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Abstract: 

Floating microspheres prepared with enteric coated polymer successfully by the 

solvent diffusion method. Upon incorporation of the hydrophilic polymer such as 

HPMC in the shell of microspheres, the amount of drug release form microspheres 

could enhance. In vitro data obtained from floating microspheres of show Atenolol 

excellent float ability, good buoyancy and prolonged drug release. Floating 

microspheres different size and drug content could be obtained by varying 

formulation variable. Diffusion found to be the main release mechanisms. Thus the 

prepared floating microspheres may prove to be potential candidate for multiple-

unit delivery device adaptable to any intra gastric condition.  

The formulations were evaluated for various Micromeritic and characteristic 

studies. It increases the bioavailability dosage form with prolonged effect, hence 

improve the patient compliance. 

Ideal property of floating microspheres includes high buoyancy and sufficient 

release rate of drug. It is necessary to selected appropriate balance between 

buoyancy and release rate drug from all developing floating microspheres. 

F4formulation showed the best appropriate balance between buoyancy and release 

rate drug, which can be considered as a best fit floating microspheres. 

The designed system F4 floats in the stomach and prolonged the gastric residence 

time (GIT) providing sustained release action, in addition floating microspheres 

enable to increase the absorption rate, as it gradually sank in the stomach and 

arrived at the absorption site. The developed formulation overcomes the drawback 

limitation of sustained release preparation. Therefore multiple units floating  

system i.e., floating microspheres will be possibly beneficial for sustained action. 
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Introduction: 

Oral route of drug administration is the most convenient and widely accepted route of most 

therapeutic agents. Conventional drug delivery system achieves as well as maintains the 

drug concentration within the therapeutically effective range needed for treatment only 

when taken several times a day. Effective oral drug delivery may depend upon the factors 

such as gastric emptying process, gastrointestinal transit time of dosage form, drug release 

from the dosage form and site of absorption of drugs. 

Controlled release drug delivery systems that can be retained in stomach for long time are 

important for drug that are degraded in intestine or for drugs like antacids or certain 

enzymes that should act locally in the stomach. If the drugs are poorly soluble in intestine 

due to alkaline pH, gastric retention may increase solubility before they are emptied, 

resulting in improved gastrointestinal absorption of drugs with narrow absorption window 

as well as for controlling release of drugs having site specific absorption limitation. 

Normal gastric residence time usually range between 5 minutes and 2 hours. Migrating 

Myoelectric complex by four phase 1 period of no contraction (40-60 minutes), phase 2 

period of intermittent contraction (20-40 minutes), phase 3 period of regular at 

contraction at the maximal frequency that travel dist as distally also knows as housekeeper 

wave (10-20 minute) and phase 4 period of transition between phase 3 and phase 1(0-

5minute). 

Gastro retentive system can remain in the gastric region for several hours and hence 

significantly prolong the gastric retention improves bioavailability, reduces drug waste and 

improve solubility for drug that are less soluble in a high PH environment. It has 

application also for local drug delivery to the stomach and proximal small intestine. Slowed 

motility of the gastrointestinal tract by concomitant administration of drug or 

pharmaceutical excipients also increase gastric retention of drug these efforts results in 

GRDS that were designed in large part, based on the approaches 

Development of a successful oral controlled release drug delivery dosage form requires 

An understanding of three aspects: 
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1. The Anatomic and physiologic characteristic of gastrointestinal tract (GIT) 

2. Physiochemical, pharmacokinetic and Pharmacodynamic characteristic of the drug and 

3. Dosage form characteristics 

Orally administered drugs can be subject to both acid-base hydrolysis and enzymatic 

degradation. Degradation will proceed at a reduced rate for drugs in solid state therefore; 

this is the preferred composition of delivery for problem cases. For the dosage form that 

are unstable in stomach, systems that prolong delivery over entire course of transit in the 

GI tract are beneficial; this is also true for systems that delay release until the dosage form 

reaches the small intestine. Compounds that are unstable in small intestine may 

demonstrate decreased bioavailability when administered from a sustaining dosage form. 

This is because more drugs is delivered in the small intestine and, hence, is subject to 

degradation. Propentheline and probanthine are representative examples of such drugs. 

Floating drug delivery system (FDDS): 

Floating drug delivery systems (FDDS) were first described by Davis in 1968. These 

systems were used to prolong the gastric residence time of drug delivery systems. They 

remain buoyant in the stomach for prolonged period of time without affecting the gastric 

emptying rate of other contents. FDDS is suitable for drugs with an absorption window in 

the stomach or the upper small intestine, for drugs which act locally in the stomach and for 

drugs that are poorly soluble or unstable in the intestinal fluid. These systems help in 

continuously releasing the drug before it reaches the absorption window, thus ensuring 

optimal bioavailability. FDDS or hydrodynamically balanced systems have a bulk density 

lower than gastric fluid and thus remain buoyant in the stomach without affecting the 

gastric emptying rate for a prolonged period of time. Based on the mechanism of buoyancy, 

two distinctly different technologies, i.e. non-effervescent and effervescent systems, have 

been used in the development of FDDS. Many buoyant systems have been developed based 

on granules, powders, capsules, tablets, laminated films and hollow microspheres. These 

considerations have led to the development of oral floating dosage forms possessing gastric 

retention capabilities. Thus when a drug possesses a narrow absorption window design of 
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sustained release preparation requires both prolongation of gastrointestinal transit time of 

dosage forms and controlled drug release.  

Material and instrument 

Material used 

The flowing material was used for the research work. The entire chemical used was of best 

quality available.  

Material used for research work 

S.No Chemical Used Manufacturer 

 
1 

Atenolol IP Ipca Laboratories ltd 

 
2 

HPMC Yarrow chem. Products Mumbai 

 
3 

Ethyl cellulose Asha Cellulose (India) Pvt. Ltd,mumbai 

4 Acetone Satish Chemical India  

5 Ethanol PAB Organics Private Limited,Guj. 

6 Liquid paraffin Dwarkesh Pharmaceutical pvt ltd 

7 Spam-80 Mohini Organics Pvt. Ltd. 

8 n-hexane Avani Petrochem pvt ltd 
9 Methanol A.B.Enterprises 
10 0.1 n HCI R.L Chemical 

Instrument used 

The instrument used for research work were as follows 

Instrument research work 

Table -2 

 
S.No. 

                Instrument Manufacturer 
 

1 Uv spectrophotometric 1800 LABINDIA Analytical 
Instrument. 

 
2 

 
Usp type dissolution 

LABINDIA Analytical 
Instrument. 

 
3 

 
Optical microscopic 

Optica microscopic 
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4 

 
Electronic balance 

Shimadzu, Japan 

 
5 

 
Stirrer 

REMI, India 

 
6 

 
Sieve 

Excel Enterprises, Kolkata. 

EXPERIMENT WORK 

Experimental work 

Preformulation study 

  Spectrophotometer Analysis of Atenolol 

 100 mg of Atenolol is weight accurately and transfer to a 100 ml volumetric flask. And         

dissolve in minimum quantity of ethanol and make final volume with ethanol up to 100 ml. 

so as to obtain stock solution of 1000 µg/ml. From this stock solution, dilution of 10µg/ml 

is made with ethanol, and the sample is scan between 200 nm to 400 nm on a double beam 

UV/Visible spectrophotometer. Atenolol exhibit λmax at 225.5 nm. 

 Preparation of Calibration Curve in Ethanol:- 

A stock solution of Atenolol (100ug/ml) in ethanol is prepared by dissolving 25mg of drug 

25 ml in ethanol, To prepared the series of different conc. 20 ,40, 60, 80,100ug/ml were 

form the stock solution. This solution is taken at 225.5nm using ethanol blank solution. 
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Figure-1 Calibration curve of Atenolol in ethanol 

Preparation of calibration curve in 0.1NHCL:- 

A stock solution of Atenolol (100ug/ml) in 0.1NHCL is prepared by dissolving 25mg of drug 

25 ml in 0.1N Hcl, To prepared the series of different conc. 20 ,40, 60, 80, 100ug/ml  form 

the stock solution. This solution is taken at 225.5nm using 0.1NHCL blank solution. 

 

Figure-2 Calibration curve of Atenolol in 0.1N Hcl 

Preparation of calibration curve in water: 

A stock solution of Atenolol (1000µg/ml) in prepared by dissolving 25 mg of drug 25 ml in 

water, to prepared the series of different conc. 20, 40, 60, 80, 100µg/ml form the stock 

solution. This solution taken at 225.5 using water blank solution 
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Figure-3 Calibration curve of Atenolol in water 

Drug Excipient Compatibilities: 

Thin Layer Chromatographic Studies 

In order to examine the possibility of interaction between drug and excipient thin layer 

chromatographic studies were performed. A plate of silica gel G was activated at 105°C for 

1 hour and used. The metabolic solution of drug alone, the aqueous solution of hydrotropic 

solution as well as solubilized product of Atenolol different solution were spotted on the 

base line with the aid of micro dropper. Then, the plate was left in air for 10 min to dry and 

transferred to a solvent jar saturated with solvent system composed of mixture of 

methanol and ammonia solution (99:1 v/v/v). The solvent system was allowed to run for 

about 4 cm. Finally, the plate was transferred to an oven maintained at temperature 80oC 

for 5 min and observed then, it was under UV light for visualization of spots. The respective 

RF values were determined and recorded. 

Melting point 

The melting  point of determined by open capillary method using thiel’tube. Drug in packed 

capillary. The average of three values is taken as the melting point of drug.   

EVALUATION OF POWDER MIXTURE: 

1. Angle of Repose:  

The angle of repose of powder was determined by the funnel method. The accurately 

Weighed powder was taken in a funnel. The height of the funnel was adjusted in such a way 
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that the tip of the funnel just touched the apex of the heap of the powder. The powder was 

allowed to flow through the funnel freely onto the surface. The diameter of the powder 

cone was measured and angle of repose was calculated using the following equation: 

tan θ=h/r 

Where, h = Height of power cone, and, r = Radius of the power cone 

2. Poured Density & Tapped Density:  

Both poured density and tapped density were determined. A quantity of 2 g of powder 

from each formulation, previously lightly shaken to break any agglomerates formed, was 

introduced into a 10-mL measuring cylinder. After the initial volume was observed, the 

cylinder was allowed to fall under its own weight onto a hard surface from the height of 2.5 

cm at 2-second intervals. The tapping was continued until no further change in volume was 

noted. Poured & tapped densities were calculated using the following formulas: 

Poured Density = Weight of powder/bulk volume of the packing 

Tapped Density = Weight of the powder/tapped volume of the packing 

3. Carr’s Index and Hausner’s Ratio:  

Compressibility index and Hausner’s ratio has become the simple, fast, and popular 

Methods of predicting powder flow characteristics. The compressibility index and the 

Hausner’s ratios were determined by measured both the bulk density and the tapped 

density of a powder. 

The compressibility index and Hausner’s ratio was calculated as follows: 

Where, 

C= Compressibility index, 

H= Hausner’s ratio, 

ρB=Bulk density, 

ρT= Tapped density. 
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6.3 Preparation of floating microspheres of Atenolol 

Floating microspheres containing Atenolol was prepared using solvent evaporation 

method. The drug to polymer ratio to used to prepare a different formulation. The polymer 

content was mixture of ethyl cellulose and HPMC KM4. The drug polymer mixture is 

dissolve in mixture of ethanol and acetone (1:1) was dropped in tween-80, the mixture 

adds the 50 ml liquid paraffin. The solution was stirrer with a propeller- type agitator at 

40°C temp. For 1h at 300 rpm. The form floating microspheres passage the sieve and wash 

with n-hexane and dried at room temperature. The various batch floating microspheres 

were prepared as follows 

Table -3 

Formulation of floating microspheres prepared  

  
S.No 

 
Formulation 
code 

 
Atenolol (mg) 
 

 
HPMC (mg) 

 
Ethyl cellulose 
(mg) 

1 A1 500  1000  - 

2 A2 500  500  500  
3 A3 500  700  300  
4 A4 500  300  700  

5 A5 500  - 1000  

6 A6 500  900  100  

7 A7 500  100  900  
8 A8 500  200  800  
9 A9 500  800  200  
10 A10 500  600  400  
11 A11 500  400  600  

Evaluation of Floating Microspheres 

   Particles size analysis: 

Particles size analysis play important role in determine the release characterize and 

floating properties. The size of floating microspheres was measured by using optical 

microscopy.   

 Floating behavior of floating microspheres 
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100 mg of the floating microspheres were placed in 0.1N Hcl (300 ml) containing 0.01% of 

tween-80. The mixture was stirrer with paddle at 100rmp. The layer of buoyant 

microspheres was pipette and separated by filtration at 1, 2, 3, 4, and 6h. The collected the 

microspheres were dried in desiccators over night. The percentage of microspheres was 

calculated by using this equation. 

                                                                       weight of floating microsphere 
              % Floating microsphere     =          -----------------------------------------------------------×100 
                                                                       Initial weight of floating microspheres 

 Drug Entrapment: 

The various formulation of the floating microspheres were subject to drug content 50 mg 

floating microspheres form all batches were accurately weighed and cursed. The powdered 

of microspheres were dissolved with 10 ml ethanol in 100 ml volumetric flask and makeup 

the volume with 0.1N HCL. This resulting solution is than filtrated through whatmann filter 

paper. After the filtration, form this solution 10ml was taken out and diluted up to100 ml 

with 0.1N HCL and the absorption was measured at 225.5 nm against 0.1N HCL as a blank 

The percentage drug entrapment was calculated as follow                                         

                                               calculated drug concentration 

% Drug entrapment =   -------------------------------------------------- × 100 

                                               Theoretical drug concentration 

 Percentage yield: 

     The prepared floating microspheres were collected and weight form different 

formulation.   The measured weight was divided by the total amount of all non volatile 

components which were used for the preparation of the floating microspheres 

                                                 Actual weight of product 

                          % yield   =    -------------------------------------- × 100 

                                                  Total of drug and polymer 

 Determination of tapped density: 

 It is the ratio between a given mass of floating microspheres and its volume after 

tapping.  Tapped density of floating microspheres was determined by the tapping 
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method. Accurately weighed quantity of floating microspheres was transferred in to a 

10 ml measuring cylinder. After observing the initial volume floating microspheres, the 

tapping was continued on a hard surface until no further change in volume was noted 

and the tapped density was calculated according to following formula.   

                                                               Mass of floating microspheres 

    Tapped density =            ------------------------------------------------------------------------ × 100 

                                                       Volume of floating microspheres after tapping 

 Percentage compressibility index: 

The same tapping method was used to determine percentage compressibility index. The 

percentage compressibility index was calculated according to following formula. 

 % compressibility index = {1-V/V0} 

Where V and V0 are the volume of the sample after and  before the standard tapping 

respectively.    

 Angle of repose: 

The flow property of floating microspheres is usually assessed y determining the angle of 

repose of the floating microspheres. It is the maximum the angle that can be obtain 

between the free floating surface of floating microspheres heap and horizontal plane. The 

angle of repose of floating microspheres was determined by fixed funnel method. The 

floating microspheres were allowed to fall freely through a funnel unit apex a conical pile 

just touch the tip of the funnel   

 In-vitro release studies: 

The drug release rate form floating microspheres was carried out using the USP type II 

dissolution paddle assembly. A weight amount of floating microspheres equivalent to 100 

mg drug were dispersed in 900ml of 0.1N HCL (PH 1.2) maintained at 37°C and stirrer in 

100rpm. 1 ml sample was withdraw at predetermined interval and filtered and equal 

volume of dissolution medium was replace in the vessel after each withdraw to maintain 

sink condition, the collect sample were suitably diluted with 0.1N HCL and analyzed 
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spectrophotometrically at 225nm to determine the concentration of drug present in the 

dissolution medium.        

 Shape and surface characterization of floating microspheres of scanning 

electron microscopy: 

Form the formulated batch the floating microspheres formulation which showed an 

appropriate balance between the buoyancy and the percentage release were examined for 

surface morphology and shape using electron microscopy. Sample was fixed in carbon tape 

and fine gold shuttering was applied in a high vacuum evaporator. The acceleration voltage 

was set at 30KV during scanning electron microscopy was used surface morphology. 

RESULTS AND DISCUSSION 

Results and Discussion 

Table4: Calibration curve of Atenolol in ethanol 

S.No      Concentration µg/ml Absorption at (255nm) 

1 20 0.149 
2 40 0.255 
3 60 0.359 
4 80 0.501 
5 100 0.604 
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Figure-4 Calibration curve of Atenolol in ethanol 

Table -5 Calibration curve of Atenolol in 0.1N Hcl 

S.No. Concentration µg/ml Absorption nm 

1 20 0.145 

2 40 0.267 

3 60 0.389 

4 80  0.490 

5 100 0.618 

 

Calibration curve of Atenolol in 0.1N Hcl 

 

Figure-5 Calibration curve of Atenolol in 0.1N Hcl 

Table-6 Calibration curve of Atenolol in water 

S.no Concentration µg/ml Absorption nm 
1 20 0.203 
2 40 0.312 
3 60 0.434 
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4 80 0.556 
5 100 0.676 

Calibration curve of Atenolol in water 

 

Figure-6 Calibration curve of Atenolol in water 

 

Thin layer chromatography results: In order to examine the possibility of interaction 

between drug and excipient thin layer chromatographic studies were performed. A plate of 

silica gel G was activated at 105°C for 1 hour and used. The metabolic solution of drug 

alone, the aqueous solution of hydrotropic solution as well as solubilized product of 

Atenolol different solution were spotted on the base line with the aid of micro dropper. 

Then, the plate was left in air for 10 min to dry and transferred to a solvent jar saturated 

with solvent system composed of mixture of methanol and ammonia solution (99:1 v/v/v). 

The solvent system was allowed to run for about 4 cm. Finally, the plate was transferred to 

an oven maintained at temperature 80oC for 5 min and observed then, it was under UV light 

for visualization of spots. The respective RF values were determined and recorded. 

Table- 7 Thin layer chromatograph results 

S.no Atenolol and polymer 0 day (Rf) 14 day (Rf) 
1 Atenolol 0.5 - 
2 Atenolol+ HPMC 0.51 0.5 
3 Atenolol+ EC 0.46 0.43 
4 Atenolol+HPMC+EC 0.48 0.46 
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Solubility 

Soluble in ethanol, methanol 

Sparingly soluble in water 

Slightly soluble in acetone 

7.2 Evaluation of floating microspheres 

 Particles size analysis: 

Particles size was determined by optical microscopy method. It play important role in 

floating ability and release drug form microspheres. If size of microspheres is less than 

500µ release rate of drug will be high and floating ability will reduced, while microspheres 

ranging between 500µ-1000µ, the floating ability will be more and release rate will be 

sustained manner.  

The mean particles size of floating microspheres was in range 609-874µm show in table. 

Table -8 Mean particles size of different batch of floating microspheres 

S.No. Formulation code Mean particles size µm 
1 A1 874±5 
2 A2 854±5 
3 A3 836±5 
4 A4 794±5 
5 A5 776±5 
6 A6 769±5 
7 A7 754±5 
8 A8 734±5 
9 A9 698±5 
10 A10 643±5 
11 A11 609±5 

Percentage yield 

Percentage of different formulation was determined by weighing microspheres after 

drying. The percentage yield of different formulation was in range of 54.82-95.86% as 

show table 

Table -9 Percentage yield of different formulation of floating microspheres 
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Formulation code Percentage yield (%) 
A1 95.86±10 
A2 93.98±10 
A3 91.09±10 
A4 82.87±10 
A5 78.53±10 
A6 76.47±10 
A7 71.56±10 
A8 69.31±10 
A9 66.03±10 
A10 56.84±10 

A11 54.35±10 

Tapped density 

Tapped density was determined by tapping method. The tapped density of value of 

different microsphere range form 0.234- 0.523 gm/cm as show table. The density value of 

microspheres were less than the density of gastric fluid, thereby, it will have good 

buoyancy property in the stomach. 

Table -10 Tapped density of different formulation of floating microspheres in 

Atenolol 

S.No Formulation code Tapped 
density(gm/cm) 

1 A1 0.234±0.05 
2 A2 0.245±0.05 
3 A3 0.256±0.05 
4 A4 0.267±0.05 
5 A5 0.279±0.05 
6 A6 0.298±0.05 
7 A7 0.374±0.05 
8 A8 0.398±0.05 
9 A9 0.432±0.05 
10 A10 0.489±0.05 
11 A11 0.523±0.05 

Percentage compressibility index 

The determined by same tapping method and its range is 7.89- 19.43% as show in table. 

The percentage compressibility index value less than 20 for all formulation suggested 

excellent flow property.   
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Table – 11% Compressibility index for different formulation of floating 

microspheres 

S.No Formulation code % compressibility index 
1 A1 7.89±0.5 
2 A2 8.39±0.5 
3 A3 9.77±0.5 
4 A4 10.46±0.5 
5 A5 11.63±0.5 
6 A6 12.49±0.5 
7 A7 14.56±0.5 
8 A8 16.04±0.5 
9 A9 17.68±0.5 
10 A10 18.34±0.5 
11 A11 19.43±0.5 

 

Angle of repose 

Angle of repose of microspheres was determined by funnel fixed method. Angle of repose 

of microspheres was in range of 23°.67- 39°.87 as show in the table. All formulation show 

excellent flow ability as represented in term of angle of repose (<40°). 

Table 12 Angle of repose of different formulation of floating microspheres 

S.No Formulation code Angle of reposes 
1 A1 23°.67±5 
2 A2 24°89±5 
3 A3 25°39±5 
4 A4 27°.89±5 
5 A5 29°.68±5 
6 A6 31°.87±5 
7 A7 33°65±5 
8 A8 34°23±5 
9 A9 35°.54±5 
10 10 37°41±5 
11 A11 39°87±5 

Drug entrapment 

The drug entrapment efficiency of different formulation was in range of 41.18- 76.19% as 

show in table. the drug entrapment efficiency slightly decrease with increase HPMC content 

and decrease ethyl cellulose ratio in microspheres. This is due to the permeation 



Panacea Journal of Pharmacy and Pharmaceutical Sciences 2015:4(3);654-679 

         International Journal 

 

671 

 

characteristics of HPMC that could facilitate the diffusion of part of entrapped drug to 

surrounding medium during preparation of floating microspheres.    

Table 13 Drug entrapment of different formulation of floating microspheres 

S.No Formulation code Drug entrapment (% 
w/w) 

1 A1 76.19±10 

2 A2 70.59±10 
3 A3 66.23±10 
4 A4 64.76±10 
5 A5 62.01±10 
6 A6 60.54±10 
7 A7 58.90±10 
8 A8 56.67±10 
9 A9 50.23±10 
10 A10 48.72±10 
11 A11 41.14±10 

Floating behavior of floating microspheres 

Floating microspheres were disperse in 0.1N Hcl containing tween-80 simulate gastric 

fluid. Floating ability of different formulation were found of be differed according to ethyl 

cellulose and HPMC ratio, F1 to F5 formulation show best ability in 6 hours. F6 to F12 show 

the less floating ability as show in the table.  

Table -14 Percentage buoyancy of different formulation 

Formulation 
code 

1 hour 2 hour 4 hour 6 hour 

 
F1 

 
98.41±5 

 
97.08±5 

 
95.23±5 

 
91.49±5 

 
F2 

 
98.11±5 

 
96.58±5 

 
92.17±5 

 
87.34±5 

 
F3 

 
99.02±5 

 
95.92±5 

 
88.23±5±5 

 
585. 02±5 

 
F4 

 
98.87±5 

 
95.45±5 

 
85.30±5 

 
78.45±5 

 
F5 

 
98.72±5 

 
92.89±5 

 
78.49±5 

 
72.87±5 

 
F6 

 
98.45±5 

 
91.49±5 

 
73. 63±5 

 
70.56±5 
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F7 98.12±5 86.87±5 66.21±5 68.13±5 
 
F8 

 
88.65±5 

 
75.49±5 

 
65. 10±5 

 
66.23±5 

 
F9 

 
78.34±5 

 
72.05±5 

 
56.04±5 

 
57.87±5 

 
F10 

 
74.11±5 

 
71.44±5 

 
54.98±5 

 
47.81±5 

 
F11 

 
70.32±5 

 
69.23±5 

 
52.23±5 

 
38.14±5 

 

SUMMARY 

Summary 

The present study of floating microspheres of Atenolol prepare by solvent diffusion method 

by using ethyl cellulose and HPMC as a polymer. If size of floating microspheres is less than 

500 µm release rate of drug will be high and floating ability will reduce, while floating 

microspheres ranging between 500 µm – 1000 µm, the floating ability will be more and 

release rate will be sustained manner. Mean particles size range for all formulation was 

varied from 609 to 879 µ due to change drug and polymer ratio.  

Drug entrapment for all formulation was is range found is range 41.32 to 76.19% w/w and 

its efficiency slight decrease with increase the HPMC content. When distribution 

coffeicency was high efficiency of drug entrapment in to microspheres was evaluated. This 

phenomenon was due to the lack of retention of drug with low distribution coefficient in 

the emulsion droplet aqueous solution during the process, which led to reduced 

entrapment of drug in to microspheres. 

Tapped density values for all formulation were less than that of gastric fluid suggested that 

its exhibit good buoyancy. Buoyancy of the floating microspheres decrease with increase 

drug release. The floating ability pattern different according to the formulation test and 

medium used.F4 gave the best floating ability in all medium. As evidenced by the 

percentage of particles float at different time interval. This can mainly due to its low bulk 

density value opting before and after tapping. All formulation showed excellent flow ability 

as represent in the term of angle of repose (<40) due to the different polymer ratio. Angle 

of repose in range of (25°. 39°, 37°.72) all formulation show excellent flow ability (<40°). 
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Shape of floating microspheres was found to be spherical by SEM study. Small cavity 

represent a surface, which may due to solvent evaporation process, the microspheres were 

float long time over the surface of the dissolution medium without any apparent gelatin 

which is responsible for floating ability. Surface morphology surface of formulation F4 

exhibited a smooth surface of floating microspheres. 

Ideal property of  floating microspheres include high buoyancy and sufficient release of 

drug in 0.1N HCL percent drug release rate of F1, F2, F3, formulation in 12 hours. This is 

slow and incomplete drug release.  

In Odour the increase the percent drug release rate, the ratio of decrease and increase 

respectively. Formulation F5, F6, F7 formulation show high rate release in 10 hours and F8, 

F9, F10 formulation show high rate release in 12 hours and less buoyancy. Formulations F4 

show best rate release and best buoyancy 99.12% in 12 hours. This considered as best 

formulation. Form the formulated batch the floating microspheres formulation which 

showed an appropriate balance between the buoyancy and the percentage release were 

examined for surface morphology and shape using electron microscopy. Sample was fixed 

in carbon tape and fine gold shuttering was applied in a high vacuum evaporator. The 

acceleration voltage was set at 30KV during scanning electron microscopy was used 

surface morphology. 

CONCULSION 

Drug absorption in the GIT is a highly variable process, prolonging gastric retention of the 

dosage form and extended the time of drug absorption. Floating microspheres prepared 

with enteric coated polymer successfully by the solvent diffusion method. Upon 

incorporation of the hydrophilic polymer such as HPMC in the shell of microspheres, the 

amount of drug release form microspheres could enhance. In vitro data obtained from 

floating microspheres of show Atenolol excellent float ability, good buoyancy and 

prolonged drug release. floating microspheres different size and drug content could be 

obtained by varying formulation variable. Diffusion found to be the main release 

mechanisms. Thus the prepared floating microspheres may prove to be potential candidate 

for multiple- unit delivery device adaptable to any intra gastric condition.    
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The formulations were evaluated for various Micromeritic and characteristic studies. It 

increases the bioavailability dosage form with prolonged effect, hence improve the patient 

compliance. 

Mean particles size for all formulations were varied. Due to change drug and polymer ratio. 

Drug entrapment efficiency slightly decreases with increase the HPMC content. Tapped 

density value for all formulation were less than of that of gastric fluid, suggests that good 

buoyancy. Angle of repose (<40°) for all formulation shows excellent flow ability. 

Drug release pattern was evaluated in 0.1N HCL release rate of F1, F2, F3, formulation were 

found to be slow and incomplete in dissolution medium. In order to increase the release 

rate of drug the ratio of ethyl cellulose and HPMC is increase. 

Ideal property of floating microspheres includes high buoyancy and sufficient release rate 

of drug. It is necessary to selected appropriate balance between buoyancy and release rate 

drug from all developing floating microspheres. F4formulation showed the best 

appropriate balance between buoyancy and release rate drug, which can be considered as a 

best fit floating microspheres. 

The designed system F4 floats in the stomach and prolonged the gastric residence time 

(GIT) providing sustained release action, in addition floating microspheres enable to 

increase the absorption rate, as it gradually sank in the stomach and arrived at the 

absorption site. The developed formulation overcomes the drawback limitation of 

sustained release preparation. Therefore multiple units floating system i.e., floating 

microspheres will be possibly beneficial for sustained action. 

When it is been formulated in large scale, formulation will be economical, due to its easy of 

preparation and good buoyancy due to the polymer used in formulation.      
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