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ABSTRACT: In this work, the optimal clathration condition was investigated for the
preparation of aspirin–β-cyclodextrin (Asp–β-CD) inclusion complex using design of
experiment (DOE) methodology. A 3-level, 3-factor Box–Behnken design with a total of 17
experimental runs was used. The Asp–β-CD inclusion complex was prepared by
saturated solution method. The influence on the embedding rate was investigated,
including molar ratio of β-CD to Asp, clathration temperature and clathration time, and the
optimum values of such three test variables were found to be 0.82, 49°C and 2.0 h,
respectively. The embedding rate could be up to 61.19%. The formation of the bonding
between –COOH group of Asp and O–H group of β-CD might play an important role in the
process of clathration according to FT-IR spectra. Release kinetics of Asp from inclusion
complex was studied for the evaluation of drug release mechanism and diffusion
coefficients. The results showed that the drug release from matrix occurred through
Fickian diffusion mechanism. The cumulative release of Asp reached only 40% over 24 h,
so the inclusion complex could potentially be applied as a long-acting delivery system.

KEYWORDS: β-cyclodextrin (β-CD), aspirin (Asp), saturated solution method, Box–
Behnken design, release kinetics

1 Introduction

Aspirin (Asp; 2-acetyloxy benzoic acid) is the optimal drug
in the treatment of rheumatic fever and rheumatic arthritis.
It is recommended for the primary and secondary
prevention of diabetes mellitus [1], to be one of the most
effective antiplatelet agents (APAs), and now to be
commonly used in reducing the risk of arterial vascular
events [2]. However, Asp may cause damage to gastric
mucosa and induce gastric bleeding, because of the slightly
higher acidity of the drug resulting from the presence of
carboxy. Furthermore, this drug is slightly soluble in water

and decomposes easily. In pharmaceutical engineering,
Asp is commonly made into enteric tablet or inclusion
complex and then tabletting with other adjuvants to avoid
the injury to stomach.
The cyclodextrins (CDs) are the products of enzymolysis

of starch. They are a series of cyclic oligosaccharides
composed of six (α-CD), seven (β-CD) and eight (γ-CD)
units of (α-1, 4)-linked α-D-glucopyranose arranged in a
truncated cone-shaped structure [3–4]. The exterior of the
cavity is hydrophilic due to the large number of hydroxyl
groups while the interior of the cavity is lined with skeletal
carbon and ethereal oxygen moieties of the glucose residue
which make it relatively a polar and creates a hydrophobic
microenvironment [5]. This remarkable structure makes
CDs well known for their ability to host a variety of
hydrophobic guest molecules to form inclusion complexes
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[6]. The complex usually exhibits high stability when the
dimension of the hydrophobic guest molecule is suitable
for the dimension of the CD cavity [7]. The formation of an
inclusion complex may greatly affect physical and
chemical properties of the guest molecules, the solubility
may be improved, the chemical reactivity and the spectro-
scopic and electrochemical properties may also be changed
[8]. Thus, CDs are widely used in aspects relevant to the
pharmaceutical, agrochemical and food industries [9]. β-
CD is a kind of usual CDs in pharmaceutical science for its
ability to form relatively stable inclusion complexes with
hydrophobic drugs. β-CD complexes present very impor-
tant system, and β-CD is very significant in improving the
bioavailability of drug, increasing the solubility, decreasing
the stimulation, masking smell, and retarding the release of
active substances from the pharmaceutical system [10–15].
Although there are many reports on the preparation of
Asp–β-CD inclusion complex, the products are often found
to be with high molar ratio of β-CD to Asp, which hinders
their application in industrial manufacture [16–17]. Till
now, little work has been done focused on the drug release
from inclusion complexes, which encourages the research
on improving the properties of β-CD inclusion complex
and the drug release characteristics.
In this study, we focused on the inclusion complex of

Asp and β-CD prepared by the saturated solution method.
The efficiency of clathration was evaluated by embedding
rate. A 3-factor, 3-level Box–Behnken design with a total
of 17 experimental runs was designed to determine the
optimal conditions for clathration. The inclusion mode was
characterized by UV-visible spectrophotometer and Fourier
transform infrared (FT-IR) spectroscopy. Moreover, release
kinetics in vitro of Asp from the inclusion complex was
further investigated.

2 Experimental

2.1 Materials

Asp and β-CD were kind gifts from Luoyang Minsheng
Pharmaceutical Company with Limited Liability, Luoyang,
China. Dehydrated alcohol and other chemicals were of

analytical grade provided by Shanghai Chemical Reagent
Company, China.

2.2 Methods

2.2.1 Preparation of inclusion complex

First β-CD (10 g) was suspended in 20 mL distilled water
in a beaker. Subsequently predetermined amount of Asp
dissolved in dehydrated alcohol (10 mL) was added
dropwise while vigorously stirred at definite temperature.
The beaker was closed with plastic membrane in order to
avoid the evaporation of alcohol. The suspension was then
stored at 4°C for 24 h, and the obtained mass was vacuum
filtered, washed by dehydrated alcohol four times, and
finally dried [18].

2.2.2 Design of experiments

To directly address a proper molar ratio of β-CD to Asp, a
single factor experiment was utilized. The molar ratio of
β-CD to Asp was fixed at 3∶1, 2∶1, 1∶1, 1∶1.2 and 1∶1.5.
The clathration temperature was 50°C and the clathration
time was 1 h.
The optimum conditions for maximizing the embedding

rate were determined by means of a 3-factor, 3-level Box–
Behnken design [19–22]. Apart from the molar ratio of β-
CD to Asp, the clathration temperature and the clathration
time were also investigated in this study. Each of the
independent variables was consecutively coded as x1
(molar ratio of β-CD to Asp), x2 (temperature in degrees
Celsius) and x3 (time in hours) at three levels, – 1, 0 and
+ 1. The experimental range and levels of independent
variables considered in this study are presented in Table 1.
Totally 17 batch experiments were in the 3-level, 3-

factor Box–Behnken design and the central values chosen
for the experimental design were as follows: x1,center = 0.83,
x2,center = 50 and x3,center = 1.50. The design patterns and
the embedding rate of the inclusion complex are shown in
Table 2. All experiments were carried out in triplicate and
the average values of embedding rate were taken as
response.
To predict the optimal point, a second-order model

Table 1 Experimental range and levels of independent variables

Variable
Range and levels

Low level ( – 1) Center level (0) High level (+ 1)

x1 0.67 (1∶1.5) 0.83 (1∶1.2) 1.00 (1∶1)
x2 40 50 60

x3 1.0 1.5 2.0
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regarding independent variables and response (embedding
rate) was utilized in response surface methodology:

y ¼ β0 þ β1x1 þ β2x2 þ β3x3 þ β12x1x2 þ β13x1x3

þ β23x2x3 þ β11x
2
1 þ β22x

2
2 þ β33x

2
3 (1)

where y is the predicted response (embedding rate); β0 is
model constant; x1, x2 and x3 are independent variables; β1,
β2 and β3 are linear coefficients; β12, β13 and β23 are
interaction coefficients between the three factors; and β11,
β22 and β33 are the quadratic coefficients.

2.2.3 Contents of Asp in inclusion complex

The Asp content of inclusion complex was assayed by
spectrophotometry (HaiHang Jingke 722N spectrometer) at
265 nm. Inclusion complex (1 g) was dissolved in 100 mL
phosphate buffer (PBS; pH 6.8), and the Asp content was
calculated according to the standard curve equation of Asp
which was achieved in PBS (pH 6.8):

y ¼ 2:9879xþ 0:0369  ðR2 ¼ 0:9992Þ (2)

In Eq. (2), y is the value of absorbance at 265 nm, x is the
concentration of Asp. The Embedding rate, yield, and drug
loading were calculated according to Eqs. (3), (4), and (5),
respectively.

Embedding rate ¼ m1

m2
� 100% (3)

Yield ¼ m4

m2 þ m3
� 100% (4)

Drug loading ¼ m1

m4
(5)

where m1 is the quality of Asp included in the inclusion
complex, m2 is the quality of Asp used in the preparation of
inclusion complex, m3 is the quality of β-CD used in the
preparation of inclusion complex, and m4 is the quality of
complex obtained finally.

2.2.4 FT-IR spectroscopy

The infrared spectrum of the inclusion complex was
performed on FT-IR spectrometer (Nicole, Avatar 370).
The sample was prepared by grinding the dry blend
inclusion complex (2 mg) with KBr powders (100 mg) and
then compressing the mixture to form disks. The IR spectra
of pure Asp, β-CD and the physical mixture of β-CD and
Asp (β-CD:Asp = 1:1.2, molar ratio) were also obtained by
the same procedure for comparison.

2.2.5 In vitro release studies

The in vitro release experiments were performed using a
dialysis system comprising a dialysis bag and receptor
chamber. The complex was put into a dialysis membrane
with a molecular weight cut-off of 8000 Da. The dialysis
membrane was placed in 100 mL PBS (pH 6.8) in an
Erlenmeyer flask. Then the whole apparatus were stirred
gently at 37°C. The experiment was repeated in triplicate.
At predetermined time intervals, 4 mL buffer samples were
collected and replaced by equal volume of PBS to maintain

Table 2 Design matrix in the Box–Behnken model, observed response and predicted values

Batch number Pattern x1 x2 x3
Embedding rate /%

Actual Predicted Residual

No. 1 0++ 0.83 60 2.0 58.05 52.75 5.3

No. 2 0 – – 0.83 40 1.0 43.36 48.66 – 5.3

No. 3 0+ – 0.83 60 1.0 55.24 53.35 1.89

No. 4 – 0+ 0.67 50 2.0 45.12 46.74 – 1.62

No. 5 000 0.83 50 1.5 58.48 58.48 0.00

No. 6 –+ 0 0.67 60 1.5 25.69 29.38 – 3.69

No. 7 000 0.83 50 1.5 58.48 58.48 0.00

No. 8 ++ 0 1.00 60 1.5 35.94 39.45 – 3.51

No. 9 + – 0 1.00 40 1.5 25.36 21.68 3.68

No. 10 – 0 – 0.67 50 1.0 47.20 45.42 1.78

No. 11 0 – + 0.83 40 2.0 50.53 52.43 – 1.9

No. 12 000 0.83 50 1.5 58.48 58.48 0.00

No. 13 + 0 – 1.00 50 1.0 41.58 39.96 1.62

No. 14 – – 0 0.67 40 1.5 45.65 42.12 3.51

No. 15 000 0.83 50 1.5 58.48 58.48 0.00

No. 16 + 0+ 1.00 50 2.0 40.03 41.81 – 1.78

No. 17 000 0.83 50 1.5 58.48 58.48 0.00
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a constant volume [23]. The concentration of the released
drug was assayed by UV-visible spectrophotometer at
265 nm. The free drug was dispersed at the same
concentration in PBS and then the experiments were
performed in the same way for comparison.

2.2.6 Mechanism of drug release

The drug release mechanisms from the polymer have been
classified into two types of diffusion mechanism on the
basis of rate of diffusion of drug from polymer matrix and
rate of dissolution of drug [24–25]. In case of diffusion, the
theory is described as Eq. (6):

Mt

M1
¼ kt

1
2 (6)

where Mt is the amount of drug release at time t; M1 is the
amount of drug release after infinite time, k is the rate
constant which represented the shape and the internal
structure of the matrix as well as the drug concentration and
solubility. When a plot of cumulative drug release !t1/2

yields a straight line with slope possesses value ≥1, the
particular system is considered to follow Higuchi kinetics
of drug release [26–27].
When the drug release is controlled both by diffusion

and dissolution, a simple, semi-empirical model developed
by Ritger and Peppas (Eq. (7)) [25] can be used:

Mt

M1
¼ ktn (7)

where n is a parameter that depended on the release
mechanism and is used to characterize it. If the n value is
0.5, the release mechanism follows Fickian diffusion
according to Higuchi’s model drug release. If the n
value is 1, the release is controlled by dissolution. When
the n values are between 0.5 and 1.0, the diffusion is
termed of as non-Fickian release. The n value could be
obtained from the slope of a plot of lg(Mt/M1) against
lgt.
The kinetics of Asp release from inclusion complex was

determined by finding the best fit of the release data to
Fickian diffusion and non-Fickian diffusion.

3 Results and discussion

3.1 Single factor experiment

The contents of Asp of the inclusion complex of single
factor experiment are shown in Fig. 1. The embedding rate

increased up to 53.86% and then decreased when the molar
ratio of β-CD to Asp decreased from 3∶1 to 1∶1.5. The
embedding rate reached the maximum at the molar ratio of
1∶1.2. Accordingly, the optimal molar ratio of β-CD to Asp
for the preparation of inclusion complex was 1∶1.2. The
yield had not significantly changed at different molar ratio.
The tendency of drug loading was coincidence with that of
embedding rate.

3.2 Box–Behnken design experiment

A 17-run Box-Behnken design with three factors and three
levels, including five replicates at the centre point, was
used for fitting a second-order response surface. The
residual of the embedding rate between actual value and
predicted value was shown in Table 2.
The summary of the analysis of variance (ANOVA) is

shown in Table 3. The Model F-value of 11.50 implied that
the model was significant. The goodness of the model
could be checked by the determination coefficient (R2). The
value of adjusted R2 (0.8553) indicates that only 14.47% of
the total variations were not explained by the model. The
value of R2 (0.9367) indicates good relation between the
experimental and predicted values of the response. Values
of “Prob>F” less than 0.0500 indicated that model terms

were significant. In this case, x1x2, x21, and x22 were
significant model terms. The lack-of-fit measured the
failure of the model to represent data in the experimental
domain at points which were not included in the regression.
The non-significant value of lack-of-fit (> 0.05) revealed
that the quadratic model was statistically significant for the
response.
The regression coefficients are shown in Table 4. The

final equation in terms of coded factors was:

Fig. 1 Content data of Asp of the inclusion complex.
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y ¼ 58:49 – 2:60x1 þ 1:25x2 þ 0:79x3 þ 7:63x1x2

þ 0:13x1x3 – 1:09x2x3 – 16:82x
2
1 – 8:51x

2
2

þ 1:81x23 (8)

The final equation in terms of actual factors was as
follows:

y ¼ – 385:37þ 782:33x1 þ 5:10x2 – 10:63x3 þ 4:63x1x2

þ 1:61x1x3 – 0:22x2x3 – 617:81x
2
1 – 0:09x

2
2 þ 7:25x23

(9)

The influence of the interaction between the three factors
was apparent in the 3D response surface plots shown in
Figs. 2, 3, and 4. The ranges over which each factor were
synergistic or antagonistic with respect to each response

were also identified. The relationship between the
dependent and independent variables was further eluci-
dated by constructing contour plots. Since the regression
model had three independent variables, one variable was
held at constant at the central level for each plot. Figure 2
shows good results both at center of molar ratio and at
center of temperature level studied. The nonlinear nature of
all 3D response surfaces and the respective contour plots
demonstrate that there were considerable interactions
between each of the independent variables and the
embedding rate. Through the optimization, a maximum
embedding rate 61.19% was obtained using the optimum
parameters: x1 = 0.82, x2 = 49, and x3 = 2.0.

3.3 FT-IR spectroscopy

The infrared spectra of the inclusion complex (β-CD∶Asp =

Table 3 ANOVA analysis for the BBD design

Source Sum of squares Degree of freedom Mean square F-value
P-value
Prob>F

Regression 1873.74 9 208.19 11.50 0.0020

x1 53.87 1 53.87 2.98 0.1281

x2 12.58 1 12.58 0.69 0.4320

x3 5.04 1 5.04 0.28 0.6140

x1x2 233.02 1 233.02 12.88 0.0089

x1x3 0.070 1 0.070 3.881E – 003 0.9521

x2x3 4.75 1 4.75 0.26 0.6241

x21 1191.21 1 1191.21 65.83 < 0.0001

x22 304.75 1 304.75 16.84 0.0046

x23 13.83 1 13.83 0.76 0.4110

Linear 1928.92 9 214.32 – –

Quadratic 126.67 3 42.22 – –

Residual 126.67 7 18.10 – –

Lack-of-fit 126.67 3 42.22 – –

Adjust R2 0.8553 – – – –

R2 0.9367 – – – –

Table 4 Regression analysis for the BBD design

Variables
Coefficient based on

coded value
Degree of freedom Standard error

95% Confidence
interval low

95% Confidence
interval high

Coefficient based on
actual value

Intercept 58.49 1 1.90 53.99 62.99 – 385.37

x1 – 2.60 1 1.50 – 6.10 0.96 782.33

x2 1.25 1 1.50 – 2.30 4.81 5.10

x3 0.79 1 1.50 – 2.76 4.35 – 10.63

x1x2 7.63 1 2.13 2.60 12.66 4.63

x1x3 0.13 1 2.13 – 4.90 5.16 1.61

x2x3 – 1.09 1 2.13 – 6.12 3.94 – 0.22

x21 – 16.82 1 2.07 – 21.71 – 11.92 – 617.81

x22 – 8.51 1 2.07 – 13.41 – 3.61 – 0.09

x23 1.81 1 2.07 – 3.09 6.71 7.25
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1∶1.2, molar ratio), pure Asp, β-CD and the physical
mixture of β-CD and Asp (β-CD∶Asp = 1∶1.2, molar ratio)
are shown in Fig. 5.
The basic characteristics of β-CD (Spectrum a) were

C –O stretching at 1029 cm–1, –OH bending at 1418 cm–1,
C –H stretching of –CH2 at 2925 cm–1. The spectra of
physical mixture (Spectrum b) and inclusion complex
(Spectrum c) were obviously different. In Spectrum c,
seven peaks were red shift at 1637, 1155, 1078, 946, 754,
and 704 cm–1, respectively, while five peaks were blue shift
at 2929, 1370, 1029, 579 and 531 cm–1. The infrared
spectrum of Asp was shown as Spectrum d. The basic
characteristics were a –OH of the –COOH bending at
1418 cm–1. In the spectrum of physical mixture (Spectrum
b), the peak of –OH bending (1418 cm–1) remains exist,
while it disappears in the spectrum of inclusion complex
(Spectrum c). This might be an indication of the occurrence
of junction of –COOH of Asp and –OH of β-CD. These
results indicate that the inclusion complex formed because
of the interactions between β-CD and Asp.

3.4 In vitro release studies

The inclusion complexes Nos. 5, 8 and 10 in Table 2 were
chosen as samples for in vitro release studies (marked as
Samples A, B, and C, respectively). The physical mixture
of β-CD and Asp (β-CD∶Asp = 1∶1.2, molar ratio) was
Sample D, and free Asp was Sample E. The release profiles
of each sample in PBS medium (pH 6.8) shown in Fig. 6
indicated that the Asp release from the inclusion complex
was relatively slower than that from free Asp and the
physical mixture. The drug released rapidly from free Asp
(Sample E) and reached 50% within 3 h, while that from
inclusion complexes (Samples A, B, and C) was less than
5%. The release rate of Asp from inclusion complex was
less than 40%within 24 h while from free Asp and physical

Fig. 2 The effects of mutual interactions between molar ratio
and temperature on embedding rate.

Fig. 3 The effects of mutual interactions between molar ratio
and time on embedding rate.

Fig. 4 The effects of mutual interactions between temperature
and time on embedding rate.

Fig. 5 FT-IR spectra of β-CD (a), physical mixture (b),
inclusion complex (c), and Asp (d).
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mixture were more than 90% during the same period. The
results indicated that the drug release of inclusion complex
showed a sustained release. As to the inclusion complexes,
Samples A, B and C (with the embedding rate of 58.48%,
35.94% and 47.2%, respectively), the cumulative release
decreased with the increase of the embedding rate. The
result might be explained by the interactions between β-CD
and Asp in the inclusion complex. So the Asp–β-CD
inclusion complex might be a potential sustained release
system.

3.5 Mechanism of drug release

The release data were analyzed on the basis of Fickian
release kinetics and non-Fickian release kinetics. The
release rates k and n of each model were calculated by
linear regression analysis. Coefficients of correlation (R2)
were used to evaluate the accuracy of the fit. The values of
R2, k and n are given in Table 5. Curve fitted for Higuchi
release equation and Ritger–Peppas release equation are
shown in Figs. 7 and 8, respectively.
A plot for Higuchi equation resulted in straight line with

R2 and k value of 0.9247 and 6.0895, respectively, which
showing good linear fit. The result suggested that the
release of drug from inclusion complex occurred as a

square root of time dependent process based on Fickian
diffusion. Comparing R2 values (0.9247 and 0.8609) for
both models, it was found that the in vitro release of drug
was better explained by Fickian diffusion compared to non-
Fickian diffusion.

4 Conclusions

The Asp–β-CD inclusion complex could be prepared by
saturated solution method. Box-Behnken design was
applied to optimize three critical variables, molar ratio of
β-CD to Asp, clathrate temperature and time. Through the
optimization, a maximum embedding rate (61.19%) was
obtained using the optimum parameter: the molar ratio of
β-CD to Asp was 0.82, the temperature was 49°C, and the
time was 2.0 h. FT-IR spectra indicated that the formation
of the bonding between –COOH group of Asp and O –H
group of β-CD played an important role during the process
of clathration. The cumulative release of Asp from the
Asp–β-CD inclusion complex (measured in PBS at pH 6.8)
reached only 40% over 24 h which implied that this
inclusion complex could potentially be used in a sustained
drug delivery system. Results of release kinetics showed

Fig. 6 Cumulative release of Asp from different samples in pH
6.8 PBS at 37°C (date shown were the mean�S.D., N = 3).

Fig. 7 Cumulative percentage release vs. square root of time in
hours.

Fig. 8 Logarithm of cumulative percentage release vs. loga-
rithm of time in hours.

Table 5 Results from kinetics of drug release for different models

Model R2 k n

Fickian release 0.9247 6.0895 –

Non-Fickian release 0.8609 – 0.9528
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that release of drug from matrix followed Fickian diffusion
mechanism. In this mechanism the rate of diffusion of drug
molecules from the polymer matrix was much less than that
of relaxation of polymeric chains. The results suggested
that the rate of drug release might change by adjusting the
parameters such as initial concentration and dissolubility of
the drug and the category of the polymer.
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