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. Abstract
|
Conltract No. : MRG4880132
Project Title : Multiple-unit floating drug delivery system based on gas formation technique'
Researchers . Srisagul Sungthongjeen and Satit Puttipipatkhachorn
Res:earch Duration : 2 years (1 June 2005 - 31 May 2007)

A multiple-unit floating drug delivery system (FDDS) based on gas formation {echnique
wasr developed in order to prolong the gastric residence time and to increase the overall
bioévailability of the dosage form. The system consists of the dfug-containing core pellets
prepared by extrusion-spheronization processes, which are coated with double layers of an inner
gas generaling layer (sodium bicarbonate) and an outer gas-entrapped polymeric membrane.
Théophylline was used as & model drug. The mechanical properties (puncture strength and
elohgation) of acrylic polymers (Eudragit® RL 30D, RS 30D, NE 30D) and sthylcellulose were
characterized with a puncture test in the dry and wet state for sc}'eening suitable fims for the
FDDS. Ethylcellulose was a mechanically weak and low flexible polymer. It might easily rupture
“ upon CO, formation. The acrylic polymers were chosen as a gas-entrapped polymeric membrane
according to their high flexibility. Only the system using Eudragit® RL 30D as a gas-entrapped
polymeric membrane could float. The time to float decreased as amount of the gas generating
agent increased and coating level of gas-entrapped polymeric fnembrana decreased. The
optimum system could float completely within 3 minutes and maintained the buoyancy over a
pe:iod of 24 hours. The drug release was sustained and linear with the square root of time.
Increasing coating level 6f gas-entrapped polymeric membrane decreased the drug refease.

The single-unit FDDS (tablets) was also prepared. The system consists of dnig-containing
core tablet which coated with protective layer, gas generating layer and gas-entrapped polymeric
membrane, respectively. The effect of formulation variables such as method of core tablet
prleparation, amount of gas generating agent and gas-entrapped polymeric membrane level on
floating abilities and drug release were investigated. The results demonstrated that the floating
tablet containing core lablet prepared by direct compression had shorter time to float and faster
dr'ug release than that containing core tablet prepared by wet granmation. Increasing amount of
gas generating agent did not affect time to float but increased drug release while increasing level
of gas-entrapped polymeric membrane increased time to float and retarded drug release.

The results suégested that the FDDS developed in this -study achieved both the rapid
floating and the sustained drug release propenies and were promising as a carrier for gastroretentive

DDS.

)
Keywords: floating drug delivery system, pellets, tablets, gas generating layer, gas-entrapped

polymeric membrane, mechanical properties, sustained drug release
I
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Hondmnwuimannizassesssvuusnidufifsamioldiumuanlananirszuuing

m1ﬁnmffﬁaamsﬁmmszumha‘ramaauéz’ﬂﬂumﬁ'nné’nmm’mﬁﬂuﬁmﬁaomnﬂg‘]ﬁ?m
szninansa bwnsmwzfpaluszumidam LLr'l'ﬁmfuau'lﬂaan‘lwfﬁlﬁm‘fuua:gnﬁmﬁn'lﬂu
j:uuﬁ'uhmﬁﬂﬁm']uv.mmiw'uass:uuﬁauni'}mmﬁmLLmiumaon'm'lunﬁqumms (gastric
fluid) ﬁwaﬁﬁlﬁizuuﬁﬁdommmmﬂaﬂﬁ'mgli'lun‘s:tm:mmﬂﬁEﬂuuwao‘::unmf«hmﬁ
fTaam‘sﬁ'@m'lum:ﬁnmﬁa:m‘?umﬂuzﬂuuunmumhu (muitiple-unit  dosage form  or
multiparticulates) FaUsznouday core pellets ﬁﬁﬁ"m’ms:muagmuiu (asoulasdF extrusion-

. . - w & - o v oA -~ c T of - " [ ar
spheronization} uaztARpURIDTWIARBLYIN IWIAinuAanTesua1uasTuisufisnansonniiueAwld
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MmudIau émi’mné’mﬁmﬂmﬂvuunmum&mwuhﬁﬁaﬁnd'zmLﬁmﬁu'mmuﬂs:ms (21,22)
L msn's.mum'lumomummwmmamLfmaua nrsoiuuinmnig mildszausiinny
c;lamaoua*ammua uanmnuwmﬂﬂ'nuuﬂsﬂﬂwaﬁ'ﬁums:ﬂha;'4’1]':u (patient-lo-patient
variability) mm’unﬁ'unm‘nmﬂmﬂuuuwmmmu".u (22) uAnsdneitlde theophyline 1Hu
mamommaaomaamnuJumnmmmﬂmu‘lmﬂﬂmsmummsmum (upper part of
gastromtestrnal tract) (2)

3z uummmiﬂuuuumn‘lﬂwwmaumwa funalitufezarmsndr lundaldldass

tﬁaommmmu:Jua:miama'lmu'nauqamn uanmnmﬂqmuﬂmmuumﬂmﬂqmun'l'nm'l.ﬂlu

qmmmnﬁummﬁﬂm

NI IS BRIA L2909 (literature review)
,{ s:uuﬁwﬁamﬁmmmﬂ"narii'lunmw'l:a'mmﬂm:u:nmmummmﬁmm‘lsﬂmnmﬁu
ﬁé’nmwi'w] N m‘ia'lunﬁ’nrmﬁﬁwau‘lwrﬁcﬁ%’nﬁnmﬁ’umn?lai:uumeiamaauﬁ'ﬂﬂumsm
Tszuushidsiinnumuiukutonda gastic fluid lunstiwizeamas (Uszanm 1.004 glem’) (5)
s~unmmmaaummmmumaanLﬂu‘s suuf lidasanfuuse (non-effervescent floating drug
delivery systems) nn‘s.uunﬂmmﬂuunﬂ (effervescent floating drug delivery systems) (2) s.mm
lisasanduufaindsznousissulssnafimnsadiaesld nianassaldung m‘sﬁmn’mgn
sniuluwediwaiAnasmesibissupamansosanld wanviniilassatrvanaadaimiriniu
reservoir ﬁwm"umuqn'lﬁﬂaﬂﬂsiauéﬁuﬁ'ﬁ'\q Tagnalansuwidhndues smaenldlussuuisn
dumslalaneasnd (hydrocolioid) wislwauwamlsdfinaaldnianasdaldd cou auAutvas
waglas data lalawaw udu) (5,7,23-24) ﬁww%’us;undﬂﬁomaauﬁvﬁﬁaomsuﬁa’lm:nua:
Usznoudandimdsznaufivnliifiauds 1w sodium bicarbonate, citric/tartaric acid \WesruudurE
AU gastric fluid s liifnlARsoseninniadafouisaiuswlason o lLﬁﬁﬁlﬁﬂ%u%:Qﬂ
rmmu‘l’ﬂmnnLamnwsncnmaﬂaumﬂaam vhdstussiliiiansrasiatn

, nm%unwwmsvuummmaaumeumﬁuvmnmsm‘smﬂunmuaamnﬂgﬂsmnm )
fnsszuuid i@ (single-unit) uATTEULINEIIREIWITY (multiple-unit) TEULYINEI
seudftinIva lumitusng dnduszumhdomihoie lasssuubhdaaadoadiuem
(iaum3nag Tau'l'ﬁ'wa'éma‘?ﬁwaw'f'flﬁ'uauﬂuﬁuﬁ'mﬂﬁ~nauﬁ'ﬁ1'lﬁ'tﬁﬂu,ﬁ'a 1% sodium
bicarbonate, citric/tartaric acid (2) uana‘mu Stockwel! wpratwe (25) laaTsurzpuihdsnnsana?
'hmJuﬂﬂmammmmuwawaq sodium alginate Wa: sodium bicarbonate Wuirlunmagey in
vitro -s:uummmaaumlm esnnnisiiaudamivenlasantofidadainljismiunselu
nsttwizewmsuszgniniumeldlassivadisvensa

’ nIWawIsrunhdimassdaluzozdeuninegluglszvuirdsmassdamasniop
Wissnnnuiniidednssuuihdmihndsmeelszng (21,.22) 1% msnizaoslumatin
Q'wnsﬁm'maﬁ'uauaua:n‘s:muLﬂuu’%nmni'"m Aldssdupiinnusaiiasusraiaua
uanmm‘fwuiﬁmmuﬂiﬂﬂuwaa's:ﬁums:n’i’mg}&"ﬂ'm (patient-to-patient variability) SN UNET
AmeiAiu single-unit (22) Ichikawa uRzAm (6) Wanszuuihfigsssmrianaowidolay

[
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3ruUszNBUFIY nonpareil seed LARRUAIUMILN p-aminobenzoic acid MNMeRaUAITHE
('sodium bicarbonate) Tunsa {tartaric acid) ua:ﬂffumﬁauwaoﬁa’ld’%aﬂs:naﬁﬁ‘m polyvinyl acetate
war purified shellac (asrundudanuiieziinUfA3u15enang tartaric acid T sodium bicarbonate _
taufaarsvanlasanladvitliszuuing: mwaaﬁ'zﬂé"wuaﬂgu%aﬁhﬁmwmuﬁuﬁaun’h
z{rsa:m pnIa lunstvzanai iviiansasodvressumihidsnt namsanswuitmalaaldsy
ANt zero order ua:é’m'}mﬁﬂa@ﬂéauﬁ":uni}:aﬂmtﬂaﬁu'ﬁtmﬂﬁauwéd‘lﬁﬁi:ﬁugonh 13
% agnelsAmaumaesnaszuhalumsanmicennisunauduasuann 4 tu) Mmbiliazaan
Tumiudavisluszdugasmnsy WaNIINi Choi nazame (24) wismiuasiFoadadiuaaain
Tasmansassazarslnfoudaimadnsusiduundsvosfaniiuanlassnlodsalu
§1TRLAND calcium  chloride  MHEUAY acetic acid  avnlWiAmInsuazifeaiufa
mivawlasenled maRainuamsiduwndswasuianfuawlasanladinlimavasiinlng
Tnuszeood ldminin
uanmnf{m'sm?nu's:uumaamﬁ'lugﬂuuum'lumhua”mm‘s’uu'[ﬂumﬁ'wﬁ'nmsﬁuq i
TLilgndnmafaufesimlfiiorszndiense-a19 iiu a'mm'%'umﬂua%mnmanawmmﬁnﬁﬁ
An¥MINI9 (hollow microspheres) lagliwafweiuiindna (26,27) nmuaivuduianiae (gel
beads) Fevhliunslanis freeze drying Garnlilasesiusasiafinnanguann (5) viaduan
mwﬁﬂaﬂuﬁﬁn W% s dufis assauseiefn s (28,29)
lunisfnmisiaulawamsushidamassdmmomislaserdel jisonmifeuds
srwinnsatunIswizamIInus Iy #en ssuuiznaudu core pellets Safivanniznn
ag (\w3uulan3T extrusion-spheronization) URTLARDUSIBTWAROULR Y 2 1% AaTulnBourinly
Lﬁm_uﬁan'%a'ﬁv’u@mm:'nzmﬂﬁauw_aﬁma‘?ﬁm%’umiﬁmﬁ'uuﬁ'a maasowbidudengsininion
ssumndsgnasaaandnsan s dauniiL szuumésdmn'l@i’ﬁ'@mwﬁwL?ﬂ ﬁi}:tﬂuﬁugmﬁ
mmmﬁﬂﬂﬂs:qnm"l%’wﬁﬂ‘lﬁ'ﬁaLﬁaomn’iﬁm"s'uml.a:m‘ﬁ'aoﬁa'laJ‘ﬁ’u'ﬁ'auuanmnﬁ'Tﬂqﬁuﬁ'lf

o & & - a A i "o
WI‘:‘U&Jﬂl.ﬂWJﬂQGIUﬂ1'ﬁﬂ11ﬂ1%gﬂﬁ“mﬂ‘iiun'ﬁ'ﬂﬁﬂtﬂ

[
[ ¢
Tanszasdvaslasinis
A . o o A I . -
1. Wanawzyuhasnoiasulemun s ssaanadd i lunssiws e senIwiun N g s
nusfUn@ (gastroretentive drug delivery systems) laganAumanmMsaaufl UNIzsiwIEaIMNT
A A [V . a » a . - oy o edn o
2. tneAnwRpniinasanisaanasusznstsaddandinn (5w rhavosRdunafiuatnls
-5 [ = r - z - -y b = - 9
wRsunmauwda, AunKMIsUTan eI wad suwaiwasintivuie uasFunmmai
Thinaufaviadrmnls
P - = s P . B a w f .
3. wawmsauasAnwSoufisusrumhssnsieveumiisuazmito@mluduine g 5u

milsaddeodien ausulRmiaeua?



humu"&im’%an:uuﬁwa’amaauﬁ’:gﬂu.umaawmbﬂ-lﬂu'iimnﬁnn*uﬁﬂﬁ’tﬁauﬁn 11

|
@aawu%%ﬁﬁlﬁ?ﬁ

q1stﬂﬁuaztﬂ§aaﬁa

asail

1r. Theophylline, anhydrous (Lianyungang Foreign Trade Corp., China)

2. Aqueous colloidal polymethacrylate dispersion (Eudragit® RL 30D, RS 30D, NE 30D. JJ-

Degussa-Hils, Thailand)
. Ethylcellulose (Ethocel® Standard 10, Dow Chemical, Midland, MI, USA)

W

®
. Hydroxypropyl methylcellulose (Methocel  E15LV. Dow Chemical Co., MI, USA)

. Microcrystalline cellulose (Avicel‘a PH101 or Avicel® PH102, FMC, Philadeiphia, USA)

. Lactose monohydrate (Flowlac® 100, Meggle GmbH, Wasserburg, Germany)
. Sodium bicarbonate (Carlo Erba, Italy)
. Diethyl phthalate {DEP, Sigma-Aldrich chemie GmbH, Steinheim, Germany)

O @ ~N O G,

. Polyethylene glycol 6000 (PEG 6000, Fluka Chemie, Swilzerland)

10 Hydrochloric acid (Merck, Darmstadt, Germany)

m‘%‘aaﬁa

1: Extruder (Caleva Model 25, G.B. Caleva, Dorset, England)

2. Spheronizer (Caleva Model 250, G.B. Caleva, Dorset, England)

3 Tumbling mixer (Rotomixer® Foster Equipment Co., England)

4. Fluidized-bed processor (Glatt® GPCG-1 or Uni-Glatt, Wurster insert, Glatt GmbH Process
: Technology,. Germany) ' .

5.: Single punch tableting machine (Type YHOB, Yeo Heng Co., Ltd., Thailand).l

6.’ Perforated pan coater (NR-COTA18®, N.R. Industries Co., Ltd., Bangkok, Thaitand)

7. Hot air oven (Kan Seng Lee, Thailand)

8. Sieve shaker (Retsch® Model AS 200 digit, Retsch, Germany)

Q.iScanning electron microscope (Jecﬂ® Model JSM-S410LV, Japan)

10 Dissolution test apparatus {Hanson Model SR8-plus Q-Pak®. Hanson Research Co., USA)

11:. UV/Visible spectrophotometer, Flow-through cell type (Beckman  Model DUB00 series,

Beckman Coulter, Inc,, USA) '

12. Laboratory test sieve (Endecotts, England)

13. Electronic precision balance (Sartorius, Germany)

14‘. Peristaltic pump (Gilson, France)

15. Analytical Balance (Mettler Toledo, Switzerland)

16:. Friabilator (Erweka, Germany)

17. pH meter (Mettier Toledo, Swilzerland)
[
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L% ¢=' L = Py - ¢
1. msanﬁwagamamu naznminasgananlaanaanes
_ Anwmnassaaspumitiduuazganusunialumafelsusamaiweiziiadg 5w
o ® ® ®
Eudragit RS 30D, Eudragit RL 30D, Eudragit NE 30D ua: ethylcellulose (EC)
' - & d < | . e M W W Ay ¢ Ao v e a v
wuiwadweimaariesnsaaioniuwiuidele  ualadsundsnuwutliainaue  Jadas
o ~ vooe £o - , 3 e w oo e oW =
ummﬂuﬂaamomqﬂmmmmummuunuﬁauua:qﬂn‘immi:ﬂmmuﬂﬂun'ﬂ“mmmmmu
1o o ot r) e. e ey g o = _® ®
winAsunFouuasdarammnminauale  wiuisuAeIoLInN Eudragit RS 30D, Eudragit RL
- ' | ol b e ey v
30D usx EC a:um‘nmﬂiﬁ:umumna'\uu'ln"lumu’ﬁmm:aanu*mnqﬂmmﬂ‘nmmmmuﬂau’[ﬂ

Sepalimadin  plasticizer fie  diethyl phthalate (DEP) lutfanm 20 %wiw
daw - - \ X d ., oae d ® -

waliuruAsuliamudanguaniu. soudiuilsufeiousin  Eudragit NE 30D 9ziinmu
- - RN - Ve H a .. v ey d o A o a [N
quuﬂagua'm“lnmtﬂumaomu plasticizer ANWWIHKASNALAT DN TUAN M AL

\BanregIzning 180-220 Him

:
2 m‘sﬁnmﬂmauumﬁana (mechanical properties) yosndwHIunadmas

. Winuuiuisuneduelaourunodiaiia: plasticizer Tudanmafimiisay SImiunag
TJun Teflon sheet ‘nmaauumwaﬂm'suu ﬂaau'lmmuwauumnammnwaa NaIUNTUHRHRY
aan winRgufes o ldd iinsmsGouuas uﬂ'mwmamma'::'l_]’mm'nwwuu.a Lans
qmauﬁav’mnammumﬂau Toomsia force at break (N) ua: displacement (mm) OV Y
Texture Analyser® udnbeflaludmoudn puncture strength, % elongation Wa:/"38 energy

& " = Pl AV v - A
at break ﬂd'luﬁﬂq']:uﬂ\'luﬂ:lﬂﬂﬂ mﬁ”ﬁﬂ1ﬂllﬁﬂﬂﬂ01uﬂ1770ﬂ 1

P2 o o o=y % ) - o~ R
e191901 1 quantRiEnavesduidnlurazwiandonvesidusiadns g 314 diethyl
phthalate (DEP) L plasticizer (20%w/iw)
: (8D in parentheses; n = 3-6) (film thickness 180-220 Lim)

Film Puncture strength Elongation Energy at ;)reak
 (MPa) (%) MIim’)
Dry Wet* Dry Wet* Dry Wet”
Euldragit® RL30D 5.82 0.15 96.98 103.64 337 0.10
1_ (0.25) (0.02) (17.72)  (11.84) {0.63) {0.01)
Euldragit® RS30D 5.58 1.64 69.94 84.39 2.43 0.91 |
: (0.33) (0.27) (26.91)  (27.01) (0.97) (0.26)
Eu'dragit® NE30D** 5.85 4.17 266.16 35873 © 6.16 529
I (0.15) (0.32) (27.06) (143.58) (0.80) {(1.90)
Ethylcellulose (EC), 4.84 4.60 2.86 5.07 0.27 0.35
10 cps (0.55)  (0.94) (0.33) {0.33) (0.05) {0.07)

1

4 = = =, -~
* anmsunfinwilu horizontal shaker (100 rpm, 37 °C) {luszuztogs 4 52 lus

* Lilinsi@uy plasticizer (DEP)

%
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! noramnanaslumyaft 1 wudien puncture strength vasusiuildnlurnazudeiia
wansnafuanniin niuuiuRguieIsmn EC azfiddiniudnion amefl % elongation Hatig
Uji]ﬂﬂ‘]’lllﬁﬂ‘lﬁt}%‘ﬂﬂdLLﬁuWﬁMﬁﬁ’lﬁmﬂ’lNﬁ’]ﬁUﬁdﬁ Eudragit 'NE 30D > Eudragit®RL 30D >
ELdragit®RS 30D > EC @mA energy at break Aniusnfisvenfondinudldluns
ﬁj’lﬁ’miuﬁﬁmmn fieniFuadrdudail Eudragit®NE 30D > Eudragit®RL 30D > Eudragit®RS 30D
> EC

fduie3unon  EC il %  elongation War energy at break fnn
uﬁm'htﬂuﬂﬁuﬁﬁmwﬁwqwﬁ whe uazmugousleion vnsARsEN 3 Thadanuudus

B wezfemgud  Sedenlfiawrz  EudragitNE 30D, RL 30D uaz RS 30D
'lumsm%'um:nuﬁ'wiamaz{uﬁawm:‘s:uumdwwﬁm’{ﬁaomiﬂa'uﬁﬁqmamﬁﬁﬁmmﬁﬂmju
go{m:nueimmé’uﬁtﬁﬂmnuﬁa

' oinmsfnngaansRdenaluerzfennuh winidundudadinen (01 N HC
(wWuan 4 T21319) 9:Den puncture strength uax energy at break daniwsinFduluanizuk

P X - v = & P - v - .. a  w
PN % elongation mmﬂuum:g«wu hasnmbivimiinilu plasticizer te3uae (30)

3. msm"s'smua:ﬂs’nﬁnqmauﬁ’ﬁi:uuﬁﬂdamaaﬂﬁwﬁﬂﬁmgwdau‘[@uu‘lfi’mﬂﬁﬂn'ﬁﬁﬂﬁ'
WNAWRE
o v d o I - & ™ | -
suwhdnsausindasmmisuw lunidnmitlssneudan core peflets Tdusznoudan
- Vv A - & o 5 v o I . . [ =
snegil uFnefsudmoruaiounrlWifiaufs (sodium bicarbonate) unzTwiARaWaRINaT
e - “~ - A - . -t
rfvuds dausasluguf 1 Waiudssmusmdh lluiansfonszwazems  nsalunszivaz
. [} z - - -~ - o “~ -y v - . . z .3 i - v o~ .3
oI duriu e RouweRweiiniiuuisdhinmu o nusnluswaisudrevinbiifeufds
& o d o & e ° .~ . [ .
miuentaoanlodiv uigfieduszgninifviluszuuidarumwinessszuutasniine
v . - & K « - -
TunszmzamishWsznnhdsresditwinuszaglunrznnduinmwn duaaluglh 2

& ) = e -] o~
TUARRAINRALHBTANINLWNS

& <l o o L
duaRauiIinauAd (NaHCO,)

A:: * . o » L) " » - -9 LYY w
sun 1 uamfnmh:nawanznummmaaumgﬂuuunmuvsmuTmu‘l‘nmﬂuﬂn‘ﬁﬁ'l'lmnﬂunﬂ
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v

f Surface of medium

'. |

H,O - —lp- Drug
| a .

: b Medium (0.1 N HCI)

© i

A} B) C)

3 o [ 1 At 1 A -~ o o
gﬂﬂ 2 uamna'lnmmanm'uao's:uummmaaumgﬂuuuvxmunmﬂﬂn'l'umﬂuﬂmsm‘lv\mﬂ

[ ufia: A) permeation of medium; B) gas (CO,) formation and floating; C) drug release,
Key: (a} drug-containing core pellets; (b} gas generating layer {sodium bicarbonate); {c)

gas-entrapped polymeric membrane.

= JA g . = L - s A" = aoct o
msdnwitifenld theophylline \Huenduuuy (model drug) maamnmmugngmw‘lﬂﬂn

‘o . + o [ P [ | . v s s R
MAUABUBIMITEIRGY  (2) ﬁoLﬂumnmm:nm:uumEmnaanmfuw:m'lm:uumaomag'lu

- L] T = a ot N o e ’ - - L J
masupmITEIRantuT oI Y]'ﬂ’ﬁlﬁ:u:l') ﬂ‘ﬂ%ﬂ"ﬁﬁﬂﬂ%ﬂﬂ‘] mtmgm:umaam‘lm WU

3.1. hwsmama:ﬁmm:amﬁw%’nmﬂm?zm core pf;llets Tas35 extrusion-spheronization
dnsuszumihdseassadsduuuvaianias
. Tumwaion core peliets q:ﬁmﬁmsﬁqmama:ﬁmm:amﬁa'ln"lv‘f core pellets 71
qmau%muﬁd’aams fe Hanwmenay ﬂmmmagmﬂaﬁuaua ua:m'sns:mumawmﬂagmﬂﬁ"l
msAnsismaivBnasshiameinezan unsdnsrilshndwdueste
falmz) tﬁaqmnmn'lﬁ'ﬂ?mquqa'lﬂm‘%av‘h'lda:‘ﬁ' damp mass nlimnzauyililisansa
extrude #w extruder 16 wannitapadimiiuanizmaadsulimineanitelile core peltets
ﬁﬁgﬂs‘wnamm:ﬁmms:mwmm (size distribution) ey NnMIAnwINLIlumMIaIoN core
pellets Gafi anhydrous theophylline Lﬂumﬁuuuunmﬁu microcrystéiline celluiose (MCC) i
Samidan 40:60 wiw TaoldnTzuanums extrusion-spheronization USnashfimanzan fio 900-920
mikkg uastgToulamin damp mass w7ld extruder ﬁﬁﬁﬂﬂﬁwmmmqu 15 rpm MW
extrudate 7o lUlalwe309 spheronizer fsasNTa 1, 500 rpm (ilwa 15 wif 2214 core peflets
'ﬁvlm’ﬁﬁ;nwm,nauﬁ RRZNINTTIBTWIAAEUTNILAY Tmuu-umﬂmu'lnmaus tWIN9 1.41-1.68 mm

muwm'lum'mm 2 as19:le core pellets u'lum‘smwm.nummmﬂaum'ﬁuﬂnmmﬁmuﬂﬂﬂ
|
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. - a - - [y .
AN 2 mim:imlm‘z}aa'umaagmﬂmm core pellets ﬂlﬂ?u&l"tﬂﬂﬂﬂﬂT:U'l%ﬂ'\'i extrusion-

spheronization

Size fraction (mm) Percentage by weight of core pellets in each size fraction (SD)
<084 - 0.00 (0.00)
0.84-1.00 0.00 {0.00)
. 1.00-1.19 | 0.01 (0.00)
L 1.19-1.41 2.17 (0.23)
b 1.41-1.68 " 86.83 (0.55)
' 1.68-2.00 10.78 (0.71)
!i 2.00-2.38 0.19 (0.03)
- >2.38 0.02 (0.00)

3.2. matassnsznudimassdijlusunatanie

" sruwigemsapifinamn lwmifnmiilsznaudas core pellets  @aUsznaudapeaem
Aty Ao theophyliine MU MCC udasidIn 40:60 wiw wdundoudintuadsuim Wiiauds ues
'z'sv'um%auwaﬁwas'ﬁ'mﬁuuﬁﬁmuﬁ’lﬁu

TwedauimmiAouissznauday  sodium bicarbonate (0-80%wiw) nIzIeIlu

hydroxypropyl methylcellulose (HPMC) (18-91%w/w) uasld PEG 6000 1w plasticizer (10%w/w
vagimin HPMC 19 Tanadoussszanfliinfovfinmandudu 12% ww ussnioy core
pellets WildbminiAntn 12 % samne] Iﬂuam*::mm:auﬁ'l'ﬁ'lunwLﬂ‘éan‘fuﬁm fa

Bead charge 500 ¢
. Spray rate 8 —10 mi/min
' Atomization air pressure 25 lblin;Z
.}Iniet temperature 50 °c
Ouflet temperature 40-42 °C
Pre-heating time 20 min
Pre-heating temperature 50 °c

© wEsnedau core pellets Mantuindonivihliidaufauss core peliets ﬁ"ls‘fa:gnﬁﬂﬁ’
Wy (50°C 1ilwamy 30 wiilmisSes fluidized bed) uﬂ:gmﬂﬁausias'hﬂ’fmﬂﬁauwaﬁma{ﬁmﬁu
ufier fla Eudragit RL 300, RS 30D w3 NE 300 WI# 5 uaz 10 % weight gain lagld diethyl
phthatate (DEP) 1lw plasticizer (20%w/w based on polymer solid) oniin Eudragit® NE 30D 7isi

v u . - t kg - . ®

70917 plasticizer lwnsiaipumsararoinforlusunaniidondens Eudragit RL 30D, RS 30D
- o ¥ w "] Y “ o .. . A

w3a NE 30D masinauniiaviaanien (Wauay plasticizer) 39szvinmsefoy lapanizvwanzay

e - & - - Cuwoow o o
Y\I‘l’ﬂ%ﬂqisﬂﬂﬂU'ﬂulﬂﬂauwaﬂluafﬂnlﬂnllﬂﬂ' (313]
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Bead charge 500 g
Spray rate 3-5 mi/min

E Atomization air pressure 25 ibfin’

L. Inlet temperature 45 °c

!' QOutlet temperature 40-42 °c
Pre-heating time 20 min
Pre-heating temperature 45 °c

- P-3 L L. o . e oA =) | .
naaARauURT pellets 3:gnriliuialiiATos fluidized bed Bnifluiam 30 wifi thald
P X o d a4, o dot - - — E
anuswimdsteuhhldifulumanzuinndesinueztzniivguaniae g uusde

3.3. n1syUszdnssumingiena aﬂﬁ"agﬂuuuumuﬁﬁ'm
Lo z - r L] L
- Morphology study ﬁnmg]anwm:maowun'ruaqs:umhmmmnmimuEﬂmu

m'%'aq scanning electron microscope (SEM)
- Floating ability anaamumsalunsssvivasrshdinlaoinely
L3 Tan8zaY (USP paddle apparatus) 71 50 rpm 37 °C i 0.1 N HC! 900 fia8as (n = 20)
uafufiniaan time to float Laz floating time V8IT=ULNESEN (pellets) lap
- time to float Aaszuzimmualaszuuisanaslilu dissolution medium awszuLag
maai_rifumtjﬁmfw
- floating time faszpziasfissyLing mmmmﬂmmwmmauﬁ":ag‘lﬂ"lu dissolution
medium
- Dissolution study fnymsdaalsaudd ms’né’nﬂmu*ﬁ"« pellets MATUSun a2
theophylline Uszanm 20 fadnsu edabznymsanulasldiniosiamsazans (USP paddie
appara!tus) # 50 rpm 37 °¢ Tu 0.1 N HCI 900 fafidas (n = 3) ﬁoamw:gnfiuﬁ'ﬁdmmﬁ
IBNZEN ua:i’mﬁnmsgﬂnﬁuuaﬂm’t‘ﬁiﬂ%‘m spectrophotometer AANNENINER 269 nm 17
cuvette (quartz cell) Tw1a 1 cm a7 e WS oufisuny standard curve themwidSinaida
ﬁgnﬂamﬂdauaanm ‘
-myhinmevlagldaia |5 simple analysis of variance (One-Way ANOVA) uaz
Independent-Sample T-Test hmﬂ.ﬂ?mnﬁumi'n.aﬁ'u'uaona"uﬁdadwﬁi:ﬁmﬂm"‘i‘saﬁ‘u 95%

3.4. Anganemzmenannes Tyl B A s JURULNa 8RR
JINMIANMIANBMENTILUEN pellets Tﬂumﬂhujﬂ SEM WU core pellets ﬁgmﬂﬁau

é‘w-:?u@i'i_m‘%a'fuﬁﬂﬁﬁmuﬁﬁ%:ﬁuuniﬂ core pellets Uaz pellets ﬁmﬁaum’%aaugﬁdﬁd pTUNa

Lm:'fumifauwaﬁma‘s’ﬁmﬁuuﬁm:ﬁé’n&n&:ﬁuuﬁqﬂ ﬁ'ouam'lugﬂﬁ 3
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A}

15kyY X5@ S8orm 000001

B)

C)

e

—,
Seorm 00009

E . g - P -
glln 3 3‘1] Scanning electron micrographs YaIWWHIYEI core pellets (A), core pellets iAoy
»~ L ad - 9 E L a rs
A10BUFNI (HPMC:NaHCO,; 2:8) (B) URZINMIENTIARDLAIUTUAISURETUIARDUWD AL NET

ANLALWAR (HPMC:NaHCO;; 2:8, 5 % Eudragit® RL) {(C) magnification 50x
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T o, = . . [ . .
UANIMRLIIIMIFNWIEN Y R MUUENVRITEU LN EIUNRa A ITUARR IR U TU NaUULAS
a . - [ d ' w . - ™

wRINaEauNITURAUs N IL muam'lugﬂn 4 wuiwaamamountUasapuaauwaalied
& e - - o "~ - e o o o - - o
WNIUTRTEsTWIRRaUnaasnniivuAgasininasaitiadnnauauiifaanuis  CO, %
a A . = = 4 < e " . o . ay
NA amﬂmmumngﬂﬂ 48 'i‘NLU%EJ.]’BUM:UUW\EN[J’]‘HENT\@E{E]Uﬂ’lil]ﬂﬂﬂﬁﬂﬂﬂ’)U’]W‘LI’J’\VJMJ

ar

ad ] Ao J a - b 1 1
fansurguandndaniiosnnninmumyhliuilavgyameneudionw SEM

A)

Seorm 000209

B)

15kV XS@

31]‘71‘4 é’nwmxﬁuﬁwaﬁ:uumﬁamﬂaum"’qﬂLmuvmumhu (5% Eudragit® RL 30D
(HPMC:NaHCO;; 2:8 wiw)) ﬁn’meﬁum‘éaa scanning electron microscope NAWURTAEY
nesoun1sUsalsaualenlu 0.1 N HCI
Key: (A} nouwnasaunmsUanlagudaun, magnification 50x,

(B) wasnagaun1sUastaaudiun, magnification 50x
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3.5. AnwifasefiluassanuaiuisoluniTaagdinazmidastaasarvassruuindssn
apu@IsupuMaIsniIe
a . -~ v ow oW P -
MINNTANBINLIMAIRN pellets FUAFAUAINAN core pellets NUTIMIINNTAGAUITIN
- d = -~ z [ . o - - ' o
UuH core pellets NARBLMITUANIZABOABE19TI93 I BTN 5-10 AR udezaInsaam
' L Poa = | vl \‘: - L= o~ e A 1
ald  (foating time) Taitfin 30 wifi hasnnluiizumaieudnufali uszainmsfnswuiing
o . o - . ) [ .~ o i a '
WatTanmdnaesii i foating time &uas (sauaasluguf 5) 1asnnmaiudinmdazllas
4 = o o o " o [ R G v & - . w a
Usam HPMC dailludnvinlimsgfoufafiiiadutias dsuuminazvinli pellets asumuiu
& a [ L - L 14 r-} -~ & w = o =t & - P o J‘ Al ‘®
audsindudeuntsudiormaiounafwainniivuiadniunita T3lunmsAnmnild Eudragit RL
30D, RS 30D n3a NE 30D Tul3unmi 5 use 10 % whw
. s v od a ® b o s
PNMIAINIWUILaWIEiTUNeRauMe  Eudragit.  RL 30D imufiszumhdaon
[ [ ' o a v o v W i e X 4
RFUNI0RBUAILE  LATWUITEHEIRINUTNRBUMVMRIRURRAINGNY (ime to float) auii1uidle
. - & - % ) - Lo - - Fe o o &
YInmdaiuis (YR 6) wariaaleamuminiadiinuruaiouwefivainniiuufaniniu
- e v a4 & v &, [ - - - a o
GUR 6) warstupbhdiiefousuysoldtudy  uartuedounafiueinniiuudaaunn

SDUATIEUIRATT 24 3139

30 1

Floating time (min}
N
o

Y
-
1

0 L L] L L I

0 20 40 - 60 80 100
NaHCO; (%)

4 ' A a ' P
gﬂ‘n 5 w103 (% NaHCO,) YIlARDULM core pellets 69 floating time Vo pellets N

- 3 [ - s v o ~ & . & a « o I
wRsumutwaiaurhliidauda (Fus) lavdnenntwadauwedwesimivuia
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3..
c 5 ]
§, 2
=
o
e
@
£ 14
—
0 1 T ) | 1
0 20 40 60 . 80 100
NaHCOg3 (%)

—=— 10 % Eudradit RL
—0— 5 % Eudragit RL
—a— 0 % Eudragit RL

o4 T, d . o
Eﬂn 6 WRUDIUTNIUTUATI (% NaHCO,) niafatuy core pellets sia lime to float 183 pellets

- w [4 - N v - o~ [ - w o o . ®
wiouauyIalduTwaisuibiiiaufsuarrunadinaiiniiuuria (Eudragit” RL 30D)
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o s P [ . - A ol '
mamtw:uummu*maauvlﬂm'fmaaun'mjaﬂﬂaaﬂmmfﬂauﬁmﬂugﬂﬂ 7 WUl core
od - w E . a ' 9 . . w - |
pellets uat core pellets MiaasusuTuaimstaalsaudpiliuandronuinnin udille

- w & a “ = - ' - . -y .-
wipuautwaRauwatwainniivuianislasdsagangiezaaasagniiuday  usswuinie

x o ® & b a - v A
YT suindoy Eudragit RL wwdunsdaadsdapaieniunihinnaz g

100 -
80 -
9
‘.ac: 60 —=— core pellets
@ ——2:8
o —a— 55
g —— 8:2
S 40 1 —o— 2:8, 5%
o ——55,5% .
—>—8:2, 5%
20 - —0—2:8,10%
—e—5:5 10%
——8:2, 10%
0 L] T L] L L]
0 2 4 6 8 10 12

Time {h)

31ij| 7 navaIlSamend (% NaHCO,) Miafauun core pellets UBTHRVEINMTINGOULATITNM
Tundouwadwediniivuda (Eudragit® RL) samsUaaUsasaatn (HPMC:NaHCO,;
12% weight gain)

W YLRA: Afnaasa T buRardyan Bl fadaam  HPMCINAHCO,  ussisfu10971

a a ~ " ~ ® o W
wisunadiwainniAvula (Eudragit RL) euday
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J . = ' o ol ol ' ‘1\:
WwanaaanTWIsviindatEuanmsysataoua snunnNgaItaInaM WL ani
w 2 ~ M s . - ' = d e ) b
LEUATI (r > 0.97) muam‘luzﬂ'ﬂ 8 ugasna inmisdasUsouaioninesidunisnasunsiwii

o K N . = P | - - f &
naglwﬁaqﬂwaammnm deanansnatueldvinauniséa lui

M, = kiyz
M,
A ‘ft'{" = - 1 L= A
o —L  fp Javaznisdaadaspaitnneian t
M,
a ' | . o
k An Aenmsdssdssoaam
100 -
80 j
<
5 607 B core pellets
- 0238
_; A 55
@ A 82
g; 40 - * 2:8 5%
o © 5:5, 5%
X 8:2, 5%
0 2:8, 10%
20 4 ® 55 10%
X 8:2, 10%
0 T T T |
1} 1 2 3 4

Square root of time (h*%)

=1 N [ rl - ™ < a ° v o ™
3UN 8 msidamldanauniann core pellets, pellets Mafauaipswaiaou Wiiaula usz pellets
A a [ & a v a o [ P ~- = o~
mﬂaauauylmfmu'numaauﬁ’l'lvaLnaunﬂuazmwamuas‘nnmuuna lu 0.1 N Hel o
' o ' . o o
waaasznIaleiiduamsUsalsauiiiunnnaasraaia (n = 3)

I“ - r -~ " ol 1 e 5
ﬁN"IUL“G‘l: mmmman’muum:a:yanuniuﬂmﬁmmﬁmu HPMC:NaHCGC,; URIITQUYBITW

& - [V 1 -~ ® e
maauwamua{nmnuunﬁ (Eudragit RL} ausay
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4. mstm‘%ymsa:ﬂiuﬁugmauﬁ’ﬁs:uuﬁwéamaané”;ﬁﬁﬂwmmﬁmfﬂﬂ‘lﬁ“mﬂﬁﬂmsﬁﬂﬁ
WAWNE
pudessnd M rieddainduimaian s lifaufeeisuinandonanns
Woanuszuusinsssauimrhavaoniiomiaiviouitneee  legszuudisisndsznayaaum
Waunudaliaamdda (theophyline) ag:mu'lu. uaslARauMILTuIARoY 3 T Aa Twadautlaein
(protective Ie;yer), FunBourinliiAawAs (gas generating layer) usstwndsuwadwasiniivuds
(gas-entrapped polymeric membrane) MUSIAY ﬁauﬂmluzﬂﬁ 9 ktﬁdﬁwn’l'sﬁnmﬁaqmauﬁ

' < . & - ~ ' " ' o W
@739 ’UEN[ﬂLllﬂﬂ'i]ﬁ@nﬂdlurﬁBs)ﬂ'ﬁNﬁ']u’ﬁﬂ'luﬂ’ﬁﬂﬂﬂﬂ’lLlﬂ:ﬂ'ﬁﬂﬂ@]ﬂaﬂl}ﬂ?iﬂ"ﬂE]JLWIRZ@'WU

& < a ar (=3 LY
AULRRDUNDALNDS N NLNULUNA

[~1 [ < a S o
HLNALNY duipfauyiMiiauna (NaHCO,)

& «3 b
Fuipaautlany

sUn 9 damdsznovvassndenanan lavlsinadavinlwAeuss

a4, Msalonsaunu

puflaunwussdnivanaivulanitaenasy (direct compression) wiaiEmavhunsumon
(wet granulation) lawlihiwindoadsana 300 Hadndy sudeunu 1 dedszneudas
anhydrous theophylline 20 mg, microcrystalline cellulose (Avice|®PH102) 140 mg, spray dried
lactose (Fiowlac®100) 140 mg, magnesium stearate 0.5 % ua:z Aerosil® 200 0.5%
nidheTousiliounudnitiunsuaduneld  PvP KO 10%  wiw Dusstiodaim:
wuadllwdwnsuvaansnnanlailu  damp  mass udnhlsdmuiaaiomduanius
ranflazsanifusndounudioinissmanmnidisn 19 punch vwia 3/8 #ia (Jszanas 9.525 mm)
convex shape  usmsisuambildnnauts  dszanoe 810 kg udnbhliedeu
Frutwadauilaainu FuweauriiAauisuastuindounediwaiinifunfamudiey

J -l « = L " ]
watsssuidusieasnaadaly

= [-4 & -y o o, & -~ o av o
4.2. MNAFBLINNAUNBAIBTAT DU RN AR FLALTUIAZ D UNB AN DS A NLALUAR
- a2 ol = - @ .
wiasdanlglwmaieRavuuliounuia perorated pan coater (NR-COTA18") lagvinnas
A a e B & a L a o o4 ., v o & [ . [ o
wisufldunanue 3 7w fo swindaullssudarminmilusrrsranmtdasdasnsant Tulvdann
. @ o & a " & X o~ . v o
ngamJaaUaanm'lua@mm'mmmu'lﬂ dudsznovlvruiiazysznavluadsy HPMC vinmian

o

=y v A L] o
iy film former Uar PEG 6000 Yinwuilllu plasticizer (10% based on polymer weight) Uavin
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- s a A9 0 A P v - = .
aranuda U leowTouasazaeiltiefounanmduin 5% wiw  uatiaRaupniaunulile

v v o X o o a o, 2
miniAndulszanm 2 % manged lasannwansaualslumaesauTuds 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

Alomizing air pressure 1.1 bar

Spray rate 5-10 m¥min

[ “a = v+ v v " ' “ a
WEIRINIATBUETRUEIAR pan speed Wasduazlimuioudaly (40°C) lwniasaiou
o« ad A & ~ A L ' - «“ z - o | L '
anszunne 30 wiiier i damuninewsnih liindeudtwndourinldinauiasaly
suniaui Rinaudalsznaua iy sodium bicarbonate (NaHCO,), HPMC 1ilu binder uaz
PEG 6000 Lilw plasticizer lauinualiil NaHCO, 3 8@51d71 fia 20, 50 LAz 80% wiw 83 solid
- Hf - o v v
content (HPMC:NaHCO, 8:2, 55, 2:8) laseIvuasasmoflfiedounianudutu 10% wiw uaz
a = [Y9-4 v« o & « =l -
dsuedaunulildiminisiudsiinm 12 % aamawd lepsnzmanzsuiilglunmnaioy

z - W o ”r - .‘.: 0 -
Tuinfauvh IviRauBanIaTHsNe 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

wimnimaessuRfutuniourliidaufauasi liududa ivimandouluruds
AotwaBounaiwaitniivuds dmiusufiesauiaslfiawm: Eudragit® RL30D fuminafidy
desnnifunehwefiisriadurfivialwszvuhasmnaunsasssdald (mneamsinwluszuy
MdpaapmITRana sMiiY) waz 14 diethyl phthalate (DEP) 11w plasticizer (20%wiw based on
polymer solid) @dlutuiiazyiinisiaay 2 T:eududoin @8 5 us: 10% wiw LWMISIAIoN
asasarondoulutunauiidonions Eudragit® RL 30D saminaunitovindarion manda
plasticizer) (solid content ¥inU 15% wiw) S9azviniandou lasanismuizaufldlunnefay

z . | - L= .8 or -
suwipRaunadinainmiiuuia Ao
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Preheat (50°C) 30 min {pan speed 5 rpm)

Batch size 1 kg

Pan speed 15 rpm

infet temperature 48 - 50°C

Outlet temperalure 39 -41°C

Nozzle diameter 1 mm

Alomizing air pressure 2.5 bar

Spray rate 5-8 miimin

ﬁé’aanﬂﬁauuﬁ'}mLﬁﬂﬂaum"na:gnﬁﬂﬁuﬁa’lmn”s’aamﬁauﬁ 40°C Bniuiman 30 wn
wiolinnuduimiorouisih lfvlumessusiidasinuarUssiiugueanifdna g Tusu
fiohl

4.3. nslsslEivss Ui @B R 0 U AITHANKILA YD
- Floating abifity Ainsannuanialuntsasuivasszuuibdsnlavfnmlu
130T RMIasAny (USP paddie apparatus) # 50 rpm 37 °C 1w 0.1 N HC1 900 §iaddas (n = 10)
W IUANIA" time to float uaz floating time VaIpLNARBLA LAY
- time to float AaszuzyaasusldszuLhdnaslulu dissolution medium AuszuLiIEa
maauifumfjﬁﬂfﬁ
- floating time ?}m:u:nmﬁs:uummmmm‘mmamwmmauéﬁag"l@"lu dissolution
medium
- Dissolution study anwinisUaaUssuiméaglaslfinissiamiazany (USP
paddie apparatus) 71 50 rpm 37 °C lu 0.1 N HCI 900 fiadifies (n = 3) dredhaazgnauigram
MU FN ua:_i'ﬂmmi@mnﬁuuaﬂmulﬁm%‘aa spectrophotometer HiNMuUNIARY 269 nm 17
cuvette {quartz cell) Twa 1 em w§ AR A lULSpUFEUAY standard curve tRewILS NI
ﬁgnﬂaﬂﬂdauaanm
- mynanilauldand 19 simple analysis of variance (One-Way ANOVA) LAz

aad » A 1 e [} A e A Q‘J
Independent-Sample T-Test 1uﬂWTLLﬁUULﬂUU mmﬂmaonqnmamm'szﬂumwvnauu 95%

4.4. Qmauﬁﬁvaomtﬁﬁunu

INEINA 3 mitn auuds wesaumwassdeunuiiesonldlaritaanaie
(direct compression) ua:’Jﬁn’liﬁ'leﬂ‘l;ﬂLﬂUn (wet granulation) Re ladtAuInu §auAUNTON
mawmﬁmunuﬁm‘%uﬂmu%%nwﬁmnﬂéaLi’Junﬁfhgom’nﬂ'mJn*s'awawmﬁaunuﬁm?uuhu‘i'ﬁ

faAnNad
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:‘ Qutn "’ =
13790 3 qmauumm'lﬂmaammmmu

Qmauﬁaﬂadumﬁﬂun% Direct compression Wet granulation
ihwmitnidann (mg + SD) 301.34 + 6.81 302.22 + 10.97
AINUDY (kg + SD) 8.80 + 0.71 7.95 + 1.61
AMUNUT (mm + SD) 4,32 t 0.06 4.26 + 0.08
ANNNIEY (%) 0.15 0.45

= & . [ o & o . er PP -
3 10 ugtusaendsaldoniionddyoassudeuny wuhondeunuiuaioulag

ool . - a ' = o = - ol . - ] a s g wr
TinseenasiimsvsalsssdisiinihndeunumaionlasiimsiunsusdunadnaiituiAny

aaad - o o al 4 = . L =
YIROANIEOUAN U ToUU 85% Luaammnmsﬁmtmz AUUBFTIWUIZNOVVIIFITUNIATUNL LA

= ad o - -~y - | TN = L L %3 1 o r A -l o
LlﬂuIﬂU’)ﬁn’liﬂ’]LLﬂ‘i%ﬂlﬂUﬂ %muamhmmgnﬂaﬂﬂﬂaummnmmmmunmmmumﬂﬂu

o e L - = .
'_Jﬁn'\'fﬂaﬂﬂjﬂsﬂd\lu“m’ﬂ@ln']:lﬂ%ﬁ'luﬂ?:ﬂau

120 =

100

o

80
60

40ﬂ

20

Drug released (%)

=& Direct compression

== Wet granulation

0 1 2 3
Time (h)

c‘ -l i = 3 1 s =
311 10 savadimiaisusnlaunudomIlaadsovaiuvoseulaunulu 0.1 N HCI (pH 1.2)
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Qe [—3 o o da ] A .
4.5 Anmamanifvessndaasud waziladpNilnadoAINEINITA IWAITADBAT (floating
abilities) hazn1sdamlansaiy)
- palAnNISanBAYaIB NNAADEA
P . = . “ a v o o a .
zu'n 11 waaana lnlunmssspalvassniisnonaalanldimaiavifieuss Weszubas
—- oa v oo o . L - a o - -
RUERAUAINAIMTUATE (0.1 N HCH  nissduriutuiadauwasiuainmiuuisdnyi
P [N o - a v o= o v oa - ' P g o da F o~
Ujfsenvinalugueiouilfinaudaibiifaufanfuenlaaanlodiu  wialiiaduazgnin
mu B lasruwadwasiniAyudadiildaumuining e sz uukauniiaana1sin i ssuuingan

v . . ¥ ~ ]
RRUMITRNHEEAaY 9 UaaUdapaluipany) muam‘lugu‘ﬂ 11

B)

-l - o . o v - d =
3N 11 uaasnalnmssandizassndianane: A) demgnubauasluludanarsiiiunia 0.1 N

J - o e
HCH NIa1 t = 0, B) REAINIIRRLAIVSILILNAKDLA
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i
- wazas3Emnaduusniannu

(waradiimaeiousdaunussnnumasolumisssfvesiassusalaolfinaiia
wldifousa  woihridasesifunsudsrideunufieioulagiimsaenasiim time to
float an’"nmLﬁ@mam'hﬁﬂi:nauﬁ’dumtﬁﬂunuﬁm‘%uulauﬁ%nﬁﬁwum%mﬂzm o1aLiiasanmy
wnusufaunulasismseonanesilwidam g ianamwiwindinimaasoomiaunulag
Fmaunsyadon wannnittmuimidanssimaisunneaunungsai s oznmln

i ' <
M3RBHAT (floating time) WIUN 8 72119

P15 4 WRTAIIDAISTLULNDAUNUADANUTINITNIUNTRBUA IV NIARAY
I
(NaHCO,: HPMC: 8:2)

o o « time to float floating time
ANIFLATHNHLAAL N
(min = SD) (h)
5% wiw Eudragit” RL30D
" Direct compression 3631 1 0175 >8
Wet granulation 4730+ 0360 * . >8
10% wiw Eudragit” RL30D . _
Direct compression '6.280 + 0.187" | >8
Wet granulation 6.911 % 0.535* | >8

= : " A ey e aad o a4 &
Y UNNUUANANNUDITINREITIAUNWIROANITEAVAITWTEIY 95%

PnmMIAnKaTesi TmMasspsdiaunmidansuaatdanaio wuhmdieassdaf
UsinaushotifaunufialoulandtmseenaninrslsaisedmiGainioidssandmlizney
ﬁ":umtﬁﬂunuﬁwﬁmﬂmu‘iﬁnﬁﬁmm\éﬂL‘i']un d’ouaﬂ&'lugﬂﬁ 1213 \flasnnundannuiiaioy
lagABmsunsusiloniimsld pvp ifuesdrubameniiinslusamsuaaddasdaoidras
fu
!
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120 S

L=t
<
]

=& Direct compression

$
[—]
1

Drug released (%)

0= Wet granulation

N
[=]
1

4

0 2 4 : 6 8
Time (h)
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Abstract

A muliple-unit floating drug delivery system based on gas formation technique was developed inarder 1o profong the gastric residence time and to
increase the overall bicavailability of the dosage form. The system consists of the drug-containing core pellets prepared by extrusion—spheronization
processes, which are coated with double layers of an inner effervescent layer (sodium bicarbonate) and an outer gas-entrapped polymeric membrane
of an aquecus colloidal polymer dispersion (Eudragit® RL 30D, RS 30D, NE 30D). Only the system using Eudragit® RL 30D as a gas-entrapped
polymeric membrane could float. The time to float decreascd as amount of the effervescent agent increased and coating level of gas-entrapped
polymeric membrane deereased. The aptimum system could float completely within 3 min and maintained the buoyaney over a period of 24 h, The
drug release was sustained and linear with the square root of time. Increasing coating level of gas-entrapped polymeric membrane decreased the
drug relcase. Both the rapid floating and the sustained release properties were achieved in the multiple-unit floating drug delivery sysiem developed
in this present study.
® 2006 Elscvier B.V. All rights reserved.

Keywords: Floating drug delivery system; Pellets; Effervescent agent; Polymeric membrane; Sustained release

EDDS is desirable for drugs with an absorption window in the
stomach or in the upper small intestine (Rouge et al., 1996, Sato
et al., 2004a). It is also useful for drugs that act locally in the
proximal part of gastrointestinal (GI) tract such as antibiotic
administration for Helicobacter pylori eradication in the reat-
ment of peptic ulcer (Cooreman et al., 1993; Yang et al., 1999,
Umamaheshwari et al., 2003; Bardonnet et al., 2006) and for

1. Introduction

It is widely known that gastric residence time (GRT) is one of
the important factors affecting the drug bicavailability of phar-
maceutical dosage forms (Desai and Bolton, 1993). Variable
and short gastric emptying time can result in incomplete drug
release from the drug delivery system (DDS) above the absorp-

tion zone {stomach or upper part of small intestine), leading to a
diminished efficacy of the administered dose (Chueh et al., 1995;
Iannuccelli et al., [998). Floating drug delivery system (FDDS)
is one of gastroretentive dosage forms which could proleng GRT
10 obtain sufficient drug bioavailability (Whitehead et at., 1998,
Singhand Kim, 2000; Aroraet al., 2005; Bardonnet et al., 2606).
The system basically floats in the gastric fluid because of its
lower bulk density compared to that of the agueous medium.

* Corresponding author. Tel.: +66 55261000x3619; fax: +66 55261057,
E-mail address: sungis2000@ yahoo.com (. Sungthongjecn).
1
0378-5173/5 — see front matter © 2006 Elscvier BV, AN rights reserved.
doi: 10.1016/).ijpharm. 2006.06.002

drugs that are poorly soluble or unstable in the intestinal fluid
{Singh and Kim, 2000; Jain et al., 2005).

Most of the floating systems previously reported are single-
unit systems such as tablets and capsules. A drawback of these
systerns is the high variability of the GI transit time due to
their all-or-nothing emptying processes (Ichigawa et al., 199];
Kawashima et al., 1991; Streube!l et al., 2003; Umamaheshwari
et al., 2003; Talukder and Fassihi, 2004; Jain et al., 2005).
On the other hand, the multiple-unit dosage forms may be an
attractive aliernative since they have been shown to reduce
the inter- and intra-subject variabilities in drug absorption as
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well as 10 lower lheE possibility of dose dumping (Bechgaard
and Ladefoged. 1978; Bechgeard and Niclson, 1978; Vervact
et al., 1995). Various multiple-unit floating sysiems have been
developed in different forms and principles such as air com-
partment multiple-upit system (Iannuccelli et al., 1998), hollow
microspheres {microballoons} prepared by the emulsion solvent
diffusion method (Sato et al,, 2003, 20044 b; Jain et al., 2005),
microparticles based on low-density foam powder (Streubel et
al,, 2002, 2003), beads prepared by emulsion-gelation method
(Talukder and Fassihi, 2004: Sriamornsak et al., 2005). Use
of swellable polymers and effervescent compounds is another
approach for preparing multiple-unit FDDS. Ichigawa et al.
(1991) developed FDDS by coating the sustained release pills
or granules with tartaric acid layer, sodivm bicarbonate layer
and polymeric film consisting of polyvinyl acetate and shellac.
The floating system using ion exchange resin loaded with bicar-
bonate and then coaléd by a semipermeable membrane was also
proposed (Atyabi ct al., 1996). Recently, Chot et al. (2002) pre-
pared floating alginate beads using gas forming agents (calcium
carbonate and sodium bicarbonate).

In this study, a new multiple-unit FDDS based on gas forma-
tion technique was developed. The spherical drug-containing
core pellets was prepared by extrusion—spheronization process
followed by coating of the pellets with cffervescent compo-
nent (sodium bicarbonate) using hydroxypropy! methylcelluiose
(HPMC) as a binder and gas-entrapped polymeric membrane
(Eudragil® RS 30D, RL 30D, NE 30D), respectively. Anhydrous
thcophylline, which is predominantly absorbed in the upper pant
of GI wract (Singh and Kim, 2000), was vscd as a model com-
pound. The cffect of the preparative parameters, e.g., amount of
the effervescent agent layered onto the core pellets, and type and
coating level of the gas-entrapped polymeric membrane, on the
Acating ability and drug release properties of the multiple-unit
FDDS were evaluated. )

2. Materials and methods

2.1. Materigls = '

Anhydrous (heophylline (Lianyungang Foreign Trade Corp.,
China) was chosen as a model drug. Microcrystalline cellulose
{Avicel® PH 101, FMC, USA) was used as a pelletization aid
of the core pellets. Sodium bicarbonate (NaHCO3, Carlo Erba,
Itaty) was uscd as an effervescent agent with HPMC (Methocel®
EI5LY, Dow Chemical, USA) plasticized with polyethylene
glycol 6000 (PEG 6000, Fluka Chemie, Switzerland} as a
binder. The gas-entrapped polymeric membrane used was
aqucous colloidal polymethacrylate dispersion (Eudragit® RL
30D, RS 30D or NE 30D, Rohm Pharma. Darmstadt, Germany)
plasticized with diethy] phthalate (DEP), a water insoluble
plasticizer (Eastman Kodak Co., NY, USA). All other reagents
were of analytical grade.

2.2, Preparation of the multiple-unit FPDS

2.2.1. Preparation of core pellets
Drug-containing core pellets were prepared by extrusion~
spheronization process. The drug (theophylline; 40%, w/w) and

the pelletization aid (Aviccl® PH 10} 60%, wfw) were mixed
in a tumbling mixer (Rotomixer®, Foster Equipment Co., Eng-
land) for 20 min. The dry powder mixture was then loaded into
a mixing container. Sufficient amount of distilled water was
slowly added in the powder mixture to achieve a consistency
of the damp mass suitable for funther extrusion—spheronization
processes. The prepared damp mass was immediately passed
through a radial basket extruder (Caleva Model 25, G.B. Caleva,
England) using 2-mm diameter screen. The extrudate uniform
in size was produced with the extruder speed set at 15 rpm. The
extrudate was then spheronized in a spheronizer (Caleva Model

250, G .B. Caleva, England) with a rotation plate of regular cross-

hatch geometry for 15 min at a rotatton speed of 1500pm. The
resultant peliets were dried at 50 °C in a fluidized bed appara-
tes (Uni-Glau, Glatt, GmbH Process Technology, Germany) for
45 min.

2.2.2. Coating of the core pellets :

The core pellets were coated with two successive layers; an
effervescent substance (sodium bicarbonate) as an inner effer-
vescent layer and aqueous colloidal polymethacrylate disper-
sion (Eudragit® RL 30D, RS 30D or NE 30D) as an outer
gas-entrapped polymeric membrane. An effervescent agent was
incorporated into HPMC solution plasticized with PEG 6000
{10%, w/w based on ihe solids content of HPMC} and then iay-
ered onto the core pellets. 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 effervescent layer was 12% weight gain and
the solids content of coating solution was kepl constant at 12%
(wiw).

The coating solution was sprayed onto the core pellets
(1.41-1.68 mm)in a fluid bed coater (Uni-Glait, Wurster insert,
Glatt GmbH Process Technology, Germany). The conditions for
fayering were shown as follows: bead charge, 500 g; preheating
temperature, 50 °C; preheating time, 20 min; infet temperature,
50°C; outlet temperature, 40-42°C; atomizing air pressure,
251bfin.2; spray rate, 8-10ml/min, The NaHCO;3-layered pel-
lets were dried in the coating chamber for 30 min at 50°C to
evaporate the residual moisture. The prepared pellets were then
removed from the coating chamber and stored in a closed con-
tainer for further experiments.

The NaHCO3-layered pellets were subsequently coated with
an aqueous colloidal polymethacrylate dispersion (Eudragit®
RL 30D, RS 30D, or NE 30D) 10 achieve a weight gain of 5
and 10% (w/w) to obtain the complete multiple-unit FDDS.
A plasticizer (DEP; 20%, w/w based on polymer solids) was
added into the colloidal polymer dispersions (Eudragit® RL
30D, RS 30D) and the dispersions were gently agitated for
at least 30 min prior to an appropriate dilution with purified
water and subsequent coating. Eudragit® NE 30D can form film
without the need of a plasticizer and thus diluted with water
without the incorporation of a plasticizer. The solids content of
the coating dispersions was 15% (w/w). The coating conditions
were as follows: bead charge, 500 g; preheating temperature,
45 °C; preheating time, 20 min; inlet temperature, 45 °C; outlet
temperature, 40-42 °C; atomizing air pressure, 25 [bfin Z; spray
rate, 3-5 ml/min. The pellets were further dried in the coating
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chamber for 30min after the coating was finished in order to
cvaporate Lhe residual moisture in the polymeric coatings priorto

storage.

2.3. Evaluarion of the drug-containing core peliets and the
multiple-unit FDDS ¢
{
2.3.1. Particle size analysis and friability

The particle size distribution of core pellets was evaluated
by sieve analysis. Two hundred grams of the core pellets were
sieved through a nest of sieves (2.38-0.84 mm) on a vibratory
sieve shaker (Retsch® Model AS 200 digit, Retsch, Germany)
for 20 min, and the weight distribution was determined. '

The friability of the core pellets was determined as the per-
centage of weight loss after 200 revolutions of 10 g of the core
pellets in a friabilator (Erweka, Germany).

2.3.2. Determination of the drug content

The drug content in the drug-containing pellets was
determined by extraction with methanol. The core pellets,
clfervescent-layered pellets or the effervescent-layered pel-
tets coated with gas-entrapped polymeric membrane (complete
multiple-unit FDDS) equivatent to about 20 mg of theophylline
were accurately weighed, ground, and accurately transferred
into a volumetric flask. Methanol was added into the ttask and
the mixture was stirred overnight to ensure a complete extrac-
tion. The solution was filtered through a filter paper, diluted
with appropriate amount of methanol and assayed spectrophoto-
metrically at 269 nm (Beckman Model DUG0O series, Beckman
Coulter, Inc., USA). The analysis was performed where Beer’s
L.aw was obeyed over lhi'e range of 025 pg/ml.

2.3.3. Scanning electron microscopy (SEM)

The dried pellets were mounted onto the stages prior to coat-
ing with gold to a thickness about 30 nm under vacuum. The
morphotogy of the pellets was then observed under SEM (model
JISM-5410 LV, Jeol, Japan).

I
2.3.4. Floating ability '

The floating abilities of the effervescent-layered pellets and
the coated cifervescent-layered pellets (complete multiple-unit
FDDS) were determined using USP paddle apparatus (50 rpm,
374+0.2°C, %00ml, 0.IN HCI). Twenty pellets were placed
in the medium; the time 10 Roat and duration of floating
(floating time) were measured by visual obscrvation, The per-
centage of floating pellets was caleulated by the following
equation: '
floating pellets (%) :

number of floating pellets at the measure time

= 100
initial number of the pellets %

D

2.3.5. Dissolution study |
The USP XXIV rotating paddle method (37.0+0.5°C,
50rpm, 900ml, (LIN HCl, n=3) was used to study the drug
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release from the multiple-unit FDDS. The weight of pellets used
was equivalent to about 20 mg of theophylline. An automated

. .dissolution testing machiné comprises a dissolution apparatus -

{Hanson Model SR8-plus Q-Pak®. Hanson Research Co., USA),
eight-channel peristaltic pump (Gilson, France), an UV-vis
spectrophotometer equipped with six 1.0 cm quartz cells (Beck-
man Model DUG00 series, Beckman Coulter, Inc., USA). The
instrument was programmed to draw the sample automatically
at predetermined time intervals by means of a peristaltic pump
which delivers the samples to the quartz flow cells of the
spectrophotometer operated at 269 nm. The drawn samples are
returned to the dissolution vessels.

2.4. Dara analysis

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

3. Results and discussion
3.1. Design of multiple-unit FDDS

Fig. 1 shows the design of multiple-unit FDDS. The system
consisted of drug-containing core pellet coated with efferves-
cent layer and gas-entrapped polymeric membrane, respectively.
Since sodium bicarbonate itself could not adhere onto the core
pellets, HPMC was used as a binder in the inner effervescent
layer. An ideal ceoating material for a floating system should
be highly water permeable in order to initiate the effervescent
reactiop and the floating process rapidly. However, the wet or
hydrated coatings should also be impermeable to the gener-
ated CO; so as to promote and maintain floatation (Krégel and
Bodmeier, 1999). 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. Krogel and Bodmeier (1999) reported that the
cellulosic polymers were not suitable candidates for FDDS, Cel-
lulose acetate was too rigid and did not expand suffictently when
in contact with dissolution media, while ethyl cellulose was not
flexible and ruptured easily npon CO» formation. Gas bubbles
were réleased rapidly after the burst of coating. According to

Drug-contsining core pellet

EMfervescent layer

Gas-entrapped polymeric membrane

Fig. 1, Design of muttiple-unit FDDS,
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these reasons, the higher flexibility pelymer, an agueous col-
loidal polymethacrylate dispersion (Eudragil® RL30D,.RS 30D,
or NE 30D), was chosen and investigated as a gas-entrapped
polymcric membrane in this study.

Upon contact with the gastric fluid, the Auid permeated into
the effervescent layer through the outer polymeric membrane,
Carbon dioxide was liberated via neutralization reaction and was
entrapped in the polymeric membrane. After that, the swollen
pellets (like balloons) with a density less than 1.0 g/ml floated
and maintained the bvoyancy; therefore, the drug was released
from the system for a long time.

To develop the multi-unit FDDS based on gas formation
technique, several studies were necessary to identify the formu-
lation 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. The effect of the preparative
parameters sich as amount of the effervescent agent layered
onto the core pellets, and 1ype and coating level of the poly-
meric membiane, on the floating ability and drug refease of the
multiple-unit FDDS were evaluated.

3.2. Pellets characterization

The core pellets containing anhydrous theophylline were pre-
lose as a bulk excipient. The optimum volumes of water for
damp mass gwere. around 900-920 ml/kg of the powder mix-
tures (anhydrous theophylline: Avicel® PH 101, 40:60 w/w). The
friability of the formulation was 0.17 & 0.04%. This indicated
that the core pellets were quite hard and able to withstand the
mechanical stresses of the subsequent coating process. The dis-
tribution of the size fractions, based on the sicve analysis is

. shown in Fig. 2. The drug-containing core peliets obtained by the
extrusion—spheronization showed narrow size distribution and
the dominani size fraction was 1.41-1.68 mm. Fig. 3A shows
the appearance of the external morphology of the core pellet

under SEM. The core pellets were spherical agglomerates with.
a slightly rough surface. The surface of the effervescent-lavered’

pellet was slightly smoother {Fig. 3B) and the smoothest was
the surface of effervescent-layered pellet coated with polymeric

100 4

80
60 4

4::]

Weight retained (%)

20 4 '

<084 084 100 119 149 168 2.00-
100 119 1.4 1.68 200 238

Size fraction {mm)

Fig. 2. The size distributions of the core pellets prepared by extrusion-
spheronization (delermined by sieve analysis).

Fig. 3. Scanning electron micrographs of the surfaces of the core, effervescent-
layered pellet, and effervescent-layered pellet coated with 5% Eud:ngil° RL
30D (HPMC:NaHCO;: 2:8 w/w). magnification 50x. Key: (A) core pellet,
(B) effervescent-layered peliet. and (C) effervescent-layered pellet coated with
Eudragit® RL 30D. ’

membrane (Eudragil® RL 30D) (Fig. 3C). The surface morphol-
ogy of the effervescent-layered pellets coated with Eudragit® RL
30D as polymeric membrane before and after dissolution test is
shown in Fig. 4. After dissolution test, the polymeric membrane
of the coated pellets was swelled due to the inner pressure of
generated CO;. However, the swelled membrane in Fig. 4B was
collapsed slightly according to the drying process under vacuum
before SEM observations.
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Fig. 4. Scanning electron micrographsof the surfaces of the effervescent-layered
pellets coated with 5% Eudragh@ RL 30D (HPMC:NaHCOj3; 2:8 w/w)} before
and nfier cxpésurc 10 01N HCI. Key: (A) surface before exposure to 0. IN HC],
magnification 50x and (B) surface after exposure to 0.1N HCl, magnification
30x%.

3.3. Floating ability

The floating ability of the effervescent-layered pellets and the
effervescent-layered pellets coated with polymeric membrane
(completé multiple-unit FDDS) were investigated respected to
amount of the effervescent agent (HPMC:NaHCOj ratio), and
type and level of the polymeric coating. The system should
float in a few minutes after contact with gastric fuid to pre-
vent the dosage form from transiting into the small intestine
together with feod (lannuccelli et al., 1998). The effervescent-
layered pellets floated within 5-10s after placed in 0.1IN HCL
Higher amount of effervescent agent decreased floating time
(duration of Aoating) of the effervescent-layered pellets (Fig, 5).
As the coating level of effervescent layer was kept constant at
12% (wfw), amount ‘'of HPMC in this layer varied depending
on the ratio of HPMC:NaHCO3 used. The prolonged floating
time in the pellets layered with lower amount NaHCO3 was
attributed to higher amount of HPMC which possessed higher
entrapment capacity of the generated CO;. The floating time of
the effervescent-layered pellets was quite short (less than 0.5 h)
because HPMC dissolved and there was no polymeric membrane
which could entrap the generated CO; gas. Therefore, the com-

30
=
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£
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o
£
£
o
o
T 101
0 . , : - .
0 20 40 60 80 100

NaHCO; (%)

Fig. 5. Effect of % NaHCO; layered onto the core pellets on Aoating time of
effervescent-layered pellets.

plete multiple-unit FDDS (effervescent-layered pellets coated
with polymeric membrane) was prepared and evaluated for float-
ing ability. Eudragit® RL 30D, RS 30D or NE 30D were used as
polymeric membranc. The multiple-unit FDDS using Eudragit®
RL 30D as a polymeric membrane floated completely within
3 min in all cases. The time to float of the systems decreased
with increasing amount of effervescent agent and increased with
increasing level of polymeric membrane coating (Fig. 6). The
higher amount of effcrvescent agent causcd faster and higher
CQO; generation (Krogel and Bodmeier, 1999). With increas-
ing level of Eudragit® RL 30D, the floating started later due to
the delayed water penctration through the thicker coating. This
resull was in consistent with the previous studies (Ichigawa et
al., 1991; Krogel and Bodmeier, 1999). The duration of floating
was longer than 24 h. It was indicated that Eudragit® RL 30D

34
E
E 24
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1] 20 40 B0 80 100
NBH003 (‘yn}

—8-~10 % Eudradit RL
== § % Eudragit RL
—i— (} % Eudragit KL

Fig. 6. Effect of % NaHCOj; layered onto the core peticts and coating levet of
Eudragit® RL 30D on time (o float of coated effervescent-layered pellets.
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polymeric membrane was impermeable 10 the generated CO;
and could maintain the Roatation. The multiple-unit FDDS sys-
tems coated with Eudragit® RS 30D and NE 30D as polymeric
membranes did not ffoat even used high effervescent amoum
(HPMC:NaHCO;. 2:8 w/w) and low coating level (5% weight
gain). The pellets swelled slightly after placed in the medium
for 24 h, Eudragit® RS 30D and NE 30D might not be perme-
able enough for dissolution medium to induce the effervescent
reaction and generate sufficient amount of CO2 to make the
pellets floated, Eudragit® RL 30D is a highly water permeable
polymer according to its hydrophilic content, quaternary ammo-
nium groups, in the structure {(Ghebre-Sellassie et al., 1997;
Bauer et al., 1998). It has twice as many quaternary ammonium
groups and is more hydrophilic than Eudragit® RS, It therefore
hydrated faster and resulted in a shorter time 10 Noat {(Krdgel
and Bodmeier, 1999). Based on these results, Eudragit® RL 30D
was the polymer of choice as gas-cntrapped membrane in this
multiple-unit FDDS.

3.4. In vitro drug release characteristics

The release of theophylline from the insoluble matrix core
peliets may be described by the following eguation:

M (2)

[=.9]
where M/M, is the percentage of drug released at time ¢ and &
is a release constant which reflects: {a) the shape of the matrix,
{b) the internal structure of the matrix as it affects the tortuos-
ity and porosity of the matrix and (c) the drug concentration
and solubility (Peppas, 1985: Ford et al., 1991; Sriamornsak et
al., 1997), It is applicable if the release of drug is largely gov-
erned by diffusion through water-filled pores in the matrix. Fig. 7
shows that the rclease of theophylline from the core pellets, the
cffervescent-layered pellets and the effervescent-layered pellets
coated with Eudragn® RL 30D as polymeric membrane con-
forms to Eq. (2) with the correlation coefficient (rz) of more
than 0.97 in each case. .

The effect of effervescent level (% NaHCO3) layered onto the
core pellets on drug rélease from effervescent-layered peliets and
effervescent-laycred pellets coated with Eudragit® RL 30D were
investigated, Fig. 8 shows that there is no significant difference
in drug release between the core pellets and the effervescent-
layered pellets. However. the release of the effervescent-layered
pellets with 20% NaHCOs (HPMC:NaHCO;, 8:2 w/w) was
slightly lowered according to the higher HPMC content in the
effervescent layer. The drug release of the effervescent-layered

pellets coated with Eudragit® RL 30D was lower than that )

of the uncoated cffervescent-layered pellets because the poly-
meric membrane retarded the water penetration through the
effervescent-layered cores. The drug release tended to increase
with increasing amount of effervescent agent. However, no sig-
nificant difference in drug release could be observed. A faster
and higher CO; generation caused by increasing the level of
cffervescent {Krdgel and Bodmeier, 1999} resulted in higher
swelling of polymeric membrane and subsequent drug release.
Additionally, the higher level of effervescent agent was corre-

100 +
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] 028
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% © 55, 5% .
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- O 7:8, 10%
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Fig. 7. The release of theophylline from uncoated cores, effervescent-layered
peilets and effervescent-layered pellets coated with Eudragit® RL 30D as poly-
meric membrane in 0.1N HCL, plotted as the cumulative percentage of drug
released vs. the square root of time, The means of triplicate data are plotted.
Note: the value deseribing zach symbo! represents HPMC:NeHCO; mtio and
coating level of Eudmgil0 RL 30D, respectively.

sponded to the lower level of HPMC and this may lead 1o an
increase of drug release according to the easier and faster water
penetration through the pellets.

Besides the effect of effervescent level, the effects of polymer
type and coating level on drug release were also investigated.
Since only the muitiple-unit FDDS using Eudragit® RL 30D

100 -
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o 60 —8—core pellets
F D~ 2:8
g —a—5:5
.E 40 | ~—t-8:2
.g- ——2:8, 5%
] —=5:5, 5%
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20 4 -0 28, 10%
—a—5:5, 10%
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/3 2 4 [ 8 1 12

Time {h)

Fig. 8. Effect of % NeHCO; layered onto the core pellets on drug release
of cffervescent-laycred pellets and effervescent-layered pelicts-comed with
Eudr:lgil‘D RL 30D as polymeric membrane (HPMC:NaHCOa; 12% weight
gain). Note: the value describing cach symbol represéns HPMC:NaHCO; ratio
and coating level of Eudragit® RL 30D, respectively.
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Fig. 9. Effect of gas-entrapped polymeric membrane (Eudragi® RL 30D) coat-
ing level on drug release from multiple-unit FDDS (HPMC:NaHCO;, 2:8 wiw).
I

as a gas-entrapped polymeric membrane could float, the drug
release of this system was investigated for further study. Fig. 9
shows drug release results of multiple-unit FDDS with 80%
effervescent agent (HPMC:NaHCO3, 2:8 w/w). The drug retease
decreased with increasing level of pelymeric coating from 0 to
10%. The higher membrane thickness retarded water penetra-
tion, resulting in decreasing drug release {Ichigawa et ak, 1991;
Krogel and Bodmeier. 1999). The drug release from the system
using Eudragit® RL 30D as gas-entrapped polymeric membrane
was lincar with the square root of time (as shown in Fig. 7). For
high water permeability of Eudragit® RL, the release profile of
the multiple-unit FDDS seems to be dominated by drug diffosion
through the polymer matrix from the core pellets instead of drug
diffusion through polymeric membrane of reservoir system,

¥
4. Conclusions

The multiple-unit FDDS based on gas formation technique
was developed. The system consists of drug-containing cores
coated with effervescent layer and polymeric membrane. The
floating ability and drug release of the system were dependent
on amount of the effervescent agent layered onto the core pel-
lets, and type and coating level of the polymernc membrane.
Only the system using Eudragit® RL 30D as a polymeric mem-
brane could float as Eudragit® RL 30D had high water- and
low COz-permeabilities with high Aexibility. The system could
float completely within 3 min and maintain the buoyancy over a
period of 24 h. The multiple-unit FDDS with rapid floating and
sustained drug release was obtained and could be a promising
gastroretentive DDS. 4
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F.
INTRODUCTION

Floating drag delivery systems (FDDS) are
designed to exhibit a prolonged gastric residence
time {GRT) to obtain the sufficient
bicavailability of drug from dosage forms [1].
The systems basically float in gastric contents
because of their lower density than gastric fluids
[2]. Floating dosage forms are advantageous for
drugs having a limited. absorption site in the
gastrointestinal tract. They are alse useful for
drugs -acting locally in the proximal part of GI
tract and poorly soluble or unstable drugs in the
intestinal fluid. In this study, a new multiple-unit
FDDS based on gas formation- technique was
developed. The system consists of the core
pellets coated with double layers of .am inner
" effervescent layer and an outer gas-entrapped
polymeric membrane. When the system was
placed into the medium {0.1 N HCI), the fluid
permeated into the effervescent layer. Carbon
dioxide was liberated via neutralization reaction
and was entrapped in the polymeric membrane
[3]. The swollen pellets with a density less than
1.0 g/ml were then fleated, maintained the
buoyancy and released.the drug.

The aim of this study was to investigate the
effect of formulation variables e.g., amount of
the effervescent agent layered onto the core
pellets, and type and coating level of the
polymeric membrane on floating ability and drug
release of the multiple-unit FDDS.

EXPER!MENTAL METHODS

. Matcna]s
i

Anhydrous lheophylline-was chosen as a model
drug. Microcrystalline  cellulose  (Avicel®

PH101) was used as pelletization aid of the core -

pellets. The effervescent layer consisted of
sodium bicarbonate using HPMC (Methocel®
EJ5LV) as a binder and PEG 6000 as plasticizer.

The gas-entrapped polymeric membrane used
was  aqueous  colloidal  polymethacrylate
dispersion (Eudragit® RL 30D, RS 30D or NE
30D) plasticized with diethyl phthalate (DEP).

¢ Preparation of multiple-unit FDDS

The drug-containing core pellets were prepared
by extrusion-spheronization process. The pellets
were then coated with double layers of an inner
effervescent layer containing sodium bicarbonate
and an outer polymeric membrane of an aqueous
colloidal polymer dispersion using fluidized bed
apparatus (Uni-Glatt).

+ Evaluvation of multiple-unit FDDS

Floating ability (time ta float and floating time)
and drug release of the multiple-unit FDDS were
performed in USP paddle dissolution apparatus

" (900 ml of 0.1 N'HC1;37°C, 50 rpm).

RESULTS AND DISCUSSION:

Surface of medium m

Medium (0.1 N HCI)

A B C

Figure 1: Floating mechanism of the multiple-
unit FDDS: A) permeation of medium,; B} gas
{COy) formation and floating; C) drug release.
Key: (a) drug-containing core pellets; (b)
effervescent fayer (sodium bicarbonate); (¢} gas-
entrapped polymeric membrane. (Adapted from

Ref 3)

The drug-containing core pellets prepared by
extrusion-spheronization showed narrow size
distribution and the dominant size fraction was
1.41-1.68 mm (Table 1).

Proc. 5th Werld Meeting on Pharmaceutics, Bicpharmaceutics and Pharmaceutical Technology, Genevi, 27-30 March 2006



Table 1: The size distributions of the core pellets
prepared by extrusion-spheronization
(determined by sieve analysis).

Siz; fnu.l-iu;'; {mm) % by weight of corc peliets 1n size froction {$D)

<084 0.0 (0.00)
0x4-1.00 0.00 (0.00)
100019 d Q.0 (0.00)
IR AT 2.17 (0.23)
L4116 86.83.(0.55)
168200 © s ean
200-238 T 0.19(0.03)

>2.38 i . 0.02.{0.00}

The floating ability and drug release of the
multiple-unit  FDDS  were investigated with
respect lo. amount/coating level of the
cffervescent agent, and type and coating level of
the gas-entrapped polymeric coating. Since the
floating time (duration of floating) of the
effervescent-layered  pellets  without  gas-
entrapped polymeric membrane was quite short
{less than 0.5 h). Therefore, the complete
multiple-unit  FDDS  with  gas-entrapped
polymeric “membrane was prepared and
evaluated. Only the system using Eudragit® RL
30D as an outer polymeric membrane could float
in a few minutes after contact with 0.1 N HCL
The time to float decreased with increasing
amount of the effervescent agent (Fig. 2) and
remained floating over a period of 24 h.

3.

-

Time to float (min)
»

NzHCO: (%)

—8= 10 % Eudradit RL
-0~ 5% Eudragit RL
—a— 0 % Eudragit RL

Figure 2: Eg}@cr of % NaHCO; and coating level
of Eudragit® RL on time to float of the multiple-
unit FDDS, - .

The sustained drug release of multiple-unit
FDDS was obtained and the drug release profile
was linear with the square root of time. Coating
of gas-entrapped polymetic membrane decreased
the drug release, However, the amount/coating
level of the effervescent agent, coating level of
the polymeric coating (Eudragit™ RL 30D) did
not affect drug release significantly (Fig. 3).

004

8

R cors pelats
oxs

455

ANz

.28 5%

© 55, 5%

X 82, 5%
o8, 10%

# 55, 90%
BT 0%

Orug releanad (%)
s

1} 1 - 2 3 4
Square 100t of time in*h

Figure 3: The drug release of uncoated cores,
effervescent-layered pellets and effervescent-
layered pellets coated with Eudragit® RL in 0.1 N
HCl (n=3}.

Note: The value describing each symbol represent
HPMC:NaHCO; ratio and coating level of
Eudragit® RL, respectively.

The multiple-unit FDDS based on gas formation
technique was developed. The floating ability of
the system was affected by formulation
variables. Only the system using Eudragit® RL
30D as a gas-entrapped polymeric membrane
could float. The system was float completely in a
few minutes and remained floating over a period
of 24 h. The sustained drug release was obtained
and lincar with the square root of time. The
FDDS developed in this study was promising as
a drug camer for gastroretentive DDS.
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ABSTRACT SUMMARY:

The mulupte-unit floating drug delivery system based
on gas formation technique was developed. The system
consists of core pellets coated with inner effervescent
layer and outer polymeric membrane. The floating ability
and drug release depended on ameunt of the effervescent
agent, type and amount of the polymeric coating.

Keywords: floating, drug delivery system, pellets,
eflfervescent

INTRODUCTION:

Floating drug delivery system (FDDS) is one of
gastroretentive dosage forms which are designed to
exhibit a prolonged gastric residence time (GRT) to
obtain the sufficient bioavailability of drug from dosage
forms'. The system basically floats in gastric contents
because of its lower density than gastric fluids’. Floating
dosage forms are advantageous for drugs having a limited
absorption site in the intestinal tract. They are also useful
for drugs sct locally in the proximal part of
gastrointestinal {Gl) tract and peorly soluble or unstable
drugs in the GI fluid. In this smudy, the muliple-unit
FDDS based on gas formation technique was developed.
The system consists of a drug-contatning core peilets
coated with effervescent compenent and gas-entrapped
polymeric membrane. When the system is placed into the
medium (0.} N HCI), the fluild permeates into the
effervescent layer. Carbon dioxide is liberated via
neutralization reaction and is entrapped in the polymeric
membrane’, The gas-entrapped pellets with a density less
than 1.0 g/ml subsequently float, maintain the buoyancy
and release the drug.

The aim of this study was to investigate the effect of
the formulation variables, e.g., amount of the effervescent
agenl layered onto the core pellets, and type and coating
level of the polymeric membrane on floating ability and
drug release of the pellets.

EXPERIMENTAL METHODS:

+ Materials:

Anhydrous theophylline was chosen as model drug.
Micracrystalline cellulose (Avicel® PH101) was used as
pelletization aid of 1he core pellets. Sodium bicarbonate as
effervescent agent, hydroxypropyl methylcellulose
(Methocel® EI15LV) as a binder and PEG6000 as
plasticizer were used in effervescent layer. The polymeric

membrane used was aqueous colloidal polymethacrylate
dispersion (Eudragit® RL 30D, RS 30D or NE 30D)
plastictzed with diethy| phthalate.

* Preparation of multiple-unit FDDS

The drug-containing core pellets were prepared by
extrusion-spheronization processes. The pellets were then
coated with double layers of an inner effervescent layer
containing sodium bicarbonate and an outer polymenc
membrane of an aqueous colloidal polymer dispersion
using fluidized bed apparatus (Uni-Glatt).

« Evaluation of multiple-unit FDDS

Floating ability (time to float and floating time) and
drug release were performed in USP paddle disselution
apparatus (900 m! of 0.1 N HCI, 37 °C, 0 rpm).

RESULTS AND DISCUSSION:

N

; N
y _/ ’\ Wy effervescent tayer

core pellet (sodium bicarbonate)

Fig. I: The design of a multiple-unit FDDS.

The drugcontaining core pellets prepared by
extrusion-spheronization showed narrow size distribution
and the dominant size fraction was 1.41-1.68 mm (Fig. 2).

100 -
g = T
o -
£ 60 15
2 S 5
= 404 -
£ i
.g' i
T 209 ’
0 r T . I r —
<084 088 1.00- 1.9 141 163 2.00- >2.38
.60 119 141 168 200 238

Size fractton {mm)

Fig. 2: The stze distributions of the core pellets prepared
by extrusion-spheronization {determined by sieve
analysis).
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Fig. 3a shows the appearance of the external
morphology of the uncoated peilet under SEM. The core
pellets were spherical agglomerates with a slightly rough
surface. The surface of the effervescent-layered pellet was
stightly smeother (Fig. 3b) and the smoothest surface was
observed in the effervescent-layered pellet coated with
polyineric membrane (Eudragit® RL) (Fig. 3c).

Weire wnepmy

Fig. 3. SEM micrographs of surface of the core pellet (a}),
effervescent-layered pellet (b), and effervescent-
layered pellet coated with Eudragit® RL (c)

The floating abtlity and drug release was investigated
with respect 1o amount/coating level of the effervescent
agent, and type and amount of the polymeric coating.
Since the floating ume (duration of floating) of the
effervescent-layered pellets without polymeric membrane
was quite short (less than 0.5 h). Therefore, the complete
multiple-unit  FDDS with polymeric membrane was
prepared and evaluated. Only the system using Eudragit®
RL 30D as an outer polymeric membrane could float in a
few minutes after contacting with 0.1 N HCL The time 10
float decreased with increasing amount of the effervescent
agent (Fig. 4) and remained floating over a period of 24 h.

Time to flegd (min)
~

T T
40 60 100

RaHC O, (%}

—8— 10 % Eudradli RL
—0— 5 % Eudrapgit RL
—dr- 0 % Eudraglt RL

Fig. 4: Effect of % NaHCO; layered onto the core pellets
and coating level of Eudragit™ RL on time to float
of coated effervescent-layered pellets.

The sustained drug release was obtained in this study.
However, the amount/coating level of the effervescent
agent, thickness of the polymeric coating (Eudragit® RL
30D) did not affect drug release significantly (Fig. 3).

#490

Theohhyiling mepied (%)
1

Tims by +

Fig. 5: Effect of % NaHCQ, layered onte the core pellets

and coating level of polymenc membrane on drug
release of complete multiple-unit FODS.
Note: The value describing each symbol represent
HPMC:NaHCO; ratio and <coating level of
Eudragit® RL, respectively.

CONCLUSION:

The multiple-unit FDDS based on gas formation
technique was developed. The floating ability of the
system was affected by several faciors such as amount of
the effervescent agent lavered onto the core pellets, rype
and coating level of the polymeric membrane. Only the
system using Eudragit® RL 30D as a polymenc
membrane could float. The time to float decreased with
increasing amount of the effervescent agent. The system
floated completely in a few minutes and remained fleating
over a period of 24 h. The sustained drug release was
obtained. The multiple-unit FDDS develeped in this study
offers an alternative delivery system whtch remains
buoyant in the GI fluids, thus potentially prolonging the
GRT.
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-~ EFFECT OF FORMULATION VARIABLES ON FLOATING ABILITY
AND DRUG RELEASE OF EFF ERVESCENT FLOATIN G TABLETS
Srisagu! Sungthongjeen'", Satit Puttipipatkhachom®’

'Department of Pharmaceutical Technology, Faculty of Pharmaceutical Sciences,
Naresuan University, Phitsanulok 65000 Thailand
’Department of Manufacturing Pharmacy, Faculty of Pharmacy, Mahidol Umvers:ty
Bangkok 10400 Thailand

*Correspondence: sungts2000@yahoo.com, **Presenting author: pyspt@mahidol.ac.th

An effervéscent floating tablet was developed in order to prolong the gastric residence time (GRT)
and to increase the overall bioavailability of the dosage form. The system consisted of a core tablet
. - which was consecutively coated with a protective layer (hydroxypropyl methylcellulose), an
~* effervescent layer (sodium b:caxbonate) and a gas-entrapped polymeric membrane (aqueous
colloidal polymcr dispersion, Eudraglt RL 30D), respectively. The core tablets were prepared by
_direct compression method or wet granulation method and the coating was performed using a
~ ' perforated pan coater. Theophylline was used as model drug. The floating ability (time to float and
~ duration of flotation) and drug release of the prepared tablets were investigated in 0.1 N HCI with.

. respect to some formulation variables such as core tablet preparation methods, amount of

effervescent agent and amount of gas-entrapped polymeric membrane. The floating tablets with the
cores prepared by direct compression method showed shorter time to float and faster drug release
- when compared to those with the cores prepared by the wet granulation method. Increasing the
amount of effervescent agent did not affect the time to float of the floating tablets but increased
drug re]ease Higher level of the gas-entrapped polymeric membrane increased time to float and
... prolonged drug release of the floating tablets. The floating tablets could float completely in 7
minutes and maintained their buoyancy longer than 8 hours. The results suggest that the
. effervescent floating tablets are promising candidates for a gastroretentlve drug -delivery -system
~ which would be advantageous for drugs with a limited absorption site in the gastrointestinal tract,
- - drugs acting locally in the proximal part of the GI tract and poorly soluble or unstable drugs in thc
intestinal fluids.

" Keywords: floating tablet, effervescent, coating, floating ability, drug release, theophylline
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[Db-W-OTS] MECHANICAL PROPERTIES EVALUATION OF FREE POLYMERIC FILMS IN
DEVELCPMENT CF MULTIPLE-UNIT FLOATING DRUG DELIVERY SYSTEM BASED ON GAS

FORMATION TECHNIQUE

Sungthongjeen Srisagul, Paeratakul Ornlaksana, Puttipipatikhachorn Satit, Limmatvapirat Sentaya.
Fact of Pharm Sci, Naresuan University, PHITSANULOK, Thailand; Thailand; Faculty of Pharmacy,
Silpakorn Univ, NAKHON PATHOM, Thailand

A multiple-unit floating drug delivery system (FDDS} based on gas formation technique was developed in
order to protong the gastric residence time and to increase the overall bicavailability of the dosage form.
The mechanical properties (puncture strength and elongation) of acrylic (Eudragit® RS30D, RL30D,
NE30D) and cellulosic {ethylcellulose) polymers were evaluated in both dry and wet state with a puncture
test using Texture Analyzer. Ethylcellulose was a mechanically weak and low flexible polymer. It might
easily rupture upon CO2 formation. Only highiy flexible polymers (Eudragit® RS30D, RL30D, NE30D)
were selected for the multiple-unit FDDS in order to avoid rupturing of the coating under the increasing
CO2 pressure. The multiple-unit FDDS consists of the core pellets prepared by extrusion-spheronization
and coated with an inner effervescent layer containing sodium bicarbonate and an cuter gas-entrapped
polymeric membrane using fluidized bed apparatus, respectively. The floating ability of the system was
investigated. Only the system using Eudragit® RL 30D as an outer gas-entrapped polymeric membrane
cotld float in a few minutes after contacted with 0.1 N HCI. The time to float decreased as amount of the
effervescent agent increased and coating level of gas-entrapped polymeric membrane decreased. The
system could float completely within 3 minutes and maintained the buoyancy over a period of 24 h.
Increasing coating level of gas-entrapped polymeric membrane decreased the drug release. Both rapid
floating and sustained release properties were achieved in the multiple-unit FDDS developed in this
present study. The results suggest that the multiple-unit FDDS is promising candidate for a gastroretentive
drug delivery system which would be advantageous for drugs with an absorplion window in the stomach or
in the upper small intestine, drugs acting locally in the proximal part of the Gl tract and poorly soluble or
unstable drugs in the intestinal fluids.
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EFFECT OF FORMULATION VARIABLES ON FLOATING ABILITY OF
MULTIPLE -UNIT FLOATING DRUG DELIVERY SYSTEM BASED ON
GAS FORMATION TECHNIQUE

Srisagul Sungthongjeen', Ornlaksana Paeratakul?, Sontaya Limmatvapirat’,
' and Satit Puttipipatk.hz’u.:hc)rn4

'Department of Pharmaceutical Technology, Faculty of Pharmaceutical Sciences, Naresuan University,
- Phitsanulok 65000, Thailand
zDepartmcnt of Pharmaceutical Technology, Faculty of Pharmacy, Srinakharinwirot University,
: Nakhon -Nayok 26120, Thailand
JDeparmuent of Phiarmaceutical Technology, Faculty of Pharmacy, Silpakom University,
Nakhon Pathom 73000, Thailand
Department of Manufacturing Pharmacy, Faculty of Pharmacy, Mahidol University,
Bangkok 104090, Thailand

: In order to prolong the gastric residence time (GRT) and to increase the
overall bioavailability of the dosage form, a new multiple-unit floating drug delivery
system based on gas formation technique was developed. The system consists of the

. core pellets prepared by extrusion-spheronization processes coated with double layers -
of an inner effervescent layer and an outer gas-entrapped polymeric membrane using
fluidized bed apparatus. Theophylline was selected as model drug. Floating ability

- (time to float and duration of flotation)} of the system was investigated with respect to
amount/coating level of the effervescent agent (sodlum bicarbonate) including type
and thickness of the gas-entrapped membrane (Eudragit® RL 30D, RS 30D, NE 30D).
Without the outer gas-entrapped membrane, the effervescent-coated pellets floated
immedlately (less than 30 seconds) and sank within 20 minutes. Only the system.
using Eudragit® RL 30D as an outer gas-entrapped membrane could float in a few

minutes (within 3 minutes) after contact with 0.1 N HCI This system remained
floating over a period of 24 hours. The time to float decreased with increasing amount
of the effervescent agent and decreasing thickness of gas-entrapped membrane. The
results demonstrated that floating ability of the system was affected by formulation

-variables and the multlplc-umt ﬂoatmg drug delivery system based on gas formatxon

techmque was promising as a carrier for gastroretentlve drug delivery system.

R
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EFFECT OF F@RM!;JLATEQN VARIABLES ON FLOATING ABILITY OF MULTIPLE-UNIT
FLOATING DRUG DELIVERY SYSTEM BASED ON GAS FORMATION TECHNIQUE

Srisagul Sungthonajeen®, Ornlaksana Paeratakul?, Sontaya Limmatvapirat® and Satit Puttipipatkhachom*

Ipepartment of Pharmaceutical Technology, Faculty of Pharmaceutical Sciences, Naresuan University, Phitsanulok 65000, Thafland
Department of Pharmaceutical Technology, Faculty of Pharmacy, Srinakharinwirot University, Nakhon-Nayok 26120, Thafland
*Department of Pharmaceutical Technology, Faculty of Pharmacy, Silpakomn University, Nakhon Pathom?3000, Thaitand
*Department of Manufacturing Pharmacy, Faculty of Pharmacy, Mahidol University, Sri-Ayudhya Road, Bangkok 10400, Thaitand

INTRODUCTION | RESULTS
In order to prolong the gastric

residence time (GRT) and to increase Sutface of medium m

the overall bioavailability of the

dosage forms, floating drug delivery

system (FDDS) has been developed . N
(1). The system basically floats in
gastric contents because of its fower HO - -> = Drg

density than gastric fluids (2). FDDS is
advantageous for drugs having a
limited absorption site in the
- gastrointestinal tract. They are also

Medium (0.1 N HCI)

useful for drugs acting locally in the

proximal part of GI tract and poorly A B c —

soluble or unstablé drugs in the Fig.1 Floating mechanism of the muftipte-unit FDDS: Fig.6 Drug refease profiles of core
intestinal fluid, In this study, a new 9 A) permeaﬁon ‘of medium; B) gas (C0,) formation pe?lgts and miiltlple-unit FDDS,
multiple-unit FDDS based on gas and floating; C) drug refease.

formation technique was developed.  Key: {a) drug-contalning core pellets; (b} effervescent CONCLUSTONS

The system consists of a layer {sodium bicarboriate); {c) gas- entrapped

drug-containing core pelliets coated polymeric membrane. (Adapta'}fromke‘f 3) . The floating abllity of the .
wa.th double’ layers of an inner N multiple-unit FDDS was affected by
effervescent layer and an outer - . formulation variabies. o
gas-entrapped polymeric membrane, » The time to flodt decreased with
When the system was placed into the iw e increasing amount of the effervescent
medium (01 N HCI), the fluid e agent and decreaslng ‘thickness of
permeates into the effervescent layer 3 gas—entmpped meml:rane.

through the outer polymeric z® * Eudragit® RL 30D is the polymer of
membrane, Carbon dioxide was » chiice for gas-entrapped membrane in
liberated via neutralization reaction ® this study since, only the system using
and was entrapped in the polymeric 0+ * L — uld ﬂoat.

membrane (3, 4). The swollen pellets GO oA O R 1 I oEm

with a density tess than 1.0 g/ml'were ’ mmhm

then floated, maintained the buoyancy

and released the drug. an_ .2 Snze distribution’ of the core p

OBIECTIVE

To investlgate the effect of
formulatlon variablés on floatmg?
abulntv ‘and ‘drug release of the -
mittiple: r.imt FDDS. " -
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Design and evaluation of multiple-unit floating drug delivery system based on gas
formation technique
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‘Department of Pharmaceutical Technology, Faculty of Pharmacy, Silpakorn University, Nakkon Pathom 73000,
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“Department of Marmufacturing Pharmacy, Faculty of Pharmacy, Mahidol University, Bangkok 10400, Thailand
:

Abstract
Floating drug delivery systems are developed to prolong gastric residence time and to obtain

sufficient drug bioavailability of the dosage forms. A new multiple-unit floating drug delivery
system based on gas formation technique was prepared and evaluated. The system consists of
the core pellets prepared by extrusion-spheronization processes coated with double layers of an
inner effervescent layer and an outer gas-entrapped polymeric membrane using fluidized bed
apparatus. Theophy!line was used as mode! drug. Floating ability and drug release of the system
was investigated with respect to formulation variables such as amount of the effervescent agent
(sodium bicarbonate), type and thickness of the gas-entrapped membrane (Eudragit® RL 30D,
RS 30D, NE 30D). Without the outer gas-entrapped membrane, the effervescent-coated pellets
floated |mmed1ately (less than 30 seconds) and sank within 20 minutes. Only the system using
Eudragit® RL 30D as an outer gas-entrapped membrane could float in a few minutes after
contact with the dissolution medium (0.1 N HCI). The time to float decreased with increasing
amount -of the effervescent agent and decreasing level of gas-entrapped membrane. The
Optlmum system could float within 3 minutes and maintained buoyancy over a period of 24
hours. Increasing coating level of gas-entrapped membrane decreased the drug release. The

drug release was sustained and linear with the square root of time. The multiple-unit floating .

drug delivery system developed in this study achieved both rapid floating and sustained release.
The results suggested that this system is promising as a gastroretentive drug delivery system
which would be advantageous for drugs with a limited absorption site in the gastrointestinal
tract, drugs acting locally in the proximal part of Gl tract and poorly soluble or unstable drugs
in the intestinal fluid.

Keywords: Floating drug delivery system, Pellets, Coating, Effervescent agent, Sustained
release
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