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Abstract

This study was aimed at investigating the use of a strongly cationic exchange resin i.e.
sodium polystyrene sulfonate USP (Amberlite IRP69®) and a weakly cationic exchange resin i.e.
polacrillin potassium USP (Amberlite IRP64®) in modifying the release of a model drug i.e.
diphenhydramine hydrochloride (DPH) from matrices. In addition, the effect of resin addition on the
physical properties of matrices was investigated. The matrices containing 0-40 %w/w of each resin
were prepared by direct compression using hydroxypropylmethylcellulose (Methocel K4M®) or
ethylcellulose (Ethocel 7CP®) as gelling hydrophilic and hydrophobic matrix formers, respectively.
Thereafter, the produced matrices were evaluated for thickness, diameter, hardness, friability,
disintegration, drug release and kinetics in various release media. In deionized water, the resins
could differently modify the drug release from matrices, depending on the types of matrix formers
and resins. For Methocel K4M®-based matrices, the resins retarded the DPH release due to the
gelling property of the matrix former and the ion exchange property of the resins. In contrast, the
DPH release from Ethocel 7CP®-based matrices, which did not swell but disintegrated, initially
increased because of the disintegrating property of the resins, but thereafter declined due to the
complex formation between released drug and dispersed resin via the ion exchange process.
Moreover, the kinetics of drug release from the matrices changed from Higuchi model. Amberlite
IRP69® was found to exert all above modifications in a greater extent than Amberlite IRP64®. In
potassium chloride solutions, the resins modified the drug release in a lower extent than in
deionized water. This was due to the potassium ion could compete and prevent the exchange and
hence binding of drug with the resins. Therefore, there were high amounts of free drug which
readily released from the matrices. Moreover, the kinetics of drug release returned to obey Higuchi
model. The resins also affected some physical properties of matrices. Amberlite IRP69® caused a

decrease in the hardness and an increase in the friability of the matrices. In contrast, the matrices
®
containing Amberlite IRP64 had the increased hardness, decreased friability and a smaller
®
thickness. These findings indicated that Amberlite IRP64 had a greater compressibility than

®
Amberlite IRP69 . In conclusion, this research demonstrated that ion exchange resins could be

used as a potential excipient in modifying the drug release for matrix drug delivery systems

®
prepared from gelling hydrophilic matrix formers e.g. Methocel K4M .

Keyword : ion exchange resin, matrices, modification, drug release
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1.1. 813LAd
(1) Amberlite IRP69® (Dow Chemical Co., USA)
(2) Amberlite IRP64® Tfunw IRP88® (Dow Chemical Co., USA)
(3) Methocel K4M® (Dow Chemical Co., USA)
(4) Ethocel 7cP or 7FP® (Dow Chemical Co., USA)
(5) Diphenhydramine hydrochloride (Beijing Shuanglao Pharmaceutical Co., China
ez Sigma Chemical Co., USA)
6
7

) Magnesium stearate (BP grade)
) Potassium chloride (analytical grade)
8) Potassium dihydrogen orthophosphate (analytical grade)

(
(
(
(9) Orthophosphoric acid (analytical grade)
(10) Acetronitrile (HPLC grade)

(

11) Triethylamine (analytical grade)

1.2. w3asiioInmmans

1) High pressure liquid chromatography (Agilent 1100, USA)

2) Ultraviolet spectrophotometer (Perkin Elmer Lambda 2, Germany)
3) Roche friabilator (Yeo Heng Factory, Thailand)

Texture analyzer (Stable Micro Systems TA.XT Plus, UK)

)
5) Dissolution testing apparatus | (Dissolutest Prolabo, France)
6) Disintegration testing apparatus (Sotax DT3, Switzerland)
7) Scanning electron microscope (CamScan MX 2000, UK %38 Jeol JSM 5400,

Japan)
(8) Hydraulic hand press machine (Specac P/N 15011/25011, UK)
(9) Micrometer (Sylvac S229, Switzerland)
(10) Digital camera and image analysis software (Digital Blue QX5, Taiwan %38 Dino-

Lite Digital AM-313T Plus, Taiwan)
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wazmIAaNLszANIMIaaaula (coefficient of determination %Io R )

2.1.2. MTANzALLasAD high pressure liquid chromatography (HPLC)
wan2zlun1TeTzie) DPH  wazamasauaugndastaditiemey lay
LO3UNEIINZAILN DPH AWt 0, 5, 10, 20, 30 uaz 40 Ug/ml Aianzvwd3unmenlasis
HPLC auan1:dild SufindniAuiildiie (peak area) annuwdiaTzianusunuiidoduszning
AUt uasaTazats sz iuildfia lagstievanuaanasuazniedulseansnis
Anaula
AWITWA % relative standard deviation (RSD) PMNNMTAATNZARITAZA8E LU

LARZAMNNTY (N=5) AIBANNTNNUS

S.D.x100
%RSD =
A
Lfiﬂ
SD. = @hl,ﬁmmummg’m (standard deviation)

ALadY (average) YadRunlana

LRZANWI HAIANNRNNNATUBINALN (tailing factor) HI8ANNTNNUS

W
T-2
2f
a
W
T = Tailing factor
W = anunivesiiaienugs 5 % 1n3n

' a a = {
3:8:33%’3’%‘]@@[5&]Lﬂ(ﬂﬁﬂLLﬂZ?@ﬂGﬂﬂ’]dTﬂdﬁﬂﬁﬂ?’]Ngd 5% NI

—
]

2.2. MIAnEANNAIAIaIsN luaIna1In LT
LO3uNEIRZAILENANNNTY 30 Lg/ml lwihdsedaindaau, 0.05, 0.1, 0.2 uaz 0.4 N

1382818 KCl auaIaL Lﬁuvﬁﬁqmﬁnﬁ 37°C 1Twaan 24 T lus nvuitazrirnlsun ol
f1yazaue1lagas HPLC LLa:ﬁmamﬁ’lﬂ‘%u’lmmﬁmﬁaag’Iummzmsm’lﬁl,@f%wﬁwﬁanmmﬁ@

@49
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2.3. MILATBULNNINSD
WIsNnINSlasitnanase gj«m@‘h%’uuamlumﬁaﬁ 1 FuazHaNEIuNaNend 9l
Auwn 10 Wil AnuugImINENsiwinuinen (100 mg) inluaensalasldinissnansalaasedin
MIUFINIUABLARWINLITBY (Lﬁudﬂguﬁﬂma 6.35 mm) lfLLsomaﬂé'@ﬂaﬁnﬂ@‘h%'u (5000 Kg) LALLAN

a e

Sndneoyla b lunsustlasfinawnitazinnisUsadn

ed A

P a 6 a
AN 1 ﬁa@j@liLLﬂzaﬂﬂﬂizﬂE]UI%L&J‘V]?T]GIWIL@?U&I

%agm HPMC #38 EC/Am69 ®38 Am64/
/0 /5 /10 /20 /30 140
faulznay (%w/w)
DPH 30 30 30 30 30 30
Amberlite IRP69 w30 64°° 0 5 10 20 30 40
Magnesium stearate 1 1 1 1 1 1
HPMC® %38 EC°added to 100 100 100 100 100 100

a i ®q o ) ® y ., gy e A em o o
Amberlite IRP64 |5uny Amberiite IRP88  (liiaunsamda la uasdavidnarony)
® Methocel KaM®™

° Ethocel 7cP” wia 7EP”

2.4. mMadsnlingulacng g

v o

Urlnanfad guasuninsnason laasd

241, WRWNLNNIND
@mm‘%mﬁﬂmu 10 LRQ TIRVRENVDILNNINTUALLNA FIWIWALDRLLAT

ANDILUNIATIIN

(2 ' 6
242, ﬂ'J']ll%%’]LLﬂzLﬁuN’]ﬂ%Elﬂﬁ'N
a;mmw'%nsfﬁhmu 10 L@ '?ﬂﬂ'l']&lﬂ%’]LLG:L&%NW@%&?’]NWGTQGLN‘H%ﬂ‘ELL@]‘Z‘]ZLﬁ@]

dlulalines wimdadouazdndosuninasgn

243, aNIWDd
aimm’%m?ﬁhmu 10 130 10ANNLTIIVBILNNINTUARLLTAFIILATAIIAAINN

w9 texture analyzer FUITAANRRLUAZANLTHILUNINTTIN

244, anuntan
gulnInddiuan 20 e TannbhminGude (W) duaninglaluieiasia

ANUN3a% (Roche friabilator) HalWia3asrinualuansis 25 saudawf tduian 4 wid anu
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HLUNINTo0NINLATBIIAAINNUNTOULASTIRINALN (W,) fuwrawnidasidudanunsanvadiun

a v o o 1)
INDAVLYAINVUTUNUD

| Wi Wz 100
W,

1

245 MILANAL
LE'AJLNVI%WI%’]%’J% 6 WA NARAUNITHANAINILLATDINARBUNITHANA?
.. . 2 { Aa o [ ° ' { ' {
(disintegration apparatus)”  WiszazIawnInguanda lenue  duimeaduuazandoaun

AW

24.6. nmidaadsasen
NARaUNITUAAURONENGI8LATEINARAUNITASAIOLLLAZNT (basket
. . (2) & a o o AV 1 aa &
dissolution  apparatus) iU n@aandesn (@unuvesainadnlifidesn) lesnaseuiiu
JrazIan 10 7319 famnnil 37140.5°C Nad gguALaINad (5 ml) uazriimyiamzim
YSunmenfidaatdeseanindltis UV spectroscopy NANNE1IARK 218 w1lluas WNINBUNgas
nagaunslandsssanivuiduluasazans KCI (@unuaasainadnisean) Nanaduty 0.005-

0.4 N laggnmemanasaudngliinlownumimesavluinysaanndaaudneds

247. @auagasvaimIaataayen
A s & ' A € o a A
AR RIARARASVINTUaaUsasgnaanINLENING laasina1USunmenn

. a . o edf) ¥ a : ! v _1(3-5)
daadaasniaiend 6]71@1aaunuaummaumamﬂﬂiaﬁmﬂmiﬂa@ﬂaammgmmuma6] leun

. . 3

(1) Higuchi model( :
[ > 6 1 a dl 1 g g a%/
FUNIIAMUFNNUTIZRINUTU e Uaataasuaziiad L wagdh

Qt = kHtO'5
e
Q = ﬂ%mmmﬁﬁa@ﬂdaﬂﬁnmlm
ky = Higuchi release rate constant

—
]

L3R
o a A ' A ' o ' 0.5
ﬁ]’m“ua;&a“uaaﬂsmmm‘ﬂﬂa@ﬂaaamnmma6] NN IENINN Q, LA t

Hulduwase uaasinaavwamanivesnslaatasssnduuuy Higuchi model

(2) Zero order model(s)

[

[ s 6 1 a ai 1 & g
FUNITANMVFUNWBITZRIYI e nUaadsasuaziian tiwagi

Qt = kot
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1
ko, = Zero order release rate constant
mm]”agamaqﬂ?w'lmmﬁﬂa@ﬂdaUﬁum@m6] INIWIERIN Q,  Uaz t

L UL EWA TS LLﬁ@]\‘]’jT‘ﬂa‘l«LWﬂﬂﬂﬁ@lgﬂlﬂ\‘]ﬂ’liﬂﬂ@ﬂdaEJEI']Lﬂ%LL‘]J‘]J Zero order model

(3) First order model(3)

[

FNMIANVFNANWTIzRIIUTI e NUaataasuaziian tuash

_In(l—F,) = k,t
_Q
F, =
Qo
al
\e
F, = sasuzassnndaaddasniialag
Q, = dsunmensudulmaning
k; = First order release rate constant

ﬁanaQaé’@mumaaﬂ%mmmﬁﬂa@ﬂdaUﬁnm@m 9 ANWIWAT —In(1-Fy)
MATNIEAIE —In(1-F) uaz t 1 Jwmduass ugasinaaunarmaasvaimsdaadaaseniduuuy first

order model

(4) Korsmeyer and Peppas model(a)

[

> % 6 1 a dl 1 &) dy
FUNIAMUFNNUTIZRINUTU e NUaataasuaziian L wagdh

F, = kt"
o
kK = eieefimasmsuandaom
n = Diffusion exponent

v Q ' =3 ‘i‘ 1 tﬂ‘ 1 v 1
mmla;&aa@mumaaﬂsmmmﬂﬂa@ﬂaasmmmma6] NN IZNIN F,
wazt” (0 la9) 1 wduase uaasinaaswamaaivesmIvandasseiuwuuy  Korsmeyer and

Peppas model

(5) Particle diffusion controlled model(4)

a

FUNIANUFUNBTIzAIUS I e NUaadsasnaziian tuasi

6 13
~In(1-F) = 1.59&) D, "t
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) a £ : . . .. . a
Dn UL IEANTNNTUNT (diffusion coefficient) HWLANIND
d
ﬁ]’mﬂ]“aQaé’@mumaaﬂ%mmmﬁﬂa@ﬂdaﬂﬁnm@mG] AUIWI —In(1-F))

Lﬁ%ﬂhf}luﬁﬂﬁﬂﬂﬁlﬂdﬂ%ﬂ’]ﬂﬁ;ﬁ%

[y ' 0.65 | (Y ' ' &
NIINIENIN —In(1-F)  uaz t 1wduwass uaasinaaunamaasvasnsuaadasssnduiuy

particle diffusion controlled model

(6) Film diffusion controlled model”

[

> = 6 1 a n:ll 1 I n:‘ly
FUNTANMVFUNBITZRINYI e nUaadaasaziian Lwadi

~In(1-F,) =Pt

e

P =  amwliBunuld (permeability) vasWau

ﬁﬂﬂ“ﬂ’aQaé’@mumaaﬂ%mmmﬁﬂa@ﬂﬁiaUﬁmmemG] AUIHIT —In(1-F))
NINTERIE —In(1-F) waz t 1 Duduass uaadinsawnarmaasuadnslaadsassnduiuy fim

diffusion controlled model

2.4.8. MIANBINBALUNINGAE scanning electron microscope (SEM)

=2 o P PN a €. = ] o
ﬂﬂiﬂ"]aﬂ‘]ﬂmzwuwﬁﬂlﬂ\‘]La\lﬂiﬂ‘ﬁﬂauﬂ’ﬁﬂﬂ‘]ﬂf\ﬂ’ﬁﬂa@ﬂaa?.lﬂl'](ﬂ’.]ﬁl SEM

24.9. m3ansmMaUaswulasuedunindizniienisdaataassn
v A Q 1 Qs U lﬂl 1 o
ltan1zmlaununisnageumsdaadaassnaiuniita 2.4.6 NIa1619 910

=) &/ 1 v v aa
WNINTUBNIBRZENIAINGILNRBIAIN DR
2.4.10. 3Lﬂiﬁ:ﬁLLﬂ:LLﬂﬂNﬂﬁa§a
3. WALAZIIDINANITIAY

3.1. MmNz lasds uv

NNMINATEAFTAZA8E1 DPH  ludnasiiads g laun sidsnaaindaan, 0.05,
0.1, 0.2 uaz 0.4 N KCl 139Au 00T 0-25 [lg/ml lae3T UV spectroscopy N0ugnInan 218 nm
wuhenuFuRusIznivenuduivraiasazamssuazdnIganauLanduiiuass (U 1-5)

. @ a £ o A .. . . 2 v ' [
lanfidnauiszdninisaadula (coefficient of determination; R”) laittasnin 0.9995 ayulddranann
A d‘y a 6 a A 3 =S ] £ a

1#3% UV spectroscopy flunsianzdrndSanmeniildannnmsdnsnmsdaaddassnluainaresiia

@9 9aINa bet

3.2. MIAATLRRUTI e DPH 1agiT HPLC

(%

Ao W v a & &
ﬁ]qﬂwaﬂ’ﬁ')'ﬂUVL@]aﬂ']'JZ"UﬂGﬂ'ﬁ'JLﬂT]Z%U'] DPH @31



HPLC

Column (4X250 mm)
Mobile phase

Flow rate

Injection volume
Temperature

Detector

Retention time

0.8 1

0.6 1

Absorbance

0.4 1

0.2 1

15

. Agilent 1100 (UV/VIS detector), USA

: 5 lm C8 (Betasil, UK)
: 75 mM potassium dihydrogen orthophosphate (‘.Ll%"i_l pH ﬁ3.5 a8

orthophosphoric acid) : acetronitrile : triethylamine (65:35:0.003)

: 1 ml/min
20 W

: Ambient

: UV at 257 nm

. ~7.5min

y = 0.0367x + 0.0032
R’ = 0.9997

5 10 15 20 25
Concontration

3UN 1 anuFNRUFIzAIIe NN (Lg/ml) TasnTazasEN

DPH 1%11’] LLﬂZﬁ’]ﬂ’ﬁ(ﬂ@ﬂﬁ%LLﬁd

1 1

Absorbance
o o
[@)] oo

[ [

o
AN
1

0.2 1

y=0.042x +0.0084
R?=0.9998

5 10 15 20 25
Concentration

3un 2 ANMURUAUTITAIIANNTNTY (Lg/ml) VoIRIIRZAIWLT

DPH 1w 0.05 N KCl LLE]%]"]ﬂ’lig@lﬂauLLﬁd



11 y=0.0382x +0.0124
R®=0.9995

Absorbance

O ) I I I L}
0 5 10 15 20 25

C.oncentratinn
UM 3 anwFuRuFIzRINe NN (Lg/ml) vaisIazae

£1 DPH 1t 0.1 N KCI azfimIgananuas

1+ y =0.0354x +0.0055
R®=0.9998
0.8 -
3
C
0.6
|-
3
< 04
0.2 1

0 5 10 15 20 25

3UN 4 anuANRuSIzR AN (Lg/ml) BasnTazaLEN

DPH 11 0.2 N KCI LazAmM3ganauas

16
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1 - y = 0.0382x + 0.0093
R’ = 0.9995

Absorbance

0 L) L) L} L} L}
0 5 10 15 20 25
Concentration

JUN 5 anuduRuiIznivanududy (Lg/ml) vessniazanuen

DPH 1 0.4 N KCI uazenniganfuugs

wazlé chromatogram é’ouamlugﬂ'ﬂ 6 MNMTAUATZRAITAZA1881 DPH 1290214

\Budu 0-40 pg/mi 1asA% HPLC anwanizinadu wutldReidoivassnusnaanainanssugading
Ay ol Revaspndnnusuanasiivensule (tailing factor < 1) anaduRusIznIIeNuduTuYag
IRTANULAUALARR (peak area) 1TuLEUATI (gﬂﬁ 7) lasfedudszansmaseaula (R
WiND 0.9999 uazd1 RSD anmydamzimsSunaenlutisenuidudn 10-40 Lg/ml agnin 2
%’ a‘gﬁ"lﬁiﬁﬁ’lmsnsl"ﬁeﬁ HPLC  Alumsdassimdsunmendildannmstnsnainuasiaasen

DPH ludnansrfiadnegle

DADT A, Sig=257.8 Ref=3560,100 (SOMZI0EASTD001.0)

maALl
&4

3171 6 Chromatogram 284M7iLATZRENGIEIT HPLC

o A o o - aa v A @)
! USP24/NF19 AAUAANUFNINATVRIRAFINTUNNTAATIZREN DPH Iﬂﬂ’lﬁ HPLC @834 tailing factor < 2

2 . o o - aa v oA @)
USP24/NF19 M1 repeatability fFWSUMTIeTERen DPH I@El’)ﬁ HPLC 91834 %RSD < 2



120 -

100 1

80 1

60 -

Peak area

40 A

20 1

y=2.8338x-0.4401
R?=0.9999

18

0 10

20

Concentration

30

40

sun 7 ANMURUANUDTITWINIANNTNTY (LLg/ml) VEIENIREAILEN

DPH waziNunldna

3.3. AnuaIAasnluaInasuazan 1zl TAns M sUandsasen

813881081 DPH (30 Wg/ml) NLa3uaeiaainaiziacigg laun sihdsieanndaan,

0.05, 0.1, 0.2 1Laz 0.4 N KCI waINALA 37°C Wi 24 T2laus wuindSunmen DPH laldaaasan

a a a A4 a X = o
LAY (913NN 2) YIUTUNINNTULAN KDY (ﬂszmm 2 %)

ROAARBINUAT %RSD (WI0A7NY

a ada [ 4 v a @ A o a ' AN R
NAWRIA) VDIIDILATIER a;ﬂ"[mwm DPH Nﬂ??ﬂﬂd@?@l%@’)ﬂa’ldﬂi%@@ﬂd G]LLazsL%ﬁﬂ’]’]$V]1“ﬁﬂﬂH’1

nmsUaavaassnlunisiauh

@797 2 anuasarvade DPH luaanasafiadie g (37°C 24 1luv)

FINad 1 2 Aade %*
TSN 30.0 30.1 30.0 -
1%15’] 37°C 30.5 30.1 30.3 100.7
0.05 N KCI 30.7 30.8 30.7 102.3
0.1 N KCI 30.8 30.7 30.8 102.3
0.2 N KCI 30.7 30.7 30.7 102.1
0.4 N KCl 30.6 30.8 30.7 102.2

*@auade X 100/ 8USua%
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~ . ® , an a &
3.4. NaVaIL W Amberlite IRP69  @8RULAGI UBILNNIND

' wa a 6
3.4.1. HRIARUUANISNTNVBILUNIND

N ATENLAININT LA AITIRIINFN IR lasintinuisanialin ldaanda

Tagass lwamingilduas HPMC wia EC #5158 Amberlite IRP69" 131146 gilvintinady
Inddnsrurinniniihwineddasns” (100 mg dawla) dousasluansef 3 uaz 4 wnsnd HPMC
wio EC fiflisdudSunmdng G]ﬁﬂ’nwml,ooﬁﬂa%hzwm 2.80-2.98 mm UAE 2.64-2.84 mm GURIAL
wrisnd EC fanunwiaduinnitaming HPMC 1Enitey iiasain EC flaweeymaldnnin i
IflanusInnsan1Inenaa (compressibility) @ni1 HPMC (3neaziduaadunsluiidanaly) aghels
fanuan3ng HPMC wSa EC ARsdudSunmens giiiduiguinaslndiAsaniu (6.40-6.41 mm) 9
wu:iﬂmgﬂ'jwm@Lﬁumﬂuﬁﬂmwaamnﬁl%@amﬁnﬁam (6.35 mm) o1atdunaaniianistada

NaU (elastic recovery) UBILNNINTALRAINTITABN

Winsnd HPMC  aziianuudstasninaunsng EC  (Halufsgu) aduaadln
{ & v Qs =) { 1 ¥ a a
@139 3 WAL 4 TINAFAAARAINUAIN SEM 283tun3ng NUsnginduiavasiuning HPMC az
Fouuazdauiwiaonitwuiiveauning EC (3UN 8a uaz 9a) MMBNUNFKIBINTNLIING HPMC
waz EC Huansnaiunindnianuainnianiinensad annsaliiuanaiuningaisiTaanass
1d TapsznininmiaendaiianinaoUuuuwana@n (plastic  deformation) aginglafianalainy
= a A 1 a A o A ' (= A & A s 1
Feuwnsansudisuiiisuinsieladinnusansanseensadniing lunenguiduwisensuin
{ a J 1 1 v
anuudirasasniiminasgduuunata@nazlinediuawiaeuniavassnsdaudnaann lasay
= A X o & a = A ad Aa a = '
wisaziududassuiiswaauniaidnas asaniidunirluniniaussfsgaznitseuniazas
. . . £ (69 ' { '
&3 (interparticular attraction) 124" 3naweny SEM 183 HPMC uas EC (gﬂﬁ 10) EWLN
HPMC fzwnaunmalnginit EC adnaann Svenadusinaildiuning HPMC fanaudadan

NILAN3NG EC

AMULTIvaININE HPMC w38 EC  Aflsduussraguiunnes guaaslu
{ ' = a Py a a A X P S Y
a1719% 3 uaz 4 wuhenuudwedmindazansailedisfulTnounudn (UN 11) Tinagoandad
o ! A & 4 & A a_ ¢ A o a & A
AUAWENY SEM - saaluning  AUnngiiuiivasaunindizriszuasiisesuanitiiuiniie

a a a n&/ { Y o a Aa a a .
IV LITULNNT (g'ﬂﬁ 8 waz9) lavmsAnsudndulasnisnenaalsds  Amberlite

® A 1 ] o a v & =1 v 1 a a =<
IRP69 10829 wuildaansneendanduldidudald usashaymanduianumaninlumita
\nziWad (cohesive attraction) 1@ BaluniuuillafansanadniaziBaaanniwdis SEM (3U7
8b-f LLazgﬂﬁ 9b-f) WUINTABUANTIIEIRIRAINATEL 9 (UIFIURIANINNA) mgmmi%u TGGRIN
Lﬁudﬂmﬂﬁ@Lmi:vnfwatgmﬂmaans’i‘iuua:msﬁuG]’Lumﬂ%ﬂsf (adhesive attraction) N bAaILLTUNY
A o dyd L < d' a {d‘ a I d' A a
nnuamMAseiismannaidlan anuudmaasisaaaningnusrguadu iunannnnmniadud
a 1 té U s a v 1 v { 1 { a
anuEanInNInanaa lid  silanuseandesnunaniidunawnininud suliafiusigadiun

a d a 10,11
(Lisﬁuﬁmiﬁ;m)vﬁaLssmwnmﬁamzﬁmmuﬁm@m( :



P e a da A ®
A13NN 3 FUUANN G]TQGLN“/I?T‘I‘E HPMC nuLyow Amberlite IRP69

nUszLiin

gas (HPMC/_)

AM69/0

Am69/5

Am69/10

Am69/20

Am69/30

Am69/40

wmin (mg)  100.310.4

99.810.9

99.710.8

100.410.7

100.510.9

100.2+1.5

AMURWY (mm) 2.9810.02 2.8710.10 2.80%0.03 2.8110.06 2.8410.03 2.8810.04

LuRguInang
(mm) 6.4110.02 6.4110.01 6.4010.00 6.4010.00 6.4010.00 6.4010.00
ANULDY (N) 39.1+24 313*15 16.6%1.2 16.7%f11 75105  3.7104
ANUNTAY (%) 0.88 1.64 3.91 3.94 12.90 92.13
LIAINITUANAD
(min) naeduwaa/linanan
aN7197 4 FuTHe199ra9uN3Ng EC 7ifilsGu Amberlite IRP69 "
mMIUsstln §a3 (EC/)

AM69/0 Am69/5 Am69/10  Am69/20  Am69/30  Am69/40
iwiin (mg) 100.610.5 100.8+t1.0 101.1+0.5 100.8%0.6 100.61:0.7 100.510.8
AURWY (mMm) 2.8410.03 2.7910.03 2.7810.02 2.71%0.02 2.6510.02 2.6410.02
EiARTATETDRK
(mm) 6.4010.00 6.4010.00 6.4010.00 6.40F0.00 6.40F0.00 6.40%0.00
AMNUDI (N) 120.1+59 111.7142 1052%27 1117235 96.4123 757%1.3
ANUNTAY (%) 0.21 0.24 0.27 0.24 0.27 0.45
LAINITLANAY
(min) >60 46.0210.70 28.6311.01 9.0810.86 4.4710.65 2.82%0.31

20



gﬂﬁ 8 Mwengy SEM wosfiuRatanindg (a) HPMC/Am69/0, (b) /5, (c) /10, (d) /20,
(e) /30 waz 40 (f) /40 Aus1AY (CamScan MX 2000, UK)

21



gﬂﬁ' 9 MWENYy SEM 2aIWHRAIUNING (a) EC/AMBI/0, (b) /5, (c) /10, (d) /20, () /30
WAz 40 (f) /40 MNEIGL (CamScan MX 2000, UK)

22



gﬂﬁ 10 MWeny SEM 284 (a) Amberlite IRP69", (b) Methocel KAM'
®
(HPMC) Wag (c) Ethocel 7P (EC) (CamScan MX 2000, UK)

23
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120 - - 100
100 - L 50
z S
< 80 <
4 60 &
= =]
T 601 2
= - 40

40 -
20 - Bea
0 - -0

/0 S 10 /20 /30 /40
HPMC or EC/Am69/

U 11 anauds (Fanwoillsg) wazanunsan (FyanEoiiy) vad

W3NG HPMC () waz EC (Q) “?'iﬁl,ss‘fmﬂ%mm@me]

nsdhansng HPMC  wudnanunsausztinduiionnuudasanindanas
lasusslondu 2 529 mamnLfiamﬂ‘%ﬂ%ﬁns’fmmsqwﬁa 20 %w/iw ANULTIVBIUNINTAAEIANN
39.1 A8 16.7 N UazaAMuNTauaas G]Lﬂlll%u’ﬂ’m 0.88 Lilw 3.94 % (gﬂﬁ 11) Frafimaadowning
H13BUUITWNATT 20 %wiw anuudasarsntanasain 16.7 waa 3.7 N Geaaasioaninlu
F29U3N UAANUNIEWANTREITINEI9N 3.94 1Tn 92 % mﬂNaﬁvlﬁf:aEﬂvl@TdWQ’;ﬁwé'uﬁuf
szniennuudnsranuniontaunsndasiidning@nits (criical matrix strength) Tegnaands
maaLuﬂ%nsﬁamaLL@iﬁ'ﬁﬂagaﬂ'jm’;’mLLﬁﬁnﬂ& azvildanunsawliasuuyaswdatind wie
BRUGH LL@iﬁ'lm’muﬁwaaL&Jﬂ%ﬂsﬁﬂ@ﬂd@‘iﬁﬂdﬁﬂawuLwﬁﬁﬂqa sz ldanunsawdivine e
%amngﬂﬁ' 11 dranuudiing@vasuning HPMC azliandszanm 16-17 N lunisassnudnuwuin
WisnG EC Snnunsoudautienii (0.21-0.45 %) wiianuudezasanindazanadain 120 wae
76 N (gﬂﬁ" 11) Adlwguiionafiasanenuudsasuning EC NIy Gaasdidnnnninanauuis
InnAvesiu asaziAnldananuudsvasuning EC ﬁmsﬁyﬁs”m 40 % AGINNNINVBILNNIND
HPMC ﬁ"l,aij@TussqLi%u mwﬁamnnimmmvﬁﬁnqamadLawf%nsr? HPMC @18 39vinlianunsean
pagnsng EC  lidesiddsuudssanuanundsvesunindfianas nan1sissiizeandasiung
mMsAnEfawnaunits wuinanuniousessdaliilasuulssunin (0.6-1 %) wadnaMuuds

12
22808991N 105 1wae 60 N

3.42 wadamsUsadaagsnsananniunIngluindnaanndaai
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snlainlaasiulalasesnlsd OPH) Husndiiimsazarssidan lesdia
mM3azansdszanm 1 giml' ) MWl DPH wussuuihasaninglasld HPMC wia EC 1iusns
AatunIng wudwmmmmuqulﬁmﬂa@ﬂdam%aa:mﬂaaﬂmazm%ﬂ 9l (HPMC/Am69/0 1u3ﬂﬁ
12 U8z EC/Am69/0 Iugﬂﬁ 13) adelsianunalnmimuqumsdasddassaanainiuning
HPMC/AM69/0  waz EC/AmMB9/0 oz lsniautn ilesanguiafidenuuesmnsunsndiiges
HPMC Huwadiwasiwausin (hydrophilic polymer) azwassuaziiadlwaale daruilosuiaiumii
LWN3NG HPMC/AMB9/0 azwasaaaznaeiduiaa (gﬂﬁ" 14) Wazen DPH I8san8azunsHILaaLInN
Snfoanan & EC (uwadiwasilizauin (hydrophobic polymer) asliwaseuasluifiaiiniaa
(g‘ﬂﬁl 14) Soiunazantdonaananuning EC/AME9/0 Tasmsunsinwansndslinass e
Wisuifisudamstantsassnsenitaunsng HPMC wa EC 7laifiis@u (HPMC/AM69/0 uaz
EC/Am69/0) Wuinen DPH azdaadaasaananniuning HPMC/Am6E9/0 lésasininunsng
EC/Am69/0 Milwauihiiiasann HPMC  Fantidzeviinuazifiaiiuesldanisiasy 1 DPH a4
srapinldauasiiauiavensinguiu Seazansuszantsaseanainun3ng HPMC/AM69/0 a5

. - g - W ¥ . ¥ (14-16
ﬂT\LN‘ﬂiﬂ‘f EC/Am69/0 %am‘%ﬂm'mwaaLua%ﬁ"l,mauu’u,l,azvlmzmw’l( )

% DPH released

Time (h)

Eﬂ“?'i 12 mM3Uantaassn DPH aanannlun3neG () HPMC/Am69/0, (M)
/5, (A) 110, (@) /20, (X) /30 Waz (—) /40 auEeY b



s

]

% DPH released

0 L] L] L] L] 1
0 2 4 6 8 10

Time (h)
317 13 m3daaddapsn DPH aananuvina () EC/Am69/0, (M)
/5, (A) 110, (@) /20, (X) /30 waz (=) /40 anwdrey uiin

HPMC/Am69/0
in DI

EC/0 in DI

gﬂﬁ 14 pmwangvadNnIngIzninamsUaadaasanlusin (Digital Blue QX5, Taiwan)
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naUaILIBudanslanlaasanaananniuning HPMC LLﬁ@dluEﬂ‘ﬁ 12 WU
m:ﬂamﬂa’aﬂaanmmuﬂ%ﬂ%ﬁmsa‘w%wﬁwLLa:ﬁaﬂﬂdwﬁ"L&i"LﬁmsqLs?nu WEA I LALARINITUFINTD
auqumalanlsasaananuning HPMC  lidhadld msmuqumsﬂa@ﬂa’asmmauﬁmﬁm‘fu
MNFNTANINEIFIVas HPMC  wazansianisuanilasudosnueiisdu awnindaudanuiies
wadaanaznatalduiaa (33J°?‘i 15) uazlfofazanounsussantsogaanyn uaiiesannluaaiun
EC/AMBY/0  \ny1ngdamaziianisuaniaswdeawnuisduuaziiadluasideton (drug resin

in DI 17) o |aaa
(resinate) )mllgﬂ'im

RSO,Na + DPH" < RSO,DPH + Na*  [Eqn.1]
prfaglusdiunaziviunguanifoudoan (wydalniing veasdudiouss

GagalWihadia (electrostatic attraction) iikasanluwiniBeauatasann Aslifideanlduanidfoum

Twaananusdiun é’aﬁfumiﬂa@ﬂdammaaﬂmnLw’%ﬂ‘ﬁﬁmsqLis’ﬁu?ia“ii”ﬁl,m:ﬁaﬂad

5 min

HPMC/Am69/20
in DI

EC/Am69/20
in DI

-«— completely disintegrated at 9.1 min —=

HPMC/Am69/20
in 0.4 KCI

gﬂﬁ 15 MNENLVBINTINDNEITU 20 %w/w (HPMC/Am69/20 Laz EC/Am69/20)
seriemsvaavassenlusiuasli 0.4 N KCI (Digital Blue QX5, Taiwan)
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ﬂi:’&ﬂ%nﬁwlunﬁﬂ’;uqﬂﬁmﬂa@ﬂéaﬂaaﬂmmm%mf HPMC 2:RUWWENU
a A A A A a £ ' I A ¢ A
USu1 38 Ll atsdulutunIndinntneiazlanlsasldiaas (3UN 12) Fegru1vnasunelalas
a @ . . . . Aaan A A 17,18 A A
IALANNNIIRNQE  (equilibrium  principle) maaﬂgﬂimmmamﬂaﬂuaaau( : [Egn.1] LUy
a A a £ A o P % A Aaaa o A
U3 ouadu (RSO;Na) lutuninduiniu iheinmangavesdisonliesn djisenazdnfiuain
Y X w4 4 . A 24X e e ¥
FroldrnuinduniatianisuantUfousenineouassSulindn AadusGiuniiniu) nny
a Aaaa % o a J d' 2’ Aa Y o 33 K A n:('
Wl fAseranvnlddreliiiaziiadn maamnlumwaaauaguaw’m AIBUIINNazae

mﬁaagﬂmm’%ﬂéﬁaym Mlnisdaadaaysnaaniun3ngsinaziasad

@ £y [ ' o ' o (17) £
HaNIANETIduRaaada N ILEIRAUNanIsAnE Ao Faluna
& , ' a { a a A £ ) A
mMansaTInawwui1 msdaadaasneananniunindazanadiladTan s NI 952 A LN
% & 1 A |¢:§’ 1o a a A a 4:3’ = ] =< ,2’ [ 1 A
wasnnuumItdaaddessnazasi lddned iuUTumsduiinaudn udluns@nmnaunudniie
a a a & A 4:3’ 1 a 6 R 1 ] A A 1 &
YSunamsdulmanindifiadu nmsdandssssnaanainnunindezdinianadatinsdaiiias SelUninuu
A e€da A ' ' o A AV o ' v @
lwan3ngnTsduuisagannnii 30 % danuidinisaassvesenfildlaaddesaaninuay ansme
' A v A ' v A 1 a v a € A a A
indtaturelaitonidaaddasaanuiudrinmsunsnavdn lululansnduazuanidfounuisdn
o a 6::':: a A a % d;ﬁq’ A o s A A A 4
laawiznuunIngntnduus 40 % Wesnnududalinufidmivuanidiouefiniasnnidu
numfazaagluuninduinnit Jssansamliiiensuninauusziienisuanifounuild
Usadsasaanuudalduinnit lusaeiiuningndisduusrgdesndt 30 % (HPMC/AmMB9/5-/20) 'lai

AN o \ @ P a A |a @ = ad Ao o A
W‘]Jﬂ']ia@a\‘]’ﬂaﬂ&l’]ﬂvl,@ﬂﬂ@ﬂaaﬂﬂaﬂll']LLa’J L INLITRNUI U D Y QU“NNW%W&W%?‘ULLNﬂLﬂNU%

mmﬁaag}i%‘n

WaFNKENUELANING EC N laiRisdu (EC/Am69/0) azldiialluiaaiunsng
uwazliuandanaanimminageumsdaaddassn (10 Tlus 3UN 14) udwviing EC - NG
(EC/AMB9/5-/40) azuane (3N 15) vldwg@nisunisdaaddassuanedrsldainianing HPMC 7

A a

A o a = & 4d a ;- a & P >
LT (E‘]J‘Vl 13) ﬂ’]iLL(?'m@]'J‘Il?NLNYIiﬂGI? EC 'CDZLS?THLﬁBNﬂiNWML?ﬁ%N’]ﬂTu (913790 3) MIAWNY
g ¥ & a . ® A & ' o ' a o a .
ﬁLLﬁ@NIV\L%%T]L?‘Ii% Amberlite IRP69 Jruuadua1IT0uanA T ULALINULITY Amberlite

IRP88® Wax Indion 414" é’aﬁvl,@?ﬁmsﬁUmuagjﬂuwamﬁﬁyﬁawﬁﬁ“g’zo) IS EUNITIRL NA AT
sansmhoalfilusstouandalugnde denalnninduastiowandaieanauianminesdn
(swelling property) 1891584 1S L5 ulwursndauianuin LIBUITWAITIHANAULAZYINABUTIRIQA
32Wi198UN"A (inter-particulate binding) Yilsiuninduandy nansanEiTnlimunenalimane
Tunslfisdudumitinarvqunisdaatsesenluaning EC wisvasmsiansngn linasdn
ia8ue Lﬁaamnmaﬁﬂﬁmﬂ%ﬂsﬂ‘ﬁ@miu,@méﬁLLa:a:Lﬁ@miﬂaﬂﬁa’aﬁmaaﬂmluﬂ%mmqaﬁuﬂ

. = & o ' O [
(dose-dumping) sma]:l,ﬂuaumwm;dﬂmvl@

mItandaassnaanannuning EC NRLITw 5 % (EC/AmM6B9/5) azi3aninan
Snd EC Alfs%u (EC/AMB9/0) tilasnnuam I uanTt8uana2a 5T uaina1dnadu H9nTenn
AEWLINABUNINIAMNITUANAIVEINNIND (46 WT) MIUaaddassnaanatniuning EC/Am69/5 f

g9153n3Lun3ngd EC/AmB9/0 (gﬂ‘ﬁ' 13) afuelaudgsliuandinuaudiuning EC/Am69/5 ax
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0 a o v 1 YV & J dlyﬂl ' 0
naunlaziiatasuyn vnlwenlaadsdasaanuldisidn wananiginuiinisdaataassnaanain
LWN3ING EC/AMB9/5 a:augszﬁﬁalf;mm\nale,ﬂ%é'aﬁnnﬁLm‘%ﬂsrﬁl,@mé"sl,l,ﬁamu 1-2 109 uaasle
i rndzuanandusudn gdiediasdaaddesaanunldas

NILANAILNITIALSIaNNING EC Asdw 1ulavinlwnisdandsasen
& o gda A B & .
aanauNTuLaNe 1 wuInunInsnRsTuaud 10 % auld (EC/Am69/10-/40) msUaadaasenas

' v & ) . . ' ' & ' < &
widaanboiiluaadsad (biphasic release) F9uINMIaadasssnasgUneE 19510157 NUUMT
Useatsasenazdas 9aaad (FUN 13) sunqiiiesannaudanmsuanidfsudeaunaniwitannauiang
I 1 s a 1 [l =) t&/ 1 ~ { a o v
a3t 8uana w0935 % nMsUantaassnluiianIniiadnat19390137 1hasanLsduazyinldian
a 6 o n' ::? d'n: v 1 aﬂ 1 n:‘ly a 6 £ 1 = 3’
InFuanauaztNINwnA IMe1Uaatdasaanyn dlutaiiunindazuanaluazlanlaassni3ian
A a a A & a X , = , \ & , A
L aUSN L ITW WA NINTLAN LU ama"l,iﬂmumiﬂa@ﬂaammvl,mmyimuam:ﬂay 98089 LHadan
mﬁﬂa@ﬂ&iamaanmanmmﬂﬁwuaz%’uﬁuLss‘Euﬁﬂi:msaglué’aﬂmd AL D UENITLTITDWIZNIN9EN

A A & A ' A ' ' { o Aq o
LRZLITURTBLITLUNY U m‘nagsl,w,ismumzvl,uﬂa@ﬂaaﬂaaﬂm LhadanaIna NNl Enagauns
Uaataassniluwinleaaindaan 39luisaannazlduanitfonenlwaananisdiunle ludranast

A ' & A a A a £ a
NMIa0aITaIsNUanlaasaanNNz NN Lo USNI DA TTW NN NTNINYW LWLz antRan

LRZAUNULITURIBLAA Li‘UL%‘Y]VL@] LN U

3.4.3 wadamIUaalaaysnaananniunIngluansazanubaat
WunnsuinnsdaadsessnaananssuuiigsNandarsdurantlasndaauay

21)

& | a a o A9 o ' (13, o & Ao AR v o
Tua%JlﬂUlJiﬁJ']mﬁ]aE]ul%@’l')ﬂﬁqﬁﬂlﬁﬂ@aaﬂﬂ’ﬁﬂﬂ@ﬂﬂaﬂEJ'] @G%%luﬂqiﬁfﬂUu"ﬂﬁvl@]ﬂ']ﬂfli'ﬂ@aaﬂ

msdaadssssnmudnluamsazasluunsfonaaalsa (KC) Nanadududndg (0.005-0.4 N) las

AN NS TS U Amberlite IRPE9" 20 % eaftldanamsalliwuin3unm KOl fina
agnsundamydantasssnasnanunsnduasria HPMC uas EC AZ155u (HPMC/Am69/20 Iugﬂﬁ
16 WAz EC/AmB9/20 Iugﬂﬁ 17) lasmstaatdassiaanannuningluansazais KCl azannninly
idseandoan mmeyﬁaamn'ﬁaau K ludananafvszauinnleunudszquessn DPH Jadu
nsfiaasBean (counter ion) fisanTandssuanlRsuLazIURUET® FldenduiusTunsaiia

WHUNaaad a9Lnven

RSO,Na +DPH" + K" < RSO,(DPH/K)+Na*  [Eqn.2]

L) A o o a v & a + a <3
LLQZLLZJ'J’]UWQZLLGﬂLﬂﬂﬂHLLG:%UﬂULi"ﬁ%vlaﬂLLﬂ'Jﬂ@]"lﬂJ a8 K lu@aﬂmm

aaa

sansafieg lduanidsnenfidunuiduliiduendaszuszantdogaananisdiunla aslfnsen

RSO,DPH + K" < RSO,K + DPH"  [Eqn.3]

NHAIINNWYIUFATN 2 uaz 3 T9eu ildendaaldasaanainuning
v a £ : a - o a = @ @ :
didntu suaaeliddoan  (C)  ludnasfivszgaudiassdiaunudszavessn DPH (wafldszq
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A [ A 2 a . A ' ' A o @ A
WlauNUUIzy109L3TH) aduladaan (co-on) Hvsnuitazlimusawanidfsuuasdunuisdu
{ a [y A o & o ' ' a 22
LLaﬂLﬂﬁmuaaauﬂizqmn% (Liéﬁuﬁﬂizgau) sinuda i dnademslsadaassnasananuning

% DPH released

Time (h)

gﬁﬁ 16 M3vaaisassn DPH aanannavisng HPMC A%L5Ew 20 %wiw
(HPMC/Am69/20) lusnsazaneend« (—) DI, (M) 0.005, (A) 0.05,
(X) 0.1, (@) 0.2 uaz (#) 0.4 N KCl aus1au

% DPH released

20 1

O’ ) ) ) ) 1
0 2 4 6 8 10

Time (h)
Eﬂﬁ' 17 mydaadsesyn DPH aananian3ng EC Aiflisdu 20 %wiw
(EC/AM69/20) luansazane@1ss (—) DI, (M) 0.005, (A) 0.05, (X)
0.1. (@) 0.2 Uaz (4) 0.4 N KCI ausau
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MINBIFIVBIANINS HPMC AT13%% 20 % (HPMC/AmB9/20) lusnsszany
KCI LL&@GI%E?IJ“?]I 15 WuILUnSng HPMC/AMB9/20  flansnasaruaztiaiwaadsigudinyluin
Uneaandess naialaadautamasy (Melu 5 wd) LLazLaaLuﬂ%ﬂsﬁﬂ'ﬁmagauﬂizﬁ"a?;uqﬂmi
nagaunstaaddassn (10 7alwg) feuiiesdmansanaaawnindliie luasazans Kol A%
AMAUTNTUFI 1% a3azans 0.4 N KCI fuwalsdudnaming HPMC/AmMB9/20 azifiaiduian waien
waznsowmelduasiasninluiinansasuuazasazans KO Aanududud (0.005-0.2 N)
FUWAUTUNTIZHA salting out dawafiued HPMC® BansziunnsfisndaaUsaseanananing
nduluansazany KCl ﬁﬁmwﬁuﬁugﬁu (Mindausasunindanas) Indunsaiuayui
m:muuws’maamu,a:m'iu,aﬂLﬂﬁnuﬁaaumaaLi%ulﬂuﬂﬁmmqu (determining  factor)  n13
UantldagsnaananunIndnaiunnniinssuinmInias (erosion) §MTULNNING EC AflisTu 20
% (EC/AMB9/20) £4A3UANG7 LAaIhaNTazas KCI anududuasg lasdnamsuanarlndides

Auluwindseandaan ﬁaayﬂu"ﬁm 8.2-11.8 Wl

344 pumansuesnsiaalsasgnoanannun3ngnaisbu

Wanageunistantdessnluindsaandesusisanusuiuiaauegas
LU g wudnaumaaizainianddessneaniuning HPMC uaz EC Alufisduaninly
@% Higuchi model (R° = 0.992 &W3U EC/Am69/0 ’Lugﬂ«?i 18wy R° = 0972 &%y
HPMC/Am69/0 lugﬂﬁ 19) msmsﬁ;Ls%mzﬁNaﬂs:wuasmu’m@iagﬂLLuuaauﬂwaﬁmaoﬂ’]s
Usaddasgnaananniumisnduasis HPMC uas EC wvisnd EC ﬁmiﬁm%mumnéﬁ ﬁﬂﬁmhigﬂ
mquﬁazlﬂi:mumiLLwimumw%nffEﬁﬂ@iaVLaJ (R 8A8991N 0.992 98 0.232 69013197 46 1n
AAKNUIN) FIBLUNINSG HPMC ﬁ"msalrséfm (HPMC/Am69/5-/40) MTUNIVBILHIHLIALININT WD
é’hfﬂ:gm‘umumnns:mummamﬂﬁ'ﬂuﬁaaumaamfﬁu ﬁﬂﬁgﬂLLumaumam’maamiﬁaﬂﬂa’aﬂm

sanaman3ndidoaiunliann Higuchi model (R° aaasa1n 0.972 whia 0.487 a931N 19)

0.8 1
0.6 1
w 044

0.2 4

O ’ L} L}
0 1 2 3

h"0.5

gﬂ'ﬁ 18 L& LIENINNNT plot @Y Higuchi model 2a3n13Uaadaat

gnaanaInur3ng EC 7laifidw (EC/AmB9/0)
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R*=0.969
|

35 R =0.972

R?=0.952
0.8 1

A
0.6
R*=0.906

0.4

0.2

h"0.5

gﬂﬁ 19 L& IHENAINNNT plot @ Higuchi model vasnsUantaasen
28NS () HPMC/AmE9/0, (M) /5, (A) /10, (@) /20,

(X) /30 waz (—) /40 anwdey lusia

gﬂﬁ 20 UEAINAVRI IWLNELTouBeaudaaumMans1aIn1TUanldassnaanan
Wr3ng HPMC  (Anmiamsfifisdul5unm 20 % w38 HPMC/AM69/20) WUANaaudngasuaIns
Yaavsdsppraznauidulueny Higuchi model aaidw (0 R Lﬁluﬁu) m@;maﬁaamn'ﬁaau’Lué’anma
azldugapndunuLsdu ﬁﬂﬁmvl,ajgmmmﬂ&"wﬁﬂﬂlms%mm:ﬂa@ﬂdaﬂaaﬂmmuﬂ%ﬂ%ﬁw
NITUIUNTUNT ‘wqamsuf:ﬁuﬂ'uiﬂmsﬂa@ﬁdaslm“?‘i"ﬁmmaaLuﬂ%nsﬁﬁﬁtﬁmﬁ@mﬂﬂavl,nms
wanuaoudoan  wavaslnunsmduudasudarandaasvasnslanlsassnasnannuning EC
(FnBanifisEudSano 20 % wia EC/Am69/20) wuthlifisdunuusiven (¢ R* laifuuwa i’y

MIlANIRAITALAIN 9013197 48 Tunaruin) HasannnIsiiansuanal
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R*=10.998 R:=10.995

1 - aam
R: = 0.997 A R2=0.990
0.8 - R* = 0.982
n
0.6
e R* = 0.906
0.4 B
0.2
0 !
0 0.5 1 1.5 2 2.5 3 3.5

h™0.5

gﬂﬁ 20 L&wunalskuannT plot @3 Higuchi model vasnmsUandaasen
2anNNNLNN3NG HPMC/Am69/20 luansazanadnag (—) DI, (M) 0.005,
(A) 0.05, (X) 0.1, (@) 0.2 Uaz (#) 0.4 N KCl @uday

a . ® , en a
3.5. NAVDILITU Amberlite IRP64  @BRUUGAG ‘]‘IJE](]LSJ‘Y]?T’]G]?

3.5.1. WaGasNUANEAWLEINNIND

eda o

adeiulunsdluosun3ndadisdn Amberite IRP69" Lm3ngiilduas HPMC
w38 EC 7111584 Amberite IRP64" Uinmens g Shminaaslndifesiuingnidhnansfidasns
(100 mg daLfia %RSD < 1) iasanmseIouwrsndiiaannmstslildiminuinanudinly
aandalagaserlildiminunsnslngidoanu’” (@199 5 usz 6) wn3nd HPMC  w3a EC #if)
LITUYINI UG ﬁmwwmmﬁma%ﬂuma 2.70-2.90 mm LLa:ﬁLﬁuNWﬂuﬁﬂawaLﬂﬁﬂagluﬁaa 6.38-
6.40 mm @INA1AL mm@Lé’uﬂﬂguﬁﬂawamﬁmjaaLam%ﬂeﬂmjﬂfjwm@Lé’umquﬁﬂmmaomﬂﬁw

ABNLANTBY (6.35 mm) 81aLHadNAaNTIIEAAINAL (elastic recovery) BILUNINTAIRAINITADN
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A a tdld a ®
A13739 5 RUUAA G]?JQGL&I'Y]iﬂ"’f HPMC nuLydu Amberlite IRP64

nIUsLiv §as (HPMC/_)

Am64/0 Am64/5  Am64/10  Am64/20  Am64/30  Am64/40
yimin (mg) 100.0£0.5 100.1£0.5 99.910.4 100.510.3 100.310.3 100.510.4
AURWY (mm)  2.7310.01 2.821+0.03 2.82+0.02 2.83+0.01 2.8310.01 2.7130.01
EiARTATETDEK
(mm) 6.3910.01 6.401£0.00 6.4010.00 6.4010.00 6.3810.00 6.4010.01

AMNLDI (N) 55.612.6 722116 594F14 88.0X1.1 76.6%7.0 90.8%3.8

ANANTOU (%) 0.31 0.17 0.10 0.01 0.12 0.01
LANILANAD
(min) aneduwaa/liuanad

wn a Aa A 3 ®
A1319 6 RULAG G]‘I.IE](]LN‘Y]ST]FE EC nuL3ow Amberlite IRP64

nIUsin §a3 (EC/)
Am64/0 Am64/5 Am64/10 Am64/20 Am64/30 Am64/40

iwiin (mg) 100.1£0.3 99.710.3 100.0%0.4 100.2+0.6 100.3%0.4  100.510.2
AURWY (mm)  2.80F0.01 2.90F+0.01 2.90F+0.02 2.871+0.02 2.8310.01 2.70F0.01

LU INaNg

(mm) 6.3910.01 6.40%£0.01 6.3910.01 6.3810.00 6.3810.01 6.4010.00
AT (N) 114.0135 1192127 1262139 129.7+53 1372139 1355%t52
AMUNIOW (%) 0.007 0.19 0.26 0.28 0.03 0.099

LAINITLANA

(min) >60 >60 >60 >60 >60 >60 (NT0W)

- fn o _ ® .

AMNLTIVDILNNINT HPMC %38 EC  N1513%% Amberlite IRP64 U3T98¢

a ' A ' = A € A X A A, A a &
YFanmand g uaadluanef 5 uaz 6 wuianuudsasaunindaziinduiladUSunasBuinuin

A v o a &l & A a € a a ] P
DINIROAANDINUAIN SEM TadLNﬂiﬂsﬁﬂﬂi’]ﬂg'}’]W%NQTQ\TLNﬂiﬂsﬁnﬂgﬂiﬂJﬂﬁ’lﬂJLiﬂﬂLL‘WH (E‘]J‘Y]

v o PN a [ a . ® { ' [% a d
21 uaz 22) lavihmsAnsududulasnisaanaaisiu Amberlite IRP64  L@aa2 9 wuin laluninsndl

ANuuligann usasihsduriiaiiianuaansnlunisnanda (compressibility) Né T1azaTanudnu
. A _ ® 4 « A s A _ ® ®
AULIEU Amberlite IRP69 NflanuaINTalunsnanaaf L@ 138% Amberlite IRP64 Laz IRP69
A A Aa 6 1 o a . ® A a 6 & . .
foflavailawefuasuanendny 153% Amberlite IRP64  Jlawafiuasiilu crosslinked methacrylic

1 a ® = a |
acid-divinylbenzene  ®IuL30% Amberlite IRP69 flawadinesidu crosslinked styrene-
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.. A A o ;; v & ' v a a |4 Aa A '
divinylbenzene (U1 23) anwamaidpiiTldiiuinlavsasaaiiveslanafinatonadianinade
ANNENNTalUNNTAaNBAva 5T L3Tunilanafiuasiiu crosslinked  methacrylic  acid-

. a v A ' A Aa a 6 & .
divinylbenzene adanuawsalunsaendaaninsduinilanafwasidu crosslinked styrene-

divinylbenzene

gﬂ*ﬁ 21 AWEny SEM wasiuiamisnd (@) HPMC/Am64/0, (b) /5, (c) /10, (d) /20, (e)
/30 w8z (f) /40 @NAIGU (Jeol JSM 5400, Japan)



gﬂﬁ 22 AWENY SEM pasfiuiataumnindg (a) EC/IAMB4/0, (b) /5, (c) /10, (d) /20, (e)
/30 wae (f) /40 MUS1A (Jeol JSM 5400, Japan)

36
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C— CH;— CH— CHy

COOH

CH, CH CHy

(b)

A o ~ A ®
Eﬂﬂ 23 las9319LAR28913%8% Amberlite IRP69 (a) waz Amberlite

® . o
IRP64 ~ (b) @1a&AL

1 a { a ® nl
mwmaumadmmﬂﬁ? HPMC %38 EC ﬁﬂiifp‘ﬁ‘ﬁu Amberlite IRP64 326N

(<1 %) Guaadluasen 5 uaz 6 Mudiay snaitasnudusiiaifianuamansnlunisnandad

o v a €a < a é’ XK A 1 o = @ o [ a e a .
VﬂlﬁLNYliﬂ%ﬂJﬂ'ﬂNLL‘NLWN‘U% INUAINUNTIDUAN "11\‘1Naﬁ]z(ﬂidﬂ%‘ﬂ’]llﬂ‘.UL%JVI'iﬂ‘ﬁ‘ﬂ‘]JTi'ﬂgL?’D"Ha Amberlite

=

® . - - . , ®
IRP69 ﬁﬁmmmauga LNTIZAMNLTIVBILNNINTAA8IANINNNTNLITY Amberlite  IRP69 &)
AusINITalunIaanaan hia

352 wadamylaalsassnvadaanainunInginingnaaindaan
snlanulaaniinlalasaaalsed (OPH) (Jusfinsazassindunn laside
13 @ o 1 a o
myazangdszunm 1 g/ml( " mywawgn DPH iwszuuiiasuninslasld HPMC w3 EC Wuany

Aalunsng mmmmuqumlﬁﬂa@ﬁﬁiam‘%aazmﬂaanmamd"ﬁw 9lad  (HPMC/Am64/0 lugﬂﬁ 24
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U8z  EC/Am64/0 ’Lugﬂﬁ 25) azm"l,iﬁmma”l,ﬂmuqumsﬂamﬂsiammaanmmm?nsﬁ
HPMC/Am64/0  uaz EC/AM64/0  v=limianiu iiasanantiafidsiuuasssiounindraass
HPMC luwediwo$fimansin (hydrophilic polymer) uastiailmanle saruwilosuiaiuii wrsnd
HPMC/Am64/0 aziiaLdniag (gﬂ‘ﬁ' 26a) Wazpn DPH flazansasunsrIwaaun3ndoanan & EC
Huwadiwasilaizauiin (hydrophobic polymer) laiwassa uasliifiainias (gﬂﬁ' 26b) 9tinEN9E
Usatsanaanananisng EC/AmE4/0 lagnisunwirmwan3ngd liwessa ailsouifisudanns
Uaadaasenszninauning HPMC/Am64/0 ez EC/Am64/0 azwuingn DPH Uaaddasaananniun
309G HPMC/Am64/0 la 31593 Lun3ng EC/Am64/0 mmmﬁaamn HPMC fiauiarausin uaziia
1ald5a137 81 DPH azanesin ldduasDautiavaningusu Ssazmsuaztanddaseanannuning

ee . oA d e a edn . ¥ . v (4
HPMC/AmM64/0 &5 niumsng EC/Am64/0 Faifluwadinasi ldsaviiiuas liazaaiin'* ™

{ a R ® ] 1 a
gﬂﬁ' 24 LRAINAVDILITH Amberlite IRP64 anmsUaalaassnaanainiunineg
HPMC azwuinsdurinlwnistaailsasgiaananniunindanadninunIngy ladisdn uraalwiin
dfwLs?ﬁummmmqumiﬂa@ﬂ&iamaanmmm’%ﬂﬁﬁ HPMC lvtasle msmuqumiﬂa@ﬁa’amm
=) a tg/ o Qs ] a o { a
289L3TUAATUINNFINLANTNBIAIVIRITABLNNIAS (HPMC)  wazaNuansuanifsudaauvad
A A ¢ A a fo o o o A & A % A '
LT LWLARLNNING LNatunInGaNNanuiiaziAaduiag (gﬂ‘n 27a) wazlioNazarounsuas
daadaasaanu LL@iLﬁaamnluLaamw‘%ﬂsﬁﬁns‘fmag PINRTANDUIRINIZLAANTHANLU RO UB BN

o A Aa < A v o A A . 17) o Aaa
NULIDW LLL"]S:LT]@LﬂuﬁqiLﬁﬂsﬁauﬂULisﬁuﬁéaLisﬁLu"ﬂ (resmate)( ) @I\‘i‘]_]g]ﬂiﬂ"]

RCOOH + DPH* <> RCOODPH + H* [Eqn.4]

100 1

80 A1

(2]
o
1

I
o
L

DPH released (%)

20 1

0 2 4 6 8 10
Time (h)

gﬂﬁ 24 msdaadaesen DPH aananniuning (4 ) HPMC/Am64/0, (M) /5,

(A) /10, (®) /20, (X) /30 uaz (=) /40 audeu lusin
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100 1

% DPH released

O ) ) ) ) 1
0 2 4 6 8 10

Time (h)

gﬂﬁ' 25 mMsdaadaasen DPH aananniun3ng (4 ) EC/Am64/0, (M) /5,

(A) /10, (®) /20, (X) /30 uaz (=) /40 audeu lusin

mﬁa%ﬂmﬁmmzﬁuﬁwgLLamﬂ’&'ﬂu’éaau (mgms‘uaﬂs’fj?m) YDILITUAILUII

GagalWihatia (electrostatic attraction) LikasannluihdBasuagiasann Aslifideanlduanidfoum

Twaananusdiun asuunslanaldasmaananuningnusiisdulsiuaziasa

a a v 1 a U J [
ﬂszammwiumsmuqulv&mﬂa@ﬂaaUaaﬂmmwmﬂsﬁ HPMC 1a3uagny
a a { té a g ‘V e ™ .
YU UL ITn (gﬂ'ﬁ 24) Gmmminaﬁmy"L@“Tmmﬂwanmﬁnmamqa (equilibrium treatment) Va4
aaa { a 17,18 { a Aa a &’ { o
ﬁgmmmmamﬂﬁmuaaau( ) [Egn. 4] WlaUSums%u (RCOOH) lun3nduInau tiasnsn
aaa v d' aaa o a a&’ A a n:l' a t:' ,&’
aw@amaaﬂgmmlmm ﬁgnsma:mLuuvl,ﬂmamnmﬂmumam@mmamﬂamumua:mmmwmu
o & A Y o lama v o X o LA P .
(NALDWLIBLUNLNNT ) mim@ﬂgmmmﬂmﬂﬁmyma:mmuuaﬁmw Luaqmﬂlumuaaauag
% [ gﬁ 2K A d' a 6 ' v > a a A v o v
Baoun asnudilonfazarsluiuninduazlalasunuisdu (ondasz) VELLHPGERR i lwns

UaalaaygnaanannunINsT ez ta



5 min

Sh

10 h

gﬂﬁ 26 MWENBVBIUNINS (a) HPMC/AmB4/0 Uaz (b) EC/Am64/0 lu
szwiamItsadsasenditiadns 9 (Dino-Lite Digital AM-313T

Plus, Taiwan)

40
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gﬂﬁ 27 MIWENEVBILNNINS (a) HPMC/Am64/20, (b) EC/AmM64/10, (c) /20 waz (d) /40
ANEAL Gl,ui:mwamsﬂa@ﬂdaﬂmﬁnm@ha6] (Dino-Lite Digital AM-313T

Plus, Taiwan)

N = { Y a . ® 1 Aa .
atnvlsfneulalSouAsunULITH Amberlite IRP69 23W191L35% Amberlite
® ' a X [ X% ' { a .
IRP64 muqumsﬂaﬂﬂaaumaamrmLumﬂmﬁlwmaavl@uaﬂﬂm fIMABNLHBI91NIIT Amberlite
® & a t:i' a 1 1 a d' o 1 6 aa
IRP64 ~ uisGuuanildsudasuuinainidan dA109Nn1Iuandd (pK,) vasniaiuandaaise

{ A . ® & a d a fl ' { a
VD 5-6 IUHENLITU Amberlite IRP69 111l 3TuanfundoanuInatiinsd JA1aINnITuana
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s a t& = o v a ®
(PK.) Ba9nyidalniindszanm 1-2 luansazaoendsll pH Uszan 56 vinldisGu Amberiite IRP64

o (XY { o o X% ' A . ® 4 o [y 24,25
LL@]ﬂ@]'JVL@uﬂU %GLLQﬂLﬂaUHLLa&QUﬂUEl']VL@uﬂﬁlﬂ'J']Lisﬁu Amberlite IRP69 TGLL@]ﬂ@]QVLﬂaNHiﬁli( )

a . ® ' ' a
NaVAILITY Amberlite IRP64  sian13tanlaagsnaananiunsng EC uaadli
U7 25 WalwnindiisGutasnii 20 % wrindazuandikesnnn (FUN 27b,c) uazmstaadaun
' ' A 4N 1 a A ' ' A a £ A o A €
2z linandsanunIng N lusgn wradinn1saalaas s Nimiud w9 NNITLANGIVaILNNI NS
WINNUNUaeUaaseNanadtibadannmsuantURuda o uyadLI T Lﬁamﬂ%ﬂ%ﬁns‘iumigmnﬂh
. . & ' . Cm edW a a

20 % WuhmILanaazandn (3UN 27d) waznIUanlaaysnazIIasINININING A LN LIE % (31

~ ) A €o vad da o o o o a £ ' = = £
1 25) MIUANAIVBILNNINTN AR AUNAIFUNFINLAINAILANTS n15Uaadaas819TI0152T%

1 a 1 1 v QI J v { { 1 v

agdlsRaudsamnistaadaasen bilamutnann il hasanenlaatsasaanuiuadlwiaan
@1’amazLLaﬂLﬂ?iﬂuLLaz%'uﬁ'misTm%aﬂsxmsagﬂumsazmmé’aﬂma Taun1sUantaassnazanaInin

& A a A €A 1A A X
?J%LSJE]Lisﬂulmuﬂiﬂsﬁilﬂiw’lmmumu

353 wadamIUanlsausnuadaananntunIng iuaITaranufoan
msUaataasnaananniuning HPMC Alidisduluasazaslnunaidouaas
156 (KCl) anudiudu 0.1 uaz 0.4 N KCl Lm@ﬂugﬁﬁ 28 wuinmsvaavaasenluansazany KCI Az
wauninlwindsaandaan J3189IRNANITILAAWAUIBANLIINIINAIAILAZANTNTaUUES HPMC
o a . (23) & « o 8w . .
a0 luaNTazans KCI 1ilasanniia salting-out effect smmaLﬂuml,mmﬂﬁnm,l,wwadmmu
- o _ ry . -
WNINTaNad Laz9INIUN 28 WaTaY salting-out effect zWNUK (MI3Uandaaranad) Wannw

v v tg/
NYUUad KCI ga“uu

100 -

% DPH released

Time (h)
gﬂﬁ' 28 M3vaalaassn DPH aanannunIneg (4 ) HPMC/Am64/0 i

1, (W) 0.1 Uuae (@) 0.4 N KCl 9nusaL



43

' a € AAa A . ®
nsdaadsassiaanainiuning HPMC  NiLs%w Amberlite IRP64 40 %
(HPMC/Am64/40) lusniazans 0.05-0.4 N KCI usadluguf 29 wudmydaaddasenluasazans
KCI ‘qnmmLﬁmﬁua:ﬁaﬂﬂ’jﬂuﬁﬁﬂmﬂmﬂﬁaaumuﬁu waadn wunaidondeaudaiuianiiines
f00UTUVIT LA UEIDNIUAULITUsHAT [Eqn. 5] tetRaadanies vinl#naila43nn salting-out
Aa A ' ' = ' = ' A ' A v o ¢
effect 18nTWanINNI1 MIvaataessndianas agelsnaumIvantdassnnanadlidanusunus

NUANMNL VT WU BIFNTRZAY KCI

RCOOH +DPH" + K" < RCOOK + H" + DPH [Eqgn.5]

100 -

% DPH released

Time (h)

gﬂ“?'i 29 msUaadassen DPH aananniuning (4 ) HPMC/Am64/40 1w
‘151:’], (M) 0.05, (A) 0.1, (X) 0.2 llaz (@) 0.4 N KCI ANEAU

msdaaddasgraanamansng EC - Alufiedu (EC/Am64/0) Twsinuas
asazanslnunaifonaaalsa (KC)  aududs 0.1 uaz 0.4 N KCl LLET@NSLuE‘IJ‘ﬁ 30 WUIINI
Uaadsawelumsazans KCl axfasninlwidneandesugwdsriunsdiueawning HPMC 7l
195w (HPMC/Am64/0) aﬂ"mvl,iﬁmmmm@;ﬁﬁﬂﬁmsﬂa@ﬂdaﬂma@m"l,ajmﬁmﬁ@mﬂ salting-out
effect GatuAtAnfLNSNS HPMC 1asann EC 1fuwadmasi liwasdauasliszanein uaziam
30 EC/Am64/0 "l,;iLﬁ@miﬂi’auuazmgﬂmamwzmmﬁwmaaumiﬂa@ﬂﬁaﬂm (10 2 lus gﬂﬁ
26b) é’r’m%’umm@;ﬁuﬁﬁaﬁ'&"hjmwmm%'@ wazanmsudwlumsfnsfiriuenldwusnuns
ya98aaudan1slanddassiaanainiun3ng EC Aonszruiiiafiansmainnanvesnisidon

. o ¥ 9 a . ' a A =
(wettability) wazmigaduiidnldlugwaunmalwaning (matrix pore) azwuinwming EC Saillu
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waRwe i ldrauh hizllonuazgadussazans KOl (uanaala) whldlugwgumeluwaningle

g (e luanad) vinlwnsdaadsessnlussazans KOl dasninlush

100 -

9% DPH released

0 LJ LJ LJ LJ L}
0 2 4 6 8 10

Time (h)

Eﬂﬁ 30 msUaalsassn DPH aananniuning (4 ) EC/Am64/0 lu

W, (M) 0.1 Uuae (@) 0.4 N KCl ausau

o o a AAd A . ®
lunsassnudnuiunIng EC ARL3EU Amberlite IRP64 40 % (EC/Am64/0)
WUIANINgzuanawarnsUaadaassnluansazans 0.05-0.4 N KCI azannninluin (gﬂﬁ 31) u
da‘l'/ a 6 > o v :‘ [ o e v A 1
nydiiinIndazuaned M ldainaid (uazansazaiy KCl)  SNKINUSILAZATAs baNui weili
o A & A a a A A . a o 2 o« & &a
aananLdwaIazans KCl azwiwmesﬁﬂwaaaumuﬂsz@mﬂmummnum T uautaaIsaa
n:l' 1 a et 33 s s a k2 o va a A 1 1 =S 1
ARNITORUITURA VLI UAULITU LA [Egn. 5] mi%wmamzmaaagmﬂmw HRERMBHERH
1 g/ tﬂl a v 1 1 l&, tﬂl v v
aan1YINNI i mngﬁﬂ 31 JuwrliuiinisUaaldassnazunnAula U NT w8 IR TRZANE

l&l { a [l et o g: o Qs a lg/
KCI @;(\ﬂl% a9 NIAANTULITWLAZ S UEINAUNULITH [Egn. 5] ¥nnuh

354 saumansvesmIlanldsgsnaanannunsnsniistu
9EWUIL3T% Amberlite IRPE4° ¥inlwaaumaainsantdassnasnainian
Sndifpaunldan Higuchi model (R® 8A84910 0.972 a8 0.921 F1HSULWNSNS HPMC é’agﬂ‘ﬁ' 32
war R° aA8997N 0.991 88 0.731 Fwsuansng EC asani9fi 83 luaanuIn) mmmﬁaamﬂ

guianIsuaniUaandaantarn1 I A anInSuanaIu89L35% 819 INANNNATDIL3F1 Amberlite

® ] { 1 Aa v 1 a .
IRP64 dan1TlaouuladasunaigasnislaalaaysnaanainiunIngaztaaninIdw Amberlite

® ¢x a . ® { a PSR
IRP69  MNIHLNINZLITU Amberlite IRP64 ﬁmwmmm‘tumnmﬂLﬂﬁﬂuaaamm:msmlmm"{]



45

a o o ' . ® wa o [ a o a a
3ﬂ°1?LL@Iﬂ@]'J%§JEJﬂ’J’] Amberlite IRP69 ﬁll‘U@]luﬂ'ﬁ‘Yl'ﬂ‘ﬁLNﬂﬁﬂﬁfLL@lﬂ@l'J"lladtiﬁum@ﬁnﬂﬂﬂvl,ﬂ%ﬂ']il

agin9suny laun msg@%’uﬁw NNINBIAT BRZNNTAAANNUTIVILNNTNTD

100 -

% DPH released

0 LJ LJ LJ LJ L}
0 2 4 6 8 10
Time (h)

gﬂﬁ 31 m3sdaalaassn DPH aanannuuning (4 ) EC/Am64/40 1w

1, (M) 0.05, (A) 0.1, (X) 0.2 uaz (@) 0.4 N KCI aageu

a a : & ' A _ eda
NGTQGIWLL‘YIﬁLGﬁUNﬂaa%@]a%a%ﬂqﬁ@]im a\']ﬂ']iﬂa(ﬂl]aﬂUﬂqaﬂﬂ?ﬂqﬂufﬂiﬂsﬁ'ﬂu

ea A a

a . ® { Aa a [% o a
13%% Amberlite  IRP64  (AN®UANINTLITULINNM 40 %)  ASENUNTALBINNINGNRLTT

Amberlite IRP69" dw3uLuT3nG HPMC 71515%% 40 % (HPMC/Am64/40) wuinen R® Suualyiu
LR (gﬂﬁ 33) waadinvanmaasvasnslantaasanluasazary KCI wWaswnaudwlleny
Higuchi model LT LG mqwmﬁaomn salting-out effect %aﬁﬂﬁmn’%ﬂ% HPMC waaéﬁﬁaﬂaa(w
m:mummwimadmw’mmw’%ﬂsﬁaLﬁ@"l,ﬁmﬂ%mmnﬂuiv’maumuqué’mﬁ (rate determining step)
FSULNSNT EC AfisTu 40 % (EC/AMB4/40) WUINNaVaI INLNEL T BoaUA IAUMAATVDINNT
Uaadsasenlifizyuvuniuen (1 R’ Lifunalnnldmslananiistaian (ﬂ@l'ﬁ’]dﬁ 85 lu

MANKIN) HhaINNINBLAANTUANGD
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R*=10.962 R*=0.957

1 R*=0.956
R*=10.948
0.8 R*=0.921
0.6
=
0.4
0.2
0 1
3.5

h"0.5
gﬂﬁ 32 L LU3ENAINANT plot @) Higuchi model wasnsUanaassn
28NANNLUNINT (4 ) HPMC/Am64/0, (M) /5, (A) /10, (@) /20,

(X) 130 Uaz (—) /40 anudau lusih

l =
R:=0.921
_ R~ 0.987
08 R: = 0.941
YR = 0,973
o R: - 0.986
=

0.4
0.2

0 1

3.5

h"0.5
gﬂﬁ 33 LU 1ENIINANT plot @) Higuchi model wasnsUaadaassn
28NNNLUNING (¢ ) HPMC/AmM64/40 Tuiin, (W) 0.05, (A) 0.1,

(X) 0.2 uaz (@) 0.4 N KCl muday busi
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Y

ANANANIIIE

a131N 7 FNNIQANAUULEIVBIFNIALA8E7 DPH lusianudut s o

AMULT T mig@nﬁuuaaﬁ 218 nm

(Lg/ml) 1 2 Anads
0 0 0 0
5 0.183 0.183 0.183
10 0.371 0.372 0.372
15 0.563 0.565 0.564
20 0.736 0.738 0.737
25 0.915 0.909 0.912

a7 8 AnIganauuaIzasanIazasen DPH 14 0.05 N KCI anuidududnig

AMULTNT mig}mnﬁuuaoﬁ 218 nm

(Lg/ml) 1 2 ALaae
0 0 0 0
5 0.225 0.221 0.223
10 0.435 0.436 0.436
15 0.636 0.640 0.638
20 0.848 0.846 0.847
25 1.053 1.055 1.054

a131N 9 FANNIQANAUULFIVBIFNIALA8EN DPH T 0.1 N KCI anadiadugns o

AMULT T mig}@nﬁuuaaﬁ 218 nm
(Lg/ml) 1 2 ALady
0 0 0 0
5 0.216 0.210 0.213
10 0.402 0.399 0.401
15 0.587 0.587 0.587
20 0.773 0.774 0.774

25 0.961 0.962 0.962




a13497 10 ANIANABUEIVDIENTAZANLEY DPH 1 0.2 N KCI anaudiadiuand o

AMULT T mig@nﬁuuaa‘ﬁ' 218 nm

(Lg/ml) 1 2 Aady
0 0 0 0
5 0.184 0.184 0.184
10 0.362 0.364 0.363
15 0.539 0.539 0.539
20 0.718 0.718 0.718
25 0.883 0.883 0.883

a7 11 dmIganiuusszasanIazanoen DPH 1u 0.4 N KCI anaidududnig

AMULT T mig}@ﬂﬁuuaaﬁ 218 nm

(Wg/ml) 1 2 ALaag
0 0 0 0
5 0.211 0.215 0.213
10 0.394 0.399 0.397
15 0.575 0.575 0.575
20 0.768 0.773 0.771
25 0.966 0.970 0.968

v

@797 12 HAaMIIATIERAIazA887 DPH anaududueng 9lasds HPLC

2

ANULTNTY Andilana
(Ugiml)  @33fi1 a2 @533 asfi4  e%afi 5 dueln  SD. %RSD
0 0 0 0 0 0 0 0 0
5 14582 12.980 13.364 13271 13625 13564 0614 4526
10 28550 28028 28598 27.358 27.823 28.073 0521 1.857
20 55.885 55.802 55204 55307 55675 55593 0.322 0.579
30 84318 82962 84657 84236 84609 84.156 0.692 0.822

40 113.451 113.236 113.079 114.328 113.542 113.527 0.483 0.425




37190 13 ANURUNIAIVBINA (tailing factor) 81 DPH AUt NT U6 §

ANNLT T Auiladia

(Ugml) @371 aTafi2 eTafi3 assfi4 @375 duadn  SD.  %RSD
0 0 0 0 0 0 0 0 0
5 0920 0.888 0920 0.906 0.909 0.909 0.013 1.467
10 0849 0.858 0.857 0.848 0.847 0.852 0.005 0.624
20 0752 0751 0744 0745 0747 0748 0.004 0.489
30 0660 0.660 0659 0662 0662 0.661 0001 0.176
40 0589 0585 0588 0585 0591 0.587 0.003 0.448

o a ¥ o a Ao . ®
179N 14 Namsﬂizmum%uﬂmaaL;Jmﬂﬂ? HPMC nd Amberlite IRP69

adi gA3 (HPMC/)
AM69/0 Am69/5 AmB9/10 AmE9/20 Am6E9/30 AmB9/40
1 99.7  98.1 98.8 99.4 1007 101.3
2 99.9 996 1002  100.1 99.2 101.6
3 1003 994 1001 1009 9938 101.4
4 1008 1000  98.7 1007 1005  102.0
5 1004 1002  99.6 99.7 1015 989
6 99.9 998 989 1011 1015  100.5
7 1007 988  99.1 99.2 1000  98.0
8 1005 1005  100.6 1008  99.2 98.6
9 1003  100.8  100.7  101.3 1012 989
10 1005 1007 10041 1005 1014  100.7
fuafy 1003 998 99.7 1004 1005  100.2
SD. 04 0.9 0.8 0.7 0.9 15

*JadnIw

53



P a a Ao ®
3N 15 Nﬂﬂ"liﬂi:LN%ﬂ'ﬂNﬁ%’]‘ﬂﬂx‘]L&I‘Yliﬂq? HPMC na Amberlite IRP69

\adi 803 (HPMC/_)

AM69/0 Am69/5 Am69/10 Am69/20 Am69/30 Am69/40

1 2.97+ 2.95 2.73 2.81 2.79 2.89

2 2.96 2.80 2.77 2.88 2.86 2.91

3 3.00 2.81 2.80 2.79 2.86 2.88

4 3.01 2.76 2.78 2.79 2.83 2,92

5 2.98 2.77 2.82 2.79 2.81 2.85

6 297 2.82 2.76 2.91 2.86 2.85

7 2.96 3.02 2.83 2.81 2.82 2.96

8 297 2.99 2.81 2.71 2.88 2.84

9 3.00 2.97 2.84 2.78 2.88 2.91

10 2.96 2.78 2.81 2.84 2.81 2.84

ALade 2.98 2.87 2.80 2.81 2.84 2.88

S.D. 0.02 0.10 0.03 0.06 0.03 0.04
*Jafiuas

A a o a A . ®
139N 16 Nﬂﬂ’]i‘ﬂi:LN%L&%N’]?}I%ETHR’N“DBOL@JY]SWE HPMC nd Amberlite IRP69

\adi §A3 (HPMC/)
AMB9/0 AmB9/5 AmB9/10 Am69/20 AmE9/30 AmB9/40
1 6.40- 640  6.40 6.40 6.38 6.40
2 638 640  6.40 6.40 6.38 6.40
3 640 640  6.40 6.40 6.38 6.40
4 638 640  6.40 6.40 6.38 6.40
5 638 640  6.40 6.40 6.38 6.42
6 640 640  6.40 6.40 6.38 6.40
7 640 640  6.40 6.40 6.38 6.40
8 638 640  6.40 6.40 6.38 6.40
9 640 640  6.40 6.40 6.38 6.40
10 638 640  6.40 6.40 6.38 6.40
fafy 639  6.40 6.40 6.40 6.38 6.40
sD. 001 000 000 0.00 0.00 0.01

*Uafiuay



P a & a A ®
AN 17 Nﬂﬂ'ﬁﬂizmuﬂ'ﬁwwﬂd“ﬂﬂdL&I‘Y]iﬂ"’l? HPMC na Amberlite IRP69

\adi 803 (HPMC/_)

AM69/0 Am69/5 Am69/10 Am69/20 Am69/30 Am69/40

1 38.7* 32.7 18.3 16.0 7.7 4.1
2 35.7 30.0 18.4 17.2 7.8 4.1
3 37.0 32.1 17.0 15.4 7.8 3.5
4 40.0 33.8 17.3 15.9 8.1 4.3
5 40.7 31.9 15.3 18.4 7.0 3.9
6 40.6 31.2 14.9 16.1 7.3 3.4
7 37.2 30.5 16.0 15.8 8.2 3.8
8 41.2 29.2 17.3 16.5 7.0 3.7
9 43.1 32.5 16.4 17.2 7.7 3.5
10 36.8 29.5 15.6 18.4 6.9 3.0
mmﬁm 391 31.3 16.6 16.7 7.5 3.7
S.D. 24 15 1.2 1.1 0.5 0.4
* 6

; " Y. - ; _ ®
AN319N 18 WansUTzLintinnnuaLuNINg EC NX Amberlite IRP69

= A

\faf g7 (EC/)
AMBO/0  Am69/5 Am69/10 Am69/20 Am69/30  Am69/40

1 99.8* 99.5 99.9 99.8 100.0 100.6

2 100.1 99.4 99.8 1006 1008 100.3

3 100.5 99.4 99.7 100.4 99.6 100.6

4 100.4 99.6 1007 1008  100.8 100.1

5 100.3 99.6 99.9 99.5 100.5 100.8

6 99.9 99.4 99.6 99.4 100.5 100.4

7 100.2 1002  100.1 100.6 99.9 100.4

8 99.6 100.3 99.9 100.8 99.9 100.7

9 99.9 99.6 1006 1006  100.2 100.6

10 100.0 99.5 100.1 99.3 100.8 100.2

fuady  100.1 99.7 100.0 1002  100.3 100.5

S.D. 0.3 0.3 0.4 0.6 0.4 0.2

*Jadnw



{ a a { . ®
AN 19 HANITUTTAUANVRWVBILNNING EC N3 Amberlite IRP69

fad §a3 (EC/)

AM69/0  Am69/5 Am69/10 Am69/20 Am69/30 Am69/40

1 2.85* 2.79 2.81 274 2.65 2.64

2 2.86 2.82 2.78 2.73 2.64 2.61

3 2.82 2.76 2.80 2.72 2.68 2.64

4 2.84 2.82 2.79 2.68 2.66 2.64

5 2.85 2.82 2.79 2.71 2.68 2.62

6 2.85 2.78 2.76 2.70 2.61 2.61

7 2.77 2.80 2.73 2.70 2.67 2.66

8 2.86 2.79 2.78 2.71 2.64 2.66

9 2.83 2.81 2.81 2.71 2.67 2.63

10 2.85 2.74 2.76 2.71 2.66 2.65

mmgﬁ 2.84 2.79 2.78 2.71 2.65 2.64

S.D. 0.03 0.03 0.02 0.02 0.02 0.02
*Jafiuas

; o e - - _ ®
AN39N 20 Namiﬂi:mmaumquﬁﬂmwaam‘mnfﬁ EC 713 Amberlite IRP69

Sadi g7 (EC/)
AMBO/0  Am69/5 Am69/10 AmB9/20 Am6E9/30 Am69/40

1 6.40* 6.40 6.40 6.40 6.40 6.40
2 6.40 6.40 6.40 6.40 6.40 6.40
3 6.40 6.40 6.40 6.40 6.40 6.40
4 6.40 6.40 6.40 6.40 6.40 6.40
5 6.40 6.40 6.40 6.40 6.40 6.40
6 6.40 6.40 6.40 6.40 6.40 6.40
7 6.40 6.40 6.40 6.40 6.40 6.40
8 6.40 6.40 6.40 6.40 6.40 6.40
9 6.40 6.40 6.40 6.40 6.40 6.40
10 6.40 6.40 6.40 6.40 6.40 6.40
fady 640 6.40 6.40 6.40 6.40 6.40
S.D. 0.00 0.00 0.00 0.00 0.00 0.00

*Janiuay



{ a a { . ®
AN319N 21 WA YTz nANNLTIUaINNING EC 913 Amberlite IRP69

fad §a3 (EC/)
AMG69/0 Am69/5 Am69/10 Am69/20 Am69/30 Am69/40
1 123.7~ 1121 106.4 114.7 98.8 73.2
2 126.0 113.7 104.0 108.7 96.6 75.9
3 113.1 116.3 106.7 113.5 97.0 74.7
4 125.9 104.1 104.0 105.1 99.1 76.8
5 110.3 109.9 108.6 112.9 92.5 76.8
6 127.7 114.0 102.8 117.2 92.5 75.3
7 116.1 115.0 110.2 1131 96.1 75.4
8 118.6 105.4 104.9 1M1.7 97.9 77.4
9 117.5 115.8 102.0 108.2 96.5 771
10 121.9 110.9 102.5 112.5 96.8 74.4
?i’]l,agil 120.1 111.7 105.2 1M11.7 96.4 75.7
S.D. 59 4.2 2.7 3.5 2.3 1.3
* 64

; - o - ; , ®
ANT19N 22 WANTUTLAWIAINITUANAIVAILUNING EC N3 Amberlite IRP69

Sadi g7 (EC/)
AM69/0*  AmB9/5 Am69/10 Am69/20 Am69/30 AmB9/40
1 560+ 455 29.10  10.15 4.55 2.49
2 >60 455 27.59 8.30 5.20 3.10
3 >60 46.5 29.45 8.35 4.00 3.15
4 >60 47.2 29.20 9.18 3.45 2.54
5 >60 455 2932 10.07 4.58 258
6 >60 459 27.10 8.42 5.04 3.05
fuady  >60 46.02  28.63 9.08 4.47 2.82
S.D. - 0.70 1.01 0.86 0.65 0.31

“Majuandausiaarnnly 10 h

= Y17



a131971 23 MavaaUsasen (%wiw) 8anaNLTENS HPMC/AMB9/0 Tt

I8 (h) 1 2 3 ALady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 8.8 8.9 8.6 8.8 0.1
0.3 17.0 20.0 17.7 18.3 1.6
0.5 31.9 33.8 32.5 32.7 1.0
1.0 50.5 51.1 48.8 50.1 1.2
2.0 711 71.6 70.9 71.2 04
4.0 85.5 87.5 86.4 86.5 1.0
6.0 93.2 954 95.5 94.7 1.3
8.0 100.3 101.5 100.3 100.7 0.7
10.0 103.9 106.4 103.3 104.5 1.6

a13190 24 mydaadaasen (%w/w) aananiuning HPMC/Am69/5 luiin

1381 (h) 1 2 3 ALade S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 10.1 10.4 10.0 10.2 0.2
0.3 14.1 14.2 14.2 14.2 0.1
0.5 21.8 22.4 224 22.2 04
1.0 34.6 36.8 36.3 35.9 1.1
2.0 55.7 58.8 57.8 57.5 1.6
4.0 77.2 80.7 79.5 79.1 1.8
6.0 87.7 88.8 88.5 88.3 0.5
8.0 95.6 94.7 93.9 94.7 0.9

10.0 95.0 95.2 95.9 954 0.4




o317 25 MavaaUsasen (%wiw) sananLaYEns HPMC/AmMB9/10 Tusia

I8 (h) 1 2 3 ALady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 9.1 8.7 8.9 8.9 0.2
0.3 12.3 12.2 12.4 12.3 0.1
0.5 18.7 19.4 19.4 19.1 04
1.0 27.9 29.5 29.0 28.8 0.8
2.0 41.6 46.2 451 443 24
4.0 56.1 65.2 61.8 61.1 4.6
6.0 62.2 711 67.9 67.1 4.5
8.0 62.6 71.8 68.3 67.6 4.6
10.0 63.3 731 69.8 68.7 5.0

an71971 26 Mm3tandsasn (%w/w) 8anNNLUNING HPMC/Am69/20 lutin

1381 (h) 1 2 3 ALade S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 5.2 9.4 7.5 7.4 2.1
0.3 9.9 13.8 11.6 11.8 1.9
0.5 14.6 22.2 18.3 18.3 3.8
1.0 20.3 28.5 244 24.4 4.1
2.0 30.6 37.8 33.4 34.0 3.6
4.0 39.2 43.0 39.5 40.5 2.1
6.0 41.3 443 41.0 42.2 1.8
8.0 43.0 45.5 42.2 43.6 1.8

10.0 441 47.0 43.3 44 .8 1.9




o317 27 MavaaUsasen (%wiw) sananLaYEneS HPMC/AmB9/30 Tutin

I8 (h) 1 2 3 ALady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 9.5 10.2 10.1 9.9 0.4
0.3 10.7 11.8 11.9 11.5 0.6
0.5 13.7 171 15.1 15.3 1.7
1.0 15.8 21.9 18.9 18.9 3.1
2.0 16.9 26.0 22.9 21.9 4.6
4.0 19.0 26.4 24.6 23.3 3.9
6.0 19.0 26.1 24.6 23.2 3.7
8.0 19.1 25.1 24.2 22.8 3.2
10.0 191 24.3 24.1 22.5 2.9

an71971 28 MmItandsasn (%wiw) 8anNNLUNING HPMC/Am69/40 lutin

1381 (h) 1 2 3 ALade S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 9.4 44 7.7 7.2 2.5
0.3 10.7 6.1 9.3 8.7 2.3
0.5 13.5 8.4 11.5 11.2 25
1.0 14.7 10.7 13.4 12.9 2.0
2.0 16.5 13.1 16.6 15.4 2.0
4.0 15.9 12.4 15.9 14.7 2.1
6.0 15.4 11.2 15.3 14.0 24
8.0 13.9 10.5 14.1 12.8 2.0

10.0 13.3 9.6 13.4 121 21




a13197 29 Mataadsasen (%wiw) sananuayisng EC/Am69/0 Tuiin

138 (h) 1 2 3 Aady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 7.0 9.7 9.2 8.6 14
0.3 10.9 14.7 14.0 13.2 2.0
0.5 16.1 20.5 19.8 18.8 2.4
1.0 22.8 26.0 26.3 25.0 2.0
2.0 31.6 33.6 35.0 334 1.8
4.0 43.2 44.3 46.7 447 1.8
6.0 51.8 51.1 54.3 524 1.7
8.0 57.3 57.9 61.0 58.7 2.0
10.0 62.9 62.3 66.3 63.8 2.1

a13197 30 nstlanlsasen (%wiw) 8BNNNLUNINT EC/AMBY/5 Tt

1981 (h) 1 2 3 ALaag S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 16.1 19.5 17.4 17.7 1.7
0.3 27.1 37.0 32.0 32.0 5.0
0.5 42.8 58.5 51.2 50.8 7.9
1.0 65.9 95.8 82.7 814 15.0
2.0 88.9 107.7 98.6 984 94
4.0 88.7 105.4 97.9 97.3 8.4
6.0 88.3 107.0 99.1 98.1 9.4
8.0 89.7 107.2 99.9 99.0 8.8

10.0 87.8 105.1 98.7 97.2 8.7




a13197 31 MavaaUsasen (%wiw) sananiunang EC/Am69/10 lush

138 (h) 1 2 3 Aady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 32.7 28.4 30.5 30.5 2.2
0.3 67.6 57.9 60.3 61.9 5.0
0.5 88.7 82.7 83.1 84.8 3.3
1.0 85.8 80.0 80.9 82.2 3.1
2.0 82.1 771 77.6 78.9 2.7
4.0 81.7 76.0 76.4 78.0 3.2
6.0 80.3 75.2 75.5 77.0 2.9
8.0 80.3 75.4 75.3 77.0 2.9
10.0 80.0 75.5 75.3 76.9 2.6

a13197 32 nstlanlsasen (%wiw) 8aNNNLUNING EC/AMB9/20 Tusin

1981 (h) 1 2 3 ALaag S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 60.4 57.8 59.7 59.3 14
0.3 75.7 77.0 76.9 76.5 0.7
0.5 71.0 72.9 724 72.1 1.0
1.0 65.4 66.8 66.6 66.3 0.8
2.0 58.5 60.2 59.7 59.5 0.9
4.0 49.9 52.5 51.5 51.3 1.3
6.0 44 .4 47.8 46.6 46.3 1.7
8.0 442 458 451 45.0 0.8

10.0 42.7 441 43.4 434 0.7




a13197 33 MavaaUsasen (%wiw) sananLunang EC/Am69/30 lutin

138 (h) 1 2 3 Aady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 79.8 82.8 81.7 81.5 15
0.3 81.5 84.4 82.6 82.8 14
0.5 75.9 78.6 77.0 77.2 1.3
1.0 68.1 71.9 69.8 69.9 1.9
2.0 57.5 61.4 59.2 59.4 2.0
4.0 46.1 49.3 47.7 47.7 1.6
6.0 38.2 43.3 40.5 40.7 2.6
8.0 31.7 37.3 34.3 344 2.8
10.0 274 33.6 304 30.5 3.1

a13197 34 nstanlsasen (%wiw) 8aNNNLUNINT EC/AMB9/40 Tusin

1981 (h) 1 2 3 ALaag S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 82.3 81.6 82.2 82.0 04
0.3 75.7 74.8 74.7 75.0 0.5
0.5 70.4 68.7 67.2 68.7 1.6
1.0 61.8 61.2 57.2 60.1 2.5
2.0 51.9 50.8 45,5 494 34
4.0 40.0 39.1 33.6 37.5 3.5
6.0 32.4 31.3 26.5 30.0 3.1
8.0 27.5 24.6 21.7 24.6 2.9

10.0 23.2 20.0 18.3 20.5 25




a131971 35 mydaaddanen (%wiw) 8aNNNLUNINT HPMC/Am69/20 14 0.005 N KCl

1381 (h) 1 2 3 Aady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 7.0 8.1 7.2 7.4 0.6
0.3 12.6 12.5 11.7 12.3 0.5
0.5 16.1 17.0 16.9 16.7 0.5
1.0 26.8 26.0 26.4 26.4 0.4
2.0 41.1 40.7 40.2 40.6 0.4
4.0 58.8 59.8 57.3 58.6 1.3
6.0 67.8 70.3 66.9 68.3 1.8
8.0 70.5 73.0 71.1 71.5 1.3
10.0 73.3 74.4 73.6 73.8 0.6

a31971 36 MyLaaddasen (%wiw) sananiansng HPMC/Am69/20 i 0.05 N KCl

1381 (h) 1 2 3 Aady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 4.1 6.0 4.5 4.9 1.0
0.3 13.1 104 11.1 11.5 14
0.5 18.8 18.6 18.3 18.6 0.3
1.0 32.1 30.9 30.6 31.2 0.8
2.0 51.9 50.8 50.3 51.0 0.8
4.0 76.2 74.4 741 74.9 1.2
6.0 89.7 87.7 86.8 88.1 1.5
8.0 96.4 94.6 94.8 95.3 1.0

10.0 99.5 99.9 100.6 100.0 0.6




a31971 37 mydaaddanen (%wiw) 8aNINNLUNINT HPMC/Am69/20 14 0.1 N KCI

1381 (h) 1 2 3 Aady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 9.5 7.7 8.5 8.6 0.9
0.3 17.5 13.0 15.8 15.4 2.3
0.5 27.5 25.6 26.5 26.5 0.9
1.0 44.0 37.0 40.1 40.3 3.5
2.0 64.7 60.2 61.0 62.0 24
4.0 85.4 79.2 81.6 82.1 3.1
6.0 100.4 94.6 971 97.4 2.9
8.0 100.7 100.5 101.6 101.0 0.6
10.0 101.3 99.1 102.0 100.8 1.5

a131971 38 mMyLaaddanen (%wiw) sananiansng HPMC/Am69/20 lu 0.2 N KCl

1381 (h) 1 2 3 ALafe S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 13.5 14.5 13.1 13.7 0.8
0.3 20.2 22.7 21.2 214 1.3
0.5 29.3 34.6 31.2 31.7 2.7
1.0 46.9 49.3 46.0 474 1.7
2.0 66.0 70.4 66.1 67.5 2.5
4.0 90.0 90.5 89.0 89.9 0.7
6.0 99.4 102.0 99.5 100.3 15
8.0 101.5 102.2 101.6 101.8 0.3

10.0 103.0 102.4 102.1 102.5 0.4




a131971 39 mIdaaddanen (%wiw) 8aNINNLUNINT HPMC/Am69/20 14 0.4 N KCI

1381 (h) 1 2 3 Aady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 10.3 111 11.6 11.0 0.6
0.3 18.8 18.7 18.4 18.6 0.2
0.5 34.9 27.7 31.9 31.5 3.6
1.0 44 1 449 457 449 0.8
2.0 64.8 62.5 64.0 63.8 1.2
4.0 96.2 94.3 93.6 94.7 1.3
6.0 103.5 102.2 100.3 102.0 1.6
8.0 104.3 102.2 100.5 102.4 1.9
10.0 104.7 94.0 100.5 99.7 54

131971 40 mydaaddanen (%w/w) 88NANNLUTING EC/AmB9/20 114 0.005 N KCI

1981 (h) 1 2 3 ALaag S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 56.7 49.2 51.8 52.6 3.8
0.3 80.5 79.5 79.5 79.9 0.6
0.5 82.0 80.8 80.6 81.1 0.8
1.0 82.9 79.5 80.7 81.0 1.7
2.0 84.7 78.8 80.2 81.2 3.1
4.0 84.9 78.3 80.2 81.1 3.4
6.0 85.8 78.0 80.1 81.3 41
8.0 85.5 77.8 80.1 81.1 4.0

10.0 85.9 78.1 80.3 81.4 4.0




a3197 41 mydaaddanen (%wiw) 8aNINNLUNINT EC/Am69/20 11 0.05 N KCI

1381 (h) 1 2 3 Aady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 57.3 56.2 57.9 57.2 0.9
0.3 88.9 89.8 89.3 89.4 0.5
0.5 92.5 96.8 94.5 94.6 2.1
1.0 91.9 99.5 95.8 95.7 3.8
2.0 92.2 99.7 96.2 96.0 3.7
4.0 92.7 101.5 97.0 971 44
6.0 97.8 104.0 100.7 100.8 3.1
8.0 97.6 104.2 101.0 100.9 3.3
10.0 97.0 104.7 101.2 101.0 3.9

31971 42 madaaddenen (%w/w) 88NANNLUNING EC/AmB9/20 114 0.1 N KCI

1981 (h) 1 2 3 ALaag S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 63.3 64.9 64.1 64.1 0.8
0.3 98.2 98.1 99.1 98.5 0.5
0.5 100.9 100.6 100.9 100.8 0.2
1.0 101.3 102.6 101.9 101.9 0.7
2.0 102.9 103.6 102.8 103.1 0.4
4.0 104.1 104.5 103.6 104.0 0.5
6.0 101.9 101.3 102.1 101.8 0.4
8.0 98.1 102.5 101.4 100.7 2.3

10.0 98.2 103.1 101.2 100.9 24




a31971 43 mydaaddanen (%wiw) 8anINNLUNING EC/AMB9/20 14 0.2 N KCI

1381 (h) 1 2 3 Aady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 59.0 62.3 61.9 61.1 1.8
0.3 944 98.1 98.1 96.9 2.1
0.5 96.0 99.7 99.4 98.4 2.1
1.0 96.5 102.4 99.5 99.5 3.0
2.0 97.0 101.2 100.1 99.4 2.2
4.0 100.3 100.5 101.5 100.8 0.6
6.0 94.8 100.9 101.1 98.9 3.6
8.0 95.9 101.4 100.5 99.3 2.9
10.0 93.5 101.8 100.2 98.5 4.4

o319 44 mydaaddenen (%w/w) 88NANNLUNING EC/AmB9/20 114 0.4 N KCI

1981 (h) 1 2 3 ALaag S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 53.1 51.8 52.1 52.3 0.7
0.3 100.1 96.8 97.5 98.1 1.8
0.5 104.7 99.1 101.1 101.6 2.8
1.0 104.4 98.8 100.8 101.3 2.8
2.0 102.6 99.9 100.3 100.9 15
4.0 103.0 100.9 100.9 101.6 1.2
6.0 103.5 101.1 101.0 101.9 1.4
8.0 100.1 101.9 100.1 100.7 1.0

10.0 101.3 103.7 100.9 102.0 1.5




N30 45 ﬂ’]iﬂ@]ﬁﬂﬂﬁ]ﬂ%ﬂ’]ﬁ@]gﬁlﬂ\‘m’ﬁﬂﬂ(ﬂﬂﬁ'ﬂ&lﬂﬁﬂﬂﬂ’ﬂ’]ﬂm‘ﬂ%ﬂ% HPMC NalL3Tu

®q
Amberlite IRP69 11411

R §a3 (HPMC/_)
AMB9/0 Am69/5 Am69/10 Am69/20 Am69/30 Am69/40

Zero order model
R’ 0.796 0.847 0.810 0.721 0.513 0.261
Slope (mg.h'1) 9.758 9.496 6.786 3.724 1.628 0.700
y-int 25.338 19.611 16.649 14.254 12.460 9.493
First order ua¢ film diffusion controlled model
R’ 0.994 0.992 0.879 0.769 0.538 0.263
Slope (h'1) 0.332 0.326 0.125 0.051 0.019 0.008
y-int -0.097 0.118 0.185 0.160 0.136 0.102
Higuchi model
R’ 0.972 0.969 0.952 0.906 0.742 0.487
Slope (h'm) 0.338 0.332 0.240 0.136 0.064 0.031
y-int -0.035 0.022 0.038 0.065 0.085 0.072
Korsmayer and Peppas model
n* 0.42 0.41 0.38 0.29 0.17 0.11
R’ 0.979 0.977 0.969 0.967 0.955 0.877
Slope (h") 0.495 0.421 0.332 0.248 0.181 0.124
y-int -0.039 -0.040 -0.027 -0.016 -0.005 -0.001
Bhaskar %39 particle diffusion controlled model
R’ 0.984 0.992 0.955 0.884 0.681 0.398
Slope (h'o'ss) 0.724 0.735 0.293 0.124 0.049 0.021
y-int -0.330 -0.154 0.060 0.102 0.110 0.088

* Best fitted
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aN71971 46 ﬂ’]i‘ﬂ@lﬁﬂﬂﬁ]ﬂ%ﬂﬂﬁ@]gﬁlﬂ\‘m’ﬁﬂﬂ(ﬂ‘ﬂﬁ'ﬂ&lEl’]E]ﬂﬂ"i]’]ﬂLﬁJ‘ﬂ%ﬂ‘f EC 7N313%% Amberlite

®q ¥
IRP69  lu3in

R §93 (EC/)

AM69/0 Am69/5  Am69/10 Am69/20 Am69/30 Am69/40

Zero order model
2

R 0.893 0.526 0.190 0.036 0.206 0.318
Slope (mg.h'1) 5.959 7.757 3.233 -1.122 -3.326 -4.183
y-int 14.297 43.054 53.184 55.779 62.907 55.999
First order uac¢ film diffusion controlled model

R’ 0.962 0.700 0.152 0.129 0.335 0.361
Slope (h'1) 0.101 0.582 0.062 -0.041 -0.096 -0.093
y-int 0.142 0.927 0.989 0.950 1.202 0.980
Higuchi model

R’ 0.992 0.750 0.371 0.002 0.112 0.232
Slope (h'm) 0.205 0.303 0.148 -0.008 -0.080 -0.117
y-int 0.038 0.243 0.423 0.534 0.638 0.594
Korsmayer and Peppas model

n* 0.41 0.22 0.08 < 0.0001 <0.0001 < 0.0001
R’ 1.000 0.881 0.809 0.717 0.472 0.306
Slope (h'n) 0.260 0.709 0.690 0.580 0.581 0.474
y-int 0.000 -0.061 -0.012 0.000 0.000 0.000

Bhaskar %39 particle diffusion controlled model
2

R 0.997 0.786 0.244 0.089 0.304 0.355
Slope (h"™) 0.233 1.391 0.177 -0.077 -0.206 -0.209
y-int 0.050 0.303 0.871 0.956 1.264 1.055

* Best fitted



aN9N 47 ﬂ’]iﬂ@]aaﬂﬁ]ﬂuﬂ’]ﬁmgﬁlﬂ\‘m’ﬁﬂﬂ(ﬂﬂﬁ'ﬂ&lEl’]Elﬂﬂ’i]’]ﬂLﬂJ‘ﬂ%ﬂsf HPMC NalL3Tu

® o A
Amberlite IRP69 ~ 20 % (HPMC/Am69/20) ludnarsriiaeng 9

AINA i arazaslnunadonaaalsa (KCI) anadadn
0.005 N 0.05N 1.0N 20N 40N
Zero order model
R2 0.721 0.877 0.920 0.913 0.886 0.928
Slope (mg.h")  3.724 7.269 12.004 15493 15582  21.737
y-int 14.254 13.975 12.059 14.527 18.818 13.571
First order ua¢ film diffusion controlled model
R2 0.769 0.950 0.996 0.968 0.997 0.980
Slope (h) 0.051 0.137 0.356 0.540 0.531 0.654
y-int 0.160 0.136 0.001 -0.027 0.072 -0.004
Higuchi model
R2 0.906 0.983 0.991 0.995 0.998 0.997
Slope (h"%) 0.136 0.251 0.366 0.414 0.453 0.473
y-int 0.065 0.010 -0.043 -0.020 -0.002 -0.021
Korsmayer and Peppas model
n* 0.29 042 0.48 0.47 0.47 0.51
R2 0.967 0.987 0.990 0.995 0.998 0.998
Slope (h_n) 0.248 0.310 0.383 0.440 0.475 0.466
y-int -0.016 -0.030 -0.054 -0.037 -0.017 -0.016
Bhaskar %38 particle diffusion controlled model
R2 0.884 0.991 0.962 0.913 0.970 0.921
Slope (h®) 0.124 0.317 0.733 1.000 0.874 1.058
y-int 0.102 0.009 -0.223 -0.279 -0.117 -0.220

* Best fitted
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aN7197 48 ﬂﬂiﬂﬂﬁau%ﬂuﬂﬂﬁ@%ﬁlﬂdﬂ’ﬁﬂﬂ(ﬂ‘ﬂﬁ'ﬂ&lEl’]E]ﬂﬂ"i]’]ﬂLﬂJ‘ﬂ%ﬂ‘f EC 7N313%% Amberlite

® - .
IRP69 20 % (EC/Am69/20) ludanansufiadnd «

AINA i arazaslnunadonaaalsa (KCI) anadadn
0.005 N 0.05N 1.0N 20N 40N
Zero order model
R2 0.036 0.162 0.246 0.671 0.315 0.745
Slope (mg.h')  -1.122 2.858 7872 175224  29.884  185.419
y-int 55.779 60.240 65.312 29.508 57.396 24.042
First order ua¢ film diffusion controlled model
R2 0.129 0.186 0.468 0.985 0.712 0.979
Slope (h_1) -0.041 0.066 0.636 19.085 5.115 15.176
y-int 0.950 1.159 1.566 -0.227 1.190 -0.212
Higuchi model
R2 0.002 0.320 0.463 0.904 0.755 0.935
Slope (h"%) -0.008 0.131 0.276 1.483 0.980 1.516
y-int 0.534 0.505 0.500 0.105 0.229 0.060
Korsmayer and Peppas model
n* < 0.0001 0.05 0.08 0.09 0.09 0.31
R2 0.717 0.929 0.944 0.939 0.940 0.964
Slope (h_n) 0.580 0.750 0.909 1.037 1.018 1.330
y-int 0.000 0.002 -0.005 -0.019 -0.020 -0.012
Bhaskar %38 particle diffusion controlled model
R2 0.089 0.280 0.635 0.912 0.844 0.900
Slope (h®) -0.077 0.182 1.236 11.512 5.760 9.118
y-int 0.956 1.044 1.170 -0.428 0.482 -0.364

* Best fitted
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{ A s a a { . ®
AN319N 49 WaNTUTEEWINRINVe L NNINS HPMC 713 Amberlite IRP64

= A

Lan §03 (HPMC/_)

Am64/0 Am64/5  Am64/10  Am64/20 Am64/30  Am64/40

1 99.8* 100.5 99.6 100.4 100.2 99.8
2 100.0 100.5 99.8 99.9 100.4 100.6
3 100.7 100.6 100.1 100.2 99.9 100.8
4 100.1 100.2 100.0 100.8 100.2 100.7
5 100.7 99.2 100.0 100.6 100.0 100.6
6 100.6 100.1 99.6 100.8 100.7 100.6
7 99.4 100.4 99.4 100.8 100.7 100.7
8 99.2 99.4 100.8 100.7 100.3 100.6
9 99.5 99.8 99.8 100.3 99.8 100.8
10 99.7 99.8 100.0 100.6 100.5 99.9
fuafy  100.0 100.1 99.9 100.5 100.3 100.5
S.D. 0.5 0.5 0.4 0.3 0.3 0.4
*Jndniw

A A a A . ®
f13718NN 50 Namiﬂi:muﬂ’nwmmaammn% HPMC nd Amberlite IRP64

= A

ban §03 (HPMC/_)

Am64/0 Am64/5  Am64/10  Am64/20 Am64/30  Am64/40

1 2.74* 2.84 2.81 2.83 2.84 272
2 272 2.83 2.82 2.84 2.82 2,71
3 273 2.82 2.85 2.83 2.84 2.71
4 2.73 2.83 2.83 2.83 2.83 2.71
5 2.73 2.86 2.82 2.83 2.82 2.71
6 274 2.86 2.81 2.84 2.81 2.69
7 272 2.77 2.81 2.81 2.83 2.70
8 273 2.83 2.81 2.82 2.82 2.72
9 272 2.80 2.82 2.82 2.82 2.70
10 2.73 2.80 2.85 2.82 2.83 2.71
ﬂ"lmaﬂ 273 2.82 2.82 2.83 2.83 2.71
S.D. 0.01 0.03 0.02 0.01 0.01 0.01

*Aaniuay



P a oo a A . ®
A1319N 51 Namiﬂs:mmaumquﬁnmwaammn% HPMC ¥y Amberlite IRP64

Wi ga3 (HPMC/ )

Am64/0 Am64/5 Am64/10  Am64/20 Am64/30  Am64/40

1 6.40* 6.40 6.40 6.40 6.38 6.40

2 6.38 6.40 6.40 6.40 6.38 6.40

3 6.40 6.40 6.40 6.40 6.38 6.40

4 6.38 6.40 6.40 6.40 6.38 6.40

5 6.38 6.40 6.40 6.40 6.38 6.42

6 6.40 6.40 6.40 6.40 6.38 6.40

7 6.40 6.40 6.40 6.40 6.38 6.40

8 6.38 6.40 6.40 6.40 6.38 6.40

9 6.40 6.40 6.40 6.40 6.38 6.40

10 6.38 6.40 6.40 6.40 6.38 6.40
Aade 6.39 6.40 6.40 6.40 6.38 6.40
S.D. 0.01 0.00 0.00 0.00 0.00 0.01

*Uadiuas

A A = a Aa . ®
AN 52 NaﬂqiﬂigLﬁJuﬂquLLT\‘]’UaﬂLllﬂiﬂ‘g HPMC nd Amberlite IRP64

\iian gay (HPMC/ )

Am64/0 Am64/5 Am64/10  Am64/20 Am64/30  Am64/40

1 59.8* 71.7 60.3 89.6 68.1 90.7
2 54.2 74.7 60.1 88.8 69.8 87.2

3 60.8 73.9 60.2 87.2 83.5 89.8

4 53.6 73.1 59.9 88.1 69.6 92.0

5 55.2 70.7 59.1 88.6 79.9 89.5

6 54.2 71.4 59.1 86.1 75.3 95.5

7 55.4 70.4 57.2 89.2 70.3 92.2

8 53.9 74.0 56.9 87.6 85.8 83.1

9 54.6 72.0 59.2 88.2 78.0 92.1

10 54.1 70.5 61.8 86.8 85.5 95.8
ALade 55.6 72.2 59.4 88.0 76.6 90.8
S.D. 26 16 14 14 7.0 3.8

* Faath



; A Y o - ; , ®
AN319N 53 WaNIUTEL I NINRINVeILNNINS EC NN Amberlite IRP64

iafi gA3 (EC/)
Am64/0  Am64/5  Am64/10  Am64/20  AmB4/30  Am64/40
1 99.8" 99.5 99.9 99.8 100.0 100.6
2 100.1 99.4 99.8 100.6 100.8 100.3
3 100.5 99.4 99.7 100.4 99.6 100.6
4 100.4 99.6 100.7 100.8 100.8 100.1
5 100.3 99.6 99.9 99.5 100.5 100.8
6 99.9 99.4 99.6 99.4 100.5 100.4
7 100.2 100.2 100.1 100.6 99.9 100.4
8 99.6 100.3 99.9 100.8 99.9 100.7
9 99.9 99.6 100.6 100.6 100.2 100.6
10 100.0 99.5 100.1 99.3 100.8 100.2
ALade 100.1 99.7 100.0 100.2 100.3 100.5
S.D. 0.3 0.3 0.4 0.6 0.4 0.2
*Jndniw
(?T]T]\Tﬁl 54 Nﬂﬂ']iﬂizLﬁuﬂ'J']N%%’]"Ua\uwﬂgﬂ% EC ﬁﬁ Amberlite |RP64®
\faf gA3 (EC/)
Am64/0  Am64/5  Am64/10  Am64/20  Am64/30  Am64/40
1 2.79* 2.91 2.93 2.90 2.83 2.71
2 2.79 2.88 2.87 2.83 2.83 2.69
3 2.77 2.89 2.90 2.89 2.82 2.70
4 2.79 2.92 2.90 2.86 2.83 2.72
5 2.81 2.90 2.90 2.86 2.85 2.72
6 2.78 2.90 2.93 2.90 2.83 2.69
7 2.79 2.90 2.89 2.85 2.82 2.69
8 2.81 2.89 2.89 2.88 2.83 2.67
9 2.82 2.88 2.89 2.88 2.84 2.71
10 2.81 2.90 2.89 2.89 2.83 2.69
Aady 2.80 2.90 2.90 2.87 2.83 2.70
S.D. 0.01 0.01 0.02 0.02 0.01 0.01

*J8ALUNT
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; " e - ' _ ®
AN 55 Namiﬂi:mmaumguﬁﬂmwaam‘mﬂ% EC 713 Amberlite IRP64

\iad gA3 (EC/)

Am64/0 Am64/5 Am64/10  Am64/20 Am64/30  Am64/40

1 6.40* 6.38 6.38 6.38 6.40 6.40

2 6.40 6.40 6.38 6.38 6.38 6.40

3 6.40 6.40 6.40 6.38 6.38 6.40

4 6.38 6.40 6.40 6.38 6.38 6.40

5 6.40 6.40 6.40 6.38 6.38 6.40

6 6.38 6.40 6.40 6.38 6.38 6.40

7 6.38 6.40 6.40 6.38 6.38 6.40

8 6.38 6.40 6.38 6.38 6.38 6.40

9 6.38 6.40 6.40 6.38 6.38 6.40
10 6.40 6.40 6.40 6.38 6.38 6.40
ﬁ”lmaiﬂ 6.39 6.40 6.39 6.38 6.38 6.40
S.D. 0.01 0.01 0.01 0.00 0.01 0.00

*Jadiuas

- - - ; , ®
AN319N 56 WaNIUTELEUANNLTIVBILNNING EC N3 Amberlite IRP64

\iad gA3 (EC/)

Am64/0 Am64/5 Am64/10  Am64/20 Am64/30  Am64/40

1 116.8* 118.0 120.7 122.8 141.0 143.5
2 116.1 122.8 128.4 125.0 139.4 134.3
3 111.5 116.7 125.0 133.3 128.6 139.0
4 110.1 122.4 1271 133.1 137.9 143.3
5 116.9 116.8 132.1 133.5 139.8 131.9
6 118.2 119.6 125.2 120.9 137.4 136.8
7 117.5 115.8 120.3 130.9 132.6 129.7
8 1111 121.9 128.4 136.8 136.7 129.0
9 108.7 121.2 130.6 128.0 141.0 132.0
10 113.1 116.8 124.6 132.4 138.1 135.6
ﬂ'”lmalﬂ 114.0 119.2 126.2 129.7 137.2 135.5
S.D. 3.5 2.7 3.9 5.3 3.9 5.2

*Iau



' - . - ; , ®
N3N 57 HANITUIZLARININITULANAIVAILNNINT EC N1 Amberlite IRP64

fiadi 893 (EC/)

Am64/0*  Am64/5 Am64/10 Am64/20 Am64/30 Am64/40

1 >60** >60 >60 >60 >60 >60
2 >60 >60 >60 >60 >60 >60
3 >60 >60 >60 >60 >60 >60
4 >60 >60 >60 >60 >60 >60
5 >60 >60 >60 >60 >60 >60
6 >60 >60 >60 >60 >60 >60
fuady  >60 >60 >60 >60 >60 >60
S.D. - ; - ; ; -

“Yajuandauas lunsauusioaiauly 10 b

*%

=
uIn

a131971 58 MatlaaUsasen (%wiw) 8anaNLENS HPMC/AmB4/0 Tt

1387 (h) 1 2 3 ALady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 8.0 8.2 7.9 8.1 0.1
0.3 15.4 18.3 16.2 16.6 1.5
0.5 28.7 30.8 29.5 29.7 1.1
1.0 454 46.5 44.2 454 1.1
2.0 63.9 65.1 64.2 64.4 0.6
4.0 76.9 79.7 78.4 78.3 14
6.0 83.8 86.9 86.7 85.8 1.7
8.0 90.1 924 91.0 91.2 1.2

10.0 93.4 96.9 93.8 94.7 1.9




a131971 59 MataaUsasen (%wiw) 8anaNLTENS HPMC/AMB4/5 Tt

I8 (h) 1 2 3 ALady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 15.0 18.2 16.4 16.5 1.6
0.3 21.3 221 22.0 21.8 04
0.5 28.8 28.4 28.9 28.7 0.3
1.0 415 42.0 415 417 0.3
2.0 58.5 59.7 58.8 59.0 0.6
4.0 78.0 75.7 77.8 77.2 1.2
6.0 88.1 88.2 88.2 88.2 0.1
8.0 90.6 91.2 90.4 90.7 0.4
10.0 91.8 92.6 91.6 92.0 0.6

a31971 60 Mstanaasn (%w/w) 88NNNLUNINSG HPMC/Am64/10 Tuiin

1781 (h) 1 2 3 ALaag S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 13.8 14.3 13.7 13.9 0.3
0.3 18.2 18.2 18.4 18.3 0.1
0.5 26.1 25.7 26.4 26.1 0.3
1.0 38.5 38.9 39.3 38.9 04
2.0 56.6 56.0 56.9 56.5 0.5
4.0 714 78.7 75.6 75.3 3.7
6.0 79.6 86.7 84.1 83.5 3.6
8.0 88.1 89.4 88.3 88.6 0.7

10.0 85.1 87.4 86.3 86.3 1.1




a131971 61 MavaaUsasen (%wiw) sana NSNS HPMC/AmB4/20 lusia

I8 (h) 1 2 3 ALady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 11.2 10.2 11.0 10.8 0.5
0.3 15.9 14.9 15.4 15.4 0.5
0.5 26.3 23.3 24.7 24.8 1.5
1.0 37.7 36.6 37.8 374 0.7
2.0 55.2 55.3 55.4 55.3 0.1
4.0 72.2 721 70.3 71.5 1.0
6.0 80.4 80.3 79.2 79.9 0.7
8.0 83.7 82.7 83.0 83.1 0.6
10.0 84.7 82.9 83.8 83.8 0.9

o317 62 MataaUsasen (%wiw) sanaNLaYENS HPMC/AmB4/30 Tutin

1387 (h) 1 2 3 ALady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 9.8 12.4 11.8 11.3 14
0.3 18.8 18.2 18.5 18.5 0.3
0.5 27.3 26.7 27.1 27.0 0.3
1.0 38.1 39.5 39.3 39.0 0.8
2.0 53.4 54.8 54.5 54.2 0.7
4.0 64.3 68.3 67.2 66.6 2.1
6.0 75.6 75.1 75.5 75.4 0.3
8.0 7.7 78.7 78.5 78.3 0.5

10.0 78.6 78.4 78.6 78.5 0.2




a131971 63 MavaaUsasen (%wiw) BanaNLAYIENS HPMC/AmB4/40 Tutin

I8 (h) 1 2 3 ALady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 16.9 14.9 16.9 16.2 1.2
0.3 21.2 16.6 19.7 19.1 2.3
0.5 28.7 26.3 28.0 27.6 1.2
1.0 411 40.1 40.8 40.7 0.5
2.0 55.3 54.4 55.1 54.9 0.5
4.0 67.1 66.3 66.9 66.8 0.4
6.0 73.0 72.9 72.3 72.7 0.4
8.0 73.0 72.9 73.0 73.0 0.1
10.0 74.0 73.5 744 73.9 04

a31971 64 MataaUsasen (%wiw) sananiavsng EC/Am64/0 Tui

1387 (h) 1 2 3 ALady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 14.9 141 14 .1 14.4 0.5
0.3 20.1 20.1 20.2 20.1 0.1
0.5 25.7 23.7 25.3 24.9 1.0
1.0 34.4 31.8 329 33.0 1.3
2.0 45.3 435 44.5 44 4 0.9
4.0 59.5 58.7 58.9 591 0.4
6.0 69.7 70.5 704 70.2 0.4
8.0 77.3 78.6 77.5 77.8 0.7

10.0 82.0 83.3 83.6 83.0 0.9




a31971 65 Matlaadsasen (%wiw) sananiavsng EC/Ame4/5 Tui

I8 (h) 1 2 3 ALady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 21.1 19.3 20.8 20.4 1.0
0.3 23.6 21.9 23.1 22.9 0.8
0.5 25.6 245 254 25.1 0.6
1.0 32.6 32.2 32.6 32.5 0.2
2.0 42.4 43.0 42.6 42.7 0.3
4.0 55.9 56.0 55.9 55.9 0.1
6.0 66.2 67.0 66.3 66.5 0.4
8.0 70.0 72.5 71.3 71.3 1.3
10.0 80.1 80.5 79.8 80.1 04

a31971 66 n3tlanlsasn (%w/w) 8aNINNLNNINST EC/AMB4/10 Tusin

1781 (h) 1 2 3 ALaag S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 16.8 16.3 16.0 16.4 0.4
0.3 20.5 18.9 19.5 19.6 0.8
0.5 27.4 244 25.5 25.8 1.5
1.0 34.9 32.2 33.2 33.4 14
2.0 43.7 42.7 43.2 43.2 0.5
4.0 55.6 57.5 56.6 56.6 0.9
6.0 66.1 67.2 66.6 66.6 0.5
8.0 67.8 72.0 70.6 701 2.1

10.0 80.6 75.0 77.2 77.6 2.8




a131971 67 MavaaUsasen (%wiw) 8anaNLUTENS EC/Am64/20 Tutin

I8 (h) 1 2 3 ALady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 14.5 11.8 13.0 13.1 14
0.3 19.5 17.3 18.2 18.3 1.1
0.5 27.0 24.4 25.7 25.7 1.3
1.0 36.2 33.5 34.8 34.8 1.3
2.0 47.0 458 46.2 46.3 0.6
4.0 61.7 59.8 60.4 60.6 0.9
6.0 67.4 64.1 66.0 65.8 1.6
8.0 74.8 71.5 741 73.5 1.8
10.0 75.0 77.7 76.7 76.5 1.3

a31971 68 Mstanaasn (%w/w) 88NINNLNNING EC/AMB4/30 Tusin

1281 (h) 1 2 3 ALaag S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 14.8 15.4 15.6 15.3 0.4
0.3 22.0 23.2 22.5 22.6 0.6
0.5 29.9 30.6 29.9 30.1 0.4
1.0 40.5 40.2 40.5 40.4 0.2
2.0 57.8 55.7 56.5 56.6 1.1
4.0 80.6 78.3 79.3 79.4 1.1
6.0 80.5 80.2 80.2 80.3 0.2
8.0 80.0 80.4 80.6 80.3 0.3

10.0 80.9 81.1 80.7 80.9 0.2




a131971 69 MILaaUsanen (%wiw) 8aNANLUTIENS EC/AmB4/40 Tutin

I8 (h) 1 2 3 ALady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 16.2 16.0 16.9 16.4 0.5
0.3 23.9 21.6 23.3 22.9 1.2
0.5 40.1 38.3 40.1 39.5 1.0
1.0 69.0 67.3 69.8 68.7 1.3
2.0 76.4 77.2 77.2 76.9 0.5
4.0 76.0 78.6 77.6 77.4 1.3
6.0 771 78.4 78.3 77.9 0.7
8.0 75.3 79.1 77.8 77.4 1.9
10.0 74.6 78.9 7.7 771 2.2

an31991 70 mItaaddanen (%wiw) sananun3ng HPMC/Am64/0 Tu 0.1 N KCI

1781 (h) 1 2 3 ALaag S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 10.1 8.6 9.4 9.4 0.7
0.3 13.1 13.1 13.1 13.1 0.0
0.5 19.9 20.1 19.8 20.0 0.1
1.0 314 31.1 31.0 31.2 0.2
2.0 48.5 48.2 48.3 48.4 0.2
4.0 69.0 69.0 69.0 69.0 0.0
6.0 82.7 83.0 83.1 82.9 0.2
8.0 90.9 90.5 90.7 90.7 0.2

10.0 92.5 92.4 92.6 92.5 0.1




o319 71 mIdaaddanen (%wiw) 88NNNLUNINSG HPMC/Am64/0 14 0.4 N KCI

I8 (h) 1 2 3 ALady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 8.6 8.0 8.0 8.2 0.3
0.3 11.7 111 10.9 11.2 0.4
0.5 16.5 16.3 15.9 16.2 0.3
1.0 255 25.6 25.3 255 0.2
2.0 41.2 42.8 414 41.8 0.9
4.0 61.0 62.4 61.3 61.6 0.8
6.0 70.4 73.8 71.3 71.8 1.8
8.0 79.8 83.3 80.9 81.3 1.8
10.0 86.3 88.2 86.8 87.1 1.0

a31971 72 madaaddenen (%w/w) 88NANALNTISND HPMC/Am64/40 114 0.05 N KCl

1387 (h) 1 2 3 ALady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 19.9 26.1 21.5 225 3.2
0.3 13.1 21.2 16.3 16.9 4.0
0.5 21.5 24.3 22.9 22.9 14
1.0 24.2 33.5 29.4 29.0 4.6
2.0 414 454 42.3 43.1 2.1
4.0 541 54.5 52.8 53.8 0.9
6.0 60.3 62.6 60.1 61.0 14
8.0 58.2 63.0 61.2 60.8 24

10.0 65.4 67.4 65.8 66.2 1.0




o319 73 mIdaaddanen (%wiw) 88NNNLUNINSG HPMC/Am64/40 11 0.1 N KCl

I8 (h) 1 2 3 ALady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 10.0 12.5 10.6 111 1.3
0.3 13.9 14.2 13.8 14.0 0.2
0.5 20.0 20.6 20.7 20.4 0.4
1.0 32.4 30.6 31.1 31.4 0.9
2.0 411 424 41.7 417 0.7
4.0 54.5 58.1 56.0 56.2 1.8
6.0 63.2 60.3 62.5 62.0 1.5
8.0 67.5 67.8 67.1 67.5 0.4
10.0 67.5 71.8 69.7 69.7 2.1

a31971 74 mydaaddenen (%w/w) 88NANNLNTIINT HPMC/AmB4/40 114 0.2 N KCI

1387 (h) 1 2 3 ALady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 3.7 5.0 4.2 4.3 0.7
0.3 8.2 7.8 8.3 8.1 0.2
0.5 15.3 13.3 14.3 14.3 1.0
1.0 25.6 24.7 26.0 254 0.7
2.0 35.3 34.6 34.9 34.9 04
4.0 47.5 44 4 455 45.8 1.6
6.0 55.4 48.3 51.2 51.6 3.5
8.0 521 61.9 59.0 57.7 5.0

10.0 65.1 67.3 64.6 65.7 14




o319 75 mydaaddanen (%wiw) 88NNNLUNINSG HPMC/Am64/40 11 0.4 N KCl

I8 (h) 1 2 3 ALady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 9.1 15.6 11.0 11.9 3.3
0.3 11.3 11.2 10.5 11.0 0.4
0.5 15.7 16.4 16.4 16.2 0.4
1.0 27.5 27.8 27.2 27.5 0.3
2.0 38.7 42.0 39.3 40.0 1.8
4.0 50.3 53.2 51.5 51.7 14
6.0 63.6 62.5 62.4 62.8 0.7
8.0 70.0 68.1 68.5 68.9 1.0
10.0 70.7 74.2 73.0 72.6 1.7

an31971 76 mItaaddenen (%w/w) 88NANNLNTIND EC/AmB4/0 1 0.1 N KCl

1387 (h) 1 2 3 ALady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 14.5 14.9 14.6 14.7 0.2
0.3 15.7 21.8 17.7 18.4 3.1
0.5 19.1 23.1 20.6 21.0 2.0
1.0 27.8 284 27.4 27.9 0.5
2.0 38.1 37.5 37.5 37.7 0.4
4.0 50.2 50.5 49.8 50.1 0.3
6.0 59.3 61.3 60.2 60.3 1.0
8.0 65.8 70.7 67.7 68.1 2.5

10.0 74.4 77.0 76.0 75.8 1.3




o319 77 mIdaaddanen (%w/w) 88NNNLNTING EC/Am64/0 1t 0.4 N KCl

I8 (h) 1 2 3 ALady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 9.7 8.8 9.9 9.5 0.6
0.3 12.6 14.4 13.5 13.5 0.9
0.5 16.3 17.5 17.2 17.0 0.7
1.0 22.2 24.2 23.6 23.3 1.0
2.0 31.1 32.5 321 31.9 0.7
4.0 43.2 46.3 45.0 44.8 1.5
6.0 53.7 56.1 55.2 55.0 1.2
8.0 61.6 64.1 63.0 62.9 1.3
10.0 68.0 70.8 69.9 69.6 1.4

an31971 78 mItaadsanen (%wiw) sananan3ng EC/Am64/40 lu 0.05 N KCl

1781 (h) 1 2 3 ALaag S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 24.3 22.1 22.5 23.0 1.1
0.3 33.7 34.0 33.0 33.6 0.5
0.5 65.7 60.4 60.4 62.2 3.1
1.0 74.6 711 721 72.6 1.8
2.0 78.6 75.0 75.1 76.2 2.0
4.0 77.6 76.4 76.7 76.9 0.6
6.0 77.2 79.3 76.6 77.7 14
8.0 74.7 76.0 75.5 75.4 0.6

10.0 80.0 78.4 77.9 78.8 1.1




a31971 79 mIdaaddanen (%wiw) 88NNNLUNINT EC/AMB4/40 1 0.1 N KCI

I8 (h) 1 2 3 ALady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 20.8 16.8 18.7 18.8 2.0
0.3 47.0 37.5 42.3 42.2 4.7
0.5 71.8 67.4 69.7 69.7 2.2
1.0 81.7 81.1 81.5 81.5 0.3
2.0 87.0 87.3 86.6 87.0 0.4
4.0 87.8 83.0 86.4 85.7 25
6.0 85.6 82.6 83.8 84.0 1.5
8.0 84.8 84.6 84.7 84.7 0.1
10.0 85.5 85.7 85.6 85.6 0.1

an71971 80 mItaaddanen (%wiw) sananan3ng EC/Am64/40 lu 0.2 N KCl

1781 (h) 1 2 3 ALaag S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 10.7 171 12.3 13.4 3.4
0.3 33.7 33.5 34.3 33.8 0.4
0.5 704 66.4 67.3 68.0 2.1
1.0 85.3 79.4 81.8 82.2 3.0
2.0 88.1 80.2 81.8 834 4.2
4.0 86.4 80.8 83.5 83.6 2.8
6.0 88.6 89.7 86.5 88.2 1.6
8.0 93.1 86.3 89.9 89.8 3.4

10.0 86.7 83.5 85.4 85.2 1.6




a31971 81 mytaaddanen (%wiw) 88NNNLUNINSG EC/AMB4/40 1 0.4 N KCI

I8 (h) 1 2 3 ALady S.D.
0.0 0.0 0.0 0.0 0.0 0.0
0.1 23.5 15.3 20.2 19.6 4.1
0.3 41.8 40.0 40.9 40.9 0.9
0.5 71.9 67.5 71.2 70.2 24
1.0 83.2 87.6 85.6 85.5 2.2
2.0 90.6 91.6 90.0 90.7 0.8
4.0 90.9 93.2 88.5 90.9 24
6.0 90.8 93.4 90.6 91.6 1.6
8.0 88.5 89.3 89.8 89.2 0.7

10.0 92.5 92.5 92.4 92.5 0.1




aN7197 82 ﬂ’]i‘ﬂ@]ﬁﬂu%ﬂ%ﬂ’]ﬁ@]gﬂlﬂ\‘lﬂ’ﬁﬂﬂ(ﬂﬂﬁ'ﬂ&lEl’]Elﬂﬂ’i]’]ﬂLﬂJ‘ﬂ%ﬂsf HPMC 713 Amberlite

®q
IRP64  hdin

3 §a3 (HPMC/_)

Am64/0 Am64/5  Am64/10 Am64/20 Am64/30 Am64/40
Zero order model
R2 0.838 0.821 0.814 0.813 0.792 0.746
Slope (mg.h”)  15.189 8.522 8.277 8.023 7.234 6.506
y-int 18.782 24 451 22.391 20.659 21.851 23.781
First order uas film diffusion controlled model
R’ 0.994 0.960 0.924 0.927 0.903 0.847
Slope (h'1) 0.500 0.262 0.219 0.191 0.157 0.133
y-int 0.095 0.236 0.236 0.221 0.247 0.287
Higuchi model
R’ 0.972 0.962 0.957 0.957 0.949 0.922
Slope (h™'%) 0.419 0.301 0.293 0.284 0.259 0.236
y-int 0.013 0.083 0.067 0.054 0.078 0.106
Korsmayer and Peppas model
n* 0.42 0.42 0.52 0.40 0.36 0.33
R’ 0.979 0.990 0.994 0.984 0.987 0.979
Slope (h") 0.495 0.401 0.385 0.398 0.403 0.405
y-int -0.039 0.004 0.007 -0.027 -0.025 -0.015
Bhaskar %39 particle diffusion controlled model
R2 0.984 0.990 0.973 0.981 0.972 0.938
Slope (h-0.65) 0.949 0.601 0.507 0.444 0.368 0.315
y-int -0.165 0.001 0.030 0.040 0.093 0.148

* Best fitted
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aN771971 83 ﬂ’]i‘ﬂ@]ﬁﬂﬂﬁ]ﬂ%ﬂﬂﬁ@]gﬂlﬂ\‘m’ﬁﬂﬂ(ﬂ‘ﬂﬁ'ﬂ&lEl’]E]ﬂﬂ"i]’]ﬂLﬁJ‘ﬂ%ﬂ% EC 713 Amberlite

IRP64” lwiin
R §93 (EC/)
Am64/0 Am64/5  Am64/10 Am64/20 Am64/30 Am64/40
Zero order model
R’ 0.892 0.885 0.869 0.843 0.748 0.506
Slope (mg.h'1) 7.430 6.694 6.658 6.804 7.331 5.968
y-int 19.037 20.431 19.736 19.802 25.253 34.423
First order uacs film diffusion controlled model
R’ 0.985 0.975 0.964 0.947 0.830 0.566
Slope (h'1) 0.167 0.142 0.135 0.138 0.172 0.131
y-int 0.173 0.199 0.200 0.208 0.314 0.535
Higuchi model
R’ 0.991 0.980 0.982 0.974 0.920 0.731
Slope (h'm) 0.256 0.230 0.231 0.239 0.266 0.234
y-int 0.060 0.087 0.077 0.072 0.105 0.198
Korsmayer and Peppas model
n* 0.41 0.20 0.34 0.37 0.35 0.25
R’ 1.000 0.986 0.994 0.996 0.973 0.8776
Slope (h™") 0.260 0.310 0.334 0.350 0.434 0.5444
y-int 0.000 0.001 0.002 -0.006 -0.016 -0.0326
Bhaskar %39 particle diffusion controlled model
R’ 0.996 0.986 0.993 0.993 0.917 0.705
Slope (h_o'ss) 0.378 0.321 0.310 0.319 0.408 0.330
y-int 0.030 0.078 0.079 0.079 0.135 0.364

* Best fitted
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AN3971 84 ﬂ’]iﬂ(ﬂﬁﬂﬂﬁ]a%ﬂ’]ﬁ@ﬁfmadﬂ’]iﬂa@]ﬂﬁiﬂElﬁl'laaﬂ"inﬂl,ll‘ﬂ%ﬂ‘ﬁ HPMC 73l

® o o
Amberlite IRP64 40 % (HPMC/Am64/40) 1umnma°ﬁu@mm

AINA e arazaslnunadonaaalsa (KCI) anadadn

0.05N 1.0N 20N 40N

Zero order model
2

R 0.746 0.808 0.845 0.889 0.893
Slope (mg.h'1) 6.506 5.541 6.440 6.137 6.883
y-int 23.781 19.982 16.900 11.245 14.349
First order ua¢ film diffusion controlled model

R’ 0.847 0.894 0.929 0.956 0.966
Slope (h'1) 0.133 0.098 0.117 0.100 0.128
y-int 0.287 0.223 0.179 0.108 0.137

Higuchi model
2

R 0.922 0.941 0.974 0.986 0.987
Slope (h™") 0.236 0.195 0.226 0.211 0.236
y-int 0.106 0.096 0.050 0.005 0.023
Korsmayer and Peppas model

n* 0.31 0.30 0.40 0.45 0.46

R’ 0.971 0.898 0.992 0.986 0.991
Slope (h") 0.403 0.312 0.308 0.242 0.272
y-int -0.014 0.007 -0.008 -0.017 -0.002
Bhaskar %39 particle diffusion controlled model

R’ 0.938 0.958 0.986 0.992 0.996
Slope (h"™) 0.315 0.229 0.273 0.231 0.292
y-int 0.148 0.127 0.067 0.017 0.022

* Best fitted



@137 85 ﬂ’]iﬂ(ﬂﬁﬂﬂﬁ]ﬂ%ﬂ’]ﬁ@]%’ﬂa\‘iﬂ'ﬁ‘]_]a@]‘ﬂﬁiﬂﬂﬂﬁaaﬂﬁnﬂm‘ﬂ%ﬂ‘f EC 713 Amberlite

® . .
IRP64 40 % (EC/Am64/40) ludinansufiadd g

AINA e arazaslnunadonaaalsa (KCI) anadadn
0.05N 1.0N 20N 40N

Zero order model
2

R 0.506 0.410 0.379 0.427 0.416
Slope (mg.h'1) 5.968 4.972 5.401 6.073 6.079
y-int 34.423 41.813 46.725 43.426 47.760
First order ua¢ film diffusion controlled model

R’ 0.566 0.498 0.454 0.556 0.554
Slope (h'1) 0.131 0.113 0.145 0.174 0.207
y-int 0.535 0.668 0.864 0.781 0.937

Higuchi model
2

R 0.731 0.636 0.604 0.650 0.643
Slope (h"%) 0.234 0.202 0.223 0.245 0.247
y-int 0.198 0.286 0.319 0.276 0.317
Korsmayer and Peppas model

n* 0.23 0.57 0.34 0.18 0.22

R’ 0.867 0.997 0.940 0.849 0.851
Slope (h") 0.535 0.258 0.667 0.677 0.648
y-int -0.029 0.002 -0.011 -0.028  -0.028
Bhaskar %39 particle diffusion controlled model

R® 0.705 0.637 0.595 0.692 0.692
Slope (h"™) 0.330 0.289 0.376 0.438 0.521

y-int 0.364 0.514 0.658 0.555 0.667

* Best fitted
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Effect of a Pharmaceutical Cationic Exchange Resin on the Properties
of Controlled Release Diphenhydramine Hydrochloride Matrices
Using Methocel K4M or Ethocel 7cP as Matrix Formers

Prasert Akkaramongkolporn,'” Tanasait Ngawhirunpat,! Jurairat Nunthanid,' and Praneet Opanasopit'
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Abstract. This work was aimed at evaluating the effect of a pharmaceutical cationic exchange resin
(Amberlite IRP-69) on the properties of controlled release matrices using Methocel K4M (HPMC) or Ethocel
7cP (EC) as matrix formers. Diphenhydramine hydrochloride (DPH), which was cationic and water soluble,
was chosen as a model drug. HPMC- and EC-based matrices with varying amounts (0—40%w/w) of resin
incorporation were prepared by a direct compression. Matrix properties including diameter, thickness,
hardness, friability, surface morphology and drug release were evaluated. The obtained matrices were
comparable in diameter and thickness regardless of the amount of resin incorporation. Increasing the
incorporated resin decreased the hardness of HPMC- and EC-based matrices, correlating with the degree of
rupturing on the matrix surfaces. The frability of HPMC-based matrices increased with increasing the
incorporated resin, corresponding to their decreased hardness. In contrast, the EC-based matrices showed
no significant change in friability in spite of decreasing hardness. The incorporated resin differently
influenced DPH release from HPMC- and EC-based matrices in deionized water. The resin further retarded
DPH release from HPMC-based matrices due to the gelling property of HPMC and the ion exchange
property of the resin. In contrast, the release from EC-based matrices initially increased because of the
disintegrating property of the resin, but thereafter declined due to the complex formation between released
drug and dispersed resin via the ion exchange process. The release in ionic solutions was also described. In
conclusion, the incorporated resin could alter the release and physical properties of matrices.

KEYWORDS: diphenhydramine hydrochloride; ethylcellulose; hydroxypropylmethylcellulose; ion

exchange resin; matrix properties.

INTRODUCTION

Manipulation of polymers as matrices has been a popular
mean to control release of drugs (1.2). Matrices can be prepared
via direct compression or a wet granulation process (2-7).
Materials generally used in forming matrices arc polymers,
which can be organized into hydrophobic and hydrophilic
groups. Drug release from matrices using hydrophobic (water
insoluble) polymers such as ethylcellulose derivatives proceeds
via diffusion through an almost intact matrix (3). On the other
hand, matrices made of hydrophilic polymers such as hydrox-
ypropylmethylcellulose derivatives swell and form a gelled
malrix upon contact with waler, and thus drug release 1s
primarily governed by diffusion through the gelled matrix (4).
Polymers selected from cither the same or different groups can
be admixed to modify the rate and mechanism of drug release
from matrices (2,3). In addition, drug release from matrices
may be tuned by adjustment of polymer concentration or/and
addition of other excipients (3-8).

! Department of Pharmaceutical Technology, Faculty of Pharmacy,
Silpakorn University, Nakhon Pathom 73000, Thailand.

*To whom correspondence should be addressed. (e-mail: prasert@
email. pharm.su.ac.th)

Aside from the desired release, the physical propertics of
matrices arc also of great importance. Finished matrices must
have acceptable physical properties, typically hardness and
friability, which can withstand impacts and abrasions during
storage, transportation and handling. Matrices failing to meet
the physical requirements could break or partially disinte-
grate, which may cause dose-dumping after administration
(9). Using the above techniques to modify the drug release
may also alter the physical properties of matrices (1).

Ton exchange resins are swellable crosslinked copolymers
which can reversibly adsorb ionized drugs via ion exchange.
The resins have been primarily used as drug carriers for the
development of controlled release systems, and as taste
maskers in preparations of suspensions and chewing gums
of bitter drugs. Furthermore, resins with a high propensity for
swelling can act like a disintegrant, usable in tablet formula-
tions (10,11). Recently, it was found that the direct compres-
sion of some resins with other matrix components can modify
drug release from matrices without need for prior formation
of resinate (4). Nevertheless, knowledge of this extended use
of resins remains scant, and must be further investigated not
only with regard to the modification of the drug release but
also the alteration of the physical properties of matrices.
Therefore this study was aimed at investigating the effect of a
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pharmaccutical cationic exchange resin (Amberlite TRP-69)
on the physical and release properties of controlled release
matrices using Methocel K4M (HPMC) or Ethocel 7¢P (EC).
which represents hydrophobic and hydrophilic polymers
respectively, as matrix formers. In this work, diphenhydra-
minc hydrochloride (DPH), an antihistamine agent, was
chosen as a model drug. It is well absorbed from the
gastrointestinal tract. Because of its short half life (approxi-
mately 5-6 h), the usual dose of DPH (10-50 mg) is orally
taken four times daily (12,13). The drug therefore could
potentially be prepared in controlled-release matrices which
provided better convenience and patient compliance.

MATERIALS AND METHODS
Materials

Amberlite IRP-69 (Sigma Chemical Co.. USA), Diphen-
hydramine hydrochloride (Beijing Shuanglao Pharmaceutical
Co., China) and Potassium chloride (Ajax Finechem. Aus-
tralia) were purchased from various suppliers. Methocel K4M
and Ethocel 7¢P were kindly donated from Colorcon Litd.,
UK. Magnesium stearate (BP grade) was a gift from Glaxo
Wellcome Vidhyasom, Thailand. Deionized water (DI) pre-
pared by a water purifier (Barnstead/Thermolyne D 4745,
USA) was used entirely in this work.

Methods
Preparation of Matrices by Direct Compression

The formulations and compositions of prepared matrices
are presented in Table I. Required compositions were
blended together for 10 min, and then ecach portion
(100 mg) was weighed accurately and fed into a hydraulic
hand press machine (Specac P/N 15011/25011, UK). All
matrices were compressed using stainless steel flat-circular
punches (6.35 mm in diameter) with a constant force of 5 tons
for 5 s of dwelling time. One hundred matrices were prepared
for cach batch of the formulations. The matrices obtained
were kept in tight containers until used.

Diameter and Thickness of Matrices
Ten matrices of cach formulation were randomly select-

ed and then measured for their diameter and thickness using
a micrometer (8229, Sylvac, Switzerland).

Table I. Formulations and Compositions of Prepared Matrices

Formulations HPMC or EC

Compositions (% w/w) 0 /5 10 /20 /30 /40

DPH 30 30 30 30 30 30
Amberlite [RP-69” 0 5 10 20 30 40
Magnesium stearate 1 1 1 1 1 1

HPMC” or EC° added to 100 100 100 100 100 100

“The resin incorporated
”Methocel K4M
¢ Ethocel 7cP
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Fig. 1. Scanning electron micrograph of a Amberlite IRP-69, b
Methoeel K4M (HPMC) and ¢ Ethoceel 7cP (EC)

Hardness of Matrices

The hardness of ten matrices was measured using a texture
analyzer (Stable Micro Systems TA.XT plus, UK). The
measurement was carried out in a manner that the matrices
were pressed by a stainless steel flat-face (6 mm in diameter)
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cylindrical probe moving at a predetermined speed (1 mm/s).
The hardness value, directly read from the instrument, was the
maximum force that caused a diametrical crush of matrices.

Friability of Matrices

Twenty matrices were weighed (W) and rotated for 100
revolutions in 4 min in a Roche friabilator. The matrices were
then weighed (W) again, and the friability was calculated as
the percent weight loss of tested matrices using (14,15).

(u) % 100 (1)

1

Drug Release

Drug release was investigated in triplicate using a USP
release testing apparatus I (Prolabo Dissolutest, France) (16).
The release medium was 900 ml of deionized water or ionic
solutions (i.c. KCI solutions (0.005-0.4 M), simulated gastrie
(SGF) and mtestinal fluids USP without enzyme (SIF)), as
indicated. The rotation and temperature were maintained at
50 revimin and 37+1°C, respectively. throughout testing. At
predetermined times, small portions (5 ml) of medium were
withdrawn through a filter and assayed by an ultraviolet
spectrophotometer (Lambda 2. Perkin-Elmer, Germany) at a
wavelength of 218 nm. The same volume of fresh medium
was returned into the vessels to keep the volume constant.
Photoimages of matrices during the release test were also
determined. The matrices were conducted in the same
condition of the release test. At predetermined times, the
mairices were taken out and then viewed using a digital
camera and associated image analysis software (QXS5, Digital
Blue, China) under a fixed magnification.

Disintegration Test

The disintegration time was measured using a USP
disintegration testing apparatus (Sotax DT3. Switzerland) (16).
Six matrices were placed into a basket-rack assembly at the
start of cach test. The medium used for this test was deionized
water or the ionic solutions, as indicated. which were
maintained at 37+1°C throughout testing. The disintegration
time, defined as the point at which matrices disintegrated and
passed through the screen of the assembly, was recorded.

Scanning Electron Microscopy (SEM)

The resin, polymers and surface morphology of produced
matrices were viewed by an electron scanning electron micro-
scope (CamScan MX 2000, UK). Prior to testing, samples were
fixed on stubs and sputier coated with gold in a vacuum
evaporator (Cressington Sputter Coater 108, UK). Visualization
was performed at a fixed magnification (shown in SEM pictures).

RESULTS AND DICUSSION
Amberlite IRP-69

This resin is a strongly cationic exchange resin commer-
cially produced in plate-like particles (Fig. 1a) with a reported
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average diameter of 165 pm (17). The resin structure is a
crosslinked styrene-divinylbenzene copolymer carrying many
fixed salts of sodium sulfonate (RSO3Na; R is the copolymer).
Though completely water-insoluble, when placed in aqueous
solutions the resin hydrates and swells considerably due to
the hydrophilicity and dissociation of the sodium sulfonate
salts. The sodium ion of the sulfonate salt is able to be
exchanged for, or be replaced by, a counter-ion or a cationic
drug in the external solution.

Effect on Physical Properties

Direct compression was used (o prepare matrices due to
case of production and to avoid using solvents and heat
(15.18). All matrices obtained were of fairly uniform weight
(%CV=1), since the blended compositions were weighed and
then carefully fed to the compress (15). In cach polymer-
based system. the matrices were comparable in diameter and
thickness regardless of the amount of resin incorporated. The
average diameter of cach formulation was in the range of
6.40-6.41 (%CV=<1.59) for HPMC- and 6.40 (%CV=<0.00)
mm for EC-based matrices, respectively. The diameter was
slightly larger than that of the punches used (6.35 mm),
probably due to the clastic recovery of matrices (19). The
average thickness of cach formulation was in the range of
2.80-2.98 (%CV=2.54) for HPMC- and 2.64-2.84 (%CV=<
0.96) mm for EC-based matrices, respectively. The diameter
of matrices using EC was slightly lower than those using
HPMC, which might be attributed to the smaller particle size
and hence greater compressibility of EC.

With regard to mairices without the resin, the hardness of
HPMC/0 was much lower than that of EC/0 (Fig. 2). In SEM
pictures, HPMC/0 (Fig. 3a) had a lesser compact surface than
EC/0 (Fig. 4a), in agreement with the observed hardness. This
was attributed to the fact that EC had a much smaller particle
size than HPMC (Fig. 1b.c). Particle size was one of the most
important factors controlling the hardness of compressed
tablets or matrices, especially when plastic materials were used
as tablet fillers or matrix formers. A smaller particle size was
associated with a greater bonding surface arca and hence
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Fig. 2. Hardness (opened symbols) and friability (closed symbols) of
various (square) HPMC- and (diamond) EC-based matrices
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Fig. 3. Surface morphology of HPMC-based matrices; a HPMC/, b /5, ¢ /10, d /20, e /30 and [ /40,

respeclively

numbers of interparticular attractions among contacting exci-
pients, thus providing greater compact and hardness of tablets
or matrices (3.20). HPMC and EC could be used as directly
compressible matrix formers for preparing controlled release
matrices. Previous investigations reported that both polymers
had good compressibility without mention of which was
superior. During compression, the polymers primarily under-
went plastic deformation. forming matrices whose hardness
increased with decreasing particle size (3,18.19).

Resin incorporation significantly reduced the hardness of
HPMC- and EC-based matrices. The reduction of hardness
increased with increasing amounis of resin incorporation
(Fig. 2). This finding agreed with the SEM results in which
ruptures on the surface of matrices appeared progressively in
proportion with increasing resin incorporation (Fig. 3b—f and
Iig. 4b—f). This could be explained by the results of further
study. For these experiments, direct compression of the resin
alone was performed, in which it was found that the resin

could not form matrices due to exiremely low hardness. This
demonstrated the poor cohesive attraction and hence poor
compressibility of the resin. From careful consideration of
Fig. 3b—I and Fig. 4b-f, it could be scen that partial or total
ruptures occurred along interfaces of the incorporated resin.
This evidence could also imply the poor adhesive atiraction
between the resin and other components. Therefore, the
hardness of matrices would decrease as the incorporated resin
was increased. This finding was similar to previous works in
which the incorporation of resinates (dextromethorphan-
loaded resins) or cellulose acetate butyrate coated resinates
(phenylpropranolamine-loaded resins) resulted in a dramatic
decrease in the hardness of matrices (17.21).

An increase in friability was one of the most common
consequences of decreasing the hardness of tablets. With
HPMC-based systems, the friability increased with increasing
amounts of resin incorporation in a manner that could be
divided into two phases. In the first phase, the fnability
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increased gradually from 0.88 to 3.94% as the mairices
contained up to 20% resin, corresponding Lo a decrease in
hardness from 39.1 to 16.7 N (Fig. 2). The friability increased
quickly (from 3.94 to 92%) in the second phase, in which the
hardness of matrices containing 20 to 40% resin dropped
from 16.7 to 3.7 N. In contrast, the friability of EC-based
matrices containing up to 40% incorporated resin was totally
unchanged (0.21-0.45%) although their hardness decreased
from 120 to 76 N (Fig. 2). It should be noted that all matrices
using EC had greater hardness than those using HPMC. The
results suggested that there was a critical matrix strength
under which the friability would increase in relation to the
decreased hardness, otherwise remaining unchanged. The
critical matrix strength of HPMC-based matrices might be
about 16-17 N, below which the friability increased greatly.
With EC-based matrices, the friability was considerably
unchanged because the hardness might be above their critical
matrix strength. Our findings were in agreement with a
previous result in which the friability of matrices (0.6—1%)

Fig. 4. Surface morphology of EC-based matrices; a
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EC/0, b /5, ¢ /10, d /20, e /30 and I /40, respectively
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Fig. 5. DPH release from (filled diamond) HPMCO, (filled square) /5,
(filled upright triangle) /10, (filled circle) 20, (ex symbol) /30 and
(horizontal bar) /40, respectively. One-side error bars were presented
for clarification, and some were hidden by bigger symbols
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did not considerably change in spite of a dramatic decrease in
hardness from 105 to 60 N (22).

Effect on Drug Release in DI

DPH was very soluble in water (1 g/ml), dissolving very
fast (<l min) (23). Without the resin, development into
matrices using cither HPMC or EC retarded in-vitro telease
of DPH (HPMC/0 in Fig. 5 and EC/0 in Fig. 6). The
mechanism of DPH release from these two matrices was
different because of the distinet natures of the matrix formers.
HPMC was a hydrophilic gelling polymer. Upon contact with
water, HPMC/0 formed a gelled matrix through which DPH
diffused (Fig. 7). The gelled matrices stull persisted after
100% release reached, demonstrating that the DPH release
from HPMC/0 was predominanily governed by drug diffusion
through rather than crosion of the gelled matrix (4). On the
other hand, EC/0 provided a non-gelling matrix that
remained intact throughout the release test (Fig. 7) due to
the hydrophobicity of the matrix former (EC). Therefore, the
DPH release from EC/ proceeded via diffusion through
water-filled pores created by the leaching out of dissolved
drug (3). Though governed by different mechanisms, it could
be clearly seen that HPMC/0 provided faster DPH release
than EC/0 (Fig. 5 and Fig. 6). The hydration and gelling of
HPMC was quite fast, resulting in the rapid gelling formation
of HPMC/) (8.24). As mentioned earlier, DPH dissolved
freely in water, allowing it to diffuse and be rapidly released
from the gelled matrix of HPMC/0. In contrast, EC/0 had a
lower affimity for water, thus resulting in the slower rate of
DPH release (25).

The influence of the resin on DPH release from HPMC-
based matrices is shown in Fig. 5. In comparison with the
matrices without the resin (HPMC/0), the incorporation of
the resin further lowered DPH release. This was due to both
the gelling effect of the polymer and the ion exchange effect
of the resin (4). Upon contact with DI, the matrices quickly
formed the gelled matnx (Fig. 7) in which DPH simulta-
neously dissolved and then diffused out. During diffusion
through the gelled matrix containing the resin, the dissolved
drug (DPH) was partly released but was also exchanged for

% DPH released

D T Ll L]
0 2 4 6 8 10

Time (h)
Fig. 6. DPH release from (filled diamond) EC/0, (filled square) /5,
(filled upright triangle) 110, (filled circle) (20, (ex symbel) /30 and
(horizontal bar) /40, respectively. One-side error bars were presented
for clarification, and some were hidden by bigger symbols
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sodium ions (Na) in the resin, forming a drug-resin complex
by the following exchange reaction:
RSO3;Na + DPH™ < RSO;DPH + Na™ 2)

In the complex. the drug bound with the sulfonic group
of the resin by clectrostatic attraction, and was not liberated
unless it was replaced by another counter ion (11). Since
there were no counter ions in DI only the limited amount of
drug remaining unbound was available for release, thus
explaining the lesser amount of released drug.

As shown in Fig. 5, the DPH release decreased with
mereasing amounts of resin incorporation. This could be
explained by applying equilibrium principles to Eq. 2 (26). As
the amount of the resin was increased, the reaction was
driven to the right. This reaction was unhkely to reverse in
this situation because of the lack of counter ions in DI,
resulting in a more formation of the drug-resin complex and
hence a lesser DPH release. Indeed, this linding partly agreed
with a previous result (4). In that case, drug release was found
to decrease as resins were added to a certain point. beyond
which it remained unchanged. In this study, the DPH release
continuously decreased with increasing amounts of the
incorporated resin due to increased complex formation, as
described above. Morcover, the DPH release from matrices
containing more than 30% resin (HPMC/30 and /40) de-
creased considerably from the platean it had reached.
Qualitatively speaking, the post-plateau release of HPMC/A40
also appeared to decrcase more quickly than that of HPMC/
30. This finding suggesied that some of the drug released in
the medium was diffused back, exchanged for Na in the resin
and then formed the drug—resin complex in the gelled matrix.
This phenomenon occurred because the amount of incorpo-
rated resin, especially in HPMC/M0, was cxcessive for the
dissolved drug not yet released from the gelled matrix.
Therefore, it was able to bind the released drug returning
mnto the gelled matrix via diffusive gradient created by the
exhaust of drug duc to ecarlier complex formation. The
matrices containing less than 30% resin (HPMC/5-/20)
showed no decline in the platcau of drug release because
the amount of incorporated resin was low, and thus reached
cquilibrium without needing to bind the released drug from
the medium further.

As observed in Fig. 7, the gel formation, at least in the
initial phasc (e.g. 5 min), of the matrices with the resin (e.g.
HPMC/20) appeared faster than that without the resin
(HPMC/0). This was probably resulted from the hydrophilic
property of the incorporated resin promoting the matrix
hydration. However, the release from the matrices with the
resin was lower than that without the resin, as shown in Fig. 5.
This suggested that the effect of such different gelling, on the
release, was minor compared with that of the ion exchange.

The EC-based matrices without the resin (EC/0) did not
form the gelled matrix. and remained intact throughout the
relcase test. The mcorporation of the resin caused EC-based
matrices to disintegrate (Fig. 7). resuliing in completely
different DPH release profiles compared to HPMC-based
systems (Figs. 5 and 6). The matrix disintegration time
decrcased as the resin incorporation increased (Fig 8). This
finding demonstrated that the resin (Amberlite TRP-69) could
act as a disintegrant, as previously found with other resins, e.g.
Amberlite IRP-88 and Indion 414 (4,10.27). The disintegration
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Fig. 7. Photoimages of matrices during the release test in different media

mechanism for these resins was associated with their swelling
ability. Upon exposure to water, the resins first swelled and
then expanded, disintegrating the matrices they incorporated.
This study informed that it should be aware of the propensity
for disintegration and hence dose-dumping prior to incorpora-
tion of a resin in matrices designed to control drug release from
a wholly single unit in the gastroiniestinal tract.

In the matrices with 5% resin (EC/S), the DPH release
was higher than that from the matrices without the resin (EC/0).
This was attributed to the disintegration of matrices via
swelling of the incorporated resin. 1t was observed that the
rate of DPH release before its disintegration time (46 min) was
also faster. indicating the occurrence of ruptures promoting
drug release before complete disintegration of the matrices.
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