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The present study investigated the solubilization of valdecoxib in aqueous solution using poly(ethylene
glycol) 4000, poly(ethylene glycol) 6000, poly(ethylene glycol) 8000, and poly(ethylene glycol) 10 000 at
(298.15, 303.15, and 308.15) K. The analysis of valdecoxib is carried out by UV spectral measurements
at λmax ) 202 nm. The aqueous solubility of valdecoxib could be enhanced by the addition of an increasing
mass fraction of all of the poly(ethylene glycols) tested as well as by increasing the temperature of the
dissolution media. The molecular weight of the poly(ethylene glycols) tested played an important role in
valdecoxib solubilization in the aqueous medium. Among the poly(ethylene glycols) studied, poly(ethylene
glycol) 4000 exhibited a higher solubilization potential than the others. Calculated Gibbs free energy
values were all negative for all of the poly(ethylene glycol) + water mixtures at (298.15, 303.15, and
308.15) K, indicating the spontaneous nature of valdecoxib solubilization. In the case of poly(ethylene
glycol) 4000 + water mixtures, the ∆trG° values decreased to a greater extent than those for the other
carriers {poly(ethylene glycol) 6000, poly(ethylene glycol) 8000, and poly(ethylene glycol) 10 000) + water
mixtures}, indicating that the reaction conditions were more favorable in poly(ethylene glycol) 4000 +
water mixtures than in other carrier + water mixtures.

Introduction

Valdecoxib is a novel selective cyclo-oxygenase-2 inhibi-
tor administered orally as an analgesic and anti-inflam-
matory drug. The chemical structure of valdecoxib is shown
in Figure 1. It is chemically designated as 4-(5-methyl-3-
phenyl-4-isoxazolyl) benzenesulfonamide and is a diaryl-
substituted isoxazole. It is a white crystalline powder,
relatively insoluble in water. The solubility of valdecoxib
in water is 10 µg/mL (T ) 298.15 K).1-5 The pKa is around
10. Often such drugs show poor absorption and limited
bioavailability. Hence, the poor aqueous solubility and/or
dissolution rate of valdecoxib has presented a challenge to
the development of a suitable formulation for oral admin-
istration.1,3,5

The improvement of pharmaceutical and biological avail-
ability of hydrophobic drugs is still a major technological
problem, and several approaches have been attempted to
overcome this drawback.6 Among the strategies investi-
gated for enhancing the solubility and/or dissolution prop-
erties of poorly water-soluble drugs, the solid dispersion
technique in hydrophilic carriers has often been success-
fully applied.7 The dispersion of poorly water-soluble drugs
in an inert hydrophilic polymeric matrix in the solid state
provided by the fusion, solvent, or solvent-fusion method
leads to products referred to as oral solid dispersions.7-9

The principal factors used to explain the improved solubil-
ity and/or dissolution rates of solid-dispersed drugs include
the particle size decrease, reduction of aggregation and/or
agglomeration phenomena, solubilizing effect of the carrier,
improved wettability, and loss of crystallinity.7 Among the
vast number of hydrophilic carriers used to prepare solid-
dispersed drugs, poly(ethylene glycols) with molecular

weight ranging from 4000 to 10 000 are widely used in
pharmaceutical industries because these offers numerous
advantages over other carriers.7,9,10-11 However, the selec-
tion of an effective hydrophilic carrier for preparing the
oral solid-dispersed drug is mainly based on its ability to
solubilize the hydrophobic drug in the aqueous medium.

The solubility study of valdecoxib in the presence of poly-
(ethylene glycols) has not been studied. Therefore, the
present study reports the solubility data of valdecoxib in
the presence of the most widely used hydrophilic carriers
(i.e., poly(ethylene glycol) 4000, poly(ethylene glycol) 6000,
poly(ethylene glycol) 8000, and poly(ethylene glycol) 10 000)
at (298.15, 303.15, and 308.15) K. Such a solubility data-
base at different temperatures is useful in pharmaceutical
industries while preparing the solid dispersion-based oral
dosage forms containing valdecoxib. In addition, because
these poly(ethylene glycols) are also used as solubilizing
agents in liquid oral formulations, this database will also
help us to select an appropriate poly(ethylene glycol)-
water mixture and the temperature of the aqueous media
while preparing the liquid oral formulations containing
valdecoxib. An analysis of valdecoxib was done with UV
spectrophotometry.* Corresponding author. E-mail: kghdesai@yahoo.com.

Figure 1. Structure of valdecoxib.
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Experimental Section

Materials. Valdecoxib (99.6% purity) was obtained as
a gift sample from Cipla Ltd., Mumbai, India. Poly(ethylene
glycol) 4000, poly(ethylene glycol) 6000, poly(ethylene
glycol) 8000, and poly(ethylene glycol) 10 000 were pur-
chased from Showa Chemicals Co., Tokyo, Japan. Ultra-
pure water (Millipore) was used throughout.

Methods. Solubility Experiments. Binary mixtures of
poly(ethylene glycols) (i.e., poly(ethylene glycol) 4000, poly-
(ethylene glycol) 6000, poly(ethylene glycol) 8000, and poly-
(ethylene glycol) 10 000) + water were prepared in 50-mL
glass tubes. The mass of these poly(ethylene glycols) taken
in the 50-mL glass tube was calculated by subtracting the
empty mass of the tube from the total mass of the glass
tube with these poly(ethylene glycols). All of the mass
measurements were taken on an electronic balance (Ex-
plorer, Ohaus, Switzerland) within an accuracy of 0.01 mg.

The solubility of valdecoxib was determined in five mass-
fraction compositions of the above-mentioned binary mix-
tures of poly(ethylene glycols) (0, 1, 2, 5, and 10)% + water.
The solubility of valdecoxib in the binary mixtures of poly-
(ethylene glycols) + water at (298.15, 303.15, and 308.15)
K was determined by adding an excess amount of valde-
coxib to the closed-cap tubes containing various binary
mixtures. Poly(ethylene glycols) (i.e., poly(ethylene glycol)
4000, poly(ethylene glycol) 6000, poly(ethylene glycol) 8000,
and poly(ethylene glycol) 10 000) + water mixtures were
shaken for 72 h using an automatic shaking water bath
(Jeio Tech, South Korea) at each temperature. The tem-
perature was maintained at (298.15, 303.15, and 308.15)
K within (0.1 K at the desired temperature on a digital
display. After 72 h, 5 mL of each binary mixture was

removed, passed through a 0.22-µm membrane filter (Mil-
lipore), suitably diluted with a corresponding mass fraction
composition of poly(ethylene glycol) (0, 1, 2, 5, and 10) %
+ water mixtures, and then the valdecoxib content was
determined by measuring the absorbance at 202 nm. The
detection of valdecoxib was done with UV spectrophotom-
etry (Shimadzu 16001, Japan). The λmax of valdecoxib did
not vary much in all of the poly(ethylene glycol) + water
mixtures, and hence, we have used λmax ) 202 nm for all
of the binary mixtures to estimate the valdecoxib content.
The solubility experiments were repeated six times (n )
6) in an identical manner. The variation in the solubility

Table 1. Mass Fraction Solubility of Valdecoxib (S) in Polyethylene Glycola (1) + Water (2) Mixtures at 298.15 K

(S/µg‚mL-1)b

carrier

100w1

poly(ethylene glycol)
4000

poly(ethylene glycol)
6000

poly(ethylene glycol)
8000

poly(ethylene glycol)
10 000

0 10.25 ( 0.6 10.25 ( 0.6 10.25 ( 0.6 10.25 ( 0.6
1 23.0 ( 0.3 20.1 ( 0.4 17.3 ( 0.8 15.4 ( 0.4
2 27.6 ( 0.7 25.2 ( 0.6 21.4 ( 0.5 19.1 ( 0.5
5 31.0 ( 1.1 28.5 ( 0.3 25.6 ( 1.0 22.4 ( 0.6

10 38.4 ( 1.2 35.8 ( 1.3 31.1 ( 1.9 27.3 ( 1.7

a Poly(ethylene glycol) 4000, poly(ethylene glycol) 6000, poly(ethylene glycol) 8000, and poly(ethylene glycol) 10 000. b Mean ( SE,
n ) 6.

Figure 2. Mass fraction solubility S of valdecoxib in poly(ethylene
glycol) (1) + water (2) mixtures at 298.15 K: ], poly(ethylene
glycol) 4000; 0, poly(ethylene glycol) 6000; ∆, poly(ethylene glycol)
8000; [, poly(ethylene glycol) 10 000.

Figure 3. Mass fraction solubility S of valdecoxib in poly(ethylene
glycol) (1) + water (2) mixtures at 303.15 K: ], poly(ethylene
glycol) 4000; 0, poly(ethylene glycol) 6000; ∆, poly(ethylene glycol)
8000; [, poly(ethylene glycol) 10 000.

Figure 4. Mass fraction solubility S of valdecoxib in poly(ethylene
glycol) (1) + water (2) mixtures at 308.15 K: ], poly(ethylene
glycol) 4000; 0, poly(ethylene glycol) 6000; ∆, poly(ethylene glycol)
8000; [, poly(ethylene glycol) 10 000.
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values of valdecoxib at all temperatures ranged from 0.2
to 2.3 µg/mL. The temperature was maintained at (298.15,
303.15, and 308.15) K within (0.1 K.

Results and Discussion

Poly(ethylene glycols) are polymers of ethylene oxide,
with a molecular weight usually falling in the range of (200
to 300 000). For the manufacture of oral solid dispersions,
poly(ethylene glycols) of molecular weight (4000 to 10 000)
are frequently used because in this molecular weight range
the water solubility is still very high but hygroscopy is not
a problem. If a poly(ethylene glycol) with too low a
molecular weight is used, then this can lead to a product

with a sticky consistency that is difficult to formulate into
a pharmaceutically acceptable product. Additional attrac-
tive features of these poly(ethylene glycols) include their
ability to solubilize some hydrophobic compounds and also
to improve compound wettability.7

The experimental solubility data of valdecoxib in poly-
(ethylene glycols) (i.e., poly(ethylene glycol) 4000, poly-
(ethylene glycol) 6000, poly(ethylene glycol) 8000, and
poly(ethylene glycol) 10 000) + water mixtures at (298.15,
303.15, and 308.15) K are presented in Tables 1, 2, and 3,
respectively. The phase solubility behavior of valdecoxib
in the presence of increasing mass fractions (1, 2, 5, and
10)% of poly(ethylene glycol) 4000, poly(ethylene glycol)

Table 2. Mass Fraction Solubility of Valdecoxib (S) in Poly(ethylene glycol)a (1) + Water (2) Mixtures at 303.15 K

(S/µg‚mL-1)b

carrier

100w1

poly(ethylene glycol)
4000

poly(ethylene glycol)
6000

poly(ethylene glycol)
8000

poly(ethylene glycol)
10 000

0 10.43 ( 0.2 10.43 ( 0.2 10.43 ( 0.2 10.43 ( 0.2
1 27.7 ( 0.4 24.1 ( 0.7 22.1 ( 0.8 20.7 ( 0.6
2 36.5 ( 1.0 33.1 ( 0.6 30.2 ( 0.6 27.8 ( 0.4
5 43.1 ( 0.7 37.6 ( 0.8 35.2 ( 1.1 32.3 ( 0.7

10 51.4 ( 2.3 48.3 ( 0.5 42.8 ( 0.4 37.9 ( 1.2

a Poly(ethylene glycol) 4000, poly(ethylene glycol) 6000, poly(ethylene glycol) 8000, and poly(ethylene glycol) 10 000. b Mean ( SE,
n ) 6.

Table 3. Mass Fraction Solubility of Valdecoxib (S) in Poly(ethylene glycol)a (1) + Water (2) Mixtures at 308.15 K

(S/µg‚mL-1)b

carrier

100w1

poly(ethylene glycol)
4000

poly(ethylene glycol)
6000

poly(ethylene glycol)
8000

poly(ethylene glycol)
10 000

0 11.0 ( 0.4 11.0 ( 0.4 11.0 ( 0.4 11.0 ( 0.4
1 30.1 ( 0.3 27.6 ( 0.2 25.1 ( 0.4 22.4 ( 0.2
2 41.2 ( 0.5 38.2 ( 0.4 35.3 ( 0.7 33.1 ( 0.6
5 55.2 ( 0.8 50.2 ( 1.6 45.6 ( 1.1 40.3 ( 1.1

10 68.6 ( 0.9 60.9 ( 1.5 56.1 ( 1.2 50.8 ( 1.3

a Poly(ethylene glycol) 4000, poly(ethylene glycol) 6000, poly(ethylene glycol) 8000, and poly(ethylene glycol) 10 000. b Mean ( SE,
n ) 6.

Table 4. Thermodynamic Parameters of the Solubility Process of Valdecoxib in Poly(ethylene glycol)a (1) + Water (2)
Mixtures at 298.15 K

(∆trGo/kJ‚mol-1)b

carrier

100w1

poly(ethylene glycol)
4000

poly(ethylene glycol)
6000

poly(ethylene glycol)
8000

poly(ethylene glycol)
10 000

1 -21.5 ( 0.5 -17.2 ( 0.6 -11.5 ( 0.4 -8.6 ( 0.2
2 -26.0 ( 0.8 -22.9 ( 0.5 -16.9 ( 0.7 -14.0 ( 0.5
5 -28.9 ( 1.1 -25.9 ( 1.4 -21.4 ( 0.9 -18.0 ( 1.1

10 -34.3 ( 1.3 -31.7 ( 1.2 -26.2 ( 1.3 -22.9 ( 1.6

a Poly(ethylene glycol) 4000, poly(ethylene glycol) 6000, poly(ethylene glycol) 8000, and poly(ethylene glycol) 10 000). b Mean ( SE, n
) 6.

Table 5. Thermodynamic Parameters of the Solubility Process of Valdecoxib in Poly(ethylene glycol)a (1) + Water (2)
Mixtures at 303.15 K

(∆trGo/kJ‚mol-1)b

carrier

100w1

poly(ethylene glycol)
4000

poly(ethylene glycol)
6000

poly(ethylene glycol)
8000

poly(ethylene glycol)
10 000

1 -29.6 ( 0.4 -25.4 ( 0.2 -21.9 ( 0.3 -19.9 ( 0.3
2 -37.8 ( 0.6 -34.9 ( 0.4 -31.3 ( 0.7 -28.8 ( 0.6
5 -42.8 ( 1.5 -38.7 ( 0.8 -35.9 ( 1.4 -33.3 ( 1.0

10 -48.1 ( 1.4 -46.3 ( 1.3 -41.8 ( 1.5 -38.1 ( 1.1

a Poly(ethylene glycol) 4000, poly(ethylene glycol) 6000, poly(ethylene glycol) 8000, and poly(ethylene glycol) 10 000. b Mean ( SE,
n ) 6.
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6000, poly(ethylene glycol) 8000, and poly(ethylene glycol)
10 000 in water at (298.15, 303.15, and 308.15) K is
presented in Figures 2, 3, and 4, respectively. The solubility
of valdecoxib in water is very low (i.e., 10.25 µg/mL (T )
298.15 K)) because the valdecoxib, predominantly a non-
polar molecule, cannot effectively break into the lattice
structure of the water; hence water solubility is low. From
Figures 2, 3, and 4, it is very clear that the aqueous
solubility of valdecoxib could be enhanced by the addition
of an increasing mass fraction of all of the poly(ethylene
glycols) studied. As the temperature of the dissolution
media increased from (298.15 to 308.15) K, the solubility
of valdecoxib could be further enhanced by several orders
of magnitude.

Poly(ethylene glycols) increase the aqueous solubility of
a poorly water soluble drug mainly by improving the
wettability of the hydrophobic surface of the drug.7 As
mentioned earlier, poly(ethylene glycols) vary in their
molecular weight in the range of (200 to 300 000). As the
molecular weight increases, so does the viscosity of the
poly(ethylene glycol). In the present study, poly(ethylene
glycols) with molecular weights of (4000 to 10 000) are
studied because these are widely used as carriers while
developing the solid or liquid oral formulations. The results
of the present study indicated that the solubility of valde-
coxib decreases with an increase in the molecular weight
of the poly(ethylene glycols) studied. For instance, poly-
(ethylene glycol) 4000 exhibited a higher solubilization
potential at all temperatures when compared to poly-
(ethylene glycol) 6000, poly(ethylene glycol) 8000, and poly-
(ethylene glycol) 10 000. As the molecular weight of these
poly(ethylene glycols) increases, the viscosity of the aque-
ous medium also increases, which might have retarded the
dissolution of drug particles into the aqueous medium.

To understand the reaction conditions in all the poly-
(ethylene glycols) (i.e., poly(ethylene glycol) 4000, poly-
(ethylene glycol) 6000, poly(ethylene glycol) 8000, and
poly(ethylene glycol) 10 000) + water mixtures, the ob-
tained solubility data of valdecoxib at (298.15, 303.15,
308.15) K was fit to the following equation:

An indication of the process of transfer of valdecoxib from
pure water to poly(ethylene glycol) + water mixtures at
(298.15, 303.15, and 308.15) K was obtained from the
values of the Gibbs free energy change, where So/Ss is the
ratio of the molar solubility of valdecoxib in poly(ethylene
glycol) + water mixtures to that in pure water. The
obtained values of the Gibbs free energy of poly(ethylene
glycols) (i.e., poly(ethylene glycol) 4000, poly(ethylene
glycol) 6000, poly(ethylene glycol) 8000, and poly(ethylene
glycol) 10 000) + water mixtures at (298.15, 303.15, 308.15)

K are given in Tables 4, 5, and 6, respectively. The data
provide information regarding the increased solubility of
valdecoxib in the presence of poly(ethylene glycols) in
water. Gibbs free energy values were all negative for all
poly(ethylene glycol) (i.e., poly(ethylene glycol) 4000, poly-
(ethylene glycol) 6000, poly(ethylene glycol) 8000, and poly-
(ethylene glycol) 10 000) + water mixtures tested, indicat-
ing the spontaneous nature of valdecoxib solubilization, and
they decreased with an increase in their mass fraction. The
∆trG° values for all of the poly(ethylene glycol) + water
mixtures tested further decreased when the temperature
of the dissolution media increased from (298.15 to 308.15)
K. However, ∆trG° decreases to a greater extent in the case
of poly(ethylene glycol) 4000 + water mixtures when
compared to poly(ethylene glycol) 6000 + water, poly-
(ethylene glycol) 8000 + water, and poly(ethylene glycol)
10 000 + water mixtures. The results of the solubility
studies indicated that poly(ethylene glycol) 4000 is an
effective and appropriate carrier for preparing valdecoxib-
poly(ethylene glycol) 4000 oral solid dispersions as well as
for drug solubilization in liquid oral formulations.

Conclusions

It has been shown that the solubility of valdecoxib in
water can be enhanced by the addition of various mass
fraction of poly(ethylene glycol) 4000, poly(ethylene glycol)
6000, poly(ethylene glycol) 8000, and poly(ethylene glycol)
10 000 as well as by increasing the temperature of the
dissolution media. The enhanced solubility could be due
to improved wetting of the hydrophobic surface of valde-
coxib in water. The values of the Gibbs free energy
indicated that reaction conditions were more favorable in
poly(ethylene glycol) 4000 + water mixtures than in the
other poly(ethylene glycol) + water mixtures tested. On the
basis of the results of the present study, it can be
emphasized that poly(ethylene glycol) 4000 is an effective
solubilizing carrier for preparing oral solid dispersions and
liquid formulations containing valdecoxib.
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