J Incl Phenom Macrocycl Chem (2009) 63:69-75
DOI 10.1007/s10847-008-9490-9

ORIGINAL ARTICLE

Enhancement of dissolution rate of valdecoxib by solid dispersions
technique with PVP K 30 & PEG 4000: preparation

and in vitro evaluation

Jigar Shah - S. Vasanti - B. Anroop -
Hiral Vyas

Received: 1 May 2008/ Accepted: 11 August 2008 / Published online: 27 August 2008

© Springer Science+Business Media B.V. 2008

Abstract Solid dispersions of valdecoxib were prepared
with the objective of dissolution enhancement by melt
granulation technique using polyvinyl pyrollidone (PVP K
30) and polyethylene glycol (PEG 4000) alone (1:1) and in
combination (1:0.5:0.5). Phase solubility studies showed
a linear increase in valdecoxib solubility with increase in
polymer concentration in both the cases. The FTIR spec-
troscopic studies showed the stability of valdecoxib and
absence of well defined valdecoxib—PVP K 30-PEG 4000
interaction. Powder X-ray diffraction (XRD) and differen-
tial scanning calorimeter (DSC) were used to characterize
the solid state of the dispersion, indicated a complete
transformation of drug from crystalline to amorphous form.
In vitro dissolution studies performed in 0.1 N HCI showed
a significant enhance in dissolution rate when PEG 4000
and PVP K 30 were used in combination. Improved drug
dissolution by both the carriers may be attributed to the
improved wettability, reduction in drug crystallinity and
solubilizing effects from solid dispersions of valdecoxib.
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Accelerated stability studies of solid dispersion with PVP K
30 and PEG 4000 does not show any significant change in
the drug content and dissolution profile in 6 months study
period. This study concluded that the dissolution rate of
valdecoxib can be modulated by appropriate levels of
hydrophilic carriers.
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Introduction

Water insoluble drugs are usually characterized by a low
bioavailability due to less absorption which is a major
concern of pharmaceutical industries worldwide. Attempts
to improve the solubility of these drugs have been per-
formed by various approaches. Solid dispersion technique
using proper carrier, reduces the drug particle size and
changes micro-environment of the drug particle, increases
dissolution rate and thus changes the biopharmaceutical
properties [1]. This technique has been used to increase the
solubility and improve the dissolution of many poorly
soluble drugs [2-6]. However, solid dispersion without
using solvent is devoid of toxicity and is popular among the
researchers. Hydrophilic synthetic polymers have been
widely investigated as carrier substances for solid disper-
sions. Polyethylene glycol (PEG) and polyvinylpyrrolidone
(PVP) are amongst the most frequently investigated
hydrophilic polymeric carriers [7—15].

Valdecoxib, 4-(5-methyl-3-phenyl-4-isoxazolyl) ben-
zene sulfonamide, a non-steroidal anti-inflammatory drug
(NSAID) which is a highly specific, cyclooxygenase-2
(COX-2) inhibitor for a variety of acute and chronic
inflammatory diseases [16]. Valdecoxib offers the unique
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therapeutic prospect of alternative pain and inflammation
without untoward effects to the gastric tract, renal and
platelet as associated with conventional NSAIDs. Valdec-
oxib acts by inhibiting the conversion of arachidonic acid
to the prostaglandins that mediate pain and inflammation,
while having no effect on the formation of prostaglandins
that mediate normal homeostasis in the GI tract, kidney and
platelets and that are formed under the control of cyclo-
oxygenase-I [17, 18]. The major problem with valdecoxib
therapy is its poor aqueous solubility and dissolution in
gastric fluid due to its poor wettability and/or agglomera-
tion of particles [19]. Attempts were already made to
enhance the solubility of this drug by solid dispersion
techniques using different carriers like PEG, PVP and
chitosan [20-24]. The attempts were made earlier only by
using single carrier like in case of PVP K 30:valdecoxib
(1:1) solid dispersion, the use of PVP alone could not
convert valdecoxib in amorphous form; conversion of
crystal to amorphous is required to improve dissolution
[24]. In PEG 4000:valdecoxib (10:1) solid dispersion, only
effective concentration as per criteria defined (100% drug
release in 20 min) but ratio shown that the amount of PEG
is very high compared to that of valdecoxib [22]. Hence,
the present work is an attempt to enhance the aqueous
solubility and dissolution rate of valdecoxib using two
different carriers i.e. PVP K 30 and PEG 4000 together
in combination with drug (0.5:0.5:1) and to study their
physico-chemical properties.

Experimental
Materials

Valdecoxib, sodium starch glycolate, Aerosil® 200 (BPRL
Pvt. Ltd., Bangalore, India), PEG 4000, Tween 80 (S.D.
Fine Chem. Lab., Mumbai, India) and PVP K 30 (Zydus
Recon, Bangalore, India) were received as gratis sample.
All other reagents and chemicals used were of analytical
grade. Distilled water was used throughout the study.

Analytical method

The amount of valdecoxib in samples was quantified by
high performance liquid chromatography (HPLC) system
(Shimadzu, LC-10ATVP, Japan) consisting of a Phenome-
nex C18 analytical column (4.6 x 250 mm, Luna, 5.0 pm).
The column was maintained at ambient temperature and the
compounds were eluted at a flow rate of 1.0 mL/min.
Potassium dihydrogen phosphate buffer (pH = 3), aceto-
nitrile, methanol and tetrahydrofuran (400:250:350:2.5) was
used as mobile phase. The injection volume was 20 pL and
the column effluent was monitored at 240 nm.
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Preparation of solid dispersions and physical mixtures

Weighed quantity (400 mg) of carrier (PEG 4000 or PVP K
30) was taken in a porcelain dish and heated (70-80 °C) in
a water bath. Valdecoxib (400 mg) was added with con-
tinuous heating and stirring for 2 min to obtain uniform
mixing. This mixture was triturated with blend of lactose
(4 g) and microcrystalline cellulose (1 g). Tween 80, 3%
w/w sodium starch glycolate and Aerosil® 200 (1%) were
added and mixed. Water was added drop by drop with
triturating till suitable wet mass was obtained. The wet
mass was then passed through sieve No. 44 (355 um) and
dried at 60 °C for 1 h. While preparing a solid dispersion
containing the combination of PEG 4000 and PVP K 30,
200 mg of each polymer was used and prepared similarly.

The physical mixtures of valdecoxib with PEG 4000,
PVP K 30 and their combination were also prepared by
mixing drug and carriers in a mortar for 10 min. Granules
were prepared similar to the solid dispersion. The dried
granules obtained were stored in screw cap vial at room
temperature.

Phase solubility studies

Solubility measurements were carried out by the method
described by Higuchi and Lach [25]. An excess amount of
valdecoxib (20 mg) was added to 0.1 M HCI containing
various concentrations of PEG 4000 and PVP K 30 and
their combination (up to 0.005 Moles) in a glass vial. The
system was stirred for 24 h at 37 °C and kept at rest for
24 h to attain equilibrium. The solution was then filtered
through a membrane filter (pore size 0.45 wm) and after
dilution; the solubility was determined by HPLC. The
amount of drug dissolved against moles of carrier was
plotted and the stability constant was calculated by the
equation.

1
K. = S;fe x (1 — Slope)

where So is the solubility of drug in absence of carrier.
Evaluation of drug content

The drug content in granules were determined by weighing
a quantity equivalent to 20 mg of valdecoxib and dissolved

in 0.1 M HCI, diluted to suitable concentration and ana-
lyzed by HPLC.

Dissolution studies

In vitro dissolution tests were performed for both solid
dispersion and physical mixtures with drug equivalent of
20 mg using the dissolution test apparatus USPXXIV Type
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IT (paddle type) (Electro Lab, Mumbai, India). The disso-
lution medium (900 mL) used was 0.1 M hydrochloric acid
maintained at 37 £ 0.5 °C with paddle rotation maintained
at 100 rpm (n = 3). The release of valdecoxib was mea-
sured by withdrawing samples at regular intervals and
filtered through a membrane filter (pore size 0.70 um). The
samples withdrawn were replaced with fresh medium
maintained at the same temperature and the drug was
assayed by HPLC. Dissolution characteristics of physical
mixtures and solid dispersions were compared.

Dissolution efficiency studies

The dissolution efficiency of the batches was calculated by
the method mentioned by Khan [26, 27]. It is defined as the
area under the dissolution curve between time points #; and
t, expressed as a percentage of the curve at maximum
dissolution, y100, over the same time period or the area
under the dissolution curve up to a certain time, f,
expressed as a percentage of the area of the rectangle
described by 100% dissolution in the same time.

1
dr
Dissolution efficiency = L x 100%
y100 (Iz — 1‘1)

Differential scanning calorimetry

Differential scanning calorimetry (DSC) analysis was
performed with DSC-60 instrument (Schimadzu, Japan).
Sample equivalent to 2 mg of valdecoxib was sealed in
an aluminium pan and heated at a temperature range of
0-300 °C at the rate of 10°/min.

Powder X-ray diffraction studies

The powder X-ray diffraction (XRD) of the pure drug,
physical mixtures and solid dispersions were recorded
using an X-ray diffractometer (Siemens D5005, Munich,
Germany). The scanning rate was 5°/min and diffraction
angle (26) was 0-60°.

Fourier transform infrared spectroscopy (FTIR)

Valdecoxib, carriers, physical mixture and solid dispersion
in carriers were characterized by FTIR. Samples prepared in
potassium bromide discs were subjected to FTIR recording
on FTIR-8400S, (Shimadzu, Japan) instrument. Data were
analyzed over a spectral range of 4000-400 cm™".

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% RH. Samples
were drawn regularly and analyzed for active drug content
and dissolution studies till 6 months.

Statistical analysis

All the data obtained for dissolution and drug content were
evaluated statistically. The data were tested by one-way
analysis of variance (ANOVA) and #-test to test the effects
of various treatments.

Results and discussion

Effects of PEG 4000 and PVP K 30 on the solubility of
valdecoxib when used alone and in combination at various
concentrations were studied. The solubility of valdecoxib
in 0.1 M HCI at 37 °C was found to be 0.025 M, which
is generally considered as practically insoluble. Phase
solubility studies showed that the solubility of valdecoxib
increased linearly (slope 0.0045, 0.0056, and 0.006 for PEG
4000, PVP K 30 and its combination respectively) as a
function of concentration of polymers. Increase in solubility
was recorded when the polymers were used in combination
than individually. Among PEG and PVP, the latter had
shown higher solubility, though statistically insignificant
(p > 0.05). The solubility curves obtained highly resembled
to the Type Ay curve described by Higuchi and Connors [28].
This linear correlation, with a slope of <1, suggests the
formation of a 1:1 (mol/mol) drug:carrier solid dispersion.

The stability constant (K.) of valdecoxib with PEG
4000, PVP K 30 and when combined were found to be 144,
160 and 150 M~ respectively indicating that the valdec-
oxib & carriers dispersion (1:1 molar ratio) are sufficiently
stable. In fact, values of obtained stability constants are
always within the range of 100-1,000 M~', which is
believed to indicate an ideal value. Actually, smaller values
of K. indicate a too weak interaction between drug and
carrier, while larger values are symptomatic of an incom-
plete drug release from the inclusion complex [29]. So
Values we got are considered as ideal and is expected to be
stable.

The low stability constant suggests that high concen-
tration of both the carriers is required for complex
formation. As the complex has low stability constant, it
dissociates in solution readily and releases the drug as
individual molecules to facilitate absorption when admin-
istered. The data obtained in the present study clearly
indicated the stability of valdecoxib in both the carriers.
We did not see any instability with the carriers studied.

The percentage of drug content was determined for the
physical mixture and solid dispersions. The values ranged
from 94.39 £ 0.025 to 99.22 + 0.016 for physical
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mixtures and solid dispersion. Dissolution data were eval-
uated on the basis of cumulative percentage drug release,
dissolution efficiency and correlation coefficient (r) [30].
Figure 1 compares the dissolution profile of valdecoxib,
physical mixtures and solid dispersions in 0.1 M HCI
(pH = 1.2). It is evident from Fig. 1 that the release of
pure drug was only 53% after 60 min. However, slight
enhancement in the dissolution rate with physical mixture
was observed in comparison to pure drug. The valdecoxib—
PVP dispersions have a higher percentage of drug release
compared to valdecoxib—PEG dispersions. This may be due
to the more solubilizing and wetting effect of PVP com-
pared to PEG. In earlier studies done by Modi and Tayade
concluded that in PVP K 30:valdecoxib (1:1) solid dis-
persion, the usage of PVP alone could not convert
valdecoxib in amorphous form, conversion of crystal to
amorphous is required to improve dissolution & studies
done by Liu, Liu, & Desai concluded that in PEG
4000:valdecoxib (10:1) solid dispersion, only effective
solid dispersion which as per criteria defined (100% drug
release in 20 min) but in this study proportion of PEG is
very high compared of valdecoxib. Hence, combinations of
PVP & PEG were used in the experimental design in our
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Fig. 1 Comparison of dissolution profile of valdecoxib, physical

mixture (PM) and solid dispersions (SD) prepared with different
polymers. Each data represents the mean + SE of three experiments

study. Combining the carriers (PEG 4000 and PVP K 30)
had shown improved dissolution rate when compared
to individual physical mixtures. However, significant
enhancement (p < 0.001)) was recorded with the solid
dispersions containing PEG 4000 and PVP K 30 alone and
its combination in the ratio of 1:1 (drug:carrier). Analysis
of the dissolution data at various time intervals like Q;o,
Q3o and Qsq (i.e., percentage of drug dissolved in 10, 30
and 50 min respectively) reveals that rate increased in the
following pattern, pure drug < physical mixture < solid
dispersion. It was also noticed that more than 90% of drug
released from PEG-PVP combination in 20 min, as
desired. When the dissolution efficiency was evaluated, a
maximum value was observed with solid dispersion than
physical mixtures. Interestingly, the correlation coefficient
also had the similar results (Table 1).

DSC studies were performed for the pure drug, physical
mixture and solid dispersion with PVP K 30 and PEG
4000. Figure 2 shows the results of DSC thermograms. An
endothermic peak was observed at 175.53 °C correspond-
ing to valdecoxib melting, indicating its crystalline nature,
when the pure drug was analyzed. Incase of physical
mixtures, three different peaks were observed, at
163.53 °C, 53 °C and 230 °C of valdecoxib, PEG 4000
and PVP K 30 respectively. The drug peak was slightly
broadened, shifted to a lower temperature with reduced
intensity in the thermogram of physical mixture. The
melting peak of valdecoxib was totally disappeared in
thermogram of solid dispersion, indicating the absence of
crystalline drug in solid dispersion samples. This could be
attributed to uniform distribution of drug in crust of poly-
mer. Moreover, the data also indicate there seems to be no
interaction between the components of binary system.
Further this also proves the state of drug has been changed
from crystalline to amorphous. Amorphous form is the
highest energy form of a compound which produces faster
dissolution [31, 32]. It is reported that the deviation in peak
height indicate the formation of solid dispersion [33]. It
might be hypothesized that polymer inhibited crystalliza-
tion of drug during solid dispersion process. Further, when
the thermograms were compared, it was found that drug
and polymers are compatible and the glass transition tem-
perature was not influenced by the preparation procedure.

Table 1 Dissolution characteristics of valdecoxib, physical mixtures and solid dispersions in 0.1 M HCl

Drug:Carrier Physical mixtures

Solid dispersions

Dissolution efficiency Correlation coefficient

Dissolution efficiency Correlation coefficient

Valdecoxib:PEG 4000 (1:1) 70.45 £ 1.02
Valdecoxib:PVP K 30 (1:1) 72.69 £ 1.35
Valdecoxib:PEG 4000:PVP K 30 (1:0.5:0.5) 77.84 £ 1.51

0.971 £ 0.003 85.50 £ 1.08 0.977 £ 0.003
0.967 £ 0.005 8537 £ 1.11 0.981 £ 0.002
0.974 £+ 0.004 9491 £+ 1.27 0.978 £ 0.002
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This suggest that valdecoxib in the solid dispersion was in
amorphous state (Fig. 2).

A powder X-ray diffraction pattern of the pure drug,
physical mixture and solid dispersions are shown in Fig. 3.
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Fig. 2 Differential scanning calorimetric curves of valdecoxib (F1),
PEG 4000 and PVP K 30 (F2), Physical mixture of valdecoxib: PEG
4000 and PVP K 30 (F3) and solid dispersion of valdecoxib: PEG
4000 and PVP K 30 (F4)
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Fig. 3 X-ray diffraction patterns of valdecoxib (F1), Physical
mixture of valdecoxib: PEG 4000 and PVP K 30 (F2) and solid
dispersion of valdecoxib: PEG 4000 and PVP K 30 (F3)

The X-ray diffractogram of valdecoxib has sharp peaks at
diffraction angles (20) 12.26°, 15.88°, 19.88°, 22.08°, and
23.92° showed a well defined crystalline X-ray pattern in
comparison to others. Patterns of the physical mixture
demonstrated a simple superposition of each component,
while that of solid dispersion sample were clearly different,
complete absence of any diffraction peaks, showing the
new solid phase has been formed. The solid dispersions
showed significant decline in the peaks suggesting that it is
more amorphous than the physical mixture. Moreover, no
other peaks than those that could be assigned to the mixture
of PVP K 30 and PEG 4000 were detected in solid dis-
persions, indicating absence of chemical interaction in the
solid state between the three entities. The positions of PVP
and PEG 4000 patterns in the solid dispersions were the
same and superimposable, which again ruled out the pos-
sibility of chemical interaction and compound formation
between valdecoxib, PVP K 30 and PEG 4000. Result of
this study implies that valdecoxib is present in an amor-
phous form in solid dispersion.

FTIR spectra of valdecoxib and its binary systems with
PVP K 30 and PEG 4000 are presented in Fig. 4. Pure
valdecoxib spectra showed sharp characteristic peaks at
3377.6, 3250.3, 1332.9, and 1149.68 cm™!. The spectra of
physical mixtures were equivalent to the spectra obtained
by the addition of polymers and the crystalline drug
spectrum. This indicated that no interaction occurred with
simple physical mixing of drug and hydrophilic polymers.
The FTIR spectrum of solid dispersion of valdecoxib with
PEG and PVP showed a significant broadening O-H
stretching vibration peak characteristic of PEG (large band
between 3,483 cm™! and 3,119 cm_l) and a C-N stretch-
ing vibration peak characteristic of PVP (1,238 cm™') and
S=0 stretching vibration characteristic of valdecoxib
(1,149 cm™'). This indicated that no interaction has
occurred in solid dispersion of valdecoxib with PEG and
PVP.

The stability studies were carried out for a period of
6 months for the solid dispersion with PEG 4000 and PVP
K 30 and their combination. No significant differences in
the dissolution profile were observed throughout the study
period. The DSC studies were also performed to identify
any changes in state of the prepared solid dispersions. DSC
thermograms obtained were similar, as that one obtained
initially, indicating no change in the state of the solid
dispersion during the study period.

Conclusion
Phase solubility studies showed a higher solubility of

valdecoxib when PEG 4000 and PVP K 30 were used
in combination, with stability constant (K. = 150 M_l).
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Fig. 4 FTIR spectra of valdecoxib (a), PEG 4000 (b), PVP K 30 (c¢),

solid dispersion of valdecoxib: PEG 4000 and PVP K 30 (d) and
physical mixture of valdecoxib: PEG 4000 and PVP K 30 (e)

Analysis of dissolution data showed a significant enhance-
ment in dissolution rate with solid dispersion preparation
using PEG and PVP in combination. DSC and XRD studies
suggest the conversion of valdecoxib from crystalline to
amorphous form. FTIR studies concluded that there was no
well defined interaction between drug and polymers, since
no new peaks or shift of peaks could be observed. Stability
studies carried out has also shown that the solid dispersion
using PEG and PVP is stable through out the period of
study. In general, these results showed that using PEG
and PVP in combination would significantly enhance the
aqueous solubility of valdecoxib.
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The mixture of PEG and PVP in dispersion systems
rendered the drug more hydrophilic and more wettable in
the dissolution medium. This is the prime reason for rapid
and complete drug dissolution from solid dispersion sys-
tems. Decreased crystallinity and increased wetting of the
particles may be considered as major contributors to the
enhanced valdecoxib dissolution from a solid dispersion
system containing PEG and PVP.

Solid dispersions prepared from hydrophilic polymers
using the melt granulation technique were effective in
improving drug dissolution. The dispersion containing
PEG and PVP shows acceptable dissolution compared to
the PEG or PVP dispersion or pure drug. The study
revealed that optimum levels of hydrophilic carriers ensure
a prompt and complete dissolution of valdecoxib from
solid dispersions that are used in oral pharmaceutical
formulations.
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