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ABSTRACT
Objective: The object of this investigation was to formulate and evaluate effervescent granules of ibuprofen, to increase its dissolution rate to get
rapid analgesic and antipyretic effects.

Methods: Five formulas (F1-F5) of effervescent ibuprofen granules were formulated by the wet granulation method. Croscarmellose sodium,
powder of banana and other ingredients were used in the formulation of effervescent granules. Evaluation studies were carried out for all five
formulas, these include: (compatibility study, flowability study, % of drug content, effervescent time and in vitro dissolution study).

Results: The results show that the formulated granules have good flow properties with suitable bulk density for the uniting dose. FTIR study shows
that there is no drug interaction with other ingredients in the formula. All five formulas have effervescent time less than 3 min, F5 show the best
drug release 99.1±1 and effervescent time about 80 sec.

Conclusion: Ibuprofen was successfully formulated and evaluated as effervescent granules by using a combination of croscarmellose sodium and
banana powder.
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INTRODUCTION
Effervescent granulates are one of the most popular oral dosage
forms; most of the pharmaceutical products like analgesics,
antacid and cough formulation were prepared as effervescent
granules. Effervescent granules are soluble, dissolve quickly and
provide a palatable formula which can avoid the bad bitter taste
of drugs. It is convenient, stable dosage forms [1].

The addition of effervescent granules into a cup contains 250 ml
of water exactly before taking by the patient, the granules will be
dispersed readily in the water, and they are dissolved by
releasing of carbon dioxide gas. This occurs due to the
interaction between acidic ingredients and basic bicarbonates in
the presence of water. The libration of carbon dioxide will
enhance the dissolution of the drug and mask the bitter taste
effect of the drug [2]. Ibuprofen is a propionic acid derivative.
It's a non-steroidal anti-inflammatory agent used for treating
rheumatoid arthritis and osteoarthritis. Ibuprofen considers
insoluble substance in water (0.078µg/ml) with pKa 4.5. Due to
the low solubility of ibuprofen, the dissolution profile of
ibuprofen may be considering the rate-limiting step for the
absorption process of the ibuprofen drug [3].
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This study aimed to enhance the release profile of ibuprofen by
using the wet granulation method to prepare effervescent granules
of ibuprofen.
MATERIALS AND METHODS

Ibuprofen (Samarra Drug Industries, Iraq), citric acid (Evonik
Degussa Ltd., India),tartaric acids (Aldrich, USA), Sodium
bicarbonate, hydroxyl propyl methylcellulose (HPMC E5), (Gainland
chemical company, U. K), Microcrystalline cellulose (Riedel-De-Haen
AG seelze, Germany), croscarmellose sodium (Hyperchem, China).
Methods

Formulation of effervescent granules of ibuprofen
P

P

The wet granulation method was used to prepare the effervescent
granules of ibuprofen [4]. The quantity of each ingredient used is
shown in table 1. According to geometrical dilution, all ingredients of
the formulation will be mixed thoroughly to maintain good
distribution of the drug with other ingredients, and then pass the
powder through sieve no 20 after that suitable amount of binding
agent added the powder mixture to fabricate a moist mass. Then
moisten mass was passed through sieve no. 20 to get granules. These
granules were be dried at 40 ᵒC overnight in a hot air oven.

Table 1: Formula used to prepare the effervescent granule of ibuprofen

Ingredients (mg)
Ibuprofen
Citric acid
Tartaric acid
Sodium bicarbonate
Saccharine
Croscarmellose sodium
Banana powder
Microcrystalline cellulose
HPMC in alcohol 2%

Evaluation of effervescent granules of ibuprofen
P

F1
600
217
434
738
15
__
__
__
5

P

Determination of drug content
100 mg of effervescent granules were weighed and added to 100 ml
of phosphate buffer solution (pH 6.8) and mixed thoroughly. Then

F2
600
217
434
738
15
5
__
__
5

F3
600
217
434
738
15
__
5
5

F4
600
217
434
738
15
__
__
5
5

F5
600
217
434
738
15
5
5
__
5

the solution filtered and analyzed by using a UV-visible
spectrophotometer (UV-1800 shimadzo, Japan) at 260 nm to detect
the % of drug content of ibuprofen in the prepared granules. The
drug content of each sample was estimated from their previously
prepared Standard curve [5].
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Fourier transforms infrared spectroscopy (FTIR) study
FTIR spectroscopy was used to detect the compatibility between
ibuprofen and other ingredients. Disc of potassium bromide at
wavelength 4000-400 cm-1 was used to recorded FTIR spectra of
ibuprofen, each ingredient in the formula and selected formula [6].
Flowability study

Bulk density and tapped density
Two types of density were determined (bulk density (BD) and
tapped density (TD)). In a 100 ml measuring cylinder, an
appropriate amount of granules was weighted and put; then the
initial volume was recorded. After that, the measuring cylinder was
tapped at the height of 2.5 cm at 2-second intervals until no further
change was noted in the volume [7]. From the equation below, bulk
density and tapped density were calculated.
TD =

BD =

granules weight
packing volume

granules weight
tapped volume of the packing

Where BD is the bulk density and TD is the tapped density

Carr's index for ibuprofen granules was measured to evaluate the
bulk density and tapped density [8]. The values of Carr's index of
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ibuprofen granules were compared with references as shown in
table 2.
Carr ′ s index =

Hausner’s ratio of ibuprofen granules was calculated by using the
equation below. Hausner's ratio which is less than 1.25 shows good
flowing properties more than higher ones. Hausner's ratios which
are from 1.25 to 1.6 show moderate flowing properties. Hausner's
ratio which is more than 1.6 will show more cohesive powders [9].
Hausner ′ ratio =

tapped density
bulk density

The angle of repose determination

To estimate the flow properties of ibuprofen granules, the funnel
method was used to measure the angle of repose. When granular
materials are poured onto a horizontal plane; a conical pile will be
formed. The internal angle between the surface of the pile and the
horizontal surface is known as the angle of repose. The tan of the
angle of repose was measured by height (H) of the cone and
diameter of the base cone (D) [10]. The values of the angle of repose
were compared with references as shown in table 3.

Table 2: Flow properties and compressibility index

Flow characters
Excellent
Good
Fair
passable
poor
Very poor
Very, very poor

[(TD − BD) ∗ 100]
TD

Tan θ =

H
0.5 ∗ D

Carr's index
1-10
11-15
16-20
21-25
26-31
32-37
>38

Table 3: Flow properties of the angle of repose

The angle of repose value
<20
20-30
30 34
>40

Flow properties
Excellent
good
passable
Very poor

Effervescence time

The effervescent time of ibuprofen granules was measured by
adding one dose of granules to a glass containing 250 ml of water
when a clear solution is obtained the effervescent time will be
recorded [11]. The arithmetic mean of triplicate readings was
recorded.

released was calculated from a previously prepared calibration
curve of ibuprofen [12].
Statistical analysis

Dissolution study

By using Microsoft Excel 2007, the results of the investigation are
given as a mean sample (of three results)±standard deviation (SD).

The dissolution study of ibuprofen granule was done by using the
USP type II dissolution test apparatus. The dissolution test was
performed by using a dissolution medium made of phosphate buffer
with pH 6.8 and at a temperature of 37±0.5ᵒC and 50 rpm. A sample
of 5 ml will be drawn every 1 min interval and then replenished with
5 ml to maintain the constant volume. After that, the sample was
filtered through Whitman filter paper, and then the absorbance of
the sample was measured at 260 nm. Then, the amount of drug

The results of the flowability study are shown in table 4. The values
of bulk density were in the range of 0.45-0.51. The tapped density
values of the prepared granules were in the range of 0.52-0.59. The
values of the angle of repose were found in range 25.2–28.98. While
the result of the carr′s index of the prepared granules was in the
range of 12.1-14.03. Hausner′s ratio values were found in the range
of 1.13-1.16. The results indicate that all five formulas had good flow
properties. The good flow properties may be attributed to the
successful method of preparation by wet granulation [13].

RESULTS AND DISCUSSION

Table 4: Flow properties of ibuprofen effervescent granules

Formula no.
F1
F2
F3
F4
F5

Bulk density
0.5±0.15
0.49±0.20
0.45±0.18
0.51±0.08
0.51±0.12

Tapped density
0.57±0.12
0.57±0.09.
0.52±0.11
0.58±0.12
0.59±0.13

*Results are expressed as a mean±SD, n=3.

Angle of repose
28.98±0.98
27.9±0.16
27.72±0.17
25.2±0.18
26.88±0.87

Carr′s index
12.28±0.13
14.03±0.15
13.46±0.18
12.1±0.99
13.55±0.12

Hausner′s ratio
1.14±0.03
1.16±0.04
1.15±0.72
1.13±0.11
1.51±0.89

Flow property
good
good
good
good
good
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Compatibility study
The results of the FTIR study are shown in fig. 1. Fig. 1 (A)
represents the peaks of ibuprofen drug, it detects intense band at
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1720.56 cm-1, 2956.97 cm-1,1645.33 cm-1, for C=O, C-H, and C=C
respectively. Fig. 1 (B) represents the FTIR spectra of the selected
formula (F5). The result demonstrates no chemical interaction
between ibuprofen drug and other ingredients [14].

Fig. 1: Spectra of ibuprofen and the selected formula F5, where (A): IR spectrum of ibuprofen, (B): IR spectrum of selected formula F5
Determination of % drug content

Dissolution study

The results of % of drug content were shown in table 5. The values
of % drug content were in range 90.6±0.12–97.5±0.12. All five
formulas were qualified for the IP specification for assay of
ibuprofen granules which should be not less than 90% and should
not more than 110%.

The % amount of drug released after 5 min obtained for the five
formulations of effervescent granules of ibuprofen are presented
in table 5. The results show that all five formulas had a good
release profile within 5 min. The improvement of ibuprofen
dissolution occurs due to bursting of the granules into minute
particles which was facilitated by the production of effervescence.
F5 shows the highest percentage of drug released, 99.1% within 5
min. The good release profile of F5 may be attributed to the
presence of the combination of disintegrant banana powder and
croscarmellose sodium [16, 17].

Effervescence time determination

The results of the effervescence time were shown in table 5. The
values of effervescence time were in the range of 80–113 sec. The
resulted ranges were acceptable for this study according to USP [15].

Table 5: Drug content, amount of drug released and effervescent time of ibuprofen granules
Formula
F1
F2
F3
F4
F5

Drug content% (w/w)
93.9±0.14
95.6±0.13
95.1±0.99
90.6±0.14
97.5±0.11

*Results are expressed as a mean±SD, n=3.

Amount of drug released %
90.2±0.12
96.6±0.13
95.3±0.98
92.4±0.12
99.1±0.1

Effervescent time (sec)
110±0.09
104±0.13
100±0.11
113±0.13
80±0.12
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In comparison with other studies used croscarmellose sodium and
banana powder as a disintegrant, the results show the same
enhancing effect of drug release of tramadol, meloxicam, and
ibuprofen [18, 19]. That is the ability of both croscarmellose sodium
and banana powder to act as disintegrates [20-22].

CONCLUSION

Ibuprofen was prepared and evaluated successfully as effervescent
granules by wet granulation method. Effervescent granules of
ibuprofen were well prepared by using citric acid, tartaric acid,
sodium bicarbonate, saccharine, croscarmellose, banana powder,
microcrystalline cellulose and HPMC in ethanol alcohol.
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