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ABSTRACT: A new drug delivery system for H2 receptor antagonist 

ranitidine hydrochloride was developed utilizing both the concepts of 

adhesiveness and of flotation, in order to obtain a unique drug delivery 

system which could remain in the stomach for a much longer period of time. 

Floating mucoadhesive tablets of ranitidine hydrochloride were developed to 

prolong its release and improve bioavailability. Ranitidine has been the most 

widely used drug for the treatment of peptic ulcer. A Floating Drug Delivery 

System (FDDS) was developed using gas forming agents like sodium 

bicarbonate, citric acid and hydrocolloids, Hydroxyl Propyl Methylcellulose 

(HPMC) and carbopol 934P. Floating delivery system of ranitidine 

hydrochloride was prepared using different grades of HPMC as drug release 

retarding polymer and sodium bicarbonate as source for carbon dioxide 

which helps tablets to float. Tablets were prepared by direct compression. 

The prepared tablets were evaluated their physicochemical properties and 

drug release, density, buoyancy test, mucoadhesion force, swelling study, 

drug content and in-vitro release profile. 

INTRODUCTION: Oral controlled release drug 

delivery is a drug delivery system that provides the 

continuous oral delivery of drugs at predictable and 

reproducible kinetics for a predetermined period 

throughout the course of GI transit and also the 

system that target the delivery of a drug to a 

specific region within the GI tract for either local or 

systemic action. All the pharmaceutical products 

formulated for systemic delivery via the oral route 

of administration, irrespective of the mode of 

delivery (immediate, sustained or controlled 

release) and the design of dosage form (solid 

dispersion or liquid), must be developed within the 

intrinsic characteristics of GI physiology.  

QUICK RESPONSE CODE 

 

DOI: 
10.13040/IJPSR.0975-8232.9(10).4451-56 

Article can be accessed online on: 
www.ijpsr.com 

DOI link: http://dx.doi.org/10.13040/IJPSR.0975-8232.9(10).4451-56 

Therefore, the scientific framework required for the 

successful development of oral drug delivery 

systems consists of basic understanding of (i) 

physicochemical, pharmacokinetic and pharmaco-

dynamic characteristics of the drug (ii) the 

anatomic and physiologic characteristics of the 

gastrointestinal tract and (iii) physicochemical 

characteristics and the drug delivery mode of the 

dosage form to be designed.  

The main areas of potential challenge in the 

development of oral controlled drug delivery 

systems are: To develop a viable oral controlled 

release drug delivery system capable of delivering 

a drug at a therapeutically effective rate to a 

desirable site for duration required for optimal 

treatment. To modulate the GI transit time so that 

the drug delivery system developed can be 

transported to a target site or to the vicinity of an 

absorption site and reside there for a prolonged 

period of time to maximize the delivery of a drug 

dose.  
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If the drug to be delivered is subjected to extensive 

hepatic first-pass elimination, preventive measures 

should be devised to either bypass or minimize the 

extent of hepatic metabolic effect. Conventional 

oral controlled dosage forms suffer from mainly 

two adversities. The short Gastric Retention Time 

(GRT) and unpredictable Gastric Emptying Time 

(GET). A relatively brief GI transit time of most 

drug products impedes the formulation of single 

daily dosage forms. Altering the gastric emptying 

can overwhelm these problems.  

Floating Drug Delivery Systems (FDDS) have a 

bulk density less than gastric fluids and so remain 

buoyant in the stomach without affecting gastric 

emptying rate for a prolonged period of time. 

While the system is floating on the gastric contents, 

the drug is released slowly at the desired rate from 

the system. After release of drug, the residual 

system is emptied from the stomach. This results in 

an increased GRT and a better control of the 

fluctuations in plasma drug concentration. 
Therefore, it is desirable to formulate the muco-

adhesive drug delivery systems.  

Mucoadhesion is the relatively new and emerging 

concept in drug delivery. Mucoadhesion keeps the 

delivery system adhering to the mucus membrane. 

Transmucosal drug delivery systems show various 

merits over conventional drug delivery systems. 

Mucoadhesive polymers facilitate the muco-

adhesion by their specific properties. This article 

reviews desirable properties of mucoadhesive 

polymers and the latest advancement in the field. 

Ranitidine hydrochloride is a histamine H2-receptor 

antagonist that inhibits stomach acid production. It 

is commonly used in treatment of Peptic Ulcer 

Disease (PUD) and Gastro Esophageal Reflux 

Disease (GERD).  

MATERIALS AND METHODS: Ranitidine was 

received from hetero labs pvt.ltd, Hyderabad. 

HPMC K-4, HPMC K-5, HPMC K-15, and 

HPMCK-100 used as polymer. Lactose, 

magnesium stearate, talc, sodium bicarbonate and 

citric acid were of analytical grade. 

METHODS: 

Preparation of Floating Tablet of Ranitidine 

HCl: The ingredient were weighed accurately and 

mixed thoroughly powder passed through 44 mesh 

sieve. Implies direct compression consists of 

compressing tablets directly from powdered 

material without modifying the physical nature of 

the material itself. These materials possess 

cohesive and flow properties that make direct 

compression possible. Direct compression vehicles 

or carriers must have good flow and compressible 

characters these properties are imparted by 

predisposing these vehicles to slugging, spray 

drying or crystallization. Tablets were white and 

round. Hardness, friability and weight variation 

were evaluated. 

Evaluation of Powder: The flow properties of 

granules (before compression) were characterized 

in terms of angle of repose, tapped density, bulk 

density, Carr’s index and Hausner’s ratio. 

Angle of Repose: Angle of repose was determined 

using funnel method. Powder was poured from a 

funnel that can be raised vertically until a 

maximum cone height h, was obtained. Diameter of 

heap D was measured. The angle of repose Ө was 

calculated by formula:  

Tan Ө = h/r Ө = tan
-1

 (h/r) 

Where, Ө is the angle of repose, h is the height in 

cm and r is the radius 

Bulk Density (Db): Apparent bulk density was 

determined by pouring pre-sieved drug-excipient 

blend into graduated cylinder and measuring the 

volume and weight “as it is”. It is expressed in g/ml 

and is given by:  

Db = M / V0 

Where, M is the mass of powder and V0 is the bulk 

volume of the powder.  

Tapped Density (DT): It was determined by 

placing a graduated cylinder, containing a known 

mass of drug excipient blend, on mechanical 

tapping apparatus. The tapped volume was 

measured by tapping the powder to constant 

volume. It is expressed in g/ml and is given by:  

DT = M / VT 

Where, M is the mass of powder and VT is the 

tapped volume of the powder  

Carr’s Index: It is expressed in percentage and is 

expressed by: 
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d tap - d bulk 

d tap 

Where, d tap = Tapped density or True density, d 

bulk = Bulk density. 

Hausner’s Ratio: Tapped density and bulk density 

were determined and the Hausner’s ratio was 

calculated by the following formula:  

                                       Tapped density  

                                                 Bulk density 

TABLE 1: SPECIFICATIONS FOR POWDER FLOW 

PROPERTIES 

Flow character Carr’s 

index (%) 

Hausner’s 

ratio 

Angle of 

repose [θ] 

Excellent < 10 1.00 – 1.11 25-30 

Good 11-15 1.1 – 1.18 31-35 

Fair 16-20 1.19 – 1.25 36-40 

Possible 21-25 1.26 -1.34 41-45 

Very poor 26-31 1.35 -1.45 46-55 

Very very poor > 31 >1.60 > 55 

Evaluation of Tablets: The formulated tablets 

were evaluated for the following physicochemical 

characteristics:  

Hardness: Hardness of the tablet was determined 

by using the Monsanto hardness tester. The lower 

plunger was placed in contact with the tablet and a 

zero reading was taken. The plunger was then 

forced against a spring by turning a threaded bolt 

until the tablet fractured. As the spring was 

compressed a pointer rides along a gauge in the 

barrel to indicate the force. 

Weight Variation: 20 tablets were selected and 

weighed collectively and individually. From the 

collective weight, average weight was calculated. 

Each tablet weight was then compared with 

average weight to ascertain whether it was within 

the permissible limits or not. Not more than two of 

the individual weights deviated from the average 

weight by more than 7.5% for 300 mg tablets and 

none by more than double that percentage.  

Friability: 20 previously weighed tablets were 

placed in the friability apparatus, which was given 

100 revolutions and the tablets were reweighed. 

The percentage friability was calculated by using 

the following formula:  

                                        Initial weight-final weight  

                                                  Initial weight  

Drug Content: 20 tablets of each formulation were 

weighed and powdered. The quantity of powder 

equivalent to 100 mg of ranitidine HCl was 

transferred in to a 100 ml volumetric flask and the 

volume adjusted to 100 ml with 0.1N HCl. Further 

1ml of the above solution was diluted to 100 ml 

with 0.1N HCl and check the absorbance of the 

resulting solution was observed at 315 nm by UV 

spectroscopy. 

In-vitro Buoyancy Studies: The in-vitro buoyancy 

was determined by floating lag time and total 

floating time. The tablets were placed in a 100 ml 

beaker containing 0.1N HCl. The time required for 

the tablet to rise to the surface and float was 

determined as Floating Lag Time (FLT) and the 

duration of the time the tablet constantly floats on 

the dissolution medium was noted as the Total 

Floating Time respectively (TFT). 

Swelling Index Studies: The swelling behavior of 

a dosage unit was measured by studying its weight 

gain. The swelling index of tablets was determined 

by placing the tablets in the basket of dissolution 

apparatus using dissolution medium as 0.1N HCl at 

37 ± 0.5 °C. After 1, 4 and 6 h each dissolution 

basket containing tablet was withdrawn, blotted 

with tissue paper to remove the excess water and 

weighed on the analytical balance. The experiment 

was performed in triplicate for each time point. 

Swelling index was calculated by using the 

following formula: 

                              Wet weight of tablet – Dry weight of tablet 

                                                Dry weight of tablet 

Dissolution Studies: 900 ml 0f 0.1N HCl was 

placed in the vessel and the USP apparatus-II 

(Paddle Method) was assembled. The medium was 

allowed to equilibrate to temp of 37 ± 0.5 °C. 

Tablet was placed in the vessel and the vessel was 

covered, the apparatus was operated for 10 h at 50 

rpm. At definite time intervals, 5 ml of the fluid 

was withdrawn; filtered and again 5 ml of the fresh 

buffer was replaced. Suitable dilutions were done 

with the dissolution fluid and the samples were 

analyzed spectrophotometrically at 313 nm. The 

optimized formulation was compared with 

marketed product of ranitidine. The evaluation 

parameters tested and compared were drug content 

uniformity and in-vitro dissolution profile. 

Carr’s index = 

× 100 

Hausner’s ratio = 

Percentage friability = 

Swelling index = 
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Stability Studies: The optimized formulation was 

tested for a period of 30 days at 30 ºC with 75% 

Rh, for their drug content and other parameters. 

RESULTS AND DISCUSSION: Formulation 

development and evaluation parameters have been 

performed in satisfactory data.  

TABLE 2: EVALUATION PARAMETERS OF POWDER 

Formulation  

code 

Angle of repose  

[θ] 

Bulk Density 

(gm/cc) 

Tapped density 

(gm/cc) 

Hausner
’
s 

index 

Carr’s index  

(%) 

F1 27.52 0.36 0.42 1.15 14.28 

F2 26.72 0.32 0.41 1.21 14.78 

F3 30.09 0.39 0.36 1.18 15.43 

F4 24.47 0.34 0.42 1.21 16.10 

F5 21.72 0.31 0.38 1.19 16.51 

TABLE 3: COMPOSITION OF DIFFERENT FORMULATIONS 

Ingredients (mg) F1 F2 F3 F4 F5 

Ranitidine HCl 50 50 50 50 50 

HPMC K4M     30 

HPMC K5M 80 70    

HPMC K15M    60 30 

HPMC K100M   50   

Carbopol 934P 20 40 30 30 30 

Sodium bicarbonate 40 40 30 30 30 

Citric acid 20 20 24 24 24 

Magnesium stearate 3 3 3 3 3 

Lactose 85 75 111 101 101 

Talc 2 2 2 2 2 

Total 300 300 300 300 300 

 

Among all the formulations F5 was the optimized 

formulation with drug content of 97.51% and drug 

release of 97.6%. It is compared with the marketed 

product and F5 shows better drug release profile 

shown in Fig. 3. Title of this study will be done for 

prolonged the bioavailability of the dosage form. It 

is a new drug delivery system to maximize 

effectiveness and compliance.  

TABLE 4: EVALUATION PARAMETERS OF TABLETS 

Formulation code Weight variation (%) Hardness (kg/cm) Friability (%) Drug content (%) 

F1 3.57 5.4 0.59 90.06 

F2 2.57 5.3 0.51 95.26 

F3 1.87 5.3 0.63 91.05 

F4 2.34 5.5 0.64 95.76 

F5 4.32 5.4 0.61 97.51 

TABLE 5: SWELLING INDEX OF RANITIDINE HCl FLOATING MATRIX TABLETS F1 TO F5 
Time (h) F1 F2 F3 F4 F5 

1 1.068 1.354 1.483 0.911 1.158 

2 1.546 1.845 2.156 1.213 1.390 

3 1.983 2.187 2.723 1.480 1.749 

4 2.345 2.765 3.158 1.904 2.231 

5 2.788 3.045 3.653 2.270 2.501 

6 2.865 3.476 4.138 2.574 2.904 

7 3.156 3.856 4.551 3.008 3.343 

8 3.256 3.912 4.761 3.148 3.647 

9 3.289 4.087 4.967 3.108 3.538 

10 3.897 3.952 4.814 2.885 3.456 

TABLE 6: IN-VITRO BUOYANCY STUDIES OF RANITIDINE HCl 

Formulation code Floating lag time (sec) Floating time (h) 

F1 62 >10 

F2 76 >10 

F3 97 >10 

F4 70 >10 

F5 83 >10 
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Ranitidine HCl is use for gastric problems. The 

advantage of floating drug delivery system is to 

extend the release of drug, increases gastric 

retention time and enhances bioavailability by 

superior technology of floatation and adhesion to 

achieve gastric retention.  

TABLE 7: CUMULATIVE PERCENT DRUG RELEASE OF FORMULATIONS (F1-F5) 

Time (h) F1 F2 F3 F4 F5 Marketed  product 

1 18.8 14.3 11.3 26.7 22.1 21.1 

2 39.7 22.2 32.8 32.7 35.4 36.7 

3 52.3 37.6 32.8 42.8 46.3 45.2 

4 76.9 46.8 46.4 47.1 57.3 56.5 

5 81.8 76.8 58.9 59.4 66.1 68.4 

6 88.5 96.3 69.8 66.7 72.8 73.3 

7 91.6 - 79.7 72.7 80.5 79.4 

8 - - 85.6 96.3 86.7 83.6 

9 - - 90.7 - 91.7 90.2 

10 - - 92.7 - 97.6 95.3 

TABLE 8: STABILITY STUDIES OF OPTIMIZED FORMULATION (F5) AT 30
 
ºC WITH 75% RH 

S. no Parameters Initial 15 days 30 days 

1 Average weight (mg) 306.5 306.3 306.1 

2 Hardness (kg/cm) 5.4 5.2 5.1 

3 Drug content (%) 97.51 97.22 97.01 

4 % Drug release 97.6 97.3 97.1 

  
         FIG. 1: DISSOLUTION PROFILE OF F1 AND F2             FIG. 2: DISSOLUTION PROFILE OF F3 AND F4 

 
FIG. 3: DISSOLUTION PROFILE OF F5 AND MARKETED PRODUCT 

CONCLUSION: This study discusses the 

preparation of floating tablets of ranitidine. The 

effervescent-based floating drug delivery was a 

promising approach to achieve in-vitro buoyancy. 

The addition of gel-forming polymer HPMC K4 M, 

HPMC K15 M, carbopol 934P and gas-generating 

agent sodium bicarbonate was essential to achieve 

in-vitro buoyancy. Addition of citric acid, to 

achieve buoyancy under the elevated pH of the 

stomach, caused an enhancement in drug release.  

The type of polymer affects the drug release rate 

and the mechanism. Polymer swelling is crucial in 

determining the drug release rate and is also 

important for flotation. A lesser FLT and a 

prolonged floating duration could be achieved by 

varying the amount of effervescent and using 

different polymer combinations. The in-vitro drug 

release profiles obtained for tablets made with 

combinations of HPMC K4M, HPMC K15M and a 

prolonged floating duration which was a controlled 
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release characteristic (97%) for 10 h. Good stability 

was observed for one month during stability 

studies. Since the optimized formulation (F5) 

showed sufficient release for prolonged period, the 

dose can be reduced and possible incomplete 

absorption of the drug can be avoided. 
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