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Abstract 
The purpose of the present investigation was to increase the solubility and dissolution rate of atorvastatin calcium by the 

preparation of its solid dispersion with polyvinyl pyrrolidone K30 (PVP K30) using kneading method. Drug polymer 

interactions were investigated using differential scanning calorimetry (DSC), x-ray diffraction (XRD) and Fourier transform 

infrared spectroscopy (FTIR). For the preparation of atorvastatin calcium fast disintegrating tablets, its 1:6 solid dispersion 

with PVP K30 was used with various natural and synthetic superdisintegrants. In an attempt to construct a statistical model for 

the prediction of wetting time, disintegration time and percentage dissolution, a 32 full factorial design was used to optimize the 

influence of the amounts of superdisintegrants. The obtained results showed that dispersion of the drug in the polymer 

considerably enhanced the dissolution rate. The drug-to-carrier ratio was the controlling factor for dissolution improvement. 

FTIR spectra revealed no chemical incompatibility between the drug and PVP K30. As indicated from XRD and DSC data, 

atorvastatin calcium was in the amorphous form, which explains the better dissolution rate of the drug from its solid 

dispersions. Concerning the optimization study, the regression analysis revealed that an optimum concentration of SSG and 

crospovidone are required for obtaining fast disintegrating tablets. In conclusion, this investigation demonstrated the potential 

of experimental design in understanding the effect of the formulation variables on the quality of fast disintegrating tablets 

containing solid dispersion of a hydrophobic drug. 
 

Keywords: Atorvastatin calcium, polyvinyl pyrrolidone K30, solid dispersion, kneading method, fast disintegrating tablets, 

factorial design. 
 

Introduction 
Techniques that have commonly been used to improve dissolution and bioavailability of poorly water-soluble drugs, in general, 

include micronization, the use of surfactant, and the formation of solid dispersions.3 Chiou and Riegelman outlined 6 types of 

drug-carrier interactions in solid-state dispersions: simple eutectic mixtures, solid solutions, glass solutions and glass 

suspensions, amorphous precipitates, and compound or complex formation. Other factors such as increased wettability, 

solubilization of the drug by the carrier at the diffusion layer, and the reduction or absence of aggregation and agglomeration 

may also contribute to increased dissolution. Among the carriers used in the formation of solid dispersions, polyvinyl 

pyrrolidone (PVP) is the most commonly used.4 This polymer shows excellent water solubility and varies significantly in 

molecular weight, ranging from 10 000 to 700 000 Da. The molecular size of the polymers favors the formation of interstitial 

solid solutions. Atorvastatin calcium is described chemically as Calcium bis{(3R,5R)-7-[3-(anilinocarbonyl)-5-(4-

fluorophenyl)-2-isopropyl-4-phenyl-1H-pyrrol-1-yl]-3,5-dihydroxyheptanoate} trihydrate. It is a statins drug that exhibits anti-

hyperlipidemic activity. Previous attempts were made to increase the dissolution rate of atorvastatin calcium by preparing its 

solid dispersions with polyethylene glycol 4000 (PEG 4000) or inclusion complexes with cyclosextrins. Atorvastatin calcium 
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was used in this study as a model drug because of its poor water solubility and because the research can be applied to other 

products. 
In recent years, the fast disintegrating tablet has attracted the interest of many researchers. Many elderly patients have difficulty 

in swallowing tablets, capsules, or powders. 1 To alleviate this problem, these tablets are expected to dissolve or disintegrate in 

the oral cavity without drinking water. The disintegrated mass can slide down smoothly along the esophagus with the help of 

saliva, so even people who have swallowing or chewing difficulties can take it with ease. The basic approach used in the 

development of fast disintegrating tablets is the use of superdisintegrants.2 Another approach used in developing such tablets is 

maximizing pore structure of the tablets. The aim of the present study was to evaluate the physicochemical properties of solid 

dispersions of atorvastatin calcium in PVP K30. In order to characterize the prepared dispersions, differential scanning 

calorimetry (DSC), X-ray diffraction (XRD), and Fourier transform infrared spectroscopy (FTIR) as well as dissolution and 

solubility studies were performed. Moreover, a trial for the incorporation of the prepared solid dispersion in a fast 

disintegrating tablets was made. A 32 full factorial design was used to study the effect of formulation variables on the 

performance of these tablets.10,11 

 

Materials and Methods 
Atorvastatin calcium was gift from Ranbaxy (Uttarakhand), PVP K30, locust bean gum, crospovidone, sodium starch 

glycolate, and anhydrous lactose (200 mesh) were a gift from Signet Chemicals Pvt.Ltd., Mumbai. Potassium Dihydrogen 

Orthophosphate, Sodium Hydroxide Pellets were supplied from Loba Chem Pvt. Ltd., Mumbai. Magnesium stearate was 

supplied from Central Drug House (P) Ltd., Mumbai. Other reagents and organic solvents used were of analytical grade. Buffer 

and its dilutions were prepared with double-distilled water. 

 

Preparation of Solid Dispersions 
Solid dispersions of atorvastatin calcium in PVP K30 containing 4 different weight ratios (1:2, 1:4, 1:6 and 1:8) were prepared 

by the kneading method. Atorvastatin calcium and polyvinyl pyrrolidone K30 were weighed according to different weighed 

ratios. The mixture of atorvastatin calcium and polyvinyl pyrrolidone K30 was wetted with water and kneaded thoroughly for 

30 min in a glass mortar. The paste formed was dried under hot air oven for 24 h. Dried powder was passed through sieve no. 

30 and stored in a desiccator until further evaluation.5 

 

Phase Solubility Study 
Solubility studies were performed according to the method described by Higuchi and Connors.6 An excess amount of 

atorvastatin calcium was placed into a 25 ml glass flask containing different concentrations of PVP K30 in 20 ml distilled 

water. All flasks were closed with stopper and covered with cellophane membrane to avoid solvent loss. The content of the 

suspension was equilibrated by shaking for 72 h in a thermostatically controlled water at 25˚C. After attainment of equilibrium, 

the content of each flask was then filtered through a Whatman filter paper no. 41. The filtrate was diluted and assayed 

spectrophotometrically for atorvastatin calcium content at 241 nm. All solubility measurements were performed in triplicate. 

 

Dissolution Studies7,9 
Dissolution experiments were performed in triplicate in phosphate buffer pH 6.8 at 37˚C using the paddle method at a rotation 

speed of 75 rpm. Powdered samples of each preparation equivalent to 10 mg of atorvastatin calcium were added to the 

dissolution medium. At appropriate time intervals, 5 ml of the mixture was withdrawn and filtered through Whatman filter 

paper no. 41. The initial volume was maintained by adding 5 ml of fresh dissolution medium. The removed samples were 

assayed for atorvastatin calcium content at 241 nm. The dissolution profiles were examined as follows: the percentage of the 

drug dissolved after 30 min (PD30), and the dissolution efficiency (DE%) parameter after 30 min. The dissolution efficiency 

can be defined as the area under the dissolution curve up to a certain time. It is measured using the trapezoidal method and is 

expressed as a percentage of the area of the rectangle divided by the area of 100% dissolution in the same time.  
 

 

 

Fourier Transform Infrared Spectroscopy 
FTIR spectra of pure drug, PVP K30 and solid dispersion were recorded on samples prepared in potassium bromide disks (2 

mg sample in 200 mg KBr). The scanning range was 400 to 4000 cm−1 and the resolution was 1 cm−1. 

 

Differential Scanning Calorimetry 
The DSC thermograms were recorded on a DSC (model 50, Shimadzu). Samples of 1.3 mg weight were heated in hermetically 

sealed aluminum pans over a temperature range of 30˚C to 300˚C at a constant rate of 10˚C/min under nitrogen purge (40 

ml/min). 
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X-ray Diffraction 
XRD patterns were obtained using a CuKα monochromated radiation. Diffractograms were run at a scanning speed of 8˚/min 

over a 2θ range of 0˚ to 80˚. 

 

Preparation of Atorvastatin calcium Tablets 
Different atorvastatin calcium fast disintegrating tablets were prepared according to the proportions given in Table 1. The raw 

materials were passed through a screen (40 mesh) prior to mixing. Powdered 1:6 solid dispersion, containing amount 

equivalent to 10 mg atorvastatin calcium, was mixed with the other excipients and compressed on a single-punch tablet 

machine equipped with convex-faced 8-mm punches. The tablet weight was adjusted to ~150 mg.  

 

Table 1. Percentages of Different Ingredients used in Preparation of Atorvastatin calcium Fast Disintegrating Tablets 
INGREDIENTS F1 F2 F3 F4 F5 F6 F7 F8 F9 

Solid dispersion(1:6) 70 70 70 70 70 70 70 70 70 

Crospovidone 4.5 6 7.5 - - - - - - 

S.S.G. - - - 4.5 6 7.5 - - - 

L.B.G. - - - - - - 4.5 6 7.5 

Avicel PH 102 50.5 49 47.5 50.5 49 47.5 50.5 49 47.5 

Lactose 20 20 20 20 20 20 20 20 20 

Talc 3 3 3 3 3 3 3 3 3 

Mg. stearate 2 2 2 2 2 2 2 2 2 

 

Experimental Design of Atorvastatin calcium Fast Disintegrating Tablets 
A 32 full factorial design was used in order to investigate the joint influence of 2 formulation variables. In this design, 2 factors 

are evaluated, each at 3 levels, and experimental trials are performed at all 9 possible combinations.11,12 The amounts of 

crospovidone (X1) and SSG (X2) were selected as independent variables. The wetting time, disintegration time and dissolution 

were selected as dependent variables. In addition, contour plots and response surface plots were used to graphically represent 

the effect of the independent variables. 

 

Evaluation of the Prepared Tablets 
The tablet geometry was determined by a means of a micrometer (Mityato, Japan), while the tablet breaking strength 

(hardness) and the tablet friability were determined using Monsanto hardness tester and Roche fribilator, respectively. The 

disintegration and wetting times were measured according to the method described. Briefly, the disintegration time was 

measured using a modified disintegration method. For this purpose, a cylindrical vessel was used in which 10-meshscreen was 

placed in such way that only 2 ml of disintegrating or dissolution medium would be placed below the sieve. To determine 

disintegration time, 6 ml of phosphate buffer (pH 6.8), was placed inside the vessel in such way that 2 ml of the media was 

below the sieve and 4 ml above the sieve. Tablet was placed on the sieve and the whole assembly was then placed on a shaker. 

The time at which all the particles pass through the sieve was taken as a disintegration time of the tablet. On the other hand, the 

wetting time was measured as follows: A piece of tissue paper (12 cm x 10.75 cm) folded twice was placed in a small petri dish 

(ID = 65 cm) containing 10 ml of phosphate buffer (pH 6.8). A tablet was put on the paper, and the time for the complete 

wetting was measured. Three trials for each batch were performed and the standard deviation was also determined. 

 

RESULTS AND DISCUSSION 

Solubility Measurement 
The solubility of atorvastatin calcium in phosphate buffer pH 6.8 at 25˚C was found to be 64.15μg/ml. The influence of PVP 

K30 upon the solubility of atorvastatin calcium is presented in Figure 1. The increase in solubility was linear with respect to the 

weight fraction of the carrier. The increase in the solubility with increasing PVP K30 concentration indicates the solvent 

properties of PVP K30 for the drug. The increase in solubility in the presence of PVP K30 can probably be explained by 

increased wettability of atorvastatin calcium. Indeed, PVP K30 causes a decrease of the interfacial tension between the drug 

and the dissolving solution. 

 

Dissolution Studies7 
The dissolution profiles were calculated and are shown in Table 2. Compared with the pure powdered drug, the presence of 

PVP K30 increases the dissolution of atorvastatin calcium from the solid dispersions, which increases the dissolution rate 

(Figure 2). Since the release profiles of the drug from the different solid dispersions are so close to each other, they were 

omitted from Figure 2, and the dissolution parameters were used to indicate their characteristics (Table 2). All the release 

profiles showed 2 different phases of drug release. An initial rapid release phase followed by a slower one. These results could 

be attributed to the general phenomenon of particle size reduction during the dissolution process. PD30 and DE% were greater 

in magnitude for solid dispersions than for the pure drug. The PD30 and DE% of atorvastatin calcium from 1:6 atorvastatin 
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calcium-PVP K30 co-precipitate were 93.83% and 79.19% respectively. The PD30 and DE% of the pure drug were 56.61% 

and 35.69% respectively. Some authors explained this result as the dispersion effect of the hydrophilic carrier and by a possible 

lowering of the surface tension of the medium by PVP. 
 

 
Figure 1. Phase solubility diagram of atorvastatin calcium in phosphate buffer pH 6.8 at 25˚C. 

Figure 2. Dissolution profile of pure drug and different solid dispersions at 37˚C. 

 

Table 2. Dissolution Parameters of pure drug and different Solid Dispersions* 
Time (min) Pure drug SD1 SD2 SD3 SD4 

PD30 56.611.85 66.420.29 89.050.19 93.830.39 85.700.19 

DE% 35.69 45.93 70.61 79.19 75.60 

*Data are expressed as mean  S.D. 

PD-percentage drug dissolved at 30 min; DE%-dissolution efficiency at 30 min and SD-solid dispersion. 

Fourier Transform Infrared Spectroscopy14 
In order to get evidence on the possible interaction of the drug with the carrier, FTIR analysis was used. Figure 3 shows the IR 

spectra of atorvastatin calcium, PVP K30, and their formulations. Pure Atorvastatin calcium shows sharp characteristic peaks 

of the N-H stretch  at 3413  cm-1
 and strong peak at 1650  cm-1 indicates C=O of ester group. CH3 shows peak at 2960 cm-1. The 

spectrum of PVP K30 showed important bands of C-H at 2956 cm-1and C=O at 1654 cm-1. A very broad band was also visible 

at 3421 cm-1 that was attributed to the presence of water confirming the broad endotherm detected in the experiment. In spite of 

the broad peaks from PVP K30, the FTIR spectra of both physical mixture and solid dispersion still showed peak of the esteric 

C=O stretch vibration of the drug. Also a C-O vibration peak was still detected at the same position as that of drug. 

Consequently, the FTIR spectra of both physical mixture and solid dispersion seemed to be only a summation of drug and PVP 

K30 spectra. This result suggested that there was no interaction between drug and PVP K30 in their combinations. 
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Figure 3. FTIR spectra of Pure atorvastatin calcium, PVP K30, 1:6 physical mixture of atorvastatin calcium/PVP K30, and 1:6 

solid dispersion of atorvastatin calcium/PVP K30. 
 

X-ray Diffraction and Differential Scanning Calorimetry 
The powder diffraction patterns of pure atorvastatin calcium showed characteristic high-intensity diffraction peaks. The 

powdered PVP K30 was amorphous where it showed only few peaks with very weak intensities. The X-ray diffraction patterns 

of atorvastatin calcium solid dispersion with PVP K30 showed amorphous pattern (Figure 4). According to these results, the 

amorphous property of atorvastatin calcium in its formulation with PVP K30 is considered to be mainly responsible for the 

dissolution enhancement. A DSC was performed on the individual components and solid dispersion, which also revealed the 

amorphous nature of the solid dispersion of atorvastatin calcium. According to the FTIR and XRD results, the lower 

dissolution of the drug from 1:8 than 1:6 solid dispersion could be explained. In case of solid dispersion, increasing the PVP 

concentrations salted out the drug owing to its partial water solubility led to drug precipitation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4. XRD and DSC patterns of pure atorvastatin calcium, PVP K30 and 1:6 solid dispersion of atorvastatin 

calcium/PVP K30. 
 

Evaluation of Atorvastatin calcium Fast Disintegrating Tablets 
In order to select the best superdisintegrants, preliminary trials were conducted as shown in Table 3. All the prepared tablets 

are characterized by a uniform thickness, diameter, and weight. Based on the disintegration and dissolution results in Table 3, 

the investigated superdisintegrants can be ranked according to their ability to swell in water as Crospovidone › SSG › LBG. 

Edward19 stated that wicking and capillary action are postulated to be major factors in the ability of these superdisintegrants to 

function. As a result, the superdisintegrants crospovidone and SSG exhibited faster disintegration and dissolution release. 

Hence, they were selected for further studies. 
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Table 3. Evaluation of Atorvastatin calcium Fast Disintegrating Tablets* 
 

Pre-compression parameters 

Formulation 

codes 

Bulk 

density(g/ml) 

Tapped 

density(g/ml) 
Hausner’s ratio 

Compressibility 

index (%) 

Angle of         

repose (°) 

F1 0.390±0.001 0.457±0.005 1.17±0.007 14.44±0.537 34.04±1.004 

F2 0.395±0.002 0.464±0.003 1.17±0.001 14.95±0.075 32.59±0.907 

F3 0.400±0.002 0.472±0.003 1.18±0.011 15.16±0.817 30.39±0.501 

F4 0.407±0.004 0.461±0.003 1.13±0.016 11.71±1.270 28.33±0.608 

F5 0.414±0.002 0.472±0.003 1.14±0.011 12.31±0.857 27.52±1.031 

F6 0.419±0.002 0.483±0.003 1.15±0.013 13.20±0.993 25.77±0.996 

F7 0.399±0.002 0.446±0.004 1.12±0.016 10.43±1.299 32.20±0.697 

F8 0.417±0.002 0.476±0.002 1.14±0.000 12.41±0.066 29.14±0.536 

F9 0.403±0.002 0.470±0.003 1.17±0.011 14.18±0.830 29.56±1.638 
 

Pre-compression parameters 
Formulation 

Codes 

Average 

Weight(mg) 

Thickness 

(mm) 

Hardness 

(kg/cm2) 

Friability 

(%) 

Wetting 

Time (sec) 

Disintegration 

Time(sec) 

F1 149.0±1.54 3.018±0.089 3.267±0.094 0.74 57.67±1.25 92.33±0.47 

F2 148.8±1.76 3.016±0.086 3.334±0.094 0.63 34.33±1.24 67.33±1.25 

F3 148.4±1.98 3.030±0.083 3.467±0.095 0.52 26.00±0.82 58.67±1.24 

F4 147.9±2.12 3.053±0.187 3.083±0.069 0.77 62.00±0.81 98.00±0.82 

F5 148.3±1.98 3.020±0.091 3.200±0.058 0.61 43.33±0.47 82.33±1.24 

F6 148.3±2.07 3.018±0.090 3.300±0.100 0.56 34.67±2.87 67.33±2.05 

F7 148.3±2.25 3.006±0.094 3.033±0.111 0.81 98.33±0.94 155.00±2.45 

F8 148.7±1.85 3.027±0.088 3.117±0.090 0.68 71.00±2.94 135.67±2.87 

F9 148.3±2.16 3.007±0.086 3.183±0.090 0.59 56.67±1.70 108.67±1.69 
 

Dissolution data 
Time (min) F1 F2 F3 F4 F5 F6 F7 F8 F9 

5 39.26 

±0.19 

41.89 

±0.39 

45.08 

±0.49 

37.50 

±0.30 

39.82 

±0.98 

42.85 

±0.78 

33.27 

±0.39 

35.67 

±0.39 

43.09 

±0.78 

10 48.12 

±0.39 

51.70 

±0.59 

52.98 

±0.59 

44.45 

±0.49 

49.07 

±0.70 

52.27 

±0.49 

43.49 

±0.68 

50.99 

±0.20 

51.71 

±0.59 

15 62.64 

±0.49 

65.59 

±0.98 

68.86 

±0.68 

59.77 

±0.69 

61.04 

±0.78 

61.28 

±0.58 

56.02 

±0.59 

58.09 

±0.29 

61.52 

±0.39 

20 73.41 

±0.49 

76.12 

±0.19 

76.76 

±0.29 

72.53 

±0.78 

74.53 

±0.49 

78.04 

±0.98 

68.94 

±0.78 

69.58 

±0.30 

71.98 

±0.49 

25 84.18 

±0.49 

86.49 

±0.11 

86.89 

±0.34 

82.83 

±0.59 

84.98 

±0.59 

88.89 

±0.49 

80.83 

±0.88 

82.27 

±0.88 

84.50 

±0.20 

30 89.29 

±0.39 

92.24 

±0.79 

93.99 

±0.88 

87.69 

±0.49 

89.61 

±0.30 

91.37 

±0.29 

85.14 

±0.81 

86.66 

±0.97 

88.65 

±0.23 

*Data are expressed as mean ± S.D. 

Factorial Design11 
In order to investigate the factors systematically, a factorial design was employed. The amount of crospovidone (X1) and SSG 

(X2) were chosen as independent variables in a 32 full factorial design. As shown in Equation 1, a statistical model 

incorporating interactive and polynomial terms was used to evaluate the responses. 
 

Yi = b0 + b1X1 + b2X2 + b12X1X2 + b11X1X1 + b22X2X2 …(1) 
 

Where Yi are the dependent variables, namely, wetting time, disintegration time and dissolution; b0 is the arithmetic mean 

response of the 9 runs; and b1 and b2 are the estimated coefficients for the factors X1 and X2, respectively. The main effects (X1 

and X2) represent the average result of changing one factor at a time from its low to high value. The interaction term (X1X2) 

shows how the response changes when 2 factors are simultaneously changed. The polynomial terms (X1
2 and X2

2) are included 

to investigate nonlinearity. 
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Table 4. 32 Full Factorial Design Layout* 
BATCH 

CODE 

Variable Levels in Coded Form W.T. D.T. Dissolution 

X1 X2 Y1(sec) Y2(sec) Y3 (%) 

FDT1 -1 -1 74 102 81.72 

FDT2 -1 0 53 75 85.18 

FDT3 -1 +1 38 61 87.49 

FDT4 0 -1 49 68 89.17 

FDT5 0 0 33 52 92.47 

FDT6 0 +1 26 43 93.91 

FDT7 +1 -1 31 46 90.01 

FDT8 +1 0 22 39 92.20 

FDT9 +1 +1 17 35 93.27 

 

Coded Values Actual Values 

X1 (%) X2 (%) 

-1 1 1 

0 2 2 

+1 3 3 

* X1 indicates amount of crospovidone (%wt/wt); X2- amount of SSG (%wt/wt) 
 

Table 5. Summary of Results of Regression Analysis 
Response B0 B1 B2 B12 B11 B22 

D.T. 33.89 -15.83 -12.17 5.50 3.17 3.17 

p value  0.0001 0.0001 0.0020 0.0250 0.0250 

W.T. 51.78 -19.67 -12.83 7.50 5.33 3.83 

p value  0.0001 0.0004 0.0031 0.0216 0.0505 

Dissolution 92.28 3.56 2.25 -0.70 -3.49 -0.64 

p value  0.0001 0.0001 0.0071 0.0002 0.228 
 

Table 6. Results of analysis of variance* 
Response  df Sum of square Mean square F R2 

W.T. Model 5 2553.44 510.69 444.79 0.9987 

 Residual 3 3.44 1.15 - - 

D.T. Model 5 3620.11 724.02 247.45 0.9976 

 Residual 3 8.78 2.93 - - 

Dissolution Model 5 133.58 26.72 603.19 0.9990 

 Residual 3 0.13 0.044 - - 

*DF indicates degrees of freedom; R2- regression coefficient; - value not calculated. 

 

The wetting time, disintegration time and dissolution for the 9 patches (F1 to F9) showed a wide variation from 74-17 sec, 102-

35 sec and 81.72-93.91% respectively (Table 4). The data clearly indicate that the wetting time, disintegration time and 

dissolution values strongly depend on the selected independent variables. The polynomial equations can be used to draw 

conclusions after considering the magnitude of coefficient and the mathematical sign it carries (positive or negative). Table 6 

shows the results of the analysis of variance (ANOVA), which was performed to identify insignificant factors.7 The high values 

of correlation coefficient for either wetting time, disintegration time and dissolution indicate a good fit (Table 6).  

 
Figure 5. Contour plot for wetting time, disintegration time and dissolution 
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Figure 6. Response surface plot for wetting time, disintegration time and dissolution 

 

The statistical evaluation of dependent variables was performed. The regression analysis results (p value) of the variables on 

wetting time, disintegration time and dissolution are shown in Table 5. According to p value, full model or reduced model can 

be selected, so in the present study, full model having both significant and non-significant p values was used in obtaining 

dependent variables because the fitness of full model to the system is better than reduced model. The coefficients for the 

equations representing the quantitative effect of the independent variables on wetting time, disintegration time and dissolution 

are shown in Table 5. The equations for each polymer can be generated by putting values of coefficients in Eq. 1 in terms of 

coded factors. Coefficients with one factor indicate the effect of that particular factor, while the coefficients with more than one 

factor and those with second-order terms represent the interaction between those factors and the quadratic nature of the 

phenomena respectively. Positive sign of the term indicates positive (additive) effect, while negative sign indicates negative 

(antagonistic) effect of the factor on the response. It can be concluded from the equations that X1 (crospovidone) shows the 

larger positive effect than term X2 (SSG) on wetting time and disintegration time. The quadratic terms of X1 and X2 also had 

effect on wetting time, disintegration time and dissolution. Figure 5 and 6 shows the contour plots and response surface plots 

for wetting time, disintegration time and dissolution respectively. The contour lines indicated that the higher the polymer 

amount, the more significant was the wetting time and disintegration time. However, for dissolution, decrease at higher 

polymer amount was observed, which may be attributed due to the binding property of crospovidone when higher polymer 

amount was used.  

 

The results of testing the models in portions are shown in Table 6. An increase in the concentration of crospovidone leads to an 

decrease in wetting time and disintegration time because the coefficient b1 bears a negative sign while an increase in 

dissolution because the coefficient b1 bears a positive sign. As indicated by negative sign of the coefficient b2, the increase in 

the incorporated amounts of SSG resulted in decrease in the wetting time and disintegration time while an increase in 

dissolution because the coefficient b2 bears a positive sign. Crospovidone is known to produce mechanically strong tablets. 

Consequently, we can conclude that the statistical model is mathematically valid. The relationship between the dependent and 

independent variables was further elucidated using contour plot. The effect of X1 and X2 and their interaction on wetting time, 

disintegration time and dissolution was given in Figure 5. Analysis of contour plot reveals that the whole of the contour area 

has acceptable wetting time, disintegration time and dissolution. It could be seen that increasing the percentage incorporated of 

the crospovidone had a negative effect on the dissolution with a positive effect on the wetting time and disintegration time. In 

industry, the total time required for manufacturing a dosage form is of prime concern. Consequently, the arbitrary selection of a 

batch of tablets with a desired wetting time, disintegration time and dissolution can be done considering other aspects such as 

ease of manufacturing, cost, etc.  

The desirability of the optimized batch was found to be 0.984 which was very close to the 1, that means the targeted value of 

wetting time, disintegration time and dissolution which we selected for the optimized batch were closely achieved. 

 
Figure 7. Desirability plots of atorvastatin calcium fast disintegrating tablet 

 

The optimized formula suggested by the factorial design was crospovidone of 2.81% (4.22mg) and SSG of 3% (4.5mg). Hence, 

this formula was prepared and characterized further. 
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Table 7. Optimized atorvastatin calcium formulation    

Ingredients Quantity per tablet (mg) 

Solid dispersion(1:6) 70.00 

S.S.G 4.50 

Crospovidone 4.22 

Lactose 20.00 

Avicel PH 102 46.28 

Talc 3.00 

Magnesium Stearate 2.00 
 

Table 8. Evaluation parameters of optimized batch 
Pre -Compression Parameters 

Bulk density ( g/ml) 0.399±0.002 

Tapped density ( g/ml)  0.476±0.003 

Compressibility index (%) 16.18±0.08 

Hausner’s Ratio 1.19±0.00 

Angle of repose(˚) 29.56±1.63 

Post-Compression Parameters 

Avg. weight ( mg) 148.93±0.99 

Thickness (mm) 3.10±0.04 

Hardness (kg/cm2) 3.33±0.09 

Friability (%) 0.56 

Wetting time (sec) 20±0.81 

Disintegration time (sec) 36.33±1.24 

Drug Content 99.88±0.31 

Percent drug release at 30 min 93.76±0.30 
 

Stability Studies 

Temperature dependent stability studies 

The optimized fast disintegrating tablets of atorvastatin calcium were packed in wide mouth air tight glass container and stored 

at (40 ± 2 ˚C and 75 ± 5 % RH) for a period of 3 months. 

The tablets were withdrawn after a period of 15 days and analysed for physical characterization and drug content 

spectrophotometrically at 241.0 nm Among several methods investigated for dissolution profile comparison, f2 is the 

simplest.21 

f2= 50•log {[1+1/n∑ (𝑹𝒕 − 𝑻𝒕)
𝒏
𝒕=𝟏

2]-0.5• 100 
Where Rt and Tt are the cumulative percentage dissolved at each of the selected n time points of the reference and test product 

respectively.  

When the two profiles are identical, f2=100. An average difference of 10% at all measured time point’s results in a f2 value of 

50. FDA has set a public standard of f2 value between 50 - 100 indicate similarity between two dissolution profiles. 
 

Table 9. Effect of storage conditions on optimized tablets* 

No. of days Avg. weight (mg) Hardness(kg/cm2) Friability (%) D.T. (sec) Drug Content (%) 

0 148.93±0.99 3.33±0.1 0.56±0.051 36±1.24 99.88±0.312 

15 148.95±0.76 3.33±0.1 0.56±0.033 35±1.09 99.53±0.017 

30 148.98±0.85 3.33±0.2 0.57±0.072 35±1.55 99.35±0.009 

45 148.76±1.24 3.30±0.2 0.57±0.043 34±1.10 99.23±0.014 

60 148.57±0.31 3.30±0.2 0.58±0.069 34±1.44 99.20±0.021 

75 148.52±0.92 3.26±0.3 0.59±0.088 34±1.12 99.20±0.015 

90 148.46±0.38 3.26±0.3 0.60±0.092 34±1.57 99.09±0.008 

*Data expressed as mean ± S.D. 
  

Table 10. Comparison of drug release data before and after storage* 

Time (min) 
Percent Drug Released ± S.D. 

Initial After stability studies 

5 42.85±0.52 40.93±0.70 

10 51.22±0.68 49.55±0.70 

15 66.55±0.20 64.39±1.03 

20 74.69±0.59 73.49±0.52 

25 85.94±0.90 84.98±0.52 

30 93.76±0.3 92.32±0.62 

*Data expressed as mean ± S.D. 
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Figure 8. Comparison of drug release before and after stability studies 

 

The similarity factor was calculated for the comparison of the dissolution profile before and after stability studies. 

The f2 value was found to be 88.02 that was more than 50, indicating a close similarity between both the dissolution 

profiles 
 

Conclusion 
The present study showed the suitability of PVP K30 as a carrier for the preparation of atorvastatin calcium solid dispersions. 

As demonstrated by both XRD and DSC, the amorphization of atorvastatin calcium offered an explanation of better dissolution 

rate from its solid dispersion. The significant effects of the interaction and polynomial variables on the investigated 

characteristics of atorvastatin calcium fast disintegrating tablets were verified using 32 full factorial designs. Compared with the 

experimental optimized preparation, the observed responses were in close agreement with the predicted values of the optimized 

one, thereby demonstrating the feasibility of the optimization procedure in developing atorvastatin calcium fast disintegrating 

tablets.  
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