
         
            
               
                  Journal Information

                  
                     Publisher: Pharmascope Publication
                     

                     Title: International Journal of Research in Pharmaceutical Sciences
                     

                     ISSN (print): 

                  

               

               
                  Article Information

                  
                     Copyright statement: This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial- ShareAlike 4.0
                        License, which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited
                        and the new creations are licensed under the identical terms.
                     

                     Copyright: 2020
                     

                     Volume: 2020, 11
                     

                     Issue: 2
                     

                     Page: 2657
                     

                     DOI: https://doi.org/10.26452/ijrps.v11i2.2280
                     

                  

               

            

         

         

         
            Formulation Characterization, Invitro, Invivo and Pharmacokinetic  Evaluation of Stabilized Rosuvastatin Calcium Nanosuspension
            

         

         
                     
                           Santhosh Raja M[1]

                     Email: santhosh.raja88@gmail.com

                     
                           Venkataramana K[2]


         
            
                  
               Research Scholar, University College of Pharmaceutical Sciences, Acharya Nagarjuna University, Guntur- 522510, India
               +91-9533655477
               
            

            
                  
               A.S.N. Pharmacy College, Burripalem Road, Tenali, Guntur- 522201, India
               
            

         

         Corresponding Author: Santhosh Raja M
         

         
            Abstract

            
               
Rosuvastatin calcium is a BCS class II drug which is used as hyperlipidemic. Many of the BCS class II drugs offer the disadvantage
                  of solubility. Nanoparticle compounds present a promising solution to the insolubility of BCS class II drugs. A simple and
                  efficient technique for the preparation of nanoparticles is a precipitation technique. Polymeric nanoparticles have been prepared
                  by employing the nanoprecipitation method. The nanosuspensions were made by using PVP K30, HPMC K15M, Eudragit L100 in various
                  ratios using precipitation technique. DSC tests the compatibility between the drug and different ingredients. The formed nanoparticles
                  were evaluated for multiple testing parameters like particle size, zeta potential, drug content and dissolution testing. Among
                  all the formulations, the nanosuspension prepared with Eudragit L 100 showed better characteristics. The dissolution test
                  showed the drug release for 12 hours. The best formulation showed the particle size of 100.5 ± 5.4 nm and zeta potential of
                  -55.1 mv. The in vivo  studies on the Wistar rats showed better pharmacokinetic parameters when compared to the pure drug. Nano precipitation method
                  was successfully employed to prepare Rosuvastatin calcium nanosuspension to improve the dissolution as well as bioavailability.
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               Introduction

            The oral route of drug administration is the best and most convenient method of drug administration due to its ease of administration,
               less pronounced adverse effects and easy intake. Drug delivery by the oral route is preferred due to the ease of administration
               and painless approach. In recent years considerable attention has been focused on the development of new drug delivery systems
               (Dhanapal & Ratna, 2012). The more new drug entities developed nearly 40% of them are hydrophobic. The preparation of nanosuspension shows an increment
               in the solubility and permeability. It is the most exceptional approach to increase in bioavailability. Pharmaceutical nanosuspension
               is defined as submicron colloidal dispersions of nano-sized drug particles stabilised by surfactants consist of the poorly
               water-soluble drug without any matrix material suspended in dispersion  (Agrawal & Patel, 2011; Murthy, 2009; Rabinow, 2004). In the precipitation method, the drug is dissolved in a solvent. And then the solution is mixed with a solvent to which
               drug is insoluble in the presence of surfactant. When a solution is added to the solvent (usually water) rapidly, it leads
               to rapid supersaturation of drug in the solution. This supersaturation commences formation of ultrafine amorphous or crystalline
               drug. This method involves nuclei formation and crystal growth which are mainly dependent on temperature. High nucleation
               rate and low crystal growth rate are primary requirements for preparing a stable suspension with minimum particle size  (Muller, Dingler, Schneppe, & Gohla, 2000). Rosuvastatin calcium is a BCS class II drug which has low solubility but high permeability  (Amidon, Lennernäs, Shah, & Crison, 1995). The nanosuspension approach has been performed to overcome the problem of solubility and bioavailability  (Ankita, Ganesh, & Preeti, 2013; Rao, Swain, Patra, & Mund, 2018; Shekhar & Lakshmi, 2014). 

            

            
                  
                  Table 1

                  Formulation of Rosuvastatin calcium nanosuspension

               

               
                     
                        
                           	
                              
                           
                           Formulation Code

                           
                        
                        	
                              
                           
                           Drug

                           
                           (mg)

                           
                        
                        	
                              
                           
                           Polymer (%)

                           
                        
                        	
                              
                           
                           Stabiliser Poloxamer 

                           
                           188 (%)

                           
                        
                     

                     
                           	
                              
                           
                           PVP K 30

                           
                        
                        	
                              
                           
                           HPMC K 15 M

                           
                        
                        	
                              
                           
                           Eudragit L 100

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           R1

                           
                        
                        	
                              
                           
                           200

                           
                        
                        	
                              
                           
                           0.5

                           
                        
                        	
                              
                           
                           --

                           
                        
                        	
                              
                           
                           --

                           
                        
                        	
                              
                           
                           0.5

                           
                        
                     

                     
                           	
                              
                           
                           R2

                           
                        
                        	
                              
                           
                           200

                           
                        
                        	
                              
                           
                           1.0

                           
                        
                        	
                              
                           
                           --

                           
                        
                        	
                              
                           
                           --

                           
                        
                        	
                              
                           
                           0.5

                           
                        
                     

                     
                           	
                              
                           
                           R3

                           
                        
                        	
                              
                           
                           200

                           
                        
                        	
                              
                           
                           1.5

                           
                        
                        	
                              
                           
                           --

                           
                        
                        	
                              
                           
                           --

                           
                        
                        	
                              
                           
                           0.5

                           
                        
                     

                     
                           	
                              
                           
                           R4

                           
                        
                        	
                              
                           
                           200

                           
                        
                        	
                              
                           
                           2.0

                           
                        
                        	
                              
                           
                           --

                           
                        
                        	
                              
                           
                           --

                           
                        
                        	
                              
                           
                           0.5

                           
                        
                     

                     
                           	
                              
                           
                           R5

                           
                        
                        	
                              
                           
                           200

                           
                        
                        	
                              
                           
                           --

                           
                        
                        	
                              
                           
                           0.5

                           
                        
                        	
                              
                           
                           --

                           
                        
                        	
                              
                           
                           0.5

                           
                        
                     

                     
                           	
                              
                           
                           R6

                           
                        
                        	
                              
                           
                           200

                           
                        
                        	
                              
                           
                           --

                           
                        
                        	
                              
                           
                           1.0

                           
                        
                        	
                              
                           
                           --

                           
                        
                        	
                              
                           
                           0.5

                           
                        
                     

                     
                           	
                              
                           
                           R7

                           
                        
                        	
                              
                           
                           200

                           
                        
                        	
                              
                           
                           --

                           
                        
                        	
                              
                           
                           1.5

                           
                        
                        	
                              
                           
                           --

                           
                        
                        	
                              
                           
                           0.5

                           
                        
                     

                     
                           	
                              
                           
                           R8

                           
                        
                        	
                              
                           
                           200

                           
                        
                        	
                              
                           
                           --

                           
                        
                        	
                              
                           
                           2.0

                           
                        
                        	
                              
                           
                           --

                           
                        
                        	
                              
                           
                           0.5

                           
                        
                     

                     
                           	
                              
                           
                           R9

                           
                        
                        	
                              
                           
                           200

                           
                        
                        	
                              
                           
                           --

                           
                        
                        	
                              
                           
                           --

                           
                        
                        	
                              
                           
                           0.5

                           
                        
                        	
                              
                           
                           0.5

                           
                        
                     

                     
                           	
                              
                           
                           R10

                           
                        
                        	
                              
                           
                           200

                           
                        
                        	
                              
                           
                           --

                           
                        
                        	
                              
                           
                           --

                           
                        
                        	
                              
                           
                           1.0

                           
                        
                        	
                              
                           
                           0.5

                           
                        
                     

                     
                           	
                              
                           
                           R11

                           
                        
                        	
                              
                           
                           200

                           
                        
                        	
                              
                           
                           --

                           
                        
                        	
                              
                           
                           --

                           
                        
                        	
                              
                           
                           1.5

                           
                        
                        	
                              
                           
                           0.5

                           
                        
                     

                     
                           	
                              
                           
                           R12

                           
                        
                        	
                              
                           
                           200

                           
                        
                        	
                              
                           
                           --

                           
                        
                        	
                              
                           
                           --

                           
                        
                        	
                              
                           
                           2.0

                           
                        
                        	
                              
                           
                           0.5

                           
                        
                     

                  
               

            

             

            
                  
                  Table 2

                  Release of Rosuvastatin calcium from formulations prepared with PVP K30

               

               
                     
                        
                           	
                              
                           
                           Time(h) 

                           
                        
                        	
                              
                           
                           Cumulative percent drug release* 

                           
                        
                     

                     
                           	
                              
                           
                           

                           
                        
                        	
                              
                           
                           R1

                           
                        
                        	
                              
                           
                           R2

                           
                        
                        	
                              
                           
                           R3

                           
                        
                        	
                              
                           
                           R4

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           0

                           
                        
                        	
                              
                           
                           0

                           
                        
                        	
                              
                           
                           0

                           
                        
                        	
                              
                           
                           0

                           
                        
                        	
                              
                           
                           0

                           
                        
                     

                     
                           	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           38.21 ± 1.02

                           
                        
                        	
                              
                           
                           31.62 ± 1.45

                           
                        
                        	
                              
                           
                           28.21 ± 1.63

                           
                        
                        	
                              
                           
                           21.41 ± 1.95

                           
                        
                     

                     
                           	
                              
                           
                           2

                           
                        
                        	
                              
                           
                           46.52 ± 2.34

                           
                        
                        	
                              
                           
                           34.42 ± 2.34

                           
                        
                        	
                              
                           
                           32.46 ± 2.04

                           
                        
                        	
                              
                           
                           29.45 ± 2.58

                           
                        
                     

                     
                           	
                              
                           
                           3

                           
                        
                        	
                              
                           
                           53.21 ± 0.98

                           
                        
                        	
                              
                           
                           43.61 ± 1.65

                           
                        
                        	
                              
                           
                           40.23 ± 3.25

                           
                        
                        	
                              
                           
                           36.54 ± 2.31

                           
                        
                     

                     
                           	
                              
                           
                           4

                           
                        
                        	
                              
                           
                           68.32 ± 1.36

                           
                        
                        	
                              
                           
                           54.91 ± 0.95

                           
                        
                        	
                              
                           
                           50.62 ± 2.08

                           
                        
                        	
                              
                           
                           47.29 ± 2.57

                           
                        
                     

                     
                           	
                              
                           
                           5

                           
                        
                        	
                              
                           
                           71.24 ± 2.34

                           
                        
                        	
                              
                           
                           62.18 ± 1.35

                           
                        
                        	
                              
                           
                           56.18 ± 2.64

                           
                        
                        	
                              
                           
                           54.64 ± 3.02

                           
                        
                     

                     
                           	
                              
                           
                           6

                           
                        
                        	
                              
                           
                           88.16 ± 2.65

                           
                        
                        	
                              
                           
                           78.16 ± 2.34

                           
                        
                        	
                              
                           
                           65.21 ± 2.65

                           
                        
                        	
                              
                           
                           60.47 ± 2.95

                           
                        
                     

                     
                           	
                              
                           
                           7

                           
                        
                        	
                              
                           
                           100.12 ± 1.95

                           
                        
                        	
                              
                           
                           89.24 ± 1.69

                           
                        
                        	
                              
                           
                           75.14 ± 3.47

                           
                        
                        	
                              
                           
                           71.24 ± 1.64

                           
                        
                     

                     
                           	
                              
                           
                           8

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           98.23 ± 3.05

                           
                        
                        	
                              
                           
                           82.65 ± 1.96

                           
                        
                        	
                              
                           
                           79.54 ± 2.46

                           
                        
                     

                     
                           	
                              
                           
                           9

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           92.93 ± 3.24

                           
                        
                        	
                              
                           
                           84.21 ± 2.19

                           
                        
                     

                     
                           	
                              
                           
                           10

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           100.24 ± 3.29

                           
                        
                        	
                              
                           
                           92.64 ± 1.54

                           
                        
                     

                     
                           	
                              
                           
                           11

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           98.87 ± 2.84

                           
                        
                     

                     
                           	
                              
                           
                           12

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                  
               

               

            

            

            
                  
                  Table 3

                  Release of Rosuvastatin calcium from formulations prepared with HPMC K 15 M

               

               
                     
                        
                           	
                              
                           
                           Time(h)

                           
                        
                        	
                              
                           
                           Cumulative percent drug release*

                           
                        
                     

                     
                           	
                              
                           
                           

                           
                        
                        	
                              
                           
                           R5

                           
                        
                        	
                              
                           
                           R6

                           
                        
                        	
                              
                           
                           R7

                           
                        
                        	
                              
                           
                           R8

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           0

                           
                        
                        	
                              
                           
                           0

                           
                        
                        	
                              
                           
                           0

                           
                        
                        	
                              
                           
                           0

                           
                        
                        	
                              
                           
                           0

                           
                        
                     

                     
                           	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           35.41 ± 1.29

                           
                        
                        	
                              
                           
                           26.51 ± 2.51

                           
                        
                        	
                              
                           
                           24.15 ± 1.48

                           
                        
                        	
                              
                           
                           20.57 ± 1.51

                           
                        
                     

                     
                           	
                              
                           
                           2

                           
                        
                        	
                              
                           
                           47.24 ± 2.64

                           
                        
                        	
                              
                           
                           35.67 ± 1.93

                           
                        
                        	
                              
                           
                           31.24 ± 2.54

                           
                        
                        	
                              
                           
                           28.46 ± 2.31

                           
                        
                     

                     
                           	
                              
                           
                           3

                           
                        
                        	
                              
                           
                           53.91 ± 2.56

                           
                        
                        	
                              
                           
                           42.51 ± 1.54

                           
                        
                        	
                              
                           
                           39.67 ± 2.51

                           
                        
                        	
                              
                           
                           33.47 ± 2.54

                           
                        
                     

                     
                           	
                              
                           
                           4

                           
                        
                        	
                              
                           
                           67.14 ± 1.42

                           
                        
                        	
                              
                           
                           53.27 ± 2.41

                           
                        
                        	
                              
                           
                           48.62 ± 1.42

                           
                        
                        	
                              
                           
                           45.21 ± 1.63

                           
                        
                     

                     
                           	
                              
                           
                           5

                           
                        
                        	
                              
                           
                           73.24 ± 1.54

                           
                        
                        	
                              
                           
                           65.21 ± 2.52

                           
                        
                        	
                              
                           
                           55.71 ± 1.74

                           
                        
                        	
                              
                           
                           52.47 ± 1.89

                           
                        
                     

                     
                           	
                              
                           
                           6

                           
                        
                        	
                              
                           
                           84.38 ± 2.17

                           
                        
                        	
                              
                           
                           72.59 ± 1.95

                           
                        
                        	
                              
                           
                           61.24 ± 1.56

                           
                        
                        	
                              
                           
                           58.49 ± 2.51

                           
                        
                     

                     
                           	
                              
                           
                           7

                           
                        
                        	
                              
                           
                           92.16 ± 2.24

                           
                        
                        	
                              
                           
                           80.61 ± 1.64

                           
                        
                        	
                              
                           
                           72.91 ± 1.48

                           
                        
                        	
                              
                           
                           64.48 ± 2.18

                           
                        
                     

                     
                           	
                              
                           
                           8

                           
                        
                        	
                              
                           
                           98.51 ± 1.68

                           
                        
                        	
                              
                           
                           92.34 ± 1.57

                           
                        
                        	
                              
                           
                           80.54 ± 2.24

                           
                        
                        	
                              
                           
                           69.58 ± 1.64

                           
                        
                     

                     
                           	
                              
                           
                           9

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           97.21 ± 2.64

                           
                        
                        	
                              
                           
                           88.47 ± 2.51

                           
                        
                        	
                              
                           
                           71.54 ± 1.58

                           
                        
                     

                     
                           	
                              
                           
                           10

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           98.24 ± 2.09

                           
                        
                        	
                              
                           
                           78.11 ± 2.64

                           
                        
                     

                     
                           	
                              
                           
                           11

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           86.11 ± 1.82

                           
                        
                     

                     
                           	
                              
                           
                           12

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           96.41 ± 2.61

                           
                        
                     

                  
               

               

            

            

            
                  
                  Table 4

                  Release of Rosuvastatin calcium from formulations prepared with Eudragit L 100

               

               
                     
                        
                           	
                              
                           
                           Time(h)

                           
                        
                        	
                              
                           
                           Cumulative percent drug release*

                           
                        
                     

                     
                           	
                              
                           
                           

                           
                        
                        	
                              
                           
                           R9

                           
                        
                        	
                              
                           
                           R10

                           
                        
                        	
                              
                           
                           R11

                           
                        
                        	
                              
                           
                           R12

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           0

                           
                        
                        	
                              
                           
                           0

                           
                        
                        	
                              
                           
                           0

                           
                        
                        	
                              
                           
                           0

                           
                        
                        	
                              
                           
                           0

                           
                        
                     

                     
                           	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           39.14 ± 1.56

                           
                        
                        	
                              
                           
                           28.41 ± 1.42

                           
                        
                        	
                              
                           
                           27.41 ± 2.51

                           
                        
                        	
                              
                           
                           19.48 ± 1.67

                           
                        
                     

                     
                           	
                              
                           
                           2

                           
                        
                        	
                              
                           
                           46.37 ± 2.41

                           
                        
                        	
                              
                           
                           33.49 ± 2.51

                           
                        
                        	
                              
                           
                           31.59 ± 2.64

                           
                        
                        	
                              
                           
                           26.59 ± 1.84

                           
                        
                     

                     
                           	
                              
                           
                           3

                           
                        
                        	
                              
                           
                           53.51 ± 2.34

                           
                        
                        	
                              
                           
                           42.71 ± 1.27

                           
                        
                        	
                              
                           
                           40.05 ± 2.45

                           
                        
                        	
                              
                           
                           32.45 ± 2.51

                           
                        
                     

                     
                           	
                              
                           
                           4

                           
                        
                        	
                              
                           
                           67.96 ± 2.51

                           
                        
                        	
                              
                           
                           55.42 ± 2.51

                           
                        
                        	
                              
                           
                           49.11 ± 1.95

                           
                        
                        	
                              
                           
                           45.54 ± 2.67

                           
                        
                     

                     
                           	
                              
                           
                           5

                           
                        
                        	
                              
                           
                           73.24 ± 1.23

                           
                        
                        	
                              
                           
                           64.21 ± 2.61

                           
                        
                        	
                              
                           
                           56.03 ± 1.64

                           
                        
                        	
                              
                           
                           51.26 ± 2.34

                           
                        
                     

                     
                           	
                              
                           
                           6

                           
                        
                        	
                              
                           
                           87.16 ± 2.15

                           
                        
                        	
                              
                           
                           81.24 ± 1.65

                           
                        
                        	
                              
                           
                           61.07 ± 1.42

                           
                        
                        	
                              
                           
                           57.96 ± 2.31

                           
                        
                     

                     
                           	
                              
                           
                           7

                           
                        
                        	
                              
                           
                           100.01 ± 1.96

                           
                        
                        	
                              
                           
                           93.61 ± 2.54

                           
                        
                        	
                              
                           
                           73.11 ± 2.65

                           
                        
                        	
                              
                           
                           63.24 ± 1.56

                           
                        
                     

                     
                           	
                              
                           
                           8

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           99.21 ± 2.81

                           
                        
                        	
                              
                           
                           81.63 ± 1.68

                           
                        
                        	
                              
                           
                           70.28 ± 1.75

                           
                        
                     

                     
                           	
                              
                           
                           9

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           89.62 ± 1.45

                           
                        
                        	
                              
                           
                           77.45 ± 2.64

                           
                        
                     

                     
                           	
                              
                           
                           10

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           98.41 ± 2.08

                           
                        
                        	
                              
                           
                           84.29 ± 2.34

                           
                        
                     

                     
                           	
                              
                           
                           11

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           92.67 ± 2.69

                           
                        
                     

                     
                           	
                              
                           
                           12

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           99.53 ± 2.09

                           
                        
                     

                  
               

               

            

            

            
                  
                  Table 5

                  Release characteristics of Rosuvastatin calcium nanosuspension

               

               
                     
                        
                           	
                              
                           
                           Formulation 

                           
                        
                        	
                              
                           
                           Correlation coefficient values ( R2) 

                           
                        
                        	
                              
                           
                           Diffusion exponent 

                           
                        
                     

                     
                           	
                              
                           
                           code 

                           
                        
                        	
                              
                           
                           Zero Order

                           
                        
                        	
                              
                           
                           First Order

                           
                        
                        	
                              
                           
                           Higuchi’s Model

                           
                        
                        	
                              
                           
                           Peppas Model

                           
                        
                        	
                              
                           
                           (n) value of Peppas 

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           R1

                           
                        
                        	
                              
                           
                           0.9319

                           
                        
                        	
                              
                           
                           0.9471

                           
                        
                        	
                              
                           
                           0.9843

                           
                        
                        	
                              
                           
                           0.9594

                           
                        
                        	
                              
                           
                           0.47

                           
                        
                     

                     
                           	
                              
                           
                           R2

                           
                        
                        	
                              
                           
                           0.9620

                           
                        
                        	
                              
                           
                           0.7977

                           
                        
                        	
                              
                           
                           0.9770

                           
                        
                        	
                              
                           
                           0.9711

                           
                        
                        	
                              
                           
                           0.55

                           
                        
                     

                     
                           	
                              
                           
                           R3

                           
                        
                        	
                              
                           
                           0.9738

                           
                        
                        	
                              
                           
                           0.9216

                           
                        
                        	
                              
                           
                           0.9775

                           
                        
                        	
                              
                           
                           0.9807

                           
                        
                        	
                              
                           
                           0.59

                           
                        
                     

                     
                           	
                              
                           
                           R4

                           
                        
                        	
                              
                           
                           0.9824

                           
                        
                        	
                              
                           
                           0.9545

                           
                        
                        	
                              
                           
                           0.9703

                           
                        
                        	
                              
                           
                           0.9912

                           
                        
                        	
                              
                           
                           0.67

                           
                        
                     

                     
                           	
                              
                           
                           R5

                           
                        
                        	
                              
                           
                           0.9331

                           
                        
                        	
                              
                           
                           0.8627

                           
                        
                        	
                              
                           
                           0.9979

                           
                        
                        	
                              
                           
                           0.9963

                           
                        
                        	
                              
                           
                           0.51

                           
                        
                     

                     
                           	
                              
                           
                           R6

                           
                        
                        	
                              
                           
                           0.9482

                           
                        
                        	
                              
                           
                           0.8926

                           
                        
                        	
                              
                           
                           0.9946

                           
                        
                        	
                              
                           
                           0.9984

                           
                        
                        	
                              
                           
                           0.56

                           
                        
                     

                     
                           	
                              
                           
                           R7

                           
                        
                        	
                              
                           
                           0.9666

                           
                        
                        	
                              
                           
                           0.7807

                           
                        
                        	
                              
                           
                           0.9847

                           
                        
                        	
                              
                           
                           0.9954

                           
                        
                        	
                              
                           
                           0.59

                           
                        
                     

                     
                           	
                              
                           
                           R8

                           
                        
                        	
                              
                           
                           0.9764

                           
                        
                        	
                              
                           
                           0.8729

                           
                        
                        	
                              
                           
                           0.9818

                           
                        
                        	
                              
                           
                           0.9948

                           
                        
                        	
                              
                           
                           0.63

                           
                        
                     

                     
                           	
                              
                           
                           R9

                           
                        
                        	
                              
                           
                           0.9407

                           
                        
                        	
                              
                           
                           0.9550

                           
                        
                        	
                              
                           
                           0.9841

                           
                        
                        	
                              
                           
                           0.9661

                           
                        
                        	
                              
                           
                           0.49

                           
                        
                     

                     
                           	
                              
                           
                           R10

                           
                        
                        	
                              
                           
                           0.9728

                           
                        
                        	
                              
                           
                           0.8907

                           
                        
                        	
                              
                           
                           0.9622

                           
                        
                        	
                              
                           
                           0.9641

                           
                        
                        	
                              
                           
                           0.59

                           
                        
                     

                     
                           	
                              
                           
                           R11

                           
                        
                        	
                              
                           
                           0.9799

                           
                        
                        	
                              
                           
                           0.7780

                           
                        
                        	
                              
                           
                           0.9641

                           
                        
                        	
                              
                           
                           0.9760

                           
                        
                        	
                              
                           
                           0.60

                           
                        
                     

                     
                           	
                              
                           
                           R12

                           
                        
                        	
                              
                           
                           0.9878

                           
                        
                        	
                              
                           
                           0.9056

                           
                        
                        	
                              
                           
                           0.9665

                           
                        
                        	
                              
                           
                           0.9906

                           
                        
                        	
                              
                           
                           0.67

                           
                        
                     

                  
               

            

            

            
                  
                  Table 6

                  Evaluation parameters for Rosuvstatin calcium nanosuspension

               

               
                     
                        
                           	
                              
                           
                           Formulation 

                           
                        
                        	
                              
                           
                           Particle size (nm)

                           
                        
                        	
                              
                           
                           Zeta Potential

                           
                        
                        	
                              
                           
                           % Drug entrapped

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           R1

                           
                        
                        	
                              
                           
                           321-341

                           
                        
                        	
                              
                           
                           11.4±3

                           
                        
                        	
                              
                           
                           87.41

                           
                        
                     

                     
                           	
                              
                           
                           R2

                           
                        
                        	
                              
                           
                           332-353

                           
                        
                        	
                              
                           
                           13.1±2

                           
                        
                        	
                              
                           
                           84.52

                           
                        
                     

                     
                           	
                              
                           
                           R3

                           
                        
                        	
                              
                           
                           385-415

                           
                        
                        	
                              
                           
                           13.2±2

                           
                        
                        	
                              
                           
                           83.24

                           
                        
                     

                     
                           	
                              
                           
                           R4

                           
                        
                        	
                              
                           
                           275-281

                           
                        
                        	
                              
                           
                           12.5±3

                           
                        
                        	
                              
                           
                           85.21

                           
                        
                     

                     
                           	
                              
                           
                           R5

                           
                        
                        	
                              
                           
                           167-183

                           
                        
                        	
                              
                           
                           40.2±2

                           
                        
                        	
                              
                           
                           80.51

                           
                        
                     

                     
                           	
                              
                           
                           R6

                           
                        
                        	
                              
                           
                           158-161

                           
                        
                        	
                              
                           
                           42.2±3

                           
                        
                        	
                              
                           
                           82.49

                           
                        
                     

                     
                           	
                              
                           
                           R7

                           
                        
                        	
                              
                           
                           201-215

                           
                        
                        	
                              
                           
                           44.2±1

                           
                        
                        	
                              
                           
                           82.34

                           
                        
                     

                     
                           	
                              
                           
                           R8

                           
                        
                        	
                              
                           
                           124-135

                           
                        
                        	
                              
                           
                           45.2±3

                           
                        
                        	
                              
                           
                           81.24

                           
                        
                     

                     
                           	
                              
                           
                           R9

                           
                        
                        	
                              
                           
                           108-119

                           
                        
                        	
                              
                           
                           48.2±1

                           
                        
                        	
                              
                           
                           90.24

                           
                        
                     

                     
                           	
                              
                           
                           R10

                           
                        
                        	
                              
                           
                           125-134

                           
                        
                        	
                              
                           
                           46.2±3

                           
                        
                        	
                              
                           
                           90.91

                           
                        
                     

                     
                           	
                              
                           
                           R11

                           
                        
                        	
                              
                           
                           95-109

                           
                        
                        	
                              
                           
                           50.4±1

                           
                        
                        	
                              
                           
                           93.27

                           
                        
                     

                     
                           	
                              
                           
                           R12

                           
                        
                        	
                              
                           
                           91-103

                           
                        
                        	
                              
                           
                           56.1±2

                           
                        
                        	
                              
                           
                           94.21

                           
                        
                     

                  
               

            

             

            
                  
                  Table 7

                  Pharmacokinetic parameters of R12 and Pure Rosuvastatin

               

               
                     
                        
                           	
                              
                           
                           Parameter

                           
                        
                        	
                              
                           
                           Unit

                           
                        
                        	
                              
                           
                           Value R12

                           
                        
                        	
                              
                           
                           Pure Drug

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           t1/2

                           
                        
                        	
                              
                           
                           h

                           
                        
                        	
                              
                           
                           5.07

                           
                        
                        	
                              
                           
                           2.89

                           
                        
                     

                     
                           	
                              
                           
                           Tmax

                           
                        
                        	
                              
                           
                           h

                           
                        
                        	
                              
                           
                           2

                           
                        
                        	
                              
                           
                           4

                           
                        
                     

                     
                           	
                              
                           
                           Cmax

                           
                        
                        	
                              
                           
                           ng/ml

                           
                        
                        	
                              
                           
                           58.13

                           
                        
                        	
                              
                           
                           31.24

                           
                        
                     

                     
                           	
                              
                           
                           AUC 0-t

                           
                        
                        	
                              
                           
                           ng/ml*h

                           
                        
                        	
                              
                           
                           368.445

                           
                        
                        	
                              
                           
                           192.170

                           
                        
                     

                     
                           	
                              
                           
                           AUC 0-ꝏ

                           
                        
                        	
                              
                           
                           ng/ml*h

                           
                        
                        	
                              
                           
                           381.492

                           
                        
                        	
                              
                           
                           193.213

                           
                        
                     

                  
               

            

             

         

         
               Materials and Methods

            
               Materials
               
            

            Rosuvastatin calcium is a gift sample from J.B. Chemical and Pharmaceuticals Ltd, Mumbai, PVP K30, HPMC K15 M were procured
               from Loba chem. Pvt Ltd, Mumbai, Eudragit L 100 is a gift sample from Evonik Industries, Mumbai, Poloxamer 188 is purchased
               from BASF, Mumbai, and all other ingredients used were of analytical grade.
            

            

            
                  
                  Figure 1

                  ATR Spectrum of Rosuvastatin calcium and along with excipients. [*A = Pure Rosuvastatin, B =combination of Rosuvastatin along
                     with excipients]
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                  Figure 2

                  DSC Thermogram of Rosuvastatin Calcium and along with excipients [*A = Pure Rosuvastatin, B =combination of Rosuvastatin along
                     with excipients]
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                  Figure 3

                  Drugrelease plot of Rosuvastatin calcium from formulations prepared with PVP K30
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                  Figure 4

                  Drug release plot of Rosuvastatin calcium from formulations prepared with HPMC K 15 M
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                  Figure 5

                  Drug release plot of Rosuvastatin calcium from formulations prepared with Eudragit L 100
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                  Figure 6

                  SEM image of Rosuvastatin calcium nanosuspension(R12)
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                  Figure 7

                  Zeta Potential graph of Rosuvastatin Nanosuspension(R12)
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                  Figure 8

                  Comparative pharmacokinetic evaluation of Rosuvastatin calcium nanosuspension along with pure drug
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               Methods 
               
            

            
               Formulation of Rosuvastatin calcium nanosuspension
               
            

            Polymeric nanoparticles have been prepared by employing nanoprecipitation technique  (Jain, Date, Khachane, & Nagarsenker, 2010; Rao et al., 2018). Polymers in specific ratios as mentioned in the formulation Table  1 are dissolved in 15 ml of PEG 200 with the help of vortex mixer for 5 minutes to form a diffusion phase. To the above diffusion
               phase accurately weighed drug 10 mg is added and see that the drug was dissolved entirely in it. The aqueous phase is prepared
               by dissolving Poloxomer 188 (0.5% solution) in water which is a non-solvent. The diffusive (PEG) phase is slowly injected
               into the aqueous phase (35 ml) under stirring at 1000 RPM. After 30 min of stirring the mixture is homogenised under high-speed
               homogeniser for 30 min at 7000 RPM. The resultant suspension is preserved and used as such for further study.
            

            
               Evaluation of Rosuvastatin Nanosuspension
               
            

            
               Attenuated total reflectance studies
               
            

            The pure Rosuvastatin Calcium powder was taken, and the ATR spectrum was recorded in Bruker instrument. It was compared with
               that of reference, and the ATR spectrum of final formulation was made to identify the compatibility issues between the drug
               and selected excipients.
            

            
               Differential Scanning Calorimetry
               
            

            DSC scan of about 5mg; using an automatic thermal analyser system performed accurately weighed Rosuvastatin Calcium and tablet
               containing the same amount of drug. The entire samples were run at a scanning rate of 10˚C/min from 25-250˚C. The DSC was
               conducted for the final formulation to identify the compatibility issues  (Kumar & Chandrasekhar, 2017). 
            

            
               
                  Invitro
                  
                dissolution studies
               
            

            Drug release from the nanosuspension formulations was studied using eight-station dissolution test apparatus (Electro lab
               TDT 08L) employing a USP II type paddle stirrer at a speed of 50 rpm and 37 ± 10c. The dissolution medium consisted of phosphate buffer of pH 6.8 (900ml). The drug release forms various nanosuspension formulations
               at different time intervals were measured from the developed method by U.V. visible spectrophotometer (Systronics 2202), which
               was validated. The dissolution experiments were conducted in triplicate. The dissolution data were fitted into various release
               kinetics like zero order, first order, Higuchi and Peppas models to describe multiple release patterns  (Higuchi, 1963; Pugh, 2013; Ritger & Peppas, 1987).
            

            
               Particle size analysis
               
            

            Total formulations of the drug were exposed to Scanning Electron Microscopy (SEM) for particle size determination, and particle
               size had been determined & recorded  (Patrick & Sinko, 2011).
            

            
               Zeta potential
               
            

            Zeta potential is a measure of the charge on the electrical double layer of the nanoparticle, which indicates the various
               stability concerns. Zeta potential measurements have been conducted at a temperature of 25°C along with an electric field
               strength of 23 V/m, using Zetasizer (Malvern).
            

            
               Percentage Entrapment efficiency
               
            

            The % entrapment is determined by taking around 2ml formulation into Nessler’s cylinder tube (10 ml) and centrifuged at 2000-3000
               RPM for 4 hrs. The supernatant layer formed after centrifugation is filtered using Whatman filter paper (No:41). This filtered
               content is diluted using Phosphate buffer (6.8 pH) up to 10ml. The resultant solution for drug content was analysed at specific
               lambda max of the drug utilising U.V. visible spectrophotometer (Systronics 2202) for already developed method. These were
               repeated for three times, and the result was recorded. % E.E. was calculated basing on formula 
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               Pharmacokinetic evaluation
               
            

            Based on the drug release pattern and other in-vitro examinations among all the formulations, the best formulation is selected for in vivo studies to estimate various pharmacokinetic parameters. The institutional animal ethics committee approved all the procedures.
               Wistar albino rats were selected for the study. The animals were acclimatised for 20 days fasted overnight before the experiment
               but had free access to water. The blood samples (approximately 500 μL) were collected from retro-orbital plexus of the anesthetised
               rat into prelabelled heparinised Eppendorf tubes. Plasma concentration of drug in rats (n=6) following p.o., administration
               (1 mg/Kg b.wt) are determined, and the strength of the drug is determined according to the validated and developed method.
               
            

         

         
               Results and Discussion

            
               Attenuated total reflectance studies
               
            

            ATR spectrums of Pure Rosuvastatin calcium and the final formulation are shown in Figure  1. From these, it is clear that there are no major shifts in the functional groups indicating the compatibility of the selected
               polymers with the drug.
            

            *A = Pure Rosuvastatin, B = combination of Rosuvastatin along with excipients

            
               Differential Scanning Calorimetry
               
            

            DSC scans of pure drug Rosuvastatin calcium as in Figure  2, indicating the melting point at 149.20C and the final formulation also shows a characteristic peak at 150.20C showing no major shift in peaks indicating the compatibility of the polymers.
            

            *A = Pure Rosuvastatin, B = combination of Rosuvastatin along with excipients

            
               
                  Invitro
                  
                dissolution studies
               
            

            The drug release from various formulations is shown in Table  2, Table  3, Table  4, Figure  3, Figure  4, Figure  5, and the drug release characteristics are shown in Table  5. The drug release profiles showed different values, the formulations prepared with varying concentrations, i.e. 0.5%, 1%,
               1.5% and 2 % of PVP K30, i.e. R1, R2, R3, R4 showed per cent drug release of 100.12 ± 1.95, 98.23 ± 3.05, 100.24 ± 3.29, 98.87
               ± 2.84 at the end of 7th, 8th, 10th 11th hour respectively. In contrast, the formulations prepared with HPMC K 15 M, i.e. R5, R6, R7 and R8 showed the per cent drug
               release of 98.51 ± 1.68, 97.21 ± 2.64, 98.24 ± 2.09, 96.41 ± 2.61 at the end of 8th, 9th,10th and 12th hour respectively. Similarly, the formulations prepared with Eudragit L 100, i.e. R9, R10, R11 and R12 showed per cent drug
               release of 100.01 ± 2.04, 99.21 ± 2.73, 98.41 ± 2.04, 99.53 ± 1.98 at the end of 8th, 9th, 10th and 12th hour respectively. Based on the above release pattern, the R12 the formulation prepared with 2 % of Eudragit L 100 showed
               release pattern according to the prescribed limits.
            

            The complete dissolution data is fitted into various kinetic models to describe the release mechanisms. The zero-order kinetic
               model shows the correlation coefficient r2 values in the range of 0.9319 to 0.9878, indicating the drug release mechanism followed zero-order kinetics. The first order
               r2 lies in the range of 0.7977 to 0.9550, indicating that the drug release followed zero-order kinetics. The r2 values of the Higuchi model range from 0.9622 to 0.9979, indicating the drug release mechanism is diffusion. The n value
               of Peppas kinetics showed the majority lies in the range of 0.5 – 1 indicating the non-fickian form of diffusion. Based on
               above all parameters, the R12 was selected as the best formulation and proceeded for further studies. 
            

            
               Particle size
               
            

            All the formulations prepared were in the nanoparticles range and the best formulation i.e. R12 showed particle size of 91-103
               nm (Figure  6, Table  6), satisfactory zetapotential of 56.1±2 mv (Figure  7) and percentage drug entrapped was 94.21.
            

            
               Pharmacokinetic evaluation
               
            

            Based on results obtained (Figure  8 and Table  7), the Rosuvastatin calcium nanosuspension R12 showed better pharmacokinetic parameters when compared to pure drug.
            

         

         
               Conclusions

            Nanosuspension of Rosuvastatin calcium was successfully prepared by using emulsification method. Among all the polymers, the
               R12 (Eudragit RL100 at 2.0%concnetration) showed better release pattern and satisfactory zeta and particle size. The prepared
               formulations showed significant dissolution and other evaluation characteristics. Hence the Rosuvastatin nanosuspension can
               be conveniently used as an oral drug delivery system. 
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