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Abstract. The solubility ofβ-cyclodextrin (β-CD) was studied in aqueous solutions of various or-
ganic acids. The hydroxy acids, especially citric and tartaric acid were found to increase the solubility
of β-CD, while some other carboxylic acids reduced it. From solubility data the apparent complex
association constants were calculated.
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1. Introduction

Organic hydroxy acids, like citric and tartaric acid, are often used as pH adjuster to
improve either the solubility or the stability of drugs complexed with cyclodextrins
(CDs) [1]. Many effervescent formulations contain hydroxy acids, mostly citric or
tartaric acid, to generate carbon dioxide gas from the hydrogencarbonate salts [2].
Not too much is known, however, about the interactions between the hydroxy acids
and CDs, which can influence the properties (solubility, absorption) of the active
ingredient of the formulation.

The complex formation of aliphatic organic acids and CDs was studied by the
freezing point depression method [3]. Though the data have high error (the standard
deviation is eventually higher than 50%), some relationships could be observed:
the association constant for the interaction ofα-CD with carboxylic acids seems
to be an order of magnitude greater than those obtained forβ- andγ -CD, except
for hydroxy acids. While no complex formation could be detected betweenβ- or
γ -CD and acetic, formic or oxalic acid, hydroxy acids yielded well measurable
association constant values withβ-CD. The highest stability constant was found
for the citric acid/β-CD complex.

The complexation equilibrium of citric acid withβ-cyclodextrin was studied in
aqueous solution by calorimetry [4]. The equilibrium association constant calcu-
lated from the calorimetric data turned out to be 16.4 M−1 at 25◦C. The interaction
between citric acid andβ-CD was also investigated by1H NMR spectroscopy:
a significant NOE enhancement of the methylene group signal of the acid was
observed indicting that a real inclusion complex was formed (data not shown).
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Drug/CD/hydroxy acid multicomponent systems have been extensively studied
[5–8]. It was found that in the presence of a hydroxy acid as the third component the
solubility of both the drug, and of theβ-CD increased remarkably [9]. For instance,
in an aqueous Terfenadine/β-CD/tartaric acid multicomponent system 160–200
mg/mL concentration of dissolvedβ-CD (corresponding to an approximate 10-fold
increase) can be achieved, while in aβ-CD/tartaric acid binary system at the same
acid concentration (10 mg/mL) only 35 mg/mLβ-CD is dissolved [10]. An even
higher concentration (more than 500 mg/mL, 40–50 fold increase) was observed in
the aqueous solution of the Ketoconazole/β-cyclodextrin/tartaric acid system [11].
The aim of the present work was to obtain more information on the influence of
carboxylic acids on the solubility ofβ-CD.

2. Experimental

2.1. MATERIALS

β-Cyclodextrin was supplied by Wacker Chemie (Munich, Germany), the acids by
Aldrich Co. (Steinheim, Germany)

2.2. SOLUBILITY MEASUREMENTS

An excess amount ofβ-CD (1000 mg, drying loss: 13%) was weighed into test
tubes, and equilibrated with 5 mL of acid solutions for 2 days at 28± 2◦C. The
concentration of acids was varied in the range of 0–0.75 mol/dm3. The samples
were then filtered on a glass filter (G4), and theirβ-CD content was determined by
HPLC. (Apparatus: Beckman 114M Solvent Delivery Module, Waters Differential
Refractometer R401, Hewlett-Packard 3396A Integrator, Column: Cyclodextrin
Assay column 4.6× 250 mm, particle size: 5µm (Astec), mobile phase: distilled
water, flow rate: 1.0 mL/min, sample size: 20µL, retention time: 9.2 min) [12].

3. Results and Discussion

Generally, when shifting the pH from neutral to acid values by adding inorganic
acids to aβ-CD/water system, no solubility enhancement ofβ-CD can be observed.
Organic acids, however, may have an influence on the solubility. It was found that
some hydroxy acids have a remarkable solubilizing capacity probably due to the
H-bonds (Figure 1). The data obtained for citric acid are in good agreement with
those published by Germain et al. [4].

The dicarboxylic acids without hydroxyl groups (malonic, succinic, maleic
acids) have an opposite effect probably due to the precipitation of theβ-CD-acid
complex (Figure 2).

Only the hydroxy acids enhance the aqueous solubility ofβ-CD. A β-CD con-
centration as high as 200 mg/mL (∼11 fold solubility enhancement) can be achieved
in the presence of 144 mg/mL citric acid. The dissolvedβ-CD concentration can
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Figure 1. Solubility of β-CD in solutions of hydroxy acids and HCl as a function of the acid
concentration.
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Figure 2. Solubility of β-CD in solutions of organic acids and HCl as a function of the acid
concentration.

be enhanced up to 4–5 fold with (±)tartaric and (±)ascorbic acids, while (±)lactic
and (±)malic acid have a slighter effect on the solubility ofβ-CD.

Acetic acid, hydrochloric acid and the potassium-sodium salt of tartaric acid
have no effect on the solubility ofβ-CD. The latter finding enforces the hypothesis
that hydrogen bonds play an important role in the solubilization.

The complex association constants calculated from the solubility data (assum-
ing 1 : 1 stoichiometry) are listed in Table I. In the case of hydrochloric and acetic
acid no complex formation can be detected (at the studied concentrations). With
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Table I. Apparent complex stability constants be-
tweenβ-cyclodextrin and carboxylic acids calculated
from the solubility data (Ksol), from calorimetric data
(Kcal [4]), and from the freezing point measurements
(Kosm[3])

Carboxylic acid Ksol Kcal Kosm

M−1 M−1 M−1

Malic acid 1.4 No data 5.2± 0.0

Lactic acid 1.6 No data No data

Ascorbic acid 3.7 No data No data

Tartaric acid 4.1 No data 7.8± 2.3

Citric acid 12.8 16.4 50.5± 39.2
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Figure 3. Solubility of β-CD in solutions of L-, D- and DL-tartaric acid and the potas-
sium-sodium salt of tartaric acid as a function of the acid or salt concentration.

malonic, succinic and malic acid the association constant could not be calculated
because of the negative slope of the solubility isotherms.

The data reported indicate that the solubilizing effect is probably related to the
capability of the hydroxy groups to interact with the intra- and intermolecular hy-
drogen bond system ofβ-CD and strictly depends on their number and geometry.
Since bicarboxylic acids are more effective than monoacids, it can be concluded
that one of the carboxylic functions takes part as well, being the other group
involved in the inclusion complex formation. In order to cast more light on the
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mechanism, the pure enantiomers of tartaric acid were also used. It is well known,
indeed, that CDs can interact with enantiomers giving rise to complexes with dif-
ferent physico-chemical properties (solubility, stability). No significant difference
was observed, however, between the solubilizing effect of (+)-L and (−)-D-tartaric
acid enantiomers, which was also very similar to the effect of the racemic mixture
(Figure 3). The reason might be that the interaction between the enantiomers and
β-CD does not fulfill the requirements for chiral recognition [13].

4. Conclusions

Hydroxy acids such as citric, tartaric and ascorbic acid used at high concentration
strongly enhance the aqueous solubility ofβ-CD at room temperature. For instance,
200 mg/mLβ-CD can be dissolved in citric acid solution at 140 mg/mL concen-
tration. The solubilizing power of tartaric and ascorbic acid is still considerable,
while that of lactic and malic acids is much weaker.

The effect probably relies on the capability of the hydroxy acid groups to mod-
ify the intra- and intermolecular hydrogen-bond system ofβ-CD [14]. As far as
multicomponent complexes are concerned, much lower hydroxy acid concentration
is needed to attain similar high solubility ofβ-CD [15, 16]. This indicates that other
driving forces cooperate in the solubilizing enhancement effect.
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