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Abstract 
The objective of the present work was to develop ethyl cellulose microspheres loaded with 
montelukast, an anti-asthmatic drug. Montelukast has short half life and hence requires frequent 
administration. To overcome this problem, sustained release formulation was developed. 
Microspheres of montelukast were prepared by solvent evaporation technique.. In the present study 
six formulations were formulated by using Ethyl cellulose various proportions. The developed 
montelukast microspheres were subjected to FTIR, SEM, particle size distribution, yield, entrapment 
efficiency, in vitro dissolution studies, release kinetics, and DSC. A maximum of 89.30% drug 
entrapment efficiency was obtained. The in vitro performance of Montelukast microspheres showed 
that the sustaining efficacy was dependent on the polymer concentration. The present study 
conclusively demonstrates the feasibility of effectively encapsulating montelukast into ethyl cellulose 
microspheres to form potential sustained release drug delivery system. 
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INTRODUCTION 
Microspheres can be defined as solid, approximately spherical particles ranging in size from 1 to 1000 
μm.1 The solvents used to dissolve the polymeric materials are chosen according to the polymer and drug 
solubility and stability, process safety and economic considerations. The behavior of the drugs in vivo can 
be manipulated by coupling the drug to a carrier particle. The pharmacokinetics is strongly influenced by 
the behaviour of the carrier and lead to enhanced therapeutic effect. The goal of any drug delivery system 
is to provide a therapeutic amount of drug to the proper site in the body to achieve promptly and then 
maintain the desired drug concentration. The most convenient and commonly employed route of drug 
delivery has historically been by oral ingestion Drugs that are easily absorbed from the GIT and having a 
short half-life are eliminated quickly from the blood circulation. To avoid these problems oral controlled 
drug delivery systems have been developed as they releases the drug slowly into the GIT and maintain a 
constant drug concentration in the serum for longer period of time. 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.2 
 
Sustained release systems include any drug delivery system that achieves slow release of drug over an 
extended period of time. More precisely, sustained drug delivery can be defined as Sustained drug action 
at a predetermined rate by maintaining a relatively constant, effective drug level in the body with 
concomitant minimization of undesirable side effects. Sustained release products provide an immediate 
release of drug that promptly produces the desired therapeutic effect, followed by gradual release of 
additional amounts of drug to maintain this effect over a predetermined period. The sustained plasma 
drug levels provided by sustained release products often eliminates the need for night dosing, which 
benefits not only the patients but the care given as well.3 Various natural polymers like albumin, chitosan, 
gelatin, sodium carboxymethyl cellulose, ethyl cellulose have been used to develop drug delivery systems 
for entrapping the drug. The two most important factors in choosing the most suitable polymer are the 
biodegradability and the toxicity of the polymer. The polymer EC (ethyl cellulose) is biodegradable and 
non-toxic and thus; it was chosen for the preparation of the microspheres.4 
 
Asthma is a chronic inflammatory disorder. Montelukast is a 7 Leukotriene antagonist and possesses both 
anti-inflammatory and bronchodilation activity. It has short biological half life so it requires the frequent 
administration of drug.  So to avoid these problems, monteluskast microsphere were prepared by using 
ethyl cellulose polymer for minimizing the dosing frequency and for the sustained release effect. The 
present study reports a novel attempt to prepare microspheres of the anti-asthmatic drug montelukast by 
using ethyl cellulose as carrier. 
 

MATERIALS AND METHODS 
Montelukast was procured as a gift sample from Dr.Reddys’ Labs, Hyderabad (India). Ethyl cellulose was 
obtained from Rolex Chemicals, Mumbai (India), Liquid paraffin, Acetone, Tween 80 were procured 
from SD Fine Chemicals Ltd, Mumbai (India). 
 

Solubility of Montelukast 
The solubility of Montelukast in 10 mg/10 mL of solvent was carried out and it reveals that it is freely 
soluble in ethanol,methanol, water at 20° C. 
 

Melting Point Determination 
Melting point of Montelukast was determined by open capillary method.The melting point of 

montelukast was found to be 114C. 
 

Determination of λmax 
A solution of Montelukast containing concentration 10 μg/mL was prepared in Methanol and UV 
spectrum was taken using Systronics (UV-1800) double beam spectrophotometer and scanned between 
200 to 400 nm. The maxima obtained in the graph were considered as λmax for the drug, which was 
found to be 261 nm. 
 



Rajkamal, et al: Sustained Release Microspheres of Montelukast 

 

JChrDD 2015  Vol 6 Issue 1 19 

 

Calibration curve of Monteluktast 
Scanning of Monteluktast by UV-spectrophotometer in water Standard stock solution of Monteluktast 
was prepared by dissolving accurately weighed 10 mg of Monteluktast  in water in 100 mL volumetric 
flask. The volume was then made up using water, to get a stock solution of 100 μg/mL. 
 
From the Monteluktast standard stock solution (100 μg/mL), aliquots of 0.2, 0.4, 0.6, 0.8 and 1.0 mL 
were transferred to the series of 10 mL volumetric flasks and final volume is made with water, so as to get 
drug concentrations from 2.0 – 10.0 μg/mL respectively. The absorbences of these solutions were 
estimated at λmax 261 nm. This procedure was performed in triplicate to validate the calibration curve. 
 

Preparation of Microspheres 
Different drug-polymer ratios were used for preparation of different batches of microspheres as denoted 
in Table 1. 
 

Table 1. Drug-polymer ratios of different batches of monelukast microspheres 
 

S No Formulation Code Drug-Polymer Ratio 

1 F1 1:1 

2 F2 1:2 

3 F3 1:3 

4 F4 1:4 

5 F5 1:5 

6 F6 1:6 

 
The microspheres were prepared by solvent evaporation method. Ethyl cellulose was dissolved in 15 mL 
of acetone and given amount of drug was dispersed in it to make different drug to polymer ratios as 
shown in Table 1, and stirred for about 10 min. Then the polymer drug dispersion was poured in to 50 
mL of liquid paraffin containing varying quantities of Tween 80 (10, 12, 14, 16, 18, 20 mL). The whole 
system was stirred for about 4 h at 900 pm. After stirring, the liquid paraffin was decanted off and the 
microspheres were separated washed and dried. The yield of microspheres was calculated.  
 

Evaluation of Microspheres 
Percentage Yield 
Percentage practical yield is calculated to know about percentage yield or efficiency of any method, thus it 
helps in selection of appropriate method of production. Practical yield was calculated as the weight of 
Monteluktast microspheres recovered from each batch in relation to the sum of starting material. The 
percentage yield of prepared   Monteluktast microspheres was determined by using the formula: 
 

Percentage yield=       

 

Drug-Polymer Interaction  
Drug-polymer interaction was studied using FTIR spectra matching using IR Affinity-1 instrument 
(Shimadzu, Japan).5 Pellets of drug and potassium bromide were prepared by compressing the powders at 
20 psi for 10 min using a KBr press and the spectra were scanned in the wave number range of 4000-600 
cm-1. The study was carried out on Montelukast, physical mixture of Montelukast and polymer, 
Montelukast microspheres and blank microspheres. 
 

Surface Morphology  
Scanning electron microscopy has been used to determine particle size distribution, surface topography, 
texture, and to examine the morphology of fractured or sectioned surface.6 Scanning Electron 
Micrograph (SEM) is probably the most commonly used method for characterizing drug delivery systems, 
owing in large to simplicity of sample preparation and ease of operation. SEM studies were carried out by 
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using JSM 8400A scanning electron microscope (JSM, Japan). Dry microspheres were placed on an 
electron microscope brass stub and coated with in an ion sputter. Pictures of microspheres were taken by 
random scanning of the substance. 
 

Particle Size Distribution 
Determination of average particle size of microspheres was carried out by optical microscopy in which 
stage micrometer was employed. A minute quantity of Montelukast microspheres was spread on a clean 
glass slide and average size Monteluktast of 300 microspheres was determined in each batch. In order to 
be able to define a size distribution or compare the characteristics of particles with many different 
diameters, the size distribution can be broken down into different size ranges, which can be presented in 
the form of a histogram. Histogram presents an interpretation of the particles size distribution and 
enables the percentage of particles having a given equivalent diameter to be determined. 
 

Percentage Drug Entrapment Efficiency (PDE)  
Efficiency of drug entrapment for each batch was calculated in terms of percentage drug entrapment as 
per the following formula:7 
 

Encapsulation efficiency (%)   =   100 

 

In vitro Dissolution  
Dissolution studies were carried out by using USPII dissolution test apparatus by rotating basket method 
in phosphate buffer pH 7.4 for 10 h. The dissolution media were maintained at a temperature of 

37±50C. The speed of rotation of basket maintained was 50 rpm. The samples were withdrawn at 1 h 
intervals.  
 
Monteluktast microspheres equivalent to 100 mg were placed in basket in each dissolution vessel to 
prevent floating. 5 mL of dissolution medium was withdrawn at predetermined time intervals and fresh 
dissolution media was replaced. The withdrawn samples were passed through Whatmann filter paper and 
after suitable dilution the samples were analyzed spectrphotometrically at 261 nm. Dissolution profiles of 
the formulations were analyzed by plotting drug release versus time. Data obtained was also subjected to 
kinetic treatment to understand the release mechanism. 
 

Kinetics of Drug Release 
The results of in vitro release profile obtained for all the formulations were plotted in modes of data 
treatment as follows:8 
1. Zero order kinetic model: Cumulative drug release (%) versus time. 
2. First order kinetic model: Log cumulative percent drug remaining versus time. 
3. Higuchi’s model: Cumulative percent drug released versus square root of time. 
4. Korsmeyer-Peppa’s model: Log cumulative percent drug released versus log T. 
 

Differential Scanning Calorimetry (DSC) 
The physical state of Monteluktast in the microspheres was analyzed by Differential Scanning Calorimeter 
(Mettler-Toledo star 822 system, Switzerland).9 The thermograms of the pure drug and the drug-loaded 
microspheres were obtained at a scanning rate of 10°C/min conducted over a temperature range of 112-
115°C respectively. 
 

RESULTS AND DISCUSSION 
The percentage yields of microspheres of different batches are shown in Table 2. The yield was in the 
range of 58.22-94.88%. The yield was found to increase with polymer concentration. 
 
FTIR Spectra were obtained for Montelukast, EC, physical mixture of Montelukast and polymer, and 
Montelukast microspheres. The characteristic peaks of the Montelukast were compared with the peaks of 
physical mixture and formulation. The characteristics peaks of the drug were found in physical mixture 
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and formulations (data not shown). Hence it was concluded that there was no interaction between drug 
and the polymer and the drug was not affected by loading into microspheres.  
 

Table 2. Yield and entrapment efficiency of different batches of Montelukast microspheres 
 

Formulation 
Code 

Yield of 
Microspheres 

(%) 

Entrapment 
Efficiency (%) 

F1 58.22 56.78 

F2 64.41 60.71 

F3 72.35 68.35 

F4 84.02 74.80 

F5 89.67 80.88 

F6 94.88 89.31 

 
The surface morphology of the Montelukast microspheres was studied through SEM. SEM 
photomicrographs of the various formulations are shown in the Fig 1. The surface of the microspheres 
was found to be smooth and the smoothness was found to increase with increase in polymer 
concentration. At lower polymer concentration (1:1), the surface of the microspheres was rough and 
wrinkled (Fig 1a) and at higher polymer concentration (1:6), the surface of the microspheres was smooth 
(Fig 1f). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1. SEM photomicrographs of different batches of Montelukast microspheres (a)- Batch F1, (b) – F2, (c) – F3, 
(d) – F4, (e) – F5, (f) – F6 
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In the particle size distribution study, it was found that with increase in drug-polymer ratio, the mean 
particle size of the microspheres was also increased (data not shown). This increase might be because of 
increase in viscosity of polymeric droplets. A normal frequency distribution was observed.   
 
The percentage entrapment efficiency of different batches of microspheres was found to be in the range 
of 56.78-89.31% (Table 2). The entrapment efficiency was found to increase with increase in drug-
polymer ratio. A maximum of 89.31% drug entrapment efficiency was obtained in the Montelukast 
microspheres prepared using 1:6 drug-polymer ratio. It was further observed that the drug entrapment 
was proportional to the size of the microspheres. By increasing the polymer concentration, the particle 
size as well as the encapsulation efficiency was increased. 
 
The in vitro release profiles of different batches of microspheres are shown in Fig 2. All the batcheso f 
microspheres showed sustained release of Montelukast. The release was found to retard with increase in 
polymer concentration. The batch F1 with minimum ethyl cellulose concentration, showed a maximum of 
94.85% release at the end of 10 h dissolution study; batch F6 containing maximum ethyl cellulose 
concentration, exhibited minimum drug release of 63.75%. This might be due to hydrophobic nature of 
ethyl cellulose. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 2. In vitro dissolution profiles of different batches of Montelukast microspheres 
 
To find out the mechanism of release of drug from microspheres, the release data was fit into different 
kinetic models and the correlation coefficients were calculated to find out best fit model. The slopes and 
correlation coefficients (r2) of different kinetic models are shown in Table 3. The release data was found 
to best fit with first order kinetics. Higuchi’s plots confirmed diffusion controlled release. The diffusion 
exponent ‘n’ values of Korsemeyer- Peppas’ plots were found to be ≤ 0.5, indicating Fickian diffusion of 
drug.  
 

Table 3. Parameters of release kinetics models  
 

Formulation  
Code 

Zero Order 
(r2) 

First 
Order (r2) 

Higuchi’s 
(r2) 

Korsmeyer-Peppas’ 

r2 value ‘n’ value 

F1 0.891 0.980 0.995 0.672 0.214 

F2 0.902 0.989 0.995 0.753 0.258 

F3 0.913 0.991 0.957 0.798 0.291 

F4 0.928 0.988 0.982 0.824 0.357 

F5 0.931 0.971 0.959 0.867 0.381 

F6 0.953 0.981 0.936 0.882 0.412 
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In order to confirm the physical state of Montelukast in the microspheres, DSC thermograms of the drug 
and the microspheres were recorded (Fig 3). The DSC thermogram of Montelukast showed a sharp 

endothermic peak at 114.09C, which is its melting point (the melting point range of Montelukast is 
between 112-115°C). The endothermic peak of the Montelukast was found at 112.26°C in the DSC 
thermogram of microspheres suggesting that the drug existed in a crystalline state as molecular dispersion 
in the polymer matrix.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 3. DSC thermograms of pure Montelukast (a) and Montelukast microspheres (b) 
 

CONCLUSION 
From the study, it is evident that promising sustained release microspheres of Montelukast were 
developed by solvent evaporation technique by using ethyl cellulose as matrix polymer for sustaining the 
drug release.  
 

DECLARATION OF INTEREST 
It is hereby declared that this paper does not have any conflict of interest. 
 

REFERENCES 
1. Thanoo BC, Sunny MC and Jayakrishnan A. Cross-linked chitosan microspheres: preparation and 

evaluation as a matrix for the controlled release of pharmaceuticals. J Pharm Pharmacol. 1992; 44: 
283-286. 

2. Agusundaram M, Chetty MSC, Umashankari K, Badarinath AV, Lavanya C, Ramkanth S. 
Microsphere as a novel drug delivery system - a review. Int J ChemTech Res. 2009; 1(3): 526-534. 

3. Gholap SB, Banarjee SK, Gaikwad DD, Jadhav SL. Thorat RM. Hollow microspheres: a review. Int J 
Pharm Sci Rev Res. 2010; 1: 10-15.  



Rajkamal, et al: Sustained Release Microspheres of Montelukast 

 

24 JChrDD 2015 Vol 6 Issue 1 

 

4. Eroglu H, Suheyla KASH, Oner L, Sargon M, Hincal AA. Preparation of   bovine serum albumin 
microspheres containing dexamethasone sodium phosphate and in vitro evaluation. Turk J Med Sci. 
2000; 30:125–128. 

5. Brannon-Peppas L. Polymers in controlled drug delivery. Med Plast Biomaterial Mag. Nov 1, 1997: 
34-44. 

6. Magharla DD, Nandhakumar S, Vankayalu DS, Suresh C. Preparation of   poly (epsilon-
caprolactone) microspheres containing etoposide by solvent   evaporation method. Asian J Pharm 
Sci. 2010; 5(3): 114-122. 

7. Dandagi PM, Manvi FV, Gadad AP, Mastiholimath VS, Patil MB, Balamuralidhara V. 
Microencapsulation of verapamil hydrochloride by  ionotropic gelation technique. Indian J Pharm 
Sci. 2004; 66(5): 631-635. 

8. Korsemeyer RW, Peppas NA.  Macromolecular and modeling aspects of swelling controlled Systems. 
In: Mansdrofsz, Roseman TJ, editors. Controlled Release Delivery Systems.  New York:  Marcel 
Dekker; 1983; p. 77.  

9. Sahoo SK, Dalai SR, Pani NR, Barik BB. Formulation and in vitro evaluation of alginate beads of 
aceclofenac by ionotropic gelation technique. Indian Drugs. 2007; 44(11): 324-327. 

 
 
 
 
 
 
 

Received: April 12, 2015; Accepted: April 25, 2015 


