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ABSTRACT: In the present study, solid dispersions of ibuprofen were prepared to improve aqueous solubility of
ibuprofen. A series of formulations were prepared where PEG 6000 with polymers named PVP K30, cross PVP,
poloxamer 237, HPMC ASLF, pregelatinized starch, Na-CMC, Eudragit L100, and kollidon IR were used in
different ratios. Among 41 formulations, solid dispersions of ibuprofen in PEG 6000 with each of PVP K30,
poloxamer 237, and Na-CMC at ratio of 2:9:7 revealed improved solubility of 952.73 + 1.31, 878.18 + 0.97, and
1263.64 + 1.58 pg/ml, respectively. The physicochemical properties of these preparations were ascertained by FTIR,
SEM, DSC, and particle size analyses. FTIR spectrum showed absence of chemical interactions and physical
compatibilities between ibuprofen and polymers were confirmed by DSC. Disappearance of individual surface
properties in solid dispersions were revealed by SEM studies, which indicated the formation of effective preparations.
On the other hand, particle size analysis showed reduction in particle size of ibuprofen from solid dispersions that
demonstrated solubility enhancement of ibuprofen. The above studies suggested that solid dispersions of ibuprofen in
PEG 6000 at ratios of 2:9:7 with each of PVP K30, poloxamer 237, and Na-CMC were found to be effective to

improve aqueous solubility.
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INTRODUCTION

Solid dispersion is an established technique to
improve solubility of poorly aqueous soluble drugs.
This technique disperses crystalline drugs in
hydrophilic carriers as amorphous form and the
dispersed drugs may achieve maximum level of
particle size reduction after drying.*® Several
techniques of solid dispersion named hot melt,
electrostatic, inclusion complexes, and melting
solvent methods, etc are used to improve solubility of
poorly aqueous soluble drugs.* Among these, hot
melt and electrostatic methods are limited to heat
stable drugs and inclusion complex is only suitable
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for those that form complexes with cyclodextrin or
calixerene.>® On the other hand, melting solvent
method can be used for heat sensitive drugs as well
as for those drugs which can’t form complexes.” By
appropriate control of shear rate and temperature, this
method can disperse maximum amount of drugs in
molten hydrophilic carriers.?

Commonly used non steroidal anti-inflammatory
drug, ibuprofen has poor aqueous solubility and high
permeability through gastric membrane.” Thus,
dissolution becomes rate limiting step and rapid
dissolution of drug in gastric fluid is desirable for
maximum bioavailability.® But, ibuprofen is a heat
sensitive drug which is unstable at 75°C temperature
and can’t form complexes with cyclodextrin or
calixerene So, melting solvent method can be
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applicable for solid dispersions of ibuprofen to
improve solubility rate in gastric fluid.***®
Polyethylene glycols (PEGs) are hydrophilic
polymers and extensively used as carrier in solid
dispersion preparations for their wetting, solubilizing,
and surface active properties.** Molten PEGs forms
eutectic mixture with ibuprofen that belong to a
category which exhibits complete miscibility in the
liquid state and complete immiscibility with reduced
particle size in the solid state.”® After solidification,
ibuprofen separated from PEGs with reduced particle
size, thus improves dissolution rate as well as
absorption through gastrointestinal tract."® Along
with PEGs, different grades of polymers like
polyvinyl pyrrolidone (PVP), poloxamers, and
sodium carboxymethyl cellulose (Na-CMC) can be
used to improve solubility profile of ibuprofen.*’

In the recent study, solid dispersions of
ibuprofen in PEG 6000 hydrophilic carrier were
formulated by melting solvent method. The effects of
polymers like PVP K30, poloxamer 237, and Na-
CMC in solid dispersion preparations were
characterized by FTIR, SEM, DSC, and particle size
analyzer. The present study has revealed an
additional approach to enhance solubility of
ibuprofen by preparing solid dispersions with
polymers employing melting solvent method.

MATERIALS AND METHODS

Ibuprofen was gifted by Beximco
Pharmaceuticals Limited, Bangladesh. Polyethylene
glycol 6000 (BASF, Germany), polyvinyl
pyrrolidone K30 (BASF, Germany), poloxamer 237
(BASF, Germany), and sodium carboxymethyl
cellulose (BASF, Germany) were purchased from
authorized suppliers. All chemicals and reagents were
of analytical grade.

Preparation of solid dispersions of ibuprofen by
melting solvent method

Polymers selection by determining saturation
solubility. Physical mixtures of ibuprofen and
polymers of each of 200 mg were added to 10 ml
distilled water (Table 1). The mixtures were shake
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intermittently by automatic shaker (Heidolph,
Germany) for 48 hours at 100 rpm with 37°C
temperature and then kept in static equilibrium
condition for 24 hours. Finally, the preparations were
centrifuged (Digisystem, Taiwan) at 5000 rpm for 30
minutes and the supernatants were collected, which
were filtered and analyzed by UV/Vis
spectrophotometer at 221 nm. The polymers which
showed improved saturation solubility with ibuprofen
were selected for solid dispersion preparations.

Preparation of solid dispersions of ibuprofen.
Saturation solubility study showed that physical
mixtures of PVP K30, poloxamer 237, and Na-CMC
with ibuprofen had improved solubility rate in
aqueous medium (Table 2). These three polymers
were used to prepare solid dispersions of ibuprofen in
PEG 6000 by melting solvent method where amount
of PEG 6000 were gradually increased (Table 3). In
this method, PEG 6000 was melted at 55 °C in a hot
water bath and ibuprofen was then added followed by
polymer with continuous stirring to ensure
homogenous mixing. Molten mixtures were cooled in
an ice water bath and dried to get solid dispersions.
Beside solid dispersion preparations, physical
mixtures of ibuprofen with polymers and PEG 6000
were prepared using the ratio mentioned in table 3.
Then, saturation solubility of solid dispersions and
physical mixtures were determined. Again, solid
dispersions of ibuprofen with selected polymers in
PEG 6000 were prepared where ratios of polymers to
PEG 6000 were gradually increased but total amount
of preparations were unchanged (Table 4). Finally,
the prepared solid dispersions were dried and
analyzed for different physicochemical parameters.

Characterization of solid dispersions

Determination of yield value and percent drug
loading. The vyield and percent drug loading were
determined from the following equation. To
determine percent drug loading, 10 mg of solid
dispersion from each formulation was dissolved in 10
ml of ethanol and adjusted to 100 ml with water.
Then absorbance of these preparations was obtained
using UV/Vis spectrophotometer. Finally practical
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drug loading of individual solid dispersion was  were analyzed by FTIR spectroscopy (Shimadzu,

calculated from standard equation of y = 0.042x  Japan). KBr discs of solid dispersions with

+0.005. ibuprofen were prepared and scanned over the
Fourier-transform infrared spectroscopic  frequency range 4000 to 400 cm™.

(FTIR) analysis. Solid dispersions of ibuprofen

Table 1. Physical mixtures of ibuprofen and polymers to determine saturation solubility.

F* no. F1 F2 F3 F4 F5 F6 F7 F8 F9  F10  F-l

Ibuprofen (mg) 200 200 200 200 200 200 200 200 200 200 200

PVP K30 200
Cross PVP 200

Poloxamer 407 200
Poloxamer 237 200
HPMC ASLF 200
Polymers  1onic 5 cps 200
(mg) P
Preg. Starch 200
Na-CMC 200

Kollidon 90F 200

Kollicoat IR 200
Eudragit L100 200

*F=Formulation

Table 2. Saturation solubility of ibuprofen from physical mixtures of ibuprofen and polymers in distilled water.

F* no. F-1 F-2 F-3 F-4 F-5 F-6 F-7 F-8 F-9 F-10 F-11
f;tﬁgﬁtl't"“ 11822  85.01 9835 11269 10054  78.36 64.58 121.24 97.28 46.97 5458
(ug/ml) Y 4019 4024 +0.21 022  $0.37 +08 +0.33 +0.52 +0.49 034  +0.14

*F=Formulation

Table 3. Solid dispersions of ibuprofen (IBU) with polymers in PEG 6000 where amount of PEG 6000 were gradually increased.

F* IBU ggo% PVPK30 F*  IBU ggo% Poloxamer 237 F* IBU  PEG6000 Na-CMC

no. (mg) (mg) (mg) no.  (Ma) g (mg) no. (mg) (mg) (mg)
F-12 200 700 100 F-16 200 700 100 F20 200 700 100
F-13 200 1100 100 F-17 200 1100 100 F21 200 1100 100
F-14 200 1500 100 F-18 200 1500 100 F22 200 1500 100
F-15 200 1900 100 F-19 200 1900 100 F-23 200 1900 100

*F=Formulation

Differential scanning calorimetric (DSC)

x 100% analysis. The DSC analysis was carried out for
optimized formulations and ibuprofen by using DSC

Practical drug load x 100% (Shimadzu, Japan). Samples (2-5 mg) were heated
Theoretical drug load from 30 to 300°C in sealed aluminum pans at
scanning rate of 10°C/min under nitrogen flow rate of

Practical weight

Yield= Theoretical weight

Percent drug load=
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20 ml/min. Empty aluminum pan was used as
reference.

Scanning electron  microscopic  (SEM)
analysis. The surface morphology of ibuprofen and
solid dispersions were characterized by scanning
electron microscopy (SEM-JEOL JSM-6490LA,
Japan). The samples were built up on double-sided
adhesive tapes that have previously been secured on
aluminum stubs. The acceleration voltage was 20
KV. The samples were analyzed at magnification of
500x, 1000x, 2000x, and 9000x.

Particle size analysis. The particle size of solid
dispersions were measured by master sizer (Nano-
ZS5-900, England). Liquid suspension of 10 mg from
solid dispersion was prepared by 10 ml distilled
water and sonicated for 5 minutes. The result of
particle size analysis was generated in terms of
intensity, number and volume.

RESULTS AND DISCUSSION

Preparation of solid dispersions of ibuprofen by
melting solvent method

Physical mixtures of ibuprofen with polymers at
ratio of 1:1 showed different saturation solubility in
distilled water (Table 2). Ibuprofen with each of PVP
K30, poloxamer 237, and Na-CMC had improved
solubility rate of 118.22 + 0.19, 112.69 + 0.22 and
121.24 £+ 0.52 pg/ml, respectively. These three
polymers were selected for solid dispersions of
ibuprofen in PEG 6000, where the amount of PEG
6000 to polymers were gradually increased. Along
with solid dispersions, physical mixtures of these
ratios were prepared to analyze saturation solubility.
The results showed that solid dispersions had better
solubility rate than physical mixtures (Table 5).
Greater saturation solubility was achieved from solid
dispersions with each polymer of PVP K30,
poloxamer 237, Na-CMC at ratios of 2:15:1 and
2:19:1 respectively (Table 5). But, the ratio of 2:15:1
was selected because PEG 6000 showed laxative
effects in excess amount.’® Again, solid dispersions of
ibuprofen were prepared by gradually increasing the
amount of polymers while keeping the total amount
of preparations unchanged. Among 18 preparations,
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F-29, F-35, and F-41 showed better improvement of
solubility rate of 952.73 + 1.31, 878.18 + 0.97 and
1263.64 + 1.58 pg/ml, respectively (Table 6). The
study revealed that increment of polymers in solid
dispersions improved solubility profile of ibuprofen
then increment of PEG 6000 in formulations.

Characterization of solid dispersion preparations

Determination of yield value and percent drug
loading. Yield value and percent drug loading for F-
24 to F-41 were determined (Table 7). Solid
dispersions of F-29, F-35, and F-41 showed
maximum yield values of 74.65 % 0.5, 91.02 + 0.61,
55.55 + 0.35% and percent drug loading of 97.23%
0.22, 93.31 + 0.19, 95.27 + 0.72%, respectively. The
results indicated that solid dispersions of ibuprofen in
PEG 6000 with polymers at ratio of 2:9:7 provided
maximum amount of drug after solidification of
preparations.

Fourier-transform infrared spectroscopy
(FTIR) study. FTIR spectrum of pure ibuprofen
showed characteristic absorption band at 1722 cm™
(stretching vibration of C=0) and 3456 cm™
(stretching vibration of O-H). Similar characteristics
were observed for solid dispersions at ratio of 2:9:7
with decreased peak height (Figure 1). Decrease in
peak height of solid dispersions occurred due to the
change of crystalline form of ibuprofen to amorphous
form. These spectra did not show any significant
alteration in peak area which indicated that no
chemical interactions took place in solid dispersions.

Scanning  electron  microscopic  (SEM)
analysis. Scanning electron monograph of ibuprofen
showed crystalline structure with different size and
irregular shape (Figure 2). On the other hand, solid
dispersions of ibuprofen with polymers in PEG 6000
had uniform and smooth scaly surface. This indicated
that ibuprofen was properly adsorbed in PEG 6000
and homogeneously dispersed into polymers. The
SEM analysis revealed that surface properties of PEG
6000 and ibuprofen were lost during melting and
solidification, which indicated formation of effective
solid dispersion preparations.
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Table 4. Solid dispersions of ibuprofen with polymers in PEG 6000 where amount of polymers to PEG 6000 were gradually

increased.
Poloxamer -
S S A S ¢S 1
(mg) (mg) (mg) (mg) (mg) (mg)
F-24 200 1400 200 F-30 200 1400 200 F-36 200 1400 200
F-25 200 1300 300 F-31 200 1300 300 F-37 200 1300 300
F-26 200 1200 400 F-32 200 1200 400 F-38 200 1200 400
F-27 200 1100 500 F-33 200 1100 500 F-39 200 1100 500
F-28 200 1000 600 F-34 200 1000 600 F-40 200 1000 600
F-29 200 900 700 F-35 200 900 700 F-41 200 900 700

*F=Formulation

Table 5. Saturation solubility of ibuprofen in physical mixtures and solid dispersions where amount of PEG 6000 were gradually
increased.

F* no. F-12 F-13 F-14  F-15 F-16 F-17 F-18 F-19 F-20 F-21 F-22 F-23

Saturation 11047  153.32 201.22 210.03 19297 202.05 220.71 229.54 220.00 247.27 252.73 255.64
solubility of 4991 +052 +0.38 +0.87 +0.34 +0.21  +0.33 +051 +0.46  +0.61 +0.73 058
physical

mixture

(hg/ml)

Saturation 183.64  203.64 290.00 29220 24273 259.09 272.73 273.64 381.82 396.36 407.27 409.73
solubility of ~ +0.76 +0.37 044 +0.56 +0.82 +044 +0.78 +0.19 +0.94  +0.38 +0.77  +0.28
solid

dispersion

(hg/ml)

Table 6. Saturation solubility of ibuprofen in solid dispersions where amount of polymers to PEG 6000 were gradually increased.

Saturation solubility of solid dispersions (pg/ml)

F-24 356.36+0.98 F-30 318.18+1.11 F-36 672.73+0.88
F-25 540.00£1.02 F-31 420.00+0.89 F-37 1138.18+0.69
F-26 612.73+0.87 F-32 543.64+1.52 F-38 1190.91+1.28
F-27 618.18+1.23 F-33 650.91+1.37 F-39 1210.91+1.51
F-28 716.36+1.05 F-34 827.27+1.28 F-40 1249.09+0.97
F-29 952.73£1.31 F-35 878.18+0.97 F-41 1263.64+1.58

Table 7. Yield value and percent drug loading in solid dispersions of ibuprofen.

F* no. Yield value Percent drug F* no. Yield value Percent drug F* no. Yield value Percent drug
(%) loading (%) loading (%) loading
F-24 63.02+0.38 75.21+0.63 F-30 76.13+0.97 91.41+0.52 F-36 47.27+0.19 92.64+0.97
F-25 65.35+0.41 78.56+0.27 F-31 78.15+0.88 89.46+0.71 F-37 52.89+0.38 94.25+0.88
F-26 62.54+0.29 82.32+0.45 F-32 87.52+0.59 90.66+0.68 F-38 49.26+0.72 92.76+0.58
F-27 69.73 £0.42 87.54+0.61 F-33 86.65+ 0.36 92.78+0.27 F-39 51.34+0.56 95.23+0.47
F-28 72.27+0.33 91.98+0.37 F-34 87.27+0.35 92.33+0.55 F-40 53.73+0.61 93.64+0.84
F-29 74.65+0.51 97.23+0.22 F-35 91.02+0.61 93.31+0.19 F-41 55.55+0.35 95.27+0.72

*F=Formulation
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Differential scanning calorimetric (DSC)
analysis. The DSC thermograms of ibuprofen and
PEG 6000 showed endothermic melting point at
75.91°C and 63.07°C with sharp peaks (Figure 3).
Solid dispersions of ibuprofen in PEG 6000 with
each of PVP K30, poloxamer 237, and Na-CMC at
ratio of 2:9:7 demonstrated lower melting point of
57.75°C, 58.79°C, and 59.59°C, respectively where
sharp peaks were disappeared. All thermogrms
showed shifting of endothermic peaks to lower
temperature than the crystalline drug. Shifting of
melting point of solid dispersions towards lower

temperature than pure drug indicated physical
interaction between drug and polymers.”® In solid
dispersion, if a crystalline drug is soluble in molten
hydrophilic carrier at the melting temperature of the
carrier or vice versa, then the dispersion could be
eutectic.’’ The eutectic mixtures of ibuprofen and
polymers exhibit complete miscibility in liquid state
where the drug-polymers physical interactions took
place. But after solidification, ibuprofen and
polymers completely separated from each other due
to lattice mismatch where the physical interactions
would be negligible.'"*®

U profen

Solid dispersion of Ibuprofen
weith PWP K20 i PEG 6000
at ratic of 2:9:7

Solid dispersion of lbuprofen
i 1

wwith poloxamer 237 in

Solid dispersion of lbuprofen
wwith Na-CMC in PEG 6000
at ratio of 2:9:7

Aacoo zsaa 2000 2s00 2000

1s00 1000 soo
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Figure 1. FTIR spectrum for solid dispersions of ibuprofen in PEG 6000 with each of PVP K30, poloxamer 237, and Na-

CMC at ratio of 2:9:7.

14 30 SEI
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Figure 2. Scanning electron microscopic monogram of pure ibuprofen (A), solid dispersion of ibuprofen in
PEG 6000 with each of PVP K30 (B), poloxamer 237 (C), and Na-CMC (D) at ratio of 2:9:7.
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Figure 3. DSC thermograms of ibuprofen, PEG 6000, and solid dispersions of ibuprofen in PEG 6000 with polymers at ratio of 2:9:7.

Particle size distribution analysis. Pure
ibuprofen had particle size distribution of 32.23 +
0.11 pm where solid dispersions of drug and
polymers at ratio of 2:9:7 showed significant
reduction in particle size of 18.81 + 0.19, 30.11 £
0.08 and 45.21 + 0.13 nm, respectively. According to
Tamman’s rule, PEG-ibuprofen eutectic mixtures
might have well defined microstructure with a
reduction in drug particle size that have an important
role for enhancement of dissolution rate.”*?

CONCLUSION

The study showed that solid dispersion technique
can be used to improve aqueous solubility of
ibuprofen to a great extent. Better aqueous solubility
was obtained from solid dispersions of ibuprofen in
PEG 6000 with each of PVP K30, poloxamer 237,
and Na-CMC at ratio of 2:9:7. Physicochemical
properties of these preparations were ascertained by
FTIR, DSC, SEM, and particle size analyses, which
revealed good compatibility between drug and
polymers. The results from the present study

suggested that solid dispersions of ibuprofen with
each of PVP K30, poloxamer 237, and Na-CMC may
be a promising approach to improve its solubility as
well as bioavailability.
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