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ABSTRACT

To minimize the unwanted toxic effects of anti-anginal ranolazine by kinetic control of drug release, it was 

separation method. Ten formulations were prepared using different polymer blend ratios and solvent. The prepared 
microparticles were characterized for micromeritic properties, polymer drug compatibility by Fourier Transform 

microparticles are having volume mean diameter of 285 μm. The obtained angle of repose, percentage Carr’s 

in vitro release studies. 
in vitro drug 

pH-dependent binder and helps to release the drug in the intestine. The drug release kinetics followed different 

from the particles. From the differential (f1) and similarity factor (f2), Formulation F5 was the formulation most 
similar to the commercially available oral formulation as reference standard. The drug release performance was 
greatly affected by the materials used in microparticle preparations, which allow absorption in the intestinal tract.
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The reason for this paradigm shift is the low development 

existing drug molecule can get a new life, thereby increasing 
its market value, competitiveness, and product and product 

the oral controlled release systems hold a major portion 
of  the market because of  their ease of  administration and 

[1]

delivery, which is a convenient method to achieve both local 
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and systemic effects, there is a little or no control over drug 

target site can be achieved by intermittent administration of  
a grossly excessive dose, which results in constantly changing, 
unpredictable, and often sub or supra therapeutic plasma 

[2]

The goal of  any drug delivery is to provide a therapeutic 
amount of  drug to the proper site in the body in order to 
promptly achieve and thereby to maintain the desired drug 

can be achieved by a controlled release mechanism of  a 
poorly water-soluble drug, which easily mixes with the 
mixture of  polymeric matrix and shows good absorption 

However, the reported methods are not suitable for 

many research have already been carried out in order 
to design different types of  matrix-type microparticles 
loaded with hydrophilic and lipophilic drugs using toxic 

To overcome this problem, in the present study, water 
has been used to prepare matrix-type microparticles by 

is reduced to a minimum level and secondly, the presence 
of  insoluble polymer(s) in the matrix would modify the 

to the group of  piperizine acetamide has been widely 
used in the treatment of  cardiovascular diseases, including 
arrhythmias, variant and exercise-induced angina, and 

[3]

oxygen balance between the supply and demand of  the 

However, to achieve and maintain the drug concentrations 
within the therapeutic range, it is often obligatory to 
take the dosage forms several times a day. The most 
frequently reported side-effects (unwanted effects) 

microparticles are becoming more popular than the 

reproducible drug absorption and reduced risk of  local 
irritation at the ga

drug carriers to achieve controlled drug delivery for the past 

using the phase separation method and to characterize 
the microparticles for micromeritic properties, drug 

  

in vitro 
release s

MATERIA S AND MET ODS

 
as a gift sample from 

Drug-loaded microparticles were prepared by phase 
[4]

dissolved in 70 ml of  acetone and this solution was added 

constant stirring at 3000 rpm, 30 ml of  non-solvent, 

addition, the drug and the polymer were co-precipitated 

Particle size analysis

methanol in a ratio of  1:20 and measured at a temperature 
[5,6]

Angle of  repose

calculated using the formula,
) = tan 1  (1)
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Compressibility
Tapped density was determined by placing a graduated 
cylinder containing a known mass of  powder on a 
mechanical tapper apparatus (Electro lab tap density 

 

density

 (
[7]

spectrum of  the pellet from 400 – 4000 cm 1

 
studies were carried out on dupont thermal analyzer with 

[8] The instrument was calibrated using 

were taken in nitrogen atmosphere at the heating rate of  

Scanning electron microscopy
Scanning electron microscopy 
taken for the prepared microparticles with a scanning electron 

¥, 1500¥ and 3000¥ [9,10]

Percentage yield
The yield was determined by weighing the microparticles 

percentage yield is as follows;

%
.

.
 yield 

wt  of drug polymer mixture
wt  of microparticles

= ¥ 1100  (2)

[11] The drug content 
was calculated by using the formula:
Amount of drug

Conc  from standard graph  dilution factor= ¥.
11000

 (3)

calculating the amount of  drug present in 100 mg of  

In vitro drug release studies

The in vitro release of  drug from the microparticles was 

TDT-08L, with auto sampler containing 900 ml of  
 

of  the dissolution media was maintained at 900 ml with 
constant stirring (100 rpm) and temperature of  bath was 

media were sampled at specified time intervals and 

Samples were analyzed for drug content by Ultraviolet 

data obtained were fitted into various mathematical 

Dissolution studies were carried out for all the batches of  
the prepared formulations (10 batches) and compared with 

Drug release kinetics

release, the drug release data of  the in vitro dissolution study 

of  correlation (r) values were calculated for the linear 
curves obtained by the regression analysis of  the above 

[12]
1) and similarity factor (f2) 

Ingredients F1 F2 F3 F4 F5
RNZ (mg) 300 300 300 300 300
EU RLPO (mg) 150 100 200 75 225
EC (mg) 150 200 100 225 75
Acetone (ml) 70 70 70 70 70

30 30 30 30 30

Ingredients F6 F7 F8 F9 F10
RNZ (mg) 300 300 300 300 300
EU RLPO (mg) 150 100 200 75 225
EC (mg) 150 200 100 225 75
DMF (ml) 30 30 30 30 30
Acetone (ml) 40 40 40 40 40

30 30 30 30 30
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were calculated from the dissolution data according to the 
following equations:
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where, f1 – differential factor, f2 – similarity factor, n – 
number of  time point, Rt – dissolution value of  the reference 

t – dissolution value of  test formulation 
1 was calculated by the 

percentage difference between the two curves at each time 
point and measured the relative error between the two 

1 is 
2 was the logarithmic reciprocal 

square root transformation of  the sum-squared error and 
is a measure of  the similarity in the percentage dissolution 

(f2

RESU TS AND DISCUSSION

Ten formulations were prepared using different polymer 

variables that could affect the preparation and properties 

to get small, discrete, uniform, smooth-surfaced, and 

included concentration of  the polymer blend and the 

observed that with the increase in the stirring speed from 
3000-3500 rpm, there was a decrease in the average size of  

The resultant microparticles were composed of  irregular 
masses, which were not possible to distinguish as discrete 

that some amount of  the dissolved mass adhered to the inner 

effect of  stirring time on percentage yield is presented in 

stirring time available which causes particle size to decrease 

Repeated batches of  microparticles were prepared at an 
optimized rate (stirring speed and stirring time) which 

Figure 1:

Time in minutes
10 45.11
20 60.40
30 79.22
40 90.87
50 88.08
60 73.42
70 62.72
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The values of  tapped density ranged between  
3

the formulations was negligible and the density values 
of  formulations were well within the acceptable limits, 
indicating that the prepared microparticles were non-

D [4, 3] is the volume mean diameter of  the microspheres 

diameter and it is the value of  the particle size that divides 

is the median diameter and it is the cutoff  value for the 
distribution, which means 90% of  the distribution (particle 

studies and to ascertain whether there is any interaction 

the data it is clear that similar characteristic peaks with 

Hence it appears that there is no chemical interaction 

the characteristics bands of  pure drugs were not affected 

endothermic peak 

microparticles were spherical in nature (mean size of  

dents and shrinkage due to the collapse of  the wall of  

reveal the absence of  drug particles on the surface of  the 

Formulation 
F1 86.22 ± 1.44 
F2 87.70 ± 1.56 
F3 86.46 ± 1.24 
F4 87.42 ± 1.54 
F5 91.44 ± 1.36 
F6 85.12 ± 1.72 
F7 86.32 ± 1.12 
F8 87.63 ± 1.32 
F9 84.43 ± 1.26 
F10 88.66 ± 1.46 
*Standard deviation, n = 3

Formulation  3) 

F1 29.10 ± 0.41 14.25 ± 0.66 0.301 ± 0.05
F2 28.75 ± 0.11 13.11 ± 0.42 0.245 ± 0.02
F3 27.44 ± 0.30 14.22 ± 0.28 0.272 ± 0.06
F4 28.45 ± 0.33 14.44 ± 0.41 0.225 ± 0.06
F5 29.12 ± 0.21 13.45 ± 0.67 0.245 ± 0.03
F6 28.11 ± 0.36 15.01 ± 0.66 0.224 ± 0.01
F7 26.24 ± 0.11 11.22 ± 0.65 0.210 ± 0.08
F8 29.12 ± 0.51 14.56 ± 0.52 0.299 ± 0.01
F9 28.28 ± 0.32 13.42 ± 0.22 0.257 ± 0.01
F10 28.23 ± 0.26 14.74 ± 0.76 0.260 ± 0.02
*Standard deviation, n = 3

Formulation Volume mean 
diameter 

(D[4,3]) μm

Volume median 
diameter 

(D[v,0.50]) μm

Volume median 
diameter 

(D[v,0.90]) μm
F5 285.76 221.44 599.78

Figure 2:

Figure 3:
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microparticles indicating the uniform distribution of  the 

indicating that the prepared formulations were spherical 

Drug content was measured in order to ascertain that 

buffer solution, and were shaken for 45 min and then 

loading in the formulations was found to be in the range of  

In vitro release studies were carried out for all formulations 

Studies also showed that the drug release rate increases with 

microparticles and this indicates that the used polymer 

was released in a biphasic manner consisting of  an initial 

intestinal environment was associated with initial burst Figure 4:

Figure 5:
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initial burst effect, the subsequent release of  the drug was 

approached 0 as the dissimilarity of  the test and the reference 

believed to be similar when their f1 value was between 0 to 15 
f2 

non-linear fashion and with increase in the amount of  EU 

observed that EU had exhibited  a considerable effect on 

revealed that release in 8 h varies in linear fashion  with 

Time taken for 50% drug release (t50%) varies in a non-

The data of  the in vitro 

release of  the drug from all the formulations followed the 

linear if  the release of  the drug from the delivery system is 

be linear and the results inferred that the drug release from 

CONC USION

The objective of  this study was to prepare and evaluate 

The prepared microparticles exhibited good micromeritic 

it was clear that all the process variables were within the 

indicated that there was no interaction between the 

in vitro drug release studies showed 

Formulation Drug loading 

F1 41.21 ± 0.36 71.10 ±0.26
F2 39.42 ± 0.57 72.32 ± 0.33
F3 41.32 ± 0.56 81.33 ± 1.05
F4 37.50 ± 0.44 73.45 ± 0.33
F5 45.23 ± 0.36 89.66 ± 0.56
F6 40.21 ± 0.26 65.25 ±0.32
F7 36.35 ± 0.33 69.20 ± 0.44
F8 39.72 ± 0.42 76.40 ± 0.66
F9 36.70 ± 0.38 70.70 ± 0.48
F10 41.60 ± 0.44 84.42 ± 0.67
*Standard deviation, n = 3

Figure 6: In vitro 
 Figure 7: In vitro 
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that the release of  the drug was found to be diffusion-

to administer, simple, and economical with increased 

into microparticles as a controlled drug release dosage 

combinations for fabrication of  delivery systems of  other 
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Formulation Response variable Observed value Predicted value
F1 1 h (%) 6.51 6.48

12 h (%) 81.2 81.32
t50 h 4.30 4.32

F2 1 h (%) 5.81 5.91
12 h (%) 77.24 77.41

t50 h 4.20 4.16
F3 1 h (%) 7.15 7.24

12 h (%) 82.91 83.01
t50 h 3.50 3.42

F4 1 h (%) 7.67 7.81
12 h (%) 71.33 71.42

t50 h 4 4.01
F5 1 h (%) 7.35 7.35

12 h (%) 87.98 87.98
t50 h 3.40 3.4

F6 1 h (%) 6.81 6.87
12 h (%) 80.5 80.63

t50 h 4.10 4.09
F7 1 h (%) 5.56 5.41

12 h (%) 75.1 75.69
t50 h 4.05 4.52

F8 1 h (%) 7.41 7.36
12 h (%) 81.26 81.34

t50 h 3.50 3.49
F9 1 h (%) 6.21 6.34

12 h (%) 71.5 71.42
t50 h 4.05 4.01

F10 1 h (%) 6.21 6.32
12 h (%) 83.66 83.74

t50 h 3.40 3.46
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