T & & . ar o
MRG4680120 I#A.97.WIFING AIDUTANG

o= Qs e 3
AMEITUID El%ﬂﬂﬁ&ll‘.!‘im

NSRRIV ITEULRIRIZIT AR D LA LWNILLNIZDINS

sl%zﬂ‘.’uaﬂLLﬂaL%ﬂNLwﬂaL%ﬂL%aﬁﬂ

‘[G"IEI

o &£ A o £
NIFNA FIYDNIANA LLAazAthe

zﬁq‘mﬂ% 2548



SYQNaTA MRG4680120

PR ER IO L DSTHTEEGTR

ATSHRIBIIZU LW SIS T RA D UAD LN TELNILANHENS

1%33]2!80%@13&%2!&I.Wﬂal;%@ll,ﬁ]aﬁﬂ

Uiy, O

ADLCHIVE

s o £ o -1
FIANHAATINIVNITE AT NWIFANR ATDNIENA

mMadTunalulabln&TnTsy ausLndTaas s ingsudatng

Qe '3

Tﬂdﬂ’lﬂﬂ‘i"ﬁ]’l‘iif f37. 8150 T!Ylﬁ“‘ﬂﬂl%?l’iﬁ

&

mam lﬂiﬁii}ﬂﬁ’]ﬁﬂ?ﬁ'u ATLLNRTANEAT WWIINLNRBURAR

ﬂﬁﬂﬂwgu’fﬂunmmm?nmé‘ﬂ u.a::a"lﬁm'mnaaquaﬁuawumﬁé’u

o J’ - . B () - -~ - -~
(ﬂ‘numu'luﬂumuutﬂu'uaupau NURY LUATEN. 'lumtﬂu@mmummﬂua‘lﬁ)



PV | - . - - -
FHIMITUTINM TRRM UL hEItNsiieae Ufnluni:lw‘l:ﬂﬂ'ﬁ'ﬁlu}ﬂuﬂNi%ﬂulw“ﬂluﬂ tQNﬁﬂ 1

Qs 1
naaga
-~ o
RQUUNAYN ;. MRG4680120
a '™ e 1 = - = -
Falasams : m‘mmm‘:zunmmmﬁumaaum'lun‘s:tm:a’nmﬂu;slﬂ-namﬂamumwnﬂ
waleaia
A e om v £ A w o a an o
TouNIY D WIFN@ ATDNIANG UBL &1DA WNTWWAINTRY
szustmduiuny - o 21 (1 nIngnw 2546 D 30 figuinu 2548)

Ay oo o [ . ' o [ - 1
nuwuummqﬂs:mﬁmawsumi:uumaam-ﬂumaaumLwErﬁm':u:nmmag'luns:tm:mmﬂu
Eﬂ'umu.ﬂm*'ff'umwaammaaﬂm TaplfuvamamsaannumnuiueasssuvlaplfindunIessauia
Namﬁﬂugmw‘rr'fu
=l -l 3 = - A‘I v Al | 1 L el - [ o ..J
maaspiiiuuaadonnadinanaterianihdududmdnavanduisnnfaduiftuua:
- - d o e A’ ] et s 1 Ad r » L ' -4
mafadweade ldwannuazienatuinlnl wasldfnwnaratladuea g Allnadaplivansuzuaiie
P - . - e Lda g P a - [ E oy o ea
fiauaznisaanen 1w rhauazUSunmvanhduinly wazriiavaanadiu (udu wanamiugslddnwns
Yo Tfugasdivitdn g demaleaddasdronulnsianloadndis mudedidnareuusasliinu
A - I - 1] .‘I -4 Lo
'[fma%"m'uaaLﬁmﬁﬂmﬂgmmmﬁnﬁ'm-:umiqu'muag,mtﬁmasmtﬂ HAaNITANMINTRDUAIURENT
. 4 o« W o P i I . - ™
UaaddagprwuinnislibhdululSuiaimusaumeliidatiasaodildluanz Ainaasy nisiu
famdmrandamnauniinarzaanisysatdapprsananndiaale adwlsiauntdaaddeunasn
nndladadidaudrnty msdiudannmaeaddaslagmsdiugasdriudieian g wuimndiuans
1 L 4 = a & . w eo d v . Voo
szaonsdanddapsnmaiilurmswadined atswanuingnafreudiuazlisanin duarzaanas
. ' ' W e . f [ P ] -
ﬂamJaaum‘luLmnmamnizuuﬁ'lu‘lﬂﬂmgmmiuamaﬁu.ummy TwansAinmsusdetialuasiinaiiu
uds (ngmmadilad) duarilinisdasddesmdqasiszum 2 i udinmafevdedadiawodiuedy
~ ' v v » 1 oy W - a o W
faluazarshvililinrlsaddesdasegniblivadglosfdeiadinsamuisoasodald
o e W o - - = - - v .
NwITpadldWanndi e Touunaifsmwafnaraiasiag aumlum:tm:a'\mﬂﬂnl'ummqu
« a4 = v Py [ | o~ o ' f - 1 A
mivamadudumsaoudy uszldfinwuavestiiiveneg ninsdagivansnryaadanaie ms
asudauaznTlanlsasgrainuiaeaiin 1tu rieussySinmussansanfusue siauadnndn sHaves
~ . - [V - v o , e o s a 5
FrsanannaaussdIsn1srintiuts Wudu wanms@nsinwuindedenusula@onluafuaiunua:
- « A v P [ a o [ . P s 1 [
uﬂawuumsuatumﬂﬂﬂaﬂotﬂugw;uua:aaumh madenldmsaananamadiionudunsaniilyi
- a’ A rl » -~ L LY - B A [}
lnssgdofignpumnniu ussdanuhnmeaibinidlagdfibenudoih i ladedeniinsssmnaluguasiilw
- ol - ol g e v v L o ' - o - '
Watlaaesdldanininsildudslasmssuuis uanannundinuintadudng g Aanwiinadanis
UasUsspzrasnanudefiauandionuly
- o v ] ~ a o R ' P '
Nan'mi:uLLam'l“mu'mmav‘ﬁ'uumemmwﬂﬁmuﬂnﬁm:Jmﬂumuﬂ‘s:nauua:ww'l'ﬁ'mmqu
- A - L L] - r L3 A L)
amSuamaduszuufausavanusushdis riieassdr luntsiwize v s e Fanmauavaie
ol .,I o v: A -~ - .=| " a“ - -y a A =
fiafaapa eRaunvau i dusuufreaemlsaddssmsmIaurzuufinzaai oo iviiom

a v
LLIEIL‘In?: LW']:a‘lWl‘i‘lﬂ

AAIATY: INAdAU wnaldoumefue srumihd@riasasiluntziwnzeims da



-~ d - . - =~ -
NermiToTasnanennssuuh s siieaa um'lum:tw1:mm11u3ﬂuﬂmiuutwnmuﬂwaﬁa 2

Abstract
Contract No. : MRG4680120
Project Title . Development of intragastric floating drug delivery system using calcium pectinate
gel beads
Researchers :  Pornsak Sriamornsak and Satit Puttipipatkhachorn
Research Duration : 2 years (1 July 2003 - 30 June 2005 2004)

This research was aimed to develop the intragastric floating drug delivery system using calcium
pectinate gel (CaPG) beads as carriers. The approach to make the bead afloat is adding the cils or gas-
forming excipients in the formulations to reduce the density of the-beads.

A new emulsion-gelation method to prepare cil-entrapped CaPG beads capable of ﬂoa_gng'in the
gastric condition was designed and tested. Scanning electron photomicrographs demonstrated‘ very.small
pores dispersed all over the beads. The effect of selected factors, such as type of oil, percentage of oil,
and type of pectin on morphology and floating properties was investigated. The effect of various release
modification methods on metronidazole (MZ) release was also investigated. The oil-entrapped CaPG
beads floated if a sufficient amount of oil was used. Increasing the drug to pectin ratio in the beads
decreased the release rate of the drug from cil-entrapped CaPG beads. However, the drug release from
these beads was rapid. The attempts to modify the drug release were made by adding some additives
into starting solution prior to bead formation, hardening with glutaraldehyde, or coating with polymer. The
results demonstrated that addition of additives insignificantly changed the release profiles while using a
hardening agent prolonged the drug release about 2-fold. Coating the beads significantly sustained the
drug release and the beads still floated.

A new intragastric floating drug delivery system using CaPG beads containing carbonate salfs. as
gas-forming agents, was designed and tested. The effect of selected factors, such as type of carbonates,
percentage of carbonates, type of pectin, type of gelation medium and drying condition, on morphology,
buocyancy and drug release properties was investigated. Incorporation of NaHCO, or CaCO, into pectin
solution resulted in porous structured beads. Acidity of gelation medium increased the pores in the
structure. The lyophilized beads gave superporous structure and increased buoyancy when compared to
air-dried beads since the structure of lyophilized beads remained the same as wet beads. All factors
investigated have influenced the drug release from the CaPG beads containing carbonate salts.

The results suggested that oil-entrapped CaPG beads and CaPG beads containing carbonate salts
were promising as a carrier for intragastric floating drug defivery. These properties are applicable not

only to the sustained release of drugs but also to the targeting of the gastric mucosa.

Key words: pectin, calcium pectinate, intragastric floating drug delivery system, beads
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HaWATER la sy
1. AnmanmsimnzanlumueSusueandomwadiuaieaia laolginadurias g
masunltlumsdnwnd 2 wiia 16uni LM-101 AS uss LM-104 AS-FS (CP Kelco, Denmark)
TarldvimsanwmanizfmunzsalumseionWididansdenisnwmensy 3935nseTow
unsidsuwadwaeaialas3T ionotropic gelation ﬁfumaua‘gﬂé’n‘f A0 NEURITAZATDIWAGUAITY
Wudu 5% lapiimin wassmitsmoamszmomaauieiorldsdluasazauaadounsa
Trdanudutu 0.3 Tuand dawdufiasuued 216 darudaasy sweidusduguings 0.8
fadwas landfudarnmmoafiszinm 50-60 neadawf (Juas 5 wid mafeunadomnad
natasiieaziiadulandaludd nirnrntuutuasiFoninadmuaaaiamiodulugrsacans
unaLsuaas lIneaan 20 w9 tﬁalﬁﬂﬁﬁ‘iﬂﬂtﬁﬂﬁngsdﬁﬁu fanldfdnwunay findasdon
la mmfu%'am'lﬂs'ﬁaﬁqumfﬂné'utlﬂ:m‘lﬂauuﬁaﬁqnmqﬁ 37 ssmmadsaduinan 12 Falug

#
g

2 tﬁ?ymmméf’ymwwﬁzumaaﬁmﬁﬂaamﬁﬁy‘&'Z:f‘lﬂ‘”uss?ﬂﬂﬂﬂhﬁnﬂﬁﬂﬁm7 loturi -
2.1. mueinulasis ionotropic gelation
winuuaadoauwadiuaaaiialan’s ionotropic gelation SaTBazBaNna U7
luis 1 Tavldvinmsdnwiadena g ldun
2.1.1. ARMINATEITIRAVEIWAGY
tw3ueaiiannmnaduriia low methoxy M3l degree of esterification (DE)
wand9in 2 wila ldun iwafiu LM-101 AS ({ié1 DE 36%) uaz LM-
104 AS-FS (3ifin DE 28%)
2.1.2. Anwnavesitmsvilvuns
vuaadiefiadonldanmedum 2 sislumbiudlagdtmrauused
goanndl 37 asenaaidos uashliudalasifidonuds (freeze drying)
2.2. maadsulaums@unfsannunmtinTaITuY 15% edible ol
winuunndvnmwadmaesiievianiiiurdefisudemuldiuesiianany
WHILUULD95:UY Lap3T emulsion-getation  FuilwiAaaulssn1a1nis ionotropic
gelation lavdTnmnaisuiianuuansdnannminaivnaaiiasstuandaniesda wau
RITASRIULN AT (AULTUTW 5% wiw) ﬁnﬁﬂifumwmﬁ'wﬁumoq Fauaasluansred 1
PNNIUHANLLUTITUAR IRaM s ntutaahinuazarsazanomadn Jedaeldindos
Tunay homogenizer Fatlumansuliiiwilowdorin lasvasnsaflaisnwuniu
BlatuTenien tﬁaammwaﬁuﬁqmauﬁ'ﬁlumﬂﬂumiﬁaaﬁ’ﬂ-ﬁ’u PRIINUNITINER
asazarumaduiiiiwinsndenovasluasazaouasidouaas lsdaududu
0.3 Tuan{ e 216 Unudanss awiaiduiuguing1s 0.8 Taday laoilsy
ST Imaaiyszann 50-60 neadauwf uinan 5 wifl Mafauanduunwafuain
fevzifainlassalud@ nasnninutiesianifedulusazaounaidvuaaslsdsadn
20 w1 Lﬁﬁlﬁﬂ;‘]ﬁ?mtﬁﬂﬂngﬂﬁﬁﬁu ufr3sdedashnduussilauwieigungd
37 serraidusiiiuns 12 Falus uadldvimsinwTasedng g Taun
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5% Pectin solution Walu dmingan ﬁmﬂmﬂaﬁ"ﬁuﬁi’uﬂulugm
(%) (n3w) (n3w) (%wiw)
25.0 0 25.0 0
250 1.3 26.3 5
250 2.8 27.8 -~ 10
250 6.3 313 20
25.0 10.7 357 30
250 16.7 41.7 40

2.2.1. ANWWRTIITHAYSIUWAAY
wisnaadonninadiueiie low methoxy 715 DE wanaeiu 2 wfia
(WAL 2.1.1.)

222 @nwwavasriiavasiwiuily
denlfiniuilluntsindrnsrnuasAldUsnavainisdsgransa
Hinlrzmule Tuvoiu 8 wile lous light mineral oil, ofive oil, com oil,
soybean oil, rice oil, sesame oil, peppermint oil and sunflower il

223 Anwieavasenugutuvesidunils

vy o v ol ' w € . by w
'l‘nunuu'lugmmm'lulﬁmmﬂI.Lﬂnﬂ‘loﬂu Al 5-40 % Iﬂﬂuﬂﬂuﬂ

ol P [ o -l L) - ol - = A ' b
‘lugﬂﬂ 1 LLﬁGNllN%ﬂ']Wﬂﬂ‘lﬂﬂ'l'imﬂLﬂ%lﬂﬂt'ﬂﬂl}ﬂﬂﬁﬂﬂﬁﬂ'\‘ﬂﬂﬂlﬂuallﬂ‘ﬁuﬂau Wad

- & o v & O L 1
uiaLiluan (emulsion-gelation method) 49 leiauaulnaiduasausn

o e ) o .
! ffailu AAPS Joumal 2004 U7l 6 atiufl 3 unaufl 24 (httpiwww.aapsi.org)
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Homogenization Extrude into CaCl,

i (O oil droplet

(L Pectin
s

Qil droplet in Emulsion formed after Formation of calcium
pectin solution homogenization pectinate emulsion gel
spheres

e

gﬂﬁ 1 Diagram to illustrate the propesed model of emulsion gel spheres formation process by which

the oil-entrapped calcium pectinate gel spheres is formed by ionotropic gelation.

2.3. mueInulanmaauassiufiy (gas forming agent)
= a P a da w o~ ' ' - .
isnuanFumwadmasariafdssaiuis (du ssnguaniuaiue thata
annunIIREUYBITzuY landT ionotropic gelation tEuidipain lagdTnneIouiiainu
tmn@hammwﬁﬂﬁmmﬁaﬁmﬂﬁumsmjum{uamﬂaa'{umm:muLWﬂﬁuriaummﬂm
= a o H o ) [ d [ ”
lussermpusatfisunanlsd Iimaesoulutiuaaudug aseiuitamiinanausalude
1 uagldvimsanunitlidoana g laud |
2.3.1. AnwINavaIriinvaNwafiy
= = - - Jﬂ [ -~ )
wisuvadaninadusia low methoxy 7l DE uandenu 2 =fle
(1 TWALINY 2.1.1.)
< F-) 2 o
2.3.2. AnNMINAYSITINTRIRITHINULE
- ) ' & - [ v -« [V
Laan'l'ﬁmanummaLummmmmumnm'lmmammau‘lman"lm"lm VU
la@parlumfusiun (sodium  bicarbobate) lamidsuariusiua (sodium
carbonate) WARLTUNATITLEIUA (calcium carbonate) uszlummdoa
L3 .
fMIUBLUA (potassium carbonate)
o w8 e
233  AnwmaUaILSVInasa IR IuAETIT
Y ' 5 or = . a
I ngumivamalugasdiululSamiuand19in fo 5 uaz 10 % Tay
4 — o o w
iwinsasssnauaIny la
234 @AnwwarasnnfyuasriarassIsisinmsniaauna
Ihdenldnsainfa (0.1 N HCI) uszniaundu (10% acetic acid) 1@unslu

AIRsauuaslTuuana lsd



- d o ' o . a -
TenwhinGeim e uuihdensies a:m11um:tm:a1mﬂu3ﬂLmav‘iuummLumaaum 14

' P | -l - o«
HANITANINL IR TR AN IWAdunuanlsdouariuainanIaluuaaidoy
« v o Ao . - f ' = v '
afuaiua taluarsazasnildnwustunia iauisonsawdyled 39lds w10
-t P o - “ ad -l " -l I's - a
wisndwidiawaiiald lurasfissssaofuauiulndssluaisusuwanIsuaaidou
o =, o & o owd ™ ol o af N ar
asuaue sursaainuinidaasiiale laadadeamaToulatian s Nuandranu

J’ & - » 1 - o b »
PUNUTUADAITIIN E!Mﬂ"l%l]ﬂ WHALRSRITLTINIING u.nmﬂv.mﬂry

= wany = a PR [Y) I VI
3. AnwnuauUAveunaifouwadiuaaiariaiuxle (dun
-l - -
3.1. wiaafuvadaeaiia
- o a oA “ adl “ o -l P o .
uaslBuuwaduaaianieIunlameidavnuilrinanasraddaaaianuandls
w . o Hdn M v ' o a - v o
fu namfaliawatanllldiduasaannunutiurasrzuoieIsulasisnitauall
¢ al v W o~ A o v o an .. “
guialannini v lagisitanuds hasannsvinlvudlasdisidenudsmuo

#

Snwpmadusasdansialild @waadluad 2) <
swavsanadoanaamaesiedum iudaiuaudasmeaninduiifud (@
ﬁ’aaﬂw'lugﬂﬁ 2) FawnAumizasriainshinanareiu gmanudutuasinduits
wuiminlfihduludasuiiniu i 40 wafidud ndanavuiaszwniniuiiaen
nndetiafaionle
uﬂaL?&umwﬂﬁmﬂmaﬁﬂ'ﬂﬁmﬁh"mm%’wu.ﬁams‘iums'uamﬂﬁummhﬁu frune
adsfiuandany Tadbifinadu fe F5lumailduds sievesmsafusiuauasnis
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3.2. anwaelanaiamanoniw

unatBounafitnaeadnfiadonld ilordunisauutiud? wuiuaaFoumaaua
waafadouldnmadwiizasriia Tnwuzmonanfiunnglivandroiu lagd
unaidomwadiuaadaf bifihdwingnsznay amavsdneg uwn WREHUAIRININ
PRIVINATTAVUAD ﬁimuﬂmf‘iuuLw'nﬁmﬂLmaﬁﬂﬁﬁﬁwﬁ’utﬂud’mﬂi:nauqn-zsﬁmua:nn
aruudu Tansuzdaudionay wuuandniay ud lisudamaans suuds Tfndad
dau (311'?'1 3) laoifiafiafiil olive oil uaz sunflower oil 1ilusmisznay sxiifndondy
nufiadafie3onlaann light mineral oil lnynfAussdunwadinaianiiof luihirsiues
Huwadnnin

gmansaelanshosinadomnadimaaiandnmnlas SEM wudn uaaidou
madaasafie3onldnnmadnwhirssriialiuandraty lasfuaa S oumafiue
wailaf i duil ndandsznou TN HUTUURAAMNINITYUFITIRAINTAVUR
#ufnmouandaudnadoy ﬁ’"m'u”'lwm’[ﬂnﬁqm:ﬁiaunﬂ’n%aLﬁﬂmmﬂﬂwaﬁﬂgmtﬁu
dhannsauuts (gﬂﬁ 4a) mulassaPempluaumndasans Qﬂﬁ 4b) Fufianelu
denaFon Lidyniw wdszwusesuaniiuiasidng  ndmdaauunInIanay §m
unadnwaRmaeaianiihdwiwimusznay (Eﬂﬁ 5.:6) axfimunanannnin Aufia
muouanfizwiu laneiumolulignguauiuualinudsmIasesuanmaly
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Formulation Mean diameter,
mm + 8D (n=50)
No oil (conventional) — air-dried 1.27 £ 0.08
No oil (conventional) — freeze-dried 1.58 £0.18
Mineral oil (relative density = 0.84)
5% 1.65+0.06
10% 1.78 £ 0.04
20% 1.92+004 -
30% 2,08+ 0.06
40% 222+ 0.11
Olive oil (relative density = 0.91)
5% 1.46 £ 0.04 .
10% 1.60 £ 0.02 o
20% 1.73+£0.03 -
30% 1.84 £ 0.05
40% 2.04+0.63
Sunflower oil (relative density = (.94)
3% {46+ 0.03
10% 1.52+0.04
20% 1.75+0.02
30% 1.85 £ 0.03
40% 1.95+ 0.06
Soybean oil (relative density = 0.92)
10% 1.65 + 0.05
20% 1.82 +0.03
30% 1.91 + 0.03
Cormn oil {relative density = 0.92)
10% 1.62 + 0.05
20% 1.81 + 0.07
30% 201+0.04
Rice oil (relative density = 0.91)
10% 1.62+ 0.04
20% 1.84 £ 0.04
30% 1.93 + 0.03
Sesame oil (relative density = 0.91)
10% 1.60 = 0.06
20% 1.73+0.05
30% 1.85+0.03
Peppermint oil (relative density = 0.90)
10% 1.41 +0.07
20% 1.51 +£0.04

30% 1.60 4 0.03
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= v ¥ e Ao, v ol o r.l -
Eﬂ‘ﬂ 2 nﬁWLLﬂ'ﬂﬂNﬁ“ﬂaﬂﬂ':ﬂl.lk'ﬂ&l"ﬂu’?]aﬁ‘?l’l&]uﬂl'ﬂﬂa'ﬂu’]@Lﬁuwﬂﬂufjﬂaq\u%aﬂ’ﬂaﬁLNﬂtLﬂﬂL‘ﬁUSJLWﬂ@I

. o o da Y v o o o
wa@aifandddiugudsznavundil (1=50).

P E o - =t & &9 ¥ L . &, o
@A17719n 3 'Uu’\@]L%aU’Uﬂ\]LLﬂﬂL‘EUN\.Wﬂ@]L’Uo@]Lﬂﬂﬂ@?'ﬁu@ﬂl’ﬁm?m"lGLLﬂﬂﬂquﬂnl';:llﬂLu@]Lﬂummaﬂﬂqqu

wuBUUTaITEUY
Formulation Pectin LM-104 AS-FS Pectin LM-101 AS
Air-dried Freeze-dried Air-dried Freeze-dried

-/ CaCl, (control) 1.17£009 1.58+0.16 1.21£0.08 1.58+0.14
5% NaHCQ; / CaCl, 126+ 0.11 1.87 +0.10 1.49+£0.13 2.04+0.16
5% NaHCO; / CaCl, + acetic acid irregular irregular irregular irregular
5% NaHCO; / CaCl; + HCI irregular irregular irregular irregular
10% NaHCO; / CaCl, 1.29+0.10 2.17+£0.18 1.18+0.10  2.00+0.07
10% NaHCO; / CaCl; + acetic acid irregular irregular irregular irregular
10% NaHCQ; / CaCl; + HCI irregular irregular irregular irregular
5% CaCO; / CaCly 1.23 +0.07 1.60+0.16 1.32+0.11 1.70 £ 0.15
5% CaCO; / CaCl, + acetic acid 1.37£0.10 1.91 £0.16 1.69 4 0.18 2.09+0.14
5% CaCO, / CaCl; + HCI [.38+£0.07 2.04£0.17 1.68 + 0.07 207+0.16
10% CaCO; / CaCl; 1.44 £ 0.06 1.73+£0.13 1.47£0.11 1.56 £ 0.15
10% CaCQ; / CaCl, + acetic acid 1.51+0.12 2.11x0.16 1,29+ 0.14 227+£0.11
10% CaCO, / CaCl, + HCI 1.49+£006 2.02x0.12 1.30+ 0.17 230+0.18
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A3 pwinpusesdnsasueadouwediuaisatdaNusznaud e light mineral off 30% Faasoulan

- 1 .
15 emulsion-gelation

U4  mwine scanning electron micrographs Taduaaiduumafiuanaiiaflaiidwduaulsznay
(a) ugaslaseaiempuan uas (b) MwaeunInaalaTsa Mol
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gﬂﬁ 5

NI scanning electron micrographs UWRAY (a) 1ATSESINAEUAN UaS () NMWAATI LN
[ e a A da . . & ' a4

lasssumolussiuand@osmwadiuaiaaiafidl olive oil 5% 1Jusiulsznoy uaz (o) lasaeis

Mmouan was (@) mwdavnsuaadinseienmeluwrsuaadonwediuaialond olive ol

30% (Hugmdsznay

MWENY scanning electron micrographs W&AY (a Wa: b) lassafomuuen uas (c uas d)

L= v o=l - - A‘I . - L
mwaauuaalasssienolutasunadouwadiuaieadandl peppermint oit 30% (il
fulsznau

snwulassafofidnmleoinaila SEM sasunafounadiuaasiafinanduasai
uwis wuhdefimaduemsshatadesieturiafianslasldmssonisfiauiauandaiu
fansm:lanaiatuaneranuly (;sﬂ'ﬁ 7-8) waadaf lailgmTaudsdein it lasifidan
wiolidnpmznats 1udug vasunnifounadiua lusasfuaadvunafiuasadofifios
sraunAsiulmdsuluafuanaddnwuenate Wugasarnraiifiesnwesuis
afuanlasanladiAadulusenitsmnaivniaaie nsd@fildmraousmivuaadon
mivsiueaz liiwiugainaisvaswosonma waldaneussudainuiaadnunadiuelaaie

alsilgmssrauia
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(b)

= ' . . « a o A L T 7 ad v

Eﬂ‘n 7 AWOIY scanning electron micrographs TpsuanTpuwadualadani LR Ia 03 To Uy
r-x. o A 4 - k33 Lad ] e v bl

(left cofumn) waz3Tibianuds (right cotumn) Selnrsidumraiaunadneg Nu; (a) Tifissadhe

ufis (b) 5% lmdonluniiveiuanas () 10% waadsuaiiueiua
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(b)

Mwing scanning electron micrographs Ysuaalfvwadiuaeadauseslaseginomeuan

- L =l d L% =l "
(left column) waznweapusadlassmPimolusasdeld 10% uaaifuuasuaiue (a) no
Al TaatsLeaITouAR LIANFUNUNTANFY (acetic acid) YiTlWuwalasiTauuds (b) rs
waluasasaounaldounas Isduaununiathdy ivuwalesdBiBanuds uas (©) noweslu

FsarmouAafouasa lssuruiunTANRS (hydrochioric acid) Ynlwuialandsibanuda
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HruliiRanesufanfueulasenledlusznimsifiadwdanate dwuaaluus 8
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anwaswsianmaniolusufiiufianousniidsnwmzadiananin watianld
Tmasnluasuoiua

3.3. F‘lmﬂuﬁ‘ﬁmiﬂaﬂéﬁ {buoyancy properties)

wansuwadmanaiiafduntsovwisud i lunegeunisaasdaludanse 3
wiia loun dinau snsazanladounsalss (0.9% whv) uszansesmuidsnuuuaniazly
NISIWIE8IWIT [simulated gastric fluid USP without pepsin, pH 1.2} ﬁqquﬁ 37 aven
waidoa 1w 24 $2lue woddiadefaduuninmaduniaesriialwuanisne s
wsznsassdliwandnein TapSadaasdiniswesddwdntaslwinduuazasszany
Wonwuuanziunssiwizawis LLﬂ:fTﬂﬂJﬁﬂ’]W‘ﬂﬂdLﬁ@lﬁﬂDﬂluﬁﬁﬂﬂﬂdﬁgﬂaadd&?ﬂh’h
6 73lus adadnrswasaaadravinluasazarelaidonaaslsfilossiniiang
usnasndaauinszninlodsunnasezsrolodouaaslse Lm:uﬂm%uuﬁag'lu
lassafveuasifoainaaiuaivaiia "ld’mﬂmﬁumwaaLum%eﬁqmﬁuﬁaﬂ:myﬁﬂﬁ
vldimanassannuaslinssmwussdinwsiadautluasarapiiiiuizomasium

FIRNANASANBINITaB AN LI Las S uinaduateada i ladinadw i
gmdrznevlurasdaludanaans 3 wia uallaiandidwinduwlsznovaunsa
saudldiladanududundatSinawaniiiuane g Tudail light mineral ol saus 10
l.ﬂa'ﬂ%uﬂ"'ﬁu"lﬂ olive oil, soybean oil, corn ¢il, rice oil, sesame oil Wax peppermint oil
aaud 20 WofiFudduly uaz sunflower ol aaus 30 WafiFudtull dianaad 4 &
aruuanasratenuTutuyashiuilddunamisssda anainhasduiuiiuaiy
ﬁu’ILL'limmdl{’lﬁu (relative density) g light mineral oil ﬁﬂ’J'lamu’aniuﬁauﬁEiﬂ I
sunflower oil ﬁa'nammum&umnﬁqmﬁw‘fmlﬂuﬂ%mnﬁﬁmﬁﬂm‘iaaue'h BIURN M
MTaDEIN wm"]Lﬁﬂﬁﬂmmmﬂau"l@‘fﬁ'uﬁluﬁﬁnma‘tfuuﬂ:ﬁqmaaua;Ji‘lﬁmuﬁmu
alug

KM SANEINTRaLsTsIuaadsunafuaaiiafldassiuialudanaidns g
Wuaadivadenu (@15137 5) Tasflafivh wkadanmseuuisauisnsandr ldtasnin
madursafuauwaariaiulinanisassdafuandrain wafafvi iulasds
Lﬁanuﬁammmaau"l@'fﬁLﬁaamn'[wwmmﬁagj’lﬂmmi"w aunsaniliudalasns
auuslitnauandenuia nsdilslodnyluaiuaiuamansasosldunidnuiiasaind
Twssomefitfanuiadiiodu Lwid‘m'lmy'hiaau'luéf’mmaﬁﬂﬂﬁau diolduasidua
afusiwaduamtaiiutadaasdafldlisosludnarlutn 5 wifiusnuainns
nasautiasanlaeaeitiny Liflnssainmaneln udiilamaiiafinaseulusanarsf
dunsesuroaosdrldndinn 5 wift Wassnanuiunseludinatimasoy (SGF)
TissmsiiauAzarfuanlasanlodluiansialusznitenmageunisassda @

' a A ¥ o ¥ A
ﬂswngnn‘srﬁ‘tﬂuwu’lumnmoau (hnawuasiinga)
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~ [ - -~ - o ~ iV . a da
TR 4 waneandaILRaEBWARIuaaTle (WAAuTHa LM-104 AS-FS) T lafuazsiiahi
Y e ~_ w w A . -~ ' [V -
ddurfiefudseninldidusmtfaannunuininvadszuuludinansde g ladun danau
msazatoloduunanlsd (0.9%) warmiaranuiouuuusmazlunssiwizaiwis (SGF)

Buoyancy behavior (n=10)
in distilled water  in normal saline in SGF'

No o1l (conventional) S S S
Mineral oil (relative density = 0.84)
5% S S S
10% F F - F
20% F F F
30% F F F
40% F F F
Olive oil (relative density = 0.91) e
5% S S S -
10% S S S
20% F F F
30% F F F
40% F F F
Sunflower oil (relative density = 0.94)
5% S S
10% S S S
20% S S S
30% F F F
40% F F F
Soybean oil (relative density = 0.92)
10% S S S
20% F F F
30% F F
Com oil (relative density = 0.92)
10% S S S
20% F F F
30% F F F
Rice oil (relative density = 0.91)
10% S S S
20% F F F
30% F F F
Sesame oil (relative density = 0.91)
10% S S S
20% F F F
30% F F F
Peppermint oil (relative density = 0.90)
10% S S S
20% F F F
30% F F F

S =sink, F = float (immediately, and still float for at least 6 hours)
! SGF = simulated gastric fluid USP without pepsin
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TN 5 Wan1sapudTaILRaTBIINARIUALIRTa (WARAWTHA LM-104 AS-FS) siianldamaieuia

Husshasanusuiniueasszuupnd sy uesasanodouuvuaniazlunsziwizannns

Formulation Air-dried Freeze-dried
5 min 6h 5 min 6h
control S S S S
5% NaHCO, / CaCl, S S F F
10% NaHCO; / CaCl; S S S S
5% CaCQ, / CaCl, S F F F
5% CaCO; / CaCl, + acetic acid F F F F
5% CaCQ, / CaCl, + HCI F F~ F F
10% CaCQO, / CaCl, ) S S S
10% CaCQ; / CaCl; + acetic acid F F F F
10% CaCQ, / CaCl, + HCI F F F F
S = sink, F = float (immediately, and still float for at least 6 hours) -

n’mﬁuamn'an’mﬁmtﬁaﬁw'lw“lﬁlﬁﬂmﬂﬁﬂﬁaau‘lﬁiué’dnmmmaam}n'ﬁﬁﬂ i
Tinamiantunaivinlwuelasifavuiaussdmifionuds (@15ft 5) nanssasdzal
sflanldnsandaussnsairduiduaniinsfanfaldnamiioudn ulindnwns
TassaPsaslienuuanedranuian

4. 1@SoudULT metronidazole (MZ) laedenldunaifomnadiuavaiaAfarsasroufadniu
FrINguAUaLIUA gmn"mmmﬂayﬂ"v'lﬂ"

4.1, wisuuaaidomnafiuainadariiaassdn lasusradaonduuuuasluidiefialu
TuRaNMITAIBY '
m‘s'uuuﬂal-iumwnﬁmmwaﬁmﬁﬂﬁﬂmm{uuﬁa‘ﬁatﬂuﬁ'ﬁnaiuﬂﬁumuﬂ Wty

8OANUILUNYBI5zUY Las3T ionotropic getation tiwi@panufina 2 1ilu 2.3 Tan
FEnmaeisuiianauuansradnteslasifudreduiuy fe metronidazole (MZ) adlu
mrreuwadniawaIoveaie ualdrinmsfinudadvene g leun
4.1.1. AnwwavastSume Mz
WWanlddSunaudaon 2 arandudu ldun 2.5 uas 5 %ww lusTasaionan
w3nuaaila

4.1.2. AnINRYaITRRTaNWARY
WInuesiiannadusiia low methoxy 713 DE wandanu 2 via
(LEw@BIiY 2.1.1.)

4.1.3. ANHINATEITRATAIEITATIUIE
Lﬁanl-ﬁ'm'msjum-fuaLuﬂ%ommsmmnﬁ'ﬂﬁuﬁ'ams’uau"lﬂaan"l-m"lﬂ" las
Lﬁangﬂw‘ﬁuﬁmmmaauﬁ'f’lﬁ (Ranande 3) 1w laanyluafuaiua

uazuaARTLuATUSIUA
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4.1.4. Anwwaveafivmvesrrsasurianls
'L’Emmﬁjum%ham@\'lugmeﬁ%'u'luﬂ‘%mmﬁu@m@mr'fu. 79 5 uaz 10 % lag
dminvasmnsufasonls

4.1.5. ﬁnmnawa\rm;tﬁuuamfﬁﬂ'ﬂaamsn"\m"mﬁﬂuﬁﬁ
Tedanldnsainae (0.1 N HCI) uaznsaiidn (10% acetic acid) tasadlu
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i -~ a o a ~ P -~ o
TN 7 wensaasarvadunadunnefiuaala (waurfia LM-104 AS-FS) fluTsgen Saedus
2 [ - o - ' . . [V <
laslFassfaudmfuarsfiaaaunuiwinsasszuy ludanansdreg ldun dandw

aarmolmdounanlsd (0.9%) uasasaraplEouuuuancluniswizanms (SGF)

Formulation (LM-104) Test media
Distilled water Normal saline SGF
5 min 6h 5 min 6h 5 min 6h
Air drying
5% NaHCO3 / CaCl, / 2.5% MZ 0 0 0 0 10 0
5% CaCQ3 /CaCl, / 2.5% MZ 0 0 0 0 0 0
5% CaCQ3 / CaCly+acetic acid / 2.5% MZ 100 100 . 100 100 100 100
5% CaCO3 / CaCl,+HCL/ 2.5% MZ 100 100 100 100 160 100
Freeze drying
5% NaHCO3 / CaCl; / 5% MZ 100 100 100 100 100 100,
5% NaHCO3 / CaCl, / 2.5% MZ 100 100 100 100 100 100
10% NaHCO3 / CaCl, / 5% MZ 10 10 15 0 65 15
10% NaHCO3 / CaCl; / 2.5% MZ 10 10 i3 0 60 10
5% CaCO3 / CaCly/ 5% MZ 100 100 90 95 100 100
5% CaCO3 / CaCly/ 2.5% MZ 35 35 s 30 100 100
10% CaCO3 / CaCl, / 5% MZ 85 85 85 85 100 100
10% CaCO03 / CaCl, / 2.5% MZ 60 55 40 15 100 100
5% CaCQO3 / CaCl+acetic acid / 5% MZ 100 100 100 100 100 100
5% CaCQ3 / CaClytacetic acid / 2.5% MZ 100 100 100 100 100 100
10% CaCO3 / CaCl,+acetic acid / 5% MZ 100 100 100 100 100 100
10% CaCO3 / CaClytacetic acid / 2.5% MZ 100 100 100 100 100 100
5% CaCO3 / CaCl,+HCl1/ 5% MZ 100 100 100 100 100 100
5% CaCO3 / CaCl;+HCl1/ 2.5% MZ 100 100 100 100 100 100
10% CaCO3 / CaCl,+HCl/ 5% MZ 100 100 100 100 100 100
10% CaCO3 / CaCl;+HC1/ 2.5% MZ 100 100 100 100 100 100

Note: The numbers presented in the table are the percentage of the beads floated at the time; the calculation
is based on the beads of 20.
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(mazaple) szaroeanuiandada v ldanumumnuwiuvasdieldeaass -
b 1 -y 1 e - J s ] r ol
AETHIUTDINAAUADN207 wazndurTBu ludalaTviimaafavluiing
“ v e a & a a = s e
Mvidlaiiaan edafmeioulaludriud g mansoserldlusmeaenasay

5.4 Anwnsdastaag o ISR BRI LN IEINIZ DTS
mIanmmTlaaddasen Mz mluedesmeraunisazais lesldasazarudanans
inagauiduarsscaudsunuvarssranolunizinizaims liduawlad simulated
gastric fluid without pepsin USP w38 SGF)
namsinswuhilisssulngivimsfnsinadonslaaydess dail

5.4.1. Anwwayalsurae MZ
WanliUTunmassn 3 anududu 1dun 5, 7.5 uaz 10 %wiw luaazans
wadwdutu 5 %wiw rewaisuasia lagidandulaminmingzming
wadudeandn 11, 115 waz 12 awdeu wuhliumGuenls
gnsaunowaIpudlaadeiinaidniosdanilsatassarsisansnnida
faflanasaunislaann (31]?'1 22) lagnnadviinslasddassiiai
fomansndanUsasanaanun 80% luszuziaantounin 30 wiit vadtasann
frm1 MZ  munsassmeldsiada nsd@fihiudugsandsensviinig
Uasdausnthag (zﬂﬁ 23-24)

542  fAnwwsvasriinuassuimasdaudls
danlHinduilslunsandrnssufisunsanidedonas s (@31NK3
amtanwlu 2.2) $1wan 3 ohe laun light mineral oil, olive oil ua:
peppermint off Imu'l‘ﬁ'tf’nal’u'luqmv‘iﬁuluﬂ%mmdauﬁqaﬁa:mmmﬁﬂﬁ‘
ataasuld Aatszanm 10-30% Tamimin wuisfiaddiuiildaria
Awlinaldnilaaddssmeenannidiaraiiewandanmanias (31]‘?1 23-24)
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i o o a P - a 4 -]
FITHEN 8 HaNTIaauA (n=20) VoIUARLTHUULWARALUALIAVG (IWAAUTUR LM-104 AS-FS) ﬁUT?Q‘U'T o

4 e v o o . P a - -
W\'J-UQJIQUl’ﬂu’]NuLuumTﬂﬁﬂﬂ']']llﬁunuuu'ﬂﬂifzﬁu uﬂ:u@ﬂ”ﬂ']ilﬂNmfﬂu“fa“n"l'ﬂﬂaaﬁ

Tuaazapifounuuamaslunsswizanmis (SGF)

Formulation

Pectin:MZ ratio (by weight)

1:1 1:1.5 1:2
Conventional CaPG beads S 5 S
CaPG beads containing oil
10% mineral oil SF S2>F S=>F
20% mineral oil F F F
10% olive oil S S S
20% olive oil S->F S—2>F S=>F
30% olive oil F F F -~
10% peppermint oil S S S -
20% peppermint oil S=>F S$->F S—>F
30% peppermint oil F F F
CaPG beads containing oil + hardening with glutaraldehyde
20% mineral oil F N/A N/A
30% olive oil F N/A N/A
30% peppermint oil F N/A N/A
Additive-added CaPG beads containing 30% olive oil
Eudragit : pectin = 0.5:1 F N/A N/A
Eudragit : pectin = 1:1 F N/A N/A
GMS : pectin = 0.25:1 F N/A N/A
GMS : pectin =0.5:1 F N/A N/A
GMS : pectin=1:1 F N/A N/A
PEG : pectin =0.25:1 F N/A N/A
PEG : pectin =0.5:1 F N/A N/A
PEG : pectin = 1:1 F N/A N/A
Polymer-coated CaPG beads containing 30% olive il
Eudragit RL (16% weight increase) F N/A N/A

Abbreviation:

S = sink, F = float (immediately, and still afloat for at least 24 hours), S2>F = sink immediately and then

gradually float, N/A = not applicable
CaPG = calcium pectinate gel, GMS = glyceryl monostearate, PEG = polyethylene glycol
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L 40
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—e— pectin:MZ (1:1)
—-l—pectin:l(le (1:1.5)
—a— pectin:MZ (1:2)

T T T T T T T ¥ ] <

60 90 120 150 180 -
Time (min)

31]'?'\ 22 mavasfTunadrnn MZ  lud1iu @andiutesnadudedinn) damsdasmldasaiaanann

unalfoywadiiuaaation liddrdudusudsenay

100

80
]
1]
w

g 60
®

g 40
a
4

20

0

—e— pectin:MZ (1:1), 20% mineral oil
—a— pectin:MZ (1:1.5}, 20% mineral oil

—a— pectin:MZ (1:2), 20% mineral oil

T T T T T T T T 1

60 90 120 150 180

Time {min)

A e b L 4 - 1 bt [] 1]
7N 23 wavesTunaainn Mz Wwddy @adiuwvesnadudeaiyn) danitdaaddasuiaanain

- ank d‘ by - [ 1 . .
uwnafouwaduaaatianinisiududaulsznay (mineral oil, 20%)
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100 -
80 |
w
O
@ ]
®
s 601
- |
2
o 40 —e— pectin:MZ (1:1), 30% olive oil
= ”0 —&— pectin:MZ (1:1.5), 30% olive oil
—a&— pectin:MZ (1:2), 30% olve oil

0 30 60 90 120 150 180

Time (min)

A o 2 o~ . a o e X .
N 24 wavasdSunmaisn Mz Tudniu (@amauvaiwadudadion) sentsdasddassisanain

uwnadsuwadualaianlindwiusudsznou (olive oil, 30%)

54.3. AnwmavesmnauarsiwyavndTvaslnTias

5.4.4.

M7ld 2% glutaraldehyde Wialuasiuanuriiusivalaseaine vl
mitaavsssmssnnnifiadefiiiuiindrmtszneuthasataiiody
NI (zﬂﬁ 25) lasmutorzaemivasddssmldtiasdszanm 2 i
afafisurvduilildldasinanuuds (gﬂﬁ 23-24) voilfiafiafily
peppermint oil Tns1laaUsanyrgraslisnin Fanadiasinanlanaii
f*‘lti‘]ugw“gu (G'fa"lﬁuamlugﬂﬁ 21c)

Anwnavasmsiduarsiuluiaia

N1TLAY Eudragit® L (3U71 26) glyceryl monosterate w¥a GMS (311 27) usz
polyethylene glycol W3a PEG wmsinTuana 10000 (Ui 28) lwdlafefid
Wiiu (30% ofive o) IudntTzney Srademydsaddendatnaanvinidia
wailauanatanu naafae Wiasianinisi@y Eudragit® L Snvdaaldan
g1 T1a9 wAnIANIS U MYeY Eudragit® L ludasdaures Eudragit® L de
medwiln 051 uar 11 lagdmin Lifinarzaemstaaddassniaiv
aruilwnwsne Eudragit® L laldifaduasiiomiatooifuaruudusine
lanehadlaila
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5.4.5.

L a A g v b e w

NN LD glycercl monosterate »30 GMS gailumtnlirawih wuinrid
. “ a o ol o ' s [ ' .~
mydsaddsnordrasawizdiunlys GMS daiwaduludasidin 1:1 vinuu
1 s - A’ 0 L7 = [ -l L -
lasnisdaaUdessrdanfiatudandra3s liwifanunsiéan polyethylene
- 4 | ] .J :’ L) t J d a
glycol w38 PEG mmﬂum*mqum:muuﬂmw nattan ke INIINEIINg
T . » ' " R -~ e - [
aaanqumwmum‘lﬂm:mumaglu‘[ﬂnﬁﬁum"lu"l@ﬂﬂLnﬂaummmnu
grutsznavlulaserirenianaon M2
Anwmavasmsindaudeiing s wafiuas
- & A A -~ v Y a v L a
mseRauidadasionafiwain azanoidnaldnsdaatsansastasn
& H D oA e o o an - & X '
Nnalatatatining @Ay sia (JUN 29) nainalnmslaaddansn
@ a o a v a~ ' b4 [ ' &

aanmmuﬂuamﬂaaumaomﬁummwwamﬂumnmmﬂaaumun:q‘ﬁu
ar e F Y v J “ ' o ' |
Aaunfaut T uluwassann@rsnnauiarsnvsunsdwruiduaana

o A = 1A de W W = '
ludrnaanasey duiluwinaaundrinadasuizlunislantdasy rate-

limiting step) -

% Drug released

100

80

60

40

20

|

- 30% peppermint oil

—a— 20% mineral oil

—e— 30% olive ail

T ] T T T T 1

0 30 60 90 120 150 180

Time (min)

1 25 HATBINTIT 2% glutaraldehyde dammlastdasmasnanuaaiBounadiuaiaaiiandindv

Y oo

Wuawlsznay
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100 - - m
80 -
- ]
b 60 -
w
-g i
2 40
2 ]
20 | —— Eudragit L:pectin {0.5:1)
* —a— Eudragit L:pectin (1:1)
O T T T T T T T T T T 1
0 30 60 90 120 150 180
Time {min)

= s .® o ' ' - ' ' o
77 26 waveINTLEN Eudragit L ludasdimans g ludanadadanslsatsssmsanainuaadon

wadtuataabafiimdudmlsznay (olive oil, 30%)
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40 -

% Drug released

20 A

—e— GMS:pectin (0.25:1)
—a— GMS:pectin {(0.5:1)
—a— GMS:pectin (1:1)

T T T T T

0 30 60 90 120

Time {min)

T

150

180

Eﬂﬁ 27 wawean @ glycerol monosterate (GMS)ludamaaudis g hudiasaiadantstaaddasun

aannuandounadwaadaniihduilludruwdsznay (olive oil, 30%)
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100 - & ]

80
h~
@
w
3 60
2
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g 40 - —e— PEG:pectin (0.25:1)
*® —a— PEG:pectin (0.5:1)

20 -

—aA— PEG:pectin (1:1)
0 T T T T T T T T T T v 1 ";’j
0 30 60 90 120 150 180 -
Time (min)

7 28 WAwaINITIAY polyethylene glycol (PEG) ludasaiudneg lullanaiiadanmsdaaudanm

- oo :‘ Lo 1 ] . .
aannuaalfuwaduaadaniiihduilusmlsznay (olive oil, 30%)

100 -
- 801
©
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o
® 60 -
(=]
2
o 40 -
=
20 | —{— EMG beads, no coating
—&— EMG beads coated with
Eudragit RL
O T T T T T u T T T T T v 1
0 60 120 180 240 300 360 420 480
Time (min)

a - e A& w . ® . R = a
Eﬂﬂ 29 dauaansindsuuiallaaiy Eudragit RL danitdaaudassnasninnuastToutnafaluaiag

flaffiidwdwaudsznay (olive oil, 30%)
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e emulsion-gelation method to prepare oil-entrapped
npectinate gel (CaPG) beads capable of floating in the
Wi condition was designed and tested. The gel beads con-
Wil edible oil were prepared by either being gently mixed
Wlhagenized an oil phase and a water phase containing
T amd then extruded into calcium chloride solution with
ik amiation at room temperature. The gel beads formed

lien scparated, washed with distilled water, and dried at

2 the formation of oil-entrapped CaPG beads was
Wil The effect of selected factors, such as type of oil,
gilage of oil, and type of pectin on morphology and

Ming properties was investigated. The oil-entrapped calci-
pectinate gel beads floated if a sufficient amount of oil
Mused. Scannmg electron photomicrographs demonstrat-
Wiy small pores, ranging between 5 and 40 um, dispersed
Jives the beads. The type and percentage of oil play an
et role in controlling the floating of oil-entrapped
Wi beads. The results suggested that oil-entrapped CaPG
% were promising as a carvier for intragastric floating
dalivery.

WHODUCTION

Bb-rtentive dosage forms (ie, those designed to exhibit
mi_ged gastric residence time) have been a topic of
Bt in terms of their potential for controlled drug deliv-
These dosage forms are particularly appropriate for
8(1) that are locally active to the gastric mucosa in the
mach, for example, antibiotic administration for
whacter pylori eradication in the treatrnent of peptic
Shdisease’; (2) with an absorption window in the stomach
o the upper small intestine; (3) that are unstable in the

mesponding Author: Pornsak Sriamornsak,

aitment of Pharmaceutical Technology, Faculty of

mmacy, Silpakoro University, Nakhon Pathom 73000,
and. Tel: +66 34 255800. Fax: +66 34 25580t. Email:

Ek@email pharm.su.ac.th,

ing of conventional dosage forms in humans is affected by
numerous factors and the time taken shows wide inter- and
intrasubject variation. This variability, in tum, can lead to
unpredictable times to achieving peak plasma drug levels and
bioavailability, since many drugs absorb to the greatest
extent in the upper part of the small intestine.? A drug that is
released from a dosage form in a controlled manner in the
stomach will empty together with fluids and will have the
whole surface area of the small intestine available for absorp-
tion. Several approaches of gastro-retgaﬁ\}e dosage forms
have been proposed and investigated, 'suchﬁ as bioadhesive
delivery systems in which bicadhesive polymers adhere to
the mucin-epithelial surfaces.® Another approach is density-
conirolled delivery systems or floating dosage forms, which
remain buoyant on gastric contents because they have a
lower density than gastric fluids.”

Floating dosage forms can be made by a gelling process of
hydrocolloid materials or by incorporating a vacuum or gas-
filled flotation chamber® The most commonly used excipi-
ents are gel-forming or highly swellable cellulose-type
hydrocolloids, polysaccharides, and matrix-forming poly-
mers such as polycarbonate, polyacrylate, polymethacrylate,
and polystyrene.? Highly porous carriers for intragastric
floating drug delivery (eg, hollow polycarbonate micros-
pheres,”? hydrophobic polypropylene foam powder with low
density, coated calcium alginate beads containing air com-
partment'’) have been developed. Floating properties of
dosage form can also be fabricated using oils, for example,
theophylline tablets are composed of mineral oif-entrapped
agar for controlled drug release.'!

The polysaccharide pectin is an inexpensive, nontoxic prod-
uct extracted from citrus peels or apple pomaces and has
been used as a food additive, a thickening agent, and a
gelling agent.'? In addition, pectin can reduce interfacial ten-
sion between an oil phase and a water phase and is efficient
for the preparation of emulsion.'? Pectin has a very complex
structure that depends on both its source and the extraction
process. Numerous studies contributed to elucidate the struc-
ture of pectin. Basically, it is a polymer of a-D-galacturonic
acid with 1—4 linkages.'? This chain is regularly interrupted
by some rhamnogalacturonan segments that combine galac-
turonic acid residues and o-L-rhamnopyranose by a 1—2
linkage .'* The galacturonic acid of the backbone is partially
methyl-esterified. Low-methoxy pectin with degree of ester-
ification less than 50% can form rigid gels by the action of



gum ions or multivalent cations, which cross-link the
letironic acid chains. Calcium pectinate hydrogels are
‘Wlle m low pH solution and are being investigated as a car-
# gaterial for different controlled release systems. In
sibyears, gel beads of caleium pectinate have been devel-
4 & 4 unique vehicle for drug delivery. The gel beads
W been used in various ways in the gastrointestinal tract,
waumple, for sustained release of drugs'>'¢ or for target-
frugs 1o the colon.'” However, the floating propertics of
pectinate gel (CaPG) beads and their potential as a

were to develop the oil-entrapped CaPG beads
8 lelected oils for a floating drug delivery system and to

MGENUpectin type LM-104 AS-FS) were the generous
BUCE Keleo (Lille Skensved, Denmark) and are referred

Bt M-101 and LM-104, respectively, Light mineral oil,
If"-"" corn oil, soybean otl, rice oil, sesame oil, pepper-
#il, and sunflower oil were standard pharmaceutical

sk, and all chemical reagents used were analytical grade.

ion of Conventional Calcium Pectinate Gel Beads

mwetional CaPG beads were prepared by ionotropic gela-
Bmethod, which was previously described.'*'¢ In brief, 5
Fiof LM-101 and LM-104 was dissolved in water with

solution was 5 cm. The gel beads formed were allowed
#nd in the solution for 20 minutes, and then were sepa-
jind washed with distilled water. The beads were dried
°C for 12 hours.

iation of Oil-entrapped CaPG Beads by Emulsion-
i Method

sil-entrapped CaPG beads were prepared by emulsion-
dlion method. Either LM-101 or LM-104 (5 g) was dis-
il i water with agitation. Different amounts (ie, 5-40 g)
seted oils were added to the solution to make a 100-g
e as shown in Table 1. Either homogenized or nonho-
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mogenized mixture was extruded using a nozzle of 0.80-mm
inner diameter into a 0.34 M calcium chloride solution with
gentle agitation at room temperature. The oil-entrapped
CaPG beads formed were treated in the same manner as con-
ventional CaPG beads.

Study of Particle Size and Morphology of Gel Beads

The mean diameter of 50 dried beads was determined by
optical microscopy (BH-2, Olympus, Betjing, China). The
microscope eyepiece was fitted with a micrometer by which
the size of the beads could be determined. Analysis of vari-
ance (ANOVA) and Levene's test for homogeneity of vari-
ance were performed using SPSS Version 10.0 for Windows
{SPSS Inc, Chicago, IL). Post hoc testing (P < .05) of the
multiple comparisons was performed by either the Schetfé or
Games-Howell test depending on whether Levene’s test was
insignificant or significant, respectivelyﬁ‘ﬁ

Morphological examination of the surface and internal struc-
ture of the dried beads was performed using a scanning elec-
tron microscope (SEM) (model Maxim-2000, CamScan
Analytical, Cambridgeshire, UK) equipped with back-scat-
tered electron detector at an accelerating voltage of 25 keV.
The samples were not coated with gold, so that the difference
in atomic number of elements (ie, the difference between cal-
cium and carbon) could be detected by back-scattered elec-
tron detector.'® For examination of the internal structure of
the beads, they were cut in half with a stee! blade.

Buoyancy of Gel Beads

Specific gravity of the test solution (distilled water, USP sim-
ulated gastric fluid without pepsin (SGF) and normal saline
solution, ie, 0.9% NaCl) previously measured using a stan-
dard pycnometer was 1.007, 1.013, and 1.014, respectively.
The gel bead samples (n = 20) were steeped in 50 mL of each
test solution, and their buoyancy (sink or float) was observed
visnally. The preparation was considered to have buoyancy in
the test solution only when all of the gel beads floated in it.}

RESULTS AND DISCUSSION
Preparation of Gel Beads

Pectin with low DE can form gel by ionotropic gelation with
divalent calcium ions. When either agueous solution of
pectin or emulsion of selected oils containing pectin was
dropped into calcium chloride solutions, spherical gel beads
were then formed instantaneously in which intermolecular
cross-links were formed between the divalent calcium ions
and the negatively charged carboxyl groups of the pectin
molecules. The gel beads were easily manufactured without
any sophisticated equipment.



