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ABSTRACT

The purpose of writing thisreview onfloating drug delivery systems (FDDS)
was to compile the recent literature with special focus on the principal
mechanism of floatation to achieve gastric retention. The recent develop-
ments of FDDS including the physiological and formulation variables af-
fecting gastric retention, approaches to design single-unit and multiple-
unit floating systems, and their classification and formulation aspects are
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covered in detail. Thisreview also summarizes the in vitro techniques, in
vivo studies to evaluate the performance and application of floating sys-
tems, and applications of these systems. These systems are useful to sev-
eral problems encountered during the development of a pharmaceutical

dosage form.

1.INTRODUCTION

Davis 1968 firstly described the concept of floating
drug delivery systems after experiencing gagging or
choking by some person, whileswallowing medicina
pills Theresearchers suggested that such difficulty could
be overcome by providing pills having density of less
than 1.0 g/ml, sothat thepill floatson thesurface. Since
then severa approaches have been proposed for ided
floating drug delivery system™.

Gastricemptying of dosageformsisan extremely
variable processand ability to prolong and control the
emptyingtimeisava uableassat for dosageforms, which
residein the stomach for alonger period of timethan
conventiond dosageforms. Severd difficultiesarefaced
in designing controlled rel ease systemsfor better ab-
sorption and enhanced bioavail ability. Oneof such dif-
ficultiesistheinability to confinethedosageforminthe
desired areaof thegastrointestinal tract. Drug absorp-
tion from the gastrointestinal tract isacomplex proce-
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dureand issubject to many variables. Itiswidely ac-
knowledged that theextent of gastrointestind tract drug
absorptionisrelated to contact timewith thesmall in-
testind mucosa?.

Gastro retentive systemscan remaininthegastric
region for severa hoursand hencesgnificantly prolong
the gastric residencetime of drugs. Prolonged gastric
retentionimprovesbioavailability, reducesdrugwaste,
andimprovessolubility for drugsthat arelesssolublein
ahigh pH environment. Thecontrolled gastric retention
of solid dosageformsmay be achieved by the mecha-
nismsof mucoadhes on®4, flotation™, sedimentation®”,
expansion®?, modified shape systemd®Y, or by the
simultaneous administration of pharmacological
agentg23that delay gastric emptying4.

Thesedosageformsare particularly appropriatefor
drugs
a. Actlocdlyinthestomach
b. Primarily absorbedinthestomach
c. Poorly solubleat anakainepH
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d. Narrow window of absorption
e. Ungableintheintestina or colonic environment!’3.

2. Gastricemptying

Anatomicaly thestomachisdividedinto 3regions.
fundus, body, and antrum (pylorus). Theproximal part
made of fundusand body actsasareservoir for undi-
gested materia, whereastheantrumisthemain sitefor
mixing motionsand act asapump for gastric emptying
by propdlling actiong*®l.

Gastric emptying occursduring fasting aswell as
fed states. Thepattern of motility ishowever distinctin
the 2 states. During thefasting state an interdigestive
seriesof electrical eventstakeplace, which cycle both
through stomach and intestine every 2 to 3 hourg'”.
Thisiscalled theinterdigestive myloel ectric cycle or
migrating myloel ectric cycle(MMC), whichisfurther
dividedintofollowing 4 phasesasdescribed by Wilson
and Washington*8.,

a. Phasel (basal phase) lastsfrom 40 to 60 minutes
with rare contractions.

b. Phasell (preburst phase) lastsfor 40to 60 minutes
with intermittent action potentia and contractions.
Asthe phase progressestheintensity and frequency
asoincreasesgradually.

c. Phaselll (burst phase) lastsfor 4 to 6 minutes. It
includesintense and regular contractionsfor short
period. It isdueto thiswavethat all the undigested
material is swept out of the ssomach down to the
smdl intestine. It isa so known asthe housekeeper
wave.

d. PhaselV lastsfor O to 5 minutes and occurs be-
tween phasesl |l and | of 2 consecutive cycles.

After theingestion of amixed meal, the pattern of
contractions changesfrom fasted to that of fed state.
Thisisdsoknown asdigestivemoatility patternand com-
prises continuous contractionsasin phasell of fasted
state. These contractionsresult in reducing the size of
food particles(tolessthan 1 mm), whichare propelled
toward the pylorusin asuspensionform. During thefed
state onset of MM C isdelayed resulting in slowdown
of gastricemptying rate™.

Scintigraphic studiesdetermining gastric emptying
ratesrevealed that orally administered controlled re-
lease dosage forms are subjected to basically 2 com-
plications, that of short gastric residencetimeand un-
predictable gastric emptying rate 4.

3.Approachestoincreasegastricretention
a. Floatingdrugdeivery systems(FDDYS)

FDDS or Hydrodynamically Balanced Systems
(HBS) haveabulk density lower than gastric fluidsand
thereforeremain floatingin the ssomach unflatteringthe
gastric emptying ratefor aprolonged period. Thedrug
isslowly released at adesired rate from thefloating
system and after the completerel easetheresidua sys-
temisexpelled from the stomach. Thisleadstoanin-
creaseinthe GRT and abetter control over fluctuations
in plasmadrug concentration !,

b. Swelling and expanding systems or plug type
systems

Swellable systemsincludethe productsthat swell
after swallowingto an extent that preventstheir exit
from through the pylorus. Thisresultsin retention of
dosageformin stomach for prolonged period. These
systems maybe called plug type systems asthey show
atendency to remain lodged at the pyl oric spincter222,

c. Modified shape systems

Modified systemsarenon disintegrating geometric
shapesmadeup of silastic elastomer or extruded from
polyethylene blends, which prolong the GRT, depend-
ing on size and shape?*#,

d. Bioadhesive systems

Inthisgpproach bioadhes ve polymersareused that
can adheretotheepithdia surfaceof GIT. Mechanisti-
cally bioadhesi oninvolvestheformation of hydrogen
and e ectrogtatic bonding at the mucouspolymer inter-
face (Wilson and Washington, 1989)2¢34,

e. High density systems

These systemsinclude coated pelletsthat have a
density greater than the stomach contents (1.004 gm/
cm?®). This can be achieved by coating the drug with
heavy inert materia such aszinc oxide, titanium diox-
ide, barium sulfate, etc.*>34,

f. Other delaying gastric emptying devices

Other approachesfor delayed gastric emptying in-
cludefeeding of someindigestible polymerg®* or fatty
acid saltd®%, which can changethemoatility of Gl tract
leadingto anincreasein GRT and henceprolonged drug
rel easd!l,
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4. Factorsaffectinggasrricretention
a. Density

Thedensity of adosageform aso affectsthe gas-
tric emptying rate. A buoyant dosage form having a
density of lessthanthat of the gastricfluidsfloats. Since
itisaway from the pyloric sphincter, thedosageunitis
retained inthe stomach for aprolonged period*4.

b. Size of dosageform

Dosageform unitswith adiameter of morethan
7.5mm arereported to have an increased GRT com-
pared with thosewith adiameter of 9.9mm.

c. Shape of dosageform

Tetrahedron and ring-shaped deviceswith aflex-
ural modulus of 48 and 22.5 kilo pounds per square
inch (KSI) arereported to have better GRT ~ 90%to
100% retention at 24 hours compared with other
shapes“.

d.pH

The pH of thestomach in fasting stateis~1.5to
2.0andinfed stateis 2.0 to 6.0. A large volume of
water administered with an oral dosageformraisesthe
pH of stomach contentsto 6.0t0 9.0. Stomach doesn’t
get timeto produce sufficient acid whentheliquid emp-
tiesthe stomach, hence generally basic drugshavea
better chanceof dissolvinginfed statethaninafasting
statel4,

e. Singleor multipleunit formulation

Multipleunit formul ationsshow amorepredicteble
releaseprofileandinggnificant impairing of performance
duetofailureof units, allow co-administration of units
with different release profiles or containing incompat-
ible substances and permit alarger margin of safety
against dosageform failure compared with singleunit
dosageforms.

f. Fed or unfed state

Under fasting conditions, the GI motility is
characterised by periodsof strong motor activity or the
migrating myoe ectric complex (MMC) that occursev-
ery 1.5to 2 hours. The MM C sweeps undigested ma-
terid from thestomach and, if thetiming of administra-
tion of theformulation coincideswith that of theMMC,
the GRT of the unit can be expected to bevery short.
However, inthefed stlate, MM Cisddayedand GRT is

considerably longer.
g. Nature of meal

Feeding of indigestible polymersor fatty acid salts
can changethemotility pattern of the ssomach to afed
sate, thusdecreasing the gastric emptying rateand pro-
longing drug release.

h. Caloric content

GRT can beincreased by four to 10 hourswith a
medl that ishighin proteinsand fats.

i. Concomitant drugadministration

Anticholinergicslike atropine and propantheline,
opiates like codeine and prokinetic agents like
metoclopramide and cisapride.

j-Age

Elderly people, especially those over 70, havea
sgnificantly longer GRT.

k. Posture

GRT canvary between supine and upright ambula-
tory statesof the patient.

|. Gender

Mean ambulatory GRT inmaes(3.4+0.6 hours) is
lesscompared with their age and race-matched femae
counterparts (4.6£1.2 hours), regardless of the weight,
height and body surface).

m. Biological factor
Diabetesand Crohn’s disease, etcl*?,
n.Volume

Theresting volumeof thestomachis25to 50 mL.
Volumeof liquidsadministered affectsthegastricemp-
tyingtime. Whenvolumeislarge, theemptyingisfaster.
Fluidstaken at body temperature leave the stomach
faster than colder or warmer fluidg™.

Timmermanset d studied the effect of buoyancy,
posture, and nature of meals on the gastric emptying
processin vivo using gammascintigraphy!“Y. To per-
form thesestudies, floating and nonfl oating capsul es of
3different sizeshaving adiameter of 4.8 mm (small
units), 7.5 mm (mediumunits), and 9.9 mm (largeunits),
were formulated. On comparison of floating and
nonfloating dosage units, it was concluded that regard-
less of their sizesthe floating dosage unitsremained
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Figurel: Intragastricresidence positionsof floating and nonfloating unitg*¥

buoyant on the gastric contentsthroughout their resi-
denceinthegastrointestind tract, whilethenonfloating
dosage unitssank and remained inthelower part of the
stomach. Hoating unitsaway from the gastro-duodena
junction were protected from the peristatic waves dur-
ing digestive phase while the nonfloating forms stayed
closeto the pylorus and were subjected to propelling
and retropelling waves of the digestive phase. It was
a so observed that of thefloating and nonfloating units,
thefloating unitswere had alonger gastric residence
timefor smal and medium unitswhileno significant dif-
ferencewas seen between the 2 types of large unit dos-
ageforms.

5.Approachestodesign fdds

1. Single-unitdosageforms
2. Multiple-unit dosageforms

5.1. Single-unit dosageforms

In Low-density approach®™the globular shells ap-
parently having lower density than that of gastricfluid
canbeused asacarrier for drug for itscontrolled re-
lease. A buoyant dosage form can al so be obtained by
using afluid-filled system that floatsin thestomach. In
coated shell$44 popcorn, pop rice, and polystyrol have
been exploited asdrug carriers. Sugar polymeric mate-
rial ssuch asmethacrylic polymer and cellulose ecetate
phthal ate have been used to undercoat these shells.
Thesearefurther coated with adrug-polymer mixture.
The polymer of choice can beeither ethylcellulose or
hydroxy propyl cellulose depending on thetype of re-
lease desired. Finally, the product floatson thegastric
fluidwhilerdeasing thedrug gradually over aprolonged
duration.

Fluid- filled floating chamber!* type of dosage
formsincludesincorporation of agas-filled floatation

chamber into amicroporous component that housesa
drug reservoir. HBS of chlordiazeopoxide hydrochlo-
ride*! had comparable blood level time profile as of
three 10-mg commercia capsules. HBS can either be
formul ated asafloating tabl et or capsule. Many poly-
mersand polymer combinationswith wet granulation
asamanufacturing technique have been explored to
yieldfloatabletablets.

Varioustypesof tablets (bilayered and matrix) have
been shown to have fl oatabl e characteristics. Some of
the polymersused are hydroxy propyl cellulose, hy-
droxy propyl methylcellulose, crosspovidone, sodium
carboxy methyl cellulose, and ethyl cellulose. Sdlf-cor-
recting floatabl e asymmetric configuration drug deliv-
ery system“ employs adisproportionate 3-layer ma-
trix technology to control drug release. Single-unit for-
mul ations are associ ated with problems such as stick-
ing together or being obstructed in the gastrointestina
tract, which may have apotential danger of producing
irritation*4.

5.2. Multiple-unit dosageforms

Thepurposeof designing multiple-unit dosageform
isto develop areliableformulation that hasall the ad-
vantagesof asingle-unit form and asoisdevoid of any
of the above mentioned di sadvantages of single-unit
formulations. Inpursuit of thisendeavor many multiple-
unit floatable dosageforms have been designed. Micro
sphereshavehighloading capacity and many polymers
have been used such as albumin, gelatin, starch,
polymethacrylate, polyacrylamine, and poly akyl cy-
ano acrylate. Spherical polymeric microsponges, also
referred to as “microballoons” have been prepared.
Microsphereshaveacharacteristicinternd hollow struc-
ture and show an excdllent in vitro floatability*d. In
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Carbon dioxide-generating multiple-unit oral formula-
tiong*" severa deviceswith featuresthat extend, un-
fold, or areinflated by carbon dioxidegeneratedinthe
devicesafter administration havebeen describedinthe
recent patent literature. These dosage forms are ex-
cluded from the passage of the pyloric sphincter if a
diameter of ~12 to 18 mm intheir expanded stateis
exceeded™.

6. Formulation development of fdds

Comprehensiveknowledge about Gl dynamicssuch
asgadricemptying, smal intestinetrangt, colonictran-
sit, etc., iskey for the optimum design of aoral con-
trolled dosage form“d. K nowledge about therate and
extent of drug absorption from different Sitesof Gl tract
and factorsthat govern the absorption further assst the
design of dosageform.

3mgor requirementsfor FDDSformulationsare:
1. Itmustformacohesivegd barier.

2. Itmust maintain specific gravity lower than gastric
contents.

3. Itshouldreleasecontentsdowly to serveasares-
evoir.

Selection of excipientsisan important Srategic de-
cisonfor desgningadosageformwith cons stenceand
controlled residencein the stomach™.

7.Advantages
7.1. ustained drug delivery
Hydrodynamically Balanced Systemscanremain

inthe stomach for long periods and hence can release
thedrug over aprolonged period of time. Theproblem
of short gastric residencetimeencountered withanord
CR formulation hence can beovercomewiththesesys-
tems. These systems have abulk density of <l asa
result of which they can float on the gastric contents.
Thesesystemsarerelatively largein sizeand passing
fromthepyloric openingisprohibited.

Recently sustained rel ease floating capsules of
nicardi pine hydrochl oride were devel oped and were
evduated invivo. Theformulation compared with com-
mercialy available MICARD capsulesusing rabbits.
Plasmaconcentrationtime curves showed alonger du-
ration for administration (16 hours) inthe sustained re-
|ease fl oating capsul esas compared with conventional
MICARD capsules (8 hours)“.

Similarly a comparative study™ between the
Madopar HBS and M adopar standard formulation was
doneandit wasshown that thedrugwasreleased up to
8 hoursinvitrointheformer case and therel easewas
essentialy completeinlessthan 30 minutesin thelatter
case.

7.2. Site-specificdrug delivery

These systemsare particul arly advantageousfor
drugsthat are specifically absorbed from stomach or
the proximal part of thesmall intestine, e.g. riboflavin
andfurosemide.

Furosemideisprimarily absorbed from the stom-
ach followed by the duodenum. It has been reported
that amonolithic floating dosageform with prolonged
gastric residence time was developed and the
bioavailability wasincreased. AUC obtained with the
floating tabl etswas approximately 1.8 timesthose of
conventiona furosemidetablets®Y.

A bilayer-floating capsulewas devel oped for local
delivery of misoprostol, whichisasynthetic anaog of
prostaglandin E1 used asaprotectant of gastric ulcers
caused by adminigtration of NSAIDs. By targetingdow
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ddlivery of misoprostol to thestomach, desired thera-
peutic level scould be achieved and drug waste could
be reduced?.

7.2. Absor ption enhancement

Drugsthat have poor bioavailability becauseof site-
specific absorption from the upper part of the gas-
trointestingl tract are potentia candidatesto beformu-
lated asfloating drug delivery systems, thereby maxi-
mizing their absorption.

A sgnificantincreaseinthebioavailability of float-
ing dosageforms (42.9%) could be achieved as com-
pared with commercially available LASIX tablets
(33.4%) and enteric-coated LASIX-long product
(29.5%)154,

8.Limitations

1. Theyrequireasufficiently highlevel of fluidsinthe
stomach, for enabling the systemtofloat andtowork
efficently.

2. Theyarenot suitablefor drugswith stability or solu-
bility problemin stomach.

3. Drugswithirritant effect on gastricmucosaa solimit
the applicability of FDDSY.

9. Expansivegastror etentive dosageforms

Thisisthedassof gastro retentive systemscepable
of expanding in stomach. The expanded structureis
trgppedin stomach for prolonged period|eading to sus-
tained drug rel ease and subsequent controlled absorp-
tioninstomach andintesting!™.

10. Altered density dosageforms

Apart from shapeand size, specific density of de-
livery system a so regulatesthe GRT. It was concluded
that multipleunit formulations areless affected by the
presenceof food than singleunit formulaionssincethese
subunits aredistributed through out the Gl tract!™.

Studieshave shown that increasing thedengty from
1.0to 1.6 prolongsaveragetimefrom 7-25 h. Gastric
residencetimecan beimproved by dtering the density,
e,

1. Highdensity fast sedimenting type.
2. Low density floating systemg™.

10.1. High density or non-floating drug delivery
systems

Thisgpproachinvolvesformulation of dosageforms
with thedensity that must exceed dengity of norma stom-
ach content’®3. These formulations are prepared by
coating drug on aheavy coreor mixed with heavy inert
materia ssuch asiron powder, zinc oxide, and barium
sulfate. Theseresultant pellets can be coated with dif-
fusion controlled membrane¥.

10.2. Low density or floatingdrugdelivery sysems
(FDDS) Or HBS

Thisgpproach exploitsthefloating property of sub-
stanceswith density lower than thefluid medium. Hoat-
ing drug delivery systemsfurther dividedinto 2 main
categories¥.

Definition

Floating drug delivery sysems (FDDS) haveabulk
density lessthan gadtric fluidsand soremain buoyant in
thestomach without affecting the gastric emptying rate
for aprolonged period of time. Whilethesystemisfloat-
ing on thegastric contents (see Figure a), thedrugis
released dowly at thedesired ratefrom the system.

After releaseof drug, theresidual systemisemp-
tied from thestomach. Thisresultsinanincreased GRT
and abetter control of thefluctuationsin plasmadrug
concentration.

However, besidesaminimal gastric content needed
to allow the proper achievement of the buoyancy re-
tention principle, aminimd level of floatingforce(F) is

B
Figure4: (A) Multiple-unit oral roat%g drugdelivery system. (B) Working principleof effer vescent floating drug

delivery system!®
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Figure5: Schematic presentation of working of atriple-layer system. (A) I nitial configureur ation of triple-layer tablet.

(B) On contact with thedissolution medium thebismuth layer rapidly dissolvesand matrix startsswelling. (C) Tablet
swellsand erodes. (D) And (E) Tablet er odes completely!>
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Figure6: Pictorial presentation of working of efferves-

cent floating drug delivery system based on ion exchange
r esinfse

also required to keep the dosage form reliably buoyant
onthesurfaceof themed . To measurethefloatingforce
kinetics, anove apparatusfor determination of result-
ant weight (RW) has been reported.

TheRW apparatus operates by measuring continu-
oudy theforce equivalent to F (asafunction of time)
that isrequired to maintainthe submerged object. The
object floats better if RW isonthehigher positiveside
(seeFgureb). Thisgpparatushd psinoptimizing FDDS
with respect to stability and durability of floating forces
producedin order to prevent thedrawbacks of unfore-
seeableintragastric buoyancy capability variations.
RW or F =F buoyancy - F gravity
=(Df - Ds) gV,
where (RW =total vertical force, Df = fluid density, Ds= object
density, V = volume and g =accel eration due to gravity)!.

11. Classification of floating drug delivery systems

1. Effervescent floating dosageforms
2. Non-effervescent floating dosageforms

11.1. Effervescent floating dosageforms

Theseare matrix typesof systems prepared with
thehelp of swellable polymerssuch asmethylcellulose
and chitosan and vari ous effervescent compounds, e.g.
sodium bicarbonate, tartaric acid, and citricacid. They
areformulated in such away that whenin contact with
theacidic gastric contents, Carbondioxide (CO,) islib-
erated and gets entrapped in swollen hydrocolloids,
which provides buoyancy to the dosageforms.

Ichikawaet a® devel oped anew multipletype of

c

floating dosage system composed of effervescent lay-
ersand swdlablemembranelayerscoated on sustained
releasepills. Theinner layer of effervescent agentscon-
tai ning sodium bicarbonate and tartaric acid was di-
vided into 2 sublayersto avoid direct contact between
the 2 agents. These sub layerswere surrounded by a
swellable polymer membrane containing polyvinyl ac-
etate and purified shellac. When thissystem wasim-
mersed inthe buffer at 37°C, it settled down and the
solution permested i nto the effervescent layer through
the outer swellable membrane. CO, wasgenerated by
the neutralization reaction between the 2 effervescent
agents, producing swollen pills(likeballoons) with a
dengty lessthan 1.0 g/mL. It wasfound that the system
had good floating ability independent of pH and vis-
cosity and thedrug (para-amino benzoic acid) released
inasustained manner™,

Yang et a® developed a swellable asymmetric
triple-layer tablet with fl oating ability to prolong thegas-
tricresidencetimeof tripledrug regimen (tetracycline,
metronidazole, and clarithromycin) in Helicobacter py-
| ori-associ ated peptic ulcersusing hydroxy propyl me-
thyl cdlulose(HPMC) and poly (ethyleneoxide) (PEO)
astherate-controlling polymeric membraneexcipients.
The design of the delivery system was based on the
swellableasymmetrictriple-layer tablet gpproach. Hy-
droxy propyl methyl celluloseand poly (ethylene ox-
ide) werethemajor rate-controlling polymeric excipi-
ents. Tetracyclineand metronidazol ewereincorporated
into the corelayer of thetriple-layer matrix for con-
trolled delivery, whilebismuth salt wasincluded in one
of the outer layersfor instant release. Thefloatation
wasaccomplished by incorporating gas-generating layer
cong sting of sodium bicarbonate: calcium carbonate (1:2
ratios) along with the polymers. Theinvitroresultsre-
ved ed that the sustained delivery of tetracyclineand
metronidazoleover 6to 8 hourscould beachieved while
thetablet remained afloat. Thefloating featureaidedin
prolonging thegastric residencetime of thissystemto
maintain high-localized concentration of tetracydineand
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metronidazole.

Atyabi and coworkerg® developed afloating sys-
tem using ion exchangeresin that wasloaded with bi-
carbonate by mixing the beadswith 1 M sodium bicar-
bonate sol ution. Theloaded beadswerethen surrounded
by asemipermeable membraneto avoid sudden loss of
CO,. Upon coming in contact with gastric contentsan
exchange of chloride and bicarbonateionstook place
that resulted in CO, generation thereby carrying beads
toward thetop of gastric contentsand producing afl oat-
ing layer of resin beads. Thein vivo behavior of the
coated and uncoated beedswasmonitoredusingasingle
channe andyzing sudy in 12 healthy human volunteers
by gammaradio scintigraphy. Studies showed that the
gastric residencetimewas prolonged considerably (24
hours) compared with uncoated beads (1 to 3 hours).

11.2. Non-effer vescent floating dosage forms

Non-effervescent floating dosageformsuseagel
forming or swellable cellulosetype of hydrocolloids,
polysaccharides, and matrix-forming polymerslike
polycarbonate, polyacrylate, polymethacrylate, and

I~
et RS

y—

S

.
s Bl Hvcrocolloids %  Filler

Figure 7: Working principle of hydro dynamically bal-
anced system*
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polystyrene. Theformulation methodincludesasimple
approach of thoroughly mixing the drug and the gel -
forming hydrocolloid. After oral administration thisdos-
ageform swellsin contact with gadtricfluidsand attains
abulk density of < 1. Theair entrgpped withinthe swol-
len matrix imparts buoyancy to the dosageform. The
soformed swollen gdl-likestructure actsasareservoir
and dlowssustained release of drug through the gelati-
NOUS Mass.

Nur and Zhang®" devel oped floating tablets of
captopril using HPMC (4000 and 15 000 cps) and
carbopol 934P. In vitro buoyancy studiesreveal ed that
tabletsof 2 kg/cm2 hardness after immersionintothe
floatingmediafl oatedimmediately and tabl etswith hard-
ness4 kg/cm?2 sank for 3 to 4 minutes and then came
tothesurface. Tabletsin both casesremained floating
for 24 hours. Thetablet with 8 kg/cm?2 hardness showed
no floating capability. It was concluded that the buoy-
ancy of thetablet isgoverned by both the swelling of
the hydrocolloid particleson thetabl et surfacewhenit
contactsthegastric fluidsand the presence of interna
voidsinthecenter of thetablet (porosity). A prolonged
rel ease from thesefl oating tabl etswas observed ascom-
pared with the conventiond tabletsand a24-hour con-
trolled rel ease from the dosage form of captopril was
achieved.

Sheth and Tossouniani*! devel oped an HBS sys-
tem contai ning ahomogeneous mixtureof drugand the
hydrocolloid inacapsule, which upon contact with gas-
tricfluid acquired and maintained abulk density of less
than 1 thereby being buoyant on the gastric contents of
stomach until al thedrug wasreleased.

Sheth and Tossounian®® devel oped hydro dynami-
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Figure8: Intragagricfloatingtablets. (A) United statespatent 4 167 558, September 11, 1979. (B) United Satespatent

4140 755, February 20, 19791%
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TABLE 1: Invitrofloating and dissolution perfor mance’®

Drug (Polymer used) Floating M edia/Dissolution medium and method Ref
500 mL of artificial gastric fluid pH 1.2 (without pepsin) at 100 rpm using
Pentoxyfillin USP XXI1I dissolution apparatus. The time taken by the tablet to emerge [60]
(HPMC K4 M) on the water surface (floating lag time) and time until it floats on water
surface was measured.
Amoxicillin beads For dissolution: 900 mL of deaerated 0.1 M HCI (pH 1.2) at 37°C = 1°C in [61]
(Calcium alginate) USP XXI1 dissolution tester at 50 rpm.
20 mL of simulated gastric fluid without pepsin, 50 mg of floating
Ketoprofen microparticlesin 50-mL beakers were shaken horizontally in a water bath.
(Eudragit S100 % age of floating micro particles was calculated. [62]
Eudragit RL) For dissolution: 900 mL of either 0.1 N HCI or the phosphate buffer (pH
6.8) at 37°C £ 0.1°C in USP dissolution apparatus (I) at 100 rpm.
(Pro |engf%r$a2ﬂ dragit RS 30 mL of 0.1 N HCI (containing 0.02% wt/wt Tween 20), pH 1.2.
.t : RSk oatation was studied by placing 60 particles into 30-mL glass flasks. [63]
ethyl cellulose, poly methyl '
Number of settled particles was counted.
meth acrylate)
Captopril 900 mL of enzyme-free 0.1 N HCI (pH 1.2) in USP XXII1 apparatus 1 [57]
(Methocel K4M) (basket method) at 37°C at 75 rpm.
Theophylline 0.1 N HCl in USP XXII1 Apparatus Il at 50 rpm at 37°C.
(HPMC K4M, Its buoyancy to upper 1/3 of dissolution vessel was measured for each [49]
Polyethylene oxide) batch of tablet.
(B Cyclo d':el:(rt(r)?rinllgi/lc 4000, For dissolution: conti_nuousfl(())w through cell gastric fluid of pH 1.2, 45- o4
HPMC 100,CMC, 50 m N/m by adding 0.02% I_Dolysorb_ate 20 (tc_) _reduce the surfac_e
tension), the flow rate to provide the sink conditions was 9mL/min.
Polyethylene glycol)
Aspi r;\?.’ Gr'lb\se(_)lf_ulvm, For dissolution: 500 mL of simulated gastric and intestinal fluid in 1000- [65]
p-Nitro Aniline mL Erlenmeyer flask. Flasks were shaken in a bath incubator at 37°C.
(polycarbonate, PVA)
Piroxicam (microspheres) For dissolution: 900 mL dissolution medium in USP paddle type [66]
(Polycarbonate) apparatus at 37°C at 100 rpm.
TABLE 2: In vivo evaluation; 59
Drug (Polymer) M ethod Ref
(I;L:g?zla\lge:?s Two healthy male volunteers administered hard gelatin capsules packed with microballons [68]
(BaSod)) (1000 mg) with 100 mL water. X-ray photographs at suitable interval s were taken.

Two phases: Phase | (fasted conditions): Five healthy volunteers (3 males and 2 females) in an
open randomized crossover design, capsules ingested in sitting position with 100 mL of tap

|sardipine water. [69]
(HPMC) Phase |1 (fed states): Four subjects received normal or MR capsulesin a crossover design after
standard breakfast. VVenous blood samples were taken in heparinized tubes at predetermined
time intervals after dosing.
Hydrogel Dogs (50 Ibs) kept fasted and fed conditions. In each experiment (fed or fasted) 300 mL of [70]
composites water was given before administration of the capsules; X-ray pictures were taken.
Amoxycillin  Six healthy fasted male subjects were selected; serum drug levels were compared in asingle- [61]
trihydrate dose crossover study following administration of tablets/capsules.
Floating beads Gamma scintigraphy: In vivo behavior of coated and uncoated beads was monitored using a [56]
single channel analyzing study in 12 healthy human volunteers of mean age 34 yrs (22-49).
Four healthy beagle dogs (fasted for 24 hours). Tablet was administered with 100 mL of water
Pentoxyfillin for radiographic imaging. The animal was positioned in aright |ateral/ventrodorsal [60)

recumbency.

cally balanced sustained rel easetabletscontaining drug
and hydrophilic hydrocolloids, which on contact with
gastricfluidsat body temperatureformed asoft gel ati-
nous mass on the surface of thetablet and provided a
water-impermesblecolloid gel barrier onthesurface of

fluids

follows

thetablets. The drug slowly released from the surface
of thege atinous massthat remai ned buoyant on gastric

Some of themarketed formulationsarelisted as
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a. Vardease® - Floating capsule of diazepam

b. Madopar® - Benserazide and L-Dopa combina-
tionformulation

c. Liquid Gaviscon® -Foating liquid alginate prepa
rations

d. Topdkan®-auminium- Magnesum antacid prepa-
ration

e. Almagate Flot-Coat® -Antacid preparationt*)

Evaluation of floating drug delivery systems

Variousparameters™ that need to beevaluatedin
gastro-retentiveformul ationsincludefloating duration,
dissolution profiles, specific gravity, content uniformity,
hardness, andfriability in caseof solid dosageforms. In
the case of multiparticulate drug ddivery systems, dif-
ferentid scanning caorimetry (DSC), particlesizeandy-
s, flow properties, surface morphol ogy, and mechani-
cal propertiesare aso performed.

Thetestsfor floating ability and drug release are
generdly performedin simulated gastricfluidsat 37°C.

Invive gatri ¢ resi dencetime of afloating dosageform
isdetermined by X-ray diffraction studies, gammascin-
tigraphy®! or roentgenography!®.

CONCLUSION

In Gastro Intestinal Tract the drug absorptionis
highly variableprocess. For better drug absorption gas-
tric retention isvery important. Prolonging the gastric
retention of the dosage form enhancesor extendsthe
drug absorption. One of theimportant approachesto
improvethegadtric retentionisFoating Drug Ddlivery.
Even though many hurdlesare there many pharmaceu-
tical scientistsworking onFloating Drug Ddlivery Sys-
temstoimprovethe gastric retention.
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