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Abstract 

The aim of the present study is to improve solubility and hence 

bioavailability of Rosuvastatin calcium using self nanoemulsifying 

drug delivery system (SNEDDS). self emulsifying property of various 

oils was evaluated with suitable surfactant and co-surfactants. Ternary 

phase diagram was constructed based on Rosuvastatin calcium 

solubility analysis for optimizing the systems. The prepared 

formulation were evaluated for self emulsification time, dispersibility 

study, average globule size, Polydispersibility index (PDI). The 

globule size of optimized system was less than 100nm which could be 

an acceptable nanoemulsion range. The average globule size of the 

selected F2 SNEDDS formulation (Capmul MCM [20%], Tween 20   

[40%] and PEG 200 [40%]) was 88.01nm. In vitro drug release studies showed remarkable 

increase in dissolution of F2 SNEDDS compared to marketed formulation. 

 

KEYWORDS: Self nanoemulsifying drug delivery system; SNEDDS; Rosuvastatin calcium; 

solubility study, Ternary Phase Diagram. 

 

1. INTRODUCTION 

Approximately 40% of new drug candidates have poor water solubility and the oral delivery 

of such drug having the problem of low bioavailability, high intra and inter subject variability 

and lack of dose proportionality. To overcome these problems various formulation strategies 

are reported in the literature including the use of surfactants, cyclodextrins, nanoparticles, 

solid dispersions, micronization, lipids and permeation enhancers.
[1,2]

 However, these 

approaches cannot guarantee the physicochemical stability of the drug compounds. An 

additional emphasis has been placed on presenting and maintaining the drug at a molecular 

level in the solution form throughout its period in the GI tract. Thus the use of lipid and 
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surfactant based formulation is among several approaches found to be capable of improving 

the bioavailability of poorly water soluble drugs. In recent years, self nanoemulsifying drug 

delivery systems (SNEDDS) as lipid and surfactant based formulations showing a practical 

achievement in improving the oral bioavailability of poorly soluble drug compounds by 

presenting and maintaining the drug in a dissolved state, at the molecular level, in small 

droplets of oil, throughout its transit through the GI tract. SNEDDS is an isotropic mixture of 

oil, surfactant and co-surfactant, and they are capable of forming thermodynamically stable 

o/w nanoemulsions upon moderate stirring provided by the stomach and the upper small 

intestine. Rosuvastatin calcium (ROS) is a synthetic lipid Lowering agent, chemically known 

as (3R,5S,6E)-7-{4-(4-fiuorophenyl)-6(1-methylethyl)-2-[methyl(methylsulphonyl)amino] 

pyrimidin-5-yl}-3,5-dihydroxyhept-6-enoic acid calcium salt(2:1).
[3]

It is also used in the 

treatment of osteophoresis, benign prostatic hyperplasia and Alzheimers disease.
[4]

 The oral 

bioavailability of ROS is 20% because of low aqueous solubility due to its crystalline nature 

and is extensively metabolized by liver via oxidation, lactonisation and glucoronidation.
[5,6]

 

After oral administration of ROS, the peak plasma concentration was attained within 35hrs, 

the volume of distribution was 1.1-1.4 liter/kg, and plasma protein binding was 90%. 

 

2. MATERIALS AND METHODS 

2.1 Materials 

Rosuvastatin calcium was gifted from Glen mark Pharmaceutical Ltd, Mumbai. Capmul 

MCM, capmul MCM C8 were obtained as gift samples from abitech corporation, USA. 

Labrasol, Labrafil cm19 was a gifted from Gattefosse limited, Mumbai, India. Neusilin us 2 

was gifted from Fuji chemicals, Japan. Tween 20, PEG 200 was purchased from S.d. fine 

chemicals, Mumbai, India. All other chemicals used in this study were of analytical reagent 

grade and were used as received. The materials used were listed as “generally recognized as 

safe” (GRAS), recommended safe for use in oral drug delivery by world health organization, 

and were within their acceptable limits. 

 

2.2 Solubility study 

The solubility of Oils, surfactants and co-surfactant were determined respectively. 2ml of each 

selected vehicle were added to each vial containing an excess of Rosuvastatin (200mg). After 

sealing the mixture was heated at 40 degree centigrade in a water bath to facilitate the 

solubilisation using a vortex mixer. Mixtures were shaken for 48hrs. After reaching 

equilibrium, each vial was centrifuged at 3000 rpm for 15 min, and excess insoluble 
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Rosuvastatin was discarded by filtration using a membrane filter (0.45µm, 13nm, 

whatman).The concentration of Rosuvastatin was determined using UV- spectrophotometer at 

244 nm. The experiment was repeated in triplicates. 
[7] 

 

2.3 Pseudo-ternary phase diagram study 

The purpose of this study for selecting the surfactant/co-surfactant and oil. Pseudo ternary 

phase diagram is the three component systems which are drawn by fixing two components and 

by adding third component that is water. Hence this method is also known water titration 

method. Phase diagram study suggests that how much which ratio or combination of 

surfactant/co-surfactant shows good micro emulsion region. Broader micro emulsion region in 

phase diagram assume that by using this ratio in formulation which would posses clear, 

transparent and having of lesser droplet size emulsions. Phase diagram study was done by 

using water titration method.
 [72]

 The phase diagram was plotted using chemix ternary plot 

software. Ternary phase diagram were constructed using oils, surfactants and co surfactants. 

The selection of these excipients was based on the solubility study of ROS. A series of self 

emulsifying systems was prepared with varying concentrations of oil, surfactant and co 

surfactant. 
[8] 

 

2.4 Preparation of Rosuvastatin SNEDDS 

Once the self emulsifying region was identified the desired component ratios of SNEDDS 

were selected for drug incorporation and further optimization. Ten milligram of drug and 

mixed surfactant and co surfactant were incorporated in their determined ratios in to oil phase 

containing drug. Finally homogenous mixture was obtained by vortex mixing. The prepared 

Rosuvastatin calcium snedds was kept in a tightly closed bottle at 25°c and from these the 

stable formulations were subjected to further studies i.e. self emulsification time, 

dispersibility study, average globule size analysis, Percent transmittance and cloud point 

determination. 
[8] 

 

2.5 SNEDDS Characterization 

2.5.1 Thermodynamic stability of emulsion 
[9] 

The physical stability of lipid based formulation is also crucial to it performance, which can 

be adversely affected by precipitation the drug in the excipients matrix. In addition poor 

formulation physical stability can lead phase separation of the excipients affecting not only 

formulation performance but visual performance as well. 
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a) Centrifugation study 

The formulations were centrifuged using laboratory centrifuge (REMI R-8C) at 5000 rpm for 

30 min.  The  resultant  formulations  were  then checked  for  any  instability  problem,  such  

as  phase  separation, creaming  or  cracking. Formulation which is stable selected for further 

studies. 
[9] 

 

b) Heating and cooling cycle 

Three   heating/cooling  cycles  between 4◦C  and  40◦C  with  storage  at each  temperature  

for  not  less  than  24  h.  The  resultant  formulations were  assessed  for  their  physical  

instability  like  phase  separation and  precipitation. Formulation which passes this test 

subjected for further test 

 

c) Freeze thaw cycle 

Freeze  thawing  was  employed  to  evaluate  the  stability  of  ROS Calcium loaded  

SNEEDS.  Formulations  were  subjected  to  3  freeze-thaw cycles,  which  included  

freezing  at  −4◦C  for  24  h  followed  by  thawing  at  40◦C  for  24  h.  Centrifugation was 

performed at 3000 rpm for 5 min. The formulations were then observed for phase separation. 

Formulation which passes all these three test & those having least Smix concentration were 

optimized formulation 
[88]

 

 

2.5.2 Self-Emulsification Time 

The efficiency of self-emulsification is assessed using dissolution apparatus. 1ml SEDDS was 

dissolved in 250ml of water at 37±0.5◦C.  Gentle agitation was provided by paddle rotating at 

60RPM. SEDDS was assessed visually according the rate of emulsification and the final 

appearance of the emulsion. Also any precipitation was observed visually. 
[8, 9] 

 

2.5.3 Dispersibility Test 

The efficiency of self-emulsification of oral nano or micro emulsion is assessed by standard 

USP II dissolution apparatus. One ml of each formulation was dissolved in 500 ml of water at 

37 ± 1◦C. A standard stainless steel dissolution paddle is used with rotating speed of 50 rpm 

to provide gentle agitation. The in vitro performance of the formulations is visually assessed 

by following grading system. 
[8, 9] 

 

1. Grade A: Rapidly forming (within 1 min) nano emulsion, having a clear or bluish 

appearance.  
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2. Grade B:  Rapidly forming, slightly less clear emulsion, having a bluish white 

appearance.  

3.  Grade C:  Fine milky emulsion that formed within 2 min.  

4. Grade D: Dull, greyish white emulsion having slightly oily appearance that is slow to 

emulsify (longer than 2min).  

5. Grade E: Formulation, exhibiting either poor or minimal emulsification with large oil 

globules present on the surface. Grade A and Grade B formulation will remain as nano 

emulsion when dispersed in GIT. 

 

2.5.4 Percent Transmittance 

The  Rosuvastatin calcium  SNEDDS  were  reconstituted  with  distilled  water  and the  

resulting  nanoemulsion  was  observed  visually  for  any  turbidity. Thereafter,  its  %  

transmittance  was  measured  at  638.2  nm  using UV–VIS  spectrophotometer (Shimadzu 

UV 1800) against  distilled  water  as  the  blank.
[9] 

 

2.5.5 Droplet size measurement 

2.5.5 Droplet size analysis  

SNEDDS formulation (10 µl) was diluted with 10 ml deionized water in a beaker with 

constant stirring using a glass rod. The resultant emulsion was then subjected to particle size 

analysis. The droplet size so formed determined by Dynamic light scattering (DLS) technique 

using a zetasizer (Nano ZS, Malvern Instruments, UK). He-Ne red laser, 4.0 mW, 633 nm; 

temperature 25
0
c.

 

 

2.5.6 Polydispersibility Index 

Polydispersity index (PDI) is measure of droplet size homogeneity and it varies from 0.0 to 

1.0. Polydispersity is the ratio of standard deviation to mean droplet size in the formulation. 

The higher the Polydispersity, the lower the uniformity of the droplet size in the formulation. 

The closer to zero the Polydispersity value the more homogenous are the droplets.  

 

2.5.7 Cloud point measurement 

The  optimized  SNEDDS  formulations  were  diluted  with  distilled water  in  the  ratio  of  

1:250.  The  diluted  samples  were  placed  in a  water  bath  and  its  temperature  was  

increased  gradually.  Cloud point  was  spectrophotmetrically  determined  as  the  

temperature at  which  there  was  a  sudden  appearance  of  cloudiness. 
[10, 11]
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2.5.8 Drug content determination 

ROS Calcium SNEDDS (100 mg) was dissolved in 10 ml of methanol in 10 ml volumetric 

flask separately, 0.1 ml of stock solution measured accurately and  transferred to 10 ml 

volumetric flask to which 10 ml methanol was added and filtered through whatman filter 

paper. The above solutions were analyzed by UV Spectrophotometer (Shimadzu UV 1800) at 

λmax. 244nm. the amount of ROS Calcium present in the formulation was determined using 

the prepared standard calibration curves of ROS calcium in methanol. 
[12] 

 

2.5.9 Preparation of Solid-SNEDDS of formulation  

The SNEDDS formulations were mixed with solid carrier, Neusilin US2. Briefly, the 

SNEDDS was added drop wise over the solid adsorbent in a broad porcelain dish. After each 

addition, the mixture was mixed thoroughly using glass rod to ensure uniform distribution. 

Neuclilin is extremely safe with no reports of adverse reaction. Based on the usage of 

excipient neucilin up to 1.05 g can be used for oral uptake per day. 
[12]

 

 

2.5.10 Scanning Electron Microscope study 

Morphological examination of surface of Neusilin US2 and formulation adsorbed on Neusilin 

US2 was carried out using a scanning electron microscope. Particles were vacuum dried and 

coated with thin gold-palladium layer and observed microscopically at an accelerating 

voltage of 5.0 kV.  

 

2.5.11 In vitro dissolution test 

The solid SNEDDS containing 40 mg equivalent of ROS calcium were filled in to hard 

gelatin capsule (Capsule no. 00). ROS Calcium release from Solid-SNEDDS formulations 

were performed using dissolution apparatus of USP Type I Basket method with 500 ml of 

distilled water as dissolution medium at 37 ± 5
0
C with basket speed at 80 rpm. Solid-

SNEDDS formulation equivalent to 10 mg of ROS Calcium was introduced into dissolution 

apparatus Type USP I Basket method (Electro lab TDT-08L, India). 5mL samples were 

collected for up to 40 min at 10 min interval. The dissolution medium was replaced with 5mL 

fresh dissolution fluid to maintain the sink condition. The withdrawn samples were filtered 

and analyzed by UV spectrophotometer.  
[13, 14] 
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2.5.12 Morphology of SNEDDS 

It is done by SEM study to check crystalline structures characteristic of rosuvastatin calcium 

are not seen in solid SNEDDS micrographs suggesting that the drug is present in a 

completely dissolved state in the solid SNEDDS. 

 

3. Result and discussion 

3.1 Solubility study 

The solubility study of the drug was tested in different oils phases and maximum solubility 

was determined in capmul MCM and was selected as oily phase for SEDDS formulation. 

                                   

 

Fig.1: Solubility study of ROS in various oils 

 

The solubility study of the drug was tested in different Surfactants and co surfactant and 

maximum solubility was determined in    of Tween 20 and of PEG 200 as a co surfactant 

phase was selected as oily phase for SEDDS formulation. 

                               

  

Fig. 2: Solubility study of ROS in various Surfactants 
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Fig. 3: Solubility study of ROS in various Co-surfactants 

 

3.2 Phase diagram study 

The oil Capmul MCM was examined for phase behavioral studies with Tween 20 as 

surfactant, with PEG 200 as co surfactant. (Fig a, b, c.) Capmul MCM,  Tween 20, PEG 200 

based system showing nanoemulsion at various Km ratios but in the optimization step 

selection of formulation with good stability, water loading capacity and also able to deliver 

drug dose in less dose of Formulation selected. 

 

The nanoemulsion area observed with Km ratio 1:1, 2:1 and 3:1. Good nanoemulsion area 

(Fig 4 .a, b, c) was shown by Capmul MCM oil with Tween 20, PEG 200 at Km ratios (1:1, 

2:1 and 3:1) hence these Km were selected for nanoemulsion preparation 
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                                             Fig. 4: Ternary phase diagram 

 

Table 1: Thermodynamic stability study, Dispersibility test and Emulsification time of 

different formulations. 

Formulation 

code 

Bath 

no 

Oil:S/cos 

Ratio 

H/C Cent. Disper. 

Grade 

Emulsification 

time 

Inference 

A (1:!) F2 0.20:0.80 Y Y A 19 Pass 

F3 0.30:0.70 Y Y A 10 Pass 

F4 0.40:0.60 Y Y B 21 Pass 

F5 0.50:0.50 Y N C 63 Failed 

B (2:1) F12 0.30:0.70 Y Y A 29 Pass 

F13 0.40:0.60 Y Y C 71 Pass 

F14 0.50:0.50 Y N C 78 Failed 

C (3:1) F21 0.30:0.70 Y Y B 33 Pass 

F22 0.40:0.60 Y Y B 35 Pass 

F23 0.50:0.50 Y N C 69 Failed 
 

3.3 Percent Transmittance 

Percentage transmittance of optimized SNEDDS formulation after dilution for 100 times with 

deionized water was given in Table 2. Transmittance value of SNEDDS formulation was 

proximity to 100%; it indicated that clear nanoemulsion was obtained when SNEDDS was 

diluted 100 times with deionized water. 

Table No 2: Percent Transmittance 

Formulation % Transmittance 

F2 97.52 

F3 99.27 
F4 95.16 

F12 96.54 

F13 94.12 

F21 97.24 

F22 93.31 
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3.4 Cloud point measurement 

The cloud point is an essential factor in the SNEDDS consisting of non-ionic surfactants, and 

it is responsible for the successful formation of a stable nanoemulsion. When the temperature 

is higher than the cloud point, an irreversible phase separation will occur and the cloudiness 

of the preparation would have a bad effect on ROS Calcium absorption, because of the 

dehydration of the polyethylene oxide moiety. Hence, the cloud point for SNEDDS should be 

above 37 ºC, which will avoid phase separation occurring in the gastrointestinal tract. The 

cloud point for the formulation is shown in Table VI and was well above 37 ºC. Therefore it 

would suggest a stable nanoemulsion can be formed at physiological temperature in vivo. 

 

Table No 3: Cloud point temperature 

Formulation Cloud Point Temperature 

 
F2 72 

F3 70 
F4 68 
F12 70 

F13 72 

F21 64 

F22 68 

 

3.5 Droplet size analysis 

 Mean globule size of optimized formulation is given in Table 4. F-3 showed globule size of 

200.11 nm which was maximum globule size whereas F-2 was showing least globule size of 

88.03 nm shown in Fig.3. 

 

3.6 Polydispersibility Index  

Polydispersity index (PDI) is measure of droplet size homogeneity and it varies from 0.0 to 

1.0. Polydispersity is the ratio of standard deviation to mean droplet size in the formulation. 

The higher the Polydispersity, the lower the uniformity of the droplet size in the formulation. 

The closer to zero the Polydispersity value the more homogenous are the droplets.  

                                         

Table 4: Avg. globule size and PDI 

 

 

 

 

Formulation Avg. Globule Size (nm) PDI 

F2 88.03 0.277 

F3 200.11 0.444 
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                                             Fig. 5: Graph of Average globule size 

 

 

Fig.6: Graph of Polydispersibility index 

 

3.7 Percent Drug content 

The drug content of RST in all the formulation was found to be in the range of 98-99.89% 

showed in Table 5, which indicate complete solubilization of drug in formulation. Blank 

SNEDSS diluted in a similar manner showed no significant peak at 244 nm indicating 

absence of any interference. 

Table No 5: Percent Drug content 

Formulation Drug content (% w/w) 

F2 99.21 

F3 99.89 

F4 99.67 
F12 99.23 
F13 99.32 
F21 99.53 

F22 98.91 

 



www.wjpr.net                       Vol 3, Issue 4, 2014.     

                          

   

 

2148 
 

Chetan et al.                                                        World Journal of Pharmaceutical Research 

3.8 In vitro Drug Release study 

 In vitro Drug release of the drug from L-SNEDDS formulation was compared with ROS 

Calcium (10 mg) Tablet. Formulation F2, F3, F4, F12, F13, F21 & F22 showed higher 

dissolution rate than Marketed Tablet of ROS Calcium shown in Fig.7. Amongst all these 

seven, Formulation F2 showed highest drug release i.e. 98.13% while marketed formulation 

showed only 32.18 % drug release at the end of 20 min.  

 

Table 6: Comparison of in-vitro drug release of various L-SNEDDS formulation 

Time(min) F2 F3 F4 F12 F13 F21 F22 

5 50.23 46.16 41.21 66.16 61.01 47.47 53.27 

10 66.37 66.30 69.71 70.30 71.43 54.02 68.12 

15 88.62 79.45 83.35 85.45 83.05 74.81 79.12 

20 98.13 92.26 91.18 89.12 83.03 93.38 87.01 

 

 

Fig. No 7: Drug Release study of L-SNEDDS 

 

3.9 In vitro Drug release study of S-SNEDDS 

From the drug release study of L-SNEDDS, the formulation F2, F3 were selected to convert 

it in to solid form by adsorbing it onto a solid carrier Neucilin. High specific area of these 

particles contribute toward improve dissolution of drug from S-SNEDDS. Solid SNEDDS 

when exposed to dissolution media, lead to desorption of the liquid SNEDDS due to stronger 

interaction between neucilin & dissolution medium than the neucilin & liquid SNEDDS. 

 

Table 7: Comparison of in-vitro drug release of various L-SNEDDS formulation 

Time F2 F3 Marketed formulation 

0 0 0 0 

10 20.18 16.29 19.42 

20 43.27 39.12 32.19 

30 81.21 74.92 51.33 

40 97.71 92.14 71.59 
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Fig. No 7: Drug Release study of S-SNEDDS 

 

3.9 Morphology of SNEDDS 

  

 

A) Neusiline us2                                      B) F2 formulation (Solid SNEDDS) 

Fig No 8: Scanning Electron Microscopy 

 

For converting a Liquid SNEDDS into the solid state, a highly porous powder with good oil 

adsorbing capacity is required. Such powders can absorb oil liquid SNEDDS and convert 

them into a free flowing powder. Neucilin used for converting of liquid SNEDDS to Solid 

Self-nanoemulsifying Granules reported earlier (SSNEGs). Scanning electron microscopy 

reveals the morphology of solid SNEDDS. From the Fig 8 (a, b) Micrographs of Solid 

SNEDDS shows Liquid SNEDDS adsorbed onto the surface of Neucilin. Neucilin had an 

angle of repose value 30.14
0 

indicating good flow potential reported earlier. S-SNEDDS 

prepared to overcome the disadvantage associates with liquid SNEDDS. Hence to increase 

patient compliance liquid SNEDDS adsorb on the neucilin. SEM of Neucilin powder Fig A 

shows that spherical powder while in Fig B small spherical globule of liquid SNEDDDS 
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which are adsorbed on neucilin powder seen. Crystalline characteristic of solid ROS Calcium 

are not seen in S-SNEDDS micrographs suggesting that the ROS Calcium is present in a 

completely dissolved state in the S-SNEDDS. 

 

4. CONCLUSION 

The self nanoemulsifying drug delivery system of Rosuvastatin calcium was prepared by 

Capmul MCM, Tween 20 and PEG 200. The formulation with 20% oil proportion (Capmul 

MCM) and surfactant: co surfactant (Tween 20: PEG 200) ratio of 1:1 was optimized based 

on ternary phase diagram, evaluation parameters for self emulsifying ability, stability and in-

vitro drug release performance. However optimized formulation F2 was adsorbed on to 

neusilin to produce solid self emulsifying powder, which exhibited good flow properties with 

smooth surface and preserved the self emulsification properties of liquid SNEDDS. The SEM 

studies suggested that Rosuvastatin in the solid SEP may be in the molecular dispersion state. 

In vitro dissolution parameters showed that dissolution efficiency of solid SNEDDS was 

significantly greater compared to pure drug. Thus the Solid Self nano emulsifying drug 

delivery system as capsule containing SEP offers a useful alternative for oral delivery.  
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