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Abstract

Matrix is one of the most interesting drug delivery systems to control drug release in
pharmaceutical dosage forms. Natural rubber latex (NRL) from Hevea brasiliensis consists of
cis-1,4-polyisoprene as the major polymer. It presents interesting physical properties such as
easy to manipulate, low cost, high mechanical resistance, and insoluble in water. The aim of
this study was to use the NRL as binder in matrix tablets for controlling the release rate of
drug. NRL, sodium carboxymethylcellulose, olive oil, Tween 80, and lactose were used as
polymer, adsorbent, plasticizer, surfactant, and diluent, respectively. Propranolol
hydrochloride was used as a model drug. Propranolol hydrochloride matrix tablets were
prepared by conventional heat-melting method. The in vitro release of drug from matrix
tablets was determined by UV-Vis method according to dissolution test under Propranolol
Hydrochloride Tablets USP30-NF25 monograph. Morphology of propranolol hydrochloride
matrix tablet before and after the release study was observed by scanning electron
microscopy (SEM). It was found that NRL matrix tablets could control the drug release up to
12 hours. The release profiles were best fitted with Higuchi model indicating the matrix
diffusion mechanism of drug release. These were different from the release profile of drug
from 5%NRL+2%Aquacoat coated tablets which was best fitted with zero order kinetics. NRL
amounts affected the properties of the propranolol hydrochloride matrix tablets. Increasing
the NRL quantity in the matrices provided the decrease of release rate of drug. SEM
photographs showed the number, size, and distribution of pore in propranolol hydrochloride
matrix tablets that depended on amount of NRL addition. These results confirmed that NRL

was possible to use as binder for matrix tablets in oral drug delivery systems.

Keyword: Natural rubber latex, Concentrated Ilatex, Matrix tablets, Propranolol

hydrochloride, Kinetic drug release
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Drug release study of propranolol hydrochloride tablets using natural rubber as release-

controlling polymer: Comparison of film coated tablets and matrix tablets
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A1V UNTA-619 (pH) VITENITU

W19 Ul 30 98880 10 pH e181AT89 SevenEasy S-20 pH meter (Mettler
Toledo, Switzerland) Uu#inen pH Naw e

/=)
ANURWALILIL LL‘]JiJﬂ’livL‘V\ﬂ

MringsTudsunas 10 9adaas Sannunilasauinias Brookfield DVl ULTRA
Programmable-Rheometer (Brookfield engineering laboratories, Inc., USA) ﬁqm%gﬁﬁadiﬂﬂ
1% Spindle SC4-31 A1NL52581 50 - 250 rpm LiuiinWaaNLA3asfiewla u§sindn Rate of
shear W@z Shearing stress ﬁvl,éfmﬁﬂmgmwums"lm

YUADUAALATNIINTEZAN VU VDINARLNDS LUTNEN9TU (Size analysis) wazalsea

NHRIVDIDWANA (Zeta potential analysis)

Ba9sringnstuluwinng ﬁﬂ"lﬂﬂ'ﬂmm@akl,mml,azﬂizﬁg‘ﬁﬁaakl,mﬂﬁwm%aa Zeta
potential analyzer, Model ZetaPALS, Brookhaven fiamnail 25°C uilawnen Effective
diameter, Polydispersity index (PI) wae Zeta potential (C_,)

USaN DN Ut (Dry Rubber Content; DRC) wazUSupasudaninye (Total Solid
Content; TSC)

Mt wmesaumUsinonitasnsuisuazuasudaninue lasnsansnenu
U1A331% ASTM D1076 (2005)

A1311 DRC

nlrinenesusean Acetic acid muldnImuguaniwnssudiagauy ol Balu
s mlSinsandnszdadatiminaasiosnasts lummesaulivingt 2 a3 Tagen
imsnfiladasdauandrsiwlifin 0.2% udrdsindadsvasinningldunduwimen DRC

AIRUNTT
Dry rubber content, % = mass of dry coagulum/mass of sample x 100

n13%1 TSC

ﬁﬁﬁﬂmaﬁuﬁfmmﬁfﬂaLhdgﬂ@TaoLL&iuﬂﬁ o uuWatNanIBI RN LRIV I VDI UT 3
IR M INaFaulR¥ingl 2 a9 Laaa1iInINN e aIN A ILANA1IN bILAK 0.15% La23
o 1 A 4 o A o o . o
INANRRLVAIRBNN LANIFIWI IRAN TSC AIFNNT

Total solid content, % = (mass of dry sample/mass of sample) x 100
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laosienstyu  wasthesdunilansdsilAinionnutuds 5% nnuiian
wSsniduusufsuurs neuwihlunasaudleoiaIas Differential scanning calorimeter (DSC) 1
A } O & o @ A @ v a &
ama:qmmjuuluma -100°C 019 180°C mmlmmammuqumU"L%I@iLauL%aa LAILATIEN
97N DSC Thermogram e f@ﬁﬁqmﬁQﬁLLﬂaaLLﬁ"s (Glass transition temperature, T,) 183013

wWasuudasgUiduidy uazmsfouudasanuiauang

2. msdAnwanangnnlanuguaza1ssn 9 s lwenda

imsAnwanuTnulduaswadiwasaInenswii nualedan (Propranolol HCI)
wazanIza0aug ugude lasmInautingnstu fusmanaitlusandindsg mlwus uas
SR iuTse3stiaineeans 1w Infrared spectrometer (IR) @apinadia
Attenuated Total Reflection FT-IR (ATR-FTIR), Differential scanning calorimeter (DSC) L&z
X-ray diffractometer (XRD)
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granulation) lagdanldinersduduasiainie wnuasdainiznltlasrialulunsudasn
lagvmsdnsadodne g Nenalinadeausauessndaiuning laun
- dYSunaasienstu (aiduwdIunmiiasnsuid)
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wananihnaeisusdalninnluaealalasaasled lugdodaiafousy lay
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msieIousdaunudisismaiunsawuudon (Wet granulation) uazindauRaudioiens
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I@Uﬁ7ﬂ1§ﬂ§$Lﬁ%§ﬂHm3W73Lﬂﬁﬂ']ﬁlﬂﬁ‘w ﬂi$ﬂﬂﬂ(ﬁ'}ﬂ
AT
' [ 1 =3 a & = Yo =3 o [ I I3 v
qumamommmumnsnmmw"lmnmu 10 1@ BUNIANINULLYIVDILAALIAIE

@389 Hardness shore A



AINUNUI
Eimﬁasmml,ﬁmw?ﬂﬁfﬁ‘hmu 20 LA BINNIAANNRMIVBILNAL1G28 Micrometer
LRZINHINWLTUANNAU AR VD ILNALN

AN BFNAVBIUINUA (Uniformity of weight)

>

a§umaaﬂwq91Lﬁ@Luw%ﬂ6§ﬁwuau 20 L9 N TIINRBNLTALT LINAAIWIARIAIEIALN
Wasady wazldnasananustinauatasinnnLdagn
1JSuaua2e18197 (Drug content)

éwﬁ?aﬂﬁﬂﬂﬁLﬂﬂLwﬂ§ﬂﬁfﬁﬁulu 5 130 $uAaztlaua o DwaNTasaanauny
F1IRTANBUIAIZIN TAAINIIQANAULFINAIINLIIAAYK 289 wiluiuad drpiaTed
Spectrophotometer waziinen# laundwimtSanmarendan

ANBULHOIUNSAT (Matrix content)

08198 NTALNNINENLATHN LA UIAN AN I ABAT LASNINAATING AIUNRDI
ﬁgﬂ‘ﬂﬁﬂﬁﬁLaﬂ(ﬂiamm‘udadﬂi’m (Scanning electron microscope; SEM) laafinINan s
WSUNEUTERINIA DN AALUNINDTAAWLITRAINIANEINNTUaaUa oA 81628

NTANATE18A 3 (Disintegration time)

A1 UNANNINT 1121 6 1IA WINAFALNITUANNTZANAVAILTALG2E
L1384 disintegration tablet tester UUANLIAMLTALINT 6 10 FINITDLANNTZANLAL LARNA

m3vaaiaase (Drug release)

V‘i’m'ﬁmaaumiﬂa@ﬂdaw"’amaaﬂa’mmLﬁ@L&m?ﬂéfﬁm%'wmﬂﬁﬁﬂ'mj”ugm@m6]
luraaanaaas (In vitro release study) I@ﬂ“ﬁm%l'aaﬁaﬂ@ﬁaumm:mﬂlugﬂmsﬂa@ﬂa’aal@ﬁ
BNNLAAEN (Dissolution: apparatus | (Basket method); USP monograph) LRZALATIZHIAN
USinmnddadmafiafivainzay landandnsnludanaisfiiiu Dilute hydrochloric acid
(1 in 100); 1000 Ja8555 (Dabbagh et al, 1996) tWalWmansalSpuiguiusNBMNS
Uaaddasdronlwinnluaealalasaaalsd  sanvnvudalugdondawning wazpide
LA oUARNALATHNINNTNBITITNTE

mafinweaumansnisUaalaasen (Drug release kinetics)

ﬁﬁf’ﬁ’agamsﬂa@ﬂéaﬂmﬁvﬁ mﬁm:ngﬂLL1_|1_|°11aaaauma@{miﬂa@ﬂéaﬂm Tagld
& A v o =< ' 'y \ . . . . .
ﬁ]auﬂ’]ﬁ(ﬂi‘ﬂLﬂ&lwﬁd“n’m’ﬁﬂﬂﬂ"lu’ma%uai I Zero order kinetics, First order Kkinetics,
. . A {A d' ¥ £% 9/;:14:1 :i o (% a
Higuchi model %#Ia3auaI&AIAKY mmﬂwagavlqu@] Lwaml%mmsnaﬁmﬂgﬂLmums
Uaadsay uazgiansnviwonisdaadsaseniiaiengg "l@TLLajuﬂwﬁq@ (Costa et al., 2001)

Zero order kinetics

. Q1= Qo t Kot
A A a o o o Gl 1
Wa  Qy fa Ysnmaisndagnlaadadasaanun a 1Ia (t)

A a o o o A ' a o
Qo fa Ysuaasdagynlandaasaanan w QLN
K, Ao Aasnuasn1Tlanlaasuuy Zero order



First order kinetics

Kt

lo =lo
| g =logQo * 357353
Wa Q. fa USnmdndmannlaalsasaanin m e (t)

A a o o o A ' Y
Qo fa YInmasnsagnilaaddesaanun m AN
K, fa ensnuasnsUaadsasuuy First order

Higuchi model
Q¢ = Kyt

Wa  Q,  fa dsunmdndmanniaadsasaanin m e (t)

Ky @8 eesnvesmidaadaasuuy Higuchi

a [ a
5. ﬂ']iﬁﬂﬂ"]ﬂ']'lﬂﬂﬁ AIVDILILNA L&J‘Yliﬂf
< =1 A ed A a @
LNUEILNALNNINDN L@l%‘ﬂﬂ@ﬂ%ﬂ’]‘ﬁu:fl@auw o Ulﬂﬂqiﬂjﬂﬂwaﬂqflz‘ﬂiqﬂﬁnﬂ

AT (lu Dessiccator) uazlugmnndnas luia 6 ifiau FanaansuzInMunW

=S [~ a = o o 6
6. M3AnsaNTwRmdgunaunlinlndainaaas
msnasauanuduRmBsunaun1aln (Acute oral toxicity) lunua11 (Rat) uaz
menaNULduRE (LDy,) lasiTaaulaiann OECD Guideline for Testing of Chemical: Test
Guideline No0.423 (Acute oral toxicity-Acute toxic class method OECD, 2001) laavinms
nasaulunyziiwin 20 @1 udadungunasey 2 ngunliswamdiadnadani (wes
nguas 5 A LLa:meﬁﬂﬂﬁjmz 5 67) vimsdawansarasnenstinluuuie 2,000 way
15,000 mg/kg YhnIdsinananMuduisfam 0.5, 1 uaz 3 Talas uaznng Jwduan 14
o % W vo > ' a ' =& ° ¥ g’ o o
Tu nasanflasuansaredns wWisuifisuiunguatugudsinnisdeuiingu uszdunanalu
o a o A = A : & A A ' A9 o
snuMLaedny INaAnwIaNNIduRmanza I wvad ot Lhasannidusiunlsidu

waﬁmﬁmuqumaﬂa@ﬂﬁiaﬂ‘lu@h%'m:uu YUAALUNINT

NANI3IUUAZINIAL
v
1. ANLAWILID Y

ANANNLTUNTA-AT VDIV ITY

@1 pH 28918197 SALadsviniy 10.14 (Toyaduda 10.19, 10.13, 10.09) waiida
Baaatnsnsdudioiinawlifusunouiliesnanaaiies 5% a=den pH  adswiniy 9,75
(Teyaduda 9.76, 9.76, 9.72) Faen pH Bo9nensfanudueng titosanuanluiisfiduie
Hugssnsnan winensines asudindmaiansdsindlisansoand pH adldunnin
aoni S9asreialunislesunueniliasealudn
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1 dl v dl &/ 1 =3 &J v =\ o Q

WU lWUIINNINTW @1 Shear stress NazuNIwaN U8 anunitauasdiTu

Aautnindn Tiasuudasaurwaaadnsdnlasy lasldranuniiarinny 56.76 cps wasil

gﬂtmumﬂmuuuﬁﬂmﬁw (3UN 2) LRAS IALAWINN 9T UTANAG b u1nn #1819

v = d’ 1 Qo v o -1 1 = dl

NRUNNUETa% 9 Lo ldennin lasmsliussnsevilunszuawmsnanaz liduadannuniian
MICHUIRIGRYSY

Shear Rate (rpm)
w H Ul [en) ~ [02] (e}
o o o o o o o

N
o
1

y=1.7618x - 16.362
R?=0.9984

0 10 20 30 40 50 60
Shear stress (Pa)

=
o
I

o

U 2 ;Jﬂl,mums"lmmam”aaamﬁwamﬂj”u

°IJ‘H>'W]Quﬂ’]ﬂLL&Zﬂ’]iﬂSZﬁ]’]U%%’]@‘DBOWaﬁLwaﬂ%ﬁ’] BT wazAlizaniivesannie

#8197 % ﬁmm@agmﬂﬂi:mm 446.3 W lwuAT 1aUINIINTZALVWIANLAL LAE
N3XBVWIARBITILALYIIU (Monodispersion) (3U71 3) landien Polydispersity index
WinnU 0.252 LLa:ﬁﬂszﬁ;ﬁﬁwadagmﬂLﬂua‘uﬁumLﬁ'm‘waﬁuamdwﬂﬂmaﬁu@ﬁﬂdnﬁmm

asddluanmiduaeasasd lagbifiansmudinuueseumea (C = -38.89 mv)

100 '
z ;
g &0 . Effective Diameter: 445.3 nm
€ Polydispersity:  0.252
. Baseline Index: 4.4
0 Elapsed Time: 00:10:00
$0 <
Diameter (nm)

Lognormal Distribution
E‘]_]ﬁ 3 muwagmmm:msﬂszmwmmaowaﬁmaﬂuﬁwmﬁu
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USanouiasnIund (DRC) hazwadudininua (TSC)

19NN TA ISV L e BNILAIRRELNAY Sasay 60.77  wazdUSunoe
=3 qu d‘ a v & 1 a ,&' v dw o o
P ILTINIRUALRREAALTUTALAY 65.88 GIA1UTUN AL IbAENILWIRIZENN I T LA TN T
USunsvaditasdnaziauasluanaannsiasousdasa i
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TunsdneLiasdn mﬂmiﬁﬂma’mqmwgﬁﬁ’aaaﬂﬂﬁ 70 adeLTaLTaRILAQ LA

o A KR = o o = ' A o . . a o

FAULANDI 200 BIALTALTUF 280631 10 DIALTALTIRADUIN UGVLNWUﬂﬂqmﬁQNLLﬂMLLﬂ’J

a ? v =) 3’ v ni

Ty vaswadwaslwing19du laglunsdivasingnsduazwunisid fouulsan1Inasuinad

(Melting endotherm) 2adwaatuas ﬁqmﬂgﬁﬂszmm 6.1 29ALTALTYR WAz luNITVaItine19

TUNLI019G 88T % 10% LAY BTWUNITLURSULURINTRRNLRAIVDINDALNDT ﬁqm%gﬁ
{ ~ A v Q 4 a v

152N 18.5 DIALTALTUR (gﬂﬁ 4 18N) TINAAREINUTIBNBNIIURwLUaILTIaNNTon
aa a oA a o A < '

maamaﬁssmmﬁmmmm@msmaumm"l@ﬁqmﬁn“ml,ﬂmLLm Falagnaluisnesuwin

gownnAudauinesesTINmAagnszanm -75 09 -70 aseuaaidus (Naskar and De,

2010) wazilarinn1IaTIaRa Ut lasnITLAN-a-LAY qm%nﬂﬁlum"’aamuﬁwﬁﬂ WUIRINITD

Funaiumgunpiiuauii vastheeduiidszanm -67.8 aseaidos (3UN 4 Ing)
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3Uf1 4 DSC thermograms 2asfaauiIfiiaToanieadu uazisnsdunideansdioindu
10% WA

[ ¥ { { [
2. AR NUILAENTDW ) 7115 1keLiia
nmsansluiunann1Inaaas (Preliminary study) WUIINE9FIINTRFINTD

NRNAU Triethyl citrate (TEC) uaianunsavinliaaanuniiolvesonafalauanusanle
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G Sermsdnsnenutaiildvastingeduiy TEC wudn TEC sansansudnimdu
dlawdelamuingnstu @fnmsdensdaniing wwdsariu lasdaidiu TEC 10% 289150 m
iioens avlulwinenstuiiionsdeonindn 10% ud szvinly pH 2a98138zaunaNALade
winiu 8.39 (Fayadiufie 8.39, 8.39, 8.38)

atnslsfiany madn TEC asluringnatuiiiaansaanringdu 10% uds ludsunmenag
s lwnsasnudasanufauveswadmaslwingnstwd Aoundasinitos Tuduniens
waaninavainadwes lasvinlwaangiiaaatain 18.5 asensaifos (u 5.7, 2.5, uaz -1.5
ssrmaidoa Wadnaidn TEC lud5um 10%, 15% uaz 20% vosLSunouiiasns audau

a93UN 5
dilLNRL === 10%TEC 15%TEC  eeceec 20%TEC

5 e
P ST L
=) © -m®e
o) -- =
° - =t =
E | _—___—_—
g --—————-"’---
§ "’———— /
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- e

-70 -20 30 80 130 180
Temperature (°C)

UM 5 DSC thermograms vasWauwAInaTaNINI BT UNLIa I8t 10% uda uas

im3iaa TEC ludSanms 10%, 15% was 20% vadlSu1miitagy aus1ay

wonanin ldvinnsanwianudanuleuas Titanium dioxide (TiO,) uas Talcum lu
W9t w wudndnsiasunlasnnasuiralvasnadiafiantas @”@31J°7‘1' 6 uaz7
auaey lagdlonsn TiO, Tinonstuiidaanssoinin 10% ud ssvinldnsidouutas
anuonsaanedwaslwinenstuwddountas ludunsnsnasumarvasneawes lagvn
IWgunndaaasain -6.1 aseonifos 1du -14.6, -17.5, uaz -19.1 aseaaidus Hadins
AW Tio, ludSanm 1%, 2% uas 5% Y905 mitesns anudey (gﬂﬁ' 6) Tnwmeiianan
Talcum lwihenstuiideansdaoindu 10% uas asvinlwmsasuudasnnuianuaswed
woslwinnstuasuwutas ludunismmasumaiveswasiuay ol mngiiaaasan
6.1 avdumaLTas 1w -21.1, -21.1, uay -21.1 asaoados Wadnisdy Talcum Tud5anm

2%, 8% uaz 15% vasdIanauiasns sudeau (3U1 7)
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NRL === 1%TiO2 2%Ti02  eceeee 5%Ti02 seesettt

-70 -20 30 80 130 180

Temperature (°C)

3U71 6 DSC thermogram va4WsuuRIN@IBNMIBTUNITENIG BTN 10% Ui uae

Heat Flow ENdo Up (W/g)

Imadu Tio, wdSanm 1%, 2% uas 5% vasdSunmiesns musiay

NRL === 2%Talc 8%Talc eeeecee 15%Talc

-70 -20 30 80 130 180

Temperature (°C)

U7 7 DSC thermogram 2a4AsuuRINaIBNINIB9TUNITNIG BTN 10% Ui uas

dm3t@a Talcum TwdS3now 2%, 8% WAz 15% VadUSHLHaENS a1uE1aL

msﬁﬂmmsmﬁsmu,ﬂaa%yjﬂaﬁ%’ulﬁaﬁﬁmmaummﬁuﬁ'ums TEC, TiO, uay

Talcum wuiw"LaJﬁmuﬂﬁmuﬂawamij\ﬁﬁfum”ﬂ ﬂ“’dgﬂﬁ 8-11 waztlavinnsansanuedn

= & A a ' & ' A = . & A a
NaﬂmaﬂLuaﬂqﬂLNaL@]iﬂNLﬂuLLNuﬂﬂN WUQ’]VLNNﬂquLﬁ@Gﬂ')’]NLﬁuNﬂﬂ“ﬂaﬂLLNuﬂﬂNﬂL(ﬂjﬂ&l

INLHDILN a93Ln 12
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3UN 9 ATR-FTIR spectra saaflanuisniaIounninosdunitonsdrsinndu 10% uia uas
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U7 10 ATR-FTIR spectra 2@3Wduunsniassnaninesdunidaasdioindu 10% ud?

wazdnsLdn Tio, IuUSunae 1%, 2% waz 5% 2adU5unmmitasnd aNs1aL

2% Talc

T
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UM 11 ATR-FTIR spectra vad3fduuisniaisnanineduniiaaedisindn 10% udn

WRzANILGN Talcum ludSunos 2%, 8% was 15% VadUSu1mmitasny aus1au

= ' & v & a A A ) A a a
msanms lugrnh uaasliidiuin wefwasinslfowudasiosunnilaiduansidu
siadung nltluondanig U udedrslsiany msanulugiwianaldlaulesnsu
=< a = a <& ' A P o o o
nsdnslunseisusdawnindluduaaudald fasandanudndudasdsvlysgasiu
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ICRINNNIFANBINNILAILVLILUALNNIND GITG"%$VL@lﬂa']')GIE]VLﬂ



16

Counts

3640-1; 5CNRL

1600 — Mtﬂ i
nﬂ"yw 'Wl

M "
4mﬂwwwmy MMMWW

100 —

T T T T T T T T T T T T T T T T T T T T T
10 20 30

Position [?2Theta)

] 2

gﬂﬁ 12 aNUTUNANIUINARA XRD 2aINAULAINLATHNNNIN 19T NI D908 T 1
10% W&

a ® a 4 = o 1 A 1 (=3
3.M5LATENANTALANGND waznsane1198619 9 Nnanasda
naessusudalninnluaealalasaasled lu 2 Jluuy da sudaunu (Core
tablets) iWavhmainfauday wazsdalugiuning
A a 7 A o A & a ad o
sdunufl 1 mueIsupudeunuiiavinmuafeufida swnsaieionlalasiiniavi

uwnsgaden lasddutsznavlugasdniuasii (Phaechamud et al., 2000)

mg/Tab %per Tab
Propranolol HCI 40 13.33 (13.5%)
Lactose 233 77.67
PVP K30 12 4
Ac-Di-Sol 9 3
Magnesium stearate 6 2

= =3 v t:i o o
mmsmmwmm@menaastwsﬂuaaa"laImma"l,‘mwlﬂmugmwmﬂu@ Taavin
MINRNKIEN WA Lactose 1W1NAH wavinnmstduansazansdainizanly wiansulwidnnu
v o ' ' o A A = = A
wihmanaisuaduunua auudiiganall 50 aseiaaidos e 60 Wi nIaIw
uWnIRaURY handuusaiues 16 8na%s NUUKENAL Ac-di-sol LAz Magnesium stearate
Aawinleanidudacuiaiadaans laglduuiauadzin-1in 3/8 #7 uaziinnundaiia 300
T8N0 WUIRINITOLASUNRITRZAEALNZ LA b 4 AN A
(1) Waltasazaradamzidu PVP-K30 Nazaneluii luanuiuds 20%
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2) Waltasazasdamzdu PVP-K30 fiazanelu Ethyl alcohol Tuanuidudu 10%

3) Waltasazarsdamzidu PVP-K30 fazanelu Ethyl alcohol luanuitudu 15%

@) Waltasazaradamzidu PVP-K30 fazanalu Ethyl alcohol luanuitudu 20%

AA) v o o = ' a 2 A

Tuwnsdin i dua 21988 u8138aLNNE NUIIMINLASUURIIAZAN8EaLNIZAAIN
WNTWAINTN 20% Azl ligaNIaLANaIacasdanz laasy 4% muﬁﬁmu@lugmm
Wauni twnzazynlwlarnsnideniAnly au"lﬂawmmm‘aaanmLﬂmmi}},aﬁm er9al e weles

A A o o o =< a A o A

AYALALT Ethyl alcohol tdudrvinazansansiainie mmsnmmmﬂmmik&aﬂmmmvl,mua
LWOIUNRITRZAYHALNIZNAMULT UL W 10-20%

HUAALNUNY 4 03 ﬁﬁnwmm"’qﬂﬁ 13

U7 13 ANBUNIWANTAILUNTALNWININI a0 balaTAae 136

£ & IV oo o b4 o 4
Tipndaunund 4 gash ldinmmaseuntsuannizansailuii lasldiaiainasey
o = .. . ' Y o A ' &
MILANNITIBAIVBILLAA (Disintegration tablet tester) WU IANAAIATTHNA 1 WU Bl
A9 o & o o = ° o = o v A o @
wnwn i duarvinazanss1sianiy vlvsndananaqlad danvtsaans wazisznga
ANNINSIE Ethyl alcohol @awis lunsiasaueidaunwisunmunniveldlunimanasdn
, s A v o . =<
dall FaRanlminiduaivinazausdainiy

v

a a = o A a a
179N 1 L'Jﬂ'ﬂuﬂhljl,l,(ﬂﬂﬂizﬂqU@']'JeﬂaxjﬁnLN@LLﬂuluu’]V]am%{l}u 3712 23ANLURLDYR

q

Binder in core tablets Results
4% of 20% PVP-K30 in H,O 1 min 0 sec
4% of 10% PVP-K30 in EtOH 8 min 32 sec
4% of 15% PVP-K30 in EtOH 4 min 38 sec
4% of 20% PVP-K30 in EtOH 1 min 25 sec

v

ninisodaunuitasouldd lindoudoiioaiouAsuAdinonadudu

fwdIznaunan Img@lw‘h%’uﬁ’m’nﬂﬁauﬂﬁu Usznaudasdiusznoy eait
CNRL (60%DRC) 5%
Aquacoat®ECD 2%

Talcum 8%
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TiO, 2%
Aerosil® 1%
Water gs to 100%

o A o A A = < a . . o
mmaadeulasltialasnfouilasuuuadia (Conventional coating pan) lagvin
AsUsuaalunisnuasiedauldinunzsy tihadaniaIaslatafaun bt g1N1In YU
A [ A =1 [
annnAvasaniouniiidamle
Qs o =} 1 v ~ A 6 = a 1 U s =K%
nadanyimstafaunuin lasndanfauNsuEU17 Aadaudnasay wazisouazuas
o g/ L { QI J a v :’ Q/ =1 A ~ Qs 1
mMIaday (FwisanininNiindw) Aedusasas 3 vasihninlas Tiolaasnaiiae
anild@nsinidaadasssuazgduuunsdsaddesluduneudely (sud@auguasouda
=} 6 n"l’ 1 Ee 2{ d'l 1 Aa v d'l
LRAUNRNT az"[ugﬂﬁmuvl,’i’lm'ma’mauuu hasaniduginzadlassniyaslulasinisan

T50)

gﬂuuuﬁ 2 mua3susdalugtaning vnldlasl g ensdwdusnsiainie (Binder)
Fytwaanivnmanaasslassslildenlnswilusaalalasaaslss  (Propranolol HCl) i
gaudsznay aaulsendanen Sa5uduinlangs Lactose, Comn starch enwySanmudi
ﬁwmiugmeﬁ%’mﬁmswﬁ 2 uanlwidrnululngs Wadensdussnauiiazion wianaulw
Liﬂﬁuﬁnﬂﬂ% aundnduanwdudaudon (Damp mass) naruusiuas 14 alaidu
wnIua oNaNEMARLAINUALIAN ﬂiﬁ]’]ULLﬂiH&IﬁLLNLﬁW]}&uUN6] ﬂﬂmﬁﬁauﬁqmﬁgﬁ
Uszanms 50 aseimaidus (uwna1 60 Wil winauunTuauis handuusues 16 5nese
Nuwdn Talcum 2% uaz Magnesium stearate 0.5% (ﬁ@Lﬁﬂuﬁ'uf:mﬁfﬂmaaLLm}JmLLﬁa)

Aawinldeandwdalasldiasasnanside

o791 2 dudsznavudne g lugasdsusideniaiunlasnisaanida

#13u T1 T2 T3 T4 T5 T6 T7 T8
Lactose (g) 20 20 20 20 20 20 20 20
Corn starch (g) 10 10 10 10 10 10 10 10
CNRL (g) 6.66 | 1.10| 1.41 185 | 215| 209 | 1.91 1.86
ﬁﬁﬂﬁ'ﬁ (9) 0.00| 546 | 564 | 555| 431| 627 | 7.65| 9.28
Talcum (g) 2 %wi/w of dried granule
Magnesium stearate (g) 0.5 %w/w of dried granule

> =1 a ¢ A = 2 ad o Al 9/:’ v =S
ANBIUSYDILNALNNIND V]L(ﬂiilllvl(ﬂ I@U'Jﬁ'ﬂ'ﬁ“(ﬂuﬂikbﬂLﬁﬂﬂ“ﬂl%%’]ﬂqﬁ"ﬂ%tﬂ%ﬁqiﬂ@
o = , o o { = { L, o = a
NS LLRSYVINTNIIABNLNG W‘]J'J']ﬁaﬂﬂm:ﬁ@\‘]@'ﬁ'mﬁ 3 T\‘]Lﬁau']%']El']\‘]"]J%N']L@I%FJNU']LN@LN‘V]?ﬂGI?

lasmahunsuaionuazminenda lasldinomlaldidasedisingu gas T1) wui
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LAANIIIUAL T WA D UL NILIIEIBIRLABLININ LU FINITONFUTINWLa 6 wazly
faInsnNNaanaatduda e 3900 llaan13i3a27191 87962 89INa Y LazYinnITLU Ul
USU1 U 9L a8 ILAZ AN U T WY 8 9T 89N b NaﬁvlﬁﬁammmL@%Umﬂmms}}a"lﬁ wilald
a g v =) v { 1 4 QI =) g g
USumiasnatia il (ga3 T2) ﬁlzvl,mmikmﬁmumﬂ WatNuUSun o ito 9l (ga3 T3,
g 1 a 1 1 Q v, J
T4, T5) ﬁ]:ﬁLﬁaEJ’N‘IJ’NET’J%G]@LLiGI%‘IJmZL@%‘EJNLLﬂiELaLﬁUﬂ LLmawmsﬂﬂiuﬂgalﬂﬁmuVL@"T@ﬂa@
AnuduTusa s eaId s IIRNYIIN M (803 T6, T7, T8) uaat19lyAeN oda
P | o = v Ao A = LA ' o = A A
WwnIndnaanaaidude la danmenud Vl,mjwqu Usznaunuluwnszurwnmaasoudusanm
Sl’ 1 & a v 1 1 1 1 Y o va =) a dql’ 1
LD ENIEIUA IR LA LT ILa LU TDH IS b m‘l,mmigtyLaﬂﬂimmuamavl,ﬂmzmw
a a dql‘ nio/ A o %% 1 o & KX A |a v
NILLIUNNTLAT8Y USanmitagnangindmnaaluditunawinldaanidadsduSuimitas ez
= ni a =S o v & ni v wn 1 o 1 va @ K
aantdutdanuineinll aomi%Lmm‘nvl,@mqmauuw"[ummmulumswwm@a ARELER

AT MBI aSpulasiTadfa (Conventional method) Lin

A [ =3 a &a a v
AITWN 3 AaNWIUS VD UWLN@L&JﬂiﬂGﬁ‘ﬂL(ﬂSUNVL@

f3u é’ﬂwmumsk&a ANBLTELNG | GTU é’ﬂwmumsﬁa AN UL
UANTURAULATLININ Januusindanmawils
T1 | Waawnsaduusauas - T5 | sawBasvainlng
14 & falauss
A o A i
VAN USLANDWHILLLY
T2 | Aautnein T6 | samBasvainlng
falauss
A o A b1 A o A k1
VAN UL NN DRI VAN USLANDBRILLLY
T3 | samdagvsiulngda T7 | sawmBasvainlng)
1ds9 falauss
A o A b1
VAN U LA LD WNILLN “e .
Ty , - Janu et IwaIR o %
T4 | sawbosvsiulngda T8
.. 828
Tauss

LmeasLumiiJ%'uﬂEaI@m@l%'wmLﬁ@Lam'%ﬂsr?‘*uaamImwsﬂuaaaVLaImﬂaavliﬁ Tag
Taadn lagnsnasnaindsznaudns g Tunuiesdu newinnssaiduunsuuwlile
ANMURUWIANNADINTT LLéﬁ?ia‘l,%l,ﬂﬂamlummaﬂmm@Lé"umuguﬁﬂmamaluﬁa 1
LTURLNAT lﬂylﬁl,ﬂumLﬁﬂgﬂmamwaﬂLLuuﬁﬁLé{VumuguﬁﬂmamwmmaaL'ﬂ“ﬂ uaziany

ni ul 1 > ' U 2 3 ndrff A 2 =3 a €¢=i % % vl
RUIATUN LA LN WLLBAINEINTI96W T99Thanu1TnrasenlwlasdaiunIndnannw laa
a o @ ' A a o @ o A A va a ' v X
T,ﬂUmumwvmwwmmammﬁmnmwmsuwmnﬂsaa@qmﬂ"l,@umsmmumﬂau%mu
WUIIRINITDI VTN WG LT NS AT N LT ALUNINT L6 I@Ul%ﬂﬂiW”@N%ﬁg@i@‘iﬁ%’Uﬁ]:
NI FIWNTAN NI T a8 FIMTULUTALNININT0aNNAITU A FITUAITR LAZEITULE

AW Aawi lwalwidatNal T3y 301NN 4 U 5
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ANBMA1089Na301aNI 4 JeauANNTNTY Aa TEeITwlwlSN e 5%, 10%,

15% WAz 20% VaIGTU  RINNInLeSuutdwuinlaa  warSatduunnlaninunuiaiua

@a9n1The B9 TNl inesTuwlun1TeSun matrix base Tut/Sanmh 5%, 10%, 15% was 20%

waltlumiassusidansndvasonlnsniluaealalasaaslse

o =] wa o
RIRTUANBIRNUAN Y

dug da'ly
97 4 drutlsznavsing g lugasdsusdaiiasoalasmmaaasy
@3V 5%CNRL 10%CNRL 15%CNRL 20%CNRL
CNRL (g) 5 10 15 20
SCMC (g) 0.5 0.5 0.5 0.5
Olive oil (g) 12,5 12,5 12,5 125
Tween 80 (g) 1.25 1.25 12.5 1.25
80.75 75.75 70.75 65.75

Lactose (g)

NN

F1NTLATEN
Ll Legne)

a A
NILIBU

FNTDLATEN
LTl 1s Legn e

A A
NI

NIDLATEN
Lt Ladne

a A
NILIFU

FNTDLATEY

L L s Legne)

A A
NI

A \ = A € &
AN 9N 5 aanttznavsadsdatuninduassn lninluaas lalasaas 136

P-15%CNRL

P-20%CNRL

NN

abil P-5%CNRL P-10%CNRL
Propranolol
7.27 7.27 7.27 7.27
HCI (9)
CNRL (g) 5 10 15 20
SCMC (g) 0.5 0.5 0.5 0.5
Olive oil (g) 12.5 12.5 12.5 12.5
Tween 80 (g) 1.25 1.25 12.5 1.25
Lactose (g) 73.48 68.48 63.48 58.48
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4.7 51U A RANT AV DI INNALNNING
ANV
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L0 9ANNENAALUNINTN I Wa RN TINNEINITUD WRITHALAZ T flanuiiangugonin
A lasnunsnlasasiannuudenltlas U lumsvinlveondewanle luns@nehasidanls
§ Y I £ o = 4
LATITAANNLTY Shore A TumInarauLNK FIN13IAANNLTIlaLLATad Hardness Shore A
Aa A v & . & A A9 o 2R ' A A
Hadenann urasldiininduraiasadnttnagausiansanasd b ladannin nuneanuInged
ANANNLTI Shore A 31N Lﬁ@mﬁa:ﬁmma’auguﬁmﬂ INATANBIANNLTIVAILNTA
WNINGN T8 WUINEITU 5%CNRL, 10%CNRL, 15%CNRL a2 20%CNRL 461073130339
Shore A il 60.0+9.9, 49.5+13.0, 45.247.3 WAz 22.142.1 Shore A AUEIAL FIWLLLLAG
WNSNENTLT WUINENTU P-5%CNRL, P-10%CNRL, P-15%CNRL W&z P-20%CNRL {¢n
= |
AULLYY Shore A Lo 78.1+£3.9, 28.3+2.9, 54.9+6.9 Laz 17.4+1.0 Shore A MMURIAL TIIN
Q a U 4 a :/ v o Q AI &/ ~
NANIIIAD1ANAITM L BATNTIN A7 1 UTU 89T WG TULA N Y A1NLT 9289
- v 42 ¥ a
wnInadauw lsuninutnlas 20%CNRL > 15%CNRL > 10%CNRL > 5%CNRL W6 bba2 %04
pudaisndndasuaatiday Fuwilitunlasw il laganuudsuadunsng P-20%CNRL
> P-10%CNRL > P-15%CNRL > P-5%CNRL
AINRUN
d'l 3 1 =3 a o‘ai =4 U 1 =3 a {a‘l =1 £ 00:
lalaa1anuRwITadsndalunsngniasanle wudngudaiunsngniasuylans 4
gmﬁa P-5%CNRL, P-10%CNRL, P-15%CNRL W& P-20%CNRL ﬁﬂ’n&mu’mauﬁ@ma%}j
1 =) a o Qs A 1
114119 5.3320.18, 5.36+0.11, 5.35+0.10 LAz 5.3020.06 ARALNAT ANNAIAL TILFAITNIAL
A €4 a v A v a o . = ' A @
wnsnsnaisy ladanunmwnlnaidoanys sansai ldd@nnluaiudw 9 ladel

ANVFNUFNAVDITNRNLAN LN

di o > 1 =3 a €¢=i A U o >3 =3 o g/ % A =

Lt a1 T unIngniaIunla@1Tuas 20 1 NITIHIRINLNaAN I
RiRVATRIIRLNLdaENLaSua L wudtsIdatunIngnlasuulang 4 gm@‘iﬁ'uﬁa
P-5%CNRL, P-10%CNRL, P-15%CNRL &z P-20%CNRL ﬁﬁmﬁnaglwﬁw 0.561+0.032,
0.555+0.030, 0.556+0.022 Waz 0.556+0.022 N4 AINA1AL Lazla1 %RSD NNy 5.62, 5.35,

o o A ' & A &4 o v o ¥ v &

3.89 LAY 3.89% GNNAIAU TILFAIINLUAALUNINTGNLOSuN ldRaNNRNLENaVDIRTNLTA
2NA Aala1 %RSD @NtauNIN 6.5% warieinnnniasaaslszunm 0.560 N

S end1a

(7

dadssndaiunsndiasonlans 4 ga3d13U  P-5%CNRL,  P-10%CNRL,
P-15%CNRL U8z P-20%CNRL LS o endnaniadointiy 44.03:1.36, 33.66£3.50,
38.77+1.47 Waz 27.81+1.82 UaANIN/ANG aNE10L

ANBUENHUINY a\‘]LﬁBL&m%ﬂ"f

1 2
= [

WhatunInduadsdalwiniluaoalalataaalsdniasuylang 4 ga3dTude
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P-10%CNRL

P-15%CNRL

P-20%CNRL

uN 14 mwrimﬁuﬁaLLazmwe‘T@mﬁwaamtﬁmm‘%ﬂsfgmem 91ay a WAz b WEAIAN
WA IUEANZ AN LAzWAIANEINISUaaldaudt ¢ WAz d  LEAIATNAADINI LN
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UM FENIN1IUaAUaBI1a8NINNYLEA

NNHANTANBIIaUAEAIN1ITUaadaasg1aananedaTiatanindww wuii
[ o . . ' . o { A
f§aaaaaINU Higuchi model 4NNNI1 Zero ordel LA First order AIANTNN 6 TIDNAFINITD
syUnalnmalanddesdin’ledn sudawningns 4 gas fa P-5%CNRL, P-10%CNRL, P-
15%CNRL uaz P-20%CNRL ftuuunsdaadasseiduuuunisunssitu (Diffusion) lauen
p1azunIHuTuIInInduasnafineseaningainarsniouan lasfilassasrsveaswedines
a Qo 1 1 v Qs g/ § A

wrisndeiasay ldaraoeanuwiannueuazasazateindusg Gianadunainanguaua
A & a & g o a ¢ o a = A a o A
Nlaiazassinvasnediwasonanitidunafiwasnanlunaasonsndasiaiunind iuiad 69
ROAARBINUNAAIUNITULANNIEANUAILATAN BTV DI HBLUNINTAaBLASHAINITANEINNT
AZANENNE1INLET1960% LlaonisUaaddasazeaniialusiausnifasanneiuazansanyg N
AZAN U LHINEIUNLUBNVBILNNING TLaRaUNHIULINIATaanNRaw e aH19319L3 L
1 ni 1R £Z dql' a 6 U L% 1 ni 1 = 1 v Y
saunagandnldlwiewnindazdasldizozmalunisuniaananfiannnii Fsunsaanunlad
A LUTIIIANFDNULD

\ & \ = A ¢ A Y & Y

fnanmaaIn1slaatasssisananendainfouNsunisznaual8d1e19t% 5%
1 Qs & aQ =3 { 1 g/ 1 Qs 1
90AU Aquacoat 2% Taduwafiuasuiia Ethyl cellulose 7 luazassinttwdains wuind

\ o A ' o \

nalnmsUaadaasuuy Zero order WUnan moazmmmmuqumiﬂa@ﬂaazlvl,mﬁm']gﬂl,mu
msdaaddasuuudng lasaantadaadaasldluaanasinelwaidssunm 10 talus

v & A ) A ' @ = a ¢ & .
waaslitinindnalnnsdandsesiiuandrenuaantdannendaiuning dearainduns
Uaadaasmuna INMIUWSHIUTHUNS 9 sasfaunfaunianunmainasaaaadunan 39

lnaanistdaaidassnaananneianinaaaaiiad

AN 6 aumEasNITUaalsass InInI luaaa lalasnan lIaaIneLu e

Coefficient of determination (Rz)

Formulations
Zero order kinetics  First order kinetics Higuchi model

P-5%CNRL 0.8203 0.9179 0.9858
P-10%CNRL 0.8146 0.8847 0.9720
P-15%CNRL 0.7842 0.8671 0.9633
P-20%CNRL 0.6620 0.8017 0.9056
P-film coated 0.9879 0.9561 0.9474

% =3 a
5.ﬂ'3’mﬂ\i(§1'a°lla\i£l’ll,&lmuﬂ‘m%
A = = a < o @ v A = a a
WUAILNALNUHNUALNNINTNNY 4 Q13U VL’JuﬁmJisz’lm 1-2 1% JILUAILLINAUNIT
a \ Y A Aad o X . o Aa o X A A = ) &
LWRSWLUAIDEIITALIY A NRNLUNVBaHISTALIN LRCNRLDNUVILIDE 6 LgJﬂLﬂlle’Ju']%“llu I@ﬂ

& AaA a & a & Aad o X ] & A4 a & a &
LU NAUITU UL WD RLNDTHNIININATARNLVNYBUINNINSNAANTUIT U UL WD RLND I8N



25

HDHNT LEAILALRWINLUAALUNIAD LUAIAINIINMEAIN 3910 LaHINN1IANBIAINAIAINAT
=\ oq/’ 1 3 d‘p n:i =3 a 6aa L2 &/ a 6 a aaa
dludnaaudold n% nsneudawnInddddudu anaduiwazwefiwasenaial isen

a o ° v a ~ a A a Y e, '
aandiatu inlwiiansidfsuwudadd S9e1aiaantassdisg natedsznns touw anud
A & a A o @ = a 4 o A o
nyavadindalalasaaalsauaden uazrTdndug ludsvsndauning Tesudundaann
sunguaImnUasuudasngaian waznimaudludymasnandaly

@ A a a o ¢

6.aNuNmaaunawnwinlndainaaas
' & A o = A a o A ) A

WU hesninnsnesey  danuduRmdsunauilalinisdn lasden LDy,

1 1 0 v a =) AI =) &, Q H v 1
4NN 15,000 mgkg waslivnldifeenmsdAaln@auy inadulugainasssnlinaaayud

] % qq: :’ ci =2 gl’d ) v Aa >4 1 o € 1 [

atnale @3ttl IeNITluNIAN IR LN IWiAfauwaTudadga Inasadudaila

L3HAIINWARLNATINNYIINIT anananstasaay laaawt19en I IzUUNIILAL
DIRIIVDIN LL@i;ﬁ?ﬁ'ﬁ{Tdﬁ@mamwnl%z%m%’umam%‘wma%m%’u%’uﬂszmuvlﬁ 18991
ARINNNANITUIAU KD ITANALR waﬁma?ﬁmﬁaﬁmmmgﬂﬁﬁ'@aanmw%”awaqams:"[ﬁ
& =1 Qs a § a { 1 1 a v &
Fesndlaunuwednesong anwaneshan hisunsodesluszuumadueimiTresanle uan
ﬂ'\‘immmﬂ’mﬂﬁﬂuf@lqﬁu‘lumsm%wNﬁ@m"’msﬁmﬁlﬁ%ymﬁuﬂizmuvl,ﬁ Tag'lidasniy
IiAanTtas syl hIzUUNILARDIRITUDIA

LarAILNANTHTE9IUIN Nﬁ@lﬁ'mﬁvi‘mawmmﬁm'alﬁl,ﬁ@a'ln'ﬁl,l,ﬁﬁ'ﬂuim”uguLLsa
LLazsz@”uvLaJ';mm"L@T I@ﬂmm@;maammmﬁ@ﬁnﬂiﬂsﬁwmwﬁ@ﬁagluﬁ’lmaﬁﬁmﬂﬁ el
At lsnenal mim‘%wlugﬂLmuml,ﬁmﬁa%'uﬂixmuﬁfu Iﬂiﬁuﬁauﬁﬁ]zgﬂﬁwmﬂvlﬂh
TRINNTUIWIRAAL A lauaNTan  wazwasanTuUsemwan i lussuuniadnannis
La7 nIalunsziwnzaIuaziowlaiang g Amansadeslldsdudrsg vlwanuaansalunis
' o A o v = ' v o A v A =
Aauwanasnsanuallle  udatnelsneny Iamalummauwnm%zmmwagma HIN
wiloununAanmeioug  fendasiiduuziuiguilnadn  wiadusiainanararhliiia
NN b6 L U918

1 =3 ua @ L a 3 1 s =4 (3 a ‘3’ >

At lsnenal AITuginidanuiniy A2792 lTUNIIAN A AN UL T R B UL 239
di [y P @ 6 = uq: d! A spv' U Il Y A a v
wWalvnstnunsainasasdntunig iNalwainlaladn srswimazlinalwiAaanaudunsd

I uszaza I nLAga I NaaaIae

a7dnan1sve
¥ a ¥ v A A Ac Aa vada A A A .
hsumddszinnientuidenlflunwidoiiiand@ng da danudandugs
USunmitasnuis (DRC) da1vinny 60.77 uazdSunaasudendnualuinens (TSC) ddn
wiriy 65.88 Huwinaunadzanm 446.3 wiluaas lasiimIinszansmeiuay uaznizany
YPNALNEITIILALITNIK (Monodispersion) lasifien Polydispersity index WAy 0.252 wazd

Uisﬁ;ﬁﬁfm a4 agmmﬁuauﬁmﬂLﬁmwaﬁuamdw HUITHAINENNITANNAIAIA bR AIWLT 1



26

ﬂaaaam‘I@U"I,;il,ﬁ@mﬁam”aﬁ'maaagl,mﬂ (€ = -38.89 mv) enanutdunse-an (pH) va3
#1819 T% ﬁﬂ"]ayﬂuma@mLﬁaaaﬂﬂluﬂszuaunWiwﬁmﬁmiﬁwﬁ'@ﬁwaaﬂmﬂﬁwmdﬁﬁuma
LRZANIITNENFNINANNAIGITIIN LT R laamsaNwanluioadll Seganalraranuid v
m@-@magﬂuma@m (pH = 10.14) Jaranunialvinnu 56.76 cps LLa:ﬁgﬂLmumﬂmuuu
falaon vlraunsansudnuasaneg tadne fdngunpiulasum (Ty) Uszanm -67.8
pamnvalgos  wasbinuanuidunmbsunauiialinisdin lasfidn LDy, u1nndn 15,000
mg/kg
=1 =3 =Y o =3 WZ’ v

ﬂ’]iL(ﬂSEJ&IEI']LSJ@]L&miﬂ‘]ﬂ@]Elﬂ'ﬁ“(]’]LLﬂij;jLaLﬁﬂﬂLLﬂzﬂ’]i@@ﬂL&l@ Taoldingnsdwidugs
=< ' = o & Aa A A & = o o a '
farmz lusnunsoasoulnlanidana thasannwadiassnsinisniznwduiaulasfaus
’Lm:mﬁdmzmumim%wLmikl,a %‘aﬁﬂﬁLﬁ@y’lﬁ"Lﬁﬁqmawu”ﬁ"Lajmmzamlumsw"’wmsia
uA @ K a ua A =} ad aqzl a .& a wg‘ £ a
gpfﬂmawmsmﬂmmwumwhm'ﬁmmmmu Faru1sneasoa e lagldingnstwle 4 szau
§8 5%, 10%, 15% WAz 20% CNRL WazaunIntassugidatunIngnaonlwiniluaas lalas

& "M v ' & AN va ° & @ & A €da a
ﬂaa"l,s@wawag"l,@ WU BN GTAMNAWY ANURNNFNVD I RGN NTALNNINTNG &

6 1 =1 a e [ s . . =< Y
WRUAIATNTUAaUFagNaanINLNALNNINTNRaAARAINY Higuchi model mmaagﬂ"l,m’]
a 1 (] & wnni 1 g’ a 6
Instaataa st dwuuunITUWIHIL Gma'mLﬂuwama’m@mawuwhazmﬂmmaawamuai
ci U a 6 > = =3 a a 6 >3 1

gt iduwadiuasnanlunisasangndashaiunindg Wudrniugunislaalsassnaan

=« A& ' ' = A & A9 o2 o v
INLUAR smLmﬂmomngﬂLmumiﬂa@ﬂaasmaaﬂﬁnﬂmm@maauﬂamlmmmwmwnu
Ethyl cellulose (uwafiuafiafauan Niigluuunmylasaldassaimasaatiinislaaldas

4 L L

lugﬂuuu Zero order kinetics TaIunauInNIUanUaasHIBNA INANTUNSHAUTULNG 9 VB3
AsutpfauniaNunwIaINaaaaaiwaan 39 lwaanslandaasgtaanainsndandn
ARDALIAN

I@Elf;ﬁ;l] waﬁmaﬂuﬁﬂmaﬁﬁu‘maﬁmmmmmiumquumsﬂmﬂa’amﬁm

'
o g A

faadativnaisuidusndauning we Bﬁﬁ]’ﬂzﬁﬂﬁﬁﬂﬁiwku’IQG]iﬁ’]{U LazINAKANIT

2
'

a A

L@IUNLN D LA EN NI T Wen 6l aiuqmmﬂmimi alille

FDLAND IS
= A a = A A & A a A
lunsifeanenlfluniniaisasudasiauning wissnaIouzduuudug a3
a A A A en A P A ° Rt o o o o
wanLRuspNdaNUadwnse thasanndlanianeiazvinlwingrsauaaduiaunladne Tu
e v d =1
AsanEh LRantte lnsw luaealalasasalyd mLﬂugﬂmﬁaﬂsmaﬂwswsﬂuaaa A
Uszaudamiidwdsins udaansoud ldamld lagnsesousisiTnmasusiuuazns
VANFNALURNTAN G NawNFNa81 naunTndasnunisauandutouszninanadiuaionenue
o £ ' o a A AN = a o A
laluszaunite udnnldonasfiadug Aldidunsa Aeaaruisaaisnladnening uazena
= v aad Aa o o o ' v A = A ° = '
fansaLesen laale35au g NlenuTudautasninle dadulsidunaisvinmsdnsdaly



27

A1auAm (Acknowledgements)
AidsusevaugminiunasuaiuauunIte (8n1.)  Nlinuaiuayuniiise

MelalasanIIFevmnananatTossiwis (ManalaIsY L1 RDG5350065)

L@aNF1TA9DI

PIYa1 TN, NMIRAauaznIANBENtGVe s AT AT INNEIWY. Snenfinut &1
waluladons anadsnnaluladoiuazwadivas ameinsiaigasuazinalulad
VA INENRUFIVAIUATUNS. 2534.

\n3a7ad NasnAs. MINamiagD? ROWNIIMIUNNENNINENITITUTNG. SNENTNuE a1an
waluladons anadsnnaluladoisuazwedines amsinomaaswazinalulad
VA INENRUFIVANUATUNS. 2547.

o

nefd AN, BN, NIFILATHINININBAT. 2548; 51(582):35-36.

Nl Sﬂ%ﬂﬂ%ﬁﬁ. MNINAALRENNTANINENTAYBILNIMAITLATHNININGNS. TNENTNUE F17
walulafdons nedsunaluladsnsuazwodiues ameinsaaasiazinalulad
W INENRURIVAIUAIUNS. 2534,

150k mﬂmqa. ‘15:’151’10 (Polymer lattices). 2525 (Lan&17U3eNaunN1ILIILNY)

ASTM, Standard test methods for vulcanized rubber and thermoplastic elastomers-tension
D412, 2005.

ASTM, Standard Specification for Rubber-Concentrated, Ammoniua Preserved, Creamed,
and Centrifuged Natural Latex D1076, 2005.

ASTM, Standard test methods for loop tack D6195, 2005.

Blackley D.C. Polymer lattices science and technology. 2nGI ed. London: Chapman & Hall,
1997:78-82.

Costa P. and Sousa J.M. Modeling and comparison of dissolution profiles. Eur. J. Pharm.Sci.
2001: 13, 123-133.

Crowley M.M., Schroeder B., Fredersdorf A., Obara S., Talarico M., Kucera S., McGinity J.W.
Physicochemical properties and mechanism of drug release from ethyl cellulose matrix
tablets prepared by direct compression and hot-melt extrusion. Int. J. Pharm. 2004:
269, 509-522.

Dabbagh M.A., Ford J.L., Rubinstein M.H., Hogan J.E. Effects of polymer particle size,
compaction pressure and hydrophilic polymers on drug release from matrices
containing ethylcellulose. Int. J. Pharm. 1996: 140, 85-95.

Katikaneni P.R., Upadrashta S.M., Neau S.H., Mitra A.K. Ethylcellulose matrix controlled

release tablets of a water-soluble drug. Int. J. Pharm. 1995: 123, 119-125.



28

Naskar A.K., and De P.P., Applications of DSC and TGA for the characterization of rubbers
and rubbery materials, in Choudhury N.R., De P.P. and Dutta N.K. (eds.), Thermal
Analysis of Rubbers and Rubbery Materials, Smithers Rapra Technology, Shropshire,
2010, pp.65-148.

Phaechamud T., Koizumi T., Ritthidej G.C. Chitosan citrate as film former: compatibility with

water-soluble anionic dyes and drug dissolution from coated tablet. Int. J. Pharm. 2000:

198, 97-111.



29

NMAHKIN

astlSauifisunan 1 IARnewlnNaNTING

Output
a Y] o [~4 = K %2 o 74 (=
nanssnludatawalasaniy wadgnse | auualunsdianza (nadnsalaiie
3B NN TUTULHY (%) 100%) HazNISUWA ANANRBNNT
1. Mg ENTARNE19TH 100% -
2. MIANEIANULTINW A NULLRZRIT 100% -

aug Nldluenida

3. MIOTUNYNAALNNING LATA1TANEN 100% -

b6 gnlnadasla

4. miﬂiuﬁuqmauu"’ﬁmaomlﬁmw%ﬂéﬁ 100% -

5. MIAnEINsUaalsasgiaanaing 100% -

LALUNINS
= 6 ]

6. NIANWIAWAIRAINITURAURD N 100% -
20NAINYUAALUNING

7. NMIANENANNLT WA LR UNAWNNI 100% -
nluaainasad

8. NMIANBIAINNAIAINIINYATWIAE 100% -

mMatadvassndarunine

9. myUsztduanutdunllle uazsnue 100% -

Qmauﬁ'ﬁm UL ITUTG

mm@;ﬁmu%ﬁldﬁm’huwu Lﬁaaafmﬁfﬂﬁﬂmﬁlﬂugﬁa513'5'21 Fdudainavldvinenw
15231918 99NATURARBAL A LNTANANEN6a 39 MRINITIRNIW LA EILE NN F9GUTRWIT

v v A wme o o AX o
ﬁ@liﬂi\‘]ﬂqi‘l@aq“ﬁ’] sﬁdf{d’l"ﬂﬂ@]admaaﬂﬂuﬁ W NUAaILY

({BwmanTansed a3t Aryans)
(FnnlasInig)

Sudi 27 AAAY 2557




30

aol 1

a (=3
ﬁEﬂ%ﬂﬂﬂLﬁ%ﬂa\‘] 93:7]5\‘] qma@umaﬁﬁ'} El\‘l']%‘llad‘[ﬂidﬂ'li

9

(3 a 6 . .
mwmuﬁ"mmswuw (Editorial)

1. %N 2 UIINAN 13 AITuA ladnin “after released study” 11 “after the release study”

¥
o A

AT wA laaud eI

2. %10 8 USINAN 7 AI3uA kN “content uniformity” 1% “drug content”

¥
o A

AT wi laaudeIin

3. 71T 8 UTIMIAN 26 AITUA LA “kinetic drug release” L1 “drug release kinetic”

v
o A

RRGITER WA LN AL

(=3 a
AMNEWATIWIZINIT (Technical)

o

1. W 1-2 1 Ha9NRNANIAN LT ATRALARAUNEN TINNI T LATINITIFLANNTATHA
A ¢ & A A =< A o
LARUNRN FIAITNULANNANIAN BB IRUNAALD
o nql’ o o n' a 1 =3 =} 6
AT WA A NAL TN I@ﬂquLmugﬂLLUUﬂwﬂa@ﬂaaﬂmmﬂmmmﬂaauﬂau

= ' . . A \ o
5%NRL+2%Aquacoat Gndﬁgﬂl,mumsﬂa@ﬂaaml,w Zero order kinetics TINAINNULANGA1INY

2. mnﬂulﬁ&mﬂa:Lﬁmﬁﬁmim%meﬁ@LLUULmihl,mflUﬂLLaxLLuumimawmmlﬁ”ﬁ'@Lﬁ]u
o & A a ' W v A A o o aA £ @ a ~
AT fuazidoaunagIneguan waz latnuLa W TaLandsln adsnuaziduan

Usingluwin 16-19

3. w1 11 U33Af 5-11 30 DSC thermograms A& a]‘waaummmaaﬁ']maf*ﬁw,l,a:f:’]
maﬁuﬁﬁamaagﬁqmﬁnﬂﬁ 6.1 Uuaz 18.5 °C  auEaLTN LL@iLﬁaﬁmsmﬁgﬂﬁ 4 DSC
thermograms 'lL&99 endothermic peak PTALA% UWBANH I thermograms AN
aINaNIwI9zLdn glass transition peak 41NNT1 melting peak Famsudsuadl Snadonis
afUonslwsas madnsanudhiwlanueuazasau 9ildlugda

s Tulan®n3819849 Naskar and De (2010) teaFune'li31 Natural rubber {61 Tg

Uszunmh -75 0149 -70 9FLTALTUR d’mmmﬂé‘lmuuﬂaov’ﬁamm%auu’%nmqmﬁgﬁﬁqa“fum

3NV Tg a13WL Cold crystallization exotherm, Melting endotherm LLaﬂu‘ﬁ'qmﬁqﬁgd

4ne ﬁ]zﬂi’mgl,ﬂu Curing and/or oxidation degradation L8z Pyrolytic thermal degradation

(ﬂﬂﬂglugﬂﬁ 3.1 TaILAN&IIDNBIAINE)

A

Fanmaanwlunyisoasait ﬂiwngmmﬂﬁﬂuuﬂawao Tg 1 -67.8 836
LERLTERINNNIINAROLAIE DSC 1ugﬂLLuumsmaﬁ]aawEﬂ@ﬂmﬂﬁu-am-lﬁu qm%gﬁiu
f0thaduty dusan 10 ssmaaduadawd dedoudrslndifasnuianansdrsdouazns
swmowuﬁuq dmmsm?z"ﬂmmmﬁqm%gﬁ 6.1 uaz 18.5 aseumaidos luinensduuazingns



31

Tunidaaanu Unngmadfsuudailugy Endothermic ¥n3dpdsmaianitinazidu Melting

@ ' o ! A v a @ v a A a Y
endotherm YaJda388d719AINAD GIIGVL@QF]J']UW?Q&JLaﬂﬁ']ia']ﬂaﬁLW@JL@NLLﬂ']

4. %91 18 UTINAN 4-5 AIINNNANITNARDILAZEALTNNANIINARAINIINAFAURNL GBI
& A & & Aad Y
aNiafaUNINNTI819T%
o X o X , = , = A &
DU Tusauaiiuh aznantinanImaaadlusinaaisndaiafauNa N LanIe
ﬁi’mmadmsﬂa@ﬂa’asmuazgﬂuuumsﬂa@ﬂdaU L‘ﬁaLﬂ’*‘iﬂuLﬁsmﬁ'u;sﬂLLuumiﬂa@ﬂ&iaymﬁ
U = a 6 1 qul d' Y o s 6 =4 v A 1 é’
ldanneudaluztwmindirinnu asnnldmmuatagusssdvasnsd@ns idparii was
Teuaa i lunisianalasssnedauuanin a:l%qmiLLa:Namiﬁﬂmmnimamiﬁvlﬁﬁﬂmvﬁﬁau
v U & v > 1 v 1 { v >
wiwa? Falataseaw i luinaunan1I@nsn lnlasin1Ieinand uad wazliinglasny

Tasam3n agnglyAay Tanataudannuduad Mluntin 18 vadTaaualiuibiarsay

2
& AaA o 7

5. BN 25-26 msw’?uLﬁummgﬂwamﬁé"ﬂLﬁ'mﬁ'uml,ﬁ@ﬁmﬁauﬂaummmw
AT AN ULANNANITIU VST ALAR A UNANNHUN 19T 11N 23 LAz 26
LA I@sagﬂmwwzehuﬁLﬁsm]”a\‘1ﬁ'ﬂﬂﬂsdﬂ’]ﬁﬁ‘i’ﬁﬁﬁﬁmﬂ’mﬂ?muLﬁyugmmumiﬂa@ﬂdaﬂm

LT

=< | o A & A A Aad ° A =< '
6. m@ﬂmm"l,ummiﬂmwuy’lL;J@mmeﬂ@mmﬁmumgmﬁm Fanmsansnsaatlaay
= ' o & Ao en A A ' P AN v
pasans i ldendandguantandniald Lmzmiﬂizmuaﬂﬂm:LmshmwvlmmzJ
o A’ = ;l/ U o a wa =3 dl = aa o
RRGITeR, Tunrsdnws lavinnisdszdnantiduassndaniasoula pAFNNIIUNTY
v > % g v l& 1 { U
atdunuan I@Uﬂ’]iﬁ(‘lm(ﬂ@%’maﬂ‘]:}mz.ﬂ’]tluaﬂluLﬁE]Wlu "'ﬁ\‘iW‘]J’J’]LLﬂikLaﬁvLG]ﬁ]’mﬂ’]iL@%UN
Lms}},aLﬂﬂﬂﬁﬁ'ﬂwm:"lsjmmmw Lﬁaamnmimzmm""maamﬂmmshmvlai RULRND LAZLN
qmﬁ'ﬁ'}mmaﬂﬁﬁﬁ'ﬂwmﬂ&immmu Lﬁaamﬂﬁaﬂﬁnmaﬂgamn danutaaslunivinlw

& a v K WV v o = : WV v o P [ A a
3asnaniionie e 39k lavinmsinsndalduazldlavinmsdssilivautfony wuLGa

VDLARD WS
1. ﬁnmawwﬁLﬁumi‘*ﬁaulumé’ﬁﬂ”mwfﬁﬁ@ﬂaquﬂﬁsﬂa@ﬂﬁia51 2819 1IN AN NNA I Le
sndudasltisniIvasurad lunsiasongdaruning aadudasinan bdgiu13n
Uszqﬂmﬁl*’ﬁ”l@“luq@m%ﬂsm
AT ﬁfﬂ?ﬁ‘i’mﬁuﬁaslﬁ'mj”aLauaLLu:mmﬁm\ing@ﬁdﬂ INATA NITRRONLARI bWNNT
L@ BNENAALNNTAT Lﬂwﬁaﬁ‘hﬁ'@ﬁhimmmﬂizqﬂm‘lﬂ@ﬂuqmmvmsiu
& a = A €9 ad ~ o A o
Femaassugudaunindesitnminasumnad iumsudludynivesinias
Tuszri1an1sdninnias laoluladudsnlain13dunnanon lagisuduinias ba
A a = A €v ad ° 2 adda = =
MinunnziaIousdaunindersismaviunsyadon FadudtnnoultluniseSuusia
Wwning waifadyniiainisiudrsidunonaainadinaseranis dausiluizning

~ o L = o o & AN
NIZUIUNITATLUUNIUS LRZNIINTZANLA LA kN0 ¥l b TaN bl rauzaw



wopagUlassmsive

il RDG5350065 Falasen1s madisuifisuyluuumsdaaddessnanedalninnluses
lalasanalsd lugUonidiawnfeulan uazszuvsndawnindidals
hewsrwmaduwedwainiugumaaatdes

€ a 1

WInlAT9N13 NAL.AT.IIAIT RTINS BRILINW ATLNETAENT NANINENRURITIIUAIUNS
Tnsdnyi 074-288842 nsans 074-428148 E-mail wiwat.p@psu.ac.th

o @ [~
anadra/aNaLnan
o o ¢ a = a € a A A A e § v a ¥ o
sdnvunsTAMTITRasdaLNINe Lﬂuangmmwmmmmmqumwmmlmumm Yain
TETAN L AVDIAIEN LLazmminmuqué'm'lmiﬂaﬂﬂ&iaﬂﬁamaaﬂmmné”ﬁﬁmeﬁvlﬁ Tagzunsawasonbe
, o a v . a = & & o & = X @ oo
JHURZATHAD WM TNRARILNIINITLATLNLUTALARIUNAN Q9% mmﬂmmaagamuiumsﬂa:qnm%m
a L4 a 1 a 6 o o =1 = a 6

2955 G M dunedwaslumsniawning gwsumstaSouenlda Propranolol HCI 1%31mesnsrj LR

ﬁ'mm,‘ﬂ'%ﬂuLﬁﬂ‘ugﬂLL‘uums‘ﬂadeaumlumaﬂmaaaﬁ’umLﬁ@Lﬂﬁauﬂﬁumnﬁﬂmaﬁiiumﬁ

JanUizasalasonis
1. INOWAIUINEAN DK mLﬁ@IWiWﬁIuaaavlaimﬂaavbé“lugﬂL:Lm’i‘ﬂsf Taslgonasssumaidusisnaiunineg

LLRZ@’]N’]EQ@]’JUQMﬂ’ﬁﬂR@Iﬂi‘]'E]EJEJ’]VL@TLﬁuLaU’JﬂWU mLﬁmﬂﬁauﬂﬁu

Hanlasu ussq‘i’@lqﬂizaa@f Taavinl....
v A
2o
fuTaLasuNsdalnIn lusealalasnaalye 1 WwinInaanNidn ldlalune
luztiuning lasldorssssun@iduaisna Urzgndlfihewsmnmads
WwnIng uazausnaiugunsdaaddane’le Janaulumuaioneidaaiugu
[ A s =3 =} 6 1
ULALINUL AR R LN AN mMydaadaasen

manaswIde ldlxdselond inmsinlul)

galidmyinnanuian gl Tomd hasansndudasdmanamwida ly

MsUseIaNNUS (ij1JYi‘lmiﬁ%auawamumﬁmmi)

1. miﬁ,ﬂmuauuuiﬂamai{ L%I'a\‘l Kamon Panrat, Prapaporn Boonme, Wirach Taweepreda, and Wiwat
Pichayakorn, Propranolol Hydrochloride Extended-release Matrix Tablets Using Natural Rubber Latex
as Binder, The 4" International Conference on Multi-Functional Materials and Structures, Jul 14-17,
2013, The Eastin Grand Hotel Sathorn, Bangkok, Book of Abstracts & Program, p.47.

2. msﬁﬁuwﬂlmwsmss:ﬁummma Léa\‘l Kamon Panrat, Prapaporn Boonme, Wirach Taweepreda,
and Wiwat Pichayakorn, Propranolol Hydrochloride Extended-release Matrix Tablets Using Natural
Rubber Latex as Binder, Advanced Materials Research, 747: 91-94 (2013), DOL:
10.4028/www.scientific.net/AMR.747.91 (ISSN 1022-6680 print, ISSN 1662-8985 online, IF none)

3 uTaya Scopus




Advanced Materials Research Vol. 747 (2013) pp 91-94
Online available since 2013/Aug/30 at www.scientific.net
© (2013) Trans Tech Publications, Switzerland
doi:10.4028/www.scientific.net/AMR.747.91

Propranolol Hydrochloride Extended-release Matrix Tablets
Using Natural Rubber Latex as Binder

Kamon Panrat'?, Prapaporn Boonme'®, Wirach Taweepreda®®,
and Wiwat Pichayakorn'*

'Department of Pharmaceutical Technology Faculty of Pharmaceutical Sciences, and

’Department of Materials Science and Technology, Faculty of Science,
Prince of Songkla University, Songkhla 90112, THAILAND

? kamon@pharmacy.psu.ac.th, b prapaporn.b@psu.ac.th, © wirach.t@psu.ac.th,
dwiwat.p@psu.ac.th, * Corresponding author

Keywords: Natural Rubber Latex, Matrix tablets, Propranolol Hydrochloride, Drug Release,
Heat-melting method

Abstract. Matrix is one of the most interesting drug delivery systems to control drug release in
pharmaceutical dosage forms. Natural rubber latex (NRL) from Hevea brasiliensis consists of cis-
1,4-polyisoprene as the major polymer. It presents interesting physical properties such as easy to
manipulate, low cost, high mechanical resistance, and insoluble in water. The aim of this study was
to use the NRL as binder in matrix tablets for controlling the release rate of drug. NRL, sodium
carboxymethylcellulose, olive oil, Tween 80, and lactose were used as polymer, adsorbent,
plasticizer, surfactant, and diluent, respectively. Propranolol hydrochloride was used as a model
drug. Propranolol hydrochloride matrix tablets were prepared by conventional heat-melting method.
The in vitro release of drug from matrix tablets was determined by UV-Vis method according to
dissolution test under Propranolol Hydrochloride Tablets USP30-NF25 monograph. Morphology of
propranolol hydrochloride matrix tablet before and after released study was observed by scanning
electron microscopy (SEM). It was found that NRL matrix tablets could control the drug release up
to 12 hours. The release profiles were best fitted with Higuchi model. NRL amounts affected the
properties of the propranolol hydrochloride matrix tablets. Increasing the NRL quantity in the
matrices provided the decrease of release rate of drug. SEM photographs showed the number, size,
and distribution of pore in propranolol hydrochloride matrix tablets that depended on amount of
NRL addition. These results confirmed that NRL was possible to use as binder for matrix tablets in
oral drug delivery systems.

Introduction

Oral controlled drug delivery systems based on matrix tablets are generally prepared by blending
drug and carrier materials [1]. Matrix tablets have often proven popular among the oral controlled
drug delivery systems because of their simplicity, ease in manufacturing, high level of
reproducibility, stability of the raw materials and dosage form, and ease of scale-up and process
validation [2]. Matrix forming materials can be of hydrophilic, hydrophobic, inert, and
biodegradable type. The choice of materials in dosage formulation depends on drug properties and
desired drug release profile [3].

Natural rubber latex (NRL), a milky fluid from Hevea brasiliensis bark, consists of cis-1,4-
polyisoprene as the major polymer. It presents interesting physical properties related to this work
such as easy to manipulate, low cost, high mechanical resistance, and insoluble in water [4,5]. From
these properties, NRL is possible to apply to matrix systems for controlling the release rate of drug.
This study focused on the use of NRL as major polymer for preparing matrix tablets. The aim of this
study was to investigate the effects of NRL amount on the release properties of matrix tablets
prepared by conventional heat-melting method. Propranolol hydrochloride, non-selective beta
blocker mainly used in the treatment of hypertension, was used as a model drug. Morphology of
matrix tablets before and after in vitro drug release study was investigated.
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Materials and Methods

Materials

Commercially concentrated high ammonia NRL (with 60% dry rubber content) was obtained
from Chalong Latex Industry, Thailand. Propranolol hydrochloride was supplied from Changzhou
Yabang Pharmaceutical, China, which was distributed by Bang Trading 1992, Thailand. Sodium
carboxymethylcellulose (SCMC) was supplied from Srichand United Dispensary, Thailand.
Tween80 was supplied from Sigma-Aldrich, USA. Olive oil and lactose were supplied from P.C.
Drug Center, Thailand. The other chemicals were of analytical grade and used as received.

Tablet preparations

Propranolol hydrochloride matrix tablets were produced by mixing the drug powder with NRL,
SCMC, olive oil, Tween80, and lactose with different amount of NRL from 5% to 20%. The
formulations were prepared by convention hot-melting method, kneading, spreading into a thin
sheet, and the tablets were constructed by manually cutting into cylindrical shape with 1 cm
diameter and 550 mg weight. Each tablet contained 40 mg propranolol hydrochloride.

Tablet evaluations

Physical appearances, thickness, and uniformity of weight were evaluated. Tablet disintegration
was determined in distilled water using disintegrator apparatus (Hanson Research, model no. 39-
400-461, USA.). Drug content in each tablet was extracted from matrix tablets in water under
sonication, and the solutions were analyzed for propranolol hydrochloride content using a UV-Vis
Spectrophotometer (Techcomp, model UV 2300, Hong Kong) at 289 nm, and mean of five
determinations was calculated.

In vitro drug release properties

The release of propranolol hydrochloride from matrix tablets was performed according to the
dissolution test under Propranolol Hydrochloride Tablets USP30-NF25 monograph, Apparatus 1:
100 rpm [6]. Three propranolol hydrochloride matrix tablets were placed into dissolution medium
(1:100 dilute hydrochloric acid; 1000 mL). Samples were removed at specified time point of 0.5, 1,
1.5, 2,3,4,6,9, 12, 18, and 24 hours with media replacement. These sampling solutions were
analyzed for propranolol hydrochloride content using a UV-Vis Spectrophotometer at 289 nm and
mean of three determinations was used to calculate the drug release from each of the formulations.

Microscopic morphology

Surface morphologies before and after release study of propranolol hydrochloride matrix tablets
and their cross-sectional morphologies were photographed with scanning electron microscopy
(SEM; model Quanta 400, FEI, Czech Republic) at an appropriate magnification.

Kinetics of drug release

To investigate the mechanism of drug released, the release profiles of propranolol hydrochloride
matrix formulations were drawn. The percentage of drug release versus time profiles was fitted with
well-known kinetic models, i.e. zero order, first order, and Higuchi models to explain the
mechanism of propranolol hydrochloride release from NRL matrix tablets.

Results and Discussion

Tablet preparations and evaluations

All preparations had good physical appearance with high uniformity in thickness and weight.
Drug content could be well controlled into the specified range. These results indicated that hot-
melting technique was an acceptable method to prepare the propranolol hydrochloride matrix
tablets. According to the expectation, these matrix tablets did not disintegrate within 30 minutes of
experiments.

In vitro drug release properties

Fig. 1 presents the release profiles of propranolol hydrochloride from NRL matrix tablets. It was
found that NRL matrix tablets could control the drug release up to 12 hours. Increase the NRL
amounts slightly retarded the release rate of propranolol hydrochloride from matrix tablets.
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However, the 5%NRL formulation revealed the slow release rate than 10-15% NRL formulations.
This might be due to the effect of SCMC which be dominant parameter to retard the drug release in
the low NRL amount.

—4—5%NRL —#—10%NRL 15%NRL 20%NRL

%drug release

0 4 8 12 16 20 24

Time (hrs)
Figure 1. Release profiles of propranolol hydrochloride from matrix tablets in formulations

with different NRL content (5, 10, 15, and 20%) (n=3)

Microscopic morphology

SEM photographs of NRL matrix tablets (Fig.2) show the composite character of ingredients in
both surface and cross-sectional morphologies. Increase NRL content revealed more particle fusions
to form dense matrices. However, the 5%NRL formulation also presented the fusion matrix which
might be due to binder effect of co-ingredient SCMC. These results related to their release profiles.
After drug release within 24 hours, the morphologies of released matrices were re-photographed.
More fusion of polymer matrix with some pores or channels was found in all matrix formulations.
The number, size, and distribution of pore in different NRL matrix tablets were not significant
difference. These pores or channels were the way to release the drug from NRL matrix tablets.
Some fusion of polymer matrix indicated the erosion phenomenon of some ingredients from matrix
tablets which also increased the release rate from the systems.

Kinetics of drug release

The linear regressions of several kinetic models were fitted, and their coefficients of
determination were calculated as shown in Table 1. The best correlation of kinetic models was
Higuchi model for all NRL matrix formulations. This indicated the diffusion mechanism of
propranolol hydrochloride released from NRL matrix tablets [7] which be consistent with the other
results of this experiment.

Table 1. The in vitro release kinetics of NRL matrix tablets

Coefficient of determination (R?)

Formulations

Zero order kinetics First order kinetics Higuchi model
5%NRL 0.8203 0.9179 0.9858
10%NRL 0.8146 0.8847 0.9720
15%NRL 0.7842 0.8671 0.9633
20%NRL 0.6620 0.8017 0.9056
Conclusions

The heat-melting method was suitable to produce propranolol hydrochloride matrix tablets with
appropriate physicochemical properties using NRL as binder. NRL amount affected to retard the
rate of propranolol hydrochloride release. Mechanism of drug release was diffusion dominant.
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5%NRL

10%NRL

15%NRL

20%NRL

Figure 2. SEM photomicrographs of 5%NRL, 10%NRL, 15%NRL, and 20%NRL matrix

tablets. (a and b: surface morphologies before and after release studying, ¢ and d: cross-section

morphologies before and after release studying, respectively).
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Abstract. Matrix is one of the most interesting drug delivery systems to control drug release in pharmaceutical
dosage forms. Natural rubber latex (NRL) from Hevea brasiliensis consists of cis1-,-4polyisoprene as the major
polymer. It presents interesting physical properties such as easy to manipulate, low cost, high mechanical
resistance, and insoluble in water. The aim of this study was to use the NRL as binder in matrix tablets for
controlling the release rate of drug. NRL, sodium carboxymethylcellulose, olive oil, Tween 80, and lactose were
used as polymer, adsorbent, plasticizer, surfactant, and diluent, respectively. Propranolol hydrochloride was used
as a model drug. Propranolol hydrochloride matrix tablets were prepared by conventional heat-melting method.
The in vitro release of drug from matrix tablets was determined by UV-Vis method according to dissolution test
under Propranolol Hydrochloride Tablets USP-30NF 25monograph. Morphology of propranolol hydrochloride
matrix tablet before and after released study was observed by scanning electron microscopy (SEM (It was found
that NRL matrix tablets could control the drug release up to 12hours. The release profiles were best fitted with
Higuchi model. NRL amounts affected the properties of the propranolol hydrochloride matrix tablets. Increasing the
NRL quantity in the matrices provided the decrease of release rate of drug. SEM photographs showed the number,
size, and distribution of pore in propranolol hydrochloride matrix tablets that depended on amount of NRL addition.
These results confirmed that NRL was possible to use as binder for matrix tablets in oral drug delivery systems.
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Abstract. The aim of this research was to develop the peel-off mask in paste form which can be applied to
the face and then formed removable thin film. Deproteinized natural rubber latex (DNRL) from Hevea
brasiliensis was used as the major film former. After deproteinization by alcalase enzyme treatment, the
protein amount was 0.257% that reduced from the initial amount of 1.531%. The appropriate types and
amounts of additives were studied by optimization design. The product compatibility and stability were
evaluated. The addition of active ingredients for skin nourishing was also investigated. The suitable
formulation composed of DNRL, polyvinyl alcohol (PVA) and methylcellulose (MC) as film formers, propylene
glycol (PG) and glycerin as plasticizer, Tween 80 as stabilizer, Paraben concentrate as preservative, and
other active ingredients including tocopheral acetate, aloe vera, jojoba oil, and tamarind extract. The product
was white viscous paste with the pH of 5.69, viscosity of 28,100 cps as pseudoplastic flow behavior, and
stable when kept in well-close container at room temperature for more than 1 month. The product in situ film
was good elasticity indicated by initial modulus (0.96 MPa), tensile strength (0.208 MPa) and elongation at
break (105.6%). Skin irritation in rabbit skin was very slightly which showed the small rash skin but could
recover soon. The complacency test in 50 healthy volunteers showed the good results with no irritation
effect. In conclusions, DNRL could be prepared peel-off mask product with good properties.

Keywords: Deproteinized natural rubber latex, Peel-off mask, Skin, Cosmetic
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Introduction

Matrix tablet is one of the most interesting drug delivery
system to control drug release in pharmaceutical dosage forms.
Natural rubber latex (NRL) from Hevea brasiliensis consists of
cis-1,4-polyisoprene as the major polymer. It presents
interesting physical properties such as easy to manipulate, low
cost, high mechanical resistance, and insoluble in water.

The aim of this study was to use the NRL as binder in
matrix tablets for controlling the release rate of drug. NRL,
sodium carboxymethylcellulose (SCMC), olive oil, Tween 80,
and lactose were used as polymer, adsorbent, plasticizer,
surfactant, and diluent, respectively. Propranolol hydrochloride
was used as a model drug.

Methods

Propranolol hydrochloride matrix tablets were
produced by mixing the drug powder with NRL, SCMC, olive
oil, Tween 80, and lactose with different amount of NRL from
5% to 20%. The formulations were prepared by convention hot-
melting method, kneading, spreading into a thin sheet, and the
tablets were constructed by manually cutting into cylindrical
shape with 1 cm diameter and 550 mg weight. Each tablet
contained 40 mg propranolol hydrochloride. The in vitro release
of drug from matrix tablets was determined by UV-Vis method
according to dissolution test under Propranolol Hydrochloride
Tablets USP34-NF29 monograph. Morphology of propranolol
hydrochloride matrix tablets before and after released study
was observed by scanning electron microscopy (SEM).

Results and Discussion

All preparations had good physical appearance with high
uniformity in thickness and weight. Drug content could be well
controlled into the specified range. These results indicated that
hot-melting technique was an acceptable method to prepare the
propranolol hydrochloride matrix tablets. According to the
expectation, these matrix tablets did not disintegrate within 30
minutes of experiments.
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Fig.1. Release profiles of propranolol hydrochloride from matrix tablets in
formulations with different NRL content (5, 10, 15, and 20%0) (n=3)
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Fig.2. SEM photomicrographs of 5%NRL, 10%NRL, 15%NRL, and
20%NRL matrix tablets. (a and b: surface morphologies before and
after studying, ¢ and d: cross-section morphologies before and after
release studying, respectively).

Table 1. The in vitro release kinetics of NRL matrix tablets

0.9179

It was found that NRL matrix tablets could control the
drug release up to 12 hours. The release profiles were best fitted
with Higuchi model. NRL amounts affected the properties of the
propranolol hydrochloride matrix tablets. Increasing the NRL
amounts in the matrices provided the decrease of release rate of
drug. SEM photographs showed the number, size, and
distribution of pore in propranolol hydrochloride matrix tablets
that depended on amount of NRL addition. These results
confirmed that NRL was possible to use as binder for matrix
tablets in oral drug delivery systems.
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