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ABSTRACT 

Aim:-In the present study Aspirin loaded Ethyl cellulose nanoparticles 

were prepared by solvent evaporation method in the presence of Tween 

20 as emulsifying agent and ethyl acetate as organic solvent. Three 

formulations were prepared by varying the concentration of polymer 

and the influence of process parameters such as solvent mixture, 

composition, concentration of the emulsifying agent and speed of 

stirring has been examined. All the three formulations are evaluated for 

drug content, product yield, particle size, entrapment efficiency and 

loading capacity. Entrapment efficiency and loading capacity were 

determined by ELTEK NP 400 Ultracentrifuge. The particle size and  

stability of the formulations were determined by HORIBA SZ-100 series particle size 

analyzer. Entrapment efficiencies were found to be 93.4%, 96.2% and 98.6% and the loading 

capacities were found to be 32.22%, 34.6% and 35.77% respectively for F1, F2 and F3 

formulations. Comparative study was performed to determine the best method for the 

preparation of Aspirin loaded ethyl cellulose nanoparticles. From the evaluation studies it 

was observed that F2 formulation was giving promising results. The average particle size of 

the best formulation, F2 was found to be 444.5nm and zeta potential was found to be 

41.5mV. Invitro drug release studies were performed to determine the sustain release nature 

of the formulation and drug release was sustained up to 12hrs for nanoparticles prepared by 

F2 formulation. 
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INTRODUCTION 

The major goals in designing polymeric nanoparticles as a delivery system is to control 

particle size, surface properties and release of pharmacologically active agents in order to 

achieve the site-specific action of the drug at the therapeutically optimal rate and dose 

regimen. Nanoparticles are defined as particulate dispersions or solid particles with a size in 

the range of 10-1000nm ([1]). Due to large surface to volume ratio, the nano-scale structures 

have unique properties and dissolution behaviors which are expected to avoid the unwanted 

side effects. Sustained release of the drug from the nanoparticles maintains the therapeutic 

concentration for long durations. Polymeric nanoparticles are prepared by various techniques 

like Amphiphilic cross linking, Polymerization methods and Solvent precipitation methods. 

The choice of a particular approach depends mainly  on the physiochemical properties of the 

polymer (i.e., solubility and molecular weight) and the  nature of incorporated active 

pharmaceutical ingredient (i.e. hydrophobicity/ hydrophilicity of the drug and its sensitivity 

to the solvent).With regard to the formulation of polymeric nanoparticles, the solvent 

extraction/evaporation method is one of the most widely employed techniques and poly 

(vinyl alcohol) (PVA) is the most commonly used emulsifier in the process. 

 
The solvent evaporation method has been used to prepare biocompatible and 

biodegradable/non biodegradable polymer nano particles like PLGA, PLA, ethyl cellulose, 

acrylate polymers and acrylate co polymers ([2,3,4]). In O/W single emulsion solvent 

evaporation method, the polymers are dissolved in a suitable water miscible organic solvent, 

and active pharmaceutical ingredient is dissolved in this polymeric solution. This is 

emulsified in aqueous continuous phase containing surfactant/stabilizing/emulsifying agent. 

The most common stabilizers are hydrophilic molecules such as poly (vinyl alcohol), 

polysorbates (TWEEN®), poly (acrylic acid), poloxamers (or Pluronic®) and sodium dodecyl 

sulfate ([5]). The various parameters that govern the formation of nanoparticles includes drug 

solubility, types of solvent, rate of diffusion of the solvent, temperature, polymer 

composition, the nature of the polymers, viscosity and pH of the external phase([6]). This 

relatively simple method enables the entrapment of a wide range of hydrophobic drugs ([7]). 

 In the present work, Aspirin loaded ethyl cellulose nanoparticles are prepared by O/W single 

emulsion solvent evaporation technique. 

 
In the present study, Ethyl cellulose (EC) was chosen as the material for the particle matrix. 

Ethyl cellulose is a non-ionic, inert hydrophobic, non-biodegradable and biocompatible 
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polymer with minimum toxicity. It is one of the extensively studied encapsulating materials 

for the controlled release of pharmaceuticals ([8]).Aspirin is used as model active ingredient in 

which it has been incorporated into the particle matrix for the formation of EC Nanoparticles. 

Aspirin or Acetyl Salicylic Acid is a Non steroidal anti-inflammatory drug, which acts by 

inhibition of prostaglandin synthesis by blocking cyclo-oxygenase enzyme (COX-1) in the 

body to reduce pain and swelling ([9,10]).  It is used to prevent chronic deformity, which 

occurs due to inflammation, synovial proliferation and erosion of bone and hence useful in 

the treatment of arthritis at initial stages. For treatment of inflammatory diseases such as 

ankylosing spondylitis, osteoarthritis, rheumatoid arthritis, the recommended dosage interval 

is 6 to 8 hours with maximum dose of 3 grams per day in divided doses. 

 
In view of all the above, the present study was taken up with an objective of preparing 

Aspirin loaded ethyl cellulose nanoparticles by O/W single emulsion solvent evaporation 

technique.  

 
MATERIALS AND METHODOLOGY 

Materials 

Aspirin was commercially obtained from HIMEDIA, Mumbai. Ethyl acetate was supplied 

from Sigma Aldrich, Mumbai. 

 
Preparation of Nanoparticles 

Emulsion-solvent-evaporation technique was used to prepare ethyl cellulose nanoparticles 

containing aspirin. Aspirin and ethyl cellulose were dissolved in ethyl acetate at various drug-

polymer ratios (1:1, 1:1.5, 1:2) as tabulated below. Then this organic dispersion was 

emulsified by mixing at 1100rpm, with a REMI LAB overhead stirrer provided with a three 

bladed paddle rotor, into an aqueous external phase containing tween-20(0.25%) at room 

temperature. The organic phase was added drop wise to the aqueous phase at a constant rate. 

Stirring of the O/W emulsion was continued until the ethyl acetate has evaporated. The 

resultant dispersion were collected by filtration and kept for drying for further studies. 

 

Formulations Drug(Aspirin)mg Polymer(Ethyl 
cellulose)mg 

Amt of solvent (Ethyl 
acetate)consumed(ml) 

F1= 1:1 500 500 6 
F2=1:1.5 500 750 9 
F3= 1:2 500 1000 15 
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Characterisation Of Nanoparticles 

The obtained formulations of Aspirin loaded Ethyl cellulose nanoparticles are characterized 

for following parameters. 

 
Determination of drug content  

Free drug of the formulations was first determined in the supernatant by choosing a solvent in 

which only the free drug gets dissolved and not the other ingredients. To determine the drug 

content, 50mg drug equivalent to formulation was weighed accurately and transferred into 

three necked RBF containing 50ml of methanol. The solution was stirred at 700rpm for 3hrs 

by using magnetic stirrer. The resultant solution was filtered and the amount of the drug in 

the filtrate was estimated after suitable dilution by ultraviolet (UV) spectrophotometer at 276 

nm.  

 
Entrapment efficiency 

Entrapment efficiency indicates the amount of drug encapsulated in the formulation. The 

method of choice for drug content determination is separation of free drug by ultra 

centrifugation, followed by quantitative analysis of the drug from the formulation. The 

samples were centrifuged by using ultracentrifuge at 17640 rpm for 40min. 

Percentage entrapment efficiency may be calculated from the following formula: 

 
      100 

 
            Total amount of drug in the formulation 
 
Loading Capacity 

The loading capacity (L.C) refers to the percentage amount of drug entrapped in 

nanoparticles: 

                            Total amount of drug – amount of unbound drug 
L.C.     =                                                                                                       X 100 
                                  Nanoparticles weight 
 
Invitro drug release kinetics 

Invitro drug release studies were conducted by means of orbitary shaker. 50mg of each 

accurately weighed formulation was transferred into 250ml conical flask containing 50ml 

pH7.4 phosphate buffer. They were kept in an orbitary shaker at 100 rpm maintained at 37°C. 

Aliquots of 5ml buffer were withdrawn at predefined time intervals and the medium was 

replaced with same volume of buffer. The withdrawn samples are centrifuged at 3000rpm for 
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15min.The supernatant sample was collected. This study was carried out for 12hrs, and the 

concentration of drug release was estimated by determining the absorbance at 276 nm using 

Elico UV spectrophotometer model no: 164.  

 
RESULTS 

The obtained formulations were evaluated for the above mentioned parameters and the results 

are discussed as follows: 

 
Estimation of Drug content 

The drug content was evaluated for all the formulations and it was observed that the 

nanoparticles prepared by F1 formulation showed a higher drug content value i.e., 

93.4%when compared to F2 and F3 formulations. i.e. 89.1% and 73.6% respectively. 

 

 
Fig.1 Estimation of drug content of all the formulations 

 
Entrapment Efficiency of the formulations: Entrapment efficiency and loading capacity 

were found to be slightly better for F3 formulation on comparison to that of F1 and F2 

formulation.  
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Fig.2- Entrapment efficiency and loading capacity of both the formulations 

 
Particle size Determination 

The mean particle diameter of the F2 formulation was determined by using Horiba SZ-100 

series zeta Nanoparticle analyzer. The average particle size for F2 formulation was found to 

be 444.5nm and zeta potential was found to be 41.5mV. 
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Fig.3- The average particle size of Aspirin loaded ethyl cellulose nanoparticles by 

solvent evaporation   technique for F2 formulation. 

 

 
Fig.4- Zeta potential of Aspirin loaded ethyl cellulose nanoparticles by solvent 

evaporation technique for F2 formulation. 
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Invitro Drug Release Studies: The invitro release data of the two formulations were 

compared.  In F1 formulation the drug release was 96.2% continued up to 8hrs In F2 

formulation the sustained release nature was further improved up to 12hrs, 99.2% of drug has 

been released from F2 formulation. In case of F3 formulation 77.24% of drug has been 

released for a period of 12hrs. 

 
In order to determine the order of the drug release and know whether the drug release is 

diffusion controlled or dissolution controlled and to determine the mode of diffusion. The 

drug release data was fitted for various kinetic models for Zero order, First order, Higuchi 

and Korsmeyer peppas plots for all the formulations are shown in graphs. From the plots the 

drug release follows first order kinetics and the drug release followed fickian diffusion for F2 

formulation. 

 
Parameters determined from the Invitro Release Studies performed on Aspirin loaded 

Ethyl cellulose nanoparticles: 

Formulation Zero Order 
Plot(R2) 

First order 
Plot(R2) 

Peppas 
Plot(n) 

Higuchi  
Plot (R2 ) 

F1=(1:1) 0.915 0.823 0.379 0.887 
F2=(1:1.5) 0.844 0.949 0.518 0.899 
F3=(1:2) 0.791 0.991 0.435 0.992 
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Fig.5 - Release kinetics of Aspirin loaded ethyl cellulose nanoparticles by solvent 

evaporation method of  F1, F2 and F3 formulations. A) Zero order  plot B) First order 

plot  C ) Higuchi plot D) Peppas plot  and E) Comparative invitro drug release profile 

 
DISCUSSION 

In this present study Aspirin loaded ethyl cellulose nanoparticles were prepared by solvent 

evaporation method by using Tween 20 as an emulsifier agent and ethyl acetate as solvent. 

Three formulations were prepared by varying the concentrations of polymer. Each series of 

experiments were conducted to understand the influence of process parameters like solvent 

mixture, composition, concentration of the emulsifying agent and speed of stirring.  

 
 The effect of viscosity of polymer concentration on various parameters like yield, drug 

content, entrapment efficiency, loading capacity was compared. Entrapment efficiency and 

loading capacity of the formulations was found to be more for F3 formulation than F1 and F2 

formulation. It was mainly because of the high concentration of the polymer. Invitro drug 

release studies were conducted by means of orbiter shaker. In F1 formulation the drug release 

was continued up to 8hrs indicating its sustain release nature and good drug releasing 

properties. In F2 formulation the sustained release nature was further improved up to 12hrs, 

99.2% of drug has been released from F2 formulation. In case of F3 formulation 77.24% of 

drug has been released. On comparison even though sustained release property has been 

improved, the drug release was decreased in F3 formulation. This was mainly because of the 

high concentration of the polymer. As the polymer concentration increased the viscosity of 

the organic phase also increased which is mainly responsible for the sustained release nature 
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of the polymer. But the polymer at higher concentration is not supporting the complete 

release of the drug from F3 formulation. 

 
CONCLUSION 

From the results it was concluded that F2 formulation with Drug: Polymer ratio of 1:1.5 was 

considered to be the best formulation for the preparation of Aspirin loaded ethyl cellulose 

nanoparticles by solvent evaporation technique. 

  
ACKNOWLEDGEMENT 

The authors would like to thank RBVRR Women’s College of Pharmacy, Principal 

Dr.M.Sumakanth for providing us funds for the work. The authors would like to acknowledge 

Mrs. K. Sumalatha and Mrs. D. Suvarna for providing us technical assistance. 

 
REFERENCES 

1. VJ Mohanraj, Y Chen. Nanoparticles-A Review. Tropical Journal of Pharmaceutical 

Research.2006; 5 (1): 561-573. 

2. Jani G.K, Gohel M.C. Effects of selected formulation parameters on the entrapment of 

diclofenac sodium in ethyl cellulose microspheres. J. Control. Release. 1997; 43: 245-

250. 

3. Lamprecht A. et al. Preparation and characterization of injectable microspheres of 

contraceptive hormones. Int. J. Pharm., 1999; 184 (1): 97-105. 

4.  Lamprecht A, et al. Development of surfactant free nanoparticles by a single emulsion 

high pressure homogenization technique and effect of formulation parameters on the drug 

entrapment and release. Int. J. Pharm., 2000; 196 (2): 177-182. 

5. Jayesh Shivaji Patil, Sunil kumar Yadav, Vinod Jagganathrao mokale, Jitendra Baliram 

Naik. Development of surfactant free nanoparticles by a single emulsion high pressure 

homogenization technique and effect of formulation parameters on the drug entrapment 

and release. Int J Pharm 2013; 3(4): 843-852. 

6. Naik JB, Mokale VJ. Formulation and In Vitro Evaluation of Cimetidine Microsphere as 

Gastro Retentive Floating Drug Delivery System. Int. J. ChemTech Res., 2010; 2: 1229-

1242. 

7. Hitesh K, Koshy MK, Shubhini AS. Gastroretentive Ethyl Cellulose Floating 

Microspheres containing Ranitidine Hydrochloride. Int. J. Drug Dev. & Res., 4(2); 315-

321.  



www.wjpps.com           Vol 3, Issue 6, 2014.                   
         

 

1792 
 

Reddy et al.                                World Journal of Pharmacy and Pharmaceutical Sciences 

8. Das MK, Rao KR. Evaluation of zidovudine encapsulated ethyl cellulose microspheres 

prepared by water-in-oil-in-oil (w/o/o) double emulsion solvent diffusion technique. 

ActaPoloniae Pharmaceutica - Drug Research 2006; 63(2): 141-148. 

9. Ravi Sankar, Dhachinamoorthi D, Chandra Shekar K.B .Formulation and evaluation of 

novel aspirin nanoparticles loaded suppositories. Journal of Pharmaceutical sciences 

2013; 13:258–266. 

10. Ravi Sankar V. Dhachinamoorthi D. Chandra Shekar K.B. Formulation and evaluation of 

novel aspirin nanoparticles loaded suppositories. Journal of Chinese Pharmaceutical 

sciences. 2013, 22(3): 259-267.   

11. Mu, L. and Feng, S.S. 2003. A novel controlled release formulation for the anticancer 

drug paclitaxel (Taxol): PLGA nanoparticles containing vitamin E TPGS. J ControlRel. 

86, 33-40. 

12.  Das MK, Rao KR.  Evaluation of zidovudine encapsulated ethyl cellulose microspheres 

prepared by water-in-oil-in-oil (w/o/o) double emulsion solvent diffusion technique. 

ActaPoloniae Pharmaceutica - Drug Research 2006; 63(2): 141-148. 

13. Navneet Garud, Akanksha Garud. Preparation and In-vitro Evaluation of Metformin 

microspheres using Non-aqueous solvent evaporation Technique. Tropical Journal of 

Pharmaceutical Research August 2012; 11 (4): 577-583. 

14. Prakash Katakam1, Yadagiri Phalguna, Dommati Harinarayana. Formulation, 

characterization and in vitro evaluation of Capecitabine loaded Polycaprolactone-chitosan 

Nanospheres. Bangladesh Pharmaceutical Journal. 2014; 17(1): 18-24. 

15. Swarbrick J, Boylan JC.  Marcel Dekker. Encyclopedia of Pharm. (1990) 10; 55–199. 

16. Krishna Sailaja A, Amareshwar, Chakravarty P. Different techniques used for the 

preparation  of nanoparticles using natural polymers and their application. Int J Pharm 

and Pharm. Sci. (2011) 3(2). 45-50.   

17. Kreuter J. Nanoparticles. In: Colloidal Drug Delivery Systems, New York: 

Marcel Decker. 1994, 261‐276.  

18. Mueller, R.H.Colloidal Carriers forControlled Drug Delivery and Targeting, CRC Press. 

   Boston 1991, 379. 

19. Conrad coester.Klaus Zwiorek. Gelatin nanoparticles as a new and simple gene Delivery 

System. J Pharm.pharm Sci .2004; 7(4):22‐28. 



www.wjpps.com           Vol 3, Issue 6, 2014.                   
         

 

1793 
 

Reddy et al.                                World Journal of Pharmacy and Pharmaceutical Sciences 

20. Saikat Das. Rinti Banerje. Jayesh Bellare. Aspirin Loaded Albumin Nanoparticles by 

Coacervation: Implications in Drug Delivery, Trends Biomater. Artif. Organs (2005) 203-

212. 

21. Soppimath KS.  Aminabhavi TM. Kulkarni AR.  Rudzinski W. Biodegradable polymeric 

nanoparticles as drug delivery device. J. Controlled Release (2001)70: 1-20. 

22. Langer K. Balthasar S. Vogel V. Dinauer N. Briesen HV. Schubert. Optimization of the 

preparation process for human serum albumin (HSA) nanoparticle. Int. J. Pharm. (2003) 

257: 169-180.  

23. Mohsen Jahanshahi and Zahra Babaei. Protein Nanoparticle. A unique system as drug 

delivery vehicle. Afr J.Biotech. 2008; 7:4926-4934. 

24. Vyas SP. Khar RK. Targeted & Controlled Drug Delivery. Novel Carrier Systems. CBS 

Publications. 2002; 331-387. 

25. Jain NK. Advances in controlled and Novel Drug Delivery, 1st ed.CBS publishers & 

Distributers, New Delhi .2001; 408. 

 


