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Abstract 

Atorvastatin calcium is a HMG-CoA reductase inhibitor used for the treatment of hyperlipidaemia. It has oral 
bioavailability of ≤12 %. It also undergoes high first pass metabolism. It is highly soluble in acidic pH and absorbed more 
in the upper part of the gastrointestinal tract. In order, to improve the absorption and its oral bioavailability, niosomes 
of Atorvastatin calcium have been formulated and evaluated on different parameters. Niosomes play an increasingly 
important role in drug delivery as they can reduce toxicity and 000000000modify pharmacokinetic and bio-availability. 
Niosomes formulations of Atorvastatin calcium were successfully developed by thin film hydration technique using 
nonionic surfactant i.e. Span 40, Span 60 Span 80, Tween 20, Tween 40, Tween 80 and cholesterol at different 
concentrations. The formulations were evaluated for size, shape, and entrapment efficiency. In-vitro release and 
stability studies also performed.  Results indicated that Niosomes were prepared succesfully work as promising drug 
carriers and promising drug delivery module.  
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1. Introduction

Drug delivery systems using colloidal particulate carriers such as liposomes or niosomes have distinct advantages over 
conventional dosage forms because the particles can act as drug-containing reservoirs. [1] The rationale of (NDDS) novel 
drug delivery system is to provide a therapeutic amount of drug to reach to the site of action and then preserve the most 
wanted drug concentration to produce therapeutic effect. The drug- delivery system should deliver drug at a rate control 
by the necessarily of the body during a specific duration of treatment. [2] The use of non-ionic surfactant vesicles 
(niosomes) as drug carrier systems has distinct advantages over conventional dosage.[3] The different structure of 
niosome presents an effective novel drug delivery system with ability of loading both hydrophilic and lipophilic drugs. 
They can increase the drug efficacy, reduce drug side effects, increase the drug solubility, and develop an effective 
topical delivery.[4] The rationale of (NDDS) novel drug delivery system is to provide a therapeutic amount of drug to 
reach to the site of action and then preserve the most wanted drug concentration to produce therapeutic effect. The 
drug- delivery system should deliver drug at a rate control by the necessarily of the body during a specific duration of 
treatment [5]. The use of non-ionic surfactant vesicles (niosomes) as drug carrier systems has distinct advantages over 
conventional dosage. [6] They can increase the drug efficacy, reduce drug side effects, increase the drug solubility, and 
develop an effective topical delivery [7]. Niosomes are biodegradable, biocompatible non-immunogenic and exhibit 
flexibility in their structural characterization. And they has been broadly evaluated for controlled release and targeted 
delivery for the treatment of cancer, viral infections and other microbial diseases. Niosomes serve as drug depot in the 
body which releases the drug in a controlled manner through its bilayer providing sustained release of the enclosed 
drug [8].  These days, Niosomes are gaining more fame because of their stability, ease of preparation, increasing drug 
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efficacy, achiving reduced toxicity, and most importantly their site targeted action. These are significant for drug 
targeting, particularly in chemotherapy, wherein, the restrictive factor is the traditional lack of selectivity of drugs 
towards cancer cells and tissues. Niosomes can entrap both hydrophilic and lipophilic drugs and prolong the circulation 
of entrapped drug [9]. 

Atorvastatin calcium (ATC) is the most ideal molecule among statins, used to treat moderate to severe 
hypercholesterolemia, it has oral bioavailability of less than 12%. It also undergoes high first pass metabolism. It is 
highly soluble in acidic pH and absorbed more in the upper part of the GIT. Atorvastatin is used for the lowering of 
serum cholesterol level. According to biopharmaceutical classification, it belongs to Class-II drug. It has very less 
solubility (< 1mg/ml), which limits its release from the formulation. It is mostly taken by the liver which results in low 
systemic bioavailability (14%) due to the first pass metabolism by the liver. In order, to improve the absorption and its 
oral bioavailability, niosomes of Atorvastatin calcium have been formulated and evaluated on different parameters [10].  

 

Figure 1 Structure of Atorvastatin calcium 

2. Material and methods 

Atorvastatin calcium was a gift from Lupin India Ltd. Span 40, Span 60 Span 80 and Tween 20, Tween40, Tween 60 
obtained from Qualikems Fine Chem Pvt. Ltd. Varodara, India., Cholesterol, Octanol from Loba Chem. Pvt ltd, Mumbai, 
India. All the chemicals were of analytical grade  

2.1. Formulation development by Thin Film Hydration Technique [11]   

Niosomes containing Atorvastatin calcium were prepared by thin film hydration method using a lipid mixture consisting 
of surfactant (span 40, span 60, span 80 and tween 20, tween40, tween 60) and Cholesterol, at different specified ratios 
as given in Table 1. Drug, Surfactant and Cholesterol were dissolved in 10 ml of chloroform. The lipid mixture was then 
transferred to a 100 ml round bottom flask, and the solvent was evaporated under reduced pressure at a temperature 
of 55‑65℃, using a rotary evaporator until the formation of a thin lipid film. The formed film was hydrated with 20 ml 
of Phosphate buffer saline pH 7.4. The hydration was continued for 1 h, while the flask was kept rotating at 55-65°C in 
the rotary evaporator [12]. The hydrated niosomes containing entrapped drugs of varying size were obtained.  

Table 1 Compositions of the Atorvastatin calcium Niosomes formulations  

S.No. Formulation Code Surfactant Drug:Surfactant:Cholesterol  (mg) 

1. ANS1 Span 40 100:100:100 

2. ANS2 Span 40 100:200:100 

3. ANS3 Span 60 100:100:100 

4. ANS4 Span 60 100:200:100 

5. ANS5 Span 80 100:100:100 

6. ANS6 Span 80 100:200:100 

7. ANS7 Tween 20 100:100:100 

8. ANS 8 Tween 20 100:200:100 

9. ANS9 Tween 40 100:100:100 

10. ANS10 Tween 40 100:200:100 

11. ANS11 Tween 60 100:100:100 

12. ANS12 Tween 60 100:200:100 



International Journal of Science and Research Archive, 2021, 02(01), 116–124 

118 

3. Evaluation of prepared niosomes 

3.1.  Particle size [13] 

Vesicle size determination was carried out using an optical microscopy with a calibrated eyepiece micrometer. About 
200 niosomes were measured individually, average was taken, and their size range, mean diameter were calculated.  

3.2. Entrapment efficiency [14] 

The percentage entrapment efficiency of the vesicles was determined by freeze thawing centrifugation technique. 
Niosomal suspension was filled in drop tubes and stored at -20ºC in a refrigerator for 24 hours. After 24 hours niosomal 
suspension was taken from refrigerator and stored at room temperature. The niosomal suspension was centrifuged at 
1500 X G rpm for 30 minute. Supernatant containing unentrapped drug was withdrawn and diluted with water 
methanol mixture (80:20), then measured UV spectrophotometrically at 244 nm against water methanol mixture as 
standard. Entrapment efficiency (EE) was calculated. 

3.3. Scanning Electron Microscopy [15] 

The shape and surface characteristics of niosomes were evaluated by Scanning Electron Microscopy (SEM). The 
lyophilized sample was mounted directly on to the sample holder using double-sided sticking tape and after gold coating 
images were recorded at the required magnification. 

3.4. In-vitro drug release [16] 

The in-vitro permeation of Atorvastatin from niosomal formulation was studied using locally fabricated diffusion cell. 
The in-vitro diffusion of the drug through egg membrane was performed. It was clamped carefully to one end of the 
hollow glass tube of 17 mm (area 2.011 cm²) (dialysis cell) this acted as donor compartment. 100 ml of phosphate buffer 
saline PBS 7.4 was taken in a beaker which was used as a receptor compartment. The known quantity was spread 
uniformly on the membrane. The donor compartment was kept in contact with the receptor compartment and the 
temperature was maintained at 37± 0.1ºC. The solutions of the receptor side were stirred by externally driven Teflon-
coated magnetic bars. At predetermined time intervals, sample was withdrawn and replaced by 4 ml of PBS. The drug 
concentrations in the aliquot were determined at 244 nm against appropriate blank. This experiment was done in 
triplicate and average value was reported. In- vitro permeation studies were conducted for different formulation and 
effect of variation in composition on permeation rate. Drug release data was normalized by converting the drug 
concentrations in solution to a percentage of cumulative drug release and was shown graphically.  

3.5. Accelerated Stability study [17,18] 

Stability studies carried out by storing the prepared niosomes of Atorvastatin calcium at a range of temperature 
conditions like room temperature (25±0.50C), refrigeration on (2-80C), and elevated temperature (45±0.50C) for a 
period of 12 weeks. In which Drug content and variation in the average vesicle diameter were periodically monitored. 
ICH (International Conference on Harmonisation) guidelines suggests stability studies for dry niosomes powder meant 
for reconstitution should be studied for accelerated stability at 75% relative humidity as per international climatic 
zones and climatic conditions. 

4. Results and discussion 

A successful challenge was made to formulate twelve formulations of Atorvastatin calcium niosomes formulations by 
Thin film hydration technique using nonionic surfactant and cholesterol at different concentrations. The pure drug 
shows sensitivity to light and moisture. Therefore formulating it into niosomes can solve this problem to a large extent. 
The mean particle diameter of the Atorvastatin calcium niosomes was between 2.13-2.69µm for all twelve formulations. 
Particles of all formulations were smooth, oval and discrete. The entrapment efficiency of the niosomes was between 
66.32-89.42% The entrapment efficiency was found to be higher with the batch ANS12 (89.42%), which may have an 
optimum surfactant cholesterol ratio to provide a high entrapment of Atorvastatin calcium. The higher entrapment may 
be explained by high cholesterol content (~50% of the total lipid). It was also observed that very high cholesterol 
content had a lowering effect on drug entrapment to the vesicles. This could be due to the fact that cholesterol beyond 
a certain level starts disrupting the regular bi-layered structure leading to loss of drug entrapment. 
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Table 2 Properties of Atorvastatin calcium Niosomes  

S.N. Formulation 
Code 

Average mean diameter of 
nonsonicated niosomes  (µm)  

% Entrapment 
efficacy  

Viscosity 
(Centipoise) 

1. ANS1 2.43±0.11 66.32±0.11 2.016 

2. ANS2 2.46±0.15 68.31±0.33 2.573 

3. ANS3 2.51±0.19 71.12±0.19 2.157 

4. ANS4 2.33±0.11 81.32±0.13 3.322 

5. ANS5 2.15±0.32 84.41±0.41 2.336 

6. ANS6 2.33±0.15 72.45±0.15 2.520 

7. ANS7 2.47±0.22 71.42±0.09 2.167 

8. ANS 8 2.69±0.31 85.37±0.12 3.634 

9. ANS9 2.33±0.08 68.51±0.08 2.349 

10. ANS10 2.50±0.06 67.42±0.21 1.686 

11. ANS11 2.13±0.11 68.12±0.08 2.768 

12. ANS12 2.44±0.14 89.42±0.19 3.814 

4.1. Scanning Electron Microscopy 

Morphology and internal cross-sectional structure of the microspheres were investigated with a scanning electron 
microscope. SEM is one of the common methods used owing to the simplicity of sample preparation and ease of 
operation. Scanning electron photomicrographs of the selected formulation shown in figure 2. SEM indicates that 
the niosomes were spherical with a smooth surface; distinct pores were evident on the surface of niosomes, which 
will be responsible for the release. The photomicrographs also showed presence of loose crystals of drug on the 
surface of a few niosomes. 

 

Figure 2 Photograph of Atorvastatin calcium niosomes of batch ANS4 and ANS9 

4.2. In-vitro drug release study 

The in-vitro permeation of Atorvastatin calcium from niosomal formulation was studied using locally fabricated 
diffusion cell. The cumulative percent drug release after 11 hrs of the Atorvastatin calcium niosomes in between 
32.46-85.43%. The formulation containing tween showed less permeation compared with the preparation 
containing span. It might be due to the larger size of the vesicles and less lipophilic nature of the Tween, which 
makes it more difficult for these vesicles to penetrate or fuse with skin whereas, the inclusion of span which is 
more lipophilic than tween further increased the lipophilicity of the drug leading to better penetration. Rapid drug 
leakage was observed during the initial phase. However, after that a slow release occurred. This could be because 



International Journal of Science and Research Archive, 2021, 02(01), 116–124 

120 

the drug is mainly incorporated between the fatty acid chains in the lipid bilayer of niosomal vesicles which leads 
to rapid ionization and release upon dispersing niosomes in large buffer (pH 7.4) volumes until reaching 
equilibrium. 

 

Figure 3 Percentage of drug released from batch ANS1 to ANS4 

 

 

Figure 4 Percentage of drug released from batch ANS5to ANS8 

 

 

Figure 5 Percentage of drug released from batch ANS9 to ANS12 

4.3. Kinetic modeling for Niosomes Formulation ANS9 

Different kinetic model for in-vitro release study niosomes of Atorvastatin calcium formulation ANS9  are shown in fig. 
6-9 respectively. The results obtained in the in-vitro drug release studies were plotted in four models i.e. zero order 
kinetic model, first order kinetic model, Higuchi kinetic model, and Korsmeyer-peppas release model. 
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This indicates that the drug release is controlled by diffusion of the drug through the pores. The formulations are best 
fitted into the Peppas model.  The 'n' values of these indicate that in these formulations followed Fickian controlled 
release mechanism and in addition, the release appears to be also by erosion and is drug - dissolution limited. 

 

Figure 6 Zero order release model 

 

 

Figure 7 First order release model 

 

 

Figure 8 Higuchi’s release model 

 

 



International Journal of Science and Research Archive, 2021, 02(01), 116–124 

122 

 

Figure 9 Korsemeyer – Peppas release model 

 

Table 3 R2 values of all applied models 

Model name Zero order First order Higuchi’s model Korsmeyer- Peppas model 

R2 value 0.974 0.986 0.983 0.994 

 

4.4. Stability studies 

Accelerated stability studies for 12 weeks revealed that the formulations were stable at up to 45 ℃. The results 
showed that niosomes formulation was quite stable at refrigeration and room temperatures as not much leakage 
of drug was found at these temperatures. Therefore, the selected Atorvastatin calcium niosomes formulations can 
be stored at either refrigeration or room temperature. The pure drug shows sensitivity to light and moisture. 
Therefore formulating it into niosomes can solve this problem to a large extent. Stability studies revealed that the 
niosomes kept at room temperature (~25°C) and 40 °- 75% RH showed the maximum stability. The values of drug 
content and in-vitro studies were close to that of the initial data with only slight variations suggesting that it has 
an acceptable shelf life. It should be stored in a cool, dry place. Niosomes formulations of Atorvastatin calcium of 
batch ANS9 shows good stability at refrigeration and room temperature in comparison to other. 

Table 4 Stability studies of batch ANS9 

Weeks 

Batch  ANS9(Mean±S.D, N=5) 

Refrigeration Room Oven 

0 100 100 100 

1 99.94±0.01 99.94±0.06 98.85±0.04 

3 99.8±0.03 99.8±0.05 97.95±0.08 

6 99.76±0.05 99.73±0.04 97.74±0.12 

9 99.74±0.03 99.7±0.06 97.36±0.31 

12 99.62±0.02 99.60±0.02 97±0.28 

 

5. Conclusion 

From the study it is concluded that Atorvastatin calcium noisome were prepared by using different surfactants i.e. Span 
40, Span 60, Span 80, Span Tween 20, Tween 40 and Tween 60 by thin film hydration method. Non-ionic surfactants 



International Journal of Science and Research Archive, 2021, 02(01), 116–124 

123 

along with cholesterol is a suitable carrier for the preparation of niosomes of Atorvastatin calcium. On basis of drug 
content, particle size morphology, in-vitro release and stability studies, it can be concluded that formulation ANS9was 
an optimum formulation.  However, future experiments should explore the suitability of niosomes with wide variety of 
drugs having designed drawbacks for improved and effective intended therapy. So, that niosomes are represented as 
promising drug carriers and promising drug delivery module.  
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