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Abstract

Floating drug delivery systems are the systemgshvhare retained in the stomach for a longer
period of time and thereby improve the bioavail@pibf drugs. Different approaches for
gastroretentive dosage forms include floating,, reftpanding or swelling, bioadhesive or
mucoadhesive and high/low-density systEmraotidine, an anti-ulcer druguffers from poor
bioavailability (50%), as famotidine is very lessluble in alkaline B. Famotidine used in
combination with antacids promotes local delivefythese drugs to the receptor of the parietal
cell wall. Local delivery also increases bioavailiap at the stomach wall receptor site and
increases the efficacy of drugs to reduce acidesecr. Thus, the present work is aimed to
formulate floating tablets damotidineusing an effervescent approach for gastroretermtiug
delivery system. Floating tablets were preparedgquslirectly compression technique using
polymers like HPMC K4M and HPMCK100M for their gelrming properties. The HPMC
alone polymer unable to controlled on release tatelease drug >90% in 4-6 hrs while in
combination withXanthan gum it release90% in 8 hrsThe results indicate that gas powered
gastroretentive floating Tablets of famotidine @ning 40mgHPMCK100M and Xanthan gum
provides a better option for controlled releas@acind improved bioavailability.

Key words: Famotidine, HPMC K4M, HPMC K100M, Gastric residenicee, Swelling index.

I ntroduction

The oral route is considered as the most promisdge of drug delivery. Effective oral drug
delivery may depend upon the factors such as gastnptying process, gastrointestinal transit
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time of dosage form, drug release from the dosage &ind site of absorption of drugs. Most of
the oral dosage forms possess several physiologméhtions such as variable gastrointestinal
transit, because of variable gastric emptying legdio non-uniform absorption profiles,
incomplete drug release and shorter residencedfrttee dosage form in the stomach. This leads
to incomplete absorption of drugs having absorptia@mdow especially in the upper part of the
small intestine, as once the drug passes downlber@tion site, the remaining quantity goes
unabsorbed. The gastric emptying of dosage formBumans is affected by several factors
because of which wide inter- and intra-subjectatans are observed Since many drugs are
well absorbed in the upper part of the gastroiimaktract, such high variability may lead to
non-uniform absorption and makes the bioavailgbuiipredictable. Hence a beneficial delivery
system would be one which possesses the abiligotdrol and prolong the gastric emptying
time and can deliver drugs in higher concentratimnthe absorption site (i.e. upper part of the
small intestine).The identification of new diseaaed the resistance shown towards the existing
drugs called for the introduction of new therapeutiolecules. In response, a large number of
chemical entities have been introduced, of whichmesohave absorption all over the
gastrointestinal tract (GIT), some have absorpiiamdows (i.e. absorption sites, especially the
upper part of the small intestine) and some druayge tpoor solubility in intestinal media. The
drugs belonging to the second and third categoaed,the drugs which are required for local
action in the stomach, require a specialized defiggstem. All the above requirements can be
met and effective delivery of the drugs to the apgon window, for local action and for the
treatment of gastric disorders such as gastro-egmath reflux, can be achieved by floating drug
delivery systems (FDDS). To date, a number of F@®Ilving various technologies, carrying
their own advantages and limitations were develogpgch as, single and multiple unit hydro
dynamically balanced systems (HBS), single and iplaltunit gas generating systems, hollow
microspheres and raft forming systems. The hydradyo balanced system (HBS) also called
Floating drug delivery system (FDDS) is an oral afyes form (capsule or tablet) designed to
prolong the residence time of the dosage form withe GIT. It is a formulation of a drug with
gel forming hydrocolloids meant to remain buoyamtthe stomach contents. Drug dissolution
and release from the dosage form retained in thaasth fluids occur at the pH of the stomach
under fairly controlled conditions Recently, vaoaefforts are being made to design gastro
retentive systems such as, floating, swelling amgbaerding, bioadhesive/mucoadhesive,
modified shape, low density/high density and rgftems etc. These systems are advantageous
in improving GIT absorption of drug with CR due $pecific site absorption limitations.
Famotidine is a histamine H2-receptor antagontsts widely prescribed in active duodenal
ulcers, gastric ulcers, Zollinger-Ellison syndrorngastroesophageal reflux disease, and erosive
esophagitis. The recommended adult oral dosagambtidine is 20 mg twice daily or 40 mg
once daily. The effective treatment of erosive ésgt is requires administration of 20 mg of
Famotidine 4 times a dag.conventional dose of 20 mg can inhibit gastrid gecretion up to 5
hours but not up to 10 hours. An alternative dadsé0omg leads to plasma fluctuations; thus a
sustained release dosage form of famotidine isa@si The short biological half-life of drug
(~2.5-4 hours) also favors development of a sustiaiekease formulation. The gastro retentive
drug delivery systems can be retained in the stbnaad assist in improving the oral sustained
delivery of drugs that have an absorption windovaiparticular region of the gastrointestinal
tract. These systems help in continuously releasiiegdrug before it reaches the absorption
window, thus ensuring optimal bioavailability. Thabjective of the present study was
preparation and evaluation of floating tablet ah&didine based on low density polymer that
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retains the dosage form in the stomach. Providmeneased gastric residence time resulting in
prolonged drug delivery in gastrointestinal trastng HPMCK4M, HPMCK100M and Xanthan
gum as sustain release polymers. To study the warfiormulation and process variables that
ultimately affects the drug release. Selection @piimization of polymer concentration, type of
filler and amount of low density polymer that hasrmpounced effect on tablet properties and
drug release profile as well as buoyant propedig¢le formulations.

Materials and M ethods

Famotidine was procured by Micro lab,Hosur, HPM@MK HPMC K100M, Xanthan gum

were gifted by Colorcon Asia Pvt. Ltd.,, Goa, Sodilmecarbonate, Citric acid (anhydrous),
Polyvinylpyrollidine-k-30 procured by Nice chemisdhboratory, Avicel PH-102 was gifted by
Signet Chem. Ltd,Mumbai, Talc, Magnesium Steaddiglrochloric acid LR procured by Loba
Chemie.

Preparation of gastro retentive floating tablets

Floating tablets containing Famotidine were pregdsg direct compression technique using
variable concentrations of HPMC K4M, HPMCK100M, anthnthan gum with sodium
bicarbonate. Different tablets formulations weregared by direct compression technique. All
the powders were passed though 60 mesh sieve. redgguiantity of drug, and low-density
polymer were mixed thoroughly.

# All quantities were in milligrams, # All the béies contained 1% w/w talc and 0.5% w/w magnesi@arate

Table 1—» Composition of Famotidine Floating Tablets

INGREDIENTS FT1 FT2 FT3 FT4 FT5 FT6 FT7 FT8 FT9 FT10
Famotidine
40 40 40 40 40 40 40 40 40 40
HPMC K4M 40 - - - 80 - 40 - 40 20
HPMC K100M
40 - 80 - - 40 40 40
Xanthan gum
9 - 40 - - 80 - 40 4o 20
Sodium bicarbonate 54 20 20 20 20 20 20 20 5q 20
Citric acid (anhydrous) 10 10 10 10 10 10 10 10 10 10
PVP-K-30 20 20 20 20 20 20 20 20 5 oo
Avicel PH-102 g.s. (.S. qQ.s. g.s. g.s. g.s. g.s. 9Sqs.  qs.
Magnesium Stearate 4 1 1 1 1 1 1 1 1 1
Talc 2 2 2 2 2 2 2 2 2 2
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Talc and magnesium stearate were finally addedi@sng and lubricant respectively. The blend

was directly compressed (9mm diameter punchesyualriet compression machine. Each tablet
contained 40mg of famotidine and other pharmaceuimgredients as listed in table 6 in each
section.

Evaluation of tablets

= Weight variation test

To study weight variation twenty tablets of thenfmation were weighed using a Sartorius
electronic balance and the test was performed diwpto the official method. Twenty tablets
were selected randomly from each batch and weigtdeddually to check for weight variation.

= Drug content

Five tablets were weighed individually and powderBge powder equivalent to average weight
of tablets was weighed and drug was extractedinNOHCI, the drug content was determined
measuring the absorbance at 266.2 nm after suitiloleon using a Shimadzu UV-1601 UV/Vis
double beam spectrophotometer.

= Hardness

Hardness indicates the ability of a tablet to wahg mechanical shocks while handling. The
hardness of the tablets was determined using Mom$emdness tester. It is expressed in k§/cm
Three tablets were randomly picked and hardnetdsedfblets were determined.

= Thickness
The thickness of the tablets was determined bygusnnier calipers. Five tablets were used, and
average values were calculated.

= Friability Test

The friability of tablets were determined using Red-riabilator. It is expressed in percentage
(%). Ten tablets were initially weighed (M) and transferred into friabilator. The friabilator

was operated at 25rpm for 4 minutes or run up @ rE¥olutions. The tablets were weighed
again (Wina)). The % friability was then calculated by —

%F = 100 (1-W/W)
% Friability of tablets less than 1% are consideaeceptable.

= Tablet Density
Tablet density is an important parameter for flogtiablets. The tablet will float when its density
is less than that of 0.1N HCL (1.004). The denaifas determined using following formula.
V =1r’h
d=m/v
v = volume of tablet (cc)
r = radius of tablet (cm)

h = crown thickness of tablet (cm)
m = mass of tablet
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In vitro buoyancy studies

The in vitro buoyancy was determined by floating feme method described by Dave B°She
tablets were placed in 250 ml beaker containinghNDHCI. The time required for the tablets to
rise to the surface and float was determined agifig lag time. The time between introduction
of dosage form and its buoyancy in 0.1 N HCI aredttime during which the dosage form remain
buoyant were measured. The time taken for dosage tto emerge on surface of medium called
Floating Lag Time (FLT) or Buoyancy Lag Time (BL@pd total duration of time by which
dosage form remain buoyant is called Total Floalimge (TFT).

I'n Vitro dissolution studies

The release rate of famotidine from floating tabletas determined usinthe United States
Pharmacopoeia (USP) XXIV dissolution testing apparatus Il (paglahethod). The dissolution
test was performed using 900 ml of 0.1 N HCI, at3¥.5°C and 75 rpm A sample (5 ml) of the
solution was withdrawn from the dissolution appasatourly for 8 hours, and the samples were
replaced with fresh dissolution medium. The sampliésted to a suitable concentration with
0.1N HCI. Absorbance of these solutions was medsar266.2 nm using a Shimadzu UV-1601
UV/Vis double beam spectrophotometer. Cumulativegraage of drug release was calculated
using the equation obtained from a standard curve.

Swelling index

The swelling index of tablets was determined nN.HCI (pH 1.2) at room temperature. The
swollen weight of the tablets was determined atgfieed time intervals. The swelling index
was calculated by the following equation:

Swelling index WU W1 —W) x 100
W
Where, W= Weight of tablet at time t.
W = Initial weight of tablet

Effect of hardness on Buoyancy Lag Time:-

Formulation FT10 was selected to study the efféttandness on buoyancy lag time. The tablets
of batch 10 were compressed at different compragsiessures to get the hardness of 5kg/cm
6kglcnf. 7kg/ent ,8kg/cnfand 9kg/crh The tablets were evaluated for Buoyancy Lag Time.
The method followed is same as that of Buoyandy tes

Results and Discussion

Hydrodynamically balanced tablets of famotidinesfgaretentive drug delivery systems) were
prepared and evaluated to increase its local aeimmhbioavailability. In the present study, 10
formulations with variable concentration of polymeere prepared and evaluated for physio-
chemical parameters, invitro buoyancy studiestiovielease studies and stability studies.
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Preformulation studies:

= Melting Point Determination:
Melting point of famotidine was found to be in ttenge 162-16%, which complied with BP
standards, indicating purity of the drug sample.

= Solubility:
Famotidine was found to be soluble in water, 0.1MH@&nd practically insoluble in ethanol
(95%), chloroform and ether.

Evaluation of tablet formulations:
1. Pre-compression Parameters:
a. Angle of Repose (6):- The angle of repose for the formulated blend wasied out and
the results were shown in table 2.1t concludeshalformulations blend was found to be
in the range 2488 to 29.30".
b. Compressibility Index: - Compressibility index was carried out, it foundvibeen 12.34%
to 16.30% indicating the powder blend have theiireq flow property for compression.

2. Post-compression Parameters:

a) Shape of the tablet:-

Microscopic examinations of tablets from FT1 to Bere found to be circular shape with no
cracks.

b) Hardness test: -

The measured hardness of tablets of each batcleddmefween 4.3 to 6.4kg/émihis ensures
good handling characteristics of all batches.

c) Friability Test:-

The values of friability test were tabulated.The fli@bility was less than 1% in all the
formulations ensuring that the tablets were medadiyi stable.

d) Weight Variation Test:-

The percentage weight variations for all formulatsavere tabulated.All the formulated (FT1 to
FT10) tablets passed weight variation test as thewetght variation was within the
pharmacopoeial limits af7.5% of the weight. The weights of all the tabletse found to be
uniform with low standard deviation values.

€) Drug Content Uniformity:-

The percentage of drug content for FT1 to FT10 fwasd to be between 97.11% to 99.69% of
famotidine, it complies with official specificatien

) Tablet density: -

When tablet contacts the test medium, tablet exgfidecause of swellable polymers) and there
was liberation of C@gas (because of effervescent agent, NagJClhe density decreased due
to this expansion and upward force of £@as generation. This plays an important role in
ensuring the floating capability of the dosage form

To provide good floating behavior in the stomadte tensity of the tablets should be less than
that of the gastric contents the density belowQaglcn?) than of gastric fluid. For formulation
FT1-FT10 density were found to be less than théhi@fyastric content.
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I n vitro Buoyancy Study:-

On immersion in 0.1N HCI solution pH (1.2) at’87 the tablets floated, and remained buoyant
without disintegration. Table shows the resultsBolbyancy study and Fig shows Buoyancy
character of prepared tablet.

From the results it can be concluded that the bebcitaining only HPMC polymer showed good
Buoyancy lag time (BLT) and Total floating time (T} Formulation containing HPMC K4M,
HPMC K100M and Xanthan gum showed good BLT of 4& séhile the formulation containing
Xanthan gum(alone) did not float more than 1.5 filds may be due to the nature of polymer
and gas generating agent, which were kept congtatite present study. The gas generated
cannot be entrapped inside the gelatinous layer,itagscapes leading to variation in BLT and
TFT.

Swelling Study:-
Swelling study was performed on all the batchesL(6IrFT10) for 5 hr. The results of swelling
index against time (hr) plotted in Fig. 3

From the results it was concluded that swellingeases as the time passes because the polymer
gradually absorb water due to hydrophilicity of yokr. The outermost hydrophilic polymer
hydrates and swells and a gel barrier are formettheatouter surface. As the gelatinous layer
progressively dissolves and/or is dispersed, thirdipn swelling release process is continuous
towards new exposed surfaces, thus maintainingtigrity of the dosage form.

In the present study, the higher swelling index ¥easd for tablets of batch FT10 containing
HPMC K4M, HPMC K100M and Xanthan gum having nomingicosity of more than 1, 04,000

cps. Thus, the viscosity of the polymer had majfluence on swelling process, matrix integrity,
as well as floating capability, hence from the abaesults it can be concluded that linear
relationship exists between swelling process asdogity of polymer.

Effect of hardness on Buoyancy Lag Time:-

The effect of hardness on buoyancy lag time foclb&T10 was studied. The results of floating
lag time of tablets with hardness of 4 kgfcBkg/cnf, 7kg/cnf and 8 kg/crh were 47,58,76,89
and 186 sec respectively, Buoyancy lag time (sés)Rérdness (kg/cthplotted and shown in
Fig. 1.

Buoyancy of the tablet were influenced by both sweelling of the hydrocolloid particle on
surface when it contacts the gastric fluid whichium results in an increase in the bulk volume
and porosity buoyancy lag time will increases wtienhardness increases, at high compressed,
reduces of porosity of tablets occurs, the comphbtelrocolloid particles on the surface of the
tablet cannot hydrate rapidly when the tablet reacthe gastric fluid and as a result, the
capability of the tablet to float is significantlgduced.
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Table2 — Micromeritic properties of powder blend

Powder Angle of LooseBulk  Tapped Bulk  Compressibi Total
blend Repose (%) Density Density lity Por osity
(g/ml) (g/ml) Index (%)
(%)
FT1 24°.30' 0.130 0.155 16.13 15.78
FT2 26°.77 0.110 0.130 15.67 20.00
FT3 25°.28' 0.090 0.102 14.48 37.50
FT4 28°.56' 0.105 0.126 16.30 26.31
FT5 29°.88 0.129 0.146 15.41 27.77
FT6 25°.30' 0.114 0.135 14.30 12.50
FT7 26°.47 0.132 0.148 12.76 35.00
FT8 24°.28' 0.135 0.154 13.47 13.04
FT9 26°.56' 0.144 0.162 12.34 20.83
FT10 28°.88' 0.106 0.120 15.91 10.00
Table 3 — Evaluation of Physical Parametersof Floating Tablets
Tablets \_Ne_|ght Friability Hardness Thickness Drug
Batch variation test (%) (kg/cmz) (mm)
(%) content (%)
FT1 +1.75 0.92 5.6 £0.47 3.08+£0.2 98.02
FT2 +3.52 0.72 4.5+0.63 3.16+0.010 97.01
FT3 +2.15 0.91 6.4+1.27 3.14+0.012 99.53
FT4 +1.56 0.86 5.1+0.03 3.12+0.06 98.01
FT5 1+3.54 0.79 4.3 £0.83 3.16:0.011 97.04
FT6 +1.42 0.86 5.1+0.03 3.18t0.012 98.40
FT7 +2.11. 0.78 4.3+0.83 3.15+0.010 97.11
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FT8 +1.89 0.81 6.4+1.27 3.10+0.012 99.55
FT9 2. 56 0.96 5.1+0.03 3.11+0.06 99.01
Table 4— Effect of different polymerson drug release by paddle method
Cumulative % Drugrelease
Time(hrs) FT1 FT2 FT3 FT4 FTI5 FT6 FT7 FT8 FT9 FT10
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 49.19 40.30 37.41 31.44 46.66 3451 39.47 26.6666327.09
2 58.92 5235 42.36 48.91 69.47 46.85 56.52 36.3931445.68
3 87.47 6594 57.71 66.18 76.41 56.61 68.48 51.5696565.51
4 99.68 76.14 67.49 79.62 8156 64.17 71.83 67.349%77.48
5 - 89.57 73.06 83.67 89.58 74.90 91.35 80.11 7080630
6 - 101.16 80.84 88.04 101.8382.62 100.1692.02 81.3489.07
7 - - 90.07 100.1 - 89.98 - 100.392.07 98.12
8 - - 97.98 - - 95.35 - - 98.1800.36
FLT (sec) 175 102 NO 95 136 NO 100 78 190 45
TFT (hr9) 8 8 NO 12 12 NO >12 6 8 >12
FT10 +2.04 0.75 4.3 +0.83 3.2@0.011 99.69

# All the values are expressed as meSE.

Table5 — Effect of hardness on Buoyancy Lag Time of
formulation FT 10

Hardnessin kg/cm? Buoyancy Lag Time (sec)
4 47
5 58
6 76
7 89
8 186
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Fig 1: Plot of hardnessv/s buoyancy lag time
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Fig 2: In-vitro dissolution profilefor tablets of batchesftl to ft10 (using dissolution

appar atus)
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Fig: 3swellingindex for tablets of batch ft1to ft10
Conclusion

The aim of the study was to develop and physicovitaly characterized gastro retentive
matrix tablet of Famotidine based on a low dengdiymer. Famotidine has a short biological
half-life (2.5-4hours) and 50 % absolute bioavalighh Development of sustained release
formulation of Famotidine can be advantageous, ¢hatprovide prolong gastric retention and
increase efficacy of the dosage form. A traditiooed! sustained release formulation releases
most of the drug at the colon, thus the drug shbakk absorption window either in the colon or
throughout the gastrointestinal tract. Famotidmalsorbed only in the initial part of the small
intestine and has 50% absolute bioavailability. d&bwer, less solubility in alkaline PH of
Famotidine is partly responsible for the poor baatability of Famotidine from the colon. These
properties of Famotidine do not favor the tradiibapproach to sustained release delivery.
Hence, clinically acceptable sustained release ggodarms of famotidine prepared with
conventional technology may not be successful. eeffit types of matrix forming polymers
were studied:, HPMC K4 M, HPMC K100 M, Xanthan guiar, the study. The tablets eroded
upon contact with the release medium, and theivelamnportance of drug diffusion, polymer
swelling and tablet erosion for the resulting rekegatterns varied significantly with the type of
matrix former. The release rate could effectivetyrhodified by varying the “matrix-forming
polymer/low density polymer” ratio, the tablet geetry (radius), the type of matrix-forming
polymer, the use of polymer blends and the additibmater-insoluble fillers (such as Avicel
PH-102). The floating behavior of the low densitygl delivery systems could successfully be
combined with accurate control of the drug relepatterns. The batch optimization was done
using HPMC K4M, HPMC K100 M and Xanthan gum as matg polymers as they gave
optimum FLT as well as long acting effect and malst eroding effect. It was also found that the
tablet formulations released more than 90 % drug lours as desired. Gastro retentive (low
density) tablets of Famotidine were prepared upimigmer which not only imparted buoyancy
to the formulations but also reduced floating legets to a great extend. The use of HPMC K4
M, HPMC K100 M polymer in matrix tablets as densigducing agent has given a different

Scholar Research Library 112



D. Bhowmik et al Der Pharmacia Lettre 2009, 1 (2) 102-114

look while Xanthan gum used as release retarddyhyas. Faster release of the drug from the
hydrophilic matrix was probably due to faster diaon of the water-soluble drug from the core
and its diffusion out of the matrix that fast redeaf drug retarded by use of Xanthan gum. So,
we can obtain a formulation that has desired relgagfile by adjusting different parameters that
ultimately effect release behavior of the matricésus it is summarized and concluded that
HPMC K4M, HPMC K100 M and Xanthan gum can be susfigly used in formulation of
Famotidine sustained release gastro retentiveirfigatrug delivery system using low density
polymer.
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