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AHSTRACT

The: season of werling this research wlicks on pastes rebeatae dmg delivery Syabems Wi o guther fhe focel Ieeotore with specsa] fronn oo vesions gasiio releabve appeodcbes
that heve eocently b laading eethodalogies o the field nf'mqw-hﬂl mtll. adimnstered eontrallod rilwas dnig defivery. Ta ondee 1o identhiZy wrth varous plavscloged
difficultzas o achoees gasirio retention, we bmes mummarized mmpartan fciors conirellmg mstric reantion. ARarmards, we ke revisvead vanoss gasim reesive appmoaches
desipnad and developad wil pow, L8 micoaplaes ool Boating ol ke, oating aetrs abiets snd in-sm pal, i schastapes and kiaanons of gaema releie

g dabivery syetins in detgil
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MTRODUCTION
Chnl administmation is the most convenient and preferred means of
nny drag delivery to the systematic circulation, Oral comtrolled
releane drg delivery have recently been of moressimg inlerest
pleafinacentical field to achieve wnproved therapeutic advantages,
such as ease of dosing adinmistvanon, patient compliance  and
fewibility o fonnulation. Drags that are easily absorbed fom
gastepintestingl et (GIT) and have short half-lives nre eliminated
quickly from the systemic circulation Frequent dosmng of these
dmgs i3 regquiced to acheeve sutable thaapeutic scavity. To avoad
this Dimitaticn, the developnent of eral sustained-contrellad release
formudations is an attempt to release the dmig slowly inda e
gaswpmtestingl wact (GIT) and maintein o effective  drug
concentration n dee systemic curculation for a boog time. After oral
mdmimistration, swch o dreg delivery woald be retabied fn the
stamach and reiesse e drug in & contralled mannes, so thar he dmg
could be supphed -:WMuunshr to itz pheorption sifes o the
gastronvestmal tract (GIT) .
Gastroreientive drug delivery is an apmoach fo prolosg gastric
vesidence tune, therelyy tarpetine sife-cpecific drwe felease in the
npper gastroartestinol fract (GIT) for Jocal or systemmc effects
Clastroreientive dosage forms con remmdn o the gastric region for
Luarg
Periods and henee sipmificantly prolong dve pactric retention tinse
(GRTY} of dnigs.
Chier the last few decades, several gastro retentive diog delivery
approqches being designed and developed, inchading
@ High-density  systems,
@ Tloanng sysiems

1. Hwdhiodymanaeally sslaiced systens: HRS

2. Raft-forming systems,

3, Low-density syshems,

4. Gas-ganerating sysiezns.
@ Expandable systems.
@ Supér porous hpdio gel.
@ Mucoadhesive or hiondhesive systems.
High-densily Sysdems
Serlimentation has been empleyed as a retention machanism fioo
pellzis thet are sonll enough 19 be retamed in the Tugee or folds of
the sbomach body wear the pylovic region. which is the pan of the
organ with the Jowest position in an upright postire. Trense pelles
(approcimeately dg'em3) tapped i mgae also tend to withstamd the
pensialtic movements of the stomnch wall. With pellets, ihe GI
maost tims can e oextended from an o everape of 3823 hours,
depending more on density thim on dinmeter of the pellets. although

meany conflicting reports stating ctherwise alse sboumd m literanme.

Commionly wsel Excipiests sre barmum  sudphats, zme oxide,

titonnam dicside and iron powder, ete, These materials merense

density by up to 1,5-2.4 g/and, Howeves, no successfu] high density
symtem leas inade i to the market.

1. Large Single- amit Dosage Forms - these doesage forms ae
larper fban the pylovie opening and o0 are retained in the
stomach. Theae are some drawbacks associated with this
approach. Permanent retentson of rigad large-sized single-umnit
forms can camse bowel obstructson. wmtesting] adlwesacar and
eastroplasty

2. Floatmg sysems can be based o the follonwng:

1. Hvdrodveamically balaspeed svstems (HBES)
bumyant materials ennble the devies to float:

2. Effervescemt systenns — gas-genaniing materials such as sedivm
becarbomates or other carbeaate salls are incorporatesd. These
materials react with gastiie acad apd produce carbon dioxsde,
which entraps i e collobdal matris aied allows them o floar;

3. Low-density systems — have a density lower them that of the

pastric fnd o they are basyant:

Biradhesive or Mucoadhesive systems — thess systans permi

A given divg delivery sysiem (DDSY to be mcorporated with

o hdueoadbesive agenrs, aabling the device 1o afliere wo he

stomach (or other Glp walls, thiss résicfmp pastne eppiyvimg,.

However. the mpens on the walls of the stoinscly is b a aate of

constant renewal. resulting in wnpredictable adherence.”

Advantages O Gastrovetentive Daug Delivery System

Grstro retentive drug delivery systems have nnmerons advantages

lisied bebow:

1. The pitnciple of FBS o U e for ay particidar medicament
of class of wedicaient.

2. The HBS forumlations are nod restricted o medicaments, which
are principally absorbed fom tbhe somach. Smce it has been
fommd that these are eqpually efficacions with medicaments which
are absorbed from the intesting e.g Chlorpheniramine maleate,

i. The HBS are advemfngeous for dmgs absorbed fhrongh the
sommach e g ferrons sales and fw deugs mesn Tor local action in
the stommach and restosent of pephic ulcer diserse o.g. Anfacids

4, The efficacy of the medwaments sdministered utilizing the
snstained release principle of HBES has been found to be
independent of the site of absorption of the particolar
medieamenis

5 Admimstation of 0 prolonged relense floating dosage form tablet
or caganle will resadt o dissolution of the drug is gastrie fuid
After emptying of the stomach contemts. the diszolve dmg

— Ioorporaded
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available for absorphon in the small miestine. 1 3 thesefors
expected that o dmg =all be folly absorbad Fom the flosting
dosage farm if it remains i solation form even ot alkaline pH of
ﬂJE' 'i.lﬂﬂ[llll’

6. When there i vigorons ntestingl movesnent aivd 4 dhoit tranedt
time as might cecwr 0 osrtain fype of diserlen, poor absorpteon is
cxpected widler such ciroumstaces it may be advaniageous io
keep the dmg in floating condition m stomach to get o relatively
hetter responss.

7. Oastric retentson wall provide advantages such as the delivery of
drugs with dartow absorpiion windows in he small ivestinal
e,

8 Many doegs cateporized as once-a-day  delivery have een

demonsirated o heve subogrimal sbsooption due 10 dependance

o the tamsl mme of the dosage foomk makmg tradinonal

exfended release development challenging. Therefora, 8 syitem

desipnesd for lomper mstric refention will extensd tee tune withis
which drug alsorprion can occur in e small miestie,

Certain types of drogs can benefir fiom nsng padn fefetive

devices, These welude:

Thrugs ncting locally in the stomach:

Dvups those ase primaraly absorbed i the stonaach:

Drugs those are poorly soluble ot an alkaline pH:

Dirugs with a narrow window of absorption;

Drrugs absorbed repadly from the GI et and

» Drugs those degrode in the colon.?

Dibadvantages of gastve vefentive drag delivery systems

I. There are certmn sitwations where gpsinc refenfion 12 mot

desirable. Aspirin and nonseroidal apti-mJammatory drugs are

kmoan 1o canse gastric lesoms, and slow release of such drugs m

the stoemacls & wnwanted

Thus, druigs that may uritaie the stoaacl hamge or are unstable i

its ncidic environment should wo be fomulafed W gasiro

retentive systems.

' Furthermore, other drogs. such as isoscrbide dinitrote, that are
absorbed equally well throwghout the GI tract will not benefit
from incorporation into a gasiric retention system.?

Applications of GRDDS
Gastrovetentive dmg delmery offers several applications for drugs
baving poor bicevailability because of the narow absmption
window in the upper part of the gastrotiestinad iract, Tt rethims e
dosage form an the ste of absorption and thes eshances the
bisnvnilability. Thess are nanmarized as follows™ ",
Susizined g Delivery
HES syateins can vemaim tr the stoinach far bong periods snd heqce
caqn refease the drug over a prolenged pericd of tine. Tle protdem of
shost  gastric  residence  fmoe  cncountersd with e oral CR
formyudation hence can be overcome with these systems. These
systems have a hulk density of 61 &5 a result of which they can floar
on the gastrie contets. These systenns are telatively barge m size and
pissing from the pylaric opering is prohobdted.

Sife-Specific Diig Delivery

These systems are particolarly sdvamtegeows for doags that ars

specifically nbsorbed from stomach or the presimal pest of the small

miestine. &, nbeflavin md Furosemide

Absorption Enhancement

Dhiugs that have poor bioavalabulity because of wte specitic

absorptwon Fom the upper pat of the mastrointestinal tract are

potential casdidaies 0 be fomoulated as Soating drug delivery
gystems, therely maxmizing thew abeorption. GRODS also serves
ns oo excellent dreg delivery swstem for the eradicatwon of

Helicobacter prdort. whiech cavses chironic gastritis and peptic ulesss

The trenmuent raguires high drug concentrations 1o be maintainesd o

the site of infection that is within the gastric mocosa, By virtue of its

o

[

fleating ability these dosage formis can be retmasd m the mastac
rigica fof o prolongesd period so that the dreg cay be targeted.

An Overview of Gastroretentive Drag Dellvery System Research
Aicrospheres

Shrivastava A et al pleparsd cimetidime loaded micreapleses by
solvent evaporation method nsing polyners HPMC & EC &nd
veported that the preparad microspheres exhibit prolongs] dmg
release (-8 hrs § & remained booyant for #-10 hrs. The mezn particle
size decreased at higher polymer concenfration. Tn vifro stodizs
demaonstrated aiffiz=aom controlled releass fron
mierospheres”. Hollow  microspheres or  microballens (WMB)  of
pboflavin were prepaced by Sato Y er of nsing emulsion selvent
diffisien methiod by dissalving entoric aarylic polyines i o moohee
of dichloromethans and elbasel. The phenuacokinetics of bMB
pboliavin was dnvestigatad by amalysis of wimary examination
Strang omrvelstions were observed betoveen the eocretion half life
vy, diboflavin release from the MB and the total urioary
eXCretion -

Sareubel A er af wied palypropylene focan powder As parous Carrer
for development of vesapamil HCL loaded wscroparticles by ofw
solvent evaporation method, The mcapsulation efficiency was high
asicl akmost independent of e microparticles loading. Good i vitro
Hoating behavior was chserved that release rate was incressed with
increasing drug lesding and decrensing pelvaner amsounts” Jain sk e
il Jemve developed anid reporfes) m vino charactenzation of calcim
silicate (5 bacsad floating microspherss of repaglinids by emnlsion
solvent diffasion technigue comprising of calenam silieate (C5)
repaglmide snd Ewdragrt 5  The formoletion demonstrated favomble
in vitro floating msd release characterssiics and high  encapsudation
efficiency’”. Kawnshima o 4/ described Hollow microspheres
(mierohalbons) copsigting of Ewdeaet S a0 otene pobyner, loaded
with dimg i the sater sleells, the ethanol sapidly pasiticasd o an
exfernal aquecas  phass amd the pobymer precipitated  armmd
metiivlens chlpride droplets, The subsequent svaporstion of the
entmpped meflcdene chionde led to the formatien of mitemal
cavities within the micropmticles”, Al J o o preparad
mricrosplieras far  celecoxib o enlance s Mosvailabiliog by
ficreasasy gastic residence time veng for differsnt polymers
polyetydene mode, Eudeagit 5, celhdose acetate, emd Eadragiz RL
b an emulsioe-sobvents (dichlovomnedsape awl edianol) that differed
i the rate of diffisdon Led to fapmation of & hollow cofe in the
tnicrosplieres, which was partially responsible for the floatafion
abelin helhylcellulose and dutosan mico pellets loaded with
lansograrole have prepared by Mutlicsany e of wioo peiles had a
fower density  tham  gastic  contents and  exhibited  betier
encapsulaton ethcienciz”. Heng P.W.S er of prepared the fonmative
process of alginate microspherss using emulsification tecluries.
The algmate microsphees were prolucad by cooss Hoking alzioate
globiiles dispersed n a conbinnous organe phase using vaons
caleium salts: ealenmm ldoride. cabeiuem acetate, and calensn lactate
mnd calcium ghconate. The size, chape. dmg coment and Ca™
cotitent of the microspheres were svaluated. The tack, viscosity and
pH of the calemam salt sobwtion and percenfnge of Ca™ partifioned
it the orgonic phiase were determimed. Microscopic exammation of
the test exmalston At virios Sages of the emulsfication process was
also carried ouwt'. Synthesis and characterization of cross linked
chitosan microspheres contnindsg & hydrophilic drug, hydroquinone
were carrbsd out. Bv Dini E. of of microspheres were prepared by the
suspension oross Imking method wsng ghitmaldehyrie as the aoes
Imking agent of the polyviner matrix, The effect of degres of oross
Imking. chitosan molecular weiglst coscentration and e amount of
encapslied drug o the hydsoquinone relerse Kmetics was
extensively investigated™ Rokhade AP, patel and of o prepared
hollow mucrospheres of cellulose acsiate butyTate(CAB) ond
polvethylene oxided (PEOY by cmmlsion sobvent evporntion
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aettiod, R-epm-]mde was succescfully encapsulated iote the floating
microspheres”, Hyuk sang yoo prepared biodegradable polymeric
hallow microspheres by double oil and water emulsion wsing the
Lipophatic surBacrat Laboafil® W 1004 C8. Ofive odl was emnulsified
b biodesyadalie polyanes-dissolved dichloromethine auved with
Labaafil by vigorows seaeation, This oil ik oil comelsion was disectly
reemulsifisd o 0.1%  pobnaey]  eleobol (PVAY  solufion
subsequently solidifisd by evaporating dichloromsthane. CHive u!
and Inbrafil were extracted from the misrospheres by using hexans"
Yang YO of of prepared md evalunted sustained release BEC
micrasplieres  containgng  aspiin by amalkificarion  solvem
evaposation feckitique. The relese rate follows 1% ceder kinetics
duriing fiest 120, 5ugge=sﬂug a ovouolithic system with aspiris
wiformly distribaed e othe microcapsules, m:nn:x-:d weight and
loading affiance bur decrensing the release rare™’, Saravan M, ef ol
prepared EC mmzespheares loadsd wath ibugrofin wath ar withious
polystyrene, which was wsed 1o rvetasd drug release fBoge the
micraspheres by solvent evaporation Technique, The microspleres
sl BR92% entvapient dependmg npoa dmg polwmer eano. High
concentration was obfained o kigochi and  Eorsmeper-Peppas
madels. Ding relense wos found to be diffision controlled'®, Chew
T5 ef ! preparsd a controlled releass miom particulate decage form
for am:lh:rmr with EC by odl in water salvent evaparatien tachnige
A 2 fall factarial design waa applied o soedy effect of viscosity of
polviner. dryge polymer catio aed pobaver concentration on dee drug
encapsulation and dissohrtion cheracteristics. A faster rebesss u't'
dmg was ohesrved when o high viscosity polymer was e
Femandez-Lirnsma B, of af prepared controlled refense formmintion
of alachkn m EC by sobvent evapration fechmigue. Resalts showed
that mulerospheres retard the relesse of alachlor i different degrees
M pesticide  alachloe-polyier fatse and particle dze  were
dnportant  factors  for deteniaming  bat alachlor pelease _}I
micraspheres may prove usefial for probonged release of atachlor”.
Slobam Kamiila M. e @' have developed a multnmit fleating drug
delivery system of rosightozons mnleate by encapsulating the dg
mio Bwdmgil RS1H through nen agoeous  emulsificateon'solvent
evaporatian method. The resuls showed tat Seatnem microsplerss
cowld be successfully prepared with pood wields (69-75%), high
catrapment (78-97%). narrow saze distrilnstion, mind desared tarees
release with the help of siatistcal design of experinents from very
smgll number of formudatioms. In vivoe evahwtion m atbine s
sipgestad dent floating mucresplieres of vosiglitarone could be a
promising approach for better glycemic control™, Sato Y ef o
developed a dosage forn capalde of Meating in the siomach, Follow
uticrospheres prepared by the emnlsion selvent diffision method
usmg enteric ncrylic polvimers with riboflavin dichloromethane and
ctlhand. The optimu Joading amount of riboflavin micro balloan
wae foumd 1o impant idenl floatalde properies o e i oballoans™
Ealmel AH & of prepased floatmg micvopancles by emnilsion.
sohvent diffusion technique. Four different raftos of Eundragit 5 100
(E5) with Eudragit EL (ERL) were used to fom ihe foating
microparticles. The drg retained in the floating microparticles
decreaced with the moense m ERL comtent. Al ﬂl:l:rrmP
microparticles showed good flow properties and  packability
Sharin 5 er of developed multipericnlare Qoatimg-pulsanle drug
delivery swstemn usmip posois calciun silicate (fluorite RE) and
sodnmn  alginate. for tome and size specific dmig relesse of
meloxican developed fomulation was evaluated”. Lin Z e of
preparad  amoxicillin Wuceadhesive microspheras  (amo-ad-ms)
using ethyl celluloss (E5), as matmix md carbepol S34P as
Mucoadlesive palviner for the potential wse of gastric apd duodznnl
uleers. Jo vivg aod dr vivo Blucoadbesive test showed that amnc-ad-
ms  adhered meore stromgly to fhe pastric than nonadhesive
amexigtlin mieresplieres amo-Ee-ins did The resalt showed thas

amc-ad-mes bad 4 betler clearsnce effiect than amecizilluy powder diel
in the rats™.

Microcapsule

Moldenhaver o o telate the solubility peopermes of EC
pberocapinile, different microcapaile spateins was prepaied osing
variows  solvent mnd son  solvests.  Resulis  indicated  thas
microcapsules prepared using sofvent mixiwres added a solubility
parameter . Jones DS et af observed the effects of some process
varinhles on the micocapsale of proprapelol HOL by solvent
evaporation meshoed with EC wsing a factorial desipn. Minmumn
percent wiw entrapments of propranolal when external agoeos
phaze confams 1.8 w'v gelatin st PH 600 and inaxsoom
entrapinent of the dmg cocisred when e external phase was
conposed of 0-3% wiv gelatin ad the FH S, Gn]unu cnnmu:mm
and pH significantly affects the enteapment™ Ertan Gand e of
farnmadated dual Mitvofiwantom and amexicillm microcapsules wath
cxolaoiee ctrate, EC and gelstn. Mitrofimastow celease frook
uigrpcipsiles was lower. The dissolution rate tesules of aunsicitim
gelatin oy carboxy methyl cellulose and dual BEC indcrocapsuies
showed 8 pood susrpined sction™ AL ] o o prepared
bveleodvnamically balanced system (HBS) for metformin ns & smale
Nemting  capsule with HMPC K40 aod EC The Bwoulation
remaimed buoyant during 5 hr stady in rabbits. The comparative
phamacokmetic studies were perfosimed by adininistration of the
optitnized HBS and immediate release capsobes botls with
radiolabelled metformin, wsing pamma  coumter. Thers was an
mcresse in AUL in optunized HBS capsules of metformin when
compared with immedixte relense metformin™, Dennis A ot al
proposed a loose powder filled capsule that 15 Baoyant =o that 1t will
float om a8 gasivic jusces and thereby mproved drug availabline''.
Gigbaly Fist prepared foatme mieocapsbes contaiining oelatoiim by
s inteiaction awd o negatrvely charged swrfaciant, seditm dioctd
sulfosuccinate (T35}, The chearacteristics of the  Floating
misrocapsules generated compared with cemventional nom flanting
miscospheres  mannfactored  fom chitosm ond  sodiem
tripolyplcesphate (TPP) were also mvestigated The dissolution
peodtles of most mectocapsiles showed near zevo ordar kinetics i
sianuilated pastiic fund (5.G.F: pH L2) moreoves, release of the drug
froon these micraspheres was greatly retanded wath telease lastimg for
several b (s (S0GF175-40.7 br, depending on the processing
factar), coeapared with the Non Floaring micracpheres where diug
velease was alinest nstant. Mot of the lbelbow mhere; dwﬂupﬂl
tended to foat over sunulsted fuids for more tan 12 hr

Fluaring gel bendls

Tang Y o o symthesized 0 multi-unit feating gel bead with colcivm
algmate, smflower o]l and a dee of oteresd theoush as
erlsification gelatin process. The algivate beads with oil addition
wers ahle to confmumsly Ooal over the medinm foe 24 e, Under the
coitstant apitation wihile the nea—omly beads could mee. Three kind of
drag with differest bvdrophilicizies ibuprofen. pwwimnde and
metaclopromide HCl were testad in the sudy' . Badve 5 er of
developed hollow /poroass calcium pactinate bemds for floating—
pulsatilzs  releszs  of  diclofennc eodiam  imtended  for
chronophanmacotherapy, The floating beads obimined were porons
(3% pocasingd, bollow with bulk density =1 gl kad FT30% of the
14-24 he. In vivo smdies b ¥ -scndpraply detennined oo the
rabbits chowed the gastro setention of beads wp to § he''
Srimmomssk P. e al developed avulsion pel beads of calcims
pectinate capable of floating m the gastic condition sing am
emulsion gelation methed mod therr releass properhies were
wvestigated, The metronidazele-loaded comidsion gel was found 1o
fesal on the sunulated gasiwic Mg The additives (PEG 10000
alvceryl monostearate and Endrapit L) had o slight in sigmificant
effect om the dnag redense, The result sugeest that analsion wel beads
are switnble a5 o camer for i gasiric fioating drug dedreery systom
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aad that theer release behavior eonld be modified by hardenmg with
glutaraldehyde or by coating with Ewdragst LY. Mstom ¥ of ol
preparsd two types of alpinate besds capable of floating in the
gasivle cavity. The fher alginate gel bead containmg vepetable ol
(ALGO). pelezse=: nwdel divg metronidazoele wldeh 16 mvessaly
proportsnal 1o the peicentage of oil. The second algmpate gel bead
containmg chitosan (ALCS) is a dred gel. The drug release prodile
was nod affected by the kind of chitosan in the matrix when ALCS
containmg metronidarnls was administersd orally to guinsa pig. 1f
oot on the gasinc jmice and relense the dimg m the stomach36.Ishak
R of pweparad & meronidazole fosded chitosan-treated algiare
beads by ton tropic pelation method A ¥ factorial desigmed
cxperment was bsed i owhich the theee wviscesity onparting
polvners naomely metlsd cclhﬂus:::. cirbapol 934F and k-camagenan
anl the clearnce rate was studisd”’. Alas Eldeen B. Yassin, Thralim
A design o new extendad relegse gastro tetaitive multi particulate
delivery system for verapanul by lneorporation into bwlso gel beads
sk of cldiman. The beads were fornned by drapping sofdioans off
VP and chitesan o a soluton of wipelyphosphale nsing a syeinge
pump with adpstable constant ate The formed beads were then
flarther cross linked uwsing gll.lrml.dch:.'d: and - the  excess
glutaraldeliyde was then washed™ Fell 1T er af prepared floating
nlginate beads incarporating amoicillin. The beads where prodisced
by dreg wise addition of alginate mito calcinm cldoide seburion,
folewsd by remowal of gel beads and feepeadrving, The heads
containmg the dissolved dmp remamed bocomne for 20 hours and
high dmg-loadmg levels were achi

Floating mntrix taliets

Strubing 5 f of hanve prepeged floatmg kollidonn SR matnx tablets
containme propanolal HOL. The mbler floars mmebately  and
coitimned for 24 be They found that the foating wrength was
related to kollidon 5K level, Floating charactesisties foe sample
omproved with a high polymer'dmg ratio. Swelling characteristics of
thes mb]:ts were also related to the polymer content bt it wms
marginn] * Ozedemir ¢ af developed floating bilayer inblets with
controlled release o finosanude. They have design bilaver dosage
form in wiich ane laver coitalned HPRMEC 4000, HPMC L and
carbomy meghyl cellulose and the secomd layer confzmed fie
cffervescent mixnwe of sodivm bicarbenste and ecitvie acid. The
radiographic studies showed that feating tabders were retained io the
stomach for & hr and blood analvsis showed that bil:laulllabl.hl:; of
these tablets was 1.8 times niore that of the conventional tabless® A
Beating multi-lyyer coaled tablets was prepased by Ermzlr]
Sungthongieen of o which consist of diug containig core tabless
coated with & protective laver and a pelvmene mewbrane.  And
foumd $hat pelymeric Glm witl: the hizh flexibility (Endragit BL IO
had the high capebility to entrap the penerated pas OO0p and
subsequent good floating properties. The fleating properties aned the
dmg release Fom the foating fablets were dependent ca the core
preparatson method, e st of gas formning apeat and the leved
of gas enrapped membrans™, Streubel ef af's smgle uwir floating
controlled drog delivery systems consisting of polypropydene foam
prawder, matrs f-:-umj'ug pobyer, drug and fller. They studied the
different fypes of momx fommg polyvmers  like HPMC,
polyacrylares, sodina algheate, com starch, caragesan, glsn guan
and g Arabie. 11 was found that refease rate could effectively be
veodified by varvine the matnx faming pelvmer and the fonm
polviner ratio. initial dreg beading. tablst geometry. the tvpes of
matrix foaming pobaner, the nse of polymer blends and the addition
of water soluble or weter insoluble fikers {mach as Iactose of
microcrysialline cefinjose} ™ B er af had prepared o gagro
retentive drug delivery sysiem of ranfudine HCL. They cvaluated
guar gum, xamthan g, smd HPMC for gel-fomming properties and
sdnam hcarbomate as a gos genesatiog apent. Alse fousd that the
addifven of steance acid seduces the dmg dissclution due o its

hydrophobsc natare. Hence conclided that the proper balasce
between & relense rate enhance and dw celesse fate retardsnt can
produce a drug disselhrtion prefile sunslar o a theoretical disolution
profile®™. Sun woo jang e o bas developed an effective foanng
pnateis avgteim of & neny svnthetse falcoqosd derivative Le (DA-G031)
foi the tweatozent of gastirtis. The therapertic linsitation of DA-G034
caused by its solubility o low acidic conditicns was overcoms by
nsing the effervescent foating matmiz system, which was designed to
canse fablet fo fieat  m the gastoc fhwd, They concluded that the
rebease of DA-5034 Gom the tblel n the acidic mediom was
sigmaficantly fonproved by dlds techuiqoe, which 15 amrineed 1 the
effect of solubilizers and the alkshizmg apent such as sodsiom
bicarboaate used as pas peneratmg agent’™. Fivanr rdhman e af
prepared 8 bilaver foaling mblet for capopril using  dizect
comgession fechnotogy with oae layer a5 Noatmg and ofler as a
cebease layer. The floating bavar confaied HPMC K grade and
effervescent srixture of sodinn bicarbosate asd citree acid. While
the release layer contamed cagnopril and various polymers such &
HPMC K15 M. PVP K30 and carbapol 934P. Exeellent release was
observe™ . Shrivastava of af kave developed floating matrix tblets of
atanolol, Tablet were prepared nsing polvnser such as HPMC K158
HPRAC B4, g g sl soclian carboxy neshad cellulose alone
or in combination, They found that fhe tablst confammng guar gam
and sodiwm carbony methyl celhdose shows the greater swelling
mdices and the tablel exhilit controbled and prolonged dmg release
and flnats effectively in the dissohtion medinm ™ Xipoquiang X e
i hove worked on Floating matrix desags form for phenoporinmine
HCL based on the gas formimg agent, HPMC K48 and carbapol 971
MF were ussd i the formabkstion, They float aver & bis and the
dissolation profile shows the non fielian deffusion Alse fonnd that
thr casbageal 071 WE was capable of sustnuted release dnd iserenss in
the boavailabidity™. Sigound W er & have deseribed o gamma
scinfigraphy evahmtion of the fate of micre croystalline chitosam
grannles in the fsted human stomach®™, Talwar ef af developed once
o duly formndetion  for ciprofloxncin. The foemlation was
composed of ciproflozacin, sodnan alginate. zanthan gom, sedimn
bicatbonate and crosmpovsdone. The viscalysing agent and the ged
fornmattoig. pobymer formed g hysicated mixhars that entrappsd the
gnd, cansag the tallet to float and be retained in the stomach o
uppar pant of small iotestme. The hvdrated gel matrix cresded o
bortuans ﬂlfﬁ.'l'sl.-:lu path for the drog. resubting 0 sustasied releise of
the diig™ Penners of of developed an expandable tablet contxinms
mixtures of polyviny] lactones and polyacrviates that swell rapdly
it the aqeeoins enviramnent el s resade o the stoasach over an
extended period of time m addition to this, gns fonning ngents weve
glso meorporate. The gas formed decease the system and thus the
system tend 40 foat oo the gastic content’’ Yang ef of developed
new cpategy (oo e wiple g  weamsent  (lefracycinee
mnetroasdazele and bismuth salt) of Helleobvcter pian associated
with gaatric wles. They have disigned sellable aspumesic triple
lnver iabdet with Joating ability which prolongs the geemic residence
tine of the dimg regimen of Helicobacier piori. Hydroxy proped
mietiry] cediuloze and poly {ethdene oxide) were use ax major mie
confrolling pobvneric Excipients, Tetracycline md metronidazole
were inoorporated m the core layer of ihe wiple-layer mawix for
controlled dalivery, while the blsouh sall meluded by one of the
outer lavess for the instant release. The resultant deas delivery
S¥SLEIn has the p-:rl::ulml to mwcrease the efficacy of the therapy and
the patiemt compliance™ A mlti-umit levodopn sustained release
floating dosnge fomns was developed by Goole of ol This
minitablets (MT) wers prepored by melt gromadntion md subsequent
comnpression, From the dissohsion profile of levodopa ot different
pH values it was found that dissolutiom profiles depend more on the
profonged refease ability of Bathacol K138 than on the pH
dependent sobubility of levodopa™, Tolukedar of af have cvabunted
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zanthan gum a5 the potentsal Excipents for the oral confolled-
release matrx tablet, Investigats the controllsd release propertics of
xanthan gum. dometbacm and the sodinm sl of Indomethacin
were sebected as & model dnie. The perfirmance af 200G was
compared with maiketed controlled  release  prodwess  of
[ndomethacin. It was found that the droe rdeased froo the tei
products reachsd dee minimamm «ffective concentration carlier and
remaimed lonper within the therapeutic range™ . Viral patel of af have
developed on intra gastric drug delivery sydtem for cefireximes axeti]
amd evaluated contritnation of HPMC E4AMEIMLY ratio (polanes
Dilesty el solanem Byl sulfere (SLE) on dreg release, Trwas Sl
teat polyimer blend and 5L% significantly affected the fame requoed
far $0% of drue release and percent release drag refease at 13 hr.
belaria Elena ef of had studied the mfloence of the HPMC viscosiny
prade amdl releise paofite of metronndazole watns falder The
efffuence was evaluated at vessosity prades of 15, Ba0, 2000, 20000
and 30000 CF and particle sizes of 163, 335 ad 508 o The resulis
showed a linear refationship betwesn the tnverse of relense e and
the viscosity grade of HPMO. An increasing bura effect cocurred
with merease viscosity grades and increasing partcle sizes of
HMPC™ Dasharath patel o of bave prepared carbamazepine floating
tabilers by miehl grandanon leclmigpee ising beeswax, HPMC, BEC
were wsad a5 matmix fopodng agent while gas generating and fosting
cabancer. The results of multiple resresston asabysis indicaed that
Lowe lewvels of HPRE and EC and & hugh level of sedinm bicartomate
shoabd be used to manutactire the tablet formularion with desired i
vitro foating time and dissolution™. Sasa Baumparmer o o
developed the flosting mntrix taklets, wihtich after ol adminisation
are designed o prolong the gastric resdence time, moesmg the
drag busavailability and danmish the side effects of dvitating dmgs
lablets contaiinpge HPMC. diug aod different additives wesa
comprzasad. The investipation showed that tablet compesition and
tablet swemgih have greater influence o the floatimg properties and
the dg refease. “*CQwumn i er of hod developed Zero-order delivery
of a haghly soluble, low dose dreg alfazosin HOL gastro-retentive
systzm. Two sysiem contanmy polvetlydene oxide (FEQN, HPMC,
sodnma bicarbonate, citrle acid and pobyvingl paerolidons were diy
blended and compressed mio fmpls lays ad bi-layer compesite
matricss. Both system provad to be effective in providing prolenged
foatation, reo —order release. They suggested that the kinetics of
dmg refesse, swelling, erosion and dynamiics of textaral changes
dieriing dessolution foe developmg gastro-retentive drug delivery
system that has potential 1o chancs bivavailabiliy aed sue-specific
delivery of the proximal smail ntestine™ Miralidier nama e o
biave developed the Hydrocsmanenily balanced delivery system of
clarithromyein which bas the allity to prolong the gastrc residences
time with desived i vitre release pofils fu the localized action o
the stominch. The tablel was prepared by wel grandation tsclindgue
In wive sadiographic stadies were alse perfoamed with the barmm
sulphate Joaded formalation. [t was found thar the Formadation
containmg §0.2% Clanthromycn 13%, HPMC K4bd. polviner, 8%
sodnun bicarbonste had fcating lag time of 12 hr and the i vitro
release profils very near to the desired relense™. Korgel I, and
bodmeier B developed a flonting and & pulsatle drog delivery
system Liced o0 the résevior systeam consisting of drog contsning
effervescent care and a polvmerie coaning. Eudraglt RL: acetyd
tribaiyl citrate was selected as to initiade the effervescent renction
and Hoating process. Ethyl ceibdose: diluary] sebacate was osed [o
formmiation of weak semi permiable film they found that, the
polyvmeric coating did mot retard the dmg release bat 8 polaner
(celiulose nostate or hydrosy propy] methyl <ellnlose} added 10 the
core controfled e dng release. A quick releasing core was
formuiated m coder to obdain & rapid drog refense after the mpture of
polvimer coating™. A floating sstrix tablet was developed by
Baungartaer of of which meorparate a high dose of freely soluble

dmg. The formulabon contaiming 54.7% of drog, HPMC EAB,
Avical pH 100, sl & gas penerating ageit give the best resulis. It
took 30 second to becomse Twoyant, fo vive experiment with the
fasted sate beagledoge revenled prolonped paside residence me,
The resules showed that tee srean gasteie fesidance time of the tablet
was 240 £60 mimtes in dogs™. Mowsai of of prepared an oral drug
delivery of the auti-psychotic ageat carbamarepine facilited by non-
disintigrating fleating dosage form, The polymer wead was HPMC,
guar gum, enrbapol and NaHCOOy ns & gas generating agent. It was
olserved (hat the carbamarepine refense form floatimg dosage fonm
was i fem followad 3 zero-oriler refease. The devices containing
higher portion of HEMC | high viscosity ) show the slower release
ared maintain the miegiaty of device as g &l NaHCOO,
calses the wablet 1o foal fon requiced ime”. Chandhan pravin el of
have devetoped a bilaver Aoating fabler of wzanidine HCL osiog
digect compressico techmigue. HPRC K-mrade. MaHOO, and starel
1A form the floating layer. The release baver contams the drsge and
variones polyimers such &s HPMO K15 M. gelucive 4307 and xanthin
gum in combinarion with HPMC K15 MY, Nagalakshmi, Abdul
Hisnn Sathali developed a lydrodysamically balosced system of
Pioglitazone  hwdvochlorsde (HCIL by sow-cffervescent  and
effervescent feckmigues, Varioes grades of polymers (2., HPMC K-
1008, HPMC B-4hL HPMOC K30, HFMC K215, SCMC and MO
wiere weed alooe and in combination Sodnum bicarbonate (MaHOO,)
wins wsed as A gas penerating aeent in effarvescent technigue. From
the studies. it was foond thag 80 per cent of polymer concentration
and Mang of NaHCOs provided good tablet Hoating behavier and
also the possible shortest Ing time was achieved™ KatnynmaH. e of
developed a sustained release (SR ligud preparation of Ampectiin
cotainmg soditan alginate which spresds ont and aids o adlerng
to the gastric miueosal suefaee Thos e dime i conbimsensly
rebeased in the grstric reglon ™

I sitm gel

Attwood [ of af svaloated theophline gel formed in sitn following
oral adommastration of 1% (w'v} aquecus solufion of gellan fo rats
and rabbats as susiamed release vehicles, Formmdabion conplex
contain ealeimn does wheels lesds fo gelation i acidic avisonnent
andl sustam the release. Bicavadabolity was increased 4-5 folds in
rats  aend .’I folds in rabbits as coopare to coounercial oial
formulation™ . Atrwood D. er of evaluated theophylline gel fonmed i
sifu followving oral adinisstration of 1.2% (W) aqueans sohtion of
sodliian alginate to pats ac sustained release vehicles, Farmmulafion
complex confamn cakeium ions which leads fo pelation in scidsc
environment and sustami e release, Bioevalalnhiny was incressl
1.3-2 folds in rats compared with fhat from a proprietary oral
sistomed relepse  formulobron contaimmg an entics]l  drug
fornmdation™. Atrwood D, er ol evalanted potential for oral sustained
defivery of paracetamol of 2 foomuolations with in sim gzlling
properties. Cral admamistrabion of Fosnulaten complex of gellan
gum 1% (W) oor sodism aleamate 15% wiv condam calenms fons
which leads w0 gelaton in acidic emvinmuanest and sustain the
releazs, Biopvailababity of paracetamol from the gel formed in site im
stomach of mabbite following oml npdmmistration of the lgud
formmedation was simalar to that of commercial availabe sustention
conlaining dose of paracetanol™, Attwood Th ef of examine ihe
miflnenee of varistion of gasiic pH over the range 1-3 o0 the
gelation of liguad formulations of pectin and op in vitee i vive
rebease af parscetanied asd nmbroxol from resultant gels of pectin
using gastric acidity controlled mbbits. The bicavailability of these
dmg whers oot significantly  different when rslesssd ffom gel
formued a1 the 3 diffiremt when released from gels formed af the 2
different hmats suggesting et nonmal vartation of gasiric acudity i
the fasting state will have no effects on the hicavailability of these
drmgs when delivered using this vebicle™. Allbagque F. &r o studied
the ability of gellan to form gel m the presence of caleimm dons

INTERNATIONAL BENEARCH [ERIRNAL OF PHARMACY, 2(11). 2011



Lahoti 5.8 et al, IRJP 2011, 2 (11}, 50-57

coable to form gl mopresence of caleawm doms umable to prepase
capsule by gelation of tus polyscchonde aroumd 2 core confsining
starch, calcan chloride and a model dg Released was stidied
vive fiom drisd capsnle from different envirommental comdition
(destall wester, pH 2 amd 8) the effect of presspce of ineseszing
anroitat of doe in e formulateen whers investigated. The behavao
of gellan capsules was copparsd witls that of beads prepasad widh
the smme pobysaccharide confamiog different addifives. Result
obinmed mdicnted that gellan 15 suitnble for formulatmg suitable
capsules and that sohvent uptake the dred capsule 13 more Likely the
(TETH R TSIV mml:lu of alfecting e rate of delivery the lesed
preparations . Floating i sim el svstem of clarthromyem was
pregared by B, Mishsa and Rajinikanth P5S. uwsing varviog
conceniration of gellan us gelling polviner in de-ionized warer 1o
which varying concretion of drig and surfactant was dispersed and
carbaliydiate as floating agent™. lutra gastoe floating i sifu g2l
sygtem of amoxicillin for the weatneat of peptic ulcer cansed by H
pylore confaming varving concentration of gellan as gellig polvioe
i desdonazed warer 1o which varving conegetion of deug amd sodinm
citrate  was dispersed and calemim carbobwdrate as gas forming
agent was prepared by B Mishaa of ol the in v H. priore
clearmce efficacy of prepared amosicllin flearmg i sifw gel m
reference o amoxicillin  suspension followed by repeatsd oral
admimistrations of H. pvlore infected Mongolisn serhils was
cunnined by polymerase cham reaction technigue and by a
microbial culture method(™. Dettmaz P W ef af. tested the i vitro
effectivenesss of rangs of liguid product in mft that where cohesive,
booyant, vobuninows, resistonce to reflux dumble wnder conditions
of mowvement (resilienth The product tested has wide range of ackd
petiralizng capacity’ . Dotjiad B C. o7 ol deseribed the formalation
amd evaluntion of s ophthabme delivery systein of gatiflacscin,
bazed oo comospt of ion activation system. Sodivm alzinate was ased
a5 a pelimg apent m combinatson with HPRC which acted as
viscosity smhancing agent, fonnnkation provided sustain releass of
drag over an 8 hour period”, henmg Tang of of investgated the
influence of divakent (Ca™ and Mg and monovalent (Na™ and K7
catiems on e fhilove stress and s i the gel femined with gellai
polviner™. Katayvama ef o reported a liguid sustamed release
formulation containing sodinm alpmate iatended for e aadication
of H pedore in which in site gelling was achieved by e scparating
oral acimanistration of a solutien of calcivm sabt mmediately
following that of sodinm alpinate solotion”, Mivazak 8. o o
pasessed 3 Liguid foemalations with & sitd gelling properties for oral
defivery of cimetidine, The formunlatins were diluie solumions of: (2]
enryine degraded xyvloglucan, which forms thennally reversible gel
on warming to body terpperanme: (b} gellan gwm awd o) sodinm
alginaee contamieg complexed ions that fonms pel when thess ions
are released in acidic snvironment of the stomach, Plasoms Jevel of
citutidme affer coral administration to rabbats of each of the
formulaticn whers ecnparad with those of the formulaions wihere
compared with flwse resuling from admmistation of 8 commnercial
cimetidine/alginate with an identical drug boading™ A patemt
assigmed fo Reckift and Colman products described a mft fonming
formudation vsmg riclosan. The dneg was mixed with alamic acid,
sodimn Wecarbonale, Galcun cabonate and manial, The aixire
was granulated and civle acid was added to the pranules s then
packed in sachets or compressed to formed tablete. Bicarbonate and
carbonate salts produce effervescence. which aerated dee 1afl
structre formeed by alginates. causing it t fioat™ Shah DUP. and
fam GE, modified gellan gum ssma megosnve echnology aod
sowad if to be used ps Excipients n et formulation, Resabt of this
smucty show that modified gellan gum can be used as o disintegrant
tahlet formmualation. Only plopsical modification was camiad ont in the
micrramve overl Modified gelian gum showed meellence swelling
capaciry, flow property and compressibility ™ Yoguchi Y. e af

studiad the effect of potassiam jons on the stuctural characteristics

of gellmi pum gel. The cross linking dedsai struchure in vamons

concentrations of B salts was observed by small angle Xeray

scatrering. The result was analyzed by means of malecular modeis off

aasociated dowlble helices. N found thar the gpelation wiebded the

meoaa-layer flan particles concentrated by side by side agperegaticar of

ol elices at lower salt concemtration axd then they grew up to

the mudtilover aggregate by firther addition of salr’’. Zatz and

Woodfords developed o suspension formadation of theophyiline

wlich contaned sodimn algimate and which formed a gel when o

eofitserad with sthnubsted gastrie Muld ©

CONCLUSION

The libgatee searched during the resiew of the togic teviled that

gasD retentive approach is best altaative for the fnonulation of

dhiviig swithy Marvow Qeerapentic wandow 1o increase e boavailabiliny

In the ongoare rescarch work ia the feld of gasr retentive drug

delivery varions wovel approsclies and fecmiqués have been

spccessflly  mied by various reearchers Al peesenl many

formdarions based on these epproaches have find e way to the

earket and waed by the plyysiciana for frestovent of patients.
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