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Abstract 

Floating systems are systems capable to float over the gastric content for prolonged period of 

time without affecting gastric emptying rate. The lowering of cholesterol and fat level in 

blood is shown by the use of rosuvastatin to prevent heart disease. We prepared and 

characterized floating microspheres using evaluation parameters like micromeritic studies, 

percentage yield, particle size determination, morphological and microscopical study by 

SEM, drug loading and drug entrapment efficiency, in vitro buoyancy study, in vitro release 

study, and stability studies. There was no significant change observed in the physical 

appearance, drug entrapment, floating behavior and in vitro release study of the microspheres 

during the stability study time period. There was no significant change observed in the 

physical appearance, drug entrapment, floating behavior and in vitro release study of the 

microspheres during the stability study time period. It may be due to the characteristics of 

excipients used in the formulation. The Stability study indicates that the developed 

formulation is stable at different environmental condition and can be stored at room 

temperature for long time. The floating microspheres were prepared successfully and 

remained buoyant for 12 hours. Microspheres of different sizes and improved drug 

entrapment efficiency were obtained by varying the drug:polymer ratio. The formulations 

showed good flow properties, suggesting that, in future they could be easily and successfully 

packed and developed into a capsule dosage form. Thus the prepared floating microspheres 

may be a potential candidate as a microparticulate controlled release drug delivery device. 

 

Keywords: Floating drug delivery system; Hyperlipidaemia; Rovastatin; Micromeritic 

studies; In vitro buoyancy study; In vitro release study. 
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Introduction  

A system that formulates or device that delivers therapeutic agent(s) to desired body 

location(s) and/or provides timely release of therapeutic agent(s), such a system by which a 

drug is delivered can have a significant effect on its efficacy. Some drugs have an optimum 

concentration range within which maximum benefit is derived, and concentrations above or 

below this range can be toxic or produce no therapeutic benefit at all. On the other hand, the 

very slow progress in the efficacy of the treatment of severe diseases, has suggested a 

growing need for a multidisciplinary approach to the delivery of therapeutics to targets in 

tissues. From this, new ideas on controlling the pharmacokinetics, pharmacodynamics, non-

specific toxicity, immunogenicity, biorecognition, and efficacy of drugs were generated. 

These new strategies, often called Drug Delivery Systems (DDS). (Allen T.M. et al., (2002) 

To minimize drug degradation and loss, to prevent harmful side‐effects and to increase drug 

bioavailability and the fraction of the drug accumulated in the required zone, various drug 

delivery and drug targeting systems are currently under development. (Kulkarni et al., 

(2011) 

Liposomes are small artificial vesicles of spherical shape that can be created from 

cholesterol and natural nontoxic phospholipids. Due to their size and hydrophobic and 

hydrophilic character (besides biocompatibility), liposomes are promising systems for drug 

delivery. Liposome properties differ considerably with lipid composition, surface charge, 

size, and the method of preparation.  

 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 GI tract is to control the 

gastric residence time (GRT), using gastroretentive drug delivery system (GRDDS) that will 
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provide us with new and important therapeutic options. (Yeole et al., 2005) Gastroretention is 

essential for drugs that are absorbed from the stomach, drugs that are poorly soluble or 

degraded by the higher pH of intestine and the drugs with an absorption which can be 

modified by changes in gastric emptying time. 

 Gastroretentive dosage forms are also useful for local as well as sustained drug 

delivery for certain condition like H.pylori infection which is the cause of peptic ulcers. This 

dosage form improves bioavailability, therapeutic efficacy and may even also allow a 

possible reduction in the dose because of steady therapeutic levels of drug, for example 

furosemide and ofloxacin. The reduction in fluctuations in therapeutic levels minimizes the 

risk of resistance especially in case of β-lactum antibiotics (penicillins and 

cephalosporins).(Chawla et al., 2003) A major constraint in oral controlled drug delivery is 

that not all drug candidates are absorbed uniformly throughout the GIT. Some drugs are 

absorbed in a particular portion of the GIT only or are absorbed to a different extent in 

various segments of the GIT. Such drugs are said to have an absorption window, which 

identifies the drug’s primary region of absorption in the GIT. 

Floating systems (hydro-dynamically balanced systems) are systems capable to float 

over the gastric content for prolonged period of time without affecting gastric emptying rate 

(Kawatra et al., 2012). This feature is due to the lower bulk density these systems poses 

compared with gastric fluids. By remaining buoyant these systems prolong the gastric 

residence time and also release the active compound in a slow and controlled manner which 

leads to better control over the plasma concentration levels (Kumar et al., 2011). Usually 

floating systems are prepared from different kinds of hydrophilic polymers. When introduced 

into aqueous medium they swell and form outer cohesive gel layer, which improves system’s 

floatability. Because of the hydrophilic nature these polymers allow controlled drug release 
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both by diffusion and erosion. After releasing active compound the residual system is 

removed from the stomach area by contractile forces. 

Materials and methods 

Preformulation Studies 

Preformulation is an exploratory activity that begins early in drug development. 

Preformulation studies are designed to determine the compatibility of initial excipients with 

the active substance for a biopharmaceutical, physicochemical, and analytical investigation in 

support of promising experimental formulations. Data from preformulation studies provide 

the necessary groundwork for formulation attempts. 

Melting Point: 

Melting point determination of the obtained drug sample was done as it is a first indication of 

purity of the sample.  

Table 1: Melting Point Determination 

Drug Temperature (ºC) 

Rosuvastatin  (I.P.) 151 - 156ºC 

Rosuvastatin  (Observed) 154ºC ± 1ºC 

 

Determination of Absorption Maxima: 

50 mg of Rosuvastatin was dissolved in 100 ml with 0.1N HCl (pH-1.2) (Conc. 500 

μg/ml). From this solution 1ml was pipetted out in to 50 ml volumetric flask and volume was 

made up to with 0.1N HCl (pH-1.2) (Conc.10 μg/ml). The solution containing 10 μg/ml of 

Rosuvastatin in 0.1N HCl (pH-1.2) was scanned over the range of 200 to 400 nm against 

0.1N HCl (pH-1.2) as blank using double beam UV spectrophotometer (EI Model No. 1372). 

The maximum obtained in the graph was considered as λmax for the pure drug. 
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Figure 1: UV Absorption Maxima of Rosuvastatin 

 

Infrared Spectroscopy: 

Infrared spectrum of any compound gives information about the groups present in that 

particular compound. Drug (5 mg) was mixed with potassium bromide (100mg) and 

compressed as pellets. 
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Figure 5.2: Standard FTIR Spectrum of Rosuvastatin 

 

 

Figure 5.3:  FTIR Spectra of Rosuvastain (Sample Drug) 
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Solubility Profile Studies: 

Drug (10mg approx.) was added separately to a series of solvents (2 ml) in capped test tube at 

room temperature. These tubes were shaken mechanically for about 6 hrs using wrist action 

shaker and solubility was recorded (Martin et al., 1999). 

Table 5.3: Solubility Profile of Rosuvastatin 

S. No. Solvent Solubility 

1. Distilled water + +  

2. Ethanol + + + + 

3. Methanol + + + 

4. Dichloromethane + + + 

5. Acetone + + + 

6. Chloroform + +  

7. Toluene - 

8. 0.1 N HCl + + + 

9. 0.1 N NaOH + + + 

           Keys: 

          + + + +   : Freely soluble                       = 1-10 part of solvent. 

          + + +      : Soluble                                  = 10-30 part of solvent. 

          + +         : Sparingly Soluble                  = 30-100 part of solvent. 

          +            : Slightly soluble                      = 100-1000 part of solvent. 

          -            : Insoluble                                 = <10,000 part of solvent. 

 

Partition coefficient Determination: 

10 mg of rosuvastatin was accurately weighed and transferred to a volumetric flask of 

25ml capacity containing 10ml each of two immiscible phases, n- octanol and aqueous phase 

distilled water. The flask was shaken using wrist action shaker for 24hrs. 
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Table 5.4: Partition coefficient of Rosuvastatin 

Solvent System Partition Coefficient 

(Reported) (Observed) 

n- octanol: water 0.13 0.13 

 

Preparation of Floating Microspheres of Rosuvastatin 

The floating microspheres were prepared by solvent evaporation technique. The 

polymers, ethyl cellulose (EC) and hydroxyl propyl methyl cellulose (HPMC) were dissolved 

in the mixture of ethanol and dichloromethane in the ratio 1:1. The drug was dispersed in the 

solution of polymers for 10 minutes under stirring at 200 rpm. The resulting dispersion was 

poured slowly under stirring into distilled water (dispersion medium) containing 0.01% of 

Tween 80. 

 

 

Figure 2: Schematic representation of method of preparation of Floating Microspheres 
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Table : Formulation Design 

Formulation 

Code 

Dispersed Phase Continuous 

Phase 

 Drug 

(mg) 

HPMC 

(mg) 

EC 

(gm) 

Ethanol 

:Dichloromethane 

(ml) 

 

100 ml 

water 

containing 

0.01% of 

Tween 80 

F1 300 500 0.50 1:1 

F2 300 500 1.0 1:1 

F3 300 500 1.5 1:1 

F4 300 500 2.0 1:1 

 

Evaluation of Floating Microspheres 

Bulk Density: 

Bulk density is a property of powders, granules. It is defined as the mass of many 

particles of the material divided by the total volume they occupy. 

Tapped Density:  

The Tapped density is an increased bulk density attained after mechanically tapping a 

container containing the powder sample. The tapped density is obtained by mechanically 

tapping a graduated measuring cylinder or vessel containing the powder sample. 

Carr’s Compressibility Index: 

The Carr’s index is an indication of the compressibility of a powder. A volume of powder is 

filled into a graduated glass cylinder and repeatedly tapped for a known duration. 

% Compressibility Index = 
Tapped Density – Bulk Density

Tapped Density
 

Lower the compressibility values indicate better flow. 

Table 6.2: Compressibility Index 
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% Compressibility Index Flowability 

5 – 15 Excellent 

12 -16 Good 

18 -21 Fair to Passable 

23 -35 Poor 

33 – 38 Very Poor 

>40 Extremely Poor 

 

Hausner ratio: 

The Hausner ratio is a number that is correlated to the flowability of a powder or 

granular material. it is not an absolute property of a material; its value can vary depending on 

the methodology used to determine. 

Angle of Repose: 

Good flow properties are critical for the development of any pharmaceutical tablet, 

capsules or powder formulation. It is essential that an accurate assessment of flow properties 

be made as early in the development process as possible so that an optimum formulation can 

be quickly identified. 

tan θ = h/r 

θ = tan-1 (h/r) 

Where, θ = angle of repose 

             h = height of the pile and, 

             r = radius of the powder cone respectively. 
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Table : Micromeritic Parameters of the formulation 

S. 

No

. 

Formulatio

n Code 

Bulk 

Density 

Tapped 

Density 

Compressibilit

y Index 

Hausner’s 

Ratio 

Angle of 

Repose 

1. F1 0.46±0.00

8 

0.525±0.01

2 

11.43±1.895 1.129±0.04

2 

20.27±1.85

6 

2. F2 0.48±0.01

3 

0.568±0.00

9 

15.49±2.042 1.183±0.03

8 

23.49±2.11

2 

3. F3 0.46±0.01

2 

0.511±0.00

7 

10.02±1.918 1.111±0.04

8 

19.57±1.14

3 

4. F4 0.46±0.01

1 

0.543±0.00

6 

14.36±1.720 1.167±0.05

2 

17.28±1.92

5 

 

Percentage Yield: 

The percentage yield of the product is the measured weight of prepared microspheres divided 

by the total amount of all the excipients and drug used in the preparation of the microspheres, 

which gives the total percentage yield of floating microspheres. (Bhardwaj et al., 

(2010),(Singhal et al., (2011). 

% Yield =  
Actual weight of product

Total weight of excipients and drug
× 100 

Table : Percentage yield of formulated microspheres 

S. No. Formulation 

Code 

Theoretical 

Weight (mg) 

Practical Yield 

(mg) 

% Yield 

1. F1 1000 772 77.2% 

2. F2 1000 778 77.8% 

3. F3 1000 802 80.2% 

4. F4 1000 783 78.3% 

Particle Size Determination: 

The size of floating microspheres was determined by using an optical microscope under 

regular polarized light, and the mean microsphere size was calculated by measuring 100 
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particles with the help of a calibrated ocular micrometer (Tanwar et al., (2007), (Manju et 

al., (2007). 

Table 6.6: Particle size determination of formulated microspheres 

S. No. Formulation Code Average Particle Size (µm) 

1. F1 71.72±9.45 

2. F2 88.37±8.35 

3. F3 98.82±6.85 

4. F4 99.51±5.47 

 

Drug Loading and Drug Entrapment: 

The floating microspheres equivalent to 100 mg of the drug were taken for evaluation. % 

Drug Loading = 
Weight of the drug loaded in the microspheres

Total weight of the microspheres
× 100 

 

% Drug Entrapment =
Amount of drug actually present

Theoretical drug load expected
× 100 

Table: Drug Loading & Drug Entrapment 

S. No. Formulation 

Code 

% Drug Loading % Drug 

Entrapment 

1. F1 34.36±0.28 75.72±1.89 

2. F2 26.74±0.42 82.23±2.28 

3. F3 40.12±0.36 84.38±1.53 

4. F4 25.84±0.27 85.81±1.40 

 

In vitro Buoyancy Study:  

Various floating microspheres (300mg) were spread over the surface of a USP dissolution 

apparatus type I filled with 900 ml of 0.1 N HCl (pH-1.2). 
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% Buoyancy = Qf / (Qf + Qs) X 100 

Where Qf and Qs are the weight of the floating and settled microspheres respectively. 

Table: Buoyancy study of prepared formulation 

S. 

No. 

Formulation 

Code 

Weight of Floating 

Microspheres Taken (mg) 

Weight of Micro-

spheres Floated (mg) 

% 

Buoyancy 

1. F1 300 212 70.6% 

2. F2 300 205 68.3% 

3. F3 300 237 79.0% 

4. F4 300 224 74.6% 

 

Morphological Study using Scanning Electron Microscopy: 

Examining the surface of a polymeric drug delivery system can provide vital information on 

the porosity and microstructure of the systems. 

   

  

Figure: Photograph of floating microspheres using optical microscope 

YMER || ISSN : 0044-0477

VOLUME 23 : ISSUE 09 (Sep) - 2024

http://ymerdigital.com

Page No:676



 

Figure: SEM Photograph of prepared microspheres 

 

 

Figure : SEM photograph of prepared microspheres at higher magnification 

In-vitro Release Study: 

The drug release study was performed for selected formulation F3. The floating microspheres 

equivalent to 100 mg was weighed and studied by using USP dissolution apparatus Type II 
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(Rolex Tablet Dissolution Test Apparatus) in 900 ml of 0.1N HCl dissolution media (pH-1.2) 

at 100 rpm and 37ºC temperature. 

Table : In vitro drug release of floating microspheres F3 

S. No. Time 

(Hours) 

Absorbance % Cumulative Drug 

Release 

1. 1 0.000 21.13 

2. 2 0.301 30.05 

3. 3 0.477 40.1 

4. 4 0.602 43.5 

5. 5 0.699 51.58 

6. 6 0.778 58.68 

7. 7 0.845 64.79 

8. 8 0.903 67.98 

9. 9 0.954 72.89 

10. 10 1.000 77.05 

11. 11 1.041 79.35 

12. 12 1.109 82.11 

 

Figure: In vitro Drug release of prepared floating microspheres F3 
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Result and Discussion: 

The floating microspheres were prepared by solvent evaporation technique. The 

polymer ethyl cellulose (EC) and hydroxyl propyl methyl cellulose (HPMC) were dissolved 

in the mixture of ethanol and dichloromethane. The drug was dispersed in solution of 

polymers with stirring at 200 rpm for 10 min. The dispersion was poured slowly under 

stirring into distilled water (dispersion medium) containing 0.01% of Tween- 80. The stirring 

speed was maintained at 1000 rpm for 1 hour at room temperature (25±2ºC) and allowed to 

evaporate dichloromethane and ethanol completely. After evaporation of dichloromethane 

and ethanol, the prepared microspheres were collected by filtration using filter paper, then 

washed 3 to 4 times with distilled water and dried at room temperature for 24 hours and 

stored in desiccators. 

Various formulations F1 to F4 of Floating microspheres were evaluated for 

micromeritic parameters such as bulk density, tapped density, % Compressibility index, 

Hausner’s ratio and angle of repose. The results are given in Table 6.4. 

The bulk density for the formulations F1, F2, F3, and F4 was found to be 0.46±0.008, 

0.48±0.013, 0.46±01012, 0.46±0.011 respectively. 

The Tapped density for the formulations F1, F2, F3, and F4 was found to be 0.525±0.012, 

0.568±0.009, 0.511±0.007, 0.543±0.006 respectively. 

The carr’s compressibility index for the formulations F1, F2, F3, and F4 was found to be 

11.43±1.895, 15.49±2.042, 10.02±1.918, 14.36±1,720 respectively. It was found to be in the 

range of 5-15, which shows the excellent flowability. 

The Hausner’s Ratio for the formulations F1, F2, F3, and F4 was found to be 

1.129±0.042, 1.183±0.038, 1.111±0.048, 1.167±0.052 respectively. The value of Hausner’s 

ratio was below 1.25, which indicates good flow property. 
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The Angle of repose for the formulations F1, F2, F3, and F4 was found to 

20.27±1.856, 23.49±2.112, 19.57±1.143, 17.28±1.925 respectively. The angle of repose 

showed below 25º, which indicate excellent flow of the formulations. 

Percentage yield of different formulation F1 to F4 were calculated and the yield was 

found to be 77.2%, 77.8%, 80.2%, 78.3% respectively. 

Average particle size of microspheres was determined by optical microscopy using 

stage micrometer and ocular micrometer. Results are shown in Table. 5.6. The mean particle 

size of the floating microspheres was found to be 71.72μm, 88.37µm, 98.82μm, 99.51µm for 

F1, F2, F3 and F4 formulation respectively. As the concentration of polymer HPMC and 

ethyl cellulose increases the particle size of microspheres increases for F1 to F4 the 

respectively. This is because the viscosity of the polymer solution increases with increasing 

polymer concentration. 

The % drug loading for the formulations F1, F2, F3, F4 was found to be 34.36±0.28, 

26.74±0.42, 40.12±0.36, 25.84±0.27. The microspheres of formulation F3 showed highest 

drug loading of 40.42%, while lowest drug loading was observed in formulation F4 25.84%. 

The % entrapment efficiency of floating microspheres formulations F1, F2, F3, F4 was found 

to be 75.72±1.89, 82.23±2.28, 84.38±1.53, 85.81±1.40 respectively. 

In vitro buoyancy study for the formulatons like F1, F2, F3 and F4 was found to be 70.6%, 

68.3%, 79.0%, 74.6% respectively. Among all the preparations F3 shows the maximum 

buoyancy. It is due to the size and polymer concentration of prepared floating microspheres. 

On the basis of micromeritic parameters, percentage yield, particle size determination, 

drug loading, entrapment efficiency and in vitro buoyancy, the formulation F3 (Table. 5.1) 

shown the better results. The floating microspheres, which were prepared by using the 

formulation F3 were further characterized for the various parameters. 
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The determination of shape and surface morphology was done by scanning electron 

microscope HITACHI SU 1500, Japan. SEM analysis of the F3 Formulation revealed that all 

microspheres prepared were smooth and almost spherical in shape. 

In vitro Drug Release on formulation of F3 Rosuvastatin floating microsphere was 

carried out using a USP dissolution apparatus Type II. 0.1N HCl (pH 1.2) was used as the 

dissolution medium. The In vitro drug release data for formulation is shown in Table.5.9 The 

cumulative percent drug release after 12 hours was found to be 82.11%. The initial pattern of 

drug release shows no bursting effect. It means after 1 hour the drug release was recorded 

21.13% then after 2 hours drug release was found 30.05%, then after 3 and 4 hours it was 

found 40.1% and 43.5% respectively. It shows that there is no dose dumping in the drug 

release of prepared floating microspheres. 

Stability Studies 

The stability of any pharmaceutical product is defined as the capacity of the 

formulation to remain within defined limits over a predetermined period of time (shelf life of 

the product). Durability of a product may be defined as the capability of a particular 

formulation in a specific container to remain within the physical chemical, microbiological, 

therapeutic and toxicological specifications. (Lachman et al.,(1987),  Kulkarni et al., 

(2004). The purpose of stability testing is to provide evidence on how the quality of an active 

substance or pharmaceutical product varies with time under the influence of a variety of 

environmental factors such as temperature, humidity, and light. In addition, product-related 

factors influence the stability, e.g. the chemical and physical properties of the active 

substance and the pharmaceutical excipients, the dosage form and its composition, the 

manufacturing process, the nature of the container-closure system, and the properties of the 

packaging materials. Also, the stability of excipients that may contain or form reactive 

degradation products, have to be considered.  
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Stability of a drug has been defined as the ability of a particular formulation, in a 

specific container, to remain within its physical, chemical, therapeutic and toxicological 

specifications. 

Stress Testing: 

Stress testing of the active substance can help to identify the likely degradation 

products, which can in turn help establish the degradation pathways and the intrinsic stability 

of the molecule and validate the stability indicating power of the analytical procedures used. 

The nature of the stress testing will depend on the individual active substance and the type of 

pharmaceutical product involved. 

Storege Condition: 

In general, an active substance should be evaluated under storage conditions (with 

appropriate tolerances) that test its thermal stability and, if applicable, its sensitivity to 

moisture. The storage conditions and the lengths of studies chosen should be sufficient to 

cover storage, shipment, and subsequent use with due regard to the climatic zone(s) in which 

the active substance is intended to be stored. (Table 7.1) 

Table: Storage Condition 

Study Storage condition Minimum time period 

covered by data at 

submission 

Long term 25°C ± 2°C/60% RH ± 5% RH or 

30°C ± 2°C/65% RH ± 5% RH 

12 months 

Intermediate 30°C ± 2°C/65% RH ± 5% RH 6 months  

Accelerated 40°C ± 2°C/75% RH ± 5% RH 6 months 

In the present study, stability study was carried out (Enviornmental Test Chamber, 

Dolphin) at 40°C/75% RH for a period up to the 30 days of selected formulations (F3). The 
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selected formulation F3 was analyzed for the physical appearance, drug entrapment, floating 

behavior and in vitro release study.  

Table: Stability Studies of Floating microspheres formulation F3 

S.No. Storage 

Condition 

Time (Days) Physical Stability 

Colour State Odour 

1. Normal 

Condition 

Initial NCC 

 

NCC NCC 

2. Normal 

Condition 

One Week (7th Day) NCC NCC NCC 

3. Normal 

Condition 

Two Week (14th Day) NCC NCC NCC 

4. Normal 

Condition 

Three Week (21st Day) NCC NCC NCC 

5. Normal 

Condition 

Four Week (28th Day) NCC NCC NCC 

6. Stressed 

Condition 

Initial NCC 

 

NCC NCC 

7. Stressed 

Condition 

One Week (7th Day) NCC NCC NCC 

8. Stressed 

Condition 

Two Week (14th Day) NCC NCC NCC 

9. Stressed 

Condition 

Three Week (21st Day) NCC NCC NCC 

10. Stressed 

Condition 

Four Week (28th Day) NCC NCC NCC 

NC - Normal condition (e.g. room temperature 25ºC ± 2ºC) 

SC- Stress condition (40º± 5ºC, %RH- 70± 5) 

NCC – No Change 
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Table : Stability Study for Various Evaluation parameters 

S. 

No. 

Formulation Code Tested 

After Time 

(Days) 

% Drug 

Entrapment 

% Buoyancy %Cumulative 

Drug Release 

1. F3 Initial (0) 84.38±1.53 79.0 82.11 

2. F3 30 83.11±1.13 77.11 81.58 

 

Result and Discussion: 

Stability study was conducted for the prepared floating microspheres of formulation F3 at 

40°C/75% RH for a period of 30 days. The results of stability studies are shown in the Table 

7.2 & 6.3. There was no significant change observed in the physical appearance, drug 

entrapment, floating behavior and in vitro release study of the microspheres during the 

stability study time period. It may be due to the characteristics of excipients used in the 

formulation. The Stability study indicates that the developed formulation is stable at different 

environmental condition and can be stored at room temperature for long time. 

 

Conclusion: 

The floating microspheres were prepared successfully and remained buoyant for 12 hours. 

Microspheres of different sizes and improved drug entrapment efficiency were obtained by 

varying the drug:polymer ratio. The formulations showed good flow properties, suggesting 

that, in future they could be easily and successfully packed and developed into a capsule 

dosage form. Thus the prepared floating microspheres may be a potential candidate as a 

microparticulate controlled release drug delivery device. 
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