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Microspheres are characteristically free flowing powders consisting of proteins 
or synthetic polymers having a particle size ranging from 1-1000 µm. There are 
various approaches in delivering a therapeutic substance to the target site in a 
sustained controlled release fashion. One such approach is using microspheres 
as carriers for drugs also known as microparticles. Objective behind the 
preparation of microspheres were to increase the residence time in stomach 
with lesser direct contact with gastric mucosa. Formulations were prepared by 
emulsion-solvent evaporation method using a mixture of HPMC and Ethyl 
Cellulose was dissolved in 50ml of acetone to form a homogenous polymers 
solution. The prepared ketoprofen microspheres were discrete and free flowing 
and indicated that the concentration of polymer, stirring rate significantly 
influenced the formation of microspheres and ketoprofen entrapment while 
concentration of the polymer have a significant positive impact on ketoprofen 
release over a period of 12 hours and the stirring rate have minimal effect on the 
drug release. Microspheres revealed the absence of drug-polymer interactions. 
Scanning electron microscopy study revealed that the microspheres were 
spherical and porous in nature. 

Key words: Microspheres, Ketoprofen, ethyl cellulose, HPMC, and solvent 
evaporation. 
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INTRODUCTION 
Microspheres are small spherical particles, with diameters 
in the micrometer range (typically 1 μm to 1000 μm). 
Microspheres are sometimes referred to as microparticles. 
Microspheres can be manufactured from various natural 
and synthetic materials. Glass microspheres, polymer 
microspheres and ceramic microspheres are commercially 
available. Solid and hollow microspheres vary widely in 
density and, therefore, are used for different applications. 
Hollow microspheres are typically used as additives to 
lower the density of a material [1-2]. Solid microspheres 
have numerous applications depending on what material 
they are constructed of and what size they are 
Polyethylene and polystyrene microspheres are two most 
common types of polymer microspheres. Polystyrene 
microspheres are typically used in biomedical applications 
due to their ability to facilitate procedures such as cell 
sorting and immuno precipitation [3]. Proteins and ligands 
adsorb onto polystyrene readily and permanently, which 
makes polystyrene microspheres suitable for medical 
research and biological laboratory experiments. 
Polyethylene microspheres are commonly used as 
permanent or temporary filler. Lower melting temperature 
enables polyethylene microspheres to create porous 
structures in ceramics and other materials [4-5]. 
 
 

 
 
Objective behind the preparation of microspheres were to 
increase the residence time in stomach with lesser direct 
contact with gastric mucosa. Formulations were prepared 
by emulsion- solvent evaporation method using a mixture 
of HPMC and Ethyl Cellulose was dissolved in acetone to 
form a homogenous polymers solution and all the 
prepared formulations were further evaluated by various 
techniques. 

 
MATERIAL AND METHODS 
Procurement of Drug and other Chemicals 
Ketoprofen was collected as a gift sample  from Zydus 
Cadila, Mumbai, India and various polymers like Ethyl 
Cellulose, HPMC, carbopol and some other materials like 
Liquid Paraffin, span 80 and acetone were purchased from 
Central Drug Store [P] Ltd. (CDH), Mumbai, India. 
 
Preparation of Ketoprofen Microspheres: 
Emulsification Solvent Evaporation 
Accurately weighted amount of the polymers carbapol, 
HPMC and Ethyl Cellulose as shown in table 1 were 
dissolved in 50ml of acetone to form a homogenous 
polymers solution. Ketoprofen was then dispersed in it and 
mixed thoroughly. This organic phase containing drug was  
Slowly   poured   at   150°C   into   liquid   paraffin (50 ml)  
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containing 1% (w/w) of Spam-80 with stirring at 1000 
rpm to form a uniform emulsion. Thereafter, it was 
allowed to attain room temperature and stirring was 
continued until residual acetone evaporated and smooth-
walled, rigid and discrete microspheres were formed. The 

microspheres were collected by decantation and the 
product was washed with petroleum ether or n-hexane 
and dried at room temperature for 3 hrs. The 
microspheres were then stored in a desiccators over fused 
calcium chloride. 

 

Table 1: Formulation design of Ketoprofen Microspheres using different polymer concentrations 
 

Sr. No Ingredients Formulation code 

  F1 F2 F3 F4 F5 F6 

1 Drug (mg) 200 200 200 200 200 200 

2 Ethyl Cellulose (mg) 800 - - 400 400 - 

3 Hydroxy propyl methyl 
cellulose  (mg) 

- 800 - 400 - 400 

4 Carbopol (mg) - - 800 - 400 400 

5 Liquid Paraffin (ml) 50 50 50 50 50 50 

6 Span 80 (ml) 1 1 1 1 1 1 

7 Acetone (ml) 50 50 50 50 50 50 

 
CHARACTERIZATION OF MICROSPHERES 
Microsphere morphology and size analysis  

Particle size 
All the microspheres were evaluated with respect to their 
size and shape using optical microscope fitted with an 
ocular micrometer and a stage micrometer. The particle 
diameters of more than 100 microspheres were measured 
randomly by optical microscope. The average particle size 
was determined using the Edmondson’s equation [6]. 

 

                                       
 Where n = No. of microspheres observed,  
 d = mean size range 
 
Determination of shape and surface morphology  

The shape and surface morphology [6] of the microspheres 
was studied by using scanning electron microscope. 
Microspheres were discrete, uniform and spherical with a 
smooth surface. The smooth surface of the microspheres 
can be attributed to the slow solvent evaporation and slow 
precipitation of polymers during formation of w/o type of 
emulsion. 
Drug content and Entrapment efficiency 
The drug content [7] and entrapment efficiency [8] of 
prepared microsphere was determined by method of 
extraction of drug present in microsphere. The dried 
microspheres (200 mg) were taken and extracted in 100 
mL of 0.1N HCl (pH 1.2) for 24 hours. Then the dispersion 
of microspheres was sonicated for 30 min and the solution 
was filtered through a 0.45 μm filter. The concentration of 
drug present in filtrate determined spectrophotometrically 
at 272 nm. Each determination was made in triplicate. The 
drug content and entrapment efficiency of prepared 
microsphere was determined by putting value in given 
below formula. 

     

                                              
 
Swelling Index 

Swelling index [9] was determined by measuring the 
extent of swelling of microspheres in the given buffer. To 
ensure the complete equilibrium, exactly weighed amount 
of microspheres were allowed to swell in given buffer. The 
excess surface adhered liquid drops were removed by 
blotting and the swollen microspheres were weighed by 
using microbalance. The hydrogel microspheres then dried 
in an oven at 60° for 5 h until there was no change in the 
dried mass of sample. The swelling index of the 
microsphere was calculated by using the formula 

A= (Ws –Wo)/ Wo 
 Where a= degree of swelling  
Ws =weight of microspheres after swelling  
Wo = weight of microspheres before swelling 
 
In Vitro drug release 
To carry out In Vitro drug release [10], accurately weighed 
50 mg of loaded microspheres were dispersed in 
dissolution fluid in a beaker and maintained at 37±2° C 
under continuous stirring at 100 rpm. At selected time 
intervals 5 ml samples were withdrawn through a 
hypodermic syringe fitted with a 0.4 μm Millipore filter 
and replaced with the same volume of pre-warmed fresh 
buffer solution to maintain a constant volume of the 
receptor compartment. The samples were analyzed 
spectrophotometrically. The released drug content was 
determined from the standard calibration curve of given 
drug.
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Percentage Yelid 

The total amount of microspheres obtained was weighed 
and the percentage yield [11] was calculated taking into 
consideration the weight of drug and polymer. 

                                       

RESULT & DISCUSSIONS 
Particle size of all the formulations were depicted in table 
2 and it was in the range of 289.43 ± 9.305 to 385.95 
±6.999. Particle size of F1 formulations was larger and F6 
microsphere was smaller among all the prepared 
formulations.

Table 2: Average Particle Size of Ketoprofen Microspheres 
 

SR NO. Formulation Code Average Particle Size (µm)  
Mean ± SD* 

1 F1 385.95 ± 6.999 

2 F2 321.55 ± 5.036 

3 F3 345.90 ± 4.987 

4 F4 340.08 ± 8.475 

5 F5 309.94 ± 6.953 

6 F6 289.43 ± 9.305 

                                *Standard deviation (n = 3) 
 
Scanning electron micrographs of formulation F5 are 
shown in figure 1, which indicated that the microspheres 
were discrete, uniform and spherical with a smooth 
surface. The smooth surface of the microspheres can be 

attributed to the slow solvent evaporation and slow 
precipitation of polymers during formation of w/o type of 
emulsion. 

 

 
 

Figure 1: SEM Photograph of Ketoprofen Microspheres (F5) 
 

  
The values for entrapment efficiency and drug loading are 
shown in Table 3 for microspheres. Drug loading and 
entrapment efficiency was higher for F1 & F3 
formulations; which was prepared with ethyl cellulose and 
carbopol respectively. Increase in the molecular weight of 
the polymer increases the encapsulation efficiency of the 

microspheres due to formation of more intact matrix 
network. Moreover, it was noted that stirring rate had no 
significant effect on the entrapment efficiency. The relative 
entrapment efficiency and drug loading of all the 
formulations is depicted in Figure 2 and 3. 
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Table 3: Percent drug loading and percent entrapment efficiency of prepared formulations 

 

Formulation Abs at 
247nm 

Theoretical 
content (mg) 

Actual content 
(mg) 

% Drug 
Loading 

% Entrapment 
Efficiency 

F1 0.096 200 183.72 22.28 90.86 
F2 0.091 200 166.71 19.21 80.35 
F3 0.095 200 180.131 21.79 89.06 
F4 0.086 200 164.22 19.76 81.11 
F5 0.089 200 168.675 20.22 85.26 
F6 0.083 200 163.32 20.16 79.66 

 
 
 

 
 

Figure 2: Percent Drug Loading of F1 to F6 
 
 

 
 

Figure 3: Percent Entrapment Efficiency of F1 to F6 
 

 

 

The values of degree of swelling are shown in Table 4 and 
figure 4 for all the prepared microspheres. Degree of 

swelling was higher for F1 & F3 formulations; which was 
prepared with ethyl cellulose and carbopol respectively.  
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Table 4: Degree of swelling of Ketoprofen Microspheres 

 

Sr. No. Formulation Code Degree of Swelling 

1 F1 1.63 
2 F2 1.16 
3 F3 1.61 
4 F4 1.10 
5 F5 1.57 
6 F6 1.03 

*Standard deviation ( n = 3) 

 
Figure 4: Degree of swelling of Ketoprofen Microspheres 

 

The cumulative percent drug released was 
represented in table 5 and figure 5 & 6 of all the 
prepared formulations. Among all of these 
microspheres F1 and F3 was shown highest drug 
released in the period of 12 hours. The present study 
includes development of floating microspheres of EC, 
carbopol and HPMC using various solvents. These 
prepared microspheres of ketoprofen showed better 

encapsulation efficiencies and prolonged drug 
release. The microspheres exhibited good floating 
capability and may be retained in the stomach for 12 
hrs. From the all six formulations formulation F6 
shows sustain release (79.35) in 12 hours which is 
the best formulation among all the formulations. 
Thus these floating microspheres may prove to be 
good candidates for gastro retentive dosage systems. 

 
Table 5: In vitro release data of Ketoprofen microspheres (pH 1.2) 

 

Sr. No. Time (h) % Cumulative drug released 

F1 F2 F3 F4 F5 F6 
1 0 0 0 0 0 0 0 

2 0.5 20.9 14.89 16.55 15.12 16.74 13.59 

3 1 33.9 21.23 28.9 20.03 26.64 18.69 

4 2 41.12 34.24 38.49 31.97 35.67 29.24 

5 3 44.93 38.89 42.68 35.95 41.73 34.24 

6 4 49.55 43.37 49.13 41.85 46.66 39.2 

7 5 57.29 50.58 53.92 48 52.08 45.78 

8 6 59.66 52.86 56.29 51.56 55 49.44 

9 7 66.08 57.89 62.5 57.87 62.27 55.67 

10 8 72.48 61.24 69.61 60.41 63.46 59.55 

11 9 77.99 69.89 74.79 66.96 72.55 66.89 

12 10 83.55 72.61 79.33 71.68 74.66 69.69 

13 11 90.87 78.79 85.46 78.38 82.25 76.64 

14 12 96 83.55 90.34 82.56 85 79.35 
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Figure 5: Percent drug release of F1, F2, and F3 
 

 

 
 

Figure 6: Percent drug release of F4, F5, and F6 
 
  

The percentage yields [10-11] of microspheres prepared 
by emulsion-solvent evaporation method were found to be 
between 85.12 ± 1.72 to 91.44 ± 1.36% as shown in Table 
6. It was found that production yield of microspheres 
prepared by HPMC K15 M (F2) was greater than carbopol 
974P NF. The probable reason behind this may be the high 
viscosity of the carbopol solution which decreased its 

syringe ability resulting in blocking of needle and wastage 
of the drug- polymer solution which ultimately decreased 
the percentage yields of microspheres. Another reason for 
that may be the agglomeration and sticking of polymer to 
blades of stirrer and to the wall of the beaker during 
microsphere formation. 

 
Table 6: Percentage yield of prepared microspheres 

 

Formulation % Yield ± SD* 

F1 86.22 ± 1.44 
F2 91.44 ± 1.36 
F3 86.46 ± 1.24 
F4 87.42 ± 1.54 
F5 87.70 ± 1.56 
F6 85.12 ± 1.72 
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Figure 7: Percentage yield of prepared microspheres 
 

 

CONCLUSION 

The present study includes development of floating 
microspheres of EC, carbopol and HPMC using 
various solvents. These prepared microspheres of 
ketoprofen showed better encapsulation efficiencies 
and prolonged drug release. The microspheres 
exhibited good floating capability and may be 
retained in the stomach for 12 hrs. From the all six 
formulations formulation F6 shows sustain release 
(79.35) in 12 hours which is the best formulation 
among all the formulations. Thus these floating 
microspheres may prove to be good candidates for 
gastro retentive dosage systems. 
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