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Solubilization of non-steroidal anti-inflammatory drugs

in the presence of tween series surfactants
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The aqueous solubility of non-steroidal anti-inflammatory drugs (NSAIDs) Ketoprofen,
Ibuprofen, Diflunisal and Naproxen were measured in the presence of the Tween series surfac-
tants at 37�C. Results showed that the solubility of NSAIDs in the Tween solutions was
approximately proportional to Tween concentration; the ability of Tween series surfactants
to solubilize NSAIDs in the present study was Tween-80>Tween-60>Tween-40>Tween-
20; the order of increased solubility of NSAIDs in Tween series surfactants at a constant
Tween series and concentration was Ibuprofen>Ketoprofen>Diflunisal>Naproxen.
Under suitable conditions Tween series surfactants can be highly effective used to enhance
the solubility of NSAIDs.

Keywords: Tween series surfactants; NSAIDs; Solubility; UV/Vis spectroscopy; Absorption;
Micelle; Nanocapsules

1. Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) are among the most frequently used
drugs in the world, primarily for symptoms associated with osteoarthritis and other
chronic musculoskeletal conditions [1]. Also, NSAIDs reduce the risk of and mortality
from colon cancer by about half and constitute the prototypical colon cancer chemo-
preventive agents [2]. However, the use of NSAIDs is limited by their significant
toxicity. NSAIDs cause a wide variety of reported adverse events, which include gastro-
intestinal side effects (such as dyspepsia, gastrointestinal bleeding and even perfora-
tion), renal side effects and some additional side effects (such as hypersensitivity
reactions and distinct salicylate intoxication) [3]. Among patients using NSAIDs, up
to 4% per year suffer serious gastrointestinal complications. Many studies have
shown that NSAIDs increase the risk of peptic ulcer complications by several
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folds [4]. It is now clear that most NSAIDs can damage the esophagus, stomach,
duodenum, small and large intestines and can impair platelet function systemically,
with a consequent increase in bleeding from a variety of GI lesions [5].

The side effects of NSAIDs and their potential toxicity has prompted intensive efforts
to identify safer alternatives, which will at least maintain their pharmacological proper-
ties. Several studies have focused on improving their poor solubility in water [6–8], as
poor solubility restricts their use in topical and parenteral applications [9–10]. Also,
poor solubility is generally related to a low bioavailability, this presents a major
challenge during drug formulation [11]. In order to improve the solubility of
NSAIDs in water, technological expedients widely used in pharmaceutics are proposed
[6,7,12–14], such as to micronize the drug particles, to form water soluble salts, to
modify crystal structure by the formation of various polymorphic forms, to add solu-
bilizing agents or to improve the wettability of the drug powder. However, methods
mentioned above have not always been sufficient to achieve this goal.

The non-ionic surfactants are a great class of compounds frequently used in pharma-
ceutical systems, since their advantages as to compatibility, stability, minimal binding
to proteins are rather significant [15–16]. In this present study, we use Tween series
surfactants (Tween-20, Tween-40, Tween-60 and Tween-80) to investigate the potential
of non-ionic surfactants to increase the solubility of NSAIDs as exemplified by
Ketoprofen, Ibuprofen, Diflunisal and Naproxen and to study effect of molecular
size and hydrophobic nature of NSAIDs on their solubility in the presence of Tween
series surfactants.

2. Experiments

2.1. Materials

Ketoprofen was purchased from Hubei Wuxue Xunda Pharmaceutical Co. (Hubei,
China). Ibuprofen and Diflunisal were obtained from Juhua Group Pharmaceutical
Factory (Zhejiang, China). Naproxen was a gift from Chetou Pharmaceutical
Factory (Zhejiang, China). Quite water soluble non-ionic surfactants, such as the
Tween-20, Tween-40, Tween-60 and Tween-80 were used. Tween-20 and Tween-80
were obtained from AMRESCO Co. (America). Tween-40 and Tween-60 were friendly
supplied by Shanghai Chemical Co. (Shanghai, China). Double distilled-deionized
water was used throughout.

2.2. Solubility testing experiments

The phase-solubility of NSAIDs in Tween series surfactant solutions in the range
0–200mgmL�1 was determined. Excess NSAIDs was added to vials containing 5mL
of Tween series surfactants solutions to ensure the drug solution reaching saturation.
The vials were then mechanically shaken for 24 h at 37�C and then filtered through a
0.45 mm HA filter (Millipore). The absorbances of NSAIDs test solutions at their char-
acteristic wavelengths (260 nm for Ketoprofen and Naproxen, 251 nm for Diflunisal
and 221 nm for Ibuprofen) were tested using the Varian Cary VIII spectrophotometer.
Three repeats were conducted.
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3. Results and discussion

3.1. Effect of Tween series surfactant concentration on solubility of NSAIDs

The solubility of NSAIDs as a function of different concentrations of Tween-20
surfactant, ranging from 0 to 200mgmL�1, is shown in figure 1. It was observed
that the extremely low water solubility of NSAIDs has been significantly improved
by Tween-20 surfactant. After interactions with Tween-20 at a concentration of
100mgmL�1, Ketoprofen solubility increased from 0.88 up to 9.98mgmL�1; while
Naproxen solubility ranged from 0.02 to 3.16mgmL�1, Ibuprofen solubility ranged
from 0.10 to 12.49mgmL�1 and Diflunisal ranged from 0.19 to 3.93mgmL�1. The
apparent solubility of NSAIDs increased linearly as a function of Tween-20 concentra-
tion. The same behavior was observed for all the four surfactants (Tween-20, Tween-40,
Tween-60 and Tween-80) studied.

Critical micelle concentrations (CMC) for all the Tween series surfactants (Tween-20,
Tween-40, Tween-60 and Tween-80) are really small values compared with the
concentrations we used in the experiments. The phase-solubility of NSAIDs increasing
linearly as a function of the concentration of Tween-20 surfactant was presumably
due to the formation of micelles in solution depending on the concentration of
surfactant [17]. When the surfactant is above the CMC, the hydrophilic solvents and
hydrophobic drugs are partitioned between the polar bulk aqueous phase and the
non-polar portions of the micelle, and the solubilization is due to the interactions
within the hydrophobic core of the micelles [18].

3.2. Effect of different types of Tween surfactant on solubility of NSAIDs

Different types of surfactants (Tween-20, Tween-40, Tween-60 and Tween-80) on the
process were investigated at 37�C. Take Ketoprofen for example, the solubility of
Ketoprofen in the presence of Tween series surfactants is shown in figure 2, from
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Figure 1. Solubility of NSAIDs in the presence of increasing concentration of Tween-20 surfactant.
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which it is clear that the solubility of Ketoprofen was affected by the type of surfactant

we used. The increased phase-solubility of Ketoprofen in Tween series surfactants

follows the order as Tween-80>Tween-60>Tween-40>Tween-20. This was

presumably due to different molecular structures of Tween series surfactants as listed

in table 1. It is worthy noting that Tween-80 and Tween-60 have a lower hydrophile-

lipophile balance number (HLB) than Tween-40 and Tween-20, Tween-80 and

Tween-60 have a lower HLB than Tween-40 and Tween-20. This shows that HLB is

also an important parameter on the solubilizing process. Surfactants with low HLB

tend to form larger micelles that can physically contain a greater number of molecules

of NSAIDs. This indicates that the NSAIDs are probably incorporated within the core

of the surfactant micelle rather than in the capsular portion. In this way, we could

explain why Tween-80 and Tween-60 could enhance the solubility of NSAIDs more

efficiently than Tween-40 and Tween-20.

3.3. Effect of molecular size and hydrophobic nature of NSAIDs on
their solubility in the presence of Tween series surfactants

Experiments were carried out using four familiar NSAIDs, Ketoprofen, Ibuprofen,

Diflunisal and Naproxen. Some important physical and chemical properties of these

NSAIDs are given in table 2. The results are also shown in figures 1 and 3–5. The

order of increased solubility of NSAIDs in Tween solutions at a constant surfactant

concentration and series was Ibuprofen>Ketoprofen>Diflunisal>Naproxen. The

molecular size and hydrophilic character of the guest seem to play an important role

in the affinity degree for the host. Take Ketoprofen and Ibuprofen for example, the

solubilizing of Tween surfactants was more pronounced for Ketoprofen and

Ibuprofen than for Diflunisal and Naproxen. The molecular size and hydrophilic

character of the drug molecule, which is similar for Ibuprofen and Ketoprofen, lead

to a similar solubility enhancement in Tween series surfactants. The solubility of

Diflunisal in Tween solutions was the much lower than that of Ibuprofen and

Ketoprofen corresponded to that of the hydrophilic character of the guest molecules.

It is interesting that the solubility of Naproxen in the Tween solutions was increased

least in all the four drugs we used. This adverse result may be deduced to a different

interaction mechanism for this molecule. The precise reason for this result will require

further investigation.

Table 1. The characteristic data of Tween series surfactants.

Chemical name Tween-20 Tween-40 Tween-60 Tween-80

General structure* C12S6E20 C16S6E20 C18S6E20 C18S6E20

Hydrophobic
group

Lauric acid Palmitic acid Stearic acid Oleic aicd

Molecular weight
(gmol�1)

1226 1282 1310 1308

CMC (mgL�1) 60 29 27 13
HLB 16.7 15.6 14.9 15.0

*S6 represents for sorbitan ring; E20 represents for ethylene oxide group.
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4. Conclusion

Tween series surfactants including Tween-20, Tween-40, Tween-60 and Tween-80
have the potential to significantly enhance the solubility of NSAIDs. The
higher solubility may contribute to a higher drug bioavailability. The drug solubility
depends on the concentration and the HLB of the Tween surfactants. Solubility of
NSAIDs in the Tween solutions increase in an approximately linear manner with
an increase in surfactant concentration. The order of increased solubility of NSAIDs
in Tween solutions at constant concentration and species was Ibuprofen>
Ketoprofen>Diflunisal>Naproxen.
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Figure 2. Solubility of NSAIDs in the presence of increasing concentration of Tween-40 surfactant.
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Figure 3. Solubility of NSAIDs in the presence of increasing concentration of Tween-60 surfactant.
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