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Abstract. Ibuprofen solid dispersions were prepared with the objective of solu-
bility and dissolution improvement using PEG 6000-PVP K 30 combination carrier by
solvent evaporation technique. The saturation solubility and in vitro dissolution studies
showed remarkable improvement in solubility and drug dissolution of these new ibupro-
fen solid dispersions over pure ibuprofen, ibuprofen solid dispersions using PEG 6000
and PVP K 30, individually and physical mixtures. The in vitro drug dissolution from
these new ibuprofen solid dispersions was followed Hixson-Crowell model. The XRD
and DSC studies indicated the transformation of crystalline ibuprofen (in pure drug)
to amorphous ibuprofen (in solid dispersions using PEG 6000-PVP K 30 combination)
by the solid dispersion technology. Stability studies of these solid dispersions does
not show any significant changes (p < 0.05) in drug content and drug dissolved in 60
minutes (Qsomin, %) Within 6 months study periods (at 25 £ 2°C and 60 + 5 % RH). This
study concluded that the improved solubility as well as drug dissolution of these new
ibuprofen solid dispersions using PEG 6000-PVP K 30 combination may be attributed
to improved wettability, and reduction in drug crystallinity, which can be modulated by
appropriate level of hydrophilic carriers.
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Introduction

Oral bioavailability of a drug depends on its solubility and/or dissolution rate,
and dissolution may be the rate-determining step for the onset of therapeutic activity.
Therefore, poorly aqueous soluble drugs are usually characterized by a low bioavail-
ability due to less absorption, which is a major concern of pharmaceutical industries
worldwide. Various approaches available to improve drug solubility as well as drug
dissolution of poorly aqueous soluble drugs include micronization (Gupta et al., 2003),
formation of inclusion complexes with cyclodextrins (Cavallari et al., 2002), formation
of amorphous drugs (Corrigan, 1995), and formation solid dispersions of drugs using
various hydrophilic carriers (Ambike et al., 2004; Paradkar et al., 2004; Das et al., 2011).
Among them, solid dispersion technique has attracted substantial interest as an efficient
means of improving the dissolution rate as well as the bioavailability of a wide range
of poorly aqueous soluble drugs (Chiou & Rielman, 1971; Leuner & Dressman, 2000;
Dhirendra et al., 2009). Fast and immediate drug dissolution from solid dispersions has
been observed due to increased wettability and dispersibility of drug particles, existence
of the drug in amorphous form with improved solubility, and absence of aggregation of
drug particles using various hydrophilic carriers (Zerrouk et al., 2001; Tashtoush, et al.,
2004; Van der Mooter, 2006; Kalaiselvan et al., 2006; Vijaya Kumar & Mishra, 2006;
Shah et al., 2007; Batra et al., 2008; Mehta et al., 2009; Das et al, 2011).

Ibuprofen, a phenyl propionic acid derivative, is widely used as first line non-
steroidal anti-inflammatory, analgesic, and antipyretic agents with a half-life of 1.8-2 hours
(Eichie et al., 2009). It is poorly aqueous soluble and its oral absorption is dissolution rate
limited, which leads to a potential bioineqivalence problem (Chowdary & Srinivas, 2000;
Huetal., 2007). Thus, the improvement of ibuprofen dissolution for its immediate release
is desirable for rapid ibuprofen absorption, which is prerequisite for quick onset of its
pharmacological actions. In the previous literature, various solid dispersions of ibuprofen
are reported for improving its dissolution using various carriers (Xu et al., 2007; Ali &
Sharma, 1991; Khan & Jiabi, 1998; Esnaashari et al., 2005; Loganathan et al., 2000; Newa
etal.,2007; Newa et al., 2008a; Newa et al., 2008b; Newa et al., 2008¢; Islam et al., 2010;
Park et al., 2009; Dabbagh & Taghipour, 2007). Polyethylene glycol (PEG) and polyvinyl
pyrrolidone (PVP) are amongst the most frequently investigated hydrophilic polymeric
carriers (Kalaiselvan et al., 2006; Wade & Paul, 1994; Kaur et al., 1980; Broman et al.,
2001; Trantishaiyakul et al., 1991). Previous literature also revealed that the combination
of two hydrophilic polymeric carriers like PEG and PVP could improve the solubility
as well as dissolution profiles of various poorly aqueous soluble drugs (Suhagia et al.,
2006; Shah et al., 2009; Patel & Patel, 2008). However, the ibuprofen solid dispersion
using PEG and PVP combination carrier was not reported. In the present investigation,
we attempted to investigate the enhancement of the aqueous solubility and dissolution
of ibuprofen using the combination of these two different carriers. Therefore, the objec-
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tives of this investigation are: (i) preparation of ibuprofen solid dispersions using PEG
6000 and PVP K 30 in combination and individually, as carriers by solvent evaporation
technique, (ii) characterization of newly prepared ibuprofen solid dispersions by X-ray
diffraction (XRD) and Differential scanning calorimetry (DSC), (iii) estimation of drug
solubility and evaluation of drug dissolution of prepared ibuprofen solid dispersions and
comparison of these data with pure drug and respective physical mixtures of drug-carriers,
and (iv) stability studies of these new ibuprofen solid dispersions.

Experimental

Materials

Ibuprofen was obtained as a gift sample from Techno Remedies, Kolkata, India.
PEG 6000 and PVP K 30 were purchased from Loba Chemie, India. Ethanol (Bengal
Chemicals and Pharmaceuticals Ltd, India) was used. All reagents were of A.R. grad-
ed. Double distilled water was used throughout the experiment.

Preparation of ibuprofen physical mixtures
Physical mixtures of ibuprofen were prepared by mixing ibuprofen with PEG 6000
and PVP K 30 in combination and individually in a glass mortar by trituration for 15 minutes.

Preparation of ibuprofen solid dispersions by solvent evaporation technique

Solid dispersions of ibuprofen were prepared by solvent evaporation technique
using PEG 600 and PVP K 30, as carriers in combination and individually, in various
ratios. Ibuprofen was dissolved in ethanol to get clear solution. PEG 6000 and PVP K
30 were dispersed as fine particles and the solvent was removed by evaporation on a
water bath at 60°C. The dried mass was stored in desiccators until constant mass was
obtained, pulverized and passed through sieve no. 22.

Determination of percent yield
The percent yield of ibuprofen solid dispersions can be determined by using the
following expression:

Percent yield = (weight of prepared solid dispersion / weight of drug + (1)
carriers) x 100

Determination of percent drug content

Weight amount of physical mixtures and solid dispersions, each sample equivalent
to 25 mg of ibuprofen were separately taken and added to 50 ml of ethanol in stoppered
conical flasks. The sealed flasks were agitated on a rotary shaker for 1 hour. The solution
was diluted with ethanol and was assayed by a UV-VIS spectrophotometer (SHIMADZU
Corporation, Japan) for drug content at 220 nm using the following expression:
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Percent drug content = (practical drug content in solid dispersions / @)
theoretical drug content in solid dispersions) x 100

Determination of saturation solubility

Saturation solubility of ibuprofen were determined and compared these data with
that of pure ibuprofen and physical mixtures of respective ratios. The known excess
samples (ibuprofen solid dispersions, physical mixtures and pure ibuprofen), 0.5 gm
equivalent weight of ibuprofen was added to 5 ml of phosphate buffer, pH=7.2 and these
samples were rotated at 20 rpm in a water bath (37 = 0.5°C) for 48 hours. The samples
were then filtered through 0.45 pm membrane filter, suitably diluted, and analyzed by
UV-VIS spectrophotomer (SHIMADZU Corporation, Japan) at 222 nm wavelength.

X-ray diffraction (XRD) studies

Powder X-ray diffraction patterns were recorded on an X-diffractometer (Phillip PW
1130/00 diffractometer, The Natherlands), employing CuKeo radiation source operating at
30 mA and 40 kV. Samples were scanned from 6 to 40° 20 at a scanning rate 0f 0.02° 20 s™!.

Differential scanning calorimetry (DSC) analysis

The samples were analyzed by differential scanning calorimeter (Model DT-60,
Shimadzu) at a constant scanning speed of 10°C min™! from 0-300°C. The 5-7 mg samples
were accurately weighed into solid aluminum pans without seals.

Dissolution studies

Dissolution studies were performed in phosphate buffer (pH 7.2, 900 ml) at 37 +
0.5 °C, using USP XXIII apparatus (Electrolab, India) with a paddle rotating at 50 rpm.
The samples equivalent to 100 mg ibuprofen, were subjected to dissolution. At fixed
time intervals, samples (5 ml) were withdrawn and equal amount of fresh dissolution
medium was added. Withdrawn samples were filtered through 0.45 um membrane filter,
and spectrophotometrically assayed for drug content at 222 nm wavelengths using a
UV-VIS spectrophotometer (SHIMADZU Corporation, Japan).

Stability studies

Stability studies were carried out by keeping the samples in screw cap vials in
stability chambers (Analytical technology, Bangalore, India) at 25 + 2°C and 60 + 5 %
relative humidity (RH). Samples were drawn regularly and analysed for drug content
and dissolution studies until 6 months. All the data obtained from the stability study were
analyzed for significant differences by one-way analysis of variance (ANOVA) using a
Student-Newman-Keuls test for all pair wise comparisons in this study. The statistical
analysis was conducted using MedCalc software version 9.6.4.0.
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Results and discussion

Various ibuprofen solid dispersions were prepared using PEG 6000 and PVP
K 30 in combination and individually, as carriers by solvent evaporation technique to
increase the solubility as well as dissolution of poorly aqueous soluble drug ibuprofen.

The percent yield of various ibuprofen solid dispersions was within the range of
88.76 = 2.04 % to 94.88 £ 3.32 % (Table 1). The percentage drug content in various
ibuprofen solid dispersions ranged from 96.33 + 3.05 % and 98.61 +2.92 %, as reported
in Table 1. This indicated that ibuprofen was uniformly distributed in all these prepared
solid dispersions, even in also ibuprofen solid dispersions using PEG 6000 and PVP K
30 in combination (SD-5, and SD-6).

The saturation solubility of pure ibuprofen, various prepared ibuprofen solid
dispersions using PEG 6000 and PVP K 30 in combination as well as individually, as
carriers and their respective physical mixtures in phosphate buffer, pH 7.2 was measured.
Ghosh et al. (1998) reported that the solubility of this drug is pH dependent. Therefore,
the change in pH may hamper the results during solubility measurement from ibuprofen
solid dispersion. So, to maintain pH constant, phosphate buffer, pH 7.2 was used. Pure
ibuprofen showed 2.56 + 0.22 mg/ml of saturation solubility. All of samples, both physical
mixture and solid dispersions of ibuprofen showed an increase in drug solubility (Table
2). All physical mixtures showed higher saturation solubility as compared with pure
ibuprofen. Again, ibuprofen solid dispersions showed higher saturation solubility than
their respective physical mixtures of drug and carrier. This might be attributable to an
improvement of wetting of drug particles and localized solubilization by the hydrophilic
polymeric carriers. Among various ibuprofen solid dispersions, solid dispersions using
PEG 6000 and PVP K 30 combination showed higher saturation solubility than solid
dispersions using PEG 6000 and PVP K 30, separately.

Table 1. Yield and drug content of ibuprofen solid dispersions

Solid dispersion type Code Ratio Yield (%)" Drug

content (%)"

Ibuprofen : PEG 6000 SD-1 1:1 88.79 +£3.58 98.61 £2.92
SD-2 1:2 92.12 +3.37 98.39 £2.42

Ibuprofen : PVP K 30 SD-3 1:1 89.44 +3.43 98.54 +2.56
SD-4 1:2 90.54 +3.82 98.27 £2.83

Ibuprofen : PEG 6000 : SD-5 1:1:1 94.88 +3.32 96.78 +2.88

PVPK 30 SD-6 1:2:2 88.76+2.04 9633 +3.05

("Mean+S.D.; n=13)
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Fig. 1. The X-ray diffraction patterns of pure ibuprofen (A), ibuprofen physical mix-
ture (PM-6) (B), and ibuprofen solid dispersion (C) using PEG 6000-PVP K 30 com-
bination carrier (SD-6)

Table 2. Saturation solubility of different ibuprofen solid dispersions along
with pure ibuprofen and physical mixtures using same carriers

Saturation solubility (mg/ml)

Type Ratio P —
Solid dispersions Solid dispersions
Ibuprofen : PEG 6000 1:1 4.53+0.24 5.00 +£0.32
1:2 4.70+0.27 5.24+0.36
Ibuprofen : PVP K 30 1:1 4.61+0.30 5.16+0.28
1:2 4,78 +0.25 5.35+0.32
Ibuprofen : PEG 6000 : 1:1:1 5.12+0.33 6.20+£0.35
PVPK 30 1:2:2 5.93+0.32 6.62+0.36

Pure Ibuprofen -

Saturation solubility (mg/ml)

2.56£0.22

("Mean+ S.D.; n=3)

The XRD patterns of pure ibuprofen and ibuprofen solid dispersion using PEG
6000 and PVP K 30 combination (SD-6) are presented in Fig. 1. Pure ibuprofen showed
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numerous characteristic sharp and intense peaks, suggesting that the drug was present as
a crystalline state. The XRD pattern of ibuprofen solid dispersion using PEG 6000 and
PVP K 30 combination showed that some characteristics peaks shown by pure ibuprofen
were absent and others were appeared with the markedly reduced intensity. Meanwhile,
in physical mixture (PM-6) of the same combination and ratio, diffraction peaks were
observed clearly and a few peaks were appeared very small reduction of intensity than
that of pure ibuprofen. The complete disappearance of diffraction peaks in ibuprofen
solid dispersion demonstrated that solid dispersion with ibuprofen using PEG 6000 and
PVP K 30 combination has changed to an amorphous state.

The DSC thermograms of pure ibuprofen and ibuprofen solid dispersion using PEG
6000 and PVP K 30 combination (SD-6) are shown in Fig. 2. The DSC thermogram of
pure ibuprofen showed an apparent sharp endothermic peak at 75.03°C corresponding
to ibuprofen with enthalpy (4H) of 129.0 J/g. On the other hand, the DSC thermograms
of pure ibuprofen and ibuprofen solid dispersion using PEG 6000 and PVP K 30 com-
bination showed an endothermic peaks, a small peak at 55.91°C corresponding to PEG
with enthalpy (4H) of 174.4 J/g. But, the sharp melting peak of ibuprofen was absent in
the DSC curve of the ibuprofen solid dispersion, indicating absence of crystalline drug
and presence of amorphous drug in the solid dispersion sample. Again, this could be
attributed more uniform distribution of the drug in crust of polymer.
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Fig. 2. The DSC thermogram of pure ibuprofen (A), and ibuprofen solid dispersion
(B) using PEG 6000-PVP K 30 combination carrier (SD-6)
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The in vitro dissolution profiles of the drug (ibuprofen), various solid dispersions
using PEG 6000 and PVP K 30 in combination and individually with their respective
physical mixtures in phosphate buffer (pH=7.2) for 60 minutes are shown in Figs. 3-5.
All of the physical mixture and solid dispersion samples showed improved dissolution of
ibuprofen over that of pure ibuprofen. The improved dissolution of ibuprofen is mainly
attributed to increased wettability and accordingly solubility due to the higher level of
hydrophilicity by the use of polymeric carriers. Again, all of the solid dispersion samples
revealed more improved ibuprofen dissolution than their respective physical mixture
samples. This observation indicated that the increased dissolution of ibuprofen from
ibuprofen solid dispersion due to presence of drug in amorphous state as compared the
physical mixtures and pure drug, where drug is present in crystalline state (Ghosh et
al., 1998). In case of various ibuprofen solid dispersions, the dissolution of ibuprofen
solid dispersions using PEG 6000 and PVP K 30 combination (SD-5, and SD-6) was
better than that of prepared ibuprofen solid dispersions using these polymers as carri-
ers individually and this was increased with the increase of polymer ratio in the solid
dispersion. It was also noticed that more than 80 % of drug released from ibuprofen
solid dispersion using PEG 6000-PVP K 30 combination (SD-6, Drug:PEG 6000:PVP
K 30 =1:2:2) in 60 minutes. These observations are well correlated with the results of
saturation solubility.
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Fig. 3. Comparative in vitro dissolution profiles of pure ibuprofen (Ibu), ibuprofen
solid dispersions using PEG 6000 [SD-1 (1:1), SD-2 (1:2)], and their corresponding
physical mixtures [PM-1 (1:1), PM-2 (1:2)] (Mean &+ S.D., n = 3)
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Fig. 4. Comparative in vitro dissolution profiles of pure ibuprofen (Ibu), ibuprofen
solid dispersions using PVP K 30 [SD-3 (1:1), SD-4 (1:2)], and their corresponding
physical mixtures [PM-3 (1:1), PM-4 (1:2)] (Mean + S.D., n = 3)
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Fig. 5. Comparative in vitro dissolution profiles of pure ibuprofen (Ibu), ibuprofen
solid dispersions using PEG 6000-PVP K 30 combination carrier [SD-5 (1:1:1), SD-6
(1:2:2)], and their corresponding physical mixtures [PM-5 (1:1:1), PM-6 (1:2:2)]
(Mean £ S.D., n=3)
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In order to predict and correlate the mechanism and kinetics of ibuprofen release
from ibuprofen solid dispersions using PEG 6000-PVP K 30 combination (SD-5, and SD-
6); it is necessary to fit into a suitable mathematical model. The in vitro drug release data
of these newly prepared solid dispersions (SD-5, and SD-6), were evaluated kinetically
using various mathematical models like zero order, first order, Higuchi, Hixson-Crowell,
and Korsmeyer-Peppas model (Dehghan et al., 2006; Jagdale et al., 2010; Appa Rao et
al., 2010; Das et al., 2011).

Zero-order model: F = Ko t, where F represents the fraction of drug released in
time t, and Ko is the apparent release rate constant or zero-order release constant.

First-order model: In (1-F) = - Kist t, where F represents the fraction of drug
released in time t, and K is the first —order release constant.

Higuchi model: F =Ku t”, where F represents the fraction of drug released in time
t, and K is the Higuchi dissolution constant.

Hixson-Crowell model: Wo"3-W.*=Kt, where, Woand Wirepresents initial mass,
and mass remained at time t, respectively; Kucis the rate constant.

Korsmeyer-Peppas model: F = Kr t", where F represents the fraction of drug re-
leased in time t, Kr is the rate constant and n is the diffusional exponent, this indicates
the drug release mechanism.
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Fig. 6. Hixson-Crowell’s dissolution plots of ibuprofen solid dispersions using PEG
6000-PVP K 30 combination carrier [SD-5 and SD-6]
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Table 3. Correlation coefficient (R?) values in the analysis
of dissolution data of ibuprofen solid dispersions using PEG 6000-PVP K 30
combination carriers (SD-5, and SD-6)

Mathematical models Formulation codes
SD-5 SD-6
Zero-order Model 0.8013 0.8879
First-order Model 0.9278 0.9314
Higuchi Model 0.8863 0.9326
Hixson-Crowell Model 0.9536 0.9717
Korsmeyer-Peppas Model 0.9047 0.9286

The results of the curve fitting into these above-mentioned mathematical models
indicate the release behavior of ibuprofen from these newly prepared solid dispersions
(Table 3). When the correlation coefficients of these mathematical models for ibuprofen
release were compared, it was found to follow Hixson-Crowell model with the best-fit
correlation coefficient value (R>=0.9536 and 0.9717 for SD-5 and SD-6, respectively).
Again, a plot of Wo'- Wi vs. time using dissolution data was drawn and it was found
linear (Fig. 6) with all ibuprofen solid dispersions using PEG 6000-PVP K 30 combina-
tion (SD-5, and SD-6). This observation indicates that the dissolution of ibuprofen from
these newly prepared solid dispersions occurred from discretely suspended or deposited
(monodispersed) particles (Nagabhushanam et al., 2009). This might have also contrib-
uted to the enhanced dissolution rate of these ibuprofen solid dispersions using PEG
6000-PVP K 30 combinations (SD-5, and SD-6).

Table 4. Stability study results of ibuprofen solid dispersions using
PEG 6000-PVP K 30 combination carrier for a period of 6 months
at 25 + 2°C and 60 + 5 % relative humidity (RH)

Code Drug content in solid dispersions*

Before experiment 1 month 3 months 6 months
SD-5 96.78 £ 2.88 96.32 +3.03 96.28 +3.21 95.97 £2.58
SD-6 96.33 +£3.05 96.25 +3.58 96.02 + 3.32 95.83 £3.65

Percent drug dissolved in 60 minutes (Q60 min) ¥

Before experiment 1 month 3 months 6 months
SD-5 72.86 +2.06 72.22 +2.56 73.04 +3.43 71.98 +3.26
SD-6 80.86 + 1.58 80.70 +2.33 80.56 +£2.73 79.98 +£2.48
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The stability study for various ibuprofen solid dispersions using PEG 6000 and
PVP K 30 combination (SD-5, and SD-6) was carried out for a period of 6 months at
25+ 2°C and 60 £+ 5 % relative humidity (RH). No significant differences (p < 0.05) in
drug content and percent drug dissolved in 60 minutes (Qsomin) in those solid dispersions
were observed throughout the study (Table 4). These observations of the stability study
of various ibuprofen solid dispersions using PEG 6000 and PVP K 30 combination
indicated no change in the state of solid dispersion during the study period indicating
stable enough.

Conclusion

Ibuprofen solid dispersions were prepared using PEG 6000-PVP K 30 combination
carrier by solvent evaporation technique. The XRD and DSC studies indicated the transfor-
mation of crystalline ibuprofen (in pure drug) to amorphous ibuprofen (in ibuprofen solid
dispersions using PEG 6000-PVP K 30 combination) by the solid dispersion technology.
The saturation solubility and in vitro dissolution studies showed a remarkable improvement
in both the solubility as well as drug dissolution of these new ibuprofen solid dispersions
than those of ibuprofen solid dispersions using these carriers (PEG 6000 and PVP K 30)
individually. The in vitro dissolution of ibuprofen from these solid dispersions was found
to follow Hixson-Crowell model. Stability studies revealed that these solid dispersions with
PEG 6000-PVP K 30 combinations were stable enough throughout the study period. This
study concluded that the improved solubility as well as drug dissolution of these newly
prepared ibuprofen solid dispersions using PEG 6000-PVP K 30 combination carrier may
be attributed to the improved wettability, and decreased drug crystallinity, which can be
modulated by appropriate level of hydrophilic carriers.
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