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ABSTRACT

Floating drug delivery systems are utilized to &trgrug release in the stomach or to the uppergaftintestine.
Oral delivery of an anti-ulcer agent, famotidine svacilitated by preparing various floating dosafgems which
can increase its absorption in the stomach by eolmgn gastric residence time. Polymers utilized were
hydroxypropyl methylcellulose K15M (HPMC K15M) amgtiroxypropyl methylcellulose K100M (HPMC K100M)
as gel forming agents along with sodium bicarboreatd citric acid as gas generating agents. Fornedatablets
were evaluated for their physicochemical propertissvell as drug release profile. Effect of effepent agents and
polymeric substances were also investigated fatifig properties and drug release characteristiosug release
pattern of all formulations followed non-fickiarffdision or anomalous diffusion.

Keywords: Floating drug delivery systems, Anti-ulcer agépastric residence time, Effervescent agents

INTRODUCTION

The primary objective of an oral controlled drudivkry system is to release the drug in a very jmtalle manner
and to enhance its bioavailability]. However, the developmental process is predubg several physiological
difficulties such as an inability to confine thesdge form within desired region of the gastroimesttract,
fluctuation in the gastric emptying process etcisTNariability may lead to an unpredictable biogadaility of an
orally administered dosage foll2]. To increase the gastric retention time (GRTHugs, gastroretentive dosage
forms (GRDFs) are developed which can remain irgtmric region for several ho(8. Prolonged residence time
in the stomach is highly desirable for drugs thatlacally active in the stomach, or are unstabléhée intestinal or
colonic environment, and/or have low solubilitynégher pH valuef4]. Incorporation of the drug in gastroretentive
floating dosage form provides a mean to utilize takt pharmacokinetic and pharmacodynamic advantafies
controlled release dosage forfak

The main approaches for gastric retention that s examined thus far includes: floating systamcoadhesion
or bioadhesion system, high density system, magrsgstem, super porous hydrogels, raft formingesystiow

density system, and floating ion exchange resingldable, extendable or expandable systemfgté\mong the

various approaches employed to increase the retenfi an oral dosage form, effervescent floatinggddelivery

system is a considerably easy and logical apprivetite development of GRDFs. [7]

Gastroesophageal reflux disease (GERD) results inflammation of the esophageal mucosa caused éoyettux
of gastric contents into the esophagus. In patieftts GERD, the reflux of acid and other gastriotemts occurs
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frequently and leads to prolonged, painful inflaniora of the esophageal mucosa. Strategies fornesat of
GERD include measures that decrease secretion sifigacid, neutralize acid, improve esophageahrelece,
protect the esophageal mucosa, or increase theatenge of lower esophageal sphincter to prevehtxfg]. The
histamine Hreceptor antagonists are among the most effectitiseretory drugs available for management of acid
peptic diseases. Famotidine is one of the histaidpreceptor antagonists. The objective of the cursaudy was to
formulate and evaluate floating tablets of famatédfor the treatment of gastric ulcers and to iasecthe efficiency

of drug; thus providing sustained action at spedaiie of gastrointestinal tract.

EXPERIMENTAL SECTION

Materials and methods:

Famotidine was received as a gift sample from Qysabs Ltd., Ambala, India. Methocel K15M (15000sgRnd
methocel K100M (1, 00,000 cPs) apparent viscositg 2% solution) were received as gift samples f@woiorcon
Asia Pvt. Ltd., Goa, India. Sodium bicarbonate aitidc acid anhydrous were obtained from S.D. Riteem Ltd.,
Mumbai, India. Polyvinyl pyrrolidone K-30 (PVP K-BOmagnesium stearate, and talc were procured fivedia
Labs Pvt. Ltd., Mumbai, India. Isopropyl alcoholsvabtained from Qualigens Fine Chemicals, Mumbadid. All
other chemicals and reagents used were of andlgtiade.

Flow properties of granules:

The flow properties of granules (before compregsiware characterized in terms of angle of reposgr’'€index
and Hausner's ratio. For determination of angleegfose f), the granules were poured through the walls of a
funnel, which was fixed at a position such thatidgiwer tip was at a height of exactly 2.0 cm abbeaed surface.
The granules were poured till the time when upjpeot the pile surface touched the lower tip ofrieh The tait of
(height of the pile / radius of its base) providied angle of repose. Bulk density, Tapped den€igyr’s index and
Hausner’s ratio were calculated using tap dengipagatus [9]. The cylinder was raised and droppettuits own
weight by a fixed drop height of 3 mm + 10 % atcaninal rate of 250 drops per minute using tap dgrgiparatus
[Electrolab, USP].

Formulation of tablets:

The composition of different formulations of fandbitie floating tablets is shown in table 1. Tabletse prepared
using wet granulation technique. The ingredientseweeighed accurately and mixed thoroughly. Grarmniawvas
done with a solution of PVP K-30 in sufficient isopyl alcohol. The granules (18 mesh) were driedain
conventional hot air oven at %5. The dried granules were sized through 18/22 mlabhicated with magnesium
stearate (1% w/w) and purified talc (2% w/w) andrtltompressed on a mini rotary punching tablet madf-luid
Pack Machinery, Ahmedabad, India) with punches win7.

Table 1: Formulation of floating tablets using different ratio of polymers and effervescent agents

Formulation Code
F1 F2 F3 F4 F5 F6 F7 F8 F9 Fi10

Ingredients (mg)

Famotidine 40 40 40 40 40 40 40 40 40 40
HPMC K15 M 40 50 60 60 60 - - - - -
HPMC K100 M - - - - - 40 50 60 60 60
Sodium Bicarbonate 20 20 20 20 20 20 20 20 20 20
Citric Acid 2 2 2 3 4 2 2 2 3 4
PVP K-30 20 20 20 20 20 20 20 20 20 20
Magnesium Stearate 2 2 2 2 2 2 2 2 2 2
Talc 4 4 4 4 4 4 4 4 4 4

Evaluation of tablets:

Weight variation:

Twenty tablets from each batch were selected rahdand their average weight was calculated. Thelividual
weight of each tablet was determined using digitattronic balance and was compared with averagghtvelhe
mean * standard deviation values of weight vanmati@re calculatefd 0].

Thickness:
Three tablets were taken from each formulation oanlgl and their thickness was examined with verediper.
The mean +* standard deviation values of thicknes® walculatefll1].

Hardness:

Hardness or tablet crushing strength (the forceired to break a tablet in a diametric compressieag measured
using a Pfizer type tester. The test was perfororethree tablets from each formulation and the ayereading
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was noted. The mean + standard deviation valubsminess were calculatd®, 13].

Friability:

Friability of tablets was determined using a Roftfebilator. Ten preweighed tablets were placethin friabilator,
operated for 4 min at 25 rpm. The tablets werertatet, dedusted and reweighed [14]. Percentagbilftjaof
tablets was measured as per the following formula,

Initial weight — Final weight
Percentage friability = x 100
Initial weight

The mean * standard deviation values of friabiligre calculated.

Drug content uniformity:

Twenty tablets of each formulation were weighed amdrage weight was calculated. The drug contergaith
formulation was determined by triturating 20 tablahd powder equivalent to average weight was aohd&d0 mL

of 0.1 N hydrochloric acid, followed by stirringf®@0 minuteq10]. The solution was filtered through a 0.45
membrane filter, diluted suitably and the absorkaofcresultant solution was measured spectrophdtarakly at

265 nm using 0.1 N hydrochloric acid as blank.

In vitro buoyancy studies:

In vitro buoyancy was determined by measurement of floddggime. Tablets were placed in a 100 mL beaker
containing 0.1 N hydrochloric acid. Time requireat tablet to rise to the surface and float was rd@teed as
“floating lag time”. The duration of time the dosage form constantipained on the surface of medium was
determined as thtotal floating time”. The mean + standard deviation values of buoyaverg calculatefl 0].

Swelling characteristics:
The swelling properties of HPMC matrices containiligg were determined by placing the weighed taflgtrices
(wy) in the basket of dissolution apparatus, in 900 @fil0.1 Nhydrochloric acidat 37 + 0.5°g15]. The tablets
were removed periodically from the dissolution nuediand, after removing free water, the swollen We{g») was
measured16]. Swelling characteristics were expressed rm#eof percentage water uptake (WU %) according to
the equation:
Wy — Wp
WU% =—————— x100
w

Where, w = initial weight of tablet
w = final weight after swelling of tablet

The mean + standard deviation values of swellimgxwere calculated.

In vitro dissolution study:

In vitro dissolution study was performed in USP dissolutipparatus type II, in 900 mL 0.1 N hydrochloriédac
(pH 1.2), maintained at 37+ 0.5°C at a speed aphfl At suitable time intervals, aliquots (10 mL¢ne withdrawn
and immediately replaced with equal volume of frd&@solution medium to maintain a constant volumedrug
dissolution. The samples were filtered through4b @. membrane filter and diluted to a suitable conagian with
0.1 N hydrochloric acid. Absorbance of these sohdiwas measured at 265 nm using a systronic U\dviigle-
beam spectrophotometer. Cumulative percentage hlegse was calculated using an equation obtaireed &
standard calibration cury&7].

Mathematical modeling of drug release profile:

The cumulative amount of famotidine release frommfidated tablets at different time intervals wetted to zero
order kinetics, first order kinetics, Higuchi modeld Korsmeyer—Peppas model to characterize messhasfidrug
releasg18-20].

RESULTS AND DISCUSSION
Evaluation of granules:

The granules prepared for compression were evauatetheir flow properties. Bulk density was foubhdtween
0.364-0.421 gm/cfhwith HPMC K15M and 0.365-0.395 gm/émvith HPMC K100M. Tapped density ranged
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between 0.419-0.486 gm/éwith granules containing HPMC K15M and 0.427-0.4f62/cn? with HPMC K100M.
Results are shown in table 2. Carr’s index (%) Hadsner's ratio were also calculated. Carr’s indes found to
be in the range of 11.59-14.80, indicating gooavfl&lowability of granules was found to be goodraficated by
compressibility-flowability correlation data. Hawsts ratio is related to interparticle friction. \Rders with low
interparticle friction have ratio of approximately2, whereas more cohesive, less flowing powdevse hatio >1.6.
Hausner’s ratio values for all the formulations &véwund to be near about 1.2 indicating low intetiipke friction.
Angle of repose was found to be in the range ol @29.30° with HPMC K15M and 23.70-25.40° with HPMC
K100M. The values of angle of repose were less 8tgrindicating good flowability. All these valuegicate that
the prepared granules exhibited good flow propertie

Table 2: Characterization of granules

S. No. | Bulk Density (gm/cr) | Tapped Density (gm/cr) | Compressibility Index (%) Haus(r:_ie;)Ratlo Angle of repose §)
F1 0.421 0.486 13.63 1.157 25.10
F2 0.412 0.478 13.80 1.160 25.20
F3 0.364 0.419 13.12 1.151 29.30
F4 0.376 0.440 14.54 1.170 27.10
F5 0.378 0.432 12.50 1.142 27.07
F6 0.374 0.439 14.80 1.173 23.70
F7 0.393 0.448 12.27 1.139 24.40
F8 0.365 0.427 14.51 1.169 24.69
F9 0.395 0.452 12.61 1.144 25.40
F10 0.389 0.440 11.59 1.131 23.96

Evaluation of tablets:

Weight variation:

Since the powder material was free flowing, tabt#itained were of uniform weight due to uniform @l with
acceptable weight variations as per pharmacopgseietifications. Average weights of floating tablatsall the
batches varied in between 198.35 mg to 199.65 nagatfon was determined less than 7.5 % which imdoto be
within limits as prescribed in USP. Results of wtigariation are shown in table 3.

Thickness:
Thickness of tablets of all batches was observedietween 3.28-3.38 mm which is found to be satiefgc
Findings are shown in table 3.

Hardness:

A difference in tablet hardness may reflect differes in tablet density and porosity, which are sspd to vary in
release patterns of drug by affecting the rate exfepration of the dissolution fluid at the surfadfetablet and
formation of gel barrier. Hardness of tablets wasasured and found in the range of 5.13-6.06 kgj/sufficient to
withstand shock. Results are shown in table 3.

Friability:
Friability was found to be less than 1% indicatgegpd mechanical resistance. Results are showmla 8a

Drug content uniformity:
Drug content varied in between 97.95% to 98.29 Wifferent formulations, indicating good contenifarmity in
prepared batches. Results of drug content unifgraré shown in table 3.

In vitro buoyancy studies:

All the tablets were prepared by effervescent aggho Sodium bicarbonate and citric acid were adaedjas
generating agents. Sodium bicarbonate inducedatmon dioxide generation in presence of dissoluti@dia (0.1
N hydrochloric acid). The combination of sodiumaimonate and citric acid provided desired floatgity and
therefore; this combination was selected for threnfdation of floating tablets. Buoyancy of tabletsgoverned by
both swelling of hydrocolloid particles on the &bsurface when it contacts the gastric fluids,clvhin turn results
in an increase in the bulk volume and the presefdsternal voids in the dry centre of the tablebrosity). These
two factors are essential for the tablet to acqbirk density less than 1 and so remain buoyargastric fluid. It
was observed that the gas generated is trappegratetted within the gel, formed by hydration ofymoer, thus
decreasing the density of tablet less than 1 dvdtthecomes buoyant. Results of floating lag tamé total floating
time are shown in table 3.

All the formulations constantly floated on dissadut medium for more than 12 h. Swelling polymerdP#C
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K15M and HPMC K100M) appeared to prolong the lagetiwhile effervescent agents appeared to reduckaghe
time. However, the influence of effervescent agevds found to be more significant. All the batchese found to
exhibit short floating lag time due to presencesadium bicarbonatend citric acid. It was observed that decrease in
citric acid level increased the floating lag tinmedaablets were found to float for longer duratidhe tablets with
low-viscosity grade HPMC K15M exhibited short floeg lag time as compared with formulations contagnhigh
viscosity grade HPMC K100M. This indicated that thelecular weight distribution or viscosity of thel-forming
polymer influenced tha vitro buoyancy.

Swelling characteristics:

HPMC is a hydrophilic polymer. It swells on contagth water. The thickness of swollen layer formadund the
matrix core was greater in matrices containing HPMIiChigher viscosity grade. Thus, swelling indexswa
comparatively less in tablets containing HPMC K15NWan that of tablets containing HPMC K100M. The
hydrodynamic volume occupied by the hydrated polyraeains is larger in high viscosity grade polymer.
Consequently, greater swollen mass of matrices wermed. Moreover, with the increase in citric acid
concentration in formulations containing HPMC K1%ikd K100M, it was found that swelling of polymecii@ases
due to higher gas pressure caused by faster ahdrhigrbon dioxide generation. It was evident fthmresults that
as the citric acid concentration was increased ammiilations F3-F5 containing HPMC K15M and F8-F10
containing HPMC K100M, swelling index was also ea&sed. Formulations containing low concentration of
polymer, swelling index was found to be less. Rssofl swelling index are shown in table 3.

Table 3: Various physicochemical characteristics diioating tablets

S. No. Evaluation Parameters F1 F2 F3 F4 F5 F6) F7 8F F9 F10
198.90| 199.65 199.40| 198.35 198.55 198.50 199.15 198.75| 199.05 198.40
1 Average weight (mg) £SD + + + + + + + + + +

1.77 2.88 1.87 1.26 1.70 1.60 1.69 171 1.60 1.66
3.28 3.38 3.32 3.30 3.28 3.30 3.28 3.34 3.28 3.28
2 Thickness (mm) + + + + + + + + + +

0.083 | 0.083| 0.083| 0.070| 0.083] 0.070| 0.083| 0.114 | 0.083] 0.083
6.06 5.36 5.83 5.53 5.40 5.13 5.50 5.46 5.36 5.46

3 Hardness (kg/cfp * * * * * * * * + +
0.11 0.15 0.15 0.05 0.10 0.15 0.10 0.15 0.15 0.15
4 Friability (%) 0.41 0.37 0.60) 0.49 0.36 0.57 0.43 0.48 0.35 0.39
98.08 98.16 98.04| 98.08| 98.08| 97.95| 98.20 98.16 98.29 98.25
5 Drug Content (%) * + + + + + + + + +

0.54 0.60 0.79 0.54 0.54 0.65 0.69 0.68 0.57 0.65
102.50( 135.80 160.80| 169.10 180.80 155.00 205.10 220.10| 235.00 254.10
6 Swelling Index (%) * * + + * * + + + +
2.50 3.81 3.81 3.81 5.20 5.00 5.00 5.25 2.50 3.68
39.00 41.66 43.33| 37.00| 32.66| 40.00| 43.66 48.33 39.00 33.66

7 Floating lag time (sec.) * + + + + + + + + +
1.00 1.52 1.52 1.00 2.08 1.52 2.00 1.52 2.00 1.52
8 Total floating time (hr.) >12h >12hr >12hr| >12hn >12hr| >12hr| >12hr| >12hr >12hn  >12hr

Data are expressed as mean +SD (n=3)

In vitro dissolution studies:

Since the pH of stomach is elevated under fed ti@ndi{~3.5), therefore citric acid was incorporatedthe
formulation to provide an acidic medium for sodilbcarbonate. Moreover, citric acid has a stabiizeffect on
famotidine formulation. The effect of different ges and amount of HPMC in the tablet with varyingportion of
citric acid was studied on the release characiesist

It was observed that the release of drug from $ochulations decreased on increasing the propodfddPMC in
the formulations. This might be due to increaseesistance of the gel layer to drug dissolutionaAtigh polymer
level, formation of tightly swollen gel layer cadsey more intimate contact between the particledPMC results
in decrease mobility of drug particles in swolleatrices, which leads to decreased release ratedittierelease
from formulations containing HPMC K15M (F1 to F33ried between 90.30% to 84.07% and that prepaced fr
HPMC K100M (F6 to F8) varied from 88.03% to 83.80%.

It is evident from thén vitro dissolution data that increase in citric acid coriion increased the release it
reduced the floating time, probably due to the @nes of excess carbon dioxide, disturbing the mitimoltablet.

The citric acid level in the formulations greathyfluenced the drug release, irrespective of HPM@&dgr The
prepared formulations sustained the drug release feriod of 10 hThe cumulative percentage drug release versus
time plots for different formulations are preseniefigure 1-2.
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Mathematical modeling of drug release:

Data obtained fromin vitro dissolution studies were fitted in different maleliz. zero order, first order,
Korsemeyer-Peppas and Higuchi model. The data \weseessed for regression analysis using MS EXCEL
statistical function. The release constant wasutaled from the slope of the appropriate plots, redregression
coefficient () was determined as shown in table 4. To confirm eékact mechanism of drug release from these
tablets, the data were fitted to various modelse T value of Korsemeyer-Peppas model for the edéht
formulations was found in between 0.527 and 0.76itkvlies with in the range of 0.5 and 1.0. Therefdhe most
probable mechanism that the release pattern dbmatiulations followed was non-fickian diffusion anomalous
diffusion where in the drug release mechanism mgrotled by both diffusion as well as polymer redtinn process.
Hence, thdn vitro release observed for various formulation of fadiog floating tablets showed well controlled
and sustained release.
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Fig. 1: In-vitro dissolution profile of formulations F1-F5
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Fig. 2: In-vitro dissolution profile of formulations F6-F10
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Table 4: Fit of various kinetic models for floatingdrug delivery systems of famotidine

Zero order First order Higuchi model | Peppas model
Formulation Code K K

r? Ko r? (h'%) r? (h'ﬂz) r? n
F1 0.9583| 7.375 0.917 0.212 0.9687 31J69 0.9937 0616
F2 0.9921| 6.984] 0.9424 0.181 0.9841 29,88 0.9824 0|618
F3 0.9774| 6.933] 0.957% 0.164 0.9714 30{10 0.9937 0|686
F4 0.9674| 6.246| 0.8666 0.170 0.9717 2675 0.9853 0|527
F5 0.9614| 7.900| 0.927 0.239 0.9796 34J08 0.9960 0617
F6 0.9954 | 7.746| 0.906 0.188 0.9790 32/91 0.9960 0764
F7 0.9612| 6.872] 0.889 0.169 0.9841 29/72 0.9858 0733
F8 0.9811| 6.897] 0.9401 0.1583 0.9795 2945 0.9y71 0]671
F9 0.9735| 6.861] 0.9386 0.174 0.9819 29,60 0.9910 0]633
F10 0.9786| 7.691] 0.9372 0.210 0.9880 33,03 0.9915 0|707

Effect of grade and amount of HPMC on the releaseate of drug and floating characteristics:

It is suggested that the hydrophilic polymer sustH®MC when comes in contact with the water, itodhs water
and swells to form a gel layer which serves asradrao drug diffusion. The drug release processnfa HPMC
matrix involves water penetration into the dry mathydration and gelation of the polymer, dissmntof the drug
and diffusion of the dissolved drug through theultesit gel layer. From the results, it was conctutieat grade of
HPMC polymer affect the drug release. Formulatiprepared with HPMC K15M showed higher drug relghsa
that of prepared with HPMC K100M. It may be aftitdsd due to high viscosity of HPMC K100M than fretRMC
K15M. Amount of polymer also affects the drug rekeaHigher concentration of polymer cause less delense
than lower concentration of polymer in the formiglat It was observed that vitro drug release for formulation F1
prepared with HPMC K15M was found to be 90.30%,althivas decreased to 87.40% for batch F2 and wasefur
decreased to 84.07% for formulation F3. Drug redefas batch F6 containing HPMC K100M was found ® b
88.03%, which was decreased to 86.60% for batcanAvas further decreased to 83.80% for formulaE®n

Amount and grade of polymer also affects the flapitharacteristics. It was examined that as theamnation as
well as grade of polymer increases, floating lagetiincreases and vice-versa. It might be due te slarbon
dioxide generation. It was observed that floatiag fime for batch F1 containing HPMC K15M was 38, sghich
was increased for formulation F2 (41.66 sec) coimgi HPMC K15M and that was further increased for
formulation F3 (43.33 sec) containing HPMC K15Modting lag time for batch F6 containing HPMC K100s
found to be 40 sec, which was more than F7 (43e8f sontaining HPMC K100M and that for F8 contagnin
HPMC K100M was 48.33 sec.

Effect of effervescent agents on floating lag timand release rate:

Rapid expansion and formation of a low densityeystith in minutes after contact with gastric flace required
to obtain a suitable floating dosage form. Citricdaand sodium bicarbonate as effervescent agesrts wtilized in
the formulation. In contact with dissolution mediuimese agents generate carbon dioxide, which adetes under
the surrounding polymer.

On increasing the concentration of effervescenhigdloating lag time was found to be decreasedak observed
that floating lag time for batch F3 was 43.33 sghich was decreased for formulation F4 (37 sec) thiatl was
further decreased for formulation F5 (32.66 selyating lag time for batch F10 was found to be 836c, which
was less than F9 (39 sec) and that for F8 was 4&83Release rate of drug from batch F5 (93.158%)aming
HPMC K15M was found to be increased as comparde¥t89.10%) after 10 h and release rate of drugn frat
was more than F3 (84.07%). Release rate of drug fratch F10 (90.10%) containing HPMC K100M was fbtm
be increased as compared to F9 (87.20%) afterdr@release rate of drug from F9 was more tharBB80%). It
was concluded that faster and higher carbon dioxjdaeration caused by increasing the concentratifon
effervescent agents resulted in higher swellingpaliymeric membrane according to a higher gas presand
subsequent faster drug release as well as dedrefisating lag time.

CONCLUSION

In the present investigational work, effervescémating tablets of famotidine were formulated toyide controlled
release of drug with an effective and safe therfipystomach ulcers in a reduced dose manfeom the
observation, it was concluded that the additiorg@fforming polymers, methocel (K15M and K100M) agals-
generating agent, sodium bicarbonate along witic@tid were essential to achiemevitro buoyancy profile. Drug
release from the tablets was sufficiently sustaised non-fickian transport was also confirmiedorder to examine
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the actual floating ability of prepared formulatsonn gastric content and their usefulness in extgndastric
residence time, such formulations can be surelgcsedl forin vivo evaluation. Moreover, it is hoped that further
research with a variety of gas-forming agents aem preparation methods will lead to the developnoénnore
effective effervescent floating drug delivery syste
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