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ABSTRACT 
The purpose of this study was to prepare and evaluate immediate release itraconazole granules and comprehensive studies of 
the same. The Itraconazole granules are prepared using fluid bed processer with different concentration of HPMC E 5 
(Hydroxy Propyl Methyl Cellulose) and HPC (Hydroxy Propyl Cellulose). The effect of concentration of HPMC E 5 and 
HPC studied using 32 full factorial designs. The prepared granules were physically evaluated with size, shape, surface 
roughness, density, moisture content, assay and drug release etc. Result shown that, both the independent variable the  X1 
(concentration of HPMC E 5) is more effective than  X2 (concentration of HPC) affect on some dependent variable like size 
distribution, shape and surface roughness, bulk density and drug release. The optimezed batch (HPMC E 5 4 % and HPC 2 
% of total weight of granules) give better quality of itraconazole granules. 
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INTRODUCTION 
 Itraconazole is an oral antifungal drug with a broad 
spectrum of activity belongs to Biopharmaceutical 
Classification Systems Class II drugs categorized with low 
water solubility and high permeability [1]. Itraconazole is 
most effective when drug concentration is maintained 
above the minimum effective concentration. Itraconazole is 
associated with several properties that formulate it difficult 
to formulate, such as very poor water solubility (~1 ng/mL 
at neutral pH) and a high log P (>5) [2]. One approach, 
which has been applied to producing pharmaceutically 
suitable dosage forms of the drug, is granulation. 
 Granules are agglomerates of fine powders or granules 
of bulk drugs and excipients with sizes ranging from about 
0.1 to 2.0 mm are produced. The term “pelletization” is 
used synonymously with granulation, but in pharmacy this 
term is generally refers to the manufacture of aggregates, 
preferably spherical, with a narrow size distribution in the 
range of about 0.5 to 1.5 mm. They consist of small, free-
flowing, sphere-shaped or semi-spherical solid units, 
typically from about 0.5 mm to 1.5 mm, and are intended 
usually for oral administration [3, 4]. Granules can be 
manufactured by several methods. The common techniques 
of granulation are wet granulation, include wet massing, 
fluid bed granulation, spray drying, pan granulation, 
extrusion and palletizing and dry granulation which 
includes roller compaction, slugging and other granulation 
process includes humidification, melt pelletization etc [5-
10]. The layering procedure encompass the deposition of 
successive layers of drug entities from solution, suspension 
or dry powder on nuclei which may be crystals or granules 
of the same material or inert starter seeds [11,12]. The 
purpose of this study is preparing Itraconazole granules for 
immediate release. 
 
MATERIALS   AND   METHODS  
Materials  
 Itraconazole   procured from Metrochem API   Pvt. 
Ltd, Hyderabad, India. HPMC E 5 and HPC by Ruitai 

Pharmaceutical Co, China. Crospovidone, calcium 
carbonate, sodium lauryl sulphate were supplied by Loba 
Chemie.  Pvt.  Ltd., Mumbai. Tween - 80, diethyl Phthalate, 
isopropyl alcohol and dichloromethane are procured from 
S.D. Fine Chem. Ltd, Mumbai, India. All the reagents used 
in this study were of analytical grade.  
 
Methods 
Preparation of granules 
 The layering process comprises the deposition of 
successive layers of drug entities from solution, suspension 
or dry powder on nuclei which may be crystals or granules 
of the same material or inert starter seeds. Itraconazole drug 
solution for layering is prepared by dissolving itraconazole, 
different concentration of HPMC E 5 and HPC, 
crospovidone, calcium carbonate, tween-80 and sodium 
lauryl sulphate in a mixture of required amount of 
methylene dichloride and isopropyl alcohol using 
mechanical stirrer. Total size 2000gm, of the batch is 
adjusted with adding required quantity of mannitol in the 
solution. Load the 700 gm sugar granules (Size 30#40 i.e. 
particles pass from 30 mesh and retained on 40 mesh) into 
the fluid bed processor (Umang Pharmatech Pvt. Ltd, 
Maharashtra) having 5 kg capacity. Spray the drug solution 
over the sugar granules with using peristaltic pump and 
prepare the granules at previously optimized parameters i.e 
at atomizing air pressure 2 bar, peristaltic pump with 2 rpm, 
inlet air temperature 450 C. After completion of drug 
loading dry the granules in fluid bed processor for 10 
minute at 450 C [13].  
 
Investigation of physicochemical compatibility of drug 
and excipients [14]  
 The physicochemical compatibility between 
intraconazole and excipients used in the granules was 
studied by using differential scanning calorimetry (DSC- 
Shimadzu 60 with TDA trend line software, Shimadzu Co., 
Kyoto, Japan). In DSC analysis, the samples were weighed 
(5 mg), hermetically sealed in flat bottom aluminum pans, 
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and heated over a temperature range of 50 to 300°C at a 
constant increasing rate of 10°C/min in an atmosphere of 
nitrogen (50 mL/min). The thermograms obtained for 
intraconazole, and granules were compared.  
 
Factorial Design 
 A statistical model incorporating interactive and 
polynomial terms was used to evaluate the responses:  
 
Y=b0+b1X1+b2X2 b12X1X2+ b11 X1

2+ b22X2
2 

 

where, Y is the dependent variable, b0 is the arithmetic 
mean response of the 9 runs, and bi is the estimated 
coefficient for the factor Xi. 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 terms (X1X2) 
show how the response changes when 2 factors are 
simultaneously changed. The polynomial terms (X1

2 and 
X2

2) are included to investigate nonlinearity. Different 
concentrations of HPMC E 5 & HPC were taken for the 
studies. Both the variables (polymer) are taken with three 
different level and different batches are performed for the 
effect of one polymer in presence of the other polymer. 

Table 1 32 Full Factorial Design Layout 

Batch 
Code 

Variable Levels 
in Coded Form 

Size Distribution 
(% of granules 
between 12#20) 

Shape & Surface 
Roughness 
(Grade out of 10) 

Bulk 
Density 
(gm/ml) 

Moisture 
Content 

(%) 

Assay 
(%) 

Drug Release at 
45 min. in 0.1 N 

HCl pH 1.2 X1 X2 
B1 −1 −1 86.14 5 1.1 1.61 22.1 98.23 
B2 −1 0 88.23 5 1 1.59 22.17 98.56 
B3 −1 1 89.95 6 1 1.54 22.18 98.45
B4 0 −1 94.05 9 0.8 1.5 22.12 95.23 
B5 0 0 94.53 9 0.8 1.6 21.95 94.56 
B6 0 1 95.21 9 0.8 1.55 22.19 91.23 
B7 1 −1 95.95 9 0.8 1.54 22.19 80.12 
B8 1 0 95.56 9 0.8 1.45 22.08 78.63 
B9 1 1 95.82 9 0.8 1.7 22.12 76.45 

Translation of Coded Levels in Actual Units 
Variables Level Low (−1) Medium (0) High (+1) 

% of HPMC E 5 (X1) 2 4 6 
% of HPC (X2) 2 4 6 

 
CHARACTERIZATIONS OF GRANULES 
Size  
 The size of granules is determined by various methods. 
The most ordinary and widely used method is sieve 
analysis. The reasons for its wide use are simplicity, lower 
costs, low time consumption and low turnover of operator. 
So, here the size distribution is performed by sieve analysis 
[15].  
 
Shape and surface roughness  
 One of the important matters of granules preparation is 
to make spherical and smooth particles, suitable for 
subsequent successful product. Various methods can be 
used for measuring the shape and surface roughness of the 
granules. The normally used method is the analysis of 
microscopic or non-microscopic pictures of objects of 
interest.  Here the shape and surface roughness is measured 
visually and given grade from 1 to 10 as better to best 
respectively [16].  

Density  
 The density of granules can be affected by changes in 
the formulation and/or process, which may affects other 
process or factors, such as capsule filling, coating, and 
mixing. Variation of density from batch to batch affects the 
potency of the finished capsule, causes problems in batch 
size determination during coating and produces segregation 
during mixing. The density is measured by weighing 
accurate amount (gm) of granules, pour into measuring 
cylinder and measure the total volume occupied by granules 
[5]. 
 
Moisture content  
 Moisture content is generally affecting the stability of 
the final product. So, for most of the pharmaceutical 
product moisture content study is essential. Here the 
moisture content is measure by Karl Fischer method of 
determination of water content.  

 
Table 2 Summary of Results of Regression Analysis 

Coefficient b0 b1 b2 b12 b11 b22 R2 
Size Distribution 94.54333 3.835 0.806667 -0.985 -2.655 0.08 0.997815 
Surface Roughness 8.888889 1.833333 0.166667 -0.25 -1.83333 0.166667 0.992944 
Bulk Density 0.788889 -0.11667 -0.01667 0.025 0.116667 0.016667 0.983173 
Moisture Content 1.532222 -0.00833 0.023333 0.0575 0.021667 0.026667 0.469732 
Assay 22.02667 0.298333 0.143333 -0.2325 -0.255 0.09 0.952511 
Drug Release 94.09444 -10.0067 -1.24167 -0.9725 -5.26667 -0.63167 0.996701 

 
Assay of itraconazole  
 Intraconazole was estimated by ultraviolet visible 
(UV/Vis) spectrophotometric method (Shimadzu UV-1800 
UV/Vis double beam spectrophotometer, Kyoto, Japan).  
Solutions of intraconazole were prepared in Methanol: HCl. 

(99: 1). Standard solution prepared by weighing accurately 
about100mg of Itraconazole working standard and transfer 
into a 100 ml volumetric flask. Dissolve and dilute to 
volume with diluent, take 1 ml and put into a 50 ml 
volumetric flask and dilute to volume with Methanol. 

Subbarao et al / International Journal of Pharmacy Research & Technology 2012 2(2) 33-36 

34 | IJPRT | 2012 



S

Sample so
Itraconazole
put into a 10
of the dilue
makeup wit
50ml volum
Methanol. 
spectrophoto
for linearity
 
In vitro dru
 The dr
XXIII type 
India) at 37
phosphate b
itraconazole
granules) w
were withdr
were estim
spectroscop
medium wa
test sample
intervals wa
 
RESULT A
Investigatio
and excipie
 Differe
quantitative
required or 
transformati
and granule
it was obse
melting pe
confirmed t
formulation
  

Figure 1 In
drug and ex
 
Size Distrib
 The siz
The size dis
95.95 % in
correlation c
indicate tha
dependent v
more effecti

Subbarao et al 

olution prepare
e granules equiv
00ml volumetric
ent, heat on wa
th diluen and filt
metric flask a
The absorbanc
ometer at 258 n

y, accuracy, and p

ug release study
rug release stu

II apparatus (E
7ºC±2ºC with 1
buffer (pH 1.2) 
e granules equiv
was used for the
rawn periodical

mated for its 
y. An equal 

as replaced imm
. Percentage dr

as calculated usin

AND DISCUSSI
on of physicoch
ents 
ential scanning
 detection of al
produced (i.e. en
ions). The therm
s (B), are presen

erved that there 
aks of intraco
the physicochem
 excipient used i

nvestigation of p
cipients 

bution  
ze distribution 
stribution for gr
n predetermined
coefficient (R2 =
at both the va
variable (p<0.05
ive than X2 (% o

/ International

ed by accura
valent to 100mg 
c flask. Add app
ater bath for 15
ter it. Take 1 ml
and makeup to
ce was measur
nm. The metho
precision. 

y 
dy was perform
Electrolab, TDT
100 rpm for us

as a dissolutio
valent to 100 m
e test. Sample 
lly and the with

drug content
quantity of fr

mediately after w
rug dissolved a
ng the Lambert-

ION 
hemical compa

g calorimetry 
ll processes in w
ndothermic or e
mograms of int
nted in Figure 1.

were no major
onazole in the 
mical stability o
in the study. 

physicochemical 

is also done by
ranules varied fr
d size range an
= 0.99). Results

ariables significa
) and   X1 (% o
of HPC). Moreo

l Journal of Ph

ately weighing
of Itraconazole

roximately 50m
5 min. Cool and
l of filtrate into a
o volume with
red on UV/Vis
od was validated

med using USP
T-06T, Mumbai
sing 900 mL o
on medium. The
mg (454.5 mg o

aliquots of 5m
hdrawn samples
t through UV
resh dissolution

withdrawal of the
at different time
Beer's equation.

atibility of drug

enables the
which energy is

exothermic phase
traconazole (A)
. From the figure
r changes in the

granules. This
of drug with the

compatibility o

y sieve analysis
rom 86.14 %  to
nd showed good
s of the equation
antly affect the

of HPMC E 5) is
over in both time

 
 

harmacy Resea

g 
e, 

ml 
d 
a 
h 
s 
d 

P 
i, 
f 
e 
f 

ml 
s 

V 
n 
e 
e 
 

g 

e 
s 
e 
), 
e 
e 
s 
e 

 
f 

s. 
o 
d 
n 
e 
s 
e 

the coeff
concentrat
the % of
because o
Distributio
X1X2 – 2.6
 
Shape and
 The s
from 5 to 
0.99). Res
HPMC E 
So increas
give good
Roughnes
– 1.833 X
 
Bulk Den
 The d
the formu
process or
mixing. V
potency o
size determ
during mix
1.1 and sh
Results of
5) is sign
increase th
decrease b
Bulk Den
X1X2 + 0.1
 
Moisture 
 Mois
the produ
analysis o
variable c
less than 0
 
Assay of I
 From
conclude 
affect the a
 

Figure 2
HCl pH 1.
 
In Vitro D
 The 
independe

arch & Technol

ficient value 
tion of polymer 
f granules layin
of the binding 
on = 94.5433 +
655 X1

2 + 0.08 X

d Surface Roug
shape and surfa
9 and showed g

sults of the equ
5) is significant

se the concentrat
d shape as we
s = 8.8888 +13.
1

2 + 0.1666 X2
2 

sity  
density of granu
ulation and/or p
r factors, such 

Variation of dens
f the finished c
mination during 
xing. . The dens
howed good co
f the equation in
nificantly effec
he concentration
bulk density bec
sity = 0.7888 -
1166 X1

2 + 0.01

content  
ture content is g
ct. So, for mos
f moisture conte
an not affect th

0.05) 

Itraconazole  
m the result of 

that changing 
assay of the prod

Release profile 
.2 

Drug Release St
drug release ca

ent variable i.e. 

is positive, 
for 2 % to 6 % 
ng in predeterm

property of th
+ 3.835 X1 + 0
X2

2 

ghness  
ace roughness fo
good correlation
uation indicate t
tly effective than
tion of X1 from 2
ell surface. Sh
8333 X1 + 0.166

ules can be affec
process, which m

as capsule fill
ity from batch to

capsule, causes p
coating and pro
ity for granules 

orrelation coeffic
dicate that the X
tive than X2 (
n of X1 from 2 
cause of less pr

0.1166 X1 - 0
66 X2

2 

generally affecti
st of the pharm
ent is compulsor
he moisture cont

the regration a
in independent 
duct. (P-value N

of Itraconazole 

udy  
an be affected b
concentration o

) 33-36 

so increase t
, results increas

mined size ran
he polymer. Si
.8066 X2 – 0.9

or granules vari
n coefficient (R2

that the X1 (% 
n X2 (% of HPC
2 % to 6%, resu

hape and Surfa
66 X2 – 0.25 X1X

cted by changes 
may affects oth
ling, coating, an
o batch affects t
problems in bat
oduces segregati
varied from 0.8 
cient (R2 = 0.98
X1 (% of HPMC
(% of HPC). S
% to 6%, resul

roduction of fine
.0166 X2 + 0.02

ing the stability 
maceutical produ
ry. Changes in t
tent. (P-value N

analysis it can 
variable can n

Not less than 0.05

granules in 0.1 

by changes in t
of HPMC E 5 an

the 
ed 

nge 
ize 
85 

ied 
2 = 
of 

C). 
ults 
ace 
X2 

in 
her 
nd 
the 
tch 
on 
to 

8). 
C E 

So 
lts, 
es. 
25 

of 
uct 
the 

Not 

be 
not 
5) 

 
N 

the 
nd 

logy 2012 2(2)

                  IJPRT | 2012 | 35



 
 

 

HPC. The drug release of itraconazole in 45 minute varied 
from 76.45 % to 98.45 % and showed good correlation 
coefficient (R2 = 0.99). Results of the equation indicate that 
both the variables significantly affect the dependent 
variable (p<0.05) and indicate that the X1 (% of HPMC E 
5) is more effective than X2 (% of HPC). Moreover in both 
time the coefficient value is negative, so increase the 
concentration of polymer, results decrease in drug release. 
Drug release in 45 minute = 94.0944 - 10.0067 X1 - 1.2416 
X2 – 0.9725 X1X2 – 5.2666 X1

2 - 0.6316 X2
2 

 
CONCLUSION  
 The results of a 32 full factorial design reveals that the 
Concentrations of HPMC E 5 and HPC significantly affect 
the dependent variables. It could be concluded that best 
batch (HPMC E 5 4 % and HPC 2 %) may be may be a 
promising batch for good quality preparation of 
Itraconazole Granules. Itraconazole granules were 
successfully formulated as a multiparticulate system using 
suitable concentration of HPMC E 5 and HPC with suitable 
concentration of other excipients which facilitates 
formation granules with HPMC E 5 and HPC granules. 
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