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A significant proportion of the populations
have difficulty in swallowing solid oral dosage
forms (1). This problem becomes more acute for the
administration of sustained action dosage forms due
to the increase in volume of the delivery system. An
oral pharmaceutical suspension presents a novel
means of circumventing the potential problems
associated with the administration of such systems.

Microencapsulation of a drug has been sug-
gested to control drug release and to reduce or elim-
inate gastrointestinal tract irritation (2, 3). The
incorporation of microspheres as a dispersed phase
in a suspension has been proposed earlier since these
systems may spread out more uniformly in the gas-
trointestinal tract, thereby causing a reduction in
local irritation when compared to a single-unit
dosage form (4ñ7). The formulation of controlled
release suspensions, however, presents a significant
challenge to pharmaceutical scientists due to the risk
of drug leaching to the suspending medium during
storage. Some of the strategies that have been

employed to overcome these drawbacks included
the use of ion-exchange resins, saturated drug solu-
tion as a suspending medium and preparation of dry
suspensions for reconstitution before use (8). A
reconstitutable suspension can offer several advan-
tages such as maintenance of the chemical stability
of the active compounds until reconstitution at the
start of treatment. The same suspension can be easi-
ly administered to children of different ages by
adapting the volume to swallow.

Ibuprofen, is a non-steroidal anti-imflammato-
ry, antipyretic and analgesic drug (9). The short
half-life (about 2 h) and the low single administra-
tion dose make ibuprofen a very good candidate for
the formulation of controlled release multiple-unit
dosage forms. At the same time, great attention has
been devoted on the possibility to prepare ibuprofen
microspheres in order to formulate oral controlled
release systems, to protect the gastric mucous mem-
brane from drug irritation or to mask its unpleasant
taste (10ñ13). 
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pensions. The amount of D-sorbitol affected sedimentation volume and redispersibility properties of suspen-
sions. The highest improving effect was shown with 20.0% and 25.0% of D-sorbitol concentrations. It was
observed that dispersion media of suspensions showed non-Newtonian flow characteristics. To ensure mini-
mum drug leakage from the microspheres into the suspension, the pH was buffered at 3.60 using citrate buffer.
The ibuprofen content calculated from the suspended microspheres was consistent with that from microspheres
alone. This result indicated that no leakage of drug occurred from the microspheres in the suspension on stor-
age. Moreover, the same release rate of ibuprofen from the microspheres suspension and microspheres alone
indicated that the suspension medium studied did not affect the property of drug release. This study suggested
that stable suspensions of ibuprofen-loaded microspheres could be formulated with 0.6% w/v xanthan gum by
the addition of 20% w/v D-sorbitol.
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In this study, the preparation of a reconsti-
tutable suspension of ibuprofen was developed by
using ibuprofen microspheres prepared with an
acrylic polymer (EudragitÆ RS PMTM). The micros-
pheres were prepared by the quasi-emulsion solvent
diffusion technique. Microspheres were distributed
in dry mixture and reconstituted with required vol-
ume of water to form oral liquid suspensions. The
repose angle, sedimentation volume and redis-
persibility, rheological properties, pH values, leak-
age of drug from suspended microspheres and drug
release properties of suspension during storage were
investigated. 

EXPERIMENTAL

Reagents and equipment

Ibuprofen (Eczac�ba��, Turkey), Eudragit RS
PMTM (Rˆhm-Pharma, Germany), xanthan gum
(Aldrich, Germany), D-sorbitol (Sigma, Germany),
polyvinyl alcohol (m.w. = 72 000), sodium lauryl sul-
fate, citric acid and sodium citrate (Merck, Germany).
All other chemicals were of analytical grade and dis-
tilled water was used for all experiments.

Scanning electronic microscopy (SEM) (Jeol
Model JSM-6400, Tokyo, Japan), optical micro-
scope (Nikon AFM, USA), Brookfield viscometer
(Model DV II, Brookfield Engineering Laboratories
Inc., Stouchton, USA), pH meter (Meter Lab PHM
201, France), UV spectrometer (Shimadzu UV-
1202, Japan), dissolution tester (Aymes, Turkey).

Preparation of microspheres

In order to prepare the microspheres, modified
quasi-emulsion solvent diffusion method was used
as described in previous studies (14ñ19). Briefly,
weighed amount of ibuprofen and acrylic polymer
were dissolved in ethanol at 45OC. The formed
ethanolic solution was poured into water containing
polyvinyl alcohol and was stirring continuously with
a propeller type agitator (RZR-2000, Heidolph

Electro, Germany). The system was thermally con-
trolled at 20OC. After 30 min of stirring, the micros-
pheres were separated by filtration, washed twice
with 50 mL of water and then dried in oven at 37OC
for 24 h. Dried microspheres were stored in a desic-
cator containing CaCl2.

From the different microsphere formulation
variables used, a formulation with desired character-
istics was chosen to prepare suspension formula-
tions. The chosen microsphere formulation was pre-
pared using 2 g of ibuprofen, 1 g of Eudragit RS
PM, 5 mL of ethanol and 200 mL of polyvinyl alco-
hol solution (0.05% w/v).

Preparation of the dry mixtures for reconsti-

tutable suspensions

In the suspension formulations, xanthan gum
was used as suspending agent. To impart palatabili-
ty, D-sorbitol was used as a polyol. Citric acid and
sodium citrate were used as pH modifiers. To pro-
duce dry mixture for reconstitution, all the powder
components were reduced to more or less the same
particle size. Ingredients present in small quantities
(buffer components, sodium benzoate and sodium
lauryl sulfate) were mixed homogeneously. The
same procedure was followed for xanthan gum and
ibuprofen-loaded microspheres (equivalent to 200
mg of ibuprofen/dose). Such ingredients were mixed
with a portion of D-sorbitol according to the princi-
ple of the geometric dilution. The representative for-
mulations for the preparation of dry mixtures are
tabulated in Table 1.

To prepare the reconstituted suspension, 10 mL
of water was added to the dry suspension powder in
two steps and stirred with spoon until a homogenous
product was obtained.

SEM analysis

The shape and surface morphology of micros-
pheres were investigated by scanning electron
microscopy (SEM). For the sample preparation, a

Table 1. Compositions of the dry mixtures for reconstitutable suspension formulations.

Sodium laurylFormulation Xanthan gum D-sorbitol Citric acid Sodium citrate Sodium benzoate
sulfatecode (%) (%)  (%)  (%)  (%) 

(%)

S1 0.6 5 1.44 0.72 0.2 0.05

S2 0.6 10 1.44 0.72 0.2 0.05

S3 0.6 15 1.44 0.72 0.2 0.05

S4 0.6 20 1.44 0.72 0.2 0.05

S5 0.6 25 1.44 0.72 0.2 0.05
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Figure 1. Scanning electron micrographs of microspheres

Figure 2. Dependence of sedimentation volume of suspensions on the concentration of D-sorbitol

Figure 3. Rheological properties of suspension formulations containing different amounts of D-sorbitol
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small aliquot of the microparticles were mounted
onto metal stubs using double-sided adhesive tape.
Excess microparticles were removed by tapping the
stub sharply. After being vacuum-coated with a thin
layer (100ñ150 �) of gold at 25 mA current and 10-5

Torr pressure for 200 s, the microparticles were
examined by SEM operated at 15 kV accelerating
voltage.

Microscopy studies

The microscopic observation of suspended
microspheres was determined using an optical
microscope.

Repose angle

For measurement a repose angle of suspension
powder, it was passed through a conical flask which
had a 0.9 cm diameter and was laced 10 cm above
the horizontal surface. The height (h) of the heap
formed was measured with a cathetometer and the
radius (r) of the cone base was also determined.
Repose angle (Φ) was calculated from following
equation (19):

Φ = tan-1 (h / r)                           (1)

Determination of the sedimentation volume

To study the sedimentation in reconstituted
suspension, the sedimentation volume was meas-
ured at selected time intervals during storage with-
out agitation for a period of 10 days and was record-
ed in terms of the ratio of the ultimate settled height
(Hu) to the original height (Ho), as expressed in the
following equation (20):

HuF = ñññ                           (2)
H0

Determination of the redispersibility

The redispersibility of a suspension was evalu-
ated qualitatively. The test consisted of manually
shaking the cylinder after the sedimentation experi-
ments were completed. Based on the time and the
effort required to convert the sediment to homoge-
nous suspension, the formulations were evaluated.
One inversion was considered as 100% easy to be
redispersed. Every additional inversion decreased
the percent ease of redispersibility by 5% (21).

Rheological studies

The rheological profile of each formulation
after constitution, in terms of viscosity, was deter-
mined by using the Brookfield viscometer. All meas-
urements were performed at a controlled temperature
of 25 ± 1OC using spindle LV 4. The flow curve was
plotted between shear rate and shear stress.

pH values

The pH of suspensions was measured with the
aid of a pH meter.

Determination of the leakage of drug from sus-

pended microspheres 

An aliquot of 0.5 mL was withdrawn from the
suspensions for determination of leakage of drug
from suspended microspheres during storage. The
aliquot was filtered and the microspheres washed
with water to remove the suspending vehicle and

Figure 4. Ibuprofen release profiles from microspheres and S4 suspension formulation  after standing for 1 day and after standing for 10
days 
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then dried in oven at 37OC for 24 h. Dried micros-
pheres were dissolved with ethanol. The dissolved
drug amount was measured spectrophotometrically
at 264 nm.

In vitro release study

Drug release tests on the suspension with
microspheres and the original microspheres were
carried out by using the paddle method specified in
USP XXVII (22). A suspension sample was quanti-
tatively transferred to the vessel bottom using a
syringe. Paddle speed and bath temperature were set
at 50 rpm and 37 ± 0.5OC, respectively. The samples
per batch were tested in 900 mL of pH 6.8 phosphate
buffer. An aliquot of the release medium was with-
drawn at predetermined time intervals and equiva-
lent amount of fresh medium was added to the
release medium. The absorption of the samples was
recorded at a wavelength of 264 nm spectrophoto-
metrically. Sink conditions were maintained during

all measurements. The means of six aliquots are
given. 

RESULTS AND DISCUSSION 

Ibuprofen microspheres were prepared for
reducing the side effects, masking the characteristic
irritative taste of ibuprofen and improving the
bioavailability in previous studies. In our previous
studies, ibuprofen microspheres were prepared
using quasi-emulsion solvent diffusion method (18,
19). The reasons to choose this method as the
microsphere production method were its simplicity,
low cost, success with poor aqueous solubility drugs
and the production of microspheres of relatively
high drug loading. In this study, microspheres pre-
pared with 2:1 drug to polymer ratio were selected
for suspension formulations since they have higher
loading efficiency and suitable micromeritical prop-
erties to disperse in aqueous medium. According to
the encapsulation efficiency results obtained in our
previous study, the drug content of the microspheres
showed good correlation with the theoretical drug
loadings (19). The drug was uniformly encapsulated
into the microspheres. The high content of ibuprofen
in microspheres was believed to be due to the poor
solubility of drug in poor solvent. The chosen
microsphere formulation had 99.8% loading effi-
ciency. SEM image of microspheres (Figure 1)
showed that the microspheres were spherical with a
smooth surface. The microspheres used had a mean
size of 316.6 µm. As indicated in our previous study
that repose angle value of chosen microsphere for-
mulation was under 30O (18.06O). This result demon-
strated that chosen microsphere formulation has
suitable flow properties. 

Because of the risk of drug leaching to the sus-
pending medium during storage, suspension formu-
lations were prepared as dry suspensions for recon-
stitution before use. Xanthan gum was preferred as
suspending agent and stabilizer in dispersing medi-

Table 2. Physical properties of suspension powder.

Formulation Angle of repose % Ease of pH
code (O) ± SD*  redispersibility (after reconstitution)  

S1 26.85 ± 0.15 70 3.58  

S2 27.08 ± 0.01 70 3.58  

S3 27.14 ± 0.08 80 3.59  

S4 27.30 ± 0.15 90 3.60  

S5 27.30 ± 0.57 90 3.59  

*Values represent the mean ± SD of three experiments.

Table 3. Ibuprofen content values of suspended microspheres.

Storage period % Ibuprofen
(days)  content ± SD*

0 66.53 ± 0.28

1 65.87 ± 0.07

2 65.94 ± 0.13

3 67.31 ± 0.07

4 67.76 ± 0.08

5 67.68 ± 0.24

6 65.63 ± 0.35

7 64.38 ± 0.12

8 64.07 ± 0.21

9 65.59 ± 0.19

10 64.94 ± 0.07

*Values represent the mean ± SD of three experiments.
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um due to its acceptable toxicological and safety
properties for food and pharmaceutical applications.
It is soluble in water and imparts its high viscosity at
low concentration with thixotropic flow characteris-
tics, which increase with increasing concentration
(23, 24). Viscosity of xanthan solutions is unaffect-
ed by pH changes between pH 1 and 13. Moreover,
the three-dimensional network formed by the asso-
ciated chains makes xanthan gum an efficient stabi-
lizer for suspensions and emulsions (25). Based on
results of our preliminary data, 0.6% w/v xanthan
gum was used as the suspending agent for the
microsphered suspensions.

D-sorbitol used to impart palatability, gave a
well-structured vehicle in which the microspheres
remained suspended for an extended period. At a
xanthan gum concentration of 0.6%, there was a
increase in sedimentation volume with increasing D-
sorbitol concentration up to 20.0%. Above this con-
centration, the suspension was found to be stable
even after standing for 10 days, i.e., the sedimenta-
tion volume was 1.0, as shown in Figure 2. The stud-
ies concerning the sedimentation volume of suspen-
sions clearly indicated that the coexistence of D-sor-
bitol with xanthan gum at the optimum concentra-
tion in the dispersion medium are prerequisites for
making coarse microspheres stable in suspension. 

Repose angle results showed that all suspen-
sion powder had suitable flow properties as shown
in Table 2. All repose angles were under 30O.

On the case of redispersibility of the suspen-
sion, D-sorbitol amount had an effect, as shown in
Table 2. The highest improving effect was shown
with 20.0% and 25.0% D-sorbitol concentrations. 

Buffer components (citric acid and sodium cit-
rate) were used to adjust the pH of the constituted
suspension to pH 3.60, where ibuprofen is consid-
ered to be almost insoluble. pH values of formula-
tions after constitution varied as 3.58ñ3.60 (Table
2).

The rheological properties of suspensions were
investigated in order to clarify the relationship
between the viscosity and suspendability by using a
rotation viscometer. As shown in Figure 3, disper-
sion media of suspensions were non-Newtonian flu-
ids. Moreover, sedimentation volume and redis-
persibility results showed that viscosity values of S4
formulation containing 20.0% D-sorbitol to be ade-
quate for microsphere dispersibility. 

Ibuprofen content determination studies
demonstrated that no leakage of drug occurred from
the microspheres in the suspension on storage
(Table 3). The acidity of the suspension medium
was attributed as the cause of drug leakage being

prevented from microspheres. Because of the low
solubility of ibuprofen (pKa 5.2) in the acidic medi-
um, it was unable to diffuse out from the micros-
pheres to the medium.

The drug release rate of the suspended micros-
pheres and dry microspheres were investigated in pH
6.8 phosphate buffer, as shown in Figure 4. The
ibuprofen release rate from the suspended micros-
pheres was consistent with that from dry micros-
pheres. This result indicated that the suspension medi-
um studied did not affect the property of drug release.

CONCLUSION

We can conclude that a liquid pharmaceutical
preparation for oral administration capable of pro-
viding a sustained release of ibuprofen was success-
fully obtained. Stable suspensions of ibuprofen-
loaded microspheres could be formulated at pH 3.60
with 0.6% w/v xanthan gum by the addition of 20%
w/v D-sorbitol as a coexisting polyol. Leakage of
drug from the microspheres in the reconstituted sus-
pensions was not found to occur on storage for 10
days. Finally, the release studies carried out on the
suspension formulation did not show any statistical-
ly significant differences from the profiles of
microspheres alone. 

REFERENCES

1. Rhodes C.T.: in Modern Pharmaceutics, Banker
G.S., Rhodes C.T. Eds., p. 339, Dekker, New
York 1990.

2. Bodmeier R., Chen H., Tyle P., Jarosz P.: J.
Control. Release 15, 65 (1991).

3. Anal A.K., Stevens W.F.: Int. J. Pharm. 290, 45
(2005).

4. Dalal P.S., Narurkar M.M.: Int. J. Pharm. 73,
157 (1991). 

5. Kawashima Y., Iwamoto T., Niwa T., Takeuchi
H., Hino T.: Int. J. Pharm. 89, 9 (1993).

6. Lewis L., Boni R.L., Adeyeye C.M.: J.
Microencapsul. 15, 555 (1998).

7. Morales M.E., Ruiz M.A., LÛpez G., Gallardo
V.: Drug Dev. Ind. Pharm. 36, 885 (2010). 

8. Shah K.P., Chafetz L.: Int. J. Pharm. 109, 271
(1994). 

9. Remingtonís Pharmaceutical Sciences, 20th

edn., Gennaro A.R. Ed., Chapter 62, Mack
Publishing Company, Easton 2000.

10. Adeyeye C.M., Price J.C.: Pharm. Res. 8, 1377
(1991).

11. Al-Kassas R.S., Gilligan C.A., Li Wan Po A.:
Int. J. Pharm. 94, 59 (1993).



Formulation and evaluation of reconstitutable suspensions containing... 599

12. Gallardo A., Eguiburu J.L., Berridi M.J.F.,
Rom·n J.S.: J. Control. Release 55, 171 (1998).

13. Borovac T., Pelage J.P., Kasselouri A., Prognon
P., Guiffant G., Laurent A.: J. Control. Release
115, 266 (1999).

14. Kawashima Y., Niwa T., Handa T., Takeuchi
H., Iwamoto T., Itoh K.: J. Pharm. Sci. 78, 68
(1989).

15. Kawashima Y., Iwamoto T., Niwa T., Takeuchi
H., Hino T.: J. Microencapsul. 10, 329 (1993).

16. Nocent M., Bertochhhi L., Espitalier F., Baron
B., Couarraze G.: J. Pharm. Sci. 90, 1620
(2001).

17. Sato Y., Kawashima Y., Taceuchi H.,
Yamamoto H.: Eur. J. Pharm. Biopharm. 20, 1
(2003).

18. Devrim B., Canefe K.: Eur. J. Pharm. Sci. 23,
S40 (2004). 

19. Devrim B., Canefe K.: Acta Pol. Pharm. Drug
Res. 63, 521 (2006).

20. Tiwary A.K., Panpalia G.M.: Pharm. Res. 16,
261 (1999).

21. Elkheshen S.A., Abd El-Gawad N.A., Badawi
A.A.: Pharm. Ind. 59, 439 (1997).

22. The United States Pharmacopoeia (XXVII),
The United States Pharmacopoeial Convention,
Inc., Rockville 2005.

23. Katzbauer B.: Polym. Degrad. Stab. 59, 81
(1998).

24. Ntawukulilyayo J.D., De Smedt S.C.,
Demeester J., Remon J.P.: Int. J. Pharm. 128, 73
(1996). 

25. Garcia-Ochoa F., Santos V.E., Casas J.A.,
Gomez E.: Biotechnol. Adv. 18, 549 (2000).

Received: 22. 07. 2010



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


