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Abstract
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Project Title : Modification of glutinous rice starch with alkaline treated for sustaining drug release
in matrix tablet
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Faculty of Pharmaceutical Sciences, Khon Kaen University
Assoc. Prof. Nuwat Visavarungroj (Mentor)
School of Pharmaceutical Sciences, University of Phayao
E-mail Address : padchi@kku.ac.th
Project Period : 2 years
Abstract :

The objectives of this study were to determine the optimum condition to modify glutinous
rice starch with alkaline treated in hydro-alcoholic solution (MGS) and to study the effect of MGS on
properties of sustained release tablet prepared by direct compression method. The properties of the
tablets were also compared with properties of tablet using commercial hydrophilic matrix agent. The
suitable concentration of sodium hydroxide and concentration of hydrochloric acid were determined.
The effects of type of medium and ionic strength on viscosity were studied. The effects of
compression force, ratio of drug and MGS and type of filler on tablet properties were also evaluated.
Hydroxypropyl methylcellulose F4AM (HPMC F4M) was used as the benchmark polymer. The results
showed that the suitable condition for preparing MGS was 2.1 M sodium hydroxide and 1.0 M
hydrochloric acid. The starch grain and gelatinization endothermic of MGS were not shown. The
MGS was amorphous form, high swelling capacity and high viscosity. In additional, swelling
capacity and viscosity of MGS were depended on type of medium and ionic strength. Increasing the
compression force, the hardness of tablet was increased whereas the friability was decreased. The
compression force had no effect on drug release profiles. Increasing the ratio of drug and MGS, the
hardness of tablet was decreased whereas friability and drug release were increased. The tablet
properties were depended on properties of filler. The hardness and drug release of tablet contained
MGS was lower than the tablet contained HPMC F4AM. It can be concluded that MGS which acts as
hydrophilic matrix can be sustained drug release from the tablet prepared by direct compression
method. However, controlled release pattern of different type of active ingredient and stability of the

tablet should be determined in the future.

Keywords : glutinous rice starch, alkali-treated starch, hydrophilic matrix, sustained release tablet
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EXECUTIVE SUMMARY

Sustained release tablet which prepared by direct compression method is classified as solid
dosage form. The advantages of the tablet are increasing therapeutic efficacy, easy to
administration and easy to prepare. Hydrophilic matrix agent is used as polymer which controlled
drug release. Some natural polymer could be used as hydrophilic matrix agent. Glutinous rice
starch is natural polymer which is not swelling in water at room temperature. The viscosity of
glutinous rice starch in water at room temperature was not determined. Thus, alkaline treated
glutinous rice starch (MGS), which used as hydrophilic matrix agent in sustained release tablet
prepared by direct compression method, was studied. The results showed that the suitable
condition for preparing MGS was 2.1 M sodium hydroxide and 1.0 M hydrochloric acid. The double
helical chain of starch was breakdown. The single helical chain was obtained. The MGS was
amorphous form. The gelatinization endothermic of MGS was not shown. The MGS dispersed in
water at room temperature gave high swelling capacity and high viscosity. The swelling capacity
and viscosity of MGS in 0.9 and 3 %w/w of sodium chloride solution were lower than the MGS in
water. The ionic solution was not effect on pH. In this study, the dissolution mediums were acid pH
1.2 and buffer pH 6.8. The swelling capacity and viscosity of MGS in various types of dissolution
medium were lower than the MGS in water. These properties of MGS were related to the polymer
properties. The MGS could be compressed by direct compression method. The propranolol HCL
was used as model drug. The MGS could be used as sustaining drug release agent. The properties
of tablet depended on many factors such as compression force, ratio of drug and MGS and amount
and type of filler. Increasing compression force, the hardness of tablet was increased whereas the
friability was decreased. The compression force had no effect on drug release profiles. Increasing
the ratio of drug and MGS, the hardness of tablet was decreased whereas friability and drug release
were increased. The tablet properties were depended on properties of filler. The hardness and drug
release of tablet contained MGS was lower than the tablet contained HPMC F4M. It can be
concluded that MGS which acts as hydrophilic matrix can be sustained drug release from the tablet
prepared by direct compression method. However, controlled release pattern of different type of

active ingredient and stability of the tablet should be determined in the future.
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- allnresansnanwEnd Taaasnennvisndnianuaiisalunisgainlduan vnlifAsawandaau
wilnge Asdanaliinislantlaasenanas (Wan et. al., 1991)
o ] 1 1 a g [~ o a;o o all allsJ a = dll o/ 1
- padurevesaansnannind  udadendAnynganaesnaisan  Asinmasesnendndan
. . o oo 2 2 . o o ay .
yagenpagsnaNvisndmuNnzan  IneinlunnsiinlBunadnsnenyvisndnnldnnslanlansen
anad (Veiga et. al., 1997)
a o o o = 1 1 ] 1o t-dldt-d o =

- AANNTRzaEaNsnaNdnAny Anasanistlanilaeannn Inadaulunfannaanisazananin dnazd

Anan1slantaatenuin (Lapidus et.al., 1968)
i o o a - . v -

- gngtremnas AN TuENEA W AiNdINNne da13deedn TnannslbiansiindFu iz ans
i lFdmnanislandassenuinndnnisliansiinlsunaniin liazanesn (Lapidus etal., 1968)
e . o . Y P ¥ pso aue . . y
AnsugITaean wudnnnsldanstedutiaiazasinldvinldensnistantaesenninndinigld

N P ¥y 4 o ¥ R T
gn3tsauTia lavaen Wesainansiasauiazatstingusadlentinlidnandngnsdesaui
azaain (Rizk et.al., 1995)

4 e 2 u. e . « - = ¥

- uwnldlunsmends  DeuddndnsnisdandaessnainadagluiunvEndatinteuiignasuau
Tnanisunsrasenduduzeaainassaegser Wee Selpnieadesiuaunueednen

1 AI all o (=3 = 1 1 %// d‘ (=3 a
win Nz M lunsnandnuinen liinasanislantaneen W NdAENANNNIUARAY
((Perez-Marcos B., et.al, 1991 la Velasco MV., et.al, 1999)

- asazagsananilivageunislantldsaengiaeseda  wiiklfidu  Anudunsasieaes
ANTAZANEFINANNTNNAAENTAZAN IR NANATY LA Na AR AN N TAT0IAN TN AN YN TTId KA
fednmn1slantaesenfng LazNaTeIANNLINaea U (onic strength) TaaNNsiNAINNLIBRRRE
nan A uuiinreaasanasdana liisnsn1standaassiindy (Qiu et.al., 1997)
aal a A o a c  a < = | ' '

- AEnnswEaNunays et Wwrenendaatineangnsunuiinasiednsnislantdesn  Inewudd

NNINANUNIYAAIRIPTAINANT LTI (Iow shear mixer) i THARINsUantldaaeFandinisnan

WnsyasaeLAsenaNfIFIsage (high shear mixer) (Qiu et.al., 1997)



A wiushetveundaineilszimenineengmssiugluuusnvEndaiinaranaun 14N
g Tuiasnannii liun faen dittiazem hydrochloride @qiantAdeinaadassyiydn Wanagaunis
dantasnsdunar 12 dalus Mlfddaedaneuenesuazasgilld  Aulidsaindnisasugunig

danilasagsagszuunnindlaa Mnedinasiiateuin (Saidan et.al., 2005)
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A15.AN

a1nsal

= L4
asialuazalnsal

utladawmdian (glutinous rice starch) (Cho-Heng Company, Thailand)

95 wlafidus 1an1uea (95% ethanol) (NINAITWAIRNA NIENTINTARS Lszinalne)
Tmﬁﬁlﬂﬁmﬂﬂ%ﬁr(sodium hydroxide) (Lab-Scan, Ireland)

nsnlalnsmaein (hydrochloric acid) (BDH PROLABO, Belgium)
TW?W?WI‘L&@@MET@?@@@%&T(propranolol hydrochloride) (Jiangsu Yabang, China)
ulnsranealatizaglaaiiies 102 (microcrystoliine cellulose PH 102) (Avicel PH 102)
(FMC BioPolymer, Ireland)

alfaneianing (spray dried lactose) (SuperTab®) (Meggle, Germany)
wnsyalaw@auaadaunaas (granulated dibasic calcium phosphate) (Emcompress®)
(UFmlsznsansge anria, szmalne)

mﬂﬁfﬁlmwvlﬁ‘ﬁf@m’]"ﬁﬁ(spray dried rice starch) (Eratab®) (Cho-Heng Company, Thailand)
lansadinsialfiariaglas o 4 1@ (hydroxypropylmethylcellulose F4 M) (Methocel” F4M)
(Rama Production, Thailand)

paananaatanaulnaanlas (colloidal silicon dioxide) (Aerosi|®) (Nippon Co.Ltd, Japan)
WL I ALRIELTY (magnesium stearate) (Fluka Chemika, Switzerland)
Taw@nlnnenlalnsiauesmsneawnuaulansa (dibasic-sodium hydrogen orthophosphate
anhydrous) (Ajax Finechem, Australia)

TnasuAaalss (sodium chloride) (Carlo Erba Reagenti, France)

ArasAinesudaaaunuilauAaeTiY3 (Differential Scanning Calorimetry) (Model DSC 822°,
Mettler Toledo, Switzerland)

Lrﬁlmmﬂﬁmimmﬁﬂ (hydraulic press machine)

irisasiannstlantlaesiaenaedenisi (dissolution apparatus 1) Model SR-2, Hanson”
Research, CA, USA)

Lﬂ%ﬁmmms@mnﬁuumgﬁ (UV-VIS Spectrophotometry) (Model UV-1201, SHIMADZU,
Japan)

Lﬂ?lmffmm‘ﬂmmumﬂ (Laser Particle Size Analyzer) (I\/Iastersizer® 2000, Malvern, England)

LAFadtlauaNIATANE (peristaltic pump) (Model 505S, Watson-Marlow, England)

1"



Lm‘?ﬂﬁmmﬁwﬁm (Brookfield Rheometer) (Model DV-II1,Brookfield"” Engineering,
Massachusetts, USA)

NRBITNLNINBLAARTEL (Scanning Electron Microscope; SEM) (Model JSM-5410LV, JEOL,
Japan)

m?lmmim\izﬁwmﬁﬂmmmaﬁfmmmﬁmmﬂ,gml,uui”\ﬁl,@nsf (X-ray diffractometer) (Model D8
Discover, Bruker AXS, Germany)

Lﬂ%ﬁmmmﬂmnﬁwmLﬁmm (disintegration apparatus) (Model QC21, Hanson® Research,
CA, USA)

Lﬁ?:m"?mmﬁmﬂuﬂ?m-m\i (pH meter) (Model M 250, CORNING”, England)
Lﬁ?:m‘ﬁbﬁﬁ’mﬁﬂﬂﬁm@naﬂﬂ (top loading balance) (Model A120S, BP 31008, Sartorius”,
Germany) (Model AG135, Mettler Toledo, Switzerland)

\Ar0einANuTIT09enSin (tablet hardness tester) (Model VK 200, Vankel,
Benchsarer'"Series, NC, USA.)

nefilaanailas (vernia caliper) (Mitutoyo”, Japan)

(aaadAANINIaLIRainen (friability tester) (Model Friabilitor, Vankel”, NJ, USA)
gauaniaw (hot air oven) (Model LDO-080F, DAIHAN LABTECH, Korea)

RN (sieve) (ASTM Mesh no. 100, Retsch”, W. Germany)
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28N19NAABY

YUABUN 1 nsANEIMIANIIETI NIz ANF s UN1saaLLsuilTruudaalnanisldne Tu
AN1IEANUDANDIDA

1. pawsaNutdwmiiaasauls Taanisnszatauihdnamiienly 40 %wih 1994aanaaas LAz

o

nadauls Tnanisifunsauazsnsidanudnduwansnaiy lnauanmaeaeailu 3 90 (an9199 1-3) Al

N34T 1 mqumuﬂmm?wLLﬂq“ﬁmmﬁmﬁmmﬂmmiwm@mwﬁ 1
Condition AMNLTNTUADY NaOH AMNLINTUADRY HCI
A2020 20M 20M
A2120 21 M 20M
A2220 22M 20M
A2320 2.3 M 20M
A2520 25M 20M
P99 2 mmf;:ﬁiumum‘?ﬂuLLﬁﬁmmﬁmﬁmLma‘mmma‘mmmmﬁ 2
Condition AMNLINTUUDY NaOH AMNLANT U HCI
B1615 1.6 M 1.5M
B2115 21 M 1.5M
B2615 26 M 1.5M
B1620 1.6 M 2.0M
B2120 21 M 2.0M
B2620 26 M 2.0M
B1625 1.6 M 25M
B2125 21 M 25M
B2625 26 M 25M
AN31a7 3 mqumummﬁﬂuLLﬂﬁmmﬁm&Tmﬂwmmwmmmmﬁ 3
Condition AMNLTNTUADY NaOH AMNLTNTUADY HCI
C1615 1.6 M 1.5M
C2115 21 M 1.5M
C2615 26 M 1.5M
C2110 21 M 1.0M
C2120 21 M 20M
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UszifiunmuanTiRaesutidramiaadmudsnezanle Toun
- ﬁﬂwm:awmﬂgﬂﬂﬁ (morphology) IneliATaq Scanning Electron Microscope (SEM)

. , o 3 . ®
- TUIALAZNITNTICANLUUIATNBUYNIA (size and size distribution) e lHLA789 Mastersizer

e

- AuamiRdunslua (flow properties)

4 o A ®
- UINNouANTY (moisture content) e 1% 1A389 Moisture balance
- AuaniRdsuamilungn (crystaliinity) TnaldiAsas X-Ray Diffraction (XRD)
- pruantFEsuguugi tneld Differential Scanning Calorimeters (DSC)

- ANANNNT NNINESRD (swelling capacity)

) . T L ®

G (viscosity) Ine M AraadmAaNNMiln Brookfield  viscometer
- anudlunsasng (pH) Ineldweses pH meter
= L Ao, > N o > o o
ANINATeY ionic strength NEsaLTldUREIAALL A UANE N0 TUNNTWassa AuL

| P a = . . =
N7AANY wazANUin Taaansnldlun13Anen ionic strength Af 0.9 % NaCl uaz 3.0 % NaCl
ANHINATATRAUAY dissolution medium NRAauduTieasawlsfuaNa N30 luNg
NadFn ANETUNIAANY wazAHNTA Tasiansn g lun13AnE dissolution medium A8 buffer
pH 1.2 wag buffer pH 6.8
o A =d| = v a o o o Y 1
Antaananinznwnnzan lunisasanuildnwitaasnulsdnuiu duansszaanisdanlass

gnanneineengmauuguuuNvEndIiaaraiein

TUADUN 2 nsAnwmaraInsituitruuideainnuilsinsanla NAsaAMaNHUsIDIEN

intinaangnsuruninsenlngisnisaaninanss

1.

= > 8 o o o S g o . )
eI awiansaulsauaniaznAniaanaindunaun 1 Aaani1aenld sodium hydroxide

ANLTNDU 2.1 M Laz hydrochloric acid AudNdwW 1.0 M

2. witmedaTtineangnauiigyl wLRndiaazanti Tnedanismaninemas X
FnnsAnEraren B nednstanay nareuseildlunnanendaing naretriinvesans
L FUN0 LAZEATeI BN aEN TN TN ([ﬂﬁiﬁ\‘l‘ﬁl 4-8)
AN 4 doutlsznenaesesiafFlunnsAnenidead
aqutlsznay lu 1 1la PS-12 PE-12 PSM-111 PEM-111 PM-12
Propranolol HCI (mg) 80 80 80 80 80
Super—Tab® (mg) 160 - 80 - -
Emcompress® (mg) - 160 - 80 -
MGS (mg) - - 80 80 160
Aerosil® (%) 0.4 0.4 0.4 0.4 0.4
Magnesium stearate (%) 4 4 4 4 4
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AN319R 5 daulsznenaesenfinfildlunsAnmuatesdnsdanay

aqutlsznay lu 1 e PM-12-1 PM-12-2 PM-12-3 PM-12-4
Propranolol HCI (mg) 80 80 80 80
MGS (mg) 160 160 160 160
Aerosil® (%) 0.4 0.4 0.4 0.4
Magnesium stearate (%) 1 2 3 4

doutlsznataadsdnn 1 lunns AN LaTaLaN 1 N1 Rans R

wiaznlsznauAqe

a a o a a o ® %
Propranolol HCI 80 4aansd MGS 160 Naansd Aerosil ~ 0.4 % WA Magnesium stearate 4 % Imer 1

WNmaNgA 3 3xAU Aa 100, 200 UAT 300 kgfiem® Gannuungnssniuilu MGS-100-100, MGS-100-200

LAz MGS-100-300 ANNANAL

N34T 6 daulsznanaesenfinfldlumsinmnnatesdnmdouaeseuay MGS
anuilsznan Tu 1 1 MGS-100 MGS-75(120) MGS-50(160)
Propranolol HCI (mg) 80 120 160
MGS (mg) 160 120 80
Aerosil® (%) 0.4 0.4 0.4
Magnesium stearate (%) 4 4 4

Inelfusamandm Ae 200 kgflem’

ﬁlqi‘qxﬂﬁ 7 muﬂimﬂmmmLﬁﬂﬁ‘l"iﬁ“lum@ﬁnmmmm‘ﬁﬁmmmuﬁluﬁmm
daulszneu lu 1 e Super-Tab"-50 | Era-Tab"-50 | Avicel” PH102-50 | Emcompress  -50

Propranolol HCI (mg) 80 80 80 80

MGS (mg) 80 80 80 80
Super—Tab® (mg) 80 - - -
Era-Tab® (mg) - 80 - -
Avicel® PH102 (mg) - - 80 -
Emcompress — (mg) - - - 80
Aerosi|® (%) 0.4 0.4 0.4 0.4
Magnesium stearate (%) 4 4 4 4

Inelfusamandm Aa 200 kgflcm’
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AN9719% 8 doutlsznatmadsnn 1 lunns AN a9 BN A A TN TN

dalszneau lu 1 1n MGS-100 Super-Tab "-25 Super-Tab"-50
Propranolol HCI (mg) 80 80 80
MGS (mg) 160 120 80
Super—Tab® (mQ) - 40 80
Aerosil® (%) 0.4 0.4 0.4
Magnesium stearate (%) 4 4 4

Inelfusamandm Ae 200 kgflem’

3. ﬂa‘uﬁu@mmuﬁﬁmmmLﬁmfﬁﬁmﬂﬂnqmﬁmugﬂLmumﬁﬂsﬁfﬁﬁmmmﬁﬁ Toun
- ﬁﬁﬂﬁﬂﬁmﬁm (weight variation) Iae/lf Top loading balance
- ANMIN (thickness) Tagld Vernier caliper
- AN (hardness) Taeld Tablet hardness tester
- NN (friability) tme’ld Friabilator
- L’Jmmﬂummmnﬁq (disintegration time) taald Disintegration apparatus
- nstlandasusagn (dissolution test) laald Dissolution apparatus | wazld Acid pH 1.2
w9 0-90 % wazld Buffer pH 6.8 Tutag 90-720 w1#

2

TUABUN 3 msufFauiiguanantifivasendagidaoangniuiunidiunanaaauilgi
widgaanuilsiasaslduasnidaunanaasarsnasmsndridnravrvidamiigluvianain

1. Lm?ﬂmmLﬁm@ﬂqm%rmugﬂLLuumw?ﬂsfﬁm@mmﬁw TntWansrieanvindatiageuniia
g luiasnann (hydroxypropyl methylcellulose; HPMC F4M)

2. ﬂizl,ﬁu@mmu“mmmLﬁmﬁm@@nqﬁmugﬂLLuumm?éﬂﬁmﬁm@mwﬁﬂ WBun Swiinenn
ALY AT ANNNaU AT luNTuANEA waznnslantldensasn (mﬁ@uﬁu%umu
fi2)

I

3. uFauwsupgmuantiFresedasineengnsuiunidiunanresutidnamaadnuysisses s

WATNRAIUNANYDI HPMC F4M Taiilugnsnannvisndaiameusinniatming luriasnane
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Nﬂﬂ”l%“i’lﬂﬂ’ﬂsﬁLL@%%QﬁiIﬁN@ﬂ’]i‘VIﬂ@’f]\‘i

1. uansAneIaNEN g lunisaaunlswileinauiaalaanisldacluganiozninaanazaas
1.1 HAVRIAMNLANTUADIANG (sodium hydroxide) LAZAMNITNAUURINTA (hydrochloric acid) N&

raAuantfrasuilsimidafnuls
Tnauenimeaeatu 3 g0
amnmsneaesged 1 lunisszanuilidnowiaadaulslaeldrne (sodium hydroxide)
mmﬁuiwﬁmj A8 2.0 M, 2.1 M, 22 M, 2.3 M uaz 2.5 M i ldsziiiuaaanuiilunsmsng (pH) way
- o A A v Yy o =
Annreautlasaulsimsenls Telfinanimaaeesaianslnngnen 9
~ v v | A @) , P
AN919% 9 NATBIANNIENTULRIANNRARAIANNLTUNTARNS (PH) BAaZANNULATY

wilasaulsnmes e

AMNLINT WD NaOH pH ANUUR (cps)
2.0M 11.05+0.03 611.67+86.32
21 M 11.42+0.03 8489.33+1062.09
2.2 M 11.37+0.02 1306.33+28.29
2.3 M 11.3840.05 2285.67+324.32
25M 11.37+0.06 1706.33+324.86

ana9d 9 wudutldnawmtasaulsnsEaslaiaatudg (pH dszanns 11) GellAnge
nd7 pH veautlednawmilan (pH = 5.56+0.02) nnsdandsutlidawienlnanisldaneluaniaz i

Il £% = [ a 1 ¥ = = ¥ =
waanagadani lpuvinvasuilidaulsiArgaindiuidamiion  (Auulleaeuilvdnamiion =
12.840.54 cps) WATNLIIAMNIENT U89 NaOH Huasaninnuiinaasuiadramilansnuls Inaudlading
willadpulsianuniingegailawianluanozild NaOH aududu 2.1 M iflasainsneildlu
nszuaungsanlsutle  PnlEAanNdasunlasesdnanefmefiadutlh  Faiuaanududuesnei

=2 o 6w P o ~
winnzasasi lianuuiinaasuilidaulsunniga

1 a X2 :J/ = v a o a
wsivnnAansandsdunaunawanuidnwiaasaulsluBunnuin - aneaziiailyulunig
= = o ¥ = o P~ o ~

peEFHNUNNTEEN (scale up) AsdiudumaunasaNuid T AaulsTunmasesaf 2 uay
MNsANENaTeIANNdNduYe9mne (sodium hydroxide) wazmINdnduI8InsA (hydrochloric acid)

Pilsiad1ATlungasng (pH) Auuiln wazniswassinlun liuansuanimasedlugili 1 uay 2 uas

A13799 10
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14

12 4

10

N
N\
f\

1.6 MNaOH 2.1 MNaOH 2.6 MNaOH
AMNINTULRIANg

pH

El1smHel BEo2omue B 2.5MHa

U7 1 uaresndNdinduBes sodium hydroxide waz hydrochloric acid AidsaAIAMTILNIARNS (PH)

¥ = [ % Adl a ¥
aasutldamiiansaudsimsauls

10000
8000 —

6000 —

)
et

4000

4
ANNUUA (Cps

2000

) N B\

Rien

1.6 MNaOH 2.1 MNaOH 2.6 MNaOH
AMNENTURIANg

1 1.5 MHCI N 2.0mHcl 2.5 MmHCI

g2 wavespndinduans sodium hydroxide Way hydrochloric acid NiFaaY1duie

Y a o A %
AR LLﬂQ?ﬂ'g WEAALLINLE i?;llliﬁ
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' o

A1319% 10 uageIANdNd U9 sodium hydroxide Waz hydrochloric acid ANABN1TWALE

¥ a o 4dl a ¥
aasutldamiiansaudsimsauls

AHLINTWID NNINBIAL (AU BTN IﬂﬁLﬂ?‘ﬁULﬁﬁuﬁUﬂ?NWMiﬁlwﬁu)
NaOH 1.5 M HCI 2.0 M HCI 2.5 M HCI
1.6 M 7.86+0.43 Haeanan 2 Haanan 2
2.1 M 12.9+1.52 12.29+0.59 17.04+0.43
2.6 M 13.74+0.81 15.92+1.44 14.52+0.26

ANgUN 1 uaz 2 uara919R 10 wudrpndnduaas hydrochloric acid Tinasiasn pH a8
asazanautlinnutls uAmNdindutes sodium hydroxide fuasier pH laanisld 1.6 M sodium
hydroxide nnl#ansazanausladrawmilensaudsiAn pH Aandnsld 2.1 M uaz 2.6 M 289 sodium

. ‘dl v . . 1 ‘ﬂl = val A 1
hydroxide lugn1zild 2.1 M uaz 2.6 M sodium hydroxide wuanuileiszanlfidauniiauinnan
o s _ - _ e as -~ ey
an1aznld 1.6 M sodium hydroxide #4iliiasa1n sodium hydroxide N laanadmasaasuilhng
anenuzidi helix WANBBNLAZMARIANAZLAUAYE hydrochloric acid wedlNefiasuililanezuans
(Chen J, Jane J, 1994 (7)) wWedufaiuinasmnlfiaanuuils Asiiaududuees sodium
hydroxide 71411 Faaiaeanann liiannaeuutanednesraautl wananniinnitlasuudasned
wefrasuillnaraniaiianimessa (swelling) 28suilinwuiaasaudsimsents laanisld 1.6 M
sodium hydroxide M iAAN1IWaIA2aaN31N191E 2.1 M waz 2.6 M sodium hydroxide
annIneaesnLdtAududuses  sodium  hydroxide  AaflusinulsidrAnyinlfinanig
‘ﬂl Ly 2 = 1 1 [~3 v 2 . . =
wWasuwlaspuaniusdsenisasuthdiamiien udatelafmuaaudaduans hydrochioric acid &
dowinldiian sulasuwlasgniantifunglsynisreuiladamiandos Adldinnisfneuanesnay

= a

induaes sodium hydroxide uazAmdinduaes hydrochloric acid NisaAMaNRALENT] 1Ruil

k73 = o v ' o a o Y j
dramiendauls Hud dnwousiio awisuaznisnszatsawn AuantEsuglne USunuaNTy
AHLTUNAN AuaNTRAUgUMR ANassnlunIIness Annamiln Ansdlunsasng tszquuiio

2YNA

AnuUeHA (surface morphology)

Anwoueiia (surface morphology) aaduilednamiienamuls ﬁﬁlq@mﬂmwdm Scanning Electron
Microscope (SEM) "Lé’mm"lugﬂ‘ﬁ 3 uay 4 wudnnnadauLlauildnamilendaeAansldsneluaniazidl
waanagaan AN suanzeudautl lnadanadasitewidsaaas Singh J., Singh N. (2003) Fawian
utlidmaudsaeRiaananan Ifiianisuan (swelling) neludnautlauaziianisumn (fragmentation) N3
s daduaes sodium hydroxide ynldiutlaRnnsn asuanimanniy weiliiesann sodium
hydroxide #u3 hydroxyl group nl#ifin negative charge aasaanaRinafaasutls Wauilsdanmne
193 ¥ double helical chain IasuiluANeen uaiFazifiudas hydrochloric acid N l¥ananad

wasrasniliadu single helical complex (Chen J, Jane J, 1994 (b)) AatiiArnaidudunes sodium
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hydroxide asiinamanisitlasuulasan nreadauils dvdunisifinannduduaes hydrochloric acid
i dauilsndeasanmegnaluilauildnuilsnnauy arafinain hydrochioric acid Mifnadliiiia
@\ sodium hydroxide v 1#iAm single helical complex 1a9gnewaAmafuaduil denaldnauniia

d’l‘ al 49( XK o < < alla/ 1 d” dq(
atlautl N ’NﬂﬂLﬂ']_lLN&”ILL‘ﬂ\W]?;I\‘lﬂ\i@ﬂWW’ﬂgﬂ’]ﬂluLu@LLﬂ\‘lN’m"ﬂu

Native glutinous rice starch 1.6 M NaOH

2.1 M NaOH 2.6 M NaOH
3113 7w Scanning Electron Microscope (SEM) aaguilsinawiian uazuilsdnomilan dauils

el (sodium hydroxide) fAanudindiusiner uazldnsanfipaudndi 1.5 M HCI
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Native glutinous rice starch 1.0 M HCI

1.5 M HCI 2.0 M HCI
g1 4w Scanning Electron Microscope (SEM) aautlsdnawmiian uazuilsdnawmiiandauls

Tneildinem (hydrochloric acid) NAauidindusine uazldaneniaandndu 2.1 M NaOH

AUIALLALTNITNILANNUUNA (size and size distribution)
YUIALATNNINIZANLUUNA (size and size distribution) vasuildnmiaasmuls Salalaeld
4 O ®4 . . , e - . . A
LATRY Mastersizer  NRIALUANNIT light scattering IFuanslunsei 11 nudnaunavesutlsdamiian
@ ' [y = o ' v v . . . L ae
wnnaneuneaasiildnawtiannmuls wirnuiduduaes sodium hydroxide waz hydrochloric acid 114
Tunnswirenldinarerunauaznisnszans s nzeduihdamiaadaudsudlaiwsan s Wiesann
= 9 = o 4 o g v a A P o v
nszuaunawiraRuidmtoadaulsi nlnAsutliiaumtoanin  wanetiuresmvaddniias
Aesieath i uiuazunanawin udsasiludnaualneldusanigda 180 lumsen aniduutledin
witkendauilsld 1.6 M sodium hydroxide uaz 1.5 M hydrochloric acid HaunaaynaassInndiutls
k2 a [ ‘ﬂl F 7 Ad b £ 4ﬂl a [ 1 o b ‘ﬂl v
dramtendnulsnldsnsuaznianiacudndudu)  enafinainaniazdsnainlilduilsnenuied
. - \ = Y \ = o o ~ v A \
Anmuzmtianninndd nsueanwInatAeuineanngt awinlildaueennieiugindiantzan w
1 =3 al =3 a dld o 1 U al
atlsfmuaniinBualuedissiiananlnansndamie lufewnaa Jauseyniatszann 100
£ v = o o P~ o A A v Ao ¥
Tupsen elawieeynalnfpesiuutidawiiadnulsisrenlngldsmeuaznsandaoudndusine

punlsANE luaTail
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AN9719% 11 YUIABAZNITNIZANEIUI AT sl s ldANaasnsawmAnFNaiv

an12z U aLATEN do.1 do.5 do.9
Native glutinous rice starch 9.038 49.863 119.260
1.6 M NaOH uaz 1.5 M HCI 25.459 103.674 201.847
2.1 M NaOH uaz 1.5 M HCI 17.194 75.696 174110
2.6 M NaOH uaz 1.5 M HCI 18.766 79.415 182.364
2.1 M NaOH uaz 1.0 M HCI 19.339 78.797 175.607
2.1 M NaOH sz 2.0 M HCI 19.5625 79.282 175.992

AMANTIAAUNTIUA (flowability)

A o Y . o N o ) = an

Wathlineasurniantfsuniglug wodd wildnawmsaadnulsa 5 anas Spnantflunis
Tuadlain anafinanuiladamiiensaulsiszanliianuaiisnlunisgaaansduluainials
(hygroscopic) asnlinnantiilunsluailain usesnslsfniunistuiladramieandaulsll1diduans
winErauedeatinnenlaensariy seailuaniudaendifyuazanstoadu Tuindy deenadae

M insvaldnty vireenainanstae lua (glidant) Weninldnnsuanauls

& .
U NTU (moisture content)

BunpnTvaeswildutiaqsmudsimden e 5 an10z lewanalunisen 12

N3N 12 BunaunuTugeautlsinmiansaulsildn suasnsaunnsinaiy
an1azlunnTEN FunnANNTY (%)
Native glutinous rice starch 10.33+0.48
1.6 M NaOH waz 1.5 M HCI 10.99 + 0.23
2.1 M NaOH waz 1.5 M HCI 8.25 + 0.66
2.6 M NaOH waz 1.5 M HCI 11.87 + 0.46
2.1 M NaOH waz 1.0 M HCI 10.72 + 0.06
2.1 M NaOH waz 2.0 M HCI 10.20 + 0.62

wilsdnauiiensaulsimsanlene 5 annng H1UFNIAMNTULIENNL 8-12 % TIRDAARENTTL

o

% A‘ ‘ﬂl ° VY @) 1 o o
AantRi A TRIasui NN M duansdaeluaniu
. [ =2
ANANTAATUANNILUKEN

annsldimadia x-ray diffraction dusuAnmamanTTRiuATunEnaeuilidamilaadn

wils leuanaansnizaes x-ray diffraction pattern lugil# 5
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—C2120 — C2110 C2615 C2115 —C1615 — GRS

317l 5 X-ray diffraction pattern %ﬂﬂLLﬂx‘l“ﬁﬁ’JmﬁﬂfJLL@SLL‘ﬂQ%’mLWfLEI'JﬁﬂLL‘]JT‘ﬁILm?ﬁm%uiu@ﬂﬁqzﬁﬂdﬂ
mngﬂﬁ' 5 LARNANHIUZURY x-ray diffraction pattern wudnuildnawmilanil peak FaTy A
ﬁm:fngﬂLL‘LI‘LIﬂW?Lg?;I'JL‘LI‘LALL‘LI‘LI A %'\1LﬂugﬂLLuu?;wuiﬁ‘LuLLﬂwm'EaﬁﬁmisimunizmumiﬁmLLﬂi
(Shelton and Lee, 2000) d@wiuutlsdnawmilensnudsdaulung/lid peak Br wangndguLLnng
L§EQLuuLLUU@§m§qu (amorphous  pattern) Fafudnenzeutldnwiianfitnunsyuaunsin L
Taseaiazasuililaounladlyl Tnasanadaedientddaaas Chen J, Jane J. (1994 (b)) #ildAn=INg
snudsuilafaeRs alcoholic-alkaline treatment WL41 waxy maize starch ﬁgﬂLmuma‘LgmmuLmu A
e modified waxy maize starch ﬁgﬂLLuuﬂﬂiL§EQLuuLLuu amorphous pattern @uiuutladnqwmilansn
wlsTisdenaulagld 1.6 M sodium hydroxide WAz 1.5 M hydrochloric acid flaasiansouzaadutlsdg
wittalliunszuaunsiaulsetunsdan enaiinannauidinduaes sodium  hydroxide il
waflazinliAan s asuuaslasiairsesuils Seflanusenndesiunindieann Scanning Electron

. < o = % A o o o ' o o @ o =
Microscope Tauthdnawilananuisnsraningldaninzinaindinsiansaisraadauidnnimien
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AMANLAAUGUUYH
HA124 Differential Scanning Calorimeters (DSC) liuandA A BLazgmuu)inldlunis

wlasuwlasresuildiamiansmuls 13lunnsnei 13

AN99T 13 ﬂ'ﬂwﬁmuumfﬂqmmﬁmmLLﬂﬁmmﬁmﬁmLLﬂi‘?‘i”L%@hqLmzmmmnﬁmﬁu
N1z lunN9mFe Enthalpy value (J/g) Peak temperature (°C)
Native glutinous rice starch 9.13 71.15
1.6 M NaOH uaz 1.5 M HCI 3.72 70.19
2.1 M NaOH iag 1.5 M HCI -46.00 118.36
2.6 M NaOH iag 1.5 M HCI -33.44 89.62
2.1 M NaOH uag 1.0 M HCI -93.02 93.98
2.1 M NaOH uag 2.0 M HCI -26.24 109.10

ANNA9R 13 Wi peak temperature vaautletnawmtian (wilamy) JAwindy 71.15 a9
[alTad uaz enthalpy value SlAnwindu 9.13 Uig FelndiAefuenAdaaes Singh N., Singh J., Kaur L,
Sodhi N.S., Gill B.S. (2003) @151 peak temperature 2e9utldnumiiaasnuls JA1u1nndn 90 4N
TAITEd B980AAERTLNNLAYET84 Chen J, Jane J. (1994 (b)) LAz Singh J., Singh N. (2003) aalainy
gelatinization endotherm wasutlednuilssiaedd alcoholic-alkaline treatment Tuﬁqqqmugﬁﬁmfiﬂ 100
p9ATATEE WA peak temperature WAY enthalpy value gaautladnawiienfigaudlsingld 1.6 M sodium
hydroxide Loz 1.5 M hydrochloric acid AN 70.19 asATaded LAz 3.72 J/g ANNANAL %ﬂﬁmmﬁm

anutlsaulsluaniazaenanailutlednamien (uilidiu) nanatisae

AMNAINTD LUNITNAIA (swelling)

AnnaasinlutnrednildawnanfnulsnmsenFve 5 antne leuanalunnsen 14

AN31aR 14 nsnasinluiresuildnawiiansaulsildsauaznsaunnsnai
an1azlunseTes N1IWENFN
(Aaanuin TaeReuFaufuBunneEus)
Native glutinous rice starch Haandn 2
1.6 M NaOH uaz 1.5 M HCI 244 +0.10
2.1 M NaOH waz 1.5 M HCI 13.41+0.42
2.6 M NaOH waz 1.5 M HCI 15.72 + 0.64
2.1 M NaOH waz 1.0 M HCI 15.61 + 0.98
2.1 M NaOH waz 2.0 M HCI 15.76 + 1.25

A g 17 S o Y 1 dlal '3 a
AMNE1319N 14 wuauihdawtaasandslaanisldaisluaniogniueanagadainnsonanig

wasda ldunndutladramiien  (wildy)  snduuildowiaasaudsnssaniaeld 1.6 M sodium
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hydroxide waz 1.5 M hydrochloric acid T9qaAARRNTLNATRININENE Scanning Electron Microscope

v ¥ o

AuaNRMmMugMNH uazAnantRs s dunan

AUNURA (viscosity)

A Nvn TNl awTiaa sl snwmsan e 5 an19z Tauamnalunsnen 15

AN31aR 15 pnuviialurnaeautlsinaminasaulsildAnsuaznsaunnsinafiy
N1z lunNgmATe ANNUTA (Cps)

Native glutinous rice starch 41.90 + 5.00

1.6 M NaOH waz 1.5 M HCI 66.60 + 1.93

2.1 M NaOH waz 1.5 M HCI 4369.67 + 116.80
2.6 M NaOH waz 1.5 M HCI 2051.33 + 201.78
2.1 M NaOH waz 1.0 M HCI 5622.67 + 437.52
2.1 M NaOH waz 2.0 M HCI 3164.67 + 277.65

AR 15 wodudleinamiaasaulslaentsidsndugninzitueaneaedianumiin
wnnndnutladnawmilen (uilsRv) HagenAERITLNNLAYET89 Chen J., Jane J. (1994 (b)) Failiiasann
sodium hydroxide H13] hydroxyl group 1 1#ifin negative charge tavanewadmasaasuily Wnauild
Fnuzan $al¥ double helical chain 1eausliunnesn uaziieasfiugae hydrochloric acid 91nl%ael
waamasasuilufinf single helical complex v ldnszanglindafnniswesiuasldaaamand

Hanunile anduutlidamilaasaudsnmsaniagld 1.6 M sodium hydroxide uae 1.5 M hydrochloric

'
=K o a

acid  HflasiAnwuzaasuthdamtaanliiunssusunisdaulsaguedon  Tnanavesnnumiln

A8AAABNLNAYEININENE Scanning Electron Microscope AMANURAUGIUNYN ARANTRFAIUNNT
[ =2 o
unan wazaauansnlunswessio

AINNINDNE Scanning Electron Microscope WU IANANNITNT U8 hydrochloric acid

i dauilsndeasanpngniniunieluileuianulsuinnau sedwdetilissouiuaeanaind

P e 9 o o = =2 o g = > Y S o vl

Andindurasutlaviniuudatillinacnunta  Asvinliaonumiinsesuthdamiaodaulsiezansa

ANNULAAARS

AN TlunsARIa (pH)
Anflunsasnsluinreauiatawiaasaudsnsranlane 5 annny leuanslumiseh 16
| Iy = o PR Ao g o - Ay a )
wuduilhdamiandaulsiszanluaniaziinliuthannsanasialfluihgampivies JAaonudu
U d‘ o 3| ' ai a o U = E73N0 . .
ngAA1e Uszanns 11 19dniflupnige anannaInan1azaIinganalinisldane (sodium hydroxide) lumans
dindungauazlunszuaunisaziiiu (neutralized) Tagldnga (hydrochioric acid) denaliaauvilaaas
dal, [ al 49( =< o [~ [~ 1 1 d” %’/ all al 3|
Weutldnudadinay  asinAuaruiduswednieluileutl  inreamanisueniiaauunans

anifuutlesnudsild 1.6 M sodium hydroxide wa¥ 1.5 M hydrochloric acid HA1AaLdunsAfng
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1levainns 8 etz AN Nduaaesen M 1Al Asuan w S i eeun9don wasiia gz

X2 a o =3 3| U ] A‘ o
ﬂimfw”lummmmnmumﬁmﬂumq@gmﬂmu@ uthwniin

AN31aR 16 pnfunsasnslusnasauildamiaadaulsildanauaznsnuansinediu
an12zlunTATEN ANALTUNTARANS (pH)
Native glutinous rice starch 5.03 +0.04
1.6 M NaOH waz 1.5 M HCI 8.03 + 0.07
2.1 M NaOH iaz 1.5 M HCI 11.16 + 0.06
2.6 M NaOH waz 1.5 M HCI 11.23 £0.02
2.1 M NaOH az 1.0 M HCI 11.25+0.02
2.1 M NaCOH iaz 2.0 M HCI 11.17 £ 0.08

1.2 wawRd jonic strength Namawilduliaasnulsauanuanisalunisnasda Al
NTAMNE LWAEAMNUUR

msﬁi%‘lumiﬁﬂm ionic strength AR 0.9 % NaCl uaz 3.0 % NaCl %x‘iﬁﬂ'ﬁ jionic strength
WInAiL 0.154 M WAz 0.505 M ANNANAL

nsnasirasuildnamtadaulsisianldne 5 ane lureavaafiiAn ionic strength
wANsnaries 3 18 18U 19 0.9 % NaCl 3 % NaCl l&uandlumisned 17 nmmanessluitiflunnssuany
naulasuuases Bunastaadaflumin uianifeutiuBunnsGudu
AN 17 nnanessreuilsinamilendnulsildAuaznsauansnaiulumeamanien

ionic strength LANFANGTTL

an12z U aLAIEN Water 0.9 % NaCl 3 % NaCl
Native glutinous rice starch Haandn 2 Haandn 2 fiaenan 2
1.6 M NaOH waz 1.5 M HCI 244 +0.10 2.64 +0.09 2.71+0.10
2.1 M NaOH waz 1.5 M HCI 13.41 + 042 9.18 £ 0.71 7.85+0.13
2.6 M NaOH waz 1.5 M HCI 15.72 + 0.64 9.33+1.09 7.35+0.13
2.1 M NaOH waz 1.0 M HCI 15.61 + 0.98 8.93 + 0.05 6.63 +0.42
2.1 M NaOH waz 2.0 M HCI 156.76 £+ 1.25 8.68 + 0.99 7.86+0.14

aNA9R 17 wudranazivnidauiliAnninasuulasaniaennn (1.6 M NaOH uaz
1.5 M HCI) “&u ﬂﬁiW‘ﬂQ[ﬁTﬂ“ﬂ‘ﬂ\‘lLLﬂ\iﬁmLLﬂﬂuﬂﬂﬁ’Jtﬁ\‘mdﬁ’ﬁ\iLﬁ@%‘uﬁ'ﬂﬁuﬁﬂ &T@‘&ummmmﬁﬁm ionic
strength Ay adlaifnaseanismesiareuiladiienld wanzivlfdautafianisulaeuulag
A0 nsl189MaTiEAN ionic strength Jnnaw sinlsnsnessrauil it daulssses|E
flrnanas aillinanans sodium chioride Fasnatnifieldlunisazans i Funnsnagssianunm

P uilanesraanas NN lEn1nedsaresuilNfaLLlsanag

26




A v = o dl = v :j/ ‘ﬂld 1 . .
Avtareutldwiaasaudsimsenline 5 an1ay luwreawadfiiAn ionic strength
wWANFNSTY 3 15A 1A 191 0.9 % NaCl 3 % NaCl toanalumanei 18 wudnnawsanutlaluaningi
o 8 v @ a = H o Ay X o g -
MmIfdauilanianndasuutlasanintu nsldreamaania ionic strength 8nnau MnlEnnsANuuile

Iy P o A v = Y o o o ~
m@QLLﬁ\?ﬂq’gLuuﬂ’gmﬁLLﬂ?ﬂLm?ﬂNimNﬂ’]@m@q Eﬁqaﬂmﬂ@@Qﬂuﬂ’]?WﬂQWQﬂﬂ\‘]LLﬂQ@ﬂLLﬂTW@@@\?

AN31ad 18 Asninaesutldnawilenfawlsildmauasnsauanseiluseamas il
ionic strength LANFNNAY
an12zlun AN Water 0.9 % NaCl 3 % NaCl
Native glutinous rice starch 41.90 + 5.00 38.47 +11.40 21.67 +0.60
1.6 M NaOH waz 1.5 M HCI 66.60 + 1.93 29.50 + 4.40 36.00 + 20.79

2.1 M NaOH uag 1.5 M HCI

4369.67 + 116.80

1520.67 + 304.82

1439.00 + 369.04

2.6 M NaOH uag 1.5 M HCI

2051.33 + 201.78

1540.00 + 205.79

575.67 £ 99.50

2.1 M NaOH uag 1.0 M HCI

5622.67 + 437.52

3426.67 + 315.76

3546.67 + 116.17

2.1 M NaOH uag 2.0 M HCI

3164.67 + 277.65

2311.33 + 299.54

2708.33 + 433.59

ANunsasnsaasutl Nt wmtsnsaulsssanleie 5 @ninr  lureawadiiAn  ionic

strength uANANSTY 3 18m 1HuA 191 0.9 % NaCl 3 % NaCl l@ugnslumaned 19 wudnaeamaanilen

ionic strength fnaiu TudvinlAnAnadunsasnseutlasnudnlaauutlasld anadiesnnann sodium

chloride \uansnianudunatsuazlaiiia buffering capacity

AN3197 19 ATunsasereutlsinminsausfildAnsuaznsaunnaneivulugeaman it
ionic strength LANFANGTL

ANz lunnATEN Water 0.9 % NaCl 3 % NaCl
Native glutinous rice starch 5.03+0.04 5.69+0.13 5.84 + 0.41
1.6 M NaOH waz 1.5 M HCI 8.03 £ 0.07 8.35+0.02 7.86 +0.10
2.1 M NaOH waz 1.5 M HCI 11.16 + 0.06 11.31 + 0.01 11.08 + 0.02
2.6 M NaOH waz 1.5 M HCI 11.23 + 0.02 11.34 + 0.02 11.24 + 0.02
2.1 M NaOH waz 1.0 M HCI 11.25 + 0.02 11.27 + 0.03 11.02 + 0.04
2.1 M NaOH waz 2.0 M HCI 11.17 + 0.08 11.29 + 0.02 1112+ 0.03

1.3 WaUasEinaas dissoluton medium NRFAawilsdUdglnnaLLlsATUANNAINITAlUNITNEY
A Anailunsanng wazANuniln
Twndinduiualindaisisieeengnauiusesinislssiunstantsessn  Taald

dissolution medium FNARMUA  AuFunisiszdunisantdeann  propranolol HCI lugtuiiy

extended release I dissolution medium wANFANAL wpiluns@AnATatiaanld dissolution medium 2
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v
o

ain A8 acid pH 1.2 uLaz buffer pH 6.8 @199 2 18T FArAuidunsastsuAnseiy wazle ionic

e . o 0¥
strength uANANaRU wazin lwTaudeuiuin

AINasARTRaiatwmensauLsNsTenlse 5 annqy T dissolution medium wANFNGTL 3

aiin leuA 11 acid pH 1.2 buffer pH 6.8 Takanalumisei 20 wudnaiinaed dissolution medium Hua

) o Iy = o o o o = o = o A =
ZRINFN A ANIZIPKIAN LLﬂ\Wﬂ’JLMHEQ@@LLﬂiﬂLm?ﬁNiﬂ EmLqu@ﬂqqgﬂ’]ﬁ‘Lmﬁ‘ﬂNLLﬁ\?m’nLuuﬂQﬂﬂLLﬂﬁ"V}Nﬂqﬁ‘L@ﬂ

anedimLiltesnn (1.6 M NaOH waz 1.5 M HCI)

N34T 20 nanessaresutlainawiindnulsildsnauaznsaunnansiili dissolution medium
WANFNU

gnlunnmse Water Acid pH 1.2 Buffer pH 6.8
Native glutinous rice starch Haandn 2 Haandn 2 Haunan 2
1.6 M NaOH waz 1.5 M HCI 244 +0.10 3.02+0.18 2.57 +0.20
2.1 M NaOH waz 1.5 M HCI 13.41+£ 042 8.45+0.73 10.40 + 0.38
2.6 M NaOH waz 1.5 M HCI 15.72 + 0.64 7.36 +0.95 8.54 + 1.91
2.1 M NaOH waz 1.0 M HCI 15.61 +0.98 7.82+0.22 740+ 0.72
2.1 M NaOH waz 2.0 M HCI 15.76 £+ 1.25 8.84 + 0.27 7.62 +0.37

ANULATaduTl TNt s AL TmTaN A 5 4019 11 dissolution medium wWANFANNRY 3

aiim Ieun 11 acid pH 1.2 buffer pH 6.8 lauanalumiseil 21 wudnnslt acid pH 1.2 wag buffer pH
6.8 111 dissolution medium nsiANNULRTadLTl T wTeasAwlsRmsaN lFNANanaT Tadanndasny

ANINaLsIraaLT A AN anas

AN319R 21 paminaesuilednamilen fnwlsildsnauaznsauansinaiily dissolution medium
WANFNU
annaz NN Water Acid pH 1.2 Buffer pH 6.8
Native glutinous rice starch 41.90 + 5.00 15.47 + 0.40 4513 + 5.64
1.6 M NaOH uaz 1.5 M HCI 66.60 + 1.93 32.40 + 0.56 34.90 + 3.44

2.1 M NaOH iag 1.5 M HCI

4369.67 + 116.80

632.33 + 85.85

787.33 +17.01

2.6 M NaOH iag 1.5 M HCI

2051.33 + 201.78

464.00 + 112.74

532.33 + 94.64

2.1 M NaOH iag 1.0 M HCI

5622.67 + 437.52

15635.67 + 737.08

2437.33 + 244.68

2.1 M NaOH iag 2.0 M HCI

3164.67 + 277.65

902.67 + 301.84

2249.00 + 348.32

ANIuNIAGNsaasut i lsnmran e 5 an1ne luweawannilAAaNwlunge

AnauAnsnai 3 4iia laun 11 acid pH 1.2 buffer pH 6.8 lauanalunn319% 22 wudnnisld acid pH 1.2

uaz buffer pH 6.8 1w dissolution medium M l#AANTIuNTAANauildIwTaafaulsIngiAes
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AuAn pH 284 dissolution medium eniiuaniasldrngannudndugeluniadnudsutldomiien Fein

WirnanudunsafagendAianilunsnm19ees dissolution medium

P99 22 psiunsnsnsresutleiramilaadaulsfdeneuaznenunnsineiulu dissolution
medium UANFIY
g lunname Water Acid pH 1.2 Buffer pH 6.8
Native glutinous rice starch 5.03 +0.04 1.22 +0.03 6.57 + 0.01
1.6 M NaOH uaz 1.5 M HCI 8.03 +0.07 1.24 +0.04 6.63 + 0.04
2.1 M NaOH iag 1.5 M HCI 11.16 £ 0.06 1.82 +£0.17 7.54 +0.32
2.6 M NaOH uag 1.5 M HCI 11.23 + 0.02 3.03 + 0.21 8.54 + 0.30
2.1 M NaOH uag 1.0 M HCI 11.25+ 0.02 1.58 + 0.01 7.14+£0.12
2.1 M NaOH uag 2.0 M HCI 11.17 £ 0.08 1.63+0.05 7.28 +0.07
annsinmananTRveuldnawmilaadnulsisses HANUANGTUANNAIN
drdureansauazsnaiidlunszuaunasion  usenddeill ZIMERR Fiaztnutldnawilandnulsi

o

I . < P S de o 4

wiznls aldreasnislastldassnainadagluuusnvandgeuin SenuaniindnArystinaiaes
anszaanislantlassenainadagiuiunvEndsauuntiuy  Fesaunsanassinlfuazdaauuiinunn
satinsfdeianaenutldomiaasaudsiimsaniaeld 21 M sodium hydroxide Waz 1.0 M

hydrochloric acid tvath lAnsineaiuedagluuusvsndaiiasausn

2. warasnslduileinuiainnudsinianla AlfanuansuzraselnTinaangnauiIun

q

LN IALAENITAANIALAS

2.1 puantinrasuilinuuilsnaulsninsanlamuanisznanaan
=® ==II o =1 a & a 2; o j~1 £ Y 2 = [ 3

nsAnEwNeaiuendagluuunivEndaiingeuty  andusedlduiednwmiaasnulaliunn
=2 Ny o 9 P~ o a \ Yy o X = o P o
wnaglamranuilatnamtlansaulsluaunan1snanuAasASANEINTY (scale up) Tautladnawmilensn
wilssFanldiauantRunelsznig 1Sun aansdlunsasng (pH) Auamislunswessa (swelling
capacity) WATANULA (viscosity) Tuansazaafianana TUAFN] 18w 11 buffer pH 1.2 way buffer

pH 6.8 Fananalumisneil 23

P19 23 @mmuﬁﬁmmu:ﬂ\rﬁmmﬁmﬁ“mLLﬂa‘ﬁLm‘?‘meﬂ%mquﬁﬁm @wen luansazasfionang
TR
ANANLR ANTATANEFINANY
Water Acid pH 1.2 Buffer pH 6.8
GRRESILERTRR 11.60 + 0.06 152 +0.11 7.33+0.06
ANNANNID TN IR 12.83 + 2.04 7.76 +0.29 7.44 +0.49
ANUTA (cps) 9565 + 67.82 525.7 + 86.6 642.7 +70.5
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o

AMNANINT 23 uansAnANTTRAAMNTUNIAAY (pH) ANamnsalunisnassa (swelling
. 2 . . % = 1% A o Ao oA Py
capacity) WATANNUNA (viscosity) 2edutlidnawiieadaudsisiraningldantnendnaenliuae Tu
anTaTANEAINATIAR 1) %A 11 buffer pH 1.2 way buffer pH 6.8 WuIIAMNEIUNIARNG (pH)
& . . = . . [ = o 49’ '
ANAINTN IUNTINeED (swelling capacity) WATANULA (viscosity) Bauildamlisnfnulsaue)
fugnsazanssianane nasldansazanatiwimasi pH 1.2 way 6.8 viliAn pH redutladnqwmilaasaulsd
AnlndAeaiuAn pH 289g13avaneTimes uanainflansazanatiwiumasi pH 1.2 uaz 6.8 ilugniaehd
| A a . . o £ 19 = o = o Ny
pH {lunanevizansa waziAn ionic strength Mnlutlednawmilansauilsliaannannisnlunswaesiale
=3 1 val A
ANAY AdINA lENANNULAaAA
2.2 puantihrasendarinaangnauiugluuuamindadaazanan lngdsnisaanlnanss
= j 2% o b = [ 4dl = v Y | 1 <
arnnsAnEdessulunisinuisdawiaasnudsnsrasldun Mdudaudsenesluenuin
a ¥ ‘QI a ® G| 1 ] o | Ql
aiananlaense Tnaldanaiindinin 2 9fin Ae Super-Tab  ifluansngu lactose aedpiuansiiia

a ’o’ ® 3| g . ] o | al
Burinazaretinls uay Emcompress Lﬂumimgu calcium phosphate FedpduansiinFuno

- ¥ . ® ® o 2 . .
giinldazaretin wudnnnsld Super-Tab %38 Emcompress  blugnsiinLBunauiesaeinaimen vl

< = < v =< 1o a am o o 172 ® A ®
FNAETHAIMNLLINUDE faﬂummﬂizmu@mmumuj &usunns Super-Tab ~ 1178 Emcompress

' %

Wi siinBunausanduwtldawiansmulsnwrendy  viransldutldnowiandnulsnsrenaly

asini B aiesattumen liuanspuanifsedagn 1§ lunneeh 24

P99 24 @mmuﬁﬁm@uﬁmmﬁLm‘?\ﬂuimﬂ"ﬁuﬂﬁwmﬁmﬁmﬂuﬂuzﬁfmﬂi:nﬂu
AruaNTRvedne PSM-111 PEM-111 PM-12
Weight (mg) 246.07 +7.26 247.86 +2.42 250.26 + 3.86

Hardness (kp) 6.35 +2.32 6.67 +0.87 7.03 +£0.99
Disintegration time (min) 3.29 Wnngn 2 Falu wnndn 2 Falu
Friability (%) 0.37 0.13 0.37

; = - das ® ® x
AMNANINT 24 uanspnaNTRrawdnenGald Super-Tab  1sa Emcompress  uansLiia

Bunnudanduniladawmiansnulsnmsenan visants dutladnqutian s sisrenaulug s

Bunnieatinanes nududeen edtnmingiasnndmsaiy wazdanuudareadaendsyann 6-7

kp Aaunseutieandt 1 % dgenndedniudeninuazeundsniiy dusunailflunsunnsaiang

13 '
=< 1

' o o a a k74 ® ] 3| ‘QI a %’I
LLIE]ﬂﬁ]ﬁ\iﬂuﬂlu@%ﬂUﬂuﬁﬂﬂQ@’]TLWN‘]ﬁ‘Nﬁm Tnengld Super-Tab Faflugn i nuiaazanauin

|

1 [ Y o o U i o U 1 ¥ ® ] ‘2‘
faunuutldnawiansaudsminlina i ldlunsuansadeandinisld  Emcompress  @auluansiiin

Bunnsaiia liarastinsuiuwtladnowidansauls  warnslutldnamiieasnulsiluansiiayinnn

= 1 =
PNENBENLAEA
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NaURIUTNIUARIRTTIAY
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[INNIANENATA Tt AUTNsan AN TRl ae P lduilsdamilansnulsiwsesiu
WuansinBunouiasetnadan wuannisld magnesium stearate 1 % 1aenAaAREn punch (WaLa
13010 magnesium stearate {1 2-3 % Waenlaifaniin punch uAreuduinsedinen ldFay duiu
< AII ¥ . Y @ alld o =8 o @
Wnenld magnesium stearate 4 % lHdpanfianuiuaisny Tun1sdnEuazeusanandadagn

NATRTRATBIANTANLIN U ariara93 N ure9a1 BN B uaaen M@ e anlulFund 4 %

NATILTIN LTI UNITAANAALNALN
NNsANELaYeaLsan M kN Inenamtnen g lduildawtiaasnudsnasanauugn s
Bunnuiasetrafaquaz useildlunnsmnendn 3 szAu Aa 100, 200 Uaz 300 kgficm® TINAURILIGT

1 lunsmandsdnanntsennantimreadnen tauanaldlunisen 25

q

AN3aR 25 AnusuTRreasineieldusdiidlunsmendalnenfiuansnai
@mmuﬁﬁm@mﬁmm MGS-100-100 MGS-100-200 MGS-100-300
Weight (mg) 246.26+1.19 247.51+0.46 246.70+0.47
Thickness (mm) 3.910+0.032 3.900+0.000 3.895+0.050
Hardness (kp) 4.91+1.02 5.46+1.16 5.43+0.71
Disintegration time (min) 1NN 120 WA 1NN9 120 WA 1NN 120 WA
Friability (%) 1.21 0.76 0.94

AMNANINA 25 wudnnisnsai I lunnsandading i lEANudsraadas AN IBLAL
@ a v o 1% a o 2 o ) '

AMNMRIRUdAENTAT INALALNAY Tl LT ln1mandm 200 waz 300 kgfiem® M lHAunsal
PAEALNIAENGN 1 % TIENUTANNUATBUNZTATL A1UFUNAN M IUNTWANFIUBUEALINTG 3 T2F
WNABN NATNINNGY 120 W9 lasdasAdesiuAnEzaiawU LN BNdNTsaanislantlansisnielu
waNFaAe a1 120 W17

dusunislaniassenanndaenin uilatnowitaasaulsnssanawiugnsinddunauies
atuREatulAnuznstantaesatuuudir) Tneinan 840 wil Ansuantdesatlszinns 60 %
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uananilaAnE Nasedsan I lunsnandainannlnan1sUantaassnainlngn BanUIIN1TERN kI
dlunsmendndnen liinasansantdessn Awansluglin 6 Dewddniadinussldlunismen
fainginianunguresdagnanas (MAaN9aen) wieenglafinNNANNIUIEY hydrated matrix
tablet lafldauagiuaunguaadngn (Mdsniseean) Aeiunisivaussnldlunseandainanasliing
sian1slanilaasien LLmﬁgﬂLLuumiﬂ@mﬂdﬂﬂmé’aﬁn@innml,wé (diffusion mechanism) (Perez-
Marcos B., etal., (1991) T9RANNARILARIAUINUAIEUDY Velasco MV., et.al. (1999) NlsAnmIn13lE

hydroxypropyl methylcellulose K15M Lilugnsinegzannisdanilansenain diclofenac tablet
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p191afl 26 pnuanTRveinenteflsnedaurasenuazutlednmilindnulsieia Euansaiy

@m@uﬂﬁmmlﬁmm MGS-100 MGS-75(120) MGS-50(160)
Weight (mg) 247.57+0.39 247.67+0.56 248.18+0.40
Thickness (mm) 3.940+0.057 4.020+0.048 4.160+0.039
Hardness (kp) 8.75+1.73 7.86+1.03 6.68+0.36
Disintegration time (min) 17NN97 120 WA 1NN97 120 WA 1NN 120 WA
Friability (%) 0.74 1.01 2.01
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AnsaniTRrasdnen Super—Tab®—5O Era—Tab®—5O AviCeI® PH102-50 Emcompress®—50
Weight (mg) 246.21+0.86 245.05+1.13 245.70+0.62 245.94+0.89
Thickness (mm) 3.810+0.057 3.910+0.032 3.960+0.032 3.495+0.069
Hardness (kp) 4.55+0.66 3.08+0.70 1.20+0.25 4.34+0.30
Disintegration time (min) 115 4 17 1NN 120 WA
Friability (%) 0.66 1.05 4.1 0.91
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AruaNTRedneN MGS-100 Super—Tab®—25 Super—Tab®—5O
Weight (mg) 247.51+0.46 246.54+0.31 246.21+0.86
Thickness (mm) 3.900+0.000 3.845+0.003 3.810+0.057
Hardness (kp) 5.46+1.16 5.66+0.98 4.55+0.66
Disintegration time (min) | X191 120 W7 NNNIN 120 W17 115
Friability (%) 0.76 0.72 0.66
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nauReudaunnaaiRresdanindunaesuildamilosaulsilimen fuasdannia
dqunanaes hydroxypropylmethylcellulose high viscosity (Methocel® F4M) SaiflugnsriennvEndaiin
geuihitsmielufesnan luaadlslunnmed 29
A15797 29 AnusuTRreadinedesenauasutldnamilfaulsivionldnBou feut

WineNAN Methocel” FAM

AMaNTRYaUInEN MGS-100 Super—Tab®—25 HPMC-100
Weight (mg) 247.51+0.46 246.54+0.31 247.26+0.61
Thickness (mm) 3.900+0.000 3.845+0.003 4.255+0.028
Hardness (kp) 5.46+1.16 5.66+0.98 9.59+0.62
Disintegration time (min) 1711N97 120 WA 17NN 120 WA 1NN 120 WA
Friability (%) 0.76 0.72 0.92
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Properties of modified glutinous rice starch prepared by alkali treated method used as hydrophilic matrix

ueerity Anlsma’ uaz ying Sangelsar?
Padungkwan Chitropas‘ and Nuwat Visavarungroj2

Abstract

The hydrophilic matrix tablet which is classified as sustained release dosage form is not difficult to
prepare. But properties of hydrophilic matrix must be suitable. The objective of this study was to study properties
of modified glutinous rice starch treated with 1.6, 2.6 M sodium hydroxide and 1.5, 2.5 M hydrochloric acid. The
pH, morphology, viscosity swelling and DSC pattern of the modified starch were determined. The result showed
that pH of the modified starch was about 8-12. At 2.6 M of sodium hydroxide, changing in morphology, increased
in viscosity and swelling were obtained. The concentration of sodium hydroxide and hydrochloric acid had effect
on DSC pattern. The equation of viscosity (Y), concentration of sodium hydroxide (X,) and hydrochloric acid (X,)
were Y = 1923.335 + 1786.665X, + 1176.5X, + 1147.5X,X,. It could be concluded that concentration of sodium
hydroxide and hydrochloric acid had effect on properties of modified glutinous rice starch. The modified starch
was possible to use as hydrophilic matrix. Furthermore, the suitable concentration of sodium hydroxide and
hydrochloric acid should be determined.

Keywords : modified glutinous rice starch, alkali treated modification, starch properties
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Table1 Effect of concentration of sodium hydroxide and hydrochloric acid on swelling and viscosity of native

glutinous rice starch and the modified starch.

Conc. of NaOH / HCI Swelling properties Viscosity (cps)
Native starch <2 16.61+1.93
16M/15M 7.86 £0.43 115.67 + 2.08
16M/25M <2 173.67 £9.71
26M/15M 13.84 + 0.81 1386.00 + 350.97
26M/25M 14.52+0.2 6034.00 + 542.40
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Y = 1923.335 + 1786.665X, + 1176.5X, + 1147.5X X,
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Native starch

26M/15M 26M/25M
SEM of native glutinous rice starch and the modified starch.

E?

Table2 Effect of concentrations of sodium hydroxide on DSC pattern of native glutinous rice starch and the
modified starch.

Conc. of NaOH Energy (J/g) Temperature (°C)
Native starch 9.13 71.15
1.6 M 3.72 70.19
26 M -33.44 89.62
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