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ABSTRACT

In recent scientific and technological advanceméave been made in the research and
development of rate controlled oral drug deliveygtems overcoming physiological adversities, such a
short gastric residence times (GRT) and unpredetagastric emptying times (GET). Furthermore,
absorption windows in the proximal gut can limi¢ thioavailability of orally administered compouraid
can be a major obstacle to the development of olbedirrelease formulations for important drugs. iets
to increase the residence of drug formulationsraabmve the absorption window are discussed in this
review’. Several approaches are currently utilized inptidongation of the GRT, including floating drug
delivery system (FDDS), also known as hydro dynaifticbalanced systems (HBS), swelling and
expanding systems, modified shape systems anddaigbity system. In this review, the current status
floating multiparticulate drug delivery systems luding hollow microspheres (micro balloons), low
density floating micro pellets and floating micredds (acrylic resin based), microcapsules etcyr thei
evaluation parameter, advantages, applicationtdiron and future potential for oral control drugjidery
are discussed.
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INTRODUCTION termed the narrow absorption window; once this

Oral drug administration is by far the mosgosage form passes the absorption window the drug

preferable route for taking medications. Howevel/!l be neither bioavailable nor effective. In

their short circulating half-life and restrictedEXreme cases drugs that_are |n_suff|C|entIy absbrbe
absorption via a defined segment of intestine §miflu€ 10 narrow absorption window cannot be
the therapeutic potential of many drugs. Such livered entirely and are either given by the
pharmacokinetic limitation leads in many cases re.nter_al rou'te or the _development of such
frequent dosing of the medication to achievg'ed'c"’lt'on’WhICh is otherwise safe.

therapeutic effect. This results in pill burden anﬁ rational approach to enhance bioavailability and

consequently, patient complains. The phenomenﬁﬂ'orove pharmacokinetic and pharmacodynamic

of absorption via a limited part of the GIT has rh)eeDrOﬁIe .is to Tetai.” the .drug reserve above its
absorption region in GIT, i.e. in the stomach amd t
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release the drug in controlled manner so as 40 Biological factor, such as gender, posture, age,
achieve a zero order release kinetics (i.e. oral sleep, body weight, physical activity and
infusion) for prolonged period of tinfe® disease states (e.g. diabetes, crohn’s diséase)
The main approach used to increase the gastric %

residence time of pharmaceutical dosage formpULTIPARTICULATE DRUG
include: l%)f[ﬂfﬂy SYSTEMS

1. Bioadhesive delivery systems, which adhere i
mucosal surfacés In recent years, multiparticulate dosage form

2. Delivery systems that rapidly increase in siz8Uch as matrix or coated pellets or micro particles
once they are in the stomach to slow thgave gained popularity for variety of reasons.

passage through the pylofus Considerable research efforts have been taken on
3. Density controlled delivery system, whichoral sustained or controlled release multipartiula
either float or sink in gastric fluifis drug delivery system due to its advantages over
monolithic dosage forff
Currently more emphasis is given on
F: ACTORS AFF TC’IING THE floating concept of multiparticulate reservoir type
GﬂSTRIC TMTT}/INQ delivery system. Floating multiparticulate oral

sustained release drug delivery system includes-

1. Density, size and shape of the dosage f&fth. hollow microspheres (micro balloons), low density

2. Concomitant ingestion of the food and itéloqting micro pellets, floating micro bead.s (agsyl
nature, caloric content and frequency Jesin based) etc. Reports have been publishedeon th

intakel218 development of both non-effervescent and

3. (Simultaneous) administration of drugs actin flervescent multiple unit systems. MPCh researc_h
been focused and the scientists are still

as anticholinergic agents (e.g. atropin 1as b . . -
oropentheline), opoides (e.g. codeine) arfiPloring the field of hollow microsphereS2®
prokinetic agents (e.g.metoclopromid capable of floating on the gastric fluid and having
isapride)” e improved gastric retention propertieBid. 1)

Figurel
The Mechanism of Floating Systems.
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1. NON-EFFERVESCENT SYSTEMS:

Hollow microspheres are considered as one of th& promising buoyant systefg’ They possess
the unique advantages of multiple unit systems el & better floating properties, because of e¢ntr
hollow space inside the microspheres. The genecahiques involved in their preparation includepdan
solvent evaporation and solvent diffusion and evafpan. The drug release and better floating prioger
mainly depend on the type of polymer, plasticized ahe solvents employed for the preparation.
Polymers such as polycarbonate, eudragit® S, oskulacetate butyrate, ethyl cellulose (EC), poly
methyl methacrylate (PMMA) etc. were used in theparation of hollow microspheres and the drug
release can be modulated by optimizing the polyguentity and the polymer-plasticizer ratig?*>4648
Hydro dynamically balanced sustained release figaticrospheres using polycarbonate were developed
by Thanoo et &f, employing solvent evaporation technique and ugisgirin, griseofulvin and p-nitro
aniline as model drugs. The authors also tried pbssibility of preparing the hollow spheres using
polymers like polymethyl methacrylate and polystggebut could only get hard and solid sphefag.(

2).

Figure2
Working principle of hydro dynamically balanced system
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El-Gibaly et af’ developed floating (F) Soppimath et &f prepared hollow microspheres of
microcapsules containing melatonin  (MT)cellulose acetate containing cardiovascular drugs
prepared by the ionic interaction of chitosan andkey novel solvent diffusion-evaporation method.
negatively charged surfactant, sodium dioctyffThe method involves organic solvents such as
sulfosuccinate (DOS). The characteristics of thecetone and ethyl acetate. Because of solubility,
floating microcapsules generated compared withe organic solvents diffuse into the agueous phase
the conventional non-floating (NF) microspherethis process is responsible for the induction of
manufactured from chitosan and sodiurmterfacial polymer deposition resulting in the
tripolyphosphate (TPP) were alsdormation of hollow microspher&s * Scanning
investigated.Talukder, R. et *&ldeveloped a electron microscopic studies indicated the
floatable multiparticulate system with potentiaf fohollowness and absence of drug crystals on the
intragastric sustained drug delivery. Cross-linkeslirface of microspheres suggesting uniform drug
beads were made by using calcium and lodistribution, as the physical state of the drug
methoxylated pectin (LMP), which is an anioniénfluences the drug release kinetfcs The
polysaccharide, calcium, LMP, and sodiunmcorporation of hydrophilic substances such as
alginate. Beads were dried separately in an aiolyethylene glycdl and sucros& results in
convection type oven at 40C for 6 hours and in a increased drug release from the microspheres and
freeze dryer to evaluate the changes in beadmetimes the lag phase associated with drug
characteristics due to process variabilityelease can also be eliminatédccording to the
Riboflavin  (B-2), tetracycline (TCN), andfree volume theofy, the diffusion occurs by
methotrexate (MTX) were used as model drugs ftocalized activated jumps from the pre-existing
encapsulation. lonic and nonionic excipients wervities to the next cavity. Fell et*hlprepared
added to study their effects on the release pgofiloating alginate beads incorporating amoxicillin.
of the beads. The beads were produced by drop wise addition of

Kawashima et al® described hollow alginate into calcium chloride solution, followed
microspheres (micro balloons) with drug in theiby removal of gel beads and freeze-drying.
outer polymer shells, prepared by a novel emulsion El-kamel et &P prepared floating
solvent diffusion method. A solution of drug andanicrosphere of ketoprofen; by emulsion solvent
enteric acrylic polymer (Eudragit® S) in a mixturaiffusion technique. Four different ratios of
of ethanol and dichloromethane was added to tBeidragit S100 with Eudragit RL were used.
aqueous phase containing polyvinyl alcohdbtreubel et af* developed floating micro particles
(0.75% wi/v) and stirred continuously to obtain o/weomposed of polypropylene foam, eudragit S, ethyl
emulsion. The microspheres showed good flow améllulose (EC) and poly methyl methacrylate
packing properties and floating time of more thafPMMA) by solvent evaporation technique. At
12 h in acidic medium containing surfactant. similar drug loading the release rates increased in
A modified technique was used by Lee ef%@in the following order PMMA<EC<Eudragit S. This
the preparation of hollow microspheres usingould be attributed to different permeability oéth
propranolol  hydrochloride, theophylline andlrugs in these polymers and the drug distribution
cyclosporine as a model drugs. The authowsithin the system.Agrawal et “4l developed
investigated the effect of ethanol and isopropanfdbating micro particles of ripaglinide by the
in microsphere formation. emulsion solvent diffusion technique consisting of
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calcium silicate (FLR) as porous carrier andissolved and liberated the granules, which showed
eudragit S as polymer. . a floating time of more than 8 h and sustained drug
Srivastava et af® prepared floating microspheresrelease of 80% in about 6.5 h.

of cimetidine as a model drug by solvent Umezawd’ has reported floating
evaporation method using polymers hydroxgninicapsules of pepstatin having a diameter of 0.1-
propyl methylcellulose and ethyl cellulose. Th®.2 mm. These minicapsules contain a central core
effects of stirring rate during preparation, polymeand a coating. The central core consists of a
concentration, and solvent composition on the sipeanule composed of sodium bicarbonate, lactose
of microspheres was studied and the effect ahd a binder, which is coated with hydroxypropyl
dissolution medium on drug release was alsoethylcellulose. Pepstatin is coated on the top of

observed. the hydroxypropyl methylcellulose layer. The
2. EFFERVESCENT SYSTEMS (GAS- system floats because of the O®@leased in gastric
GENERATING SYSTEMYS): fluid and the pepstatin resides in the stomach for

These are matrix types of systems prepar@dolonged period. Similar double layered coated
with the help of swellable polymers such asystems, but in the form of granules have been
methylcellulose and chitosan and varioudeveloped by Ichikawa et“8l The granules are
effervescent compounds, eg, sodium bicarbonatmmprised of a central core containing drug and are
tartaric acid, and citric acid. They are formulated coated with two layers. The immediate layer called
such a way that when in contact with the acidihe foamable layer is divided into an inner layer
gastric contents, CO is liberated and getscontaining bicarbonate and outer layer containing
entrapped in swollen hydrocolloids, whichan organic acid. The external layer is a polymeric
provides buoyancy to the dosage forms. film called the expandable layer. When the

lkura et al“® reported sustained releas ranules are placed in gastric fluid, the foamable
floating granules containing tetracyclinjayer causes foam production leading to expansion

hydrochloride. The granules were mixture of dru f tthe elz(';irnal ex?andﬁtl)le layer a{r;]d result tmd
granulates at two stages A and B. Stage i ating of the granuies. 1he same authors reporte

contained 60 parts  of  hydroxypropyl 9 :
methylcellulose, 40 parts of polyacrylic acid an ranule§’. Two layers, an inner effervescent layer

20 parts of drug and stage B contained 70 partsa(ﬂd an outer swellable membrane containing

sodium bicarbonate and 30 parts of tartaric aci Qlyvinyl alcohol and shellac surrounded the pills.
en placed in buffer media, the pills swell like

Stage A and Stage B granules were mixed in 60:balloons attaining a density lower than 1.0 g/ml,

ratio by parts and along with a lubricant filledan L9 .
capsules. In dissolution media, the capsule shgﬁd had a floating time of over 5 Kig. 3)

oating pills with similar construction as in case
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Figure 3

(A)Multiple-unit oral floating drug delivery system.
(B) Working principle of effervescent floating drug delivery system.
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A novel method of preparation was utilizeditilized. A multiple unit system prepared by
by Stithit et al’ in the preparation of floating lannuccelli et &' comprised of calcium alginate
microspheres containing theophylline. A modifiedore and calcium alginate/PVA membrane, both
emulsion-solvent evaporation technique was usedparated by an air compartment.Increase in
for the preparation of microspheres. The drugnolecular weight and concentration of PVA,
polymer (cellulose acetate butyrate and Eudraggésulted in enhancement of the floating properties
RL 100 (1:1)) dispersions were pressurized undef the system. Freeze-drying technique is also
CO, gas, resulting in the dissolution of the gas ireported for the preparation of floating calcium
dispersions. Upon release of the pressure, thlginate bead® *® The obtained beads are freeze-
bubbles were formed and got entrapped into tlieied resulting in a porous structure, which aid in
dispersed drug-polymer droplets, forming cavitieoating. The authors studied the behavior of radio
inside the microspheres. Alginates have receivéabeled floating beads and compared with
much attention in the development of multiple unitonfloating beads in human volunteers using
systems. Alginates are non-toxic, biodegradabfmmma scintigraphy
linear copolymers composed of L-glucuronic and Floating alginate beads can also be used for
L-mannuronic acid residues. They are widely useatklivering the high concentration of drugs to
in food and pharmaceutical industries® **>They gastric mucosa, taking advantage of both floating
may be directly incorporated as salts (e.g. calciuamd mucoadhesive properties. Two types of
alginate) or in situ salt formation technique ca@&n Hloating alginate beads containing metronidazole
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are reported by Murata et & Choi et ai° studied to the carbon dioxide generation when exposed to
the effect of gas-forming agents such as calciutine gastric fluid.
carbonate and sodium bicarbonate on the bead size

and floating properties of the alginate floatingFy 4, U ATTION OF FLOATING
beads. MUﬁﬂ?ﬂRﬂC’UﬁﬂT E

The ion exchange property of resins whe ) _ : i _
exposed to the gastric fluids could be utilizedhie Floating Multiparticulate is characterized
preparation of controlled release floating bead8Y their micromeritics properties such as particle
Atyabi et af* described an ion exchange resifize, tapped density, compressibility index, true
based novel gastro-retentive system. The meth@@nsity and flow properties including angle of
of preparation includes loading of resin particle®pPose. The particle size is determined by optical
with bicarbonate, and coating with a semidlicroscopy; true density is determined by liquid
permeable membrane (Eudragit® RS). In gastiftisplacement  method; tapped density —and
fluid, the exchange of bicarbonate and chlorideompressibility index are calculated by measuring
ions take place leading to the formation of £LOthe change in volume using a bulk density
which gets entrapped in the membrane making ti@@paratus; angle of repose is determined by fixed
beads to float. Drug containing ion exchange resfannel method.” " "™ _ _
beads were also prepared by using theophylline H3¢ surface morphology of the multiple unit
a model druff, and drug loading of the beads wa8yStéms can be studied by scanning electron
done by column flow through metho#. The microscopy. The determination of physical state of
loaded beads were coated with Eudragit® RS Bje drug in the multiple unit systems is important.
coacervation and phase separation method, whithere may be chances of change in crystallinity of
showed 90% drug release in 24 h. The rafB€ drug during the process, and such changes may
controlling step in ion exchange is assessed by i#fluence the drug release properties. The
equation suggested by Boyd ef“alFrom the crystallinity of drug can be studied by X-ray
experimental results, the plot of Bt v€® tvas Powder diffraction technique (XRD) and
found to be linear, indicating diffusion as theerat differential scanning colorimetry (0SS
limiting step. The gamma scintigraphic studies _ .
showed that the floating times of coated beads  Floating properties of the dosage form such
were longer compared to the uncoated contr@ buoyancy lag time and floating time are to be
when the volunteers were given a light liquid meagvaluated, as they influence the dosage form
Since the resin could incorporate both bicarbond#€havior. The buoyancy lag time is determined in
and technetium ions, it can be inferred that tHder to assess the time taken by the dosage form
anionic drugs can also be loaded into the P&sikn O float on the top of the dissolution medium, afte
similar formulation, containing anion exchang®lacing the dosage form in the medium. This
resin (cholestyramine) has been described by To@@rameter can be measured as a part of dissolution
et af’.S. Jain, et &° prepared cellulose acetatdest™ The floating ability of the system i.e. the
butyrate (CAB)-coated cholestyramindime for which the system continuously floats on
microcapsules as a intragastric floating druge dlssplutlon_ media can also be evaluated as a
delivery system endowed with floating ability dudart of dissolution test.
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Whitehead, L., J. T. Fell, et’ateveloped a 2. It results in shorter lag time for floating
freeze-dried calcium alginate  multiple-unit multiparticulate drug delivery System

Floating dosage forms and demonstrated favorable 3. It avoids all or none emptying process.
in-vitro floating characteristics. The aim of this 4. Itreduces patient-to-patient variability.
study was to investigate tlvevivo behavior of this 5. It provides greater flexibility to the

system compared to a multiple-unit non-floating formulators.

dosage form manufactured from identical material. 6. It distribute more uniformly in the GIT,
The study was performed in seven healthy thus resulting in more uniform drug
volunteers, who swallowed the radiolabelled absorption.

formulations after a standard breakfast. Transg wa 7. Finally, multiparticulate could be filled into
monitored by gamma-scintigraphy and subjects hard gelatin capsules or be compressed into

were maintained in the fed state. Prolonged GRTs tablets.

of over 5.5 h were achieved in all subjects for theq pPLTC ATIONS FLOATING

floating formulations, which remained high up in
the stomach for the whole of the test period. IWULﬂ?ARﬂCﬂLATf DRUG

contrast, the non-floating beads displayed shd®DELI VERY SYSTEMS*
GRTs, with a mean onset emptying time of 1 h.
The results of this study suggest that, in the feqf
state, this floating drug formulation has potenti ers
for sustained drug delivery for either local o
systemic purposes.

Floating multiparticulate drug delivery
several applications for drugs having poor
ioavailability because of the narrow absorption
window in the upper part of the gastrointestinal
tract. It retains the dosage form at the site of
absorption and thus enhances the bioavailability.

The general method ofn-vitro testin .
9 9 ghese are summarized as follows.

involves the incorporation of dosage form into th
simulated gastric fluid (in order to mimic the- 1) Sustained Drug Delivery:
vivo conditions) contained in the dissolution vessel

) . : HBS systems can remain in the stomach for
and performing the dissolution as per the standarlgﬁg periods and hence can release the drug over a

of the pharmacopoeias. Most of the studies utiIize[\)(Ii - -
) . . olonged period of time. The problem of short
USP dissolution methods, especially paddle fype astric residence time encountered with an oral CR

76, T77. . . .
Various methods such as radiographi rmulation hence can be overcome with these

imaging techniques and gamma. scintigraphy C@stems. These systems have a low bulk densit
be used to study thie-vivo behavior of the floating tr?an tha;[ of Gl flui)cll as a result of which they cany

8, 79.
dosage forms. float on the gastric fluid. These systems are
relatively large in size and passing through the

ADVWAGTS .TLO-ATING pyloric opening is prohibited. Hollow microspheres
MULTIPARTICULATE OVER o;f notn-stferoidaltar;lti (;nflallmmatory dr”ugs _zt;lre very
effective for controlled release as well as it @kl
MONOLITHIC DO_SAgf F OMSO the major side effect of gastric irritation; for
1. It has lower potential for dose dumping andyample floating microspheres of Indomethacin are
it minimizes the risk of local irritation. quiet beneficial for rheumatic patients
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2) Site-Specific Drug Delivery: emptying may lead to the reduced systemic

These systems are particularly bioavailability.

advantageous for drugs that are specifically
absorbed from stomach or the proximal part of the

small intestine, eg, riboflavin and furosemide. Qf’llT’l,lRf SCOPE OF FLOATING

bilayer-floating capsule was developed for loc

delivery of misoprostol, which is a synthetic agplo M ULTIPARTICULATE DRUG
of prostaglandin E1 used as a protectant of gastg'gfﬁ foRy SySTfJVl S

ulcers caused by administration of NSAIDs. Floating multiparticles can greatly improve

3) Absorption Enhancement: the pharmacotherapy of the stomach through local
drug release, used to eradichteicobacter pylori
m the sub-mucosal tissue of the stomach most
ectively and making it possible to treat stomach
nd duodenal ulcers, gastritis and oesoph&yitis
his system allows administration of non-systemic,
controlled release antacid formulation containing

Drugs that have poor bioavailability
because of site-specific absorption from the upp
part of the gastrointestinal tract are potentiﬁ
candidates to be formulated as floating dr
delivery systems, thereby maximizing thei

absorption. . ) :
calcium carbonate and also locally acting anti4ulce
LIMITATIONS OF FLOATING drugs (such as LansopraZdle in stomach.
MULTIPARTICULATE DRUG DELIVERY Buoyant micro particles are considered as a
SYSTEMS™. beneficial strategy for the treatment of gastrid an

1. The residence time in the stomach depends updredenal cancers.

multiparticulate drug delivery systems should bgarrier for the drugs having narrow absorption

administered after the meal. windows, these substances, for example antiviral,
N o _ antifungal, and antibiotic agents (Sulphonamides,
2. The ability to float relies in the hydration Stat_ebuinolones, Penicillins, Cephalosporins,

of the dosage form. In order to keep thigminoglycosides, and Tetracyclines) are absorbed
microsphere  floating nkvivo, intermittent oniy from very specific regions of Gl tract. In
administration of water (a tumbler full, every Zqgition, by continually supplying the drug to its
hours) is beneficial. o most efficient site of absorption, the dosage form
3. The ability of drug to remain in the stomachyay allow for more effective oral use of peptide
depends upon the subject being positiongghd protein drugs such as calcitonin, erythroppitin
upright. o _ vasopressin, insulin, low molecular weight heparin,
4. Floating multiparticulate drug delivery systemsgq | HRH. Floating microparticals of NSAIDs are
are not suitable for the drugs that have solubilitysry effective for reducing their major side effect
or stability problems in the gastric fluid. gastric irritation as well as for controlled releas

5. Drug like Nifedipine, which is well absorbedsqr example floating microspheres of Indomethacin
along the entire GIT and which undergoegye quite beneficial for rheumatic patient.
significant first pass metabolism, may not be a

desirable candidate for floating multiparticulate
drug delivery systems since the slow gastric
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Tablel

List of Floating Multiparticulate Marketed preparations

BRAND COMPANY
S.NO NAME DRUG (DOSE) (COUNTRY) DOSAGE FORM
. . Colloidal Gel
1 Conviron Ferrous Sulfate Ranbaxy, India Forming EDDS
Misoprostol : Bilayer floating
2 Cytote® (100/200 mcg) Pharmacia capsule
3 Topalkaf? Al-Mg Antacid Pierre Fabre Drug,floa}tlng |IQL!Id
France alginate preparation
Levodopa (100mg) Roche  products Floating CR
4 MODAPAR® Benserzide(25mg) (USA) capsules
Al Hydroxide Effervescent
5 Liquid (95mgQ) Glaxo Smith floatin liquid
Gavisorf Mg.  Carbonate Kline, India al inatge o argtion
(358mg) ginate prep

6 Valreleasé

Diazepam (15mgQ) E;)Ig(r)ncinen-(USA) Floating capsules

CONCLUSION

Drug absorption in the gastrointestinal tract
is a highly variable phenomenon and prolonging
gastric retention of the dosage form extends the
time for drug absorption and attempts to make it
more uniform as well as reproducible. Floating
Multiparticulate Drug Delivery systems promise
to be a potential approach for gastric retentio
Although there are number of difficulties to be
worked out to achieve prolonged gastric retention,
a large number of companies are focusing towards
commercializing this technique. It is hoped that in
the near future biopharmaceutically better
therapeutic systems in the form of floating dru
delivery devices would be introduced in clinics irg'

greater number.
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