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Pharmaceutics

used in the treatment of  hypertension.[1] The drug has been 

[2,3] 

aqueous solubility.  The enhancement of  the dissolution rate 

of  the most challenging aspects of  modern pharmaceutics.  
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hydrophobic drugs.[8,9]

 
The particle size of  drugs in this system may be reduced 
markedly, and the physical state of  the drug may be 
transformed from the crystalline to partially amorphous in 

of  enhancing the solubility or dissolution rate remarkably.[11]

[12] Pellets are 

of  a drug into small dosage units reduces the risk of  high 
local drug concentration and their potentially irritating 
effect on gastric mucosa. Furthermore, drug absorption is 

[13]

 

the effect of  each of  these parameters and to optimize these 

designs, based on the orthogonal arrays, are usually labeled 

reported for sustaining the drug release. Unfortunately, 

the drug release throughout the gastro intestinal track. 

sustaining the release, pellets containing solid dispersion 

is possible to enhance the dissolution of  furosemide by 

MATERIALS AND METHODS

Materials

Methods

Experimental design
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The data obtained for the three responses in each trial 

y = b  + b1x1 + b2x2 + b3x1
2 + b x2

2 + b x1x2   

x1, x2 represents the main effect, x1
2, x2

2 the quadratic 
effect and x1x2 is the interaction effect, y is the measured 
response, b  is an intercept, b1 b  are the regression 

®

 

Desirability function

formulation for all responses, the multicriteria problem can be 
treated as a single criterion problem by using the desirability 
function approach. The desirability function for the response 
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Preparation of  solid dispersions of  furosemide

colour glass bottles.

Table 1: Experimental conditions for the screening 
study
Symbols Factors Experimental values 

(screening)
Low level (1) High level (2)

X1 Kneading time (s) 60 360
X2 Extruder speed (rpm) 40 90
X3 Spheronizer time (s) 600 900
X4 Spheronizer speed (rpm) 1000 1300

Table 2: Factors and levels of the circumscribed central 
composite design
Normalized levels Experimental settings

X1 kneading time (s) X2 spheronizer speed (rpm)
-1.141 60 800
-1 120 850
0 180 900
1 240 950
1.141 360 1000
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Drug content of  solid dispersions

In vitro dissolution studies of  solid dispersion

amount of  the drug and commercial product. Aliquots 

Preparation of  pellets containing solid dispersion

spheronization technique using an Umang Pharmascitech 

prepared under standardized operating conditions.

aperture screen.

Characterization of  pellets

a set of  standard trembling at an amplitude of  2 mm 

 dissolution test so that the 

calculated from the standard trigonometric relationship.

[18,19]
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An

microscopy (
performed in triplicate.

The  furosemide 

o F 
fraction of  drug released in time , and o
release constant.

½ F 
of  drug released in time , and 
constant.[21]

Accelerated stability studies

RESULTS AND DISCUSSION

as the carrier, the drug can be dispersed in the polymer as 
crystals, amorphous particles or molecularly dispersed. As 

in the carrier or the transition of  the physical state of  

adequate dissolution and physicochemical properties for 
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spheronization. The type and amount of  granulation liquid 

The amount and concentration of  binder affected the 

of  binder solution augmented the mean size of  pellets but 

shaped pellets and increased the hardness of  the pellets. 

An increase of  spheronization speed has already been 

arbitrated in terms of  a high batch yield and a high 

sphericity of  the end product.

Screening study

 

P P

for the optimization step.

Optimization of  the formulation and pellets 
characterization

effect on pellet sphericity. As the speed of  the spheronizer 

Table 3: Evaluation of furosemide solid dispersion for 
the percentage yield and drug content
Experiments Drug:polymer ratio % Yield Drug content ± SD
1. 1:1 95.02 ± 2.15 91.64 ± 0.02
2. 1:2 98.61 ± 0.92 95.82 ± 0.02
3. 1:3 94.12 ± 1.37 87.71 ± 0.03
Observed values: mean ± SD, n = 3

Figure 1: Drug release studies of solid dispersion formulation
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are factors in the pelletization process that cannot be 

studied response properties namely

the parameters, i.e., kneading time and spheronizer speed 

being much more pronounced and the effect of  kneading 
time being less prominent.

 

Y2

time and spheronizer speed. A nearly linear ascending 

of  the mass throughout the pelletization process. On the 

Table 4: Experimental plan and observed response 
values of PSD
Exp. 
no

Normalized levels of factors Responses
x1 Kneading 

time (s)
x2 Spheronizer 

speed (rpm)
y1 (%) y2 (μm) y3 (%)

1 -1 -1 79.4 ± 0.4 680.7 ± 21.9 75.3 ± 1.1
2 -1 1 78.3 ± 1.2 695.1 ± 28.2 69.5 ± 0.7
3 1 -1 82.2 ± 0.1 726.5 ± 19.3 77.9 ± 2.4
4 1 1 83.8 ± 1.6 753.2 ± 23.1 89.2 ± 1.4
5 0 -1.41 80.1 ± 1.4 687.4 ± 17.2 73.1 ± 1.8
6 0 1.41 77.3 ± 0.8 800.9 ± 22.4 71.2 ± 1.9
7 -1.41 0 80.6 ± 1.9 600.7 ± 25.7 83.9 ± 0.1
8 1.41 0 82.7 ± 0.3 730.5 ± 30.2 79.7 ± 1.2
9 0 0 74.4 ± 1.5 589.8 ± 22.6 80.3 ± 0.5
10 0 0 82.4 ± 1.1 602.2 ± 27.0 85.1 ± 1.0
11 0 0 84.3 ± 0.7 598.6 ± 18.2 79.5 ± 1.3
12 0 0 81.4 ± 1.1 593.1 ± 24.7 81.2 ± 0.7
13 0 0 79.7 ± 2.1 590.3 ± 27.5 70.2 ± 0.3
Measure responses—y1: Percentage yield (w/w); y2: Pellet size (μm); y3: Drug release 
within 12 h (%) between 700 and 800 μm (%). Observed values: mean ± SD, n = 3

Figure 2:
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indicating the uniformity in the drug content. The angle of  

funnel method. The friability test depicts that less than 

The dissolution profile of  the pure drug, marketed 

r2

r2

to choose the best model to describe drug release from the 
r2 r2

r2

throughout the entire test.

y1 . . x1 + 8. x2 . x1
2 . x2

2

r2 . .

With respect to the pellet size characteristics, both 
responses, y2 y3

Figure 3:

formulation

Figure 4:

Table 5: Evaluation parameters of the pellets 
containing solid dispersion
Experiments Drug 

content
Angle of repose Flow rate 

(g/s)
Friability 

(%)
1 86.8 ± 1.2 1.72 ± 0.25 0.21
2 90.2 ± 0.7 1.53 ± 0.11 0.17
3 89.1 ± 0.6 1.68 ± 0.22 0.22
4 95.4 ± 0.9 1.64 ± 0.26 0.19
5 86.1 ± 1.0 1.73 ± 0.32 0.41
6 85.0 ± 0.4 1.56 ± 0.11 0.38
7 89.0 ± 1.2 1.58 ± 0.19 0.55
8 93.3 ± 0.9 1.64 ± 0.16 0.19
9 85.8 ± 0.1 1.72 ± 0.31 0.68
10 90.1 ± 1.1 1.76 ± 0.22 0.54
11 85.2 ± 0.5 1.71 ± 0.43 0.46
12 88.0 ± 0.2 1.59 ± 0.35 0.31
13 86.2 ± 0.1 1.71 ± 0.29 0.26
Observed values: mean ± SD, n = 3
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y2 x1 x2 x1
2 . x2

2 + 
x1x2 

r2 . .
y3 = 81. x1 x2 x2

1 x2
2
  x1x2 

r2 . .

 dissolution and 
yield comparisons of  the results obtained from prepared 

The results demonstrated a good agreement on product 
 drug 

under the storage conditions. 

desirability function to optimize the three responses 

Y1
Y2 Y3

into the desirability scale 1, 2, and 3
Y2 Y1 and Y3

holding 
X1 and X2

x1 x2

it did not illustrate the presence of  any thermal transition 

its crystalline nature as demonstrated by sharp peaks 

Figure 5:

Figure 6:

experimental design (n

Table 6: Kinetic data for drug release from PSD 
formulations
Model R2 value (13 runs)
Zero order 0.9947 ± 0.0271
Higuchi’s Model 0.9864 ± 0.0315
Mean ± SD; n = 3
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Figure 10:

Factors Responses
x1 (s) x2 

(rpm)
y1 (%) y2 (μm) y3 (%)

Normalized level of factors 
Experimental settings

0.753 
250

0.998 
980

Model predicted values 
Observed values

86.82 
84.36 ± 1.15

700.20 
736.3 ± 15.04

89.32 
87.15 ± 0.69

Mean ± SD, n = 3

Figure 7: Figure 8:

(c)

(b)

(a)

into the amorphous form.

formulation to determine the surface morphology and 

content that results in a porous surface structure. Pellets 

a rough surface.

CONCLUSION

Figure 9:

(c)

(b)

(a)
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the end of  12 h. Product properties including the dissolution 

the high pelletization process. These parameters could be 
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