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Controlled release gastric floating drug delivery system has a bulk
density less than gastric fluids, so it remain buoyant in the stomach
without affecting the gastric emptying rate for prolonged period of
time. There by releasing the drug for prolonged period of time
constantly to the upper part of the GIT and improves the bioavailability
of drug with narrow absorption window. Famotidine is a histaminic
drug that has been widely used in treating gastric and duodenal
ulceration and also in zollinger elison syndrome and reflux
oesophagitis. It works by reducing swelling and constricting blood
vessels in the GIT passage, allowing you to get relief from gastritis
easily.

Floating microspheres are gastro-retentive drug delivery system. These
microspheres are free flowing powders, gastric contents for prolonged
time. Hence faster dissolution of dosage form results in faster
absorption and onset of action. Floating microspheres are absorbed
from mouth, pharynx and esophagus as the saliva passes down the
stomach. In such cases the bioavailability is greater than those observed
for conventional dosage form.

Different polymers such as ethyl cellulose, sodium alginate were
optimized with different concentration and varying the ratios in order to
get the sustained release profile over a period of 24 hrs. All the
formulations were evaluated for in-vitro buoyancy, entrapment
efficiency and in-vitro drug release profile. The results revealed that the
present buoyancy is more than 70% after 24 hrs. The mean particle
size of microspheres was in the range of 102.33-420.53 pum. In-vitro
release of floating microspheres of Famotidine HCL was found to be in
following order,H1>HE1>H2>HE4>E1>HE2>H3>HE3>HE5>E2>E3.
H1 was found to be the best formulation among all other formulation
prepared as it release Famotidine HCL 98.84 % in a sustained manner
with constant fashion over extended period of time (after 24 hr).
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Introduction:-

The goal of any drug delivery system is to provide a therapeutic amount of drug to the proper site in the body to
achieve promptly and then maintain the desired drug concentration. The most convenient and commonly employed
route of drug delivery has historically been by oral ingestion®.

The oral route of drug administration is the most important method of administering drugs for systemic effects. The
parentral route is not routinely used; the topical route of administration has only recently been employed to deliver
drugs to the body for systemic effects. It is probable that at least 90 % of all drugs used to produce systemic effects
are administered by the oral route. When a new drug is discovered, one of the first questions a pharmaceutical
company asks is whether or not the drug can be effectively administered for its intended effect by the oral route. If it
cannot, the drug is primarily relegated to administration in a hospital setting or physician's office, of drugs that are
administered orally; solid oral dosage forms represent the preferred class of product®.

Recent scientific and patent literature shows increased interest in academics and industrial research groups regarding
the novel dosage forms that can be retained in the stomach for a prolonged and predictable period of time. One of
the most feasible approaches for achieving a prolonged and predictable drug delivery profile in the Gl tract is to
control the gastric residence time (GRT), using gastroretentive drug delivery system (GRDDS) that will provide us
with new and important therapeutic options'.Gastroretentive system can remain in the gastric region for several
hours and hence significantly prolong the gastric residence time of drugs. Prolonged gastric retention improves
bioavailability, reduces drug waste, and improves solubility of drugs that are less soluble in a high pH environment.
It has applications also for local drug delivery to the stomach and proximal small intestines. Gastro retention helps to
provide better availability of new products with new therapeutic possibilities and substantial benefits for
patients'®.Drug dissolution and release from the capsule retained in stomach fluids occur at the stomach, under fairly
controlled condition. The retentive characteristics of the dosage form in gastric content are most significant for drugs
which are insoluble in intestinal fluid, that acts locally and that exhibits site specific absorption.

Methods:-

Preformulation study relates to pharmaceutical and analytical investigation carried out for proceeding and
supporting formulation development efforts of the dosage form of the drug substance. Famotidine was procured
from apex pharmaceutical, Nepal. The other excipients were gift sample of Quest pharmaceutical, Nepal.

preparation of floating microspheres

The microspheres were prepared by Solvent evaporation method. The 500 mg of drug was dispersed uniformly in
aqueous mucilage of sodium alginate, to this dispersion desired polymer was mixed in suitable proportion, than 100
mg of gas forming agent such as sodium bicarbonate (NaHCO3) was separately added to the solution. The resulting
solution was dropped through a 26 G syringe needle in to 5 % (w/v) sodium bicarbonate (NaHCO3) which is
prepared in water containing 10 % (v/v) acetic acid. The solution containing suspended microspheres was kept for
1.5 hrs, to improve the mechanical strength of the microspheres and allowed to complete the reaction to produce gas.
The fully formed microspheres were collected, washed with distilled water and subsequently air dried.

Results and Discussion:-

The prepared microspheres were characterized by FTIR spectroscopy to find out any chemical interaction between
Famotidine HCI and polymers used. The FTIR spectra of Famotidine HCI, polymers and the physical mixture of
drug with polymer is shown in the figure-21-24. Our experimental results were assesed on the basis of physical data
obtained for drug and polymers as well as by hysical mixture.

539



ISSN: 2320-5407 Int. J. Adv. Res. 7(5), 538-545
. I AN S S R
“r s s s : s |
R .._-e. -
| s s s ! s BT
e R o S B S R I S
] | | :§ % | R
] | Lo L | R
1 - ool - | E 43
e R e i I B vanis Ll o
] | LT Loali B
1 A e B
: Pl i < i :
. -3 S : Do : :
] R | 34| | |
A5 ——-----—- e Bgtr
400(; L ISSI(}OI T ISOI(}OI L I.?SIOOI L IECIOICII C I1 SIOOI C I‘I CIIGIC.'II C IS(l}O
Sodium Alginate + API 1/cm
Fig 1:-FTIR spectra of Famotidine HCI with sodium alginate
Table 1:-Evaluation of prepared microspheres.
Formulation Angle of Bulk Tapped Carr’s Hausner’s
Code repose (0) Density Density Index Ratio£SD
+SD (g/ml) £SD (9/ml) £SD (%)£SD
H-1 22.831£1.24 0.460+0.05 0.513+0.07 10.33+£0.91 1.11+0.12
H-2 25.21+1.42 0.612+1.01 0.732+0.69 16.39+0.25 1.19+0.06
H-3 27.45+0.99 0.782+0.07 0.672+0.12 0.701+0.45 1.11+0.15
E-1 23.20+0.59 0.672+0.09 0.709+0.04 5.21+0.10 1.05+0.04
E-2 24.64+0.97 0.701+0.18 0.785+0.12 10.70+0.07 1.11+0.08
E-3 26.36+0.81 0.781+0.12 0.856+0.62 8.76+0.69 1.09+0.04
HE-1 22.96+1.19 0.812+1.09 0.892+0.16 8.96+0.59 1.09+0.08
HE-2 26.22+1.37 0.768+0.04 0.815+0.52 5.76+0.21 1.06+0.05
HE-3 27.89+1.23 0.621+0.12 0.711+0.35 12.65+0.29 1.14+0.04
HE-4 22.84+1.62 0.725+0.31 0.796+0.52 8.91+0.26 1.09+0.09
HE-5 27.72+41.91 0.682+0.49 0.741+0.74 7.96+0.19 1.08+1.02

All value represented as mean + standard deviation (n=3)

The mean particle size of the microspheres formulation H1 to HES containing HPMC K4M, ethyl cellulose and
sodium alginate as in the range of 445.7+1.34 to 726.24+0.95 pm respectively (as shown in table 10). The effect of
polymer concentration on the particle size of microspheres was determined. The mean particle size of the
microspheres was found to increase with increasing polymer concentration (as shown in table 10) and the viscosity
of the medium increases with increase in concentration of polymer. This results in the formation of larger particles.
The bulk density, tapped density, hausners ratio of formulations H1 to HE5 was found in the range of 0.460+0.05 to
0.812+1.09 gm/cm? (as shown in table 9).

The carr’s index of formulations H1 to HE5 was found to be in the range of 22.83+1.24 to 27.89+1.23. The angle of
repose of formulations H1 to HE5S containing different grades of HPMC K4M, ethyl-cellulose and sodium alginate
was in the range of 26.02+1.71 to 32.49+3.39 respectively (as shown in table 9) The values of carr’s index and angle
of repose indicate excellent flow properties.
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Tabel 2:-Evaluation of size distribution and size analysis

Formulation code Particle size

Trial-1 Trial-2 Trial-3 Meanzx SD

H-1 444.6 447.2 445.3 445,7+1.34
H-2 482.7 486.2 481.2 483.3+2.56
H-3 516.3 519.1 515.4 516.9+0.86
E-1 621.6 625.2 623.1 623.31+0.87
E-2 655.2 662.3 660.8 659.4+0.80
E-3 684.3 685.2 686.3 685.2+0.74
HE-1 626.2 630.1 625.7 627.3+0.70
HE-2 672.5 675.2 670.1 672.6+0.66
HE-3 723.2 725.6 722.3 723.7+0.63
HE-4 685.1 687.3 688.2 686.8+1.59
HE-5 725.2 727.1 726.2 726.1+0.95

The purpose of preparing floating microspheres was to extend the gastric residence time of a drug. The buoyancy
test was carried out to investigate the flotability of the prepared microspheres. The microspheres were spread over
the surface of a simulated gastric fluid and the fraction of microspheres buoyant and settled down as a function of
time was quantitated. The In vitro buoyancy of formulation H1 to HE5 containing polymers HPMC K4M, ethyl-
cellulose and sodium alginate was in range of 74.95+1.43 % to 95.66+1.52 % respectively (as shown in table 11).
H1 was found to have highest in-vitro buoyancy that is 95.66+1.52 among all the formulations. The results also
revealed a tendency that the larger the particle size, longer the floating time.
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Fig 2:-Comparison of Particle size of floating microspheres of Famotidine HCI
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Fig 3:-Scanning electron microphotograph of floaing microspheres of Famotidine HCI H1

Morphology of microspheres was examined by scanning electron microscopy. The view of the microspheres showed
a hollow spherical structure with a smooth surface morphology (Fig 29) some of the microspheres showed a dented
surface structure but they showed good floating ability on the surface of the medium, indicating intact surface. The
outer surface of the microspheres was smooth and dense, while the internal surface was porous. The shell of the
microspheres also showed some porous structure (Fig.29). It may be caused by the evaporation of solvent entrapped
within the shell of microspheres after forming a smooth and dense skin layer.

Table 3:-In-vitro Drug Release Study of Prepared floating microspheres:

Sl. | Time Cumulative percent release

No | (hrs) | H-1 H-2 H-3 E-1 E-2 E-3 | HE-1 | HE-2 | HE-3 | HE-4 | HE-5

1 0 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

2 0.5 241 | 212 | 179 | 215 | 195 | 129 | 235 | 206 | 165 | 246 | 1.72
+0.04 | +0.02 | +0.03 | +0.05 | £0.04 | +0.03 | +0.04 | +0.07 | +0.02 | +0.04 | +0.04

3 1 504 | 487 | 422 | 492 | 332 | 282 | 498 | 464 | 3.69 | 486+ | 3.06
+0.07 | £0.06 | +0.05 | +0.09 | +0.03 | +0.09 | #0.08 | +0.06 | +0.04 | 0.02 | +0.04

4 15 | 892 | 784 | 694 | 722 | 592 | 436 | 796 | 7.62 | 584 | 7.30x | 5.76
+0.08 | £0.09 | +0.05 | +0.07 | £0.09 | +0.08 | +0.10 | +0.07 | +0.08 | 0.09 | +0.08

5 2 1380 | 1294 | 11.21 | 11.24 | 981 | 7.95 | 13.09 | 1282 | 946 | 12.69 | 8.79
+0.06 | £0.08 | +0.07 | +12 | +12 | +0.21 | #0.19 | +.10 | #0.10 | +0.12 | +0.09

6 3 19.22 | 18.17 | 16.11 | 15.62 | 12.90 | 11.22 | 18.75 | 16.95 | 14.28 | 17.62 | 11.82
+0.29 | £0.12 | +0.95 | +31 | +12 | +0.25 | £0.21 | +13 | +11 | +0.18 | +0.12

7 4 2340 | 22.28 | 19.36 | 19.22 | 17.54 | 15.86 | 22.82 | 20.68 | 17.84 | 21.45 | 16.55
+0.13 | +0.09 | £0.89 | +21 | +31 | +0.22 | +0.25 | +.26 | +.09 | £0.14 | +0.27

8 5 32.70 | 28.11 | 2482 | 2416 | 22.41 | 20.49 | 29.65 | 27.81 | 22.66 | 28.62 | 21.48
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+0.38 | +0.23 | +0.26 | +0.42 | +0.35 | +0.42 | #0.31 | +0.31 | +0.21 | +0.17 | +0.31

9 6 4412 | 37.27 | 39.12 | 29.69 | 27.38 | 24.36 | 39.76 | 38.22 | 47.24 | 38.72 | 25.32
+0.44 | +0.35 | +0.31 | +0.40 | £0.35 | +0.16 | +0.21 | +0.19 | £0.25 | +0.34 | +0.39

10 7 56.22 | 45.86 | 42.45 | 35.93 | 32.48 | 29.59 | 48.86 | 46.68 | 38.26 | 47.24 | 28.89
+0.15 | +0.26 | +0.28 | +0.39 | +0.45 | +0.43 | #0.35 | +0.56 | +0.25 | +0.37 | +0.42

11 8 61.82 | 54.71 | 49.62 | 41.21 | 38.66 | 34.72 | 65.62 | 52.06 | 45.62 | 55.65 | 35.56
+0.29 | £0.28 | +0.36 | £0.27 | £0.45 | £0.57 | £0.49 | +0.64 | +0.47 | +0.38 | +0.64

12 9 65.94 | 62.32 | 55.77 | 48.96 | 42.27 | 39.82 | 63.46 | 61.42 | 50.85 | 62.45 | 40.36
+0.38 | +0.46 | +0.74 | +0.66 | £0.51 | +0.63 | #0.41 | +0.68 | +0.59 | +0.41 | +0.51

13 10 | 67.22 | 64.89 | 58.26 | 53.36 | 47.33 | 45.35 | 65.69 | 64.27 | 54.68 | 65.49 | 46.65
+0.49 | £0.12 | +0.16 | +0.14 | #0.12 | £0.15 | #0.12 | +0.13 | #0.11 | +0.12 | +0.14

14 11 | 69.11 | 66.75 | 61.13 | 60.45 | 52.24 | 50.47 | 67.82 | 65.95 | 58.54 | 66.74 | 51.25
+0.66 | £0.09 | +0.13 | +0.16 | #0.12 | +0.19 | #0.15 | +0.11 | #0.12 | +0.14 | +0.14

15 | 12 | 7121 | 70.55 | 66.78 | 65.36 | 56.26 | 54.56 | 70.56 | 68.37 | 64.65 | 69.92 | 55.82
+59 | #0.72 | +0.96 | +0.96 | +0.81 | +0.93 | +0.98 | +0.90 | +0.99 | +0.98 | +0.96

16 | 24 | 98.84 | 88.22 | 76.28 | 77.82 | 67.29 | 65.25 | 89.64 | 77.02 | 74.82 | 84.54 | 67.32
+2.16 | +2.13 | £2.10 | £2.09 | #2.10 | +2.13 | +2.14 | +2.13 | £2.09 | +2.06 | +2.10

The percentage yield of floating microsphere formulation of H1 to HE5 was in range of 81.03+1.12 to 97.82+2.31.
To observe the effect of polymer concentration on the percentage yield of the floating microspheres, formulations
were prepared at varying concentration of polymer, and it was observed that the yield of the floating microspheres
increased with increasing polymer concentration. The entrapment efficiency of formulation H1 to HE5 containing
polymers like HPMC K4M, ethyl-cellulose and sodium alginate was in the range of 83.55+1.26 to 98.02+ 2.09
respectively, (as shown in table 11) and from the results it is observed that H1 had best incorporation efficiency with
98.02+2.09. This indicated that decrease in concentration of polymer increased the entrapment efficiency of the
drug. The drug entrapment efficiency was found to be good in all formulations
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Fig 4:-Comparative in vitro diffusion profiles of Famotidine HCI FDDS according to Cumulative percentage release
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Discussion:-

Floating drug delivery system have a bulk density less than gastric fluids and thus it remains buoyant in the stomach
without affecting gastric emptying rate for a prolonged period of time. However the system is floating on the gastric
contents, the drug is released slowly at the desired rate from the system, after complete release of drug the residual
system is emptied from stomach. This results in an increased gastric residence time and a better control on the
fluctuation in plasma drug concentration time profile. Single unit formulations (floating tablet) are associated with
problems such as sticking together or being obstructed in the gastrointestinal tract, which may have a potential
danger of producing irritation. On the other hand a floating system made of multiple unit forms (floating
microspheres) has relative merits compared to a single unit preparation. Floating microspheres provide a constant
and prolonged therapeutic effect which will reduce dosing frequency

In vitro drug release:

In-vitro drug release studies of all the Famotidine HCI floating microspheres were performed in pH 1.2 for 24 hrs, in
dissolution test apparatus, and it was observed that in vitro drug release of formulations H1 to HE5 shows
percentage of drug release in the range of 65.25+2.13 to 98.84+2.16 at end of 24 hrs. Result revealed that again
among all the formulation H1 was found to be the best formulation as it release Famotidine HCI 98.84% in a
sustained manner with constant fashion over extended period of time (after 24 hrs). The release did not show any
burst effect or lag time, which is indicative of a homogenous drug distribution.

It was observed that as the concentration of HPMC K4M is increased the percent release of Famotidine HCL
decreases. The increase in ethyl-cellulose concentration leads to the increased density of polymer matrix into the
microspheres which result in an increased diffusional path length. This may decrease the overall drug release from
polymer matrix. The smaller microspheres are formed at lower polymer concentration and have larger surface area
exposed to dissolution medium, and the r values of Zero order of all the formulations were found to be in the range
of 0.801 to 0.889. Similarly the r-Value of first Order were in between 0.884 to 0.980, among the all formulations
some formulations release the drug by zero order kinetics and some is release by first order kinetics. The results
suggest that, the drug was released by mixed order kinetics. To ascertain, the drug release mechanism the in-vitro
release data were also subjected to Higuchi’s diffusion equation and (Q=k.t1/2) the r-values of all the formulations
of Higuchi’s equations were 0.980. It suggests that the Higuchi diffusion plots of all the formulations were fairly
linear and we can conclude that the drug released by Higuchi’s diffusion mechanism. The formulations are also
treated to Peppa’s plots by taking log percent versus log time, the plots are found to be fairly linear and the
regression values (n value) of all formulations ranges from lowest 0.500 to highest 0.657, which in the range of 0.45
< n < 0. 89. This suggests that the drug was released by non-Fickian control (Anomalous diffusion) with swelling.
Four types of graphs i.e., cumulative percent drug release, first order, Higuchi diffusion and Peppa’s exponential
plots of all formulations were shown in figure 31-35.

Conclusion:-

Floating microspheres of Famotidine HCL can be successfully prepared using HPMC K4M, ethylcellulose and
sodium alginate as polymers by ionotropic gelation technique. The percent yield of all floating microspheres
formulations was more than 60% suggesting that the methods used for encapsulation was effective. The optimized
multi - unit floating microspheres of Famotidine HCL may prove to be potential candidate for safe and more
bioavailable formulation in the management of Gastroesophaegal reflux. Therefore, it may be concluded that the
drug loaded floating microsphres are a suitable delivery system for Famotidine HCL and may be used for effective
management of Gastroesophaegal reflux.
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