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Abstract

Various scientific and technological attempts hbdeen made in the development of gastroretentivag#os
forms to overcome several physiological adversitmsch as short gastric residence time, unpredectghstric
emptying time etc. These dosage forms can be egtamthe stomach for prolonged period of time predetermined
manner. Gastroretentive drug delivery technologgne of the promising approach for enhancing tloavailability
and controlled delivery of drugs that exhibit navrabsorption window. In pursuit of this endeavalifferent novel
strategies have been undertaken for the desigrisgweral gastroretentive drug delivery systemsuiting floating
microspheres. This manuscript highlights variougettjpmental approaches, characterization aspeatsnil drug
candidates along with diverse advantages and apipins of floating microspheres. Numerous signiftceesearch
findings in the vistas of these multiparticulatesd also been described.
Keywords: Gastroretentive technology, Floating microspheBasavailability.
1. Introduction
The high level of patient compliance has been ofeskrin taking oral dosage forms is due to the eafse
administration and handling of these forms. AlthHowglot of advancements have been seen in oratati@at drug
delivery system in the last few decades, this sydtas been of limited success in case of drugsavitbor absorption
window throughout the GIT (Gastro Intestinal Tradp modify the Gl transit time is one of the makrallenge in the

development of oral controlled drug delivery systegBastric emptying of pharmaceuticals is highlyiatale and
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dependent on the dosage form and the fed/fastésl gtdahe stomach. Normal gastric residence timeallys ranges

between 5 minutes to 2 hours. In the fasted stetesliectrical activity in the stomach — the intgeditive myoelectric
cycle or migrating myoelectric complex (MMC) govsrithe activity and the transit of dosage forms.isit
characterized by four Phases.

Phase |- Period of no contraction (40-60 minutes)

Phase II- Period of intermittent contractions (2Ordinutes)

Phase llI- Period of regular contractions at thaimal frequency also known as housekeeper wave (l@xinutes)
Phase IV- Period of transition between Phase HIRmase | (0-5 minutes)

Drugs having a short half-life are eliminated qlyckom the blood circulation and therefore biodahility of the
drug suffers. Gastro retentive dosage form imprdoreavailability, therapeutic efficacy and may alla reduction in
the dose because of steady therapeutic levels ugf, dor example furosemide and ofloxacin. The réiduacof
fluctuations in the therapeutic levels minimize® thsk of resistance especially in casepefactam antibiotics
(penicillin and cephalosporif)Gastric emptying of dosage forms is an extremelyable process. The ability of a
dosage form to prolong and control the gastric gmgttime is a valuable asset for drugs acting di. ®rug
absorption from the GIT is a complex procedure sngubjected to many parameters to become biodeailé# is
widely acknowledged that the contact time with simeall intestinal mucosa is related with the dege&IT drug
absorptior? thus small intestinal transit time is an importparameter for drugs that are incompletely absorbe
Gastroretentive systems can remain in the gastgion for several hours and hence significantlyjgmg the gastric
residence time of drugs. Prolonged gastric retantioproves bioavailability, reduces drug waste amgroves
solubility for drugs that are less soluble in athgH environment. Gastro retention provides bettailability of new
products with new therapeutic possibilities andssatial benefits for patients. Controlled reledseg delivery
systems that retain in the stomach for a long traee many advantages over sustained release fdromslaSuch
retention systems (i.e. GRDDS) are important ferdhugs that are degraded in intestine or for dlikgsantacids or

certain enzymes that act locally in the stomachsti@&aretention may increase solubility for the gsuwhich are
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poorly soluble in intestine due to alkaline pH befdhey get emptied from the stomach. These syswmslso

advantageous in improving GIT absorption of drugimg narrow absorption windows and site-specifis@ption
limitations. These systems are useful in case o$ehdrugs which are best absorbed in stomach foAlegterol?
Hence, this review article focuses on the currenhmological developments and advancements inogestentive
drug delivery system with special emphasis on tppr@aches and the advantages along with some redrke
preparations of GRDDS3.

2. APPROACHES TO GASTRIC RETENTION *2

A number of approaches have been used to increestacgretention time (GRT) of a dosage form imsch by

employing a variety of concepts. These includes in

Floating dosage form
g* Gastric contants

b

ﬁﬁfﬁ" Swelling of

dosage form
Adhesion to
stemach wall

Intragasthic floating system High-tlensity system
(density > 1 g.em™) (density > 1 g.om™)

Figure: Illustration of types of Gastroretentive drug delivery systems.
a) Floating Systems
Floating Drug Delivery Systems (FDDS) have a butkglty lower than gastric fluids and thus remaimyaunt in
stomach for a prolonged period of time, withoutafing the gastric emptying rate. While the systiets on gastric
contents, the drug is released slowly at a desatzlfrom the system. After the release of drug,résidual system is
emptied from the stomach. This results in an irsgea gastric retention time and a better contfdluztuations in
plasma drug concentrations. Floating systems cawcldmsified into two distinct categories, nonefeeggent and

effervescent systenfs.
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b) Swelling and Expanding Systems

These are dosage forms, which after swallowing Isteen extent that prevents their exit from thdopys. As a
result, the dosage form is retained in stomachaftung period of time. These systems may be naraéglag type
system”, since they exhibit tendency to remain &gt the pyloric sphincter.

C) High density systems :

These systems with a density of about 3 g/cm3eteened in the rugae of stomach and are capahiglidtanding its
peristaltic movements. A density of 2.6- 2.8 g/cat® as a threshold value after which such systamde retained
in the lower parts of the stomach. High-densityrfolations include coated pellets. Coating is dopdédavy inert
material such as barium sulphate, zinc oxide, ittrardioxide, iron powder etc.

d) Incorporation of passage delaying food agents

Food excipients like fatty acids e.g. salts of rstyci acid change and modify the pattern of stontach fed state,
thereby decreasing gastric emptying rate and pengiitonsiderable prolongation of release. The ydé@lagastric
emptying after meals rich in fats is largely caubgdaturated fatty acids with chain length of G1D4.

e) lon exchange resins:

lon exchange resins are loaded with bicarbonateaandgatively charged drug is bound to the reshe fesultant
beads are then encapsulated in a semi-permeabldna@ento overcome the rapid loss of carbon dioxidigon
arrival in the acidic environment of the stomaaheachange of chloride and bicarbonate ions takeeplAs a result
of this reaction carbon dioxide is released andped in the membrane thereby carrying beads towamisop of
gastric content and producing a floating layer efim beads in contrast to the uncoated beads, whithsink
quickly®

f) Osmotic regulated systems:

It is comprised of an osmotic pressure controlledgddelivery device and an inflatable floating soipin a

bioerodible capsule. In the stomach the capsulekfudisintegrates to release the intragastric darally controlled
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drug delivery device. The inflatable support insidams a deformable hollow polymeric bag that corgaa liquid

that gasifies at body temperature to inflate thg. behe osmotic controlled drug delivery device dsissof two
components — drug reservoir compartment and osallytiactive compartmerit.
0) High density systems They include coated pellets and have densitytgréhan that of the stomach content
(1.004 gm/cm3). This formulation of high-densitylpeis based on assumption that heavy pellet migimain longer
in the stomach, since they are position in the toueet of the antrum.
h) Low density approach
Floating systems come under low density approacthis approach, the density of pellets shouldess than

1 g/ml, so as to float the pellets or tablets i ¢lastric fluid and, release the drug slowly féorager period of time.
This type is also called as Hydrodynamically Bath&System (HBS). Polypropylene foam powder (Acciié
1000®)"°
i) Bio/Muco-adhesive Systems :
Bio/muco-adhesive systems are those which bindaayastric epithelial cell surface or mucin and/sexs a potential
means of extending gastric residence time of deliyery system in stomach, by increasing the intiyn@and duration
of contact of drug with the biological membranending of polymers to mucin/epithelial surface candivided into
three broad categorie's.

a) Hydration-mediated adhesion.

b) Bonding-mediated adhesion.

c) Receptor-mediated adhesion.
3. Types of drugs can benefit from using gastric retetive devices. These include:
*Acting locally in the stomach.
* Primarily absorbed in the stomach.
* Poorly soluble at an alkaline pH.

» Narrow window of absorption.

|JPT | Dec-2011 | Vol. 3 | Issue No.4 | 1783-1799 Page 1787



Deepali D. Wagh* et al. /International Journal Of Pharmacy&Technology
» Absorbed rapidly from the Gl tract.

» Degrade in the colon.

4. SUITABLE DRUG CANDIDATES FOR GASTRORETENTION
In general, appropriate candidates for CRGRDF askecules that have poor colonic absorption butcheracterized
by better absorption properties at the upper drise GIT:
* Narrow absorption window in Gltract, e.qg., ritafin and levodopa.
* Primarily absorbed from stomach and upper partGitfact, e.g., calcium supplements, hlordiazepexahd

cinnarazine.

* Drugs that act locally in the stomach, e.g., edtand misoprostol.
* Drugs that degrade in the colon, e.g., ranitidii@& and metronidazole.
* Drugs that disturb normal colonic bacteria, eagapxicillin trihydrate.
Floating Drug Delivery systems and its mecharifsm
Floating drug delivery systems (FDDS) have bulkgitgnlesser than gastric fluids, so they remainylamo in the
stomach without affecting the gastric emptying fatea prolonged period of time. While the systenfioating on the
gastric contents, the drug is released slowlyat#sired rate from the system as shown in fig. 2{awever, besides
a minimal gastric content needed to allow the pr@ghievement of the buoyancy retention princiglejinimal level
of floating force (F) is also required to keep ttesage form reliably buoyant on the surface ofrtieal. To measure
the floating force kinetics, a novel apparatusdetermination of resultant weight has been repanédtie literature.
The apparatus operates by measuring continuouslfotise equivalent to F (as a function of time)}ttisaequired to
maintain the submerged object.
The object floats better if F is on the higher pesiside as shown in fig. 2(b). This apparatugp$feh optimizing
FDDS with respect to stability and durability obditing forces produced in order to prevent the Oemks of
unforeseeable intragastric buoyancy capabilityatams?.

F = F buoyancy - F gravity
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= (Df — Ds) gv-- (1)

Where, F= total vertical force,
Df = fluid density,

Ds= object density,

v = volume,

g = acceleration due to gravity.

Swelling system

@ -

Imbibition of GF

Gas generating system

Fig. 2: Mechanism of floating systems, GF= Gastriftuid.

5.  ADVANTAGES OF FLOATING DRUG DELIVERY [

a. Enhanced bioavailability

b. Enhanced first-pass biotransformation

C. Sustained drug delivery/reduced frequency of dosing
d. Targeted therapy for local ailments in the upper Gl
e. Reduced fluctuations of drug concentration

f. Improved receptor activation selectivity

g. Reduced counter-activity of the body
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h. Extended time over critical (effective) concentati

I. Minimized adverse activity at the colon

J- Site specific drug delivery

k. Less inter- and intra-subject variability.

l. Minimizes the counter activity of the body leaditaghigher drug efficiency.

m. Fluctuations in drug concentration are minimizetefefore, concentration dependent adverse effecide
reduced.

n. Sustained mode of drug release enables extensitre dime over a critical concentration and thusagrtes
the pharmacological effects and improves the dinbtitcomes.

0. Flexibility in dosage form design.

P- Extend patent protection, globalize product, aravjole new business opportunities.

6.  LIMITATIONS U8

a. These systems require a high level of fluid ingteemach for drug delivery to float and work eféictly.

b. Not suitable for drugs that have solubility tatslity problem in GIT.

c. Drugs such as nifedipine which is well absorbexhglthe entire GIT and which undergoes first pastsabolism,
may not be desirable.

d. Drugs which are irritant to gastric mucosa dse aot suitable.

e. The drug substances that are unstable in thecaermiironment of the stomach are not suitable ckates to be
incorporated in the systems.

f. The dosage form should be administered with aglaks of water (200-250 ml).

g. These systems are not advantageous over theertiionval dosage forms for those drugs, which asoried

throughout the gastrointestinal tract.
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7. METHOD OF PREPRATION

Wide ranges of developmental techniques are avail@p the preparation of Gastroretentive floatmgrospheres
201 'However, solvent evaporation technique and iamitrgelation method have been extensively empldyeldrge
number of scientific investigators worldwide to &xe the different vistas of floating microspher&uring the
preparation of floating controlled release micrcsels, the choice of optimal method has utmost asles for the
efficient entrapment of active constituents. Sébecof fabrication technique generally depends ugh@nnature of the
polymer, the drug, and their intended #3é%

Characteristic features of materials and the pmoesgineering aspects strongly influence the ptigserof
microspheres and the resultant controlled releat® Mhese techniques (i.e. Solvent evaporatiahiamotropic
gelation) are discussed in the subsequent seciibrpictorial representations (Figure 1 and FigRye

a. Solvent Evaporation Technique

This technique is widely employed by large numbleplmarmaceutical industries to obtain the conttbllelease of
drug 231 This approach involves the emulsification of agamic solvent (usually methylene chloride) contagn
dissolved polymer and dissolved/dispersed drugriexcess amount of aqueous continuous phase, léthidl of an
agitator. The concentration of the emulsifier prése the aqueous phase affects the particle sideshape. When the
desired emulsion droplet size is formed, the stymate is reduced and evaporation of the orgasiest is realized
under atmospheric or reduced pressure at an apgi@pemperature. Subsequent evaporation of thpeied phase
solvent yields solid polymeric microparticles eppang the drug. The solid microparticles are recedefrom the
suspension by filtration, centrifugation, or lyoldation**. For emulsion solvent evaporation, there are bigitwo
systems which include oil-in-water (o/w) and watewil (w/0) type.

b. Oil-In-Water Emulsion Solvent Evaporation Technique

In this process, both the drug and the polymer lshbe insoluble in water while a water immisciblelvent is
required for the polyméf®.. In this method, the polymer is dissolved in agamic solvent such as dichloromethane

chloroform, or ethyl acetate, either alone or imbmation. The drug is either dissolved or dispeérsgo polymer
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solution and this solution containing the drugnsugsified into an aqueous phase to make an oilatewemulsion by

using a surfactant or an emulsifying agent. After formation of a stable emulsion, the organic esaivs evaporated
either by increasing the temperature under pressurBy continuous stirring. Solvent removal from kegonic
microspheres determines the size and morphologlyeomicrospheres. It has been reported that thd removal of
solvent from the embryonic microspheres leads tlyrper precipitation at the o/w interface. This Isaid the
formation of cavity in microspheres, thus makingrthhollow to impart the floating properti8§'29]. Oil-in-water
emulsion is widely used than water-in-oil due tmgiicity of the process and easy cleans up requrgrfor the final
product®”.
c. Oil-in-Oil Emulsification Solvent Evaporation Technique
This oil-in-oil (sometimes referred as water-iny@mulsification process is also known as non agsi@mulsification
solvent evaporation. In this technique, drug angmers are codissolved
at room temperature into polar solvents such asnelhdichloromethane, acetonitrile etc. with vigag agitation to
form uniform drug—polymer dispersion. This solutinslowly poured into the dispersion medium cansis of
light/heavy liquid paraffin in the presence of sbluble surfactant such as Span. The system igdtirsing an
overhead propeller agitator at 500 revolutionsmemte (rpm) and room temperature over a perio2-& h to ensure
complete evaporation of the solvent. The liquidaffar is decanted and the microparticles are sepdray filtration
through a Whitman filter paper, washed thrice vathexane, air dried for 24 h and subsequently dtorelesiccators
[31-35] Span 60 is generally used which is non ionicasait. Span 60 has an HLB value of 4.3 and actsdasplet
stabilizer and prevents coalescence of the droffgt®calizing at the interface between the dispérphase and
dispersion mediurfi®.
d. lonotropic Gelation Method
In this method, cross linking of the polyelectrelyakes place in the presence of counter ionsrio gel matrix. This
technique has been generally employed for the etaon of large number of drugs. Polyelectrostieh as sodium

alginate having a property of coating on the drage@nd acts as release rate retardant contaitasncanions in their
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chemical structure. These anions forms meshworkctsire by combining with polyvalent cations and uoced

gelation. Microspheres are prepared by dropping doaded polymeric solution using syringe into #gueous
solution of polyvalent cations. The cations diffeiseto the drug loaded polymeric drops, formindpr@é dimensional
lattice of ionically cross linked moiety. Microsplee formed left into the original solution for saiént time period
for internal gelification and they are separatedilmation. Natural polymers such as alginates barused to improve

drug entrapment and are widely used in the devetopmf floating microspherd® 38!

 —

! }—Syringe with needle

Sapd Al T

.,_..
S

Drug + Polymeric solution

Fb o oo g Cross linking agent
gy = B e e i
e ,._.E_L — =01 Microspheres

=

Figure 2: Schematic representation of preparatidloating microspheres by lonotropic gelation.
8. EVALUTION OF FLOATING MICROSPHERE
Characterization of floating microspheres is anangnt phenomenon which helps in the evaluatiosuitible drug
delivery systems. Floating microspheres are charnaed by following parameters:
a. Particle size analysis
Particle size of floating microspheres is determibg using an optical microscopy and size istritmutis carried out
by sieving method. This is useful in the determoratof mean particle size with the help of caliledatocular

micrometef® 4%
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b. Percentage yield

Percentage yield of floating microspheres is cal@d by dividing actual weight of product to tcaahount of all non-

volatile components that are used in the preparatfdloating microspheres and is represented Bgwing formula:
[41-43]
Actual weight of floating microspheres

Percentage vield = 100
Total weight of excipients and drug

c. Drug entrapment efficiency
Estimation of drug content in floating microsphecas be carried out by dissolving the weighed aroticrushed
microspheres in required quantity of 0.1 N HCI amalysed spectrophotometrically at a particularelevgth using
the calibration curve. Each batch should be exathifoe drug content in a triplicate manner. The @mtnent
efficiency of floating microspheres is calculateddividing the actual drug content by the theomdtitrug content of
microsphere&*4°!

d. Surface morphology
Surface characteristics of floating microspheres amalysed using a scanning electron microscopmpies are
coated with gold dust under vacuum prior to obdma Cross sections should be made in order tergbsthe core
and internal structure of the microspheres. Thesdies are useful in the examination of internatl axternal
morphology of floating microspher&§4”.

e. Swelling ratio
Swelling property of floating microspheres is sagstlby soaking the known weight of microspheres7at ®.5C in
0.1 N HCI or phosphate buffer pH 6.8 in a glasskbeéor the required period of time. The micros@seare allowed
to swell and removed at different time intervals.

f. In vitro drug release studies

Release rate of drug from hollow floating micros@sas determined using USP dissolution appargpesitor type Il

at 37+ 0.5°C. The dissolution test is carried out using 900 @hl0.1 N HCI dissolution medium at 100 rpm for the
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required period of time. At an appropriate intepnagecific volume of aliquots are withdrawn andlaepd with an

equivalent volume of fresh dissolution medium tointen the constant volume of dissolution mediurhe Bample
solutions are filtered through Whatman filter paped solutions are analysed using UV spectrophatenti&*®!

g. Buoyancy studies
In vitro floating tests can be performed in USP type Il alig$son test apparatus by spreading the floatin
microspheres on a simulated gastric fluid (pH td)taining the surfactant. The media is stirretiOft rpm at 37+ 0.5
OC. After specific intervals of time, both the frimet of microspheres (floating and settled microspbeare collected

and buoyancy of the floating microspheres is deitethby using formuld®®.
. Qs
Buovancy (%) = — — =100
Q:’ - Qa
Where, Qf and Qs are the masses of floating artiéddtollow microspheres, respectively.
h. Hausner’s ratio: Hausner’s ratio of floating microspheres is deii@ed by comparing the

tapped density to the fluff density using the eoumt

Tapped density
Fluff density

Hausner’s ratio =

9. SALIENT APPLICATIONS :
Floating microspheres are potential drug deliveygtems with diverse advantages and variety of pheeutical
applications. These are particularly advantageousdifugs with poor bioavailability because of narrabsorption
window in the upper part of GIT. These systemsimetze dosage form at the site of absorption and #nhance the
bioavailability. Some important examples are disedsin the following texf*>.
a. Gastroretentive floating microspheres are veryotiffe in the reduction of major adverse effect atgic irritation;
such as floating microspheres of non-steroidal -iafitammatory drugs i.e. indomethacin are benefid@

rheumatic patients.
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b. Floating microspheres can greatly improve the plaotherapy of stomach through local drug releaseis,T

eradicatingHelicobacter pylori from sub-mucosal tissue of the stomach are useftile treatment of peptic ulcers,
chronic gastritis, gastro esophageal reflux disease Floating bioadhesive microspheres of acefiaxamic acid
are formulated for treatment d¢felicobacter pylori infection. Hollow microspheres of ranitidine HCleaalso
developed for the treatment of gastric ulcer.

c. These microparticulate systems provide sustained delease behavior and release the drug over langexd
period of time. Hollow microspheres of tranilast &abricated as a floating controlled drug deliveygtem.

d. Floating microspheres are very effective approachkdlivery of drugs that have poor bioavailabiltgcause of
their limited absorption in the upper GIT. Theseateyns efficiently maximize their absorption and roye the
bioavailability of several drugs. e.g furosemidbpflavin etc.

10. Conclusion

Gastroretentive floating drug delivery technologgshemerged as an efficient approach for enhandmey t

bioavailability and controlled delivery of variotiserapeutic agents. Significant attempts have Inegte worldwide

to explore these systems according to patient reopgints, both in terms of therapeutic efficacy anthpliance.

Floating microspheres as gastroretentive dosagesfprecisely control the release rate of targeg tioua specific site

and facilitates an enormous impact on health c&@p&imized multi-unit floating microspheres are esfeel to provide

clinicians with a new choice of an economical, said more bioavailable formulation in the effectmanagement of
diverse diseases. These systems also provide tdemempportunities in the designing of new contiihnd delayed
release oral formulations, thus extending the fesntof futuristic pharmaceutical development. Iased
sophistication of this technology will ensure thacsessful advancements in the avenue of gastroneten
microspheres therapy so as to optimize the deliegérgnolecules in a more efficient manner. Furthaenoecent
innovations in pharmaceutical investigation wiltely provide real prospects for establishment ofah@nd effective

means in the development of these promising drligestg systems.
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