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Abstract

Project Code : MRG5080162
Project Title : Physical properties of polymeric films and development of floating tablets or time-
controlled pulsatile release tablets
Investigator : Assoc.Prof.Dr.Srisagul Sungthongjeen1
Faculty of Pharmaceutical Sciences, Naresuan University
Assoc.Prof.Dr.Satit Puttipipa’[khachorn2
Faculty of Pharmacy, Mahidol University
E-mail Address : 1sungtsZOOO@yahoo.com, 2pyspt@mahidol.ac.th
Project Period : 2 years (July 2, 2007 — July 1, 2009)

The floating tablet and the time-controlled pulsatile release tablet were developed in this study.
The mechanical properties of acrylic polymers (Eudragit® RL 30D, RS 30D, NE 30D) and ethylcellulose
were characterized by the puncture test in order to screen a suitable polymeric film for each system.
The polymer coating with a high flexibility and high water permeability (Eudragit® RL 30D) was selected
as a gas-entrapped membrane for the floating tablet in order to initiate effervescent reaction and floating
process rapidly. Ethylcellulose was selected as a rupturable coating for the time-controlled pulsatile
release tablet according to its mechanically weak and low flexibility. These properties help the pulsatile
tablet to obtain complete rupture after a certain lag time. The floating tablet consisted of a drug-
containing core tablet coated with a protective layer (hydroxypropyl methylcellulose), an effervescent
layer (sodium bicarbonate) and a gas-entrapped membrane, respectively, while the pulsatile tablet
consisted of a drug-containing core tablet coated with two layers of a swelling (croscarmellose sodium)
and a rupturable coatings. For the floating tablet, the effect of formulation variables on floating abilities
and drug release was investigated. The floating tablet using direct-compressed core had shorter time to
float and faster drug release than that using wet-granulated core. The increased amount of an
effervescent agent did not affect time to float but increased the drug release from the floating tablet
while increasing coating-level of a gas-entrapped membrane increased time to float and slightly retarded
drug release. The floating tablet with good floating abilities and sustained drug release was achieved in
this study. This system seems to be a promising gastroretentive drug delivery system. For the time-
controlled pulsatile release tablet, the effect of rupturable coating level and dissolution media on lag time
and drug release was investigated. Increasing rupturable coating level retarded water uptake and thus
prolonged lag time of the pulsatile tablet. The slightly longer lag time of pulsatile tablet was observed in
0.1 N HCI than in pH 6.8 phosphate buffer due to the lower swelling pressure of the superdisintegrant in
acidic medium. Rapid release after the predetermined lag time was obtained in the pulsatile release tablets
developed in this study. The results indicated that this system has the potential to produce the desired

pulsatile release for various drugs which address the chronopharmacological needs of certain diseases.

Keywords: floating tablets, time-controlled pulsatile release tablets, mechanical properties of polymeric

films, drug release, floating abilities
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pellets TRALATANMURWIOITUNORNBSANIALLAT  #ananil Choi uazAme (14) LW3uuLAMT USRS
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LLﬁ’aﬁﬂﬁmmmaaﬁ@lmﬁmm:aasé”ﬂﬁmuij‘?u ﬁm%’m:uuﬁ'}aamﬁmmamm%ag’lugﬂﬂ’nﬁ@ﬁa
LLszga Xiaogiang uazame (16) ﬁ'@uu’m%ﬁ@mw’%ﬂsﬁaaﬂﬁﬂ@Ua’lﬁ'mﬂ'mﬁml,ﬁ”a%oﬁ phenoporlamine
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middwluszupihaieldoudasminsnaasdieg lduiunii 6 2 lus msanlsasvesiisniuwuuy
non-Fickian diffusion uazmsUiuiasusansimnadiuaiinadamylanlsonsisn Fukuda uazame
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FaJuszuuingIsrauniig TES JanuatdunsinandilssnauduilawniiaRauea8Tuyaden, Th
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. v A - ¥ . ®
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fwasnliddunlubanguuszitig 13u ethylcellulose
Ao a a o 1 o = < o
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JEnaassuaznaswiseflasy
fsafiuaziaiasiie
fsafinigiwnsnaaas
1. Anhydrous theophylline (Lianyungang Foreign Trade Corp., China)
2. Propranolol hydrochloride BP 2005 (Batch No. M080311, P.C. Drug Center Co.,Ltd., Bangkok,
Thailand)
Microcrystalline cellulose (Avicel® PH101 or Avicel® PH102, FMC, Philadelphia, USA)
Lactose monohydrate (Flowlac® 100, Meggle GmbH, Wasserburg, Germany)
Hydrous lactose (20 mesh) (Wynddle brand, New Zealand)

2

Croscarmellose sodium (Ac-Di-SoI®, Lot No. T603C, FMC biopolymer, c/o Lehmann & Voss,

Hamburg, Germany)

7. Colloidal silicon dioxide (Aerosil® 200, Degussa-Huls AG, Hanau, Germany)

8. Magnesium stearate (Peter Greven Nederland C.V., Venlo, Netherlands)

9. Povidone K90 %38 PVP K90 (KoIIidon® 90F, BASF, Ludwigshafen, Germany)

10. Hydroxypropyl methylcellulose (HPMC) (Methocel® E15LV, Dow Chemical, USA)

11. Polyethylene glycol 6000 (PEG 6000, Fluka Chemie, Switzerland)

12. Sodium bicarbonate (NaHCO;, Fisher Scientific, UK)

13. Aqueous colloidal polymethacrylate dispersions (Eudragit® RL 30D, RS 30D or NE 30D, Rohm
Pharma, Darmstadt, Germany)

14. Ethylcellulose (Ethocel® Standard 10, Dow Chemical, Midland, MI, USA)

15. Diethyl phthalate (DEP) (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)

16. Dibutyl sebacate NF (DBS, Batch No. 0000046844, Morflex , North Carolina, USA)

17. Hydrochloric acid fuming 37% (Merck, Germany)

18. Sodium hydroxide (Lot No. 07030268, LAB-SCAN, Thailand)

19. Potassium dihydrogen phosphate (Lot No. A672173 617, Merck KGaA, Darmstadt, Germany)

20. Laanagas 95% (a{lﬁmsqn ATNEIINENANT, JIriaandauny, Uszndlng)
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1. Thickness gauge (Minitest 600, Erichsen, Hemer, Germany)

2. Texture analyzer (TA.XT.plus Texture Analyzer, Stable Micro Systems, UK)

3. Lﬂ%aa@]aﬂmlﬁ@ (Serial no. 0021, Semco, Model YHO06, Yeo Heng Co., Ltd., Thailand))

4. Kitchen Aid® (Model KPM5, United Instrument Co., Ltd., USA)

5. Lﬂ‘%admﬁaumt,ﬁ@ (Perforated pan coater) (NR-COTA18®, N.R. Industries Co., Ltd., Bangkok,
Thailand)

6. Horizontal shaker (Model OS1473VBA, Revco Scientific Inc., USA)

7. USP dissolution apparatus Il (Vankel Model VK-7000, Vankel, USA)

8. UV Visible Spectrophotometer (Varian, Switzerland)

9. Analytical balance (Model 300A, Precisa, Switzerland)

10. Magnetic stirrer (Model RCT-B, KIKA, Germany)

11. Hot air oven (Model 500, Memmert GmbH, Germany)

12. Hand-blender (Moulinex ®, France )

13. pH meter (Diethelm Co., Ltd) (Model pH 537, WTW, Germany)

14. Thickness tester, micrometer caliper (Model 7301, Mitutoyo, Japan)

15. Stroke-Monsanto Hardness Tester (Vankel, USA)

16. Friabilator (Erweka Abrasion Tester) (Model 45-2200, Vankel, USA)

17. Feed pump (Serial no. 5100039, Watson-Marlow limited, England)

18. Lﬂ‘%adLLidLmi‘%a (ERWEKA®GmbH Heusenstamm, Germany)

19. Laboraory test sieve (Mesh No. 20 (Serial no. 473911) and 60 (Serial no. 185449), Haan,
Germany)

20. Lﬂéadﬁm&l (Certificated no. QSC-5454, Puma industraial co.,Ltd, Taiwan)

21. Kitchen Aid (Model KPM5, No. 97098, United instrument co.,Ltd, USA)

22. Environmental Shaker-Incubator ES-20 (S/N 400512004, Biosan, Gibthai Co., Ltd.,
Thailand)
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1. m‘sﬁnmmagamaamuuazn’mmsuLmuvwlauwamuai

e A . ® ® ®
AnwnanaaassuuHuNRuTia@199 133 Eudragit RS 30D, Eudragit RL 30D, Eudragit NE
30D uay ethylcellulose (EC) wuinwadwasnizsiamunsaasouiuunuiauld uaznmsnazlanaun

a a o o R v A o % o & o o a Al e
LIYUULRSUAIMUARIRUILTND ?ﬂ’]L‘iJWﬂE]\‘iNﬂ’]i(ﬂ@LLﬂad‘ﬂ’]dﬂﬂqﬂﬂ‘immWEUL@SUNLLN%WG&I LLN:Qﬂﬂim@]ﬁ

o A A i L ® L ®
JTAUUHUWARY LHUWASNNLAINNN Eudragit RS 30D, Eudragit RL 30D Wag ethylcellulose aziinanu
] ] Al o A 1A e ¥ KX w a Aa ..
wWnzuazuandisann ldaaunsaunzaananangdniniflfieTonuduianld Ssdasiimadu plasticizer

6 =

. { v oA ' & { oA {
fa diethyl phthalate (20 %wiw) NelFuHURRNTaNNBAnGuINIL  VaAuHURRNNIETENN

€ A

. ® ' v 1 o % a .. oAl {
Eudragit NE 30D azlianuiangufagudiislusuiudanda plasticizer anummusuisufiaiouie

ﬁwvlﬂﬁﬂmqmauﬁ'aL%dﬂaagizij 180-220 Wlasiues

2. MIAnsamaniifiBona (mechanical properties) zasudwilaunadinas
° L ae A A vd Ao a a o o = LN
iunuisuaio lddadansuziouuazianunmnadusua liaanuniussdnmomania
\BINAVBILHWARY (mechanical properties) ﬁ'ﬂmm’smﬁmau'ﬂmﬁnm@i'w6] lagldia3as Texture
® o { { ° o . @ o 1 {
Analyser aauaadlugfl 1 uaz 3N 2 ¥in3ia force at break (N) uaz displacement (mm) uduinenf
° < . 3 £ ' i g
laluduwrnuin puncture strength (MPa), elongation (%) uaz energy at break (MJ/m )I@ﬂl"ngmmavlﬂu
lunmsduwaim

Puncture strength = £

S

Lfia F 8 load required for puncture
A fla cross-sectional area of the edge of the dry film located in the path of cylindrical opening
of the film holder
Ay = 2r0
Lﬁa r @8 the radius of the hole

0 @8 the thickness of the film

1/2
% Elongation = {(rz +D:) —r} x 100

Lﬁa r @8 radius of the film exposed in the cylindrical hole of the film holder

D fa displacement of the probe from point of contact to point of film puncture
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Energy at break = %

c

Bh AUC fa area under the force-displacement curve

V, fa the volume of the film sample within the film holder

V, = 7'Cr26
Load Cell
Probe
cCoo oo o L Holder with Holes
oo oo o
oo oo o L Film

1
Holder

/CD OO OO O

( —~+— Water Bath

d . L4 2, .
Eﬂﬁ 1 L&Y diagram Uad puncture test device TI13zNaua8 puncture probe LAz film holder



ﬂmm‘irﬁ"ﬂL‘%aaqmauﬁamamﬂmwmaaLLcina‘uwaﬁma%ﬁ'umsﬁ'mmmLﬁﬂaaUﬁaﬂ‘%amLﬁﬂmuqmummiﬂaﬂﬂa‘am”’;muumi"aazvlwﬁ»] 9

{ . o > .
gﬂﬁ 2 LR@Y puncture test device 9U3zNauUa28 puncture probe W& film holder

mnwamiﬂmaﬂugﬂﬁ 3 WUEN puncture strength waunkuaNluanzURIVINEAINETY

a 1 a v e A ® ® o o
AN 9 Humlsiuaah Eudragit®NE 30D > Eudragit RL 30D > Eudragit RS 30D > EC @1danau

{ . A ' ' oAl ¥ o o o g ,®
wnuzfl % elongation Tatsuanaudeantuvauruisudumwiliurinuaadoaiu ¢ Eudragit NE 30D

® ® C OO o =9 o
> Eudragit RL 30D > Eudragit RS 30D > EC &A1 energy at break %otﬂumwmuanﬁawaamuﬂlﬂn

a A

o v A LA { ® ' { ' LA
TumahliurudduuanvasusiuisaeTonan Eudragit NE 30D fidnannfign sauunuildudiaioy

® ® A v a 3 I . a A \
97N Eudragit RL 30D uaz Eudragit RS 30D flanlndifssnuluaniizuds ualuannzianfinandeg

6

1 [ a) ai G ® a 1 ' a
A1 energy at break Y IUNBARUNLATONNN Eudragit RS 30D AATRINI energy at break UaILNUWWA

'
A

A A ® & @ A 1 A A a A o

fLe3ua91n Eudragit RL 30D Ldntes vausfiusuisuiaiouain EC de1 energy at break dfiga
Wawfa3ouan EC f61 % elongation WAz energy at break dnunnuaadiduiauniians

E‘Jwajm‘h Wae waznudawidleiay Lﬂuqmauﬁ'ﬁﬁmm:é’m%'umLﬁ@]ﬁ'aazvlﬂﬁ WA RINANB LTI

mﬁ]:ﬁﬂﬁmmmnmmﬂﬁuLﬂﬁauaugirﬁl,l,a:mmsnﬂa@ﬂa'aﬂéhmvl,@”aﬂ'wimﬁmé'amﬂi:ﬂzl,’smﬁ

6

fvua vefinaudn 3 7fia fe Eudragit®NE 30D, Eudragit®RL 30D, Eudragit®RS 30D AAMUTILT

& 1 =

laiisne WAZEAREUA FIUILAVTRRIUNTATUNITZULINRINRBLAT  BWTIZITUUINEINTRad
wa A a

@Tadnw?\lﬁmﬁﬁqmawmmmwﬁwzjugaLLa:“nu@iaLLiaé‘uﬁLﬁﬂmﬂLLﬁa

nnMsAnsamaNTaEnaluanMzonnu ol uNaURUNEANa (0.1 NHCI) @0

q

puncture strength was energy at break dnuHuiaNlUaN1IZUAI VoUeN % elongation Hwualiufias

& v

& { o o o . . a \ A
fﬂ{l“ll% Lﬁﬂ\‘i‘ﬂ’]ﬂu’]ﬂzﬂ’]%uﬁﬁlﬂu plasticizer "D”JilLW&Iﬂ’J’]Nﬁ(ﬂV\qu‘ﬂﬂdLLNuWﬂ&l(ﬂ’lﬂ
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(A) 20
18
g 16
c ——EuRS
o 12 ——EuRL
2 10
‘5 —0— EUNE
o 8
5 6 —a—FEC
[ :
a 2
—A
0 ' ‘x
3 4
time (h)
(B)
s ——EUuRS
& —o—EuRL
[@)]
S —=—EuNE
;g { —t—EC
s
' ‘x
0 1 2 3 4
©) time (h)
60 -
&> 50 4
=
; =
S 40 - —o—EuRS
= —a—EURL
9 30 -
o T —a8— EuUNE
<
S 20 4 ——EC
o
Q
5 107 —

0 1 2 3 4
time (h)
gﬂﬁ' 3 UAAIAMINLALTING (mechanical properties) YaIunnARUNaRNaSTRAR 9 Palugnnazuouas
Wanfiviananag (14 20%wiw diethyl phthalate (DEP) 10w plasticizer snyiuuduilgufiaIonan
Eudragit® NE30D 'laisiudoadu plasticizer)
(A) puncture strength, (B) %elongation, (C) energy at break

nanane * annsondnsuruilsulu horizontal shaker (100 rpm, 37 °C) iiluszaziian 4 Tlug
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= a ea < o o I
3. maalsauazlsziinamantasdaaasanardaasnasy

pufiasasdnianlumafnmiilszneudseideununlmnddyagnmoluy uiuafeudis
Twinaauilaani (protective layer) TulaRauaIWaIW (effervescent layer) WIaTwARALIANY LAZTULARDL
Anifiuufia (gas-entrapped membrane) MGy asuaadlugf 4 lasdodayfldidueduuunfe

. P s d‘v =) oA A a 1 v =2 & P
theophylline (20 mgftablet) Lika3anedaigngada ldafimaduainisdiudu (2) Jndunfiwne
o o 1 q-/ ld o v o 1 [} a 1 v o U,
Auszuuihasmaesdiasildrzuuhdimeglumaduemidiududuszoznawnn - vildd

s v 1 v é/ n' a a o Qs

spznanlunIgadudisidignizumden ldunuiu waztulszEnsnwlunssnsnaas@aen
AR naINAIBNELaREmILETILANMIENIN A aantfdn g vasudenasdineTonlang

TuSasanuansalunmIssuainazmIlanlsasaisvadnaazdiTy

[
o

FULARAUANLALWAR

gLAALNY Furaaaua1swesy (NaHCO,)

Fupfauilainu

311 4 dwudsznaves mLﬁmaﬂﬁaﬁmé’ymsWaaﬁ

3.1, NLASENLUNTALNG

pufiaunuraddivazeioulasiTaanass (direct compression) wiadsnmsrunigaiun (wet
granulation) lagl@iimsindaifaUszana 300 fisdnsu sudeunw 1 aUsznaudas  anhydrous
theophylline 20 mg, microcrystalline cellulose (AviceI®PH102) 140 mg, spray dried lactose
(Flowlac®100) 140 mg, magnesium stearate 0.5 % Az Aerosil® 200 0.5%
nadhasupidaunudiedirunsyadonazld PP KOO 10%  ww iumitiolaine
Wuadlulusrunauuasnssnanloidn damp mass i ldruusaeouduuniua
Aaufezaanidusndaunudsiaiasaansnidsn 14 punch awie 3/8 fin (Uszanm 9.525 mm) convex
shape wastaIoudanlildanuuds Uszana 8-10 kg LL&?’MWmLﬁmmuvlﬂﬂiuﬁuqmauﬁaﬁbﬂﬂ VU
anuudsUsanpatinngn auuds aunwn anunsan newildwdsudmeswadeuilosiu Tueday
m‘sWaaw;w%a%y'umﬁammLL@:‘i?uLﬂﬁauﬁ’nLﬁULLﬁ”amua"ﬂé’u Waiespudugndasassade’ly

=4 & f & v &
3.2. msmﬁafummmunué’f’aﬂﬁmﬂﬁanmswaaﬂuI,Lazij,ﬂﬁaunmnml,ﬁ'a
A A A A I3 A ® o A
wlasNanldlumsinfeveniiaunufia perforated pan coater (NR-COTA18") lasvinmsiaday
Waunanue 3 71 As Tundeviasnudsininniduaireaamsdaadsasaien "Laislﬁx?hmgﬂﬂa@ﬂdaﬂ

'
o v A

pananwaaNIIas ARl audsznavluruiiazisznavlddry HPMC vinntinfidu film former was

o

PEG 6000 vhwiinfiiiln plasticizer (10% based on polymer weight) Ada¥hazaisde 11 lasiadou



iﬁm'm"?ﬁi"uSaaqmauﬁamamumwmaaLLﬁiuﬂﬁuwaﬁma%ﬁ'ﬂmiﬁ'@ummLﬁﬂaanﬁm‘%amLﬁamuam’ammiﬂaaﬂa’auﬁ";muuuﬁaa:vlﬂﬁzz

{ U { U v W:’ ™ QI J
RIREAUNITLARAUNANNITNTY 5% wiw WAZARULITAWAIA lasnrniiNTnlszNIe 2 % iy

a A A & A
noug lasanzmaunzaunlslunsafausuds fo

Preheat (SOOC) 30 min (pan speed 5 rpm)
Batch size 1 kg

Pan speed 15 rpm

Inlet temperature 48 - 50°C

Outlet temperature 38 - 40°C

Nozzle diameter 1 mm

Atomizing air pressure 1.1 bar

Spray rate 5-10 ml/min

WRINLIATELLESIUAI8A pan speed lWdmsuazlianufoudeld (40°C) lwedoandaudn
Uszanm 30 m‘ﬁLﬁa‘ﬁﬂﬁLﬁﬂmuﬁaﬁam:ﬁﬂﬂmﬁauﬁaU‘ﬁzumﬁaumimdw;@iavlﬂ

%umﬁaumsﬂaaw"jﬂi:nauﬁm sodium bicarbonate (NaHCO,), HPMC il binder wuaz PEG
6000 Lilu plasticizer laafinuald NaHCO, 3 daman Aa 20, 50 LAz 80% w/w 289 solid content
(HPMC:NaHCO, 8:2, 55, 2:8) lauiasuussazaofilfinfoufinnududu 10% ww uszedaveiia
unulldimrinifindudszinm 12 % mungug lassnnzmanzauiildlumsefautuaiaumswosy

A A ] A
RIDTULARDUANN A

Preheat (SOOC) 30 min (pan speed 5 rpm)
Batch size 1 kg

Pan speed 15 rpm

Inlet temperature 48 - 50°C

Outlet temperature 38 - 40°C

Nozzle diameter 1 mm

Atomizing air pressure 1.1 bar

Spray rate 5-10 ml/min

wasnnimaedeuiausuafoumasuazsildudiudnimuefevlutudeld  fetu
A v & o ° o & o o .® I3 A P = a
waauAnLLAa dwnsusudanasaiazltiane Eudragit RL30D iJussneWduitasannidunadines
Wesrfiade i i sz ssenanunsaassal e @nuanIanluszuuindssnassmsianay
. . < - A & X
RUIY) LA ¢ diethyl phthalate (DEP) \ilw plasticizer (20%w/w based on polymer solid) Faluruitazyin
A o & o o oA a A & gy a
MAAREY 2 TLAUTUMENY Ao 5 Uz 10% wiw msiassuasacainfaulutuaauiidadions
® o ¥ LA o, o A L . \ @
Eudragit RL 30D @8#1NannudlnIaInaw (Wadlad plasticizer) (solid content LNy 15% w/w) 99z
msedey lasannzwanzanildlunmsiefevswadaunniiuuta fe
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Preheat (50°C) 30 min (pan speed 5 rpm)
Batch size 1 kg

Pan speed 15 rpm

Inlet temperature 48 - 50°C

Outlet temperature 39 -41°C

Nozzle diameter 1 mm

Atomizing air pressure 2.5 bar

Spray rate 5-8 ml/min

ﬁé’@ﬁnmﬂﬁauuﬁaml,ﬁ@maﬂéf’sﬁlzgﬂﬁﬂﬁ!,ﬁﬂw,ﬂ%adLﬂﬁauﬁ 40°C anuduiaan 30 wnl e la

g d oA, PN o 3 Aa a a wn &
AMUDUN maaﬂau“n%%’lvlﬂLﬂui%ﬂﬂ“ﬁ%::‘]Jﬁﬁ}‘ﬂﬂ@N%ﬂ LLa:ﬂizLﬂJuqmaﬂJu(ﬂ@l’ld g 1%“11%@16‘11]

3.3. N5UILLABITUUWSI LR DU AITHRARWILLA LD

- Floating  abilities ﬁﬂmgm’mmmmlummaU@Twaﬁ:uuﬁ']aamimﬁﬂmiu

L3asiansazany (USP paddle apparatus) 1 50 rpm 37 °C 1w 0.1 N HCI 900 285803 (n = 10) udn
Jufiniaan time to float ua floating time Ya3eNLinnas@lag
- time to float Aaszuznansualaszuuthassnadluly dissolution medium auszULTNEILNABY
%um;jﬁaﬁﬂ
- floating time fovrzmszuuings mmminﬂmmwmiaaﬂﬁmgJ;"l,é’l,u dissolution medium
- Dissolution study #nwimsilaaisasarendenla olFiasasianisazans (USP paddle
apparatus) 7 50 rpom 37 °C 114 0.1 N HCI 900 §adaas (n = 3) @T’Jaim'cnzgmjuﬁmanmﬁmm:aw oF
S'Qﬁmﬁgmnﬁmmﬂ@ﬂl"ﬁm%lao spectrophotometer fin1181708% 270 nm 1% cuvette (quartz cell) Tw1@
1 cm udhenfileluiSsufisuny standard curve L‘ﬁ'amﬂ’%mmé‘smﬁgnﬂa@ﬂdaﬁaanm
- myaneilaolsaia 19 simple analysis of variance (One-Way ANOVA) uag
Independent-Sample T-Test luniUSauLi HUALA waamjuﬁaaﬂ'wﬁi:ﬁumﬁm%aﬁ"u 95%



iﬁmm"‘nﬁ"ﬂSaaqmauﬁ’ﬁmamumwmaaLL;J%W@?;JWaﬁma%ﬁ'ﬂmsﬁ'@ummLﬁﬂaanéTm‘%amLﬁamugm’;mmiﬂaaﬂa’auﬁ";muuuﬁaaﬂﬂﬁm

wna <
3.4. ﬂ]ma“ﬂﬁﬂﬂdﬂ'\!“ﬂuﬂ%

pufiaunuildinnmuaisulasifaanass ®(direct compression) uazAtviunsyaion (wet
granulation) anihandsziduguaudanild nanmmanssuaasluani 1

A151911 qmauﬁ?}maamlﬁmmu

- B e

AWRNUAVDILLA AN — — —

’ ATeanNa Apunsuatun
ke (mg) 301.34 + 6.81 302.22 + 10.97
ANNUDI (kg) 8.80 + 0.71 7.95 + 1.61
AWM (mm) 4.32 +0.06 4.26 +0.08
ANuNTan (%) 0.15 0.45

PNANTHA 1 wnin anauds wazanurwvessulaunuiiedonlalasitaenase (direct
compression) uazisn1avhunsyailun (wet granulation) fenlndifnariu dauanuniausassudauwnud
L@%ﬂﬂm%%miﬁ%mmmﬂUnﬁmqaﬂiwmmﬂi’amaw%ﬁmmuﬁL@]’%ﬂﬂ@ﬂ%%maﬂma

wanNRIIsRaunwasoN e lWlszidumsdaalsasaqen mnwamiﬁﬂm%umm’[ugﬂﬁ
5  wuhsudaunuwnessulasisniseenassimidaatsaasdisnsininodeunuieIoulagisnisvia

A A = A = ' o o A A = aa ° |
Lms%mﬂsﬂLuaammﬂmsmmeLﬂumuﬂiznawaamiummuumLmLmuim'mmiml,mihsmﬂzm

2 A o o : v i\ o o A a = ad o = = I
TI]GNNN'Y]’]ELVWI'JUqgﬂﬂa@ﬂﬂaﬂ"ﬁqﬂqqﬂqiu'ﬂL@iﬂuﬁl']LNﬂLLﬂuIﬂU’Jﬁﬂ']i@]aﬂ@]iﬁsﬁ\‘]vluuﬁqiﬂ@]l,ﬂqzl,ﬂu

fausznay
120 -
100 s 5
—~ 80
X
?
@ 60
(]
[
g’ 40
(=)
20 —®= Direct compression
== Wet granulation
0 T |
0 1 2 3 4
Time (h)

317 5 navaiTialsNpdaunudenydaaddesdsvetsnidaunuli 0.1 N HCI (pH 1.2)



iﬁmm"‘nﬁ"ﬂSaaqmauﬁ’ﬁmamumwmaaLLﬁuWﬁuwaama%ﬁ'un'ﬁﬁ'wuﬂmLﬁﬂaanéTm‘%amLﬁamuqm’;mmsﬂaaﬂa’auﬁ"m’]LLuuvTaa:"meZS

3.5. ﬁnmqmauﬁ'ﬁmaamLﬁmaaﬂﬁaﬁmﬁ'ﬂm‘sﬂaﬂﬂ; wazilasuiisdnadaanaaansalvnis
a0da" (floating abilities) wazn1vlaniassnan
- nalnn13aaadIPaIs il ARB LG

Worndesaumaudasnansiidunsa 01 N HCl) wiadesulssmusndnllusemeds
nEwzews  ninasfurnutwadeuinifuuimdranyin jisouislusuedodailfifauss
ansuawlaaan o LLﬁa"?iLﬁﬂﬁuazgﬂﬁ'ﬂLﬁuvlﬂuszuuﬁﬂﬁﬂmwmLLuumaai:uuﬁaUﬂi'}é"mmm'%a
m@lumuwwzmmsﬁﬂﬁszuummmaaﬂﬁa*"ﬁumﬁmmmlugﬂﬁ 6 uazasisaglunszimnzanmaiu

AW U7 7 usaInIasudveIsLlaaaiINAEN g

surface of medium

>y

drug

0.1 N HCI
ay

ab medium (0.1 N HCI)

gﬂﬁ 6 LLamﬂavlﬂmiaamTTuaamLﬁﬂaaﬂﬁ'sﬁmﬁyaﬁWawﬂ
A) permeation of medium; B) gas (CO,) formation and floating; C) drug release.
Key: (a) drug-containing core with protective layer; (b) gas forming layer (sodium bicarbonate);

(c) gas-entrapped membrane



swmm‘irﬁ"ﬂL‘%aaqmauﬁamamﬂmwmaaLLﬁiu‘Wﬁuwa§mai’ﬁ'umsﬁ'mu’lml,ﬁﬂaanﬁm%aml,ﬁmmuqunmmiﬂaﬂﬂdanﬁamuuuﬁaaﬂﬂ@G

N7 LLammiaaﬂé’waamLﬁﬂaaﬂﬁ'sﬁnm@m6] 114 0.1N HCI (pH 1.2)

(A: 0 W1, B: 1 Wi, C: 4 w191, D: 480 W)



iﬁm'm"?ﬁi"uSaaqmauﬁamamumwmaaLLﬁiu‘?\Iﬁuwaﬁma%ﬁ'ﬂmiﬁ'@ummLﬁﬂaanﬁm‘%amLﬁamugm’;mmiﬂaaﬂa’auﬁ";muuuﬁaaﬂﬂﬁz7

aa a [~
- HaYaIISLATBNLNAALNT

Naﬂuaﬁ%'m%wmLﬁ(ﬂLmu@iam’mmmialumiaaﬂﬁwmml,ﬁ@aamé’mﬁwﬁﬁaamﬁbmwﬁaaﬂ
WU BiiaaaualNsznaudissndaunuiiasuulagitninanasidan ime to float &wnNINEILIa

o A o =1 A o aa ° A . Ao o w aad o

aaﬂm‘nﬂiznaumymmmmummwimmmﬁmum%mﬂamamauwmmgmoammmumm
a4 A a = ad ° v & AV oA " e '
\BaN® 95% 813LH099NNNTLAS NI ARNRIAETTNNTAANATIYIN IR A N M AN URWILLREINTN
ﬂ’]ilﬁl‘%ﬁMU’]Lﬁ@]LLﬂ%I@]EI%%ﬂ’]iﬁ’]LLﬂikmLfﬂEm #ANINRIINUINENTARDLAINLATININNLURALAUNY 2

FiszuzmlunIaasdl (floating time) W11 8 T2 la9 AIUEAIlUaANT19N 2

A1519N 2 WA aﬁ’%l,@l'%wml,ﬁ@l,l,nu@iammmmm‘tummaué’waw%ﬁmaaﬁ’sﬁmﬁ'amsﬂaaﬁ
(NaHCO,: HPMC; 8:2)

e A - time to float floating time
ADLAILULNALNT
(min & SD) (h)
5% wiw Eudragit® RL30D
Direct compression 3.631 + 0.175* >8
Wet granulation 4.730 + 0.360 * >8
10% w/w Eudragit” RL30D
Direct compression 6.280 + 0.187* >8
Wet granulation 6.911 £ 0.535* >8

v 2 ' o = aad o dA 4 o
Nﬂ’J’]NLL@ﬂ(ﬂ’]\iﬂuaUqﬂuuﬂaqﬂfg'ﬂ’]ﬂﬁﬂ@]'ﬂiz@uﬂ?’]uvﬁauu 95%

NNANTANBINAVIITNITLATHNENTAUNUAaN1TURAURB @8 WL B Ldaaas@In
Usznaudissndawnuiiassulasitmiaenaeinsdaatsssaisnsininenlassualinlsznaueiuen

1< dl = ad o = s dl
LNG’ILLﬂWY]L(ﬂ?USJI@]El’]ﬁﬂ’]i“/l’]l,mﬁkkmﬂilﬂ@{iLLﬁ@dluEﬂ‘H 8 uar 9
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120 -

—*= Direct compression

Drug released (%)

=0= Wet granulation
20

0 2 4 6 8
Time (h)

5N 8 wa°uaﬁ%‘m’%wmLﬁmmmiamiﬂaﬂﬂﬁiam“hmma\‘imLﬁ(ﬂaaﬂﬁwﬁ@ﬁﬁaomﬁﬂmiWawﬂlu

0.1 N HCI (pH 1.2) (NaHCO,: HPMC; 8:2, 5% wiw Eudragit- RL30D)



iﬁmm"‘nﬁ"ﬂSaaqmauﬁ’ﬁmamﬂmwmaaLLﬁuWﬁuwaama%ﬁ'un'ﬁﬁ'wuﬂmLﬁﬂaanﬁm‘%amLﬁamuqm’;mmsﬂaaﬂa’aum“"m’ul,uuﬁaa:"lmﬁzg

120 -

2]
o
1

FoY
o
1

Drug released (%)
(<2}
o
]

=% Direct compression

N
o

=t= Wet granulation

0 2 4 6 8
Time (h)

3N 9 wamaﬁ%‘m’%wml,ﬁmmmiamiﬂaﬂﬂﬁiaw“f'smmadmlﬁ@aasﬁamﬁmﬁﬁaamé’smsmdﬁlu

0.1 N HCI (pH 1.2) (NaHCO,: HPMC; 8:2, 10% w/w Eudragit. RL30D)



iﬁm'm"?ﬁi"uSaaqmauﬁamamumwmaaLLﬁiu‘?\Iﬁuwaﬁma%ﬁ'ﬂmiﬁ'@ummLﬁﬂaanﬁm‘%amLﬁamugm’;mmiﬂaaﬂa’auﬁ";mLLuuvTaa:vLﬂﬁ3O

- NAZBIANMANIIZBITRLAT D UANLAULAS

HATBIAMURINTBIT AR aUANLA LR FFaANNENTa N TRasdIass I Ane s TTia e a9
CRGHERRLEM waasluasnef 3 woindaiuanunwvesruadounadiwasiniuufaasdnarinlwen
time to float vastiiinnasduRuTuataituifynesianuanadedufl 95% iasnmaia
mwwmmaa*ﬁmﬁauﬁ'nLﬁuLLﬁ”mzﬁﬂﬁhﬂmﬂ"ﬁnmlumsuwimuﬁa%waqmiwaaw"]mu%u il
maAndfiseanldudansuanlasenloddlslunssesdrtnas sennnidanuimndruiiaansa
saglatiszoziianluminosd (floating time) winnin 8 Talus

A131911 3 HAVBININAWITILAROUNNLALLAFADAINNENIT IUNTRLAIVBILT AR DL AT RAN D

anApaIaIN

¥ e fe o w time to float floating time
ANURUITULARIUNDILNUDINNLNULNET
(min £ SD) (h)
Direct compression
NaHCO;: HPMC; 8:2
5% wiw Eudragit. RL30D 3.631 + 0.175* >8
10% wiw Eudragit® RL30D 6.280 + 0.187* > 8
Wet granulation
NaHCO;: HPMC; 8:2
5% wiw Eudragit® RL30D 4.730 £ 0.360* > 8
10% w/w Eudragit” RL30D 6.911 + 0.535* >8

o o

* PONURANAINUO LN R EA YNNI ANITAUANNTANY 95%

MNMIANBINAVIAN IR TN AU NAULRFdan sUaaUd i EWLTN SLRLAMIRIN
YosTwadauRnIAULRS ﬁLLuﬂﬁuﬁﬂﬁﬁ'smgnﬂa@ﬂa’aﬂaanm%ma iasnniafiuanuruuess
waunnuiuwAsazrinldaInasunseinwdn ldfseldaunudiag ﬁaﬁﬂﬁéﬁﬂ']gﬂﬂa@ﬂdaﬁaaﬂwﬂﬁ%’l
A é’aLLamlugﬂﬁ 10 uaz 11



iﬁmwﬁ%ﬁjL‘%aaqmauﬁ‘ﬁmamUm‘wauaaLLciuWﬁuwaaLua%ﬁumsﬁ'@ummLﬁ@aauéTm‘%amLﬁamugm’;mmsﬂamﬂdauﬁ";mLLuuﬁaaz"Lﬂ%1

120 1

Drug released (%)

—8— 5% Eudragit RL 30D
=0=—10% Eudragit RL 30D

Time (h)

311 10 HavIA NN TWARaUANIALLARdaNTUaddeudminnvennilaasudTiandetarduans

Wad‘l{ﬁu 0.1 N HCI (pH 1.2) (direct compression, NaHCO,: HPMC; 8:2)
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120 -
100 4
80 -

S

e]

3

§ 601

o

(@]

2

8 40

20 4

—a— 5% Eudragit RL 30D
=0=—10% Eudragit RL 30D

2 4 6 8

Time (h)

3UN 11 KavaIA RN TWARaUANIALLARdanIUaaddaudinnvessilaasudiriandasarduans

V\la\‘nﬂlu 0.1 N HCI (pH 1.2) (wet granulation, NaHCO,: HPMC; 8:2)



swm'm"iﬁi"uSaaqmauﬁamamumwmadLLﬁiuﬂﬁuwaﬁma%ﬁ'ﬂmiﬁ'@ummLﬁﬂaanﬁm‘%amLﬁmmugm’;mmiﬂaaﬂa’auﬁ";muuuﬁaa:vlﬂ%:g

- uavaslInma ey
mﬂmiﬁﬂmwamaaﬂ’%mmmimwﬂ@iammmminlumsaaﬂﬁmaumLﬁ@aamﬁfmﬁ@ﬁmé’y

GRENEEL) Fauaasluasei 4 wuin U’]Lﬁmmu‘ﬁLﬂaauﬁﬁﬂ%um’iwE]{I‘I{ﬂLL@iVLﬁVLﬁLﬂaaU%uLﬂaaUﬁﬂLﬁU
WAg vl&imminaaﬂﬁavlﬁazhmugitﬁ snlugnidaseiedaudotuadounniiuuss  Usunmans
Wasyliinada time to float I@]mﬁmﬁuﬂ‘%mmmmawﬂﬁLLmIﬁfuﬁﬂﬁ time to float aAad wa bufaw
wandnsatalisidymisfafiszauanuidodu  95% ﬂm"iuluﬁ']%'uﬁﬂﬂ%mmmswawﬂ 80%
(NaHCO,: HPMC; 8:2) uazvinmstadousiasunadweiiniiufe 10% wuinazd time to float M3
@‘iﬁuﬁﬁmaﬂaaw"j 20% atafitbiayyniaianszauanudeiu 95% wazwuimndnTudszazianlu

MIRR8AI (floating time) W1un31 8 TalNg

A9197 4 HasenfuuaisassennuaininlunisaassinraselnaatoatiafianAunasy

Usunuanswas tme fo floa floating fime
* (min X SD) (h)

no Eudragit” RL30D

NaHCO,: HPMC; 2:8 - -

NaHCO,: HPMC; 5:5 - -

NaHCO,: HPMC; 8:2 - -
5% w/w Eudragit” RL30D

NaHCO,: HPMC; 2:8 3.70 £ 0.49 s

NaHCO,: HPMC; 5:5 3.64 £ 0.31

NaHCO,: HPMC; 8:2 363+ 0.18 : z
10% w/w Eudragit” RL30D

NaHCO,: HPMC; 2:8 6.8310.34 -8

NaHCO,: HPMC; 5:5 6.53 £ 0.31 >8

NaHCO,: HPMC; 8:2 6.28 +0.19 >8

mnmiﬁnmwamaaﬂ’%mmmwlaaw;@iamiﬂa@ﬂdaﬂﬁam wmhLﬁaLﬁué'ﬂﬁ’mmadaﬁWawﬂ@ia
HPMC  vnlsTinsuandsosdanisiin Lﬁaaﬁnﬂlmﬁ’ﬁuﬁﬂﬂ%mmmswaijILﬁ'mnﬂ%ua:ﬁﬂ%mmmaa
HPMC aa8d @9 HPMC ﬁmﬁﬁﬁlﬂuﬁaﬁaaﬁ'umiﬁ'ﬁmmumaaﬁﬁgjmlﬁmnu G afiBunas HPMC
aaad  sarnldpfaunusudanudinasldiiidn - deniserasussandsaseaninléiZinindrsuig

USu1maas HPMC a1nnin (ﬁﬂ%mmm‘;ﬂaawﬁamh) é’mamlugﬂﬁ 12 Uy 13




iﬁmm"‘nﬁ"ﬂSaaqmauﬁ’ﬁmamﬂmwmaaLLﬁuWﬁuwaama%ﬁ'un'ﬁﬁ'wuﬂmLﬁﬂaanﬁm‘%amLﬁamuqm’;mmsﬂaaﬂa’aum“";a’]LLuuvTaa:"Lﬂﬁ34

120 -1
100 4
_. 80+
X
©
(]
@ 604
o}
I
(@]
2 40 -
e
20 - =& NaHCO3:HPMC, 8:2
=t=NaHCO3:HPMC, 5:5
=4+—NaHCO3:HPMC, 2:8
0 v v .
0 2 4 6 8
Time (h)

311 12 WazaILTan s aaw;@iamiﬂamﬂﬁiam"f'sm"ua\‘imLﬁ@masﬁwﬁmﬁﬁaomﬁhmﬂawﬂlu

0.1 N HCI (pH 1.2) (5% wiw Eudragit™ RL30D)



iﬁmm"‘nﬁ"ﬂSaaqmauﬁ’ﬁmamﬂmwmaameﬂ?\léi'uwa?\ma%ﬁ'un'ﬁﬁ'wmmLﬁﬂaanﬁ'm‘%amLﬁamuqm’;mmsﬂaaﬂa’auﬁ";mLLuuvTaa:"Lﬂﬁ35

120 -
100 —
< 80 -
g
Q
@ 60 -
Q
©
D 40 -
a —=— NaHCO3:HPMC, 8:2
20 —0— NaHCO3:HPMC, 5:5
—+— NaHCO3:HPMC, 2:8
0 T T 1
0 2 4 6 8
Time (h)

gﬂﬁ 13 wa"uaaﬂ%mmmswaaw;@iamiﬂa@ﬂﬁiam“hm"uadmLﬁ@masﬁwﬁaﬁﬁaomﬁamﬂawﬂlu
0.1 N HCI (pH 1.2) (10 % w/w Eudragit’. RL30D)
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4. maassanarlsnivendaunudmivgndeaivaanainslandassdisuuuwaszing
mLﬁﬂmuqunmmiﬂmﬂﬁamé’amLLuuﬁaa:"lmﬁﬁamLﬁ@ﬁaazvlﬂfiﬁﬁ'@uuﬂuﬂﬁﬁﬂmf:
ﬂizﬂauéﬁzJmLﬁmmuﬁﬁé’amﬁﬂﬁ'@agmﬂu wdLndaudsTuadaunasdle (swellable layer) WazTu
\BaULANDE  (rupturable layer) ANENAL é’mmﬂugﬂﬁ 14 Tadmmaailfiduduuunie
propranolol HCI (40 mg/tablet) Lﬁaomﬂméf’sf:l,ﬂum%’nwﬂsﬂmmﬁﬂaﬁmgd %aﬂ’nu;mmmadmmm
°'fivuaQ’ﬁ’unmﬁaa:guusalumam%ﬂﬁﬂ (19, 33) AINNLAIBNBURANAFE INFLRTILSWMIAN BT

Amaud@Adn 9 vasszuuhasnfeioulansluias lag ime uazmaanldasdmevasusazeniu

< AULARALNDIA LA

[
SLNALLNUY

FULARDLWANLA

t!l ' & 1 ‘V g 6 A & g 6
E‘.I.I‘Vl 14 ﬁ?uﬂizﬂﬂ‘ﬂ"}lﬂx‘lﬂ’]Lll(ﬂﬂ’l'ﬂﬂ3JL’Jﬂ’]ﬂ’ﬁﬂﬂﬂﬂﬂﬂﬂ(ﬂ’)ﬂ’]LLUUW@&$VLYIQW5E] U’]LN@W@&ZVL‘YIQ

= [~
4.1. NMIGIVNLNNALNK
sudaunuraddtuaziasoulasitaenass (direct compression) lasldfvinnindaidiayszanm
425 fHaaniy gdeunu 1 adsznaudae propranolol HCI 40 mg, microcrystalline cellulose
. ® . ® .

(Avicel PH102) 115.5 mg, spray dried lactose (Flowlac 100) 269.5 mg, magnesium stearate 0.5 % LL&ae
.® (% v o A o & = Y A A o
Aerosil . 200 0.5% wasnnRaNInBauahlUaanidusdaunudisiaiasaananniden IF punch
2119 3/8 % (Uszunaw 9.525 mm) convex shape astaIoulaen A ldanuuds Uszana 8-10 kg udshn
mLﬁ@Lmu"l,ﬂﬂmﬁuqmamﬁ'aﬁ'svlﬂ Wi ANNLUTUTIRIaINRTHN ANULDY ANURIILAZANNNTEY

Aawih ldindaudatunasai lauazswaiovuan laamusau inaassuduwoldanas: Inadaly

a & v & a RE & a 9
4.2. n'ﬁmaa‘umLamLm%ﬂ%&lﬁ%maanwmm’ﬂﬂLm:ﬁmﬂaammnv[ﬂ
& @ ea o =2 =g [y =1 AA o o o . [y A
EJ’]LN@]Wﬂﬁzvlfﬂaﬂwwuqluﬂqjﬂﬂﬁquﬂizﬂau@]?ElEJ’]L;J@]LLﬂuV]N@]'JUF]ﬁ’]ﬂnyﬂ%Jlﬂ']ﬂlu LLRILANDL
9 & A R . ® & a @ 0o o ' & a &
@]'JU“E%L@@@UWQU@]QVL@] (Ac-Di-Sol ) LL@z%uLﬂNaﬂLL@ﬂvLﬂ@]']uﬂfl@]ﬂ FIBUIENOUUDITULARDUNITDILRA
lugasdaldi

ROTTULARDUND I ber

Croscarmellose sodium (Ac-Di-SoI®) 15.25 % wiw
Povidone K90 (KoIIidon®90F) 2.55 % wiw
95% Ethanol gs. to 100.00 % wiw

croscarmellose sodium ¥inninfidusnswasarvinliiiannuewluszuy &1 povidone K90 ¥in
wINNa Az e IneIIRINITnEAGANUEALNKLE SN ATHLAREUNEIA LaN 1E bvn15AN 1N

%A 30 mg/cm2
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RATTULAROULAN L6

Ethylcellulose 3.5% wiw
DBS (dibutyl sebacate) 5% w/w based on polymer weight
95% Ethanol gs.to 100.00 % wiw

ethylcellulose vl uwosasuostwadeuuanld dau DBS viwindiilu plasticizer 1w
#50 Snatuadauuanlenlslunmsdnwiiae 6, 8, 10, 12 mgiem”

wsasdlofldlunsedasiaunuiie perforated pan coater (NR-COTA18") Tanantne
wanzauildlunmaedautuadounasdild aa

g(@liﬁ’]mm“ﬁﬁ solid content L¥iNNU 17.8% wiw

- Preheat (40°C) 30 min (pan speed 5 rpm)
- Batch size 1.0 kg

- Pan speed 15 rpm

- Inlet temperature 38 - 39°C

- Outlet temperature 34 -35°C

- Nozzle diameter 1 mm

- Atomizing air pressure 2.5 bar
- Spray rate 15 g/min
WRINLAREULESILAI8A pan speed TWdasuazlwanudoudaly (40°C) lwedaandoudn
Uszanms 30 wiiliievnliifiasuisnanasinluindousetweadeuuanlaeeld lagannsmunsaufils
Tumsindoutuadauuanld de

g3 AlEd solid content YinAL 3.5% wiw

- Preheat (40°C) 30 min (pan speed 5 rpm)
- Batch size 1.0 kg

- Pan speed 15 rpm

- Inlet temperature 38 -39°C

- Outlet temperature 33-34°C

- Nozzle diameter 1 mm

- Atomizing air pressure 2.5 bar
- Spray rate 10 g/min

ﬁé‘ommﬂﬁauuﬁamLﬁﬂﬁaa:"lm?a:gnﬁﬂﬁuﬁa‘tum%aaLﬂﬁauﬁ 40°C aniduian 30 w1 Lie

a1

: g A4 a P o = Aa a a &,
laanusunimieneunazihlifvlumsusuianasinuazdszluguandfens g lusudely

4.3. msﬂsuﬁuqmauﬁamLﬁﬂmnq&mmmsﬂaﬂﬂdaﬂéﬁmuuuﬁaaﬂﬂa‘

- Rupture test {unsnagaum lag time va3s i fawassng oldun szoziam
mudasnsudanusnasannraiaguanaen lagrnnsanenlueiesiamsazae (USP
paddle apparatus) 7 50 rpm 37 °C 1% 0.1 N HCI %32 pH 6.8 phosphate buffer USP 900 Aa8aa35
(n =6)



iﬁm'm"?ﬁi"uSaaqmauﬁamamumwmaaLLﬁiuﬂﬁuwaﬁma%ﬁ'ﬂmiﬁ'@ummLﬁﬂaanﬁm‘%amLﬁamuam’ammiﬂaaﬂa’auﬁ";muuuﬁaaﬂﬂ%g

- Dissolution study finwmsdaaldasaiendeamnyle olfin3asianisazans (USP
paddle apparatus) 7 50 rom 37 °C 114 0.1 N HCI %38 pH 6.8 phosphate buffer USP 900 Aa8aa 3
(n=3) é’hazma:gnﬁg"mﬁﬁmnmﬁmm:au LLazi'ﬂmmig@nﬁuLLaaIﬂafl%m‘%laa
spectrophotometer finnuenanan 289 nm 14 cuvette (quartz cell) 2419 1 cm whendilaly
1WIsuLneuny standard curve Lﬁamﬂ‘%mmﬁamﬁgﬂﬂa@ﬂﬁiaﬂaaﬂm

- Water uptake ﬁﬂmmsg@ﬁwaamLﬁ@ﬁaa:"lmﬁmnﬁaﬂmwum:ﬁaLﬁ@mu,mﬂ lag

inmInagauluiaiog Environmental Shaker-Incubator Taslt 0.1 N HCI U311 100 ml v dissolution

medium iganni 37 °C AWITITUTBILATEI 100 rpm (n = 3 — 6) UAAIUITE % water uptake 9N

aumsdo Ui
W, -W
%Water uptake = ‘W—O x 100

Wa W, fa dhninaasdesidaningens g sasanigainaiuiniiddesaan
W, Al TNRNUaILR A ULAINa WTNNEAINA

-mynaneAlaslsada 14 simple analysis of variance (One-Way ANOVA) L

Independent-Sample T-Test lum3ifSouiisudaivvainguiainnzauanuisoin 95%



swm'm"iﬁi"uSaaqmauﬁamamumwmadLLﬁiuﬂﬁuwaﬁma%ﬁ'ﬂmiﬁ'@ummLﬁﬂaanﬁm‘%amLﬁmmugm’;mmiﬂaaﬂa’auﬁ";thuuﬁaa:"Lﬂ%g

wna <
44. ﬂ]mﬁ“ﬂﬁﬂadﬂ'\!“ﬂllﬂ%

an = A a o = ] o
@!mﬁu'ﬂ(ﬂ"ﬂaﬂEJWLN@LLﬂuLLﬁ@IGlu@]’]?WGY] 5 LLN&LN@%Wil']LN@LLﬂuVLﬂV]ﬂaaUﬂqiﬂﬂ@ﬂaaﬂ@nﬂr]

' = a ' o ' = o o A
WU LN@LLﬂuNﬂqiﬂﬂ@lﬂﬂaﬂ@]'}ﬂqaﬂqﬁ'EQ@]Li'}@nN@aﬂﬂqi QGLLﬁ@\‘ﬂugﬂ‘ﬂ 15

a13191 5 QuFuTAveIndauny,

vminuagn (mg) 432.69 + 0.93
AMULDY (kg) 82+0.3
ANAWT (mm) 5.32 + 0.01
ANuNTaL (%) 0.11
120 -
e -
S
©
(]
1]
©
9
o
(@]
2
[a)]
0 L) L) L) L]
0.0 0.5 1.0 1.5 2.0

Time (h)

311 15 EﬂLLammsﬂa@ﬂ@iaﬂﬁwwaoml,ﬁml,ﬂulu 0.1 N HCI (pH 1.2)



swmm‘ifﬁ"uL‘%aaqmauﬁamamﬂmwmaaLLﬂuWﬁuwa%iL&Jai’ﬁ'un']sﬁ'mu’m"uﬁmanﬁm%aml,ﬁmmuqunmmiﬂaaﬂdauﬁ";muuuﬁaaﬂwﬁ‘lo

a [~3 1 %) [ a H [
4.5. ﬁn‘mqmauummammﬂmuqunmmsﬂaﬂﬂaaammtmnwaaﬂnﬁ wazilavaninana lag
time nazn1sdanlaasaran
Y [ @ 6

- nalanisuanaizaseianaazing

A o & o & v ' A oA & o Fo o o o

Wasudszmusidanasy inadn U lusrsmersailesnianas: INSFNEFNUAINGTI VBILARD

' A ' & A v o ° v A o £ A o

TusramenIaainansazdusIuTwafauLan bottain i AaaNuauwina s luszuy 1WaaNuanIIN
LN EINDRILAW LA TILARILLAN LeLANB Nz Uan a0 8A1810aNNN8 19T INUARRINNTZLLIAN

e 61'\1LLamﬂavLﬂn'mmﬂé'ﬂugﬂﬁ 16

317 16 uzaIna bnmsuandrzaspnlanaszinalu 0.1 N HCI (Twiadsuuanld (EC) 6 mg/cm”);

(A) t = 0 wifl, (B) t = 20 Wl (daiSunan), (C) t = 26 Wil (1Fazuan), (D) t = 30 wift (e
puanauyal)



iﬁmwﬁ%ﬁjL‘%aaqmauﬁ‘ﬁmamUm‘wauaaLLciuWﬁuwaaLua%ﬁumsﬁ'@ummLﬁ@aauéTm‘%amLﬁamugm’;mmsﬂamﬂdauﬁ";mLLuuﬁaaz"LﬂQ1

- nazasAMAIZasTIWAdaunanld

HavaInNUnINaasTwadouLanldde lag time uarmidanUdosdien usadluansei 6 uaz
;U 17

nuamMsAnswUITmMssanunwuestuadauuan el lag tme vsssndewasslng
prwndn  asananunmnsuiadaufisnduinlisanmsturinvasdinasiutwedeunanlddn
asvnliiAnanusHaNMIWasTI It wAR o UNaIT s unalw lag time windin

fnsumstantsesimnundedaaddasainirasmaianszesnafiitivue (ag time)
wazriaufisnafivualiddmendaaUseseenin  mafinenuwwiwestwadeuuanladuwa liuvinly

a1 sUaalaasae1aaasg G’TﬁmaaLﬁm’mqmmwﬁammaugitﬂumﬂmnmaw%ﬁwﬁ'&aﬂwﬁama

AN91911 6 WATBIANURWIVBITUHLARBLLAN bG (EC) dia lag time vadsdanaas Inals 0.1 N HCI

(pH 1.2)
Lag time (‘mﬁ)
Waf anuwmTwAdauuanls (EC) (mg/em’)
6 8 10 12
1 39 95 233 382
2 40 112 232 370
3 43 99 220 330
fLady (SD) 40.67 (2.08) 102.00 (8.89) 228.33 (7.23) 360.67 (27.23)
120 q
100 A = =
i : /”.—
A .
S 80 A I/ Y- s :
- 2 a
(<] = A
8 4 u y A
o 60 1 p
o
(@] Cl 7 i
S 40 - [ A —— 6 mg/cm?2
o / —o—8 mg/cm?2
20 - . —— 10 mg/cm2
/ y ——12 mg/cm2
0 AT A A A A A A A A A A A L
0 2 4 6 8
Time (h)

317 17 nazaIANNRWITBITIARBULAN b (EC) donsuaaddsadiznvetpnidansssinalu 0.1 N HCI
(pH 1.2)



iﬁmm"‘nﬁ"ﬂSaaqmauﬁ’ﬁmamumwmaaLL;J%W@?;JWaﬁma%ﬁ'ﬂmsﬁ'@ummLﬁﬂaanéTm‘%amLﬁamugm’;mmiﬂaaﬂa’auﬁ";muuuﬁaaﬂﬂﬁ‘lz

NNMIANBY % water uptake VBIBUIANARE INANANMURUIVBITHLARILULAN LA ULANA1IN

: d 7 v a & 2 2 & D) o
WU WA Tiafaunan ldifinduan 6.0 mg/em (I 12.0 mg/em” NMIgathaztiad asuaadlu
P P & a6 A & o K o ° o @ & A o
37 18 WhasnnmuilaninunauazluaadanmiBuriusasdainasilinianesdizastinafiaunasd

X o o (% . I3 o A £
ldtasaae vinli lag time vaseilanaas Insiindn

12
—a— 6 mg/cm2
10 1 —o—8 mg/cm2
% g - —— 10 mg/cm?2
5 ——12 mg/cm2
5
~ 6
[}
<
S 4
S
2
O ) 1
0 2 4 6 8
Time (h)

317 18 WazBIANNRMIBBITIMARBLLAN LA (EC) da water uptake vaspiiiawass Inalu 0.1 N HCI

(pH 1.2)
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- HAYDITWHAAINATI
NNMIANHINTeITiavaIdINaNda lag time (M13WN 7) uazmisUsealdasdien (U 19)
wulugnziidunia (0.1 N HCl) lag time wadssudanwass naazenininluan1izes (pH 6.8
& o A =< & ) . . ® «
phosphate buffer) Lanuag g19ztitasnnlunsansniianls croscamellose sodium (Ac-Di-Sol ) Liua1s
@ & A R o i ® a . °
waddaluzuafaunadda | lulassas1aves Ac-Di-Sol - axfing carboxyl group $1wauann luan1iznia
carboxyl group RE protonate W carboxylic acid M lAINNTIUINLAZANNEINITA UM TN IFIRARS
o v v v J PN o P o v I3 a 6 . a ;3’ A
34) mlidasltiiavunilumaiuanuauinerilfoudenaas induan (lag time [Radw) vl
' ' . . S iy @ 2, ' ° [
®§N172@13 carboxyl group ﬁlzagiugﬂ ionized form T9dANUTALINUATINTONBIN laANINTIvinlA lag

time FUa4

{ o \ . @ { & o 2
A19191 7 LAASHATRIAINANIGD lag time vadsnlanass InananunaItwafauuanle 6.0 mgicm

Lag time (‘mﬁ)

e FANANY
0.1 N HCI pH 6.8 Phosphate buffer
1 39 39
2 40 38
3 43 39

A1Lade (SD) 40.67 (2.08) 38.67 (0.58)
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120 -
100 -
g 80 A
°©
(]
@
o 60 1
o
(@]
=
o 40 —a—pH 6.8 Phosphate buffer USP
——0.1 N HCI
20
O T T T 1
0 1 2 3 4
Time (h)

311 19 LRAINATBITRAAINAIGAENTURAUa08aIL1UBIBNTANAFL NG NANAWIVAITILARAVLAN
) 2
16 6.0 mg/cm
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a‘gﬂwamﬁ%’ﬂ

msﬁnmﬁ“’lﬁﬁwmmﬁ@aaﬂﬁaLLa:mLﬁﬂmqunmmiﬂaﬂﬂa'aﬁﬁamuuuﬁaaﬂwﬁ ns
maauqmamﬁ]L%aﬂamaql,wiuﬂﬁwwaaLua§ acrylic (Eudragitt RL 30D, RS 30D, NE 30D) uas
ethylcellulose Tawld puncture test tNomAsuNaR N aSTIRANzENEMILUARI2UY Wud1 Eudragit® RL
30D mmzﬁw%’m'ﬂumwLmuﬁ'ﬂLﬁ‘uLLﬁ"mJadmLﬁ(ﬂaamfﬁLﬁaamﬂLmuﬂﬁuwafﬁma%ﬁmmﬁwﬁugmaz
pauliivimldd slinsiAeydfAzoesiusznszuouwnissssdaifinduldna dm ethylcellulose
mm:ﬁ’m%’ulﬁﬁu%gumﬁauLL@]ﬂVL@TE%'m%'w'nﬁ@ﬂ'mquL'ammsﬂa@ﬂdaséhmuuuﬁaazvlmﬁl,ﬁaamnﬁ
qmamﬁﬁaﬂadauua:ﬁmmﬁngu@ﬁlﬁ qmamﬁffﬁaUiﬁﬂﬂLﬁ@ﬁaazvlwﬁa’lw'linLmnvl,ﬁaugitﬁﬁéﬁ lag
time  fimwua mLﬁ@aaUﬁaﬂi:ﬂawﬁsJmLﬁﬂLmuﬁﬁﬁaméﬂﬁmag_jmsfl,umﬁauﬁaﬂ‘ﬁv’umﬁauﬂaaﬁ’u
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Abstract

Floating multi-layer coated tablets were designed based on gas formation. The system consists of a drug-containing core tablet coated
with a protective layer (hydroxypropyl methylcellulose), a gas forming layer (sodium bicarbonate) and a gas-entrapped membrane,
respectively. The mechanical properties of acrylic polymers (Eudragit® RL 30D, RS 30D, NE 30D) and ethylcellulose were characterized
by the puncture test in order to screen a suitable film for the system. Eudragit® RL 30D was chosen as a gas-entrapped membrane due to
its high flexibility and high water permeability. The obtained tablets enabled to float due to the CO,-gas formation and the gas entrap-
ment by polymeric membrane. The effect of formulation variables on floating properties and drug release was investigated. The floating
tablets using direct-compressed cores had shorter time to float and faster drug release than those using wet-granulated cores. The
increased amount of a gas forming agent did not affect time to float but increased the drug release from the floating tablets while increas-
ing coating level of gas-entrapped membrane increased time to float and slightly retarded drug release. Good floating properties and

sustained drug release were achieved. These floating tablets seem to be a promising gastroretentive drug delivery system.

© 2007 Elsevier B.V. All rights reserved.

Keywords: Floating tablets; Gastroretentive drug delivery system; Gas formation; Gas-entrapped membrane; Sustained release

1. Introduction

The drug bioavailability of pharmaceutical dosage
forms is influenced by various factors. One of the impor-
tant factors is the gastric residence time (GRT) of these
dosage forms [1]. The gastric emptying process from the
stomach to small intestine generally lasts from a few min-
utes to 12 h. This variability leads to an unpredictable bio-
availability of an orally administered dosage form.
Furthermore, the relatively short gastric emptying time
can result in an incomplete release of drug from the drug
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Faculty of Pharmaceutical Sciences, Naresuan University, Phitsanulok-
Nakhonsawan Road, Phitsanulok 65000, Thailand. Tel.: +6655261000x3619;
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delivery system, leading to a diminished efficacy of the
administered dose [2]. Therefore, an effective control of
the placement of a delivery system in a specific region of
the gastrointestinal (GI) tract offers numerous advantages,
especially for the drugs with specific absorption site in the
GI tract or the drugs with stability problem. These consid-
erations have led to the development of the controlled
release dosage forms that possess gastric retention capabil-
ity. Floating drug delivery system (FDDS) is one of gastro-
retentive dosage forms that could prolong GRT to obtain
sufficient drug bioavailability [3—6]. The system basically
floats in the gastric fluid because of its lower bulk density
compared to that of the aqueous medium. FDDS is desir-
able for drugs with an absorption window in the stomach
or in the upper small intestine such as furosemide and the-
ophylline [4,7,8]. It is also useful for drugs that act locally
in the proximal part of GI tract such as antibiotic admin-
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istration for Helicobacter pylori eradication in the treat-
ment of peptic ulcer [6,9-11], for drugs that are unstable
in the intestinal fluid such as captopril [4,12,13], and for
drugs that exhibit poor solubility in the intestinal tract such
as diazepam [14] and verapamil HCI [15].

Several approaches of non-effervescent and effervescent
systems have been used to achieve FDDS to increase
GRT. Streubel et al. [16] prepared floating matrix tablets
using a low density polypropylene foam powder and
matrix-forming polymers. They also developed microparti-
cles based on low density foam powder [17,18]. The incor-
poration of low density materials, such as edible oils, in the
dosage forms has been also reported recently [19,20]. Fuk-
uda et al. [21] investigated floating hot-melt extruded tab-
lets for gastroretentive controlled drug release system.
The influence of sodium bicarbonate on physicochemical
properties of the hot-melt extruded tablets was determined.
The porous internal tablet morphology that contributed to
buoyancy was formed by using evolution of CO, gas. Wei
et al. [22] studied the properties of floating tablets contain-
ing hydroxypropylmethylcellulose (HPMC) and sodium
bicarbonate. When the tablets were immersed in simulated
gastric fluid, the CO, gas generated and rendered the tab-
lets buoyant. Xiaoqgiang et al. [23] developed floating
matrix tablets based on a gas forming agent. HPMC
K4M and Carbopol 971P NF were used as hydrogel poly-
mers. These floating tablets consisting of drug, sodium
bicarbonate with combined hydrogel polymers were pre-
pared by wet granulation and their properties in vitro and
in vivo were evaluated. The use of reservoir-type delivery
system of swellable polymers and effervescent compounds
is another approach for preparing FDDS. Ichikawa et al.
[24] developed FDDS by coating the sustained release
granules with tartaric acid layer, sodium bicarbonate layer
and polymeric film consisting of polyvinyl acetate and shel-
lac. The floating system using ion exchange resin loaded
with bicarbonate and then coated by a semipermeable
membrane was also proposed [25]. Recently, Sungthongj-
een et al. [26] developed a multiple-unit FDDS consisting
of the drug-loaded core pellets prepared by extrusion-
spheronization and then coated with double layers of an
inner gas forming layer (sodium bicarbonate) and an outer
gas-entrapped membrane of an aqueous colloidal polymer
dispersion. Immediate floating and buoyancy over a period
of 24 h with sustained drug release was achieved.

In this study, a new reservoir-type, multi-layer coated
tablet was designed as a FDDS based on gas formation.
The drug-loaded core tablets were prepared by direct com-
pression or wet granulation method and consecutively
coated with a protective layer of HPMC, a gas forming
layer of sodium bicarbonate using HPMC as binder and a
gas-entrapped membrane. Anhydrous theophylline, which
is predominantly absorbed in the upper part of GI tract
[4], was used as a model drug. The mechanical properties
of different polymer films in both dry and wet state were
evaluated to obtain a suitable polymer film for the floating
tablets. The effect of the preparative parameters, e.g., core

tablet preparation methods, amount of the gas forming
agent layered onto the core tablets, and coating level of
the gas-entrapped membrane, on the floating properties
and drug release of the floating tablets were evaluated.

2. Materials and methods
2.1. Materials

Anhydrous theophylline (Lianyungang Foreign Trade
Corp., China) was used as a model drug. Microcrystalline
cellulose (Avicel® PH101 or Avicel® PH102, FMC, Phila-
delphia, USA) and lactose monohydrate (Flowlac® 100,
Meggle GmbH, Wasserburg, Germany) were used as com-
ponents of the core tablets. Colloidal silicon dioxide (Aero-
sil® 200, Degussa-Hiils AG, Hanau, Germany) and
magnesium stearate (Peter Greven Nederland C.V., Venlo,
Netherlands) were used as glidant and lubricant, respec-
tively. Povidone K90 or PVP K90 (Kollidon® 90F, BASF,
Ludwigshafen, Germany) was used as binder for the core
tablets prepared by wet granulation method. HPMC
(Methocel® E15LV, Dow Chemical, USA) plasticized with
polyethylene glycol 6000 (PEG 6000, Fluka Chemie, Swit-
zerland) was used as protective layer and also binder of
sodium bicarbonate (NaHCO3;, Fisher Scientific, UK), a
gas forming agent, in gas forming layer. The gas-entrapped
membrane used was aqueous colloidal polymethacrylate
dispersions (Eudragit® RL 30D, RS 30D or NE 30D, Rohm
Pharma, Darmstadt, Germany) or ethylcellulose (Ethocel®
Standard 10, Dow Chemical, Midland, MI, USA) plasti-
cized with diethyl phthalate (DEP), a water insoluble plas-
ticizer (Sigma-Aldrich Chemie GmbH, Steinheim,
Germany). All other reagents were of an analytical grade.

2.2. Study on free films

2.2.1. Preparation of polymeric films

An aqueous colloidal polymethacrylate dispersion
(Eudragit® RL 30D or RS 30D) was plasticized with 20%
w/w DEP (based on polymer solids) and gently agitated
for at least 30 min prior to an appropriate dilution with
purified water to achieve 15% w/w solid content. Eudragit®
NE 30D can form film without a plasticizer and thus
diluted with water without the incorporation of a plasti-
cizer. To prepare ethylcellulose solution, ethylcellulose
was dissolved in 95% v/v ethanol at a concentration of
12.5% w/w and plasticized with 20% w/w DEP (based on
polymer solids). The polymeric films were prepared by cast-
ing the resulting dispersions/solutions onto the Teflon
sheets mounted on a leveled glass plate (area of casting:
14 x 14 cm?). The films were dried for 24 h at room temper-
ature under a special cover with reduced solvent evapora-
tion to ensure smooth homogeneous films. The dried
films were peeled from the Teflon surface, cut into
6.5 x 6.7 cm? test sections, incubated in the oven at 40 °C
for 24 h and kept in a desiccator overnight prior to further
investigations. The thickness of dry films (180-220 um) was
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determined in five positions with a thickness gauge (Mini-
test 600, Erichsen, Hemer, Germany).

2.2.2. Evaluation of mechanical properties

The mechanical properties of the films in the dry or
wet state were measured by a puncture test with a tex-
ture analyzer (TA.XT.plus Texture Analyzer, Stable
Micro Systems, UK) which was previous by described
[27,28]. A stainless puncturing probe with a spherical
end (diameter 5 mm) was driven through the dry film
with a speed of 0.1 mm/s. Force-displacement curves
were recorded with a 50-N load cell. The holder with
the film was immersed into 0.1 N HCI at 37 °C and fur-
ther puncture test was performed with the wet films at
4 h. The load at break and the maximum displacement
of the film samples were measured, and then converted
to puncture strength (MPa) and elongation at puncture
(%). The puncture strength and %elongation were calcu-
lated using the following equations:

F
Puncture strength = i (1)
where F is the load required for puncture, A is cross-sec-
tional area of the edge of the dry film located in the path of
cylindrical opening of the film holder (A4 = 2rd, where r is
the radius of the hole, § is the thickness of the film).

Vit +D>—r
r

% Elongation = x 100 (2)
where r is the radius of the film exposed in the cylindrical
hole of the film holder, D is the displacement of the probe
from point of contact to the point of film puncture.

2.3. Preparation of the floating tablets

2.3.1. Preparation of core tablets

The core tablets were prepared by a direct compres-
sion or a conventional wet granulation method. The core
components consist of a drug (anhydrous theophylline
20mg per tablet), spray dried lactose monohydrate
(Flowlac® 100) (140 mg per tablet) and microcrystalline
cellulose (Avicel® PHI101 or Avicel® PH102) (140 mg
per tablet). For direct compression, the core tablet excip-
ients were mixed in a cube mixer (Type AR400ES,
Erweka® GmbH, Germany) for 10 min, followed by the
addition of magnesium stearate (0.5% w/w) and Aerosil®
200 (0.5% w/w). The powder mixture was further mixed
for Smin and was compressed into tablets (diameter,
9.53 mm; biconvex; hardness, 80-90 N; average tablet
weight, 303 mg) using a single punch tabletting machine
(Model YHO06, Yeo Heng Co., Ltd., Thailand). For wet
granulation, the core tablet excipients were sieved and
mixed in a mortar by geometric dilution technique. The
mixtures were placed in a Kitchen Aid® (model KPMS3,
United Instrument Co., Ltd., USA) and mixed with
PVP K90 solution as a binder (10% w/w in distilled
water) to obtain damp mass. The damp mass was gran-

ulated through sieve No. 14 (mesh size 1.41 mm) and
dried at 50 °C in an incubator for 8 h. The dried gran-
ules were passed through sieve No. 18 (mesh size
1.00 mm) again and mixed with magnesium stearate
(0.5% w/w) and Aerosil® 200 (0.5% w/w) in the cube
mixer for 5min. The core tablets (diameter, 9.53 mm;
biconvex; hardness, 80-90 N; average tablet weight,
303 mg) were compressed using a single punch tabletting
machine.

2.3.2. Coating of the core tablets

The core tablets were coated with three successive lay-
ers; an inner protective layer (HPMC), a gas forming
layer (sodium bicarbonate) and a gas-entrapped mem-
brane layer (aqueous colloidal polymethacrylate disper-
sion, Eudragit® RL 30D), respectively. The protective
layer was 5% w/w HPMC solution plasticized with
PEG 6000 (10% w/w based on the solid content of
HPMC). The coating level of protective layer was 2%
w/w. For gas forming layer, sodium bicarbonate was
incorporated into HPMC solution plasticized with PEG
6000 (10% w/w based on the solid content of HPMC)
and then layered onto the core tablets. On a dry solid
basis, the ratios of sodium bicarbonate to HPMC were
2:8, 5:5 and 8:2 w/w. The coating level of gas forming
layer was 12% weight gain and the solid content of coat-
ing solution was kept constant at 10% w/w.

The coating solution was sprayed onto the core tablets
in a perforated pan coater (NR-COTA18®, N.R. Indus-
tries Co., Ltd., Bangkok, Thailand). The conditions for
layering protective and gas forming layers were given
as follows: batch size, 1kg; preheating temperature,
50 °C; preheating time, 30 min; inlet temperature, 48—
50 °C; outlet temperature, 3840 °C; atomizing air pres-
sure, 1.1 bar; spray rate, 5-10 mL/min. The layered tab-
lets were further dried in the coating chamber for
additional 30 min at 50°C to evaporate the residual
moisture. The prepared tablets were then removed from
the coating chamber and stored in a closed container
for further experiments.

The two-layer coated tablets were subsequently coated
with aqueous colloidal polymethacrylate dispersion
(Eudragit® RL 30D) to achieve a weight gain of 5% and
10% w/w to obtain the complete floating tablets. A plasti-
cizer (DEP; 20% w/w based on polymer solids) was added
into the colloidal polymer dispersions and the dispersions
were gently stirred for at least 30 min prior to an appropri-
ate dilution with purified water and subsequent coating.
The solid content of the coating dispersions was 15% w/
w. The coating conditions were as follows: batch size,
1 kg; preheating temperature, 50 °C; preheating time,
30 min; inlet temperature, 48-50 °C; outlet temperature,
39-41 °C; atomizing air pressure, 2.5 bar; spray rate, 5-
8 mL/min. The floating tablets were further dried in the
coating chamber for 30 min after the coating was finished
in order to evaporate the residual moisture in the polymeric
coatings prior to storage.
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Table 1

Mechanical properties of different polymeric films in the dry and wet state using diethyl phthalate as a plasticizer (20%w/w based on polymer weight) (S.D.

in parentheses; n = 3-6) (film thickness 180-220 pm)

Film Puncture strength (MPa) Elongation (%)

Dry Wet Dry Wet
Eudragit® RL30D 5.82 (0.25) 0.15 (0.02) 96.98 (17.72) 103.64 (11.84)
Eudragit® RS30D 5.58 (0.33) 1.64 (0.27) 69.94 (26.91) 84.39 (27.01)
Eudragit® NE30D" 5.85(0.15) 4.17 (0.32) 266.16 (27.06) 358.73 (143.58)
Ethylcellulose 4.84 (0.55) 4.60 (0.94) 2.86 (0.33) 5.07 (0.33)

* Without plasticizer.

2.4. Evaluation of the floating tablets

2.4.1. Floating properties

The floating properties of the floating tablets were deter-
mined in the closed medium-filled flasks placed in a hori-
zontal shaker (model OS1473VBA, Revco Scientific Inc.,
USA) (medium; 150 mL of 0.1 N HCI, 37°C, 50 rpm).
Ten floating tablets were placed in the medium and the
time to float and duration of floating (floating time) were
determined by visual observation.

2.4.2. Drug release studies

The drug release studies were carried out using USP dis-
solution apparatus II (Vankel Model VK-7000, Vankel,
USA) equipped with paddles which was operated at the
speed of 50 rpm. Nine hundred milliliters of 0.1 N HCI
(pH 1.2), as the dissolution medium, was placed in the glass
vessel, assembled the apparatus, and equilibrated the disso-
lution medium to 37 4+ 0.5 °C. The amount of drug release
was measured at predetermined time intervals and was then
assayed with UV/visible spectrophotometer (Varian, Aus-
tralia) at a wavelength of 270 nm using a 1.0 cm quartz cell.
Each in vitro release study was performed in triplicate.

2.5. Data analysis

The differences in average of data were compared by
simple analysis of variance (one-way ANOVA) or indepen-
dent-sample 7-test. The significance of the difference was
determined at 95% confident limit (o = 0.05).

3. Results and discussion
3.1. Mechanical properties of free polymeric films

To develop the floating multi-layer coated tablets based
on gas formation, several studies were necessary to identify
the formulation variables providing the desired system
properties; rapid expansion and formation of low-density
system within minutes after contact with gastric fluids
and maintaining the buoyancy in stomach with sustained
release action. The effect of the preparative parameters
such as a core preparation method, an amount of the gas
forming agent layered onto the core tablets, and a coating
level of the gas-entrapped membrane, on the floating prop-

erties and the drug release of the floating tablets were eval-
uated. The mechanical properties of free polymeric films
were also investigated to get the suitable gas-entrapped
membrane.

Concerning mechanical properties of the gas-entrapped
membrane for FDDS, the polymer films should be flexible
enough in a wet state to withstand CO, pressure of the sys-
tem and avoid rupture of the coating. The widely used
polymers in coating of solid dosage forms such as aqueous
colloidal polymethacrylate dispersions (Eudragit® RL
30D, RS 30D and NE 30D) and ethylcellulose were inves-
tigated in this study. The puncture strength and elongation
of dry and wet polymeric films were determined by punc-
ture test and the results are shown in Table 1. In dry state,
films prepared from ethylcellulose showed slightly lower
puncture strength and much lower elongation value when
compared to the aqueous colloidal polymethacrylate dis-
persions (Eudragit® RL 30D, RS 30D and NE 30D). This
indicated that ethylcellulose was a mechanically weak and
brittle polymer. It was not flexible and could be easily rup-
tured under pressure according to CO, formation. The
bubble would release rapidly after the burst of the coat.
According to the results, ethylcellulose was not a suitable
candidate for floating drug delivery system.

Films prepared from the aqueous colloidal polymethac-
rylate dispersions (Eudragit® RL 30D, RS 30D and NE
30D) showed comparable puncture strength in dry state.
The Eudragit® NE 30D films had the highest elongation
values in both the dry and wet state. This polymer disper-
sion has a low minimum film formation temperature and
does not require plasticizers, resulting in flexible films
[29]. The films prepared from Eudragit® RL 30D or RS
30D also had a high elongation value indicating their good
flexibility. In wet state, the puncture strength of Eudragit®
NE 30D films decreased less than those of the films pre-
pared by Eudragit® RL 30D or RS 30D. This could be
explained by the hydrophobic character of Eudragit®
NE, when compared to Eudragit® RL 30D or RS 30D
[30]. Another interesting finding was observed when com-
paring the dry and wet properties of the prepared films.
In the wet state, the values of puncture strength were lower
but the values of elongation were higher when compared to
those of the dry state. A possible explanation could be the
additional plasticizer effect of water when the films were
hydrated. The hydration of the polymer and the resulting
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interference of water with the interchain hydrogen bonding
were responsible for the decrease in puncture strength and
the increase in flexibility [30]. According to these results,
the high flexibility polymer, an aqueous colloidal poly-
methacrylate dispersion (Eudragit® RL 30D, RS 30D, or
NE 30D), was interesting candidate to use as a gas-
entrapped membrane.

3.2. Design and floating mechanism of floating tablets

The floating tablets composed of drug-loaded core tab-
lets coated with a protective layer, a gas forming layer and
a gas-entrapped membrane, respectively (Fig. 1A). In this
study, the protective layer was used to retard drug release
and protect direct contact of drug with gas forming agent.
Since sodium bicarbonate itself could not adhere onto the
core tablets, HPMC was used as a binder in the gas form-
ing layer. The gas-entrapped membrane was used to entrap
the generated CO, gas. The ideal membrane should be
highly water permeable in order to facilitate the efferves-
cent reaction and the floating process. The wet or hydrated
coatings should also be impermeable to the generated CO,
so as to promote and maintain floatation. Regarding their
mechanical properties, the polymeric coatings should be
sufficiently flexible in wet state to be able to withstand
the pressure of the generated gas and to avoid rupturing
[29].

The systems coated with Eudragit® RS 30D and NE
30D as a gas-entrapped membrane did not float even when
high amount of gas forming agent (12% weight gain of
HPMC:NaHCO;, 2:8 w/w) and low coating level (5%
weight gain) were used [26]. Eudragit® RS 30D and NE
30D was low water permeable which permit low amount
of dissolution medium to induce the effervescent reaction
and generate sufficient amount of CO, to make the systems
float. Eudragit® RL 30D is a highly water permeable poly-
mer according to its hydrophilic content and quaternary

surface of medium

l

0.1 N HCI

R -
MOV

) ®) ©

medium (0.1 N HCI)

Fig. 1. Floating mechanism of a floating multi-layer coated tablet: (A)
permeation of medium; (B) gas (CO,) formation and floating; (C) drug
release. Key: (a) a drug-containing core with a protective layer; (b) a gas
forming layer (sodium bicarbonate); (c) a gas-entrapped membrane
(Adapted from Ichigawa et al. [24]).

ammonium groups in the structure [31,32]. It has twice as
many quaternary ammonium groups and is more hydro-
philic than Eudragit® RS. It therefore hydrated faster
and resulted in a faster gas generation [29]. Therefore, only
Eudragit® RL 30D was chosen as gas-entrapped mem-
brane in this study.

Fig. 1 shows floating mechanism of the floating multi-
layer coated tablets. Upon contact with the acidic medium
(i.e. 0.1 N HCI), the fluid permeated into the gas forming
layer through the outer gas-entrapped membrane. Carbon
dioxide was liberated via neutralization reaction and was
entrapped in the polymeric membrane. Consequently, the
swollen tablets with a density less than 1.0 g¢/mL floated
and maintained the buoyancy; therefore, the drug was
released from the system. The floating sequence of the
floating tablet at different times is shown in Fig. 2.

3.3. Effect of formulation variables on floating properties and
drug release

Ideally, the floating system should float in a few minutes
after contact with a gastric fluid to prevent the dosage
forms from transiting into the small intestine [33]. In our
preliminary study, the gas forming agent-layered tablets
could not float although gas formation was observed. This
is due to dissolution of HPMC membrane and no poly-
meric membrane to entrap the generated CO, gas, left on
the tablet surface. Therefore, the further coating of gas-
entrapped membrane was needed. Eudragit® RL 30D
was used as gas-entrapped membrane according to the
results and reason described above. To obtain the floating
tablets which can float in a few minutes after contact with
gastric fluid and maintain the buoyancy for a long period
with sustained release action, effect of formulation vari-
ables on the floating properties and the drug release such
as a core preparation method (Section 3.3.1), an amount
of gas forming agent (Section 3.3.2) and a level of gas-
entrapped polymeric coating (Section 3.3.3) was investi-
gated in this study.

3.3.1. Core preparation method

The drug-containing cores were prepared by either a
direct compression or a wet granulation method. The core
tablets were coated with a protective layer, a gas forming
layer and a gas-entrapped membrane, respectively. The
floating tablets using direct-compressed cores significantly
showed shorter time to float (Table 2) and faster drug
release (Fig. 3). It might be explained by the different prop-
erties of the cores. The direct-compressed cores had very
short disintegration time (less than 1 min) whereas the
wet-granulated cores had long disintegration time (about
85 min). The rapid disintegration of the direct-compressed
cores was due to the presence of disintegrating direct com-
pression filler, microcrystalline cellulose [34]. The slow dis-
integration of the wet-granulated cores was attributable to
the presence of binder (PVP K90). The results suggested
that the dissolution medium could penetrate into the wet-
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Fig. 2. Floating sequence in 0.1 N HCI of a floating multi-layer coated tablet using direct compressed core, NaHCO5;:HPMC; 8:2 w/w and 5% Eudragit®

RL 30D. (A: 0 min, B: 1 min, C: 4 min, D: after 480 min).

granulated cores more hardly than the direct-compressed
cores, leading to slower gas formation and thus longer time
to float (Table 2). Additionally, the slower penetration of
dissolution medium led to slower dissolution of drug within
the wet-granulated cores and subsequent slower diffusion
of drug through polymeric membrane to the bulk medium
(Fig. 3). It was also reported that the slower release of the-
ophylline from the wet-granulated pellets resulted from the
transformation of anhydrous theophylline to theophylline
monohydrate [35]. Thus, the slower release may not be only
from the core preparation method but also from the trans-
formation of the drug polymorphic forms.

3.3.2. Amount of gas forming agent

Increasing the amount of gas forming agent (NaHCO3)
from 20% to 80% (w/w) did not significantly affect time to
float (Table 2) although a faster and higher CO, generation
was expected to occurr. The drug release, however,
increased with increasing ratio of gas forming agent to

HPMC (Fig. 4). HPMC seemed to play an important role
to retard drug release. The higher drug release from the
floating tablets coated with higher amount of gas forming
agent and lower amount of HPMC resulted from the easier
and faster water penetration through the tablets [26]. A fas-
ter and higher CO, generation caused by increasing of the
level of effervescent [29,36] resulted in higher swelling of
polymeric membrane according to a higher gas pressure
and subsequent faster drug release. Additionally, the faster
drug release from the floating tablets with higher amount
of gas forming agent is probably explained by their higher
porosity or volume inside the polymeric membrane. This
may allow the liquid to dissolve the drug more easily, com-
pared to the lower porosity generated from the tablets with
low amount of a gas forming agent.

3.3.3. Level of gas-entrapped membrane coating
As expected, the time to float was longer with increased
coating level of gas-entrapped membrane (Table 2) and was
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Table 2
Floating properties of floating multi-layer coated tablets using different

cores, levels of gas forming agent and levels of gas-entrapped coating in
0.1 N HClI (n=10)

Formulation Time to float Floating time
(min 4+ SD) (h)
Direct-compressed core
NaHCO;: HPMC; 8:2
5% w/w Eudragit® 3.631 £0.175 >8
RL30D
10% w/w Eudragit® 6.280 £ 0.187 >8
RL30D
NaHCO;: HPMC; 5:5
5% w/w Eudragit® 3.637£0.313 >8
RL30D
10% w/w Eudragit® 6.532 £ 0.307 >8
RL30D
NaHCO;: HPMC; 2:8
5% w/w Eudragit® 3.697 £+ 0.493 >8
RL30D
10% w/w Eudragit® 6.831 £0.342 >8
RL30D
Wet-granulated core
NaHCO;: HPMC; 8:2
5% w/w Eudragit® 4.730 + 0.360 >8
RL30D
10% w/w Eudragit® 6.911 + 0.535 >8
RL30D
1204
100 1
__ 80
g
2
@ 601
K
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S 40-
(=}
20- —&—Direct compression
—0—Wet granulation
0w T T T 1
0 2 4 6 8
Time (h)

Fig. 3. Effect of the core preparation method on drug release from floating
tablets in 0.1 N HCI (NaHCO5:HPMC; 8:2 w/w, 5% Eudragit® RL 30D).

in agreement with the previous studies [26,29]. The effect of
gas-entrapped membrane coating level on the drug release
from the floating tablets coated with different coating levels
is shown in Fig. 5. The higher level of membrane coating
represented the higher thickness of the membrane and
caused the lower water permeability of the film. This
resulted in the retarded water penetration and slightly
decreased drug release. A correlation between level of
membrane coating and lag time was observed in the float-
ing tablets containing gas forming agent to HPMC; 8:2 w/

120 1
100 1
—~ 801
X
T
Q
e 60
2
e
(2]
S 40
o
20 - —=—NaHCO3:HPMC, 8:2
—0—NaHCO3:HPMC, 5:5
—+—NaHCO3:HPMC, 2:8
04 T T N
0 2 4 6 8
Time (h)

Fig. 4. Effect of amount of NaHCO; layered onto the core tablets on drug
release from floating tablets in 0.1 N HCI (direct compressed core, 5%
Eudragit® RL 30D).
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Fig. 5. Effect of gas-entrapped membrane coating level on drug release
from floating tablets in 0.1 N HCIl (direct compressed core). (a)
NaHCO;:HPMC; 8:2 w/w, (b) NaHCO3:HPMC; 5:5 w/w.

w (Fig. 5a). The lag time slightly increased with increasing
level of membrane coating which indicated the thickness of
the coat. After the lag time, the drug released from the
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coated tablets in the different extent. This result agreed
with that reported by Beckert et al. [37] who observed
the correlation of film thickness and lag time of drug
release from pellets that were coated using Eudragit RS
30D.

The obtained results suggested that Eudragit® RL 30D,
a highly permeable polymer, has a major influence on the
floating properties of the coated tablets and indicated the
low CO, permeability as gas could be entrapped for longer
than 8 h, in all cases. However, the effect of the coating
level on the drug release was less obvious than the amount
of gas forming agent but the time of float depended signif-
icantly on the coating level.

4. Conclusions

The floating multi-layer coated tablets were devel-
oped. The system consists of drug-containing core tab-
lets coated with a protective layer, a gas forming layer
and a polymeric membrane, respectively. The data on
mechanical properties of the free polymeric film pro-
vided an insight into the selection of gas-entrapped
membrane for the FDDS. The polymeric film with high
flexibility (Eudragit® RL30D) had high capability to
entrap generated CO, and subsequent good floating
properties. These tablets enable to float due to the for-
mation of CO, and the entrapment of generated CO,
by the outer polymeric membrane. The floating proper-
ties and the drug release from the floating tablets were
dependent on the core preparation method, the amount
of a gas forming agent (ratio of NaHCO; to HPMC)
and the level of gas-entrapped membrane. The tablets
with good floating properties (time to float less than
7 min, floating time more than 8 h) and sustained drug
release were obtained. These floating multi-layer coated
tablets secem to be a promising gastroretentive drug
delivery system.
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