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INTRODUCTION 

The concept of the advanced drug delivery systems, 

especially those offering sustained and controlled 

action of drug to desired area of effect attained great 

appeal for nearly half a century. However, prior to 

advent of improved alternative methods drug 

delivery system were considered only as a means of 

getting the drug into patient’s body. 

Actual practice of controlled release began with 

advent of timed release coating to the pills or solid 

drug particles in order to mask their unacceptable 
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taste or make them more palatable. The process of 

targeting and site specific delivery with absolute 

accuracy can be achieved by attaching bioactive 

molecule to liposomes, bio erodible polymer, 

implants, monoclonal antibodies and various 

particulate carriers (e.g.) Nano particles and 

microspheres. The micro particulate delivery 

systems are considered and accepted as a reliable 

means to deliver the drug to the target site with 

specificity micron size. 

The term microspheres is defined as a spherical 

particles with diameters in the micrometer range 

typically 1mm to 1000µm (1mm) containing a core 

substance. Microspheres are in strict sense, 

spherical empty particles. The microspheres are 

characteristically free flowing powders consisting 

of proteins or synthetic polymers which are 

biodegradable in nature and ideally have a particle 

size less than 200nm. Solid biodegradable 

microspheres incorporating a drug dispensed as 

dissolved throughout particle matrix bare the 

potential for the controlled release of drugs. These 

carriers receive much attention not only for 

prolonged release but also for the targeting of the 

anticancer drugs to the tumors. 

Doxorubicin Hydrochloride 

In 1950 an Italian research company Farmitalia 

Research Laboratories began an organized effort to 

find anticancer compound from solid based 

microbes. A solid sample was isolated from the area 

surrounding the casel Del Monte a 13th Century 

Castle. A new strain of streptomyces peucetius 

which produced a red pigment was isolated and an 

antibiotic from this bacterium was effective against 

tumor in mice. The researchers named the 

compound Daunorubicin containing the name 

Dauni a pre-Roman tribe that occupied the area of 

Italy where the compound was isolated with French 

word for ruby rubis describing colour. 

 

MATERIAL AND METHODS 

Doxorubicin hydrochloride from Medicare 

Remedies Pvt. Ltd., Mumbai starch from Merck 

specialties. Pvt. Ltd., Mumbai HPMC from sd fine 

chemicals. Chloroform from sd fine Chem. Ltd., 

light liquid paraffin from Fischer chemicals. Tween 

80 from SD fine chem. Ltd., Petroleum ether 40°-

60°C from SD fine Chem. Ltd., Disodium hydrogen 

Phosphate from Reachem laboratory Chemicals Pvt. 

Ltd., Potassium dihydrogen phosphate spectrum 

reagent and chemical Pvt. Ltd., Sodium chloride SD 

fine Chem. Ltd., Mumbai Potassium bromide merck 

specialties Pvt. Ltd., Germany. 

Methods 

Pre-formulation Studies 

Preparation of Standard Graph 

Standard graph of Doxorubicin hydrochloride in 

O.IN HCL buffer - pH 1.2 100mg of the 

Doxorubicin hydrochloride was accurately weighed 

and transferred to 100 ml standard flask. To this 

small quantity of 0.1 N HCL buffer was added and 

the drug was made to dissolve. Then the solution 

was made up 100ml (1000mg/ml). This was 

considered as stock solution. From the stock 

solution 10ml was pipetted out to 100ml standard 

flask and it was diluted up to 100ml (100mg/ml) 

From 10 to 50mg/ml solution was prepared and the 

absorbance for the solution was determined at 

233nm by Elico make UV spectrophotometer. 

Standard graph of Doxorubicin hydrochloride in 

phosphate buffer pH 7.4 

100mg of Doxorubicin hydrochloride was 

accurately weighed and transferred to a 100ml 

standard flask. To this small quantity of phosphate 

buffer was added and the drug was made to 

dissolve. Then the solution was made up to 100ml 

(1000µg/ml). This was considered as stock solution. 

From the stock solution 10ml was pipette out to 100 

ml standard flask and it was diluted up to 100ml 

(100mg/ml). From this 10 to 50mg/ml solution was 

prepared and the absorbance for the solutions was 

determined at 235nm by Elico make UV 

spectrophotometer. 

Compatibility studies (FTIR spectroscopy) 

FTIR spectra of Doxorubicin hydrochloride, 

polymers (starch, HPMC) and the microspheres 

were obtained in potassium bromide pellets a 

moderate scanning speed between 2000-4000cm-1 

in Schimadzu FTIR spectrophotometer. 
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Stability studies were performed using IR 

spectrophotometer. The IR spectrum of pure drug 

and physical mixture of drug and polymer were 

studied. The characteristic absorption peak of 

Doxorubicin hydrochloride were obtained as wave 

numbers 1758cm-1, 1600cm-1, 1475cm-1, 669cm-1 

(KBr disk). The peak obtained in the spectra of each 

formulation correlation with the peak of drug 

spectrum. This indicates that the drug in compatible 

with the formulation components. 

 

FORMULATION OF MICROSPHERES 

Solvent evaporation method 

Non aqueous solvent evaporation method was 

employed for the preparation of microspheres. The 

polymer was dissolved in 20ml of chloroform and 

stirred until a homogenous solution was formed. 

Core material Doxorubicin hydrochloride was 

added to the polymeric solution and mixed 

thoroughly with magnetic stirrer. The resulting 

mixture was then added in a thin stream to 100ml of 

light liquid paraffin contained in a 450ml beaker 

while stirring at 2000rpm. The solution was stirred 

for 1.5 hours to allow the solvent to evaporate 

completely and the microspheres were collected by 

filtration through whatman’s filter paper. The 

microspheres were washed repeatedly with 

petroleum ether (40°-60°C) until free from oil. The 

collected microspheres were dried at room 

temperature overnight and subsequently stored in 

desiccators over fused silica gel. The core 

(Doxorubicin hydrochloride) and the Coat material 

(starch HPMC) were mixed in the ratio of 1:2 

respectively. 

 

EVALUTION OF MICROSPHERES 

Physical appearance of the drug 

Doxorubicin hydrochloride microspheres were 

physically examined for their colour, odour, shape 

and size of the particle. 

Determination of Solubility 

The solubility of Doxorubicin hydrochloride were 

determined by shaking an excess amount of drug in 

measured volume of water, methanol, acetone 

benzene chloroform, petroleum ether etc., at 25°C 

for 2 hours. 

Scanning Electron Microscopy 

Particle size and shape characteristics can be 

determined by microscopic method using scanning 

Electron Microscope. The SEM provides 

magnifications ranging from 20 X to 30,000 X with 

a resolution approximately 25 A° to determine 

detailed particle surface morphology as well as 

individual particle surface characteristics. 

Percentage of Practical Yield 
                              Mass of microspheres obtained   

Practical yield =         X 100 

                           Total weight of drug and polymer used 

Percentage entrapment efficiency of Doxorubicin 

Hydrochloride Microspheres by UV - 

spectrophotometer 

100 mg of the sample was soaked in 100ml of 

phosphate buffer solution (pH 7.4). Overnight it is 

passed through membrane filter. Entrapment 

efficiency was estimated by measuring the 

absorbance in UV - Visible Spectrophotometer at 

235nm. The entrapment efficiency of the 

microspheres was calculated from the absorbance 

obtained by the sample. 

The quantity of Doxorubicin hydrochloride present 

in 100mg of the sample taken was calculated by the 

formula 
                                 Calculated drug content   

% Entrapment efficiency =        X 100 

                                Theoretical drug content 

In-Vitro Dissolution Studies 

In-vitro dissolution studies are carried out using 

USP apparatus type II (Lab India, Mumbai, India). 

The dissolution medium consists of 900 ml of acidic 

buffer of pH 1.2 and phosphate buffer of pH 7.4 

respectively. 100mg equivalent of Doxorubicin 

hydrochloride containing microspheres were filled 

in hard gelatin capsules and dissolution test was 

being carried out at 100rpm at 37°C ± 05°C. 

Aliquots of 5ml were withdrawn after every 1 hour 

for the entire period of time. The samples with 

draws were replaced with fresh dissolution medium 

equilibrated at the same temperature. The drug 

released at different time intervals from the dosage 

form is measured by the UV spectrophotometer by 
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measuring the absorbance for the sample solution at 

235nm for Doxorubicin hydrochloride. The 

dissolution characteristics of each formula were 

studied after accounting for the loss in the initial 

concentration of Doxorubicin hydrochloride while 

changing the buffer. The release studies for each 

formulation were conducted in pH 1.2 acidic buffer 

and pH 7.4 phosphate buffers indicating the 

reproducibility of the results. 

Release Kinetics 

Various kinetic models were used to describe the in 

vitro release kinetics. The zero order rate describes 

the system where the drug release rate is 

independent of its concentration. The First order 

describes the release from system where release rate 

is concentration dependent Higuchi (1963) 

described the release of drugs from insoluble matrix 

as a square root of time dependent process based on 

Fickian diffusion. 

Zero Order Kinetics 

Zero order release would be predicted by the 

following equation 

At = Ao - Kot when the data is plotted as 

cumulative percent drug release versus time, if the 

plot is linear then the data obeys zero- order kinetics 

and its slop is equal to zero order release constant 

Ko. 

First Order Kinetics 

First order release could be predicted by the 

following equation 

Log C = log Co - Kt/2.303. When the data plotted 

as log cumulative percent drug remaining versus 

time, yields a straight line, indicating that the 

release follow first order kinetics. The constant ‘K’, 

can be obtained by multiplying 2.303 with the slope 

value. 

Higuchi’s Model 

Drug release from the matrix devices by diffusion 

has been described by following Higuchi’s classical 

diffusion equation 

Q = [D€/τ (2A-€Cs) Cst] ½ When the data is split 

according to equation i.e., cumulative drug release 

versus square root of time yields a straight line 

indicating that the drug was released by diffusion 

mechanism. The slope is equal to ‘K’ O (Higuchi’s 

1963). 

Stability Studies 
Stability is defined as the ability of a particular drug 

as dosage form in a specific container to remain 

with its physical chemical therapeutic and 

toxicological specifications. The optimized 

formulation was selected for the stability studies. 

The purpose of stability testing is to provide 

evidence on how quality of a drug substance are 

drug producing varies with time under the influence 

of variety of environmental factors such as 

temperature, humidity and light and enables 

recommended storage conditions retest periods and 

shelf lives are determined. The formulations were 

filled with capsules and packed in screw capped 

bottles and study was carried out by keeping at 

25° ± 2°C and 60 ± 5% RH 

40° ± 2°C and 60 ± 5% RH 

The duration of study was for period of 6 months 

samples were withdrawn in 0, 3 months and 6 

months were analyzed for surface morphology and 

drug content. 

 

RESULTS AND DISCUSSION 

Doxorubicin is an anti-neoplastic agent which is 

used in the treatment of various cancerous disease. 

The half-life of doxorubicin was 1 to 3 hours. The 

present study was to develop pharmaceutically 

elegant stable cost effective and quality improved 

formulation and evaluation of doxorubicin 

hydrochloride microspheres. 

The sustained release microspheres prepared by 

using HPMC and starch using solvent evaporation 

method. It was concluded that polymers HPMC and 

starch are best suited with sustained release 

microspheres. The UV scanning spectroscopy study 

of doxorubicin hydrochloride microspheres was 7.4 

phosphate buffer and pH 1.2 acidic buffers. It was 

found that the maximum absorption at 235nm. From 

the SE analysis the microspheres formulated were 

spherical with rough surfaces. 
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Scanning Electronic Microscopic studies (SEM 

Analysis) 

Encapsulation efficacy was used as a primary 

criterion in evaluation of quality of microspheres. 

The formulation FH showed more efficiency to 

entrap the drug when compared to the formulation 

FS. It was summarized from the data and graph 

obtained that the formulation FH showed release of 

doxorubicin hydrochloride at 24 hours. The 

formulations FH and FS showed first order kinetics. 

 

 

 

 

 

 

 

 

 

 

 

 

Table No.1: In vitro drug release profile of doxorubicin hydrochloride microspheres 

S.No Time (Hours) 
% Cumulative Drug Release 

Formulation FH Formulation FS 

1 2 5.06 6.28 

2 4 9.16 11.11 

3 6 13.11 16.03 

4 8 18.24 22.68 

5 10 23.05 26.14 

6 12 33.85 39.22 

7 14 40.01 46.61 

8 16 48.73 53.23 

9 18 53.66 57.64 

10 20 60.53 64.79 

11 22 64.16 67.17 

12 24 66.70 72.13 

 

  
Figure No.1: SEM analysis of Doxorubicin Hydrochloride loaded HPMC microspheres 
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Figure No.2: SEM analysis of Doxorubicin Hydrochloride loaded Starch microspheres 

 
Figure No.3: Comparative dissolution studies of FH and FS 

  

CONCLUSION 

The drug doxorubicin hydrochloride was selected 

for the study because of its availability. 

Doxorubicin hydrochloride is one of the most 

widely used anti-cancer agents used in the treatment 

of various cancers including Breast cancer. 

The formulated microspheres were analyzed for 

various parameters including in vitro release and 

stability studies. 

The SEM analysis revealed that the microspheres 

formulated were spherical in shape with rough 

surfaces. The percentage practical yield of 

formulation FH (formulated with HPMC) was 

found to be 66.70% and formulation FS was found 

to be 72.13%. The microspheres formulated using 

HPMC and starch is analyzed for their bulkiness. 

The bulkiness of microspheres prepared using 

HPMC was found to be more when compared to 

that starch. 

From the In vitro dissolution studies the % release 

from the formulation FH was found to be 66.70% at 

24 hours and that of formulation FS was found to be 

72.13% at 24 hours. It was concluded that formula 

FH was found to be better sustained release when 

compared to formula FS. 
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