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$F N QR ZIPHIQIN

JLUVW DQG IRUHPRVW , ZRXOG OLNH WR H[SUHVV P\ GHH

VXSHUYUVWRKWPHG )DKHRB KLV LQYDOXDEOH JXLGDQFH VX

HQFRXUDJHPHQW WKURXJKRXW P\ 3K' MRXUQH\ +LV H[SHUYV

LQVWUXPHQWDO LQ VKDSLQJ WKH GLUHFWLRQ DQG TXDOLW

WKDQN3IXNBIWBRHOLONRURBY KHU WKRXJKWIXO LQVLIKWY FRQ)

DQG XQZDYHULQJ VXSSRUW GXULQJ WKLV ZRUN <RXU PF
DSSUHFLDWHG

7R P\ EHORYHG 2PQHD $OKDPDRD®Y. FDQQRW H[SUHVV P\ JUL
\RXU VWHDGIDVW VXSSRUW DQG EHOLHI LQ PH <RXU HQF
FKDOOHQJLQJ PRPHQWYV RI WKLV MRXUQH\ KDV EHHQ P\ JU
KDYH EHHQ P\ URFN DQG , DP IRUH YW MIDAVHIXPHNR U \|

, DP DOVR GHHSOPLGOHBEWHKR WHRFRQWLQXRXV VXSSRUW S
XQZDYHULQJ EHOLHI LQ PH KDYH EHHQ D FRQVWDQW VRXU
DOZD\V VWDQGLQJ E\ PH DQG FKHHULQJ PH RQ WKURXJK |

)LQDOO\ , GHGLFDWH WKLV ZRUNDVR HQ PKHIDE MRBI® W K VOG |

ZLVK LV WKDW DV \RX JURZ XS \RX ZLOO ORRN EDFEN RQ W

PXFK ORYH DQG LQVSLUDWLRQ \RX EULQJ WR P\ OLIH (YHU
EXLOGLQJ D EULJKWHU IXWXUH IRU \RX



SEVWUDFW

7KH WUHDWPHQWFRQGRRUR@IMF LQFUHDVLQJO\ QHFHVVLWDWEF
WDUJHWLQJ PXOWLSOH SDWKRORJLFDO SDWKZD\V $OWKRXJK
HITHFWLYHQHVYVY LW RIWHQ FRPSOLFDWHV PHGLFDWLRQ DG
WUHDWPHQW SHUVRGEOWH ¥BWE RQD WILRIGY )'&V ZHUH GHYHOR
UHJLPHQV E\ FRQVROLGDWLQJ PXOWLSOH GUXJV LQWR D VLQC
EXUGHQ DQG LPSURYLQJ FRPSOLDQFH +RZHYHU WUDGLWLRC
LQGLYLGXDOLVHG GRWH WDLEMPYWPRQ@LILFDWLRQV DQG WK
SKDUPDFRJHQRPLF GDWD $V PHGLFLQH DGY D QFRFHYWVUR EDRDA IS
PRGHOV WKH ULJLGLW\ RI FRQYHQWLRQDO GRVDJH IRUPV SUL

,Q UHVSRQVH WKLV ZRUN SUHVHQWYVY WK HS JQ M 8GO0 R UDADD &/RF/
IRUP WKDW HQDEOHV IOH[LEOH LQGLYLGXDOLVHG SRO\SKDUP
)’)'0 GURRDGHG WKHUPRSODVWLF ILODPHQWYV ZHWEKWHWWUXG
PRGXOHV HDFK HQJLQHHUHG ZLWK D VSHFLILF UHOHDVH S
SK\WLFDOO\ FRPELQHG LQWR WDLORUHG SRO\SLOOV DW RU QH
IRU UHIRUPXODWLRQ DQG HQDEOLQJ UBSEGILBGEMDWSR
UHTXLUHPHQWY 7KLV PRGXODU DSSURDFK DGGUHVVHV WKH
ZKLOH UHPDLQLQJ FRPSDWLEOH ZLWK SKDUPDFHXWLFDO
FRQVWUDLQWYV

7TKUHH FDVH VWXGLHVY ZHUH XQGHUWDNHQ WR HYDOXDWH Wt
WKHRSK\OOLQH ZDV VHOHFWHG WR H[SORUH FRQWUROOHG UFE
D VWUXFWXUHG 'HVLJQ RI ([SHULPHQWYV 'R( YDWIQUQEWDOOPF
GHQVLW\ DQGWRRHWEDDLR®IED WR5, 5UDWLRY 7KH VHFRQG VWXG
D SHUVRQDOLVHG DQDOJHVLF SRO\SLOO FRPELQLQJ SDUDFHYV
HPEHGGHG LQ WDLORUHG SRO\PHU PDWUTLEKHWIRWUI G LADWVLIHY ¥ W
HIWHQGHG WKH SODWIRUP WR JDVWURUHWHQWLYH GHOLYHU\
SURSUDQRORO K\GURFKORULGH HQDODSULO PDOHDWH DQG
DEVRUSWLRQ ZLQGRZV $FURVV D@A ADMHM HWRA CLGINO \DW ERDQA L
ZDV HPSOR\HG LQFOXGLQJ GLVVROXWLRQ WHVWLQJ WKHUP
DEDO\VLV )7,5 VWUXFWXUDO FKDUDFWHULVDWLRQ 6(0 ;5°'

BULQFLSDO &RPSRQHQR@W $ADD/O DB LIV HUSUHW GLVVROXWLRC



'"\QDPLF 9DSRXU 6RUSWLRQ '96 ONUBWHECG VRKPPEIGRAMWKY DQ
SHUIRUPDQFH

7KH ILQGLQJV IURP DOO WKUHH FDVH VWXGLHV FRQILUPHG
DGDSWDELOLW\ RI WKH )OH[L3LOO SODWIRUP ,Q WKH ILUVW
WKHRSK\OOLQH ZHUH VLJQLILFDQWO\ L QW®REHIDAMIGRE\ BRWK G L
+RZHYHU KLJKHU GUXJ ORDGV QHJDWLYHO\ DIIHFWHG ILODF
YDULDWLRQ SRRU SULQW UHVROXWLRQ DQG IRUPXODWLRQ
DQDOJHVLF SRO\SLOO VXFFHVVIXOO\ FRPELQHGQ S DWQIFHWD
FDIIFELWKUHH $3,V ZLWK GLYHUJHQW UHOHDVIHQ W GD VWM IO
GRVDJH IRUP 3DUDFHWDPRO HPEHGGHG LQ D EOHQG RI

GHPRQVWUDWHG UDSLG UHOHDVH XQGHU DFLGLF FRQGLWLRQ
LQ DFLGLF PHGLD EXW OHVV WKDQ LQ DONDOLQH FRQGLWL
S+GHSHQGHQW UHOHDVH DQG WDVWH PDVNLQJ EKSINRWIDQ WL
(XGUDJLW /PDWUL[ UHOHDVHG OHVV WKDQ KRQWFLBILWK AR UK
WKDQ D WHQIROG LQFUHDVH LQ DONDOLQH PHGLXP FRQILU
&DIIHLQH HPEHGGBGVN@®@MYLRVYWSRO\YLQ\O DOFRKRO 39$% PD\
RQVHW ZLWK UHOHDVHG ZLWKLQ WKIWHLUWWG\ GHORQYWW UL
WKH SODWIRUPfV JDVWURUHWHQWLYH FDSDELOLWLHVY SURSU
GHQVLW\ SULQWOHW WKDW PDLQWDLQHG JDVWULF UHWHQWLR
WKH GUXJ ZLWKLQ WKLV SHHBRBW (Q & DSWLIQY DD R RALL QMG WK
SRO\PHU PDWUL[ PDLQWDLQLQJ FKHPLFDO LQWHJULW\ GH\
+\GURFKORURWKLD]LGH ZDV GHOHDHDNG P@WQLLPBRAKGLDWH J
UHOHDVH ZLWKLQ WKH ILUVW KRXU

&ROOHFWLYHO\ WKLV UHVHDUFK HVWDEOLVKHV WKH )OH[L3L
FOLQLFDOO\ UHOHYDQW VROXWLRQ IRU SHUVRQDOLVHG RUDO
FXVWRP UHOHDVH FRQWURO DQG DGDSWDHOHJ)Y RO \SSULDRONDFL
URXWH WRZDUG LQWHJIJUDWLQJ SHUVRQDOLVHG PHGLFLQH
PDOXIDFWXULQJ IUDPHZRUNV 7KLV DSSURDFK KROGV SURF
DGKHUHQFH VDIHW\ DQG WKHUDSHXWLF RXWFRPHV LQ FRPSC



5HVHDUFK DFWLYLW\

7K UHVXOWW RRUMKKDYH EHHQ VKDUHG ZLWK WWKKHR XFKH HQ)\
VHYHRRD@ HUHQFHY DQ% RNMEGDFKIREQLRYW RI WKHVH DFWLYLW

SXEOLFDWLRQV

x .DUNDU <DVLU 7DQ]JHHOD $QLV $RPBG$OL )ODKNHRLFG)\
JOH[LSLOO $ QRYHO ' SULQWHG IOH[LEOH GRVH F|
HOHPHQ@WRSHDQ -RXUQDO RI 3KDUPDFHXWLFV DQG %LF

x .DUNDU <DVLU ,KVDQ $PHU $PDO $OL (ONRUG\ DQG %
QRYHO ' SULQWHG SHUVRQDOLVHG DQDOJHVLF SRO\S
UHOHDVH DSSBRDRKHNV RI GUXJ GHOLYHU\ VFLHQFH D

x .DUNDU < )DKHHP $ DQG (ONRGGRH®VLRQDITKSGHHQW
IOH[LEOH $BDWILMKO-RXUQDO RISKBUPDF\

x .DUNDU < (ONRUG\ $ DQG )DKHHP $ ' SULQWI
SHUVRQDOL]HG GQAUXUWILNGBHBRXKW QDO RISKBUPDF\

&RQIHUHQFH 3UHVHQWDWLRQV

x 6SHDNHU DW WKH VW $QQXDO 3RVWJUDGXDWH &RQIHU

x 3RVWHU 3UHVHQWDWLRQ DW WKH &RQWUROOHG 5HOHL
/DV 9HJDV 86$%

x 3RVWHU 3UHVHQWDWLRQ DW WKH $FDGHP\ Rl 3KDUP
5HDGLQJ 8.

x 3RVWHU 3UHVHQWDWLRQ DW $$36 3+$506&, $QQX|
)/ 86%

x 3RVWHU 3UHVHQWDWLRQ DW WKH &RQWUROOHG 5HOHD
%RORJQD ,WDO\

x 6SHDNHU DW WKH QG $QQXDO 3RVWJUDGXDWH &RQIHUI
RI WKH EHVW SUHVHQWHU



1RYHOW\ RI WKH :RUN

7KH ZPWNGUHVVHY SRO\SKDUPDF\ LVVXHV LQ FKURQLF ¢
GHYHORSLQ@L®O)ZHWK WZRK BHYY RD® OBULQWHG IOH[LEC
GRVH GUXJ FRPELQDWLRQ LV LQWHQGHG ARR \E H RRCDAHG
IDELOLW\ DQG DVVHPEOHG DW WKH SRLQW RI FDUH WR
7KH )YBHQPIO GRVDJH IRUP FDQ FRQWURO GUXJ UHOHDVE
LPPHGLDWH W& WG MNDHDSQYRNVNHQ XVLQJ WKH 4E' PHWKR

$ IRUPXODWLRQ RI ,5 WKHRSK\OOLQH ZLWK WKUHH
WKHRSK\DBUQRWHG VXFFHVVIXOO\

'"HYHORSPHQW DQG SULQWLQJ RI 3DUDFHIWINRRO KRURXC
GUXJ ORDG DQG SULQWHG DW D ORZ WHPSHUDWXU'

'"HYHORSPHQW DQG EXSSILWRWVHQJIJIRUPXODWLRQ ZLWK *D°
SURSHUWLHV OLPLWLQJ GLVVROXWLRQ LQ DFLGLF JDV

'HYHQRS DQG SSWIRSWD@RORO +&0 XQLW GHVLJQHG DV
DFKLHYKQXU IORWDWLRQ DQG RYHU GUXJ UHOHDVH

7KHH@HORSPHQW D Q\® KD @IILWQLIORR Z 8 HIRW PX)XODWWH G W F
SUHYHQW WKHUPDO GHJUDGDWLRQ E\ SULQWLQJ DW
WHPSHUDWXWHP XOWLSOH DWWHPSWV E\ RWKHUV WKDW



7DEOH Rl &RQWHQWYV
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ILVWDRHOHYV

7DEOH$SSOLFDWLRQ RI )'0 LQ WKH SURGXFWLRQ RI SRO\SLC
VHSDUDWHO\ DQG DUH QRW .D.RLIWXUH..Q..RLLWXUBT
7DEOH$SSOLFDWLRQ RBIURGXPWLRK RI JIDVWURUHWRIRWLYH
7DEOH3RO\PHU $3, IRUPXODWLRQ IRU )'0 LV UHSRUWHG LQ \
SRO\PHUV SULQWHG VHSDUDWHO\ DQG QRW..D.RLIWRUH 0
“laeORP“ 6U\jX}6...UWjbd\e :2\Ui27Ue .0..XUX.0\U...2\0U...XU1Qe R
7DEOH7KH FKURPDWRJUDSK\ PHWKRGV XVHG LQ WKH WKUHF
HYDOXDWH $3, FRQFHQWUDWLRQ LQ WKH..GUXJ.ERQWHQW D
7DEOH)RUPXODWLRQ DQG WKHLU UHMSHEW.LYH . ERSRVLWLR
7DEOH7KH H[SHULPHQWDO GHVLJQ.UXQV.V.X.PRPD.ULWOG
7DEOH6XPPDU\ RI XQLWVY ZHLJKW DQG GUXJ FRQWHQW IRU

HIWUXVLRQ DQG SULQW.LQJ.WHPSHUDW.XUH....... ....... WQ
7DEOH([SHULPHQWDO GUXJ UHOHDVH WLPH PDWUL[ ZLWK W
PHDQ WLPH UHOHDVH DQ.G.WKH.JUDQG.P.HDQ............. XP

7TDEOHORGLILHG UHVLGXDO PDWUL[ ZLWK..OHY.HQ.FRRSRQHQ
“leeRUU( 062}i+jo\U: Ue 6Ue:1U:262e\lUb,eXleedll.XXSJ), UR
7TDEOH6XPPDU\ RI WKH H[SHULPHQW GHVLJQ DQG OHYHO DQ
FDOFXODWBBB AU R .0 e e e XT
TDEOH3UHGLFWLRQ HTXDWLRQ DQG VWDW.LVWLE.VXYQLILFD!
7TDEOH)RUPXODWLRQ FRQWHQWY ZLWK WKHLU H[WODS/LRQ D
7TDEOHOHDQ XQLWVY ZHLJKW DQG GUXJ FROQWHQWPRW WKH \
7TDEOH.LQHWLF GUXJ UHOHDVH PRGHOV ILWWLQJ IRU WKH S
LEXSURIH.Q X QLM.N.oeooes oo oo o PQO
7TDEOH)UXVWXP XQLWVY ZHLJKW GUXJ FRQWHQW POROXPH LC

/TDEOH6FUHHQLQJ IRUPXODWLRQV DQG WKHLU SULQWDELOL
WHPSHUDM XU H. o e e s PQV

7TDEOH7KH ILQDO IRUPXODWLRQ..IRU.WKH.)OH[L3ILEPQXQLWYV
7TDEOH)LWWLQJ D UHOHDVH PRGHO IRU WKH UHOHB®SYH RI WK

/[LVW LRIIXUHV

JLIXUH$ IORZ FKDUW VKRZLQJ WKH FXUUHQW JDS LQ WUHDYV

VROXWLRQ FRQVWUXEWHG.E\.WKH.DXWKR.U......... PW
JLIXUH1XPEHU RI SXEOLFDWLRQV LQ 6FLHQFH'LUHFW IURP
E\ WKH DXM KB ot e et eeeeees QO

JLIXUH*UDSKLFDO UHSUHVHQWDWLRQ RI WKH SKDUPDFHXW
WKH IRUPXODWLRQ EDUULHUV WKDW LW IDFHV $ IHHGLQJ
KHDWHG QR]JJOH ' EXLOGLQJ SODWIRUP......EERQVWOXQFWHG E
JLIXUH7KH WKUHH W\SHV RI JDVWURUHWHQWLYH DUH SUHS

FRQVWUXFWHG EVMWKH.DXW.KR.U. .o RP
JLIXUH7KH PDMRU GUXJ UHOHDVH PHFKDQLVP IURP WKH SR
FRQVWUXFWHG EVMWKH.DXW.KR.U. .o RS
J)LIXUH$ GLDJUDP UHSUHVHQWDWLRQ RI WKH UHODWLRQ EH
UHOHDVH FRQVWUXFWHG.ELWKH DXWKRU......... ... RV

JLIXUH7KH DSSOLFDWLRQV Rl )'0 GHVLJQ IOHLLELGION\ WR F



> jX@RVU,IXi16e0XUe leUéi2Ua 06U 106AEXIi6 W X1} dé) &:UNe XOT\eeU
UX 2elee + e...U: Ue 0Ux+i162eRUie:2\eXjeebilUaxm.. . UeSBUije : Xy
JLIXUH,OOXVWUDWHY VRPH RI WKH WHVW PHWKRGV XVHG W
WKH IHHGLQJ PHWKRG XVHG WR LPSURYH SULQW.DEVOLW\ ¢
> jXRRPU> +i162eUUX06UIXIie :2U\edU\U X:1U1 , 2 Ue:Ub,eXj\ :¢
Ue:2\eXjeediUa .. .Ue. . QUlje. XY e e, UQ

> jXRPRQU“62\ +6U\eX62 e UedleU :XUx+i162e\BRU0L.2URXjeedTU:
> jXPBRUT 6:+: ei+UUX:UbXe 6\U1l6e :TU :XU16i\jX6162e\RUGE

=S RO SPRT Us

> jXPRPUF ,\Ub\e 1lie :2U: Ue 6UUOGXe062el 6U: UUIe 62e\Ue e U
Ue:2\eXjeedTUa .. .Ue. .QUlje. XY e e VR
JLIXUH7KH WHQGHQF\ Rl +&3V WR SUHVFULEH SRO\SLOOV
............................................................................................................................. VR
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&EKDSWHQWURGXFWLRQ

7KLV FKDSWHU H[SORUHV WKH DGYDQWDJHV RI FRPELQDW
KLJKOLJKWLQJ LWV UROH LQ LPSURYLQJ FOLQLFDO RXWF
SDWKZDLPXOWDQHRXVO\L V+ ROHDYQWRF WHDQNHKFHR P SOH[LW\ RI

WUHDWPHQW ZKLERVHON FKDOQ F@IHIMH QW DGKHUHQFH D FUL
DFKLHYLQJ RSWLPDO WKHWDISGRWH. FF RXELEDPMHIMR Q  )'& Wk
FRPPRQO\ UHIHUUHG WR DV D SRO\SLOO KDV HPHUJHG DV
FKDOOHQJHV E\ VLPSOLI\LQJ PHGLFDWLRQ UHJLPHQV T
IRQHWKRHN@NVODFN WKH IOH[LELOLW\ UHTXLUHG IRU SHUVRQ
EHHQ JDLQLQJ LQFUHDRVURFH@WHHBYW $GGLWLRQDOO\ \
FKDOOHQJHV LQ GRVH WLWUDWLRQ LQFUHDVHG ULVN RI Dt
LQ LGHQWLI\LQJ WKH VSHFLILF DJHQW UHVSRQVLEOH IRU V
FRPSOLFDWH WUHDWP®GW DB M)W FHQWNYEOH IRU SDWLHQ
WKHUDS\ EDVHG RQ DJH ZHLJKW RUJDQ |IX®WFIWH\RGYKXWRY FRP
FUHDWHG WKH QHHM® VIR UFRGEYFIOMM GDQ DGGUHVV WKH
SRO\SKDUPDF\ DQG FDQ MBOH FRUBLRIDERVEBFWLMQM SQHE G
UHVHDUFK ZLOO EH WKH PDLQ VXEMHFW RI WKLV WKHVLV

&RPELQDWLR@GKMHYUW BEXKH RQL¥HDVH

7UHDWPHQWHVRW PWIBY FKURQLN XFIKY BVWHKWPD FKURQLF SC
FDUGLRYDVFXODU Q& HDD/AMM QD0 WUBRYHRQVYHWRZDUG FRPEL
WKHUDS\ LQVWHDG RI PR QRMKEHQMS L VEW FVDEKNWWHRYWUDWH J L
WKHLU FOLQWMFIDOJ RRW AHRP HD O *DQGKL HW DO 5DMY
*R\DO &RKHQ 9DVH DQG +RRWHQ KV WIH P GREN R D
DWWHPSW WR VKHG OLJKW RQKRREPMKRIN WEB & VEH QHVIMD VHRP |
WKHUDSGERZ WKDW FDQ EH WO D@MDIDNHGEDEGWRR P H

)R U S DWZILMGKWR YoH U RI WKHP DUH RQ FRPELQHG DQWLYLUL
FRPELQDWLRQV EORPAR IPWEW LSO @ WIHIFOH B B IRMWRHDDAA F O H

VLIJQLILFDQW DGYDQWDJH RYHU VLQJOH WKHUDS\ LQ FRQW
LQIHFWLRRLERWIBY UHYDKHF WRGWDOLW\ DQG PRUELGLW\ RI

'HLFKVHOGRUIHU 5HLW] DQG /DWLQRYLF
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,Q FDQFHU VSPRWPEH@MG WKHGBSUHWWEH WIHFODOWHG WR
FKHPRWKHUDS\ VLQFH FRPELQHG WKHUDS\ FDQ WDUJHW
SUROLIHUDWLRQ DQG RU PHOBVWRWWBLPR MDY ZERWUNIHQW
VIQHUJLVWLFDOOWKRHUHDXEBHDE WAKHUDSHXWLF$S®OEDH Q \HWH "
DO ORNKWDUL BRUBDI®YHU VRPH RI WKHVH FRPELQDWLI
SURWHFWLYH DJHQW WKDW FDQ SURWHFW QRUFRIOWSKUIROL I}
RWKHU DJODWRVNORQQOXUWKHUPRUH FRPELQDWLRQ WKHU
UHVLVWDQFH WKDW XNXFO@IOW D APRWPPIDIW ZLWK\QZRKQWKHUD S
GULYH WKH PDOLJQDQW FHOOV WR LIK@® LDJQRW KJHRW \DODADY D J |
WKHVH UHBRARK W KD Q FOZRUPG®IEHIPDIR QG XFWHG WR
LQYHVWLIJDWH QAR PEQWDMERRMBIMLIHQ DQG 3HHSHU
ORUHREZKURQLMSBRWMW LQ SWREBHRZHYAXUUHQW SIDRYMLOOH
OLPLWHG HIILFDFN IQ/GH G RWL G H YHHIURVAGH. OIHVWW QW SDLQNLOO
WDUBB®\ PHFKDQLVPV IRU QRFLFD$WRUQY UWDR WR RWWLIR § W L
W KSWR N LEGHWW H U D Q HZMNWVG DRSO PRQRWK HUDSRQ -HQVHQ
DQG 'LFNHQVR$M D UHVXOW SUDFWLWLRIHDYDHG Y LW R UHC
ZKHQ PRQRW K HVUFDRSG WIKIRWH HIILFDF\ 6XEVHTXHQWOA PRUH
ZLWK FKURQLF SDLQ XVRUWZARWMHG HEDKNWL FD®
)LQDOO\ FDUGLRYDDERQBURG WHIHD WBDW RU FDXVHV Rl GHDW
ZRUOG2IX&/MVHU HW DOOWLSOH UERRWDEWRWM WR WKH SUH
&9' KHQFBHULPDU\ DQG VHFRQGDU\ DFRPHE QDLW QRWH R K DQWWL S
FKROHVOREZURQQY MDIE DMWLK\SHUWHQVLRQ )W RWHLUG XMH D/Dk
&9 'LONLQV HW ,POUHFHQWO\\BWEGLVFRIPEG XFWHG LC
86 IRU\HDUV ,W ZDV UHSRUWHG WRKRDWK K IRD WK K5 ISXDHADLVHHD X
GUXBU PRUH FRWWBMIRXS DYHKDBK ZDV RQO\'DQJ HW DO
7KLV ZDV WKH KLJKHVW SUHYDOHQFH LQ DOO WKH WHYV
SUHYDOHQW LQ JWLICAMUWR ISDWHHOQW SI/YWRHBWARDEW W
WDEOHWY GDLO\ D W5 FGAKRHQ HHQW DWQPWXPPDU\ WEHOE LV
HVWDEOLVKHG DGYDQWDJH LQ WKH XVH RI FRPELYDWLRQ
DQG WK EW HKH VO HIE WDE Q L FIBIQWSW BB XMRDVVHLEXUGHQ RQ WKH
KHDOWKF D UGXW\ WMRHPWV HIITHFW RQ SDWLHQWVY DGKHUHQFF
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PSRUPMREGKHUHQFH

+RZHYHU DOWKRXJK FRPELQH G 8KDQWWD BENGFKUHHID/AM L H\D W
DGKHUHQEHFLDOO\ LQ FRURGQPXEQBIXBHIDWHW HDWPHQW 7KLV V
VKRZFDVH KRZ DGYXBIFUWRWLEOD\UROH LQ WKH FOLMQEDO VX
KRIVKH QXPEHU Rl PHGLFDWLR QW D/QDDH QFGX WKQIWWKGK B DL R
$GKHUHQFH FDQ EH GLYLGHG DV WHRQUWKRY WHIGN M/ MSRY BMKFR Q V |
DGKHULQJ WR WKMKMOQUMOLWRHRW RI WKH WUHDWPHQW LF
SUHVFULEHG GRVH UHJLPHQ DQG SHUVLVWHQFH IRU WKH F
OHQGLWWR HW@KHVLRQ \IDWHRIQJE DFURVV GLIIBQEQW GL
WKLV UDQRWKDPSURYHG IRU RYHU \HDUV G/HRKSH.DVOHWW K H
RUJDQLVRRUWBGZLIGHKZODDW HW DO -RVp 0 &DVWHOO!
7KHUHIRUH SDWLHQ W IKQMRMH D G/KPHEKAD D BVHRQ WK HDR HQD WK F D U
VIVWHP ZRUQI®ZL GG 3KLOLSVRMGKHUHQFH LV GLUHFWO\ C
KLJK KRVSLWDOLVDWLRQ UDWH GHFUHDVH LQVBURGWFWLY
H[FHWAQ GLYLGXDO S D QREBXQWHVK Y IDPOMEXRIGHQ RQ WKH KHDOV
VIVWHRKIWHQEXUJ HW G KHUHQFXOWLIDFWRULDO SUREOHP
FODVVLI\ WKRVH UHDVRQVMVRFPXRHER & RFLW HDEWRIWY IDFWHF
WKH KHDOWKFDUH VHOXDMBAMSRIUW L HEMEDLWHE QDFWRUV DQG
UHODWHG OIIDG@RMWR HW7BE UDEODWHGA QFOWRHVFRPSOH[LW)\
RI WUHDWPHQW DQG WKH QWRPMUER | WBHINGH. G DAKLRER] WKH G
%U\WRQ DQG 5XPVIHOG -RVH 0 &DWVEHODDP QRQGRIEMEBQ
,QJHUVROO DQG &RKHKIDPSOH LQ SDWLHQWV ZLWK K\SHU'
ZDV IRXQG WR EH VLJQLILFDQWO\ KLJKHU DPRQJ WKRVH WD
WKRVH SUHVFULEHG VL[ RU PRUH ZLWK WKH IRUPHU EHLQJ
WKHLU WUHDWPEBRWS RHQLRWQDOVLPLODU WUHQG ZDV REV
SDWLHQWYV ZLWK GLDEHWHYV ZK KBUDH QN KLROWHK O HE HALRNL I G Bl FRA
D FRPSOLDQFH UDWH FRPSDUHG WR RQO\ DPRQJ
DGPLQLVWUDWLRQ WK UBHDHH W L% BIN NSHHULS TRDG! 6 REDWLHQW
UHODW H GL QD/RRVOR BIWIAPKX BV IRUJHWIXOQHVYV DZ)R Q@Y V D (
WH DV\PSWRPDWLF QDWXUH RI WKH G L VHPDYG LWHGRIME H O Q
IDFWRIWQYFH PDQ\ Rl WKHVH FKDOOHQJH & IDAHD BKHLGIQEW L
EHFRPHV SDUWLFXODUO\ GLIILFXOW HWSBELBWMOMPRQJ HC(
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,Q FRQFOXVLRQ FRPELQHG WKHUDS\ ZKLFK LV EHFRPLQJ D
LV OHD ®DL®QPAVURIDVH LQ WKH FRPSOH[L\WEG IRF WHIEYMAULHDQMP H
DGKHUHQFHBKWRKLM) WXUQ FDQ OHDG WR WUHDWPHQW IDLO.

SRO\SLOSOURFIKHUHQFH

J)LIHG GRVH FRPERQDIWBR®YH SDWLHQW DGKHUHQFH E\ UHC
WDEQHWEMIGURXJKRXWKWM K& BRI SRO\GRYB RRPE[MEWLRQ J
EDFN WR WKH V ZKHQ WKH ILUVW DQWLIG\SR UMWISQ RLYHH
HIILFDF\ DQG GHFUHDVW WKRUG.GH IHQAHF WKHRPELQDWLRQ
KDV EHHQ XVHG IRU D OXWHARROBQWARIX/ DQG FNORNHF GL
K\SHUWHQWONR@V HW $SROVEROO®H XVHG IRU \E R BWOLHWV W KeL V
FRQWWKM\ ZLOO EH XVHG\ E@ WBIX\FHK IROWHRDEGRPER QLN Q
LQKDODWLRRU WRE HFERXEND R1 VBKRI WFIRLY GLVFXVVLRQ 3RO
WD UDWMQJOH FRQIFIORMHD RUHODWHG M RXBF R4 UTR G6G ISW DR@
&L HO FBRERD W H N

0DQ\ FOLQLFDO VWXGLHV KDYH GHRR)Q& \RQDINDHGL MEW D REKRL
WR WKHLU PHGLFDWLRQ DQG WKH UHIOHFWLRQ RI WKLV DG
FRQGLWLRQ 7KH )2R\8I8 &RPHEGQDWLRQ 'UXJ IRU 6HFRQGDU\
BUHYHQWLRQ VWXG\ VKRZV SDRBMKEWHWU H PR PWE VB RO\SLOO
RI WKUHH VHSDWRWHI GWOEO&WULVN VKRZHG EHWWHU DGKH!
WKDQ WKH FRQWWYRO JURSXS -RVp 0 &DVWHOODQRKHN DO
803,5( 5DQGRPL]JHG &OLQLFDO 7ULDO WARPEB G HVEKW RH IUH B Y/
WKHUDS\ LQ SDWLHQWV RYHU PR®WIKM LTKFDQ& O U EXS
DGKHVLRQ WR WKH WUHDWPHQW DQG EHMWWRWHRRRWURO R
7KH &58&,$/ WULDO KDV LQYHVWLJDWHG WKH HIIHFW RI DF
FRURQDU\ KHDRRWP SR WHRBXWXDO FDUH RYHU PRQWKYV 7KH
WKH VWXG\ VKRZV EHWWHH ZHW N QUARRIGEBMWIR PREUHG WR
UHJXODUREDHIHHW DG YPLODU UHVXOW ZDRAOREVHY MGULRO
RQ +,9 SYWYHQW \HDUV 7KH WEKWHIEGCIERWSMHUVLPSOLIL
)'& UHJLPHO@QJIJHEHHN HW PWKHU FOLQLFDODQDICD®MVDRBY PIH
UHDFKHG WKH VDPH FRQFOXVLRQ LQ GLIIHUHQW GLVHDVH
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)'& FDQ SRVDWH¥MWOYLHQW DG ONMLIRVKDRGRYH FOLQWFDO RX\
%DXPJDUWQHU HW DO

7KLV LPSURY®BHKOWHQFH WKURXJK WKH XVHBGRIFSRD VI 00
QXPEHU RNWDHEB&WRKWIH IGD\ \VOQRSWBRWH UHJLPHQ HYHQ
FDVHV ZKHUH WKH IUHTXD@FYXD/OWIESHEWWRYE &DVWHOODQF
2QXPD DQGHGXMLIQHM FRVW RIFW P S DW®E HWR D U LNV HW
DO +RZHYHU SRO\SLOO PDNHV WUHDWRHQENSEXVRQDO
WKHVH IL[HG FRPELQDWLRQV DUH W\SLFDOO\ GHVLJQHG WF
SRSXODWLRQ

'LVDGYDQW3IRIG\S IRD O

$OWKRXJK F$RPQ\EPGORYH DEKMEHMRQ GHPRQWKHDWWEDOO\
LQWURGXHAW RI QHZ SUREOHPV 2QH RI WKH PRVW FRQFHUQ
WKH GLRIMWLXOWHH.GRVH WR UHDFK HRSWEPDOOW KBUSS\DQG
SDWLHIQWVDPH FKDOOHQJH DULYV HR FZEMXDERQRAD W HWD WR. ¥ IQUD
ZKHUMKGRVH PXVW EH EDVHG RQ SDWLHQW ZHLJKW $V D
EHFDPH UHOXFWDQW WR XVH )HEVRUWWKMLDSDWLHERYV1DL
BULQDWK 5HGG\
$GGLWLRQDOO\ UHFMQQBEKDAUPDERIADPBLSKDUPDRPRIHQHW
VKRZ WKDW GLITHUHQW LQGLYLGXDOV ZLOO UHVSRQG WR W
WKH ROG ZHM LRHL WE\CK D WE K B QREVEH GVESKDUPDFHXWLFDO LQG
LV DERXW W R * K/QD & 9D] DQG $C®WN LR QDPOHQ WSLLW L H
GHVLIJQHG PW&DNBWLKRRZQ LPSURYHPHQW L QHSDGN MHVQRY HVG ID
IHYHUWKHOHVV )'& LWGK R XEDHD OX .GMNEOEH IRRISXODWLRQ
QRW DRUSHRIARD® O QXPEHUVRW ISIDWLEGRARNKW IOH[LELOLW\
SHUVRIQ® CAHGLFDWLRDOGHBGWHW BGGLWLRQDOO\ WKH LQ
DGYHUVH UHDFWLRQ WR RQH RI WKH FRPSRQHQWV RI \
GLVFRQWLQXDWLRQ RI WKH UHVW RI WKH FRPSRQHQW DQG
J)LQDOO\ SK\VLFDO DQG REHMLFHHQ LW Wi EDFMAURKW $3,V Z
GLITHUHQW IR UP X O DWGELDRR WRH XM IUGHRRIBWIE LOLW\ DQG SHUP
WKH $3DWG GLIIMUKMQFSURFHVVLQJ WBITXHUHPBQRVFRSLFL
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FRPSUHVVLEGOWWNUPDO VHQVLWWXIDW PRMSDOBDMWHF WRIH |F
RI D SROL®IND@V HW DO

3HUVRQDBGYHIGQH

3HUVRQDOLVHG PBGQAUQRILYQFUHDVLQJ DWWHQWLRQ DPI
FOLQLFLDQV DOLNH ,W DLPV WR GER BWA®R VM KIHWUW KKHWU G DK
IRU WKH ULJKRWBQWDHEQWIURP RWXHL FHK \BOHQMS SADR.DRKI L Q J
WUHDWPHQW WR D SDWLHQW V XQLTXH FKDUDFWHULVWLI
HQYLURQPHOQW RRIHHWIITHFWLYH WDLA\QB U Q B W ISYHDWGHRWEDL Q J
UHVXPWWHRFOLQLFDO RXW¥BPMWYHGERRDGKGE HOFGR ¥ WW
ODWKXU DQG 6XWWRQ

7KH FRQFHSW Rl SHUVRQDBW B ERRFGIBAVEQD EH GDWHG EDF
+LSSRFUDWHV SHEDDKMRPR DQG 6LORAHUYHU WHMKIQRORJL
FRXOG HSHIBOM)® PHGLFLEHH® G YHORSLQJ IDVW LQ UHFHQ
WKHVH HQDEODLQRHMDHEEW DQFWRIPQWLDIQRVWLFY DQG ELR
$KPHG HW D®UWLILFLDO ,QWHOOLJHQFHLDIMWGL 0 b BRRGH RH D
. XUQLDZDQDQG ' SULROMRQYEL $OMDEDOL DQGRDWENEDOD
DOO WKHVH WHFKQRORJLHV KDY N WWRKHIHU DAELGPW MADWHLCER @ HWH
EURBBIU DGDSWDW L RQGRP 56 URIRRIDAKY. EH B O LW \

7KLV ZRUN DLPV WR\HRIKD SBHQWKLERHOLYHU SHUVRQ@RBLVHG
QHPKXKDSWHU ZLOO H[SORUH RQH RI WKH PRVW ZLG¥MH DGRS
GHSRVLWLRQ PRGHQ®LEDLIEW LWV FDSDELOLWLHV DQG Ol

&RQFOXVLRQ

,Q FROQFOPRHRI@PPHG WKHUDS\ LV EHFRPLOQRDI BOEQURDOFQHF
GLVHDWRWHEHYHU WKLV DSSURDFK SUHVHQWY FKDOOHQJHYV

PHGLFDWLRQV SDWLHQWY QHHG WR WDNH GDLO\ FDQ VLJQL
IRU ORKQQUP RU OLIHORQJ WURBBOWHQ@EW BHEHQLRHE@EW D VROX
SUREOHP EXWDR@WWURKWFRH FRP YR ERKDDWL B QNG R X @ WM LA WKW L |

SHUVRQWDRQ GLVFD@MEMWXHDUWLRQ
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$VDUHVXOW WKH QHHGVWMWRKID@®/RNDQHRIRUP PRUH IOMW[GEEOH D(
GRVH FRPEVOOWARDQG RIGRKH IRRPE KQMVHRIH GIXUH

SUHVHQWY D IORZFKDUW LOOXVWUDWLQJ WKH JDS LQ WKF
SRO\SKDUPDF\ LVVXH DORQJ ZLWK WKH SURSRVHG VROXWL

multiple

_c'; mechanism for the .‘":.
pathophysiology /i

for chronic
diseases

flexible dose
combination that
can be asmbeld at
the point of care
acording to patient
needs

Success of
treatment

combination of

21 multiple therapeutic

agents

Poly-pharmacy
specially in geriatric
patient

Not adhering to
therapy

Failure of
treatment

M| more adherence to

Polypiil ‘

therapy

difficulties in titration,
personalisation and
discontinuation of single
agent

Figure 1.1 A flow chart showing the current gap in treatment and the proposed solution. (constructed by

the author)
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& KD SW HIUW H U BMWXLUHHE

,QWURGXFWLRQ

7KUMBHPHQVLRQDO SULQWLQJ '3 LV DQ DGGLWLYH PDQXID
' REMHFWV ZKHUH WKH VWUXFWXUH DVGEBVGHYHGQX &L .
VRIWZDUH 7KLV GHVLJQ JXLGHV WKH SUYBWW@IDOURFHVV
PDWHULDO OD\HU E\ OD\HU XQWLO D ' REMHFW LV IRUPHG
V E\ &KDUOHV +X00 ZKR SDWHQWHDBKY BKAH W BO LOVK R W B/
VROLGLI\ D UBQLQ@ EQIGUX]]DPDQ DQG 1RMRRGEGKLKH VDPH W
RWKHU UHVHDUFKHUV DW 0,7 LQWURGXFHG LQNMGHPRW® 6XE
&UXPS SDWHQWHG WKH ILUVW IXVHG /G.HSRWDMDIGR Q QRER 6 P\A\J
'XPSD HW DO .DODVNDU DD 6BIIWMHLU WKDW RWE
WHFKQRORJLHV IROORZHG VXLW ,QLWLDOO\ WKH DLP ZDV
FRVMW HFWLYH ZD\ 6LQFH WKHQ WKLV WHFEKQRORJ\ KDV C
LQGXVWULDO VHFWRUV VXFK DV DXWRBRW IlHWW# DIDHURV SDFEF
,Q SKDUPDFHXWLFDO UHVHDUFK WKH WHFKQRORJ\ RI '3 ZD
GUXJ GHOLYHU\ V\VWHPV YRBFBRUDW OL® SHOD @MNVURQHHGOHV
(FRQRPLGRX DQG 'RXURRBL¥DO GUXR\BEBYSRBYUQUDW HW
DO DQG RUDO GRVDJH IRUPV 7KLV ZRUN ZLOO UHYLHZ Wk
IRUPV H[FOXVLYHO\ 7KH RUDO GRVDJH IRUP LV WKH PRV
SKDUPDFHXWLFDO IRUP VDI QWVIMWWUBDWAH IVGRGVHDQ SURYLG
VDIH GRVHYHRZ 6LQFH WKH LQYHQWLRQ Rl FREBIDHW\RLRY W
DO WKHUH KDYH EHHQ QR QHZ GHYHORSPHQWY LQ WKH P
WDEOHWWLQJ E\ FRPSUHVVLRQ KDV LWV OLPLWDWLRQV VXI
DYDULHW\ RI H[FLSLHQWY DUH QHHGHG WR LPSURYH SRZGH
FRPSUHVVLELOLWG @RVHRYBO VWHSV VXFK DV FRBR/LQJ P
FRQWURO GUXJ UHOHDVH RU LPSHERNXHPSBW DHNIWR | FFR\WW SEDQ D C
)LQDOO\ WKHUH DUH IHZ RSSRUWXQLWLHV WR PRGLI\ WKH
WDEOHW IRU IXQFWLRQDO SXUSRVHV 2Q WKH RWKHU KI
IRUPXODWLRQ SURGXFHG E\ '3 SULQWOHW DUH WKH S
IRUPXXODWR SDWLHQW QHHGV ORUHRYHU GUXJ UHOHDVH L
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ZLWKRXW WKH QHHG IRU HYWIKHER R/RHHEBY RE\ WK HWXKHWQ WO HW
YHU\ LQWULFDWH LQ '3 WKH SHUFHQWDJH RI WKH GUXJ OF
XVHG IRU SQUMWIRQBW DMVWO\ '3 FDQ LPSURYH GUXJ ORDG
WKH QXPEHU RI H[FLSLHQW YV @QHMHRAHF® U RAOWWWODCE OHW WL QJ

7KHUHIRUH E\ WKH PLGGOH RI WKH V '3 IRXQG LWV ZD\
DQG VLQFH WKHQ LW KDV EHHQ JDLQLQJ PRUH DQG PRUH |
ILHOXGPSD HW DO 3DUN HW DO 7UHQILHOG HW DO

OHORFFKL 8EROGL &HUKDVHWWKWUHVW ZDV PDJQLILHG E\ V
ILUVWD)SSURYHG WDEODHW OOSMH.WDP FRQWDLQLQJ OHYHWL
WUHDWPHQW RI HSLOBIBKE HWHAX@BGEHQD VHDUFK LQ 6FLHQ
IRU WKH SKUDVH 3 ' SULQWLQJ LQ PHGLFLQH  VKRZV WKDW
KYHEHHQ SXEOLVKHG LQ WKH ODVW \HDUV ZLWK PRUH WK
\HDUV ZKLFKNWHKHOHMRZLQJ LOQWHUHVW LQ WKHIVUEHMHFW L
VKRZV WKH QXPEHU Rl SXEOLVKHG DUWLFOHYV RYHU WKH ST

2500
2000
1500

1000

Number of published articles

500

2012 2014 2016 2018 2020 2022 2024 2026
Year

Figure 2.1 Number of publications in ScienceDirect from 2014 to 2024. (constructed by the author)

$V KDV EHHQ PHQWLRQHG SUHYLRXVO\ WKHUH DUH GLIIHU
DFFRUGLQJ WR RQH RI WKHVH WKUHH JHQHUDO SULQFLSOH
SRZGHU VROL@RARUFVDPWIBQUDQLHF HWDXEDWRKPG '3 FDQ EH

VXEGLYLGHG DFFRUGLQJ WR WKH QDWXUH RI WKH PDWHUL
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HIWUXVLRQ WR PHOW H[WUXVLRQV OLNH )'0 RDVVHPWHZTOL
PLFURV\ULQJLQJ 3%0 ,Q )'0 D WKHUPRSODVWLF SRO\PHU F
LQWR D KHDWHG SULQWLQJ VWDJH WKH SRO\PHU FDQ EH
ILODWHI@EULFDWLRQ ))) RU DV SRZGHU RU JUDQXOHV OLI
'3( *R\DQHV HW DO OHQGLELO HW DO

/IDVWO\ )'0 LV WKH PRVW VWXGLHG SULQWLQJ PHWKRG LQ
RI LWV ORZ FRVW VLPS®IS HRERE RN YEH MO \FRPSOH[ JHRPH\
2NZXRVD HW DDOQGHVV IULDEOHRRPG BWHRG X\FRVSRZGHU EHG
/ . 3UDVDG DQG 6PWMIQFH WKLV ZRUN ZLOO IRFXV RQ DGY
)'O WR SURGXFH RUD OWRYV B DRILNR MVBHW KVKL T X HD @ W LADA VI DNFRY V
DGGUHVV WKHP

$GYDQWIRDMWHG SRV LOMREAODPDQJ
21lHUN WORBRVDJRUP

6LQFH LWV LQWURGXFWLRQ WR SKDUPDFHXWLFDO IRUPXOTL
PDQ\ DSSOLFDWLRQV ZHQZW®BOVSVYHNNDRQWKH PRVW LQYHVW
DQG ZKDW DGYDQWDJHV )'0 DGGV RYHU WKHIMWKDBLWLRQTL
SUHVHQWY WKH PDLQ DS SWKOE D/\W URQ ¥ HIS RAIRMIBG LRU )'0 DQC
EDUULHUV WKDW IDFH WKLV WHFKQRORJ\
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Figure 2.2 Graphical representation of the pharmaceutical application of FDM and the formulation
barriers that it faces. (A= feeding gears, B= feedstock filament, C= heated nozzle, D= building platform).

(constructed by the author)

JOH[LROUBRPELQDWLRQV

$V PHQWLRQHG LQ WKH SUHBGRRMXNV FREEIWBWLROQMG )'&V
IRUPXODWLRQV WKDW FRQWDLQ WZR RU PRUH DFWLYH SKE
VLQJOH GRVDJH IRUP 7KHLU SULPDU\ DLP LV WR HQKDQFH
PHGLFDWLR® USDURHEOXODUO\ L Q % BXRIDLUFWILH/ BIWH B O

)'& FDQ LPSURYH DGKHVLRQ ZK IURKD YW\P KGN HWWBRHALINR O OV L C
SDWYBAQWK FKURQLF OLWRHD WK @QWRSOH PHGLFDWLRQV WKUF
1IRQHWKHOHVYV +&3V DUH VRPHWLPHV WiGG X FMKSHQNML RXRO B H
RISHUVRIQEDOQ® WOQWHKBW RWEVWHU HW DO 5R\ 1DLN DC
5HGG\ 7KLV KDV EHHQ UHLQIRUFHG ZLWK LQFUHDVHG HYL
SHUVRQDOLVHG 7TRKHEHAWWHRRE QG HQF\ W RRKUH VHEADLCEG

DGSWHGVEIKDUPD FHXQGXAOREK D QG Pb* HW DO 9D] DQG .XP
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$GGLWLRQDPHQWSOWLEHOW. JQHG PHGLFDWLRQV KDYH V
SDWLHQW DOKBGHQYMHR HW DO
7KLV FUHDWHG WKRUGHIKG [IIRROH GRVH FRPELQDWLRQ WKDW
WR HDFK SDWLHQWfV QHHGVY 7KHUHIRUH LQ UHFHQW \HDU
XWLOLVLQJ )'0 WR IDEULFDWH D SRO\SLOO WKDW FDQ EH SL
FDUH WR PHHWRWKGGQNHG X¥DTK B DADILEQQIMWWHPSWV WR XVH )
D SRO\SLOO ZLWK PRUH WKDQ RQH DFWLYH LQJUHGLHQW ZL
EH GLVFXVVHG LQ WKLV VHFWLRQ 2QH R)' WISHLQWWW WW®R\
IDEULFDWH D WDEOHW ZLWK PRUBPW®&Q ORDQ H UF RVDEROHHNQ W Q
ZLWKLQ D WDEOHW FRQWDLQLQJD$DEDEMWDHP®R O$ D Y& FEXDI KHW
ZDV QRW DLPHG WR UHYHDO WRWHSRRRGWHEND URH | IGDHH WHEHTBH V
SRVVLELOLW\ RI FRQWUROOLQJ GUXJ UR\®KBWH :BD\QREK QW IDA

7KHUHDIWHU PXOWLSOH DW WRHPHS \RY ZRDEXRZDV WKH S
ELOD\HU WDEOHW FRQWDLQLQJ GUXJV WHIRW PKRIXY R XGILVI HHWM-
DO 7KH SULQWOHW FRQWDLQHG PJ RI JOLPHSLULGH LI
LPPHGLDWH UHOHDVH DQG PJ PHWIRUPLQ LQ D FRPELQD
SRO\ODFWLF DFLG 3/$ IRU VXVWDLQHG UHOHDVH 7KH GUX
GHVLJQ EXM ERONPHU XVHG LQ WKH IRUPXODWLRQ DQG W
SRVVLELOLW\ RI GRVH WLWUDWLRQ
ORUHRYHU DQRWKHU DWWHPSW DW |DE UNZFDDW L Q JIWAKXD WRLLEX
RI D ELOD\HU WDEOHW WKDW FR Q WHED@HG HL Q/GIRFGHHBR/BIF L Q
IRUPXODWLRQ DQG QLIHGLSHQHIDAM D R UMKREDRG L HW DO
2QFH PRUH WKH PDLQ REMHEWLYH RI WKLV ZRUN ZDV \
FRPELQDWLRQ ZLWK GLIN YXQWK b BDORDWHID S ERUIHBRXH G D
WZ&D\HU SULQWOHW WKDW FRQWDLQV LVRQLD]LG LQ K\C
ULIDPSLFLQ LQ K\GUR[\SURS\O PHWK\OF HO O XTDREWUH. |DHF W \WDIDW

7KLV ELOD\HU SULQWOHW ZDV VXEFEFH VA2 XRCH GQ PDH/BIDRIDV
SK\WLFDOO\ DQG LQ WKH UHOHD&HXI URIWOIK FRV 5 R €& YIHIGN GC
RI ULIDPSLFLQ ,Q DGGLWLRQ WKH JURXS ZDV VXFFHVVIX
YD\LQJ WKH LQILOO GHQVLW\ DQG WKH QXPEHU RI FRYHULC
ZDV WR GHPRQVWUDWH WKH FDSDELOLW\ RI )'0 WR SURGXF
7KHUHDIWHWWUKQPXOWLOD\HU SULQWOHW IRU WKH WUHDYV
% & 3HUHLUD HWVD®URGXFHG XVLQJ 39$ DV D SRO\PHU DQG
DV D SODVWLFLVHU DQG WHPSRUDU\ SODVWLFLVHU UHVSHF
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ZDV GHSHQGHQW RQ WKH VROXELOLW)\ RI HDFK $3, DQG LWV
ZRUN WKH SRVVLELOLW)\ RI GRAVGHWW LW BRW LRIQO D QZD B DEM PHR
ORUHRYHU LQ DQRWKHU HIIRUW WR SURGXFH WZR OD\HUV
WDEOHIW DXWERBWFWLYH ZDV WR UHYHDO WKH SRVVLELOLW
$3,V GRVH WKURXJK FRQWURO RI WK b GOFOM B bl [ WEKQ A NSQRHOAS L
6DGLD ,VUHE HWKBONKLFNQHVV RI WKH K\GURFKORURWKL
PP RU PP FRUUHVSRQGLQJ WR GRVHV RI PJ RU

WKLFNQHVV RI WKH HQDODSULO OD\HU ZDV HLWKHU PP
PJ RU PJ )XUWKHUBRHUMNG DIRRXKHDW SURGXFLQJ SRO\SLO
FDQ EH FRQWUROOHG WRRN WKH VKDSH RI D FRPSUHVVHG
SULQWLQJ ZDV GRQH LQ WZR VWHSV ZLWK WKH FRPSUHV)\
VWHSV WKH DXWKRUV XV H&DIRIRGLLS IDYHWKHG PIRERIO $3,V D
SULQWLQJ SRO\PHU 'UXJ GRVH DQG XHRHOH H@HCGA BRIQWL
WKH DUIL®WWUXJ ORDG LS OVIOH UDQRPH\YMB GLWLRQDOO\ D Si
FRQWDLQLQJ PHODWRQLQ DQG FDIIHLQH ZDV SULQWHG LQ
DVVHPEOHG DIVWDUIIBIUQKYVEDYISODFHG LQ D SODFHER FRPSEC
UHOHDVH ZKLOHVE DBR)G PGOWWRQLQ SULQWOHW ZDV DWWI
FRPSDUWPHQW :KLOH PHODWRQLQ HEHOHIMWH WDO/HDRVPRHE
FRQWUROOHG WKURXJK ZDOO WKLFNQHVV DQG WIIOHE W\SH RI
HW DO

)XUWKHUPRUH PRVW Rl WKH SUHYLRXV DWWHPSWV WRZDU
XWLOL]LQV WRRH¥3HU D UH RHGIW WVARKIRVHE QWLQJ RIVOD\HUH
IRU PHWDEROLF VIQGURPH FRQWDLQL@G QQLFGDSLGH ¥QW
GRVH WLWUDWLRQ ZDV QRW GHPRQVWUDWHG LQ WKLV 2z
LPSRUWDQFH RI GRVH SHUVRQDOLVDWLRQ DQG WKH DELO
QXPEHU RI OD\HUV ISRQD HID FHKV GUX J

$GGLWLRQDOO\ RWKHU ' SULQWLQJ WHFKQLTXHV ZHUH X\
WKH SRO\SLOO SURGXFHG E\ )'0 KDG UHODWLYHO\ EHWWH
LQWHJULW\ FRPSDUHG WR SRO\SKHDOWGSHWGXBGHG ED 3$0
$GGLWLRQDOO\ WKHUH ZDV RY/FRH U QBMRIZIHAH/QL VG HR @ DFBRIW Z K
OD\HUHG SRO\SLOO ZLWK )'0 LQ FRQW UDBRECHMRUSR QISLBW ¢
DO ORUHRYHU SULQWLQJ SRO\SLOO ZLWK )'0 LV PXFK VL
H[WUD GU\LQJ VWHS DQG 6/$ QHHGV D PRGLILFDWLRQ LQ W
SURFHVV WR FKDQJH WKH UHVLQ EHG /DVWO\ LMD URQ@RUWK
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HW DO SUHSDUHG D FDSVXODU GHYLFH ZLWK WZR FRPSDU
ZLWK WZR GLIIHUHQW $3,V $OWKRXJK WKLV GHYLFH UFH
FRPSDUWPHQWY FDQ KDYH GLIIHUHQW ZDOO WKLFNQHVVHYV
WKH UHOHDVH | USRPUWP FHIKQ WRPHSEOHOMWEPH RI WKH DWWHP
PDGH LQ UHFHQW \HDUV WR IRUPXODWH SRO\SLOO XVLQJ )"
,Q WKLV VHFWLRQ UHVHDUFKHUV KDYH VKRZQ WKDW )'0 FI
WKDW ZLOO QRW RQO\ LPSURYH SDWLHQW FRPSOLDQFH EX
SURILOHV IOH[LEOH GRVLQJ RQ GHPDQG DQG SUHYHC
LQFRPSDW L$SELVOK RAXHY WKHUH KDV EHHQ D VLIJQLILFDQW LQF
LQ SKDUPDFHXWLFDO VWXGLHV WKH \VEBRSR®\SRIODRUMHRC
OLPLWHG

Table 2.1 Application of FDM in the production of polypills. NM=polymers are printed separately and

are not a mixture, M= mixture.

Polymer API Extrusion Printing Application REF.
temp. Temp

PVA lisinopril, Indapamide, | 90 150 IR Polypill (B.C. Pereira et
Rosuvastatin and al. 2019)
Amlodipine

Eudragit® RL | Glipizide, Metformin 140, 190 170. 205 Layered tablet (Gioumouxouzis

PO, PVA (NM) etal. 2018)

HPC, Isoniazid & Rifampicin | 160, 150 130,170 Dual tablet (Tabriz et al.

HPMCAS 2021)

(Nm)

Eudragit E PO | Hydrochlorothiazide, 100 135 Flexible  dose | (Sadia, Isreb, et
Enalapril polypill al. 2018)

PVA Amlodipine, 180 180-187 Core-shell (Alzahrani et al.
Atorvastatin design 2022)

HPC, Melatonin, Caffeine 140-160 150-170 LEGO-like (Tabriz et al

HPMCAS design 2023)

HPMC, HPC, | Indomethacin, 140, 180 200, 250 Layered tablet

PEO Nifedipine (Althobaiti et al.

2022)
HPMCAS, nifedipine, simvastatin, | 160, 135 | 160, 140, | Layered tablet (Anaya et al.
HPC, PEG (M) | gliclazide ,145 155 2023)
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HPMC, - 165 180 Two (Maroni et al.

Kollicoat® IR, compartments 2017)
HPMCAS, and capsule
PEG. (NM)

*DVWUR U ADNEKFOHWAL Y H

$ JIDVWURUHWHQWLYH WDEOHW LV D WDEOHW GHVLJQHG W
HIWHQGHG SHULRG 7KLV FDQ EH DFKLHYHG E\ HLWKHU
H[SDQVLRQ EH\RQG WKH S\ORULF VSKLQFWHU RI WKH VWRF
VLONLQWR XHJK GHQVLW\ RU IORDWLQJ DERYH WKHXJDVWUL
HW DO ,O\pV HMRDHOYHU EXR\DQF\ DQG VL]H H[SDQVLRC
LQWHUIHUHQFH ZLWK JDVWULF 5KGGL\R &R $DF DD 8 GRH V VIK
5HSND DQG KDYH SURYHQ WKHLU HIIHFWLUDRQFHK/K/DIQM FHON C
DO *DVWURUHWH®MLRPSDRFW GLVVROXWLRQ IRU EDVLF
PHGLEFDWLRQ WKDW DFWV ORFDOO\ LQ WKH VWRPDFK LPSU
WKH LQWHVW LQDOIQPH\SLXGRU LPSURYH DEVRUSWLRQ IRU P
KDYH D QDUURZ DEVRUSWLRQ ZLQGRZ LQ WKH XSSHU SDUW
)X HW DO

$ IORDWLQJ WDEOHW )7 SUHSDUHG E\ FRQYHGEDWVREDO PF
RU PDGH IURRPH®I SRO\PHUV %RWK UHTXLUH FRPSOH[ PD
PXOWLSOH H[FLSLHQWV $GGLWLRQDOO\ D IORDWLQJ WDEC
QPLWDWLRQV OLNH IRRG LQWHUDFWYR QL QUWEHIWIOHR DONDDI W |
UHDFWKREGK $XWW ULVN RI EHLQJ FOHDUHG IURP WKH VWR
FRPPHQFMMpY HW DOXH WR )'0 V FDSDELOLW\ WR SULQW K
KROORZ VWUXFWXUHV ZLWK DLU SRFNHWV WKH UHVXOWLQ
GHOD\ +RZHYHU LW LV HVVHQWLDO WR XVH D SRO\PHU WK
HURVLRQ FRXGGIDOWRZFWHGLXP WR SHQHWUDWH UHGXFL:
WLPH $GGLWLRQDOO\ DGMXVWLQJ WKH ZDOO WKLENQHVV
DQG HQKDQFH WKH SULQWOHW V KDUGQHVV ,QFUHDVLQJ Z
RYHUDO OGHFUXMW HY WKH LQWHUQDO YRLG VSDFH UHGXFL
ORUHRYHU WKLENHU ZDOOV PD\ KLQGHU RU VORZ WKH UHC
LQJUHGLHQW $3, WR DQ XQGHVLUDEOH OHYHO :KLOH LQF
GUXJ ORDGGQVWUHQJIJWKHQV WKH SULQWOHW LW DOVR UDL)
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LPSDFWLQJ LWV DELOLW\ WR IORDW 7KHUHIRUH ZKLOH 10
WUDGLWLRQDO DSSURDFKHV WKHLU IDEULFDWLR@®@\WLV D FR
EDODQFLQWLSOHORUBYRWW xR 'RPEIRE®MIN HW DO

7KH DWWHPSWDNRROWR®XFRIUDO GRVDJH IRUP XVLQJ )'0 FDQ
W\SHWVORDWLQJ GHYLFH WK D \DFRIPG EHVYRBGMBEDHWK WR K H ¢
D SULQWOHW ZLWK ORXVBKI)$BWX MWK ERYWBU®XODWLRQ
JLUVWO\ WKH DWWHPSWV WR XVH WKH GHVLJQ IOH[LELOLW
FDQ IORDW D FRPSUHVVHG WDEOHW ORDGHG 2@V IVGH KW K H
DWWHPSSWHSDULQJ IRXU GLIIHUHQW GHYLFHV WKDW FDQ k
WDEOHW DQG PDNH LW IORDW | IS@®@HE KAK B PIE H IQIVQIGD B YD RU B
WKFHLVVROXWLRQ PHGLXP WR FRPH LQ FRQWR AW ZLWK WKH |
7KH GHYLFHV ZHUH SULQWHG XVLQJ FRPPHUFLDOO\ DYDLO
WHPSHUDWXEH R WKLV VWXG\ WKH IORDWLQJ WDEOHW SU
VORZ UHOHDVH RI WKH $3, LQ DFLGLF PHGLD PDNLQJ D GH
WDEOHW WKH EHWWHU FKRLFH $OWKRXJK WKHVH IORDWLQ
WDEOHW LQWRE OHM) RDW LWQHTWIDUHV D §Q B WAKHHRE BIHYIDAQN H S
IORDWDWLRQ GHYLFH FRQVLVWLQJ RI WKUHH FRPSDUWPHQ
RQH ZDWKUHHQ IRU GUXJ UHOHDVH WR ZKLFK WeKKH. @ RIPAS U H \
DO $F\FORYLU ZDV XVHG DV WKH PRGHO GUXJ DQG WKH |
LQ YMMRVW IRU PRUH WKDQ KU ZKLFK LPSURYHG WKH [
ORUHRYHU RWKHU UHVHDUFKHUV ZHUH VXFFHVVIXO LQ SU
39% DQG DFU\ORQLWULOH EXWDXGRQHEXMW WN\DE G H DRME L P
GHYLFH FRQWDLQHG DQ DLU SRFNHW DW WKH WRS DQG D G
KHOG D GLUHFWO\ FRPSUHVVHG PHWURQLGD]ROH WDEOHW
FRQWUROOHG WKH GUXJ UHOHDVH $00 WKH GHYLYQWURHU
GLVVROXWLRQ VWXG\ DQG RQO\ WKH GHYLFH ZLWK WKH OD
WLPH LQ WKH G\QDPLF GLVVROXWLRQ DSSDUDWXYV
/IDVWDQRWKHU IORD®WR)JID GIOWRDIWLQJ SXOVDWHG UHOHDVF
WKHRSK\OOLQH FRPSUH VBHGG W DXEPGIDW %RQGKWL DQG $ 5HS
7KH DXWKRU DGGHG HWK\O FHOOXORVH (& WR +3& WR
E\ SUHYHQWLQJ IDVW PHGLD SHQHWUDWLRQ LQWR WKH VK
ZDV DEOH WR IORDW IRU KU KDG QRRIDWWDIWHRQP & DK DV
VWEPHUVLRQ LQ WKH GLVVROXWLRQ PHGLD +RZHYHU WKH"
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WKH WDEOHW Q@ WM BMKHIW VL]H ZKLFK LV GHWHUPLQHG E\ W
SOXV WKH RWHLAHMWWKH VXLWDELOLW)\ IRU HDV\ VZDOORZLQ
$V D UHVXOW GLUHFW SULQWLQJ Rl KROORZ WDEOHWV FR
GLVDGYDQWDJHV UHONUWHDLUQROWLQJ WDEOHW XVLQJ )'0
LQYHVWLIDWHG E\ &KRKDHWHBODIORPSHULGRQH ZDV XVHG D
PRGHO $3, EHFDXVH LW FDQ EHQHIL\NI OWRFRVE B 1 Q¥ DIRO IR WO\DL
D EDVLF GUXJ ZLWK ORZ ELRDY DLLOD ZIKQ E\K VVIDW®E WHRKIR UW
UHJLPHQ 7KH SULQWOHW ZDV SULQWHG XVLQJ +3& DV D KR
VKHOOV DQG D ORZ GHQAKIMFKRDOORZH® LW WR IORDW 7KF
WDEOHW RI GRPSHULGRQH LQFUHDVHG LWV ELRDYDLODELC
DGPLQLVWUDWLRQ 7KH VWXGH ARQW® XGHICP BHD \R | DWHDKEDOGHIW
GLG QRW DIIHFW WKH EXR\DQF\ EXW DIIHFWHG GUXJ UHOHD
ZKHQ DQRWKHU JURXS Rl UHVHDUFKHUV DWWHPSWHG WR SL
+3& DV WKH PDWUIL[USRIONPBIOQ WKLYV ZRUN WKH LQILOO GHC
WKH IORDWDWLRQ WLPH DV ZHOO
+RZHYH@ DQRWKHUORDUWLQD WDEOHW ZDV IDEULFDWHG XVL
FRPSDVVLRQ ZDV D FRPELQDWLRQ RI +3& DQG SRO\YLQ\O S
DQG LWUDFRQD]ROH DV PXKID MRGEDK$H3JURXS ZDV DEOH WR
WKH UHOHDVH RI LWUDFRQD]JROH E\ DGMXVWLQJ WKH VKHO
DEOH WR IORDW IRU KU PWGHBDULIQOHDRL\VHDIRHUR KU ,Q Wi
WKLFNQHVV DIIHFWHG ERWK QGBXJ7KHWD WHWVK ®WIBEGEXRRP X VL
DGGLWLRQZWIRDW3&HG DV D VROXELOLW\ HQKDQFHU WKDW D]
RI WKH GLVVROXWLRQ PHGLD WKUR XJKRW KALHUQ M WFDOR B VO 7\
DIIHFW IORDWLQJ WLPH WKLWRZXBVRFRIMHMVYHBHBKEWUD ZKR IDE
HOOLSVRLG IORDWLQQORMDBHWBGHM OD/MRIDIVE BLWEKHQSHRSDO QF
7KHQ YLOWRIRNLQJ WLPH ZDV DURXQG KU ZKLFK LV UH(
UHSRUWHG ZRUNV 7KLV ZDV DWWULEXWHG WR WKH IDVW
 QFUHDVLQJ WKH LQILOO SHUFHQWDJH UHVXOWHG LQ KDUG
VORZHUHIOMHDVW DQG VKRUWHU IORDWLQJ WLPH
IHYHUWKHOHVV WKH KROORZ VWUXFWXUHV RI VXFK D GHVL
WR WKH ERZLQJ Rl WKH WRS OD\HUV DQG ZHDN PHFKDQLFD
WKH DGGLWLBABQRILW\ORZILOO FDQ DGG VWUXFWRZHYM W XSS
WKLV ZLOO LQFUHDVH WKH GHQVLW\ Rl WKH SULQWOHW DQC
FRXOG DIIHFW IORDWLQJ WLPH ROFOPH. Z DA H LB R R OPXHELL XM\M G 2
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DOORZ JDVWULF PHGLD WR EUHDFK WKH ZDOOW I @® 0/Q Q N
WKLFENQHVV ZLOO EH D OLPLWLQJ IDFWRU

2QH RWKHU IDFWRU WKDW FRXOG DIIHFW WKH IORDWDWLR
UHFHQW VWXG\ D WHDP Rl UHVHDUFKHUV GHPRQVWUDWH
YHUDSDPLO IORRY VOKHMDROMMWMWLRQ WLPH 7KH WDEOHW Z
UDWLR RI +30& DODBVEWBKSPOXIM) SRO\PHU 7KH WKUHH GHVL
FDSVXOH DQG KHPLVSKHUH ZLWK HLWKHU RU LQILOO

JUHDWO\ LQIOXHQFHG E\ WKH GHVLJQ ZLWK WKH ERWQQGULTH
WLPH IROORZHG E\ WKH FDSVXOH DQG ILQDOO\ WKH KHPL
WLPH 7KLV HIIHFW ZDV FDXVHG E\ IDVWHU PHGLD EUHDFK
FXUYH ZDOOV VLQFH FXUYH ZDOOV KDY IS WOLK)WWL DRIQOIDD I WVD L
HW DO

$GGLWLRQDOO\ +LJK GUXJ ORDGLQJ LV UHTXLUHG LQ KROO
ZLWKRXW D@QFBMBVYH LQ WKH VL]H Rl WKH WDEOHW $V D U
WDEOQBIRL FKKDQH HWZD® SULQWHG XVLQJ IRUPXODWLRQ ILC
+30&$6 SRO\HWK\OHQH JO\FRO 3(* DQG $3, 7KH G|
ERWWRP DQG D SDUWLDOO\ RSHQ WRS ZLWK LQILOO 'UX
HURVLRQ IROBGRBGHE MURMWRFWUO RWKHU UHVHDUFKHUV WU
WKH HIITHEFW RI GUXJ ORDG RQ WKH EXR\DQF\ $ PHWIRUPLQ
PDLQ SRO\PHU ZDV IRUPXODWHG ZLWK YDU\LQJ GUXJ ORDG
ORDIBHFWHG GUXJ UHOHPWMW I®RP QRWM BMDHEPW WKH GHQVLW\
RI WKH WRB®OMYWDxXxR -QPPQH] DQG &DUDBRROWRH RWKHU KD
D IORDWLQJ WDEOHW FRQWDLQLQJ FDUYHGLORO ZDV SUHI
+30& WR LQYHVWLIJDWH WKH HIIHEW Rl (XGUDJLW 56 32

UKHRORJLFD® QBRSHIRIYWLIGHIVI D VW U,I0R govH N WV BMEDRHV L Q J ZD V
DFKLHYHG E\ GHFUHDVLQJ WKH SULQWOHW GHQVLW\ WKURX
ZDV FDUULHG RBEXWRQPSURYHMSHHDWQGIZHOGLQJ RI SULQ\
7KH SULQWOHW ZDV VXFFHVVIXO LQ PDLQWDLQLQJ IORDWD)
7KHUHIRWA SHUVRQDOLVH DQRDQAHUVWDEGHWY RI WKH HIIH
DQG SULQWLQJ SDUDPHWHUV PXVW EH HVWDEOLVKHG EHIRL
$VDUHVXOW UHVHDUFKHUV KDYH DWWHPSWHG WR XVH WKH
WKH FRUUHODWLRQ EHWZHHQ GHVLJQ DQG SULQWLQJ SDUI
IRUFH DQG GLVVROXWLRQ UDWH RQ WKH RWKHU 7KH IOREL
PRGHOXG DQG +3& DQG .ROOLGRQ DV WKH FDUULHU SRO\PHU
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FRQWUROOHG IURP KRXUV WR PRUH WKDQ KRXUV E\ DC
DQG WKH GHVLJQ GXH WR WKH VLJQLILFDQW FRUUHODWLR
IORWDWLBR HRWB®

2Q WKH RWKHU KDQG WKHUH KDYH EHHQ VRPH DWWHPSWYV
IORDWDWLBI@ R\MRVMRWPRQ PLQL WDEOHW ZLWK IORDWLQJ SUTJ
WKH SUHSDUDWLRQ RI IORDWLQJ SRO\SLOO PLQLWDEOHWYV
SUDPLSH[ROMURIDWPHQW Rl 3DUNLQVRQYTV GLVHDVH ,Q Wk
IORDWH G L MRURSRKKBOGMRD Y SDFH WR GHFUHDVH WKH GHQVL\
WKH ORZ GHQVLW\ RI WK¥L8R®D PHUNDWKNO HEBH +RDWYHU 10
WHVWHG LQ PO RI 1 +&0 DFLG ZLWK QR URWDWLRQ WR
'LQGROI HW DORUHRYHU DQRWKH U HUSRX W6 BBWRD X KK
PLQL WDRODWIDNE QROUDQRORO K\GURFKORURWKLDYDED ID\WQYG
ZDV IRUPXODWHG XVLQJ +30& DV WHKLH WBIQW SRR \® R D GZ LRWKU
LQVDEH]H FDSVXOH 7KH IORDWDWERY WIHWIHGHLER\WH GVDE
VWRPDFK PRGHO ERBXURKUWWD:ELOH WKLV GHVLJQ SURYLGH
GUXJ FRPELQDWLRQ LQUOH]EENOWWH VBEBY. FDO OS UH[GWHWH G
SRO\SLOO DV DOO WKH $3,V DUH LQFOXGHG LQ WKH VDPH
IRU GRVH DGMXVWPHQW ,Q FRQFOXVLRQ )'0 FDQ SUHSDUH
VLPSO\ DQG ZLWKR X3 RLKH (HTHKG& SRHQW RU PDWHULDO $GG
SULQWOHW ZLOO KDYH QR ODJ WLPH IRU IORDWDWLRQ DQG
WLPH FDQ EH FRQKW DRRMXNVEG RHKQW Xl WKH GHVLJQ RI WKH ¢
SRO\PHU ZDOO WKLFNQHVV DQG RU LQILOO GHQVLW\
)XUWKHUPRUH JDVWULF UHWHQWLRQ FDQ EH DFKLHYHG Wk
VIVWHP 7R DFKLHYH WKLV WKH RUDO GRVDJH IRUP VKRXOG
DQG RQFH LQ WKH VWRPDFK H[SDQG WR VL]H ZLWK DW OHD
PP WKLV ZLOO SUHYHQW LWV HPSW\LQJ WKURXJK WKH S
VWUXFWXUH VKRXOG QRW SUHYHQW JDVWULF HPSW\LQJ DQ
EHIRUH WKH QH[W GRVH DUULYHV WR SUHYHQW GUXJ DFFXF
5HFHQWO\ D WHDP RI UHVHDUFKHUV WRRN DGYDQWDJH RI 3
JURXS SULQWHG WKH SRO\PHU ORDGHG ZLWK DOORSXULQR
E\ LQFUHDVLQJ WKH WHPSHUDWXUH DERYH 7J Rl WKH SRO\
LOQWRZDOORZDEOHURBBEKL HW$IWHU VZDOORZLQJ WKH GRVD
SRO\PHU ZLOO H[SDQG DW ERG\ WHPSHUDWXUH WR LWV F
UHWHQWLRQ LQ WEBHAXRPDEKRIPH Rl WKH DWWHPSWV GRQ
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\HDUV WR '3 JDVWURVKXWHQWDHXHX WDEBDSWHVHQWY WKH W\
JDVWURUHWHQWLYH GHYLFH DQG WDEOHW SUHSDUHG E\ )'0

Floating

chamber
API within
the walls

m Expandable
4D print
The API
tablet T
Screen U
Floating device Floating printlet Gastroretentive 4D printing

Figure 2.3 The three types of gastroretentive are prepared by 3D printing. (constructed by the author)

Table 2.2 Application of FDM in the production of gastroretentive dosage form.

E. Temp. P. Temp FT
Polymer API Dosage form Reference:
(°C) (°C) (Hours)

Hydroxypropy! Sustained )

. (Chai et al.
cellulose Domperidone 150°C 210°C release (SR) | 10 2017)
(HPC) EXF floating tablets

Riboflavin
PLA filament (compressed - 195°C Floating device | >72 (Fu etal. 2018)
tablet)
Sustained

. (Lamichhane

HPMCAS Pregabalin 125°C 180°C release (SR) | 24
; et al. 2019)
floating tablets
Modified
HPMC and ] ] (llyés et al.
] Carvedilol 110°C 180°C Floating Tablet | 16-24

Eudragit 2019)
RSPO (M)
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floating and
zero-order (Kimura et al.
HPC & PVP(M) | Itraconazole 135°C 185°C i 9
sustained- 2019)
release
Acyclovir ]
. ] ) (Shin et al
PLA filament (compressed - 210°C Floating device | >12 2019)
tablet)
Metronidazole (Huanbutta
PVA, ABS i ) )
(NM) (compressed - 210,270°C | Floating device | >4 and Sangnim
tablet) 2019)
. Gastroretentive (Melocchi et al.
PVA Allopurinol 170,175,200°C | 200,230°C o NA
4D printing 2019)
; (Chen et al.
PVA Propranolol 142°C 185°C Floating Tablet | 2
2020)
_ (Reddy
Theophylline
) ) Dumpa,
HPC, EC (M) (compressed 165°C 190°C Floating device | 6 _
Bandari, and A
tablet)
Repka 2020)
Kollidon VA64, } . Zero-order (Vo et al
Cinnarizine 130°C 165°C ; 12
HPC floating tablet 2020)
. ) (Giri et al
HPC Theophylline 150°C 210°C Floating tablet | >10
2020)
Levodopa, . ,
EVA, PVP- ) Polypill (Windolf et al.
benserazide and | 100°C 220°C - -
VA(M) ) minitablets 2022)
pramipexole
Sustained- )
HPMC, ) _ (Qian et al.
Verapamil 115°C 195°C release gastric- | 4-6
Soluplus ® _ 2022)
floating tablet
(Mora-
Castafio,
) ) Millan-
HPMC, PEG Metformin 150°C 200°C Floating tablet | >8 .
Jiménez, and
Caraballo
2023)
Diltiazem
HPMC 4 M, o Torus-shaped (Zgouro et al.
hydrochlorothiazide | 175°C 190°C . ]2
PEG floating polypill 2024)

propranolol
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(Mora-

Controlled Castafio,
HPMC Felodipine 150°C 200°C release floating | >8 Millan-
tablet Jiménez, et al.

2024)

NM=polymers are printed separately and are not a mixture, M= mixture.

&RQWURIXOH QB DVH

2QH RI WKH PDMRU DGYDQWDJWWRRRQ WWRIO/ G WXD RIBHIMDHMWAH L
RI ZD\V ZLWKRXW WKH QHHG IRU VSHFLDO HTXLSPHQW RU
SRO\PHU PDWUL[ LV XVXDOO\ DFKLHYHG WKURZ RQH RI WK
HURVLRQ HJ 3/$ 6ROXSOXV DQG 39% GLIIXVLRQ H J
VZBOLQJ HJ +30& :KDW GHWHUPLQHV ZKLEK RI WKH
SUHGRPLQDQW F@®RW\PWUWKHNVR@XEKEBLWLVVROXWLRQ PHGL
SHUPHDELOLW\6RI| WKXWHG,HW DO 6 :DQJ /LX HW DO
,Q FDVH GLIIXVLRQ ZDV WKH SUHGRPLQDQW PHFKRRQGP RI L
EH IDVW DW | MWKGHW OGION MERIL®IMRVH WR WKH VXUIDFH RI W
+RZHYHU DV WKH UHOHIDW H LISQUR JWHGK DO O\ GHFUHDVH GXt
WKH GLVWDQFH W KDWR WWUD ¥8,0QHHR® WKH FRUH RI WKH SU
'LIIXVLRQ LV DIIHFWHG E\ WKH JHRPHWU\ RI WKH SULQWO
WHPSHUPRMYDIPGHK HW2RONVKH RWKHU KDQG SRO\PHU HURYV
VXUIDFH HURVLRQ RU EXON HURVLRQ GHSHQGLQJ RQ WKH S|
2QFH PRUH WKH JHRPHWU\ RI WKH SUL R W®HIW UFHDAH D M M XLAD
FDVH RI D I0DW HAW RGL QU DSSKOIQOMAIHSHFUHDVLQJ UHOHDVH
GHFUHDVHG LQ WKH FDVH RI D VRKRNYH RW DOLQGH®% BWD QT
DO

IDVWO\ LQ VRPWKHWWWHEPLOO EH HQWUDSSHG E\ WKH SRO\F
XSRQ H[SRVXUH WR ZDWHU DQG GHSHQGLQJ RQ WKH K\GURS
WR VZIHDO/BEHG /DP DQG 1RNKWRGRKHVXOW RI WKH K\GUDWLRC
FKDLRDRLFK OHDGVY WR WKHLU GLVHQWDQJOHPHQW DQG LQF!
SRO\PHU DQG LWV WUDQVLWLRQ IURP D JODWKIRONVPMH WR
HLWKHU HUWRGRE¥YKL HWRDONKH $3, GLIIXVHV IURP LW WKURYX
WKDW IRUP G XU L®QRUDIHIHXL W TKHUHIRUH XQGHUVWDQG!
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PHFKDQLVPV FDQ KHOS IRUPXODWRUV FRQWURO WKH UHO
GRVDJH IRRRPIWWKWWLSOH VW UDWEILIHXYV WK MEHORY
UHSUHMWKQPWPDLQ PHFKDQLVPV IRU GUXJ UHONDVH IURP )'0

D Polymer matrix
D Diffusion front
D Erosion front
® @
—~ — =~ —_
7 N /7 o — N - ~
/ \ - \\\ // N
/ \ @ // /7)) , \
) (e e / \
\ / \ \\\// / / ’ I
\\ V; \‘~__7/ | |
\_// \_,/. \\ /
@ N pd
\\ _-
i i Erosion .
Diffusion Swelling
Drug diffusion Peel erosion of the Enlargement of the
through polymer polymer matrix polymer matrix

matrix before diffusion

Figure 2.4 The major drug release mechanism from the polymeric matrix. (constructed by the author)

&RPSRVBRQRPHMU\[BRELHQWYV
7KH W\SH RI SRO\PHU XVHG LQ SULQWLQJ ZLWEGBERQWUBRO W
EH UHGHOPWH UHVXOW SRO\PHU VHOHFWLRQ FDQ EH D FUL
PRGH Rl UHOHDVHH)BUXUQUMWMDMDVH IURP GLIIHUME®M SKD!I
SRO\PHUV ZDV HODOXPAKHGHW EDOSUHSDULQJ PXOWLSOH G
GLIIHUHQW SRFHBBAG POWRVMHPLGH DV WKKH GRLR/GINOSSYHSDUHG
)'0 ZLWK SRO\VHWK\OHQH R[LGH 3(2 DQG .ROOLFRW ,5 UH
+RZHYHU WKH +30& GLVN WRRN VRPH WLPH EHIRUH UHOH
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DWWULEXWHG WR WKH WLPH LW VHNRKIDE KW SRS PG W R Q\
WKLFNQHVV Rl WKH SRO\PHU OD\HU ORUHRYHU RWKHU SRC
/ ZHUH RQO\ VROXEOH LQ EDVLF PHGLD DQG LQVROXEOH LQ
UHOHDVH SURSHUWLHV )XUWKHUPR/ZHU® LYK QXEOHJ LD G
UHOHDVH ZDV JRYHUQHG E\ GLIIXVLRQ WEHKRKK K B RDSURYQ G
SURORQJHG GUXJ UHOHDVH ,Q DQRMEK KWK HQADPBIQIR OGE HH L
GLIIHUHQW UHYD RKH/ HJ FSWRDIVBIHR|I SDUDFHWDPRO ZDV PRGLI
JUDGHV RI +30&%$6 /* 0*MOQGHY HW D®DUDFHWDPRO UHOHD\
SURORQJHG UHOHDVH IRU DOO WKUHH JUDGHV 1RQHWKHO
DQG 0* JUDGHV FRPSDUHG WR +* EHF DAXK/WHW KRFOUBHRY R Z H
(XGUDJLW (32 DQG 6ROXSOXV ZHUH XVHG VHSDUDWHO\ WR
7KH UHVXOWLQJ SULQWOHW KDG GLIIHUHQW GLVVROXWL]
PHFKDQLVPV EXON GLVLQWHJUDWLRQ IRU WKH QVGUDJILW
$OKLMMDM %HOWRTKLVNQARYUN VKRZV WKDW SRO\PHU VHOH
DIHFW WKH GLVVROXWLRQ PHFKDQLVP EXW WKH GLVLQ
)XUWKHUPRUH RWKHU UHVHDUFKHUV DGGHG DQRWKHU SR
PRGLILHU +HQFH WKH UHOHDVH RI LEXSURIHQ IURP (& ZD
PRGLILHUV VXRKDQ/G 88DQJ HW DO7KH LPSURYHPHQW ZDV G
UHODWHG WR WKH FRQFHQWUDWQRWY KH UNKUHR X B DHIRGHN PIRSG\
DSSURBRK HW DO:KHUH WKH\ XVHG GLIIHUHQW UHOHDVH PR
UHOHDVH RI ,EXSURIHQ IURP WKH (& SULQWOHW ORUHRYHU
PDWUL[ OLNH SODVWLFLVHUV FDQ DIIHFW GUXJ UHOHDVH
OHYHO RI LQ@WWK DWWH RIYWHIE /DP DQG 1RNKRGFKL
ODG&DUHYLU DQG ,EULU

IDVWO\ LW KDV EHHQ GHPRQ®VWUBWHR® VRKDDMY MMRHHABIER D W
SRO\PHU WKMXROXEOH SRO\PHU FDQ VHUYH WR FRQWUR
LPPHGLHOHDVH SR O\PGRHNDMO |FRVMDDPHQW ORDGHG ZLWK D
DQG FRPPHUFLDOO\ DYDLODEOMI[SVY XGEBPWRWRIPXD FRH |
UHOHDVH IURP WXPHU S]UL ® WHONH WH W7 BI® 3/$ GHFUHDVHV WKH V
DUHD RI WKH VROXEOH SRO\PHU H[SRVHG WR WKH GLVVROX
,Q VXPPDU\ WKHVH VWXGLHVY GHPRQVWUDWH WKDW GUXJ U
HIITHFWLYHO\ UHJXODWHG E\ PRGLI\LQJ WKH SRO\PHU W\S
LQFRUSRUDWLQJ UHOHDVH PRGLILHUV RU RWKHU H[FLSLHQ
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'"UXRDG

$Q LQFUHDVH LQ WKH DPRXQW RI DQ $3, ORDGHG ZLWKLQ [
EHFDXVH RI DQ LQFUHDVH LQ WKH DPRXQW DYDLODEOH |
LQYHVWLIJDWHG LQ SULRU ZRUN ZKHUH LW VKRZHG WKDW |
ZDV GLUHFWO\ UHODWHG WR WKH DPRXQWIR)JGHW JDOH O
ORUHRYHU DQRWKHU JWRXUH RD UHHGV DD WIKEHOIHW  Z L W K
FRQWDILQLRUULGH HW DO7KH RXWHUPRVW OD\HU FRQWDLQHC
WKH $3, LQ BQ?RQWBUQZKLOH WKH LQQHU OD\HU FRQWDLQH
IDVWHU GUXJ DHGINKOM $8A XVLQJ GLIIHUHQW GUXJ ORDGL
LOQWHUQDWKEDXHJUUHOHDVH SURILOH ZDV FRQWUROOHG

,Q 1 H@A L W\
Q D UHVHDUFK JURXS UHSRUWHG WKDW LQILOO GHQVL
GUXJ UHORIMWQHY HW DOKH JURXS UHFRUGHG DQ LQFUHDVH
ZKHQ LQILOO GHQVLW\ UHGXFHG IURP WR ORUHRYH

ORDGHG KDORSHULGRO SULQWOHW DQG ZHUH DEOH Wi
PLOQXWHV WR PLQXWHV E\ GONUMDVYUQP WKHWIRQILOOH3/ SHF
BRODQNL HW TKQV LQFUHDVH LQ GLVVROXWLRQ LV UDWLRQ
SRURVLW\ RI WKH ORZ LQILOO SULQWOHW ZKLFK ZLOO OH
H[SRVHG WR WKH GLVVROXWLRQ PHGLXP $GGLWLRQDOO\
ZKHQ D JURX®D RAKHHUWHGHFUHDVHG WKH LQILOO GHQVLW\ |

W R DV SDQWRSUD]ROH UHOHDVH ZDV VKRAPBHQHG IU
HW DO $GGLWLRQDOO\ LQ DQRWKHU SXEOLFDWLRQ GHFUH]
W R KDG D VLJQLILEFDQW HIIHFW RQ LQFUHDVLQJ WKH &|
W D E OHRWH/W D O
+RZHYHU LW KDV EHHQ UHSRUWHG WKDW DQ LQFUHDVH LQ
LQFUHDVHY WKH GLVVROXWLRQ UDWH DV D UHVXOW RI DQ
WR GLVVROXWDRQ RWGRD Q VXPPDU\ GHFUHDVLQJ WKH LQIL

ZLOO LQFUHDVH SRURVLW\ DQG IDFLOLWDWH GLVVROXW
YHU\ ORZ LQILOO GHQVLW\ D IXUWKHU GHFUHDVH LQ WKH

36



SRURVLW\ EXW D KLJK LPSDFW RQ FRQWDFW VXUIDFH DUHD
UHOHDVH 7KHUHIRUH DV LQILOO GHQVLW\ FDQ EH HDVLO\
VRIWZDUH WKH IRUPXODWRU FDQ FRQWURO GUNXNJXHOHDV!
UHSUHNNVDHRW JUDP UHSUHVHQWDWLRQ RI WKH UHODWLRQ
UHOHDVH
)LQDOO\ WKH LQILOO SDWWHUQ FDQ DOVR DIHBWFWRMW UH
SXEOLFIRWQRQWKDW WKH UHOHDVH RI $PORGLSLQH IURP D
WKH LQILOO SDWWHUQ ZDV LQ D ]LJ]KHMKIRSH FR® FRIQHG QW
SDWWHBEBNG ODG&DUHYLU DQG ,EULIU

Infill density 0% Infill density 25% Infill density 100%

N,
N\

[ | )

DR=drug release

Figure 2.5 A diagram representation of the relation between infill density and drug release at different

infill ranges. (constructed by the author)

3U L QBLQH \W:QEBOTKL FNQH V' V

6LQFH VPDOOWAL GO LKDAWVGIHIY KLJKHWRDM DFRBWRRBY EHHQ

UHSRUWHG WKDW DQ LQFBHQVERAKBHEWURHUHOMLGY WKH VL
WKH SULB@WEBNDU HW B®ZHYHU D UHFHQW SXEOLFEDWLRC
GHFUHDVLQJ WKH VL]H RI WKH S&I/LD® HN | ISIWHHSDV HIR UIRJ
'"H[DPHWKDVRQH KDG QR HIIHFW RQ WKH UHOHDVHGRMILOH
6DQWRYV HW DY&ALYV UHVXOWHG IURPKXRQRE @DHZPRHPHU ZKLFE
GLIIXVLRQ WKH GRPLQDQW PHWKRG IRU GUXJ UHOHDVH DC
)XUWKHUPRUH WKLV PHWKRG WR FRQWURO GUXJ UHOHDVF
GRVH UHTXLUHG WR EH GHOLYHUHG

ORUHRYHU DQ LQFUHDVH LQ WKH WKLENQHVV RI WKH ZDOO
GHFUHDVH WKH FKDQFH RI GLVVROXWLRQ PHGLD SHQHW!I
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WKHUHIRGWFKH GUXJ UHOBIPMAKKD®H HW DO - =KDQJ H
<DQJ HW DO 2EHLG ODGabDUHYLuU DQG ,EULUQ 9R HW

7K'HHVLIQ

&RQWUROOLQJ WKH SULQWOHW GHVLJQ ZKLFK FDQ EH FRQ
WR FRQWURO GUXJ UHOHDVH ,Q D VWXG\ FRQGXFWHG LQ
SDUDFHWRPRRQ@HY ODUWLQH]ZHWHDXVHG WR SULQW ILYH JFt
GLIIHUHQW WDEOHWY S\UDPLG FXEH VSKHUH WRUXV DQ
WKHVH SULQWOHWY ZDV JRYHUQHG E\ WKH VXUIDFH DUHD
DORQH 3\UDPLGV DFKLHYHG KW O ISV W KoH WIOWR RHOON ZH U
DQG F\OLQGHUV ZKLFK QHHGHG KU WR DFKLHYH UHOHI
WKDW IRXUZICWMK IMZHOODEOH +30& KDG 8GHEHE G WQU HRMH WK I
VXUIDFHWRRHOXPH UDWLRVKHR ZHY B® LIHWWHK DQG ZLWKRXW D |
WKH VDPH GUXJ UBDWKDRQHFBXHD QYR VLPLOD Y L3WVDK DQDHOWY BVQ
7KLV LQ@IKADMWNMXUIDFH DUHD D\GRH WRIQRR B WD MW LRFMWR U
UHOHDVH UHJDUGOHVV RI WKH PHFKDQLVP
)XUWKHUPRUH OR WD GRYWRUGHVLJQ ZDV SULQWHG XVLQJ GL
3(2 DQG ORDGHG ZLWKVWHKERSK\DOKH)BXUSRVH RI WKH GHVI
LQFUHDVH WKH VXUIDFH DUHD WR WKH PDVV UDWLR ZKLFK .
SULQWHG IRXU SULQWOHWY ZLWK WKH VDPH VXUIDFH DUHD
EHWZHHQ WKH UDGLDWRU SODWRY $00 SULQWD®® KDG V
DFFHOHUDWHG GUXJ UHOHDVH H[FHSW WKH PP VSDFHG
VZHOOLQJ PHFKDQLVP RI 3(2 UHOHDVH LQ WKH GHVRODWLR
WKH DGMDFHQW SODWHV WKDW UHVXQMWBG & H VGHEG\HDR/
WKH FDSDELOLW\ Rl )'0 WR FRQWURO GUXJ UHOHDVH E\ DG
UDWLR
+RZHYHU LQ DQRWKISULXNEOHWDOWAHRWH SUHSDUHG XVLQJ
SRO\PHU DQG WKHRSK\OOL GH DD W KHRRRGHOWEBOSULQWOH!
ZDV GHVLJQHG ZLWK JDSV EHWZHHQ EORFN XQLWV *DSO|
,Q WKHVH JDSOHWV GUXJ UHOHDVH ZDV GLUHFWO\ UHODW
VXUIDFH DUHD WR PDVV UDWLR ZDV FORNHW RL\VIZS W D]W VRI
WKH GLVLQWHJUDWLRQ DQG GRVDRERXWKIHRQ VRHXEE\D QOL VEPUIL (
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GHVLJQHG WR FRQWDLQ FKDQQHOV RI PP LQ ZLGWK DQG
D ORQJLWXGLQDO RU 6DGILQV I$HUWD (LW H FWIERIQPRUH KHUH W
VXUIDFH DUHD WR PDVV UDWLR ZDV HTXDO EXW WKH VKRL
IDVWHU GUXJ UHOHDVH DV D UHVXOW Rl EHWWHU GLVVROXYV
)XUWKHUPRUH D GXDO QR]JOH SULQWHD ®D&HX\LH G VWHRI IDLEL
7DJDPL HW DOOWHUQDWLQJ BRIVGHE B IWBUXQ G NWRWKIEO HZ D W
EODQN 39% RUIQYRWXEOH 3/$ GUXJ GLVVROXWLRQ ZDV FRQV
H[SRVHG VXUIDFH DUHD RI WKH WDEOHW

ORUHRYHU D JURXS Rl UHVHDUFKHUV ZHUH DEOH WR IDEULT
GLIIHUHQW GRVDJH IRUPV LQ LWV FRUH 7KLV GHVLJQ FDQ
WDVWH PDVNLQJ GHOD\HG UGELHRIDWHD IDAYIEE ROLMPASEARY VR L G L
HQYLURQPHQW LQ WKH VWRPDFK +43B@GZ BN UD/FMHIN IIRRR O K W K/H
GUXJ ZDV ORDGHG X\WVORXW KGLARUHQW IRUPXODWLRQV VI
FRPSUHVVH® @® BWHWWOHW 'UXJ UHOHDVH ZDV GLIIHUHQ\
IRUPXODWLRQ WKH SRO\PHU XV HGHIQY MKKRHY W H O +DQQ/GO W Wi
=KDQJ HW DQLIJXUHLOOXVWRIMHWRI WKH UHFHQW DWWHPSW)
GHVLJQ IOH[LELOLW\ WR,BRFRWERAVEARXQJ V'E KIDIVVBIQ RXW VWL
IOH[LELOLW\ WKDW FDQ EH H[SORUHG HYHQ IXUWKHU WR F
JUHDW IOH[LELOLW\ WR SKDUPDFHXWLFDO IRUPXODWRUV
DSSOLFDWLRQV
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["U Hhr I

0.0 mm 0.2 mm 0.4mm 0.6 mm 0.8 mm 1.0 mm 1.2 mm
0.6mm 0.4mm 0.2mm
1.0mm 0.8mm 0.6mm 0.4mm 0.2mm
F Calcein-loaded PVA/PVA composite tablet

(Goyanes,
Martinez, et al.
2015)

(E. Prasad et al.
2019)

(Isreb et al. 2019)

(Arafat, Wojsz, et
al. 2018)

(Sadia, Arafat, et
al. 2018)

(Tagami et al.

SESSES 5SS o0

Calcein-loaded PVA/PLA composite tablet

! ] - L

Figure 2.6 The applications of FDM design flexibility to control drug release.
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(I WHPSRUDRUWRX®DWLRQV

,Q DGGLWLRQ WR WKH DIRUHPHQWLRQHG DGYDQWDJH )'0 F
WR PDQXIDFWXUH GLIIHUHQW GRVDJH IRUPV RU UHOHDVH
SHUVRQDOLVHG PHGLFLQH WR EHFRPH D UHDOLW\ 3HUVI
HYHU\RQHYWD@HHGKDQFH VDIHW\ HIILFDF\ DQG SDWLHQW F
LQ SHUVRQDOLVHG OHGLFLQH 1HYHUWKHOHVV WKH S
SKDUPDF\ VHWWLQJ RU KRVSLWDO WR SURGXFH SHUVRQI
EDUULHUV RQH Rl ZKIOAKWRV\WXWSHRN RI WKLV SUDEWLF
WHFKQRORJ\ FDQ DVVLVW LQ WKH PDQXIDFWXULQJ RI RUSE
UDUH GLVHBPSBVHW DO 6D\GDP 'MW DR/ WIXIOPEHU R
SDWLHQWYV DIIHFNFR® GBRAW IWRQH U 19 LB UWMRH Q WL HR GIX F
WUHDWIRHQWKHP RQ D ©DNIWMPRORHQW RI WKHVERG\LK/ HDVF
LQDFFOM IBREW O\

YXUWKHUPRVHS HVIOK[L EDQLWRSURYH FRPSOLDQFH ZLWK SDF
IRUPBA SULQWLQ@LWKKINWKDSHY DQG ILJXUHV WKDW DUH DS
6FRXWDULV 5RVV DQG 'RXURXPLV + DQYWGEPSDN KW
EHHQ GHPRQVWUDWHG WKDW SULQWLQJ PLQL WDEOHWV XV
WR GRVH WLWUDWLRQ |RKHSDHGVDOMIWF EDE LEHOQWYHU FRQV
SUHFLVH G\RVMBEHM WUDGLWLRQDO PHWKRB WIDEB@ENMMRYLQJ
% X\XNJR] HW DO

& KD O O RKDMD¥H )'0

7KLY VHFWLRQ WKMHOPBILWYFKRYPXODWLRQ EDUULHWKM KD W
))0 DORQIWAKIWWBWWHPSWV WKDW KDYH EHHQ PDGH LQ WKH
7TKHUH DUH RWKHU SURKHFHWVY GEBPNO BHQYQIHIWKODWLRQ VORZ S
VDIHWDVKHG /DP DQG 1RNKRGFKL 3D MWW HNV LY F X
LQ WKLV ZRUN
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'UXRDG

$SDUW IURPLQWHG GHYLFHV GHYUNHGBE MR GRGE IS URIUPY R’
SULQWHG GRVDJH IRUPV UHTXLUH WKH $3, WR EH LQFRUSRL
LOQN 7KHUH DUH WKUHH PHWKRGV IRU LQFRUSRUDWLQJ $2
LBUHJQDWLRQ RI WKH GUXJ LQWR WKH ILODPHQW RU WKH
LQ D VROXWLRGRYLWRR $BW DO 9HUDQR 1RRWYOQRHO WW
H[WUXVLRQ7D:D( ODQLUX]]DPDQ DQG IRMNERF®FNALQJ WKHP |
UXEEHU VWRUBMH DQG 4XRGEBBWKRXJK PXOWLSOH DWWHPS
HPSOR\HG WR LPSURYH GUXJ ORD/GIVQWHE PRESURZIODYWYRQ R
D VXSHUFULWLIFDLD Q@XH® DO . XNNRQHQ (UYDVWL D
5RVDOHV HW BO( LV VWLOO FRQVLGHUHG WR EH WKH EHVW F
ORDGLQJ FDQ EH DFKLHYHG LW DYRLGVZWKFHKXRH RDRQHR!
GHJUDGDWLRQ DQG RU DMRY LLPL WYV SWRENDHFOH IRU FRQWL QX
+RZHY@JXJ ORDGLQJ LQ +0( GHSHQGV RQ WKH SRO\PHU DQG
HQG SURGKKEWWUDHWH HW W&EH H[WUXGHG PDWHULDO LV
DPRUSKRXV VROLGWGHMSIHORDRQLY JRYHUQHG E\ WKH VROX
WKH SRR BW DO+RZHYHU LI WKH SUHVHQFH RI WKH $3, L
LV DFFHSWDEOH GUXJ ORDG LV UHVWULFWHG E\ LWV HIIHF
ILODPHQW DQG LWKDRULQ® DEWDISWZDWDQDNXQ
$GGLWLRQDOO\ LI WKH $3, LV PDXELKE GH X1 WIR DAGK I DSR O PH
SULQWDELOLW\ RI WKH ILODPHQW W\XAK SO0 D VI KEHQLHQ R WIHIH |
GUXJ ORDGLQJ ZDV DQ DUHD RI LQWHUHVW IRU WKH UHVHD!
ZHUH PHWKDFU\ODWH SRO\PHUV ORDGHGWUWK ,VWKERS
$OKQDQ DQG WKHUPRSODVWLF SRO\XUHWKDQH 738 ILODPE
DFKLHYH PHWIRUPLQ DQG WKHRSK\ZHU\QMKHU GHW B OGIRD ® O
1IRQHWKN®RMMVYPHY IRU FHUWDLQ $3,V R K LRHKWIW DA_QX G LO/RID |
EH QHHGHIGDQ DQG 7LWDSLZDWDKHDNXNRUH GUXJ ORDG UH
OLPLWDW LRWWWR KEEHVWDHFH® HG I XUWKH U

$GGLWLRQDOO\ WKH ORDGLQJ HIILFLHQF\ PD\ VRPHWLPHV |
ORQJHU H[SRVXUH WR KD MHPSHRDWEYHWR DGKHVLRQ \
ZDOO RI WKH +®RUNDWDGHKUHW DO 4 /L HW DO %R
7DEUL] HW DORZHYHU UHFHQWO\ LW KDV EHHQ GHPRQVWUD
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VL]H 39%$ SRZGHU LPSURYHV $3, DGKH VL6 IDIQCR GHRD BIDQ J H
ORUHRYHU WKH H[WUXGDELOLW\ DQG SULQWDELOLW\ RI Wi
VL]H

$V D UHVXOW RI ORZ GUXJ ORDGLQJ DQG ORZ HIILFLHQF\ R
UHVXOWLQJ SULQWOHW ZLOO EH ERXQG WR KDYH D KLJK
UHQGHULQJ LW KDUG WR VZDOORZ HVSHFLDOO\ LIMXH FDV
HW DO

3ULQW DKIHAIOMD\PRIIQ W

'XULQJ )'0 WKH SULQWLQJ KHDG PHOWYV SDUW RI WKH ILOD
PROWHQ SRO\PHU WKURXJK WKH @RM®EDP\HRW. @N VDK IS L X
7KHUHIRUH IRU WKH ILODPHQWYV SURG X F HW KB 400 WHRWERH B
VWLII HQRXJK WR SUHYHQW HQWDQJOHPHQW LQ WKH SULQV
WR WKH SUHVVXUH LPSR¥VRMSSDEHW RO KD BMFKDQLFDO SURSH
RI WKH ILODPHQW DUH QRW DIIHFWHG RQO\ IRUWX®& D0RLRE }
FRPSRQHQWYV OLVFLEOH FRPSRQHQWV ZLOO VRIWHQ Wi
FRPSRQHQWY ZLOO PDNH WHKIHM LEUDL VWWOHBIOHUHIRUH PDQ\
SXEOLFDWLRQV DLPHG WR ILQG PHDVXUDEOH SDUDPHWHUV
ILODPHQW IURP WKH PHFKDQLFDO WRIXGRQN B RRMONMN VX F
GHIRUPDWLRQ EUHDNLQJ IRUFH DQG EUHDNLQJ GLVWDOQF!
ILODPHQWY SURGXFHG E\ +0( DQG FRPSDUH LW WR WKH FF
JLIXUHLOOXVWUDWHYV BDWMWBLEDFXYWHRVMLODPHQW XQGHU
VRPH Rl WKH SDUDPHWHUV XVHG WR SUHGLFW SULQWDELOL
<RXQJTJV PRXDXGRY EH FDOFXODWHG IURP WKH VORSH RI WK
UHJLRQ ZKHUH GHIRUPDWLRQ LV UHYHUVLE@WN R & WRRNM |’
VWUDLQ FXUYH <0 WHARQR@®UBWHGLFWLYH SRZHU RI WKH
ILODPHRR HW DO <RXQJ PRGXOXV RU VWLIIQHVV FRQVWDQW
LPSRVHG RQ WKH ILODPHQW LQ RQH GLUHFWLRQ GLYLGHG

UHVXOWYV IURP WKLV ORDG EBIGRUH <OUH@GIIDRIBIW $ WK MKDW W K
ZLWKVWDQG JUHDQL PRM G HIRUKR PWLRQ EHIRUH LW EUHDNV

RI WKLV PRGXOXV UHIOHFWV WKDW WKH ILODPHQW LV HLWK
RU VR VRIW WKDW LW GHIRUPV JUHDWO\ ZLWK PLQLPXP IR
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ILODPHQWY DUH GHHPHG XQVXLWDEOH IRU SULQWLQJ 7KH
FDQ EH IRUHFDVWHG XVLQYD @ KGMDQROXHORAD® DQG 1RNKRG

%RUXMHQL HW DO + :DQJ '"XFABOHDHWKBIOV WHVWHG |

HIWUXGHG IURP +3& DQG IRXQG WKDW ILODPHQW ZLWK D VYV

J PPFDQQRW EH+SUDQWH&PSD HW DO = =KDQJ HW D
A

[] Plastic region
[ ] Elastic region

Stress

Slop= young modulus

eformation

i O e s mes——

Strain(%)

2Q WKH RWKHU KDQG WKH WHVW PHWKRG WR PHDVXUH GHI
7KHUHIRUH LQ D VWXG\ ZLWK GLIIHUHQW FRPELQDWLRQV
+3& /) BROXSOXV RU (XDGXMHIGWR IRZUP D FRQWUROOHG UHO!
SULQWOHW E\ =KD>@D@WHWODDKH DXWKRU LQYHVWLIDWHG
SULQWDELOLW\ EHIRUH SBRQ@WQEHX\ALIII WKH W KDUHG KH G H
WKH ILODPHQW WR EH SULQWDEOH LW PXVW ZLWIK\WQGBDQG W
GHIRUPDWLRQ RI PRUH WKDQ PP KLV PHWKRG ZDV FDUUL
DV VWDQGDUG WR WHVW IRU IERD® B @W VEKRGIVIDE LIDQ W\ 5H ¢
+RZHYHU ZKHQ D JURXS Rl UHVHDUFKHUV SUHSDUHG DQG
UHOHDVH WDBBHQYW BMKQGLQJ WHVW ZDV QRW D SUHFLVH S
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RI WKH ILODPHQW SUHSDUHG ZLWK SRO\HWK\OMHRDHJR[H@WH R
DO

)XUWKHUPRUH WKH PHFKDQLFDO SURSHUHSHIQ\GRQW WDPHAV
FKDLQV Rl WKH SRO\PHU DUH UHDUUDQJLQJ LQ WKH GLUI
7KHUHIRUH WKH PHFKDQLFDO SURSHUW\ PXVW EH WHVW
GLUHFWRULRMH DQG 4XRGEPH®FH WKH WHQVLOH VWUHQJWK
SUHGLFW WKH SULQWD E LD3GQLGV L ¥ B MHODOPHHE® WK DW ORZ PF
ZHLJKW 3(* SURGXFHV D PRUH EULWWOH ILODP HQUW EVKI/W E
DO $GGLWLRQDOO\ WH[WXUH WHVWLQJ ZLWK D[LDO FRP:
IOH[LELOLW\ SURILOH RRBXOQMLAMEEN. QWPHEQWMV\ RI WKRVH
ZDV WHWNI®G DQ )'0 SDVHWHGGLQ HMKBWHTXHQWO\ FRPSDU
RI WKH IOH[LELOLW\ SURILOHV ZLWK WKRVH RI FRPPHUFLDO
SULQWDEOH ILODPHQWY H[KLELWHG D PHDQ VWDWLVWLF
XQSULQWDEOH ILODPHQWY VKRZHG D$BBD Q LFRRQDUMM\D W/IKRIQ
ZDV DEOH WR FDWHJRUL]H WKH ILODPHQW X\RUQW KSAHH) FL
FRPSRQHQWV LQWR WKUHH FOXVWHUV SULQWDEOH FDQ E
XQSULQWDEOH FOXVWHU

ORUHRYHU D JURXS Rl UHVHDUFKHUV XVHG LQGRPHWKDFL
ILODPHQWY DQG FRPSDUHG WKUHH GUIL B WHEWOR MW KRR GWK W |
WKH WSRLHW EULWWOHQHVY WHVW UHVLVWDQW WHVW DQG
WKDW RXHQHVV RIPHDVRXRJHBWILWEHVY WHVW KDV PRUH SUH
WKDQ WKH RWKHW V@ R+RZHYHU EHFD XV WHKHHGWD BRGH OV
)0 SULQWHUV GLIIHUHQW WHVW FRQGLWLRQV DQG GLII
VWDQGDUGL]H D WHVW PHWKRG WR SUHGXFSDWHKM BOLQWDE
*RWWVFKDON HWYWO\ PLFUR DQG QDQRLQGHQWDWLRQ RI
XVHG WR SUHGLFW WKH PHFKDQLFDO SURSHUW\ DQG SULQ\
RI D VKDUSLQ@EHIRVHU ZDV UHFRUGHG DV D IXQFWLRQ
*LRXPRX[RX]LV HWS D@ RXS RI UHVHDUFKHUV XVHG WKLV P}
HITHFW Rl GUXJ ORDG RQ SULGWRDEMOEWQ G \RQIWZ DWW K WK Hi
$00 WKUHH PHWKRGV VKRZHG WKDW D KLJK GUXJ ORDG
SURSHUW IDH/V DD Q BBVUHIBA\W WEBHUGE. Q WD EQOLMW D QLJIXUHS
LOOXVWUDWHY VRPH Rl WKHVH PHDVXUHPHQW WHFKQLTXH\
IHYHUWKHOHVV D PRUH FKDOOHQJLQJ WDVN WKDQ SUHGL
WKH SURGXFWLRQ Rl SULQWDEOH ILODPHQWYV ZLWK +0( +0(
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SURGXFH EULWWOH ILODPHQWY WKDW FDQ EH HDVLO\ EURN
+HQFH WKH PDLQ FKDOOHQJH LV WR SURGXFH ILODPHQWYV :
UHVXOW LQ VXFFHVVIXO SULQWLQJ 7KHUHIRUH UHVHDU
PHFIQLFDO SURSHUWLHV RI WKH ILODPHQWXEK DFEKFGWLQJ
SODVWLFL]JHUV WR=EEKDW@JOHW LID®D P HQWDRU B®GLQJ DQRWK
SRO\PHHQWBIQFWLIIQRIVWMW DO 6KL HW DO <DQJ H
$GGLWLRQDOO\ WKH HIIHEW RI ILOOHU KLJK PHOWLQJ $3
PHFKDQLFDO SURSHBWDHWMWRFLJBGRSRO\PHU ZDV LQYHVWLJ
WKD®O WKUHH VWUDWHJILHV €D@J CHAW OWVWKS V L QK D EIEQULWV W
PHFKDQLFDO SURSHUWLHY DQG SULQWDELOLDMGDUW DVI IQRW
DV VLPSOH DV DGGLQJ D SODVWLFLVHU WR WKH IRUPXODW|L
7KHUHIRUH RWKHUV WULHG LPSURYLQJ WKH IHHGLQJ PHWK
2QH VXFK DWWHPSW ZDV WWRBBEQHEWDWKR W WKR WKH HQG |
DYDLODEG@HKLF/I$ LV NQRZQ IRU .IHWP'G LSU HQWDE REZHWHU WKLV
SUDFWLFH FDQ SURYLGH D VROXWBRPL OFDW O P DIOXR W B W B KU
JURXS *RWWVFKDON HW DO WHVWHG D QRYHO IHHGL
SRO\PHRO®OLGRQ 9% 6ROXSOXV MQRZQX GRAD WKWH[LB2EULWWC
PHWKRG LQYROYHG H[WHQGLQJ WKH IHHGLQJ SDWK DQG DW
IDYRUDEOH PHFKDQLFDO SURSHUWLHY WR WKH HQG RI WKH
$OWKRXJK WKH ILODPHQWY ZHUHRQRDROHG Z KWIRMHGHMHW R
LQFUHDVHG EULWWOHQHVV WKH QHZ IHHGLQJ DSSURDFK V
SULQWRQ@WVFKDON HWZBIOHU WKLV PHWKRG FDQ SUHYHQW
UHVXOWLQJ IURP EHQGLQJ EXWRQR\R WHBH HD[@/ D XML @ QRRIIFB | L
ZLWKLQ D ILODPHQW ZDV WHVWHG ZBWKHW ZIRO GAKHHUH QW
PHFKDQLFDO SURSHUWLHV RI WKH UHVXOWLQJ ILODPHQWYV ;
IRU WKH FRUH RI WKH ILODPHQW 7KLV FDQ EH XVHG WR LP
WKH FRUH ILODPHQW E\ XVLQJ DFSRO6WHBERMQREQ AR RWNU
LQ WKH RXWHU OD\H{R RH YWR! DEGDRW WKLY ERWK SRO\PH!I
KDYH WKH VDPH YLVFRVLW\ RI WKH PHOW DQG VKHDU WKLC
EH HIWUXGHG VL PRV KMHDUZHR ¥V OWKH SULQWHU)QR{UIH ZLOO
% LOOXVWUDWHY VRPH RI WKHVH DWWHPSWV WR LPSURYH
RWKHUZLVH FRQVLGHUHG XQSULQWDEOH

)LQDOO\ WKH GLDPHWHU RI WKH ILODPHQW PXVW EH LQ D
DYDLODEOH SULQWHUVIPPRHDIKWH GLIPPHWHU RI WKH ILODPHC
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XQLIRUP WKURXJKRXW WKH OHQJWK RI WKH ILODPHQW DQ
ZHLJKW YDUIZRVUMRIDL RXUH WRPSBK&WQH HW D@AVUXVLRQ
WHPSHUDWXUH VFUHZ VSHHG DQG )HHGLQJ UDWH LQ +0( F
ILODPHRUWH DQG 4XRGEDFK 7KDQ DQG 7XEDBERDRWD @D
XVHG LQ +0( ZKHQ WKH GLDPHWHU RI WKH H[WUXGHG ILODF
WKH IUDFWLRQ ZKLFK UHVX0W \3H.IQH MUKH HVD URRDUMLIRRYGH U
HIWUXVLRQ VZHOO GLH VZHOO LV DQ RFFXUUHQFH WKDW
D SRO\PHU EXW LW FDQ EH FR QW/&IRIROHINGH B\ DD R B JGILEH QC
FDOLEUDWRU RU SXOOLQJ RI WKH %0 PIMQ BVY ORIRIER YHH UW L C
WKH XQLIRUPLW\ RI WKH ILODPHQW GLDPHWHU FDQ EH LPSL
WKH GDFRRY H\RU EHGUXIOWHNL HW, @ BRQFOXVLRQ WKH PHF
SURSHUWLHY DQG WKH GLDPHWHU RI WKH ILODPHQWYV DUH
SULQWLQJ DQG QHHG WR EH FRQWUROOHG DQG PRQLWRUH
FDQ FDXVH IDLOXUH LQ WKH SULQWLQJ SURFHVYV

= 1148l

Tensile strength Three point bend test Axial compression Stiffness test

X 2elee+dUU:;
"Xj U+:i161U

B I:l j2WK 2eie+0U
Attempts to
improve
printability

Filament within a filament Adding printable filament to the end of brittle one

Figure 2.8 lllustrates some of the test methods used to predict printability (A), and the feeding method

used to improve printability (B). (constructed by the author)
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5KHRORBUIRRHQ WK HD\H B W

3RO\PHUYLVFRHODVWLF PDWHULDOV WKOMN K DSYUR § R WK LYDA
HODVWLFLNROIGREHIMQENVQJ RQ WKH WLPH DQG VFDOH RI |
* * 3HUHLUD HW DO .DODVNRYVHARH® BMWWUBLW\ LV EHVV
E\ WKH G\QDPLFZRRBKGRQVLVWVWRKHVZ R BDLMVPRGXOXV H
DQG WKH ORVV PRGXOXV YLVFRVLW\ +\WKHQIRMD \WLHWK XM
KDUG WR H[WUXGH DQG FORJ WKH SULQWLQJ KHDMKEQG KT
SRO\PHU ZLOO IORD G MNKH CBLUMXQWOHW Z$]®®G GIRWDIOROG VK
+HQFH XQGHUVWDQGLQJ WKH SURSHUWLHV RI WKH SRO\PF
GHWHUPLQH WKH SURFHVV DQG .IRUPKODWDRG SEHUDBPHWH $)
DO (OEDGDZL
7KHUHIRUH PXOWLSOH UKHRORJLFDO SURSHUWLHV FDQ S
GXULQJ H[WUXVLRQ DQG SULQWLQJ 9LVFRVLW\ LV WKH P
EHFDXVH LW FDQ SUHGLFW WKH SURFHVV WHPSHUDWXUH D
DQGUBQWLQJ RI D SRDGPHW PIJ+RZHYHU PHDVXULQJ WKH U
VWHDG\ VWDWH VKHDSR @ LFVHRVALWAKIRUIK YLVFRVLW\ XVXDZC
UXSWXUHZIBQG®WERBEDQFH $V D DBVWQRE SWRK DY RUODL Q J
FDSLOODU\ UKHRPHMBYH UWEHHHD RAKEIDODWLQJ VKHDU UKHR
DSSO\LQJ VOKN]&BRBER HW DO 1HYHUWKHOHVV WKH HPSLUL
EHWZHHQ WKH RVFLOODWLQJ VKHDU YLVFRVLW\ DQG VWHDG
DW KLJK GUXJ FRQWHQW 8§BGLWDRQD®®\ SWKBLER[ WKH YL
WRQG ZKLOH WKH VKHDU GXUKQKHSQDQWRQJIJQRKOR FDQ
WKRXVDBRBNWNHU HW $0B0GLWLRQDOO\ )'0 LV EDVHG RQ KL
WHPSHUDWKOWH SXVK PRAWWKQ Q PWIQMK U QUXLHDIRD N 1 KO
VKHDUDFDDWWLFDO SDUDPHWHU LQ GHWHUMBY @IDYJ | RX\DFR WIKVD
WKH YLVFRVLW\ Rl WKH PHOW VKRX®M& EH BIDWZHHG@HF 3L
DQJXODU IUHTXHGRQWEWIMRYREHOLW\ DQG SUHYHQW QR]]OH
+0( 9HUVWUDHWH HW DO 7KDQ D QG RZMNHBL Z DW XQ B NEXH
UHSRUWHG WKDW D YLVFRVAMA QREBHINY KIDRG 7LVEDSLZDWD
' VUHE HW DU RSWIOFCRH QW ,QUERQ@MBQKWWY KDYH UHSRL
VXFFHVVIXO SULDYG EL REWD BHCWS BMXFHFLQDWH LQ D YLVERVL
RI 3®WR 8DW +] TUHTXBIKQWDQL HW DHOQFH WKHUH L
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QR UHDO GHILQHG UDQJH IRU SULQWLQJ YLVFRVLW\ ,Q DGC
SULQWLQJ SURFHVV EXW FDQ DOVR DIIHFW WKHWDHEOHWVH S
DO DWUHOHDVH IURP D KLJKO\ YLVFRXV SRO\PHU LV VOR?Z
RQH
ORUHRWHWLVFRVLW\ Rl WKH PHOW GHSHQGY RQ WKH SULQWL
DQG WKH QDWXUH RI WKH ILODPHQW SRO\PWD WHI[F KXY HHGQ
7KHUHIRUH YLVFRVLW\ FDQ EH DGMXVWHG E\ PL[LQJ ZLV
UHSRUWHG LRXBE OLHFDPMINHU HWZP®WUH WKH UHVHDUFKHUYV
+30& WR 3/$ ILOMDKPHH YWV FRVLW\ RI WKH PL[WXUH ZDV KLJ
ORUHRYHU RKIXHWDWG 7LWDSLZDIHDQDMEQH WR LPSURYH W
YLVFRVLW\ RI .ROOLGRQ DQG (XGUDJLW (32 E\ HGIGLNN DH3 &
%HOWRQ DQG@DIY. XVHG WR ORZHU WKH PHOW YLVFRVLW\ R
$QRWKHU DSSURDFK ZDV WR DGMXVW YLVFR6DQ®WDEHWGHEQ G
VXFK DV WULFDOFLXWRLBSKR\WDSKDWBHG WR LPSURYH WK
(XGUDJLW (32 ORUHRYHU VLQFH YLVFRVLW\ KDV DQ LQYHU
WHPSHUBXWRUHW DO 3LHWU]DN ,VUHE DQG $0KQDQ
DGGLQJ D SODVWLFLVHU FDQ GHFUHDVH(GEDEBRZILW\ D& R U
HW DO 1HYHUWKHOHVV LW FDQ OHDG WR RROW XRSHWE Q\Y D\
SUHYLRXV VHFWLRQ /DVWW®KHEUWWDORPEDWIXDQRI $3, LQ W
PDWUL[ FDQ LQIOXHQFH WK I$KR WMRDIOWO RRYRGIXAVHB® DOW
YLVFRVLW\ LV D FULWLFDOLWKHR &R UG DVIR DICGIXPVHWA XIDWMN WA
GHILQH IRDQGOWKHUH LV QR RSWLPDO PHWKRG WR PHDVXU|I
2Q WKH RWKHU KDQG WK KLHF&XWLIVQW K B ®HE[L ®L W\ Rl WKH PH
IOREDQ SURYLGH D SLHFH RI LPSRUWDQW LQIRUPDWLRQ R(
/IRZ 0, UHIOHFWV WKH KDUGQHVV E\ ZKLFK WKHZIRGKPHU Z
PD\ OHDG WR QR]]JOH EORFNDJH +RZHYHU D YHU\ KLJK 0,
IORZ DV D GURSOHW |DWRLPF K\DEOHORDR] HDHE W R *SHUQLIQOD DWW ODX M F
W ZDV IRXQG WKDW J PLQ IORZ LV UHTXLUHG IRU W
SRO\PHIDLOOHDX[ HWHRAHYHU 0, GRHV QRW UMKEKHDNW WK H
UDWH RQ WKH YLVFRVEK\R RW WIOH/PHWW®\ WKL[RWURSLFL!
PHDVXUHPHQW Rl WKH WLPH UHTXLUHG IRU D SRO\PHU WR
WKLQQ@KQBK PDNHV LW DQ LPSRUWDQW S|DRESHWW\OWR VWXG
,Q FRQFOXVLRQ PXOWLSOH UKHRORJLFDO SURSHUWLHV QI
DSSURSULDWH IRUPXODWLRQ IRU VXFFHVVIXO SULQWLQJ (
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LQIRUPDWLRQ RQ WKH UKHRORJLFDO EHKDYLRXU RI WKH SF
+RZHYHU VWXG\LQJ WKHVH EHKDYLRXUV RI D SRO\PHU P
SULQWDELOLW\ WKH UHVROXWLRQ RI WKH SULQWOHW DQG

+LBKRFHVIHB)IHUDW XUH

$OWKRXJK WKH KLJK SURFHVV WHPSHUDWXUH FDQ EH FRQ
VLQFH LW SUHYHQWYV PLFURELD/GRFREWDPLQRWHRO FWRKQ
QHJIVWKH QHHG IRZKVRIO YHGWFHYV SURFHVVQQO RWFIEKH Bl @Q/GDRK

IHYHUWKHOHVV KLJK WHPSHUDWXUH LV FRQVLGHUHG
)'0O EHFDXVH LW KDV OLPLWHG WKLV WHFKQRORJ\ WR WKHL
WKDW WKH WHPSHUDWXUH QHHGHG IRU SULQWLQJ LV KLJKH
ZDWWLRQDOL]HG E\ WKH EULHI KHDWLQJ WLPH LQ WKH SUL
KHDWLQJ WLPH LQ WKH H[WUXGHU DQG WKH QDUURZ GLDP}
WR WKH H[WUXGHU ZKLFK UHTXLUHV 2 OOGWKHUH®/ISBEOHDVF
KLJKHU WHPSHUDWXUH LV QHHGHG GXULQJ SULQWLQJ WR
SRO\PHU WR EH SULQWDEOH ORUHRYHU WKH VKHHU IRUFH
GHFUHDVH WKH UHTXLUHG WHRRB® WI/GX UIHVY B L DMUDXEHN X Q
7KHUHIRUH WR ORZHU WKH SURFHVVLQJ WHPSHUDWXUH Wt
RI WKH SRO\PHU PXVW EH ORZHUHG VLQFH HE&EWIBRMHR QWY >
7J IDVKHG /DP DQG 1RNKRG&WKAEDQ EH GRQH XVLQJ SODVWL
ZLWK WKH PDLQ SWRERBO VIQFHHDVH WKH LQWHUPROHFXOD
SRO\PHU FKQEQWNDWVKI®JUHHGRP RI BR®XRIDRD QEHPSHUDW X!
QHHGHG WR VRIWHQ WKH SRO\PHU 'LIIHUHQW SODVWLFI
OLWHUDWKWH WULHWK\®GFG&MWUDBWB I D'\ HW DO $UDIDW

3(* ,VUHE HW D@ZHHQ $OKLMMDM %HOWR @ ODQGS KRU
73*6 ,0\pV HW D®IWF +RZHYHU H[FHVVLYH XVH RI D SODVV
VRIW XQSULQWDEOH ILODPHQW DQG DIIHFW WKH VWDELOL)
IUHHGRP Rl PRWWRGKDON HWQDIDGGLWLRQ GHFUHDVLQJ W
SRO\PHU PD\ OHDG BVHRL QK 16 IS ILIWHEY IF Ve@WMGIWWQ O J LWV LQW|
$V D UHVXOW UHVHDUFKHUV KDYH WULHG XWh @J ZBWHILLUDV
HW DO GHFUHDVLQJ WKH SURFHVVLQJ WHPSHBDDMPHIH RI 3
.RED\DVKL HWWROf& 1RQHWKHOHVV WKLV PHWKRG DGGV D
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WKDW ZLOO LQFUHDVH WKH SURFHVVLQJ WLPH DQG LV RQO
RWKHU KDQG LW ZDV IRXQ®WKDRWKXWKE B, SRORPHELEOH FI
WKH SURFHVVLQJDW & FISFHA DW »OU 8 O/ V. ILOAHIQ MK H DFLG
EDVH VXBOWEWORQ WHFKQLTXH ZDV XVHG WR LPSURYH WKH
ZLWK SRRP®BUGRQIV$DOL * 3DWHO DQG RBUDRMXEBBUQPL|
RLROOLGRQS 9% DOQIGUPIN&* 3DWHO DQG 6EH\UDGIXIGELR ZHDN
DFLG PDOLF RU JOXWDULF DFLG UHVSHFWLYHO\ WKH PLV
LQFUHDVHV ZKLFK LQ WXUQ OHG WR D GHFUHDVH LQ WKHI
WHPSHUDWXUH 7KLV LPSURYHPHQW LQ PANELBOLWLVRI DRV A
ILODPHQW GUXJ ORDG DQG GUXJ UHOHDVH
IHYHUWKHOHVV WKH PRVW SURPLVLQJ DWWHPSWV WR OR:
SRO\PHUV RU SRO\PHU PL[ ZLWK ORZ 7J 2QH VXFK DWWHP
RI UHVHD RRKZKRYD HW ROHG W ZRMKHBRSK\O O GQH WDLG® PROH
WR SDQ@®WHGUDHWOHDVH WDEOHW XVLQJ 393 DV WKH SRO\PH
DQG WDOF SRZGHU KH WBRSHUPDQWH QHHGIH& AKR FXKULQW
ZDV HQRXJK WR SUHYHQW DQ\ WKHUPDO GHJUDGDWLRQ
K\JURVFRBIHDPQEG LW ZDV IRXQG GXULQJ GLIIHUHQWLDO VFI
DQDO\WLYV WKDW WKH ZDMW@AL FIRWWH GRWOIRBXYXAHAWLQJ DV D
DV PHQWLRQHG SUHYLRXVO\

,Q DGGLWLRQ WKHR®KEO OB DLG®PROH LQWHUDEWHG ZLV
ZKLFK DOVR UHVXOWHG LQ ORZHULQJ WKH 7J RI 393 $GGL
$OKLMMDM HWVDOHSRUWHG WR Ef&SUHFWDWRHOMHWY SULQ
WKLV WHPSHUDWXUH ZDV RQO\ SRVVLEOH DWD @GOWEKHSUL
UHVROXWLRQ Rl WKH ILOP SURGXFHG ZDV QRW DGHTXDWH
LQFRUSRUDWHG ILODPHQW ZDV SULQWHGf&W DPKLUKNX OWH F
ZLWK 3&/ ZDV GRFXPHQWHBKREN WKRCEKHBR/ZDWRDGHG ZLWK
LQGRPHWKDSWIOQWHG & WQWRNDSELQWOHW ORUHRYHU .ROC
393 93 DORQH RU LQ FRPELQDWLRRQQ@QWKD.RIDFOHBBRDS 3)
HIWUXGHG ZLWK BPPQRVD® RRUHEF MR GURGXFH ILODPHQWV
EH SULQWHG DW D WHP SFRUDKL¥KHSDWYO-RZWIHNG WKH WKHUPD
RI WKHVH $3,V .ROOLGRQS 3) FRXOG QRW EH XVHG DORQH
ZHUH VR EULWWOH ,Q WKLV VWXG\ WZR3W\SHV DRIGSODVW
PDQQLWRO
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IDVWO\ UHVHDRFKY HW ZAHUH DEOHXWRSBQMWRBUD]ROH ZKL
LV D WKHUPR ODE OGP GG XIHWOH DVH WDEOHW XVLQJ ILYH GLI
3(* 3(* 393 . .ROOLGRQS 9% 393 9% DQG SROR
+RZHYHU WKH ORZHVW SULRWEZQY \WARBHYIDEG/ XVHQJ 3 (*

2Q WKH RWKHU KDQG *RADK F\R \HW. HR® RPWHS SULQWLQJ E\
LQQRYDWLVAUWHRGRHHFW SRZGHU SULQWHU ZDV GHPRQVW!
SURGXFHG Rl LWUDFRQD]ROH XVLQJ GLIIHUHQW JUDGHV R
SULQWHG XQGHU D SULQWERJPRIPSHOMBIBWXR K RHYLRXV ZRU
ZKHUH 3(* ZDV XVHG DV SODVWLFLVHU DQG W& B HQRRKILQ J \
HW DO 7KH VFRSH RI WKLV ZRUN ZDV QRMHWRHUBSWIRYH S
ZH FDQ VHH KRZ WKLV QHZ GHVLJQ FDQ EULGJH WKH JDS E
DQG SULQWLQJ WHP &% PXWWUEH PLHQDWIORQHG WKDW )'0 FDQ
D VWUXFWXUH WKDW FDQ EHD DWSHWH IRV IBE QZIL WK Hs 3W K H U P
GHJUDGDOHM®RFFKL 8EROGL ODURQ+RZHWHDO WKLV DGGV
LPSUHJQDWLRQ VWHS ZKLFK ZLOO LD@WEKIDXH W/RKBIGSIUR PRV
LQHIILFLHQW

5HV RO XTKIHRO. @W

2QH RI )'0 V PDMRU DO.&Y DWW DJELOLWRRWRO 8 [ REAWRE Q' V

FRQYHQWLRQDO FRPSUADNYQRW W-OREAHSMAMQ\PUQJ UHVROXW
FRQVLGHWUBQLOMW OLP HW B WHIRIDO 6\ ZKWIQ @/ IGHWDLOV KDYH D
URMHORFFKL 8EROGL ODURQDGBWWIL®RQ WKH ODPLQDU ILC
DIIHFW SDWLHQWRERPISROLIDIUFSULQW UHVROXWLRQ LV D PDM
IHYHUWKHOHVV WKH UHVROXWLRQ RI WKH SUNKNDOHHW FDC
KHLJKW DQG LQFUHDVLQJ WKH QXPEHU3RH®@D{®MNY WBEHE FB
$OKQDQ +RZHYHU WKLV ZLOO OHDG WR DQ LQFUHDVH LQ V
WR D SUREOHP ZLWK | DWW RFEFWLUHAVR PA@L\WEHUPRUH GHFUH
WKH RULILFH VL]H Rl WKH SULQWLQJ KHDG FDQ DLG LQ LPS
LQFUHDVLQJ WKH SULQWLQJ WLPH DQG ULVN RI FORJJLQJ \
RI WKH SULQWOHW IDEULFDWHG WK URMQIE UHNG WU HRV RROLFW RR(
$]DG HW DDQ VL{RZHYHU IRU GHWDLOV VPDOOHU WKDQ KX
UHVR O XMRQRQL GYRRMEK LY KDV EHHQ DGGUHVVHG E\ DGGLQJ D
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WKH IDEULFDWLRQ RXPUFILRI@QHHEG OHOMH UHVXOWLQJ PLFURQ
ZKLFK ZHUH SURGXFHG IURP 3/$ UD@PHEGRLP PO BDQBNKDI®RP
DGHTXDHWFHKDQLFDO VWUHQJIJWK

/[LPLWKHPE H BYDO L OBFEM\IPHUYV

,Q RUGHU IRU D SRO\PHU WR\EW KM HGK HQZKDS & BAHDIORY LW ZL
VRIWHQ ZKHQ VXEMHFWHG WR KHDW DERYH LWV 7J ,Q DGC
RUDO GRVDWHKHRIRO\PHU P XWRYLEHD QRQELRFRPSDWLEOH )XU
PHQWLRQHG HDUOLHU WKH UKHRORJLFDO SURSHUWLHV RI
)'0

$0 CHWHKH VW WDFR/MBL RMR WKH VFDUFLW) RI D VXLWDEOH SRO\F
SRO\PHUV XVHG IRU )'0 LQ SKDUPDFH XV8KRDIOW FOLOP X O D WDRQ
HW DO (& +3& +30& (XGUDJLWS 3&/ 3/$ 39$ DQG 6ROXSI
WKH PRVW UHVHDUFKW&HSRG|PIBUWMW @O 7KH U H DPWH
UHVHDUFKHUV KDYH HPSOR\HG SRO\PHU PL[LQ % RRXNGIQRQ F
HW DO $OKLMMDM %HOWRQ DQG 4L - =KDQJ HW D
ODQLUX]]DPDQ DQG 1RNKRGFKL 5HGG\ 'XPSD %DQGDU
ORUHRYHU RWKHU UHVHDUFKHUV KDYH WULHG WR PLWLJD\
PDWHULDOVXFR $IDQW SIRRADMLQYHJIJH DQG ORUHVROL

HW DO DQG CHISLIEG PDWIHWKDQL HW/DBOHSUHWHMIYHUDO
GRF X P H QWG PGWMIL WH XDWLRUBUQBRT\PHU | R UPNXR BW L R
RUDO GRVVIDDORIMWA K WKHLU H[WUXVLRQ DG SULQWLQJ WH

Table 2.3 Polymer API formulation for FDM is reported in the literature. NM = polymers printed separately and not

a mixture; M = polymers mixed.

([WUXVL] 3ULQWL
3RO\PHU XV| $3, XVH( S5HIHUH(
WHPSHU| WHPSHUTL
3(* HPSLOQ
3(* D
3DQWRS L
3ROR[DPHU HPSLQ
393 . DO
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.ROOLGRQ|
9% 393 9%

.ROODPI
.ROOLGRQ|
5DPLSULC
9% 393 9%
3 $6$ .ROODP
.ROOLGRQS
HW DO
$KR
3RO\ (
,QGRPHW $KR HW
FDSURODFWR
6DQWRYV
'"H[DPHWK
3&/ GRV 6D
QH
HW DO
$OKLMM
3&/ $6%$ $OKLMM
&DUOLH
3RO\ OOFRRW L
P$E &DUOLH
JO\FROLF DFL
2NZXRYV
7KHRSK\(
3RO\YLQ\O -
S\UUROLGRQ 2NZXRV
'LS\ULGD
DO
3DWHO
. ROOLGROQ/ 1LUDO
9% 393 9% +DORSHI 3DWHO
PDOLF DFL 6HUDM X
3DWHO
.ROOLGRQS9% 1LUDO
9$ +30& JOX +DORSHL 3DWHO
DFLG 6HUDM X
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DPLQRVD
DFEGS6S$ 6DGLD
(XGUDJLW ( FDSWRS 6DGLD |
SUHGQLV
RU
WKHRSK)
$UDIDW
$UDID
(XGUDJLW ( 3 :DUIDUL
4LQQD |
6DGLD
+\GURFKQC 6DGLD
(XGUDJLW (
DJLGH $UDIDW
,VUHE
3(2
7KHR SK\( ,VUHE
YXHQPD
.ROOLGRQS
&DIIHLQ
393 9% 3&/ YXHQPD
HW DO
$OKLMM
3(* 3(2
3 $OKLM
(XGUDJLWS ( YHORGL S
3 % HOWR (
BROXSOXVS
4L
‘ *RWWVF
BROXSOXV
.ROOLGRQS 99 .HWRFRQ
3 *RWWVF
(XGUDJLWS (
HW DO
*HQLQD
(9% ,QGRPHW *HQLQL
DO
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6FRXWIL

BFRXWI
+30&%6  QGRPHW
5RVV D
'"RXURXFH
(OEDGD
3RO\FDSUROL
3(* DQ| &LSURIO]I
(OEDGI
J PRO
*R\DQH
+3& 8/ 660 6/ ,WUDFRQ
*R\DQH
DO
20DGHM
+\GURFK(
+30&$6 20DGHM
D]LGH
)LQD
+3& 3(2 3DUDFHW )LQD H
3LHWU]
3LHW
(XGUDJLW 56 5/
7KHRSK\( N ,VUHE
+3&
$OKQD
<DQJ
(WK\OFHOO) ,EXSURI <DQJ H
(& (XGUDJL
Shi 6 K
.ROOLGRQ 39 ,EXSURI
HW DO
BROXSOXV
$SFHWDPL| OHORFHR
+38& o
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OHORFF
DO
.DGU\
'LOWLD]H
+30& /9 .DGU\ H
DQG 'LD]H
.RUWH D
4XRGEDH
(XGUDJLW § 7TKHRSK\( .RUW
DQG 4XRG
9HUVWU
7TKHUPRSOD] 7KHRSK\(
SRO\XUHWKDQ RU OHWIH 9HUV W |
HW DO
%RUXM
&DUEDPD)]
(& +3& O
H % RUXM
DO
(KWH]D
3(2 39% 10 ,EXSURI
(KWH]D
DO
$UDIDW
$UDID
+3&66/ TKHRSKN\(
‘RMV] H
7DJDPL
3/$ 39% 10 &DOFLELC 7DJDPL H
*R\DQH
+30&%6 /* O*
SDUDFHW
+* *R\DQH\
DO
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7DQ

7D Q
+3& (XGUDJL ODQLUX]
7TKHRSK\(
32 3(*0 DQ DQ
1IRNKRG
/L 4
3RO\YLQ\O D
*OLSL]L /L HW 1
39%
6DYLD(
39% &LSURIOI
6DYLDQ
DO
%RHWN
3/$ +30&
J ILWURIXI
OHWRORVHS %RHWN
DO
7KDQ
+3& . ROOLGI 7TKDQ D
TKHRSK\(

(XGUDJLW (3] 7LWDSLZ
NXQ
1XNDOD

39% OHWIRU 1XNDOD

+30& ( (& 1

0
+30& ( +3& (
0 =KDQJ
3DUDFH - =KDQ
+30& ( +3& /
DO
0
+30& ( 6 ROX
0
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+30& ( (XGUI
/ 0
(& 1 (XGUD
/ 0
*R\D QH
3DUDFHW
30% *R\DQH
RU EDIIH
_RED\DV
HW DO
"DPUR]
_ROOLFRDW
$ULSLSU -DPUY]
39$/FRKROH
DO
'ROOLGRQ]|
6RODQNI
9% 393 9%
+DORSH 6RODOQ]
_ROOLFRDW
DO
+30& +30&$6
2PDUL
3(2 1 +3&
/RUDWD ( 2PDUL H
() 10
3(2 .ROOLFHR
(XGUDJLW / + OHOREF
(& (XGUDJLV
)XURVHP
+3& +30& OHORFF
39$0FRKRO DO
6ROXSOXV|
2NZXRV
% XGHVR(
393 PHWKDE
WKHRSK\
DFELG 2NZXRV
DQG GLFC
DO
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&RQFOXVLRQ

7KLE¥KDSWHU L QMARNMAHLLD S/HR P L\SLLLQ WHEK Q) TOXH 7KLV
PHWKRE JDHGRQVLGHUDEOBHHVW LQ UHFHQW \HDUV GXH V
DIIRUGBE®OHSPH@® SURSULDRUHGKDYPDFHXWLFDO SRO\PHU\
FDSDW\FWRIX\WB ORZ VWG WEKHR X UDHERKD QLFDO SURSHUWLF
ILQDO S ER@XFW X H@WIDN F H QUAH VHHDWE B MHR X JWRQ Y HWW LIDW
WKH XVH Rl )'0 WR SURGXFH SRO\SLOOV ZLWK OD\HUV FRQ)\
JDVWURUHWHQWLYH GUXJ GHOLY H U\DQ\&/MVH BAKFFR © RAW R Q WGLL
IRBURGRSHUVR GPOG\LFDWIR HU )WIDFOMY HURWP XODWLRQ
FKDOOHQJHVEHFMRRUBY HVWDEOLVKHG PDQXIDFWXULQJ W
SKDUPDFHXWLFDO LQGXVWU\ 6RPEFRREGEHYGHDKBOR® QJIH
SURFHVV WHFSBUPMWXHWG GUXJ ORDGLQJ DQG ORIDBLQJ H
SURGXFIL@DPHQWY ZLWK VXLWDE O H FKIDRKIHIQIFEWD! MKLSH U W
SURFHVV YLVFRVLW\ YIDQIRH WKLV O EPBLHY RSO URH/EMXIDWL R Q
OHWKDGHDO

0DQ\ UHVHDUF OIS KDY K LITHUHQW WHFKQLTXHV WR VROY'
DGGLQJ H[FLSLHQWYV OLNH SODVWLFLVHUV WR XVLQJ SRO\P
VL]JH +RZHYHU WKHVH FKDOOHQJHV DUH LQWHUUHODWHG
LQWURGXFH D SWRHGHPKEIUWKZKLFK FRPSOLFDWHV WKH SU
IXUWKHU VWXG\ LQWR WKHVH FKDOOHQJHV LV QHHGHG
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&KDSWHHBWKRGRORJ\

ODWHULDOV

7KHRSK\OOLQH DQK\GURXV 3(* 7 U LBIRVCK YL @ LOASY D WRIO L7G
0: 393 . 3RO\HWK\OHQH R[LGH J PROH 3(2 DQ
JO\FRO J PROH 3(* SDUDFHWDPRO LEXSURIHQ FD

ZHUH SXUFKDVHG IURP*&IO®IDQSRCRN@BUDILWDEYGIZXGUDJLW
(32 ZHUGBIRQDWHG E\ (YRQLN ,QGXVWULHV 'DUPVWDGW *HUP
WDSH PP ZDV VXSSOLHG E\ 0 %UDFNQHOO 8.
$GGLWLBURBBQWODWQRORO 35 ZDV SXUFKDVHG IURP 7KHUPR )LV
0$ 869% :KLOH HQDODSULO ROORPKRMORURWBKQDB]LGH ZHUH R
OROHNXOD /WG 'DUOLQJWRQ 8.

OHWKRGYV
+&3 VXUYH\

7KH VXUYH\ FRQVLVWH® GRHARIXNHFORR AV HD@EH B QTHX RBWOQR Q
7KH ILUVW WZR TXHVWLRQV ZHUH WDUJHWHG WR UHFRJQL
H[LVW LQ WKHLU SUDFWLER\DH) ERPEH\VPROMUL QI LNHEVHG WR V
7K WKLUG TXHVWHRGHEGV ,RISERV GHVLIQHG WR H[SORUH Z
IURP SUHVFULELQJ SRO\SLOOV LQ WKRVH SDWLHQWV ZLW|
TXHVWLRQV ZHUH WR HYDOXDWH WKH LPSRUWDQFH RI SHU\
SHUVRQ®® SRO\SLO T IVEGIHLLVRDOWKH VXUYH\ TXHVWLRQ DQ
IRUPDW
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Table3.1The survey questions and their response format.

Survey questions Response Format

What is the approximate percentage of your patients who are on more Five choices with 20%
than one medication? increment

How often do you prescribe fixed dose combinations (a pill that contain | A scale from 1= never to
more than one medication) to these patients? 5= very often

In those patients with multiple mediation regimens, would you Open-ended question

sometimes prefer not to prescribe fixed dose combinations? And why?
How important is personalised medication (medication that is designed | A scale from 1=not

to meet individual needs) to your patients? important to 5= very
important

Would a personalised polypill be useful to your patients? Three choices: Yes, No
and maybe

J)LODPHIHVEDUDWLRQ

/RLQFRUSRUDWH WKH DFWLYH SKDUPDFHXWLFDO FRPSRQH(
DQG SUHSDUH WKH IHHGVWRFN ILODPHQW UHTXLUHG IRU ]
XVHBGKH PDWHULDO ZDDPRUMD XVILQG SHVRLQKWRIY DQG WKHF
HIWUXGHG XVLQJ D VLQJOH VFUHZ H[WUXGHU 1R]JWHF 3L
6KRUHKDGFPHD 8. ZLWK QR]JJOH GLDPHWHU PP D®G VFUH

UXEEHU WXEH ZDV XVHG WR JXLGFKREKD GH[@U KGHE W LRID P
KHOSHG WHRD ARYXUVWHQW SXOO RQDWKH UH® RPRQW. \D/DHEQ V
GLDPHWHU 7KH ILOD RHGSG VWG QW IURHFIRWR R/® L Q LXQQP WLLAD ISR Q W L (
JLIXUHLOOXVWKIDWWHSY WDNHQ IRU ILODPHQW SUHSDUDWL
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J)LODPH@WEBEWHHQJIJWK

7R SUHGLFW WKH SULQWDELOLW\ RI WKH H[WUXGHG ILOD
IRUPXODW L RSU [ROW MEHDYMOHH QJWK WHVW ZPN IS HOWIRNOWS
PHFKDQLFDO VWUHQJWK ZDV WHVWHG XVLQJ D XQLYHL
=ZLFN 5RHOO = 7KH GLDPHWHU RI WKH ILODPHQW ZDV Pl
&P 'LJLWDO 9HUQLHU &DOOLSHU 7KH ILODPHQWV&HUH FX
LQ WK @ICBWILTMHE ¥EIGIHIR UP D\WIWRIQZBPP PLQ XBGIG WKH GDWD
ZDV FROGMFAWWGOOLVHEAQPHDVXUHPHQWY ZHUH JXRIGH LQ

GHPRQVWUDWHY WKH VSHFLILFDWLRQ Rl WKH WHQVLOH W

XVHG

50mm

20mm/min.

'"HVLJQ BLO®WLQJ

7KH YOH[L3LOO ZDV GHVLJQHG XVEQD $XWR GO AL Q N\PHRIGH
WRRO $XWRGHVN &$ 86$ DQG H[SRUWHG DV DQ 67/ ILOH |
VRIWZDHKHOH[LSLGOPGIQMLRQV DOO IRXU XQLWV DUH PP L
LQ UDMRKGW VLIHKLOPHIHFRQG GHV LVRNMVRIANKEW X B ¥ K
IUXVWXP EPWLQ KHLJKW PP EDVH UDGLXV DQG PP WR
WKH ERWWRRDIG® XVWXRVHG EDWP SWR H&BEEWHKH FLEG OH
WKH RWKHU KDG DQ RSHQ EDVH WR WKH VSDFH LQ WKH PLGC
YLIXUH SUHVHQW WKH WZR )OH[L3LOO GHVLJQV
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7KHQ WKH GHVLJQ ZDODSIHIUGVRIMG WHSW\KLFDWRU ODNHUERW
86% ZLWK D PP QRRAMSWLQW VSHHG DQG PRHODUHG KLJ
EXLOGLQJ SODWIRUP V\VWHP IURP ZP Y 9H VW\GH W® L\WBHH BUP QY
WHPSHUDWXUH RI WKH KWHEEHRMZ SO0 R URUDRK D QWRdHH

DGKHVLRQ RI WKH SULQWHG WDEOHW DQG IRU HDE® GH WD F k
VFRWFK WDSH ZDV ODLG GRZQ RQ WRS RI WKH EXLOGLQJ S«

. ' .. ..
|
-

Figure3.3 The tvo designiteration of the FlexiPill, (A) disc design and (B) frustum design.

SKHROR3IUWRBBUWLHYV

&RPSOH[ YLVFRVLW\ ZDV PHDVXUHG XVLQJ D .LQH[XV UKHR
,QVWUXPHQWY :RUFHVWHUVKLUH 8. ZLWK PP PP XSS
SODWHAH IRUPXODWLRQV ZHUH SUHVVHG WR PP GLVFE I
WKLENQHMDSWRNXU) WKH IRUPXODWLRQV ZHUH DVVHVVHG
SULQWLQJ WHPSHUDWXUH XVLQJ D WHRSHUDKWRUHRROHES U
RIR& PLQXWH DQG D QRUPDO IRUFH RI R FD Q& HD | UHST K H QVR2\H

S 2

Oscillating plate

Sample
||||||m‘mun l\\l\\\\\a\\

1100 5. 2 3

I o

Heated stationary plat
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DQRG WKH VKHDU VWUDLQ ZHUH VHWWR/ NHH® QWX H PHBVIMH
ZLWKLQ WKH YLVFR(HHOBD WEOGHMW ZE8R® BRBRDIGHMK DQ LQLWLDO .
PP GLWIWHTXHQF\ VZHHS ZDV SHUIRUPHG IURP WR
VWURWQFKDSWHUV IZKH WG SHUYDW XU H& B WIHW WRUHHQLC
ZKLOH WKH SULQWLQJ WHPSHUDWXUH IRU HDFK IRUPXODWL
DW WKH LIOIXUHWOOXVWUDWHY WKH UKHRORJLFDO WHVWLQJ |

6FDQQLMHFWURQRVFRSH

$VFDQQLQJ HOHFWURQ PLFURVFREOHEFWURQWDFHRWFRSH

8. ZDV XWHRGH[DPLQH WKH VXUIDFH PRUSKRORJ\ RI WDEOHW
SULQWHG OD\HUKH MBRBRPOWY ZHUH SODFHG RQ DOXPLQLX
GLDPHWHU ZLWK FDUERQ GRXEOH DGKBYRYE®D OB B QL XK FZRDA
LOQUWRQ DWPRVSKHUH DW DERXW SDVFDOV IRU PLQXWHE
LPDJH UHVROBKAMDLRL QJ HOHFWURQ PLFURYFRSH ZDV VHW W

JRXUZBHQ VIRUWPDUHG

JRXULHU WUDQVIRUP LDQDDUWHGE ZDV SHIURQWHQJISWRWHYDC
SRWHQWLDO LQWHUDFWLRQV EHWZHHQ WKH DFWLYH SKDU
SRO\PHULF PDWULFHV DV ZHOO DV WR GHWHFW DQ\ SRO\PF
6SHFWUXP %: )7,5 6 SHFWUR S8 PIREDHIMEFUL GIHUBLQZDV XVHC
DQDOWKHRUPXODWLRQV ,QIMUKHIHHVSHEFAUDD @ JH FAD V

DW FP UHVROXOMIRFDQV ZHUH SHDBBHPRHEO ZDV XVMHG DV
DSRGL]DWLRQ IXQFWLRQ

7KHUBQDO\VLV

7TKHUPDO DQDO\VLV ZDV SHUIRUPHG XVLQJ GLIITHUHQWLDO
7$ LQVWUXPHQWYV 4 DQG $ORGLQH KHUPHWLF SDQV
FRQGKGEGWW & PLQ KHDWD@B UPWHWLQ FRROLTKHUDWHIWLQJ
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WHPSHUDWXUH ZDVZRKIHMW WK HXxH®G WHPSHUDWXUH YDULH
GHJUDGDWLRQ WHPSHUDWXUHV RI WKH $3,V DQG H[FL
WKHUPRJUDYLPHWULF DQDO\VLV 7*$ 7KH HQG WHPSHUD
IROORZV WKHRSHWOAMHLOHE LEXSURXHQ® SDUDFRHWDPRO
xf& SURSUDQRORS DG HIMP® KSGU R F KO R RN KDRUE B
SXUJH UDWH ZPOVHW) DWG WKH VDPSOH ZHLJKWPZIDV LQ WK
7KHUPDO JUDYLPHWU&FZDWBMWYIRUPHG XVLQJ D 0(77/(5 7
$QDO\]JHU OHWWOHU ,QVWUXPHQWH $PLEUROIHQY H H DX @ L Wt
ZDV XVHG ZLWK D KHDWEQWRREPBWURRKHDWL®& ULV VRH

SRZGHWUD\LITUDFWLRQ

7KH GLIIUDFWLRQ SDWWHUWRQG HW H G PW&HE W KMHD$IH QY FU\V W
ILQDO SULQWHG SUZRGXFSW LEDPISG HW VRG PR\GILNVFO PL[WXU|
WKH SRZGHU IRUPXODWLRQW ZKHHVRWB QG HD ¥ DFVR BRBRWK 6
VDPSOH KRQGHWBX@WWKH FRQWURO SRZOGHUWPEDMBOOHRHG |
KROGHU

7KH GLIIUDFWLRQ SDUDPHWHUV ZHUHIL @ ROHUI M O W
VWHS ZDYH f VFDQ ¥YBNHGf V

'"\QDP OB SRIGRUSWLRQ

7KH JUDYLPHWULF DQDO\VLV IRU G\QDPLF YDSRXU VRUSWL
ZDV HBRUPHG XVLQJ WKH '96 $GYDQWDJH LQVWUXPHQW
6\WWHPV 8. /WG /RQGRQ 8. HTXYLFIRE ZOW R IHQH{ OMEWLDVL Q
UHVROXWLR QKR H[W&DXEBGH FRQWURO IRUPXODWLRQHIIHWKR X W
PLO® DQG SOD@®HOXRIQQLXP SDQ 7KH VDPSOH WHPRB& UDW X U |
DQG ZDV H[SPRY¥HEOMMRI UHODWLYH KXPLGLW\ IURP  WR

(DFK VWHS ODVWHG XQWLO WKH PDVV FKDQJH UDWH ZDV Of
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'UXZRQWHQW

7KH )GHQIO XQLWV ZHUB PROWBG RQIGQIHVWOH WR PHDVXUH
$ILQLWH DPRXQW RIZ\DKHVEHMOKIKEG XIQ &/ Y/EBEWGEHVGRQGLQJ
VROYH®EW IROORZLQJ VROYHQWVY ZHUH XVHG GLVWLOO]
SDUDFHWDPRO FDIIHLQH SURSUDQRORO DQG HQDODSUL
PHWKDQRO IRU K\GURRKQRR®RVEBRVDWGBIQVIHUUHG WR +3/&
PHDVXUHG XVLQJ WKH PHWK R G KIHRFDM R BIIGDISK \

'LVVROXHWIMR Q

7TKH GLVVROXWLRQ WHVW B8B¥ GHWVYWROKXMGRQ/IDBISDUDWXV
*PE+ *HUPDQWK URWDWLQJ SDGGOHV WKH WERKODBWHRWY VS H
DQG DQG ZDVGMRFUHD®EHDOYWHU WR VLPXODWH PRUH YLJR
WR WHVW WKH MRPMNHMDNROQWYHIKM R f& DQG WKH GLVVROXWL

ZHUH HLWKHU P/ 0 +\GURFKORULF DFLG +&0 S+ RU
6DPSOHV ZHUH FROOHFWHG DW C
XVLQJ \POQWUHY DQG ILOWHUHG XVLQJ PLFURPHWUH 37)

WHQWHG +3/& YLDOV

&KURPDWRJUDSK\

+LJBHUIRUPDQFH OLTXLG FKURPDWRJUDSK\ +3/& ZDV HP
GHWHUPLQH WKH DPRXQW Rl HDFK DFWLYH SKDUPDFHXWLF]
FRQWHQW DQDO\VLY DQG WKH GLVVROXWLRQ WHVW 7KH +3
LQILQINE\ VAVWHP FRXIOHG $ZGWRGH DUUD\ GHWHEWRU '$'
7HFKQRORJLHV ,QF 6DQWD 5RVD &% 7KH VWBEBDMHRG@DU\ S

[ PPDQG SRUH PP]HRU FRDOWBWQG /XQD x—P 3KHQ\

+H[\O [ FROXPIQU FKDSMKMUPRELOH SKDVH XVHG ZDV L
PLWXUH RI DFHWRQLWULOH ZLWKZLWKSK R VSKRWIKRDEIEGD F L
FKDSWEHEQG DQG ' : FRQWDLQLQJ SKRVSKRULF DFLG DQG

7KH JUDGLHQW WDEOHV IRU ERWHKUPHW KR GUEX RRWERX UD
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DQG DQG P/ PLQRAKDSWHIKH GHWHFW L RWQZH DWHI\® H/OR W K
QPL@KDSWHU QP.@KDSWHIDQG DQG QLXK D SW HIKHX Q
WLPH ZDVDQGPLQXWHYV IRW FRQSWHWSHFBHWYH@®OLEUDWLRQ
JUDSKV IRU HDFK RI WKH $3,V ZHUH FRQVWUXFWHG ZLWK
DPRXQW RI WKH GUXJV LQ WKH GUXJ FRQWHQ®WOEBQG GLV
VXPPDUMWKN FKURPDWRJUDSK\ PHWKRGYV XVHG LQ WKH FRQ\

Table 3.2 The chromatography methods used in the three contribution chapters evaluate API concentration in the

drug content and dissolution test.

&KDSWHU &KDSWHU &KDSWHU
6WDWLRQDU 5HYHUVHG |5HYHUVHG |/XQD x—P 3
& [ | & [ | +H[\O [ |
PP DQG SR|IPP DQG SR|FROXPQ
PP PP
ORELOH SKD $FHWRQLWU $FHWRQLWU OHWKDQRO @
SKRVSHK SKRVSK FRQWDLQLQJ
DFLG DQG '| DFLG DQG '| SKRVSKRULF
SKRVSK SKRVSK
DFLG DFLG
*UDGLHQW | OLQXWH 2| 0OLQXWH 2| 0LQXWH 2
VHTXHQFH $ $ $
OLQXWH 2 | OLQXWH OLQXWH
$ $ $
OLQXWH 2l OLQXWH OLQXWH
$ $ $
OLQXWH 2| OLQXWH OLQXWH
$ $ $
$3,V 7KHRSK\OOL 3DUDFHWDP| 3URSUDQROR
JEXSURIHQ | HQDODSULO
FDIIHLQH K\GURFKORU
JORZ UDWH\ P/ PLQ P/ PLQ P/ PLQ
"HWHFWLRQ QP QP DQG QP
ZDYHOHQJIW
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JRU &KDSWHU WKH VDPH PHWKRG ZDV XVHBDVRU OLT
VSHFWURPHWHIULW&EPRQHILFDWKIRQKRVSKRULF DFLG LQ WKH
RI WKH PRELOH SKDY¥BV VRODARRG ML IFWIKFLG $IJLOHQW VLG
GHWHFWRU $JLOHQW 7THFKQRORJLHVY ,QF 6DQWD 5RVD &¢

&KURPDWRJUDSKLF PHWKRG YD QIQG D WHRIDG DI\F HF ZW WIKH 38 R X
*XLGHOLQHWR FRQILUP WKH UHOLDELOLW\ DQG DFEXUDF
HPSOR\HG WKURXJKRXW WKQVGDMXRQ IRFXVHG RQ HYDOXD)
TXDQWLILFDWLRQ /24 DQG UHSURGXFLELOLW\ IRU HDFk
LQJUHGLHQWY DQDO\VHG

/ILQHDULW\ ZDV GHWHUPLQHG E\ FRQVWUXFWLQJ FDOLEUDYV
UDQJH RI FRQFHQWUDWLRQVY UHOHYDQW WR WKHLU H[SHF
WKHRSK\OOLQHSROL@QW OCADYXHEUDWLRQ FXUYH ZDV SUHSDUL
PLFURJSGBIRVOLWUH WR PLOOLJUDPV SHU OLWUH \LHOGLC
SDUDFHWDPRO ZDV DVVHVSRGQRY HD QD HV HYRI®) W R
PLOOLJUDPVY SHU OLWUH UHVXOWLQJ LQ DQ 50 YDOXH RI

&DIIHLQH ZDV HYDOXDWSRLRWLEDWLFHYWQRQ FXUYH IURP
SHU OLWUH ZLWK DQ 508 RI 6LPLODUO\ LEXSURIHQ VK
UDQJH RI WR PLOOLJUDPV SHU OLWUH ZLWKOBRQ L5@HR |
HQDODSULO PDOHDWH DQG K\GURFKORURWKLDIRERWZHUH
FDOLEUDWLRQ FXUYHV FRYHULQJ WR PLOOLJUDPV SHU C
R 7KHVH UHVXOWY FRQILUP VWURQJ OLQHRQLW\ DI
UDQJHV ZLWK DOO PHWKRGYVY DFKLHYLQJ FRUUHODWLRQ FR
WKUHVKROG RI

7KH OLPLW RI TXDQWLILFDWLRQ /24 |IRU HDFK $3, ZzDV GH
VLIQDEODRLVH UDWLR DSSURDFK RU E\ FDOFXODWLQJ WKH VW
DQRG WKH VORSH RI WKH FDOLEUDWLRQ FXUYH 7KH /24 YL
SDBBWDPRO FDIIHLQH LEXSURIHQ SURSUDQRORO K\GURF
K\GURFKORURWKLD]LGH7EKHBBKRXWQLQWR EHPLFURJUDP / 3DL
PJ/ ,EXSURIHQ &DPIHLQH PJ/ 3URSUPDRDRORX®ODSULO
PJ/ DQG +&7 PLFURJUDRHVH YDOXHV LQGLFDWH WKDW WE
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FDSDEOH RI GHWHFWLQJ DQG TXDQWLI\LQJ ORZ FRQFHQWUTL
SUHFLVLRQ

SHSURGXFLELOLW)\ ZDV DV \GHDY \DHIGS & EWEMB K LMQLVRQDV W X G L H \
UHSOLFDWH LQMHFWLRQV Rl VWDQGDUG VROXWLRQV DW YD
WKH UHODWLYH VWDQGDUG GHYLDWLRQ 56' ZDSYHPDNOFXOTL
DUHD UHVSRQVHV 7KH 56' YDOXHV IRU DOO WHVWHG $3,V .
RI FRQILUPLQJ WKH UHSHDWDELOLW\ DQG UREXVWQHVYV
WKH VSHFLILHG DQDO\WLFDO FRQGLWLRQV

7KHVH YDOLGDWHG +3/& PHWKRGYV SURYLGHG DFFXUDWH Sl
RI GUXJ FRQWHQW DQG GLVVROXWLRQ SURILOHV DFURVV |
RSWLPLVHG QRW RQO\ IRU LWV DQDO\WLFDO SHUIRUPDQEFH
D@ VHSDUDWLRQ IDFLOLWDWHRERRBSERHQ@Q BRWISL RO \P XOQ\E E
IRUPXODWLRQ FRQGLWLRQV

6 W D W L$QWW DR DV

,Q FKDSWHUKBKMWKQNHQ GHWHQHEBNMG DV WKH H[SHULPHC
PRGHO GXH WR LWV HIILFLHQFRUGH W VWXP 0 WDRW®YLFVHFR®HC
UHGXFHG QXPEHU RI H[SHULPHQWDO UXQV FRRBEOWHG WF
H[SHULPHQWDO GHVLJQ LQFOXGHG WKUHH LQGHSHQGHQ)
FRQFHQWUDWLRQ DQG WHHOHDWHR B MPERHNIR/DNHH G5 G X Q L W
(DFK YDULDEOH ZDV VWXGQRZ PWGWK B H B QBIGH KW KRGROR J'
LQYROYHV ILWWRQGHR \SRRRQBPLDO HTXDW LFRR® GXFE WNLIQH (
VWDWLVWLFDO DQDO\VHV VXFK DV UHJUHVVLRQ PRGHOOLQ
WR GHWHUPLQH WKH VLJQLILFDQFH Rl LQGLYBHSR@MVEFWR
VXUIDFH PHWKROVE6ODFLOLWDWHY WKH JHQHUDWLRQ RI F
GLPHQVLRQDO VXUIDFH UHVSRQVH JUDSKV ZKLFK DUH Y
UHVSRQVH UHODWLRQVKLSY DQG LGHQWLI\LQJ SRWHQWLDO
7KH DYHUDJH UHOHDVH RI HDFK UXQ ZDV RD GHEXO DUMHIDG DWR
+RZHYWHKH PRGLILHG SULQFLSDO FRPSRQWHRWVIYQ D@ \VD Y XAD
WKH VKD S RX IWKHOHDMH:DQJ HW DO(TXDWLR@V XVHG WR
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FRQVWUXFW D UHVLGXDO PDWUL[ 50 ZKHUH WKH VKDSH H
VWXGLHG XVLQJ 3&BJWRYIDQRHMKE366 VRTWABHHHILIHQYDOX
KDG RYHBXPXODWLYH YDULDQFH $IWHUZWHHE[E HXYP® D W K |
VRIWZDUMSWDW WKH HIITHFW Rl WKH WKUHH H[SHULPHQW Y
VKDSH ZDV VWXGLHG

4/NR ::PF :; F::N=F :; F ::P=F :; (TXDWLRAQ

KHUH 88W WKH UHVLGXDO PDWUL[ SRL\@W WHUXIKPO WD DH) G W
W LV WKH WRWDO DYHD®JWKUWHHOXOQ VHY H; DIV IOHH WWLHP H
SRLQW DYHUDJH UHOHDVH

LQHWLF PRGHO ILWWLQJ

OLFURVRIW ([FHO ZDV XVHG WR VROYH IRU WKH OHDVW 5
EHWZHHQ WKH SUHGLFWLRQ PRGHO DQG WKH UHOHDVH GI
PRGHO 7KH GDWD SRLQW XVHG ZDV EHIRUH WKH SODWHD
FRUUHODWIFRE PBHWZHHQ WKH SUHGLFWLRQ DQG UHOHDVH
7KHUHDIWHU ,\§ KRAUUPNDDALINGQ &ULWHULRQ $,& ZHUH FRPSXWHE
WKsH66 ZLWK WKH HTXDWLRQ

$,& Q OQ 566 Q N (TXDWLRQ

"KHUH Q LV WKH QXPEHU RI GDWD SRLQWV XVHG . LV WKH (
566 LV WKH 5HVLGXDO 6XP RI 6TXDUHYV

71



&KDSWHWOXDWLQJ )HDVLELOI

7R HYDOXDWH WKH IHDVLELOLW\ RI LPSOHPHQWLQJ D SHU
JOH[L3LO @RQOGHOMDOWKFDUH VHWWLQJFR QB XWDWH G VB G RO
KHDOWKFDUH SURIHVVLRQDOV +&3V SDUWLFXODUO\ JHQF
DQG RXWVLGH WKH 8QLWHG .LQJGRP 7KHVH SUDFWLWLRQF
FRQWDFW IRU SDWLHQWYV ZLWK FKURQLSRQVVLEDWHWR D @06 @D
FRPSOH[ SRO\SKDUPDF\ FDVHV 7KH VXUYH\ DLPHG WR D
SUDFWLFHVY DWWLWXGRVHWRZDEL@D WLRHGV )'&V DQG R
SHUVRQDOLVHG PHGLFDWLRQ DSSURDFKHYV

7KH VXUYH\ FRP S UL WG HRX U XAHORWLIHR Q VHIDEGH 8 T HRBW DR Q 7
LQLWLDO TXHVWLRQV HYDOXDWHG WKH SUHYDOHQFH RI SR
IUHTXHQF\ RI )'& XVH B6XEVHTXHQW TXHVWLRQV DVVHVV
SUHVFURBLQI®OV WKH LPSRUWDQFH Rl SHUVRQDOLVHG PH
RI D SHUVRQDOLVHG SRO\SLOO 7KH ILQGLQJV UHYHDOHC
HVWLPDWHG WKDW PRUH WKDQ RI WKHLU SDWLHQWV ZHU
WKLUG KMWLRDWQRXPEHU WR H[FHHG +RZHYHU GHVSLW
PRUH WKDQ KDOI RI WKH UHVSRQGHQWY UHSRUWHG WKD)
SRO\SLOOV

'KHQ DVNHG WR HODERUDWH SDUWLFLSDQWYV FLWHG GRVH
DQG WKH ODFN RI VSHFLILF EIRPELHUDW WRRQ Y & X VMHH\7 KLV U
KLJKOLJKWV D PLVPDWFK EHWZHHQ FOLQLFDO QHHGV DQG
VROXW)LRQUW QA IXUHUHSUHVHQW +&3VY UHVSRQVHV WR Wk
TXHVWLRQV UHODWHG WR SRO\SKDUPDF\ DQG SRO\SLOOV
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What is the approximate percentage of your patients who are on more than one medication?
45 responses

@ less than 20%
® 20%-40%
) 40%-60%
@ 60%-80%
@ Over 80%

Figure4.1 HCPs estimation of the percentage of patients with polypharmacy. (constructed by the author)

How often do you prescribe fixed dose combinations ( a pill that contain more than one medication)
to these patients?
45 responses

15 15 (33.3%)

10

9 (20%) 9 (20%)
8 (17.8%)

bjleedXU: UUiIXe & |

4 (8.9%)

Figure 4.2 The tendency of HCPs to prescribe polypills survey (x-axis scale 1= not often to 5 very often).
(constructed by the author)

2Q WKH RWKHU KDQG ZKHQ WKH SDUWLFLSDQWVY ZHUH DVN
RYHU FRQVLGHUHG LW LPSRUWDQW RU YHU\ LPSRUWDQW
UHJDUGLQJ D SHUVRQDOLVHG SRO\SLOO UHJDUG LW D
KHOS WKHLU SDWLHQW RI WKHP ZHUH RQ WKH IHQFH D¢
XVHIXO 7KLV FDQ IXUWKHU H[SODLQ ZK\ +&3V DUH UHOXFW
SHUVRQDOLVDWLRQ DQG HDVH RI GRVH WLWUDWLREHVR E
SRO\SKDUPDF)LUXVKHDQGLIJXUH VKRZ +&3VY UHVSRQVHV W
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LPSRUWDQFH RI SHUVRQDOLVHG PHGLFDWLRQ DQG WKH XV
UHVSHFWLYHO\

How important is personalised medication (medication that is designed to meet individual needs)
to your patients?
45 responses

30

26 (57.8%)

20

10

bjledXU: UUIXe &

8 (17.8%) 8 (17.8%)

3 (6.7%)

Figure 4.3 The importance of personalised medication according to the HCPs participating in the survey (x-axis
scale 1= not important to 5 very important). (constructed by the author)

Would a personalised polypill be useful to your patients?
45 responses

@® Yes

37% ® No
\ ) Maybe

Figure 4.4 The usefulness of flexible-dose combination to the HCPs' patients. (constructed by the author)

7KH YOH[L3LOO FRQFHSW DGGUHVVHV WKLV JDS E\ VHSDUDW
DVVHPEO\FRQWDLQLQJ XQLWV ZRXOG EHFRIQXIBRPWKGHGOB
FRPSOLDQW IDFLOLWLHY DQG ODWHU DVVHPEOHG DW WKH
WLORUHG WR LQGLYLGXDO SDWLHQWYV 7KLV DSSURDFK PLW
ZLWK RRADDUM ' SULQWLQJ ZKLOH UHWDLQLQJ WKH EHQHILV
WKH VWUXFWXUH XVHG LQ H[LVWLQJ PRGXODU GHOLYHU\
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UHJXODWRU\ WUHQGYV WKDW IDYRXU K\EULG PRGHOV FRPELC(
FOLQLFDO DGDSWDELOLW\ 7KLV DUFKLWHFWXUH SUHVHQW\
SURYH PRUH DFFHSWDEOH WR UHJXODWRU\ DJHQFLHV VXFK
WR GLUHFW FOLQLFDO SULQWLQJ

,Q WHUPVZRIUDHSDDSSOLFDWLRQ )OH[L3LOO FRXOG EH LPSOF
VHWWLQJV ,Q FRPPXQLW\ SKDUPDFLHV SKDUWPDHFRMWKN FF
SRO\SLOOV GXULQJ FRQVXOWDWLRQV EDVHG RQ FXUUHQW
Y)OH[L3LOO DOORZV IRU UDSLG SURWRW\SLQJ Rl VWXG\ DU
SURILOHV 7KH V\VWHPEDUWMB ¥XUWQLKRBHVHDVH PDQDJHPH(
IRU HOGHUPMHBUFORVM\G SDWLHQWYV ZKR VWUXJJOH ZLWK FRI
(FRQRPLF IHDVLELOLW\ LV HTXDOO\ FULWLEDO :KLOH ' SL
PDWHULDO FRVWVY WKHVH PD\ EH RIIVHW E\ UHGXFHG SLC(
GLVSHQVLQJ RYHUKHDGY DQG EHWWHU WKHUDSHXWLF RXW
,QYW®R®U\ PDQDJHPHQW FRXOG EH VLPSOLILHG WKURXJK PRC
XQLWV DQG ZDVWH UHGXFHG E\ WDLORULQJ TXDQWLWLHV !
)LQDOO\ WKH SHUVSHFWLYHV RI SDWLHQWY DQG SKDUPDF
DGRSWLRQ 3DWLHQWV VWDQG WR EHQHILW IURP UHGXFH
HVSHFLDOOWHQPOW®BUDS\ FRQWH[WV 3KDUPDFLVWV PHEC
DSSURSH LMPUDLQLQJ DQG SURFHGXUDO LQWHJUDWLRQ WR

WKHLU H[LVWLQJ ZRUNIORZV )XUWKHU IHDMELOHL® WM RG
WR DVVHVV SDWLHQW DFFHSWDELOLW\ DQG RSHUDWLRQEL
VHWWLQJV

,Q VXPPDU\ WKH )OH[L3LOO V\VWHP SUHVHQWV D IHDVLE
FRPELQHV WKH VLPSOLFLW\ RI )'&V ZLWK WKH IOH[LELOL\
OHYHUDJLQJ SKDUPDFHXWLFDO ' SULQWLQJ LW RIIHUV D
PHDQLQYRR®EWLRQ WR WKH SHUVLVWHQW FKDOOHQJHV RI SR
IRU UHJXODWRU\ FRPISEDDEHQHFRWWDIQGQILGMHSOHPHQWDW
KHDOWKFDUH SUDFWLFH

75



&KDSWHOHLWEHUVREDOX) SHOHDYV
RI 7TKHRSK\OOLQH

,(QWURGXFWLRQ

7KH FXUUHQW SDUDGLJP IRU GUXJ WKHUDS\ LV RQH VL]H
SURIHVVLRQDOV DUH DGPLQLVWUDWLQJ WKH VDPH GUXJ WF
DQG IUHTXHQF\ DQG H[SHFWLQJ WKHDWDPW KBV FRHHHG t RE X
LQ 3HUVRQDPGYABMHHQW DGYDQFHPHQWY LQ WKH ILHOG |
DQG SKDUPDFRJHQRPLFVY UHYHDOHG WKH VKRUWFRPLQJV R
OHDG WR XQGHUPHGLFDOW]P® ®UXPVHUGRVBL@IKLFK ZLOO
OHDG WR LQHIIHFWLYH WUHDWPHQW DQG VLGH HIIHFWV U
WKDW FDQ GHOLYHU WKH ULJKW GUXJ DW WKH ULJKW WLF
VDIHW\ $GGLWLRQMMPG CPHGHRDAMRIQDMIFDQ LPSURYH SDWLHQ
GHFUHDVH WKH FRVA/® RILDIVUWDMWEP HHORWIDJOH IRUP SBIWVRQDOL
FDQ LQFOXGH WDLORULQJ WKH GRVH GUXJ UHOHDVH GUXJ
WR LPSURYH SDWLHQW FRPSOLDQFH 'RVH DGMXVWPHQW L
GLIILFXOW ZLWK VREHGDXRWDUW MRMMXD OO\ LQYROYHV VSOL)
WDEDKIWK FDQ UHVXOW LQ LQDFFXUDWH GRVLQJ GXH WR k
FHUWDLQ IXQFWLRQDOLWXRK WY HF BRWODZH HW ® O (VSL
HW DO O0DQ\ HPHUJLQJ WHFKQRORJLHV LQ WKH SKDUPDFHX!
WR PDNH SHUVRQDOLVHG RBELEFIDWK R QHDWHLK@WRORILHYV LV
JUHDW EXOKDRM EPBBR®H LQ UHFHQW \HDUV WR HMORMH WKFE
GLPHQVLRQDO SULQWLQJ '3 WR IRUPXODWH SHUVRQDOI
FDSDFLW\ WR |IRRIRXEXLDMWAK HRWQ HRU HDFK 6 RELGUHIGORD BWQ B B G
$V PHQWLRQHG WHHY LRRWNOVZLXVHBFXNSRYLWLRQ PRG
'O DQ H[WERVHRGQ '3 WHPRIQBLKKHPRVW VWXGLHG WHFKQLT
ORZ RSHUDWLRQ FRVW'RRSEDHDWHD A)'ERMHQYROYH WKH XVH
KHDWHG QR]]JOH WR H[WUXGH D WKHUPRSODVWL{V SRO\PF
GLVFXVVHG SUHQFRRYV OPeXO4j+Pa+@di\6MQ\ UHVHDUFKHUV KL
GHPRQVWUDWHG WKH DELOLW\ RI )EDAPRR WBRWQIRD GRXB XL
OHORFFKL HW DO *R\DQHV HW DOGUXJ BRDGHWWD DO
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LQILOO GIHGYQWHW DO 6 RO DDQQNG. RIWKBIO GHVLJQ ID
*R\DQHV ODUWLQH] HW DO ,VUHE HW BRZHYHWDDDMPL
WKHVH SXEOLFDWLRQV ZHUH LQWHQGHG WR FRQWURO WKt
SULQWLQJ VWDJH 7KLV UHTXLUHV WKH SULQWLQJ WR EH FI
SDWLHQW WW S\HKH ROIDGIDVH IRU WKHP 1HYHUWKHOHVV K
SKDUPDF\ VHWWLQJ RU D KR WS GWDHG WHD %I RQWK B M LPVDRIQ DED
RYHUFRPH RQH RI ZKLFK LV WKH UHJXO®KLRAUQ HU/ SIIFWOR |
4XDOLW\ FRQWURO RILQ/HOW SWKID\SWRGQRHBLFDUH LV D FXPEH
UHTXLUHV WKH UHJXODWLRQ RI WKH SULQWHU SULQWLQJ L
)LQDOO\ WKHRSK\OOLQH LV D EURQFKRGLODWRU XVHG LQ
GLVHDVHV 7KHRSK\OOLQH KDV DQ®mRAH B/\K HFIORYHIX MR.G LMQRAH.
SUHFLVH GRVLQJ 7KHWHMRRE® FRPHUER RDQUHDW LPSRUWDQF
KHERQWIKRHOGUXJ UHOHDVH ZIWHKIX® WIKQY 1ZQ PRRIH HIITHFWL
WUHDW®HQKLY ZRUN WKH DLP ZDV WR LQYHVWLJDWH WKH
IOH[LELOLW\ WKDW FRPHV ZLWK )'0 WR SULQW D QRYHO WC
FDQ EH SHWGRWBROAHHW SDWLHQW QHHGV 7KH GHVLJQ VXJ
LQ DQ LQE@XDWRMOUROOHG VHWWLQJ DQG DVVHPEOHG DFF
FOLQLFDO VHWWLQJIKLY I &RWOSDIORRIRYH VKHOI OLIH VDYH
GHFUHDVH WKH FRVW RI SHUVRQDOLVHG PHGLFDWLRQ

SHVXOWMYVEIXG/VLRQ

/DEOHMWLDQG )RUPXODWLRQ

7KH IRUPXODWLRQ ZDV SUHSDUHG E\ PL[LQJ DOO FRPSRQH
WKHQ H[WUXGHG XVLQJ D VLQJOH VFUHZ KRW PW@&W BI[ QWX C
WKGHVILFPHGLIWRH®NFUHDVH WKH HIITHFW R VIKRUGHNLRQ W
FRQVLVWYVY RI  XQLWV WKDW LQWRWMLRFN DOGNMFDWDLEIYBW S
WKH WDEOMWZMWMIKQY DEFHSWRG DLWDWOHW WZRKEFKLIQWHVV
PP LQ GLDP®WWHU 7KLV ZRUN FDQ EH FRQVLGHUHG DV D Sl
D PRUH SRWHQW GUXJ ZKHUH WKH WDEOHW FDQ EH HYHQ VF
SURYLGH FRQWUROOHG GUXJ UHOHDVH E\ FRQWUROOLQJ W
LQ WKH GHVLJQ DRBUIWIFR@WLIXUDWLRQ RI WKH XQLWYV
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SUHSDREBRUPPHG LUDHDHDYE D Q RRUK N X VWBIOMHPRWH WKH 5
IRUPXOBWRRV XVHG DV WKH WKHUPRSODWARVFYPDIWUHY S
VRO XEAKOLUAK\PDMMMQVLEOH FDQGLGDWH IRU LPPHGLDWH UF
RQ LWV RZRRKIDIORZ WKURXJK WKH SULQWHU QR]]JOH DQG FD
SULWKMHUHVYRHHWKHUPRVWDEOH |RRDXRVY HW DRW KR M B U
7(& ZDV XVBSAODWWLFLVHU WR LPSURYH ILODPHQW IOH[LELC
WHPSHUDWXUH Rl WKH IRUPXODWYLRQ5/)RY Z\DKH X6\5H (R DR/X D |
SRO\PHU POD®WBR[V FRPSRVH® K\O DFHWD WY HIFQUGODMGY W KD
PHWKDFU\OLF DFLG HVWHU ZLWK TXDRIN.DQADWBIRPR QL
LQVROX@G®GXKDWHUQDU\ DPPRQLXP JURXSV JISYHU RMD EMOL WY
SURSHWWLAK ZLOO HQEBOHOMRVWDORIQWKH GUXRUBAHGRQBVL
4XRGEDFK 'RV 6DQWRV$BWLWQRQDOO\ 3(* . BDV XVH
SODVWLFLVHU ZLAKK RIR WROADBWMLRQ GUXJ ORDG DQG LQILO
FRQVWDQW ZKLOH WKH LPPHGLDWH UHOHDVH IRUPXODWLI
DGMXVWHG WRDFRKBEHBLOHYWRWKH H[SHGGRWQRQDO®N VR DT
XQLW RI WKH 65 IRUPXODWLRQ ZDV X VRHEGAMLAR WK DKW WE O HW
RI WKH ,53LRRHHVKRZVKH BB GHVLJQ [BQ G ONBHNHOHBULQWL

Figure 5.1 FlexiPill design (left), printed SR-Theo unite (middle) and assembled FlexiPill (right).

Table 5.1 Formulations and their respective compositions.

JRUPXODW 393 (XGUDJI 7TKHRSK\O( 7(& 7TDOF 3(*
5/32

3ODFHER

,S57TKHR
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,97TKHR

,97TKHR

657KHR

,9 LPPHGLDWH UHOHDVH 65 VXVWDLQHG UHOHDVH 7KHR W

([SHULPHOMDQ

4XDOLW\ E\ GHVLD®HWKIR&VXQGHUWZWDRIGLQBEXW YDULDEOH
JUHDWHU HIITHFW R QDWXWWRSWERHDHV R([SHULPHQWDO GHVLJ
DVSHFW RI 4E' LV D V\VWH P DMQIF \D-BLLHRD R K H 8 HRULHPDIV@ W V|
VWDWLVWLFDO SULQFLSOHV WKDW KHOS GHWHUPLQH WKH
YDULDBRMNXGD HW D@ WKLV'RREZNOO EH XVHG WR GHWHUP
YDULDEOH LR OMKEAL)®D® KDY H W KHWHKH BWK H R \BIKEID! B I Q/HREY H
7KHUHIRWKHL[SHULP H QMUWHH GHDWUEIME O \RDG LQILOO GHQV
)5 XQDWG WKKPHE RU ,5 X THWRAKRVHQ WR VWXG\ WKHLU HIITHFW
LQ WKHLDOB[GHVLIQ 7KHVH IDFWRULDO YDULDEOHYV UHSUH
SULQWLBPWBXWLBQLGWHQJ DG W QPUHUVROWRRQ FDQ EH
HDVLHU WR FDUU\ RXW LI GRQH DWE BFOXWH W W WIRHHV RQ RVK |
DFKDQJH LQ WKHDRBPXWIOKN ERQQ W+ R2 HMHHUMNDIGRX\S DWWHP S
WR SHUMRRMIMD®ULFDWLRQ XVLQJ ' SULQWLQJ ZDV SHUIRUPHG
SULQWL@J6DWDDH,VUHE HW DO
7KHUHIRMKWHH IRUPX GCIVWESROQWY @ HRY ZLKAHK ,5 X Q DW\G GUXJ
ORDG Rl WKHRQKDGGLYHRQ WR WX®IG65O0RBHRER O RMRMO DWLF
VXPPDUL]HV WKHR 8KNDWRQHDWICRYKH SODFHER RQH
7KHRE%HKQNHQ G%% L JOWKUHHYGIOVLIQ XVHG WR VWXG\ WK
UHVSRQVMWRUWHKHQGHSHQGHQW YDULD B KV MXKMHYH{ WHIG PH %
OHYHOV WKH FRUQHUV WR GHFUHDVH WK H DQXCE® UDFEMWHR[S E
GHVLJQ WRLPHQDQBKFHRFWMQWUH SRLQW ZKHUH DOO WKH YDU
OHYHO LV UHSHDWHG WKUHH WLIXRIRBDADREDLEPCS RY/RPHP [SWIHHL V L F
WKH H[SHULPHQWDO GHVLJQ
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50%

30%
& 20%
,éé‘

= & 15%
|

£ 10% 10%

No. of IR units
1 2 3

Table 5.2 The experimental design runs and the level on the three variable for each run.

12 Rl ,BQLWY W

5X XPE ,QILOO $3,
¢ E JOH[LSLOO
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7KLV FKRBWOIWRW L\@PKH\6\W LRIMWNODNWHRQ@OD\D PHERBWHG [URF
WKGLWHURWMWHHDQG 4XRGEMPMNVWERB IRFXV ZLOO EH RQ WKHF
GLITHUHQW GURQ WRKGW,EQRU P X OB I8 HRIQ FDEEOMM KH

JLODPHEMD QAUFOHHUWLHV

7KHUHDWKHIUHFEW RI GUXJ ORDG RQ WKH PHFKDQLFDO SUF
ILODPHQWY ZDV VWXGLHG WK $RMIR WIKQ WL K H UWWAINQ TVRK \
GLIIHU MY PI® XH! LQ RQH ZDQ® $MRBS$SPD[LPXP VWUHVV DW W
SRLQW EHWZHHQ WKH WKUHH IR PR DMXWPL R @Y BWE H KHWR IQQ D
WKH IRUPXODWLRQ ZLWK D KLD®GGUXJ IRRRDTK HR 7KHR
DQG 7KHR UHVSHEWLYHO\ $GGLWLRQDOO\ \RXQJ PI
FRQFHQWUDWLRQ LQFUHBBHRRKHR 3D DQG 7KHR

3D LQGLFDWLQJ WKDW DQ LQFUHDVH LQ WKH FR@KHQWUD'
HODVWUFUWMKH ILODALWQWIVQ EH DWWUSE B WMIGE WR WLRK HII
WKHRSK\OOLQH)RIXWHUH SUHNWHKFWUDLQ DIDLQVW VWUHVV J
WKUHH IRUPXODWLRQV

Tensile strength

Theo 10% Theo 15% Theo 20%

- - N N
o a o a
\ \ \ J

Stress [N/mm?]

a
\

o

Strain [%]

Figure 5.3 Stress against strain curve for tensile strength of the extruded filaments.
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3ULQWLQJ

7KH XQLWV ZHUH SULQWHG DW WHP$EUDMWXHHYV WXKDSU RY K
UHVSHFWLYH H[WUXVLRQ WHPSHUDWXUHVY DV QRWHG LQ &
KHDWLQJ GXUDWLRQ DQG WKH DGGLWLRQDO VKHDU VWUH
SURFHVV[FSIGWILRQ ZDV WHKH YKYWDLEHGKQLW ZKLFK UHTXL
KLJKHU SULQWLQJ WHPSHUDWXUH WR HQVXUH :$URBWU PD\
YDULDWLRQ ZDV PLQLPDO DW ORZ BJ XRERYQHH QW KXW ILRIQWY
FRQFHOQW WKMWWRYGWUG GHY LDNLRKRHRLQ FD@ G VHE R W R

DQG PHVSHFWQEHPDWLQJ LQFRQNMLRPVWR W HYWQW VY QR K H |
WKHVH IRUPXODWLRQV 'HVSLWH WKLV GUXJ FRQWHQW XC
IRUPXODMIGRIFDWWLQJ WKDW WKH H[WUXVLRQ DQG SULQWLQ
RI WKH $3, EHFDXVH RI DGKHVLRQ WR VSKWH VWD GV LDQ/ELR D &
HDFK Rl WKH ,5 IRUPXODWLRQV ZDV SULQWH®RGW WRUHH L
VHUYH DV WKH VHFRQG YDULDEOH & 2MK H U [ SVHKUL B 5 QRAUIPX C
ZDWQO\ SULQWHG DW 7KHGKOULEROQRLWAKH SULQWOHW W
SODWIRUP ZDV SRRU D#K MIXW HGN SO DWE ITXQRE P\ VN LRI WD SH
WRS Rl WKHZEOBWHBURPR LPSURYH D GKH WLKBHE PIRY ® O DFEIL @/IKWM
XQLWYV IURP WBHOHSURWHGHY D VXPPDU\ Rl WKH XQLWV ZHL
FRQWHQW DV ZHOO DV H[WUXVLRQ DQG SULQWLQJ WHPSHU

Table5.3 6 XPPDU\ RI XQLWVY ZHLJKW DQG GUXJ FRQWHQW IRU WKH IRUPXODWLRQ\
temperature (n=3).

$YHUDJ 6WDQGDU 'UXJ 6WDQG| ([WUXV] 3ULQW
8QLWV | '"HYLDWLH FRQWHQ\ '"HYLDW Q WHPSH
"HLIJKW | PJ WHPSH| XUH&
PJ X U H&
,57KHR f& R&
,57KHR f& R&
,57KHR f& R&
657KHR f& R&
30DFHER RE R&
5 LPPHGLDWH UHOHDVH 65 VXVWDLQHG UHOHDVH 7KHR W
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5KHR ORGWKIEO

7R HYDOXDWH WKH LPSDFW Rl GUXJ FRQWHQW RQ WKH YLVI
LQVLIJKWY LQWR WKH H[WUXVLRQ DQG SULQWLQJ SURFHVVH
GXULQJ D WHPSHUDWKUFRRNIGIMS FRPSRQHQW RI WKH VK|
PHDVXUHPHQW VKRZV WKDW DV WKH FRQFHQKH BRRKQHRI
YLVFRVLW\ GHBQHRVFHDWVWERWK WKH H[W WXHALRHU DA IS L Q W
YDOXHV LQ )WRIHYHU LQ WKH SRVW KRF DQDO\VLV ZKHQ
GLIIHUHQFBEDY6WHWMW ISGIFUHDVH ZDV VLJ®IOOFDIMIW \E D\ B H WC
WK H DQG GUXJ ORDG ZKHUH WKH GLIIHUHQFH LQ
LQVLJIQLTKEHQ@WMWWH SODVWLFL]DWLRQ HIIHFW Rl WKHRSK\
ZKLEMFRQFHQWUHIDIWARHIG FHUWDLQ R @ FHRQAKUW B WMORMDEH FR P |
VLIQ QWRL HRWHW WHPSHUDWXUH RI WKH P D/ LI UBRW K HV D ¢
VWRUDJH PRGXOXV HTXDOV WKH ORVV PRGXOXV UHSUHV
IRUPXODWLRQ IURP HODVWLF $FRRYIQVARXS )EHMIIIOL®RX U
WHPSHUDWXUH W\SLFDOO\ RFFXUV QHDU WKH JODVV WUDQ\
,Q WKH WKHRSK\OOLQH IRUPXODWLRQV WKLV WUDQVLWL
FRPSDUHG WR f& REVHUYHG LQ WKUIR FOMMKERRE BB WQ R
RI VROLG GLQSWKNLRE QR UPKICAXWULIRTIL U H VWORH WAU BIQHRRIY P
YLVFRXV EHKDYLRXU WKDQ WK®DH V8- B SSRROPIBWY WX\ KK H
WKH YLVFRXV PRGXOXV WHKRFKHVHISWWVS$HIMY WKH PD[LPX
IUHHGRP RI PRWLRQ LQ ;WK H{ \&RIDOPHW IPQYR VKLIWBG IURP
LQ WKH SODFHER IRUPB&ODKH\RD WK YRWIKBI&®LFDWLRQ RI L
LQWHUDFWLRQ EHWZHHQ WK LSROKERIE W HUPE WLIRKD $BHV X OV
GHFUHDVH LQ WKH HQHUJ\ UHTXLUHG WR LQFUHD VjHBNKH PF
TSUHSUHVHQWY D FRPSDULVRQ EHWZH ROV KHK H5 U R R & R DIV IDF

DQG WKH SODFHER IRUPXODWLRQ
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Shear Viscosity Complex Component Vs Temperature
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6FDQQLQJ (OHFWURQ OLFURVFRS\

7KH 6(0 LPDJHV IRU WKH ILODPHQW VKRZ FRPSDVDEODKWY XU
LQFUHDVH LQ WKH GLDPHWHU LQ WKH | LMDOH R QKN Az MQKH KG 3 k
GLH VZHOO +RZHYWHFWLRH) FRURWKH WKHRSK\OOLQH ILOD

SE 22-Feb-23
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KHWHURJHQHBRVJHWWK JORZKHLBRWK\NGQFRWSHOHWH PLVFLEL
WKHRSK\OOLQH DW KLIK ¥ BREFFHKEWE Y DVKIHR @(0 LPDJHV IRU WK
ILODPHQWYV

7KH HIIHFW RQ YLVFRVLW\ ZDV UHIOHFWHBQEBWWXH RXDO
FRQFHQWUDWLWRKHRSKN@BLQB\HU WKLFNQHVYV ZBRYHPYRUH XQ
DV WKH FRQ FRIQWKIHDREIKRGOH@MHG DQG PRUH GLVFUHSDQFI
LQ WKH OD\HURW® GFEIINWW @& 6(0 LPDJHV 7KLV ZDV PDLQO\ C
YLVFRVLW\ DW OZKZ B X3 ®RDE XQLIRUP H[WUXVLRQ IURP W
JLIXUHRJ) SUHVHQWY HOHFWURQ PLFURVFRSH UWOHBVHRI
IRUPXODWLRQV DQG WKH HIIHFW RI GUXJ ORDG RQ VXUIDFH

SN NN

JRXULHU 7UDQVIRUP ,QIUDUHG 6SHFWURVFI

)7,5 VSHFWUXP RI DOO WKUHH ,5 IRUPXODWLRQV VKRZHG W
LOQWHQVLWLHY DQG ZKHQ FRPSDUHG WR WKH VSHFWUXP RI
ILQJHUSULQW BHWKMNWRRIZHG RU EOXH VKLIW UHIOHFWLQJ \
WKHRSK\OOLQH DQG 393 . 7KH BKIDANK PRUUHWPRQGV WR
VWUHWFKLQJ YLEUDWLRQ KDOW ¢ZKEDWHGQGIWRKH IRFPPDWLRQ
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Transmision

Transmision

ERQGY EHWZHHQ WKHRSK\OQ2®H .DIBG 7WHK B$SBRGEPH2BE1 HW
DO 3XWWLSSLSDWNKDERRUKQ IMWE QWKHWEFKLQJ LQ WKF
FP ZDWHFRUGHG +RZHYHU WKH ERQRK FMRUUHWSRQGV WR
VWUHWFKLQJ VKLIWV WIRWD KL FHBGGILWIRA@RE0\ WKH EDQG
ZKLFK FRUUHVSRQGVY WR & 2 DPLGH VWUHWFKLQJ FRLIWV

1DILVL HW DBUHRYHU WKH EDRQERDWHVSRQG WR & 1 VWU
VKLIWHG WRLQ WKH IRUPXODW LR®IVOVBIF WW XPRO O WKLV
LQGLFDWHYV WKH ERQEBWALHRWZRIHO WKH WKHRSK)YQOXQH DQG
TWUHSUBNMKQW) 7,5 VSHFWUXP IRU WKH LPPHGLDWH UHOHDVHI
WKH VSHFNWUXPREHVVHG WKHRSK\OOLQH

FRIR spectrom IR formulation

1,373.32
|
1,712.79 1,489.05
o streching 142347
[ 1,566.20 . |
imina streching 1,438.90
ring streching
1,188.15 = 1,014.56
1.284.59
131545 |
C-0 strechi
1,662 64 Fireeing
C=0 amide streching

20r% THED

15% THED

10% THED

FTIR pure Theophylline

M WYY

94

(ALY

1,701.22 / 1,489.05 1,419.61
1,558.48 590
1,666.50
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Wave number

87



7KHUSIDA\V LV

7KH '6& GDWOARRUPXODWLRQV

,5 SODFHER DQG SRZGHU W

LQ JLIXUHKHUPDO DQWEHMWPKIODWLRQV VKRZV QR PHOW H|

3
Theo 20%
1 Placebo
Theo 15%
1 Theo 10%
2 —
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Figure5.8 DSC of the IRformulation and placebo showing the Tgt¢p) and DCS of the IR formulation, placebo and theophylline

showing the melting point of theophylline (bottom)
R

WKHRSK\OORQHRPWDUHG WR SXUHS$GKHRISKOEXGO H D O (
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IRUPXODWLRQVREDGTJUWWURP WKH SODEKIERH RVEBK OI/W LR Q
R& 7KLV VXMWKMWRUPDWLRQ RI DPRUSKRXV VROLG GLVS|
HIWUXVLRQ DQWKAR G UMANWPWRGLHIIHFW RI WKHRSK\OOLQH RC
ZKLFK GHFWHBIVHIOVERRZWH\ HW DO
7KHUPDO JUDYLPHWULF DQDO\VLV RI 393 . VKRZV D GF
R& UHSUHVHRWVYW@XUH HYILSKPUDWHRIQ\JURV F RSLW KRGO KP H L
VDPSOH KDYWHWWRHWHE@E HWYLBFDWRU ZLWK VLOEREHWHOU X /W LD
HYHQW VKLI®VQVROO IRMWAXOBPMRQJ WKH HQWUDSFPHQW RI
LQVLGH WKH VROLG GLVSHUVLRQ P DMYWDLY RUWHDTXH UD QU PHDUH
DQG =DLQIZKHRSK\OOLQH DQG 393 . VKRZ W& B WLRH WVURIX\Q |
R& DQGR& UHVSHFWLYHO\ ,Q WKH IRUPXODWLRIRUWKH VI
WKHRSK\OOLQH DY BIBHYHMAMGLWLRQ WR WKH HYHQW RI 7
ZKLFK RYHUODSV ZLWK WKH GHXRZGYWUR® KRH WXD KRS K DMWAIR
FDQ EH VHHQ FOHDUO\ LQ WKH SODFHERZHRUBMWOB&/LRQ DV
JLIXUHUHSUHVHQWY WKH WKHUPDO JUDYLPHWULF DQDO\VI

TGA
100.00
3
< 8000 Pacebo
=
5 Theo
(0D}
=< 6000
& ——— PVP40K
%’ 40,00 Theo 20%
E = = =Theo 15%
20.00
......... Theo 10%
0.00

0.00 100.00 200.00 300.00 400.00 500.00 600.00
Temperature (°Q

Figure5.9 Thermal gravimetric analysis of the polymer, APl and extruded filament§R= immediate release, SR= sustained
release, Theo= theophylline.

SODFHER IRUPXODWLRQ DQG WKHLU FRPSRQHQWYV
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3:5"

SRZGHIDSLITUDFWLRQ

SDWWHUQV FRQILUP WRELRWGANVWHRYLRR $SOWKRXIK

IRUPXODWLRQ SDUWLDO FU\WWWDOOLQLW\ RI WKHRSK\OOLQ
WKH LQWHQVLW\ SHDNV DW RZKLFK FRWDUHYSRQG WR WKF
FU\WWDOOLQH IRUP LVUBU HWHIQSIFMOYRKM IRU WKH IRUPXO
SUHVHQFH RI WKHRSK\OOLQH FU\WWDOV LV WKH UHVXOW R
ZKLFK HLWKHU HAEWVHIGRIGWKKIHE3, LQ WKH SRO\PHU RU OHG W
EHFDXVBLRLWHG VSDFH LQ WKH SRO\PRIOHFGDHY W R RUL MK
FRQFHQWUDWLRF UNYOVED®D B POL W K H VIRR@ KD DWKIHRIQQ W H Q V L W

DW

DQFRG)LIXUH SUHWHQRHUDG L1 UDS /W R/GIW QBKH

IRUPXODWLRQV DQG WKHLU FRPSRQHQWYV

intensity

X-ray diffraction

Theophylline Theo 10% Theo 15% Theo 20% Talc PVP 40K
e S\ e, j\\.~
A S N L

A . A

j L\_.jL J\,,\_J\/\\_j}\\/\/\'\._/\_
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'LV VR O7M WWREMN GW LHQDIOR D OV
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$IWHU WKH SULQWLQJ WKH WDEOHW X Q 4% W KZGNHHQDE M ¥ PEY
ZLWK WKH WKUHH YD WIQDEBFHW LIRS MU RRHBNV DB HAD X YQ R |
WKH HIIHFW Rl KLJK GUXJ ORDG RQ WKIHG TB¥-R 6 K W\ HRO OHE. Q\
IDFLOLWDW HE\DWHPMREIOQJ LPSHUIHFW 7RGV H DI WHH MR MWD
ZHUH DVVHPEOHMR UXQ WKH GLVVROXWLR QDWW BWW QLR 0
JLIXUH VKRZ BKWVROXWLROQWHJGIMYE UHOHDWRNY DOO WKH
H[SHULPHQWDO GJHWLSIK)F WX @K O\

Table 5.4 Experimental drug release time matrix for the FlexiPill assembled tablet with the mean run release, the
mean time release and the grand mean (n=3).

5XQ QXP $YHUDJH UXQ
WLPH OHY H®
UHOHDVH
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$YHUDJH
SRLQW U WRWDO
‘\p UHOHDQOVH

Drug Release

90%

80%

70%

60%

50%

40%

Percentage drug release (%)

30%

20% | RIN6 ——RUN7 ——RUN8 -—RUN9 —=Run10
10% ~RIN1l ——RuN12 - RUN13 = Run14 - Run15

0% ¢
0 200 400 600 800 1000 1200 1400
Time (minutes)

'XULQJ WKH GLVVROXWLRQ WHVW WKH ,5 XQLWV GLVVROYF
WKH 65 XQLWYV UHOHDVHG WKHRSK\OOLQH E\ GLIIXVLRQ W
XQLWVYV UHPDLQHG L QRARDXFUWTR IRRIRUS BVUGH WWKRHO X WL R QDSURILO |
WLPH FIRWYWKH GHDQIRQDQOG®WKH HITHFW RI WKH LQGHSHQGI
RQ GUXJ UGIOWHE®BH DQDO\PRWG X'EHGD FARSDIR ¥YBHQWO\V LV
03&$ZDV BSGNHM® WKRXBKOW ULWL VD¥XWFIW O\ XVHG WR FRPSI
UHOHDVH SURILOHV EERDQMIRMIWO QWWUEH LPSOLFDWHG KH
FDQTW LQ YIHMMRXID VRH \SUIRVIKOBR REYLRXV UHIHUW®HAH $G
VLPLODULFD\QPIMOWRUH WKH GHJUHH RI YDULDELOLW\ ZKLFK
WR DQIWKN HIIHFW RI WKH GABWH Y8 QAD U MD7TEX®H @ N X B S H
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DQDO\VLY ORRNV DW WKH GU/RI UWEHDHMHPXDQY @ W& H UWPH S
OHYHRPSRQHQW FLDOF EGIDWHG IURP WKH DYHUDJH UHOHDVFH
SRLQWV +RZAHYHSDUDWH WKH VKDSH FRPSRQHQW IURP W
UHVLGXDO PDWUL[ ZDV FRQVWUXFWHG E\ WKEDZUDRVBLQJ W
WKFROXPQ PHMDEFRUGLPXDMRRODEOHUHSURMWHCHVUHVLGXDO
PDWUL]

Table 5.5 Modified residual matrix with level component removed.

Run 15 min. 30 min. 60 min. 120 min. 180 min. 360 min. | 540 min. 7_20 1440 min.
min.

1 -3.86 -0.84 0.022 0.021 0.055 0.052 0.036 -0.48 -2.74%
2 -0.044 1.07 0.03 0.024 0.021 0.014 0.014 0.001 0.12
3 -0.045 -4.41 -0.011 -0.004 | 8.28E-05 0.012 0.039 3.70 -0.31
4 -0.031 -0.061 -0.028 -0.018 -0.013 -0.003 0.016 2.14 8.77
5 -0.015 0.019 0.049 0.029 0.023 -0.004 -0.025 -0.77 -0.37
6 -0.008 0.015 0.028 0.024 0.014 -0.004 -0.008 0.38 -0.29
7 0.112 0.005 -0.043 -0.042 -0.061 -0.065 -0.027 -3.63 -4.23
8 0.038 -0.008 -0.013 -0.018 -0.007 -0.017 -0.015 -4.32 -4.35
9 0.005 0.082 0.045 0.032 0.013 0.002 -0.017 -2.29 -2.44
10 0.015 0.03 -0.006 -0.008 -0.003 -0.0002 -0.009 0.91 0.58
11 -0.012 -0.024 -0.039 -0.029 -0.024 0.042 0.046 4.19 2.51
12 -0.036 -0.056 -0.066 -0.043 -0.034 -0.002 0.039 5.28 6.57
13 -0.008 0.029 0.012 0.002 -0.0002 0.006 -0.02 -0.09 1.32
14 -0.018 0.013 0.03 0.018 0.01 0.022 -0.008 -0.12 -0.15
15 0.088 -0.005 -0.009 0.011 0.006 -0.054 -0.057 -4.90 -5.00
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3ULQFLSDO FRPSRQHBQWWL\D@®DO®WDWLVW LADKE PHIYKAR QRO
UHGXFWLR@RWDDHMR XQFRUUHODWHG FRPISR@YQWY S DKIL V
GLUHVWKR® GDWD IROORDQGLKIRD PXFWRHDFK GLUHFWLRQ
WKH GDWD (LJHQYDOXHV WR XQGHUVWDQ G WKHQ SB W H WQ
DO

7KHUHIBES$ ZDV SHUIRUPHG RQ W KRIU UMK i G/XTDCS 1P TRAUEFHX{U Y H V
FRPSRQHEWN H[WUDRKWEGD WAROCPX ODWLYH HLJAHQHDIRWW R
RQO\ WKHVH VKDSH FRPSRQHQWYV YILIXQ HE HD @GEADNHG | X U\
UHSUHVHQWHWKHFQWRWKHLU HHJWQDBWXIEVIURP 3&$

Scree Plot

Eigenvalue
N

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Component Number

Total Variance Explained

Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
Component Total % of variance  Cumulative % Total % of variance  Cumulative % Total % of variance ~ Cumulative %
1 7.038 46.920 46.920 7.038 46.920 46.920 6.895 45.969 45.969
2 4.623 30.823 77.743 4.623 30.823 77.743 3.839 25.595 71.564
3 1.949 12.991 90.734 1.949 12.991 90.734 2.876 19.170 90.734
4 .7T88 5.253 95.987
5 .299 1.991 97.978
6 146 976 98.954
7 130 .B66 99.820
8 027 180 100.000
9 9.302E-16 6.201E-15 100.000
10 6.760E-16 4.507E-15 100.000
11 3.534E-16 2.356E-15 100.000
12 2.811E-16 1.874E-15 100.000
13 1.299E-16 8.663E-16 100.000
14 -1.919E-16  -1.279E-15 100.000
15 -5.609E-16  -3.740E-15 100.000

Extraction Method: Principal Component Analysis.
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IHYHUWKHOHVV RQO\ WKH ILUVW VKDSH FRPSRQHQW ZDV \
YDULDEOE®H OLVWV WKH H[SHULPHQWDO GHVLJQ ZLWK

FRPSRQHQWV

7KHUHD I WWHXW | BVAKHH UHV S R QAVDHY XYDIG\ WL VW X G\ WKH HITHFW
LQILOO GHQVLW\ DQG QXPEHU3IRIO5RRQWWN O® YWIOHD)®G! [V K
GLVVROXWI$SRW KR¥YK PRUH FRPSOLFDWHG WKDQ WRPSDULC
PHWKRRQVLGHUV WKH VKDSH RI WKH FXUYH LQVWHDG RI M)
WKH VKDSH Rl WKH FXUYH FDQ KDYH FOLQLFDO VLJQLILFDC
GUXJ ORDVKEXPEHU RI ,5 XQLWYV KDYH VLIJQLILFDQW HIIHFW\
VKDSH RI WHKH jFCBEIRS DQ% SUHWKHW XUIDFH UHVSRQVH JUD.
VKDSH DQG OHYHO RI WKH GLVVROXWLRQ UHOHDVH SURILO

Table 5.7 Summary of the experiment design and level and shape variable calculated from M-PCA.

5XQ| /HYHO 6KDSH 6KDSH 6KDSH
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 QFUHDWEK®UXJ ORDG DQG WKH QXPEHU RI ,5 XQLWV ZLOO L
WKH GUXJ WKDW LV UHOHDVHG LPPHGLDWHO\HYHKDSOIWLQJ L
+RZHYHU LQILOO GHQVLW\ KDG QR VLJQLILFBQWKRMBIKEW |
SUHYLRXV SXEOLFDWLRQV VKRZHG WKDW GUXJ UBO®HDVH F
GHPRQVWUDWHG LQ LQ, WIKIOW ZRQN WM LY ZDV QRW WKH
WKH UHVXOW RI WKH KLJK SRURVLW\ RI WKH S DQOWHHIGHFWU >
RI WKH LQILOO RQ WKH SRURVLW\ RU WKH VXUIDBB DUHD
HTXDWDRQIJHQHWRWHIHGLFW WKH GLVVROXWLRQ FXUYH VKI
ORDG IRUPXODWLRWK$DXBEBEORI HQXGSUWYWERYWDULDEOH
VTXDUH RI WKH GUXJ ORDG DOVR KDG D VYILIXQUHLBRGW HIIH
7DEOHVKRZANKGHVLIQ SUBHQWKMLROHGLFWLRQ HTXDWLRQ UH'

Table 5.8 Prediction equation and statistical significance of each term.

,QWH| ,QILOO|[ &RQF 1R 8Q| $% $& % & $8 % 0 &8
HSW &

/JHYHO

SYDOXH

6KDSH

SYDOXH

7KLV ZRUN VKRZV WKDBWOWKGHYHZQ)®BRL EH XVHG WR DGM)
DFFRUGLQJ WR SDWLHQW QHHGV ZLWKRXW WKH QHHG WR
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VHWWLQJV 7KPWRYWRHKSOBYRQRQLRI PHGLFDWLRQ WR WKH
ZKLOH NHHSLQJ WKH ' SAR@QWURO AHGTRDQ@XM\FWXULQJ VLW
KDQG LQ WHKINMLD®RUKDG QR HIIHFW RRQWKGUX U XIRDBOKDG
VLIQLILFDQW HIIHEFW RQ GUXJ UHOHDVH EXW OHG WR D GHF
EOHQ@BLFK DIIHFWHG WKH TXDOLWL®0 VEKIN LBRURDQ LAKW \WKH
FDQ EH ,5 65 RUOSOMBAHBERWR SRVVLEOH FRQILJXUDWLR
UBHDVH SURIR®HGLQJ IOH[LEOH FRQWURO RYHU GUXJ UHOH

&RQFOXVLROQ

,Q FRQFOXVLAROLYHEY PHGLFQEHRI WKHWPRV \BIVG HW WH
GHYHORSPHQW RI WKH KHIPGWHB B G YV VW& P QUKNIGN ¥ B Q
D\DQH[FHOWOHFLOLW B WREHANRZ MWK QLILFSERDEEWZHHQ
WKH UHRRQDB®SOLFDWLRQ Rl ' SULQWLQJ DW D FCKIBMFDO O
WKH SRW EQWGEDHD WWRLAD FDIB LIVGDBAW URP@ WRI ' SULQWLQJ WR Pl
SHUVRQDOLVDWL R & UMSKSHOUWER WEBIR[QRY G H VD FQ DBDXE VW LW X W H
IRU FRPSRZIXLFK LV RQWPXPLQIURMB KXPDQ HUBRDSWHWKLV
WKH )OH[L3LHIOHBWRR @@ URIOD K® XJ UHOHDVH RD QWKMHER S K\ O ¢
WKH FRQILIJIXUDWLR® LEBE SWKRDIXKQ OWR UHLALHFA@WSDUHG WR
WDGLWRR@RKODWLROUDQ BHIWERREER QW UG@D XJ UHOW DADH
REVHUYHG WKDWLDIOLEDG QR VLJQLIRKDFR BHMHFWRRG W
VLJQLILEQI@WXEXAH/ER ODXOBRHIONH I8 KIQR/BIO W WULVER VLW DQG SU
TXDOLWRRIW BTXHQFH
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&KDSWHOHLOBHUVRAG®IODOJHVLI
3RO\SLOO

,(QWURGXFWLRQ

$V KDV EHHQ GLVEXVVHBOLRKOKPOHWHUHIEBUY WR WKH SUHVFE
PHGLFDWLRQV WR DGGUHVV VSHFLILF KHDOWK FRQGLWLRQ
JHULDWULF SDWLHQWY DQG WKRVH ZLWK IFM\KRB LSFUE VVIQD WK
RI FRQFRPLWDQWR UARKHG VWQRRQIMLVWLE HIIHEFWV VRXJKW DI
SURYLGHRIFKRQ HW DGRZHYHU RQH RI WKH PDMRU SUREO
SRO\SKDUPDF\ LV SDWLHQW DIGKKAKU FIRE@ HD WIRGWWKR KKLSK PRU\
JURXS RI SDWLHQWYV 5RVKHUMSBIOQHRDNHEYFH WR HQKDQFH SI
DGKHUHQFH WKH FRQFHSW RI D SRO\SLOO KDV EHHQ SUI
SRO\SKDUPDF\ LQFRUSRUDWLQJ PRUH WKDQ RQH DFEWLYH
ZLWKLQ D VLQJOH SKDUPDFHXWLFDO |IRUPX\®DMLHR @ HGRE B R/
LQ WKH VDPH RUDO GRVDJH IRUP FDQ GHFUHDVH WKH FRVW
7DQ ODQLUX]]DPDQ DQG 1RRKRBIFWKHVH FKURQLF GLVHD)
EHQHILW IURP SRO\SKDUWRIVFF KW SR G\BILO O & KIKLJKF SDL(
SUHYDOHQFH LQ GHYHDRBXQW IFRX QMRULHWR I WE&KHHSWR $X0 D W
&KURQLF SDLQ LV DOVR UHODWHG WR DQ[LHW\ GHSU
SRRU TXDOLWLORIRQLIFHQVHQ DQG 'LFKHQNIR@H LW KDV |
VXJIJHVWHG WKDW WKH RSWLPDO VWUDWHJ\ WR WUHDW F|
DQDOJHVLFV &RPELQLQJ SURGXFWV IHDWXULQJ GLVWLQF
DIIRUGY PXOWLPRGDO FRYHUDJH DFURVYV KD & LW KK \SHR W B Q W\
WR HOLFLW D VIQHUJLVWLE HIIHFW ORUHRYHU IURP D VDIH
GRVHV Rl HDFK FRQVWLWXHQW DQDOJHVLF ZLWKLQ WKH FF
LQFLGHQFH RI LQGLYLG»DO DG Y $E&E HWHISEIM®DIOO FDQ OHD
WKHQKDQFHPHQW RI SDWLHQW DGKHUHQFH E\ PLQLPL]LC
PHGLEDWLRQV UHTXLUHG IRU SDLQ PDQDJHPHQW
+RZHYHU WKH XW[GER PSRIRCSLPIOV ZLOO OLPLW WKH QXPE]
SDWLHQWY QHFHVVLWDWH SUHFLVHO\ LGHQWLFDO FRPELQTE
FXUUHQW SDUDGLJP QHHGV WR FKDQJH WR D PRUH IOH[LEO
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WR HDFK LQGLY LE®DXTL® SDWHHEQWHRGBOWLRQDOO\ WKH FRPE
PD\ KDYH GLIIHUHQW IRUPXODWLRQ UHTXLUHPHIWYUWRJIHQ
PXOWLSOHQGNFBPSOH[ PDQXIDFMAXOUR' QD BIKRFHNOWRQ DQC

7KH DGYHQWGRPHOQRUWRIHODO ' SULQWLQJ VWDQGV |
WHFKQRORJ\ WKDW KROGV SURPLVH IRU IDFLOLWDWLQJ WK
SRO\SLOO IRUPXODWLRQV 1XPHURXV HQGHDYRXUV KDYH E
SULQW L QEXI'\RWRPKLHDS RO \ SIREGOHDW WLQH] HW DO *LRXPR)
HW DO *RK HW7RBVH HQGHDYRXUV SULPDULO\ IRFXVH(
SRO\SLOOV GXULQJ WKH SULQWLQJ SURFHVV DGYRFDWL
SURFHGXUHV DW WKH SRLQW RI FDUH +RZHYHU WKLV SUDF
DOO WKH ZSCRHHM@WXFK SHUVRQDOLVDWLRQ GXH WR UHJXOI
WKH QHHG IRU RWKHU VROXWLRQV WKDW FDQ EULGJH WKL)
SHUVRQDOLVHG SRO\SLOO DQG UBRKQ@DWRH\YDRAIRKY 0RIUH
WHFKQLTXHV IXVH®WOP®HQW KDEULFWKHUHG VLIJQLILFDQ!
LWV VLPSOLFLWIIHFQ\Q YHRHYBYH EHHQ GLVFXVVHG LQ &
IHYHUWKHOHVV WKLV PHWKRG LV QRW ZLWKRXW LWV IRUP
SULQWLQJ WHPSHUDWXUHVY UHVWULFWHG GUXJ ORDGLQJ
&DLOOHDX[ HW7RI® KLJK SULQWLQJ WHPSHUDWXUH QHHGH
SRO\PHU WR EH H[WUXGHG RXW RI WKH SULQW KHDG F
5HVHDUFKHUV SUHYLRXVO\ KDYH DWWHPSWHG WKH XVH F
WHPSHUDWXUH 1RQHW K H®NWWLFKNVHUXWD ®IUSHQGHU WKH |
XQSULQWDEOH $GGLWLRQDOO\ WKH RSWLPDO PHWKRC
SKDUPDFHXWLFDO LQJUHGLHQW $3, LQWR ILODPHQW HQ
+RZHYHU HYHQ ZLWK WKLV WHFKDROQXHQ B K K I 1 RIPIGY/ WMH B HO
WKH SURGXFWLRQ RI ODUJHU SULQWOHWY WR DWWDLQ WK
WZR SULPDU\ REMHY¥WALKHMMUHRYW OWKWR GHYHORS DQ DQDC
HPSOR\LQJ WK®IO)GHMNLIQ ZKHUHLQ SHUVRQDOLVDWLRQ FLC
SULQWLQJ SKDVH WKURXJK WKH DVVHPEO\ RI SULQWHG X
UHTXLUHPHQWY B6HFRQGO\ WKH ZRUN VHHNV WR DGGUHV
LQKHUHQW LQ )'0 RQFFWWQEL@HTDWHG WHR PISHIKD \& X UGIW L Q
UHVWULFWHG GUXJ ORDGLQJ FDSDFLWLHYV
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SHVXOWLNGE&VVLRQ

)LODP3HIQMVEDUDWLRQ

$IWHU PL[LQJ HDFK IRUPXODWLRQ SRZGHU ZLWK D PRUWD|
HIWUXGHU 7KH H[WUXVLRQ WHPSHUDWX®XDE@OV WHWHQP
WHPSHUDWXKG® LQFUHDVH DW OIF RQ\WPW DXQQW LORZ RI WKH ILO
REVHUYHG IURP WKH GLH 7KHUHDIWHU WKH WHPSHUDWXU
E\ GHFUHDVLQJ WKH H[WHXVEZRQOV XM NEDON \K RJFK XHI[W U X VL |
WHPSHUDWXUHV GXH WR KIQHDBLWUXWRRRQVEGHEGHDVH LQ
GLDPHZKHBK U¥\QIGH ULODPHQW $KESHUWQ WO EOHQ WKH SULQW
ZDV SHUIRUPHIBPBWUDWXUH KLJKHU WKDQ WKH R[WQEVLRQ
DGMXVWHG WR RWMVH FOGRZ W H®G G UKV YWKHH SUHYLRXV FKDSWF
ZDV QRW DVVHVVHG XVLQJ WHQVLOH VWUHQJWK DV LW SL
WKDQ WKH DFWXDO SHUIRUBDQEMW REYHUYHG GXULQJ

'"HVLJQ BUO®WLQJ

7KH )BHQIO ZDV GHVLJQHG WR FRQVLVW RI IRXU XQLWV MRL
D VLQJOH GLVF WD E OMKSH UK IRQ DICALCDLIWIDRDHR | PHGLFLQHV |IF
SDWLHQW ZLWK HDVH WKURXJK DVVHPEOLQJ WKH UHTXLUH
XQLWYV 7KH GLPHQVI3RQ® RDIWKMH DON[HPEOLQJ WKH XQLWYV
DQG PP LQ GLDPHWHU UHPDLQLQJ EHORZ WKH )'$ V UHF
PP LQ GLDPHWWWDBHGUFEOHWVYLIXUHWRZY WKH GHVLJQ ¥
WKH BB DQIE QOHJLWHU SULQWLQJ DQG DVVHPEO\
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1:1
1:100

ilm_

7R PHHW WKH GUXJ UHOHDVH JRDOV IRU HDFK $3, D GLIIH!
HDFK IRUPXODWLRQ ,Q WKH IRUPXODWWREB RENMBPDEWEWM P
DFKLHYH LPPHGLDWH UHOHDVH XSRQ UHDFKLQJ WKH JDVWI
DWPLQLPXP LQ WKH RUDO FDYLW\ IRU WDVWH PDVNLQJ 7
393 . ZDV VHOHFWHG DV WKHRWYUWPPHOLORG\RHOHDVH |
SUHYLRXV FKRPSHWHHW (XGUDJLW (32 ( (32 D FDWLRQLF F
VROXEOH LQ PHSH B HOQRK P NMDMVRLIRIWEID GDWH IRU WDVWH
GXH WR LWV DELOLW\ WR UHGXFH WKH GLVVROXWLRQ UDWH
SRUILU\HYD HW DO & 1 3I'BIWSDWHWWEKQY DGYDQWDJH
NQRZQ IRU LWV EULWWOHQHVYV ZKLFK SRVHV FKDOOHQJH
SULQWLQJ ZKHQ «D/MHIGHDMO RQ&RQYHUVHO\ 393 . KDV D KLJ
WUDQVLWLRQ WHPSHUDWXUH 7J RI f& QHFHVVLWDWLQJ
GXULQJ ERWK H[WUXV®%RX) BIQBHEUDQNW. BI® ZLWK D ORZHU
R f& 1 3DWUD HWFD@® UHGXFH WKH RYHUDOO SURFHVVLQ
EOHQGHG ZLWK 393 . $FFRUGLQBRHFKWXHYRDWWXDWQE BF
D PLIWXUH RI WKH WZR SRO\PGHIMSMBRXRI G WKHRUHYV
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7kiwxon 73 1 7 JR[ HTXDWLRQ

'KHUH DQG DUH WKH ZHLJKW IUDFWLRQV pRilw ¥ WV WH R CSIR\OU F
WUDQVLWLRQ WHPSHUDWXUHV RD @& HIS R OWKHUIDON @ GVD Q G
WHPSHUDWXUHVY Rl WKH LQGLYLGXDO SRO\PHUV 7KLV VWUI
WKH HIWUXVLRQ DQG SULQMHZJISWHF S§RXD\PXWWHRSMY ZHUH
DWWHPSHUDWXUH RI .H® RUD GRYZ HWD .ROODPDUDP HV
+RZHYHU WKHVH DWWHPSWV W\SLFDOO\ UHTXLUHG KLJK S
UHGXFH WKH SURFHVVLQJ WHPSHUDWXUH ZKLFK LQ WXUQ
WKH SUHVHQW VWXG\ QHFHVVLWDWHG D UHODWLYHO\ KLJK
GRVH Rl SDUDFHWDPRO SUHVHQWLQJ DG®HWL.R® MK DR P3XX
LV D K\JURVFRSDRSRMWHU DFWV DV DEYGD¥WGFLYWR 1K
IRUPXODWLRQ ZKHUH 393 . L\WWKHIPDHQUDRIOWKRY FDQ
OHDG WR DQ LQFUHDVH LQ WKH PRELOLW\ RI WKH SRO\PH!
IRUPXODWLRQ 7KHUHIRUH WKH LQKRUSRWIRSBLRQSR D (P2
RIIHU D SURWHFWLYH HIIHFW WR WKH) FEBODXYQEWHRBQ $V
SDUDFHWDPRO DQG HTXLYDOHQMWQBREXQYE EDVATBWHG DW
f&,Q FRQFOXVLRQ FRPSDUHG WR WKH ,5 IRUPXODWLRQ |
FKDSWHU WKH LQFOXVLRQ RI ( (32 OHG WR D GHFUHDVH LQ
GUXJ ORDGLQJ WDVWH PDVNLQJ DQG SRWHQWLDOO\ HQF
FRPSDUHG WR WKH SUHYLRXV FKDSWHU ZKHUH 393 DORQH :
JRU WKH LEXSURIHQ )R UIPW KIDWLRIQH QEXUHYLRXVO\ GHPRQV)
FHOOXORVH (& FDQ EH WEKN HGR BUWQ %R DVHMMWDYHQWGE O |
XVLQJ YDULRXV UHOKHDYH PR @MLOZKHVHWKIY ZRUN XVHG HW
FHOOXORWHKH PDLQZERK\REXSURIHQ DQG (XGUDJLWV
WKH UHOHDVH PRGLILHU
(1 LV DQ DQLRQLF PHWKDFU\ODWH FRSRO\PHU WKDW L
D SURSHUW\ WKDW FRXOG EH XWLOLVHG LQ GHFUHDVLQ
DQG DFKLHYLQJ WDUJHWHG GUXJ UG QHDBDM U KWK HD G XR G
6XEVHTXHQWO\ 3(* . ZDV XVHG DV D FKDQQHOOLQJ DJHQW
WKH (& PDWUL]
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/IDVWO\ FDIIHLQH ZDV IRUPXODWHG ZLWK RQO\ 393 . DV
LPPHGLDWH UHOHDVH LQ ERWK7DEIOGIOH WG \E RMLFRPISK QM C
HDFK IRUPXODWLRQ ZLWK LWV H[WUXVLRQ DQG SULQWLQJ \

Table 6.1 Formulation contents with their extrusion and printing temperature.

YRUPXOD 393 (XGUD| (XGUD| (WK\O | 3(* | 7ULHY 7DOR $3,| ((WUXVL| 3ULQWLQ
(32 / FHOOX FLWU WHPSHU| WHPSHU

3DU)D f& f&

JEX fé& fé&

&D 1) f& f&

3DUD SDUDFHWDPRO |RURODMRLRQ | RAEDAD (ABLIRIQQH IRUPXODWLRQ

6FDQQLAHFWURWORVFRSH

7KH SULQWHG XQIBWWORZNMUKH V)PHQPIQHG XVLQJ 6(0 WR FKHFN
DQG WKH SULQWLQJ OD\HU ff PAQIH R WAKIRZ\ WAKHH IBDDBPHQW KD
PP GLDPHWHU KLJKHU WKDQ WKH H[WUXGHU GLH GLDPHWHU
WKDW WKH ILODPHRIW HQ PRIMOQYWRKIRWEKW BOHKH VXUIDFH RI
WKH ILODPHQW ZDV JHQHUDOO\ VPRRWK ZLWK VRPH FDYLWI
GLDPHWHU H[SDQVLRQ DIWHU OHDYLQJ WKH GLH ORUHRYHU
XQLIRUP ZLWK D PHDO KHLJIKWFRI LV VPDOOHU WKDQ WKH C
E\ WKH SULQWLQJ VRIWZDUH PP LQGLFDWLQJ WKH VKU
FRROLQJ DIWHULGKSBRVKWZIRQ@WKH 6(0 LPDJHV IRU WKH ILOD
SULQWHG XQLW RI 3DUD
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7
168.-31um

7
164.44um

WD39.4mm 10.0kV x70  500um

SE 12-Feb-24 2 WD27.5mm 10.0kV x300 100um

ORUHRYHUKPEX D URXJK VXUIDFH DQG OHVV GLH VZHOO EX
YHU\ LUUHJIXOWHKHEXMHX OORVRRQPYWOW YLVFRVLW\ DQG ORZ
SURSHUWWHNSUURSHWWGHKWWHGE! IORZ DQG VXUIDEBXUBWUHJIXOD
SUHVHMQWEW SULQWHG XQLW DQG ILODPHQW
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12-Feb-24 SE 22-May-24

T :
WD41.5mm 10.0kV x25 2 SE 22-May-24 WD23 .9mm 20.0kV x300 100um

)XUWKHURR BH IILODPHQW H[KLELWHG D GLDPHWHU RI PF
VZHOO $GGLWLRQDOO\ WKH ILODPHQW KDG D URXJK VXUID
VDPH GLUHFWLRQ RI HIWUXVLRQ DQG WKLV FRXOG EH D\
IRUPXODWIDRQGQHHWHDVHG IORZ WKDW UHVXOWHG LQ DQ LUUL
) KDG WKLFNHU SULQWLQJ OD\HUV GXHIYWMRHEWNVOIRAVY LWEKR
6(0 LPDJHV IRU WKH ILODPHQW DQX WKH SULQWHG XQLW RI
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SE 21-May-24 21-May-24 WD18 .5mm 20.0kV x300 100um

7KHUBQDO\VLV

7KHUPDO DQDO\VLV IRU WD W 8 H H HR URPUHRGX &/IRWHYRBDO X DW H D
EHWZHHQ WKH $3,V DQG WKH SRO\PHU PL[ 'LIIHUHQWLDO
FRQILUPHG WKDW ERWK LEXSURIHQ DQG FDIIHLQH KDYH
GLVSHUVLRQ DV LQGLFDWHG E\ WKH BEPHRBSHBRNWRW PHOF
DQG f& UHVSHFWLYHO\ +RZHWKIH PHQ® WKH BMHDN H[KL
GHFUHDVH LQ LQWHQVLW\ DQG D \LIQA W DWRRJ W& DMWR SD !
UHWDLQHG VRPH FU\WWDOOLQLW\ DQG G L GJSKRXW KM WHR
+RZHYHU D SRO\PRUSKLF FKDQJH IURP WKH VWDEOH IRUP
SDUDFHWDPRO KDYH DFFUXHG WR WKH SDUW WKDW GLG Q
JLIXUHSUHVHQWYV '6& IRU DOO WRBKH LRKPWRBWERBY LWV S
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7TKHUHDIWHU WKHUPDO JUDYLPHWULF DQDO\VLV 7*$ ZD)\
WKHUPDO GHJUDGDWLRQ RI HDFK RI WKH FRPSRQHQWYV DQG
(32 ( (32 VKRZV D GHFUHDVH RI OHVV WHHDgQFW IX@J WRKH

PRLVWXUH FRQWHQW RI WKH SXUH SRO\PKK32 YKR2VKWBERD O
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VWHSI8HJUD G DKH RIGODWWME HWZHHQ f& ZLWK D GHFUHDVH |
ZHLIKAMRUUHVSRBEBRRW KRB GLPHWK\ODPLQR JURXSV 7KH VH
f& WR f&DZLWEHFUHDVH FRWWR WBRK) GXOO GHFRPSRVLW
SRO\PARUILU\HYD HW3B® . WKHUPDO GHJUDGDWIQRQ VWDU\
GHFUHDVH LQ ZHLJKWfBEWWEHHQSRQGLQJ WR PRLVWXUH HY
WKH SRO\PHU +RZHYHU WKH PDLQ GHJUDGDWLRQ HYHQW
GHJUDGDWLRQ VWDUW DW f& )LQDO®\RW R KO®MNIUDE VW R
WZR VWHSV Rl GHJUDGDW LR QUINW ZGHIQ D-GRAMIYRIQ VWKIES NLW T
WHPSHUDWXUH WKDQ WKDW RIWKRB2HUOP&SIGXHRWRSDUDF#
GHJUDGDWLRQ ZLWK WKH UHPRYDO RI WKH GLPHWK\ODPLQ
WKH VHFRQG VW H/SVRRVUKH WHERGG2VEHISJRGDWLRQ DQG 393
GHJUDGDWIXR®$ VKRZV WKH WKHUPDO JUDYLPHMUG A \WQDO
FRPSRQHQWYV
Y)XUWKHUPRUH WKH GHJUDGDWLRQ Rl SXUH HEMEBHRSIHRQNV W I
GHJUDGDWDLWQ UYBWH& GHJUDGDWLRQ ZDD/QIEQ® W WDGHIE DGH
FRPSOHWHO\ DW  fBRQG /3(* ERWK VWDUW WKHLU WKHU
DURXQG f& 7KKNHBRUWKRZY WZRRVGHISND G DVKLHR QL UV W
FRUUHWSRQWKH HDUO\ GHIDQG DWKIHR QHEIR,EX LQGLFDWHYV Wi
RI WKH SRO\PHUYIYXPHMWEUHVHQWY WKHDIOS IRWV, ERPSRQHQ
/IDVWO\ WKH GHJUDGDWLRQ RI FDIIHLQH VWDUWV DW  f&
&DI VKRZV WZR WKHUPDO GHJUDGDWLRQ VWHSV WKH ILUVV

D GHFUHDVH LQ ZHLJKW FRUUHVSRQGV WR WKH GHJL
HYDSWRURQ RI 7(& DQG D VHFRQG EHWZHHQ f& DQG f& Z
WKLY FRUUHVSRQGV WR WKH GHJUDGDWLRQ RI 393 . DQG

WKH ZHLJKW RI WDOF SRZGHU LQ WKH IRUPXODWLRQ ZKLFK
WID f& JLIXUH& SUHVHQWY WKH) D® GRIUN&DFRPSRQHQWV
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JRXULHU 7UDQVIRUP ,QIUDUHG 6SHFWURVFR

)7,5 VSHFWUD ZHUH HYDOXDWHG WR F3FR®D LRHU W IQNV H6& DUFRWDOR
WKH SRO\PRUSKLF FKDQJH LQ SDUDFHWDPRO 3DUDFHWD
SRO\PRUSKV LQ DGGLWLRQ WR WKH DPRUSKRXV IRUP )RUP
WKH WRKHQPPLFDOO\ VWDEOH IRUP %R@WKWKRRKRPEDRRE QD W
EXW IRUP ,, LV PMHMSBRVYWDEOHY RQO\ VWDEOH XQGHU FH
=LPPHUPDQQ DQG %DUBRRFEL{.RXQEMRXUHOOLY DQG 0DOD!
)7,5 VSHFWUXP Rl SDUDFHWDPRO IRUPXODWLRQ VKRZV PDQ
SRZGHU PL[ LQGLFDWLQJ WKDW H[WUXVLRQ DQG ' SULQWL
SRO\PHU PL[ DQG SDKBFISWDIR RDW FRUUHVSRQGLQJ
YLEUDWLRQV RI & 2 KDV VKORUM®R Y8ARGHIRBPDWLRQ YLEUD'
ZKLFK LV UHIOHFWHG DV WUDQVPLVNLROHGHWDR DW FPF
)XUWKHUWRUBHEIDWZBMWQ FRZLWK UHSUHVHQWY LQWUDPROH
RI WKH PRQRFORQ@LKEHIBHPN DW ZKLFK DSSHDUV LQ ERWK IR
GHFUHDVWBI[WUXVLRQ DQG SULQWLQJ LQGLFDWLQJ D SRO!
PRQRFOLQLF WR IRUP ,, RUWKRUKRBRRELEQGXHWWQD CSURFHW® X!
3DULPDODGHYL DQG 6UHIQLYHDWOIWYV RI )7,5 ZLWK WKH UH"
LQGLFDWH WKDW SDUDFHWDPRO KDV IRUPHG DPRUSKRXV \
PL[ SDUWLDOO\ ZKLOH WKH UHPDLQLQJ FU\VWDO KDYH J
WUDQVIRUPDWLRQ WR WKH PHWD,V WK VRAWREZKNRW KR P)ZLF |
VSHFWUXP )RNQIDUWY SK\VLFDO PL[WXUH

7KH )7,5 VSHFWUXP )RGHPR) WBDV EWWMH VKLIW LQ WKH &+

VIPPHWULFDO VWUHWPMKRIURP&® Q&OD UHG VKLIW LQ WKH DV
VWUHWFKLQJ SHDNVWRRP &O0BKLV UHIOHFWV WKH QRQSRO
EHWZHHQ WHRX&S+LQ WKH LEXSURIHQ DQG WKH HWK\O HWKH !
SRO\PHDPXNXWW\ DQG 5DPDFKRQIBAMBIQVLRQ WKH YHU\ VWU
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EDQG UHSUHVHQWLQJ & 2 VWUHWFKLQJ DOVR VKLIWHG WR
VXJIJHVWYV WKH IRUPDWLRQ RI VROV&RZW BKUVILREY VAHRKWH

Para-Fafter printing —Para-Fpowder mixture

Mgy
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) b .
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JEX DQG LWV SK\VLFDO PL[WXUH

BXEVHTXHQWO\ WKH )7,5 VSHFWRZ\P DRWKWKHLEDWKH SHDN
ZKLFK FRUUHVSRQGVY WR & 2 VWUHWFKLQJ WR $GGL
DQG ZKLFK FRUUBEWSROQIWWRLJ DQG & & VWUHWEKL
KDYRWWRO/KLIWHG LQ WKH IRUPXOD®NRQ MSB FW X EB\DWU D M
FRQILUPV WKH UHVXOW REWDLQHG IURP '6& UHJDUGLQJ W

GLVSHUVLRQ IRU WKLV IRUPXODNWREY WKHEHDOG VVEHRXWH XP |
) DQG LWV SK\VLFDO PL[WXUH

"\QDPIOBSRBRIUSWLRQ

"\QDPLF YDSRXU VRUSWLRQ '96 ZDV SHUIRUPHG WR WHVW
IRURISDUDFHWDPRO LQ WKH IRWDPXCPDL\WRQH ,RIVEXBD G. DIQ G
(32 D FRQWURO IRUPXODWLRQ ZLWK 393 VKRZYOD ZPDH\D @ V I

PD[LPXP ZDWHU YDSRXU VRUSWLRQ RI ZKLOH WKH
VRUSWLRQ ZDV ZLWK D VLIQLILFDQWYDLOMHIHQKH\VEHW Z
FFIRbefore & after DVS DVS

18 WWW
16 125759 wa

—=Corirol formulation before DVS.

Qontrol formulationafter VS

Net chage in mass(%0)

0 10 20 30 40 50 60 70 80 90
Relative Humidity(%)

=f=ntrol Srp —<—Qntrol Desorp  =M=Para-FSorp  —@—Para-FDesorp
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UHVXOW UHIOHFWV WKH HIITHFW RI ( (32 LQ GHFUHDVLQJ WK
$GGLWLRQDOO\ WKH FRQWURO IRUPXODWLRQ KDG DQ RSHQ
LQ WKH IRUPXODW LR QGHWRHE W IKRQERVESMFL\R QX P RW WM FR
IRUPXODWLRQ EHIRUH '96 LQGLFDWLQJ WKH SUHVHQFH RI IF
)7,5 VSHFWUXP IRU WKH FRQWURO IRUPXODWLRQ DIWHU W
VWDEOH IRUP , E\ WKH GLVDSSHDUDQFH RI WKH FIXQG®DFWH

ZKLFK FRUUHVSRQG WR D® R{WEYO DQWHUW R U DLRQWL IR
PRQRFOLQLF ODWWLFHSRIRWEH VROEORXIRWE®OLY DQG 0DOD
+RZHYHU WKH )7,5 )REJHWRKIH IDQ® DIWHU WKH '96 VKRZ QR
LQGLFDWHY WKDW IRUP , RI SDUDFHW®GRRRULSWIL@ W CFR WO DI \&
LV DOVR HYLGHQW E\ WKH FORVH K\WWHUHVLV LQ WKH '9
LOQBBRUDWLRQ RI ( (32 LQ WKH IRUPXODWLRQ QRW PHUHO\
WKH IRUPXODWLRQ EXW DOVR SURWHFWHG WKH $3, IURP
FRQGLWLRQV SUBXHB®WY WKH LVRWKHUP SORW IRU WKH VR
ERWKD3MWRG LWV FRQWURO ZLWK WKH )7,5 VSHFWUXP IRU F
DIWHU WKH F\FOH

5KHRORJ\

7KH UKHRORJLFDO SURSHUWLHY RI WKH IRUPXODWLRQV Zt
SULQWLQJ SURFHVV DQG WKH UHDVRQ EHKLQG WKH GLIIHU
WKH IRUPXODWLRQV 7KHUHIRUH WKH FRPSOH[ YLVFRVLW
PHDV®BUZHKLOH SHUIRUPLQJ D IUHTXHQF\ VZHHS DW WKH SUL
WKH IRUPXODWLRQV WR GHWHUPLQH WKH YLYF RHYSRWYVFH U
WR LQFUHDVLQJ IUHTXHQF\ DOO WKUMHKLRQRRO BEMKDQYV R
LQEOWHG E\ WKHLU VKHDDKLG & HIHWWV WEKOXQHY 7KH VKHDU LC
SDUDPHWHU GHULYH® DURPRW KB BAKDHW TXDQWLILHV WKH 10|
1HZWRQLD® YDDOOLKBW OHVV WKDQ  WIQ®LFIDQNH SAKHDOGR S O
EHKDYLRXU ZKHUH YLVFRVLW\ GHFUHW)KHYWKAKP RQ FIU HDED\OL
IRUPXODWLRQV KDG VKHDU YL\BBPRVRAW\KQREHUHVKBQFLHYV

DJUWH WHKKH Y L\OALRALMWA SUHYLRXVO\ E\ 4D KWDRQWB®W DOQLIRU
HW DO 7KH FRPSOH[ YLVFRVLW\ Rl WKH IRUPXRBWURQV GHI
) ! &D)I! ,EX 7KLV WUHQG DOLJQV ZLWK WKH OD\HU FRQVLV!
LPDJHVY LQGLFDWLQJ WKDW WKH )'0 SULQWHU UHTXLUHYV
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DFKLHYH PRUH FRQVLVW H@WW®D\HYKGHBIRMRKMRBDRPSRQHQV
PRGXOXV ZDV KLJKHU WKDQ WKH HODVWLF FRPSRQHQW D
IRUPXODWLRQEQLFDRLWY WKDW DW SULQWLQJ WHPSHUDWXU
PRUH OLNH D OLTXLG ZKLOH IORZLQJ WXKWHRKH KWWK MLE RR]V
FRPSOH[ FRPSBOM@NVNW I[UHTXHQF\ VKHDU PRGXOXV HOI
FRPSRQHQWY DJDLQVW IUHTXHQF\ DQG WKH VKHDU LQGH]

Complex viscosity Vs Frequancy

—&— Para-F A— Caff-F —8—bu-F

A
? A,
[ A—p
A
2 100.00 A
3
=

Fequancy(Hz)

Shear modulus elastic and viscous component Vs Frequancy

Shearindex

—B—Para-F (viscous component) —e—Para-F (elasticcomponent) —m—bu-F (viscous component)

—e—Ibu-F(elastic component) = Giff-F ) —e—CiffF ) 08

1,000,000.00 0.7

100,000.00 06
-
_—*
——
’.,‘ [
10000.00 = 05

Shear modulus(Pa)
)
g
5

100.00

1000

Frequancy(Hz) Para-F CaftF lou-F

&KURPDWRJUBRSKOWH QW \DWRD XWLRQ

6XEVHTXHQWO\ DQ +3/& PHWKRG ZDV GHYHORSHG IRU FR(
WKUHH $3,V 7KH +3/& P HDMXHRIG\\DHASHL BIFWGRQ IRU WKH WKUHI
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WDEOHW 7KH UHWHQWLRQ WLPHV IRU SDUDFHWDPRO FDIII
UHVSHFWLYHOWRKRRBRZXYUWKH FKURMXXWER &UPDHPWKIRG DQG WK
WKUHH $3,V UHWHQWLRQ SHDNYV

mAl
700

600

— 1.8895 - PARACETAMOL
H-ARS—IBUPREFEN

500

400

300

200

- 2.810 - CAFFEINE

100

1 2 3 4 5 6 7 i

Figure6.10 Chromatogram for the HPLC method showing the retention time for the three APIs.

7KHUHDIWHU GUXJ FRQWHQW ZDV DERYHDORIR YV \WID®G DRAG
GHYLDWLRQ 7KLV GHFUHDVH LQ GUXJ FRQWHQW FDQ EH |
PL[LQJ DQG RU H[WUX\VIWRHNHJWEOWKH XQLWYIV PHDQ ZHLJ
FRQWHQW LQ HDFK RI WKH SULQWHG XQLWYV

Table6.2 OHDQ XQLWVY ZHLJKW DQG GUXJ FRQWHQW IRU WKH WKUHH IRUP)

OHDQ X6 PJ OHDQ GJ| 6
ZHLIKW P FRQWHQW
3D UD
,EX
&D 1)

Para-F= paracetamol formulation; Ibu-f= ibuprofen formulation; Caff-f= caffeine formulation.

7KH SRO\SLOO zZzDV DVVHPEOHG LQ WKUHH GLIITHUHQW FRQI
SDUDFHWDPRO LEXSURIHQ DQG FDIIHLQH XQLWYV UHVSHFW
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DELOLW\ RBIVOIOHWRH[RQWURO GRVH ZLWK HXWDH DH) GQNVGRRW H \
RQ WKH UDWH RI GUXJ UHOHDVH $003W®O HH B R &lQ DXHBWLJ
DFLGLF DQG DONDOLQH PHGLD WR VLPXODWH WKH UHOL
JDVWURLQWHVWLQDO WUDFW )LUVWO\ QWONWHOBDMH RQW
IDVWHU LQ WKH DPMLIBAXHPHGLXP ZEWK D \PH RQ RNHHOH DIWH
RQH KRXU LQ WKH DFLGLF PHGLXP DQG OHVV WKDQ LQ
WKLV IRUPXODWLRQ ZLOO PDVN WKH EIWH®HD WHHXIWD 8 |ESD VW
LQVLGH WKH DONDOLQH PHQIQX ?VHRW KAHUH WRRLEESD VAKORYZDWV \
VLIJQLILFDQW GLIIHUHQFH EHWZHHQ WKH UHOHDVH LQ WKH
PHGLXP/DOXH 7KH UHOHDVH LQ WKH DFLGLF PHGLXP
WKDQ ZKHUHDV WKH UROGDWIHIKZADW LQ WKH DONDOLQH
VLIJQADQW GLIIHUHQFH LQ UHOHDVH FDQ SURYLGH WKH
UHTXLUHG IURP WKH IRUPXODWKRRZ GRIWH R QNUD HEXRD WK H
PRGLILHU ( /WKH GUXJ UHOHDVH ZDV QRW FRPSOHWH LQ K
ZRUN KLJKHU SHWRHDMDIMHRPIRGLILHU VKRXOG EH XVHG WR
<DQJ HW DO)XUWKHUPRUH WKH UHOHDVHR GQQBAW I+f\ XFEIK W/
PRGHO ZKLFK LV W\SLFDO RI D ILFNLDQ GLBIKWURG RXIOWBRRX
3DSDGRNRVWDNL DQG 6DEORSRMHIRXVLQFH GUXJ UHOHDVH
NLQHWLF VWXG\ FDQ RQOQ LFMQ G EH ZRUN QHHGYV WR |
UHVXOW /DVWO\ GUXJ UH O HDNG®IHIDNPLDKWHK HP P FHIGEGIDFVBIQ G
DONDOLQH PHGLXP ZDV VLPLODU ZLWK/D®RXMNLJIQLILFDKHN
UHOHDVH IORZBEULWWOHDVH NMHWHWUMROBADWHK RIYWKLQ WKFE
PLQXWHYV J)LOQDOO\ WKH FKDQJH LQ $3, GRVH E\ LQFUHD\
XQLWYV GLG QRW DIIHFW WKHN&H XIR WPXOEPNHRIQAXD QX &+ 061\6
1:76+\U0X06Uj\06TU 20" 26e eUAXTHX VARG B1H\EX: eed\UiU&:2\el:
X6+6i\6UXIedU 2716Ub62762eU: UiXj Ueé:2¢é62eXie :2aXBIH6126W e U\ |
X1j+ie :2\RU ABWDBXX\&:76+aU :2U e 60U :e00aXU d ARAUINj U X6+061\
foUB2T\U:2Ue 6UX0611 2 2 UiXj Ueé:2e62eXie :2aU-mduoi\bar11:2
X1lj+ie 2006} Ui2TUTRUFQOPQPYU1:10+U«i\U 2¢+ji0iUax0beij\oU ¢
XUT TjW2eX:++06TUX0+0601\0U X:1UIUU:X:j\UlieX ,aU: ed62U:\0
U,6eX:U:j+:\au ,iuit:":\el" au (27U «igWJ*jéJUF QO®PIBFOX U 1:76+L
UiXe &j+iX+...Uj\d6 j+U : XU :X1j+ie :2\Ue 6X06UTXj UX6+061\0U \U«
U:+..16X eU 1ieX ,RU [I\e+i.auWud\gulXiordellagxiuu+ 67U I\U iU
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lie 61ie éi+UIUUX:1é& Ue:UT6\eéX a@06U1TXj UXo6+06i\d6U16e 12 \1\aU
T 7j\ 200270 6X:\ :2U é:2eX axjedU e:Ue 6U X6+061\06U UX:e6\\RU *
ceeel 267U X:1Ue \U1:76+UUX:} 76\U 2\ eU 2e:Ue- 6e 6XUIXj L
T 7j\ 2aU (2:171+:j\U eXi2\U: Xelale:XiQ\ Ut X e B ti2 e+ 207U XO0+01\0)
U,lIXI" UbeUIRRU Q@PWYORSTAU eU 27 éfled\U> &' [2U17 7j\ :2aU
UX 11X +..U é:2eX:++6TU @..UT j\ :2RU ® 62U 2U i++\U xb6e+0602
f2:171+:j\U eXi2\U:XeaUlU 106i2 2 Ue 06U X6+06i\6U 16¢& i2 \1U 2}:+}6
T 7\ 200270 U+ ... iled XARXHDI+D,2U0 6,600 7T\UORWN & XIQ2\U2XealU,r OB
TXj UX06+601\6U \UT:1 2iediUe..UU:+...16XU\ed++ 2 Ul21UB8X:\ 2R
>: XU RiUe GO BXeU1:T6+UUX:} 1601Ue 6Uaeb6\eUxtelU :XUTXj UX0+0I
UgORXXXVyaU 271 éfle 2 Ue fleUe 0UTXj] UX6+0ROUSIALH2X RIUX 6+HU.. |
F jé U1:76+Ui+\:U\ :e0TUIUX0%dORBYPQyalWjediet2 Ue feU\:16
UT 7j\ 2BeX xjedilUe:Ue 6UX06+061\0RUI2Ue 6UTe T a0 (U (,iU
6X:\ :2U:2Ue 0UU:+..10XUé:2eX &xjedilUe:Ue 6U10& i2 \1U: UiTX]j
e OUU:+..16XUlieX ,Xxi@iX: 26 & BiX\e
F:e0}06XaU 2Uf2U0+'1+ 26U 167 jB,AUE W X OHWUXR 167U e 6U @b
UgORXXVVaU2qORSQQPyaU\j 6\e 2 UlUeé:1ae 2fe28N:+WaTU\ ::
X6+06i\oUu> &' i2U7T Tj\meydd0d 16 BproRaetX URyUI+\:UT61:2\eXiedTUI
+eaUX06 2 :Xé 2 Ue 6UX: fidW:0DRa2e XXl \aR U" 6 U OXUX:+6U
e \U62} X:2162eUeéi2U&x06UleeX ®jediUe:Ue 6U 2\:+jae + e..U:
F62&6aUe 6U1 \é &+0U ,IXrji\UXGBM6:1281W e
>:XU@I 0 26UX06+01\0U 2Ue:e Uié T eUI2TWIXTOX QD116 +2A0UeX: P \i2dU E
e 06Uz 6\ egDHeX MW B0 2MIETWaUX6\Ubee }6+...yaU 21 éie 2 Ue ieU
ToUB2T62eU 12U é:2¢62eXie :2RU 12U e 6U e 1 RAULHIN YL DGer BU X
UgORWXVWAaU2qORTOPWYUI+\:U\j 6\ediUe feUi2:11+:j\UeXi2\U
i2fU06X:\ :2a0U+i...67UTUX:+60 20 ei 6 26U X6+06i\6RU 120 12U i+
X:X\16A.®XUI\U 1:16¢@AMW SXXaU2qORROVPYU 271 ¢iedtl\d feU > &
1:X6U17:1 2i2eU 2Ue \UO6Z KL 2ib&r2eReel@2jU-i\U2:eU 2}6\e iediU
+:eUUBXE02el 6U: UiXj UX6+6i\6aUe & U+ 1RRNIDEUGHUDPIG®U: U1l
7DEOHSUHVHQW WKH UHOHDVH SURILOH IRU WKRRMGKHOHH SU
UHV IHEHW
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Paracetamol release

—@— |n acidic medium —®— N alkalin medium
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Caffeine release
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Table 6.3 Kinetic drug release models fitting for the paracetamol, caffeine and ibuprofen units.

%ORXTO) > XAXidoX F je \U F:U 626X \U1 X:X\16.A,6X¥UI\L

1:76+ 1:76+
JAXEBR O X6+61\0R  ORWXVT ORXXXV ORXUPQ ORWWXQ ORXUQPUUG2qU
X6 X6\ :2R 2Rje i
JAXEBR X6+0I\0B  ORXQVX ORXSWS ORXXSR ORXOVR ORXXVVUiG2qU(
X6 X6\ 2R 2R
iT>R X6+06i16%6+ OBRVTSS ORXXWU ORWTT ORVXTX ORWXVWUG2qU
X6 X6\ :2RB 2Wie i
iT>R X6+06I\6R ORUUTT ORWTTW ORVVXU ORVRSU ORWSXXUiu2qU

X0 X0\ :2R 2RI

&RQFOXVLROQ

,Q WKLV FWBSWHHVVIXDWXROQOMIG 'HSRVLWLRQ ORGHOOLC
WHFKQRORJ\ WR SURGXFH D IOH[LEOH G R $HOPR P/ESLHL\WLFRJ
GHVLJQHG IRU SDLQBBPRQNRAHI®WHGQRYDWLYH GBMROQ RI
FRPSULVHV IRXU PRGXODU XQLWV WKDW FDQ EH DVVHPEO}
SHUVRQDOLVHG WUHDWPHQW ZLWKRXW QHFHVVLWDWLQJ

J)OHLOO V\VWHP LV HQJLQHHUHG WR GHOLYHU PXOWLSOH
IOH[LEOH DSSURDFK WR G U XIJWLIRQUEDR QRLED B QGLEX\DWRSPDW L
(DFK PRGXODU XQLW3ZOWHKLVOFWEBEBOH[RI KRXVLQJ GLIITHUHQ
DQG FDQ EH IRUPXODWHG ZLWK GLVWLQFW GUXJ UHOHDV
FKDUDFWHULVWLFV DQG IRUPXODWLRQ UHTXLUHPHQWYV RI |
ORUHRYHU WKLV ZRUN DGGUHVVHV FRPPRQ OLPLWDWLRQV
VXFK DV WKH KLJK SULQWLQJ WHPSHUDWXUHY DQG ORZ GU;
D SRO\PHU PL[WXUH RI 393 . DQG (XGUDJLW (32 LQ D Ul
VLIJQLOMFO\ KLIJKHU GUXJ ORDGLQJ FDSDFLW\ R ZKLOH D
WHPSHUDWXUHV 7KLV DGYDQFHPHQW LQ PDWHULDO VHOHF
EXW DOVR PLWLJDWHV WKH FK DVHPIS® UDW SRN HSU LEQ WKLLQIK
H[SDQGLQDSMIOLFDELOLW\ RI )'0 WHFKQRORJ\ LQ SKDUPDFH
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UHVHDUFK KLJKOLJKWYV WKH SRWHQWLDO RI )'0 ' SULQWL
PHGLFLQH E\ RIITHWIEDHFRBKWEIRAIHOLYHU\ VA\VWHPV ZLWK DGD
SURILOHVY DOO ZKLOH DGGUHVVLQJ WKH WHFKQRORJLFDO F

WKLV PDQXIDFWXULQJ SURFHVYV
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&KDSWHOHMLOWIOH[LEOH GRVH FRPI
ZLWKORDWLQJ HOHPHQW

 QWURGXFWLRQ

+\SHUWHQVLRQ LV RQH RI WKH PDMRU ULVN IDFWRUV IRU
UHQDO GLVHDVH DIIHFWLQJ .HIRJQMK H \& REBOODRDRIE PRV W
FOLQLFDO K\SHUWHQVLRQ UHVHDUFKHV UHIOHFW WKH HII
UHGXFLQJ &9 *H6 HOWHWUJLRXIRQHWKHOHVYV PDQ\ VWXGLHV L
OHVV WKDQ RIVWKEBFKDWKHRW V\VWROLF EORW & WBIWRXVKW
DO $PDU HW DO OXNHWH DA YHWEBANM) RQGERQWURO
DWWULEXWHG WR SUDFWLWLRQHUV DYRLGLQJ DJJUHVVLY
K\SHUWHOSLBWHUJLRXRZHYHU RWKHU UHYLHZV VXJIJHVW W
SUHVVXUH FRQWURO UHPDLQV FKDOOHQJLQJ HYHQ LQ FOL
DQG SK\VLFLDQ H[SHUWQVEFRDHDRGVXIUMHBRIQVHTXHQWO\ W
UHFHQW JXLGHOLQHV UHFRPPHQGDWLRQ ZDV WR VWDU\
DQWLK\SHUWHQNQO®HDPM BW DO 8Q$BG IHW. PRQDOO\ WK
DYDLODEOH VXJJHVW WKDW PRUH WKDQ RI WKH SDWLHQ\
UHTXLUH DW OHDVW WZR DQWDIG\BBHQWMQBOYH DJHQBPLWK

', 6PLWK /HQQRQ DQG &DUGHWUMNDHUEVLRQ KDV D PXOV
SDWKRSK\WLRORJ\ KHQFH D FRPELQDWLRQ RI PRUH WKDQ |
GHFUHDVHV VLGB HMWHUNYRXHYHUWKHOHVYV SRS HFKDWRD F\
LQ JHULDWUIF®D G DOMIHQWR D UHGXFWLRQ LQ WKH DGKHUHC
HYHQWXDOO\OXWYWIHLDRGHHUGLQDQG THHHDIZHHRWBIO D E X C
RI UHVHDUFK KDV GLUHFWHG ®RWHWHRRPIER Q DWRLZFEOQAG V) 'I& [ IRE
DV WKH VROXWLRQ WR LPSURYH DGKHUHQFH D®H &IHMVBKY¥H V
HW DO 'DOG HW DO DV*KBXB EHHQ GLVFXVVHG SUHY
3RO\SLPOURKIHKHUHGPH)'& LV D VLQJOH GRVDJH IRUP WKDYV
WKDQ RQH $3, DQG LW FDQ EH GHOLYHUHG DV D FDSVXO
IHYHUWKHOHVV )'&V KDYH PDQ\ FRQFHUQV VXFK DV WKH G
RI WKH FRPSRQHQWW B UHDMKPHMWVGLYVFRQWLQXDWLRQ S
FKHPLFDO LQWHUDFWLRQ EHWZHHQ WKH GLIIHUHQW §
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SKDUPDFRNLQHWLFV ZKLFK OHDGV WR GLIIHUHQFHV LQ IR
FRPSRQKBAW 1DLN DQG 6ULQDWK+BHMEYAHU LQ UHFHQW \HL
DGYDQFHPHQWY LQ ' SULQWLQJ KDYH HQFRXUDJHG PDQ\ L
XVH RI WKLV WHFKQRORJ\ WR SULQW SRO\SLOOV WKDW FD
QHHGV DW WKH SS®IGIW RNVEBIEHHW DO % & 3HUHLUD H
ODUWLQH] HW DO .K DIKDGJ PVFEIRWLFDO UHVHDUFK LQWL
WHFKQRORMWHVXVHG ILODPHQW IDEULFDWLRQ UHPDLQV W
VLPSOLFLWWHD®GEG WRKMDIHI/VYHD X[ HW DO

+RZHYHU ' SULQWWHE SKHNWRITHXWLFDO SURGXFWV DW WK
PDQ\ UHJXODWRUWFROQFHU@MV7KH FXUUHQW SUDFWLFH LV
SHUVRQDOLYWIGQWHG PHGLFDWLRQ WKURXJK JXLGDQFH

SUHSDUD@ILRMRY HW DIRQHWKHOHVV \WHKLGHREOD@® RYODO O

VFDOH &RQVHTXHQWO\ WR DGGUHVV WKH VLJQLILFDQW FI
SHUVRIQ® BIRO\SLOO WKDW FDQ EH SUHSDUHG DQGDUHJXOD
ODWIFDOH LQ&XYNMHBHG

,Q WKLV ZRUN XVLQJ IXVHG ILODPHQW IDEULFDWLRQ ))) I
XQLWYV WKDW FDQ EH ' SULQWHG DQG WHVWHG LQ D PDQXI
SHUVRIQ® MFFRUGLQJ WR SDWLHQW QHHGV E\ DVVHPEOLQJ
SRO\SLCBROYOHFIKH GHVLJQ ZDV FRPSRVHG RI PXOWLSOH I1U>
RQ WRS Rl HDFK RWKHU 7KUHH DQWLK\SHUWHQVLYH PHGL
$3,V SURSUDQRORO HQDODSULO DQG K\GURFKORURWKLD
EHQM¥ WR K\SHUWHQVLRQ RI XVLQJ PRUH WKDQ D VLQJOH D
GLDEHWRJHQLF ULVN FRPSDUHG W BUREQRW R B RBRIVSFRIYH + &
'H+RIl HW DO

(DFK Rl WKHVH DQWLK\SHUWHQVLYH GUXJV KDV GLIIHUF
3URSUDQRORO KDV KLJKHU VROXELOLW\ LQ WKH DFLGLF PH
GHJUDGDWLRQ LQ WKH DONDOLQH BRKBQXHPWRD @ KHUPIROE LG
SURSUDQRORO ELRDYDLODELOLW\ FDQ EH LPSURYHG LI IRUI
JORDWLQJ WDEOHWYV DQRZRDMVWRYDWKHHI ZHY ORU JDVWULF UH)\
GHPRQVWUDWHG LQ SUHYLRXV UHVHDUBRWIXIHVLY ) R D B X Dt
IORDWLQJ WDEOHWY ZLWK QR ODJ WLPH FRPSDUHG WR WK}
RI IORDWLQ JOWDVE 8 WWD/O IDPLFKKDQI) MWK HD ®WKHU KD
HQDODSULO LV D WKHUPRODELOH GUXJ WKBW RBIHBDRGHV D
%BUHLWNUHXW] DQG 4XRGAEBFRDNHN SURFHVVLQJ ZLWK

y
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FKDOOHQJLQKG YURFXO®®RURWKLD]LGH LV D FODVV ,, GUXJ DFF
ORZ VROXELOLW\ DQG JRRGLSHUEHREYOLWDELOQWN FDQ E
IRUPXODWDBNGROQ®B RELVSHUVLRQ LQ KBGIRGH QO 5K \SIR@H PH WD |
IDLWLQHQ

7KH REMHFWLYHV RI WKLV VWXG\ DUH WZRIRO G5 H)\L UMW D @/
GHPRQVWUDWH LWV HIILFDF\ LQ GHOLYHULQJ GUXJ FRPEL
HQDEOHV SHGVW®BODS\ 6HFRQG WR DGGUHVV WKH IRUPX
HDFK DFWLYH SKDUPDFHXWLFDO LQJUHGLHQW $3, DQG HQ

SHVXOWY DQG '"LVFXVVLRQ

'"HVLJ@ RYPXODWLRQ

,Q WKKNSWHIR W\SHV Rl FKDOOHQJHV ZHUH DGGUHVVHG D
IRUPXODWLRQ FKDOOHQJH 7KH GHVLJQ FKDOOHQJH LQYR
FRPELQDWLRQ WKDW FRXOG EH HDVLO\\IBWHRPED BE HG\F Z K (
PDLQWDLQLQJ WHKH RYWKD@® ®FFHSWDEOH OLPLWV DQG LQI
IORDWLQJ XQLW &RPSRXQGLQJ XVLQJID I RHIBQNUHMWWIHG KIGIR
\HDUV GXH WR LWV FDSDELOLW\ WR DXWRPDWH WKH FR
SHUVRIQ® OGRVDJH 4REORYHU WEHWEDDLVLQJ UHJXODWRU\
UHJDUGLQJ WKH TXDOLW)\ DQG \VOH® @\NRD Q\&K B\ HAXPQ S UR Go%
HW DO 7KH )8®LHJQ GHVLJQ HQDEOHV WKH IOH[LELOLW\
FRPSRQHQWY DQG GRVDJH GLUHFWO\ DW UNIQNVIS®LQWDRL
FRQWUROOHG XQLWV WKDW FDQ EH DVVHPEOHG DW WKH SR
VLWBLQWLQJ 7KLV DSSURDFK FDQ KHOS DGGUHVV UHJXODW
DQG VDIHW\ Rl WKH ILQDO SURGXFW ZKLOH DOVR HQDEOLQ
EHQHILWLQJ D JUHDWHU QXPEHU RI SDWLHQWV WKDQ LV
IRWKBODWLRQ FKDOOHQJH VSHFLILF WR HDFK $3, ZLOO EH G
GHVLJQ SHUVSHFWILOE® ZWWHK VOKHHLVWDNHG IUXVWXPV LV GF
WKDW PP RI WKH ERWWRP IUXVWXP JRHV LQVLGH WKH WHFR
HDFKGR®'LRQDO XQLW ZLOO DGG PP WR OMX HD IWRIW DVOK & HLQQ
PP RI WKH ILUVWHUNMMMPQ D3)OB[ZLWK XQLWV ZLOO KDY
OHVV WKDQ FP DQG D GLDFKHWK BEDRIOHDPWK]HQ FDSVXOH
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PDNLQJ LW HDVLO\ VZDOORZDEOH 3DWLHQW FRPSOLDQF
FRQWDLQLQ3LWRHLROB[ED S VIX@M#K R UG B 8 MM/ WRWKDG HYV P R
WKH IXWXUH
$GGLWLRQDOO\ WR HQVXUH WK®D W MXKH | DR SW DQ RIOKRD JDY L
GHQVLW\ PXVW EH ORZHU WKDQ WKDW RI WKH JDVWULF 10
GHVLJQHG WR KDYH D FORVHG EDVH ZLWK D KR@WRQ@ GHI® W U
WR VLQN DIWHU GHWDFKPHQWKHJRROXPHI 35X VX \EWRXPD O7F X
FDOFXODWH WKH GHQVLW\ RI HDFK IUXVWXP BPRGWNVEKHQ W
GLYLGHG E\ LWV YROXPH
JURP WKH IRUPXODWLRQ SHUVSHFWLYH WKH HPBDWLIQIIIUX
GLIIXVLRQ ZLWK QR SRO\PHU HURVLRQ VLQFH DQ\ HURVLR(
WR WKH HQWU\ Rl WKH GLVVROXWLRQ PHGLXP LQWR WKH K
VLQNLQJ RI WKH XQLW +HQFH WKH 35 XQLW ZDV IRUPXODYV
DV WKH PDLQ SRO\PHU EMBDBX\GHI QRG HIQW BHOHDVH RI WKH
VZHOOLQJ RI WKH SRO\PHU DQG GLIIX®¥LR@RWWHKH ®LYYRO)
$Q DGGLWLRQDO FRQWLQJHQF\ ZDV GUXJ ORDG ZKLFK PXV
PJ GRVH SHU XQLW 7KLV OHG WROXRPOLWQLLW K HDQ M LJ
“ PJ $V D UHVXOW WKH XQLWJGHQ¥KW\VZORZHU FPK D
JDVWULF IOXLG GHQWLWM\WRI{OWLQRPLQ WKH |@RM®WMRQ CRI
7JDEOMSUHVHQWY WKH IUXVWXPVY PHDQ ZHLJKW PHDQ
YROXPH DQG FDOFXODWHG GHQVLW\

Table 7.2 )UXVWXP XQLWVY ZHLIJKW GUXJ FRQWHQW YROXPH DQG GHQVLW\

OHDQ X 6 "UXJ 6 9ROXPH "HQVLW\
ZHLIKW FRQWH
(0 8 PJ PJ PP JFP
+&78 PJ PJ PP JFP
358 PJ PJ PP JFP
6' VWDQGDUG GHUIBDWH@®RIMODSULO PDO#RIOWHK\EQRWKORURWK
358 SURSUDQRORO XQLW

2Q WKH RWKHU8 KID@QG& 88K KRXOG KDYH LPPHGLDWH UHOHDYV
ZLWK HURVLRQ RI WKH XQLWYV WR GLVFRQQHFW IURP WKH 3
(32 ( (32 D FDWLRQLF PHWKDFU\ODWH SRO\PHU ZDV FKRYV
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SULQW WKHVH XQLWYV VLQFH LWV LPPHGLDWH UHOHDVH RI \
HVWDEOGNG&HEB HW D®GGLWLRQDOO\ HQDODSULO KDV DQ DG
WR LWV WKHUPRODELOH QDWXUH PDNLQJ WKH GUXJ OLDEOF
RI WKH +0( DQG ))) &RQVHTXHQWO\ WKH HQDODSULO IRUFP
DQG SULQWHG DWUEBER Z $WMAKSRHXIBWX(32 KDVRED &RIZ 2DWRUD
HW DO DQG FDQ EH SURFHVVHG DW D ORZ WHPSHUDWXUH
ILODPHQWY SURGXFHG ZLWK ( (32 DUH EULWWOH DQG F
VXJIJHVWHG WR LPSUR¥BQWNW DIOQWDE FGMMYVFRDENRHW DC
WKHVH HITHFWLYH VWUDWHJLHYV ZDV WKH DGGLWLRQ RI D |
IOH[LELOLW\ PRGLILHU WR LPSURYH LWV SULQWDELOLW\ [
DGGLQJ WKH KLJK PROHFXODU ZHLJKW SRO\PHUPHD® LQF!
OHDGLQJ WR WKH QHHG IRU KLJKHU SULQWLQJ WHPSHUDW »
ZDV GHPRQVWUDWHG E\ 7KDQ HW DO ZKR X\BH/G Z\@/WKRD\SUF
PROHFXODU ZHLJKW RI J PROH DV WKH IOH[LELOLW
WHPSHUDWXUH KDG WR EKDUD DQMHG7TUWRDSLZDWBGGDWKRQDO O
D GLIIHUHQW UHVHDUFK JURXS XVHG SRO\HWK\OHQH R[LGH
J PROH WR LPSURYH WKH IOH[LELOLW\ RI ( (32 EXW W
DW R& +RIIPDQQ %UHLWNUHXW] D QBRQXRGEDIHKY \D BOKLM M
DOVR XVHG 3(ZKH\DQDJHG WR GHFUHDVH WKH SURQWLQJ W
E\ DGGLQJ SRO\VHWK\OHQH JO\FRO 3(* ZKLFK ZDV XVH{(
WKH IRUP DKW MRM®M %HOWRKHDOIGRYUH LQ WKLV ZRUN 3¢
J PRO ZDV XVHG DV D IOH[LELOLW\ PRGLILHU WR LPSURY}
FRQFHUWDWLRQ DQG ZLWK WKH XVH RI 3(* DV D YLVFR
EOHQG DQG FRQVHTXHQWO\ WKH SULQWLQJ WHPSHUDWXUH

(Q D O PRWRX00 BMUHRHXQ L Q J

7KH VFUHHQLQJ ZzDV SHUIRUPHG WR GHWHUPLQH WKH EHV\
7TKHUHDIWHU WKH FRPSOH[ YLVFRVLW\ RI WKH SRO\PHU
SULQWDELOLW\ ZDV HYDOXDWHG XVLQJ WKH SULQWHU 7DOC
WKH zZzDLV$R Rl &8 WKH FRQFHQWUDWLRQ RI WDOF ZDV NHS
IRUPXODWLRQV WR GHFUHDVH LWV HUHFWWEK® WMKIDPH®KD J
3(2 WR 3(* UDWLR ZDV DOVR NHSW FRQVWDQW DW W |
SUHYLRXV QWX WIRF ERNQKIH PREOD VW L FIV]DMA RV D,.@ WKH ILUVW
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VFUHHQLQJ IRUPXODWLRQ ) DQ HTXDO SHUFHQWDJH RI HI
+RZHYHU WKH ILODPHQW SURGXFHG KDBUR \ZIV[® RV H{MXFH D
VHFRQG IRUPXODWLRQ 7(& ZDV XVHG DV D SODVWLFLVHU
3(2 3(* ZDV 7KH ILODPHQW ZDV SULQWDEOH EXW GXH
D KLJK SULQWLQJ WHB&SBQOWXHHWDEOHW ZDV YHU\ VRIW 7}
WKH YLVFRVLW\ D ORZHU FRQFHQWUDWLRQ RI 3(2 ZDV XV}
DQG WKDW UHVXOWHG LQ D ILODPHQW SULRRWDEB®HDW D C
SUHVHQWY WKH VFUHHQLQJ IRUPXO NWIRRF HVK H QU B/HLIPGW D

Table 7.2 Screening formulations and their printability, extrusion and printing temperature.

(XGUD| 7(& | 3(2 [ 3(* | 7DOF [3ULQWD ([WUXVL 3ULQWLQ
(32 WHPS WHPS

) %ULWW/( R&

) 3ULQwWD R& R&

) 3ULQWD R& R&

) ) DQG ) IRUPXODWLRQ DQG 7(& WULHWK\O FLWU

7KH UKHRORJLFDO/VAMUHHH) LRYU IRKAXODWLRQV ZDV FRQGXF
RSWLPDO SULQWLQJ WHPSHUDWXUH FKRVHDRDKWRJISHRI®R Q\W
WHVW VKRZV D GLUHFW UHODWLRQVKLS EHWZHHQ WKH FRQT
SRO\PHU 3(2 DQG WKH VRKKIBDWH VDY RMKIHWFRQFHQWUDWLRC
GHFUHDVREB ) WRVKH VKHDU DOVRRSHWUHODWHRGY HU DOO Wit
VFUHHQLQJ IRUPXODWLRQV VKRZ SVHXGRSODVWLF EHKDY
FRPSOH[ YLVHRWXIHO\F\ JUDSK DOVR HAM ZILKMKOW KHH FBLHHJ H D V F
FRQFHQWUDWLRQ RI 3(2 ZKLFK LQGLFDWHV WKDW 3(2 KD
WKLQQLQJ DW WKLV WHPSHUDWXUH FRPSDUHG WR ( (32
PHQWLRQHG WKDW WKH YLVFRVLW\ RI WKHLUS3IOR Ue®P WERDBE\H. R Q
SULQWHG ZLWK ))) +RZHYHU DOWKRXJK WKH YLVFRVLWLHYV
UHTXLUHG WKUBKBOKLIXWU WHPSHUDWXUH ZDV VWLOO U
IRUPXODWLRQV )XUWKHUPRUH D VLJQLILFDHWZ GHQHNKID F
WHPSHUDWXUHY UHTXLUHG IRU HIWUXVLRQ DQG SULQWLQJ
FRPSDUHG WR WKH UHODWLYHO\ KLJKHU YLVFRVLW\ UDQJF
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WKLQQLQJ GHSHQGY RQ WKH IRUPXODWLRQ WKLV WHPSHUD
SUHVHQWY WKH FRPSOH[ YLVFRVLWR&Q HUVXV WKH IUHTXF

t‘/‘)_‘lOOOO
&
S 1000 S
£ %TTiiL““_ -
8 -L_L %_ . _i“: T
®
S 100
8
2
%)
g —FR
28 10
> —F2
3 —F3
o
1
0.1 1 10 100

Frequancy (Hz)

YRU WKH @ KLIJKHU GUXJ ORDG DQG D ORZHU SULQWLQJ WI
ZHUH QHFHVVDU\ $GGL\WSRQN®QF LVOLGBADKEH | ISIE@AFRRHU P L[W X
7KHUHIRUH D KLJKHU SHUFHQWDJH RI WDOF SRZGHU ZDV |
DQG LPSURYH WKH PHFKDQLFDO SURSHUWLHYV RI WKH ILODF
WKH SRO\PHUV ZDV UHGXFHG WR Z2WR (R BOWDRRARMWKH F
WDOF DQG (0 IRUPHG WKH RWKHU 8VLQJ LQHUW ILOO}I
EHWZHHQ WR KDV SURYHQ HIIHFWLYH LQ LPSURYLQJ WK
RI ILODPHQWY DQG SULQWGEBWY ®PW@HOZR YKHT §K3LQWO\ WDO
XVHG LQ RI WKH WRWDO ZHLJKW ZKLFK LV FORVH WR

PHFKDQLFDO LQWHJULW\ RI WKH ILODPHQW DQG WKH SULQ
XVHG VLQFH WKH HQDODSULO LV PLVNLB®HQHHWGK IRY3R[W:
SODVWLFLVDWLRQ )LQDOO\ WKH FRQFHQWUDWLRQ RI (0 ZI
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SHU XQLW 7KHUHIRUH WKH SUL)Q@WNVQUHWHWSRH U DX LDHV IBH T
WR UHPDLQ EHORZ WKH GHJUDGDWLRQ WHPSHUDWXUH RI |
IRUPXODWHG ZLWK ( (32 DV ZHOO +RZHYHU GXH WR LWV KL
RD KLEKFRQFHQWUDWLRQ RI WDOF WKH %RORRHUWRERWE RO LW
LPSURYHPWRMW FRHFKDQLFDO VWUHQJWK RI WKH ( (32 ZLWKR>
PRGLILHU 7KLV VWUDWHJ\ ZKLFK ZDVWKBDXJSHRIWHIRAVEY KD Q J
LPSURYLQJ WKH SULQWDELOLW)\ RI ( (32 ZLWKDIQIHHW DIOO O

$OWKRXJK WKH SULQWLQJ DQG H[WUXVLRQ WHPSHU
WHPSHUDWXUH ZDV QRW D FRQFHUQ IRU WKLV IROPXWBW LR
WKH ILQDO IRUPXODWLRQV IRU WKH WKUHH DQWLK\SHUWHC

Table 7.3 The final formulation for the FlexiPill units.

(XGuOd (XGeud 7(&] 3(2 [ 3(* | 3(* | TDOF | $3, ([WUXV] 3ULQW

W (32| W 5/3] WHPS | WHPS
(0) R& R&
+&7) R& R&
35) R& R&

(0)

HQDODSULO PDOHDWR7JRUKREOBWKBRURWKLD]LG3H)IRSBRGDI

IRUPXODWLRQ

7KUIBHLPHQVLR GQQWLQJ

7KH LQILOO GH®VLWIEHVDRG @XZHUH VHW WR DQG
UHVSHFWLYHO\DWRXDQOLRY @K Z QWHKD WK K @ IOWE IGFROWH W H T X
IRU DOO WKUHH DQWLK\SHUWHQVLYH DJHQWV &RQVHTXHQ
XVHEDQ EH HDVLO\ PRGLILHG WR SHUVR@XDISWHHM EXUGR V H
SUHVHQWY WKH GH3LOQ RO MKH YOKH LX Q DG VWIKIRV HOR © WLEOA

LQ 1 +&0
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6FDQQLAHFWURQRVFRSH

7KH 6(0 LPDJHV RI WKH ILODP HQW VOWDKPRZQ W KDV W K\HP BR W K
ZLWHKRPH WH[WXUDO YRLGV DQG LQFOXVLRQV +RZHYHU ¢
REVHUYRGHRYHU WIKI®ORBPHQW DSSHDUHG VPRRWKHU ZLWK
LQFOXVLRQV $GGLWLRQDOKWRWWRE WMSILLMHQ WU BDRMW P HQW
PDWHULDO LV PRUH YLVLEOH GXH WR WKHKIUGHPNBDIKH RU KD
VXUIDFHJW H[@QX PRUH YLVLEOHVSIRWHRQ7RBFHURYDLQ VKRZV
DUUDQJHPHQW RI WKH H[WUXGDWH GXH WR WKHKRZAMKVEHUF|
6(0 LPDJHWKH WKUHH ILODPHQWY SUHSDUHG E\ +0(
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WD14.6mn 2 ' SE 2 ) s ¥023.20m 20.0k¥ 1300 100w

JLIXUHVKRZV WKH 6(0 LPDJHV RI WKH S8 LBQQNMHEWKIQRZIVYV % F
DFFHSWODBEEBH DGKHWIKRQR JDSV DQG XQLIRUP OD\WH WKLFN
+&78 KDG OHVV OD\HRDXQHREP KWIKRY MMARVRWRXODMR RQ OH

QRRQLIRUP PBMWHIXML®R Q
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% nae RIS

7KHUSXDAM\V LYV

7KHUHDIWHU WKHUPRJUDYLPHWULF DQDO\VLV 7*$ ZDV SH
WR LQYHVWLIJDWH WKH VWDELOLW\ Rl WKH IRUPXODWLRQ >
RI SXUH (0 VKRZV WZR VWHSV RI| GHFRPBRNVVYIRBGVWKR DL L
GHFUHDVH LQ ZHLJKW&EWWZARHQ®QG D SHDN LQ WKH GHU
WKHUPDOJUDYLPHWULF R&* BRGYFRDWHVSRQGV WR WKH |
GLNHWRSLSHUD]LQH E\ LQWUDPROHFXODU F\FOLVDWLRQ DI
PDOHDWH PRGHFX®OHD® HW DDKH VHFRQG VWHS LV WKH UF
FRPSOHWH GHJUDGDWLRQ Rl GLNHWRSLSHUD]JLQH ZKLEK V

R& $GGLWLRQDOO\ ( (32 NONIS \GHRIZMD BDMZIRRQ WKH ILUV\
& DQGR& ZLWK D SHDNR&DWKHDZHLIJKW ORVW LQ WKLV VWHS
FRUUHVSRQGY WR WKH UHPRYDO Rl WKH GLPHWK\ODPLQR
IRUPDWLRRHREMUMHG F\FOLF DRKVGUHEBEWW K VHFRQG VWH:
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FRUUHVSRQGV WR WKH FRPSOHWH GHIJUDGDWAR BRI WKH ¢

DQG 3(* ERWK VKWERGQGHIJUDGDWLRQ WKBR&VEHDNV DI
WR WKH VLPLODULW\ LQ WKH FKHPLFDO VWUXVFWRXKIHR$Y D |
GHIJUDGDWLRQ VWHSV WKH ILUVW LV WKH IRUPDWLRQ RI
SHDNV DWR& WKH VHFRQG LV D FRPELQDWLRQ RI WKH FR
HQDODSULO DQG WKH UHPRYDO RI WKH GLPHWK\ODPLQR JU

R& WKHGOGVKWHS LV FDXVHG E\ WKH GHJUDGDWLRQ RI 3¢

133



SHDNLQJ &% DQG WKH IRXUWK VWHS LV WKH FRPSOHWH GHJ
DW R& )LIXUMUHVHQWY WKH 7*$ DOBQG*LUWNY FRPSRQHQWV
7KH 35GHJUDGDWLRQ WKHUPRJUDSK UHYHDOV WZR VWHSV
DW R& DQG SHDNW¥&M WK ZHLJKW ORVV RI HTXLYDOHQ\
FRQFHQWUDWLRQ LQ WKH IRUPXODWLRR DIEKE MHFRQIE KGN H
WKH GHJUDGDWLRQ RI ERWK ( 5/32 DB®BYHQWV )WKHIRA*$ D
'7* IRU 35DQG LWV FRPSRQHQWYV

Figure7.6 Thermal gravimetric analysis and differential thermogravimetry for; (A) FR (B) Propranolol HCI anc
(C) Eudragit RL PAPR-F= propranolol formulation.

7KH WKHUPDO GHJUD G)DIWL 8 QHR/INQKWH 6&17Q WZR VWHSV 7KH
DW R& FRUUHVSRQGY WR ERWK WKH GHUQDWWHA RQ R (32&7 I
WKHUPDO GHJIKBGDHWFIRR®G VWHS ZKLEKR BWDADW\DMWMG E\ WKF
FRPSOHWH GHJUDGDWLRQXRIHEFKHVIFONFHWKH 7*$ DQG '7* IR
) DQG LWV FRPSRQHQWYV
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7*$ IRU WKH WKUHH V\VWHPVY UHYHDOV WKDW WKH
DQG SULQWLQJ WHPSHUDW X UMHWPLSHRHD WKHHGR I DD®DWK R G F
KLJKHU WKDQ WKDW Rl WKH SURFHVVLQJ WHPSHUDWXUH
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Figure7.7 Thermal gravimetric analysis and differential thermogravimetry for; (A) HEH, (B)
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hydrochlorothiazide, and (C) Eudragit E PGICT-F= hydrochlorothiazide formulation.
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IRUPXOD

,Q WKH '6& HQDODSULO VKRZV WER RYNWODKS URESSDDND W
UHVXOWYV IURP WKH PHOWLQJ RI WKH HQDODSULORBRU\VWDO
LWDXVHG E\ WKH GHJUDGDWRRPDRIQ H@LOIRBWNUHXW] DQG
E +RZHYHU WKHYWOEBMDNMRYZ WKH '6& RI)WKH QWOHW
LQGLFDWLQJ WKDW (0 KDV LQWHIRFPWBG ZQWKPRKSKBRD\
GLVSHUVLRQ 7KH RQO\ HQGRWKHUPLF SHDN SBRHVYNQW LC
UHVXOWLQJ IURP WKH PHOWLQ3 RIKRZV WKH.IKURIDWEH (0

SXUH (0
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7KH '6& RI SRZGHU SURSUDQRORO KDV D VKDUB&HQGRW!
FRUUHVSRQGLQJ WR WKH PHOWLQJ RI SUR SUWIQHRDARRY] UGS K |
VKRZV DQ HQGRWKHUPEL E GGDRAD WWQJ WKDW VRPH RI WKH
WKH IRUPXODWLRQ LV VWLOO LQ LWV FU\WWDOOLQH VWDW|
DWR& UHVXOWYV IURP WKH PHOWLQMRKRZYV WKHLBEURI WKH 3
8 DQG 35

JLQD®B®A\RI +&7FRXOG QRW EH XVHG WR KKB D RAKHO B UR WHKQ B}
PHOWLQJ SHDN VLQFH GHJUDGDWLRQ RI A& KIHQ WHHW KHDWF I GO DLV
WKH PHOWLQJ VLJQDO RI K\G&R FIKIXRIUERK RZD | WEKH D8& R1 WK
+&78 DQG SXUH +&7
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Figure7.8 Differential scanning calorimetry for the printed units (green) and the pure APIs (red). ENFF andenalapril, (B)
PRF and propranololand (C) HCTF andhydrochlorothiazide. EM-F= enalapril maleate formulation, HCT-F=
hydrochlorothiazide formulation, PR-F= propranolol formulation.

137



JRXUTUBQVIRUWPDUHG

7KHUHDIWHU WKH )7,5 VSHFWUXP ZDV LQYHVWLJDWHG WR
$3,V DQG WKH SRO\PHUV ,I| WKH IRUPXODWLRQ VSHFWUXP \
WKH EDQG IURP WKH $3, VSHEWUXP WKLV LV D VLJQ RI VXS
(0 VSHFWUXP WKH SHBPRZKWFK FRUUHVSRQGY WR VWUHWFK
1+ GLVDSSHDUV LQ WKH IRUPXODWLRQ VSHFWUXP $GGLWL
WKDW LV DVVLJQHG WRVWVYWPHILWQLUF Y& EUDWLRQ VKLIWV
)XUWKHUPRUH WKH EDQGIDWHG E\ WRH FDUERQ\O VWUHW
GLVDSSHDUHG DQG WKH FDUER[\GPFRELGHSH WRFPW Q

WKH IRUPXODWLRQ VSHFWUXP 7KH FDUERQ\O VWUHWFKLQ
DOVR VKLIWV WR LOLW KHVIROPKODWERGBHFWUXP FRQI
WKH ILQGLQJ RI '6& DQG SURYHV WKH FRPSOHWH PLVFLELC
SRO\PHU )LIXBRPSDUHV WKH )7,5 VSHFWUXP IRU WKH (0 Sl
VSHFEWUXP RI SXUH (0

,Q WKH VSHFWUXP Rl SXUH +&7 WKH DV\PPHWULF DQG V\PPF
JURXSV DUH YLVLEOMP DQG FRUOHVSHEWLYHO\ %RWK
GHFUHDVH LQ LQWHQVLW\ DQGDEKLIW WR FRIHVSHPWLYHO
5XSRQHQ 5XVDQHQ DQG7TKH W+ YMWHWFKLQJ Rl WKH VXOS|
DPLQH JURXSV ZKLFK DSSHDUV DW FPDQG FP FRWYV
EDQG GRHV QRW VKLIW EXW WKH EDQG LQWHQVLW\ GHFU
IRUPXODWLRQ 7KH &+ VWUHWRXEQJ DA GRHV BRW VKLIW L
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Figure7.9 FTIR spectrum for the printed units and the pure APIs. (A)4FRand propranolol, (B) EM- andenalapril
and (C) HCTF andhydrochlorothiazide. EM-F= enalapril maleate formulation, HCT-F= hydrochlorothiazide
formulation, PR-F= propranolol formulation.
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WKH IRUPXODWLRQOWSHIEVWHIWKABGGLWLRQDOO\ WKH & & VW
FPDQG FPHFUHDVH LQ LQWHQVLW)\ DQIBQGKLIW V
FP UHVSHF®GYFODWLQJ SRWHQWLDO $R OHEFN DO QWK
)7,5 GDWD UHYHDOV DQ LQWHUDFWLRQ EHWZHHQ WKH +&17
SUHYLRBNQWMRDY .HOOHKHU DQGEX-RQHVFRPSDUHV WKH )7,
VSHEWUXP IRU WKH +&7 SULQWHG XQLWV ZLWK WKH VSHFW

J)LQDOO\ WKH SURSUDQRORO )7,5FWPS KWK F FEDDWDHV BRIQG V V
VWUHWFK RILGKMKE HWKHU JURXS VKRZV QR VKLIW LQ WI
+RZHYHU WKH EDQG DVVLJQ®BG/W B HMWKEH IDQIR BOMLL BV I8 6 PW R
FPLQ WKH IRUPXODWLRQ VS HF WW X P WHGREADQY D R DD DD G&
DW FPK VIMR AR WKMHBSHFW)IDXPRRTL DQERBERXO
ORUHRYHU WKH VHFRQGDU\ DPLQH JURXS SUHYHQFH |
WKH SURSUDQRORO VSHFWUXM®VWOWWKHREDQGRPWK LVFP
DVVLJQHG WR WKH K\GUR[\O JURXS LV EURDGHQHG LQ WKH
IRUPDWLRQERQBKKBDWUD HW @0 WKHVH DOWHUDWLRQV LQ
VSHFWUXP LQBEBDWRIOBIFXODU LOQOWHUDFWLRQJEHWEZHHQ LW
FRPSDUHV WKH )7,5 VSHFWUXP IRU WKH 35 SULQWHG XQLW\

BRZGHWUD\LITUDFWLRQ

'KHQDQDO\VLQJ WKHUBRZAHIWOFWLRQ8SDIWKWHSDHVERDFH RI
GLIIUDFWLRQ SHDINQDMKH) 8&7ZGHU DQG LWV DEVHQFH LQ WK
XQLW 8 &FRQILUPV WKH WUDQVIRUPDWLRQ RI +&7 FU\WWD!
GLVSHUVLRQ OHDQZKLOH WKH RWKHU SHDNV FRUUHVSRQG
DUH VWLOO SUHVHKQMN @ QWKKHGR WK B BW BRIDQ SDWKHH S Q HSI U3
SRZGHU PL[WXUH ERWK VKRZ WKH SUHVRQFHURK@BWRSUDQ
'6& UHVXOWNVLR IO SHUNVWHHONRLIQQMG DIWHU SURFHVVLQJ )LQC
SDWWHUQHRDOWKHLO SULQWHG XQLWWDOER UDKERZA\R R GH\D |
FRQILUPLQJ WKH IRUPDWLRQ RI DPRUSKR KR P/SROOULHGV GLKISH U
UD\ GLIIUDEFWLRQ RI WKH IRUPXODWLRQ DQG WKHLU SK\VLF
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Figure7.10 X-ray diffraction comparing the physical mixture of the combination. (A) HCU, (B) PRU and
(C) EMU. EM-F= enalapril maleate formulation, HCT-F= hydrochlorothiazide formulation, PR-F=
propranolol formulation.
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5KHR O BWOE®\O

7KH ))) SURFHVV GHSHQGVY RQ KHDWLQJ WKH ILODPHQW W
WKHUPRHODVWLF SRO\PHU WXUQV IURP DQ HODVWLF WR [
QDUURZ QR]J]JOH RI WKH SULQWHU XQGHU KLJK VKHDU $V C
EHKDYLRXIUWKH IRUPXODWLRQ LV DQ HVVHQWLDO VWHS V
SURFHVV +RZHYHU VWXG\LQJ WKH URWDWLRQDO YLVERVL
ORZ IUHTXHQF\ GXH WR IORZ GLVUXSWLRQ DQG VDPSOH UX
&ROHU] UXMHHWHWYV DQ HPSLULFDO FRUUHODWLRQ EHWZHHC
VKHDU DQG WKH FRPSOH[ YLVFRVL®KRX @ @&HWORVEFLOODWRU\
7KHUHIRUH IUHTXHQF\ VZHHS ZLWK IL[HG VWUDLQ ZDV X
EHKDYLRXU RI WKH IRUPXODWLRQ 7KH VWUDLQ ZDV IL[HG
OLQHDU YLVFRHODVWLF UHJLRQ /9% R MKKHWSHPLSHNLDQN XW H P2
IRU HDFK IRUPXODWLRQ /DVWO\ WR GHWHUPLQH WKH DSSD
WKH YROXPH IORZ UDWH ZDV RDHVE XSUDL\YWGE Q I R/FS FHKGH CBQUGH
UDGLXV ZKLFK ZDV7KHWPHDIWHU WKH DSSDUHQW VKHDU UD)
ZDV FDOFXODWHG XVLQJ WKH HTXDWLRQ

Joss 4 @&

:KHU8s4éV WKH DSSDUHQW VKHDU 4 LV WKH YROXPHWULF I¢

WKH QR]]JOH

7KH DSSDUHQW VKHDBHPPWWH ZWNWWHVAOMTXHQK\ ZDV XVHG IRL

FRPSDULVRQ 7KH WHVW UHYHDOV WKDW WKH FHDBRRNVNRMSOH
69 IRU WKH @B DQG +H&ZHUH 3.9 Ba. S at printing

temperature and frequency 100 Hz, respectively. In conclusion, the use of a high

percentage of the inert filler talc in the HCT-F to improve the mechanical properties of

E EPO led to higher viscosity. This is in contrast with the approach used in the EM-F,

where both inert filler and polymer blends were used, hence the high printing

temperature for HCT-F. Moreover, these results are in line with the value set by

4 D KW D Q forigrintirig ©LA, between 1000 Pa. S to 100 Pa. S.(Qahtani et al. 2019).

Additionally, the shear index, which is the parameter used to describe the flow of non-

Newtonian fluids in response to applied shear forces, for both HCT-F and EM-F was

less than 1. This indicates that both formulations exhibited a shear thinning, which was

observed as an increase in the viscosity as the frequency decreased. However, PR-F
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shows a decrease in viscosity as the frequency decreases to 25 Hz because at high
frequency the behaviour of E RLPO is dominated by the elastic response due to the
entanglement of the polymer chains, leading to higher complex viscosity. As the
frequency decreases, these entanglements relaxes, and an increase in the viscosity
with decreasing frequency can be observed. This behaviour can be observed in the
relatively high shear index for PR-F. Finally, in the PR-F formulation, the loss modulus
was higher than the storage modulus at low frequency but became equal to or lower
than the storage modulus at high frequency. This confirms the entanglement of the
polymer chain at high frequency, which can store the energy of the deformation, while
at low frequency, the polymer chains are more relaxed, and energy dissipates as heat,
acting like a liquid. On the other hand, the EM-F and HCT-F storage modulus is lower
than the loss modulus at any frequency. Figure 7.11 presents the complex viscosity,

loss and storage modulus versus frequency and the shear index.

Figure7.11 Complex viscosity versus angular frequency of the three formulations at their perspective printing
temperature(left), loss and storage modulus versus frequency (right) and Shear index for the three formulations (bottoEiyl-
F= enalapril maleate formulation, HCT-F= hydrochlorothiazide formulation, PR-F= propranolol formulation.
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&KURPDWRJUDSK\

One of the challenges, that stand in the way of the adaptation of polypills is finding
reliable analytical methods for qualitative and quantitative analysis. The method
developed for this work had an adequate separation between the maleate, HCT,
propranolol and enalapril and their retention time was 1.48, 2.49, 9.42 and 10.42
minutes, respectively, and the run time was 15 minutes. However, the DAD was set to
measure two signals 210 nm and 280 nm, since enalapril lambda max is at a low
wavelength. Nonetheless, the baseline at these wavelengths was not ideal due to
solvent interference. Therefore, a 280nm signal was used for more accurate detection
of HCT and propranolol. Additionally, for the final data point in the dissolution test and
drug content analysis, LC-MS was utilized to assess any degradation resulting from
the dissolution medium and the processing, respectively. In both instances, the peaks
exclusively corresponded to the API mass, with no detectable degradants. Figure 7.12

shows the HPLC method chromatograms with the MS  peaks.

Figure7.12 (A) Chromatogram of the HPLC method shosithe retention time of the three antihypertensive. () MS
spectrum of HCT(B1), PRB2) and EMB3). EM= enalapril maleate, HCT= hydrochlorothiazide, PR=
propranolol.
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" UX&R QW H QW VDMERE XKW MR Q

Moreover, the drug content analysis demonstrates that the theoretical and
experimental drug concentrations are consistent, indicating that no weight loss

occurred during the processing of any formulation. ,Q WKH GLVVROXWLRQ DSSL
URWDWARIFDBGOHYV ZDV VHW WR 530 WR WHVW WKH IOREL
YLIRURXV FRQGLWLRQV 1RQHWKHOHVV WHKH. Y/OE@EW IORL
WKH GLVVROXWLRQ PHGLD $IWHWG WIKSBMINR QWXKHHF W&ITG |1 U
WKH IORD8 DQG3WKH\ VWDUWHG WR VLQN 1RQHWKHOHVV
+&78 DQG WKBHFRQWLQXHG LQ WKH DFLGLF GLVVROXWLRQ F
VWDUWHG WR HURGH DQG LW ZDV LPSRYXRXBEIYHWRRVURRRD
JDVWULF HPSW\X@QILWHKIHBBLQHG IORDWLQJ IRU PRUH WKDC(
UHOHDVH IURP WKH ( 5/32 FROWGWHL URHCODAHDAAH INUGWWLFY ORU
WKH GUXJ ZDV UHOHDVHG ZLWKIHQ WKKH | UBI\DW DAVEAR\BOABXZUH\G |
VWHDG\ VWDWH ZWWYWWHRBRKHKHG D7/KH UHOHD YV HPREEHSONVID BMOML C
ILW ZLWK RUGHULNVYQYHWLPWQGS $, & FRPSDUHG WR WKH R}
PRGHOV 7DEMWNYH ILWWLQJ RI WKH NLQHWLF PRGHOV WR
WKUHH XQLWYV

Table 7.4 Fitting a release model for the release of the three units of the FlexiPill.

YiaU ul >ia I U >i{ FI@U I U :X| Fi,mU I U >i{d XU & 1 U >id XxaU a4
uxoei &l XU UXoi & >iaU LE( Y| Fl@a LE( | Fi, LE( ¢ XA Ua X6+010\
2U Yaia 20 libU libU libU 6,U:206
&:XX6H &:XX6H itE([ &:X X6+ &:X X6+ eUi2y
2094 2094 “libU 2091 22Ut
Uy
Sl IXO6RA 0TXG i X009 T6Xg iX0i| 00X]| I X807 00X1 iX0i| 16X9 1X04

X6+610\

(@B 1 IX6§ 10X iX00 TAXY IXO69 AGX( IXdi| ATXEY IX0i| 61X iX70

X6+610\

F'B 1 iX60 T0XH 1 X009 T1X0| iX60 1OX iX0d T6Xi| iX8i| ioXd iXid
X6+610\

E

I WB X IX(BI2 :X1ie 2B X BOKH 2 &BAIAWER >iawRiil{tRai" ([EREWBFI@" FIl <Rai"([BERi,>(b (F
ai"([eRBawBRX: X5PUUBRL:T6+4
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$GGLWLRQDOO\ VBKBSSRWWHOHDVH H[SRQH@OLQJ ZVWKLQ
UDQJH RI WR LQGIKAIFWHY WKDW WKH UBRIOHDL\DH RO
DQRPDORXV WUDQWWHRDW\ PREBIOUDVL\D DQ/ XTUHVXOW
SURSUDQRORO UHOHDVH FDQ)EFNGBY FGILIEXGLRY IV KIRQ GH ¢
FRQFHQWUDWLRQ JUDGLHQW 7KH GLVVROXWLRQ PHGLXP
PDWWDXVLQJ LW WR VZHOO DQG UHOD[ :KLOH WKH RXWHU
GUXJ IDVVEHQ RUKHKH PDWUL[ UHOHDVHY WKH GUXJ VORZHL
WKH GUXJ QHHGY WR WDNH WR EH HOXWHG WHKWUWRMIK DUKGE C
3HSSDV 7KHUHIRUH DV WLPH SURJUHVVHV WKH UHPDL
GHFUHDVHV DQG WKH UHOHDVH KH W B §iif D @ DO\HHGWL PIVQ BN OX
(0$ XVHV WKH ELRSKDUPDFHXWLFV FODVVLILFDWLRQ V\
VXVWDLQHG UHOHDVH RUDO GRVDJH IRUPV 7KH %&6 FOD
FODVVHV DFFRUGLQJ WR WKHLU VROXELOEWDWDWGLSIGUBWD
FODVV , 9REEIOSRHO HWMMFRUGLQJ WR (0$ JXLGHOLQHV WKH
LQ YLWUR GLVVROXWLRQ RO BDMVRUDILR SN RWRKIRNGO G LQFO X
NH\ WLPH SRLQWY DQ HDUO\ WLPH SRLQW WR UXOH RXW G
ORDGLQJ RU LQIEWDm® GEVWVRWOBHG DW OHDVW RQH LQWH
YHULI\ WKH GLVVROXWLRQ SURILOH V VKDSH DURXQG
FRQILUP WKDW WKH PDMRULW\ RI WKH DFWLYH VXEVWDQ]
*XLGHOLQH RQ TXDOLW\ RI RUDO PRGLAIKHGREMEB AW Y MHS LRRL
358 ZDV WR KDYH D SURORQJHG UHOHDVH DQG D FRPSOHW
XQLW LV VWLOO IORDWLQJ ,Q W KH QXUWHNVWARBIHSRS R MQ WWK K
GUXJ GXPSLQJ WKH DYHUDJH UHOHDXBIVZDNKLHY H GUDBI\® HDR/H
PLQXWH WLPH SRLQW DQG GUXJ UHOHDVH ZDV SURORQJI
UHOHDVHG EHIRUH |QRWW LSRU \HHQEBWIG WKH DFFXPXODWLY
SURSUDQRORBOLIQURKHES5GLVVROXWLRQ WHVW
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Figure7.13 Drug release of propranolol from PRJ during dissolutiontest in simulated gastric medium.

2Q WKH RWKHU KDQG HQDODSULO LV FODVVLILHG DV D FOC
SHUPHDBHUBMHHFEN HW DM UHOHDVH FDQ EH GLYLGHG LQWR
RQHMQ ZKLFK GUXJ UHOHDVH LV JRYHUQHG PDLQONKXWURVL
VKRZLQJ KLIJIK GUXJ UHOHDVH LQ WKH ILUVW PLQXWHYV DQ
GUXQ® SKDVH WZR GUXJ UHOHDVH LV PDLQO\ WKURXJK VOR:
VHIPHQWY 7KH PD[LPXP GUXJ 8HGOGIBFXHWEKOW B&XSBYV LV
HOHDVH PRGHO ILWWLQJ IRU WKH IWHE® WDR H GR1lUH I LD@HVE URV
DQG $,& +RZHYHU D/NXH WBWH H[SRQHR®WYV RHIRIS B/IKWH
UHOHDVH PRGHEBURK LV OHVVQGKHFO@WLQJ D )LENLDQ GLIIXV]
8 IRUPXODWLRQ GLG QRW DFKLHYH LPPHGLDWH UHOHDVH
PROHFXODU ZHLJKW 3(2 7KLV SRO\PHU VORZHG WKH VHFRQ
LV JRYHUQHG E\ GLIIXVLRQ DWKO@®BXOIKSH [\WHRXOHG VB D WKH/O
ORQJ SRO\PHU FKDL@UHMHA@WN WKH DFFXPXODWLYH UHOHD
(08 LQ WKH GLVVROXWLRQ WHVW
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Figure7.14 Drug release of enalapril from EMJ during dissolutiontest in simulated gastric medium.

+\GURFKORURWKLD]LGH LV FODVVLILHG DV D FODVV ,, %&
SHUPHDBIBIRMHQ 5XVDQHQ DQG 7PHWBRIHLHOHDVH IURP L
ZDV UHODW WHDORAKIDQWWR Y H U UHOHDVH DIWHU PLQXWH
DIWHU KRRPSDUHG WR FRQYHQWLRQDO WDEOHW RQO\

PLOXWKDQ HW DOKH (XURSHDQ OHGLFLQHV $JHQF\ FRQVL
UHOHDVH RI WKH ODEHOOHG GUXJ LQ WKH ILUVW PLQX\
LPPHGLDWH UHOHDVH IRUPXODWLRQ DFFRUBGE EH W R QWKIGH (
DV VXBBEHQF\ 'UXJ UHOHDVH LV PDLQO\ JRYHUQHG E\ WKH
FDWLRQLF PHWKDFU\ODWH FRSRO\PHU LQ WKH DFLGLF PHG
DV ZLWQHVVHG® IV QWKHWE&LY IRUPXODWLRQ FRQWDLQV QR 3
WKH UHOHDVH RI WRD GBS U® WRKRHPMODWLRQ 7KH HURVLF
KRPRJHQRMMQLQJ WKDW WKH UDWH Rl HURVLRQ GHSHQGV
UHPDLQLQJ $V D UHVXOW WKH GB8X.1WWO\WHROHGHE UWVR\P QWM MH
PRGHO DQG $,& JLIXUHSUHVHQWYV WKH DFFXPXODWLY
+&7 IURP 880 WKH GLVVROXWLRQ WHVW ZLWK WKH NLQHWL
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Figure7.15 Drug release of hydrochlorothiazide from HCTU during dissolutiontest in
simulated gastric medium.

&RQFOXVLROQ

7KH KLJK SUHYDOHQFH Rl K\SHUWHQVLRQ ZRUOGZLGH FD
KHDOWKFDUH V\VW RW FR FD QR @BIID& WR RWKHU FDUG
FRPSOLFDWLRQV +\SHUW H Q \GLLR/Q IKWHDFANKHOTVX L ILDHFWY R/ W HIDQV P
ZLWK PXOWLSOH DQWLK\SHUWHQV I$YHDDU H § X/WDB/MR/ KWK H L VHX
FRPELQDWLRQ ZDV VXJJHVWHG WR LPISMIRFK 3 KW I K @ FFER-P
RI PHGLFDWLRQV +RZHYHU GXH WR PDQ\ OLPLWDWLRQV RI
WKDW FDQ EH SHUVRQDOLVHG DFFRUGLQJ WR SDWLHQW C
KHDOWKFDUHWMMBRHP IRU FKURQLF GLVHDVHV WKDW UHTX
K\SHUWHQVLURRUBXPOWLRQ FDQ LPSURYH SDWLHQIWVDGKHU|
D UHVXOW DPHOLRUDWH WKH FOLQLFDO RXWFRPH RI WKH
DGGLWLYH PDQXIDFWXULQJ FDQ SDYH WKH ZD\ IRU PRUH LQ
WR SHUVRQDOLVHG PHGLFDWLRQ VKRUWHU

,Q WEKHKNSWBLDO D IOH[LUROHKSROUSIHIW.RRQ EH DVVHPEO
WKH SRLQW RI FDUH DFFRUGLQJ WR SDWLHQW QHHGV ZDV
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ILODPHQW IDEULFD3DRQ FRAWDIOHG WKUHH DQWLK\SHUW
3URSUDQRORO ZDV IRUPXODWHG DV D IORDWLQJ XQLW WKE
HIWHQGHG UHOHDVH WKH WKHUPRODELOH GUXJORRDODS!
SULQWLQJ W HRBH KDGMXRAKORURWKLD]LGH ZDV BHQBDAHG D
XQLW
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&KDSWHERQF O XOQBXW XU VSHFWLY |

,Q WKLV VWXG\ LW KDV E HRH@O RWY MAEOW VSKPIFOW K IPRY W
FKURQLF GLVHDVHV QHFHVVLWDWHY WKH DGPLQLVWUDWLR

7KLV QHFHVVLW\ DULVHV GXH WR WKH FRPSOH[ SDWKRSK\
WKHVH GLVHDVHV WKH LQFUHDVLQJ UHVLVWDQFH REVHUY
DGYHUVH HIIHEFWV DVVRFLDWHG ZLWK KLJK GRVHV RI D VLQJ
KDV OHG WR D VLIJQLILFDQW LQFUHDVH LQ WKH QXPEHU RI P
WR WDNH GDLO\ D SKHQRPHQRQ FRPPRQO\ UHIHUUHG WR I
KDV EHHQ UHFRJQL]HG DV D PDMRU IDFWRU FRQWULEXWLC
WUHDWPHQW UHJLPHQV XOWLPDWHO\ OHDGLQJ WR WUHDW
7R DGGUHVV WKLV FKPWVOHO ARBELOQIJWGRQV )'&V KDYH EHHQ
VROXWLRQ WR LPSURYH SDWLHQW DGKHUHQFH WR PXOWLC
RIIHU WKH DGYDQWDJH RI VLPSOLI\LQJ PHGLFDWLRQ UHJLP
OLPLRV@W VXFK DV D ODFN RI IOH[LELOLW\ LQ GRVW QULWUD W
WUHDWPHQW DFFRUGLQJ WR LQGLYLGXDO SDWLHQW QH
SHUVRMWBDRQ KDV FRQWULEXWHG WR WKH UHOXFWDQFH RI
DESW )'& IRUPXODWLRQV

7KH DGYHQW RI ' SULQWLQJ WHFKQRORJ\ DQ LQQRYDWLYH
KDV UHYROXWLRQL]JHG SKDUPDFHXWLFDO UHVHDUFK E\ RIIt
IRU WKH GHYHORSPW®BVPRIGEADWRARUL5HVHDUFKHUYV KDYH
' SULQWLQJ WHFKQLTXHV GA\RR/ 15 FRREPEREID DWHRED M DLORUH (
SDWLHQW UHTXLUHPHQWY +RZHYHU WKH FXUUHQW SDUDG
SRLQW RI FDUH IDFHYWREOF¥WDQRR G IHOLOLWRU\ DXWKRULW
VWN IURP WKH QHHG WR UHJXODWH QRW RQO\ WKH SULQWH
WKH RSHUDWRU DQG WKH ILQDO SURGXFW HQVXULQJ FRF
HIILFDF\ VWDQGDUGYV

' SULQWLQJ WHFKQRORJLHY FDQ EH EURDGO\ FODVVLILHG
IRUPDWLRQ LQWR WKUHH EDWH RBWLLHW LHY W USRVZRKU VR OL
OLTXLG VROLGLILFDWLRQ $PRQPRWHKEOYHAQ KOM B PGHSSRGL BN |
WKH PRVW H[WHQVLYHO\ VWXGLHG WHFKQLTXH GXH WR LW
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DQG WKH DYDLOBHBHGMWYRIPERVAWLDOV &RQVHTXHQWO\ Wil
WKH DSSOLFDWLRQ RI )'0 WHFKQRORJ\ LQ SKDUPDFHXWLFD!
SUHYLRXV UHVHDUFK KDV GHPRQVWUDWHG WKH SRWHQW
SKDUPDFHXWLFDO REMHFWLYHV LQFOXGLMHGFRQOLUFRRWDLIRE@
IOH[LEEFOVH FRPELQDWLRQV DQG JDVWURUHWHQWLYH GRY
DGYDQFHPHQWYV )'0 SUHVHQWY VHYHUDO IRUPXODWLRQ FK
WHPSHUDWXUHV XQGHILQHG YLVFRVLW\ UDQJHV GLIILF>
DGHXDWH PHFKDQLFDO SURSHUWLHV ORZ UHVROXWLRQ D
SRO\PHUYV

,Q WKLV ZRUN WKH XVH RI D PHWK\O DFU\ODWH SRO\PHU E
LOQYHVWLIDWHG WR HQKDQFH IRUPXODWLRQ SURSHUWL
WHPSHUDWXUH LPSURYLQJ YLVFRVLW\ DQG RSWLPL]JLQJ Pt
WKLVDUHNKHLQWURGXFHV WKH (BRQRMBW RS JORDPDFYH® R SHU
PHGLFL@QEZKRHA&GLFDWHG XQLWY FDQ EH SULQWHG DQG DVVH]
SRLQW RI FDUH DFFRUGLQJ WR LQGLYLGXDO SDWLHQW QHH
,Q WKH ILUVW SKDVH RI WKLV VWXGHN OHIP\HHG XDQWW \D R G WEKKHNF
ZHUH GHYHORSHG DQG HYDOXXD®WHI\GL XYV IDBIS DRDKXBO /WH L
GHPRQVWUDWHG3WBOVEMKHQOHIHFWLYHO\ FRQWUROOHG G
WKH UDWLR RUHPRPBDYHDWRUVWOHDYHOKXGQGLWY 7KH QXPEHU RI
UHOHDVH XQLWYV KDG D VLIJQLILFDQW LPSDFW RQ ERWK WK
FXUYH WKHUHEWRPHUDWIRXWRI GUXJ UHOHDVH SURILOHV \
HHGV 2WKHU H[SHULPHQWDO IDFWRUV LQFOXGHG LQILOO ¢
HITHFW RQ GUXJ UHOHDVH DQG GUXJ FRQFHQWUDWLRQ Z
UHOHDVH EXW DOVR DIIHFWHG PHOW YLVFRVLW\ @XRGQIURQ W
GHQVLW\ DQG FRQFHQWUDWLRQ UHTXLUHV WKH DYDLODELC
,Q WKH VHFRQG SKBMHO WHWLY)QHYZIDV VXFFHVVIXOO\ XWLOL
DQRDOJHVLF GUXJV LQIRUPXKQDOHLRMDE®HWPSOR\LQJ GLIIHL
(XubJLw WKH UHOHDVH SURILOHV RI HDFK GUXJ ZHUH L
(XGUDJLW (32 zDV XWLOL]J]HG LQ WKH SDUDFHWDPRO XQLW
FDYLW\ PHGLHDOHDVH DIWHU RQH KRXU LQ DFLGLF PHGLD EX
FRQGLWHR@¥WLYHO\ PDVNLQJ WKH GUXJ V  ELWWHWDLWDVWH
LOQFRUSRUDWHG LQ WKH LEXSURIHQ XQLW WR UHGOHMHVEWEGYV )
OHVV WKDQ LFLRHBRIX® RYHU KRXUV ZLWK PRUH WKDQ I
DONDOLQH PH®/UXPWLQJ JDVWULF LUULWDWLRQ 7KHVH ILQ

152



RWKI®HLOO WR GHOLYHU PXOWLSOH WKHUDSHXWLF DJHQW
IOH[LEOH D QG IBIWILHE@HQQHU

$GGLWLRQDOO\ NH\ IRUPXODWLRQ FKDOOHQJHV DVVRFLD
ORDGLQJ DQG KLJK SULQWLQJ WHPSHUDWXUHV ZHUH DGGU

RI SRO\YLQ\O S\UUROLGRQH 393 . DQG (XGUDJLW (32 L
DFKLHYHAHQMLIK GUXJ ORDG R ZKLOH PDLQWDLQLQJ D C
RI  f&

,Q WKH ILQDO SKDVH [8QCD0 W H VIQIIWILY FARUDER D B MG QQ LKW/
WKDW FDQ EH VWDFNHG RQ WRS RI HDFK RWKHU ZDV LQW
IORDWLQJ XQLW FDSDEOH Rl VHSDUDBMI@® JRYREFR R HQU HS/WH
GHVLJQ OLPLWDWLRQV $QWLK\SHUWHQVLYH DJHQWV ZHU
SUHVHQWLQJ XQLTXH IRUPXODWLRQ FKDOOHQJHV +\GURFK
ZLWK ORZ VROXELOLW\ ZDV IRUPXODWHG ZALVOK WX GVUDUIR X\J
DPRUSKRXV G GLVBQG WRH IRUPXODWLRQOGIDO HY HUWHIGL Q WK |
KRXUQDODSULO NQRZQ IRU LWV WKHUPDO VHQVLWLYLW\ ZI
EOHQG RI (XGUDJLW (32 SRO\HWK\OHQH R[LGH 3(2 .
3(* WR ORZHU WKH UHTXLUHG WSRJ LR&AW BQ R SW B P RIORID
K\GURFKORULGH ZKLFK GHJUDGHV LQ DONDOLQH PHGLD Z
IORDWHG IRUWKBEKWXUMOHDVHY WKH GUXUHWYHD\GLG | XM RO
|ORDW DRVQ\RXQU L QIHSBU RIMWRQPULF UHWHQWLRQ

7KLV UHVHDUFK KLJKOLJKWYV WIK®OS®RNHIUWM L CRQJ MR IL @ KOHG BQH
FULWLFDO EDODQFH EHWZHHRWIRBUDGS B XWLFX S FWRRQ OFARIQ
QRYHOW\ Rl WKLV ZRUN KRY E[BHI—Q VXPPDUL]HG

ORYLQJ IRUZDUG WKH VXFFHVVIXO LQWHJUDWLRQ RI ' SUL
SKDUPDFHXWLFDO SUDFWLFH UHTXLUHV FROODERUDWLYH
SURIHVVLRQDOV DQG UHJXODWRU\ DXWKR ULGHYYH/O R X WX H
VWDQGDUGL]HG JXLGHOLQHV IRU ' SULQWLQJ SURFHVVH
UHSURGXFLELOLW\ DQG SDWLHQW VDIHW\

ORUHRYHU IXUWKHU H[SORUDWLRQ LQWR DGYDQFHG PDWH.L
WKH FDSDELOISWLBWHRG SKDUPDFHXWLFDOV HQDEOLQJ W
FRPSOH[ GUXJ GHOLYHU\ VA\VWHPYV

,Q FRQFOXVLRZLOWKMHRQFHH[EW SURYLGHV D SURPLW®J IUDP
PHGLFLQH E\ HQDEOLQJ IOH[LEOH GRVDJH FRPELQDWLRQV |
LPSURYHG SDWLHQW FRPSOLDQFH :LWK FRQWLQXHG D¢
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DGDSWDWLRQV WKLV DSSURDFK KDV WKH SRWHQWLDO W
SHUVRIG® WMKHUDS\ DQG FXUUHQW SKDUPDFHXWLFDO PDQXII
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