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ABSTRACT: Rosuvastatin is an antihyperlipidemic agent belonging to 

BCS class II Drugs with low aqueous solubility and high permeability. 

Objective: To formulate Rosuvastatin nanosuspension by Emulsification 

solvent diffusion technique by QbD approach and its evaluation. A 2² 

factorial design was employed to study the effect of independent 

variables [SLS (X1) and amount of PVP K -30(X2)] and dependent 

variables [total drug content (Y1) and PDI (Y2)]. Methods: Four 

nanosuspensions were prepared and evaluated for their saturation 

solubility, particle size, zeta potential, SEM, TEM, and in-vitro drug 

release study. Results: The particle size and PDI of all formulations were 

in a range of 215-38nm & 0.1-0.9, respectively. The drug content was 

ranged from 69 %-79%. From the design space F1 (SLS 4mg, PVPK-30, 

25mg) and based on the mean particle size of 215nm, PDI of 0.2, drug 

content of 79%, and cumulative drug release 91%, F1 was selected as an 

optimum formulation with a zeta potential of -35.2mV. Conclusion: It 

can be concluded that Rosuvastatin formulated as nanosuspension 

formulation can enhance the dissolution and bioavailability. 

INTRODUCTION: Solubility is one of the most 

important factors for achieving desired drug 

concentration in systemic circulation for 

therapeutic action. Poor aqueous solubility of drugs 

creates problems in the formulation as well as oral 

administration 
1
. The oral drug delivery system is 

usually known as one of the most convenient 

methods for the administration of drug 

formulations. For oral administration, the drug 

must be dissolved in GI fluids. About 40% of new 

chemical entities discovered to have low aqueous 

solubility or poor bioavailability 
2
. 
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Nanotechnology is one of the most upcoming key 

research areas in the modern scientific setup 
3
.
 
Due 

to increased surface area, drug particles tend to 

have an enhanced dissolution after reduction to 

nanometre range 
4
. A pharmaceutical nano-

suspension is outlined as a fine mixture, biphasic, 

dispersed, solid drug particulates in binary 

compound vehicle size below 1µm lacking any 

matrix material, steady by surface-active agent 

polymers.  

Nanosuspension has been reported to enhance 

absorption & bioavailability. It may help to reduce 

the dose of the conventional oral dosage forms. 

Drug particle size reduction leads to an increase in 

the surface area & consequently in the rate of 

dissolution as described by Nernst-Brunner & 

Levich modification of the Noyes- Whitney 

equation 
5
. 
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Rosuvastatin (Rsn) belongs to a class statin and is 

employed to cut back plasma sterol levels. 

Rosuvastatin Calcium is a synthetic, anti-lipidemic 

agent that competitively inhibits hydroxyl methyl-

glutaryl coenzyme. As it undergoes extensive first-

pass metabolism in the liver, Rsn has a 

bioavailability of less than 20%, with liver being its 

primary site of action. It is important to enhance 

aqueous solubility, dissolution rate as it is 

considered as a valuable goal to improve 

therapeutic efficacy and thus improving 

bioavailability from its oral dosage forms 
6
. 

High-pressure homogenization is a particle size 

reduction process usually applied in the 

pharmaceutical industry. With the high-pressure 

homogenization, the reduction of particle size from 

µm to nm improves in solubility and dissolution 

behaviour of drugs. Various surfactants can be used 

to avoid aggregation by covering the surface of the 

particles and supporting the electrostatic repulsion 

or steric stabilization between the particles, to 

enhance the solubility of the drug 
7
. 

Several studies were performed on Rsn to enhance 
solubility using different methods like nanoparticles 
by wet milling, nanoprecipitation, nanosuspension 
using probe sonicator, liquisolid compact technique. 

Pharmaceutical QbD is a systematic, scientific, 

risk-based, holistic, and proactive approach to 

pharmaceutical development that begins with 

predefined objectives and emphases product and 

process understanding and process control. 

In the present study Rsn Nanosuspension, was 

formulated by emulsification solvent diffusion 

technique, and further evaluation of saturation 

solubility, particle size, drug content, zeta potential, 

in-vitro drug release was carried out. 

MATERIALS AND METHODS: Rsn was 

supplied by Apotex Pvt. Ltd, Bangaluru. PVPK-30 

and Sodium Lauryl Sulphate were obtained from 

SD Fine Chem. Ltd, Mumbai. Poloxamer 188 was 

obtained from Ozone International Mumbai. Ethyl 

Acetate was obtained from SD Fine-Chem. 

Limited, Gujarat. 

Fourier Transform Infrared Spectrophotometry 

(FT-IR) Analysis: Fourier-transform infrared (FT-

IR) spectra of moisture-free powdered samples 

were obtained using a spectrophotometer (FTIR- 

Shimadzu, Japan) by potassium bromide (KBr) 

pellet method. The scanning was done at4000-

400cm
-1

, the resolution was cm
-1

.
8
 

Differential Scanning Calorimetry (DSC) 

Analysis: The DSC analysis of pure drug, and the 

physical mixture was carried out on Shimadzu 

Corporation Japan to check any possible drug-

excipients interaction. Samples were placed in 

aluminium pans and were crimped followed by 

heating at rate of 5°C/min from 25 to 450°C 

temperature under a Nitrogen gas flow 
5
. 

Quality by Design: 

Optimization of Formulation using 2
2 

Factorial 

Design: Based on the principle of design of 

experiments, 2² factorial design was employed to 

investigate the effect of 2 independent factors. The 

2 factors, amount of SLS (X1) & amount of PVPK-

30 (X2) were varied, and the factor levels were 

suitably coded. The drug content (Y1) & Poly-

dispersity Index (Y2) were taken as response 

variables. In this design, 2 factors were evaluated, 

each at 2 levels. Experimental trials were 

performed at all (F1-F4) possible combinations. All 

other formulation variables and processing 

variables were kept invariant throughout the study. 

Table 1 shows factorial combinations as per 2
2
 

factorial design 
9
. 

TABLE 1: SELECTED FACTORIAL COMBINATION 

AS PER 2
2
 FACTORIAL DESIGN 

Code Coded levels Actual levels 

 X1 X2 X1 X2 

F1 -1 -1 4 mg 25 mg 

F2 -1 +1 4 mg 50 mg 

F3 +1 -1 8 mg 25 mg 

F4 +1 +1 8 mg 50 mg 

Preparation of Nanosuspension: Nanosuspensions 
were prepared by the emulsification solvent 

diffusion technique. Rsn (20 mg) was dissolved in 

10 mL Ethyl Acetate (organic phase) at room 

temperature. This solution was poured into 40 mL 

of water containing different amount of SLS, 

PVPK-30 & Poloxamer-188 maintained at room 

temperature, continuously stirring at 7500 rpm for 

6 to 7 min by using High Shear Homogenizer. The 

addition of the organic phase was done at a rate of 

0.5 mL/min. The solution was stirred using High 

Shear Homogenizer at 12000 rpm for 30 min. and 

then was subjected to sonication for 10 min. by 
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using probe sonication. The suspension was then 

diluted with 60 mL of double distilled water and 

then stirred for 1 h to induce diffusion of the 

organic solvent into the aqueous phase. The 

prepared nano-suspension was kept at room 

temperature to evaporate the organic solvent.  

Four formulations (F1 to f4) were formulated. The 

composition of formulations F1 to F4 is given in 

Table 2. Further, the formulations were transferred 

into an amber coloured bottle and stored in the 

refrigerator 
9
. 

TABLE 2: COMPOSITION OF NANOSUSPENSION 

FORMULATION (F-1 TO F-4) 

Ingredients F1 F2 F3 F4 

Rsn (mg) 20 20 20 20 

Sodium Lauryl Sulphate (mg) 4 4 8 8 

PVPK-30 (mg) 25 50 25 50 

Poloxamer-188 (mg) 15 15 15 15 

Ethyl Acetate (mL) 10 10 10 10 

Water (mL) 100 100 100 100 

Characterization:  

Saturation Solubility Studies: A known excess 

amount of drug Rsn, physical mixtures, and 

nanosuspension formulation were added to 10 mL 

each of phosphate buffer (6.8 pH). Samples were 

rotated at 20 rpm in a water bath at 25°C for 48 h. 

Samples were then filtered, suitably diluted, and 

analysed spectrophotometrically at 244nm. 

Determination of Particle Size and 

Polydispersity Index: The particle size of all the 

formulations was determined by DLS using a 

particle size analyzer (Nanotrac R- 150 USA). 

Samples were prepared by diluting the small 

quantity of dry nanoparticles in double distilled 

water with constant stirring for 1 h and filtered 

through 0.45μm millipore filter to get the desired 

nanoparticle dispersion. The mean particle size of 

the nanosuspension was determined. 

The Polydispersity Index (PDI) can also be 

measured by DLS using a particle size analyzer 

(Nanotrac R- 150 USA).  PDI is an index of width 

or spread or variations within the particle size 

distribution. Monodisperse samples have lower PDI 

value, whereas the higher value of PDI indicates 

wider particle size distribution and polydisperse 

nature of the samples. PDI can be calculated by the 

following equation 
10

. 

Polydispersity = [D90 –D10] / D50 

Drug Content: Drug-loaded Nanosuspension 

equivalent to 1mg was first dissolved in 1 mL 

methanol and was further diluted up to 10 mL with 

phosphate buffer pH 6.8 and stirred continuously 

for 2 h, and then the final suspension was ultra-

centrifuged at 10,000 rpm for 30 min. The 

supernatant was taken, appropriate dilutions were 

made, and measured spectrophotometrically at 244 

nm to get drug content 
10, 11

. 

Statistical Optimization: Design expert software, 

version 11 was used to evaluate the quality of fit of 

the model. Based on the comparison with several 

statistical parameters, the best fit model was 

selected; parameters inclusive of R
2
-Coefficient of 

determination, adjusted R
2
, SS- the sum of squares, 

MS- Mean of square, DF- Degree of freedom, F-

value- Fischer's ratio and p- probability was 

provided by DOE software.  For the identification 

of the significant effect of factors on response 

regression coefficient, the use of analysis of 

variance (ANOVA) was made, using response 

surface plots (Contour and 3D- Surface) the 

elucidation of the relationship between independent 

and dependent variables were made. The use of 

these plots was made to predict the responses of 

dependent variables at intermediate levels of 

independent variables and to study the response of 

the effects of various factors at given time. Finally, 

to identify the optimized formulation, a graphical 

optimization technique (Overlay plots) was used. 

The responses of experimental values were quan-

titatively compared with responses of predicted 

values to validate the chosen experimental design. 

Determination of Zeta Potential: Zeta potential of 

suitably diluted nanosuspension was measured 

using zeta meter 3.0 + (uniton, Japan). Charge on 

nanoparticles, and their mean zeta-potential value 

with SD of three measurements were obtained.
10 

Scanning Electron Microscopy (SEM): Particle 

morphology was observed using SEM JSM 6360 

(JEOL Japan). The sample’s small drop of the 

suspension was air-dried followed by oven-dried & 

was mounted on double-faced adhesive tapes and 

coated with gold (20mÅ) under reduced pressure 

(0.001) for 5 min. using an ion sputtering device. 

The gold-coated samples were observed under the 

SEM, and photomicrographs of suitable 

magnifications were obtained 
11

. 
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Transmission Electron Microscopy (TEM): 
External morphology of prepared nanosuspension 

was determined using transmission electron micro-

scopy. Samples of the nanosuspension were 

prepared by placing a drop onto a copper grid. 

Digital Micrograph and Soft Imaging Viewer 

software were used to perform the image capture 

and analysis, including particle size 
10

. 

In-vitro Drug Release: The in-vitro release of pure 

Rsn and formulations (F1-F4) were determined 

using the dialysis bag diffusion technique. An 

accurately weighed amount of pure Rsn (5 mg) and 

nanosuspension equivalent to 5 mg of drug was 

transferred to a dialysis bag with a molecular 

weight cut off 12,000 - 14,000 Da and sealed. The 

sealed bag was then suspended in USP Type II 

apparatus containing 900 mL, phosphate buffer pH 

6.8. The apparatus was runat a constant speed of 50 

rpm, and the bath temperature was set at 37°C 

±0.5°C. Aliquots of 5 ml of the sample were 

withdrawn at predetermined intervals from the 

receptor compartment, and the same was replaced 

with fresh buffer. The drug release was determined 

spectro-photometrically after dilution by measuring 

the absorbance at 244 nm using the phosphate 

buffer pH 6.8, as blank 
10, 12

. 

RESULTS: 

Compatibility Studies:   

FT-IR Spectroscopy: The FT-IR spectrum of pure 

drugs and the physical mixture of drugs and 

excipients are shown in Fig. 1. All the functional 

groups' peaks for Rosuvastatin as a pure drug and 

its physical mixture with polymers were the same, 

indicating drug and polymers were compatible with 

each other. 

 

 
FIG. 1: FT-IR SPECTRUM OF A) PURE RSN B) PHYSICAL MIXTURE (RSN+PVP K30+SLS+POLOXAMER 188) 
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DSC Studies: The DSC thermograms of pure Rsn 

and physical mixtures are shown in Fig. 2. The 

thermogram of pure drug Rsn showed a smooth 

blunt peak at 154°C.  Similarly, the thermogram of 

physical mixtures shows a peak at 154°C; 

corresponding to the drug, peak at 57°C; 

corresponding to poloxamer 188, a peak at 203°C; 

corresponding to SLS and a broad endothermic 

peak at 90°C corresponding to PVPK30, which is 

due to loss of moisture. There is no significant 

change in drug peak in the physical mixture, which 

indicates that the drug has not undergone any 

physical changes when mixed with the polymers 

and surfactant. 

  
FIG. 2: DSC OF A) PURE RSN B) PHYSICAL MIXTURE (RSN+PVPK30+SLS+POLOXAMER 188) 

Preparation of Nanosuspension: The present 

study was focused on developing nanosuspension 

formulations. Preliminary analyses were conducted 

to optimize the formulations for concentrations of 

SLS, PVPK30, and Poloxamer 188. The nano-

suspension formulations F1-F4 were successfully 

formulated by emulsification solvent diffusion 

technique 

Evaluation of Formulated Nanosuspension:  
Saturation Solubility Studies: Saturation 

solubility values are shown in Table 3. The 

saturation solubility of pure drug Rsn is 0.09 

mg/mL. Saturation solubility of the physical 

mixture is increased by two-fold, that is 0.2 mg/mL 

as compared to pure Rsn, this could be attributed to 

the presence of PVPK30, A hydrophilic polymer 

that increases wettability, and also a surfactant SLS 

which reduces the interfacial tension between the 

phases. The nanosuspension formulations showed a 

significant increase in saturation solubility.  

TABLE 3: SATURATION SOLUBILITIES OF PURE RSN, 

PHYSICAL MIXTURES AND NANOSUSPENSIONS F1-F4 

Formulation Saturation solubility(mg/mL) 

Pure Rsn 0.09 

PM 0.20 

F1 0.89 

F2 0.67 

F3 0.52 

F4 0.47 

Formulation F1 showed an almost 10-fold increase 

in saturation solubility, which could be attributed to 

the reduction of drug particles in the nano ranges, 

in turn increasing the effective surface area of the 

particles. 

Particle Size and Polydispersity Index: Particle 

size data and PDI for nanosuspensions are given in 

Fig. 3 and Table 4. Particle size measurement was 

required to confirm the production of the particles 

in nano range. The Particle size distribution studies 

showed that all the particle sizes of the 

formulations were in the range of 215 to 384 nm. 

The particle diameter was found to decrease in the 

formulation containing 4 mg of SLS as surfactant. 

The formulation F1 with 25 mg of PVPK-30 as a 

stabilizer and 4 mg of SLS as surfactant showed a 

mean particle size 215 nm. 

The mean PDI value of nanosuspensions F1 to F4 

varied in the range of 0.2 to 0.85, as shown in 

Table 4, indicating good results. 

Drug Content:  The drug content of the formulated 

nanosuspension was found to be in the range of 

62% to 79%, respectively, as shown in Table 4. 

Formulation F1 showed the maximum drug content 

i.e., 79%, in which 25 mg of PVPK-30 as a 

stabilizer and 4 mg of SLS as surfactant. 
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FIG. 3: PARTICLE SIZE AND PDI OF RSN NANOSUSPENSION F1 

TABLE 4: PARTICLE SIZE, PDI & DRUG CONTENT OF NANOSUSPENSIONS F1-F4 

Formulations Particle Size (nm) PDI Drug Content (%) 

F1 215.3 0.2 79 

F2 240.8 0.1 62 

F3 351 0.9 71 

F4 384 0.85 69 
 

Optimization by 2
2 

Factorial Design: The 

experimental runs, with independent variables and 

measured responses for the developed formulation 

are shown in the Table 5. 

TABLE 5: COMPOSITION OF NANOSUSPENSION- VARIABLES AND RESPONSES AS PER DESIGN EXPERT 

Std 

 

Run Factor 1 Factor 2 Response 1 Response 2 

A: Conc. of SLS mg B: Conc. of PVPK-30 mg Drug Content (%) PDI 

4 1 8 50 69 0.85 

3 2 8 25 71 0.9 

1 3 4 25 79 0.2 

2 4 4 50 62 0.1 
 

Statistical Optimization: Statistical optimization 

of Rosuvastatin nanosuspension was done by 

comparison of several statistical parameters, 

provided by Design-Expert Software, Version 11. 

The statistical data of the applied design was 

summarized. ANOVA test was performed to 

evaluate the level of significance of the tested 

independent factors on amount of SLS(X1) and 

amount of PVPK30 (X2). Table 6 shows the 

summary of statistical parameters by ANOVA. 

TABLE 6: SUMMARY OF STATISTICAL PARAMETERS – ANALYSIS OF VARIANCE TEST RESPONSES. SUM 

OF SQUARES DF (ANOVA) 

Responses Sum of Squares df Mean Square F-Value p-value Model Significance 

Y1 146.50 2 73.25 293.00 0.0413 Significant 

Y2 0.5313 2 0.2656 425.00 0.0343 Significant 
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Response Y1– Drug Content: From graphical 

representation in Fig. 4; from the response surface 

plot, it was observed that as the level of variable 

X1 increases the value Y1decreases, whereas by 

decreasing the level of variable X2 the value of 

response Y1 increases. In other words, as the 

amount of SLS increases, the drug content 

decreases, and as the amount of PVPK30 

decreases, the drug content increases.  

 
FIG. 4: RESPONSE SURFACE PLOT FOR RESPONSE Y1 DRUG CONTENT RESPONSE Y2– POLYDISPERSITY 

INDEX (PDI) 

From graphical representation in Fig. 5; from the 

response surface plot, it was observed that as the 

level of variable X1 increases, the value Y2 

increases, whereas by increasing the level of 

variable X2, the value of response Y2 also 

increases. In other words, as the amount of SLS 

increases, the Polydispersity Index (PDI) increases, 

and also with an increase in the amount of PVPK-

30, the Polydispersity Index (PDI) increases.  

 
FIG. 5: RESPONSE SURFACE PLOT FOR RESPONSE Y2 POLYDISPERSITY INDEX 

Fig. 6 shows an overlay Plot Showing Design 

Space for nanosuspension F1. From this Design 

Space, formulation F1 falls under the region of 

successful operating ranges. Hence formulation F1 

(amount of SLS - 4 mg and amount of PVP K30 25 

mg) completes the norms of QTPP and CQA for 

the formulation of Rsn Nanosuspension. So F1 was 

selected as the optimized formulation. Based on the 

characterization of formulations, saturation 

solubility of 0.89mg/mL, the mean particle size of 

215 nm, PDI of 0.2 and drug content of 79%, 

further formulation F1 was selected as an 

optimized formulation subjected for Zeta Potential, 

SEM, TEM studies. 
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FIG. 6: OVERLAY PLOT SHOWING DESIGN SPACE FOR NANOSUSPENSION F1 

Zeta Potential: Fig. 7 shows the Zeta potential 

distribution of F1. Zeta Potential is an important 

parameter to analyze the long-term stability of the 

nanoparticles. Zeta Potential refers to the surface 

charge of the particles. It indicates the degree of 

repulsion between closely charged particles in the 

dispersion, which prevents aggregation of the 

particles. The Zeta potential of optimized F1 was 

found to be -35.2 Mv which indicates good stability 

of the formulation. This might be attributed to a 

surfactant that decreases the electrostatic repulsion 

between the particles and sterically stabilizes the 

nanoparticles by forming a coat around their 

surface. 

 
FIG. 7: ZETA POTENTIAL DISTRIBUTION OF F1 

 
FIG. 8: SEM IMAGE OF RSN NANOSUSPENSION F1 
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Scanning Electron Microscopy: Fig. 8 shows 

SEM image of Rsn nanosuspension F1. The drug 

particles precipitated with PVP K30 as a stabilizer 

are spherical in shape, and the size is 200 nm. The 

particles are discrete and in uniform size. 

Transmission Electron Microscopy: TEM images 

of the optimized formulation F1 suggested that the 

formulations were in the nano-size range. TEM 

images of F1 showed that developed nanoparticles 

are spherical in shape, as shown in Fig. 9. 

 
FIG. 9: TEM IMAGE OF RSN NANOSUSPENSION F1 

In-vitro Drug Release Studies: In-vitro dissolution 

studies of pure Rsn drug and formulations F1-F4 

were carried out.  It is observed that drug release 

from nanosuspension formulation markedly 

increased as compared to the pure drug. The pure 

drug Rsn shows 19% cumulative drug release, 

whereas nanosuspension F1 shows 91%, F2 shows 

85%, F3 shows 78%, and F4 shows 71% 

cumulative drug release at the end of the 60
th

 min. 

The comparative drug release profiles of pure drug 

Rsn and formulations F1-F4 are shown in Fig. 10. 

It was observed that as the particle size increases, 

the release rate decreases, this is because smaller 

particles have a high surface area compared to their 

volume, and therefore the most of the drug will be 

at or near the particle surface and can be readily 

released. 

 
FIG. 10: IN-VITRO DISSOLUTION PROFILE OF 

FORMULATION F1-F4 AND PURE DRUG RSN 

CONCLUSION: In the present study, Rsn 

nanosuspensions were successfully formulated by 

the emulsification solvent diffusion technique. The 

best nanosuspension formulation was found to be 

F1 with saturation solubility 0.89 mg/mL, particle 

size 215 nm, PDI 0.2, zeta potential -35.2mV, and 

Cumulative drug release of 91%. SEM and TEM 

images confirmed that the particle size of all the 

formulations was in nano range. It can be 

concluded that Rsn formulated as nanosuspension 

formulation can enhance the dissolution and 

bioavailability of the pure drug alone. 
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