVDJ

7KH ELRORJLFDO DFWLYLW\ DQG SRWHQMHRE EWKW KFHU B KA
DQG FKHPLFDO VWUXFWXUH RI WKH SURWHLQV 7KHU

GHJUDGDWLRQ SDWKzD\V ZHUH H[WHQVLYHGC\ LQ&HVWLJI

$FFRUGLQQWR > @ QXPERI| PHFKDQL\GFHW R¥EMEGK®ILS URWH
FKHPLFDOO\ RU SK\VLFDOO\ &K@ P ORIB® PGIGIMIGQN LRRQ
SURWHRQOULPEQDWLRQ &RQGHQVDWLRQ DQG $VS LVRI
GHJUDGDWLRQ SURFHVVHV ZHUH FRQFOXGHG LQ $GVRUS

SUHFLSLWDXWLIRQ

+RZHYBWDOO\ ERWK FKHPLFDO DQG SK\WLFDO GHJUDCG
WRIJHWKHU DQG VI\QHUJLVWLF HJ FKHPLFDO GHJUDGDYV

YLFH YHUVD
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Native protein structure

Chemical degradation Physical degradation

Deamidation Adsorption
Oxidation Aggregation
Proteolytic Denaturation

Racimisation

B-Elimination

JLIXUH $ VFKHPDWLF GIMNUDWLLQIORRWK RI WKH FKHPLFDO DQG S
SURWHLQ GHJUDGDWLRQ
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SURWHLQV GHIJUDGDWLRQ E\ FKHPLFDO SDWKZD\V

&KHPLFDO GHRIDBEODAWMIRD@RIUYV WR VHYHUDO FXKKFE®BDO U
FKDQJHFWKRALEDW XUH RI SURWHLQVRB\ G\HWHN LRAFRADLVRIOR
ERQGV ZLWKLQ WKH VWUXFWXUH RI SURWHLQ PROHFXO

FKDQJLQJ WKWWSUNMIREYAKHH SURWHLQ

7KLV W\SHURIGBWILRQ FRQWULEXWHYV WR WKH FKDQJLQJ
SURWHLQ SULPDU\ VWUXFWXUH DQG WKXV GLVWXUELQJ
FKHPLFDO GHJUDGDWLRQ RI SURWHLQV VWUXFWXUH LV
IROORZLWURWHF G HRADDLIQH DFKMH-RQV FDXVLQJ WKH FKHPLFI
HITHFW RQ WKH SURWHLQ VWUXFWXUHVY WKH SUHFXUVRU
WDFWLFV WWRNEHRFKLDOWFH RI KDSSHQLQJ RI WKH PDLQ G
6RPH XQWBQGLQJV RI WKH LPSDFW RI WKHVH FKHPLFDO

VWDELOLW\ DUH DOVR SURYLGHG

'HDPLGDWLRQ

7KH '"HDPLGDWLRQ UHDFWLRQ FDQ EH FRQVLGHUHG DV W
GHJUDGDWLRQ PHFKDQL@RHDPLGDRWR QRUWN B BDWKRSIS MQA\H

$VSDUDJLQH $VQ VLGH FKDLQ $VSDUDJLQH XQGHU
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$VSDUWDWH $MSR EBIBWRAR $YBJXUH +HQFH GHDPLGDWLI
SURWHLQ DFWLYH VLWH PRGLILHV WKH SULRP@WHN T\ WX\FQ
FKDQJHV WKH VHFRQGDU\ DQG WHUWLDU\ VWU XFKMHRYN 2
RI DFWLYLW\ LQQMPHREHRWHU FRQYHUW I$@5 DWW DG L
FKDQJHV WKH QHW FKDUJH RI WKH SURWHLQ ,Q DGGLWL
FRQYHUWLQJ $VSDUDJLQH $VQ LQWR LVRDVSDUWDWH |

E\ DGGLQJ HIWUDURKS®\OHQH J

J)LIXUH $VSDUDJLQH $VQ GHDPLGDWLRQ UHDFWLRQ DQG WWH MW VR
ILIXBEY DGDSWHG@URP

7KH LPSDFW R G HIHRING B MR B HEUMMWKKH S B RRUUHL QVRPH SUF
GHDFWLYDWHG E\ GHDPLGDWLRQ VXFK DV O\WR]\PH ZK
DIIHFWHG E\ WKH GHDP% Ga WHR Q HUDI\NDRFQV ERIKL QG WKH Y
SURWHLQV DFW MWKH\GWRZD&BWLRQ GHJUDGDWLRQ LV

PDLQO\ DW DVSDUDJLQH $VQ DQG'HUXUMRWDH LQHS URIS

WR GHDPLGDWLRQ LWV GHDPLGDWLRQ UHDFWLRQ@ L@ QR
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7KXV O\WR]J\PH DFWLYLW\ LV GLPLQLVKHG ZKHQ LWQH/ SU
LV RQH RI WKH NHUYHHDWLAEH DWNVGD PN@YKHVWMIHGHDPLGDW
UHDFWLRQ RQ $VQ VLWH LV WULJIJHUHG E\ VHYHUDO IDF

VXUURXQGLQJ S+ DQG 7THPSHUDWXUH

7TKHUH AYRDHQN EHWZHHQ WKH GHDPLGDWQRW)\ IRQ GNVWHK 5 |
'HDPLGDWLRQ SURPSWYV WKH SURWHLQ WRZDUGV WKH DJ
GHDPLGDWLRQ RI VRPH SURWHLQY DQG WKHLU DJJUHJDW

> @

2[LGDWLRQ

2[LGDWLRQ LV D FRPPRQ UHDFWLRQ ZKLFK DOWHUV WKH
WR 3DUND@VRHWDWLRQ RIWHQ KDSSHQV DHW LFEHXHWVD HQ.
OHWKLRQLQH +LVWLGLQH &\VWHLQH 7U\SWRSKDQ DQG
FKHPLFDO VWUXFWXBH@WRDEWGRISIEQBHG PIWYQRBQFKDQJIHV
SULPDU\ VHTXHQFH RI SURWHLQY @J&HRJPEDDNUR & JDMD
EH FRQFOXGHG LQWR WKUHH PDMRU PHFKDQLVPV I[UHH

R[LGDWDRRBQSKRWR R[I@IDIW URIQ
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O H O

ey ho, AN
+H,0

S
/ /0
Methionine Oxidized methionine

JLIXUH 2[LGDWLRQ UHDFWLRG RPEPRWOMRK®E IUHH UDGLFDO SDWKZD

6RPH H[F MFDHQSWRWHFW WKH SURWHLQV IURP GHJUDGDW
H[FLSLHQWYV ZLWK KLJK VXVFHBW HE XD KB \SWRVRHLGNWUR
YLWFDULI\LQJ PMEFXPRIDYWLR[LGDQW HJ DVFRUELF DFLG

@2[LGDWLRQ UHDFWLRQ LQ SUR WHGX FRIGP XK O DHW HROQN Y\
WR LWV FRQVHTXHQFHV RQ WKH SK\VLFDO VWDELOLW)\ I
HIITHFW RlI R[ILGDWLRQ RQ SURWHLQ DJJUHJDWLRQ UDWH
WKH OLQN EHWZHHQ R[LGDWLRB\ GG ORI Q B IDRH. RXGA R IS\

RU FKDQJLQJ WKH FRQIRUPPWALRQ Rl WKH SURWHLQV

S5SDHPIOWLRQ

$V PHQMWEGERRUPHU DERXW DPLQR DFLNFGFER QXWDALRUHK LLO@
HIFHSOMFLW KLIKQ@QHORBGLD WKH K\GURJR QVER RFQHFRXIO
EH VXEWUDFWHG PBIDEFRQJILY KO .LRQLF UDFEHEHR]IDMWERRU P
FDUERQ DWRRAHEYR@®HWDEROLVHG DPIKRRDBXGDWLRQ RU

WKRHUHDWIL RQ UHEGIHNVSWLGH ERQG ZKLFK FD@ QRW EH EUI
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(OLPLQDWLRQ

$ VWURQJ OLQN FDQ EH QRWLFHG HBWRZHMNDWYEE B GRIQ
$V LUDF HPW LIRHD FWI(RQPLQDW L RROVENG DUR K LIK W HWKHHU D
DONDDLERYLURQPHOWQDWLRQ RFFXUV DWWEHHNOA R L GRE WIHR

GLVXOSKLGH ERQG ZKLFK HYHQW X D\W RMJRNWH@EIW YV LQ GHI

SURWHRO\WLF DOQG IUDJPHQWDWLRQ

$V DOO FKHPLFD G BW KERIWHRRIMWLF UHDFW LR & TDXIH Q|
RI DPLQR DFLGURWARMMBAWLRQ LV WKH I[UDJPHQWDWLR
WKH SHSWLGH ERQGV FRQQHFWLQJ WKH DPLQR DFLGYV
FDUERQ\O DQG DPLGH W& FRRIQRGIUAV JIVWR X W R>V @00 ®USH S

3URWHRO\WLF PDLQO\ RFFXUV L)W HEVZSMB(ON P B \ DFFIL GV

VHULRXV SDWKRJHQLF FRQGLWLRQV ZKHQ LW X@SSHQV \
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Extensive
Proteclysis C ~ 3

Chemical \ /
Cleavage g /S — i'\-a
N

=)

Large Fragments

Separate Pools
of Small Peptides

J)LIXUH )J)UDJPHQWDWLRQ RI SURWHLQV LQWR VPDOOHU SHSWLGHYV

SURWHLQV GHJUKKGYMFIDRID SOWKZD\V

8QOLNH WKH FKHPLFDO GHJUDG D W LGRM) HRIIMERRROW K HQS/U RW!
XVXDOO\ GLVUXSWV WKH VHFR Q/GDKL\ FIKQBUW & WWADDH WARWR
LQ QRRYDOHQW ERQGYDPOWDGUBEKRELF LQWHUDFWLRQ

7KH PDMRU SK\VLFDO GHJUDGDWLRQ SDWRKZIRE R3 HAKHVX
RU XQIRID@A @GVRUSWLRQ ,Q DG GIDWLKRZED W RG VRV R FR. DQWRU

SUHFLSLWDWLRQ

$JIJUHIDWLRQ

SURWHLQ DJJUHJDWLRQ LV WKHGHFRRDREGEOWEHRIY R I W L\RLGF L
EH GULYHQ E\ FKHPLFDO FKDQJHV ZKLFK LV FDOOHG
DJJUHIJDWLRQ FDXVHG E\ FKDERG®@GEVLQWFRRXOKQWH V
LOQVROXEHEOHUVLEOH RU LUUHYHUVLEOH ZKLFK ZLOO HYH

DFW LY @W\
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B8OQOIROGLOJ RU GHOQDWXUDWLRQ

$V H[SODLQHG HDUOLHU LQ WKLV SURMHR/DA RSO G®RNKML Q V
SURWHLQ LV WKH PRUP GH@®WMXWIROG\ OHDG WRV HKUWKFE
DJJUHIJDWLRQ 7KH XQIROGLQJ PD\ BH WHRBUNDE®HERUFD
WKH IRUPXODWLRQ FRPSRVLWLRQV HJ S+ RU WKH VROY

DV WHPSHUDWXUH RU SUHVVXUH

$GVRUSWLRQ

BURWHLQ VWUXFWXUH PD\ EH GHJUD G H GL Q WHIWWBRIRBKH D G
ZDWHQWHUWYR @GNV HQWHUIDFH K\GURSKRELF VXUIDFH :
FRQWDLQHU VXUIDFH B6HYHUDO K\SRWKHVHV FDQ H[SOL
DGVRUSWLRQ IRU H[DPSOH SURWHLQ PROHFXOHV PD\ E
LQWHUIDFH ZK IDRKFFADWVKH KQIROG L QJ@R0RUKIHR BB WMKB L ¢
R O SURWHLQ PD\ EH FDXVHG E\ WKH LQWHUDFWLRQ EHW
UHVLGXHV ZKLFK PXVW EH LPSHGHG LQVLGH WKH IRO(
VXUIDFH DQG PD\ WKD@®IHHHWKERQWGILQ VWUXGRFKEHGLQJ
%XUNH HW D@OR FOHDU UHODWLRQ ZDV REVHUYHG EHWZHF

SRLQW DQG WKWKH DBV RW® RILR Q

23



7/RROHRPU SURWHLQ DQDO\VLYV

BURWHLQ WKHUDS\ PDQCHXISUREWKH I IHFW IRU 8 [D¥IS O
DQWLER@AIKH XQGHVLUHG HIIHFW FRXOG EH UDLVHG XS E
FKDUDFMMH BLWWKH SUGIVBHILHQ WXMPROWEROHY WR WKH FK
SK\WLFDO GHJUDGDWLRQ ZKLFK HYHQW XD OO WXB ¥ \WWR
WKH SURGXFWYV HIILFDF@D®RBUHIRUM\ WKH LGHQWLILFDW
WKH GHJUDGDWLRQ SDWKZD\V RI WKH SURWHLQV KDYH

UHVHDWIRKHGHFD @HV

$GYDQFHV LQ DQDO\WLFDO FKHPLVWU\ PDGH WK WA RQW
PHFKDQLVP SRVVLEOH 6HYHHUP&UIHEKM TXHVOKWYFDO W
WKH VWDELOLW W RZ HYYUHRIW H/IHEWHFIW K@J WHFKQLTXH LV RQ
LPSRUWDQW VWHSV LQ SURWH L Q$ FRURPX® DRIMPR 8 VD G B © MW
WRRQOYYDLODEOH WR DV VHVI UDIGD 48 QREBWVHKIHY V H O HFMH. R C
DQDO\WLFDO W RBONXENW\E EYD BEHWVRKH GHVLUHG SXUS
DQG WKH FKDUDFWHULVWLFV RI WKH SURWHLQ BXQGHU LQ
WKH DYDLODEOH DQDO\WLFDO WR ROW\DELH/ BG YR G HAGK HQSA
RI GHJUDGDWLRQ ZKLF R KHRFE\DRNQW B HDVQIPWWLFDO PHWKF
WKH SURWHARQVRUPDWLRQDO FKDQJHV H J )RXUZHNQTUD
&LUFXODU 'LFKURLVP&VSHFWKRWIERSO LQVWDELOLWLHYV
FKHPLFDO GHJUDGDWLRKKHJIK SHiLY HR@ONPADXI RSB WK U R P3NV R J U

+3/& DQG G ELRORJLFDO DPWAYLW\ DQG SRWHQF\

7TDEOH
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7TDEOH )UHTXHQWO\ XVHG DQDO\WLFDO PHWKRGV IRU WKH DVVHVVP|

7TDEOH DGDSWHG IURP GHMO(QJHO@PDQ HW

&KHPLFDO

3K\WLFD(

&RQIRUPDW

viERoLw\, °VHV GHJuDGDwW!L 2VHVY LovwpeL SVHY
7HUWLDU 1& 2& 3UR\
89 BSHFWUL |\ yxpw; 23*3/& K\GurRskRr °(& VL]H
48& QROQ
5DPDQ 6HFRQGD OROHEXOTL
> /& 06 7XUELGL VROXEO
VSHEWURVE VWUXEW; ZHLJKW Fl 5 ) UD £
6HFRQGD OROHEXOEL /LJKW
)75 vwuxrw; 28 ZHLIKW Ft 2EVExup & VLIH
7HUWLD U
(s 4& &KDUJ
JOXRUHVEH 4XDWHUC _ /6 6L]H
VWU R, &KURPDWR! YDULDQW
6HFRQGD
YUDJPHG
, 7HUWLD U 48 &KDUJ
& VSHFWUF ,/\m i FuO ¥ DQW 1DWLYH B?ﬁuuo
VWUXEW;
8QIROGL
RQVHW
'6 & WHPSHUI ifg&gSEORUSKR(
7KHUPDO
YDULDEO
OHOWLQJ
WHPSHUI g
'6) 7KHUPDO 6'6 3$*( OROHF X(
YDULDEO ZHLIKW

$SEEUHYLDWLRQV 89 B8OWUDYLROHW,Q)UBWHRXUURAXO DWD Q\EKIUWR WA
'LIHUHQWLDO 6FDQQLQJ &DORULPHWUXRA)P HVEBHB/EQ \WHY B UBAD QRD
+LJK 3HUIRUPDQFH /LTXLG &KBRPDWKREURBKRP/BWRJIUDSK\ ODVV 6SF
ODVV VSHFWURPHWDWR(UBDKKR ,RQ ([FKDQJH &KURPDWRJUDSKW UE R
JRFXVLQJ 6(& 6L]H ([FOXVLRQ &KURPDWRJUDSK\ '/6 33 QDBRE LXFPKW
'RGHF\O 6XOSKDWH 3RO\ $FU\ODPLGH *HO (OHFWURSKRUHVLYV
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$ODO\WWLFDO PHWKRGVFRRIBDVRBWY RO FKDOJHV ZI

VWUXFWXUH

,Q RUGHU WR VWXG\ WKH FRQIRKPQIMHYRKWKALGYNBDEVOR QY
VWUXRVXWKH SURWHLQ VKRXOG EH GHWHFWHG 0DQ\ R
SXUSRVH ZKLFK FDQ EH FRRQ AXXGEBWHBWHREBQ P HAKQ QL)
FDWHJRULHYV VSHFWURVFRSLF DQG WKHUPDO DQDO\WLF
WKH DQDO\WLFDO PHWKRGV GHVLJQHG WR LQYHVWLJDW
D UHVXWKHRVHUBFWORGE\WHRRBIJUDGLDWLRQ ZLWK PDWW
HOHFWURQLF H[FLWDWLRQV 89 RU PR@HBX®WRIWHLEU DR
VSHFWURVFRS\ LV XWHCH WR GIRDE@OMMIRQDO FKDQJHV LQ
LQFOXGH )RXULHU 7GBIGVP)WWHBSHEWDRVFRS\! 8OW!
6SHFWURVFRS\ )OXRUHVFHQFH VSHFWURVFRS\ 5DPDQ

&LUFXODU '"FKURHNW URYV ER S\

ORUHRYHU WKH WKHUPDO DQDO\WLFDO PHWKRGV LQFC

'LIITHUHQWLDO 6FDQQLER & D QRIHLLPHMWAUL D OX RIAFP O QAR J
> @

7KH VHOHFWLRQ RI WKH DQDO\VLVY RSWLRQ GHSHQGV RQ
VHFRQGDU\ RU WHUSEBUYN RW WKIHWKW KG\ 4 & WKW WHEJYHH RO

VDPSOHV RU ZKHWKHRHWGRXPVHRHYLORZ WKURXJKSXW

$PRQJVW WKH VSHFWURVFRSLF DQDO\WLFDO PHWKRGYV

VHFRQGDU\ VWUXFWXUH KB IHN EGHOQHIFGRRIDY W IDIDGV H
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WKH UHOHYIDPQWUWER®® ILQHG LQ W kKH@I KW HW BAWUDBIRW X U t
DSURWBRQEH DVVHVVHG E\ VHYHUDO SUHFLVH WRROV 89

DUH WKH PRRRMQ WRROV XVHG PR@ WKLV SXUSRVH

SHFHQW®HUPDO DQDO\WLFDO PHWKRGVY FDORULPHWUL
HPHUJHG WR DVVHVV WKH FRQIRUPDWLRQDO VWDELOLYV
SDUDPHWHUV GXULQJ WKH @ DOHVHIQDW.POQWDQQLQJ FD
PLFURORD®& DQLIIHUHQWLDO VFDQQWEH |IPDR® EPHW LRI W
XVHG WKHUPDO WHFRQURMKFPIK6WKVRXIJKSXW PHWKRG DC
HYDOXDWH SURWHLQ FRQIRUPDWLRQDO VWDELOLW)\ E\ G
DQ®WKRIQVRWXQIROGLQJ '6) PHFKDQLVP LV SULPDULO\ EI
IOXRUHVFHQFH LQWHQVLW)\ RI KNGO RGKRER K GI\RIWYGHBR SD |

SDUWS URIVEEKILQ QJ XQGHU D WKHWPDO WUHDWPHQW

&EMRULPHWULFREHDWEGRG6E DUH VHQNUMLLIXHWKUR XJIXGEXKW L
IULHQGWRKQLO@BVXVXDOWRXGH®BHUPLQH WKH FDORULF
DVVRFLDWHG ZLWK FRQIRUPDWLRQDO FKDH IHNMAR L@ KOH \8l

DQDO\WLFDO DSSURDFK

OLFURBB'®& RU ¥ROOHG +LJK VHQVLWLYLW\ GLITHUHQV
+6'6& SURYLGHV GDWD DERXW WKH XQIROGLQJ WHPSHU
LQ DGGLWLRQ WR XQIROG LY B PHHIDWDELHDG VE\ FRR$ B UR C
RI XQIROGLQJ Rl WZR FRQVHFXWLYH UXQV DOO FDORULF
GHWHUPLQDWLRQ RI RQVHW UDWH HKMB@GE XFSHUER WVHKLHC
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XQIROGURFHVVHVY 7KH WKHUPRG\QD BIUR VBMHHRGHHQUG [RHY/ |
FRQIRUPDWLRQDO VWDWH BQG @RROXW YR ER I GUR MRHL\D
YDOXH RI 7P WKHUHE\ QHHGLQJ YHU\ Ki J&7WHK HUHPVORGD KW |
93'6& LV JUHDWHU WKDQ '6& DQG LW LM RUPHK® DRAL FOW\
PHWKRG KDV EHHQ XVHG E\ UHVHD U F RHOR @A WASDEH ®LLRY

GLIITHUHQW IRUBXODWLRQV

$ODO\WLFDO PEBWKREFMWIRDO GHJBBGRWIHRQ V

SURWHLQ DJJUHJDWLRQ LWWWHB SHXVOL F RRQUARHBIXYIG\R O Mk
JHQHUDWHG LPPXQRJHQLFLW\ 7KH DJJUHJDWLRQ VKR
FRQWUROOHG EHIRUH GW®/IKYHHBIN WIKH G URWHEHQSURWH
'LITHUHQW DQDO\WLFDO WHFKQLTXHV ZHUH HRKNBOXD& MW
+RZHYHQRW DOO RI WKHP FDQ EH XVHG DV 4XDOLW\ &RQ"
HDFK PHWKRG DUH GHYVFULE HIGHDIQ/GEH IU@KHUAHLR D MV HW KIHQ V
Rl WHKHHW KRIGDQDO\VLVY GHSHQGV RQ WKH DLP RI WKH VW

LQGLFDWLQJ VWXGLHYVY UHTXLUH XVLQJ VHQVLWLYH 4& |

7TDEOHQWWKH FRPPRQO\ XVHG DQDO\WLFDO PHWKRGV DC

REVHUYDWLRQV

$PRQJVW WKH OLVWHG PHWKRGV VL]H H[FOXVLRQ FK
REVFXUDWLRQ DQG 6RGLXP 'RGHF\O 6XOSKDWH 3RO\ .
6'63%*( F@ EH XVHG IRU 4& SXUSRVHV 6L]JH H[FOXVLRQ
D KLIK WKURXD&sEX WDBRMBH PHWKRG XVXDOO\N XVHG IRU O
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6(& PHFKDQLVP LV FRQFOXGHG LQ FKURPDWRJUDSKLF VH
RQ WKHLY @B(&VLY DEOH WR TXDQWLI\ WKH QDWLYH SUR
IUDJPHQWV +RZHYHU 6(& OLNH DOO WKH FKURPDWRJUD
DQG TXDQWLEOMKPMRYRWXHY +HQFH XVLQJ 6(& IRU GHWF
WKHNVDELOLSHULWEGAXVW EH DFFRPSDQLHG E\ DQ DQDO\V
WKH @RQXEOH DJJUHJDWHV 7XUELGLPHWU\ LV VARIGMED b
SURWHLQ DJJUGKIYWHFLEBDWLRQ WKH FKDQJHV RI LQWFE
WKURXJK WKH VDPSOH 7XUELGLPHWU\ LV D X\XH WItH 8B ®X
DQG KLJK WKURXJKSXW +RZHYHU WKH GDWD REWDLQHG
EH XVHG IRU FBRIBRMVKBR/EQ 63$*( ZDV D SRSXODU PHWKRG
DJJUHIJDWLRQ GHWHFWLRQ +RZHYHU GWE\KBRW KUHF HPOIWY

EHFDXVH RI LWV LQDFFXUDF\ RI TXDQ@WLILFDWLRQ RI DJJ

$ODOVWLFDO PHWKRKXWHMWRE DYVGHM BGRBRWHRQ V

&KHPLFDO VWDXBWWWHOREIH GHJUDGHG E\ VHYHUDO SDW
HDUOLHU ,Q RUGHU WR GHWHFW WKH PRHRPLFDO PBRWWE
DVVLJQHG IRU WKDW SXUSRVH 7KH PDLQ DVVD\V DUH F
PHWKRGYLHKISHUIROBRDRIF®EH FKURPDWRJUDSK\ LRQ H[FKD
DQG FDSLQOBBWWR )RFXVLQJ $PRQJVW WKH FEHRRDWH
3KDVH3/& LV WKH PRVW FRPPRQO\ XVHG WR DVVHVV W

K\GURSKRE @FIRMQ\ HIFKDQJH FKURPDWRJUDSK\ JIJDWH WRKE
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FKDQJHV LQ SURWHLQ FKDUJH 7KH FKURPDWRJUDSKLF D
KLIK WKURXJKSXW DQG DEOH WR SURYLGH YDOXDEOH T
DERXW WKH SURW®BLED VRVDEQBEWURSKRUHVLYVY EDVHG D
FDSLOODU\ LVRHOHFWWLRIMRARVXWYWHG PVR IMVWNVNHVYV WKH FI

RI SURWHLQ

ORUHRYHU O0DVV VSHFWURVFREURGFPD WRPE VBKIHKAWURYV FR
/&06 DUH DOVR XVHG WR GHWHFW WKH FKHPLFDO FK
+RZHYHU WKH FRPSOH[BWSDRERDWDREI WHW WLPH FRQVXF
UHVWULFWHG WKH DSSOLFDWLRQV RI 06 LQ WKH LE KWL
SURWH&OP LV WKH PDLQ PHWKRG EHLQJ XVHG WR DVVH
+RZHYHU06/&V QRW EHLQJ XVHG DD @G4KWN HEKK\L TOMX D O C
LQ LGHQWLILFDWLRQ WKH SURGXFWYV RI FKHPLFDO FKDQ

WR WUDFN WKH FKHPLFDO FKDQJHYVY LQ SURWHLQ RU TXD¢

> @

8vXDOO\ WKH FKHPLFDO GHJUDGDWLRQ LV DFFRPSDQLI
GHFUHDVH RU ERWK HJ /\WWR]J\PH GHDPLGDWLRQ DIl
&RQVLGHULQJ WKBWPHQKH ROVSK\VLFDO VWDELOLW\ DQG
SURWHLQ IRUPXODWLRQV RYHU WKH SHULRG RIRNMMNXMUD
FKHPLFDO GHJUDGDWLRQ 7KHUHIRUH LW PDNHV WKH

DVVHVVPHQW LV QRW QHFHVVDU\
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SRWHOEDOVWWLFEFDO DVVD\V SWRR DAHYENV V YW WK

SRWHQF\ LV WKH PDLQ YLWDO TXDOLW\ RI WKH WKHUDSF
RWKH ELRORJLFDO DFWLYLW\ RI WKH SURWHLQ DQG VKF

SXUSRVH RRWKHG IRUPXODWLRQ

%LRORJLFDOWHKFWRWEBMQERH DVVHVVHG E\ VIHWHIDEQOG SRKVHHK
LV QR RQH DVVD\ VXLWDEOH IRU DOO SURWHLQV 3RWEH
SULQRXK®BPWLRQ RI WK HLRORWDFEVINOY\WW\URVFIBDIQQEH HY DO XL
E\ XVLQY MHOXYRHJIDQV DQG DQLPDO 6RPHWLPHV GXH
ELRORDVEDOVKH SRWHQF\ WHVWV DUH SHUIRUPHG DIWH!
SK\VLFRFKM\FWHDEDH (QJ\PDWLF UHDFWDR®YV REWWIDG XD M
HYDOXDWH WKH ELRORJLFDO DFWLYLW\ DV D FRVW HIIHF
PHDVXULQJ WKH ELRORJLFDO IDEFEWE Y H@WMR H RN®RB R WK 1B V
FHOO ZDOO RI EDFWBRUPH L QRBIBRYRVRW D/ VD\V (/,6% LV

WR DVVHVV WKH ELRORJLFDO DFWLYLW\ RI FHUWDLQ SUF

SURWHLQ IRUPXODWLRQV

ILTXLG IRUPXODWLRQV

'"HVLIQLQJ WKH SKDUPDFHXWLFDO SURWHLQ LQ WKH GHV

GXH WR YDULRXV UHVWULBWWRQVVXHHODWKBUWRR VM DW K
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WKHUDSHXWLF SURWHLQ GRVDJH IRUP LV WKH LQMHFWL|
SRSXODULW\ FDPH IURP WKHLU UHODWLYHO\ UHGXFHG PI
+RZHYHU SURWHLQV IDREIKQ WKMHEOQCTWLAGCLVRHAXODWLRQ

SURWADYHU LOQWH@ PFRUBRQGU WR DWWDLQ WKHMKHVEURW®
VXUIDFH K\GUDWLRQ VKRXOG EH ZHOO PDLQWDLQHG WR
WKH UDWLR RI SURWHLQ ZDWHU VKRXOSODPN V¥ L RHZDD/DIGRA
WRZDUGV WKH SURWHLQV ZKLFK WKHUPRREUWLKV LALO D Q& HU

ZLWK GHQDWXUDWLRQ@RU DJJUHIJDWLRQ

$00 WKH IRUPXODWLRQ IDFWRUV VKRXOG EH ZLOO V\
RSWLPLVHG IHQRDGHW SWRWHLQ VWDELOWWQ WQ® LRFEVDD
7KXV D FULWLFDOWKHP OXPW LRIQH®DIFK IDFWRU RQ WKH
IRUPXODWLRQV VKRXOG EH FDUULHG RXW WR UHGXFH L
GXH WR WKH GLIITHUHQW %R@ P K HR/IHLI@WWREN LYEEXGH S
EXIIHU FRQFWGW RDAM LR QF R\Q FHKHNV X DMGE RIQFLSLHQWY  FR

HIMUQDO FRQGHFKMBRPSHUDWXUH VKDNLQJ BQ@ UHODWL

7KH DGGLWLYHV DQGQHHGISEHQRV W HHH WKH DGHTXDWH k
SURWHLQ PROHEXOHVY DQG WR DYRLG WKH B HQDLMX U\DRA
VXJDUV RDOWHMBURPROWFKVDY WUHKDORVH LQ SURWHLQ
WKH SURWHLQV E\ EDOD@WHQW WKH ZRXNIHILER WKH SUR
K\GUDWLRQ H[FOXV E>R@ RRHRDHLLGBWHIV DR-D\ SURWHFW W
PROHFXORPYWKH YDULRXV FKHPLFDO DQG SK\WLFDO GHJU

E\ WKH DTXHRXV PHGLD DV GLVFXVVHG EHIRUH
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6ROLG SURWHLQO IRUPXODWLRQV

$OWKRXJIK OLTXLG SURWHLQ IRUPXODWLRQV VDKIHHU /&HHX K

SURWHLQ IRUPXODWLRQV VROLG SURWHLQ IRUPXODWLR

7KH VROLG VWDWBRSWHLEHVQWEKHISJILG DQG LQHUW PDW!
SURWHLQ PROHFXOHV DQG OLPLWV WKHLU PRELOLW\ Z
$FFRUGLQJO\ LW VORZV GRZQ XQIROGLQJ DQG RWKHU

SUHVHQFH LQ D VWURQJO\ FRXSOH@SURWHLQ ZLWK ULJ|

'LITHUHQW WHRB@HTEHHQ DSSOLHG WR GHYHORSWROL
HQKDQFH SURW HILRR @ VWWD/E VOHKMMH DSSURDFKHYV BUHRYH L G

GU\LRUJ VSUD\:G@DRQG FU\WWD@OLVDWLRQ

$SFFRUGLHQIRWEBD®HW > @SURWHLQ GU\LQJ LV WKH SURFHYV
IURP OLTXLG SURWHLQ IRUPXODWLRQV WR AR YRHYWNR O/K(

WKHLU VWRUDJH VWDELOLW\

4XDOLW\ E\ '"HVLJIQ

3URGXFW DQG ISYHRRCGR DMIGOMYHQ S DRE KFRWZKUWYD GLWLRC
EDVHG RQ H[SHULHQFHG DQG IL[HG SURFHGXUHV LQ W

33



VLWXDWLRQ KDV EHMWXHQUEBE IXQBWR B\HQYLURQPHQW ZK
SKDUPDFHXW L F DEX . IQUEHWENVER BV HD X P QMKS®G LPSURYHPHQW
PDQXIDFWXULQJ WHFKQRORJ\ 7KHVH UHVWULFWLRQV OH
Rl WKH SURGXFHG PHGLFDWLREODNUGHGHEBFADRRVH RI PL
VKRUWFRPLQJV DV VKRZQ LQ D VXUYH\ RI WKH :DOO 6W
LQFUHDVH WKH PDQXID¥FV@E@RQVLGIISHIQYHWKLY HFRQRPLF
LWV WIBDPKBRQVHTXHQFHV WKH )'$ ODXQFKHG WKH 4XDOL

LQ RUGHU WKR. BRXPGHRPRIG XFWV ZLWKRXW H[WHQVLYH
> @ WKH 4E' DSSURDFK LV GHILQHG DV D 3V\VWHPDWLF
EHJLQV ZLWK SUHGHILQHG REMHFWLYHYV DQG HPSKDVHYV

DQG SURFHVV FRQWURO EDVHG RQ VRYPQG MAMM@NFH DQG

7KH UDWLRQDOH EHKLQG WKH 4E' DSSURDFK LV WR EXLO
EHIJLQQLWKGERNVLIQ WKURXJK XQGHUVWDQGLQJ WKH UHC
SDUDPHWHUQUWIIHOWWHDG>RE@WARWERQJION 4E' FDQ SURI
DQG PRUH FRQVLVWHQW SURGXFW DQG SUR F HYN[IGEHLYCH.Q\
PDQXIDFWXULQJ LQ RUGHU WR UHGXFH SURGXFWLRQ FR
ELRORJLFV PDQXIDFWXULQJIVVEXH WRHWKIHR ®RMOEERY PD)
SURWHLQV DQWLERGLHV7KAHH QO XDO® RIH\Q B YH @LIHR/Q DH
&RQIHUHQFH RQ +DUPRQL]DWLRQ ,&+ UHOHDVHG VHYHUL
DQG LQQRYDWLYH WRROV RI 4E' LPSOHPHQWDWLRQ ZK

DGRSW V\VWHPDEWIVHBFWRPN LQFOXGLQJ PDWHRKHPOUMLF
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Quality Target Product
Profile (QTPP)
Identification

Establish Control strategy

Critical Quality Attributes
(CQA) determination

Risk Evaluation by
Mathematical and
statistical models e.g.
DOE**

Risk Identification by
Linking the Material
Attributes (MAs) and
Process Parameters (PPs)
to CQAs

Risk Analysis by
quantitative and
qualitative Analysis tools
e.g. FMIEA*

Product Life cycle
Management

)0($ )DLOXUH ORGH DQG (IIHFWV $QDO\VLV
'2( 'HVLJQ RI ([SHULPHQW

JLIXUH $ VFKHPDWLF GLDJUDP FRPSURPLVHYVY WKH 4E' DSSURDFK D\
4

7KHAE' DSSURDFK VWBIBBANQ WILVRKE VW HREULWLFDO 4XDOLW
3URILOH 4733 WR IRUP D FOHDU DLP IRU WKH SURGXFW
RI WKH SKDUPDFHXWLFDO GHYH O R S3PHI Q Q/HSV REBHARWWE [RQ\ }
WKH &ULWLFDO 4XDOLW\ $WWULEXWHY DUH GHWHUPLQH
7KHQ WKH ULVN DVVHVVPHQW LQFOXGLQJ ULVN LGHQWL
WDNHV SODFH EHIRUH WKH PDQXIDFWXULQJ DVDKD]D
UHFRPPHQGH® €Y D SDUW RIDWHKR G&EEM FRPQWDJHPHQW S
VKRXOG EH GUDZQ DQG WKH TXDOLW\ VRRGH®E HH \F R

XSGDWH WKH 8URFHVYV
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$SSURSULDWH PDWKHPDWLFDO PRGHOOLQJ WRROV KDY}
SKDUPDFHXWLFDO SURGXFWV GHYHGORSP® QR DIQFH B DB
'2( LV FRQVLGHUHG WKH PRVW FRPPRQ VWDWLVWLFDO |
> @'2( LV GHILQHG DV D SODSRUHRGDKE RKMOMEMAR LIEDRBUH R X\
UHODWLRQVKLS EHWZHHQ WKH FDXVHV LQSXWV DQG UH
DQDO\VHMDADMHR XQWYV RI GDWD J\WMKHHIDYWHBPIW@W V\VWHPV
WKH PD[LPXP DPRXQW RI LQIRUPDWLRQ ZLWK PLQLPXP |
> @7KH POXQSRYH GHYHORSPHQMDOVWKR WHNODWLRQVKL:
YDULDEOHV DQG UHVSRQVHRWKPMKY WHFBN@OGWERWKHIQ/ DYDL

DGGLWLRQ WR DQDO\VLQJ VHYHUD® @RGHO UHVSRQVHV

,Q FRPSDULVRQ WR WKH FRQYHQWLRQDO ZD\ RI H[SHUL
DSSQILWKH GHVLJQ RI H[SHULPHQW DSSURDFK FRQVXPH
FROOHFW WKH VDPH GDWD E\ WKH FR® Y HQ@W KRIQBORHMS LA
GHVLJQLQJ DQ H[SHULPHQW E\ DSSO\LQJ WKH HPSLULFD
EH SUHSDUHG LQ RUGHU WR REWDLQ WKH GH VLW RHE@GVU H
XS ZLWK KLJK UDZ PDVWRIQUDRG PR@UKRSWLPH ZLWK OHV
ORUHRYHU WKH FRQYHQWLRQDO ZD\ FDQ RQO\ LQYHVW]
ZKLFK PHDQV WKH UHVW Rl WKH LQGHSHQGHQW YDULTL

YDOXDRORUPDWLRQ HJ WKH QWHRW FRNLURE @RIWH PLVVHG

$00 WKH PHQWLRQHG EHQHILWY PDGH DSSO\LQJ RI "
UHVHDUFKHUVY DQG PDQXIDFWXUHUYV 7KH UHVHDUFKHUV
KDV EIGHQHO PRHGWKH D ZRIUSHQRHEFXFWYV GKDY WDRFYIMHBAW G

WR WKH SURYLGHG UHYV HKIU®WK H [FOW OMIWDRAWVROQ SURFHV
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'2( DSSURDFK KDV EHHQ@ XWHUQVWIXWHHHIHQW GLVFLSOLQ!
PDQXIDFWXULQJ HQJLQHHULQJ DQG I KDUWHPDLFRRIWOL F B €

EHQHILWYV

6KHOWDELOLW\

SURWHLQ VWDELOLW\ GXULQJ PDQXIDFWXULQJ VKLSSLC
ERG\ LV D YLWDO FRQVLGHUDWLRQ GXULQJ WKH ELRSKD

IRUPXODWLRQ FRQGLYYRQW LYBROGCWVEKE LN HDEIGE WHBGH O

,Q DGGLWLRQ WR WKH QDWXUH RI SURWHLQGLWHOGI® N HH Y
PROHFXOHV DMHQ GHWREWIIJUHIDWH WKHUH DUH QXPHU
DIITHFWLQJ WWREMHQEMW\DYH HLWKHU SRVLWLYHHMRIDBRWIDR
HIDPSOH WHPSHUDWXUH S+ WKH W\SH RI VROYHQW R
H[FLSLHQWY 7KH IDFWRUV VXUURXQGLQJ WKH SURWHL(
IRUPXODWLRQ VKRXOG EH FRQWUROOHG WR DYRAKL FKK'}

HYHQWXDOO\ OHDGV WR ORVV RI QDWLYH SURWHLQ DFW

7KH UHJXODWRU\ DJHQFLHW KGMGHYE LHUWVANRELE WLKHK FB& DU P D F
SURGXFWV WR KDYH D VKHOI OLIH FOHDUOY» @JKHOKH® I
OLIR7K\H WLPH SHULRG GXULQJ ZKH[SK PWEIGXW B WRGXORW
DSSURYHG VKHOI OLIH VSHFLILFDWLRQ SURYLGHG WKDYV

RQ WKH FRQWDLQHU ODEHO ° 7KH DER YK HG H)MWH QR
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&RQIHUHQFH RQ +DUPRQLVDWLRQ P&QWV TRIE KKK B6 FHH

SKDUPDFHXWLFDOV IRU +XPDQ 8VH JXLGDQFH GRFXPHQW

, &+ 4 $ 5 KDV SODFHG WKDW WKHUH DUH WKWWHMHWG&HI I H
SKDUPDFHXWLFDO SURGXFWYV E DWNB/ XHED GV KK K5 XEURMWES IL RV
VWRUDJHO DFBEWHG VWDELOLW\ VWXG\ L QWRWIPKNGLIDEN I LV

VWXGC@

7KH DFFHOHUDWHG VWDELOLW\ VWXGHN Q¥ RIS EAKYRE RUH\Q
WKH SKDUPDFHXWLFDO SURGXFWV XQGHU KDUVK FRQGL
ZLWK XS WR UHODWLYH KXPLGLW\ 5+ |RQ VDU RDH®L
DSSURDFK WKH GUXJ SURGXFWYV DUH UHFRPPHQGHG WR
EDVHG RQ WKH RULJLQDO FRXGRWIHRIPY BQUBWRWBBIHRURD
VLPRRWKYV +RZHYHU VRHKOHR QWO VEMCDIEHLOLW\ VKRXOG EH XC
VXLWDEOWHRFRUYWMKEKDUBRPQ FUNWILHFQAV HBBPSAOR KLJKO\ V

$3, OLNHLWRRJLFV VKRXOG EH VWRUBG@QGHU f& RU

$00 QHZ DFWLYHDSKDRQBDHBXWQ®R VO B@H WIWHIKILOQ HW\ VW
RUGHU WR EH UHJLVWH U HEIU MWK DD A R GRRVPLGODWY L R Q
HVWDEOLVK GHJUDGDWLRQ SDWKZD\V DQG WKHQ YDOL
SRZHU DQDO\WLFDGKSWLRMHG XOUHY FKHPLFDO VWDELOLY

I[UHT XHQWKYWHGCWEERBWHD®G DFFHOHUDWHG VWDELOLW\

7KHUHIRUD QMRRUWW SH0BIYE& YDULRXV DQDO\WLFDO PH
HPSOR\HG WR SUHGLFW LQVWDEL®RWP HQRHEMIVP\ZIHEOL LE

VWXGLHV LA RVEGHWKRPDWHULODER RS HFBYWNR® QG WLF
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,Q SURWHLQ IRUPXODWHRRY WKAKHFDOVWQELOKLMPLFDO FK
SUHGLFMWDE @GHR QRW REH\ OLQHDU BEHWEKWHLBKXUHGIZRKWWRBF
VWDELOLW\ UHTXLUHV LQWHQVLYH LQYHVWLIJDWICRRR WR

WHVWDELOLW\ ZKLFK LV VWPO@ FKDOOHQJLQJ XQWLO Q

$FFHOHUDWHG VWDELOLW\ VWXGLHV VKRZHG VXFFHVV L
KLIWKURXJKESMXPAKODWLRQV VFUHHQLQJ PHWKRGV WKH H

UHVHDUFKHUW W®ISUW G EE Y@L W\

7TKHRPELODRNLERQIIHUHQW DQDO\WLFDO WHFKQLTXHV LV |
SURWRUGXRODPAMWL D FRPSOH[ GXW\ +RZHYHU GHWHUPLQ
DFWLYLW\ RI WKH SURWHLQ PHDVXUHG E\ SRWHQF\ DVV

PRVW LPSRUWDQW DQG FDQ WHOO LI WKH SURWHLQ FDQ

SRO\PHULF 1DORSDMUMWUNJHOEBOLFDWLRQOV IRU RUDO D

SURWHLQ GHOLYHU\ VA\VWHPV

2UDO SURWHLOQ IRUPXODWLRQV

2UDO GUXJ GHOLYHU\ VA\VWHRVYPBOQR @NFKH S WREWWH R
DGPLQLVWUDWLRQ +RZHYHU LW LV WRR GLIILMXOHX WIQ

SURWBWYKH RUDO URXWH GXH WR GLIITHUHQW KXUGOH
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DFLGLW\ HQJ\PDWLF GHJUDGDWHR®©HD 5KNWADRUVFD
SK\VLFRFKH PNVRDIERIO SWRMAHLQ® ,Q RUGHU WR GHVLJQ

IRUPXODWLRQV WKH SUHYLRXV KXUGOHV VKRXOG EH RY
GHYHORSHG GLIIHUHQW DSSURDFKHV WR HQKDQFH RUDO
LQKLELWRDFWERDWH WKH JDVWURLQWHVWLQDO H®\PH\
SURWHLQV HJ MKQBRWUWASWK@UDSHXWLFE SURWHLQV GH
WKGLIJHVWUWUE AW E\ WKH GLJHVWLYH HQWHKHE | I/ LGILKLLEYLLY
ZKLFK FROWMTO\ OHG WR LQFUHDVLQJ LQ SURWHLQ DYDL
WKURXJK LQWHVWLQDO ZDOO LQ UDWY i@ RZWHWW KGO\ BHWII
QHHG RI LQVXOLQ LQ GLDENM®OGR GHEWDMDNY BRHTXKHWM
LQKLELWRUV EXW WKHLWNDOHLWK i@ DM YRW HZ 8 R & HHYW
GHYHORS®(Q DGGLWLRIOHWFRRMKIDSSURDFKHY DEVRUSWL
EHHQ XVHG $EVRUSWLRQ HQKDQFHUV FDQ LPSURYH

ELRDYDLODELOLW\ E\ LQFUHDVLQJ JDVWURLQWHVWLQD
WDUJHWLQJ WKH HSLWKHOLB[® FSO® VEQ D$IL 8 DELVWDD \BQ G

+RHYHU SDWKRJHQV DQG WR[LQV FDQ FURVV WKH KLJF
EORRG FLUWFR®IDNWHRQYH GLIIHUHQW SURWHLQ FKHPLFEDO
3(*\ODWLRQ DQG GLIIHUHQW SURWHLQ FDUULHUVY WHFK
OLSRVRPHV KDYH\EEHQRHRBIORFRPH WKIHR D REZ L©OUDAEWEL @ \

DGPLQLVWW@WDWLRQ

1DQRFDUULHUV DUH GUXJ GHOLY HID UWY WOIR W IR]IHD 1DIRA
XVXDOO\ XVHG LQ SURWHLQ WKHUDS\ WR GHOLYHU WKH
SKDUPDFRNLWDRISHILFAVLHY HLWKHU E\ HQFDS Y X® BWERQGR Q
WR GLIIHUHQW UHVHDUFKHUV QDQRSDUWLFOH V\VWHPV

WKHLU HIILFLHQF\ >0 @GW KH LUKH® HIODWHU D F H O O XADKDH) OB
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SDUWLFOH V\VWHPV GXH WRV W IQHD QWKRE E B OWX OVCRJU SWULR

HQFDSVXODWHG GUXJV DQG LPE®URYLQJ WKHLU VWDELOL

7TKHUHIRUH QDQRSDUWLFXODWH FRBSDHWUWL VXHYX DYG R
HPSOR\HG IRU WKH RUDO GHOLYHU\ RI LQVXOLQ 7KHV
GHIJUDGDWLRQ DQG IDFLOLWDWH LQVXOLQ XSWDNH YLD I
O9DULRXV QDQRSDUWLFOH V\VWHPV MHWH 330 \PHWRICH G
QDQRSDUWLFOHV 6/1 OLSRVRPHV DQG PHWDOOLF QDC

SURWHLQ QDQRPHGLFLQHVY WR HQKDQFH WKHLU ¥VWWDELC

$SSOLFDWLROV RI SRO\PHULF OQODQRSDUWLFOHV LQ S

SRO\PHULRFSQRODWLFOHVY GUXJ GHOLYHU\ VA\VWHPV KDYH
LQYHVWLIJDWHG E\ UHVHDUFKHUV LQ 3WKH@SPRAR UFRIXFBIO
6RSSLPDWK HW @SRO\PHULF QDQRSDUWLFOHYV DUH FDUU
KDYH SDUWLFOH GLDPHWHUV DX®WVWHWRRHRR HAIWKD LQO
ELRGHJUDGDEOH SRO\PHUV 3RO\P BDWHO QDR SHGE E DNVOHKSE
VWUXFWXUH LQWR WZR PDLQ IRUPV SRO\PHULF QDQRFI

Y)LIXUH
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Nanocapsule Nanosphere

JLIXUH ,O0O0XVWRIDWKHRGLIIHUHQFH EHWZHHQ SRO\PHDSRGBBARBRED S
QD QR V S KHKWIRX U RHW KLU D JIV | UR R@

$V LOOXVWUBWH G3R@\PHULF QDQRFDSVXOHV 31&V V\VV
DV D UHWHHQRQ W DVEXODU V\VWHP ZKHUH WKH DFWLYH
FDYLW\ RU FRUH DQG VXUURXQGH®6 E\@DKIS®RHD\BR OLREH
QDQRVSKWWHHP LV D FDUULHU FRPBRWINKER Q QI WBDWHQRWL

SRO\PHULF ¥W@XFWXUH

'LITHUHROMPS U FDWHJRULHW KA & WKRVGAYRQ\PHULF QDOQR
FDUULHUV 7KH FRPPRQO\ XVHG SRO\PHUV DUH XVXI
ELRGHJUDGDEOH HKALHXKGPR® HOLPLQDWHG IURP WKH ER
ERG\ SK\WLRORJLFDO &DIVDARWHRYHEIDWKNKH SRO\PH!
ELRFRPSDWLEOH ZKR[AK DUWIQRAQ DQWLJHQLFLW\ GXH WR
FRPSDWLEOH DQG DGDSWBDE @H7 ZR WPKD MVRKWH NELRBAYV R ELF

SRO\PHUVY DUH EHLQJ XVHG LQ WKH QDQRSDUWLFOHV SU
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RU VIQWKHWLF 7KHUWUHR DRAEEIDWREYDPG SRO\PHUV LQFOXGH
VWDUFK FKLWRWDN@RQDR ®AKMNGO5HFHQWO\ WKH SRO\PH
UHVXOWHG LQ WRR PDQ\ VIOWKHWLF ELRGHJUDGDEOH SF
LQ WKH ELRPHGLFDO ILHOG GUXJ GHOLYHU\ VA\VWHPV

PHGLFLQH H J SROHFBRORODFWLGH SRO\ HWK\O R[LG

PRUH WKDQ RQH FRGWOHWBRMERBYHG RI GLITHUHQW>PRQRP |

8VLQJ SRO\PHUV WR NRKHPXO DD FRLSNVXOHY VKRZV DGY
@ QRSDUWLFOH V\VWHPV OLNH PDWUL[ QDQRVSKHUHV
DPRXQW RI SRO\PHU FRQWHQWY WR SURWHFW WKH YXO
FRQGLWLRQV VXFK DV@ORRMRAYKHG+WKH SRO\PHULF QDQ
KDYH WKH KLJKHU HIILFLHQF\ WR HQFDSVXODWH WKH G
LQ WKH QDQRFDSVXWKINUFDEYWDWDFH RI QDQRFDSVXOH
ELRGHJUDGDEOHVSQ®WWPHMKWH BRO\PHULF QDQRFDSVXOH V
WKH VIVWHPYV FDSDFLW\ WR EH ELRFRP S D WILESDHRFKWMK
SDUWLFOHV GLVWULEXWL® Q X0UWK FHWREROSRO\PHULF QL

DFW DV D FRQWUROOHG UHOHDVH V\VWHP KHQFH LW U

> @

'LITHUHQW PHWKRGV ZHUH DSSOLHG LQ WKH OLWHUDW)
VIVWHPV 1PIQRSWHWLRQ HPXOVLRQ GLIIXVLRQ GRXE(
FRDFHUYDWLRQ SRO\PHU FRDWLQJ DQG OD\HU E\ OD\H|
IRU SRO\PHULF QDQRFDS¥X@HW BWWHBDWIDGV ER G LITHUHQW
SUHSDUDWLRQ PHWKRG KDV LWV DGYDQWDJHY DQG GLVE

LV LGHDO WR SUHSDUH SRO\PHULF QDQRFDSWRWXOGNV |IRL
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VHOHFWLQJ SURNDIHDAHNRFY RGVNH SK\WLFRFKHPLFDO SURS
LWV VROXELOLW\ WKH WKHUDSHXWLF REMHFWLYH F
SK\WLRFKHPLFDO QDWXUH RI WKH GUXJ SOD\ D FUXFL
SUHSDUDWLRQ PHWKRG IHYHUWKHOHVY DOO SUHSD!
HOQFDSVXODWH OLSRSKLOLF GUXJV DSDUW RI GRXEOH
K\GURSKLOLF GUXJV OLNH SURWHLQV 7KHUHIRUH GRX

SUHSDUHQSARRMWDLQLQJ SRO\PHULF QDQRFDSVXOHV

ORGHO DOG WKHUDSHXWLF SURWHLQVY DQG WKH HVVH

SURMHFW

7ZR SURWHLQV OWWR\|SEHQOHQEHOHFWHG DV PRGHO SURYV
I\VR]J\PH DQG WU\SVLQ ZHUH LQYHWMOLUBNMHGRZBORVHRMHD
'HR[\ ULERQXFOBWNBY D WKHUDSHXWLF SURW H\IKLK DWWEXH

WR DSSO\ WKH UHVXOWY REWDLQHG IURP WKH PRGHO SU

I\VR]\PH DV D PRGHO SURWHLQ LV FRQVLGHUHG D JRF
LQIOXHQFHYVY RI VHYHUDO IRUPXODWLRQ IDFWRUYV DQG SL
WR ZMOYQ R ZXQWWXXUH DQG FKDUDFWHULVWLFV /\VR]\PH FF
VLQJOH SRO\SHSWLGH FKDLQ ZLWK D PROHFXODU ZHLJI
DURXQG /\WR]\PH VHFRQGDU\ VWUXFWXUH LV FRIRIBOR[PL
VKDSIHQG ERQUIPDWILWROYDHOOLLIRBUBKGEHULGIHY IRUPHG EF
F\VWHLQH DPLQR DHARUKUMHHVIKGFHXBY¥WLYH FHQWUH RILQAVT

VHYHUDO $$V $OD $VvQ $VS *OX DQG 7U 8 KHIQPPE HWKH
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VXEVWUWWIMHUDFWLRQ 7KLV LQWHUDFWLRQ GHPRQVWUDMW
LWV DELOLW\ WR FRQWURO RI SUHGLVSRVHG EDFWHIULD
LQYHVWLIJDWHG E\ VSHFWURVFRSLF DQDO\VLV GXH WR

W\URVLQH DQG WU\SWRSKDQ LQ LWV DPLQR DFLG EDFNE

JLIXUH 5LEERQ UHSUHVHQWDWLRQ RI O\WR]J\PH 7KH VWUXFWXUH :
%DQN 3'% ILOH ( 3

7U\SVLQ DV D PRGHO SURMMWNIQF VZGW K HKID@Q\WV PMWVKDIQ WKH |
EHHQ FKRVHQ IRU VWXG\ LQ RYQWRH MIRHFEBEWRILW KH VR UR W
DQG SURFHVV DWWULEXWHY RQ LANMSWYM WXBDONUN WTURS \

DPLQR DFLGV SRO\ZHW®W LO5 R RRODGDREIEOD R | .'D ZLWK DQ

SRLQW EHWZHHOQ DQG  V KHMHW GRFALRIDGEDA \ @ WIIOURHN X
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(Q]\PDWWEEVWUDWH UHDFWLRQ GHPRQVWUDWHY WKH HC
DELOLW\ WR $RQYRMOW LIQLQH (WK\O%MQYHRBAMIR QLQH 7 U\S

LV XVHG LQ ELRWHFKQRORILFDO SURFHVVHV

J)LJXUH 5LEERQ UHSUHVHQWDWLRQ RI WU\SVLQ 7KH VWUXFWXUH ZC
3'% ILOH )0

'HR[\ ULERQXFOMIDAMH , LV DQ HQJ\PH HQKDQFLQJ W
SKRVSKRGLHVWHU ERQGV EHW ZHHBDW K E ROF,GRIRMWH. G W V
D VLQJOH SRO\SHSWLGH DPLQR DFLGV VHTXHQFHDFRQ
PROHFXBDIKW DURXQG .'D DQG LVRHOHBMUXUIBRLQW
SHFHQWO\ ,HIDRHMHIHB GV XJ RI IRORLFBI\VRENDOMLEURVLY ,Q F
ILEURVLV WKWXEBWRREOMYVSXWXP YLVFRVLW\ ZKLFK L
EUHDWKLQJ 7KH UHDVRQ EHKLQG WKH KLJK YLRGWKQ W HI
WKSDWLINWGWWXP 7KHUHIRUH SURYLGLQJ VERID SD\G XHFE W

YLVFRVLW\ RI WKH VSXWXP E® '1$ K\GURO\VLV
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JLIXUH 5LEERQ UHSUHVHQWDWLRQ RI "HR[\ 5LERQXFOHDVH , 7KH
SURWHLQ 'DWD %DQN 3'% ILOH )6-

30XURQLF ) LR@LRRQUIDEWNDXDF WDREDRFN FRSRO\PH
PROHFXODIUVD RSUR[LPDWHO\ 'D LW LV D W\SH RI JHCQ
NQRZQ DV SROR[DPHUV ,W FRQVLVWY RI D FHQWUDO K\(
FRQQHFWHG WR WZROKMOWIEBIR®LB(* 7KHVH DPSKLSKLC

DFWLYLG® \VDDBWRIRDKMH WKH FRPSRXQG VXLWDEOH W
SKDUPDFHXWLFDO DSSOLFDWLRQV DV+DQVROXED®IL WD \MEk

SK\VLRORJLPFDG@RH&UB
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CHs
|
H(OCH2CH2), (OCH2CH), (OCH2CH2), OH

JLIXUH &KHPLFDO VWRUIXGXVWKRIGLF YKH ILJXUH ZDV DGDS@&HG IURP

6RGLXP DVFRUEDWH LV D PLQHUDO VDOW RI

DVFRUELF D
KHOSV UHGXFH R[LGDWLYH VWDHWYRKRD GWRBERXE®L E B WULRHG

DQRJILGDQW DQG DFLEAUWUMKHHIXODWRU

HO ONa

ol
I

JLIXUH

KHPLFDO VWRIXFORGIUKPDYFRUEIKWMHFKHPLFDO VWUXFWXUH
DVFRUEDWH zZDV GUDZQ E\ WKH DXWKRU E\ XVLQJ &KHP 'UDZS

7UHKDORVH GMKXGDEBEMWHRYR IJHQHUDRXS F B O/OBIRP FDM\@/ H
FRQVLGHUHG RQH RI

WKH PRVW ZLGHO\ XVHG H[WUHPF
GLVDFFKDULGH FRQVLVWYV RI

WZR JOXFRVH XQLWV 7L
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PLFURRUJDQLVPV DQG ISBRRWIHFWM PHKHRYLURQPH@WDC
'HSH@GILRQ WKLV QDWXUDO EDFNJURXQG LQ DGGLWLRQ
EHHQ XVHG E\ UBDWHE JFISHWDSW RWHLQ IRUP X O D WIQRZ\D G
VWDEQ®WIUHFW RQ WKH FRQIRUPDWLRQDO VWDELOLWD@®I S
VWDELOLW\ KDV EHHQ H[SODLQHG DV LW LQFUHDVHV W

SURWHLQV XQIROGLQJI @MWK UMNHYRXUDEOH

O

oH

JLIXUH &KHPLRADMOUXFRIXUHKDORVH 'LKKEBUPRHPLFDO VWUXFWXUH R
GLK\GUDWH zZDV GUDZQ E\ WKH DXWKRU E\ XVLQJ &KHP 'UDZS

$LPV DODEMHFWLYHYV

, TR LQYHVWKBDMIHRF EXIITHU FRQGLWLRQV 7\SH DC

EXIIHUV S+ DQG H[FLSLHQWV RQ WKH RRQORURD

VHQVLWLYLW\ GLITHUHQWLDQ &/ FDLRQIRQ 1 FFED3O R B WR.E
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SURWHIL@R]\PH DQGEMURSWLQQW PUW WKIRFFF HOH U D W
SHUKXRGHUWXORWAHVLIQ DESSURDFK
7R GHYHORS DQG YDOLGDWH SUHFLVH DFFXUDWH
VLIH H[FOXVLRQ FKURPDWRJUDSK\ DQG K\GUR
FKURPDWRJUDWIOE LIDL W\ DLQQGS TKDWL®J) FRQWURO 4
O\WR]\PH DQG WU\SVLQ ULI®LDGIRUPLXOPD WLERR QK H
H[FLSLHQWYV
7RDGRWWHKRBORWNVLBRQFHSW WR GHYHORSLQJWRVW
SUHSD RWDEFRO\PHULF QDQRFDSVXOHV DFQR® WDAVQLY
PDFURPROBEWRHMGXFHG SURFHVVLQJ FRVW DQG G
7R SUHSBONPHULF QDQRFDSVXOH IRUPXODWLRQYV
FRQWDLQLQJ PRGHO SURWHLQV O\WR]J\PH DQG WL
2 : PHWKRGV FRPEME&KBE VARWK[SHULPHQWY LQ D
FKDUDFWHULVLQJ WKH IRUPXODW LR @W W R/ LXK H
7R HYDOXDWH WKUHIPKIOBRYGRQW XEGDXM M B [FLSLHQW
S+ WHPSHUDWXUH DQG UHODWLYH KXWLDBQW\S R\ L
VWDELOLW\ Rl WU\SVIL@® OIIXLG VIREPHDGE W LRIV W |

GLITIHUHQW DSSURDFKHVY FRQVHUYDWLYH LQWHUP
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7TKH WKHVLV LV FRQVWUXFWHG DV IROORZYV

&KDSWHU, QMW RGXFWLRQ

&KDSWHUODZAARHULDOV DQG OHWKRGYV

&KDSWHU AKDWOHW\ E\ '"HVLJQ 4E' EDVHG SUHSDUDWLRC

WU\SVLQ IRUPXODWLRQV

&KDSWHU$@XO\WLFDO PHWKRGYV BEYEDWERBQW DQG Y

&KDSWHU'HYHHORSPHQW RI D VWURBAHIE B URDBRBIIERD SIRO\P H

QDQRFDSVXOHYVY FRQWDLQLQJ ELRPROHFXOHYV

&KDSWHBWBHEDUDWLRQ DQG FKDUDFWHULVDWLRQ Rl SRC

O\WR]\PH DQG WQGHGEAQRUQRWIB O URXWH GHOLYHU\

&KDSWHU BHWXILG IRUPXODWLRQV FRIGWDL\GVQDH VW REPGIL

&KDSWHU {HOKWBRQFOXVLRQ

&KDSWHQ@PFRLEOLRJUDSK\
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&KDSWHU DDRVHULD O\

OHWKRGYV
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ODWHDOV DOG OHWKRGYV

7KH REMHFWLYH RI WKLV FKDSWHU LV WR SURYLGH EULH
PHWKRGRORJLHV XVHG LQ WKLV VWXG\ $00 WKH PDWHU
E\ WKH VXSSOLHUV OHWKRGV DRGHVED@WIBGE H QD WS B QR

LQ WKLV FKDSWHU

ODWHULDOV

SURWHLQV XVHG LQ WKLV SURMHFW

I\VR]J\PH OXFRSHBMHWWO PKVUGPROXVWIDPLGDVRISKLOL]HG
SRZGHU - XQLWVREWNDUBME ERRLFNHQ HISURIYWRRH @D \

6LIPPOGULEFK

7U\SVEAKULQH SURWBRNGBILIHG SRZGHU%$(( XQLWV PJ SUR'

REWDLQHG IURP SRUFLQH SDQFUHBOGDY VXSSOLHG E\ ¢

'HR[\ 5LERQXFOHDVH , '"1DVH , O\RSKLOL]JHG SRZGHU =

REWDLQHG IURP ERYLGH) BR@¥F 6 HDWD GDVFK

I\WVR]J\PH DQG WU\SVLQ DV PRGHO SURWHLQV ZHUH YX\DHG
WKHUDSHXWLF $FBRWRUQWBE LQWR SRO\PHULF QDQRFDS

WKH GHYHORSHG VWUDWHJ\ RQ D WKHUDSHXWLF SURWHI
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2WKHU ODWHULDOV DQG 5HDJHQWYV

IDQR SXUH ZDWHU4 ' ZDVOXWOHODA DOO WKH WLPH WKURXJKF

FKHPLFDO DQG UHDIJHQWYX XWMHELDORQIOLHUNEDUWHH SUHYV

7TDEOH $ OLVW RI WKHXWKH® OFW&VY SURMHFW DORQJ ZLWK WKHLU V:

6RGLXPVFRUEDWH 6LJPD $OGULFK
$SFHYIRWULOH JLVKHU 6FLHQWLILF
$PPRQLXP DFHWDWH 6LJPD $OGULFK
'"HR[\ ULERFRGHLES$ 6LIJPD $OGULFK

'LVRGLXP K\GURJHQ RUW )LVKHU 6FLHQWLILF

(WK\O $FHWDWH 6LJPD $OGULFK

+\GUDQDO 'U\ PHWKDQR(Q )LVKHU 6FLHQWLILF

+\GURFKORULF DFLG +&()LWKU 6FLHQWLILF

OLFURFRFFXV /\VRGHLNW 6LJPD $OGULFK

1. %HQJRODUJILQLQH HWK\
6LIJPD $OGULFK
K\GURFKORULGH %$((

3HSVLQ 6LJPD $OGULFK

3O0XURQLSB 6LJPD $OGULFK

54



3RO\ /'DFWIFREDSURODH

6LIJPD $OGULFK

3RO\ /'DFWIFREDSURODH

6LJPD $OGULFK

SRO\YLQ\RMDBOAFRK

6LIJPD $OGULFK

SRWDVVLXP GLK\GURJHQ

6LJPD $OGULFK

SHDJHQW

6XSSOLHU

6RGLXP DFHWDWH

6LIJPD $OGULFK

6RGLXP FLWUDWH

JLVKHU 6FLHQWLILF

6RGLXP K\GUR[LGH

6LJPD $OGULFK

6RGLXP SKRVSKDWH GLK

JLVKHU 6FLHQWLILF

6RGLXP VLOLWRIWXQJVWD

JLVKHU 6FLHQWLILF

6SDQ

6LIJPD $OGULFK

7TUHKDGRNH;UDWH

TULIOXRURDFHWLF DFLG

6LIJPD $OGULFK
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4AXDOLW\ E\ 'HRPVHBUHSDUDWDRPX®RB/RI\PH DOQG WUN\S

IRUFDODWLRROYSWHU 7KUHH OHWKRGRORJLHV

4XDOLW\ E\ '"HVLIJOQ LROHPHQWDWL

,Q WKLV VWXG\ 4XDOLW\ E\ '"HVLJQ 4E' ZDV LPSOHPHQ

7TDUJHW 3URGXFW 3URILOHV 4733V DQG &ULWLFDO 4XD

7TKHUHDIWHU WKH ULV D @®OWR HHFHDHBG IOHNWG KKDWW $ OO WKH

£

SURNHXDV SHUIRUPHG DFFRUGLQJ WR ,&+ JXLG@)QLRBIN 4

Risk Identification by
Linking the Material
Attributes (MAs) and
Process Parameters (PH
to CQAs

Quality Target Product
Profile (QTPP)
Identification

Critical Quality Attributeq
(CQA) determination

2. Mathematical and . _ Risk Analysis by
statistical models (buffe Risk Evaluation by quantitative and
and excipients) e.g. 1. Primary pH screening qualitative Analysis tools
DOE** e.g. FMEA*

)0($ )DLOXUH ORGH DQG (IIHFWV $QDO\VLV

'2( 'HVLJQ RI ([SHULPHQW

J)LIXUH $ VFKHPDWLF GLDJUDP FRPEOUFRBMWVNVIWKHUABESSURDFK DV VWD

E\ ,&+ 4 4 DQG 4
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4XDOLW\ 7DUJHW 3URGXFEFW 3URILOHYV 4733V DQG .

&43V LGHOWLILFDWLRQ

4733V ZHUH LGHQWLILHG DV WKH ILUVW VWHS RI WKH 4E
WKH UHOHYDQW OLWHUDWXUH DQG JXLGH@TLRHMEW XHK HD V
GHWHUPLQHG DV WKH QH[W VWHS DIWHU 4733V GHWHUP

NQRZOHGJH

SLVN DVVHVVPHQW

4E' DSSURDFK KDV EHHQ LPSODQWH GDWRRQRD Q¥ RV R M VIHM)
SRWHQWLDO ULVNV RQ WKH IRUPXODWN.PYVHYEPHARW @
FRQFOXGHGGEH QWY RKHDQVWR® SRWHQWLDO ULVN IDFWRUV
LQ ILVKERQH GLDJUDP 7KHUH D | WHAF RUIGHSD-LMINR Z G M (L@
E\ DSSO\LQUHDIRGH (IIHFW $QDOHQMAMWLYN(SULRULW\ 1XPEFL
IRU HDFK IDFWRU ZD®¥UGMWFD®LMPEG ULIRURXV ULVN DQ
SHUIRUPHG EDVHG RQ WKH UHOHYDQW OLWHUDWXUH DC
VWHS LQ ULVN DVVHXKDRBMK® Y B REHBI@XHDY® G E\ ILUVW S
DQG WKHQ E\ EXLOGLQJ PDWKHPDWLFDQQGR V GHW R [ /K
EXIIHU FRQGLWLRQV HIIHFWRDYG TH(R 8 BILORQ W WIKGG@H | D

JRU PRUH GHWDLOV DERXWDWKRPEOQNVOPHAHY VP HQW
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SUHOLPLODU\ VFUHHQLOQJ RI WKH HIIHFW Rl S+ FKDQ

VWDEDQIGNELRORJIJLFBO MFERL\WPIHNVDOG WU\SVLQ

%DVHG RQ IDFWRUV L@&KERW HICADMDLAR QDIMAGLY S+ ZDV LC
KLJK SRWHQWALROD WL/AW NBESMDOH LV OLPLWHG LW FDQ
FRQWUROOHG EHIRUH ULVN MNXKB{CSXW P 8-Q WFUGH BOIVQ J K R
SHUIRUPHG E\ SUHSDULQJ RI PJ PO RI WU\SVLQ DQG O\

WR WLIJKWHW W&B REWHFXP S+ UDQJHV %LRORJLFDO [

RI SURWHLQ IRUPXODWLRQV DW GLITHUHQW S+ ZHUH LQY

SUHOLPLOQDU\N VFUHHQOLOQJ RI WKH HIIHEW RI S

FROIRUPDWLRODO VWDELOLW\ RI O\VRI]I\PH DQG

GHOVLWAYLIIHUHOWLDO 6FDOQQOLQJ &DORULPHWU\ +

BURWHLQV LQWHJULW\ ZDV REWDLQHIGI E\6FIDIV MWULLYQ WV PL
6FDQQLQJ &DORUQREWRI6& OLFURFDO ,QF 0$ 86% \
PLFURFDORUKPHWHWH DOO IRVPRQDRWGRODWODMUKNH WR
FRQWDLQV WKH HOQFHSM WRHRASSOBRWMHLQKH. Q/D/PSI0SHO/L FD
FRUUHVSRQGLQJ UHIHUHQFHV ZHUH IUHVKO\ SUHSDUHC
GHJDVVHG IRWHVPEKIRUH WKH LOMHFWLRQ@PE\ DLEKHREPR 9
0$ 86% %RWK VDPSOH DQG UHIHUHQFH ZHUWH DQ ZHDBAV H C

UXRQGHU KLJK SUHVVXUH WR SUHYHQW WKH ERL®LQJ
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WHPSHUDWXUH UDQJH IURP  &f WR &f DWOQKHDWQQD
VFDQQHG DV D FRUUHVSRQG LQUVIH@EGHVXEBW H DR VUR |
VFDQV EHIRUH DQDO\VLV RI FRURAWE)RY G3DYDDV R Q D W L\RQY
DQG FXUYHV ILWWLQJZDAWH JZDV ' SEKI@ IWVRU HDFK VDPSOI

GHWHUPLQHG

,Q DGGLWLRQ WR FRQIRUPDWLRQDO VWDELOLW\ LQYHV\
DFWLYLWLHV ZHUH PHDVXUHG E\ DSSO\LQJ WKH HQ]\PDW

OLWHUDWXUH DBBHW[GBIOOM QRGNVIKYH IROORZLQJ VHFWLRQV

OHDVXUHPHOW RI WKH ELRORJLFDO DEWLYLW\ RI OV

7KHELRORDIFDIOY LW\ RI O\VRRPWDRER@GEIO\LQJ WKH SUF
HVWDEOLVKHG HQ]\PDWLF> SGWHEFI\PBVYR]\PDWLF DV
DFFRPSOLVRHOGVEAULQJ WKH DELOLW\ RI O\WR]\PH WR O\V
EUHDNL@J WKMHFRVLGLF OLQNDDHHIW\WZHMFRVDPLQH 19
DFHWX®ODPLF DFLG7TKISBELRORJLFDO DFWLYLW\ WHVW IRU
FRXEWHG DV WKH IROOM®ZLQJ FUBISDURRKRFFXV /\VRGH|
O\RSKLOL]HG FHOOV VXVSHQVLRQ LQ 3RWDVVLXP SKRVS]
$ RI WKLV VXVSHQVLRQ PX¥W EHUNKWZBHXIIHU EOD
QHFHVVDU\ WIK®FBEMRWU D GMXWWKMIS XREQARWHW RI EXIIF
OLFURFRFFXV /\VRBBDNW 7KW HQ]WKW\VRPRWLRIQPPHGL]
EHIRUH2HUSIUHSDWRIGRQWRDQWY PO RI O\WWR]J\PH DV PHC
HDFK PJ FRQWDLQV FROGQL&VEXUQHU ZKLFK HTXDOV

PHDQV WKH FRQFHQWUDWIRQWDWW WKE ¥LRORPORX®D Ut
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HQJ\PHQ WKH VDPH EXIIHU DW GLIIHUHQW S+ ZDV DGG
VXVSHQVLRQ DQG WKH VEWHEYWIBS\Y DU UIPHGRR EXIIHU 2
DV D EODQN %MBDXWNIG ZHUH GLIIHUHQW FRPSDUHG W

IRU UXQQLQJ WKH ELRORJLFDO DFWLYLW\ EODQN H
H[DPSOH DW S+ WZR UH® BSWURRWYPKIBY HWWEHHI LUVW UHDF\
S+ ZDV DGGHG WRVWKBHEDBUR®WKD® EHHQ UHFRURGHG |
EODRAG VXEWUDFWHRBUIWRPR$\PH DW S+ WKH VDPH V
UHSHDWHG IRHUYHB @ROHSV\WAMKIL[HG E\ LQYHUVLRQ DQG W|
$ ZDWHFRUGHG IRU PLQXWHV 7KH XQLW DFWLYLW\ RI
RI WKH SURWHLQ WKDW UHGXFHV WKH DEVRUSWLRQ UDYV
$ QP E\ PDQ &f TKUSRHQW XVHG ZDV 0 6LQ
6FDQQLQJ 89 9LVLEOH VSHFWURSKRWRPHWHU &DPVSHF

DFWLYLW\ GHWHQPLVMDKIH IROOBRQGQJ HTXDWLRQ

8QLWYV PO HQ]\PHPLQUFHES PLQ %ODQN Gl «««««« (TXDWLRQ

Gl GLOXWLRQ IDFWRU

0$ DV SHU WKH 8QLW 'HILQLWLRQ

9ROXPH LQ PLOOLOLWUHV RI (Q]J\PH 6ROXWLRQ

7KH ELRORJLFDO DFWLYLW\ RI HQ]J\PH IRPBRX 6B QMRDINNVLD

WR O\WR]\PH DWIHKHELRORXLFDO DFWLYLW\ RI S+ O\VR]
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OHDVXUHPHOW RI WKH ELRORJLFDO DEWLYLW\ RI WL

7KHELRORDEMDO LW\ RI WU\SVLQ FDQ EH GHWHUPLQHG E\
FOHDYDIHEHQ]RPWJILQLQH HWKWWSHVGBVFULEHG E\@

7U\SVLQ VDPSOHV DW S+ DVVDYIHEG IRU ZHAWHL Y LW\ L
WHPSHUDWXUH ZDWEBOWBHMWIO OKGVMWQLUUHG ZDWHU EDW|
HQ]\PDWLF FOWWDSVLQ IRUPXODWLRQV ZDV FRQGXHAWHG
EHQ]RPWJLQLQH HWK\O HVWHU %$(( WRGXWYRRDWH ERI
S+ (Q]\PH VROKMH®RIDWHO\ EHIRUH XVH KDV EHHQ SL
XQLWVY PO RI WU\SVLQ DV PHQWLRQHG DERYH HDFK PJ
ZKLEK PHDQV XQLWYV HTXDO PJ FRQDMWILRMQIDOA W
ZY LQ FR®& GLOXWHG DQG FRQFHQWUDWHG +&R WVRAD 84
WKH HQJ]\PDWLF UHDEFWLRQ PO RI EODQN VROXWLRQ
VROXWLRQ DV D ILUVW PHDVXUHPHQW \RR RHKDIHV X X EVWHKIH
VXEWUDFWHG IURP WKH ODVW UHVXOW DIWHU WKDW W
DGGLQJ PO EODQN DQG PO HQJ\PH VDPSOH PO
VDPSOH DQG PO VDPSOH WR WKUHH B\ INHWMD W N KE
WKLUG WHVW UHVEHIWLEHB®Q FBHULHG RXW WR VXEVWU
RIW KHH | HRW KHHQ [\PHW VHDEIK V\VWHP KDV EHHQ PL[HG E\ LQ
LQFUHDVH LQ $ KDV EHHQ UHFRUGWHDBFNRUY LM\ QRIWAHUA ST/
DV WKH DPRXQW RI WKH SURWHLQ WKDW LQFUHDVHV WK

DQG VXEVWUDWH DW $ QP E\ PLQ DW &f LQ P

7KH HTXLSPHQW XVHG Z®W IPFDELMLI®HSE9 9LVLEOH VSHFW

&DPVSHF %LRFKURP 8. 7U\SVIGQXD/AEW I YW WHN GRIOCHRIZALQQIE
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8QLWV PO 0$ QP PIi$Q QP/WLQ %ODQN Gl ««««« 9(TXDWLRQ

Gl 'LOXWLRQ )DFWRU
7KH FKDQJkprLRL@XBHU XQLW RI 7U\SVLQ DW S+ DW 7& LQ D

PLI
9 9ROXPH LQ PLOOLOLWUHV HQIJ\PH XVHG LQ VWHS

7KH ELRORJLFDO ZPWL3UWVWAEBME§ QWWHIDIHWLYH WR WU\

7KH ELRORJLFDO DFWLYDW\ RI S+ O\VR]\PH Z

6FUHHOLOJ RI WKH HIIHFW RI EXIIHU FROGLWLRQV R

RI O\WVRIJ\PH DOG WU\SVLQ

%XIIHUV DUH XVXDOO\ XVHG WR FRQWURO S+ DQG VDO
UHSXOVLRQ DQG DFFRUGLQJO\ R SWILVPH YU D@ VSKULR/MWAHILNOH )
WKH VHOHFWLFRSM Bl EXXIHW W\GHFLVLRQ LQ IRUPXODWLR
PDWKHPDWLFDO WRRO ZDV DSSOLHG LQ WKLV VWXG\ D\
H[DPLQH WKH LQLWLDO IRUPXODWLRQ FRQGLWLRQV E\ X
FLWUDWH D@ SKRMBKD DUH FRPPRQO\ XVHG LQ® S@UHC
> @DQG WKHDZARGHIQJIH RI S+ YDOX@®WDVHG RQ WKDW D
UHVXOWYV RERPDIQMBUHHQLQJ DQ LQLWLDO EXIIHU VFUH!
'6& DV H[SODLQHG DERYH E\ DSSO\LQJ '2( DW S+

O\WR]\PH DQG WU\SVLQ UHVSHFWLYHO\ DQG DW EXIIHU
)XOO |IDFWHRWLPDHOM[B0 GHVLJIJQ ZLWK HYHU\ IDFWRU YDUL
PRGH ZDV FUHDWHG WHR O@WEWRLUWBI®G WKHLU DSSUFR
UHJDUGOHVV Rl OLQHDU BHSHOEGHQFLHY LQ DGGLWLRQ !
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$00 WKHRW IDWWGLITHUHQW OHYHOV KD%EB BMR Q HJBRADRQ)
HITHFW RQ WKHUPDO VWDELOLW\ RI ERWK SURWHLQV |

UHVXOWYV

6FUHHOLQJ RI WKH HIIHFW RI HIFLSLHOWYVY RQ WKH F

O\WR]\PH DQG QVU\SV

%DVHG RQ WKH SULPDU\ EXIITHU VFUHHQLQJ DQG GHWHUF
D VHW RI GLITHUHQW H[FLSLHQWYV 3O0OXURQLF ) W UH K
WKUHH GLITHUHQW FKHPLFDO JURXSV KD YRSEAMDRD YEBHF
IXOO IDFWRULDO GHVLJQ ZDV EXLOW IRU HDFK SURWHLC
XQIROGLQJ WHPSHUDWXUH LQ DGGLWLRQ WR LQWHUDFV
RUGHU WR REWDLQ VWDEOH IRUPXODWLRQWYYRKU FH R\
'2( WZR TXDQWLWDWLYH EXIIHU FRQFHQWUDWLRQ DQC
TXDOLWDKWILSRH H[FLSLHQW 7ZR IXOO IDFWRULDO GHVLJ!

SDUDPHWHUY DUH VKRZQ LQ

7TDEOH
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7DEOH$ WRWDO RI  /\WVR]\PH DQG  WU\SVLQ IRUP X OHDUWHLGRYD \G H § E DQ
RI HISHULPHQWYV

3KRVSKDWH ([FLSLHQW

SURWHLQ FRQFHQWUDWLR ([FLSLHC FRQFHQWUD\

I\VRPH 7TUHKDOF
7TUHKDOF
$VFRUED
$VFRUED
7TUHKDOF
TUHKDOF
$VFRUED
$VFRUED
7TUHKDOF
TUHKDOF
$VFRUED

$VFRUED

7U\SVLQ 30XURQ
30XURQ
7UHKDOF
7UHKDOF
30XURQ
30XURQ
7UHKDOF
7UHKDOF
30XURQ
30XURQ
7UHKDOF

7TUHKDOF
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SUHSDUDWLROQ DOG FKDUDFWHULVD®@G RVURIVRIOT BILG >

IRUPXODWLROV SUHSDUHG DIWHU WKH IDFWRUV RSW

7KH RSWLPXP IRUPXODWLRQV VRO HE ROMHSG SUKRHW\M K € VRRPADHQ K
HDFK IRUPXODWLRQ ZDV SHUIRUPHG LQ RUGHU WR ILQG
YDOXHVKHRBSWLPLVHG IRUPXODWLRQV ZHUH UHFRUGHC
SUHGLFWHSG WHARKMWDUULHG RXGHWH BRRKEHVULWRLILFDQFF
GLIIHUHQFH EHWZHHQ WKH REVHUYHG DQG SUHGLFWHG
GHWHUPLQDW&LRMXKEB\RSWLPLVHG IRUPXODWLRQV ELRORIJL
DSSO\LQJ WKH HQJ\PDWLF DVVD\ PHWKEGRO RQ KH\R GRIMF-
DFWLYLW\ ZDV GHWHUPLQHG\VRU\RHH/X® WS UVUHSDQHW®P SO

PRQWKYfV DWR & IDIGIG f&

$ODOVWLFDO PHWKRGY YDOLGDWLRQ &KDSWHU )RXU (

'HYHORSPHOW DORMDRIWONVWIVRMELOLW)\ LEGLGHDM L C

([FOXVLRO &KURPDWRJUDSK\ 6(&

SURWHLQVLFBR\ VWDELOLW\ GHWHFWLRQ LV D EL.
GHIJUDGDWLRQ DJJUHJDWLRQ EHKDYLRXUV DUH XQ:
FKURPDWRUWR@KLGHUHG D VXLWDEOH DQG DFFXUDWH FK

VWDELOLWOHYHORISEG D Q GHWKX®RIGE DW M GHFG
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,Q WKLVWAMYRGOV\VLY ZDV FDLQQWH ROWRG $IJLOHQW

LQILQLWARS®H DUUD\ GHWMFWR GBSO MWGWKQRORJILHYV 'Hi
86% XVLQU]P H[FOXVLRRIEROIRQEE,: [ PP HKFROXPQ
WHPSHUDWXUH ZDV LQWH UfRDORR FIRWMFURIDDMED VWR Q V\
ZLWK D PRELOH SKDVH FROQ¥VR/EGMWOPH OMRRSKDW 1D VE X0 | HUR $
UDWH PO PLQXWH IRU D WRWDO FKURPBWMRNUDBKDK WD

UHWHQWLRQ WLPHV ZHUH REWDLQHG E\ XWLOLVLQJ $JLC

KDWPDQ ILOWHU XP QVQRQMRHPUEUD QEHFWULF 86%
SURWHLQV VDPSOH Z® UBAKHDXMHRAADIRF& B HPLHHW KRG ZDV YDOL
VSHFLILFLWWN\ ORBFOUDF\ SUHFLVLAFFRQGLQREXRW&H \D\

JXLGHOLQHV@

6SHFELILFLW\

6SHFLILFLW\ RI WKH ELRDQDO\W L A-DODVBHHR IS HIGXVDHY QNG DUKD
SHDOG WKH SUHVHQFH RI DOO SRWHQWLDO VDPSOH FRPSI
LQJUHGLHQWY LQ WKH IRUPXODWHG SURGXFWV GHJUDG
VWXG\ WKH VSHFLILFLW\ ZDV H[DPLQHG E\ LWV DELOLW
|BP WKHLU UHODWHG GHJUDGDQWY DJJUHJDWHV DQG
H[FLSLHQWVYFLBMHRZIDYV GHPRQVWUDQNH BWER SDE P ORR QWD
WHKDORVH WREBULKPWH OXQUR RUAB)L [HELWWKKH SURWHLQ RI
%RWK SURWHL[GRVZHE& WR VWUHVV FRQGLWLRQV WR REW
7KH GHJUDGDWLR X S X BFGR¥BM\VQEGHE\ DSSO\LQJ VWUHVYV |
WR GHJUDGH WKH DQDO\WH H J KHDW OLJKW DFLG R

RSWLRRIWRGEH WKH SURWHH SKRDANHPEQG®/'R WKHLU QDW
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DIWHU FRRHLQUMRHGH JUD G DSUIRREX FWV ZHUH JKIQHW DQVH @/
VDPSOHV LQ DONDOLQH PHGLD ZKLOH WKH IRURLHQID
FRQFHQWUDWHXVBURQM LQRJWRO LQ XUHD DQG VWRULQJ

IRU RQH ZHXHKND §YRHHWKH DJJUHIJDWLRQ SURFHVYV

/[LOHDU UDQJH

JLQHDULW\ LV WKHHODREFRMWIRIGO WKH UHVSRQVH RI WK
DQDO\WH FRQFHQWUDWLRQ ¥ KWK LUH O DFHLLR/QDHEEBREDEEG! V
FRQFHQWUDWLRQ LV FD OMKHGVRMDIOQ.ED D@/ ERPQ IFXWYWLRQ
DWLIIHUHQW FRQFHQWUDWLRQV IURP WR PJ P/ WR
RI HDFK FRQFHQWUDWLRQ ZWUNWX®EDO\AMHE QRQHIVK UH
FRUUHODWLRQ FRFDQFXBQWMPBWKH JUDSK EHWZHHQ St

FRQFHQWUDWLRQ

/IRZHU OLPLW RI GHWHFEFWLROLP/I2W BDGXORIHULFDW I

7TKKODRZOGIWPLW RI GHWHFWLRQ //2" WV DWKIHRQRRZIHY @/ TFRDQE HA
ZKLFK FRXOG ERX®OWWBKNNHOFH RU WKH ORZHVW DQDO\WH
FRXOG EH ®ODHQEBHBPWWME FDOOHG WKH ORZHU OLPLW RI TXI
DQG //2" FDQ EH GHWHUPLQHG EX WHFRUGDQESHR R P&&K H

EDVHG RQ YLVXDO HYDOXDWLRQQAMWB K PVHWQMMDIE P WKIR (
QRLVBIJRRGXOH RI WKXPEV WKH PRVW FRQYHQWLRQDO
GHYLDWLRQ RI WRIGE VIORSRIQV&+ JXLGHOLQHYVY GHILQH WK

DQG //2' EDVHG ROYRRLMIDOSSURDFK WKH FRQFHQWUDW
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UHVSRQVH KHLJKW HTXDOV WR DW OHDVW RU IROGV R
RI GHWHFWLRQ DRBQWLALADWLRQ ZBVHGGRW®Y HUBRXDIDG ¢

PHWKRG

SFEXUDF\

7KH WHUP DEFXUDF\ LV GHILQH 6 RMF HADKWUDEIRXER QDY MV R
FRQWURO #®PWEHDZLWK NQRZQ DPRX@W Y HJ FBQDBDRE® |
DFFXUDF\ RSIBG YHWRKRG ZDV GHWHURDBFGU BQ GZ [E\M WLZGH +
UXQ DFFXDDMORVXROLW\ FRQWURO VDPSOHV 4& FRQWD
LQ WKH UDQJH RI //24 ZLWKLQ IRXU WLPHV RI //24 ORZ

UDQJH YMHGIBQDURXQRI WKH XSSHU FDOLEUDWLRQ FXUYI
VDPSOHV SHU OHYHO RQ WKUHH GLIIHUHQW GD\V $FFXU
REWDLQHGRYDMKHHMW DYHUDJHV LQ DGGLWLR QD MR HDW
ELRORJLFDO WOPEOKRZ/KRFRYHU\ YDOXH ZLWKLQ RI Q

WKH //24 ZKHQ XS WR YROXQRBYQ@XFFHSWHG

SUHFLVLRQ

BUHFLWIHRGP VFULEHY KRZ UHSHDWHG PHD VXU KRHEDQ RHG
FRQ®LRQV DUH FORVH 7WR BIDAR @WIRHIPDOO\ FRYHUV
LQWHUPHGLDWH SUHFLVLRQ DQG UHSURGXFLELOLW\ DF
ZLWKXKQ SUHFLVLRQ DQG LQWHUPHGLOQWZHH B H HGEH WLIHRUP

FDOFXODWLQJ WKH FRHIILFLBHQMWO RMHYGD W& DAVDIPRE@ H&9D W |
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OHYHOV [//24 ORZ PHGLXP DQG KLJK 4& VDPSOHV ZHU
IRBHGLOMHYHO VLQFH VL[ VDPSOHYV ZHUH SUHSDUHG SHU
FRHIILFLHQW RI YDULDWLRQ MRV FROOWAH R DFREBXQ(

GHYLDWLRQD YoM UDBHE H[SUHVVHG LQ D SHUFHQWDJH

SREXVWQHVYV

7KH UREXVWQHVV RI DQ DQDO\WLFHPO LRHW® R G HPW HEGVVD
E\ FKDQWKMDDO\WLFDO FRQ@VIPWORMAY ZEWHKIUDQIH H J E.
IORZ UDWH FROXPQ WHPSHUDWXUH RU PRELOH SKDVH
PRELOH SKDVH S+ PRELOH SKDVH FRQFHQWUDWLRQ DQ
LQWHUYDO DQG MRPEDPDWGRIDWMR RI H[SRULPKHHWDFWLR

GHVLJQ 4& VOBABSOBWNDQG UHWHQWLRQ WL/MHROBUH VKRZQ
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7DEOH $ WRWDO Rl GLIIHUHQW DQDO\WLFDO PRQG\WRLFPHHVDIRE DQI
WU\SVLQ IRUPXODWLRQV LQFOXGHG LQ RQH IUDFWLRQDO GHVLJQ RI

&RQFHQWUDWLRQ PO ORELOH S+ JORZ UDWH PO

9DOLGDWLRO RI SURWHLQV [PB®D 0ObwWwWRDRINDBAMEP @RI |

QDORFDSVXOHY FROWDLQOLOJ SURWHLOQ E\ 6LJH ([F

6(&

,Q WKH FXUUHQW VWXG\ SRROUP MO IFRQR@R DD BY XAWNIRS VL (
DQGHR[\ ULERQXFIOOMDEHUH GHYHORSH G KAOHIDFFHW BRUKW R W/ L

SUHSDUHG IRUPXODWLRQV UHTXLUHYV TXDQWLILFDWLRQ
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GHWHUPLQH WKH DWWULEXWHY RHQFOHS VR O PXKILBRP ER @\
SURWHLQ UHMOHDMRUH WKH GHYHORSHG 6(& PHWKRC
FKDUDFWHSXVORMIRQ+RZHYHU WKH DLPVGRI|E EDMIBGNWNOHC
UDQJH RI FRQFHQWUDWLRQV Rl WKH SURWHLQ VDPSOHYV
WKDWKH UDQJH RI FRQFHQWUDWLRQV RI OLTXLG IRUPXO
SDUDPHWHUV MKRQDHG EMRF ¥R UW PMKHSX. W HRWMHR Q7 KH 6 (& D
IRU SRO\PHULF QDQRFDSVXOHV FKDUDFWHULVDWLRQ |
FRQGLWLROQV WEKHWLQMHFWLRQ YROXPH 7KH LOQMHFWLRQ
XS WROKLFK ZLOO FRQVHTXHQWO\ FKDQJH WKH UHVSRQ"
VDPSOH IRU H[DPSOH ZKHQ WKH VDPH VDPSOH DUH DQ
ZLWK GLIIHWHR® YR®XHFH WKH REWDLQHG SHBINUDWHR Q|
EHKLQG LQFUHDVLQJ WKH LQMHFWLRQ YROXPH LV WR GH
DQG ORZHU OLPLW RI TXDQWQWDRD\RM MH E ¥V LG WREKHH H

VHQMVUIWI LRI WKH PHWKRG WRZDUGV WKH DQDO\WHYV

SDUBLYDOLGDWLRQ RI 6LHWKFO@XWRREKPUDFWHULYV

QDORFDSVXOHYVY FROWDLOQLOQJ O\WR]J\PH DQG wWU\SVL

$FFRUGL@3 WR WKHUH LV QR QHHG IRU WKH IXO0 YDOL
DOUHDG\ YDQD®DWIHFD O PHWKRG ZKHQ VP D/OR KFHK B B WH\R
GHSHQGLQJ RQ WKH PDMMWEBDQJUMW¥LGDWLRQ PD\ EH FRQ
RQH UHTXLUHPHQW VXFK DV DFFXUDF\ RU E\ SHUIRUPLG
FXUUHQW VWXGEKRQIHVWZHRUH PDGH WKH L@HH FOAQLIREY
FRQFHQW U D WIQRQWHKH GIHSHFWHG VDPSOH FRWPSR YBEBRLVL

OLQHDULW\ //24 DQG //2" Rl WKH PHWKRG ZHUH UHVWXG
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7KH VSHFLILFLW\ WHVW ZDV FDUULHG RR&EW ENQMEGD OURE

GLVVROXWLRQ PHGLD RI O\WWR]\PH DQG WU\SVLQ QDQRFD.

FRQWDLQSRB WO BRRIDOQ HQ W

ORUHRWHKW //2' DQG //24 ZHUH GHWHWRIRQNG E\D WLIR®P AW
OLQHDULW)\ RI WKH PH®KKGHIMW RYIBGLHUHQW FRQFHQW

IRU HDFK RI O\WWR]J\PH DQG WU\SVLQ 7KH UPQJPIOZRKLIRKRI

WKH FRQFHQWUDWLRQ HTXDOV WKH RI WKH PD[LPXP

9DOLGDWLRQ RI 6L]JH ([FOXVLROFWHWIK\RHG SRR\

QDORFDSVXOHY FRROWDILEGRPXEOHDVH ,

7KH SUHYLRXVO\ GHYHORSHG DQG YDOLGDWHG 6(& PHWKk
+RZHYHU '1DVH , ZDV DOVR LQFRUSRUDWHG LQWR SRO\F
DQDQDO\WHRRG IRU WKH FKDUDFWHUKNDMWIRUM S&WSRR VM
WU\SVLQ 6(&ZWDWVFGDSWHG WR FKDUDFWHULVH WKH '1DV
YDOLGDWLRQ Rl WKH PHWKRG ZDV DFFRPSOLVKHG IROO
VSHFLILFLW\ DFFXUDFLQHDEHFLUZURQ/2' DQG UREXVW
PHQWLR GHEWIORQWDNLQJ LQWR FRQVLGHUDWLRQ WKDW

FKDQJHG 7KHUHIRUH WKH OLQHDULW\ ZD&HPWLWRIQH VDP
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'"HYHORSPHOW DORVEOISCGEHYWROVWDEL @MW 4RCOED

& R Q WI\ROD \V

,Q RUGHU WR FRQILWR K§K B UTPTDFCHLRAM PIR@D VHUR RS LHQ WV V
EH DQDO\WHG WR HQVXUHH WKUP XODMNR@®V WRG FRQW

E\SURGXFWYV

'HYHORSLQJ DQ DQDO\WWLFDO PHWKRG WR VHSDUDWH '\
VLPLODU SK\WVLFRFKHPLFDO FKDUDFWHULVWLFV LV QRV

DQDO\WLFDO SDUDPHWHUWRIDW & HZ ¥V WHDAN L\RHIMDHUA WELKRDYY H

,Q WKLV VWXG\ WKH VWDELOLWLHV RI WKUHH H[FLSLH
B3OXURQLF ) DUH XQGHU L Q YWKIM Z DDAMR DB @ KDHAUDHI RAULE

PHWKRG DEOH WR VHSDUDWH DQG T MKWL IR WROHL DJWARRQEY

,QLWLDDOODGLHEW BBWKRG ZDV VHOHFWHG WR SHUIRUP
SKDVH -XSLWHU $ & —P [ PP 3KHQRPHQH][ ,
DQ LQILQAMRGED DUUD\ GHWHFWRU '$' DW (YDSRDDWLYH I
6FDWWHULQJ 'HWHFWRU $JLOHQW ,QBRU S&R UDWISRQ D WA
WHPSHUDWXUH DQG JDV |ORZOUDBMH P6/DX W WD QIOE G07
+] 7KH UDWLRQDOH EHKLQG XVLQJ (/6' LV WKDKD YW UDBIK
FKURPRSKRUH ZKLFK PDBREVRWE OQDEIGLPMRLRQ DQG WK

GHWHFWHG E\ 89 GHWHFWRUYV
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7KH JUDGLHQW RREWOGIR 8KDVH $ Z7)BWHU D FHIVR® LW
PRELOH SKDVH % DEMWRQLWULOHQ QDQUHRY ZDV WXL Q X
WRWDO FKURPDWRJUDSKLF UXQ WLPH ZLWK D |OuRZ TBRM H
UXQ VWDUWHBREILWHK SKDVH $ IRU PLQXWHV DQ\GH® KN Q
PL[LQJ $ DQG % WR UHDFK P REELL@¥WSAROHR MV BOWIDW® U X Q
PDLQWDLQHG DW WKH VDPH SHUFHQWDJH IRU PLQXWH
VWDUWHG WRIDQG UMBPVHRREKOH SKDVHPL QXMWHKH V\VWH
NHSW UXQQLIQI@MLO WKH UXQ W$PMWHIDNY ROXENMKH@E DFFFH
GHWHFWLRQ DQG VHSDUDWLRQ DRAUWRHNU N FH.SS BNV ¥

PHWKRG ZDV VHOHFWHG WR SHUWIBURSWKGLP QROD\WUDF
&KURPDWRMD&KZLWK DQ LGI'LOW)\ 89QP DQG FRQQHF
(YBRUDWLYH /LJKW 6FDWWHULQJ 'HWHFWRU $JLOHQW ¢
HYDSRUDWLYH WOIG SIDYDWREZH DWH O/ FHAMDXWGDW ® QG |
JDLQ /8L$ — +,/V&OLFD : PP PIMBERQXPQ ZD
XWL®DWQH WKH LQWHUQDO WHPSHUDWXUH ZDV FRQWU
,QFRUSRUDWHPRPQR Q& XP DFHWD®H ROV XVHG DV WKH K

EXITHU ZKLOH DFHWRQLWULOH ZDALWWXHE DR XV K B VRM J CRCC

D WRWDO FKSKRFDWXKRJIJ WL PH7KRX@QMWWHWHG ZLWK PRE
$ DFHWRQLWULOH EXIIHU IRU WZR PLQXWH DQG WK
$ DQG PRELOH SKDVH % DFHWRQLWULOH EXIIHU \

SKDVH $ PRELOBWKDWHQXWHY DQG NHSW FRQVWDQWO

WKUHH PLQXWHV WKHQ WKH UDWLR VWDUWHG WR GHFU
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PLQXWHV IURP WKH WRWDO UR§HWDBW QWKLIE/HURWH R/ KNHH &

UXIRU WKUHW PLEDKQ/H DQG )LIJXUH

7TDEOH 7KH JUDGLHQW UXQ DQG WKH WLPH RI PL[LQJ PRELOH SKDVH

SKDVH $ FRPSRVLWLRQ LV DFHWRQLWULOH $PPRQLXP ZKH@®IBWH
PRELOH SKDVH % FRPSRVLWLRQ LV DFHWRQLWULOH $PPRQLXP
7TLPHPLQXWH ORELOH SKDRHL®H SKDVH
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JLIXUH ,00XVWUDWLQJ GLDJUDP IRU WKH JUDGLHQW UXQ DQG WKH

PRELOH SKDVH % ORELOH SKDVH $ FRPSRVLWLRQ LV DFHWRQLWI
PO DQG S+ ZKLOH PRELOH SKDVH % DFRPBRYLWURQH VEPPRQLXP C
EXIIHU PO DQG S+

7KH DQDO\WLFDO SDUDPHWHUYV ZHUH VHOHFWHG PRQLW
HUURU PHWKRG DQG EDVHG RQ WKH SUHYLRXV NQRZO

VHSDUDWLRQ DV ZLWMHEH H[SODLQHG OD

:KDWPDQ ILOWHU XP OXDREOWOHPPOD@HFWULF W&KH FI
IRUPXOBDDRRQH ZHUH LQGIREWMGHKDORVH DQG MOF RRIE D
30XURBWRHKWRVDPSHDHNUDUHDY DQG UHWHQWLRQ WWUPHV
$JLOHQW &KHPVWDWKRQPNWKRZDUZBY YDOLGDWHG IRU

DFFXUDF\ SUHFLVLRQ DQG UREXVWQHVV
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'HYBRSPHOW RI D VWUPMNKISWREBSSEDWLRO RI RUDO

OQDORFDSVXOHY FROWDLOLOJ ELRPROHFXOHNV &KDSWHF

AXDOEWWMHVLIOE' LPSOHPHOWDWLRQ

4XDOLW\ E\ABVLYQDFLHQWHIKPDWRWRDFK ZKLFK GHVLJQV
DQG WKH SURFHVYV SURSHUWRMKWX K B URAOFANW K R PT YWMIKGIL W

WKH SURGXFW GHYMHORSPHQW

AE'LPSOHPHQWDWLRQ KDV EHHQ ZHOO GHWDLQB®aGWK
&+ LQ WKHLU UHOHDVHG JXLGHOLQHV H J ,&+ 4ZDMQ W
LPSOHPHIQQVW®&H HDUO\ VOUBIED RDWLIRK) Rl QWEKGRSE RO VRXHO
FRQWDLQHRQVSUWRAWRUGLQJ WR WKH ,&+ JXLGHOLQHV 7K
RI XDOIDNMMHW 3BBRBINOMY 4&33IWLFDO 4XDOLYMAVSWWWLER!
BURFHOWDPNWIBBY DQ® [QWLFW 8 $W WO BRXSNVWHUH SHUIRUP
DFFRUGRQ&+ 4 ZKLOVW WKH ULVN PDQDJHPHQW DQG UL

SHUIRUDPHGHWDLOHG LQ ,&+@LJIXXUKHOLQH
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Quiality Target Product
Profile (QTPP)
Identification

Establish Control
strategy

Critical Quality Attributeq
(CQA) determination

Risk Evaluation by
Mathematical and
statistical models e.g.
DOE**

Risk Identification by
Linking the Material
Attributes (MAs) and
Process Parameters (PH
to CQAs

Risk Analysis by
quantitative and
qualitative Analysis toold
e.g. FMEA*

)0($ )DLOXUH ORGH DQG (IIHFWV $QDO\VLV
'2( 'HVLJQ RI ([SHULPHQW
JLIXUH $ VFKHPDWLF GLDJUDP FRPSURPLVHV WKH 4E' DSSURDFK DV

4

4XDOLW\ 7DUJHW 3URGXFW 3URILOHY 4WWWULEBEQW® H

&4V LGHOWLILFDWLRQ

7KH 4733 LV DQ BREIRHUYURID/QLW\ 7TDUJHW 3URGXFW 3URI
VWHS WK XDOLW\ E\ 'HVLJQ LPSOHPHQWLQJ GXULQJ

GHYHORSPHQW 7KH 4773V DUH WKH SURIHVVLRQDO SDW
SURGXFW HJ WKH URXRXWHDRIGDW RHQE R WRIHI QN B H Q BIW K\
DFKLHYH WKH 4733 GLIIHUHQW FULWLFDO TXDOLW\ DWW
RI WKHVH &4%$V GHSHQGWRQ RUMKRU4 NSBRZOHGJH DV &4

FROWUROOHG DWWULEXWHYV ZKLFK FDQ LQMOXKQBNLWHKH
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WKH 4733V LQWR FRQVLGHUDWLRQ WKH &4%$V LQ WKLV \

SULRU NQRZOHGJH DQG UHOHYDQW OLWHUDWXUH

L GHOWLILEDWLRO RI &ULWLEDO 3URFHVYV 3DUNDHUHMDH

SWWUL ERXOEBMV

3UHSDUDWLRQ PHWKR GV YD@GEHMKH FRQHS 5 WD B BN F HXWH. F D

DOSRHSDKDHGE LQIOXHQFHY RQ WKH RYHUDOO TXDOLW\ D

7KH SURFHVV SDUDPWWRUM ERQKOKR®\E FAXWELW\ DUH FR
FULWLFDO SURFHV&3®DURRMWHLDWDPHWHUY DUH XVXD!

LGHQWLILHG EDVHG RQ WKH SULRU NQRZOHGJH DQG UHC

7TKPDWHULDOV DKIIHFFRKWWKRMHUDOO TXDOLW\ DUH EXWHNG

&0$V

,Q WKLV VWRKGEOWHKIHP XGOVLRQ PHWKRG ZDV VHOHFWHG W]
SRO\PHULF QDQREREWDODNEGHRQ WKH GDWD REWDLQHG IURI

> @

5LVN $VVHVVPHQW

7KHIE' LVVIFLHGBDN G RFIDPWYG VKRXOG IROORZ WKH UHOH
DJHQFLHV W@ EPISEHPHQWNGDRMAW REDUBHG 4XDOLW
ODQDJHPHQW LV D FUXFEDODPSWH B HIQQN W BEQ GWRR YW R C

KD]DUG ZKLFK PD\ DITHFW WKH>TX@OLW\ RI WKH SURGXFV
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7KH ULVN DVVHVVFRHQMWOQMQ WWKHG\ FRPPHQFHG ZLWK SUHG

UHFRPPHQGHG E\ ,&+ 4 7KH WKWBHH ULVN TXHVWLRQV

KDW PLJKW JR ZURQJ"
KDW LV WKH SUREDELOLW\ LW ZLOO JR ZURQJ"

KDW DUH WKH FRQVHTXHQFHV"

7KH ULVN DVVHVVFRHJPW @/EWH $ROWRUZHEG WV IMWMAHEH/Q W L IWEWDNV L
DQDO\WLVLBONBOXMDWLR[SODLQHBHERERSXW RI WKH ULVN

DM XDOLWRELIYYDQWLWDWLYH

SLVN LGHOWLILFDWLRQ

,GHQWLILFDWLRQ Rl WKH SRWHRMWLLAD & VKD RO UL.GM RLWP BDWV
KD]DUGYV UHIHUULQJ WR WKH ULVN TXHVWLRQ RU SUREC
EHLQJ SHUIRUPHG DV D FUXFLDO VWDJH LQ ULVN DVVHV

JR ZURQJ" TXHVWLRQ WKXV DIGBROAVNWULQY WKH SRWHQW

,Q ULVN LGHQWLILFDWLRQ WKH KLVWRULFDO GDWD D¢
GHWHUPLQH WKH SRVVLEOH KD]DUGV E\ DSSO\LQJ GLIIHU
PHWKRGRORJLHV ¥ FKHFRZNVNKBIBWY SURFHVYV DRDES $HU HF T

GLDJVDP

,Q WKH FXUUHQW VWXG\ ULVN LGHQWLILFDWLRQ VWHS 1
DQG IRUPV WKH SUHFXUVRURIFRHGMNKWW R GAURAIHMIN  S5LVN |

OLVWHG DQQA Q G-VKW RIQHRU GIHUV RRKKH ULVIN TXHVWLRQ D
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HISHFWHG KDUPIXO FRQVHTXHQFHY 7KHUHIRUH WKH 3F]|

DQRG UHSUHVHQWHG VISNKIEIR BBIOWD FEFFDWKHR G ,VKLNDZD Gl

SLVN DQDO\VLV

$IWHU WKH SRWHKRQIMMWHHH X DYRHIGWEH ULVN DQDO\VLV VW
SHUIRWBRGBHGLFW WKH ULNDNFEB MBI ZLWNK DQDO\VLV \
OLQNLQJ RI WKH OLNHOLKRRG RI RFFXUUHQFH GHWHF
KDUPV RU KD]DUGV E\ D TXD.Q'WMLRAHDWKRGU RWN TXQ DO WD W

DGGUHVVHG WR DQVZHU WKH 3:KDW LV WKH OLNHOLKRRG

$V E\ ,&+ 4 WKH LQLWLDO ULVN DVVHVVPHQW DQG DQDC
VIVWHPLF WRROV DQG SXBRHHGAH VIIHHWYDSE@DO\VLV )
ORGH (IIHFWV DQG &ULWLFDOLW\ $QDO\VLV )0(&$ ORULI
+D]DUG $QDO\VLV DQG &ULWLFDO &RQWURO 3RLQWV +¢
+$=23 SUHOLPLQDU\ +D]DUG $QDOWVWRLWVBE€$ DYHWRRO

DVVHVVPHQW

)O($ LV EHLQJ DSSOLHG WR UHGXFH DQG HOLPLQDWH WK
WKHLWREO®UH PRGHV WKH SUHFXUVRU FDXVHV DQG WK

IDLOXUH E\ VLPSOLI\IRRHWYXH DQDO\VLV SU

,Q WKH FXUUHQW VWXIGANFWD$QXOW DR G} ($ ©BAH G HOHVQ DD B

WR HYDOXDWH WKH HIITHFW RI WKH SURFHVYVY SDUDPHWH!

81



HOHPHQWMVMHEKHFBLYWWHIGH ILVKERQH GLDJUDP RQ WKH G

RYHUDOO SURGXFW TXDOLW\

$V VWDWHG E\ OF'HUPRW@BDRWVDOHFRPPHQGHG E% , (@

WKH HVWLPDWHGHJS UNBRAMIFGD OLWDWLYH KLJK PMBRKP |
TXD QW LADD WAKMHPTLX D Q W LDAQIDVOL Y HRVH K Q VS H U R UPHIVBH UP L Q D
RI 5LVN 3ULRULW)\ 1X3PEHNYRBEHU REWDLQHG E\ FDOFXOD!
RI PXOWLSO\LQJ WKH QXPEHUV DVVLIQHG R®PFXH UWHORA

SUREDELOLW\ DQG WKH GHWHFWLRQ SUREDELOLW\ DV )\

531 6 3 &« «««««« (TXDWLRQ

6 VHYHULW\
3 SUREDELOLW\

" GHWHFWDELOLW\

7KH VHYHWIGMIDHGRZ PXFK WKH IDLOXUH FRQVHTXHQFF
TXDOLW\ LMORUHRRMBUREKMHELOLW\ LV WKKBIUMHXTXH RR) RR
IDLOXUH LV OLNHOLKERGOGNVNKR GBWFHHWLRAKQ LV KRZ REYLR
GHWHFWHG HJ LI WKH IDLEXUMVVVZIRBAIRROW IXQ®/KBQ LQ
RU DQ\ DGYDQFH GHWHFWLRQ PHWKRGREHRJLEBNOQRDKHX B H

DQG LW LV FRQMUGIBEW®R WD VDI

(DFK LQYHVWLIJADNVHG. ¥YEFPWRNDYQ GBBWHG DOO WKH 531V ZHLU

7KH KLJK 531 YDOXH IDFWRUV ZHUH VHOWHRRWH & R UMK K HK
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DQG UHGXFH WKH DVVRFLDWHI® H MFN HGRWHIRIDAER G X F H

WKHLUVRIQHWWH TXDOLW\ Rl WKH HG R&XBWVFHVROW KB WX V
IDFWRHWWH DYRLGH® D @QRW LQFWXGHGHVLIQ DV WKHLU ¢
IRUPXODWKPQINHIGY IXKHDWLQJ RU KL JK M MK KHBEIRWIEUHH K L
UHVXOWDQW 531 ZDV WUHDWHG E\GXRQ QW RUKLH IRDP & G-IRW
HJ UHGXFDQDOWKMMBBOV E\ DQDO\WLFDO PHWKRG YDOL(
HOHPHQWYV LV ZKHQ WKH IDFW R UMK GHRIGIMIRR D OV B H YOHC
IDFWRUWMRPELQHG LQ D VWDWLVWLFDO GHVLJQ RI H[SHUL
DQG RSWLPLVH WKHLU YDOXHV 7KH ODVW JURXS SURYL

LV JRLQJ WR EH H[SODLQHG LQ WKH QH[W VHFWLRQ

SLVN HYDOXDWLRQ

7KH UHYDOXBWRRIQVV LV DQ HPSOR\PHQW RI TXDOLWDWL
WR PDWFK WKH SUHYLRXVO\ LGHQWLILHG DQG DQDO\VH!
PD\ DITHFW WKH SURGXFW TXDGOGLWO BUMWMRE AW HAR QAKLHS |
VWDJH LQ WKH ULVN PDQDJHPHQW SURFHVV GXH WR LW\

TXDOLW\ TXHVWLRQV PHBRWAHRWHGPIL@DWLFEO WKW RH JOQLL\

7KH REWDLQHG IDFWRUV IURP WKH BHNQ B Q DMAYW RVHVSILYR4R
FDWHJRULHVY DQG WKH IDFWRUV ZKLFK WKH\ KDYH LQIO

UDQJH RI OHYHOV KDYH EHHQ WDNHQ DQG VWXGLHG IXU!

7KH DQDO\WVHG ULVN LV EHLDQWWHVWRROGMWMHGUEOWWHRQVK
WKH IDFWRUV DQG WKH TXDOLW\ RI WKH ILQDO SURGXFW

PHWKRGRORJLHV E\ WKH ,&+ 7KH ULVN DQDO\VLV PH
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VWDWILFDO WRROV L H &4RQWURO &KDUWYV 'HVLJQ RI ([S]
&KDUWYV DQG 3URFHVV &DEKBESOHYWM\RXYDOAWKRRGRORJILH
E\ WKH ,&+ 4 JXLGHOLQH GXH WR WKHLU DELOLWLHYV
DVVHVVENQ®HQWLI\LQJ WKH VLIJQLILFDQW IDFWRUV WKU

REW D IUHGLIBEPLH LR Q V

7KH GHVLJQ RI HIB3HDWVPEGBRSXODU RUIJDQLVHG PDWKHPI
PHWKADGS/ DGDISWWG&GLY VWXG\ WR HYDO XBQVR QB [WHK H LB IHW
VHOHFWHG WR FRQQHFW WKH RYHUDOO TXD Q WADND WKLH H
'2( DSSURDFK zZDV GLVFXVVHG DQG DFFUHGLWHG DV D U
LQ GLITHUHQW ILHOGV HJ IRRG PDQXIDKWRUWPLRNLYSHK DQFE
> @$SWWDWHEHG @WKH EHQBDIESWONIRRI WKH '2( DUH LW FD
XVHIXO DQG SUHFLVH LQIRUPDWLRQ LQ IHZHU H[SHULPH

DIJDLQVW WKH YDULDELOLW\ DQG IDFLOLWDWLQJ WKH G

%DVHG RQ ZREW XIDVHWGKIURRVN DQDO\WLV ERWK O\VRI]\P
WKH VDPIID DWRNYV WIKEKKWDPH YDULDEOHYV ZHUH VHOHFWHG
IDFWRUMVEKBYHGHVLOQYDWHGEGRUY QHHG IXUWKHU LQYHVWL
E\ '2( PRGH@QFOXWKRRUEWWZHHQ WKH EORFNV RI WKH X\
SK\VLFDO VWDWH RI WKH HQFDSVXODWHG QA DREWN DWW LY
WUHKDORVIR QP MKIHFF QD QRFOGRVKIDWHR/HUHIRUH [1XOO HIS
GHVLZIGIWH JHOQHROWHDGEK SEQRYXEQRQIJ WKH DVVLIJQHG ID

OHYHOV BN2XYLQJ 8PHWULFV $% 8PHDDG&EDHIGHQ
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7TDEOH 7KH 'HVLJQ RI H[SHULPHQWY FRPELQWQYDELR KWV HAHY HDNVWRR \
HLIJKW GLIITHUHQW VDPSOHV IRU HDFK SURWHLQ O\VR]\PH DQG WU\S

JRUPXODWLRQ ™M&DSURODFWRQH &RUH SK\VLFD 7TUHKDORVH P
/ ILTXLG
/ ILTXLG
/ 6ROLG
/ 6ROLG
/ ILTXLG
/ ILTXLG
/ 6ROLG
/ 6ROLG
7 ILTXLG
7 ILTXLG
7 6ROLG
7 6ROLG
7 /ILTXLG
7 /ILTXLG
7 6ROLG
7 6ROLG

7KH SHUFHQWDIURDMP»FWRQH EORFN LQ WKH FRSRO\PHU
/| LQOGLFDOWWHW\R]WPWH IRUPXODWLRQV

7TLQGLFIRWHWVNU\SVLQ IRUPXODWLRQV
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$V VKRZ@DE®PH HLJKW GLIITHUHQW SRVVLELOLWLIZAHWRKRR
VXJJHVBH®&KH PRGHO IRU HRFK SBRWAHDOUWH JHQHUDWH
HISHUMPBIQ GHVLJQ EDYRIGHR@V WKUHH @HUH UHG@DON GVFRF
GLIIHUHQW OHYHOV IRU HDFK IDFWRU ,Q WKH H[SHULP
IDFWRUV RQ WKH GAKIRKHW KHHALDWHHY KRB SV HEAWMIGH SUHSDU
RI WHOOO YWHIH IRUPXODWLRQG WX WQ LFKMLUADRMHKDHL LYK M/ R |

WKH VXJIHVWHG TXDWKMW IVHV QL RL ¥ B Q H D@ R/SW L IFDLPAMHRW K

SRO\PHUDBRFDSWRBOEVSUHSDUDWLRQ

7KH GRXEOH HPXOVLRQ BHWHKRIGSIMHBDPHDMKIRRQ RI SRO\PH
LH QDQRFDSVXOHY DQG QDQRVSKHUHV 7KH SRO\PHULF
ZHUH SUHSDBMHEXEOH HPXOVLRQ PHWKRG DV GH@GFAKLHEHC
GRXEOH HPXOVLRQ PHWKRG ZDV DGDSWHG ED Y MXRRHW K
PRGLILFDWLR QYHW R WHEDNOAKMMKNH W KKRDB/ EHHQ HPSOR\HG W
WKH 31&V FRQWD VIR D SRIFGVWEK® ULVN RI IRUPXODWLR
FDXVHG E\ WKH RWKHU SUHSDUDWLRQ PHWKRGYVXRBWLR
HIILFLHQF\ UHSRUNKB® UKRRQWBDKBLQJ K\GURSKSORENE UR J
SUHSDUHG §URSIXUAIMMUKREG @ 7KH DL O XIRH RX OWMKWMLRQV WR
WKH GHVLUHG HQFDSVXODWLRQ HIILFLHQF\ ZLOO UHGX
FRQVHTXHQWO\ LQFUHDVH WKH FRVW DQG WKH EXON V

IDLOXUH WR DFKLHYH WKH DVVLJQHG &4%$V DQG 4733V
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$V VWDWBWGWEM DO DQWILJIJRULHY HW DO @ Q RUGHIHSMIRUH
D VXFFHVVIXO GRXEOH HPXOVLRQ D K\GURSKRELF VXUI
SKDVH WR DYRLG WKHKMHEDXCOWM RRQSW BN HKU UHQ VEZ DWW X G
XVHGBY D VXUIDFWDQW EDMWHIMDRQOHWKHH QW ZKHQ@HMKIH &
LGHQWBRIOHAELQ\O DOFRKRO ZzDV VHOHFWHG DV D VWDELO
ZKLOH HWK\DDNFXWDHIOMWHKH RUJD (RUFFKROHKQ WLQLPXP HIIE

WKSHURWHWQ XFWXUH DV ZDV HVYSNODQOBGYVLEY BMKRIFHVV

SURWHRMGHG QDQRFDSVXOHY ZHUH SUHSDUHG LQ WULSC(
ORDGLQJ E\ D : 2 : GRXEOH HPXOVLRQ VROYHQW HYDS:

PHWKRG DV GHVFULEHG SUHYIRXWO\ LQ WKH OLWHUDWX

J)LIXUH $ GLDJUDP VKRZLQJ WKH GRXEOH HPXOVLRQ PHWKRG SURFH
$GDSWHG>IU®P
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SUHSDUDWLRQ RI SRO\PHULF QDQREDSVXOHV 31&V

%ULHIO\ IRU WKH IRUPXODWLRQV SUHSDUHG E\1DQR

SXUH ZDWHU !4 WRLIRQP SURW WIKH LROVHVICROD DTXHR X
ILUVW SRXUHG LQWR PO RI GLVVRDQMIRIS RQ\FCHMLE KARO
DFHWD®WE FRQWDLQLQJ$IWHSZQUGY WKBHWERVRIQE¥BW

XVLQJ D SUREH VRQLFDWRU IRU VHFRQGV DW ZDWW\

$6 VKRZQ’DREOH WKH IRUPXPDMW ISRIGISBAOARHUGS LQJ WR WKH Gt
HISHULPKRWHIRNKHLU FRPSHRYH W DRQH K DZDRMBNUH Q MWH &/ K H
FRUH RI VRPH IRUPXODWLRQRO0DW PRI A MOIUPWOR Y/ LR Q\

WUHKZORVGLVMROWKE LQWHUQDO DTXHRXV SKDVH ZLWK

$IWHU WKH ILUVW KDZ% HERREOQNWD R@WGE DGWRGWKH P@ H[W
DTXHRXV SKDVH ZKLFK FBQOODMOMFERKREROr 39% WR SUI
VHFRQGDU\ DTXHRXV HPXOVLRQ YLD VRQLFDWLRQ IRU

VRQLFDWLRQ KDV WDNHQ SODFH D GRZXEWHRMHPRGVLRQ R
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SUHSDR@WL SRO\PHULF ODORFEDSVXOHV 31&V E\ 6 :

JRU VRH HPXOVLRQV WEKHWXURMWWHLRIX XWVH WELHKIFAVROAHY XV S |
LQ WKH RUJDQLF SKDVH DQG VRQLFDWHG WR SUHSDUH W
7TKHQ DOO IROORZLQJ VWHRBY RH BH &N SWKIS DPHOIMW LRQHG

GRXEOH HPXOVI6RHE WHRMK R G

7KH ILQDO HPXHYLBRIYPG EDQR@ GRXEOH GRXBHIEREQ 2 :
V\VWHPV ZHUH WKHQ PDJQHWLFDOO\ VWLUUHG IRU ILIWF
f& XQWLO DOO WKHADRUEBRRI G HWRHDO\H ENNDHS R UDSEHAG WL R Q
RI WKH VROLG QDQRSDUWLFOHYV LQ DTXHRXV PG ZD VKHE
IRU IRXU WLPHV IRU P L Q X WAKW. O/DHHRGS H U D 8VPX D MV& IDV/AKMHR V
FHQWULIXJLQJ KDV EHHQ SHUIRUPHG WR UHPRYHHQWKH
SRO\YLQ\O DQ®KKIROUHH SURWHLWHIWRPOWKXKDVH RI WKH
ORUHRYHWKBVODVW VWHS LQ VROLG SRO\PHULF QDQREF
IRUPXODWLRQV 2HXNHE RORQALRQQR WK Wf & DQG MKHGH LE\G
LW/ HQFKWRS )UH¥®WIRSKDHK®OHU P 7RUU DRGUMHM]LQJ
WHPSHUDW X Ufl& RRU KRXUV XQWLEMMWMKHHHEHRHXADW®\L BROQF

7TDEOHVKRZV WKH FRPSRVLWRIQMRBDORERRUVBWLRQYV
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7TDEOH 7KH UDZ PDWHULDOV DQG WKHLU FRQFHQWUDWLRQV XVHG
E\ WIKIRXEDRHX OV LILFD W LR DR TXH\R X R @GROERSU H

JRUPXODWLR! ,QWHUQDO 2UJDQLF SK ([WHUQDO DTXHRX
SRO\PHL
PJ SURWE PO :DWHU
) PO HWK\O
PO :DWHK J39%
63%1
SRO\PHL
PJ SURWE PO :DWHU
) PO HWK\O
PO :DWH J 39%
63%1
S®\PHU
PO :DWHU
) PJ SURWH PO HWK\O
J 39%
63%1
SRO\PHL
PO :DWHU
) PJ SURWI PO HWK\O
J 39%
63%1
SRO\PHL
) PJ SURWHL 50 HWK\O PO :DWHU
PJ WUHKDC 3 398
63%1
SRO\PHL
PISURWHL PO :DWHU
) PJ WUHKDOR) PO HWK\O
“DWHU J 39%
63%1
SRO\PHL
) PJ SURWHL 50 HWKL\O PO :DWHU
PJ WUHKDC 3 398
63%1
SRO\PHL
PJ SURWHL PO :DWHU
) PJ WUHKDOR) PO HWK\O
"DWHU J 39%
63%1

&RSRORPHU 3RO\/DFWIFREDSURODFWRQH

&RSROKPHU 3RO\ 'DFWIFRERDSURODFWRQH

) IRUPXODWLRQ FRQWDLQLQJ HLWKHU O\VR]\PH

39%3RO\ YDQF®RKRO
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&KDUDFWH WPHM KR &R\D

$IWHU WKH SUHSDUDWLRQ RI WKH IRUPXODWLRQV Wt
HQFDSVXODWLRQ HIILFLHQFEL RCURDIFUMM HWV HR | WKKIH H G
SURWHLQV DQG WKH DFEHORYPWE DWDRERQWIDMNHD SODFH
FKDUDFWHULVDWLRQ PHWKRGRORJLHV ZHUH DGDSWHO{
PRGLILFDWLRQV WR VXLW WKH GHVLUHG T X\DKIPIDW \RF 8 UV
G X UL QB KDKH PWHSBIRFHVVHV HWMWXWH ZPV FKRVHQ WR EUHI
VKHOO LQ RUGHU WR FROOHFW WK UHIDEWRE BN Bl W ¥ IGUS W
TXDQWLILFDWLRQ RI WKH SURWHLQV ZDV SHUIRUPHG E\
VLIQLILFDQFH RI WKH |IDFV\ROULW R Q QVK BN RIBRW WURMN O D W
ZDV REWDLPKGWEWBUUHVVLRQ DQDO\VLV RI WKH PRGHI

IROORZLQJ HTXDWLRQ

\ [ [ [ R R R R (TXDWLRQ

7KH GHWDLOV RI WKH FKDUDFWHULVDWLRQV ZLOO EH GL

S UR MBHPRW L RLQV V  V XLIR\QHF W

SUHGLFWLRO DOG RSWLPLVDWLRQ

7KH IRUPXODWLRQ IDFWRUV ZHUH RSWLPLVHG WR REW
IRUPXODWLRQ FRGOIDWWDRDVQZWIKFK GHVLUHG FKDUDFWHU

FKDUDFWHUKLKN VRISPAYL P L VADHMICR @ HKDEIRWHKHHG 02''( VRIWZDUH
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WDNLQJ LQWR FRQVLGHUDWLRQ DOO WKH IDFWRUV DW

REWDLQHG UHVSRQVHV E\ SHUIRUPLQJ WKH H[SHULPHQW

$IWHU KDYLQJ WKH VXJJHVWHG VHW SRLQWV WKH WZR
ZHH SUHSDUHG E\ WKH GRXEOH HPXOVLRQ PHWKRG DW V

SURFHVV SDUDPHWHUV ZKLFK KDYH EHHQ DSS ®HHG®/ IHDQ

7TKHQ DOO WKH SUHSDAHGHKBUBD KOBWHYWWEM HQFDSVXO
HITLFLHQF\ GUXJ UHOHDVH DQG WKH ELRORJLFDO DF
FKDUDFWAHUMRASDDIYPG SDLWH®W KDV EHHQ FDUULHG R
VLIQLILFDQW GLIITHUHQFH EHWZHHWKHKBELGHWFHRI HWKD

H[ISHULPHQWV WR SUHGLFW WKH RSWLPDO FRQGLWLRQV

IDOLGCGIWOIRDSSBYILWBHYHORSHG VWUDWHJ\

7KH VWUDWHJ\ RI GHYHORSLQJ SRO\PHULF QDQRFDSV
LOQWHQGHG IRVYHRVE®PHGHBNGSUHSDUDWLRQ RI 31&V FRQW
DQG WUWWHYU WKH RSWLPDOKIDIG EBUENSODW GRMYG FKDUI
D WKHUDSHXWHR[S bGRERIQRFOBIWWHOHFWHG WR EH HQFD.
31&V DW WKH VDPRHOREWLRDY WR YDOLGDWH WKH GHYH!
'HR[\ULERQXFa@BUMH  HQ]J\PHLWYKHEKDY D GUXJ RI FKRLFH
ILEURVL® DV VHOHFWHG WR SUHSDUH 31&V DW WKH R

FRQWDLQLQJ 3G&EW HAHRFWEHE\GRXEOH HPXOVLRQ PHWKEF
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SUHSDUDWLRQ FRQGLWLRQV DQG SURFHVV DWWUKHXW!

SUHSBUKE ZDV LQYHVWLIRWRE UESKHROEKH YV F UGHEHW LIRQ

ORUHRYHU WKHLU HQFDSVXODWLRQ HIILFLHQF\ GUXJ L
'1DVHZHUH DOVR VWXGLHG (QFDSVXODWLRQ HIILFLHQF
ZHUH FDUULHG RXW E\ SRO\PHULF VKHOO EUHDNLIQQ GR
TXDQWLILHG E\ 6(& DV GHVFULEHG IRU O\WR]\PH DQG \
DFWLYLW\ Rl WKH HQERBV XFOHDWB\GHREO WH F W L Q JDWW H U 1\ K
VKHOO EUHDNLQJ GRZQ DQG SHQIRRIPWQBE WKWD\1DVYBILQV

GHVENG E\ @

%LRORJLFDO OGFRIMNYLBERRXFOHDVH

7KH ELRORJLFDO DFWLYLW\ RI '"1IDVH , LQ WKLV VWXG\ ZLC
DVVD\ SURFHGXUHV H[SODLEQHIEBY WE&H @ XWEISK IPHHYGEKR\G H
XQLW] > @7KHDWHWKHOHDWRUKRKNBGAWBUQNDJH RI '1$

FRQVLGHDHGBWRILRDSV,IBFW LY L& \

,Q WKLV PHWKRG VROXWLRMBDER QABHDIWIDXWHBQVKDW ZD
DFKLHYHG E\ NHHSLQJ WKH RD$G VIRRODPNRQNGR\YLO '1$ ZD
FRPSOHWHO\ GLVVROYHG '1$ ZDV IXUWKHU GLOXWHG |
VROXWLRQ FRPB®\RHG RO BY PO RI PO RABI2IUHVKO
SUHSDUHG Z)XUMWEKBDWHU ZDV DOEHX S RVRH YRPOXPH

DQG WKH FRQFHQWUDWLRQ RI '1$ DFKLHYHG ZDV Z "
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+RZHYMWDQGIDWEGHVROXWLRQ ZDV SUHSDUHG E\ GLVVROY

IXUWKHU GLOXWHBEMNWWRBHU PEDBWAWKHVRFWLY LW\

Q RUGHPHDVBWKH DFWLYLW\ RI HQF MSWK YBWEB G ZIDN B LV
HWK\O DFHWDWH SUHYLRMXWOLRHVKFHWREROXR@BA RI WK
HQFDSVXODWH®IWBYHVKHOO EUHDNLQJ ZDV SUHSDUHG

WKH VWDQGDUG VROXWLRQ FRQFHQWUDWLRQ

7KH ELRORJLHDY DEWQORLMWWKE HQFDSVXODWHG 'IDVH , L
)RU DVWKH NLQHWLF UHDFWLRQ ZDV FDUULHG RXW D¢
PHDVXUHG DV D IXQFWLRQ RI HQ]\PDWL F HDFMARX\U H KD

PO ZLWK PO RI '1$ \WRHE) ]\ PRHOKRII WHP S H UBIW K WH[RRX U H
ZDV PDLQWIW/L P& G\ X DVQIADMFHU EDWK 7KH NLQHWLF UH
RXW E\ PHDWKMLRKID QJLQEMVRUBKEBMHOHQJW K QV K®P

VLQJOH EHDP VFDQQLQJ 89 9LVLEOH VSHFWURSKRWRPHW

7KH ELRORJLFDODGHAMWHWYEMWXWVEQJ WKH PD[LPXP OLQHDU L

Rl '"1DVEHHU PIMFDOFXOBWRIGEGLQJ WR WKH IROORZLQJ HTXI

"e§™ onyRU 3R anURT nf", 0, SEo o o.
> 2L Ca884TXWLRQ

U4 U Bup

9RO XPHOWH RULWDKN D\
YROXPH RI HQJ\PH XVHG LQ HDFK WHVW
Gl GLOXWLRQ IDFWRU

0$ QP SHU WKH XQLW GHILQLWLRQ
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7KH SHUFHQWDJH RI WKH PDLQWDLQHG DFWDYLRBRHN>RUHGK

DFFRUGLQJ WR WKH IROORZLQJ HTXDWLRQ

g ™ :q"%oi_TM)*ipVSZ(STMU-

n..’...%ozﬂ:%og.é.g{;’.~”-§T’\"’:r~<Tijz:tTMur ~««« (TXDWLRQ
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SUHIDVWLRO DOG FKDUDFWHULVDWLRQ RI SRO\PHULF

O\VRI]\PH DOG WU\NSVLO LOWHOGHG IRU RUDWL[URX

OHWKRGRORJLHYV

SRO\PHULF 1DORFDSVXOHYV 31&V 3UHSDUDWLRQ

7KH SRO\PHULF QDQRFDSVXOHV DUH D QRMHMH WKW BU®
DUEHLQJ FRQOMIKB WKH SRO\PHULF VKHOO ,Q WKH OL\
DSSOLHG WR SUHSDUH WKH 31&V FRQWDLQLQJ GLIIHUH
> @HPXOVLRQ SL@SRAREHU PRIEBMMHU E» O@HRXOVLRC

FRDFHUYY D DVWILIR@QG GRXEOH>HRXOVLRQ

, Q WV WRHUHQW UHVHDUFK WKH SRO\PHULF QDQRFDSVXOH
GRXE®WMHXOVLRQ VROYHQW HYDSRUDWLRQ PHWKRG YLD
GHVFULBHGEWIORQ +RZHYHU VRPH IRBIRXOOGCWYHQRBSH G

6HOHFWLQJ WKH GRXEOHHMPXDOWRIKFEW RPH VBKRIGLRXYV NQR:Z
UHOHYDQW OLWHUDWXUH | PQRBEX WEW LRHU LIRYNHGVYUBIN VP H

BHFWLRQ
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(QFDSVXODWLRQ HIILFLHQF\ RI SURWHLQV

3RO\PHULF QDQRFDSVXOHV HQ F DEH/ X6 DWH [EBRPE QIDIE X Q B Q/F\C
DFWXDO SURWHLQ DPRXQW ORDGHG LQVLGH WKH SRO\P|
WKH GQWHIRK P XOHDWRHH RPXEHBSSO\LQJ WKH SUHYLRXVO\ G

> @LJIXUH
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Two phases, 1- Solid

Drying the pellets under Add 1 mil water to
fume cupboard for ¥z an

hour.

20 mg PNCs powder pellets: water soluble and

Stirring for 2 hours &
centrifuging.

in 2 ml ethyl acetate

non-soluble components,

the pellet.

and 2- organic phase,

Stiming for 2 hours
& centrifuging.

Two phase system

Supernatant Containing i.e. agueous

Analysis of

supernatant by SEC Discard the pellets

supernatant and

the protein.

insoluble pellets.

Chromatogram

Substitute in
calibration curve.

Amount of encapsulated drug

The initial drug used in the formulation EE% obtained
1003 i ;

Curves integration and finding peak
area

JLIXUH (QFDSVXODWLRQ BNMXPHPHROWNWHS E\ VWHS UHSUHVHQWHG LQ D VFKHPDWLF GLDJUDP
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$V LOOXVWUDWHG GQDWK BPUKQHPOMERO\PHULFE VKHOO ZD
GRZQ DIWHU D VXVSHQVLRQ RI QDQRFDSVXOH LQ
PDJQHDMO\ VWLUUHG XQGHU IXPH FXSERD UG QRAULRLUIKR K G’
PLQXWHVY DIWSP WHKEBOHWY ZHUH FROOHFWHG DQG OHIW »
KDOI DQ KRXU WR GU\ DQG WKHQZDWHSHDGEG/ WQUPEG IR
DOMKH SURWKBLYVROIXKHGVXVSHQVLRQ ZDV FHQWULIXJHG
FHQWULIXJH +HWWLFK FHQWULIXJHV *HUPDQ\ DW
VXSHUQDWDQW ZDV DQDO\VHG E\ XVLQJ 6(& WR GHWHUPF
VDPSOH DKM KKWWUDSPHQW HIILEFLHQF\ ZDV FDOFXODYV

IRUP X0

mee>"8e @& " %o f—™> $§76 I
(( zZz z m“->"§-CE”-§-i‘S’”>->TM<S"§Z<(E-““>'¢§--HUUU«««««««««« (TXDWLRQ

SDUWLFOH VLIH RI SURWHLQ SRO\PHULBRWDQRFDSVX

7KH SRO\PHULF QDQRFDSVXOHV |IRBKRRXOBEWHRRR $WUMPLIR
FKDUDFWHULVWLFV ZKLFK VKRXOG EH HDWPWQHGHDWAGHFR
WKH SKDUPDFRNLQHWLFVY FKDUDFWHULVWLFV RI WKH

DEFRUSWLRQ E\ FRQWUROOLQJ WKH NLQHWLFV RI WKH C

> @

'\QDPLF OLJKW YRAIBWMHURRNKDYHQ ,QVWUXPHQWYV &RL

XVHG WR GHWHUP L QD WK HF RDWREQISYJ SURWHLQYHMUW
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SUHSDEUHMXVSHQGLQJ |88 HINWHBQRFDSVXOHV LQ PO R
ZDWHU ! 4 0L IOVHU ZDVIKGH/ UHVXOWLQJ VXVSHQVLRQV ZH
IRUPLQXDVHG WAHKHIH O®IZNDWHU EDWK VRQLFDWRU IRU F
GLDPHWHUV ZHUH PHDVXUHG L DWWLFOHFDWH BWYWUY KED

XVLQJ G\QDPLF OLJKW VFDWWHULQJ WHFKQLTXH

OLFURVFRSLF LPDJLOJ RI SRO\PHULF QDQRFEDSVXOHV

7UDQVPLVVLRO (OHFWURQ OLFURVFRS\ 7(0

7(0 +LWDFKL + WUDQVPLVVLRQ HOHFWURM®SGRFH® VW
LQYHVWLIJDWH WKH PRUSKRORUR W H 8 WaAF WEADWKDD. QEQLUH G
XVLQJ QHIJDWLYH VWDLQLQJ WHEKQLTXH ZY RI VRGL
RI 31&V VXVSHIWDBQRILHG PHVK )RUPYDU FRSSH $0UDRG
6FLHQWLILF 8. RQ SDUDIILQ DQG WKH VDPSOH ZDV DO
URRP WHPSHUDWXUH “ f& IRU  PLQ@DYVKWHHEYNEY DV X
GURS RI Z Y RI VRGLXP VLOLZARW B S I@WHDGRIG RO W L

UHPDLQLQJ XRWY XWKIHRD UHKRHY REWDLQHEZ VS HAMAWHQ REV

XQGHU WKH 7(0
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QO YLWHIRHDVH RI WU\SVLO DOQG O\WRIJ\PH LQ 6LPXOD

DOG 6LPXODWHG  OWHVWLQODO JOXLG 6,) ZLWKRXW

,Q RUGEBHMYWR RS DY RUDOV\\GWMIOR WKH UDWH RIEGUXW MG
LQ VLPXODWLRQ FRQGLWLRQV 7KH SURWHLQ GZIDNV Ut
GHWHURROQWICP XODWLRQ JDVWULF IOXLGV 6,) DQG VLPX
DQG KRXUV UHVSHEKMVIHHOCPHWVZLWRRK 62HDIQ G BH)SD U
DFFRUGLQJ WR %YULWLVK>S33K@YRDPARBBRLOLIHVWLYZHHR]\FP
DGGH&G YDV SUHED PHE-QJ PO RI 0 VRGLXP K\GURJLC

POYVROXWLRQ RI ZY 3RWDVVLXP '"LKBRURIGI® 3KR®S
RR1DQR 3XUH ZDWHU 7KADQ)V WKMWMHBEXIUWMAK 1DQR 3XUH Z
ILQDOO\ WKHDSH D@NBXHIVGIGLQJ IHZ GURSV RI GLOXWHG
WLOO +RBMYHU 6*) ZDV REWDLQHG E\ GLVVROYLQJ J
LQ PO RI 0 K\GURFKORULF DFLG 1 +&0 DQG PDGH XS
7TKHREWDLQHG 6*) VROXWLRQ KD@MXKH GIXINDNOOHDVH LC
HI[DPLQHG RYHU KRXUV DW WHQ GLITHUHQW WLPH SRLQ

KRXUV ZKLOH LQ & OWHKWHGADM VWXGLHG DW ILYH W

DQG
3RZGHU QDQRFDSVXOHV FRQWDLQLQJ PJ HQWUDSSHG
6,) S+ ZLWKRXW SDQFUHDWLQ DQG LQ 6*) S+ ZL

ZDV GLYLGHG® AUHEZRFESBS QGRIWDVFK FRQWDLQVY SBRWHLQ
YLDZHWH LQFXBDWWIGDNHU ZDWHU EDWK XQGHU VKDNLQJ
f& DQGYRRBYV FROOMFWBIEBK WLPH SRLQWZHWDH SHHORDF

LQ WULSOLFDWH
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(SSHQORODAHNWH WDNHQ DQG WKH VDPSOHV FHQWULIXJHG
WKH SHOOHWV ZHUH FROOHFWHG DQG WKH VKHOOV Zt
XQUHOHDVHG SURWHLQV ZHUH FROOHFWHG E\ DSSO\LQ
6HFWLRQ3URWHLQ UHOHDVH IURP SRO\PHULF FDSVXOH\
TXDQWLILFDWLRQ RI SURWHLQ DPRXQW UHPDLQLQJ LQ
GLVUXSWERQ WKDW WKH DPRXQW RI SURWHLQ ZDV GHW!

WKH IROWTIRXDWIORQ

E2CCcE™ S agcer L LOBTZLCET (TXDWLRQ

/[\VR]\PH VWDELOLW\ IURP OHDNDJH DQG SHUPHDEI

6LPRXDWHG *DVWULF JOXLG 6*) DOG 6LPXODWH ,QWl

GLIJHVWLYH HQ]J\PHV

7KH QDQRFDSVXOHV FRQZWWDH QLORAXBD®WELQG 6,) FRQW]
GLJHVWLYH HQJ\PHV DW  f& IRU KRXU DQG KRXUV L
ZDWDUULHIGQ RRRWGEHHWHMR PLQH WKH SURWHFWLRQ RI HQ\

SUHVHRQIFIDVWULF DQG LQWHVWLQDO HQJ\PHV

3HSVLQ ,8 PO LQ 6*) DQG WU\SXYHOQH S USTSHRRIGE 6Q@W R
DOG WKH LQFXEDWLRQ WHVW LQ ERWK VROXWLRQV ZD\

UHVSHFWLYHO\

I1IDQRFDSVXOH SRZGHU RI HDFK O\VR]J\PH IRUPXODWLRQ

ZDV VXVSHQGHRO RI HDFK HQ]J\PH VROXWLRQ LQ VFUHZ FI
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WKH FRQWURO VDFASIWH BYVR]\WEKDW ZDV GLVVROYHG LQ
VROXWILRGIU WKH LQFXEDMDIRQ H HHQPMIUW I XJHGUSP IRU

PLOQXWHV ZHOWHFRY DHFVHG PO RI WULIOXRURDFHW
DGGHG WR WKH SHOOHW WR LQDFWLYDWH WUDFHV RI HQ
> @6XEVHTXHQWO\ WKH SHO@HWNVZEIUMKZORVWHE LRI W
VXSHUQDWDQWY ZHUH EHLQJ WDNHQ WR WUDFH WKH GLF
WKDOWKH DPRXWQXW RHPDLQLQJ O\VRANRIM LGH W/HED OHRIQE W K

6(& DIWHU EUHDNLQJ WKH SRO\PHULF VKHOOV E\ DGGLQ.

(IHHW RI WKH FRSRO\PHUY DOG WKH SURFHVVHV RQ V

DEWLYLW\

7KH HIITHEW Rl WKH XVHG UHDJHQWY LQFOXGLQJ WKH SR
RQ SURWHLQ ELRORJLH[D® LIBPSIMYK MWL NWX6GV 3URWHLQ E
ZDV WHUPDQWBU GLVUXSWLQJ WKH SRO\PHULF DUKXG QWX HEQ
E\ PHDVXULQ@IQG® "$ZLWKLQ PLQXWHV IRU O\WR]\PH DQG

DV GHVFUGHHWLIRY DOQGHFWLRQ

/KH VWRUDJH VIWOMKIHO LA ROWHULF 1DORFEDSVXOH

FROWDLOLOJ O\WWRIJ\PH DQG WU\SVLQ

7KH HQFDSVXODWHG SURWHLQV LQ WKH 31&V DQG WKH

ZHUH FDUULHG RXW WR H[DPLQH WKH ZLWKVWDQG SURYV
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7KHUHIR UWRHJ XYW URIQWI RVUW&UHH GLITHUHQW VWREOJIH
GLVVHFWRU : f& DW UHODWLYH KXPLGLW\ DQG

VWDELOLW\ ZDV VWXGLHG WR LQYHVWLJDWH WKH ELROR
WHK SK\VLFDO VWDELOLW\ RI WKH HQFDSVXODWHG SURWH
ZDW[DPLQHEQPWO\VLQJ WKH SURWHLQV DIWHU EUHDNLQJ )\
E\ 6(& YLDBRWBKH HORQIBGYDORBWWRGY LQ WKLV UHWIBDUF

HDUO IBHEW DR Q

ORUHRWHKWH ZDWHU FRQWHQW RI WKH 32EWY GRWG BV LIRHGE X

JLVKHU 7LWUDWLRQ ) 7TLWWDIRG THWWHBRKP7 6ZLW]HU

7KLV LV WKH PHWKRG W KDWHLFLX WK® NV RRROMWH.@W WK G U\
> @ 7KH SULQFLSOH RI WKLV WH¥KQUVI B VBG R[@ OYLIR) W X
UHDFWLRQV DQG WKH DPRXQW RI ZDWHU UHTXLUHG WR
HVWLPDWLRQ RI WKH PRLVWXUH SJUHVMERIMFDQ BHRWWLR(
DONYOBWMDY WKH SURGXFW E\ UHDFWLRQ RI VXOSKX

e« (TXDWLRQ

52+ 62 51 < >51+@6R«x««««««««« (TXDWLRQ

+RZHYHU WKH VHREROQG DO IRAWGDWLRQ UHDFWLRQ WKDW

31&V VDPSOH ,RGLQHIBRIG DD NHDIHQW« (TXDWLRQ

>51+@62 5 , + 2 51 : >51+@62 5 >51+@, ««kKkXBWLRQ

'KHUKH LV YDULDEOH DQG JH QKHR®NDWRXEHSUHVHQW YV
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,Q WKLV PHWKRG GU\ VDPSOHYV ZHRHOIQXGNW R B XZHNGH UQRWR
UHDFWBUHMMNM@WDUU\ RQSUBIDFBHWRRH 31&V XVHG LV DOZ

DQGUPRDOO\ UDQJHVPIURP

,Q WKLV VWXG\ WKH PRLVWXUH RI 31&V FRQWDLQLQJ WL
HVWLPDWHG $00 WKH UHDGNKQUS OZE OMBR EHW Y DEDHKG! LZD V
WDNHQ %HIRUHIHDWBWE®J DL WRHWIZ LW K 7L VWDQG (

6ZLW]HUODQG ZDV FDOLEUDWHG ZLWK D VWDQGDUG VRC

[LTXLG IRUPXODWLROV FROWDLOLOQJ O\WWRI]\PH DQG WU

&KDSWHU VHYHQ OHWKRGRORJLHV

'HVLIJQ RI HI[SHULPHQW

JRU O\WVR]J\PH WKUHHSGHHNVLPHRWIZHUH EXLOWRXR SURSZ
IRUPXODWLRQV ZLWK GLITHUHQW FRPSRVLWLRQV 7KUHH
EXIITHUV ZHUH XVHG LQVBHGOG UMW LWRWVYXR DVFRUEDW
WUHKDCGRVH YV D IXO0 GHAMN RQ IHR P S R \GNL & VIRD FWKBJHE H D F K
IDFWRU KGNV IWBDRIWOV QR EXIIHUV ZHUH XVHG LQ WKLYV
DQG '2(F IUDFWLRQDO GHVLJQV (DFK GHVLJQ FRQWDLQ)

RI WZHRXW O\WR]\PHRRUPEOBWL
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7DEOH $ WRWDO RI  O\VR]\PH IRUPXODWLRQV LQFOXGHG LQ WKUH
H[SHULPHQWYV '2(D '2(E DQG '2(F

RUPXOD
) U, © 3KRVSKI &LWUDW S+ 1D 7TUHKDO

2 ( PO $VFRUEI

"2 (D /D
/D
/D
/D
/D
/D
/D

/D

2 (E /E
/E
/E
/E
/E
/E
/E

lE

2 (F /F
/F
IF
IF
/F
/F
IF

/F
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2Q WKH RWKHULYLIRKR PWODMWLRQV ZHUH SUHSDUHG DFFR
GHVLI@KR{SHULPHRWU IDFWRUV ZHUH FROOHFWHG WRJH\
HDFK IDFWRU KDV WZR OHYHOV (DFK IRUPXODWLRQ ZD
FLWUDWH EXIIHU DOW ZRWRWBOXURQLF ) DW WZR GLIIH

ZyRU ZY 7JUHKDORVH ZDV DOVR XVHGDE®WH PO RU QI
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7TDEOH $ WRWDWWRISVLQ IRUPXODWLRQV LQFOXGHG LQ RQH IXOO IDF

%XIITHU FRQFHC 3O0XURQLF 7UHKDO
JRUPXOD! %XITHU W

PO Zy PO
7 3KRVSKD
7 3KRVSKD
7 &LWUDW
7 &LWUDMW
7 3KRVSKD
7 &LWUDW
7 &LWUDW
7 &LWUDW
7 3KRVSKD
7 &LWUDW
7 3KRVSKD
7 3KRVSKD
7 &LWUDW
7 3KRVSKD
7 &LWUDW
7 3KRVSKD

$129% WDEOHV ZHUH HVWDEOLVKHG IRU HII/VAK GMMDAQ V W
SDUDPHWHUV $00 '2( ZHUWHH & XE\OXW ID@IGORQD O\ 8PHWU

8PHD 6ZHGHQ $00 OHDVXUHPHQWY ZHUH SHUIRUPHG L¢
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6DPSOHY SUHSDUDWLRQ

$00 IRUPXODWLRQV ZHUH SUHSDUHG E\ GLVVROYLQJ WK
VROYHQW PHGLD 1DQR SXUH4 ZRWHEXIIHUV DWOPHUWD L
DFFRUGLQJ WR WW KHESHMLLUIBNVQEH W D L O H @ DHE DO RRED BLH
7KH ILQDO SURWHLQ FRQFHQWUDWLR G QR UE XDHAKHW D
SUHSDUHG DFFBKOUGRAWER XQOHVV PHQWLRQHEO®RW
IRUPXODWLRQV ZHUH ILOWHUHG E\ VI\ULQJH |NQDIBWS/ D
FDSSHG DQG VWRUHG LQ FDOLE&BWH® FPEER & G&MNXLR@N L
WKH IRIRRMOBR/QWDLQLQJ DVFR UEDEM HD REHG JWORDDY RWGC
DVFRUBBIWWDGDWLRQ 5HIHUHQFHV IRU DOO IRUPXODWLI

WKH SURWHLQYVY ZHUH DOVR SUHSDUHG DQG VWRUHG

7TRROER/HG IRU IRUPXODWLRQV 4XDOLW\ &RQWURO

$V W Rl SKDUPDFHXWLFDO GHYHORSPHQW 4XDOLW\ &R
DOO IRUPXODWLRQV ZIDGH | LQWHWE@®WILO DW\HIGQE\B ADW E il Y
DQDO\WLFDO PHWKRG LV D FULWLFDO GHFLVLRRO®DWLRJ
$QDO\WLFDO DVVD\V VHOHFWLRQ GHSHQGV RQ WKH SUR!
SURWHLQ IURP WKH OLWHUDWXUH DQG WKH IRUPXOL
SDWKZD\V RI WKH SURWHLQ LQ JHQHUDO DQG PRGNWQQU
ZHUH LQWHQVLYHO\ LQYHVWLIJDWHG E\ WKH UHVHDUFK

GLITHUHQW GHJUDGDWLRQ SDWKZD\V XQMFH WP B XOUL® WW K
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FRQWDLQ $VSDUDJLQH LQ WKHLU DPDRRRVRHAPGSHERBNE R/
GHDPL@DMQ® IUDJPHQWDWLRQ FKHPLFDO GHJUDGDWLRQ
DPLQR DFLG LQ WKHLU DFWLYLWLHV 7KXV WKH FKHPLFL
DQG WU\SVLQ GHDFWLYDWLRQ ,Q OLJKW RI WKH SUHY

SURYLREUBHPDEWWDLOV DERXW ERWK SURWHLQVY DFWLYLW

TKHUHIRWRH\PH DQG WU\SVLQ ELRORJLFDO DFWLYLWLHV
SHULRG RI WKH VWRUDJH E\ DSSO\LQJ WKH SRWHQF\ RU F

LQ WKMWBWRWLRQ DQEHFWLRQ

ORUHRYHU WKH SK\WLFDO VWDBIMNVWHWMHBR ®\K WEAR W g
PHWKRGV 6L]H ([FOXVLRQ &KURPDWRJUDSK\ 6(& DQG
EHKLQG XVLQHUWQR ®IQDO\WLFDO PHWKRGV LV WKDW S
DJJUHIJDWHV VROXEOXED@EGDQRUHJIDWHY 6L]JH ([FOXVLRQ
GHWHFW WKH VROXEOH DJJUHJDWHV GXH WR VBPIXEGBOY
DJJUHIJDWLRQV FIHG BEH §XDQWEGLWHFWO\ 3+RZ ELJ WKH
S:KLFK IRUPXODWLRQV EHFDPH PRUH RSDTXH DQG WXUE
PHWKRG +HQFH 7XUELGLPHWU\ PHWKRG ZDV WRRECEHOH

DJJUHIJDWLRQV

7KH VDPSOHV ZHUH ZLWIRGPEXDO WLRRWRKPG DQDO\VHG LI
DQG WXUELGLPHWU\ 6(& PHWKRG IRDVOBRUVEAVVYQGE WRHG

SUHYLRXVO\ LQ WKEWISRIRMHFW LQ

7TXUELGLPHWHU LV D VLPSOH KEARWUWXRKWRXHKBHN WV RQ B P®F
WA\DLFOVHG IRU FRPSDULVRQ SXUSRVHV RU WKH GHWHEF'

VWDELOLW\ VWXGLHY GXH WR LWV DEMROKE®R GHWHE
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5DWLR ;5 W XU EDGWPRIMSHDUB 6 $ ZDV YW\RHG HWKHORWMPR O XEOH
SURWHLQ DJIH¥HDWSNGY WRMARRUW KEMDWHK IR QVXUELGLW\ ZDV

L@QHSKHORWMWHEILLGLWABX QLW YV

7KH LQVWUXPHQW ZDV FDOLEUDWRG UWWHRKWDAHM R\ VIX K HQ
WXUELGLW\ VDAPCQ G DR ICMGEDHUIGH PDW FKHG RISQUWARIDIQ &\U W
GXH WR RSWLFDO YDULDWLRQV LQ FHOOV $00 FHOOV Z
PDVN VOLJKW LPSHUIHFWLRQV YIQDAWUIH JINODR/AO \$I0DY M D /.
WLPHVQWROJHP L[ WKH VROXWLRQ EHIRUH SODFLQJ WKH FH
ZHUH UHFRUGHG VHFRQGY DIWHU SODFLQJ WKH VDPF
QHFHVVDU\ FKDQJHV LQ WKH VHWWLQJ KDYH EHHQ PD

HORXJK WLPR EKW@HHY IRU WKH UHDGLQJ WR VWDELOLYV

JXUWKHUPRUH LQ RUGHU PAWRKHQNUWPEK OCKWMLRDIWHWQ G EXL
DERXW WKH GHIJUDGDWLRQ SDWKzZD\V FKURPDWRJUDSKL
DQG YDOLGDWHG WR DQDO\VHL 3/KHHQ MV LZSH WHH W D OKWHHIB |

XWLOEVIL&FROXPQ DV GHWDLOHG HDUOLHU LQ 6HFWLRQ

6WDELOLW\ VWXG\ DSSURDFKHV

$00 WKH SUHSDUHG IRUPXODWLRQV ZHUH VWRUHG XQGH
JRU WKH FRQVHUYDWLYH DSSURDFK WK HVKRWUPRGIHDWK R
FDOLEUDWHG WHPSHUDWXUH G&WZHG@Y HRRIR QWKW HHOD
WU\SVLQ IRUPXODWLRR¥QWHVSPBRMDWEIHDUHYVVLYH DSSUR
IRUPXODWLRQV ZHUK WW B PHEQ DWW R I f& “ & 5+ °
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DQG DFFHOHUDWHG FRQGLWLRQV f&+* TR DQ@H DR

PRQWKY UHVSHFWLYHO\

&RUUHODWLRQ

7KH SRZHU Rl WKH DJJUH VWIS HIES SR BREKH WBV D ELOL W)
O\WR]\PH DQG WU\SVLQ IRUPXODWLRQV ZDV HYDOXDWHG
PRPHQW FRUUHODWSLRMI\WRH | BLG-R W QW @R WEHH /DG NO QW R F
IRUPXODWLRQNONAQWKKHDFFHOHUDWHG VWDELOLW\ RI W
DQG FRUUHODWLRQ SURFHVVHV ZHUH GRQH IRU O\VR]\P
HDFK VWDELOLWL RDWHJIROLO DFWLYLW\ DQG SK\VLEDO V\
ZDV JHQHBDWKHE ELRORJLFDO DFWLYLW\ RIDORMHPER RE
VWRUDJHB[LYHUWXKH ELRORJLFDO DFWLYLW\ RI O\WR]\PH

VWRUDJBI[L®Q <

112



&KDSWHU 74XIHH W\ E
'HVLJQ 4E' EDVHC
SUHSDUDWLRQ RI
O\WR]\PH DQG WU\

IRUPXODWLRQV
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L OWURGXFWLRQ

3URWHLQ SKDUPDFHXWLFDOV KDYH HPHUJHG DV SURPL
\HDUV 7KH SURWHLRUP XQDWKKER@MS EH QRWWKHLBRQIRUF
WKURXJKRBWXWKFHW XULQJ PORFEBNRELFHRORILFDOO\ DFWL
ILQGLQJ VWDEOH IRUPXODWLRQV DQG WKHLU GHOLYHU\
SK\VLFDO DQG FKHPLFDO LQVWDELGLWRNW RIWDEROMHU G|
RQHV HYHQ GXULQJ VWRUDJHR ERY R WAHILE GH WRD G 1 YWH_UREX
UHDFWLRQV WKRVH FKDQJH WKH K\GURSKRELF QDWXU
GHVWUXFWLRQ RI FRYDOHQW ERQGV ZLWKLIQF YO VI

GHDPLGDWLRQ

'LITHUHQW DQDO\WLFDO PHWKRGRORJLHY KDYH EHHQ X\
WKHLU FRQWDLQLQJ IRUPXODW IERP@\R U L' BVUE\QDV MDHOF K/ L
XVXDOOWRKIBDGDFWHUXVE DQG VERULESD SWRWMLE) VWUXFW.
GHWHUPLQDWLRQ OLFUR 'ED®R Y QRESD R L FIRQ Q HTERI 3

GHWHUPLQHV WKH SURWHLQ FRQIRUPDWLRQDO VWDELOLI
DELOLW\ WR NMMBLXEOONWKGEHHG VWDWH X GHIB FRMD 'HQD
WHPSHUDWXUH 7P LV WKH SRLQW ZKHUH WKH SURWHLQ
7PYDOWHH PRUH FRQIRUPDWLRQ D OV WX XD EHRIVQHILHWI R
WR LQYHVWLJDWH WKH DELOLW\ RILGWHVBLDWVHYE MRK

VWDEL@L W\

$00 QHZ DFWLYH SKDUPDFHXWLFDO LQJUHGLHQWYV $3,
GHWHUPLQLQJ MKHRWGWIHHUHIJLVWHUHG 7KHUHIRUH Y
FKDUDFWHUWVKWRXWGRE)W FDUULHG RXW EHIRUH VWRULQJ W

'LVH DQG V\VWHPDWLF EDVH VHOHFWLRQ RI WKH IRUPXC
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UHVRXUFHV )'$ ODX @QARHCGEWHKINUAUXD 4E' LQLWLDKXDYOH W\
SURGXFWV ZLWKRXW H[WHQVLYH UHJXODWRU\ RYHUVLJK
REMHFWLYHV WDUJHW SURILOH DQG TXDOLW\ DWWUI
EHIJILQQLQJ 7KWRIHRBMMHMMHFULVN DVVHVVPHQW PXVW EH S
WKH SULRU NQRZOHGJH DQG SUHOLPLQDU\ VFUHHQLQ.
IRUPXODWLRQ GHVLUHG FKDUDFWHULVWLFY 7KH DLP F
SURGXFWYV E\ DSSO\LQJ VFLH@QWON.GLEDVAHD WIKX\WPR@®MD6 B ©
RI WHVWLQJ MDKR WGIOINWWHRD IDVWHU PQGLP?PRUREXFW SURI
GHYHORSPHQW DFFRUGLQJO\ UHGKFEHHERKH)SHRGRHQYWR C
PHWKRGRORJ\ LV BHR @ WSKSNONLBRIEEY ZKLFK WKHLU SUHVH

PD\ IRUP D SRWHQWRDO® XODWLWRWKKDQWLWDWLYHO\

SLPV DDEEMHEWLYHV

TR LQYHVWLIDWH WKH HIIHFW RI GLITHUHQW EXIIHUV DQC

7R DGRSW WKH 4E' DSSURDGKSU®R AMHKH/ R B PXFQUJDHWM IORW K H
QXPEHU IDERWWKNM VKRUWHVW SRVVLERHOGWLOB WIHKHDT XDE

IRUPXODWLRQV UDWKHU WKDQ WHVWLQJ LW ODWHU

7R RSWLPLVH WKH SURFHVV SD WDMNPW WIHEDRWHEXA-G (PID WR U

RIWXP IRUPXODWLRQV

7R SUHSDUH WKH RSWLPLVHG VWDEOH SURWHLQ IRUPXC

LOWHIJUDBI RO BRMGFWOON SURWHLQ
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SHVXOWY DOQOG GLVFXVVLRQ

AXDOEWHVLIPSOHPHOWDWLRQ

AXDOLW\ 7TDUIJHW 3URGXFWD BGBR&IUD MM FHTB KD O LW\

&43VLGHOWLILFDWLRQ

4733\ KDYH EHHQ LBWOWKHI UHGVW VWHS RI WKH 4E' SURFH
RQ WKH UHOHYDQW OLWHUDWXUH DQG JXLGHOLMXDWNXF
EHHQ GHWHWBDYPWEHGOQH|WEMIAHEBDWHUPLQDWLRQ EDVHG F
SULRU NQRADEOGHIKWWOXVWUDWHY WKH 4733V DQG &4%V RI
&4%$V ZHUH UHODWHG WR SURWHLQ LQWHJULW\ UHSUHVH
D FDSDEOH WRRO WR GHWHUPLQH WKH SURWHLQ LQWHJL
WHPSHUDWXUBQ "RQALFDWRU WKDW UHIOHFWYVY SURWHLQ

WKHUPDO SURFHVVLQJ
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7TDEOH KH GHVLUHG 74DWDIAHW 3URGXFW 368 RDUOWEW UFB® 4XDOLW\ $WW
&4/

4733V 7TDUJHW

'RVDJH IRUP 6ROXWLRQ

5RXWH RI DGPLQLVV 3DUHQWHUDO

6LWH RI UHOHDV} %ORRGVWUHDP

%LRORJLEDO DEWI $FWLYH DQG VWDEOH RYHL

"UXJ SURWHLQ
&RVW 5HDVRQDEOH
&4
7U\SVLQ 7P . f&
I\WVR]\PH 7P . f&
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SLM DVVHVVPHQW

$V DQ HVVHQWLDO VWHS Rl 4E' SURFHVV WKH ULVN KI
VI\IVWHPDWLF DSSURDFK $IWHU WKH 4733V DQG &4%$V |
URFHVY 3DUDPHWHUV &33V DQG &ULWLFDO ODWHULDO?
7KHQ WKH ULVN IDFWRUV KDYH EHHQ LGHQWLILHG E\ Ol
UHOHODWWUDWXUH 7KH VHOHFWHG IDFWRUV 3URFHVV S
SURSRVHG WR KDYH SRWHQWLDO ULVN RQ WIPBPH GURMWMDIP
KDV EHHQ JHQHUDWHG WR LOOXVWUDWH DOO LGHQWLILH
FRQGLWLRQV ZKLFK KDYH SRWHQWLDO ULVN RQ O\VR]\

YJLIXUH
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Environment
effects

Tampsracars

Asration

Microbiological contamination

Cleanlinss:

VP-DSC
conditions

Excipients

Praszure

Hzarins rata

Lowest and kizhest
temparatme

Imjection vohuns

Proszin stabdizer

Monr-fonic Surfactant

Amttogzndaomt

Tomic sorfactzant

pH conmoller

Amalyst sres:

Analyst fatze

Operator
attributes

Presamative
Agmagus
Armra and shisld: Crearic
pH

Comjuztion NEx of agosous

and arganic

Mion-aquenus water irdscible

Crystallization

Spray drying

Freazs drying

Co-zolvemt
Bauffer type
Buffer concenration
Buffer preparation method

Protein
processing

Vehicle
conditions

=78 °C Tm for
lysozyme

=65 0 Tm for
frypsin

JLIXUH )LVKERQH ,VKLNDZD GLDJUDP ZKLFK LOOXVWUDWHYVY WKH SRWHQWLDO ULVN FDRDRVQORDUXIDEFEWRU'

IRUPXODWLRQV
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$IWHU WKH SIRAMIBNRM HIOL G H QWY NDM@® Y VWHS KDV EHHQ |
7KH SRWKDRDWUEBY DQDDMWARUGLQJ WRXL&H@LQHHP\SOR\LQJ
)DLOXUH ORGH (MENEW)B@GDOKHQFH GHWBHWIRLIH®ULKH 1
531 DV GHVFBHEMGR® &ULWLFDO DQG ULJRURXV ULVN
ZHUH SHUIRUPHG EDVHG RQ WKH UHOHYDQW OLWHUDWX
WFDQHWO WKH IDFWRUV ZLWK 531 PRUH WKDQ ILIWHH:
KLIKLVINFWRUWIRKHU IDFWRUV KDYH EHHQ IRXQG WR V
DQDO\WHG IDBFWRWH YRIHEHYHU RIRMKE®® Z2BBW KRV HQ
EH LQFOXGHG LQ IXUWKHU PRGHOV VLQFMXFR FDAKSH WK

YDOXH LQ WU\SVLQ FDVMXAFK BVHQIRDHRAO VYR E GH QYW R VFD H

,Q RUGHYDWRDWH WKH ULYXNJBWVYNFSYRWWHQQWMUMHOFODVVLIL
EURBGWHJRULHYV L H IDFWRUV ZLWK PRUBGWKDFIL RG\V KO
PXOW LOHWHDF WRILWK RQO\ RQH XBDOKHLPHBF RWKHUV ZKL

HILVWHQFHRMKHULYBRWHLQ LQWHEHIHWO PGV KR X0 G
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Injection volume
Lowest & highest temperature
Heating rate
DSC pressure
Co-solvent
Non-aquoeous water miscible
Mix water-organic
Organic
Aqueous
Preservatives
Amino acid
Anti oxidant
lonic surfactant
Non-ionic surfactant
pH regulator
Buffer
Protein stabiliser
Buffer type
Buffer preparation method
pH
Buffer Concentration
Crystalisation
Freeze drying
Spray drying
Conjugation
Amino acid sheilds
Analyst stress
Analyst fatique
Age
Analytical error
Calibration error
Skills
Cleanliness
Microbio. contamin.
Aeration
Humidity
Temperature

Risk Priority Number (RPN) ¢ 10

20

30

40

50

60

70
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Injection volume
Lowest & highest temperature
Heating rate
DSC pressure
Co-solvent
Non-aquoeous water miscible
Mix water-organic
Organic
Aqueous
Preservatives
Amino acid
Anti oxidant
lonic surfactant
Non-ionic surfactant
pH regulator
Buffer
Protein stabiliser
Buffer type
Buffer preparation method
pH
Buffer Concentration
Crystalisation
Freeze drying
Spray drying
Conjugation
Amino acid sheilds
Analyst stress
Analyst fatique
Age
Analytical error
Calibration error
Skills
Cleanliness
Microbio. contamin.
Aeration
Humidity
Temperature
Risk Priority Number (RPN)

10 20 30 40 50 60 70

JLIXUH )DLOXBBH IHR@DO\WLYV YOUUBIKVKRZLQJ WKH SUHGHWHUPLQHG
DQG WKHLU UHVSHFWLYH ULVN SULRULW\ QXPEHU 531
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,Q RUGHUYUDWRDWH WKH UL VAL JWLKUDNFPVRRUHQ WH DD GROW KV HH
EURBGWHJRULHV L H IDFWRUV ZLWK PR UHHWMKDRID RGVH KO
PXOW LOHWHEDF WRILWK RQO\ RQH XBDOKKHLPHBF RWKHUV ZKL
HILVWHQFHRMWKHLYWRWHLQ LQW HEHUH W\O JDEEG YK R X BION

SRWHQKMLUIKOVYNFWRUV DQGZKRH WRBEBDNERUWHIELQJ WR WKH

HYDOXDWLQJ WKH ULVN RQ ERWK O\VR]J\PH DQG WU\SVLQ

7TDEOH3RWHQWLDOINMIREWRUY FODVVLILHG LQWR WKUHH @ RIUN URFDQWV
EH XVHG DW GLIITHUHQW OHYHOV DQG VKRRBGW® FEHWVLRFVK RIQ® \L R QYHR O
VKRXOG EH HPSOR\HG DWDHWHRGWNKR®XROG EH H[FOXGHG

SRWHQWLDKIOKNRW V /A\VR]\PH 7U\SVLQ

8VLQJ EXIIHU VDOW\
$TXHRXV YHKLFOH

%XIIHU FRQFHQWUD"

%XIIHU W\SH

S+

BURWHLQ VWDELOLYV

S+ UHJXODWRU RWK

1RQRQLF VXUIDFWD: 1RW KLJK ULV
,RQLF VXUIDFWDQW

$QWLR[LGDQW

2UJDQLF YHKLFOH

OL[WXUH RI ZDWHU F
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%DVHG RQ WKH GHVFULEHG D E RNKH SH UIHREHIMD @ HVBEH Q@
EXLOW WR DVVHWXVYIMKVWHNHWRBW RQ WKH SURWHLQV LQWH
WKH OHYHGQV WWWOREWDRUPXODWLRQV ZKLFK FRQWDLQ D
QDWLYH VWUXFWXUH 7KH GHWDLOV RDWK HWHV BE@ MEHIV@ M LI

LQ WKH IROORZLQJ VHFWLRQV

3UHOLPLODU\ S+ VFUHHQLQJ

7KH S+ KDV D VLJQLILFDQWPILAF®ODFWQRBQSKRWKF& VWDELO
S+ YDOXHV DUH OLPLWHG 7KHUHIRUH LW LV HDV\ WR W
IRU SURWHLQ IRUPXODWLRQV 7KH S+ VFUHHQLQJ WHVW
O\WR]\PH DV PRGHO SURMNWHIHORIWBRW 6 B/KH PRVW VWDELOI
IRU ERWK RI WKHK BRWBRISBFY Y PUN ZQVQSHUIRUPHGWKR R
RSWLPXP S+ YDOXH 7ZR S+ VFUHHQLQJ WHVWYV ZHUH FDI
'6& DQG ELRORJLFDO DFAMQIYRWWLIER BVYQ\ PHWKRGRORJ
FRQFOXGHG WKDW WU\SVLQ DQG O\WR]\PH UHWDLQHG WK

DQG UHVSHFWLYHO\ $ VLIJQLILFDQW GHFADHDV HFIRQ @/

ZLWK LQFUHDVKQH S +
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90

80

70 I
60 I
50 I
40 W Lysozyme
30 Trypsin
20
10

0 T T T T T T ]

3 3.5 4 5 6 10

2

Tm C°

pH

JLIXUH (ITHFW RI FKDQJHV LQ S+ YDOXH RQ XQIROGLQJ WHPSHUDW X!

JLIXUHVKRZV WK QWOHMH YDOXHV DW GLIIBWKHUM 5 +Z LYDH
YDULDWLRQ RDPR QD WXKHVYDULRX\$\S D YOPSIDPW X UR P

WKH WKHUPDO VWDELOLWLHY DV H[SUHVVHG E\ 7P YDO.
KLJKHVW DW S+ D Q G 0 R WHHR/\SRI®F RVELYHDAD\ DFWLYLW\ KDV
VLIQLILFDQWO\ E\ FKDQJLQJ WKH S+ RI WKH PHGLD 7
FRQFOXWHYW DV LW GHWHUPLQHV WKH ELRORERDBK DLR
FRQVLGHUHG SD FDXFWHDIOWMRWLQJ SURWHLQ LQWHJULW!
VWDELOLW\ VKRZHG WKDW WKH S+ IPBW@RH RQ VERK R FOAWF
WU\VSVLQ FRQIRUP DWW @ QM PDNWIEA. BDW\EHHQ SHUIRUPHG
WKH ELRORJLFDO TPHHNVDQIGNWBISOLMRPDW GLITHHHBLR GRJ
DFW L YRIVEVWHK/ S URW HL[G Y H\HUHS HUF RWAHDD D WQ WHR WHRH D Q C
WU\SVLQ DW S+ DQG  UHVSHRWKH HQY\ FDDAVRH QDAVIVADQ H

125



JRU HIDPW®H ELRORJLFDO DFWLYLW\ RI S+7DEOCOH\MRHBPH
JLIXUHUHYHDO WKH HIIHFW RI S+ RQ WKH ELRORJLFDO I
YDOXHV WKDW SUHVBBEWHE/WKMH [SUHRWHGQWR KDYH SHUFF

DFWLYLW\ RI HTXDO RU PRUH WKDQ

7TDEOH %LRORJLFDO DFWLYLW\ RI O\WWR]J\PH DQG WUHEIWIOW AT XLG VD

SURWHL't S+ S+ S+ S+ S+ S+

J\WR]\PH

7U\SVLQ

'DWD DUH H[SUHYNWFREH ORI MBIRUUHY YROQEHYJUHODWLYHO\N WR S+
O\WRI]J\PH DQG WU\SVLQ UHVSHFWLYHO\

T -
I . L I
80 I I
60 W lysozyme
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Biological activity %

JLIXUH %LRORJLFDO DFWLYLW, WUOBSVROQDIOH DL G VDPSOHY DW GLIIHL
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J)LIXUHDQBDEOHGHPRQVWUMWHHDKM LQ ELRORJLFDO DFW
S+ YDORHRVBKRWRAKEBVREVHUBGHGHGFEHY FRQVINVWHK QWKH U F
VWDELOLW\ REWDLQHG |UR®HWBIHYD HE& R OR MKEMDWS DFWLYL
REVHUYHG EHWZHHQ S+ DQG S+ IRU O\WR]\PH D@& W
UHVSHFWLYHO\ 7K EWHHUSHWVXIQYW.E ADED V L VD W KIDQNG
DONDOLQH PHGLD WULJJHU FKHPLFDO FKDQJHV LQ DPL
ELRORJLFDQDD/FWHBRREWMBULRWSURWHLQV GXH WR GH
DVSDUDIQGHIOXWDPLQH @HMDBXKEBWLRQ FRPPRQO\ RFFX
DQG QHXWUDO PHGIQ]\EDWEWREYBWUDDQGMS D U WBDWH XH \
XVXDOO\ PRGLILHG WKURXJK LQWUDPROHFXODU UHDUL
DVSDUDRUQNMVSDUWDDWS DOWR WN R $ VeSO D QLR WR QMY
O\WR]\PH DOYGQWELBORJLFDO D FWILKH \UF \N V YBQ & BIGWY BRd Y H
ERWK HQJ\PHV VXEVWUBDHR BQRHIUHD/F BAQ GS® WHFHW S UR W
VWDELOLW\ E\ PXOWLSOH PHFKDQLVPV H J K\GURJHQ EJ
HIITHFYRZ S+VQHHGMGPD[LPLVHSXOVLYH LQWH QD BWRRGH
PROHFXOHV DPIGQWRDIMHIMHR DW LR @ DG JDROLRQ>XQIR@GLQ
7KHVH LQVWDELOLWLHY XVXDOO\ DUH WULJJFWHRQE\ B
SURWHLQ VWUXFWXUH LV YHU\ \DHHVAWWLPYLHE DWOR DRG B R
GHJUDGDWLRQ &KHPLFDO DQRI|®/FH®RPLHINR &HUU DG BWA RIQ)

RWKHU

,Q FRQFOQXRLRQPQLILFDQW GLIIHUHQFH ZDV QRROAVRH G HE H
IRUP X O DML BQV DQG 7KHUHIRUH WKHVH WKUHH S

VWDELOLVLQJ FRQGLWLRQVLWA EH LQFOXGHG LQ WKH Gt
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% XIIHU VEFUHHQLQJ

%XIIHUV DUH XVXDOO\ XVHG WR FRQWURO S+ DQG VDO
UHSXRPY DQG DFFRUGLQJO\ RSWLPLVLQUJ>S @R WHIUL DI R WH
PDNHWKH VHOHFWLRQ RI EXIIHU W\SH DWURGVDOHEHBR
ORUHRYHUDW D PDWKHPDWLEDO WRRO ZDV DSSOLHG LQ
FRFHSW LPSOHPHQWDWLRQ W RZH WIXODX YN\[HI PVIARR RLEL V/ (9 LI
FKRLFHV ZLWK WKH XVH KFH/QDWHW FEDVU DWRHR O QG SKR)
FRPPRQO\ XVHG LORIPXIOGWHBER@DQG WKH\FIRRIHBQD H RI

S+ YDOXHY @

%DVHG RQQWBKDHIWUHVXOWV REWDLQHG®HEW®RPR®+ D6 UHHQL
EXIIMEUHHDRYBHRUPHG XVLQJ '6& E\(DBWOSEQJ '2 DQG
DQG IRU ERWK O\WR]\PH DQG WU\SVLQ UHVSHFWLYHO\
DQG PO )XOO IDFWRULDO H[SHULPHQWDO GHVLJQ ZLW
LQ LQWHUDBFHWEZR® PBHDWHG W R OHNMEIRQWARW W BRI G WKHLU
FKDQJHV UHJDUGOHVYV GRUQGMIDQUH B SR ®RQ@FLHY LQ DGGI

LQWHUDFWLRQV 7KH '"2(TV LQFOXGLQJ DIVAHW\RKIRZ @DHYHO

7TDEOHDQBGDEOH$00 WKHVH IDFWRUV DW GLIITHUHQW OHY
93'6& WR VFUHHQ WKHLU HIITHFW RQ WKHUPDO VWDELC

DFFRUGLQJ WR WKRVH UHVXOWYV
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7TDEOH$ WRWDO RVMWYZH@W\VR]\PH IRUPXODWLRQV LQFOXGHG LQ D G
$OCPVDUH WKH PHDQ RI WULSOLFDWH '6& VFDQV 7P “ 6°'

% XIIHU
SURWHL %XIIHU W &RQFHQWUI S+ YDC 7P “ 6
PO

I\VR]\PH 3KRVSKEL
3KRVSKEC
3KRVSKEL
3KRVSKEC
3KRVSKEC
3KRVSKEL
3KRVSKEC
3KRVSKEL
3KRVSKEC
$FHWDYV
$FHWDYV
$FHWDYV
$FHWDYV
$FHWDYV
$FHWDYV
$FHWDYV
$FHWDYV
$FHWDYV
&LWUD\
&LWUD\
&LWUD\
&LWUD\
&LWUD\
&LWUD\
&LWUD\
&LWUD\

&LWUD)
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7TDEOH$ WRWDO RI QLQH WU\SVLQ IRUPXODWLRQV LQFOXGHRBVLQ D G
DUH WKH PHDQ RI WULSOLFDWH '6& VFDQV 7P “ 6'

% XI1IHU
SURWHL %XIITHU W &RQFHQWUI S+ YDC 7P “ 6
PO

7TU\SVL(C 3KRVSKEL
3KRVSKEL
3KRVSKEL
$FHWDYV
$FHWDYV
$FHWDYV
&LWUD\
&LWUD\

&LWUD\

TDEOHDQGDEOHVKRZHG WKH FKDQJLQJ LQ 7P YDOXH ZLW|I
HDFK IDEXWOTWIQHDU UHJUHVVLRQ ILWWHG 7P YDOXRKRV D(
PRGHOV ORGHOV ILWWLQJ LPSOLHG YDOUG GHVLIQNMNQOBV
UHSURGXFLELOLW\ IRU ERWK O\VR]\PH DQG W
UHVXOWY DUH FRQVLGHUHG KLJK QW& BHMUHVQ/ROW BN Bl UH

PRUH WKDQZKLFK U BIFFEKRRR/G HD/E O H
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7TDEOH7KH VWDWLVWLFDO SDUDPHWHUYV 4 5 REWDLQHG DIWHU W]

SURWHLQ 5 4 SHSURGXFL

\WVR]\PH

7U\SVLQ

7KH O\WRPWHEHH.WWLQJ DQG DQDO\VLYV VKRZHG QR VLJQLIL
EHWZHHQ WKH GLIITHUHQW S+/YQ BBDHMH[DP D@BIGGY HU\ QD L
UDQJH 7KLV REVHUYDWLRQ VXJJHVWZXDW KDHF RIS BI\GSOMRIX
RI DW ZKLRKQM WKH |RIHPXD BWHBREHEH $ +YWKHXH ZDV L]

DW [|IRU DOOIRMKHXE DWMQV LWKANHIRRW LQFOXGHG LQ W
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Coefficients (scaled and centered) - lysozyme buffer (MLR)

Coefficients (scaled and centered) - TRYPSIN buffer (MLR)

JLIXUH &RHIILFLHQW GLDJUDPV DUH VKRZLQJ WKH HIIHFW RI HDFK |
7P YDOXHV
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$Q DSSDUHQW GHFUHDVH LQ 7P YDOXHV ZDV QRWHG |
FRQFHQWUDWLRQV DW DOO SHRZDOKUY S$SKEBVISEO VEK | EXXU|
RWKHUZLVH LQ DGUNSWERQYWR®Q LQ O\WR]\PH KHQFH WKHI
ZDV UHDFKHG DW FRQFHQWUDWLRQ PO ZKLOH DQG
DW DOOJSUH7KHYLRXV UHV X O V&Y LDBOWH HDZLGV 8% O X PIDH L Q
ILQGLQJV @ ZKHQ WKH\ GRQKDWGHBUR WH LN XFES
PLQLPIBARBG[LPLWHSIXOVLYH LQWHUDFWLRQV EHWZHHQ L'

DFKLHYH®RZ VDOW DQG S+ PHGLD

,Q DGGLWLRRQFR QWD W LHRIDHRWE XNKHHUE XITHU W\SH VKR:
HITHFW RQXQVROGLQJ WHPSHUDWXUH IRU ERWK RI O\VR
GHVWDELOLVLQJ EXIIHU ZDV FLWUDWH ZKLOH SKRVSKD
YDOXHV IRU ERWK SURWHLQV 7KH REVHUYHG FKRLFH R
UHSRBR®IBOXVWRGRWKKD FKHPLFDO DQG SK\VLFDO VWDELO

GLITHUHQW EXIIHU LRQV ZKLFK FDEXFIRMDUNARBRWA' KH FKRR

$00 IDEAMRUYVR/AQQLILFDQW IRU WURB VRHQO AKR]ORHHL @ W XMV
VLIQLIDAMDRNMOQWLRQHOBIDHVARHAY WKH LQIOXHQFH RI IDFW
LQ DGGLWLRQ WR WKH LQWHUDFWLRQ EHWZHHQ IDFWRU

FDQ EH HYDOXDWHG E\ PXOWLYDVYL@BWH H[SHULPHQWDO
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7TDEOH6FDOBGG FHQWUHG FRHIILFIWIQRVV LDQRW.R ZDEBHV

SURWHLQ J)DFWRU

FRHIILFLHQ

VLJQLILFDQ

S+
$FHWDWH
&LWUDWH
3KRVSKDWF

I\WVR]\PH %XIITHU
&RQFHQWUDWI

$FHWDWH &z2
&LWUDWH &.
SKRVSKDWH §
$FHWDWH S
&LWUDWH S
3KRVSKDWH

&2% S+

16

VLIQLILFDC

VLIQLILFDC

VLIODQW

VLIQLILFDC

16

VLIQLILFDC

VLIQLILFDC

16

16

16

16

$FHWDWH
&LWUDWH
3KRVSKDWF

7U\SVLQ % X11HU
&RQFHQWUDWI

$FHWDWH &z
&LWUDWH &.

3KRVSKDWH §

VLIJQLILFDC

VLIQLILFDC

VLIQLILFDC

VLIQLILFDC

VLIQLILFDC

VLIQLILFDC

VLIQLILFDC

16 LIR@GLJQLILFDQW
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7TDEOHDQBLIXUHVKRWKD®WRQJ WZR W\SHV RI SURWHLQ W
PRUH VHQVLWLYLW\ WR WKH YDWKDGFKVJ KOV VW RRIVIH FYLOHU
FDVH WKDQ LQ O\WR]J\PH H[FHSW WKH SKRVSKDWH EXIIF
HITHFW IRU ERWK HQ]J\PHV 7KH EXIITHU FRQFHQWUDWLF
VWDELOLW\ IRUVERWKIRILMRKBEQKL \GHRWHHF GCGHSHQGHQF\ I

SUHYLRXVO\ UHSRUW®HG GDWD E\

$OVRI GV PRQ VWWKDMHGNKH PRVW LQHOZXBQ FALKB XK DMQD-B H
LW zDV UHIOHFWHG E\ KLJK GHVWDELOLVLQJIREHIVRIHQ
DQG WU\SVLQ UHVSHFWLYHO\ :KLFK PHDQV WKH PRVW

KDG WKH PRVW QHJDWLYH DBSPOFM RQ 7P YDOXHYV
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Interaction Plot for TOB*COB - lysozyme buffer (MLR)

J)LIXUH 7KH FRPSDULVRQ EHWIHFRQ/BXKIIHU WA\SH RQ O\WVR]J\PH IRUPX
YDOXHYV

JLIXUHVKRZV WKDW FLWUDWH KDV WKH PWRRWP I& N \XNADIEH IC
+RZHYHU SKRVSKDWH EXIIHULKD® HUWK HRMHR/DNO HMVWHIFBAL O L
GHVWDELOLVLQJ LPSDFW FRUUHVSRQGV ZLWK SUHYLR:

PXOWLYDOHQW FDUER[\OLF EXIITHUV OLNH PLVAWUDWH RQ

'‘2( DV D PHWKRG LV FDSDEOH RI HYDOXDWLQJ WKH LQW|
LOQWHUDFWLRQ EHWZHHQ IDFWRUV LOOXPLQDWHG GLI
LYHUDFWLRQ ZDV REVHUYH&E XHMWRIBHWKSFKRRQKBEQYWUDW
ZKLFK LPSWBWSHWEQYDDXHY SRVLWLYHO\ RQ 7P YDOXH RI
UHDFKHG DQG VLIQLILFDQW HIIHFW | R OIDQRELOW LE\F

FRHLUMBDW LQ FLWUDWH FRQFHQWUDWGRIDLYIDBDDRO HQIN
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EHWZHHOY DODQWHSKRVSKDWH DV YDULDEOHYV ZLWK EXIIHU F

O\WR]\PH IRUPXODWLRQV ZJKLFOML R/ WHHNNL (RFQ QW H

&RQWRXW)ISIXRMW ZHUH JHQHUDWHG IRU O\WVR]\PH 7KH UF
ZHUH LOOKGWOQPWHBHQWYV RI f& f& DQG f& IR
DQRG FLWUDWH EXIIHUV UHYGHFMEXYREY EHWHRUPQ@EHK G7P
LQFUHDYXH UHG FRQWRXU VKRZV FRQGLWLRQV Rl KLJK

VLOKRXKRWAWHIRU ORZHVW 7P

Response Contour Plot - modde (IMILR)

I -

Response Contour Plot - lysozyme buffer (MLR) Tm (]
Tm [C]

Response Contour Plot - lysozyme buffer (MLR) m Q)
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7KH JHQHUDWHG FRQWRXU VLOKRXHWWH FRQILUPHG WK
HYLGWRMW WKH 7P YDOXHV ZHUH UHYHUVHO\ SURSRUWL
SKRVSKRWHKDG WKH KIDIGKINWH PMHYHQ WKH EOXH DUHD UFG
DERYH f& +RZHYHU WKH UHG DUHDV LQ DFHWDWH DQ
KLIKHVW UHDFKHG 7P ZHUH IRU 7P 7KHLFRQH O XG
VXJIJHVWYV WKDW SKRVSKDWH FDQ PDLQWDLQ O\WVRI]\PH \

DQG DFHWDWH

ORUHRYHU SKRVSKDWH FRQWRXU SORW LOOXVWUDWHG
EXITHUV :LGH OLQHV PHORKWRDMN DQ\S K RVSKQDNNWHD WRR C
UHVXOW LQ QGRL WRDAW RQ O\VRDPXKHYP OKXK]\PH FDQ PDL
LWy QDWLYH IROGHG VWUXFWXUH XS WR KLJKHU KHD

FRQFHQWDOMWERQWQJHG

7KH FXUUHQW PRGHOV KD YGHYRIGE B B W HREN D BALKBHRNG M O K X
JRRGQHD/W LK DV UHIOHHMHWNG EXWDWLVWLFDO G DRIRZHW +

ZHOO WKH PRGHO FRQWIWBWMED WW LVRIOHSUHFLVLRQ

4 VKRXOG EH DQG JUHDWHU WKDRRGHORWB ERRG/ MHML F
VHQVLWLYH LQGLFDWRU /LQHDU FRUUHODWLRQ SORW!
UHVSRQVHV IRU ERWK O\VR]\PH DQG WU\SVLQ ZHUH JH

YDOXHV'RI 34 DQG UHVEHKWHYHO\
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Observed vs. Predicted - lysozyme buffer (MLR)
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Observed vs. Predicted - TRYPSIN buffer (MLR)
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JLIXUH 2EVHUYHGB/ SUHGLFWHG SORW LOOXVWUDWLQJ WKH SUHGLFW
DQG SURWHLQ PRGHOV
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7KHFRUUHVSREBEGLEADO SORWYV DO \KR ERUPLIPHGEGREDDD \
RI PRVW Rl WKH SRLOQWIV[IZURXQG WKH [RERIH RKLFK LV L
RXW DQ\ LPSOLFLW WUHQGYV DQGKSDIRHYHH G \R | WKIOL D BIC

4E' EDVHG VWX&UHV
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Residuals Normal Probability - lysozyme buffer (MLR)

Residuals Normal Probability - TRYPSIN buffer (MLR)

JLIXUH 5HVLGXDO QRUPDO SUREDELOLW\ SORWV IRU O\WR]\PH DQG
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7KLV H[DPSOH RI HPSORVPHROW R&/HRIH® OLG PHWKRG WR

LQ SURWHLQ IRUPXODWLRQV GIDSHIOR S\WWKHQ M Q DIOL FRKUPXQ

%DVHG RQ WKH HIILFLHQW DQG UHOLDEOH PRGHOV WK
DFFRUGLQJ WR WKH GHVLUHG &4$%$V ZKLFK ZHUH GHPRQV

f& DQG f& IRU O\WR]\PH DQG WKRY$KQ WHHESH R W LDYH
VWDELOLVLQJ EXURMWBIB®VEWRWIOV FKRVHQ DV WKH VXLWL
WKH RSWLPLVHG IRUPXODWLRQUYH ARV DR F WHIEW 8 H R \WH
DSSO\LQJ FRPELQDWDRKHAIRMRXIKWLRQ GHVLUDELOLW
WX QWIBW SPIUMWVKRZQOEOHDQG WKHQ FKRVHQ WR SUHSI

IRUPXODWLRQV ZLWK H[FLSLHQ@QWJDWWHISK ILIRD YR AL Q Bl [WF

7TDEOH7KHRSWLPIEXHIGIU FRQGLWLRQV DV REWDLQHG IURP DQDO\VLQJ
PRGHOV JHQHUDWHG E\ '"HVLJQ RI ([SHULPHQW 'R( PHWKRGRORJ\

SURWHLQ S+ %XIITHU &RQFHQWUDWL

I\VR]\PH 3KRVSKDWH
3KRVSKDWH
7TU\SVLQ 3KRVSKDWH

3KRVSKDWH

([ELSLHOWV VFUHHQLQJ

%DVHG RQ WKH SVERPBUHREBUGHWHUPLQDWLRQ RI RSWLPX
D VHW RI WKUHH GLIMUHRDWORMHLSYRQWAXP DVFRUERWW LC
RI WKUHH KXIHPHEBD QW BFRVKISOHFWHG IRU IRUP XFODMLIPRLY F\R |

DV H[SODLEHHGVILRQ2QH IXOO IDFWRULDO GHVLJQ ZDV EX
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H[DPLQH WKH LPSDFW RI WKH H[BIHSLHWXWH R QQX Q GREAGULLGR:
HIITHFWV WKXV RSWLPLVLQJ WKH PRGHOV LQ RUGHU \
YDULDAEOHY LQAMXBWIBU\ HQJ\PH '2( WZR TXDQWLWDWLYF
DQG FRQFHQWUDWLRQ RI H[FLSLH{JRLSDBGWRQBZRXPWR

GHVLJQV 7P YDOXHV DQG VIWOMW VKWZBMPOHSDUDPHWHUYV
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7TDEOHS$ WRWDO RI

/\VR]\PH DQG

WU\SVLQ IRUPXODWLRQV LQFO»
RI H[SHULPHQ@WVDU$IOWKH PHDQ RI WULSOLFDWH '6& VFDQV 7P * &'

SURWHI

3KRVSKDW
FROFHQWUDWI

([FLSLF

([FLSLHQ
FRQFHQWL

7P

“6‘

/\VR]\PH

7TUHKD
TUHKD
$VFRUE
$VFRUE
7TUHKD
TUHKD
$V F RO
$VFRUE
7TUHKD
TUHKD
$VFRUE

$VFRUE

7TU\SVL

3O0XUR

3O0XUR

7 U H K Bit

TUHKD

3O0XUR

3O0XUR

TUHKD

TUHKD

3O0XUR

3O0XUR

7TUHKD

7TUHKD
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7KH HITHFW RI WUHKDORVH DQG VRGLXP DVFRUEDWH R
VWXG\ +RZHYHU WU\SVLQ WKHUPDO VWDELOLW\ LQ WK

ZDV HYDOXDWHG

7UHKDORVWH/ XDO OV EGRERB HFLPGDM/WURPROJW RUGHU
SURWHFW WKHVH VDPSOHV DJDLQVW H[WUHPHO\ KDUVE
6RGLXP DVFRIME DWWZXWHKGWU\SVLQ EHFDXVH RISHWIMDBIO
XQGHU WKHUPDO W\SNDQ/ RNQW JPQGVWQVLWLYH WR S+ Fk
WKH SUHOLPLQDUYEXW FAODHIR@MIF D QRQLF VXUIDEFWDQW

LQVWHDG GXH WR LWV DELOLW\ WR UHGXFH DGVRUSWLR

7KHVH PRGHOV KDYH SWHGLPWBG7TPQ®OXWY E\ DSSO\LC
UHJUHVVLRQ HT2DWRRQN VBKDQ DRQO&DV PRUH WKDQ

DQG IRU O\WR]\PH DQG WU\SD/Q®@ BDBXSNFAHUHHQRW V
E\ PRUH WKDQIRU HDFK SIMRKVHHGURGXFLELOLW\ YDOXHYV

GHVLIQVWRIKHBK UHIOHFWY JRRG PRGHOV

7TDEOH 7KH VWDWLVWLFDO 8D WRERPHONIQBIVG BIWHU WKH WU\SVLQ PRGH

3URWHLQ 5 4

\WR]\PH

7U\SVLQ
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7TDEOH 6FDOHG DQG FRIQNWMWFHE QWY DORQJ ZLWK 3 YDOXHV IRU 7P

SURWHLQ YDFWRU FRHIILFLHQ\ 3YDOXH 6LJQLILFD(
7UHKDORVH 6LIJQLILFD(
$VFRUEDWH 6LIJQLILFD(
([FLSLHQW FRQ 16
3KRVSKDWH 6LIQLFDQW

/I\VR]\PH 3KRVSKDWH WU 6LIJQLILFD(
3KRVSKDWH $VF 6LIJQLILFD(
7UHKDORVH 16
FRQFHQWUDWLI
$VFRUEDWH 16
FRQFHQWUDWLI
7UHKDORVH 6LIJQLMFD(
3 0 XQIRF 6LIJQLILFDC(
([FLSLHQW FRQ 6LIJQLILFD(
3KRVSKDWH 6LIJQLILFD(

7U\SVLQ 3KRVSKDWH WU 6LIJQLILFD(

3KRVSKDWH 30!

7UHKBIORYV
FRQFHQWUDWLH

30XURQLF FRC

6LIQLILFDC(

6LIQLILFDC(

6LIJQLILFDC(

$V FOHDU LQ WKH7WPEB®H WERWHO\VR]\PH 7P YDOXH ZD
DIIHFWHG E\ WKH W\SH R| TKG®HERMHELSLHEWYW GLIIHUF
WUHKDORVH DQG DVFRUEDWH ZDV REVEHUYHGUBFRKIGHKC
WUHKDORVH FRQWDLQERZHNRHWPX BIDWERQ\RI H[FLSLHQW
FRQFHQWUDWLRQ GHSHQGHQW DV WKH FKDQJH LQ WUHK

QRPMMRGIWKH 7P YDOXHV YLIQUH BRUWRUH
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7UHKDORVWLQWDHELOAW RQ FURWRUGRDIQMEWHQW ZLWK
FRQFOXGHG SUKYL@&XWAWQE\ @.DXVKLN HW DBYHDOHG W
WUHKDORVH DHWHSWSBE ®WEOILQ VWDELOLVHU7PDYVDLOK KD VI
ILYH GLIIHUHQW SURWHLQ VY D QEFBSR IQQ WMV R \PGL | DD Q W
VWDELOLVHYV SURWHLQV LQ OLTXLG IRUPXODWLRQV EHFI
XQIROGHG SURWHLQV ZKLFK HYHQW RWGIQ QY HO8G RGDARHBH
HIITHFW RI H[FLSLHQWV RQ O\VR]\PH 7P ZDV QRW FRQFHC
LQ WUHKDORVH DQG DVFRUEDWHKDBR & FM RN @ P W IDFOX G\ G/
KRZHYHU LQ WU\GMIGE DI®WEI\F K HF EWGHG H Q HBAW HH [FLS L1

FRQFHQWUDWLRQV

)DEWRULDO GHVLJQ PHWKRGRORJ\ FDQ HYDOXDWHH QW
LOQWHUDFWLRQ EHWZHIKRWSKIDSLH EXVIHDQ ERQFHQWUDWL
SDWWHUQV GHSHQGLQJ RQ H[FLUS&UHQ®W DWMSRHQD @ FAUDHRAD
EXIIHU FRQFHQWUDWLR/Q 2B VONMXNIYIPADQW OKH EXIIHU V
LQFUHDVHG V\QBUWKMW ISRIHVM\QEH RI WUHKDORVH ZKL!
SUHVHQFH RI DANKARUEQWHUDFWLRQ HIIHFW UHODWHYV WI
WKHPVHOYHV UD WHKRHUF MWD Q@ DARHRIQIR VL JQ LZ DD REW H UMY

IRU WKH LQWHUD FVEXRI®! E HD\VQ GHW R HVHKHF L S LHDMAO AR QFH Q
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Response Surface Plot - LYSOZYME EXCIPIENT ([ELR]
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JLIXUH 5HVSRQVH VXUIDFH SORW RI /\VR]J\PH XQIROGLQJ WHPSHUDW
SUHVHQFH RI WUHKDORVH DQEGDDVMEFRUEBPDWHSUH¥KKQW S+ YDOXHV D
FROQOFMOWLRQ UHVSHFWLYHO\ 6XUIDFH OLQHY DUH ODEHOOHG ZLWHk

148



2QWKRIWKHU ¥YREHHDVLQJ EXIIHU FRQFHQWUDWLRQ KDG
SUHVHRIFM[FLSLHQWYV VLJQLILFDQWO\ /LNH LQ O\VR]\PH |
VLIQLWED RYHU 30XURUWHKDORVH VWDELOLVLQJ HIIHFV
GHSHQGHQW \VOKIWWEHKKUJKMDORMIXUH )XUWKHUPRUH
LQWHUDFWLRQ EHWZHHQ EXIIHU FRQFHQWUDWLRQ DQG
RI SKRVSKDWH EXIIHU ZDV HYHQ LQFUHDVHG LQ WKH SL
ZLWK LQFUGDWWHKDORVH FK®FHDQWHENRRERR IBFWEHV V.

FRQVLGHWUHGLI D VLQJOH IDFWRU RU ERWXK K& WKHP DUH
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Response Surface Plot - TRYPSIN EXCIPIENT LR)
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YJLIXUH 5HVSRQVH VXUIDFH SORW RI WU\SVLQ XQIROGLQJ WHPSHULI
SUHVHQFH RI WUHKDORVH DQQJ BPOBURSDUEYHSUHMHH QW S+ YDOXHV D
FRQFHQWUDWLRQ UHVSHFWUHH®DEOWBEHZ DWRHVKBILU 7P YDOXHV
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*RRG PRGHOV KDYH EHHQ JHQHUDWHG WR VFUHHQ WKH
UHIOHFWHG BEWDIOLIHKV4! YD@®XHWH REVWDWRKGGUDZLQJI Wk
FRUUHODWLRQ EHWZHHQ WKH SUHGLFRWH & RDMIGC (RERHP Y
WU\SYLIXUH BUHGLFWDELOLW\ GHJUHH RI WKH PRGH
RSWLPLVDWLRQ SURFHVV DQG GHWHUPLDOWRRQHRISRAW
UHVLGXDO SHP\RQ \DDWRWHE IRUPRDWG UDQGRPO\ VFDWV
SRLQWYV DURNREL MKHKIDQ I ROXHYV EHWZRIE Q ZKLEFK LV L

RXW DQ\ LPSOLFLW W UBIQG \F PD@IG USDIEWGHHIQM H RI UHOLL

4E' EDVHG VWX&UHV
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Observed vs. Predicted - LYSOZYME EXCIPIENTS (MLR)

Observed vs. Predicted - TRYPSIN EXCIPIENTS (MLR)

J)LIXUH 2EVHUYWWSUHGLFWHG SORW LOOXVWUDWLQJ WKH SUHGLFWI
SURWHLQ PRGHOV
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Residuals Normal Probability - LYSOZYME EXCIPIENTS (MLR)

Residuals Normal Probability - TRYPSIN EXCIPIENTS (MLR)

JLIXUH 5HVLGXDO QRUPDO SUREDELOLW\ SORWYV IRU O\WR]\PH DQG
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([SHULPHQWDO GHREWQWWMKHO S AWRGVYDHEXE W \WWKHPDWLF
IXQFWLRQV 7KH RSWLPXP IRWRARNXDDYQR QW BHRWKBEE MWH RI) V

IRUPXODWLRQV KDYH EHHQ IXUWKH UVRKDAELDAWHN W.NW\EG VD

7TDEOH 7KH RSWLPLVHG EXIIHU DQG H[FLSLHQW FRQGLWLRQV DV RE
WKH H[FLSLHQW PRGHOV JHQHUDWHG E\ '"HVLJQ RI ([SHULPHQW 'R(

BURWHL S+ %XIIHU &RQFHQWUDW ([FLSLHQ &RQFHQWUD\
I\VR]\PF 3KRVSKDWE 7TUHKDOF

3KRVSKDWF 7TUHKDOF
7TU\SVLC 3KRVSKDWEF 7TUHKDOF

3KRVSKDWF 7TUHKDOF

&KDUDEFWHULVDWLROQ RI RSWLPLVHG IRUPXODWLRQV

/KHUPDO VWDELOLW\

7TKH RSWLPXP IRUPXODWLRQV IRU ERWK SURWHLQV ZHU
VWDELOLW\ RI HDFK IRUPXODWLRQ ZDV SHUIRUPHG WR IL
XVLQJ'®8& 7P YDOXHV IRU WKH RSWLPLVHG IRUPXODWL
FRPSDWHRGWKH SUHGLUBDERE YDIOXUH $ WHVW ZDV FDUULFE
ILQG WKH VLIQLILFDQFHYV LQ 7P GLIITIHUHQFH EHWZHHQ W

VLIQLILFDQW GLIITHUHQFHDOBEWY UHFRUBHGQRILFDQW GLI
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EHWZHHQ WKH REVHUYHG DQG RSWLPLVHG IRUPXODWLR

DQG DVVHQW DELOLW\ RI WKH XVHG PDWKHPDWLFDO PRC

7TDEOH 7KH REVHUYHGHBQEWHG 7P RI O\WWR]J\PH DQG WU\SVLQ LQ WKF
IRUPXODWLRQV

SURWHLQ 6DPSOH 2EVHUYHG SUHGLFWHG

7U\SVLQ

\WR]\PH

1 | mocer mostate
15 ChPY/DaF = 9 790E5
1| T, 7047 w01

AH - 1205ES

+1 50E]

Cp (kcal/mole/°C)
v

Temperature ("C)

JLIXUH +6'6& JKDBEOOXVWUDWLQJ WKH 7P YDOXH RI WKH RSWLPL
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LRORJEWD®OLWN DOG 6WRUDJH SK\VLFDO VWDELOL!

)XUWKHU WR SURWHLQV LQWHJULW\ GHWHUPLQDWLRQ
ELRORJLFD@DNVFW®WHBVEUHGSO\LGHQWKHWLE DVVD\ PHWKE
GHVFULEHBWIRQ DQ6EHFWLRQ %LRORJLF DZD D FMIMYH ML Q H
IUHVKO\ SUHSDUHG O\VR]\PH DQG WMLYSR/Q W KVIIVP ®\WH & D DI
DQG fE&LIQLILRDFQMADVH LQ ELROR KIEWDHOQ DUFMARWEGM & H
RSWLPIWHEUPXODWLRQV LQ FRFRESDPXVRWYLRRY FRQWDLQ

O\WR]\PH DW VWDQGDUG FRQGLWLRQV L H SADED®G S+

7TDEOH %LRORJLFDO DFWLYLW\ RI WKH RSWLPLVHG IRUPXODWLRQV I

%S DIWHU %$ DIWHU
3URWHLQ 6DPSOH %$ )UH\
PRQWKYV PRQWKV |
\VR]\PH S+
S+

2SWLPLVHG IRUP

2SWLPLNUBXODWL

7U\SVLQ S+

2SWLPLNUHBXODW

2SWLPLVHG IRUP
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$V DSSDUHQWEIQWHRP DSSO\LQJ 4E' DSSURDFK WR RSWLP|
YDULDEQHW GHWWRH IRUPXODWLRQV FRQWDLQLQJ VWD
,QJUHGLHQWYV $3, ZDV IRXQG DQ HIILFLHQW ZD\ WR L¢(
DFWLYLW\ DQG HYHQ WR UHWDLQ WKHLU DFWLYLW\ DI
O\WR]\PH DQG WUVINAL QRRPWEPWQWR CAFIHEG WKDQ RI V
DFW LDYIMWAU VW RWHDIUH. 1HQU DAVBER DRI RQW KV 6WDELOLW\ VW
DFFHOHUDWHG FRQGLWLRQV f& UHYHDOHG WKDW W
HLWKHU RQH Rl WIOHLGHE&WHLQD QUH RI WKHLU DFV
ZKHQ FRPSDUHG WR IUHVKO\ SUHSDUHG S+ DQG S+

UHVSHFWLYHO\

7KLV LQFUHDVH LQ WKH SURWHLQV LQWHJULW\ DQG DFW
KDSSHQHG ERIFWXWHDORVH SUHVHQFH LQ DOO IRUPXODW
DPRXQWHO®WXHHWRVI\SH FRQFHQWUDWLRQ DQG S+ 7U|
HIWUHPRO\WH LQ IRIWRPOXRI\W LIREISAHLRAMRH FW WKH SURWHLQ\

KDUVK FRQLG LWHRHM DWXUH E\ SUHIHUHQWLDO K\GUDWL

&ROFOXVLRQ

7KLV VWXG\ KDV UHYHDOHG WKDW DS88QIQNBAXNRGRORD
LH SUHOLPLQDU\ VFUHHQLQJ H[SHULPHQWDO GHVLJQ
IRUPXODWRWRWVVI DQG YDULDEOHV WKDW KDYH D SRWHC

TXDOLW\ 7KHUHIRUH WKLV KBGXMRABRKQHR @ MU G\VGLIHY WEBRIS F
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IHDWXUHV KHQFKQHEHGMWBWW KHDERXU UDZ PDWHULDO \
RYHWBOUD WRR/QV 4E' EDVH VQOWKGHHBNS DRJHD OO\ LQ ELRSKD
IRUPXODXWHRQWKH PDWH UHGIQ DI YOHPLWHG ZLWK PRUF
WHFKQLTXHV DX MUH)QGEBVLW LV PRUH G LUKH W XWNRNMNSN
GHPRQWWYDNZR H[DPSOHV WR GHYHORSLQJ SURWHLQ FF
SUHGHILQHG TXDOLW\ WDUJHW SURGXFW SURILOH DQG F
DQRQG WUHKDORVH ZLWK RSWLPLVHG OHYHOV ZHUH IRXQC

VFUQIMHG IDFWRUV LQ WHUP RI SURWHLQ LQWHJULW\

IH[W BMBHPRQVWUDWHY WKH UHVXOWY RI GHYHORSLQJ

TXDOLW\ FRQWURO DVVD\ PHWKRGV
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&KDSWHU YRXOLO\WLF
PHWKRGY GHYHORSF

YDOLGDWLRQ
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L, OWURGXFWLRQ

7KHKDUPDWHRIOD OWKVHG WKURXJKRXW GUXJ GHYHORS
SURUP X ODWRLRRX OD W LRIDWHBRBLOLW\ VWXGLHV 7KHUHIF
PHWKRGRORJLHV SO DN KR DRLD®M\ WRO RV SKD U P D DH)GNW K Bi©
DUH XVHGNIRMQGLFDWGRIRUP XODW LW ERQ U DEW/IERLLELIW \
DVVD\V DUH DQDO\WLFDO PHWKRGV IRU DFFXUDWHO\ DQ
UHOHMIUPWODWLRQV LQ RUGHU WR DVVHVV WKHLU FDSDF
UDQRHVSHFLILFDWLRQV RYHU WKH HQWLUH SHULRG@R! V
)XUWKHUPRUH WKH DQDOMWUFDREBH®HEREBN DQG YDOLCG
DFFRUGDQFH ZLWK ,&+ JXLGHOLQHV W P KD G BVDW H/XIS\BHR |
WKH VHOH¥KH. RO HRAWLQJ SDUDPHWHUV H J H[FLSLHQWYV

VWDWH DW GLIIMWKKHRWP XYONEDN@ R QR |

6WDELOLW\ LQGLFDWLQNWXWDRY HKRXO G RINAKEOEKVE B QJ V'
VXEVWDQFHV VWDELOLW\ 7KHUHIRUH WKH DHUFU % ECHREV V
SOD\FULWLFDO UROH LQ DFFHSWLQJ RU UHMHFEWLQJ WKF
DUH LOMWBFWHORSPHQW RI D PHWKRG WR. D @ PRL\YVIHH QW M
VXJDU RU VDSBWNVHEWQLQ WKH VDPH IRUPX®NVWVYRPH L
PROHFROHWW U X FW XZLDADICP, LIOHDQDIKH G LIFIREF W Bl PWHJQ VW L F \
KLIXRWEZKLFK KDQGHU WKHLU VHSDUDWLRQDEARUM DISKV HHS
L1 ®D WBIHRSRUWLRQ RI DT XHRXWHPRXEHBGK V8 K DWW MAHGRKRBLKTLXH
LOQWHUOEWKRGRPDWRJUDSK\ +,/,BEKURPDWRSHDBIAR U@ XX |

SKDYWDWLRQDU\ SKDVHV DUH XVHG ZLWKXWHK FRREIDIH. B
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+,/,& WHFKQLTXH DLGV LQ VROYLQJ WKH UHSURGXFLELC

RWKHHIFKQLTXHV

BURWHLQ IRUPXODWLRQV DUH FRQVLGHUHG DV RQH

SKDUPDFHX3WRADOMN GRYHUVRXS OPIUJH FRXFOGHHD VEHKK D Y H

GLIIHUHQWO\ VPR®B RWKPROHBNRWWHJIXLUH VSHFLDO IR
FKDUDFWHWWDBMYRMNWY DQG VWRUDJHORR @ G CEUR@W LI\ W
LQWDFW 3UWR KRKIPQX\D DW LR @WK VVLR|G FKE RP D W R JUDSKR Q ©(\&
XVHG 6(& LV KURBXMRX DX W LED M PE W K\RRG R ESVUHRUAYHHL ¢
DJJUHJDWHYV D QMK H VSMHLLPTHQNDRIG HEEIX IOIDIK Z H LG KWWH ¥ B/HDR L\H
DVWROXEOH SURWHID® IDHREHIDWEB®VR DEOH WR TXDQWLI

ODUJH DJJUHJDWHYVY LQGLUHFWO\ DV>D @HFUHDVH RI WR

,Q RUGHWPIWRYH WKH UHVROWWH RQU XH WNZHKHBHUOG H XK@/ L F
DJJUHIJDWHYV GHJUDGHV H[FLSLHMQRVNFD DK & KA SPHM WR E WP
GLIIHSBQWPHWHUYVY VKRXOG EH RSWLPLVHG DQG FRQWU|
7KH YGADOALLRQ LV D FHXAPLWDRWDIE{EW MWIRKRG LM RXWKHEGHV I

DVVD\

7KH UHJXODWRU\ DJH@MAMHVQBDWER@IVO &RQIHUHQ&H RQ
DQG (XURSHDQ OHGLF(@HW $OHOPRMHG VHYHUDO GRFXPH
JXLGHQHV UHTXLUHPHQWY DQG NH\ VWHSV RI PHWMRG
ZKLAXOORMZWH PDQXIDFWXUHUV DQG UHRRHDWLAMMKUIGY WR B WL

DOQDO\WWLFDONRX$DEBDGRWQBQ\WUFDO PHWKRGV

$Q\PHWKIRR® WKH DQDORJINFYFEIOKIGR QJ \BKURRXDHEL G PR Q VW L

UREXVWQHVYVY DQG UHOLDELOLW\ WR VHSDUDWH WKH PDI
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LQ D VSHFLILARLRORIWERQ LQRW KPSXWHWHGNFHDQG RWK
,Q WKLV DBY& GCPHWKRG/HOMFGHYGI ORSHG DQG YDOLBEKWHC
OR@WH WK \VLFDO VWDEKBLAKDDOQEW HUOLYPMOLRX RH IRUP;
FRQWDLQLQJ O\WR]\PH WU\SVL @GDBQULR@VWRW KRG &

PHWKRGV ZHUH GHYHORSHG D QUXONROWWH U B/\V B GOW W \DR/IV H [\F

7KHPHWKREVH DVVBRBHGDOLG DMHLUE RI VSHFLDLFGEVQ JID L C
DFFXUDF\ SOHRRZIMIPR®' RI GHWHOWI®IQP L/M2'RI TXDQWLWD\
DQG UREXWMQBVWWLREMWID &¥LGE RI H[SHULPHQW '2( ZD

LQYHVWLIJDWH HDFK YDULDEOHYfVY UROH LQ WKH DVVD\ U]

$LPV DQG 2EMHFWLYHYV

7KHDLRI WKLV FKDSWHU LV WR GHYHORS DQG YDOLGD!
DQDO\WLFDO PHWKRGV ZKLFK W K$ FOW H LIDE/O W R ] VAHS D
IURP RWKHU IRUPXODWLRQ HERSRBE QW \D ¥ BRBRIRNARND E
SXUSRVH RI SURWHLQ IRUPXODWLR QU RIPQHWRWD /L DV W\ RR
OLTXLG IRUPXODWLRQV DQG WKHDSEKROHBFWHRIQW DWQRQ
ORUHRYHU DQDO\WLFDO PHWKRGV WR DVVHVV WKH OLT
DVFRUEDWH DQG 30XURQLF ) VWDELOLW\ ZHUH DOVR

DFFXUDF\ SUHFLVLRQ DQG UREXVWQHVV
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SHVXKDWG GLVFXVVLRQ

'HYHORSPHOQWODLGG® WILRIP[RD 6V ERQRPDWRJIUDSK\ 6(&

PHWKRG DV VWDELOLW\ LQGLFDWLQJ DVVD\

7KH VHSDUDWLRQ PHWKRG ZDV GHYHORSHG E\ XWLOLVL
6(& FROXPQ WR DVVHVV WKH KK\WFDG® SWODEHDQW\ Rt
SDUDPHWHUV VKRXOG EH ZLVHO\ VHOHFWHG FRQWURO
VHSDUDWLRQ DQG DFFHSWDEOH UHVROXWLRQ ,Q WKH F
ZHUH VHOHFWHG WR VXLW WK H @W WXHHWR D QK WV B UIRFVKH
SXUSRVH 7KH VWDWLRQDU\ SKDVH FROXPQ SRUH VL]H

SKDVH DQG VDOW FRQFHQWUDWLRQ LQ WKH PRELOH ¢
VHSDUDWLRQ RI WKH SURWHLQ PR Gl R¥@H W R7 K B YAR D R PL
VLOLFD EDVHG VWDWLR QRUNGBKBVBFWLRQ ZLWK QR XQGH
SURWHLQ ORUHRYHU WKH SRUH VL]H Rl WKH FROXPQ ZD
RI WKH SUR WHLOQHVNQ@BOF HRHSRUH VL]H ZDV VHOHEWHG D
IRU WKH SURWHLQ ZLWK PROHEXOD'WD ZHKHKRR @ HAXZGIBIQ Z

RI O\WR]\PH WU\SVLQOQUMQGLLWBRNVH WKH PHQWLRQHG UDQJ

3KRVSKDWH EXIIHU DW S+ ZDV VHOHFWH® DWRHPRERWHH
D FORVH WR WKH SK\VLRORJLFDO FKDUDFWHULVWLFV 7K
PO ZzDV VHOHFWHG WR SURYLGH KLJK VDOW FRQWHQW LC

UHGXFHV WKH LQWHUDFWLRQ RI WXKDSHRWHLQ ZLWK WK
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6SHELILFLW\

7KHSWFLILPALKHIORI D O\BALVWDW WKH D E L O LWK HVWR KDHUDHSH/X W L
XQHTXLYRED\OKH SUHVHQ FLH RIHSR MUHHQQ\FLH/D ¥ YWAKY D\ Q JU H (
WKH IRUPXODWHG SURG XFW\WQ B QG WKIH WL R Q G GG W\
RWKH& PHWKRG ZDV H[DPLQHG TXDOLWDW L YOHUH E \RO 'G/HRY
W GHPRQVWUDWH WKH VSHFLILFLVD\Q D00 WRY GVHK H/ [SRISHY HID
H[FLSLHQWVY 6RGLWR BKNBRBEWHEWEKLOH WU\SVLQ VDPSOH
LQ WKH SUHVHQFB ®X WROHKDWERMWK 1R LQWHUIHUHQFHV

UHWHQWLRQ WLPH RI HDFK SURWHLQ LQ WKH SUHVYKQIFH

mAL =
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JLIXUH 6(&KURPDWRJUDP IRU O\RBIARA RVWRKUWEDWH DQG WUHKDOR\
PLOQXWH DVFRBEOQXWWKH FRQGLAMIURQELOH SKDVH PO SKRVSKDWH

DQG FR®X®Q A [ PPZLWK LQWHBSBODWXDHORE&QUDWH ZDV P
DQGUO LQMHFWLRQ YROXPH

%YRWK SURWHLQV ZHUH H[SRVHG WR VWUHVV FRQGLWLRQ
+HDWLQWUHPH DFLGLW\ H[WUHPH®OGKRDOMMU P QYE LWALA

DUBVXLWREOWHRRUEBRIUDGH WKH SURWHLQ
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I\VR]\PH DRQWB\SVLQ VDPSPEWUH SUHSDONGOLRH FRQGLV
PROH6RGLXP K\GURJ[LGKHHDRERWWRQ JOHRWQWR F RIR(DG GRK I
HIDPLQBG XVL®I& 7KH KRHNRPDWRIWUKDRPZHG GDWWLQJ SHI
GHPRQVWUDWLQJ SURWHLQ GHJUDGDWLRQ SURWABWYD

SURWH L QM LYV
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J)LIXUH 6(& FKURPDWRJUSR/ LRU MERYH DQG O\WR]\PH EHORZ DIWHU
PHGLDKH FRQGLAMILPRELOH SKDVH PO SKRVSKDWH EXIIHU S+ D
c [ PP ZLWK LQWHUDWRUWMHPSfHR IDIREKUDWH Z@V DQRO P+ O
LQMHFWLRQ YROXPH
7KH DJJUHIJDWLRQ SURGXFWYV ZHUH JHQHUDWHG E\ IRUP
PJ PO LQ XUHD DQG VWRUHG DW URRP WHPSHUDWXL

DJJUHIJDWLRQ SURFHVV
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JLIXUH $6L]H ([FOXNKBERPDWRJUDP IRU DJSVHEHWHRR &AMIURKE L O H
SKDVH PO SKRVSKDWH EXIIHU S+ DQ®@ FROXPP® Z& (&K LQWHUDQ
WHPSHUDWXUH WKI@RZ UDWH ZDV G RO PQMEWLRQ YROXPH
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8

7KH UHVXOWYV RI ZKLFK GHPRQVWUDWHY DJJUHIJDWLRQ |

JLIXUH

7TKH PHWKRG ZDV VSHFLILF DQG DEOH WR VHSDUDWH

IRUPXODWIHRXQ)LHQWY ,QDDIEGE WD BRVURREHMMN ZDV REVHUY

WKH VDPH UHWHQWLRQ WLPH

/[LOHDU UDQJH

7KH UHODWLRQVKLS EHWZHHQ DQDO\WH FRQFHQWUDWLF
FXUYH 7KH FDOLEUBROQMG HFXHIEHWKWH ZD\ RI H[SUHVVLQ
FRQFHQWUDWLRQ USQE8HFVYKERIGR GHEYMWDUWLQJ PHWKRG
ORZHU OLPLW VKRXOMXKKHEHS5ZWKREREGWEH DW OHDVW |

FRQFHQWUDWLRQ PJ PO
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,Q WKL\ VMLIJKW VWDQGDUGY ZHUH SUHSDUHG IURP  —
OLQHDULW\ (DFK FRQFHQWH\DIMDRQ\VHEY HQ ZDWLSOLFD!
UHJUHVVLRQ DQG FRUUHODWLRQ FRHIILFLHQW ZHUH IRX(
DUHMUWPAPRQFHQWUDWLRQ ZKLFK ZHUH WKHQ UHSUHVHQ\
+LJK FRUUHODWLRQ FRHIILFLHQWY ZHUH IRXQG WR EH

O\WR]\PH UHVSHBWUMBO@®.JXUH

Calibration curve of trypsin 214
8000 ~

7000 - y = 853.88x 2.5598

R? =0.9998
6000 -
c 9000 -
o
®
x 4000 -
g ¢ Seriesl

3000 - _ )
——Linear (Series1)

2000 -

1000 -

Trypsin Concentration mg/ml

JLIXUH &DOLEUDWLRQ FXUYH RI WU\SVLQ WKH FXUYHV FRUWHDDW L
DUKIRGHU WKH FXUYH RYHU WKWUGHVWEDRWHGFOXQHEG LOQWR WKH OLQ
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Calibration curve of Lysozyme

9000 - y =1154x + 43.8

& Seriesl

peak area

——Linear (Seriesl)

Concentration mg/ml

)LJXUH FDOLEUDWLRQ FXUYH RI O\WR]\PH WKH FXUYHV FRUUBQDWH
DUKKIMGHU WKH FXUYH RY HIWD @QXKHUBH VEHDFOWHIBUH LQFOXGH G LQWR WK

/IRZHU OLPLW RI GHWHFEWLROLP/I2W BDGXORIHULFD W I

7KH OLPLW RI GHWHFWLRQ DQG WKH OLPLW RI TWBQWLW
QRLVH PHWKRG 7KH OLPLWV RI GHWHFWLRQ D®GEWKH O

PJ P/ DQG PJ P/ UHVSHFWLYHOLIJRUHERWK SURWHL
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g i
JLIXUH 6 (&FKURPDWRJKMALQJ WKH /RZHU /LPLW RI '"HWHFWLRQ //24

—J POKH FRQGLAMIURIRELOH SKDVH PO SKRVSKDWH EXIIHU S+ [
A [ PP ZLWK LQWHBOBODWXDHIORZ&UDWH ZDV RO ROQMBDEVGLF
YROXPH
$FEXUDF\

7KH DFFXUDF\ VWXG\ KDV EHHQ SHUIRUPHG E\ DQDO\VLC(
ILYH VDPSOHV SHU OHYHO RQ WKUHH GLGOHU® RV GHDU V\
GHWHUPLQUWXDQLWKERQQUDF\ WKH YDOXHYV RI WKHLU DYHUDJ
WKH DYHUDJH RI VL[ VDPSOHV RI HDFK OHYHO E\ WKH QR
FXUYH HTXDWLRQ UXQGDEHRWUIZBIHQZDV F D®LIFXIO B WHKG YHE\ OG(H
VDPSOHV RI HDFK OHYHO EXDNEHHDQRGDOIEMHY KRYOWKH EHW Z
UXQ DQGUXWBIFGXUDF\ YDOXHV ,W LV FOHD W YOHYIHW DV K F

RI WB OHYHO DW ORZ PHGLXP DQG KLJK YDOXHV ZQ% IR

+ RI QRPLQDO YDOXH IRU WU\SVLQ DQG O\VR]\PF
YDOXHV IRU //24 VDPSOHV ZHUH DQG IRU W
UHVSHFWLYHOAZHH®E BFFXUDF\ VKRZHG IRU WU\SVLQ
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* IRU O\VR]\PH 4& VDPSOHV DW //24 FRQ

GHPRQVWUDWHG DFFXUDWH UHVXOWYV ZLWKLQ RlI QRP

7KLY PHWKRG VKRZHG DFFXUDWH UHVXOWYV DR/ Q®&RE® LAZDY

YDOXH DQG DW //24 EDVHG RQ

7TDEOH $QDO\WLWR]J\PH DQG WU\SVLQ EHWZHHQ UXQ DFFXUDF\

SURWHLQ &ROQFHQWUDWLRQ $VVD\ 5HVXOW\

7U\SVLQ

/\WVR]\PH
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7DEOH $QDO\WLWR]I\PH DQG WU\SVLQ ZLWKLQ UXQ DFFXUDF\

/IHYHO

&RQFHQWUDWL

7U\SVLQ

/\WVR]\PH

+LJIK

OHGLXP

IRZ

1124
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3UHFLVLRQ

TKHUHAFLRIRKEZGHYHORSHG PHWKRG ZDWEDD OXQMEWAHIBW E\L
SUHFLVLRQ DQG zZDV H[SUHVVHG E\ SHUFHQW UHODWLY
, QWD DQ G GAOWSUHFEZIEMERQULHG RXW E\ SHUIRUPLQJ VL]

PJ PO PJ PO DQG PJ POWKEHDBRGBHBOQRNGID\ DQG LQW
GD\ SUHRBALRQWYV ZHUH 7KMHO FX® DWHX HGRN SQQWBDVLRQ L
FRQFHQWUDWLRQV ZDV IRXQG WR EH OHVV &/KX\DRU H F LD/Q ¢

DOO WKUHH FRQFHQWUDWLRQV ZDV IRXQG WR EH

SREXWOHVV

7KH UREXVWQRVXSIVDBREHGXUH GXULQJ PHWKRG YDOLGDV
UHVXOWY DUH QRW VLJQLILFDQWO\ DIIHFWHG LI DQ\ DQ

YDULDWLRQV

,Q RUGHU WR DVVHVV WKH PHWKRG UREXVWQSKDNVHP]
FRQFHQWUDWLRQ DQG IORZ UDWH ZHUH FKDQJH® KHW k
IUDFWGRYDIX RI H[SHULPHQW '2( (DFK '2( FRQVLVWV R
LQ DGGLWLRQ WR FHQWUH SRLQDW I8H VHDEIK HGJ R QY HoLHF \
4XDOLW\ FRQWURO VDPSOHV RI HDFK SURWHLQ DW PJ P

DQERDO\WHG LQ WULSOLFDWH DW WKHVH FRQGLWLRQV
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'2( DOQDOGHRFRQVWIRDWHRLILFDQW HIIHPWHDQRHL W& HWH B
WLKHDEHHRFFXUUHGFEERQPLQJ DQ\ SDUDPHMWHIWH ERU E\

LOQOWHUDFWLRQ RI FKDQJHG SDUDPHWHUYV

JWDWKRZQ E\ FDOFXODWLQJ W ISH N O \WIRY B FMHBUDEMWQEWN R
FRQGLWLRQV IURP WKH QRPLQDO YDOXHWWRDBWZIZWKRXR
SDUDPHWHU YDULDWLRQV FDOLEUDWLRQ EXUYH WKDW
FRQGLWLRQV ZHUH EHWZHHQQG IRU WU\SVLQ

O\WWR]J\PH UHVSHEWLYHO\ 7KH FKDQJLQJ LQ WKHUWHMWH C
UDQJH IRU ERWHKNSURWHUR¥KMGWHKH PRVW H[WUHPH FRQ
UHVXOW ZDV QRWLFHG ZLWK O\WR]\PH ZKHQ WKUHH SDU
WLPH 7KH DERYH UHVXOWVY UHYHDOHG WKDW YDOLGDYV
UREXWWW@®QG QR VLJQLILFDQW HII HFVD OF QY KIDLTBMIQR Q V

SDUDPHWHUYVY KDSSHQ

DOLGDRVIROHFOXVLRQ PHWKR®W MR ¥HDQIDFRFDSVXOH

IRUPXODWLROV FROWDLQLQJ SURWHLQV

,Q R UG HAK DR FWHIQRFDSVXOH |RUP XDIQMLR Q W o) GD PIR |
HQFDSVXODWHG SURWHLQV DQ DFFXUDWH UREXVW DQG
DSSOLHG ,QVEXSWR\WPMLQY ZHUH TXDQWLILHG E\ DSSO\LQ
6(& PHWKARHFWLRQ 7KH SUHYLRXV PHWKRG ZDV YDOLGD
LQGLFDWLQJ DVVD\ IRU O\WR]J\PH DQG WU\SVLQ OLTXL(
YDOLGDWLRQ SURFHGXUHV DUH UHTXLUHG WR EH SHU
FKDUDFWHULVDWLRQ SXDSRMHY Y DRZIGDHUFARE GZXIFWVRDGO |

FKDUDFWHKWULMRBFDSVXODMWH® KHDSRO\PHULF QDQRFDSVX!
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YROXPH IRU WKH FXUUHQW PHWKRG ZDV —O UDWKHU W
IRUPXODWLRQV 7KH UDWVYIR@D WK H HRMHEWDORQHTCROXPH
YDOXH RI //24 ZKLFK LQ WXUQV LQFUHDVHG WKH PHW

VHQVLWLQEMWWKH PHWKRG LV X¥FKE IEHAMFESIOH HG DW

SDUWLDO YDOLGDWLRQ RI 6L]H ([ AHMIVRHO SFREOWRKHRUWE

ODORFDSVXOHY FROWDLOLQJ O\WR]J\PH DQG WU\SVLQ

,Q RUGHU WRVKEHFUHIRIHY EWOLHG PHWKRG LQMHFWLRQ YI

— 0O WR —0O 7KH LQFUHDVH LQ LQMHFWLRQ YROXPH FK
DQWWKXrKDQMWKH OLQHDUKWUMDRYUHH SDUWLDO YDOLGDW
UHTXLUHG WR DFKLHYH WKBSHBE@DIQWPMWADWHSXN SRVHS/HU I F
GLITHUBQWWHG PDWHULDOV LQ WKH VDPSOHV DQG OLQF

FDOLEUDWIHRWQIEW WR WKH QHZ FRQFHQWUDWLRQYV

6SHELILFLW\

6SHFLILFLW\ WHVWYVY ZHUH FDUULHG RXW E\ DQDO\VLQJ
VKRXOG FRQWDLQ WKH H[SHFWHG VXEVWDQFHV $IWHU |

DEOH WR VHSRWIHW R WIKIHRBWRWKHU H[SHBEWHIE VXEVWDQF
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J)LIXUH 6(&FKURPDWRGHPRQVWUDWLQJ WKH VSHFLILFLW\ RI WKH
O\WR]\PH DQG WU\SVLQ LQ QDQRFDSVXOH IRUPXODWLRQV

JLIXUHLOOXVWUDWHY WKH DELOLW\ RI WKH DQDO\WLFD
WU\SVLQ IURP RWKHU SRWHQWLDO VXEVWDQFHV [/\VR]\
UHWHQWLRQ WLPH DQG WKHLU ZHOO VHSDUDWHG QLFH

LOWHUIBUWR AHWKHU SHDNV

[LOHDDQJHYV

&KDQJIJLQJ WKH LQMHFWLRQ YROXPH DIITHFW WKH FRQFHC
FROXPQ DQG WKHUWIRH 1D IMRIBEPVHEFMCHVHULDOV E\ 88KH G
DQG WKH Y®HDXNM D BRHDU HIKMLDQMHFWLRQ YROXPH IURP  —
WKH SHDNV KEHDKWWDID&® LQFUHDVHG PHWKRG VHQVLWL

1124 7KH KLIKHVW H[SHFWHG YDOXH IRU WKH QDQRFDS
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XSSHU OWKHYOREUWUWDXWYRQZDYJ PO &DOLEUDWLRQ FXUYHV
RYHU D UDQJH RHJI2RO IRU ERWK O\VR]\PH DRREU WHIQBDW
FRHIILFLHQW J3LJXUHDQQXAJXUH//24 YDOXHV ZHUH —J P
—J PO IRU O\WR]\PH DQG WU\SVLQ UHVSHFWLYHO\ :KLO

GHWHFWHG GRZQ WR —J PO DQG —J PO UHVSHFWLYH

Lysozyme calibration curve

©

= y = 9.9959x% 49.333
x R? =0.9999
@®

[}

Q

0 T T T T 1
0 50 100 150 200 250

Concentration (ug/ml)

JLIXUH /\VR]\PH FDOLEUD VWM & FXANGWBDWREPSVXOH IRUPXYBDWLRQ
EDUV DUH LQFOXGHG LQWR WKH OLQH
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Trypsin calibration curve
1600 -
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JLIXUH 7U\SVLQ FDOLEUDWLRQ FXUY HVWRVQROFFIBN X DW LI ROUWPRIUD\Y W L |
EDUV DUH LQFOXGHG LQWR WKH OLQH

DOLIGDOVR| PHERWKWER® FKDUDFWHULVH SRO\PHULF QD¢

FROWDLGBIRQULERQXFOHDINWH ,

'"HR[ULERQXF,OIHDWHL\D WKHUDSHXW LW KMY]NDNRE BUHW SLUD V
GLVRUGHUV OLNH F\WWLF ILEURVLY DQG WDNHQ LQ LQK
WR UHGXFH WKH VLGH HIIHFW DVVRFLDWHG ZLWK WKL\
FRPSOLDQFH DQ RUDO GRVDJH IRUP FRXOG EW $RONDEK |
,Q WKLV VWXG) FRIDNBLQLQJ QDQRFDSVXOH IRUPXOD
FKDUDFBEH WXMW. QY BOHGDWHG DQDO\WLFDO DSSURDFKHYV |
UHTXLUHG WR FKDUDFWHULVLQJ WKHVH IRUPXODWLRQYV
OVR]\PH DQG WU\SVLQ ZDV DGDSWH G KHR HTRIDGW L K\O CL Dy
SURFHGXUHV ZHUH SHUIRUPHG LQ RUGHU WR HQVXUH X\

WR TXDQWLI\ WKH HQFDF¥XODWHG\'1IDYH8 SUHFLVHO\
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6SHFELILFLW\

6SHALFLW\ WHVW LV D TXDOLWDWLYH WHVW WR DVVHVV
VXEVWDQFHV IURP RWKHU LQJUHGLHQWYV E\ D®YOEDQU Ek
RXW E\ DQDMVHRRQWDLQLQJ QDY PPLIXRW $ ZHDOHVHS
SHDN HOXWHG HDUO\ ZKHQ FRPSDUHG WR O\VR]\PH DQG

PROHFXODULIXUIKW

JLIJXUH 6(& FKURPDWRGHBRQVWUDWLQJ WKH VSHFLILFLW\ RI WKH
'"HR[ULERQXFPHQWQDQRFDSVXOH IRUPXODWLRQV

/[LOHDU UDQJH

7KH FRUUHODWLRQ BIORWFROWHBWQDMWLRQV RI WKH HQ]J\
XQGHU WKH FXUYH LQ < D[LV ZDV GUDZ® RQY H U/ D4 UDXGE H/ 1
ZHUH UHFRUGHG E\ XVLQJ VLJQDO QRLVH UDWLR PHW
UHVSHFWLYHO\ $ OLQHD UKUFHRODWWHIRIOW KRS ERWK LKL HQ W

Y D OXHHUHIR W LHH & U H
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Calibration curve of DNase
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JLIXUH '"HRI[ULERQXFOHPY®OLEUDWLRQ FXUYH DWLVORQRHQ@EVOOH

IRUPXODWWLBRY EDUV DUH LQFOXGHG LQWR WKH OLQH

$FEXUDF\

,Q RUGHU WR DVVHW WKBGLKYAOVD BEGXWDF\ WHVW LV SHL
FORVHQHVYVY RI WKH UHVXOWY WR QRPLQDO YDOXHV )RXL
LH //24 ORPLAR 48 QG +LJK 4& ZHUH SUHSDUHG LQ W
FRQVHFXWLYH GD\V LIMYDFEFWBIR\N ZEGGBH FDOFXODWHG , (
FDOFXODWHG E\ GLYLGLQJ WKH DYHUDJHV Rl HDFKR4& FF
WKUHVSHFRQFHQWHDWHRQWUD DFFXUDF\ LV WKH UHFRYHF
YDOXH WKHUWHVSHEWDOHYIQRNH LQYWMFBEXUDF\ YDOXHV ZHL

¢ IRU ORZ PLG DQG KLJK 4& ZKLOVW WKH ¥DOX
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IRU //24 7KHVH UHVXOWY DUH ZLWKLQ WKH DFFHS\

DQG IRU //24 LV *

3 UHRQ

SUHFLVLRQ ZDV PHDVXUHG WR GHWHUPLQH WKH FORVHQ
, QWUD SUHFLVLRQ ZHUH IRXQG RXW E\ FDOFXODWLQJ &
VVWQBEDUG GHYLDWLRQV DV G/HWFRHRBRHKERE@ BWFRVERHKLY KO
ZLWBOXIHHDFKHG XS WR LRWS UGW HWUL R @E@ON4@ORYG KLJIK
4& ZKLOH WKH &9 ZDV OHVV WKDQ IRU //24 3UHFLVL

UHJXODWRU\ UHTXLUHPHQWYV WR YDOLGDWH WKH PHWKR

SREXVWWH

7KH URE XV WRSR/WERIYRS W LBRODXOL UHMHIDW D O\WLFDO PHW
YDOLGDWLRQ SURFHGXUHV LQ RUGHU WR DVVHVV WKH DE
ZLWKLQ D QDUURZ UDQJH DQG ZLMW RKGIR \FIKIINQJL DD QWK I& L

SDUDPHWHUV ZLWKLQ VPDOO YDULDWLRQV

,Q RUGHU WR DVVHVV WKH PHWKRG UREXVWQHVV VRPH
PRGLILHG PRELOH SKDVH S+ PRELOH SKDVH FRQFHQWU
LQWHUYDO DQG MRPEDLOWERERPWR RI H[SHULPHQW '2( HIL
EHHQ SHUIRUPHG IRU O\WR]\PH DQG WU\SVLQ 1R VLJC
EHWZHHQ WKHWKHRVMOWKNY DQG ZLWK WKH FHQWUH SRLQV

LQ WHSRDRN MUHD UHWIHRHWLRQ W
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&DOFXODWLRQ WKH SBHBNQURDHBY KRl WOKPFEOHY DIWHU F
FKURPDWRJUDSKLF SDUDPHWHUV WR WKH VDPSOHYV DW |
PO PLQERKRBU FRQFHPWUBWRPRQVWUDWHG WKDW DOO W

OHVV WKDQ ZKLFK LV WKH DFFHSWDEOH YDOXH IRU W

1R VLJQLILFDQW GLIIHUHQFHV LQ UHWHQWLRQ WLPHV E
)XUWKHUPRUH WKH SHUFHQWDJHV RI GLITHUHQW UHWHQ
ZHUH ZLWKLQKHGHYHORSM&ERG |RU, DIPD/O\ VUR EXVQVG QR

VLIJQLILFDQW HIIHFW LV H[SHFWHG LI DQ\ VPDOO FKDQJH

RFFXUUKHHGUHHW D XOW RU E\ GHOLEHUDWH

OHWKRG GHYHORSPHOW DQG YDOLGWMIUIRDOQKSI A/XND

&ROWURO 4& DVXDORILRQUPBP[FLSLHQWYV

BWDELOLWRDYV®UGWRUPXODWLRD\Q¥PEIRPHMKRGY WR DQ
WKH SURWHLQ DFW LD/GIG L QALKRHDGDHREM BILRIQWY  7KH PHW

SUR VDD \VXVLE\) 6(& ZDV YDVHKRBDW B GHBEM RWY R Q

7KH WKUHH XVHGOHYALGLHRQWH/QW V¥ O/ RWH O/ \XWIHRL CEDXUWVS K\ V|
FKDUDFWHULWWHRWH QMNKDGYWR GHYHORS DQG YDOLGDWH

PHWKRG WRHGHWHE WH QYW V

'KHQ UHYLHZLQJ WKH YDOLGDWLRQ RRBQDORW L FZXODRHSWH
4& VDPSOHVY UHVSHFWLYHO\ ZHUH DSSOLHG DV WKH D

FULWRULWKH DQDRORNVROMRILFDO PROHFXOHYV
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OHWKRG YDOLGDWURKGCIRRIWEBWRUPXODWLRQV WR VXSSR
LQGLFDWDQV WR LGHQWLLP®X biLM PHSHEROHWHUP Rl VWRU

GLITHUHQW RARBELGIIHUJIHRQQWN WHPSHUDWXUHYV

'HYHORSPHOW RI DODOWR WVANG AHANKRBYWYV VWDEL

)LUVWO\ D JUDGLHQW UHYHUVH SKDVH KLJK SHUY3RUPDQ
ZDV GHYHORSHG E\ XWLOLVLQJ -X'$SLWDRG &/6'FRIOW A WR W
GLVFXVVHG LQ 6HHHRVZIHRHU DQ HDUO\ HOXWLRQ RI WKH D
ZLWK EDG UHVROXWLRQ ZDV REWDLQHRSEHXNY GHY RW K LR |
WKHP FDQ EH GHWHFWHG E\ (/6" 7KLV SUREOHP FRXOG (

DQDO\®EDPHVEKXVYVW UHVWULFWHG- WEH XVLQJ RI 53

7TKHUHIRKHQRPHQH[ +,/,& 6,/,&% /81%$ — +,i/,& PPc
PLFUROW FROXPDRDV VHOHFWHD® WWLRV D W L YWiHD \H DFL3Q W

WUHKDORVH DVFRUEDWH DQG 30XURQLF )

,Q RUGHU DW®R B&E®WURSULDWH FKURPDWRJUDSKLF VHOI
FRPSRVLWLRQ DQG S+ RI PRELOH SKDVHV [0RZ WRWH

FRQGLWLRRXBWAHRUY

7KH LQLWLDO VWHS ZDV PRESONMDREKBQ@EGLERI NHWDIWLR QD |
VXLWDEOH RQO\ ZLWK DFLGLF DQG QHXWUDO S+ ZKLOH
VWDWLRQDU\ SKDVH $PPRQLXP DFHWDWH EXIIHU ZDV SU

DQG LQ RUGHU WR DVVHVV WKH HIIHFW RI $+DRXG St
WKH RYHUDOO VHSDUKMWBRQY HHIQEQB QFNVW KDV EHHQ SH

182



DFHWRQLWULOH ZDWHU UDWLR LQDWKH BAHWDKN 4R E LLG
PRELOH SKDVH KDV KHOSHG WKH PROHFXOHV)WRSHOXWH
DQRG YHU\ FORVH WUHKDORVH DQG DVFRUEDWH SHDNV +
S+ KDNOMHOSDUBWBO QPG SURYIOXHI® QLEHDN ZLWK D UHDV

GLVWDQFH LULIURPHW

JLIXUH +,/,& FKURPDWRJUDP LV VKRZLQJ WKH EDG UHVROXWLRQ EH
SHDNV ZKHQ WKH XVHG EXIIHU ZDV DW S+

S$IWWKDMKH HIITHFW RI IORZ UDWH DV DQ HVVHQWLDO FK
VHSDUDWLRQ@SURHAHYWKVHVVHG (YHQ PO PLQ IORZ UL
YHUD VBA KW WKH SHDNV UHVROXWLRQ PRGHYHEDVBWYDE Q\Z

DQBHOBSDUBMWHNGEY ZHUH REWDLQHG DW PO PLQ IORZ UL

$IWHU IL[LQJ WKH EXIIHUORZ DDEIWPIO (PQQ@ WKHW VWHS ZDV
EHVW DFHWRQLWULOH EXIIHU UDWLR LQ WKH ZHDN PRI

DQG LQ RUGHU WR JHW D KALIKUHHWD W
SHDRYHUODSSLQJ DMICHVBRIDNNHMH ® YV IDU DV SOWQG ZOMW KUE
UHDVRQDEOH WLPH $00 WKH UDWLRY GHPRQVWUDWHG \
UDWLR LQ WKH ZHDN PRELOH SKDVH JDYH D IDVWHU HOX\

ZLWK D VKRUW ZHHWQVBQRHREFHMO N DQE&VKHD VRl XVLQJ
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DQG DFHWRQXWBOQQHASHDN zZDV ZHOO VHMNAILDWKHE&L JWH

UHVRO XWXR®

JLIXUH +,/,& FKURPDWRJUDP LV YRRGLQEISWKBWLRQ HIILFLHQF\ RI
ZKHQ PRELOH SKDVH $ ZDV PDGH RI DFHWRQLWULOH

+RZHYBYFRUEDWH DQG WUHKDORVH UHWWG®W L\W QP W LFPIH
UHDFKHG PRUH WW R R@HOMRKEGISDKBD WL RGGLWLRQ WR ORC
WLPMKH SHDNV RI ERWK H[FLSLHQWMWZXKHEBIGQREX R GVERY WK,
SRRU VROXELOLW\ LQ DFHWRQLWULOH ZKLFW KD VXD HPC

XVLQJ WKLV UDWLR

+RZHYHU WRKG PB¥WWKHORSHG IVROVWMH WINTXLUHG SDUDPH
DQG DFHWRQLWULOH UDWLRV %RWK RI WKHVH UDWLR
UHWHQWLRQ WLPH DQG VHSDUDWHG SHDNV IRU WUHKDOC
DFHWRQGWYWRNKIBRG UHVRBOXUR®LMDWYG SMDINDYV FORVH \
WI1HYHUWKEOHFUHDVLQJ WKH DFHWR Q LWRRIGHY XS XWR R
30XURQLPAVKDW LV UHDVRQDE OE XV DWKH QUABKPHO/MB LHREE H V V
LQFUHDVLQQ WK WHMPHH JUHDWHU WKDQ ZKDW REVHUYH(
FRQFOXHEMWLQFUHDVLQJ ZDWHU FRQWHQGWX URQRRELNOH ¢
HOXWHG HDUO\ DQG KDG D SHDN RXRVHH WHRRW DR RAEEH

DQG WUHKDORNY W R LXHM DPHRRIGR&DW FDE BEBGHWKWYV RI
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DSSURDFKHMQG WKH V\VWHP ZDV NHSW UXQQLQJ IR

VWDUWLQJ JUDGLHQW GLOXWLRQ LQ RUGHU WR NHHS OR

)LQDOO\ RHWWRBHYWHP ZDV NHSW UXQQLQJ IRU WZR PL
JUDGLHQW PL[LQJ RI PRELOH SKDVH % JDYH WK B FERQYW L
WKH SHDNV ORZ UHWHQWLRQ WLRHK $3\HZNDRUB Y LEHRMD \H

W)LJIXUH

JLIXUH +,/,& FKURPDWRJUDP VKRZLQJ WKH VHSDUDWLRQ HIILFLHQF
UHIOHFWHG E\ WKH GLVWDQRFH BEHIW RHHQEFROMWRIH.F ORELOH SKDVH 4
DFHWRQLBXUILHOH S+ WKH VA\VWHP ZDV UXQQLQJ DW PRELOH
EHIRUH VWDUWLQJ WKH PL[LQJ ZLWK PRELOH SKDVH %

7KH UDWLR RI PL[LQJ EHWZHHQ PRELOH SKDVH $ DQG PF
WKH RYHUDOO JUDGLHQW V\¥WWH R RFRIQVW K BDXWEKG@DMG P H

7TDEOH
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7TDEOH7KH JUDGLHQW UXQ DQG WKH WLPH RI PL[LQJ PRELOH SKDVH
SKDVH $ FRPSRVLWIDRFFHWRQLWULOH $PPRQHXP D FPHWDNGHSEX | ZKL
PRELOH SKDVH % FRPSRVDWHWQRQMWULOH $PPRQLXP PFBDWOBWH EXIII

7LPHPLOXWH ORELOH SKDRHL®OH SKDVH
o @
= § (A:B)
=) 70:30
=5 ( )
0] 2 20 23 25 28
Time

JLIXUH ,00XVWUDWLQJ GLDJUDP IRU WKH JUDGLHQW UXQ DQG WKH

PRELOH SKDVH % ORELOH SKDVH $ FRPSRVLWLRQ LV DFHWRQLW
PO DQG S+ ZKLOH PRELOHRYKDNR G LWRPS DFHWRQLWULOH $P
EXIIHU PO DQG S+
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,QMHFWLRQ YR OXPWHFR)\R D OWWRHKDORVH DQG DVFRUEDWH

—0O DV WKH KLJKHU YROXPHV JDYH PDVVLYH SHDNV Z|
OLQHDMMWLZVHG DW WKH KLJKHU FRQFHQW UD WIRROX PHK F
WKH OLQHDULW\ REWDLQHG XS WR PO IRU ERWK VXE
GLOXWLRQ IDFWRUV IRU WKH VDPSOHV LQ RUWGMW W NHR FEH
ZDV GUHI®W DXWRG@LF —O ZDV VHOHFWHG DV WKH DSSURS
L® YLWR UHGXEHDQG DFFRUGLQJO\ WR LQFUHDVH WKH
VHOHFWUYLRSXIUQMHFAWLQOXURM®LBHVXOWHG LQDJADGKD!
FDODBNLRQ FXUYH RYHU WKH UDQJH XS WR XSSHU OLP

FRQFHQWUDWLRQ

7KH RSWLPXP GHWHFWRUV FRQGLWLRQV ZHUH DOVR VH
'HWHFWRU ZD6KRVWQHWHFW WAOHK WRRRWVGHWHEKBRRQ E
'$" GHWHFWRU +RZHYHU DVFRUEDWH ZDV EHWWHU G&H
ZDYHOHQKWEHYHOR®PNOFFHSWIDEOHFLSLHQWY VHSDUDW|

FKURPDWRJUDSKLF SBUDRHWHBNRAMHQ DQG RSWLPLVHG

TKKIGHYHORBWE&RGYV DW WKHKWRESRDMWRYBGBGSKLF FRQGLWLR(

IRU VWDELOLW\ LQGLFDWLQJ SXUSRVHV
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9DOLGDWLRO RI WKH '"HYHORSHG DODO\WLFDO PHV

VWDELOLW\

6SHFELILFLW\

6SHFLILFUWAVWBO®®\ SHUIRUPHG LQ VRKIE HDIE VDR WH\Y R D VKW
PHWKRG WR VHSDUDWH WKH DQDO\WH IURP RWKHU FRPS
LQ WKH VDPSOH 6SHFLILFLW\ GHPRQVWUDWLRQ SURFHG.
RI WKH DQDO\WLFDO PHWKRG ,Q HGKKHIZHAYXEHI RINDW\R VWA BA
LOQOWHQGHG REMHFWLYH RI WKH PHWKRG ZKLFK ZDV VW
FRPELQDWLRQV RI WKH H[FLSLHQW\SZH®MKXD&GRW KH QM VA
VHSDUDWLRQ DELOLW\ ZDV H[DPLQHG UK UMMRHIHGRIUPI W |
FRQGLWLRQV IRU DFFHOHUDWHG GHJUDGDWLRQ 7KH VS
HI[FLSLHQWY IURP WKH GHJUDGDQWYV D®GJR Y& HNBK\WN KER/GWL
ZHUH DEOHDWRGHOYWKOBSH SHDN IRU QWFAXLMW[KREWHWDLOLC
WKUHH UHWHQWLRQ WLPHVY 7KH SHDNV RI WKH H[FLSLHC
WKH UHOHYDQW SHDNV LQ WKH PL[WXHKHHVGB¥B ®®REHUEGD C
PHWKRGVSHFWRFVHSDUDWRUWERWH WQKKBORWYRQILMR P

RWKHU VROXWLRQV FRPSRQHQWYV

/I[LOQHDULW\

7KH FDOLEUDWLRQ FXUYH VS DRWW LIPQ UKW ARBQFHQW UD W
YHUVXV WKH REWD LTQKHG FOHOOLNE DIVW DR Q S O R WAH BIHK)[IF U © MHH

ZHURBHDOU RPHURXV FRQFHQWUDX\WJHRQ UDQJHYV
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peak area
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1500 -

1000 -
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Pluronic F127

y = 31155x + 3.508
Rz2=1
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Concentration w/v%

peak area
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0.00

Trehalose

y = 56.551% 13.374
R2=0.9991

40 60 80 100 120 140

Concentration mM
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Sodium Ascorbate

y =441.52% 16.739
R? =0.9996

eak area

0 2 4 6 8 10 12
Concentration mM

JLIXUH 30XURQLF ) 7UHKDORVH DQG $VFRUEDWH[EDOILL\E UW K
FRQFHQWUDWLRQ ZKISHHDN DDIROLWKMKBDQJIHY //24 [1DEOHIHIW RAR
EDUV DUH LQFOXGHG LQWR WKH OLQH

svLooxXxvwpuoxmHc WKH FRUUHODWLRQHARHIILFLHQRQG U
IRBOXURQLFWUHKDORVH DQG DVFRUKEH WLHS LUHKWB EDER \HENDH
DUMXPPMIGLFDEOH 7KH UDQJHV ZHUH VHOHFWHG EDVI

UHODWLRQVKLS

7TDEOH 30XURQLFDVFRUEDWH DQUGDWUHXDORAHD®RG FRUUHODWLRQ
FRHIILFLHQWYV

B3OXURQLF $VFRUEDW ! 7TUHKDORVI
5DQJH * ZY + PO * PO
1124 zZY PO PO
112" PO PO

5

/124 ORZHU OLPLW RI TXDQWLWDWLRQ
/12" ORZHU OLPLW RI GHWHFWLR
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7TDEOHVXPPDULVHV WKH GLITHUH®QWD QWIKVUHH/YXEVIWD' @ FH
VTXDUH 3HDUVRQ FRHIILFLHQWY IRU WKH FRUUHODWLR¢

XQGHU WKH FXUYH

JRU 30XURQDFQR®QLF VXUIDFWDQW ZLWK FULWLE®HO PL
DURXQG FRWKH QXWLRRQFHQWUBMWDLR QZDPIERXIQE OLQHLC
DW WREFHQWEBWRRQWKH &0& 7KHWHURQHF W&KHEBDWLRQ

ZDV JHQHUDWHG RYHU D UDQJH RI FRQFHQWUDWLRQ IUR

,Q FDWR|I WUHKDORVH D VHULHV RI VDPSOHV ZHUH GUHSELC
DQG WKHGLDBXWH/'DPSOH ZHDN PRELOH SKDVH KLJK DF
EHFDXVH RI SRRU VROXELOLW\ RI WUHK®P 2RLVAEKHLVQX QW H G
SUHEW®PWUQBKDORVH LOMKKM ARUNBQOQ U D VWHIDDNDA WEKY B UW K

Y)LIXUH

JLIXUH +,/,& FKURPDWRJUDP LVVHSDALIW LWVRIQHDIOMRK/IHQSWHIN K KH KD O R\
VDPSDBINSUHSDIUGHHGDWHU

$FFRUGLQJO\ DOO WKH 4& DQG VWDELOLW\ VDPSOHV Z¢t

$VFRUEDWH WKHHXDRUHEXDXWLQJ ZDWHU DV WKH EODQN
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/12" DQG //124 YDOXHV ZHUH GHWHUPLQHGXEH HG2 RYD ¥ HW
FRQFHQWUDWLRQ ZKHUH WKH SHDN QRLVH UDWLR DURX

IRU //24

)LQDOO\ 4& VDPSOMMHARGEBBUQQDRRLW FRQFHQWUDWLRQ
DFWXPWPXODWLRQV KDYH EHH®X®WES DUHEGKBQGNVE OD\
UDQJH 7KH GLOXWHG 4& VDPSOHV ZHUH WKHQ DQDO\VH
WKHQ DUHDV XQGHU WKH FXUYH ZHUH REWDLQHG 7KH L
DQDO\WH VDPSWOKI ROQHYVQZLWK F RQHHW M@ WIKRQ X SSH U

TXDQWLILFDWLRQ DUH SRVVLEOH WR EH GLOXWHG DQG

7R DYRLG DQ\ PLVOHDGLQJ UHVXOWY ZKLFK PDFDUWHRWH
ZDV DVVHVVHG LQ WULSQGIFOEOHDE) ND @ R QW LDQJ WCH WP LWK IR
TXDQWLWDWLRQ DQG WKH UHVSRQVH ZDV UHFRUGHG 7K
EODQN DW WKH VDPH UHWHQWLRQ WLPH RI WKH UHVSHFYV
WKH FXUYH RI WKH 8/24 IRU WKH VDPH DQDO\WHKM H7HKWHREX

OHVV WKDQ IRU DOO DQDO\WHY DW DOO DQDO\VLV WLF

$FEXUDF\

7KH DFFXUDF\ LV D WHUP GHVFULEHV WKH [FQRWVHHIGI\Q/JI R

7KH DFFXUDF\ RI WKH +,/DSONRMKRBE® ZDV

, Q WHQUGQ W U D FFX@ DB X RRD WIK\MV D\ ZHUH GHWHUPLQHG E\ S
GLIIHUHQW TXDOLW\ FRQWURO VDPSOHV RYHU WKUHH GL
WKUHH 4& VDPSOHYUKISYHR BE@GHDFK H[FLSLHQW DW WKUHH
OHYMHOGLOMYHO /DIQXVLQJ ZDWHU DV D EODQN
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$QDO\WLFDO PHWKRGV DFFNXRBPE V \RDOMMKRIBED S HUWRRHQW UHF
WKHYHUBRJHHDFK DOWHOGXUMDMPMHGLBOE G KLIJK YDOXHV KDV L
WR DQGIRUOXURQLFWUHKDORVHRDBRGBWH UHVSH
+RZHYHU WKH DFFXUDF\ YDOXHV ZHQW GRZQ WR IR L

LWFFHSWEFE®GHDF\ YDGKBJIDWRRW&+ DQG (0$ JXLGHOLQHYV

2Q WKH FRXQWHQWALE I FWXBDF\ YDOXHV ZHUH P B®QKHH\D UL
IHYHUWKHOHVV WKH ORZHVW DFFXUDF\ YDOXH IRU PHGI
ZDV ZLWKLQ RI WRB YHRPE QO ZDV REWDLQHG DIWHU
UHFRYHU\ YDOXH 7KH DFFXUDF\ Rl DOO DQDO\WHHV WHKBG

QRPLQDO YDOXHYV

7KHVH UHVXOWV RI DFFXUDF\ FDOFXODWLRQV ZHUH F

UHTXLUHPHQWY DV UHTXLUHG E\ WKH UHJXODWRU\ DJHC

BUHFLVLRQ

OHWKRGYVY SUHFLVLRQ ZDV FDUULHG RXW LQ VUHHHSLOLHWDH
FRQFHQWUDWLRBMGLAWWQRAKLIK 4& RYHU VL[ FRQVHFXW]

YDOXHV ZHUH H[SUHVVHG DV D FRHIILFLHQW RI YDULDQF

, QWUD DQG LQWHU SUHFLVLRQ FDOFXODWLRQ UHYHDOH

ZHUH SUHFXD® WIKRH WKUHH GLITHUHQW DQDO\WHYV

7KH &9LRIWLDG LGBAHSUH ZIDAML PP RUH WKDQ DQG
IRU 30XURQWRJHKDORVH DQG DVFRUEDGV KD QYW K FIWKLLYIHC

VHADEOH//24 UHRGY ZHUH DWOHHRPH Q9 XDWKHY ZLWKLQ *
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7KH SUHYLRXV &9 UHDGLQJY UHIOHFWHG KLJK SUHFLVH

KDEHHQ GHYHORSHG WR EH DV VWDEDGILW\ LQGLFDWLQJ

7TDEOH3O0OXURQLFWUHKDORVH DQG DVFROQBEUMH LMAWKUYDQGRHYV IRU P
KLIK 4&

3OXURQLF 7TUHKDORVH $VFRUEDWH
,QWHU SUHFLVL * + *
,QWUD SUHFLVL * *

SREXVWQHVYV

7KH UREXVW PHWKRG LV WKH DQDO\WLFDO SURFHGXUH
QR VLJQLILFDQW GLIIHUHQFH ZKHQ WKH DQDO\WLFDO SEC

SXUSRVH) A WRDOO UDQJH

,Q WKH FXUUHQW VWXG\ DQ HESHDQBHEGWDGZE MR J QDFIN
ZHUMHKDQJHIB WKH PHWKRGV ZLWKLQRDQ R WB W ¥DLE®BRWIEQ
DTXHRXV UDWHRN. @ REKIOH SKDVH ZNDB AR EPSOHYV .

SUHSDUHG LQ WULSOLFDWH LQ RUGHU WR DVVHVV WKH L

7KIBHVRIKISHULPBOQW\VLYV UHYDHRDVIH® W KPMQ WSHOINDH BB
DQG UHWHQWLRQEWHREMEOH WHKH DQDO\WHV GHU HG VWG
SDUDPBWHOV )XUWKHUPHRLNM DDBOGWKKH UHWHQWLRQ WI

¢ RI WKH UHVSHFWLYH YDOXHV ZKHQ WKH FKURPDWRJU
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FHQWUH SRLQW 7KHVH DB B GRIGR PPIDRY WXIK L FURKEW KW G
DQG DQ\ \DLJWLGLAIHUHQFH LQ TXDQWLWDWLYH DQDO\VL)

DQRDO\WLFDO HUURUY DFFLGHQWO\ RFFXUUHG

&ROFOXVLRQ

7KLV ZRUN SURSRVHV VWDELOLW\ LQGLFDWLQJ FKURPD
TXDQWLVLQJ O\WR]\PH DQGPX\ODBNR@VOLIFLOGIRIUNLRQ
H[FLSLHQWVY 7KH PHWKRGVY ZHUH GHYHORSHG DQG YDO
WHFKQLTXHV IRU WKH VDPH SXUSRVH )XUWKHUPRUH 6(:
VXLW QDQRFDSVXOHV FRQWDLQLQF\®HNR]YPK DRE MQG STVM
$GGLWLRWKBHOSORHW KRBW D OMGHG WR TXDQWLI\ HQYFLOLEKV X O
QDQRFDSVXOH |IREPXCIDONLIGRDOWLRQ SURFHVV SURYHV WKD

OLQHDU DFFXUDWH SUHFLVH DQE®OWRREWYW GHWLK H/@ 40 ¥

7KH QH[W FKDSWHU SUHVHQWY WKH UHVXOWYV RI HVWDE(
GHYHORSPHQW RI RUDO SRO\PHULF QDQRFDSVXOHV FRQ'
WU\SVLQ ZHUH XVHG DV PRGHO SURWHLQ BQB:S B/&HKD WLR

‘1DVH , ZDV XVHG DV D WKHUDSHXWLF SURWHLQ
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&KDSWHU YHYH ORSPHC

RI D VWUDWHJLFRIS S

SUHSDUBWUBRP@ SRO\P

ODQRFDSVXOHV FRQW

ELRPROHFXOHYV
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L OWURGXFWLRQ

3URGXFW DQGISYRCRIMEOMYHQ PORGRANIHQE WUDGLWL
EDVHG RQ H[SHULHQFHG DQG IL[HG SURFHGXUHV LQ W
VLWXDWLRQ KDV EHHQ LQIOXHQFHG E\ D ULJLG UHJXOL
SKDUPDFHXWLFDO LQGXVWULHV EXVLQH VW YEHHPGIFHNV RK L\
PDQXIDFWXULQJ WHFKQRORJ\ ZKLFK FRQVHTXHQWO\ OF

SURGXFWYV GLVFDUGLQJ FDXVHG E\ PD@XIDFWXULQJ GHIL

7KHUHIRUH )RRG DQG 'UX$ HVWOHE®RYIKRRE® HHSW ZQWK

YLHZEWR®® KH TXDOLW\ LQWR WKH SURGXFW IURP WKH E
XQGHUVWDQGLQJ WKH UHODWLRQV Rl SURGXFW TXDOLW!
PDWHULDO DWWULEXWHW QQWNEDRIORU GLIQV WL QUIE' FDQ ¢
IDVWHU DQG PRUH FRQVLVWHQW SURGXFW DQG SURFH
IOH[LELOLW\ LQ PDQXIDFWXULQJ LQ RUGHU WR UHGXFH ¢
DV D 3V\VWHPDWLF DSSURDFK WR GHYHORSPHQW WKDW E
HPSKDVHV SURGXFW DQG SURFHVV XQGHUVWDQGLQJ DQ

VFLHQFH DQG TXDOLW\ ®¥L@N PDQDJHPHQW"’

&+ 4 4 DQG 4 JXLGHOLQHYVY GHWDLOHG WKH VBKHQ
LPSOHPHQWDWLRQ RI 4E' DQG FRQWLQXRXV L PSSGERN IHP® ¢
RI WKH 4E' DSSURDFK LQ ELRSKDUPDFHXW LKELDIBX DRILPAX\

SURGXFWY ZLWKRXW H[WHQWWLYH UHJXODWRU\ RYHUVLJK

7TKHUHIRUH 4E' DSSURDFK KDV EHHQ DGDSWHG LQ WKL)

SRO\PHULF QDQRFDSVXOH IRUPXODWLRQV FRQWDLQLQJ
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ERGHJUDGDEOH SRO\PHULF QDQRFDSVXOH V\VWHP 31&

UHVHUYRIMXWEKRPXWQGWHG E\ D SRO@PIHROL\PNUKHO QBQ BRABR SV X
DUH EHLQJ XVHG WR FDUU\ WKHUDSHXWLF SURWHLQV L
VXUURXQGLQJ HQYLURQPHQW HLWKHU LQVLGH WKH ERG
,Q DGGLWLRQ 31&V DUH FRPSDWLEOH ZLWK ERJGA RILWXKX
ELRGHJUDGDEOH RARPHRYHU 31&V FDQ HAKIFQFHRWKH VI
GUXJ UHOHOWBHDULRXV IDFWRUV DIIHFW WKH VXFFHVV R
SRO\PHU FKDUDFWHULVWLFV VXUIDFWOGQWQGV\SH H STUL

FRQGLWLBQV

+RZHYRSWLPDW@®MRI WKHVH LQGLYLGXDO IDEWRUV LV F
UHTXLUHG WR DVVXUH WKH TXDOLW\ Rl WKH ILQDO SURG
SURMHEWY LQ WKLV DUHD LQFOXGLEO I SR FRH U FRUMOR
FRQWDLQLQG BXUIRRVZHHIYHQRWKLQJ \HW LQVBWDPDD BMIH |«
IRUPXOBRWIMX® QDQRFDSVXOHV WKH SDUHQWHUDO DGP
PRVW FRQYHQLHQW DSSURDFK EHFDX®HPWNERMGEBDOD URC
SRO\PHU GHJUDGDWLRQ +RYWXEK HLXQSW KR \F XELHNHHIIN

LQ 31&YV IRU DGPLQLVWUDWLRQ YLD RUDO URXWH KDV Gl
WKH GUXJ UHOHDVH SHUFHQWDJH KDV LQFUH DUWHIEH DVW

HQKDQFHU

'"HYHORSLQJ 31& IRUPXODWUEQWY EDV/RIGFR @ AWMXKHWDFRERUGL
KHOSHG WR RSWLPLVH WKH IRUPXODWLRQ IDFWRUV H J

WKH GHVLUHG TXDOLW\ WDUJHWYV

7KH UHVXOWY RI WKH RSWLPRRKBGDFWH IRLWIXYOIDRQL M@V W L

UHVXOWYV DV SUHGLFWHG E\ WKH PRGHOV 7KH GHYHOR
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DSSURDFK WR GHYHORSLQJ RUDO WKHUDSHXWLF PDFU

VDYLQJ GHYHORSPHQW FRVW

$LPV DREMHEWLYHYV

7TKHDLP RI WKLV VWXG\ LV WR HPSOR\ WKH 4E' FRQFHS
SUHSDULQJ SRO\PHULF QDQRFDSVXOHYV FRQWDLQLQJ VW
UHGXFHG SURFHVVLQJ FRVW DQG GHYHORSRKHQXYW O\RIFHHG
LGHQWLI\LQDORIGOD RI WKH IPRWRQ® LHDYD OXKUMWLQJ WKH
FULWDRDOEOHY DQG WKHLU LQWHUDFWLRQV RQ WKH GH)
WU\SVLQ FRQWDLQLQJ 31&V $FFRUGLQJO\ WR RSWLPL

IRUP XX ODWIXOILOOLQJ WKH SUHGHWHUPLQHG 4773V

ORUHRYHU WR YDOLGDWH KRZ ZHOO WKH PDWKHPDWLFL
DQG RSWLPLVLQJ WKH GLIITHUHQW IRUPXODWLRQ SDU

FRPELQDWLRQ RI WKH RYHUDOO IRUPXODWLRQ FKDUDFW

$SSO\LQJ 4E' DVVLVWHG RSWLPLVDWLRQ RI WKH IDF!
HQFDSVXODWLRQ HIILFLHQF\ DQG KLJK UHOHDVH SURILO

SURWHLQV

7R WKH EHVW RI RXU NQRZOHKDOEB QRGUHBOVHDDAHF K BIBADHD F |
IRUPXODWLQJ WKH 31&V 7KH UDWLRQDOH EHKLQG WKDW

ZLWKRXW DIIHFWLQJ WKH HQFDSVXODWLRQ HIILFLHQF\

7KH GHYHORSHG VWUDWHJ\ ZDV YDOLGDWHG E\ SUBIWDU

WKRSWLPERQ@GLWLRQV BQIGYVHIGDWRBRFWLW WKH LQWHQGHG
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SHVXOWYV DOQG 'LVFXVVLRQ

AXDOLW\ E\ '"HVLJQ 4E' LPSOHPHQWDWLRQ

,Q WKH FXUUHQW VW X\E L H\QMHILEO DIRKDRDFK KDV EHHQ
DFFRUGLQJ WR WKH ,QWHBGDWPRQDOAM Y UHQBERG 4

JXLGHOLQHV 7KH 4E' KDV EHHQ DSSOLHG LQ WKH HDUO
ZKHUH WKH $FWLYH 3KDUPDFHXWLFDO ,QJUHGLHQWYV §

O\WR]\PH DQG WU\SVLQ

7KH LPSOHPHQWDWHRQRKPW & HHEMPGH\F GIHWDLOV LD 6H F\
WKH UHOQXEHDRW R DXWKRU KDV LGHQWLILHG DQG GHWH¢
BURGXFW 3URILOHV 4733V DQG KDV VHOHFEWHG WKH ¢
&4$V DFFRUGLQJO\N 7I\WM\CH WRH QWVKDV EHHQ SHUIRUPH
WKH SRWHQWLDO ULVN IDEWRUV D @RG WMLV 5K UE \H\\KR
VWHSV L H ULVN LGHQWLILFDWLRQ ULVN DQBO@SENMVNDQ
LGHQWLILFDWLRQEZDOL $WUQRUW K Bl [S RWRIEQWBIOUU Y WNND Q D
KDV WDNHQ )UK E\ORGH (ITHFON$$ QD@ INMQ®\ WKH ULVN
KDV RFFXUUHG E\ EXLOGLQJ D PDWKHPDWLFDO GHVLJQ R
HITHFW R VH¥EHWHNO RYOD WK AGMYQGBHWKHQ REWDLQ RSW

IRUPXODWLRQV

4E' LPSOHPHQWDWLRQ SURFHVYV ZLOO EH GLVFXVVHG LQ
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4XDOLW\ 7DUJHW 3URGXFW 3URILOHV $AW /3 EDXQVGH

&4V LGHOWLILFDWLRQ

$V PHQWLRQH® KIHE KONV L P D WBIH YRIDWBR EOWMRSRO\PHULF QI
IRUPXODWLRQV FRQWDLQLQJ WKHUDSHXWLF SURWHLQ D
4733V KDYH EHHQ LGHQWLILHG DV WKH ILUVW VWHS R
EDVH@ WKH VFLHQWLILFUNHDRSMHNER XBIDGD W X U HD E QL Bl YH. |
WKHD WLPOWSRVH RI WKH IRUPXODWLRQV ORUHRYHU WKt

SDWLHQW UHOHYDQW FKDUDFWHULVWLFV

,Q RUGHU WR DFKLHYH WKH GHVLUHG@WIL3IVH® KD &HEGVR
NQRZORGUKH UHOHWB QWW XD)HNVKRUTV VXIIJHVWLRQV WR L

WKH ILQDO SURGXFW

7DEOHOLVWY WKH 4733V &4%$V WKHLU GHVLUHG WDUJH!'
HOHPHQWY VHOHFWLRQ 7KH VHOHFWLRQ SURFHVV RI 47
UHFRPPHQGHG LQ WKH ,&+ 4 JXLGHOLQH DV LW KDV WEF
UHODWHCGH VS WLHQWY L H VDIHWA @H+RFDFN UD QUK H XXDI@ V
GHWHUPQQBIKFRUGDRYKH GUXJ SURGXFW DQG WKH XVHC
FKDUDFWHULVWLFV 7KH &4%$V ZHUH VHOHRWHEG EW K H\GKR(
LQIOXHQFHY RQ WKH SURGXFW SURSHUWIUKN D@ G HDAMH

SDUWLFOH VL]H
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7TDEOH 7KH GHVLUHG 4733V &4%V WKHLU WDUJHWV DQG MXVWLILFE

7TDUJHW -XVWLILFDWLRQ
4733V
7R SURWHFW WKH SURWH
SURWHRO\WLF GLJHVWLY
'RVDJH IRUP IDQRFDSVXOH

QDQRVFDOH QKPHQFWRVKH
SKDUPDFRNLQHWLF SURS

(DV\ GRVDJH IRUP QR QF
5RXWH RI DGPLQL 2UDO SURIHVVLRQDO KHOS OLNM
GRVDJH IRBFRPSOLFDWL

7R DYRLG WKH JDVWULF

6LWH RI UHOHDVH ,QWHVWLQH
KDUVK S+ JUDGLHQW

7R SURWHFW WKH SURWH
FKHPLFDO GHJUDGDWLRG
SK\VLGBOUDGBWLRQIUHJI
6WDELOLW)\ 2QH \HDU DW  f |9 RUGHU WR DYRLG WKF

UHDFWLRQV

7TKHUDSHXWLF PADRNAY HRDUN
'UXxJ SURWHLQ RI YDULRIDPWKBLVXQFRPPR
GHOLYHU\ DQG VHQVLWL

7R EH DEOH WRG®H OL YHU
GRVH LQ D VLQJOH RUDO
7R EH FRQYHQLHQW IRU "
SDWLHQW

%XON VL]H 5HDVRQDEOH

7R EH HFRQRPLFDIRQ\ WK

5SHDVRQDEOH
SDWLHQW DQG WKH KHDC

&RVW
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7TDEOH FRQWLQXH 7KH GHW4SMGWMRBRIYW WDUJHWV DQG MXVW

&4$

7R UHG XKD WIXK@IG RYHUDC
2YHUDOO UHOHDV' ,Q DGGLWHRQWKSY R SEHRYV
KRXUV ' IRU WKH SDWDBSQWGHAILWI

WLPH

/[DUJH VXUIDFH DUHD LQ

IDQRFDSVXOH 6L] ”
Q ] UHOHDVH UHGXFH WKH E

7R UHGXFH WKH DJJUHJD
GHDFWLYDWLRQ RI WKH ¢
DJJUHJDWH PD\PKDRWOR ILE
UHDFWLRQV

$FWLYH SURWHLQ !

7R UHG X ZHD WIX®IG RYHUDC
(QFDSVXODWLRQ ! ,Q DGGLWHRQOWRI H S GRS/
IRU WKH SDWLHQWYV ZLW

7R UHIOHFW WKH HQWLUI
$FFHOHUDWHG 6W ! +HQFH WK XWKH GHJUDG
VDYLQJ WLPH

7R DYRLG WKH GHJUDGD\
HQJ]\PHV DQG UHGXFH WK

5HVLVWDQFH WR .
! RI WKH SRO\PHULF VKHO!

HQI\PHV

7RDYRWG®GH JUDGPWWRB
LQWH WL\ PHY DG WFKH
SHUPHDELOLW\ RI WKH S

5HVLVWDQFH WR
HQI\PHV

$V FOHDDEIOH WKBOWLWDWHHW SURILORUWNOWRD §RFEBV KO
GRVDJH IRUP ZKLFK LV DEOH WR U B B3\DXQDWHKIHG \SWIBRAQRHDLLC

WLPHWHU VWRUDJH DW UHIULJHUDWHG FRQGLWLRQV 7KL
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SURWHLQV SURWHFWHG IURP GHJUDGDWLRQ E\ JDVWULF
IRUPYVY DQG WKH FRVW RI WKH SURKBEKE W QRVR KHRYH DON B DE

RI WKHVH FULWHULD DUH LQ FRQVLVWHQFH ZLWK WKH SI

2Q WKH RWKHU KDQG WKH QHZO\ GHYHORSHG IRUPXC
DWWULEXWHY UHOHDVH PRUH WKDQ RI SIORWEVQ 8RR
WKH SURWHLQV IURP WKH PHFKDQLFDO VWUHVV LQGXFH
WKHLU ELRORJLFDO DFWLYLW\ HQFDSVXODWH DW OHDV!

RI WKH HQFDSVXODWHG SURWHLQV \RR UE PODRWKL @Y L

6.)

5LVN $VVHVVPHQW

$IWHU 4733V DQG &4%$V LGHQWLILFDWLRQ WKH ULVN DV\
7KH ULVN DVVHVVPHQW KDV EHHQ SHUIRUPHG LQ WKI

LGHQWLILFDWLRQ ULVNODXOMO\WRWQVY DQG ULVN HYD

7KHUHIRUH SRWHQWLDO ULVN IDFWRUV KDYH EHHQ DVV]
ZLWK WKH 4E' UHTXLUHPHQWYV LQ RUGHU WR DFKLHYH
3RWHQWLDOO\ ULVN IDFWRUV LQFOXGLQJ &ULWLFDO 3
ODWHULDOV $WWULEXWHYV &0$V ZHUH LOOXVWUDWRHG
XQGHUVWDQG WKHLU LQIOXHQFH RQZWIDIQ G WMWR LB E GWL3\

VHHLIXUH
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Environment
effects

Double emulsion
formation

Centrifugation

Additive to the
core

Temperature

Humidity

Aerafion

Microbiological contamination

wWio
surfactant
Crganic solvent

Stabilizer use

Physical state of
inner phase

Polymer type

Sonication time

Sonication

Centrifuge speed

Centrifuge time

Number of
washing times

Salt

Sugar

Protein

Polymer

Age

Analytical error

Calibration error

Skills

Operator
attributes

Type of organic

pressurs

Cleanliness p
shes Cenfrifuge
Sonication temperature Surfactant
voltage
Exiraction
Analyst strass Emulsi
Evaporation mu Sf on
Freeze drying time coacervation
Analyst fatigue . e
Temperature Freeze drying Emulsion diffusion

Polymer coating

»>75% drug release/24 hr
=500 nm particle size
=95% of active protein

= T5% encapsulation
efficiency

solvent Drying temperature Layer by layer
Fume . Double emulsion
cupboard Time of sample
freezing before drying
Stiming N initati
e Temperature of anoprecipiation
Stirring time sample before
drying
Solvent removal Freeze drying PNCPs
preparation

JLIXUH )LVKERQH

IDFWRUV ZKLFK LQIOXHQFH WKH GHVLUHG 4773V DQG &43%V
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,VKLNDZD GLDJUDP ZKLFK LOOXVWUDWHY WKH SRWHQWLDOO\

ULVN HDFWRR F



JXUWKHUPRUH DOO WKH LGHQWLILHG SRWHQWLDOO\ UL\
GLDJUPDRXUH KDYH EHHQ OLVWHG DQG FULWLFDOO\ DQI
GHVFULEHBWIKRQ )J)LIXUHLOOXVWUDWHY WKHVH IDFWRUYV
SULRULW\ 1XPEHUV 531 RQO\ IDFWRUV KDYH H[FHH
WKUHVKROG IRU WKH IDFWRUV WRVEWMLBD VG R@NYW R/ UIRRYI

IDFWRUV DUH OLVWHG DQG FODVVLILHG LQWRDEOXH) GLIIF

7KH | EDWHLREOXGHYV WKH DK WAN MR VSR W H Q WA BF W

EXW WKHLPUCREYWLCP X VGOIRMD BB OB NRKH\ Z LAY EEBIS R QDWRH
PDWKHPDWLFDO GHVLJQ RI H[SHULPHQW LQ RUGHU WR
FDWHJRU\ FRYHUV W WH HDEBVQFEIYDPZERY HQWLDO KD]DUG

WR EH H[FOXGWIGH QDQRSUHFLSLWDWLRQ PHWKRG WR S
SURWHLQ 7KHQ WKH WKLUG IDFWRUV FDWHJRU\ UHSUH
WDNHQ LQWR DFFRXQW DQG IL[HG DW D FHUWDLQ YDOXt
WKH OLHVRUDKDX3 SUHOLPLQDU\ VFUHHQLQJ HJ W\SH R
DFHWDWH KDV EHHQ FKRVHQ LQ WKH FXUUHQW VWXG\ C
SURWHLQ VAMHXFDWAWHDWHIRU\ FRQWDLQV WKH XQPHDV)
FDQ EH GHWEHURPKBHGEDO\VW EHIRUH [SRIRR P& BWM MLKHL P

FDQ DSSHDU DQG EH PRQLWRUHG GXULQJ D\KIHO VHDEEROH .
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Emulsion coacervation
Emulsion diffusion
Polymer coating

Layer by layer
Double emulsion
Nanoprecipitation
Freeze drying time
Freeze drying pressure
Drying temperature

dlu }( » u%o (E IwP (JE Y
d u% & SPE }( * u%so (}& VY
Surfactant
Polymer
Protein
Sugar
Salt

Centrifuge temperature
Number of washing times
Centrifuge time
Centrifuge speed
Sonication voltage
Sonication speed
Sonication time
Polymer type
Physical state of inner phasé
Stabilizer use
Organic solvent
W/O surfactant
Extraction
Evaporation
Temperature
Type of organic solvent
Fume cupboard
Stirring speed
Stirring time
Analyst stress
Analyst fatique
Age
Analytical error
Calibration error
Skills
Cleanliness
Microbio. contamin.
Humidity
Temperature

Risk Priority Number (RPN) 0 10 20 30 40 50 60

JLIXUH )0($ JUDSK VKRZLQJ WKH SUHGHWHUPLQHG ULVN IDFWRUV D
QXPEHU 531
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7TDEOH SRWHQKMMUMOBNFWRUY FODVVLILHG LQWDWHKURHHKBUDHWRQV
ZKLFK FDQ EH XVHG DW GLIIHUHQW OHYHOV DQG/KKRYG & FEUWHVLIQEF DK C
RQH OHYHO RUKRKFROFOBMEH [HG OHKHMHHIDFWRUV VKRXOG EKHH[PEWRBHS
ZKLFK WKHLU HITHFWYV D®RHUMEG BXE PROWKH VWXG\

JDFWRU QXPEHU

SRWHQWLDIOIOKDNFWR!

&DWHJIRU\

$QDO\VW VNLO

$QDO\WLFDO HLU

7\SH Rl RUJDQLF V

THPSHUDWXUH

(YDSRUDWLRQ

(I WUDFWLRQ

2 VXUIDFWDQYV

2UJDQLF VROYH

6WDELOH]IHU XV

3K\WVLFDO VWDWH RI

B3RO\PHU W\SH

1XPEHU RI ZDVKLQ.

&EHQWULIXJIJH WHPES

6DOW

6XJDU

IDQRSUHFLSLWD

'RXEOH HPXOVLF
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JROORZLQJ WR WKH ULVN LGHQWLILFDWWK® B @& HQWND
IDFWRUV FODVVLILHG DV FDWHJRU\ RQH ZHUHHOSINWL\P B Q'
LQ RUGHU WR GHWHUPLQH WKH IDFWRU OHYHOV LQWHUY

WKH GHVLUHG WDUJHWY DQG &4%V

7KH DERYWN DVVWVXYXPWEFDUULHG RXW WR VXLW WKH FR
31&V FRQWDLQLQJ SURWHLQV L H O\WR]J\PH DQG WU\SV
WKHVH WZR SURWHLQV LQ WHUP RI HQFDSVXODWLRQ DS

LQWR DFFRXQWVDQVWK® RS D/1H L

7TDEOHVKRZV WKHVH WZR H[SHULPHQWDO GHVLJQV ZKLF

FKDUDFWHULVH DQG1W KR/R QPRXOWMPLR/GIV FRQWDLQLQJ O\V]
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7DEOH $ WRWDO GLITHRWHRXO BW&WRQV |IRU HDFK SURWHLQ O\VR]\F
7 DORQJ ZLWK WKHLU IDFWRUV DQG OHYHOV

JRUPXODWLRQ 3RO\PHU W\S &RUH 3K\VLFDC 7TUHKDORVH ¥
/ ILTXLG
/ ILTXLG
/ 6ROLG
/ 6ROLG
/ ILTXLG
/ ILTXLG
/ 6ROLG
/ 6ROLG
7 ILTXLG
7 ILTXLG
7 6ROLG
7 6ROLG
7 ILTXLG
7 ILTXLG
7 6ROLG
7 6ROLG
SBRO\/'/DFWERF-DSURODFWBDRWLR
3ROY /DFWERFFDSURODFWRQH UDWLR

$V FOHDUDE®R O\WR]\PHWWY\GVLQ KDYH WKH VDPH IRUPXC
DQG WKHVH GLITHUHQW | RUPX IO RRESUIEE WHEIMHK HU G
DERXW WKH IRUPXODWLRQV DQG WKHLU SUHSDUDWLRQ

IROORZLQJ VHFWLRQ
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SUHSDUDWLRQ RI SRO\PHULF QDQRFDSVXOHYV

3RO\PHULF QDQRFDSVXOHVY FRQWDLQLQJ O SR SDH D@ ®
IRUPXODWHG E\ DSSO\LQJ GRXEOH HPXOVLRQ VROYHQW
6HFWLR@UHSDUDWLRQ PHWKRG VHOHFWLRQ ZDV EDVHG
WKH LQLWLDO ULVN DVVHVVPHQW GHRFHR/YMW\R PRPSBY
EHWZHHQ WKH GLIIHUHQW PHWKRGV DQG ZDV EDVHG RC
OLWHUDWXUH LQ RUGHU WR VHOHFW WKH EHVW RQH DPR
RI GLIIHDHMMQE 2 :HPXOWKRYH EHHQ SUHSDUEG URBEMU L
VRQLFDDNLRQPSODLQHG SHAWLRXVRM ISK\\DLFDHDUDQFH RI
HPXOVLRQ ZDV HYDOXDWHG DQG VRPH GLIIHUHQFHV KI
SKDVH VHSDUDWLRQ RU HPXOVLRQ FUDFNLQJ zZDV RE
SUHSDUDMMQBQRQO\ RQH KRPRJHQHRXV OD\HU HPXOVLE
+RZHYHU WKH OLTXLGV FRORXU ZDV YDULHG IURP IRUP X
IRUPXODWLRQAMERRZQIRWRMODWLRQV Z L WZKK D K DFORRU/HH
RSDTXH FRORXU +RZHYHU IRUPXODWLRQV ZLWK VPDO

DSSHDUDQFH
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JLIXUH 7ZR GLIITHUHQW GRXEOH HPXOVLRQV VKRZLQJ WKH GLIITHUHQ

7KH SUHYLRXV GLITHUHQFHV LQ WKH HPXQ¥XBKQ DSBS HDXNH
WWKH SUHVHKXBDHO RV MLD@QIMKRNMNH DQG PD\ EH UHODWHG WR
IRUPHG 7KH REVHUYDWLRQV DUH FRQVLVWHDW @ZQ MWXQZK |
VWHG WKIDWHP XOVLRQ ZLWK B URWBROMHW QG JGIDIJRV KEDOH X
WUDQVIWRINQWIKWO\ PLON\ DSSHDUDHQ R H\RQ ZALRAPIS CDWDLW/IR

VLIH ZKIDPFK RQDTREHSHDUDQFH

$IWHU VROYHQW HYDSRUDWLRQ SWRKHWRRPRNHRH U RW
¢ WKH RUJDQLF VROYHQW ZDV HYDSRUNWGOIGG LRKNAG W |
VXVSHQVLRQV RI QPRARPBIIILXOHYVY ZHUH GHYHORSHG '.

VXVSHQVLRQV KDYH EHHQ ZDVKHG LQ WULSOLFDWH E\ FF}
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VROYHQW UHVLGXHV $IWHUZDUGV WKH 31& IRUPXODWL

IRU KRXUV )OXII\ ZRAGH DY &OYQGHEHHQ REWDLQHG DIV

31&V KDYH EHHQ SUHSDUHG RSAFRRAG/NRE DWHR S WK HP HQ W\
GHVFULEHG DERYH )LUVWO\ [RUPXODWLRQV IRUPXOD!
DQG WKHQ WKH PRGHOV KDY GBE ®@BGWKHP DWYEBRQOM YV
DQG DQDOWX@GNWEHBUUHVVLRQ DQDO\WLY PHWKRG $IWH
IDFWRUV OHYHOV ZHUH RSWLPLVHG DFFRUGLQO2WR D IX

6RIWZDUH WR ILQG RXW WKW WHW B/MIUQJWW RKIL FKK H
&RPELQLQJ D GRXEOH HPXOVLRQ PHWKRG D 31&V SU}
HQFDSVXODWLRQ RI K\GURSKLOLF GUXJ ZLWK '2( PHWKF
DSSURSEROQ®IHVLRQV RI 31&V FRQWDL®LQD\SURW LY/
FRQV Rl WREBHWERGVWKHQ DVVLVWHG LQ REWDLQLQJ

SURWHLQV ZLWK FXDWDWWH RINMDWLEWYWOLYHU\ VA\VWHPV D\

SRO\PHULF ODQORFDSVXOHV FKDUDFWHULVDWLRQ

31& IRUPXODHWWIIHRGKDAUDFWHULVHG LQ RUGRAMUWKRAKR QGUHIOIX(
IDFWRUVY KHQFH RSWLPLVLQJ WKH PDWHULDOV DWWU
FKDUDFWHULVDWLRQV LQFOXGH PHDVXULQJ WKH 31&V H
LQ 6,) DQG 6*) SDWAURPRHL¥D|GI DFWLYLW\ RI WKH HQF|
SHUPHDELOLW\ RI 31&V VKHOO WR WKH GLJHVWLYH HQ]\
VWDELOLW\ DQG LPDJLQJ EF\KDWD FW NRBH WIBORGE N\QZH UH D G
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IURP WKH S>XHWHNEKMBOHFNLR@QG WKH VXEVHRMDRMY X
IHYHUWKHOHVV LQ RUGHU WR TXDQWISVURWY &Kp/S & OAR HAL
VKHOOV VKRXOG EH EURNHQ GRZQ E\ DQ RUJDQLF VROY
VKRXOG EH FROOHFWHG +REWXHH VVDKH S/HROW HWQ YHVW R
WKH XVHG RUJDQLF VROYHQW 7KHUHIRUH WR DYRLG D¢
VROYHQW GXULQJ WKH FKDUDFWHULVDWLRQ WKH HIIHF
DFHWRQLWULOH LVRSUWRSDFDWBRKRRQ IDQGRHWK DQG W
ZHUMHYDOXDWB®&DWHU ZDV XVHG DV D FRQWURO LQ WKH
ZHUH VXVSHQGHG LQ WKH WKUHH RUJDQLF VROYHQW\

TXDQWLILHG E\ XVLQJ VL]H HIFOXMLRQ FKURPDWRJUDSK

7TDEOHVKRZVY WKH UHWHQWLRQ SHUFHQWDJH RI WKH ERW

GLITHUHQW RUJDQLF VROYHQWYV LQ DGGLWLRQ WR WKH

7TDEOH WKUHHMWBHQW RUIJDQLF VROYHQWY WKHLU HIIHFW RQ O\WVR]\Pl
WKHP LQ —J PO

7U\SVLQ
/\VR]\PH

2UJDQLF VR( 3YDOXH UHWHQWLR 3 YDOXH
UHWHQWLR( 6

(WK\O DFHW
$FHWRQLWU
,VRSURS\O C

:DWHU FRQ\

, W LV VKRZQBORPWKH XVH RI HWK\O DFHWDWH DQG DFH
VDPH LPSDFW RQ WU\SVLQ DV QR VLIJQLILFDQW GLIIHUH(

YDOXH ! +RZHYYADUV/RILQ \WRHPH HWK\O DFHWDWH JDYF
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FRPSDWHGD FHW R Q\WUWML@MJ ,VRSURS\O DOFRKRO WKH RY
SURWHLQV UHGXFHG LQ FRPSDULVRQ ZLWK HWK\O DFHW|
LV VKRZQ LQ WKH WDEOH WKDW XVH RI ,3% RKRNSPRUWRG LI
WU\SVLQ 1ROWLGQLIHBEQFH ZDV UHFRUGHG EHWZHHQ XVl

DFHWDWH S B R VERWXO OHNH V K RZIE DG

7KH VHOHFWLRQ RI HWK\O DFHWDWH FRB LMWWH\XVHQRBDBHVPHR
IRU ERWK RI WKH SURWHLQV DV PHWK\O DFHWDWH ZDV
SHUFHQWDJH PD\ EH GXH WR WKH ORZ GHQDWXWDD® VR QW
SURWHLQM WK DMWKH VHOHFWLRQ RI PHWK\O DFHWDWH DV
SRO\PHULF VKHOO LQ\RMVIGH Bl Q\FD YO QPAVCH @&/ KSHU RWBIUQ VW

UHVXOWY DQG WKHLU GLVFXVVLRQHIVUHD VKRIWHW \AHWD |

7KH FKDUDFWHULVDWLRQ UHVXOWYV KDYH EHHQ VWDWL)
PXOOLIQBIBIWIHVVLRQ DQDO\VLY 0/5 E\ XVLQJ 02''( VRI

7KH DQDO\VLV Rl WKKHGHVLPEOWRI VKRZQ LQ

7TDEOH FRQFOXGHG WKDW WKH XVHG PRGWE®DIRNHH URIARG®
TDEOHDQBGDEOHVKRZ WKH VWDWLVWLDBPHG SR BBHINID WKHH 4

PRGHDQ@DO\VLYV

7TDEOH 7KH VWDWLVWLFDO SDRPWBW@RNGE DAWHU WKH WU\SVLQ PRGH(

0
(QFDSVvXODW B5HOHDVH 3DUWLEC %LRORJLI

3DUDPHWHUV HIILELHQF 6.) DFWLYLV
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7TDEOH 7KH VWDWLVWLFDO SDRPWBWENGE DAWHU WKH O\WR]J\PH PRGH

0
(QFDSVXODW 5HOHDVH 3DUWLEC LRORJLI

SDUDPHWHUV HITLFOAHQF 6,) DFWLYLV

$V VHHQ LQ WKH WDEOHV DBRWHZHWRN W LR K NMK RV 15D Q
GLIIHUHQFH EBQGHRHQYWKH VDPH UHVSRQVH ZDV QKWW V!
5 UHIOHFWV WKH PRGHO JRRIGPQMADMW RV YW\ HD QRER @ Q HV V
SUHGLFW@®RQQG YDOMHWH DOZD\V EHWZHHQ FORWGHU DVRG
PRUH UHI| 6 HFRHOBRIOMOV ZLWK KLIK SkVHSGIERIKOYN CBRZ M U
DUH QRW VHSDUDWHG #£\ PRUB , W KDLGKW RI WKH UHVXOW
ZKDW KDV EHHQ PHQWLRQHG DERYH WKH GHYHORSHG P

ILWWLQJ DQG SMKHGRFOWOLRQ REZLLW RI WKH PRGHO

$00 WKH IDFWRUV KDYH EHHQ JLYHQ FRWIKHFUH®®BRQW R W
ZLWKBOXHV WR HVWLPDWH WKH VLYQEQHADREE& H L WKKHV H
DQGIJXUHVKRZ WKH H®WM LRFIL W {HI1 ITBDFW RRWV W K HR WHKWS R

UHVSR@QKHNK KDYH EHHQ DIITHRQWIGI QW LGB QWWVIEFWRU
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7TDEOH 7KH FRHIILFLHQWY RI WKH IDFWRUV DIIHFWERD WDKN B UK WR H
WKHLU LOQOWHUDFWLRQ DORQJ ZLWK 3 YDOXHV IRU HDFK IDFWRU

((
% $
5HOHDVH L( 3DUWLFOH

&RHIILF
&RHIILF 3 &RHIILF 3 &RHIILF

3RO\PH
UDWL

7TUHKDC

&RUH
SK\VLF

VWDW

6ROL{

3RO\PH
UDWLI
7TUHKD(

3RO\PH
UDWLI
&RUH
SK\VLH
W DW
6ROL{

7UHKD(
&R UK
SK\VLH
VWDW
6ROL{

3 3YDOXH

5HG FRORXU IRU VLIJQLILFDQW IDFWRUYV
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7TDEOH 7KH FRHIILFLHQWYV RI WKH IDFWRUV DIIHFWLQJ WKH WU\SVLC
LQWHUDFWLRQ DORQJ ZLWK 3 YDOXHV IRU HDFK IDFWRU

((
% $
5HOHDVH | 3DUWLFOH

&RHIILH
&RHIILF 3 &RHIILF 3 & RHFLLH s

3RO\P
UDWL

7TUHKD

&RUH
SK\VL
VWDV
6ROL
3RO\P
UubWL
7TUHKD
3RO\P
UDWL
&RUH
SK\VL
VWDV
6ROL
7TUHKD
&RU
SK\VL
VWDV
6ROL
3 3YDOXH

566 FRORXU IRU VLJQLILFDQW IDFWRUV
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Coefficients (scaled and centered) - Lysozyme model (MLR)

2QH FDS HQG LV ZLWKLQ WKH JUHHQ D/LLHQLDQR]GWWEHWRHU LV RXW)
%RWK FDS HQGV DUH RXW RVBMIQI-HIJLlEBQW_T_RH;I}IOQ\RQUP

JLIXUH 7KH FRHIILFLHQWY JUDSKV IRU O\VR]\PH
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Coefficients (scaled and centered) - Trypsin model (MLR)

2QH FDS HQG LV ZLWKLQ WKH JUHHQ D/LLHQLDQR]GWWEHWRHU LV RXW)
%RWK FDS HQGV DUH RXW RVBMIQI-HIJLlEBQW_T_RHBI}IOQ\RQUP

JLIXUH 7KH FRHIILFLHQWY JUDSKV IRU WU\SVLQ
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7KH FRHIILFDBH®G WDEOHV FRQFOXGH WKDW WKH IRUP.
EHHQ DIIHFWHG VLJQLILFDQWO\ E\ GLIIHUHQW IDFWRUYV
IFWR UV DKVOLG Q L | lHA DHORW R BK MKDFW/IHFDA/ ZHOO 7KH SHU
HQFDSVXODWLRQ HIILFLHQF\ DQG GUXJ UHOHDVH LQ 6,) I
KDYH EHHQ DIIHFWHG VLJQLILFDQWO\ E\ WKH UDWLR EHYV
LQKM FRSRO2PMUKH RWKHU KDQG INVVUIHKILOKRA/DHRKD \RQ W
IRUP X O BS\DLIRWQIVFOH VL]H DQG WKH ELRORJLFDO DFWLYLYV
DGGLWLRQ WR WUHKDORVH HIIHFW RQ WKH ELRORJLFDO
VROLG DQG OLTXLG HQFDSVXODWHG SURWHLQV LQ WHL
6LQFH WKH ELRORJBFD Ol PFRNODWLRYWEHUH VLJQLILFD
DEWLYLWLHV IRU WKH IRUPXODWQRQVKS$IUHISDUAEXTYQRBQ

EHKLQG WKH PHQWLRQHG HIIHFWYV ZLOO EH GHWDLOHG L

,Q OLJKW RI WKH SUHYLRXV UHVXOWYVY DQG WDNLQJ L
UHVSRQVHYVY WDUJHW DOO WKH IDFWRUV ZHUH RSMLPL"
7KH VRIWZDUH SUHGLFWHG WKH SURSHU OHYHOV UHTX]
FKDUDFWHULVWLFVY SURYLGHG YDOXHV IRRDWKIRUP KW RW

FRPSRVLWLRQV

7KH IROORZLGLVHIFWHQDOO WKH R SWRBWLEPRE RXODWRLF

SUHS D UDQEKRYDFWHULVDWLRQ
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SURNPIWLRO DOG FKDUD RONRH VDRV CHR/G BRI BB KDHV

RSWLPLVHG FRQGLWLRQV

SUHSDUDWLRQ RI SRO\PHULF OQODOREDSVXOHV FRQ

WU\SVIWOKESW LPLRBGLENLRQV

$SSO\LQJ VPDUW PDWKHPDWLFDO \RdEH V MWIMWV/LKVAWH FHOU P
KHOSV WR UHGXFH FRVW HIIRUW W QB RPAELRFPLH H\WSKHURDPIHKQ
QHHGHG DQG SUHSDUHG IRUPXODWLRQV E\ YDU\YQPHOC
WLPH IRU SURGXFW GHYHORSPHQW 7KXV JHQHUDWLQJ
VROXWLRQV DIWHU SHUIRUPLQJ WKH H[SHULPHQWYV DQG
DQG WKHQAMOBIgWOV LQ RUGHU WR DFKLHYH WKHNBYH W K
GHVLJIJQV ILWWLQJ DQ RSWLPLVLBRE VW XHWBNHROQ FOKV EH LIES
WR RSWLPLVYI® PFGHRWMWR EIHVWW FRPSURPLVH UBY¥SRIQVH
HOXFLGDWHY WKH RSWLPXP FRQDEWRREWOB Y8 AR WRAXED WV
SUHGLFWLQJ WKH GHYV DWW OQHEMRWHWPEHIDPWLAROH VLIH HQF

HIILFLHQF\ GUXJ UHOHDVH LQ 6,) DQG SURWHLQV ELRO|
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7TDEOH 7KH RSWLPLVHG IRUPXODWLRQWHRG®BD®WR W HD® & HWKSHRLQN H V

&RUH 3DUWL
3RO\PH 7UHKDC VL]H "UXJ
JRUPXOD SURWH SK\VLF (( % $
UDWLR PO UHOH
VWDWE p
21/ \VR]\P1 BROLG
21/ I\WVR]\P1 BROLG
27 7U\SVL BROLG
27 7U\SVL BROLG

(QFDSVXODWLRQ HIILFLHQF\
%LRORJLFDO $FWLYLW\
3RO\ '/DFWEGFDSURODBWWAQR

2SWLPLVLQJ WKH IDFWRUV WR DFKLHYH DOO WKH GHYV
/KHUHIRUH WKH VHOHFWHG RSWLPLVHG IRUPXODWLRQV
&4%$V H[FHSW WKH GUXJWRWK B VGHLVQ B KVH R O PIWERGQ
HITLFLHQF\ LV H[SHFWHG QRW WR EH DFKLHYHG LQ WKH
EHWZHHQ WKH H @R DL\ X MVRKH G U XJ UH O H DD/AK FERKKD&
6LQFH GUXJ UHOHDVH DQG HQFDSVXODWLRQ HIILFLHQ
TKHHURUH WKH RSWLPLVHG IRUPXODWLRQV KDYH EHHQ
HQFDSVXODWLRQ HIILFLHQF\ DQG IXUWKHU VWUDWHJLH

GUXJ UHOHDVH SURILOHYV

&HUWDLQ WHFKQLTEXRSWOKPWAREHA@RD QFH W K@ LS/ROWRH U HXC
KLJK SHUFHQWDJH RI WKH SURWHLQ ZLWKLQ KRXUV G
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7KH RSWLPLVHG IRUPXODWLRQV KDYH EHHQ SUHSDUHG
SUHSDMKH SUHYLRXV [IRUPXODMWLRQMKDAIHV K HWHRD MG SO L
DFRPPRGDWH WKH QHZ IRUPXODWLRQV WR IDQHWDHRHD B
WLPH WR VXLW WKH RUDO GHOLYHU\ SUHYLRXNOWHWXHE
HQKDQFHUV WR WKH>XVHGRROEPHUWGHG WKH XVHG K\GU
ZLWK K\GURSKLOLF SRO\PHUV VXFK DV@K HRW BRION H WK
FRQFOXGHG WKDW EOHQGLQJ WKH XVHG K\GURGWRIEL W I
GHYHORS SRO\PHULF QDQRFDSVXOHV UHVXOWHG LQ L
HQFDSVXODWHG SURWHLQ LQWR WKH RXWHU DTXHRXV F

WKH GUXJ UHOHDVH DQG UHGXFHV WKH HQFDSVXODWHG

,Q WKH FXUUMHQWIVMWKQKDQFHU KDV EHHQ DGGHG WR WK
WKH IUHH]H GU\LQJ SSRGW K\ IBWHRIOQ I3 (* D ZDWHU VI
SODVWLFLVHU WR WKH IRUPHG QOD\@FRMERRRM® KM OVBX W\R BT
DQ\ OHDNDIJHQ®WIUWESHE SURWHLQV RXW WKH SRO\PHULF
SURFHVV 7KXV QR HIITHFW RQ SUHRWHX QDRI WIOH GGIURBSL|

GUXJ HQFDSVXODWLRQ HIILFLHQF\ ZDV DYRLGHG

$OVR 3(* KDG DQ LQIOXHQFH BD&®Q & JHDHKDKIFWIEG W R A
UHOHDVH ZKLFK B QDWW EXVWMWHIVERRGHIJUDGDEOH SRO\F
GLIIHUHQW FRQFHQWUDWLRQV RI 3(* \K\D X 6\ BMKII) HDIGH
WKH SODVWLFLVHU FRQFHQWUDWLRQ R SUHRMFESHM RIN/Q K

WKH FRQFHQWUDWLRQ WR DFKLHYH DS D YAW HDNAHEYD U J
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7TDEOH VKRZV WKH HIIHFW RI GLIITHUHQW 3(* FRQFHQWU
SURILOH IURP 2/ IRUPXODWLRQ WDNHQ DV D PRGHO W
ZHLJKW UDWLR LQ 6*) DQG 6,) ORUHRYHU WKH UHODWL
ZHLIJKWRUDOMWG WKH RYHUDOO O\WVR]J\PH UHOHDVH LQ 6,) C

SKDVH GLDPUIOPH

7TDEOH 7RWDO PHDQ UHOHDVHG O\VRI]\PH IURP 2/ 1BUWX QDB WQRQGLQ
6*) DQG 6LPXODWHG ,QWHVWLQDO )OXLG 6,) LQ WKH SUHVHQFH R
IRUPXODWLRQ FRPSRVADEH®RHY UHIHU WR

JRUPXODWLRQ SHOHDVH LQ 6%) SHOHDVH LQ 6,)
5DWLR SODVWLF . .
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100
90
80
70
60
50
40

Release %o

30
20
10

0 10 20 30 40 50 60

PEG %

J)LIXUH 3KDVH GLDJWRWRREPRXQW RI UBDOWHO VARG IURP WKH QDQRFDS
6,) LQ WKH SUHVHQFH RI GLIITHUHQW 3(* FRQFHQWUDWLRQ

$V VHHODE@H DQE.JXUH DIVBHWHURLYRQ\WPH UHOHDVH DW
GLIIHUHQW SODVWWBWHRWDVWRERRBYURO ZLWKRXW SODV
FRQFOXGHG WKDW WKH KLJKHVW GUXJ UHOHDVH LQ 6,
FRQWDLQLQJ ®/(HDAOMO FKHG PRUH WKDQ +RZHYHU
ZLWK 3(* ZLOO Q FSW FEW HIFEAO W KMRPRVW RI WKH HQFD S

WKH GHJUDGDWLRQ E\ WKH JDVWULF HQJ\PHVY DQG WKH \

UHOHDVH LQ 6*) ZDV IHYHUWKHOHVY DOWKRXJK
IRUPXODWLRQ 3(* LQ 6,) ZBPVFRHWY WKH REVHUYHG
IRU ) Z Z 3(* ZHLIKW ZMHE8HORI B UHSD B H&E&WKE@ FIEK WWWKK

GUXJ UHOHDVH LQ 6*) ZDV
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$SFFRUGLOD®\QHELQJ EHWZHHQ KLJK SHUFHQWDJH RI GUX
SHUFHQWDJH RIHGUQJ6UYHOHDOYHG WR GHFLGLQJ LWBRBEOH
FRQFHQWUDWLRR VR HESDXWVHHWKH RSWLPLVHG IRUPXODWL

SHUFHQWDJH RI GUXJ UHOHDVH LQ 6,) ZLWK D ORZ SHUF|

JLIXUH DQGJIJXUHLOOXVWUDWH WKH GUXJ UHOHDVH SDV
WZHQRWU KRXUV LQ 6*) DQG 6,) UHVSHFWLYHO\ 7KH GU}X
PHDVXUHG DQG TXDQWLILHG DW ILYH DQG QROW\GLQH

UHOHDVHG SURWHLQ E\ 6(&

LYSOZYME RELEASE (SGF) AFTER ADDING

PLASTICIZER
70
o 0
;\ 50
N 40 —8—0%
< ——10%
= 30
— 15%
= 20
o " /—WA S ° ——25%
50%
0@
0 0.5 1 1.5 2 25 3 35 4 45
TIME (HR)

J)LIXUH 5HOHDVH SDWWHUQ RI O\WR]\PH IURP SRO\PHULF QDQRFEDSV)
SREBWK\OHQHARO DY W DREJHIBHUHQW FRQFHQWUDWLRQV
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LYSOZYME RELEASE (SIF) AFTER ADDING PEG

100
90
80

=]
S 70
= ——0
7 60
<« 50 ——10%
= 40
— 15%
= 30 .
—— 74
& ’
10 POt 0%
!
0
0 5 10 15 20 25 30
TIME (HR)

J)LIXUH 5HOHDVH SDWWHUQ RI O\WR]\PH IURP SRO\PHULF QDQRFDSV
SREWK\OHQHARO HWDV W DR® [ It FRQWH QW UDWLRQV

$V LOOXVWUIR WHBHEWRQY) MIKHU HD Q3. JXUH WKH 31& V\VWHPV
UHOHDVHG WKH SURWHLQ LQ 6*) DQG 6,) LQ D ELSKDVLF

) ZLWK BIRUPXODWLRQ ZDV REVHUYHG WR EH LQ D WI

JLIXUHLOOXVWUDWHY WKH HIIHFW Rl WKH SODVWLFLVHU
LQ 6,) DIWHU  KRXUV 3(* LQWHU/DFWHFGRHZD BKREOBDEGW R Q/
K\GURJHQ ERQGYV LQWHUDFW LR QrRDLWHKUWAKKD RO\ J AIQLW R.Q@ W
VRIWHQHG WKH SRO\PHU IXUWKHU E \DLURDUDMDIVE R & \WHEH Z
3(* LV D K\GURSKLDOQE SRKCHPSRD\PHUV FRQWDLQLQJ FDSU
SRO\PHUV IRU VPDOO G U HIUP RIQIDKXOHH 36 RE@MKY WKH UHO
HQKDQFHPHQWDR®WWHWUYHBGGLWLRQ WR WKH IRUPXODWLF
UHVXOW RI LQFUHDVLQJ WKH VL]H Rl WKH DOUHDG\ H[L\
WKH UHOHDVH SURILSIHDW B\ FRLAPFHERE@HNP HU DV REVHUYH(
LPDJHLIXUH +RZHYHU LQFUHDVLQJ WKH 3(* FRQFHC

GHFUHDVHG WKH SHUFHQWDJH RI GUXJ UHOHDVH WR OH\
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7KLY GHFUHDVH PD\ EHHDWHODOWLVEXYWHOG KIRI RV B[O FW IFRH  /
FDSURODFWRQH ZHLJKW UDWLR ZKLFK PD\ UHVXO

QDQRFDSVXOH ZKLFK PLJKW UHGX¢fWHHWKH GUXJ UHOHDYV

JLJXUH 7UDQVPLVVLRQ (OHFWURQ OLFURVFRS\ LPDJH RI O\VR]\F
QDQRFDSVXOH DIWHU D3R®LE W K Y@ BRIO

YLIXUH 7UDQVPLVVLRQ (OHFWURPDOHFBRVFR/R]|\PH FRQWDLQLQJ
QDQRFDSVXOH DIWHU D3RG K\OHID ER O
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JXUWKHUPRUH WKH GUXJ UHOHDVH IURP WKH Z Z 3(*

ZLWKLQ KRXUV LQ 6*) +RZHYHU WKH SURWHLWLBRC

DIWHU KRXUV LQ 6,) UHDFKHG )()SJWIRHDCEIVX\IUKrRZQLNQ

VKDUS LQFUHDVH LQ G UXNWWHEKMHGPWR BAMHKEB ZH YD XH
DFWVDDEDVH LQ WKH SUHVHQFH RI VWURQJ DFLGV H J

GLVVRFLDWLRQ KHQFHRNMW YD NFHBUWKRHURY WKH GHID
&RQVHTXHQWO\ WKH HOHFWURVWDWLF LQWHUDFWLRQ I

SDLU RI HOHFWURQV RQ WK KX UKMRHGR XL O KOWHHDWXO W

$FFRUGLQJO\ DOO WKH IRXU RSWJHG VH)G7IIRAIFPHEFOBWD B R &

DV GHVFUﬁ_IE[H\fLLRCQ+RZHYHU 3(*Z2 2 ZDV DGGHG WR HEL

MXVW EHIRUH O\RSKLOLVBWRRQDWKRQ V V¥ K HREGUDANE W |
GHVLUXIEOLW\ DWWULEXWHY DQG KRZ JRRG WKH GHYHOF

DQG 4733V

SKIDFWHULRDWRROPHULF OQODQRFDSVXOHVY FROWDLQ

WU\SVIWKEEMWVLPLVHG FRQGLWLRQV

7KH 31& IRUPXODWLRQV RI WKH ERWK BWRWH UQN QZAFHDISH X*

HITLFLHQF\ GUXJ UHOHDVH DQG SURWKD®BW HURWHRWKIERT

DUH VK RZDE D®I
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7TDEOH 7KH RSWLPLVHG IRUPXODWLRQV FRQGLWLRQV DQG WKHLU U
IRUPXODWLRQ FRPYRIVEWWH RQ VHH

"TUXJ
"UXJ
JRUPXODWLRQ UHOHDVF (( % $
UHOHDVF
6*%)

2/

2/

27

27

(( (QOFDSVXODWLRQ HIILFLHQF\
%$ %LRORJLFDO DFWLYLW\

7KH DERYH (UBD¥EOBHWVVKRZ FRPSDUDEOH UHVXOWV WR

PHOQWLRQHG LQ 7DEOH ZKLFK UHIOHFWYV JRRG DQG Y
FKDUDFWHULVVEBIHPRRVWRDANWKH FULWLFDO TXDOLW\ DWYV
E\ LPSOHPHQWDWLRQ RI W&E8 BE'SDSISYURD/KK SRR PIQWIR VL

GHYHORS 31&V VI\VWHPV FRQWDLQLQJ SURWHLQV LQWHQ

I\VR]\PH DQG WU\SVLQ ZHUH XVHG DV WKH PRGHO SUR
DSSURDFK UHSUHVHQWY VWU DIWWXSHAM \ PVHRU LG B S)NDBRT/
FRQWDLQLQJ RWKHU PDFURPROHFXOHV HJ WKHUDSHXW

JHQHYV
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7KH YDO D®IBEWDOHIBILWYHEH GHYHORBHEL VRW SURWHLQ

31&V

7KH VWUDWHJ\ IRU SUHSDUDWLRQ Rl 31&NVUHRQX\D\LMHEQH |
SURWHLQ GHOLXDW\ BEKHG@ RBWHNB ORBXVGVBE® LQ WKLV FKDS!
YDOLGDWH WKH GHYHORSHG VWUDWHJ\ D QHZ WKHUDSH.
VKRXHGSUHSDUHG DQGSPFKBRWDEMWHUWRMMIGHREGXMUIPNMO FRC
$GHRULERQXFOHBDVH LV D WKHUDSHXWLFDOO\ DFWLYH H
WUHDW F\VWLF ILEURVLV KDV EHHQ FKRVHQ WR EH HQFD

IRU RUDO GHOLYHU\ 7ZR GLIIHUHQWJIHR® BX O®HNWVIGRIE & KDY

ZLWK WKH DGGLWLRQ RI Z Z 3(* DVHOHUHNBRRBVH

WKH WZR IDPYMHXODWLRQWK WK@JILU FKDUDFWIQEDSW KP\D \Iv

HITLFLHQF\ ELRORJLFDO DFWLYOIHW\LD®BG) GDAIG WO D VH
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7TDEOH 7TKH WZBVH FRQWDLQLQJ SRO\PHULF QDQRFDSVXOH

IRUP X!

SUHSDUHG DFFRUGLQJ WR WKH GHYHORSHG VWUDWHJ\ DORQJ ZLWHK

'UuXxJ
3RO\P &RUH 'UuXxdJ
JRUP XJ 7TUHKI UHOH
SURW EORF SK\WWLF UHOHD (( % $
Q VH P( LC
UDWL VWDW LQ 6%*) 6.)
2' 'IDVH
6ROLC
2' "I1DVH
6ROLC

(QFDSVXODWLRQ HIILFLHQF
%LRORJLFDO $FWLYLW\
3RO\ '/IDFWERBFDSURODFWRQH UDWLR

$V VKRZAQDE@H| WKH HQFDSVXODWLRQ HIILFLHQF\

WKH

ELRORJLFDO DFWLYLWFRQWHKHQWQ@R 31RVHZHUH GHWHUPL

WKH WDEOH ERWK IRUPXODWLRQV KDYH HQFDSVXODWLI

PRUH WKDQ UH®UWXDINH LQ 6,) DIWHGEHL V \KRROGUHWMRIQORUHRYH

ELRORJLFDO DFWLYLW\ RI WKH HQFDSVXODWHG SURWHL

WKH DELOLW)WR 2ZDWKVWDQG GXULQJ WKH SURFHVV SU

UHVXOWRSDWHOERH WR WKRVH REWDLQHG IURP HQFDSV X(

31&Vv DW WKH VDPH RSWEZPEKEPHRQGLWLRQV

7KH PRUSKRORJ\ RI WKH 31&V,FRQ WOV LLYIYHDOWHIDWHG

YLIJXUH
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YLIXUH 7UDQVPLVVLRQ (OHFWURQ OLFURVFRES
PRUSKRORI 'IDVAHRQWDLQLQJ SRO\PHULF QDQRFD

I1DQRFDSVXOHV ZHUH VSKHULFDO LQ VKDSH DQQL\JR|BHW

ZLWK OLWWOH GLVWRUKMH QL WRORWWHRQ VYOUIBHH- DX

FU\WWVWWDQDWXUH RIFBRID\RHHNGD & WKH DFFXPXODWRGQG 3(*

WKH VXUIDFHYV

&ROFOXVLRQ

7KLV VWXG\ KDV HVWDEOLVKHG DVKGMHLYB\W R RBFHSIRES B R D E
QDQRFDSVXOHV FRQILQLQJ LQWDFW DQG DBWQMHIFEW RP!

GHOLYHU\ $GDSWLQJ DQG DSSO\LQJ WKH 4E' DSSURDFK

235



IURP WKH EHJLQQLQJ DQG SHUIRUPLQW URIYS DWVRXVFHE
SURY IDGH® FWWRIDOVHJ\ WR FRQILQLWKIR DRPRDMHFX GHW KR
VLIJQLILFDQW HIIHFW RQ WKHLU ELRORJLFDO DFWLYLW\
ZHUH LQYHVWLJDWHG E\ FKDQJLQJ WKH | REGNODNQLRQ |
H[SHULP8WIMWQJ WZR GLIIHUHQW FRSRO\PHW KM WQR D SKWHKTX
HIILFLHQF\ ZLWK D FRQWUROOHG UHO A D WHiDBWIRQLLFHK WO \¢
RSWLPDWQHG VWDEOH IRUPXODWLRQV ZLWK KLJK HQFDSV.
UHOHDVH ZHUH REWDLQHED @0 BGALHIHBXH VRKBHGEHQJ
Z Z 3(*WR WKH IRUPXODWLRQV HQKDQFHG GUXJ UHC
KRXUV ZLWKRXW LQFUHDVLQJ WKH ULWKHRY \SHLEFPHIR O\
DQG ZLWKRXW UHGXFLQJ WKH HQFDSVXODWMRHI\HZID¥L
YDOLGDWHG E\ DSSO\LQJ LW WR SUHSDUH DQG FKDUDFW]|
'1DVH DQRRPSDUDEXHSURPLVLQJ UHVXOWYV ZHUH REWDL
FXUUW@XG\ ZHUH WRW D ODL\WWKR HRIWHHW PFHEOW S UH GQ RWH B Q
DSSURDFK DQG PRGHOV 7KH PHWKRG HVWDEOLVKHG L
RIIHUHG VKRUW WLPH ORZ FRVW PR UHKMWQ@RHBS\ELWR RFK.
FRXOGXWHORQIGDUJH VFDOH IRU SKD UPKFHXMWHOWL PG
GHYHROHRBWKH IROORZLQJ FKDSWHU GHVFULEHV WKH G

FKDUDFWHULVIPRON\REG IRUIFWKIHQRFDSVXOHY FRQWDLQLQJ O
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&KDSWHWBBHBEDUDWLR
FKDUDFWHULVDWLRQ
OQDQRFDSVXOHV FRC
O\WR]\PH DQG WU\S
LOQ@YGEHG IRU RUDO

GHOLYHU\
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L, OWURGXFWLRQ

$ ELRGHIJUDGDEOH SRO\PHWVMHR® D QRE& DISWKHOTHE WHVWHP .

WKH FRUKHLEU XJ UMHYE WKRHL WRPOROV HG RIRWKIH U B®& D ERHHU

> @ 7TKH SRO\PHULF QDQRFDSVXOH GHOLYHU\ VA\VWHP

WKHUDSHXWLFV URDORNVYDYGRID@OLVWUDWLRQVY HJ RUDO

HQFDSVXODWLRQ WHFK@HGWH BBW IRRNGHWVF- WAR QWKBR OV WKH

GHOLYHUV WKH WKHUDSHXW|@ O0WRBHWR KXHUW DMKIHH W P\DLONDH Vv

HQKDQFHV WKH IRUPXEGDWHER® KBXUNNK HRWHRORUH WKH 3

ELRGHJUDGDEOH DQG ELRFRPSDWLEOH ZL W& ' ' XVK MW E RGK

SUHYLRXVO\ PHQWLRQHG DGYDQWDJHVY WKH QDQRHQFD:
GHOLYHU WKH PDFURPROBHAXWHY HWRWHKLQV 7KHUDSHX
SURYLGH® VWDEOH LQWDFW DQG DFWLYH IRUP LQ RU
WUHDWPHQW $OVR WKH RWKHU SURGXFW FKDUDFWHU
HQFDSVXODWLRQ HIILFLHWHF\ 7TRRGHGRMUH WHOHXVHG PD)
SUHSDUDWLRQ FRQGLWLRQV DQG PHWKRGV VKRXOG E
IRUPXODWLRQV IDLOXUH 'LITHUHQW SUHSD UDMWN\N QDRI
QDQRSUHFLSLWDWLRQ GRXEOS$R WHPWONRQR H P XRCEOWLHR@QW GH
SRO\PHU FRDWLQJ +RZHYHU WKH GRXEOH HPXOVLRQ |
SURWHLQ FRQWDLQLQJ 31&V GXH WR WKH SURWHLQ SK\V

GUXJ

'LITHUHQW DGGLWLYHV FDQ EH DB GHR AV K RQKHD IODLQRIF B

WKHUDSHXWLF SURWHLQ LQ RUGHU WR RYHUFRPH WKH V
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DUH VXJDUV VDOWV [RU@DPPLWQRHDFYXBX®EKW SURWHLQV

HQFDSVXODWHG ZLWUKHEK@GREMXRXIV ¥YRDWE ® Q8 OLTXLG

$SLPV DDEEMHEWLYHYV

8VLQJ WKH VROB&Z RLWHEPKMHUI XH WR SUHSDUH 31&V ZD
HORXJK LQ WKH OQWHYRWGHTXDWH GDWD UHJDUGLQJ H(
LQVLGH WKH QDQRFDSVXOHV VI\VWHP LQ WKH OLWHUDW X
FRUH LV VWLOO QRW ZHOO VWXGLHG DQG QRW FRPPRQ
IRUPXODWH BIRIVQER® WU\SVLQ RU O\WR]J\PH DV PRGHO

E\ DSSO\LQJ WKH 4E' DVSHFWV IURP WKH EHJLQQLQJ RI \

7ZR ELRGHJUDGDEOH GLEORFN FR &R 6URODF WIR/@®H \WRGQR R
XVHG LQ WKLV WR SUHSD U H BINRYOHHL Q7 KOHR DUDHNGL R EGIRVY
FRSRO\PHULKORENG WRRBWQRZMEWWHRUPYV Rl WKH TXDOLW
HQFDSVXODWLRQ HIILFLHQF\ DQG GUXJ UHOHDVH )XUW
FKDQJHG DW WKH VDPH WLPHWMR DLW HR/QV EFDMZHH MK AV K H
SUHVHRIFBIGGLWLYHV VX FKWRHWURHKD RR 8 H&VQE ( XS\ Q

WKH 4E' IUDPHZRUN
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SHVXOWY DOG GLVFXVVLRQ

SRRHULF ODORFDSVXOHYVY SUHSDUDWLRQ

,Q WKH FXUUHQW VWX@SVRONFHUHBHQPQPRFDUHG E\ DSS

HPXOVLRQ PHWKRG DVGWHGEMNRUOLBEADVHE@ REXISOMA 'HVLJIQ

([SHULPHQWV HLIJKW GLITHUHQW O\VR]\PH IRUPXODWLRQ'
IRUPXODWLRWDHSEPHUHEG QG FKDUDFWHULVHG DV ZLOO EF

IROORZLQJ VHFWLRQV

SRO\FHUDORFDSVXOHY FKDUDFWHULVDWLRQ

31&V IRUPXODWLRQV ZHUH FKDUDFWHULVHG LQ RUGHU

PDWHULDOV DWWULEXWH DYOQ&EQSURKHVNVKSD DB WHHW HWD W L

DGDSWHG IURP WE&HHF Q/IL\WR|QUDWKXD ¥ THD QWRDIQ G D @ W XH

HQFDSV X)UDRWHMAKHY SRO\PHULF VKHGAY XP® W EHRHNHRD SV
SURWHLQV ZHUH FROOHFWHG %HFDXVH SURWHLQV PD\
GLITHUHQW RUJDQLF \GRWRHOXWSHEGHWXWHHSURWHLQV DQ

SURWHLQV VWUXFWXUHY LQWHJULW\ ZDV HIDPLQHG E\ V1

WKH SUHVHQFH RI GHQDWXUHG SURGXFWYV FDXO/HBEGH E\ W

VKRZV WKH UHWHQWLRQ SHUFHQWDJH RI WKH ERWK SUR

RUJDQLF VROYHQWY 1DQR SAUBRDADWWHHG DV DORRPO@WURO
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7TDEOH 7KUHH GLRBUMH@QWF VROYHQWY DQG WKHLU HIITHFW RQ O\VR]\P

SUHSDULQJ VXVSHOMLRERQEHWWUDWLRQ HTXDO WR —J PO
\WR]\PH 7U\SVLQ FRQ

2UJDQLF VROY 3YDOX 3YDOXH
FRQWHQW “ 6

(WK\O DFHWDW

$FHWRQLWULO

,VRSURS\O DOF

'"HLRQLVHG :DW

FROQWURO

W LV V(?F{ZEQ)TQ\/KDW XVLQJ RI HWK\O DFHWDWH DQG DFH\
LPSDFW RQ WU\SVLQ FPR&EHYMHUR ILBHW KW K\O DFHWDWH JD

ZKHERPSDWHGDFHWRQLWULOH :KHQ LVRSURSKD RODHBRE
UHFRYHU\ RI ERWK WKH SURWHLQV UHGXFHG ZKHQ FRPSI
, W LV VKRZQ LQ WKH WDEOH WKDW XVH RI ,3FRRBVWRGH

WU\SVLQ

7KH VHOHFWLRQ RI HWK\O DFHWDWH IKRMBHRSW.H) ZERM ¥
VROYHQW IRU ERWK SURWHLQV 7KLV KLIK UHWHQWLR
SURSHUWLHV RI PHWK\O DFHWDWH DJDLQVW WKH SURWH

SRO\PHULF VKHOO LQ RUGHU WR TXDQWLI\ WKH HQFDSVX
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BRWHLO HOFDSVXODWLRQ HIILFLHQF\

7KH HQFDSVXODWLRQ HIILFLHQF\ RI GUXJ ORDGLQJ SDUYV
HQWUDS WKH GUXJ PROHFXOHYV DQG LW LV H[SUHVVHG D
WR WKH RULJLQDO HU XX DIPRX QWQXVDFWXULQJ (QFDSV.
31&V LV RQH RI WKH FULWLFDO TXDOLW\ DWWULEXWHYV
/TKHUHIRUH GLIIHUHQW SURFHVV SDUDPHWHUYV DQG PD
VHOHFWHG FRQWUROOH® KIDQFE HR SWKIHP IDVEH® LWR RII WKH
HQFDSVXODWH PRUH GUXJV LQ RUGHU WR DFKLHYH Wk
ZKLFK ZLOO FRQVHTXHQWO\ UHGXFH WKH FRVW DQG W

4733V 7XH: HMIILFLHQF\ RI HQWAM 3B Y QGHMWHUWWHIOQHG DQG

GHVFULBHBWLRR

‘DWD I URP UHOHYDQW OLWHUDWXUH VKRZHG WKDW WK

GUXJV LQFOXGLQJ SURWHLQV UHD|I@(HRSZBK‘SHWRZKH®QXI1

HPXOVLRQ PHWKRG ZDV XVHG WR SUHSDUH WKH 31&V FF
HITLFLHQF\ UHDFKH3X DYHUDJH GHSHQGLQJ RQ WKH SR

GUXJ DQG VXUIPFM@DQW XVHG

([SHULPHQWDO GHVLJQ LQFOXGLA JD Q GROMIM G F DISFAX R DWW

HITLFLHQF\ RI SURWHLQV DV |DDEHFOMSERQVH LV VKRZQ LQ
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7TDEOH $ W

RWDO RI WU\SVLQ DQG O\WR]J\PH 31&V IRUPXODWLRQV D

WKH HQFDSVXODWLRQ HIILFLHQF\ 7KH H[SHULPHQW ZDV SHUIRUPHG

GHYLDWLR

QGNGSURY

™M&DSURODF 7TUHKDO /\VR]\PH 7U\SVLQ

JRUPXODWI &RUH VYV

UDWLR PO (¢ “ 6" “ 6’

ILTXLG

ILTXLG

6ROLG

6ROLG

/ILT&L

ILTXLG

6ROLG

6ROLG

) IRUPXOD

WLRQ

7TDEOH LOOXVWUDWHYVY WKH HQFDSVXODWLRQ HIILFLHQF

QDQRFDSVXOHV IRUPXODWLRQV FRQWDLIQH QH QWDSYXIOD

HIITLFLHQ

F\ RI WKH SURWHLQV LQ WKLV SURMHFWEADH/ UH

DAL JXUTF

1 $FOWKRXJK HQFDSVXODWLRQ HIILFLHQF\ RI WU\

QR VLJQLILFDQW GLIIHUHQFH EHWZHHQ WU\SVLQ DQG O

UHFRUGHG
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100

90

80

70
60
H Lysozyme
50
B Trypsin
40
30 -
20 -
10 -
0 -

F3 Fd:fhulanon FS

Encapsulation efficiency (EE) %

J)LIXUH OHDQ HQFDSVXODWLRQRB\AHUHK DDRIRFRSWDQRROYQJ HLWKHU
RU O\WR]\PH )RU JRUPXODWLRQV [FRE®MVLWLRQ UHIHU WR

7KH KLIJIKHVW HQFDSVXODWLRAZDWIILFLH®®B\ WRBVIMLYH GR L
QXPEHU 7 ZKHQ WKH PRODU UDWLR RI /IDFEWLGH WR
IDFWEBH O SURODFWRQH ZDV XVHG WR HQFDSVXODWH VI
WUHKDORVH ,Q FRQWUDU\ WKH ORZHOAWRYDPOHXHRURKRD €
WKDW KDV EHHQ SUHBDPUHG FROAVLQDFWEDSURODFWR
FRSRO\PHU 7KH HQFDSVXODWLRQ HIIZFLHQFLBIQGUDQJIHYV

IRU O\WR]\PH DQG WU\SVLQ UHVSHFWLYHO\

3URWHQRDSVXODWLRQ HIILFLHQF\ LQ 31&V LV EHLQDVDIIH

PHWKRG RI SUHSDUDWLRQ W\SH RI VXUIDFWDQWYV W\SH

LQ DGGLWISRFUR SHHEWWHWYW HQFDSV|XO DW‘TG @UuUXJ
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(QFDSVXODWLRQ HIILFLHQF\ YDOXHV ZHUHHLQLNORRIGE M\

OXOWL /LQHDU 5HJUHVVLRQV 0/5 DQG WKH FRHIILFLHQ

7KH VFDOHG DQG FHQWUHG FRHIILFLHQWY ZHUH FDOFXC

GLIIHUHQW IDFWRUV RQ HQFDSVXODWL?FDCECHTVIKFRZ—I\QBDICRM

FRHIILFLHOYWDWRAEG RU WKH IDFWRUV DQG WKHLU LQWHLU

7DEOH )DFWRUV DQG WKHLU LQWHUDFWLRQ HIIHFW RQ O\VR]\PH DQ¢
HIILFLHQF\ DV UHS WHVARMHG ENQWYV DPDAXYH PRWKISFK IDFWRU

YDFWRU

/A\VR]\PH 7TU\SVLQ

&RHIILF 3YDOXH &RHIILFLF 3YDOXH

™M&DSURODFWRQ

TUHKDORVH

&RUH SK\VLFDO

OLTXLG

™M&DSURODFWRQ

7TUHKDORVH

™M&DSURODFWRQ

SK\VLFDO VWDW

7TUHKDORVH &R

SK\VLFDO VWDW

' OWHUDFWQRMKEHWEWR UV

$V DSSDUT—IBDEN)TQNKH HISHULPHQWDO GHVLJQV DQDO\VLY)

RI FRSRO\PHU

RU WKH UDWLR EHWZHHQ WKH FRBERMPHL

IRQ\VR]\BRAG IRU WU\SVLQ DIIHFWHG WKH HIILFLH
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WR HQFDSVXODWH ERWK SURWHLQV FDYWWRBDFR/WBKRHK HVEKM
FRSRO\PHU VLJQLILFDQWO\ LQFUHDVHG WKH HQFDSVXO

VA\VWHPV

7KH FRHIILFLEBRXWODOWLRQ E\ 0/5 FRRORPMGHGDWK®DWDS
VLIQLILFDQW IDFWRU WKDW DIIHFWHG WKH SURWHLQYV
&DSURODFWRQH UDWLR WKH KLJKHU HQWUDSPHQW HI
&DSURODFWRQH KDV W RQPERWK KNHF\PH DQG WU\SV

HITLFLHQF\

+\GURFDUERQ FKDU@FMWQLGH /EORFN LV VKRWODEHBOWDKWE

K\GURFDUERQ FIB(BO? KM IDFW H[SODLQV WEKB XURKBDB B VDI

WREARQH WKH SURWHLQ DQG SURWHFW LW I[URP WKH OHI
WKH HPXOVLILFDWLRQ SKDVH +LJKHU GUXJ OHD/DBHPWL8H)
EORFN LQ WKH FRSRO\PHU LQBBWD®HVL V6 IOQHAH/ 'KVTUR S |

FDGRODFWR&HW FDQ PDNH WKH SRO\PHU PRUH DPRUSKR

J)LIXUH 3RO\ ''DIFWIFREDSURODFWRQH [ /DFWLGH SDUW ZKLOH \ &L
ZDV DGDSWHG [@RP
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/IRQJHU K\GURFDUERQ FKDLQ DFFHOHUDWHG WKH VROLC
RUJDQLF SKDVH HYDSRUDWLRQ 7KLV UDSLG VROLGLILFLIL
WR FRQILQH WKH SURWHLQ DQG UHGXFH WKH DRRWGW

DTXHRXV PHGLXP

$QRWKHU FRMXO/RBDYH LQFUHDVHG WKH HQFDSVXOKLWK R Q
™MEDSURODFWRQH FRSRO\RNMUWED®R FDISRAXBHYY QRUPDOC
HQHUJ\ VWDWH /RZHU HQHUJ\ WHQGHQF\ OHDGK MVKFH
K\GURSKREMIFUDFWLRQ ZLWK WKH SRO\@HUJIW R FFHROEIHQ
ORQJHU K\GEFRBKREH AKLIKHU SURWHLQ LQWHUDFWLRQ ¢
LQFUHDVH WKH LQWHUDFWLRQ E&DNSZHROD FWKRIQEFHRINKEKING
WKH HQFDSVXODWLRQ HIILFLHQF\ 7KH GUDZEDEN RI WK
FKDQFH RI WKH SURWHLQ XQIROGLQJ 7KLV LV GXH WR
K\GURSKRELF SDUW ZKLFK PD\ OHDG WR SURWHLQ GH

LOQYHVWLIDWHG LQ GHWDLGM FOWDIWRIQU LQ WKLY SURMHFW

7KH SK\VLFDO VWDWH RI HQFDSVXODWHG SURWHLQ DQC
SURWHLQ KDG QR VLIQLILFDQW HIIHFW RQ WWHWKH GHW.
RI HISHULPKHQMMQDD\VLY HYLGHQW WKDW WKH LQWHUDF\
DQG WKH FRSRO\PHU IDFWRU KDG D VLIJQLILFDQW HIIHFW
7KXV VOEVWDIQWIUHDOVH LQ HQFDSVXODWLRQ HIILFLHQF\
SRO\ '/ DFBMER&EDSURODEMWRQANHG WR HQFDSVXODWH OLT

FRPSDUHG WR LWV DELOLW\ WR R REPDED WHDWH O\WR]\PH
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ORUHRYHU WKH DELOLW\ ROFWEEHSRORODFWRQH WR FR
LQ WKH SUHVHQFH RKLWK H W DAKD/H LADY HQFDSVXODWLRQ
WUHKDORVH $OVR HQFDSVXODWLQJ VROLG WU\SVLQ
QDQRFDSVXOH ZDVJVHDWKDEDWWID\HQWUDSPHQW HIILFLF

ZLWK WUHKDORVH LRIFRGH WIKHJI DD B 8 WWKIHWSKRHO \ P H U

7KLV LQWHUDFWIRQL W KRE W BQHHFM VAKILFK ZDV IRXQG Zk
IDFWRUV WHVWHG WRJHWKHU DW WKH VDPH WLPH 7KLV
WKH FRQYHQWLRQDO RE&H )DFWRUWWQWKHDFWLRQ LV
VWXGLHG DV LWHFOD QWRW BMMUDGLWLRQDO QXPHULFDO D
1HJOHFWLQJ WKH LQWHUDFWLRQ ERW XHRQ WDH\DXEOUN/V FD

LQIRUPDWLRQ ZKLFK P DNHFRWQ WHHXHQMOALWD NRS HWFHKABKBMR G

ZRUNLQJ DW KUIK|@U VFDOHYV

OLFURVFRSLFE LPDJLQJ RI SRO\PHULF QDQRFDSVXO

6WDLOLOJ MYDRQPIOHFWURQ OLFURVFRS\ 7(0

7KH RYHUDOO PRUSKRORJM RVQOREARFWYHMXD(0 KDV VPR

HIWHUQDO VXUIDFHVYDQGRRXPW WIBREHVRRIWKH DJJORPHUL

VKRZQ LQ WKH PLFURVYBRSHF LPDJHV

7TKHUH DUH WKUHH GLITHUHQW PRUSHKHRORBNHY RRWKHGY &

VPRRWK VXUIDFH ZULQNOHICPYVXBOMFHDRX Y& VBRRWK VXL
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$ /\VR]\PH % NAVRI\PH

& /\WR]\PH " /\VR]\PH/

( 7U\SVLD

JLIXUH 7UDQVPLVVLRQ (OHFWURQ OLFURVFRS\ LPDJH RI O\WRI]\PH QI
WUHKDORVH )RU IRUPXODWLRQVIFR®I$SRVLWLRQ UHIHU WR
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$VLOOXVWUD ROFOHDU GLITHUHQFHYV KDYH EHHQ QRW

O\WR]\PH SRO\PHULF QDQRFDSVXOH IRUPXODWLRQV $V \
IRUPXODWLRQ FRQWDLQLQJ HLWKHU WU\SVLQ 7 ( RU ¢

WKHP KDG UHJXODUSBIQGE6OHDWERWKD DQG VPRRWK ZLWK

+RZHYHU WKH FRWEBULNREY SURWHLQ IRUPXODWLRQV VK
7KXV WKH 31&V SUHSDUHG E\ XVLOQDFWLEEREDBAWRODFEWR
VKRZHG UHJXODU URXQ® HVQGEX\WHDWKH BUWVYFSUHSDUH
FRSRO\PHU KDG PRUH GLVWRUWLRQ DQG LUUHJXODULW|
EHFDXVH Rl WKH QDWXUH Rl WKH FRSRO\PH UM RWHFGRHV L G
&DSURODFWRQH LQWHRPQDO-QWWIFAMWXWDHLYKLOH WKH R
DOPRUSKRXMXFWXUH 7KH FU\WWWDOOLQH VWUXFWXUH K
ZKLFK PD\ FDXVH GLVWRUWLRQ DQG LUUHJXODULWLHYV
ORUHRYHU WKH IDREOA\LFRH&D SURODFWRQH FRSRO\F
K\GURSKRELF DV H[SOD L QURMHB WO L6HHF W/BRYY KLWUR SKRE L
PD\ FDXVH PRUH FRDOHVFHQFH EHWZHHQ WKH QDQRSDU\

IRUPDWLRQ SURFHVVHYV I AKINKOMHBP\BDHRRWR UWLRQ

,PDIJBQ / DQG ,PDJH % [/ UHSUHVHQW /\VR]J\PH 3RO\
IRUPXODWLRQV SUHSDUHG E\ WKH VDPH FRSRO\PHU DQG
VROLG ZLWK DQG ZLWKRXW WUHKDORVH UHVSHFWLYH(
WKDW WKH 31& IRUPXODWLRQV SUHSDUHG ZLWK WUHKDC
WR WKH RQH ZLWKRXW WUHKDORVH 7KLV GLIIHUHQFH P

RWKRHRWH 31&V ZKHQ WUHKDORDH \ZDONM DGVEHG E\ WKH DXW

1R GLITHBBEQREVHUYHG EHWZHHQ VR ZDQG Z R Z DV UF

EHWZHHQ ,PDJH % / DQG ,PDJH ' / %RWK ,PDJHV KL
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VDPHRSRO\BPRG QR WUHKDORVH ZDV AHHYRDPWHUXCGBIWIH IR @ D\

GLITHUHQFH EHWZHH G RUKH B K\VV. ADKO VWDWH

SDUWLFOH VLIH RI WKH SRO\RE& WIDH @IDMIR 6 BVSR/XOHH

WU\SVLQ

SDUWLFOHV VL]H DQDO\VLV LV RQH RI WKH NH\ IDFWRUYV
UHOHDVH SURILOHV DQG \8 KR SSKWW RHNURENK KW WWFEH FRQ'

GXULQJ QDQRFDSVXOH>FK®® UDFWHULVDWLRQ

'\QDPLF OLJKW VFDWWHULQJ WHFKQLTXH ZDV XVHG WR

QDQRFDSVXOHV D\/BIEEFH\)'IE[:EBECLTQ/KRZV WKDW 31&V SDU

YDULHVY EHWZHHQ WKH WZR W\SHV RI HQWUDSSHG SUR!

WU\SVLQ DQG O\WR]\PH ZHUH LQ WKMHP UDQGHY RI QP

UHVSHFWL@B(X)VV\EL}DJL\XHJCEFD_(QGDEOH 7KH FRPSDULVRQ EHW

JURXSV VKRZHG WKDW WKH WU\SVLQ 31&V DQG O\VR]\PH

GLITHUHQW
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Nanocapsules particle size
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B Trypsin size

F1
F2
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F& s

F6
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Sample

J)LIXUH OHDQ SDUWLFOHV VL]H RI 31&3V FRQWDLQLQJ WU\SVLQ DQ
FRPSRVLWLR{}7 DEHOHU WR

7TDEOH $ WRWIDIR3VRQWDLQLQJ WU\SVLQ DQG O\WRI]J\PH VDPSOHV ZL\
VL]H DQG SRO\GLVSHUVLW\ )RU IRUPXODODWRLRQY FRPSRVLWLRQ UHIF

/\VR]\PH 7U\SVLC
JRUPXODWI QDQRFDSV 3RO\GLVSHU QDQRFDIS$ 3R@GLVSHUVL
VLIH QP VVL]H Q

SDUWLFOH VL]H YDOXG\SZHGHFMWR\GHHOD ZKLFK VKRZHG \

PRGHOV ZHUH JHQHUDADWG 6LQFH 5ZBV DQG
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UHSURGXFLELOLW\ ZDV IRU O\WWR]\PH DQG WU\
UHVXOWY DUH FRQVLGHUHGHKURU XXQ E&HWRIZQRW VHSDUL

PRUH WKDQZKLFK UNDODARBANOV OWNLHIG HDUOLHU LQ WK

$IWHU GHVLJQ DQDO\WLV WKH SUHVHQFH Rl WUHKDOR
VLIJQLILFDQW IDFWRU W KIDHN VR [H FRUH & RVKKH VBD\SW LD D Q
IRUPXYXRODWKIH LQFUHDVH LQ SDUWLFOHV VL]H LQ WKH SUH\
WKH FXUUHQW VWXG\ 7KH H[DFW XQGHUO\LQJ PHEKDQL\
EH GXH WR DFFXPXODWQRDRQR &R WKDDRRWMHWRIHWKHU L

DFTXLUH D ODUJHU LQQHU VSDFH 7KLV DVVXPR&WVYRQYHG

LQ 7(OPDIJHVIXUH ZKHQ WKH FRPSDULVRQ EHWZHHQ WEk

WUHKDORVH DQG WKH RQHV GR QRW FRQWDLQ WUHKDOTF

FRUH GXHDWRXWKE8DWLBRYKDORVH

QO YLWHUIRHDVH RI WU\SVLO DQG O\WRIJ\PH L® &EXPXOD

DOG 6LPXODWHG  OWHVWLQDO JOXLG 6,) ZLWKRXW HQ]\

,Q RUGHU WR GHOLYHU WKH SURWHLQVY RUDOO\ GLIIHUF
WR SURWHFW WKH SYRWHNXY®OBNVQDWAGNERO\PHULF QDQF
LV DPRQJ WKHVXHWHSKQDPHU GHYHORSLQJ WKH RUDO QDQF
WKH JDVWURLQWHVWLQDO FRQGLWLRQV PXVW EH VWXG
IURP WKH QDQRFDSVXOHV V\VWHPV ZDV LQYHVWLJDWHG

DQG VLPXODW.H® QQWXINVG 6,) ZLWKRXW HQ]J\PHV RYHU

‘UXJ UHOHDVH IURP 31&V V\VWHP GHSHQGV RQ GLIITHUHC

IDFWRUV DUH FKDQJHG ILUVWO\ WKH SK\WLFRFKHPLFD(
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WKH DFWIGYH QQYWKDYH LQIOXHQFHV RQ WKH UHOHDVH S|

FKDUDFWHULVWLFV DQG VROXEKIOIKAS IRAVWREB B/RKOG\ RJHHWO KI

RI WKHPGUWX,JQ DGGLWLRQ WR WKH SUHYLRXV IDFWRUV G

E\ 31&V SUHSDUDWIPR(@ PRWKR®NMU SDUWLROWILWIAIRI DIVEI

PHGLXP FDQ DOVR DOWHU WKH|@UKB SHEWHLIQDY YHOWDBVIQ

31&V ZHUH H[DPLQHG DFFRUGLQJ WR WKBHHEBWINVNRQLEHG PF

7KH RYHUDOO SHUFHQWDJH RI WU\SVLQ DQG O\VR]\PH U

DIWHU IRXU DR %UWKZRDQUM\ UHVSHFW'/LD’HHCO)T LV VKRZQ LQ

7TDEOH 2YHUDOO SHUFIHYWBVLQ DQG O\WR]J\PH UHOHDVHG IURP 31&V
IRXU DQG WRXQWRXUYV UHVSHRWEXBDWBRQRVLMJI—ILIH@DEOI—

JRUPXODWLF /\WR]J\PH LQ 7U\SVLQ LQ /\WR]J\PH LQ 7U\SVL®,)C

)
)

7U\SVLQ DQG O\VRHI\BWRIHOHDIURP 31&V LQ 6*) DQG 6,)

DUH LOOXVWO{‘T'[H(T)&LCQ(UH
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LYSOZYME RELEASE IN SIF
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J)LIXUH 3HUFHQWDJH SURWHLQ UHOHDVHG IURP 31&3V LQ 6*) ZLWKF
/\VR]\PH FRQWDLQLRQGB1&3V7U\SVLQ FRQWDLQLQJ 31&3V )RU IRUPXC

FRPSRVLWLRQWDLIEH)I?INU WR
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Release percentage %

100

Lysozyme release from SIF
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$V LOOXYWXDWBQ@ELIXUH WU\SVLQ DQG O\WR]\PH UHOH

GHSHQGV RQ WKB IPHRIOQMVARRQW L WKW IHHB HRUALWPRIWQMLQV H
IURP WKH SDUWLFOHV LQ 6*) ZLWKLQ KRXUV RI PRQLW
DQ LQLWLDO HHOHDVIRISWBW SURWHLQV WKLV ZDV IROO

VWDWH RU D VORZHXLW‘(HDK/HH GKOMBVH SURILOH LV FR

KDV EHHQ REWHU@3HW E) HW DFRQFOXGHG WKDW SODVPLG

UHOHDVHG IURP BROSROFWMWKDFFHLG@GH JO\FRO QDQRSDUV
GRXEOH HPXOVLRQ WHFKQLTXH LQ ELSKDVMF SURBEXOH W
UHOHDVH RI '"1$ FEQWE GEWMBHUADVHG IURP WKH IRUPXOD)

PLQXWHYV DIWHURMWMWHURIGVVFRVOALORWLRQ PHGLXP

7KH FDVH zZzDV GLIITHUHQW ZKHQ WKH UHOHDVH VWXG\ ZD
WKH SURWHHAODWBIG IURPLANKWHVHUYRLU LQ D WULKHDVI
WULSKDVLF UHOHDVH FDQ EH FRQFOXGHG LQ WKH IROOR
WKH SURWHLQV ZLWKLQ WKH ILUVW HLARKRKHY TKHIHF
HTXLOLEULXPGRUIXVNRPRAVWDWH LQ WKH VHFRQG SKDVH

SURWHLQV VWDUWHG WR EH UHOHDVHG LQ D FRQVWDAQ\

KRX[UVIXUH DQGIXUH /DPSUHFKW HWDYH REVHUYHG WKL

SURWHLQ UH®H D& HPSRSRUHBO KW HWIKDHO % RYLQH 6 HQXPo6® E

UHOHDVH IURP/BRWERIMAFROLF DFLG 3/*$ &§MSPIR SBPW R
3&/ QDQRFDSVXOHV KDV KDSSHQHG LQ WKUHH SKDVH

ZHUH SUHSDUHG E\ WKH GRXEOH HPXOVLRQ PHWKRG
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3URWHLQ UHOHDVH LQ 6Y) GRIWHW W KRQY UW UM BEFRGVR\VR]\P
IRUPXODWLRQV ZLWK QR VLJQLILFZHUH Q@RNWAWHOEGYGS
SURWHLQV IRUPXODWLRQV ORUHRYHU WKH VWDQGDUC
UHOHDVH LQ 6*) ZHUH UHODWI&OHDO RRYK XS WRKLFK VXS
DVVXPSWLRQ WKDW WKH PHFKDQLVP RI WKH LQLWLDO

DGVRUEHG SURWHLQ RQ WKH SRO\PHU VXUIDFH

+RZHYHU WKH SURWHLQ UHOHDVH SURILOHV IURP 31&V
D WSKDVLF 3aDWWHVRQUYIHMEGLDO EXUVW UHOHDVH ZLWKLQ W

* LQ DYHUDJH IRU ERWK SURWHLQV FIZRILMKHRRBEREE Y
UHOHDVH YDOXH LQ 6*) 7KH KLJKHVW RYHUDOO UHOHBGV

ZDV ZKEZEBK QRWOYWRRWH IRUPZXOLMMIHRQRZHVW ZDV

RQH RI WU\SVLQ ORDGHE DEORXDKEN GRDQY J ) RO HIDH/AHR U G V

ZDV UHSRUWHGHQW DVVXPSWLRQV EMG K\ SRRESIDDILND KD
GUXJ UHOHDVH IURP WKH SRO\PHULF QDQRFDSVXOH V\V\
LV GXH WR GLIIXVLRQ WKURXJIR MK B HR®EHWPPOWDQG SE
RU RWKHU PHFKDQLVPV 7KH UHOHDWRRHFKB QRIVRKHLQL
KDYH EHHQ H[SODLQHG EDVH® HRG DMK LSXVO LYKHEG P D
DWWULEXWHY DQG RWKHU SHUIRUP® GVWH \GW X WURHPOR@IV
WKAXUUM@WG\ SURWHLQV UHOHDVH IURP WKH 31&V |
PHFKDQLVPV WKH LQLWLDO EXUVW SKDVH PD\ KDYH KDS
DW WK&W XUIDAHV EBQFRQILUPHG DV QRHWIHQREHL E B Q/\E HG
GLIIHUHQW IRUPXODWLRQV LQ WHUPV RI EXUVW UHOHEL
VWDQGDUG GHYLDWLRQV Rl WKH VDPH VDPSOH EXUVW U
WKDW EXUVW UHOHDVH KDV RFFXUUHG E H RDXR/HIVRQ W K

DQ\ FHUWDLQ UXOH 7KH VHFRQG UHOHDVH SKDVH RU W
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WKH SURWHLQ PROHFXOHV FORVH WR Y@K HNYIXZ DNRGH KODDW

VXPWQHG UBRBI®WHKDYH UHVXOWHG EHFDXVH RI GLIIHUH
LH ZHDNHQLQJ RI SDUWLFOH VWUXFWXUH GXH WR SO
PHGLXP RU SRVVLEO\ SRO\PHU GHJUDGDWLRQ DQG V
GLIIXVLRQ WKW SRO\WRUYBXHRXVHFDXNHMW DWLRQ RI VRP
ZDWHU FKDQQHOV ZLWKLQ SRO\PHU VKHOOV DV PHGLXP
EH WKH GUXJ UHOHDVH PHFKDQLVP 7KH SRO\PHU GH.
SURFHVVHV XVXDOONYGHBFWRURQ HJ SRO\PHU PROHFXC
VWUXFWXUH DQG IXQFWLRQDO JURXSV ,Q WKH FXUUHQW
ZLWK KLJK PROHEXODU ZHLJBMYHVWHKKRKOE KDY H KIRMII U R
WKH SRO\PHU HBR VL FOR Q DMUHRWVIGFRIQMRIP WKH UHOHDVH
RI WKH 31&V DQG ZKHWKHU WKH HURVLRQ ZDG/G\W\K\/A RYZNBOZ
KDYH EHHQ SHUIRUPHG GO L®EBA RFDES VX.QMNW SR ZGEHHQH L
PHDVXBHRUH DQ® BDWH W WK G\ KDV EHHQ FDUULHG RXW
KDEHHQ REVEWWHBBHQ WKH WZR WLPHV ZKLFK PD\ FRQI
KDSSHQHG WR WKH SRO\PHUV GXULQJ WKH KRXUVY U

FRQYHUW WKH SRO\PHOHL @ ¥@RPIHWN UD QREOXKWKHU VPDOO

JDVIPV @/ Xk DV ODFWLF DFLG DQG FDKERR BLRYHGHGRZC

RYHUDOO SRO\PHU ZHLJKW

7KH RWKHU WHVW ZDV LPDJLQJ WKH QDQRFDSVXOHV

7TUDQVPLVVLRQ (OHFWURQ OLFURVFRSH 7(0 WR ILJXUH

QDQRFV XOHV VWUXFWXXLH)UJT[LHD[DKJ‘HWHDWHHV WKH 31&V IF

DIWHU GUXJ UHOHDVH VWXG\
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JLIXUH 7TUDQVPLVVLRQ (OHFWURQ OLFURVFRS\ 7(0 LPDJHV RI ¢
IRUPXODWLRQ $ EHIRUH DQG % DQG & DIWHU KRXUV RI UHOHDVH

$V VHHQR DQUKHWKDW 31&V KM GCWAKMHLU VSKHULFDO VKD S

VWXG\ +RZHYHU VRPH ODUJHU VL]H SDUWLFOHV ZHUH |
HURVLRQ KDV RFFXUUHG WR HLWKHU SRO\PHU DQG WK

SURWHLQV GLIIXVLRQ RXWHNUGH WKKHEEOW K WAt YA RR\FPH U V |
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LQ WKH DTXHRXV PHGLXP 6,) D GLGREOWP AR Q M/HRHXOMCHE BI Q\

WKH DTXHRXV PHGLXP PDS®&DYW LORIGODW RRERKG\PHU\V FKD

@7KLV ZLOO DOORZ IXUWKHU IOXLG LQIOX[RLW WHRL W R/HP

GLPHQVLRQ ZKHQ FRPSDUHG WR WKH PLFURSDUWLFOHYV

GLVVROYHG WKH SURWHLQ D@®BHRRGCSHE WIKBIWHL &\R RAHR S
SHQHWUDWHY DQG LQFUHDVHG WKH SHUPHDELOLW\ G>
PHFKDQLFDO SURSHWHOQWHRID CBXDLGHG WKH SURWHLQ WR

LQ VXVWDLQHG UHOHDVH PDQQHU RYHU WKH HQWLUH WL

7KH UHRMOKMHVFXUUHQW VWXG\ ZHUWHWERR ¥ GWXW WEAD K L WHR

DO > |(@ODWDIOHWVWDWHGRNKDWE KDWVHQ GURSBEEEXEDWL

LQ ZDDVWH WY R HWH@WHUDOWXUHVf& DEG ORUHRYHU WKH VL
VKRZHG W IKGH¥F ON@IHZ D V f& DIWHU KRXU RI LQFXEDW
WHPSHUDWXUHYV XVHG 7KDOKBINSOHWARWHIQLY FRQYHUYV
VWUXFWXUBODRWWWH LQWR D UXEEQHBEUVWDYDMGE WIWKKIXSR O
ZKLFK FRQVHTXHQWO\ PD\ LQFUHDVH WKH GUXJ UHOH

V\VWHPV

263



JLJIXUH FRPSDULVRQ EHWZHHQ FU\WVWDOOLQH DQG DPRWBSKWRKV7KRS
ILJXUH ZDV GUDZQ E\ WKH DXWKRU RI WKLV WKHVLV

$IWHU SHUIRUPLQJ H[SHULPHQWDO GHVLJQV DQDO\VLV
O\WR]\PH GHVLJQ DQG WU\SVLQ GHVLJQ KDYH JRRG DQC
YDOXHV DV H[SODI6GIHR®MDUDRMMLI@MLILFDQW GLIIHUHQF
EHWZHHQ WKH RYHUDOO GUXJ UHOHDVH RI 31&V IRUP X
EHWZHHQ /DFWLGH DQG &DSURODFWR QM JQQL I\W K BENARFKR O\
DIIHFWHG WKH WRWDO SHUHFB\OHVRYH R | SRERMBHLOFFWR Q H
IDFWLGH UDWLR LV D FULW IRFEDAOL PR.&WREUDEE GOHRKHR WEBE B
&4% B5HOHDVH ! RYHU 8VK®XWV SRGDF W LFERH

&DSURODFWRQH UDWLR DNJ \GWKG WHRO BIBK/IHH S H UTF HKQ W D

UHOHDVH VWXG\

+LJKHU RYHUDOO SHUFHQWDJH RI SURWH/L(DBWOGEB WHMVW|
LV HI[SHFWHGW KHPWRDO DQG PHFKDQLFDOJO /DWW K® WXKHH
UDFHPLF IRUP RI /D RXIHG W RPRHMMRIFFKLUDO PHWK\O JU
IDFWLGH PROHFXOHRR BUDFMPQF /DFWANGHKDQJHG WKH PF
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SURSHUWLHV IURP EHVYRQBABUWWINDRDE REIBCRHWHO\ DPRUSK

WKHARSRO\PZKWFK VXEVHTXHDMWAY\ WEHFERO\PHUYLBRQN|LV W I

LOOXVWUDWHY WKH GLIIHUHQFH EHWZHHQ WKH DPRUSKF
LQ LQWHUQDO VWUXFW XWDH) 6DRD 8 H FW K 1D \SHSTRA R il W CHRAYHHG
WKXV PRUH SHUPHDDEOBFWKBH IRUP KDV RI FU\WWDC
ZKLORO\ //DFWLGHQWMPRIMNSKRXY 7KH FRPSOHWHO\ DPR
' //IDEWLGH KMDORH Rl & LQ FBREERQA\WVBDG WLEKL FK

KDV DRT f& WWKHMOHFWYV GLIIHUHQW PHFKDQLFDO SURSFH
FRSRO\PHU FDQ FUHDWH QHZ PROHFXOHV ZLWK GRDWHUH

EH DEOUH®WRFH WKH ULJLGLW\ RI WKH ER@I?KIHVFFE’)S/R(G)HP?/

XVHG LQ WKERQRIUWWVILWYJI RIDFWLGH DQG &DSURODFW

DQRG SURYLGLQJ D QHZ FRSFRO\®XH ZHWKKB \O QR 7@ MWRV

GHSMIHHRQ LQ JODVV WUDQVLWLRQDO WHPSHUDWXUH PHELC

SODVWLFL]HG DQG PD\ EHARHPHS HNXEREKBWDWKD Q f& E

UHOHDVH H[SHULPHQW WH#PSHURWXGHGLE\ WK& PBW®& ULD

WKH tODFWREBSURODFWRQH FRSRO\PHU KDV D PH(
R f& DV PHDVXUHG E\ '6& +HQFH PHQWLRQLQJ PHO

JODVV WROQYVHWSHUDWXUH UHIOHFWV WKDW WKH SRO\P

FU\WWWDOOLGH\RWD/AHPLQPH @WHXFWHDHQV WKH SRO\PHU K

DQG VWDEOH ERQG EDFNLQJ WKXV KHOSV LQ FRQILQLQ.
IRU D ORQJHU WLPH GXH WR VORZ UHOHDVH 7KH ZORZ
ODFWIREZ® SURODFWRQH 3G&A ULWVFDPRREHU VRIWHQLQJ U
WR WKH GLVVROXWLRQ FRQGLWLRQ DW  f&+OKHFQ\FERR RIS

&DSURODFWRQH 31&V
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(QFDSVXODWLQJ WUHKDORVH ZLWK SURWHLQ LQVLGH 315§
|OXLG VOWRLIQWR WKH SDUWLFOHV FRUH GXH WR AKKIHKG L
PD\ FRQVHTXHQWO\ LQFUHDBWHU MKHVGU X J WKANYEUN QR
FDVH LQ WKLV VWXG\ ZKOQREWD\N DHHHDUWR WIKWKH RYHUD
FROQWRIQWNWUHKDORVH GXH WR WKHLU VLJQLILFDQWO\ LQF

WKH VL]HV RI 31&V ZLWKRXW WUHKDORVH

JXUWKHUPRUH IRUPLQJ FRSRO\PHU FDQ FUHDWH QHZ PF

SURSHUWL®PD\ Z2H PEOHGWRH WKH WKBHLSR®\PRIVUY DV GHYV

> @ 7KH FRSRO\PHU XVHG LQ WKLV ZRUN/DVWLRIH DWMGL (

&DSURODFWRQH PRLHWLHYV DQG SURYLGLQYDDORHZAIHRSEE

GRZQ WR[> |@&7KLV GHSOHWLRQ LQ JODVV WUDQVLWLRQ

FRSRO\PHU PD\ EH HDVLO\ SODVWLFL]HGVDHRS A DIOAHKHRIP |

WKDQ f& ERG\ RU UHOHDVH H[SHULP$\WBRWH®I$E UD W

PDWHULDOYY V®@WKCHHU +ODFWIIREB SURODFWRQH FRSRC

PHOWLQJ WHPSHUDWXUH 7P RI f& DV PHODMXYHE P\H'®

WHPSHUDWXUH UDWKHU WKDQ JODVV WUDQVLWLRQ WHP

FRQVLVWY Rl GRPLQDQW OR UR N WDMDLAFEH) MVREIX W WBRHLDHD V  V

SRO\PHU KDV PRUH ULJLG DQG VWDEOH ERQG EDFNLQJ V
WKH SRO\PHULF V\VWHP IRU D ORQJHU WLPH GXH WR VO

RO\ "+tODFWREAWSURODFWRQH 31&V LV FDXVHG E\
UDWH ZKHQ H[SRVHG WR WKH GLVVROXWLRQ FRQGLWLRQ

' /[*tODFWWREAMWSURODFWRQH 31&V
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(QFDSVXODWLQJ WUHKDORVH EDW KD 3/WWRUNDHFIWQ ALRQWH. G B V8 H4
IOXLGVY WR LQIOX[ LQWR WKH SDUWLFOHV FRUH BKUIF KR
PD\ FRQVHTXHQWO\ LQFUHDBWHU MKHVGU X J WKANYEUN QR
FDVH LQ WKLV VWXG\ ZKOQREWD\N DHHHDUWR WIKWKH RYHUD
FRQWDLQLQJ WUHKDORVH GXH WR WKHLU VLIQLILFDQWO

WKH VL]HV RI 31&V ZLWKRXW WUHKDORVH

\VR]J\PH VWDELOLW\ ITURP OHDNDJH DQG SHUPHDEL

6.)DOG 6*) FROWDLOLOQJ GLIJHVWLYH HQJ\PHYV

$00 RUDOO\ DGPLQLVWHUHG GUXJV PXVW SDVV WKURXJK
WKH *,7 PHDQV WKH GUXJ PROHFXOGHM\RPHOORENVKIHSB V&
V\VW HPJ SHSVLQ WURSVRRVWVWYDRKBHUDSHXWLF SURWHLQV
DUH GHJUDGHG E\ WKHVH JDVWRBEQUWBWWQLH RODMHID) SBRW
VKRXOG EH DEOH WR SURWHFW WKH SURWHLQV DJDLQV\
VWXG\ ZDV SHURVRHEHRWYRZWYHINLQ ZDV QRW XVHG Et!
LWVHOI LV D SURWHRO\WLF HQ]J\PH L @KHDWHKIBRWHQ WWHWBIHV

HQFDSVXODWHG WU\SVLQ LQ WKH SUHVHQFH RI WKH GL.

VLPXODWHG *,7 FRQGLWLERVFADE NBIKIERMHIGO RUGHU WR I

WKH SHUPHDELOLW\ RI WKH QDQRFDSVXOH VKHOO WR D(
WKH SDUWLFOH VRRFOHYV KDYH EHHQFH®W KHIXJBMBIGHW K
VXSHUQDWD @FWOQ© OHHFWHG HYHU\ WLPH DQG DQDO\VHG

FKURPDWRJUDSK\ 6(& WR HQVXUH D FRPSOHWH UHPRY|

YLIXUH
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OHDVXULQJ WKH GLPLQLVKLQJ RI GLIHVWLYH HQ\\NRH\W HD
FRQWORMMIVLGXH DPRXQW RI HQ]J\PHV ZKLFK PD\ GHJUD
EUHDNLQJ DQG WKXV ELDV WKHZ DWKRRDMVV R I1$ WHKIH) & RF
HQJ\PHV IURP WKH QDQRFDSVXOHVY VXUIDFHVGRDQ®GEDS

WH HQFDSVXODWHG SURWHLQV ZHUH FROOHFMWHGNKH

PHWKRGRORBUHWRQ

JLIXUH 3HSVLQ FKURPDWRJUDPV DUH VKRZLQJ LWV OHYHOV GLPLQ
QDQRFDSVXOHV ZDVKLQJ
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JLIXUH[LOOXVWUDWHYV WKDW HVKKD @ HIENMWQ YWHHPRYHG FR

WKH 31&V VXUIDFH DQG VXUURWKGMPERHP HB QXU IDDXWN B W L
ZDVKLQJ 7KHQ DOO WKH IRUPXODWLRQV ZHUH ZDVKHG
HQJ\PHV WR HQVXUH FRPSOHWHY HHPR YDV RD QWK Q@ RG GI1H\H

EHWZHHQ O\WR]HPSURQ\GHRWBE\WLF HQ]J\PH FDQ RFFXU

7KH UHVIXOWOHLQOXVWUDWH WKDW WHKH SHEIHFE QONDR H PR

LQFXEDWLRQ LQ SHSVLQ DQG WU\SVLQ FRQWDLQLQJ PHG
7KH QDKR®FDSVXWBWKRQT )SH RVONFWHG O\WR]\PH DJDLQV\
GHJUDGDWLBQWQVUQQIERPSDULVRQ WR IUHH O\WR]\PH $C

VKRZHG D VLJQLILFDQW SURWHFWLRQ IRU WKH O\BR]\PFE

FRPSDUHGHWRO\VKIDEWWH +RZHYHU QR VLIJQLILFDQWGHIIE

EHWZHHQ WKH GLITHUHQW IDEWRUV LQ WHUP RI O\WR]\PF
ERWK HQJ\PHV 7KH HIILFLHQF\ RI SURWHLQ SURWHFWLR
DPRXQW Rl WKH UHPDLQLQJ O\WR]J\PH LQ WKH QD @QRFIVKW;
DPRXQW Rl HQFDSVXODWHG SURWHLQ 7KH KLJKHVW SU

“ ZKLOH WKH SHUFGIQWDGHRI MRA]\PH DIWHU KR
LQ WU\SVLQ 6,) ZDV EHWZHHQ “oou 7KH UHODWLYH
SURWHRQ HIILFLHQFLVRDWONWIRPRWHGIQFDSVXODWLRQ R
VORZV GRZQ WKH HIIOX[ RI WKH SURWHLQ IURP WKH ¢
SHUPHDELOLW\ RI I0XIS®R ONRHB XB KRXW UMKHSUHYHQWYV W

HQJ\RVY WR LQIOX[ WR WKH FDSVXOHYV
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7TDEOH 3HUFHQWDJH RI WKH UHPDLQLQJ O\WRI]\PH IURP GLIIHUHQW IF
6*) DQG 6,) IRU KRXU DQG KRXUV LQ WKH SUHVHQFH RI WKH GLJH
JRU IRUPXODWLRQV FRPYRVNEWHRQ UHIHU WR

JRUPXODWLRQ 6*) 6,)

&RQWURO BBB BBB

)

$V VHHTODEQH QR SURYLGHG YDOXHV IRU WKH FRQWURO \

QROURFHVVHG O\VR]\PH 6LQFHV& R DRMDYWDHIG DSHD X HKCDO/ E |
GXH WR WKH GLJHVWLYH HQ]\PHV SURWHR@DIWLE H I0MFRY

VWUXFWXUH

JLIXUH|ILOOXVWUVFBKWRFNDMHUDPV REWRLPHGFIRVNRIFOR/QV E

+3/& DIWHU LQFXEDWLRQ LQ 6,) DQG 6*) IRU KRXU DQG
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J)LIXUH FRQRO O\WR]\PH FKURPDWRJUDP DIWHU KRXU LQ 6LPXOD
KRXUV LQ 6LPXODWHG ,QWHVWLQDO )OXLG 6,)

$V FOHDU) LIIXRFH O\WR]\PH ZDV GHVWUR\HG LQ WKH SU

HQJ\PHV DRIEGBRQBHBBDN KDV EHHQ REVHUYHG IRU O\VR]\P

O\WR]J\PH TXDQWLILFDWLRQ GLIILFXOW

7KH DERYH UHVXOWYVY FRQILUPHG WK D WK Q BRWRHQF DSV WU
VKLHOG DJDLQVW JDVWULF DQG LQWHVWLQDO HQJ\PHYV
HQFDSVXODWHG SURWHLQV DQG PDNH WKH IRUPXODWLR!

RUDOO\

(IIHFEW RI SRO\PHUV DQG SURFHNVXFEWMKH EURWRLL

DEWLYLW\

7KHUDSHXWLF SURWHLQV PXVW HH P\DNEW E WK IDEBIO WV & € W
HVSHFERBQ\WKH DGPLQLVWUDWRRE® LKUN BKMIOQYSODRHD \

IRUPXODWLRQ LV VWLOO FKDOOHQJLQJ 3URWHLQ LQWHJ
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HJ FKHPLFDO DQDO\WLFDO WHFKQLTXHV DXQMXROCH Q@] SBL
WR PHDVXUH WKH ELRORJLFDO DFWLYLW\ RI WKH SURWt
WKH GHVLUHG WKHUDSHXWLF DFWLRQ 7KHUHIRUH WKH
WKH SURWHLQV DIWHU LQFRUSRUDW IEBD@ VWQOMHR/ WEKWH VEK R
SURQH WR GHQDWXUDWLRQ E\ WKH VWUHVVIXO SURFH
SRWHQWLDOO\ GHVWDELOLVLQJ PDWHULDOV VXFK DV K\C(

7TKH SURFHGXUHV RI ELRORJLFIIGHUIIEHMLFYJLL\@HGWTWFHQJPLQD

DQGHFWLRQ| /\VR]\PH ELRORJLFDO DFWLYLW\ ZDV LQYH)

UDWH RI K\GURQWAIFRRLELF OLQNDDFANVW\OWAEKFARVDPLQH
1 DFHW\OPXUDPLF DEREBWH$LDIOQFHOO ZDOOV E\ O\WR]\PH
RI WU\SVLQ FDQ EH GHWHUPLQHG E\ PHDVXULDEMYR\OD\

MDUIJLQLQH HWK\O HVWHU %$((

7TDEOHDQ®BLIXUH|VKRZ WKH ELRORJLFDO DFWLYLW\ YDO

O\WR]J\PH DQG WU\SVLQ LQ GLIITHUHQW IRUPXODWLRQV 7|
SURWHLQV KDYH EHHQ VWDWLVWLFDOO\ DQDO\WHG LQ R

YDULRAWRUYV
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7TDEOH 7KH OHDQ ELRORJLFDO DFWLYLW\ RI O\WWR]J\PH DQG WU\SVLQ [
HQFDSVXODWLRQ LQ HLJKW GLITHUHQW SRO\PHULF QDQRFDSVXOH IR
ZDV SHUIRUPHG LQ7 KHRHOILFIRWBWLDQFH LV SURYLGHG )RU IRUPXOL

FRPSRVLWLRQ7NHOHU WR

SURWHLQV IRUPXODWL

IN\WVRJ\PH %%$&9

7U\SVLQ“%®

)

%LRORJLFDO $FWLYLW\
&RHIILFLHQW RI YDULDQFH

Biological Activity of encapsulated proteins

100
90
80
70
60
50
40
30
20
10

Biological activity %

F1 F2

F3 F4 F5

F6

Formulation number

Lysozyme BA*
Trypsin BA*

F7 F8

JLIXUH %LRORJLFDO DFWLYLW\ RVL@G \HR) KD DXQQ@GDWHYE LQ D WRWDO F

IRUPXODWLRQV

JRU IRUPXODWLR
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$V REVHUYBGEOH) O\VR]\PH IRUPXOBWLRQY UHVWRWKHLL

RULJLQDO DFWLYLWLHYV DIWHU SURFHVVLQJ ZKLIOYFMNVIML

DFWLYLW\

/KH SHUFHQWDJH RI LQWDFW DQG DFWLYH PRLHWLHV IF

DQG SUHGLFWHG E\ WKH IQU G KIHH B BX QW RPFRHG B FOBVX HBZRVEHHE0 D

ILWWLQJ DV 5 4 DV GHWMHFYWH®R QIIDEOH

VKRZV WKH FRHIILFLHQW RI VLIJQLILFDQW IDFWRGHWOVIH
DEDO\VLV LW ZDV REVHUYHG WKDW WUHKDORVH SUHV

VWDELOLVL@QERWK RV WU\SVLQ DQG O\VR]\PH
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7TDEOH )DFWRUV DQG WKHLU LQWHUDFWLRQ HIIHFW RQ WKH HQF
ELRORJLFDO DFWLYLW\ DV UHSUHVHQWHG BEADWKH FRHY | HDAA K QDAFW ROUC

J\VR]\PH 7U\SVLQ
)DFWRU

&RHIILF 3 YDOXH &RHIILFLE 3YDOXH

3RO\PHU UDWLR

7TUHKDORVH

&RUH SK\VLFDO
OLTXLG

3RO\PHU UDWLR
7TUHKDORVH

3RO\PHU UDWLR
SK\VLFDO VMWD W

TUHKDORVH &R
SK\VLFDO VWDW

,OQWHUDFWLRQ EHWZHHQ WKH IDFWRUV

ORUHRYHU WKH SK\VLFDO VWDWH RI HQFDSVXODWHG S
ELRORJLFDO DFWLDEFWILNVYWWHLHRORHUHFKQAIKHU ZKHQ SUH:
6 2 WHFKQLTXH IRUPXODWLRQV DQG WKDQ WKH
PHWKRG IRUPXODWLRQV YDOXBQG DAQAG®K S IRU O\VR

WU\SVLQ UHVSHFWLYHO\

J)LIXUH | VKRZV WKH FRQWRXU SORWV |IRU WKH UHOD

FROQFHQWUDWLRQ FRUH SK\WLFDO VWDWH DQG SRO\PF
ELRORJLFDO DFRWXHW\ VKBRREORQH UHJLRQ LQGLFDWHV W

DFWLYLWHZBKLHOVWHWRQ UHSUHVHQWYV WKH KLJKHVW ELR
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J)LIXUH " UHVSRQVH FRQWRXU SORW VKRZLQJ WKH UHODWLRQVKL
WU\SVLQ DFWLWRODGIQ OLKHLG VWDWH
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$VLOOXVWUDWHG LQ WKH FRQWRXU SORWV DERYH WUH
DFWLYLW\ DQG QR HIIHFW RI FKDQJLQJ WKH SRO\PHU W
REVHUYHG 7TK@VEPRM/YKW VLGH UHSUHVHQW WKH2IRUPX
D@ LWYMGWRWW WKH\ UHWDLQHG KLJKHU ELRORJLFDO D

ZKHQ FRPSDUHG \8R WHIOR RIQEtV

,Q RUGHU WR H[SODLQ WKH LQIOXHQFH RI WKH FRUH SK\
WKH SURWHLMHY BEEBEHVWRI HYHOHQRMH QG VXSSRUWLQJ W
SURWHLQV XVHG LQ WKLV VWXG\ ZHUH GLVVROYHG LQ ZC
SRLQWYV KHQFH WKH\ ZHUH SRVLWLYHO\ FKDUJHG ZKLFI

EHWZHHQ SURVRIODLBNUWDQ ®YV WKH SRO\PHUV KDYH PDQ\ QX

DIUHDLU RI HOHFWURQVY)LQXWHKHIZH LWWRROEAMK SRVVLEO\ F

DGVRUSWLRQ GXH WR K\GURSKRELF LQWHUDFWLRQ DQ

SURWHLQ

JURPFKHPLSWUQW RI YLHZ SURWHLQV LQ VROXWLRQ DU}

WKHLU FRQWDFW ZLWEKQZDWWIOWKLFKDPLGH ERQE&LNFOF

GHDPLGDWLRQ UHDFWLRQ UHVXOWYV LQ GHQDWXUDWLR
IUDJPHQWIMALRKQIROGLQJ HVSHFLDOO\ LQ7IONVR]\WHKNS BQ

GHIJUDGDWLRQ DUHQ/ WIKGOVEBWEH SWBRMHHL QY KRZHYHU (

GXH WR ZDWHY [@EVHQFH

ORUHRYHU SURWHLQV LQ VROXWLRQ IRUP KDYH KLJK LQ
SURWHLQV ZKLFK KDV HQHUJ\ QHDUO\ |JHUR ZKLFK GHFU

DQRG WKXV @GUHNWKMWIURWHLQ SK\WLFDO DQG FKHPLFDO

HQFDSVXODWL@URFHVVHV
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7KH SURWHLQ W DOQQWIHRQARKWBHQW VWXG\ UHWDLQHG WKHL
VKRZQ LQHWVBEIXWQ WUHKDORYV K RENR DEGHBWKRQROH RI
GLVDFFKDULGHV L H VXFURVH DQG WUHKDORVH LQ V

LQYHVWLIDWHE HD\UWKHUY 7KH PRVW UHDVRQDEOH H[S

WUHKDORVH VWDELOLVHVY WKH SURWHLQV LQ VRI©OX|{®LRQ

SUHIHUKQGMIIMWLRQ LV D SKHQRPHQRQ ZKHUH WKHUH LV L
DURXQG WKH SURWHLQ PROHFXOHYV ZKLFK IDYRXUV SUR
VWDWHY E\ HIFOXGLQJ GLUHFW ELQGLQJ RI WUHKDORYV

WUHKMHOLY FDOOHG SUHI }@;)WLDOO\ HIFOXGHG

2Q WKH RWKHU KDQG DQGC DWKROWFYX