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Abstract

The solubility of 3-hydroxyflavone in water can be enhanced by forming complex with b-cyclodextrin (b-CD). In
this study we introduced supercritical carbon dioxide as a substitute solvent to prepare 3-hydroxyflavone-b-
cyclodextrin complex. The maximum drug loading determined by UV spectroscopy in complex was 14.7 wt.%,
which was comparable to that of 1:1 complex (17.34 wt.% of 3-hydroxyflavone). The solubility of the drug loaded
in the complex was better than that of pure drug in water. The enhanced solubility was attributed to the formation
of the complex and the solubility of the b-cyclodextrin in water.

Introduction

Flavonoids such as flavone and 3-hydroxyflavone have
been attracting much attention in pharmacology and
related industries, because clinical and biological studies
have indicated that flavonoids may play a significant role
in the prevention of many forms of disease [1]. But the
poor solubility of them in water limited their use in many
aspects. In the pharmaceutical industry, many drugs
have similar disadvantage, so various methods have been
developed to increase the solubility of the drugs in water,
which include micronisation, modification of the physi-
cochemical properties of the drug, and formation com-
plex with cyclodextrin and their derivatives.

Cyclodextrins (CDs) are cyclic oligosaccharides
produced by an enzymatic degradation of starch by a
glucosyltransferase derived from Bacillus macerans [2].
Cyclodextrin are water-soluble due to the hydroxyl
groups which located on the outside surface of rings.
However, its unique character is that its internal cavity
is relatively non-polar, which allow some guest mole-
cules with appropriate size to be included fully or par-
tially in the hydrophobic cavity [3–5]. The formation of
inclusion may improve the solubility and bioavailability
of the guest molecule [6].

Several techniques have been used to prepare complex,
which include grinding, kneading, coprecipitating and
freeze drying [7–10]. However, all of them have disad-
vantages, such as time-consuming, necessitate multistage
processing and residual solvent in the product. Recently,
supercritical fluids (SCF) were used to prepare complex
between b-CD and non-polar drugs [11–13]. SCF have

gaslike viscosities, diffusivities, and promoting mass
transfer, while its densities are similar to that of liquid
solvent [14, 15]. The solvent power can be manipulate by
adjusting the temperature and pressure. Supercritical
carbon dioxide is the most widely used SCF due to its
relatively low critical value and moderate critical pres-
sure. Moreover, it is non-toxic, non-flammable, and
inexpensive. Furthermore, it is easily removed from the
system after reaction and proceeding [16, 17].

In this paper we studied the feasibility of preparing
complex between 3-hydroxyflavone and b-CD using
supercritical carbon dioxide (SCCO2) as the solvent. The
solubility of the drug loaded in the complexwas determined
and the result indicated that the drug loaded in the complex
has higher solubility in water than the pure drug does. The
formation of the complexwas confirmed byXRDandDSC
and the effect of operating pressure and contacting time on
the complex formation was also studied.

Experimental

Materials

Both 3-hydroxyflavone (99.8% purity) and b-cyclodex-
trin were purchased from Aldrich. Acetonitrile (HPLC
grade) was purchased from Beijing Chemical Reagent
Factory. Carbon dioxide (>99.9%) was supplied by
Beijing Analytical Instrument Factory.

Experimental apparatus and procedure

The experimental apparatus for preparing the complex
is illustrated in Figure 1. It consisted mainly of a high-* Author for Correspondence. E-mail: hejun@iccas.ac.cn
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pressure view cell with volume of 40 cm3, a constant
temperature water bath, a high-pressure syringe pump
(DB-80), a pressure gauge, a magnetic stirrer, and a gas
cylinder. The temperature of the water bath was con-
trolled by a Haake-D3 temperature controller, and the
temperature fluctuation of the water bath was less than
0.1 �C. The pressure gauge was composed of a pressure
transducer (FOXBORO/ICT, Model 93) and an indi-
cator, which was accurate to 0.025 MPa in the range of
0–20 MPa. A tube with ethanol was used as a cold trap.

In a typical experiment, the 3-hydroxyflavone and
b-CD were loaded on the bottom and in the middle of
the cell, respectively. The two reactants were separated
by a board covered with filter paper to prevent the
contact before the reaction. After thermal equilibrium
had reached, the valve 3 was opened and the liquid CO2

was charged into cell to a desired pressure, then the
valve 3 was closed and the pressure of the system was
kept constant for a period of time, which was called as
contacting time. When the reaction ended, the valve 6
was opened, the system was depressurized to atmo-
spheric pressure and the mixture was obtained.

Characterization of the complex

Solubility experiments were performed for pure 3-hy-
droxyflavone and the complex formed by SCCO2. For
the complex, the sample was dissloved in water and the
solution was passed through a 0.45 lm filter after stir-
ring 8 h, then solution was dried under vacuum (70 �C,
700 mm Hg) and white powder was obtained. Then the
powder was dissolved in acetonitrile and the concen-
tration of 3-hydroxyflavone was calculated by detecting
the absorbance at 408.4 nm in UV spectroscopy. The
Solubility experiment of the pure 3-hydroxyflavone was
performed with similar procedure.

X-ray power diffraction (XRD) analysis was carried
out by a D/MAX.RB diffraction-meter (made in Japan,
Rigaku) with CuKa radiation (k=0.154 nm) at 40 kV
and 200 mA. The scanning speed was 2�/min, the step
was 0.02�, and the beginning 2h was 2�.

A matter TC11 TA processor DSC apparatus was
used for the thermal analysis of the complex. Sample (6–
15 mg) was scanned between 60 and 230 �C under a
nitrogen gas stream at the heating rate of 10 �C/min.

Results and discussion

In the experiment of solubility of the complex in water,
The UV curve of complex is shown in Figure 2. The
absorption peak at 408.4 nm is the representative
absorption peak of the 3-hydroxyflavone. The spec-
troscopy of the b-CD does not interfere with the spec-
troscopy of the complex because b-CD does not have
absorbance at that wavelength. Through the calibrated
curve we can calculate that the drug loading in complex
is 14.7 wt.%, which is smaller than that of 1:1 complex
(17.34 wt.% of 3-hydroxyflavone). But in the experi-
ment of solubility of the pure 3-hydroxyflavone in water,
we did not detect absorbance at 408.4 nm in UV spec-
troscopy, this evidence also indicated that pure 3-hy-
droxyflavone has little solubility in water. The formation
of the complex is an equilibrium process which loading
and unloading occurred simultaneously. We investi-
gated the different drug loading in different time and
conclude that the drug loading has reached the maxi-
mum in our experimental condition.

In addition to the above results, we also use X-ray
diffraction to character the product. X-ray diffraction
can give useful information about complex of CDs and
other substances [18, 19]. The X-ray diffraction patterns
of pure 3-hydroxyflavone and b-CD were shown in
Figure 3a and b, respectively. It can be seen that there
are some crystalline structures in the two samples. But
when they form complex, the XRD patterns of the
sample changed obviously, as shown in Figure 3c. The
disappearance of the 3-hydroxyflavone diffraction pat-
terns may be credited to the formation of the inclusion
complex, in which 3-hydroxyflavone was entrapped in
the b-CD cavity.

Typical DSC thermograms of the both physical
mixture and the complex are depicted in Figure 4. The
sharp peak in the DSC curve of the physical mixture
(Figure 4a) represented the melting of 3-hydroxyflav-
one. For the complex (Figure 4b), the endothermic peak
of 3-hydroxyflavone disappeared despite it has proxi-
mately 15 wt.% of 3-hydroxyflavone. This evidence may

Figure 1. Schematic diagram of the apparatus for the reaction 1. Gas

cylinder, 2. high-pressure syringe pump, 3 and 6. valve, 4. water bath,

5. high-pressure view cell, 7. cold trap, a. 3-hydroxyflavone, b. b-CD.
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Figure 2. The UV curve of the complex in acetonitrile.
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be attributed to the transformation of b-CD into an
amorphous state or the formation of complex, or a
combination of the both phenomena. The disappearance
of the endothermic peak in the complex may indicate
that there was no crystalline 3-hydroxyflavone in the
complex.

The effect of the contacting time and pressure on the
drug content in complex was also investigated. The
contacting time varied from 2 to 5 h and the pressure
was maintained at 16 MPa. The results are listed in
Table 1. It can be seen that the contacting time has no
obvious effect on drug content in the complex. This

result indicated that mass transfer was not a limit-
ing factor for the content of 3-hydroxyflavone loaded in
b-CD. Perhaps contact areas affected mostly the content
of the drug in the complex.

The effect of pressure on the drug content in complex
was investigated between 9 and 16 MPa. The contacting
time and temperature was kept constant at 2 h and
40 �C, respectively. As shown in Figure 5, increasing the
pressure causes higher drug content in the complex. The
concentration of 3-hydroxyflavone in the supercritical
solution was increased as the pressure increase [20]. In
addition, the b-CD becomes amorphous due to higher
amount of CO2 dissolved into b-CD matrix at higher
pressure [21]. We conclude that both the higher amount
of 3-hydroxyflavone and more contact areas cause the
higher 3-hydroxyflavone content in the complex.

Conclusions

A complex between 3-hydroxyflavone and b-CD was
prepared in SCCO2. This process was free of organic
solvent and the maximum drug content in this work
was approximately 15 wt.%, which close to that of 1:1
complex (17.4 wt.%). Solubility of the drug in complex
was found to be significantly higher than that of pure
3-hydroxyflavone in water, which will increase the
bioavailability of the drug and minimize the dose re-
quired. In the process, the pressure has a positive effect
on the drug content in the complex, but contacting
time has no significant effect. Perhaps contact areas
play the most effect in content of the drug in the
complex.
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Figure 3. XRD patterns of (a) pure 3-hydroxyflavone (b) pure b-CD
(c) the complex.
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Figure 4. DSC thermograms of (a) the physical mixture (b) complex

formed by SCCO2.

Table 1. Effect of the contacting time on the drug content

Contacting

time (h)

Wt.% of 3-hydroxyflavone

in the complex

2 14.7

3 13.9

4 15.2

5 14.0
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Figure 5. Effect of the pressure on the drug content loaded in b-CD at

40 �C and 2 h contacting time.
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